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APPENDIX I 

Sludge Drums-- Generation, Sampling, and Storage 



APPENDIX I 

Sludge Drums -- Generation, Sampling, and Storage 
The following brief description of the sludge handling and sampling process for the T A-50-1 Main Plant discusses the relationship between wastewater in the Main Plant headworks and the sludge generated in the clariflocculators. It also illustrates how this sludge is drawn in batches, sampled, and placed into drums for storage. 

I. Hatching Sludge 

Sludge is drawn from the clariflocculators to the sludge holding tank. When the sludge tank contains sufficient sludge for processing through the vacuum filter, no additional sludge is sent to the tank until what is there has been treated. At this time, the sludge contained in the sludge holding tank is considered a "batch." 
For Example: 

On the attached Daily Plant Logs (Attachments 1 and 2) it is noted that sludge was drawn from the main plant clariflocculators on August 9, 1989 and then again on August 30, 1989. 'The sludge collecting in the clariflocculators from August lOth (after the sludge draw on August 9th) through August 29th was the sludge that was moved into the sludge holding tank on August 30th. This sludge became a "batch." 

II. Sampling & Treating Sludge 

The sludge batch is decanted and mixed. Polymer is added if needed and then the sludge is processed through the vacuum filter. During this process, a representative grab sample of dewatered sludge is taken by the vacuum filter operator. The sample is analyzed for radioisotopes (Pu238, Pu239, Am241, U234, U235 and Gross Alpha), and for RCRNNMHW A-regulated metals (Ag, As, Ba, Cd, Cr, Hg, Ni, Pb, Se, and Tl) -historically, by using the Extraction Procedure (EP) Toxicity Method, and later, using the Toxicity Characteristic Leaching Procedure (TCLP). Analytical and QNQC prcedures used are provided in Appendix III. This sample, and its analysis results, are considered representative of the batch being treated, and thereby also representative of each drum of dewatered sludge produced during the treatment of this batch of sludge. 
For Example: 

The Vacuum Filter Solids Laboratory Analyses form attached (See Attachment 3) shows the analysis for the dewatered sludge sample taken on September 9, 1989 for the batch of sludge described earlier in Example 1. Note the sample I. D. number on the form: 89.73908. 



Other analysis information regarding this batch of sludge, for example Volatile and 
Semi-Volatile Organics analysis, is derived from the analysis of wastewater at the 
headworks of the plant during the time that this batch of sludge was forming in the 
clariflocculators. In this case, the analyses to be considered would be those for water 
samples taken between the dates of August 9, 1989 and August 30, 1989. The 
assumption in this situation is that if a given constituent is not present in the wastewater 
entering the facility, then it cannot be present in the sludge produced by the treatment of 
that wastewater. 

If the addition of new sludge to the sludge holding tank becomes necessary before the 
treatment of a batch is complete, the contents of the sludge holding tank become a new 
batch and this process will start over from the beginning. 

ill. Sludge Drum Identification 

To each drum produced is attached a brass tag with a unique number. A list of 
the brass tags used for the drums made during each batch is kept by the vacuum filter 
operator. Drums are shipped to TA-54, AreaL for storage, where each drum is assigned 
an additional identification number by Area L. 

For Example: 
The Sludge Drum Data form (See Attachment 4) is kept by the vacuum filter 
operator. For each drum made both the date and the brass tag drum number are 
recorded. The drums noted in this example are the drums which were made from 
the sludge batch described in Examples 1 and 2. We know this because the 
drums made prior to these were made before the sludge draw on August 30, 1989 
and the drums following were made after a sludge draw on October 4, 1989. The 
Radioactive Solid Waste Disposal Record form (See Attachment 5) lists the tag 
numbers of the drums included in the shipment of drums to TA-54, AreaL. 



ATIACHMENT: 1 
Daily Plant Log: August 9, 1989 

DATE: 

DAILY LOG 
,9 [J /~a~ TA-50-1 PLANT 

a INFLUENT 
DAY: -tL.!~u~p 

TANK LEVELS (PERCENT) 
TANK #1 (25K GAL) 
TANK #2 (7SK GAL) 
TANK 13 (100K GAL) 

0800 
:;20,"12, 

,.Ji ... :r.. ~ z 

0800 NEXT DAY 
.:2/~2.0 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * WAS PLANT OPERATED? @ WAS A TANK DRAINED? YES WAS DP-257 TRANSFERRED? YES WAS WASTE PUMPED FROM OMEGA? YES WAS A TANK RECIRCULATED? YES WAS FILTER BACKWASHED? YES MISC. INFLUENT VOLUME: YES 

----LITERS 
----LITERS 

'!>-~<·----LITERS 
----LITERS _..--zoo,,_, LITERS 

SLUDGE DRAWOFF. BEGI~ING LEVEL = ____;2.;;;;..._Z.. __ FT __ 1,~_IN --' a-DING LEVEL = :2. FT 0 IN ********************************** PLANT START-UP TIME 
t) #jJ H1S -1 0 MIN 
I 9 lflS IS MIN 

___ rflS MIN 

PLANT SHUT-DOWN TIME 
t9i? t-AS tCJ- MIN 
2 -z... t-AS IS MIN 

___ rflS MIN 
* * ~ 5 • 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

T~ 11 
(SOUTH} 

T~ #2 
(NOR11i) 

EFFLUENT TANK LEVELS (METERS) 
BEGif\NlNG LEVEL Ef\DING LEVa 

1 2~ t, .. C) -£- -'1 0 
1 
1· 
1 
1 
1 

2 fb~s-?J 
2 
2 
2 
2 
2 

. ·. •;. 

RECIRC.? 



ATTACHMENT: 2 
Daily Plant Log: August 30, 1989 

DAILY LOG 
;( TA-50-1 PLANT 

DATE: ..3iJ ~;'} f9 

INFLUENT TANK LEVELS (PERCENT) 
0800 

3.90 
1700 

6.o-O 
0800 NEXT DAY 

TANK #1 (2SK GAL) 
TANK #2 (75K GAL) 
TANK #3 (100K GAL) 

WAS PLANT OPERATED? 
WAS A TANK DRAINED? 
WAS DP-257 TRANSFERRED? 
WAS WASTE PUMPED FROM OMEGA? 
WAS A TANK RECIRCULATED? 
WAS FILTER BACKWASHED? 
MISC. INFLUENT VOLUME: 

-v-

t. Z1% > 
/3.7D 

SLUoGE DRAWOFF · BEGir-.NING LEVEL = ~ ( 
. 8\0ING LEVEL = IX 

IN 
IN 

********************************** PLANT START-UP TIME 
I 0 1-flS 1".5' MIN 

___ 1-flS MIN 
___ l-flS MIN 

PLANT SHUT-DOWN TIME 
t ct TflS ..3 0 MIN 

___ TflS MIN 
___ }-flS MIN 

********************************** EFFLUENT TANK' LEVELS (Mt:.lt:.HS) 
BEGIN'JING LEV8... ENJING LEVEL RECIRC.? 

1 ~~C) -¥. ~d //.-DI d,/ 
1 O•>-c> :2. ~o-o 

T~ Jlli 1 
(SOlJTH) ·1 

1 
1 

{), -:;;-c) / 
2 6!..· )( Q ;'\/ 
2 CJ, ~-o 

TANK #2 2 
(NOR11-l) 2 

2 
2 
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ATTACHMENT: 3 
Vacuum Filter Solids Laboratory Analyses: August 11, 1989 

VACUUM FILTER SOLIDS 
LABORATORY ANALYSES 

SNIPLE SLEMITTED BY: rn....ft-4JJ./~ DATE: tj- II -8'9 
ORIGIN OF SNIPLE ( S): 3..tL-so·· .BfP-257 DATE SNIPLED: .9 9 Q9 
DESCRIPTION: CP.aJJ..J.-,.., A .. _,_ -1- ~It--.,. .. 50 .BfP-257 Va-t-~ 

[(50S) (21-2579) 1 

LABORATORY I. D. f\l..M3EA: ~ c:c . ·7 1:, I o 'G' 
TEST/ 

RESULT/CONCENTRATION ANALYSIS 

Gross Alpha I . . .. ·t- ... t p t'.l>.. • • : ...... ,._,,(·, lc. 
~u q (\"! T. (t(.l 1~L : L ·{, 
235U 7c") .! ~ c (") c.. I '"' 
238 Pu . .._ 'I " 

(;\ - 3 I c· 
~' r, 

239 Pu 538 2 \0 /'A c ~ lc, 
241 Am L-) Lf ·:t '!-] ·""" 

c: ~~ 
% Solids "l. 5_.. z; -:.. (' ._ll, 

Ag c:Q3 -1- 3 ~/L . 
As ~~~_}:' T-..).-4f-lc 
88 ?.)··t I -~ rn..P/L-

Cd o. -:)..£{ t 'I .Mj-IL 
X 

7.,.,!: ~Jc_.-0 Cr 1-

fb Hg L. 0 I 2 + .2.. AJ.f I L-.- .. 
Ni ~ C , 0 b I :!_- , 0 '( /v\..f/ L--

Pb b ±. I ~f-/L-
Se 1..1·0 !:...f-0 ~ ,.__ 

Tl /.() ~.~ /.D --<..i .:-- I L-

Remarks: 

. 
)-.--..._ ''\

APPROVED BY: '· LI}..CLc.:--" I I J'! ~ -.. 

DATE 
METHOD 

ANAL. 
BEC3l.N BY 

::.1/11 ALPHA j~ 

~(l.; RAS lj:· ... -. 
<."1/1'3> RAS \"'J)t: 

9/I"L. RAS ·-r'l) F--

9}p ... RAS ·\"0 c:. 
c1 J I l '· )t._L_ I 

1¥iS- T.D'+= 
'1/,1 G·R.I'\'V ·T·DF 
10/to 272.2 rncu.J ·--

~ ;<..· ;, ~;Y·1 206.2 ~L 
II ( 7 208.1 \I 

ct /.1-1 I~ 9 213.2 H 
\)_-'-{-~ 218.2 •. I 

}o -l{- 245.1 r'\A8? 

It- ( 7 249.1 '\t-t.U..~ 

'1 f.") ct I f Cf 239.2 fyu) 

It~ i ,:.( ,,c, 270.2 II/ 
,,,.,..j.;,.y 279.2 '\~ 

I 

DATE .• ; ..., - I j -:-:"(/' 
' • - • '• a• \ 



:.:·. :·:·,:~.::· . 
~.;-·:·:· .... 
. . . -···· . ., - .....• , · .. ·. 
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I/ 1/ 

I I 

ATTACHMENT: 4 
Sludge Drum Data: September 11-15, 1989 

\Z.eid Sp~ 
.at top .Qa£ 
~ 7 7 r 

.. 
Total Vol . 
of Sludge 

Packaged 
(Liters) 

. . .· ~.··~ 
~:~, :···~/·. ':JIII---+...~._.,t....__I--....~..._~.....J.J.---+-------1--~~"'----I------L.)...G..LJ..-L---......... 
I I.·· . 
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APPENDIX II 

Analytical Data for 20 Sludge Samples 



sludge stuff for response to request... ............................................................................... dlh 

1 88.73902 
2119/88 

2 88.73903 
3/2/88 

3 88.73906 
7/6/88 

4 88.73909 
9/9/88 

5 88.79310 
10/24/88 

6 88.73911 
11117/88 

7 89.73902 
217/89 complete labwork in plant file 

8 89.73903 
3114/89 complete labwork in plant file 

9 89.79304 
5/4/89 complete labwork in plant file 

10 89.73906 
7/3/89 complete labwork in Qlant file 

11 89.73908 
9111189 complete labwork in plant file 

12 89.73909 
10110/89 

13 90.73901 
1/11190 

14 90.73902 
2114/90 

15 90.73905 
4111190 

16 90.73906 
5110/90 

17 90.73907 
6/21/90 

18 90.73908 
8115/90 

19 90.73910 
10112/90 no labwork in plant file 

20 90.73911 
12/05/90 



SAMPLE 
NUM OWNER MATRIX ANALYSIS 

REQUEST 
NUM 

REQUEST 
REQUESTOR DATE 

DUE 
DATE 

PROJECT 
NUM 

88.73902 JRB 
JL PC 

88.73902 JRB 
TDF GRAV 

88.73902 JRB 
TDF GELI 

88.739D2 JRB 
TDF GELI 

88.739D2 
TDF 

JRB 
GELI 

c 

c 

c 

c 

c 

88.73902 JRB C 
TDF GELI 

88.73902 JRB 
TDF GELI 

88.73902 JRB 
TDF GELI 

88.73902 
TDF 

JRB 
GELI 

88.73902 JRB 
TDF GELI 

88.73902 JRB 
TDF GELI 

88.73902 JRB 
TDF GELI 

c 

c 

c 

c 

c 

c 

88.73902 JRB C 
TDF GELI 

88.73902 JRB c 
TDF GELI 

88.73902 JRB c 
TDF GELI 

88.73902 JRB C 
TDF RAS 

88.73902 JRB C 
TDF RAS 

R 

ALPHA 09999 50S 2/19/88 W579 
577.0000 7.DDDD NCI/G 2/25/88 R 

%SOLIDS 09999 50S 2/19/88 
2!25/88 24.9000 0.4000 NONE 

AM-241 09999 50S 2/19/88 
85.0000 13.0000 NCI/G 2/25/88 

C0-57 09999 50S 2/19/88 

C0-60 

C0-58 

MN-54 

SR-85 

SE-75 

SN-113 

NB-95 

Y-88 

ZN-65 

C0-56 

CR-51 

PU-239 

26.0000 4.0000 NCI/G 2/25/88 
1 

09999 50S 
45.0000 7.0000 NCI/G 

2!19/88 
2/25/88 

09999 50S 
9.2000 1.8000 NCI/G 

09999 50S 
9.9000 1.6000 NCI/G 

09999 50S 
7.4000 1.7000 NCI/G 

1 

09999 50S 
34.0000 5.0000 NCI/G 

09999 50S 
14.0000 2.0000 NCI/G 

1 

09999 50S 
6.7000 1.3000 NCI/G 

2!19/88 
2!25/88 

2!19/88 
2/25/88 

2!19/88 
2/25/88 

2/19/88 
2/25/88 

2/19/88 
2/25/88 

2!19/88 
2/25/88 

09999 50S 2/19/88 
31.0000 5.0000 NCI/G 2/25/88 

09999 50S 
28.0000 4.0000 NCI/G 

1 

09999 50S 
3.3000 1.3000 NCI/G 

09999 50S 
15.0000 11.0000 NCI/G 

1 

09999 50S 
575.0000 62.0000 NCI/G 

2!19/88 
2/25/88 

2!19/88 
2/25/88 

2!19/88 
2!25/88 

2/19/88 
2/29/88 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

IJ579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

PU-239 09999 50S 2/19/88 W579 
R 616.0000 67.0000 NCI/G 2/29/88 R 

88.73902 JRB C PU-238 09999 50S 2/19/88 W579 
TDF RAS R 47.0000 6.0000 NCI/G 2/29/88 R 

88.73902 JRB C PU-238 09999 50S 2/19/88 W579 
TDF RAS R 47.0000 6.0000 NCI/G . 2/29/88 R 



88.73902 JRB C U-234 09999 50S 2/19/88 ~579 

TDF RAS R 600.0000 300.0000 PCI/G 2/29/88 R 
1 

88.73902 JRB C U-234 09999 50S 2!19/88 ~579 

TDF RAS R 530.0000 290.0000 PCI/G 2/29/88 R 
1 

88.73902 JRB C U-235 09999 50S 2/19/88 ~579 

TDF RAS 

88.73902 JRB C 
TDF 

88.73902 
THF 

RAS 

JRB 
FAA 

~E 

88.73902 JRB ~E 

THF FAA 

88.73902 JRB ~E 

HC~ FAA 

88.73902 JRB ~E 

HC~ FAA 

88.73902 JRB ~E 

HC~ ETVAA 

88.73902 JRB ~E 

HC~ ETVAA 

88.73902 JRB ~E 

THF ETVAA 

88.73902 JRB ~E 

THF ETVAA 

88.73902 JRB ~E 

THF ETVAA 

88.73902 JRB ~E 

THF CVAA 

88.73902 JRB ~E 

HC~ FAA 

88.73902 JRB ~E 

HC~ FAA 

88.73902 JRB ~E 

THF ETVAA 

88.73902 JRB ~E 

THF ETVAA 

88.73902 JRB ~E 

THF ETVAA 

R 

U-235 
R 

BA 
R 

BA 
R 

AG 
R 

AG 
R 

AS 
R 

AS 
R 

CD 

CR 
R 

CR 
R 

HG 

Nl 
R 

NI 
R 

PB 

SE 
< 

SE 
< 

10.0000 140.0000 PCI/G 
1 

09999 50S 
10.0000 140.0000 PCI/G 

1 

2!29!88 

2!19/88 
2!29!88 

09999 50S 
0.3800 0.0400 HG/L 

2!19/88 
3!15/88 

09999 50S 
0.3900 0.0400 HG/L 

1 

09999 50S 
0.0980 0.0100 HG/L 

1 
09999 50S 

0.0890 0.0100 HG/L 
1 

09999 50S 
3.7000 2.0000 UG/L 

09999 50S 
2.9000 2.0000 UG/L 

09999 50S 
4.1000 0.8000 UG/L 

09999 50S 
13.0000 3.0000 UG/L 

09999 50S 
14.0000 3.0000 UG/L 

1 

2!19/88 
3/15/88 

2/19/88 
5/27/88 

2!19/88 
5/27/88 

2!19/88 
5/27/88 

2/19/88 
5/27/88 

2!19/88 
5/27/88 

2/19/88 
5/27/88 

2!19/88 
5/27/88 

09999 50S 2/19/88 
1.1000 0.2000 UG/L 5/27/88 

09999 50S 
0.4200 0.0400 HG/L 

09999 50S 
0.4300 0.0400 HG/L 

1 

09999 50S 
48.0000 10.0000 UG/L 

1 

09999 50S 
1.0000 0.0000 UG/L 

1 
09999 50S 

1.0000 0.0000 UG/L 

2!19/88 
5/27/88 

2!19/88 
5/27/88 

2!19/88 
5/27/88 

2/19/88 
5/27/88 

2/19/88 
5/27/88 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 



88.73903 JRB c PU-239 09999 50S 3/21/88 
3/25/88 

W579 
R TDF RAS 

88.73903 JRB C 
TDF RAS 

88.73903 JRB 
TMF 

88.73903 
TMF 

FAA 

JRB 
FAA 

WE 

WE 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF CVAA 

88.73903 JRB WE 
TMF CVAA 

88.73903 JRB WE 
TMF FAA 

R 

PU-239 
R 

AG 
R 

AG 
R 

AS 
R 

AS 
R 

CD 
R 

CD 
R 

CR 

R 

CR 

R 

HG 
< 

HG 
< 

NI 
R 

88.73903 JRB WE NI 
TMF FAA 

88.73903 JRB WE 
TMF FAA 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF ETVAA 

88.73903 JRB WE 
TMF FAA 

R 

NI 
R 

PB 
R 

PB 
R 

SE 
< 

SE 
< 

BA 
R 

137.0000 15.0000 NCI/G 
1 

09999 50S 3/21/88 
144.0000 16.0000 NCI/G 

1 

09999 50S 
0.0160 0.0030 MG/L 

1 

09999 50S 
0.0170 0.0030 MG/L 

1 

09999 50S 
6.6000 0.7000 UG/L 

09999 50S 
5.8000 0.6000 UG/L 

1 

09999 50S 
0.2200 0.1000 UG/L 

1 

09999 50S 
0.1900 0.1000 UG/L 

1 

09999 50S 
15.0000 3.0000 UG/L 

09999 50S 
16.0000 3.0000 UG/L 

1 

09999 50S 
0.2000 0.0000 UG/L 

1 

09999 50S 
0.2000 0.0000 UG/L 

09999 50S 
0.0750 0.0400 MG/L 

3/21/88 

3/21/88 

3/21/88 

3/21/88 

3/21/88 

3/21/88 

3/21/88 

3/21/88 

3/21/88 

3/21/88 

3/21/88 

3/25/88 

6/08/88 

6/08/88 

6/08/88 

6!08!88 

6/08/88 

6!08!88 

6!08!88 

6!08!88 

6!08!88 

6!08!88 

6/08/88 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

09999 50S 3/21/88 W579 
0.0810 0.0400 MG/L 6/08/88 R 

1 

09999 50S 
0.0820 0.0400 MG/L 

09999 50S 
6.6000 1.0000 UG/L 

09999 50S 
6.5000 1.0000 UG/L 

1 

09999 50S 
1.0000 0.0000 UG/L 

09999 50S 
1.0000 0.0000 UG/L 

09999 50S 
0.7100 0.0700 MG/L 

3/21/88 
6/08/88 

3/21/88 
6/08/88 

3/21/88 
6/08/88 

3/21/88 
6/08/88 

3/21/88 
6/08/88 

3/21/88 
7/20/88 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 

W579 
R 



SAMPLE 
NUM O~NER MATRIX ANALYSIS 

REQUEST 
NUM 

REQUEST 
REQUESTOR DATE 

DUE 
DATE 

PROJECT 
NUM 

88.73903 JRB C 
TDF PC 

88.73903 JRB 
TDF GRAV 

88.73903 JRB 
TDF GEL! 

88.73903 
TDF 

JRB 
GEL! 

c 

c 

c 

88.73903 JRB C 
TDF 

88.73903 
TDF 

GEL! 

JRB 
GEL! 

c 

88.73903 JRB C 
TDF 

88.73903 
TDF 

88.73903 
TDF 

GEL! 

JRB 
GEL! 

JRB 
GEL! 

88.73903 JRB 
TDF GEL! 

c 

c 

c 

88.73903 JRB C 
TDF GEL! 

88.73903 JRB c 
TDF GEL! 

88.73903 JRB c 
TDF GEL! 

88.73903 JRB c 
TDF RAS 

88.73903 JRB c 
TDF RAS 

88.73903 JRB C 
TDF RAS 

88.73903 JRB c 
TDF RAS 

88.73903 JRB c 
TDF RAS 

88.73903 JRB C 
TDF RAS 

ALPHA 09999 50S 
178.0000 3.0000 NCI/G 

1 

3/21/88 
3/23/88 

%SOLIDS 09999 50S 3/21/88 
23.2000 0.4000 NONE 3/23/88 

AM-241 09999 50S 3/21/88 

C0-57 

C0-60 

C0-58 

MN-54 

SR-85 

SE-75 

48.0000 7.0000 NCI/G 3/23/88 

09999 50S 
3.3000 1.2000 NCI/G 

1 

09999 50S 
7.5000 1.1000 NCI/G 

1 

09999 50S 
2.7000 1.1000 NCI/G 

09999 50S 
3.4000 1.1000 NCI/G 

1 

09999 50S 
8.4000 1.4000 NCI/G 

1 

09999 50S 
62.0000 9.0000 NCI/G 

1 

3/21/88 
3!23!88 

3/21/88 
3/23/88 

3/21!88 
3/23/88 

3/21/88 
3/23/88 

3/21/88 
3/23/88 

3/21/88 
3/23/88 

SN-113 09999 50S 3/21/88 

NB-95 

Y-88 

ZN-65 

34.0000 5.0000 NCI/G 
1 

09999 50S 3/21/88 

4.4000 1.1000 NCI/G 

09999 50S 3/21/88 

28.0000 3.0000 NCI/G 
1 

09999 50S 3/21/88 

6.2000 2.8000 NCI/G 
1 

3!23!88 

3!23!88 

3!23!88 

3/23/88 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

U-235 09999 50S 3/21/88 ~579 

R 156.0000 70.0000 PCI/G 3/25/88 R 

R 

R 

U-235 

U-234 

09999 50S 
102.0000 56.0000 PCI/G 

1 

09999 50S 
740.0000 170.0000 PCI/G 

1 

3/21/88 
3/25/88 

3/21/88 
3/25/88 

~579 

R 

~579 

R 

U-234 09999 50S 3/21/88 ~579 

R 890.0000 190.0000 PCI/G 3/25/88 R 

1 

PU-238 09999 50S 3/21/88 ~579 

R 22.0000 3.0000 NCI/G 3/25/88 R 

PU-238 09999 50S 

R 23.0000 3.0000 NCI/G 
3/21/88 

3/25/88 
~579 

R 

.- " -



88.73903 JRB WE BA 09999 50S 3/21/88 W579 
TMF FAA R 0.6800 0.0700 MG/L 7/20/88 R 

1 



SAMPLE 
NUM OWNER MATRIX ANALYSIS 

REQUEST 
NUM 

REQUEST 
REQUESTOR DATE 

DUE 
DATE 

PROJECT 
NUM 

88.739D6 JRB 
JL PC 

88.73906 JRB 
TDF GELI 

88.73906 
TDF 

JRB 
GELI 

88.73906 JRB 
TDF GELI 

88.73906 JRB 
TDF GELI 

88.73906 JRB 
TDF GELI 

88.73906 JRB 
TDF GRAV 

c 

c 

c 

c 

c 

c 

c 

ALPHA 09999 50S 
269.0000 4.0000 NCI/G 

1 

AM-241 09999 50S 

C0-57 

MN-54 

SR-85 

SE-75 

40.0000 7.0000 NCI/G 

1 

09999 50S 
1.8000 0.7000 NCI/G 

1 

09999 50S 
2.1000 1.0000 NCI/G 

1 

09999 50S 
2.4000 1.1000 NCI/G 

1 

09999 50S 
4.9000 1.3000 NCI/G 

7/06/88 

7/06/88 

7/06/88 

7/06/88 

7/06/88 

7/06/88 

%SOLIDS 09999 50S 7/06/88 

7/07/88 

7/08/88 

7/08/88 

7!08!88 

7!08!88 

7!08!88 

30.0000 0.6000 NONE 7/08/88 

1 

\.1579 
R 

\.1579 
R 

\.1579 
R 

\.1579 
R 

\.1579 
R 

\.1579 
R 

\.1579 
R 

88.73906 JRB C U-234 09999 50S 7/06/88 \.1579 

TDF RAS 

88.73906 JRB c 
TDF RAS 

88.73906 JRB C 
TDF RAS 

88.73906 JRB C 
TDF RAS 

88.73906 JRB C 
TDF RAS 

88.73906 JRB C 
TDF RAS 

88.73906 JRB c 
TDF RAS 

R 970.0000 270.0000 PCI/G 7/13/88 R 

R 

< 

U-234 

U-235 

1 

09999 50S 
1.2000 0.2000 NCI/G 

1 

09999 50S 
60.0000 0.0000 PCI/G 

1 

7/06/88 

7/06/88 

7/13/88 

7/13/88 

\.1579 
R 

\.1579 
R 

U-235 09999 50S 7/06/88 \.1579 

R 100.0000 70.0000 PCI/G 7/13/88 R 

PU-239 
R 

PU-239 
R 

PU-238 
R 

09999 50S 
103.0000 12.0000 NCI/G 

1 

09999 50S 
100.0000 11.0000 NCI/G 

09999 50S 
60.0000 7.0000 NCI/G 

7/06/88 
7/13/88 

7/06/88 
7/13/88 

7/06/88 
7/13/88 

\.1579 
R 

\.1579 
R 

\.1579 
R 

88.73906 JRB C PU-238 09999 50S 7/06/88 \.1579 

TDF RAS 

88.73906 JRB \olE 
MC\J FAA 

88.73906 JRB \olE 
MC\J FAA 

88.73906 JRB \olE 
TMF ETVAA 

88.73906 JRB \olE 
TMF ETVAA 

R 62.0000 7.0000 NCI/G 7/13/88 R 

AG 

AG 

AS 

AS 

09999 50S 7/06/88 \.1579 

0.0380 0.0040 MG/L 9/08/88 R 

09999 50S 
0.0340 0.0040 MG/L 

09999 50S 
2.2000 0.4000 UG/L 

1 

7/06/88 

7/06/88 

9/08/88 

9/08/88 

\.1579 
R 

\.1579 
R 

09999 50S 7/06/88 \.1579 

2.2000 0.4000 UG/L 9/08/88 R 



88.73906 JRB \olE BA 09999 50S 7/06/88 lol579 
MC\ol FAA 0.9800 o. 1000 MG/L 9/08/88 R 

88.73906 JRB \olE CD 09999 50S 7/06/88 lol579 
MC\ol FAA 25.0000 3.0000 UG/L 9/08/88 R 

~· 88.73906 JRB \olE CD 09999 50S 7/06/88 lol579 
MC\ol FAA 27.0000 3.0000 UG/L 9/08/88 R 

1 
88.73906 JRB \olE CR 09999 50S 7/06/88 lol579 

MC\ol FAA < 0.0500 0.0000 MG/L 9/08/88 R 
1 

88.73906 JRB \olE HG 09999 50S 7/06/88 lol579 
MC\ol CVAA R 36.0000 7.0000 UG/L 9/08/88 R 

1 
88.73906 JRB \olE HG 09999 50S 7!06!88 lol579 

MC\ol CVAA R 27.0000 6.0000 UG/L 9/08/88 R 
1 

88.73906 JRB \olE Nl 09999 50S 7/06/88 lol579 
MC\ol FAA 0.9000 0.1000 MG/L 9!08!88 R 

1 
88.73906 JRB \olE Nl 09999 50S 7/06/88 lol579 

MC\ol FAA 1.0000 0.1000 MG/L 9/08/88 R 

88.73906 JRB \olE PB 09999 50S 7/06/88 lol579 
MC\ol FAA < 0.1000 0.0000 MG/L 9/08/88 R 

88.73906 JRB \olE PB 09999 50S 7/06/88 lol579 
MC\ol FAA < 0.1000 0.0000 MG/L 9/08/88 R 

88.73906 JRB \olE SE 09999 50S 7!06!88 lol579 
TMF ETVAA 4.6000 0.9000 UG/L 9/08/88 R 

1 
88.73906 JRB \olE TL 09999 50S 7/06/88 lol579 

TMF ETVAA 2.8000 2.0000 UG/L 9!09!88 R 

88.73906 JRB \olE TL 09999 50S 7/06/88 lol579 
TMF ETVAA 1.9000 2.0000 UG/L 9!09!88 R 

88.73906 JRB \olE CD 09999 50S 7/06/88 lol579 
MC\ol ETVAA 27.0000 5.0000 UG/L 11/01/88 R 

88.73906 JRB \olE PB 09999 50S 7/06/88 lol579 
MC\ol ETVAA 103.0000 20.0000 UG/L 11/01/88 R 

1 
88.73906 JRB \olE PB 09999 50S 7/06/88 lol579 

MC\ol ETVAA 88.0000 18.0000 UG/L 11/01/88 R 
1 



SAMPLE REQUEST REQUEST DUE PROJECT 
NUM O~NER MATRIX ANALYSIS NUM REQUESTOR DATE DATE NUM 

88.73909 JRB C 
JL PC 

88.73909 JRB C 
TDF GELI 

88.73909 JRB 
TDF GELI 

88.73909 
TDF 

JRB 
GELI 

88.73909 JRB 
TDF GELI 

c 

c 

c 

88.73909 JRB C 
TDF GRAV 

88.73909 JRB c 
TDF RAS 

88.73909 JRB C 
TDF RAS 

R 

R 

ALPHA 09999 50S 9!09!88 ~579 

AM-241 

CS-137 

SR-85 

SN- 113 

26.0000 1.0000 NCI/G 9!12!88 R 

1 
09999 50S 

6.4000 1 .3000 NCI/G 
1 

09999 50S 
1.2000 0.5000 NCI/G 

1 

09999 50S 
1.0000 0.6000 NCI/G 

09999 50S 
1.4000 0.7000 NCI/G 

9/09/88 
9/13/88 

9/09/88 
9!13!88 

9!09!88 
9!13!88 

9!09!88 
9!13!88 

~579 

R 

~579 

R 

~579 

R 

~579 

R 

%SOLIDS 09999 50S 9/09/88 ~579 

AM-241 

AM-241 

28.8000 0.6000 NONE 9/13/88 R 
1 

09999 50S 
5.6000 0.9000 NCI/G 

1 

09999 50S 
4. 7000 0.6000 NCI/G 

1 

9/09/88 

9!09!88 

9/15/88 

9/15/88 

~579 

R 

~579 

R 

88.73909 JRB C PU-239 09999 50S 9/09/88 ~579 

TDF RAS R 20.0000 2.0000 NCI/G 9/15/88 R 

88.73909 JRB C PU-239 09999 50S 9!09!88 ~579 

TDF RAS 

88.73909 JRB C 
TDF RAS 

88.73909 JRB C 
TDF RAS 

88.73909 JRB c 
TDF RAS 

88.73909 JRB C 
TDF RAS 

R 20.0000 2.0000 NCI/G 9/15/88 R 

PU-238 09999 50S 9/09/88 ~579 

R 6.6000 0.8000 NCI/G 9/15/88 R 

PU-238 
R 

U-235 
R 

U-235 
R 

09999 50S 
7.2000 0.8000 NCI/G 

1 

9!09!88 
9/15/88 

~579 

R 

09999 50S 9!09!88 ~579 

8.0000 14.0000 PCI/G 9/15/88 R 

1 

09999 50S 

1.0000 12.0000 PCI/G 
9!09!88 

9/15/88 
~579 

R 

88.73909 JRB C U-234 09999 50S 9/09/88 ~579 

TDF RAS 

88.73909 JRB C 
TDF RAS 

88.73909 JRB C 
TMF FAA 

88.73909 JRB ~E 

MC~ FAA 

88.73909 JRB ~E 

MC~ FAA 

R 230.0000 45.0000 PCI/G 9/15/88 R 

U-234 
R 

TL 
< 

BA 
< 

CD 

09999 50S 
270.0000 50.0000 PCI/G 

09999 50S 
2.0000 0.0000 UG/L 

1 

09999 50S 
0.1000 0.0000 MG/L 

1 

9!09!88 
9/15/88 

9!09!88 
11/15/88 

9!09!88 
12/14/88 

~579 

R 

~579 

R 

~579 

R 

09999 50S 9/09/88 ~579 

8.0000 1.0000 UG/L 12/14/88 R 



88.73909 JRB IJE CD 09999 50S 9/09/88 1.1579 
MCIJ FAA 10.0000 1.0000 UG/l 12/14/88 R 

88.73909 JRB IJE HG 09999 50S 9/09/88 1.1579 
TMF CVAA < 0.2000 0.0000 UG/l 12/14/88 R 

1 
88.73909 JRB IJE Nl 09999 50S 9/09/88 1.1579 

MCIJ FAA 0.1400 0.0400 MG/l 12/14/88 R 
1 

88.73909 JRB IJE PB 09999 50S 9!09!88 1.1579 
MCIJ FAA < 0.1000 0.0000 MG/l 12!14/88 R 

88.73909 JRB IJE SE 09999 50S 9!09!88 1.1579 
MCIJ ETVAA < 1.0000 0.0000 UG/l 12/14/88 R 

1 
88.73909 JRB IJE AS 09999 50S 9/09/88 1.1579 

MCIJ ETVAA < 2.0000 0.0000 UG/L 12!14/88 R 

88.73909 JRB IJE AG 09999 50S 9/09/88 1.1579 
MCIJ FAA 0.0030 0.0030 MG/l 12/14/88 R 

1 
88.73909 JRB IJE AG 09999 50S 9/09/88 1.1579 

MCIJ FAA 0.0030 0.0030 MG/l 12/14/88 R 
1 

88.73909 JRB IJE BA 09999 50S 9!09!88 1.1579 
MCIJ FAA < 0.1000 0.0000 MG/l 12/14/88 R 

1 
88.73909 JRB IJE HG 09999 50S 9!09!88 1.1579 

TMF CVAA < 0.2000 0.0000 UG/l 12/14/88 R 
1 

88.73909 JRB IJE Nl 09999 50S 9/09/88 1.1579 
MCIJ FAA 0.1400 0.0400 MG/l 12/14/88 R 

88.73909 JRB IJE PB 09999 50S 9!09!88 1.1579 
MCIJ FAA < 0.1000 0.0000 MG/l 12/14/88 R 

88.73909 JRB IJE SE 09999 50S 9/09/88 1.1579 

MCIJ ETVAA < 1.0000 0.0000 UG/l 12/14/88 R 

88.73909 JRB IJE AS 09999 50S 9!09!88 1.1579 
MCIJ ETVAA < 2.0000 0.0000 UG/l 12/14/88 R 

1 



/62 '-ft7. T>( -~-

SAMPLE REQUEST REQUEST DUE PROJECT 
NUM OWNER MATRIX ANALYSIS NUM REQUESTOR DATE DATE NUM 

88.73910 JRB c ALPHA 09999 50S 10/24/88 \.1579 
JL PC 104.0000 1.0000 NCI/G 10/26/88 R 

1 
88.73910 JRB c AM-241 09999 50S 10/24/88 \.1579 

TDF GELI 26.0000 4.0000 NCI/G 10/31/88 R 
1 

88.73910 JRB c %SOLIDS 09999 50S 10/24/88 \.1579 
TDF GRAV 34.3000 0.7000 NONE 10/31/88 R 

88.73910 JRB c PU-238 09999 50S 10/24/88 \.1579 
TDF RAS R 14.0000 2.0000 NCI/G 11/02/88 R 

1 
88.73910 JRB c PU-238 09999 50S 10/24/88 \.1579 

TDF RAS R 14.0000 2.0000 NCI/G 11/02/88 R 

88.73910 JRB c PU-239 09999 50S 10/24/88 \.1579 
TDF RAS R 50.0000 5.0000 NCI/G 11/02/88 R 

88.73910 JRB c PU-239 09999 50S 10/24/88 \.1579 
TDF RAS R 51.0000 5.0000 NCI/G 11/02/88 R 

88.73910 JRB c U-235 09999 50S 10/24/88 \.1579 
TDF RAS R 50.0000 80.0000 PCI/G 11/02/88 R 

1 
88.73910 JRB c U-235 09999 50S 10/24/88 \.1579 

TDF RAS R 30.0000 60.0000 PCI/G 11/02/88 R 

88.73910 JRB c U-234 09999 50S 10/24/88 \.1579 
TDF RAS R 800.0000 130.0000 PCI/G 11/02/88 R 

88.73910 JRB c U-234 09999 50S 10/24/88 \.1579 
TDF RAS R 730.0000 120.0000 PCI/G 11/02/88 R 

REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM OWNER MATRIX ANALYSIS NUM BATCH DATE DATE 

88.73910 JRB c AG 09999 50S 10/24/88 
\.1579 MCW FAA R 0.0280 0.0030 MG/L 1/20/89 

R A000029 125 
88.73910 

88.73910 JRB c AG 09999 50S 10/24/88 
\.1579 MCW FAA R 0.0290 0.0030 MG/L 1/20/89 

R A000029 125 
88.73910 

88.73910 JRB c SE 09999 50S 10/24/88 
\.1579 TMF ETVAA < 1.0000 0.0000 UG/L 1/20/89 

R A06864 17 
88.73910 

88.73910 JRB c SE 09999 50S 10/24/88 
W579 TMF ETVAA < 1.0000 0.0000 UG/L 1/20/89 

""· R A06864 17 
88.73910 

88.73910 JRB c AS 09999 50S 10/24/88 
\.1579 TMF ETVAA < 2.0000 0.0000 UG/L 1/20/89 
R A06864 17 



Los Alamos 
NATIONAL LABORATORY 

Hazardous & Solid Waste Group 
Los Alamos :Yational Laboratory 
Los Alamos, New Mexico 87545 

Mr. James Nunz 
Offfice of Environment and Projects 
Los Alamos Area Office 
U.S. Department of Energy 
528 35th Street, MS A316 
Los Alamos, New Mexico 87544 

Dear Mr. Nunz: 

Date: December 2L 1995 
In Replv Refer To: ESH-19:95-0646 

\!ail Stop: K-190 
Telephone: (505) 665-0677 

SUBJECT: FINAL NMED LETTER ON TA 50 SLUDGES 

The enclosed final draft letter is provided for your transmittal to the State of New Mexico 
Environment Department (NMED), in response to the Department of Energy's (DOE's) 
request. The letter presents a position to the NMED supporting reclassification of 1 ,228 of the 
1,288 drums ofT A 50-1 sludge from low-level radioactive mixed wastes (LLMW), now being 
managed pursuant to the Resource Conservation and Recovery Act (RCRA), to non-RCRA 
low-level waste. This necessitates a request to NMED for removal of the sludges from the 
waste inventories in the Site Treatment Plan (STP) pursuant to the Federal Facilities 
Compliance Act. 

The enclosed letter was developed with the assistance and support of a number of key LANL 
individuals listed below, and I wish to acknowledge them for their generous assistance with this 
effort. We concur with the position that the sludges can be viewed as a single waste stream and 
have so discussed them herein. Please review carefully the attachments to the letter. Be 
advised that NMED may request additional information, or copies of references cited in Table 
1. 

We request that LAAO finalize the enclosed letter for transmittal to NMED as rapidly as 
possible, and we would be happy to discuss any comments and concerns with you. Please 
contact Paul Schumann at (505) 667-5840 if you have any questions regarding these 
documents. 

PS/JW:ds 

/ 
l 

!
., 

Sincerely, ; (j -,...-· 
: ~"0 "':> ..:, -J v --~c . ~~ 

James L. White, Group Leader 
Hazardous and Solid Waste Group 



DRAFT 
VIA CERTIFIED MAIL 

RETURN RECEIPT REQUESTED 

Mr. Benito Garcia, Bureau Chief 
Hazardous and Radioactive Materials Bureau 
New Mexico Environment Department 
P.O. Box 26110 
Santa Fe, New Mexico 87502 

Dear Mr. Garcia: 

SUBJECT: RE-CHARACTERIZATION OF WASTEWATER TREATMENT 
SLUDGE IN STORAGE AT TA 54- REQUEST FOR REMOVAL 
FROM SITE TREATMENT PLAN (STP) 

The purpose of this letter is to present the Department of Energy's (DOE's) and Los Alamos 
National Laboratory's (LANL's) position on there-characterization and proper handling of 
1,228 out of a total of 1,288 drums of low-level radioactive sludge currently being stored at 
LANL as low-level mixed waste (LLMW). They were generated by the treatment of 
wastewaters at LANL's Technical Area (TA) 50, building 1. 

These sludges currently are included in the STP under Section 3.3 in the Compliance Plan 
Volume (CPV, Exhibit A) and the Background Volume in the treatability group "dewatered 
treatment sludge." DOE and LANL believe that the referenced 1,228 drums of sludge are 
actually radioactive nonhazardous waste, and henceforth should be managed as such. We 
believe these 1,228 drums need no longer be considered "covered waste" in the STP, although 
the remaining 60 drums continue to be managed as "covered wastes" in the STP. 

Section V.B, "Covered Matters," of the October 4, 1995, Federal Facility Compliance Order 
(FFCO), issued by the New Mexico Environment Department (NMED) to implement the Site 
Treatment Plan at LANL, requires that the DOE and/or the University of California notify 
NMED by letter when they determine that a "covered waste," as defmed in Section V.A of 
the FFCO, is actually radioactive waste without a hazardous waste component. 

A detailed study and reevaluation of the extensive information and analytical data collected 
regarding the referenced sludges was recently completed. This reevaluation supports our 
.conclusion. It supplemented and supported the many previous internal studies and reviews 
documenting LANL' s knowledge of the processes which generate the TA 50-1 influent and 
the sludges, as discussed in the following sections of this letter. The data, studies, and reviews 
supporting our conclusion are summarized briefly in Table 1. 
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As specified in Section VB of the FFCO, the following portions of this letter contain 
information required under Section IX.C, "Deletion of Waste," of the FFCO, specifically, 
" ... a description of the applicable waste code, waste form and volumes; if applicable, 
characterization methodology used along with supporting information; and other relevant 
information regarding deleted waste ... " 

1.0 Waste Description (applicable waste code, waste form, and volumes) 

These wastes currently are included in the STP under Section 3.3 in the Compliance Plan 
Volume (CPV, Exhibit A) and the Background Volume as the treatability group "dewatered 
treatment sludge," MWIR. waste ID LA-W928. This group consists of 1,288 55-gallon drums 
of sludge generated by the treatment of wastewaters at TA 50-1. The total volume of this 
material, as given in Section 3.3 of the STP, is 268.17 cubic meters. This constitutes 
approximately 44% of the total legacy LLMW inventory currently listed in LANL's STP. In 
this letter, we are requesting the removal of 1,228 of the 1,288 drums from the STP "covered 
waste" category. 

Attachment A to this letter provides a listing of all 1,288 drums included in the STP, as 
currently contained in LANL's chemical and mixed waste database. The sixty (60) drums not 
proposed for removal from the STP are clearly identified. Over time, the description of the 
waste stream in the LANL database has varied, even though the waste itself did not change 
significantly, as will be documented below. Detailed records to support each container's 
entries in the database are contained in LANL's files. These sludge drums were generated at 
TA 50-1 at a rate of some 240-300 drums per year, were placed into LLMW storage at TA 
54, Area G, Dome 49 beginning in 1988 and ending in 1993, and were managed in 
accordance with the Resource Conservation and Recovery Act (RCRA) and the New Mexico 
Hazardous Waste Management Regulations. 

1.1 Background 

In 1962, theTA 50-1 Radioactive Liquid Waste Treatment Plant (RL~) was constructed 
to treat radioactively-contaminated wastewater from nuclear research activities and other 
operations conducted at LANL. The RL WTP employs a conventional process that uses lime 
and ferric sulfate to chemically precipitate metals dissolved in LANL wastewaters. The 
resulting liquid effluent has been significantly reduced in total dissolved solids, including both 
radioactive and nonradioactive metals, compared to the influent entering the headworks of the 
RLWTP. The effluent is discharged to Mortandad Canyon in compliance with LANL's 
National Pollutant Discharge Elimination System (NPDES) permit. 

A byproduct of the wastewater treatment process is the generation of dewatered vacuum filter 
sludges, which consist of concentrated radioactive and nonradioactive metals in a lime/ferric 
sulfate matrix. The RL WTP sludges are accumulated during 2 to 6 week intervals, and are 
placed into Department of Transportation-approved, polyethylene-lined 55-gallon drums and 
capped with several inches of Portland cement to absorb any liquids that might dewater from 
the sludge. 
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From 1963 to 1971, LANL disposed of the sludges generated in this wastewater treatment 
process at TA 54, Area "G" as a radioactive waste, which at the time predated, and thus was 
not regulated under RCRA. In 1971, as directed by the Atomic Energy Commission, LANL 
began placing drummed sludges in retrievable storage in earth-covered, above-ground storage 
units (primarily Pads 1, 2, and 4) at TA 54, Area G. 

From 1971 to 1982, all sludge from TA 50-1 was classified as transuranic (TRU) waste. 
During 1983, LANL constructed a pre-treatment unit at TA 50, Building 1, Room 60 to 
remove transuranium, alpha-emitting radioisotopes from TRU-concentrated wastewater 
before it entered the main T A 50-1 treatment plant. The pretreatment process reduced the rate 
ofTRU waste generation from TA 50-1 by a factor of 10. In 1983, the pre-treatment unit at 
T A 50-1 began generating small quantities of pre-treatment sludge to be managed as TRU 
waste. The main plant process at TA 50-1 continued to generate quantities of treatment 
sludge, which then could be managed as low-level radioactive waste (LL W) (except for 
occasional batches of TRU waste sludges generated until about February, 1989). LANL 
disposed of LL W treatment sludge at TA 54, Area G from 1982 through mid-1986. 

As a result of the July 3, 1986, Federal Register (FR) announcement of EPA's decision to 
regulate the hazardous waste component of hazardous waste containing source, by-product, or 
special nuclear material (i.e., mixed waste), LANL began managing its TA 50-1 LLW sludge 
as LLMW. This decision was based on a conservative application of regulatory concerns by 
LANL, given its awareness of the analytical laboratories and manufacturing-type operations 
at LANL. These processes are associated with over 1,500 drain points within approximately 
25 buildings which discharge liquids to the RLWTP. A number of internal studies and 
reviews documented LANL's knowledge of the processes which generate the RLWTP 
influent. They are referenced in Table 1. 

2.0 Potential Basis for Hazardous Waste Classification 

Sludge is defined in the New Mexico Hazardous Waste Management Regulations (HWMR) 
at 20 NMAC 4 .1.1 01, which incorporates 40 CFR 260.10 of RCRA, as "any solid, semi-solid, 
or liquid waste generated from a municipal, commercial, or industrial wastewater treatment 
plant ... exclusive of the treated effluent from a wastewater treatment plant. " The sludges in 
question are generated from the treatment of LANL wastewaters influent to the T A 50-1 
headworks. As stated in 20 NMAC 4.1.201 at 40 CFR 261.4(a)(2), such sludges are not 
excluded from the defmition of solid waste; nor are such sludges excluded under 20 NMAC 
4.1.201 at 40 CFR 261.4(b), although certain wastewater treatment sludges from a few 
specific sources or industries (not applicable to LANL) are excluded (see, for example, 20 
NMAC 4.1.201 at 40 CFR261.4(b)(6)(ii)). Therefore the sludges meet the definition of solid 
waste. 
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Although under 20 NMAC 4.1.201 at 40 CFR 261.4(a)(2), industrial wastewater discharges 
subject to regulation under the Clean Water Act are excluded from the New Mexico 
Hazardous Waste Act (NMHW A) and RCRA, neither the wastewaters themselves while 
being collected, stored or treated, nor the sludges generated from industrial wastewater 
treatment, are excluded by this particular provision. In order for the sludges to meet the 
definition of hazardous waste, however, they would have to meet one of the following 
criteria: (I) be listed under one of the specific waste listings in 20 NMAC 4.1.201 at 40 CFR 
261 Subpart D (20 NMAC 4.1.201 at 40 CFR 261.3(b)(1)); (2) be a mixture of a solid waste 
and one or more listed hazardous wastes (20 NMAC 4.1.201 at 40 CFR 261.3(b)(2)); (3) be 
generated from (i.e., "derived from") the treatment of a listed hazardous waste (20 NMAC 
4.1.201 at 40 CFR 261.3(c)(2)(i)); or (4) exhibit one of the hazardous waste characteristics 
(20 NMAC 4.1.201 at 40 CFR 261.3(b)(3)). Furthermore, one would have to determine that 
none of the exclusions in 20 NMAC 4.1.201 at 40 CFR 261.3(a)(2) or 40 CFR 261.4(b) 
applied to the waste stream. 

Since it was known that trace quantities of organic solvents may have entered the TA 50-1 
influent over time, LANL conservatively began managing its TA 50-1 LL W sludge as 
LLMW. This was done despite the fact that analytical results indicated that only trace levels 
(below regulatory limits) or undetectable levels of solvents that may or may not meet the 
Subpart D listings may have entered the influent during the entire time period covering 
generation of the referenced sludges, as will be discussed below. At this time, 1,288 drums of 
this material are stored in T A 54 as LLMW. 

3.0 Characterization Methodology 

RL WTP influent and effluent have been regularly sampled at several locations in the 
treatment process throughout its operating history. Autosamplers are used to obtain 
composite samples of influent daily while the plant is operating, and weekly and monthly 
grab samples of both influent and effluent wastewaters are collected to satisfy internal and 
NPDES permit requirements. Over time, the frequency of analysis and the types and 
numbers of parameters monitored have steadily increased. 

LANL has examined data from volatile organic and toxic metals analyses of TA 50-1 influent 
sampled during the period of generation of the 1,288 drums of sludge (from June, 1988 to 
November, 1993). Data collected since 1988 on toxic organic constituents in RLWTP 
influent, summarized in Tables B-1 and B-2 of Attachment B, show that over time, 
approximately fourteen different organic solvents have been detected at trace levels. The plant 
operator could not know in all instances the specific source of the solvents in RL WTP 
influent or metals in sludges. 

Recently, LANL conducted a thorough reevaluation of the available data, together with a 
review of the numerous earlier studies by LANL and its subcontractors regarding various 
aspects of RL WTP operations and/or the sludges in particular. All of this information now 
suggests that 1,228 of the 1,288 drums of sludge meet the terms of an exclusion from 
regulation as hazardous (mixed) waste. 
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Supporting infonnation reviewed is summarized in Table 1. The attachments to this letter 

provide examples of the extensive infonnation base assembled and examined as part of 

LANVs recent re-assessment. 

4.0 Basis for Re-Characterization as Nonhazardous Waste 

Under 20 NMAC 4.1.201 at 40 CFR 261.4(a)(2), industrial wastewater discharges subject to 

regulation under the Clean Water Act are excluded from the New Mexico Hazardous Waste 

Act (NMHW A) and RCRA. However, neither the wastewaters themselves while being 

collected, stored or treated, nor the sludges generated from industrial wastewater treatment, 

are excluded by this particular provision. Nonetheless, LANL's available data, and previous 

LANL studies addressing these issues, support the conclusion that most of the T A 50-1 

treatment sludges should not be classified as LLMW at this time. DOE and LANL believe 

that at this time 1,228 of the 1,288 drums of sludge meet the tenns of an exclusion from 

regulation as hazardous (mixed) waste. To reach this detennination, LANL reviewed each of 

the four criteria discussed in Section 2.0 of this letter in turn. 

4.1 Listed Waste 

Although a number of the waste listings in 20 NMAC 4.1.201 at 40 CFR 261 Subpart D 

pertain specifically to wastewater treatment sludges, the studies (summarized in Table 1) 

conducted to characterize the waste streams influent to the RL WTP did not support their 

applicability to theTA 50-1 sludges, with the possible exception of the potential F006 listing. 

LANL conducted an extensive regulatory review to address the possibility that these drums 

may contain F006 waste, because of an on-site electroplating operation whose discharges had, 

mixed with other liquids, at times entered the headworks of the RL WTP during the period in 

question. This potential applicability ofF006 had been identified by NMED, during the 1993 

Multimedia Inspection, for 308 drums of this sludge waste stream. These 308 drums were 

generated by the same process at TA 50-1, from the same influent wastewaters that yielded 

the 1,288 drums discussed herein. The subsequent Administrative Order, NMHW A 94-09, 

questioned whether the 308 drums were adequately characterized for metals and whether the 

F006 waste code was potentially applicable. 

The final resolution reached by NMED and LANL on the 308 drums recognized, based on 

LANL submittals, that the sludges had been characterized adequately for metals, none of 

which exceeded Toxicity Characteristic Leaching Procedure (TCLP) levels; and that the F006 

code was not applicable to the sludge. LANL submits that the same resolution is applicable 

here, based on the fact that all of the sludge contained in the 1,288 drums and the 308 drums 

originated from the same processes and source. LANL has verified through internal 

investigations that no change in treatment plant operations, process excursion, or 

characterization of the treatment plant influent is associated with the sludges in either group of 

drums. 
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4.2 Mixture Rule 

The second criterion described in Section 2.0 above is whether theTA 50-1 sludges could be 
hazardous by virtue of being a mixture of a solid waste and one or more listed hazardous 
wastes (20 NMAC 4.1.201 at 40 CFR 261.3(b)(2)). However, while this criterion potentially 
could apply to the 1,288 drums of sludge, it does not apply to most of them, owing to an 
exemption. EPA has recognized that at some facilities, small quantities of spent solvents 
listed in 40 CFR 261.31, discarded commercial chemical products, manufacturing chemical 
intermediates listed in 40 CFR 261.33, and discarded laboratory wastes are discharged into 
relatively larger volumes of process wastewaters in amounts not warranting application of the 
mixture rule, because the amounts of listed hazardous wastes found in such a mixture are 
often too minute to pose a significant threat to human health and the environment ( 46 FR 
56582-56588, November 17, 1981 ). Therefore, a number of exemptions to the mixture rule 
have been established, as codified in 20 NMAC 4.1.201 at 40 CFR 261.3(a)(2)(iv). 

DOE and LANL believe 1,228 of the 1,288 drums meet the two bases for an exemption 
provided in 20 NMAC 4.1.201 at 40 CFR 261.3(a)(2)(iv)(A) and (B), respectively. First, it 
must be noted that the T A 50-1 influent wastewaters themselves do not meet the waste 
listings given in 20 NMAC 4.1.201 at 40 CFR261 Subpart D, so they are not listed hazardous 
wastes. To qualify for the exemption, it must be shown that the wastewaters are not 
hazardous waste mixtures and therefore the sludges generated from their treatment cannot be 
hazardous waste mixtures. 

The regulation allows the facility to demonstrate that the combined concentrations of spent 
solvent in the wastewater mixture do not exceed 1 or 25 parts per million (ppm), respectively, 
depending on the type of solvent. The exemption in 20 NMAC 4.1.201 at 40 CFR 
261.3(a)(2)(iv)(A) applies to wastewater mixtures containing " ... [O]ne or more of the 
following solvents listed in § 261.31 - carbon tetrachloride, tetrachloroethylene, 
trichloroethylene -Provided, That the maximum total weekly usage of these solvents ... divided 
by the average weekly flow of wastewater into the headworks of the facility's waste water 
treatment or pretreatment system, does not exceed 1 part per million. .. " The exemption in 20 
NMAC 4.1.201 at 40 CFR 261.3(a)(2)(iv)(B) applies to wastewater mixtures containing 
" .. .[O]ne or more of the following spent solvents listed in § 261.31 -methylene chloride, 
1,1,1-trichloroethane, chlorobenzene, cxlichlorobenzene, cresols, cresylic acid, nitrobenzene, 
toluene, methyl ethyl ketone, carbon disulfide, isobutanol, pyridine, spent chlorofluorocarbon 
solvents -provided that the maximum total weekly usage of these solvents ... divided by the 
average weekly flow of wastewater into the headworks of the facility's waste water treatment 
or pretreatment system does not exceed 25 parts per million. .. " 

This exclusion demonstration could be made by performing a materials balance for solvent 
use at the facility, subtracting solvent use that can be shown not to be discharged into 
wastewater, and dividing the difference by the weekly volume at the headworks. Note that in 
46 FR 56585, EPA clarified that this method was allowed because the more difficult 
technique of actually measuring the concentrations of these solvents at the headworks would 
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be too onerous a burden for most waste generators. However, direct sampling of the 

headworks influent is not prohibited by the regulation and is more accurate. Composite 

samples ofRLWTP influent are now drawn daily while the plant is operating, and weekly and 

monthly grab samples of effluent wastewaters are collected in accordance with internal and 

NPDES permit requirements. 

LANL undertook a detailed re-examination of T A 50-1 influent data from volatile organic 

analyses for the period of generation of the 1,288 drums of sludge (from June, 1988 to 

November, 1993). Data collected since 1988 on toxic organic constituents in RLWTP 

influent is summarized in Tables B-1 and B-2. 

Table B-1 summarizes influent data in Tables B-4 through B-17, collected from December, 

1988 through May, 1992. For each of the fourteen organic compounds that were detected in 

one or more samples during this period, individual sample values, and mean, minimum, and 

maximum values for each sample population are given in Tables B-4 through B-17. Values 

are reported in micrograms per liter. 

Table B-2 shows the mean, minimum, and maximum values detected in the population of 

influent samples obtained from May, 1992 through May, 1994. Analytical results for this 

latter period are reported by individual sample in Table B-3 for the highest detectable 

concentration of each toxic organic compound detected during each sampling event. Values 

are reported in milligrams per liter. 

These two data sets, as reported in several individual LANL studies, cover the period during 

which the 1,288 sludge drums were generated, and characterize the toxic organic constituent 

composition of the influent wastewaters whose treatment resulted in generation of the sludges. 

For the majority of sample events, volatile organic compounds were not detected at all. In 

some samples, one or more of the fourteen compounds was detected as shown in Table B-1, 

but at extremely low levels such that their combined concentrations in each given sampling 

period generally did not exceed regulatory exclusion levels of 1 ppm and/or 25 ppm as 

provided in 20 NMAC 4.1.201 at 40 CFR 261.3(a)(2)(iv)(A) and (B), respectively. For 

example, combined concentrations of 1,2-dichloroethane, methylene chloride, nitrobenzene, 

and toluene were found to be below regulatory exclusion levels in all samples, as reported in 

the Attachment B tables. In all instances, the combined mean values of compounds specified 

in 20 NMAC 4.1.201 at 40 CFR 261.3(a)(2)(iv)(A) and (B), averaged over the period of 

generation of the 1,288 drums, did not exceed the regulatory exclusion levels of 1 ppm and/or 

25 ppm. 

As discussed in Section 1.1 of this letter, RL WTP sludges are generated in discrete batches. 

Influent sample events can be tied to specific batches of sludge in most cases. As indicated in 

Tables B-4 through B-17, the combined maximum concentrations of some of the 20 NMAC 

4.1.201, 40 CFR 261.3(a)(2)(iv)(B) compounds exceeded the regulatory exclusion level of 25 

ppm in the samples collected on December 15, 19, and 22, 1988. Also, two compounds not 
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listed in the 20 NMAC 4.1.201, 40 CFR 261.3(a)(2)(iv)(A) or (B) exclusions, namely 

benzene and 1, 1,2-trichloroethane, were detected at extremely low (less than 0.1 ppm) levels 

in these same samples. The December 15, 19, and 22, 1988 influent analyses correspond to 

one specific batch of 60 drums of resultant sludge. Because of this discrepancy (albeit a small 

one) between the influent sampling results for the 60 drums and the terms of the exclusions, 

LANL is not seeking to apply the exclusions to this batch of 60 sludge drums at this time. 

Finally, acetone was detected in a number of samples, as summarized in Table B-2 and 

reported for individual samples in column A in Table B-3. However, acetone should not be a 

constituent of concern for application of the 20 NMAC 4.1.201 at 40 CFR 261.3(a)(2)(iv)(A) 

and (B) mixture rule exclusions. It did not cause TA 50-1 influent or sludge to exhibit the 

characteristic of ignitability (the basis for the F003 listing). Moreover its presence does not 

impact the exclusion of the 1,228 sludge drums from NMAC 4.1.201 at 40 CFR 

261.3(a)(2)(iii). Therefore the presence of acetone in some influent samples does not cause 

the sludge to be a characteristic waste or a mixture of a solid waste and a characteristic 

wastewater. 

4.3 "Derived From" Rule 

The third criterion described in Section 2.0 above is whether theTA 50-1 sludges could be 

listed hazardous waste by being derived from the treatment of a listed hazardous waste (20 

NMAC 4.1.201 at 40 CFR 261.3(c)(2)(i)). However, while this criterion potentially could 

apply to the sludge, it does not apply to 1,228 of the 1,288 drums, owing to application of the 

exemption in 20 NMAC 4.1.201 at 40 CFR 261.3(a)(2)(iv)(A) and (B), as discussed in 

Section 4.2 of this letter. 

While the influent wastewaters are solid wastes, DOE and LANL demonstrated in Section 4.2 

of this letter that they are not listed hazardous wastes, and that based on the exclusion, 1,228 

of the 1,288 drums of treatment sludges are not mixtures of listed hazardous wastes. DOE 

and LANL believe that all but the 60 drums discussed above meet the exclusion and therefore 

were not derived from treatment of a hazardous waste mixture Hence, 1,228 of the 1,288 

drums of treatment sludges cannot be listed wastes based on the "derived from" rule. 

4.4 Characteristic Waste 

The fourth criterion described in Section 2.0 above is whether theTA 50-1 sludges could 

exhibit one of the hazardous waste characteristics (20 NMAC 4.1.201 at40 CFR 261.3(b)(3)). 

Analytical results of the Extraction Procedure Toxicity Characteristic test are reported by 

individual sample in Tables C-1 through C-8 by analyte. Table C-9 shows the mean, 

minimum, and maximum values detected in the population of samples in Table C-10. Table 

C-1 0 reports, by individual sample, the highest detectable concentration of constituents found 

in each sampling event during the period in question. The Toxicity Characteristic Leaching 

Procedure was the applicable test method during most of the time period covered by Tables 

C-9 and C-1 0. No constituents tested were found to exceed regulatory levels. 
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Analysis of influent wastewaters during this period showed that no toxicity characteristic 

metals were found to exceed regulatory concentrations in T A 50-1 influent. The 

concentrations remained significantly below the regulatory concentrations for each 

constituent. 

As mentioned in Section 4.2, while acetone was detected in a number of samples, it did not 

cause T A 50-1 influent or sludge to exhibit the ignitability characteristic. Therefore its 

presence in the influent does not cause the sludge to be a characteristic waste or a mixture of a 

solid waste and a characteristic wastewater. 

5.0 Controls Preventing Influent Contamination 

LANL had developed and implemented administrative controls in the early 1980s - well 

before the generation of the sludges in question - to prohibit uncontrolled disposal of 

substances that may contain RCRA hazardous wastes into drain systems flowing into the 

RL WTP. These included written instructions such as LANL-wide Administrative 

Requirements (ARs), as shown in Attachment D, as well as group-specific Standard 

Operating Procedures (SOPs) instituted by most of the user groups generating RLWTP 

influent. Additionally, signs were placed at all sinks, drains, and other "point source" 

locations leading into the wastewater system prohibiting unapproved disposal of chemicals 

down sinks or drains. Mandatory training programs for all LANL employees, consultants and 

contractors covering the ARs and advising them on the proper handling of chemical wastes 

throughout the Laboratory have also been in place for a number of years. Many of these were 

documented in the studies listed in Table 1. 

6.0 Conclusion and Recommendations 

LANL's extensive reviews of available data, and of previous studies addressing these issues, 

support the conclusion that 1,228 of the 1,288 drums of TA 50 treatment sludge should no 

longer be classified as LLMW. Trace levels of constituents found occasionally in influent 

and sludge samples may have been due to laboratory contamination, which could not be 

comprehensively documented, or to the inevitable occasional discharges meeting the 

definition of de minimus losses in 20 NMAC 4.1.201 at 40 CFR 261.3(a)(2)(iv)(D) and 

elsewhere. 

It is our understanding that upon approval of this request by NMED, the referenced 1,228 

drums of sludge shall no longer be subject to the terms of the HWMR or the FFCO. LANL 

will then consider the referenced 1,228 55 gallon containers in the treatability group 

"dewatered treatment sludge," MWIR waste ID LA-W928, deleted from the STP and from 

LANL's LLMW inventory. The remaining 60 drums will continue to be managed in this 

treatability group in accordance with the requirements of the STP under Section 3.3 in the 

Compliance Plan Volume (CPV, FFCO Exhibit A). 
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Upon approval of this request by NMED, LANL wishes to proceed as expeditiously as 
possible with the re-labeling and on-site disposal of the referenced 1,228 55 gallon containers 
as low-level radioactive waste. The remaining 60 drums will continue to be managed in 
accordance with the requirements of the HWMR. 

LANL's records and documents described in this letter are available to NMED's staff upon 
request. We would be happy to discuss the information contained in this letter with you at 
your earliest possible opportunity. Please contact me at (505) 665-5042 or Paul Schumann at 
(505)667-5840. 

Sincerely, 

H.L. "Jody" Plum 
Office of Environment and Projects 

Attachments: a/s 

Cy: 

J. Mack, AMEP, LAAO, MS A316 
H. Haynes, Counsel, LAAO, MS A316 
J. Nunz, AMEP, LAAO, MS A316 
M. Williams, WMD, AL, MS A316 
D. Erickson, ESH-DO, MS A105 
A. Gancarz, CST-DO, MS J515 
M. Devaurs, ERIWM, MS J552 
J. Rochelle, LC-GEN, MS A187 
J. White, ESH-19, MS K490 
P. Schumann, ESH-19, MS K490 
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TABLE 1 

NAME OF CONTENT OF DOCUMENT DOCUMENT 
Administrative In 1984, LANL adopted AR 10-1 through AR 10-5 for Requirements (ARs) the purposes of controlling the management and disposal of radioactive liquid waste (AR 10-1 ), low-level radioactive solid waste (AR 1 0-2), non-

radioactive chemical waste (AR 1 0-3), polychorinated biphenyls (PCBs) (AR 10-4), and transuranic (TRU) solid waste (AR 1 0-5). These documents establish procedures to be followed by all LANL personnel when managing the various types of wastes. For example, AR 10-3 establishes administrative controls for chemical waste disposal. AR 10-3 prohibits disposal of chemical waste down sanitary sewer drains and floor drains without aQproval. Flows Report and For the years 1985 to the present, the RL WTP at TA Analyses for Composite 50-1 has on file the amount of liquid waste that flows Mineral Sample. through and is handled by the facility. Analytical results from the influent, effiuent and treated sludge waste streams are listed. Chemical concentrations are below regulatory limits except as discussed in this letter. These reports are also required by the NPDES Permit. 
Consolidated Permit In 1986, LANL submitted its NPDES Permit Application (NPDES Application to the Environmental Improvement Agency Permit) (EPA). As a part of this application, all Point Source Discharges, including Outfall 051 from the TA 50-1 RL WTP, had to be identified, sampled and analyzed. Analytical results showed that the chemical 

composition of the discharges from these outfaHs·were below regulatory limits of the Clean Water Act. NPDES Permit In 1987, LANL submitted and received approval for its (Modification) NPDES Permit Modification. The modification Application allowed the intermittent use of both the T A 50 sanitary sewer system and Outfall 03-022 for discharging of liquid waste from the identified op_erations. Sample results from the For a period of approximately three (3) years, radioactive low level beginning in 1987 and ending in 1990, each batch of wastewater treatment vacuum filter sludge was analyzed for toxic metals facility's vacuum filter prior to capping of drums with portland cement. Toxic sludge metal concentrations did not exceed RCRA regulatory limits. 
·nata Base ofT A 54, This Data Base identifies drum numbers, dates when Dome 49 Storage drums went into storage, volumes, and the Technical Inventory Area of origin of the 1,288 drums. (See excerpt in Attachment A). For example, drum number 88091000 was first placed into storage on June 14, 1988, and drum number C93039013 was the last drum placed into storage on November 4, 1993. LANL/DOE In November, 1989 DOE through its contractor 
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Environmental Survey EG&G Idaho, Inc., published the field and analytical 
data collected by Idaho National Engineering 
Laboratory (INEL) Sampling and Analysis (S&A) 
Team at the LANL Facility. This survey includes 
information from DOE's "Environmental Survey 
Preliminary Report, LANL" (DOE 1988a), the 
"Environmental Survey Sampling and analysis Plan, 
LANL" (DOE, 1988b) and references the 
Environmental Survey Manual (DOE, 1987). This 
report contained no information that would lead to the 
conclusion that RCRA constituents in influent or sludge 
were present above regulatory limits. 

Summary of Solid Waste In January, 1991, through its contractor, International 
Streams Technology Corporation, LANL published a report in 

response to the requirements of the Hazardous Waste 
Facility Permit Number NM08900105515-l. This 
document presents a listing of all solid waste streams 
within designated Technical Areas (TAs). 

Study of Alternatives for In October, 1991, LANL contracted with the Ralph M. 
Radioactive Wastewater Parsons Company to investigate options and 
Treatment Sludges at the recommend a final disposition of the TA 50-1 sludge 
Los Alamos National drums. Results of this investigation indicated that these 
Laboratory drums were inappropriately identified as low level 

mixed waste and should be considered low level 
radioactive waste only. 

Radioactive Liquid Waste Completed in October, 1993 with the final report 
Collection System Study published in August, 1994, LANL, through its 

contractor Merrick Engineers & Architects, conducted 
a Technical Area by Technical Area, building by 
building and room by room survey. The purpose of 
this survey was to ensure compliance with all relevant 
Federal, State, Tribal, LANL and Local requirements. 
Included is a description of the configuration of the 
present RL WTP collection system and characterization 
data for this system. 
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\.1579 TMF FAA R 2.7000 0.3000 MG/L 1/30/89 
R 000219 104 

88.73910 
88.73910 JRB c BA 09999 50S 10/24/88 

\.1579 TMF FAA R 3.3000 0.3000 MG/L 1/30/89 
R 000219 104 

88.73910 
88.73910 JRB c co 09999 50S 10/24/88 

\.1579 TMF ETVAA 9.5000 1.0000 UG/L 1/30/89 
R 000214 140 

88.73910 
88.73910 JRB c PB 09999 50S 10/24/88 

\.1579 TMF ETVAA 8.4000 1.0000 UG/L 1/30/89 
R 000214 140 

88.73910 
88.73910 JRB c TL 09999 50S 10/24/88 

\.1579 TMF FAA < 2.0000 0.0000 UG/L 1/30/89 
R A001794 24 

88.73910 
88.73910 JRB c TL 09999 50S 10/24/88 

\.1579 TMF FAA < 2.0000 0.0000 UG/L 1/30/89 
R A001794 24 

88.73910 



~· 

SAMPLE 
NUM OYNER MATRIX ANALYSIS 

REQUEST 
NUM 

REQUEST 
REQUESTOR DATE 

DUE 
DATE 

PROJECT 
NUM 

88.73911 JRB C 
TDF GRAV 

88.73911 JRB 
TDF GEL! 

88.73911 
TDF 

JRB 
GEL! 

c 

c 

88.73911 JRB C 
TDF GEL! 

88.73911 JRB C 
TDF 

88.73911 
TDF 

GEL! 

JRB 
GEL! 

c 

88.73911 JRB C 
TDF GEL! 

88.73911 JRB C 
TDF NAI 

88.73911 JRB C 
TDF PC 

88.73911 JRB C 
TDF PC 

XSOLIDS 09999 50S 11/17/88 ~579 

37.4000 0.8000 NONE 11/18/88 R 

AM-241 09999 50S 11/17/88 
465.0000 70.0000 NCI/G 11/18/88 

CS-137 09999 50S 11/17/88 
5.4000 2.7000 NCI/G 

1 

11/18/88 

~579 

R 

~579 

R 

SR-85 09999 50S 11/17/88 ~579 

SE-75 

SN-113 

NB-95 

10.0000 3.0000 NCI/G 11/18/88 R 
1 

09999 50S 11/17/88 
5.7000 2.3000 NCI/G 

1 

09999 50S 11/17/88 
44.0000 7.0000 NCI/G 

1 

09999 50S 11!17/88 
22.0000 4.0000 NCI/G 

1 

11/18/88 

11/18/88 

11/18/88 

~579 

R 

~579 

R 

~579 

R 

AM-241 09999 50S 11/17/88 ~579 

515.0000 32.0000 NCI/G 11/18/88 R 
1 

ALPHA 09999 50S 11/17/88 ~579 

698.0000 5.0000 NCI/G 11/18/88 R 

ALPHA 09999 50S 11/17/88 ~579 

711.0000 40.0000 NCI/G 11/18/88 R 

88.73911 JRB C PU-239 09999 50S 11/17/88 ~579 

TDF RAS R 127.0000 113.0000 NCI/G 11/23/88 R 

88.73911 JRB C PU-239 09999 50S 11/17/88 ~579 

TDF RAS R 113.0000 13.0000 NCI/G 11/23/88 R 

88.73911 JRB C PU-238 09999 50S 11/17/88 ~579 

TDF RAS R 27.0000 4.0000 NCI/G 11/23/88 R 

88.73911 JRB C 
TDF RAS 

88.73911 JRB C 
TDF RAS 

PU-238 09999 50S 11/17/88 ~579 

R 27.0000 3.0000 NCI/G 11/23/88 R 

U-235 09999 50S 11/17/88 

R 30.0000 90.0000 PCI/G 11!23/88 
~579 

R 

88.73911 JRB C U-235 09999 50S 11/17/88 ~579 

TDF RAS R 30.0000 90.0000 PCI/G 11/23/88 R 

88.73911 JRB C U-234 09999 50S 11/17/88 ~579 

TDF RAS R 670.0000 200.0000 PCI/G 11/23/88 R 

' 88.73911 JRB C U-234 09999 50S 11!17/88 ~579 

TDF RAS R 530.0000 180.0000 PCI/G 11/23/88 R 

REPORT SAMPLE REQUEST REQUEST DUE 

.---, 



NUMBER NUM OWNER MATRIX ANALYSIS NUM BATCH DATE DATE 

88.73911 JRB c AG 09999 sos 11/17/88 
W579 MCW FAA R 0.0410 0.0040 MG/L 1/20/89 
R A000029 125 

88.73911 
88.73911 JRB c AG 09999 50S 11/17/88 

W579 MCW FAA R 0.0420 0.0040 MG/L 1/20/89 
R A000029 125 

88.73911 
88.73911 JRB c AS 09999 50S 11/17/88 

W579 TMF ETVAA < 2.0000 0.0000 UG/L 1/20/89 
R A06864 17 

88.73911 
88.73911 JRB c AS 09999 50S 11/17/88 

W579 TMF ETVAA < 2.0000 0.0000 UG/L 1/20/89 
R A06864 17 

88.73911 
88.73911 JRB c SE 09999 50S 11/17/88 

W579 TMF ETVAA R 1.0000 1.0000 UG/L 1/20/89 
R A06864 17 

88.73911 
88.73911 JRB c SE 09999 50S 11/17/88 

W579 TMF ETVAA < 1.0000 0.0000 UG/L 1/20/89 
R A06864 17 

88.73911 
88.73911 JRB c CR 09999 50S 11/17/88 

W579 TMF ETVAA R 11.0000 2.0000 UG/L 1/20/89 
R A000029 125 

88.73911 
88.73911 JRB c CR 09999 50S 11/17/88 

W579 TMF ETVAA R 8.0000 2.0000 UG/L 1/20/89 
R A000029 125 

88.73911 
88.73911 JRB c HG 09999 50S 11/17/88 

W579 TMF CVAA R 9.0000 0.9000 UG/L 1/20/89 
R A001794 24 

88.73911 
88.73911 JRB c HG 09999 50S 11/17/88 

W579 TMF CVAA R 8.6000 0.9000 UG/L 1/20/89 
R A001794 24 

88.73911 
88.73911 JRB c Nl 09999 50S 11!17 /88 

W579 MCW FAA R 0.3500 0.0400 MG/L 1/20/89 
R A000212 32 

88.73911 
88.73911 JRB c Nl 09999 50S 11/17/88 

W579 MCW FAA R 0.3500 0.0400 MG/L 1/20/89 
R A000212 32 

88.73911 
88.73911 JRB c TL 09999 50S 11/17/88 

W579 TMF FAA < 2.0000 0.0000 UG/L 1/30/89 
R A001794 24 

88.73911 
88.73911 JRB c TL 09999 50S 11/17/88 

W579 TMF FAA < 2.0000 0.0000 UG/L 1/30/89 
R A001794 24 

88.73911 
88.73911 JRB c PB 09999 50S 11/17/88 

W579 TMF ETVAA R 6.0000 1.0000 UG/L 1/30/89 



R 000214 140 
88.73911 

88.73911 JRB c PB 09999 50S 11/17/88 
W579 TMF ETVAA R 6.0000 1.0000 UG/L 1/30/89 
R 000214 140 

88.73911 
88.73911 JRB c CD 09999 50S 11/17/88 

W579 TMF ETVAA R 9.5000 1.0000 UG/L 1/30/89 
R 000214 140 

88.73911 
88.73911 JRB c CD 09999 50S 11/17/88 

W579 TMF ETVAA R 9.5000 1.0000 UG/L 1/30/89 
R 000214 140 

88.73911 
88.73911 JRB c BA 09999 50S 11/17/88 

W579 TMF FAA < 1.0000 0.0000 MG/L 1/30/89 
R 000219 104 

88.73911 
88.73911 JRB c BA 09999 50S 11/17/88 

W579 TMF FAA < 1.0000 0.0000 MG/L 1/30/89 
R 000219 104 

88.73911 



::z' -, ( ,, 
T " -" <.,. I REPORT SAMPLE REQUEST REQUEST DUE I 

• ' •" 
NUMBER NUM miNER MATRIX ANALYSIS NUM BATCH DATE DATE j 

89.73902 JRB c SOLIDS 09999 50S 2/07/89 
IJ579 TDF GRAV 30.6000 0.6000 X 2/09/89 
R A001775 29 

89.73902 
89.73902 JRB c AM-241 09999 50S 2/07/89 

IJ579 TDF GEL! 102.0000 15.0000 NCI/G 2/09/89 
R S12463 83 

89.73902 
89.73902 JRB c C0-57 09999 50S 2/07/89 

IJ579 TDF GEL! 2.4000 0.5000 NCI/G 2/09/89 
R S12463 83 

89.73902 
89.73902 JRB c C0-58 09999 50S 2/07/89 

IJ579 TDF GEL! 2.2000 0.6000 NCI/G 2/09/89 
R S12463 83 

89.73902 
89.73902 JRB c CS-137 09999 50S 2!07/89 

IJ579 TDF GEL! 850.0000 540.0000 PCI/G 2!09/89 
R S12463 83 

89.73902 
89.73902 JRB c MN-54 09999 50S 2!07/89 

IJ579 TDF GEL! 1. 7000 0.5000 NCI/G 2/09/89 
R S12463 83 

89.73902 
89.73902 JRB c SR-85 09999 50S 2!07/89 

IJ579 TDF GEL! 2.6000 0.8000 NCI/G 2/09/89 
R S12463 83 

89.73902 
89.73902 JRB c SE-75 09999 50S 2/07/89 

IJ579 TDF GEL! 2.1000 0.6000 NCI/G 2/09/89 
R S12463 83 

89.73902 
89.73902 JRB c NB-95 09999 50S 2!07!89 

IJ579 TDF GEL! 4.5000 0.7000 NCI/G 2/09/89 
R S12463 83 

89.73902 
89.73902 JRB c Y-88 09999 50S 2/07/89 

IJ579 TDF GEL! 20.0000 3.0000 NCI/G 2/09/89 
R S12463 83 

89.73902 
89.73902 JRB c ZN-65 09999 50S 2/07/89 

IJ579 TDF GEL! 3.2000 1.6000 NCI/G 2!09!89 
R S12463 83 

89.73902 
89.73902 JRB c ZR-88 09999 50S 2/07/89 

IJ579 TDF GEL! 15.0000 2.0000 NCI/G 2/09/89 
R S12463 83 

89.73902 
89.73902 JRB c ALPHA 09999 50S 2/07/89 

IJ579 JL PC 191.0000 3.0000 NCI/G 2/09/89 
R A 5645 26 

89.73902 
89.73902 JRB c PU-239 09999 50S 2/07/89 

IJ579 TDF RAS R 54.0000 6.0000 NCI/G 2/09/89 
R A6464 5 

89.73902 



89.73902 JRB c PU-239 09999 50S 2/07/89 
\.1579 TOF RAS R 54.0000 6.0000 NCI/G 2/09/89 
R A6464 5 

89.73902 
89.73902 JRB c PU-238 09999 50S 2/07/89 

\.1579 TOF RAS R 20.0000 3.0000 NCI/G 2/09/89 
R A6464 5 

89.73902 
89.73902 JRB c PU-238 09999 50S 2/07/89 

\.1579 TOF RAS R 21.0000 3.0000 NCI/G 2/09/89 
R A6464 5 

89.73902 
89.73902 JRB c U-235 09999 50S 2/07/89 

\.1579 TDF RAS < 40.0000 0.0000 PCI/G 2!14/89 
R A6464 6 

89.73902 
89.73902 JRB c U-235 09999 50S 2/07/89 

\.1579 TOF RAS < 30.0000 0.0000 PCI/G 2!14/89 
R A6464 6 

89.73902 
89.73902 JRB c U-234 09999 50S 2!07!89 

\.1579 TDF RAS R 660.0000 130.0000 PCI/G 2/14/89 
R A6464 6 

89.73902 
89.73902 JRB c U-234 09999 50S 2/07/89 

\.1579 TDF RAS R 610.0000 120.0000 PCI/G 2/14/89 
R A6464 6 

89.73902 
89.73902 JRB c AG 09999 50S 2/07/89 

\.1579 MC\.1 FAA R 26.0000 3.0000 UG/L 4/24/89 
R A000029 139 272.1 

89.73902 
89.73902 JRB c AG 09999 50S 2!07!89 

\.1579 MC\.1 FAA R 27.0000 3.0000 UG/L 4/24/89 
R A000029 139 272.1 

89.73902 
89.73902 JRB c AS 09999 50S 2!07!89 

\.1579 TMF ETVAA R 4.3000 2.0000 UG/L 4/24/89 
R A06864 26 206.2 

89.73902 
89.73902 JRB c AS 09999 50S 2/07/89 

\.1579 TMF ETVAA R 4.3000 2.0000 UG/L 4/24/89 
R A06864 26 206.2 

89.73902 
89.73902 JRB c SE 09999 50S 2/07/89 

\./579 TMF ETVAA R 1.0000 1.0000 UG/L 4/24/89 
R A06864 26 270.2 

89.73902 
89.73902 JRB c SE 09999 50S 2!07!89 

\.1579 TMF ETVAA < 1.0000 0.0000 UG/L 4!24/89 
R A06864 26 270.2 

89.73902 
89.73902 JRB c HG 09999 50S 2!07!89 

\.1579 TMF CVAA R 0.3600 0.2000 UG/L 4/24/89 .. -~ ... 
R A06864 21 245.1 

89.73902 
89.73902 JRB c HG 09999 50S 2!07!89 

\.1579 TMF CVAA R 0.2800 0.2000 UG/L 4/24/89 
R A06864 21 245.1 

89.73902 



89.73902 JRB c BA 09999 50S 2!07!89 
IJ579 TMF FAA R 0.4700 0.1000 MG/L 4/24/89 
R 000219 111 208.1 

89.73902 
89.73902 JR8 c BA 09999 50S 2/07/89 

IJ579 TMF FAA R 0.4400 0.1000 MG/L 4/24/89 

~· R 000219 111 208.1 
89.73902 

89.73902 JR8 c co 09999 50S 2!07!89 
IJ579 TMF FAA < 5.0000 0.0000 UG/L 4/24/89 
R 000214 143 213.2 

89.73902 
89.73902 JRB c CD 09999 50S 2/07/89 

IJ579 TMF ETVAA < 5.0000 0.0000 UG/L 4/24/89 
R 000214 143 213.2 

89.73902 
89.73902 JRB c CR 09999 50S 2/07/89 

IJ579 TMF FAA R 58.0000 6.0000 UG/L 4/24/89 
R A000029 135 218.2 

89.73902 
89.73902 JRB c CR 09999 50S 2!07!89 

IJ579 TMF FAA R 60.0000 6.0000 UG/L 4/24/89 
R A000029 135 218.2 

89.73902 
89.73902 JRB c PB 09999 50S 2/07/89 

IJ579 TMF FAA R 0.2100 0.0200 MG/l 4/24/89 
R 000214 143 239.1 

89.73902 
89.73902 JRB c PB 09999 50S 2!07!89 

IJ579 TMF FAA R 0.2200 0.0200 MG/L 4/24/89 
R 000214 143 239.1 

89.73902 
89.73902 JRB c TL 09999 50S 2/07/89 

\.1579 TMF FAA < 1.0000 0.0000 UG/L 4/24/89 
R 000214 143 279.2 

89.73902 
89.73902 JR8 c TL 09999 50S 2/07/89 

IJ579 TMF FAA < 1.0000 0.0000 UG/L 4/24/89 
R A001794 27 279.2 

89.73902 
89.73902 JRB \J\J Nl 09999 50S 2/07/89 

IJ579 MCIJ FAA 0.6300 0.0600 MG/L 5!13/89 
R 1 

89.73902 
89.73902 JRB \JIJ Nl 09999 50S 2/07/89 

IJ579 MCIJ FAA 0.6000 0.0600 MG/L 5/13/89 
R 1 

89.73902 
89.73902 JRB c BA 09999 50S 2/07/89 

IJ579 JDM ICPES 0.1800 0.0200 MG/L 5/16/89 
R 12460 42 9999 

89.73902 
89.73902 JRB c XSOLIDS 09999 50S 2!07!89 

IJ579 TDF GRAV 30.6000 0.6000 r. 2/09/89 
R A001775 29 

89.73902 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM 0\o/NER MATRIX ANALYSIS NUM BATCH DATE DATE 

89.73903 JRB c AM-241 09999 50S 3/14/89 .3 ; -I (. -! .,..-,.:_ l 

\o/579 TDF GEL! 43.0000 7.0000 NCI/G 3!15/89 
R S12463 120 

89.73903 
89.73903 JRB c C0-56 09999 50S 3/14/89 

\o/579 TDF GEL! 920.0000 470.0000 PCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c C0-57 09999 50S 3/14/89 

IJ579 TDF GEL! 3.1000 0.6000 NCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c C0-58 09999 50S 3/14/89 

IJ579 TDF GEL! 1. 7000 0.5000 NCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c C0-60 09999 50S 3/14/89 

11579 TDF GEL! 810.0000 450.0000 PCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c CS-137 09999 50S 3/14/89 

\o/579 TDF GEL! 1.6000 0.6000 NCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c MN-54 09999 50S 3/14/89 

11579 TDF GEL! 3.3000 0.5000 NCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c SR-85 09999 50S 3/14/89 

IJ579 TDF GEL! 2.7000 0.8000 NCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c SE-75 09999 50S 3/14/89 

\o/579 TDF GEL! 2.7000 0.8000 NCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c NB-95 09999 50S 3/14/89 

11579 TOF GEL! 2.1000 0.6000 NCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c Y-88 09999 50S 3/14/89 

11579 TDF GEL! 17.0000 3.0000 NCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c ZR-88 09999 50S 3/14/89 

11579 TDF GEL! 5.6000 0.8000 NCI/G 3/15/89 
R S12463 120 

89.73903 
89.73903 JRB c SOLIDS 09999 50S 3/14/89 

\o/579 TDF GRAV 29.0000 0.6000 " 3/15/89 
R A001775 29 

89.73903 
89.73903 JRB c ALPHA 09999 50S 3/14/89 

11579 JL PC 140.0000 2.0000 NCI/G 3/15/89 
R A5645 28 

89.73903 



89.73903 JRB c PU-239 09999 50S 3/14/89 
\.1579 TDF RAS R 69.0000 8.0000 NCI/G 3/16/89 
R A6464 15 

89.73903 
89.73903 JRB c PU-239 09999 50S 3/14/89 

\.1579 TDF RAS R 72.0000 8.0000 NCI/G 3!16/89 
R A6464 15 

89.73903 
89.73903 JRB c PU-238 09999 50S 3/14/89 

\.1579 TDF RAS R 15.0000 2.0000 NCI/G 3/16/89 
R A6464 15 

89.73903 
89.73903 JRB c PU-238 09999 50S 3/14/89 

\.1579 TDF RAS R 16.0000 2.0000 NCI/G 3/16/89 
R A6464 15 

89.73903 
89.73903 JRB c U-234 09999 50S 3!14/89 

\.1579 TDF RAS R 320.0000 300.0000 PCI/G 3!16/89 
R A6464 16 

89.73903 
89.73903 JRB c U-234 09999 50S 3/14/89 

\.1579 TDF RAS < 330.0000 0.0000 PCI/G 3/16/89 
R A6464 16 

89.73903 
89.73903 JRB c U-235 09999 50S 3/14/89 

\.1579 TDF RAS < 100.0000 0.0000 PCI/G 3/16/89 
R A6464 16 

89.73903 
89.73903 JRB c U-235 09999 50S 3/14/89 

\.1579 TDF RAS < 110.0000 0.0000 PCI/G 3/16/89 
R A6464 16 

89.73903 
89.73903 JRB c HG 09999 50S 3/14/89 

\.1579 TMF CVAA R 2.0000 0.2000 UG/L 5/04/89 
R A06864 28 245.1 

89.73903 
89.73903 JRB c HG 09999 50S 3/14/89 

\.1579 TMF CVAA R 2.3000 0.2000 UG/L 5/04/89 
R A06864 28 245.1 

89.73903 
89.73903 JRB c NI 09999 50S 3!14/89 

\.1579 MCIJ FAA R 0.6300 0.0600 MG/L 5/04/89 
R A000212 35 249.1 

89.73903 
89.73903 JRB c NI 09999 50S 3/14/89 

11579 MCII FAA R 0.6000 0.0600 MG/L 5/04/89 
R A000212 35 249.1 

89.73903 
89.73903 JRB c BA 09999 50S 3/14/89 

\.1579 JDM ICPES 0.3300 0.0300 MG/L 5/22/89 
R 12460 46 6010 

89.73903 
89.73903 JRB c BA 09999 50S 3/14/89 

11579 JDM ICPES R 0.3200 0.0300 MG/L 5/22/89 .. -, 
R 12460 46 6010 

89.73903 
89.73903 JRB c AS 09999 50S 3/14/89 

\.1579 TMF ETVAA < 2.0000 0.0000 UG/L 6/06/89 
R A06864 29 206.2 

89.73903 



89.73903 JRB c AS 09999 50S 3/14/89 
IJ579 TMF ETVAA < 2.0000 0.0000 UG/L 6/06/89 
R A06864 29 206.2 

89.73903 
89.73903 JRB c BA 09999 50S 3/14/89 

IJ579 TMF FAA R 2.4000 0.2000 MG/L 6/06/89 
R A000219 110 208.1 

89.73903 
89.73903 JRB c BA 09999 50S 3/14/89 

IJ579 TMF FAA R 2.4000 0.2000 MG/L 6/06/89 
R A000219 110 208.1 

89.73903 
89.73903 JRB c CD 09999 50S 3/14/89 

IJ579 TMF FAA R 20.0000 2.0000 UG/L 6/06/89 
R 000214 150 213.2 

89.73903 
89.73903 JRB c CD 09999 50S 3/14/89 

IJ579 TMF ETVAA R 20.0000 2.0000 UG/L 6/06/89 
R 000214 150 

89.73903 
89.73903 JRB c CR 09999 50S 3/14/89 

IJ579 TMF FAA R 69.0000 7.0000 UG/L 6/06/89 
R A000029 140 218.2 

89.73903 
89.73903 JRB c CR 09999 50S 3/14/89 

IJ579 TMF ETVAA R 71.0000 7.0000 UG/L 6!06!89 
R A000029 140 218.2 

89.73903 
89.73903 JRB c PB 09999 50S 3/14/89 

IJ579 TMF FAA R 0.2800 0.1000 MG/L 6!06!89 
R A000214 150 239.1 

89.73903 
89.73903 JRB c PB 09999 50S 3/14/89 

IJ579 TMF FAA R 0.2900 0.1000 MG/L 6/06/89 
R A000214 150 239.1 

89.73903 
89.73903 JRB c SE 09999 50S 3/14/89 

IJ579 TMF ETVAA < 1.0000 0.0000 UG/L 6/06/89 
R A06864 29 270.2 

89.73903 
89.73903 JRB c SE 09999 50S 3!14/89 

IJ579 TMF ETVAA < 1.0000 0.0000 UG/L 6/06/89 
R A06864 29 270.2 

89.73903 
89.73903 JRB c TL 09999 50S 3/14/89 

IJ579 TMF FAA < 2.0000 0.0000 UG/L 6/06/89 
R A001794 28 279.2 

89.73903 
89.73903 JRB c TL 09999 50S 3/14/89 

IJ579 TMF FAA < 2.0000 0.0000 UG/L 6/06/89 
R A001794 28 279.2 

89.73903 
89.73903 JRB c AG 09999 50S 3!14/89 

IJ579 MCIJ FAA R 0.0360 0.0040 MG/L 6!06!89 
R A000029 130 272.1 

89.73903 
89.73903 JRB c AG 09999 50S 3/14/89 

IJ579 MCIJ FAA R 0.0420 0.0040 MG/L 6/06/89 
R A000029 130 272.1 

89.73903 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM OWNER MATRIX ANALYSIS NUM BATCH DATE DATE 

89.73904 JRB c ALPHA 09999 50S 5/04/89 
\o/579 JL PC 146.0000 2.0000 NCI/G 5/08/89 S.Jt;,:; 

R A5645 32 
89.73904 

89.73904 JRB c AM-241 09999 50S 5/04/89 
\o/579 TDF GEL! 58.0000 9.0000 NCI/G 5/10/89 
R A6466 18 

89.73904 
89.73904 JRB c C0-60 09999 50S 5/04/89 

\o/579 TDF GEL! 1.6000 0.6000 NCI/G 5/10/89 
R A6466 18 

89.73904 
89.73904 JRB c cs- 137 09999 50S 5/04/89 

\o/579 TDF GEL! 1 .3000 0.5000 NCI/G 5/10/89 
R A6466 18 

89.73904 
89.73904 JRB c MN-54 09999 50S 5/04/89 

\o/579 TDF GEL! 800.0000 440.0000 PCI/G 5/10/89 
R A6466 18 

89.73904 
89.73904 JRB c SR-85 09999 50S 5/04/89 

\o/579 TDF GEL! 1.1000 0.6000 NCI/G 5/10/89 
R A6466 18 

89.73904 
89.73904 JRB c SOLIDS 09999 50S 5/04/89 

;.;. \o/579 TDF GRAV 33.1000 0.7000 X 5/10/89 
R A001n5 29 

89.73904 
89.73904 JRB c ZR-88 09999 50S 5/04/89 

\o/579 TDF GEL! 1. 2000 0.4000 NCI/G 5/10/89 
R A6466 18 

89.73904 
89.73904 JRB c PU-239 09999 50S 5/04/89 

\o/579 TDF RAS R 81.0000 9.0000 NCI/G 5/11/89 
R A6464 30 

89.73904 
89.73904 JRB c PU-239 09999 50S 5/04/89 

\o/579 TDF RAS R 80.0000 9.0000 NCI/G 5/11/89 
R A6464 30 

89.73904 
89.73904 JRB c PU-238 09999 50S 5/04/89 

\o/579 TDF RAS R 23.0000 3.0000 NCI/G 5/11/89 
R A6464 30 

89.73904 
89.73904 JRB c PU-238 09999 50S 5/04/89 

\o/579 TDF RAS R 22.0000 3.0000 NCI/G 5/11/89 
R A6464 30 

89.73904 
89.73904 JRB c U-235 09999 50S 5/04/89 

\o/579 TDF RAS R 26.0000 19.0000 PCI/G 5/17/89 .. ~ ...... 
R A6464 32 

89.73904 
89.73904 JRB c U-235 09999 50S 5/04/89 

\o/579 TDF RAS R 60.0000 24.0000 PCI/G 5/17/89 
R A6464 32 

89.73904 



89.73904 JRB c U-234 09999 50S 5/04/89 
IJ579 TOF RAS R 830.0000 110.0000 PCI/G 5/17/89 

R A6464 32 
89.73904 

89.73904 JRB c U-234 09999 50S 5/04/89 

~· IJ579 TDF RAS R 1.0000 0.1000 NCI/G 5/17/89 
R A6464 32 

89.73904 
89.73904 JRB c AS 09999 50S 5/04/89 

IJ579 THF ETVAA R 3.0000 1.0000 UG/L 8/07/89 
R A6864 39 206.2 

89.73904 
89.73904 JRB c AS 09999 50S 5/04/89 

IJ579 THF ETVAA R 3.0000 1.0000 UG/L 8/07/89 

R A6864 39 206.2 
89.73904 

89.73904 JRB c BA 09999 50S 5/04/89 
IJ579 THF FAA R o.noo 0.0800 HG/L 8/07/89 
R 000219 114 208.1 

89.73904 
89.73904 JRB c BA 09999 50S 5/04/89 

IJ579 THF FAA R 0.8500 0.0900 HG/L 8/07/89 

R 000219 114 208.1 
89.73904 

89.73904 JRB c CD 09999 50S 5/04/89 

IJ579 THF FAA R 7.0000 5.0000 UG/L 8/28/89 

R A7235 3 7130 
89.73904 

89.73904 JRB c CD 09999 50S 5/04/89 

IJ579 THF FAA < 5.0000 0.0000 UG/L 8/28/89 

R A7235 3 7130 
89.73904 

89.73904 JRB c AG 09999 50S 5/04/89 

IJ579 THF FAA R 18.0000 2.0000 UG/L 8!07!89 

R 000029 152 272.1 
89.73904 

89.73904 JRB c AG 09999 50S 5/04/89 

IJ579 THF FAA R 15.0000 2.0000 UG/L 8/07/89 

R 000029 152 272.1 
89.73904 

89.73904 JRB c SE 09999 50S 5/04/89 

IJ579 THF ETVAA < 1.0000 0.0000 UG/L 8/07/89 

R A6864 39 270.2 

89.73904 
89.73904 JRB c SE 09999 50S 5/04/89 

IJ579 THF ETVAA < 1.0000 0.0000 UG/L 8/07/89 

R A6864 39 270.2 

89.73904 
89.73904 JRB c PB 09999 50S 5/04/89 

IJ579 THF FAA < 0.0500 0.0000 HG/l 8/28/89 

R A7235 3 7420 

89.73904 
89.73904 JRB c PB 09999 50S 5/04/89 

IJ579 THF FAA < 0.0500 0.0000 HG/L 8/28/89 .-··, 

R A7235 3 7420 

89.73904 
89.73904 JRB c CR 09999 50S 5/04/89 

IJ579 THF FAA R 22.0000 2.0000 UG/L 8/28/89 

R A000029 151 7190 

89.73904 



89.73904 JRB c CR 09999 50S 5/04/89 
\.1579 TMF FAA R 20.0000 2.0000 UG/L 8/28/89 
R A000029 151 7190 

89.73904 
89.73904 JRB c HG 09999 50S 5!04/89 

~' 
\.1579 TMF CVAA < 0.2000 0.0000 UG/L 8/28/89 
R A6864 41 7480 

89.73904 
89.73904 JRB c HG 09999 50S 5/04/89 

\.1579 TMF CVAA < 0.2000 0.0000 UG/L 8/28/89 
R A6864 41 7480 

89.73904 
89.73904 JRB c NI 09999 50S 5/04/89 

\.1579 TMF FAA R 51.0000 40.0000 UG/L 8/28/89 
R 000212 37 7520 

89.73904 
89.73904 JRB c Nl 09999 50S 5/04/89 

\.1579 TMF FAA R 48.0000 40.0000 UG/L 8/28/89 
R 000212 37 7520 

89.73904 
89.73904 JRB c TL 09999 50S 5/04/89 

\.1579 TMF ETVAA R 1.0000 1.0000 UG/L 8/28/89 
R 000212 31 7841 

89.73904 
89.73904 JRB c TL 09999 50S 5/04/89 

\.1579 TMF ETVAA R 1.5000 1.0000 UG/L 8/28/89 
R A1794 31 

89.73904 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM OWNER MATRIX ANALYSIS NUM BATCH DATE DATE 

89.73906 JRB c AS 09999 50S 7/03/89 7 ~· :. ~ ~ I '"t- '-._ -r 
\o/579 TMF ETVAA R 4.1000 1.0000 UG/L 10/11/89 
R A6864 53 7060 

89.73906 
89.73906 JRB c AS 09999 50S 7/03/89 

1.1579 TMF ETVAA R 4.1000 1.0000 UG/L 10/11/89 
R A6864 53 7060 

89.73906 
89.73906 JRB c BA D9999 50S 7!D3!89 

1.1579 TMF FAA R 0.4100 0.1000 MG/L 10/11/89 
R 000219 116 7080 

89.73906 
89.73906 JRB c BA 09999 50S 7/03/89 

1.1579 TMF FAA R 0.4100 0.1000 MG/L 10/11/89 
R 000219 116 7080 

89.73906 
89.73906 JRB c BA 09999 50S 7/03/89 

1.1579 TMF FAA R 0.5000 0.6000 MG/L 10/11/89 
R 000219 116 7080 

89.73906 
89.73906 JRB c CD 09999 50S 7/03/89 

1.1579 TMF FAA R 0.2000 0.0200 MG/L 10/11/89 
R A7235 14 7130 

89.73906 
89.73906 JRB c CD 09999 50S 7/03/89 

\o/579 TMF FAA R 0.2000 0.0200 MG/L 10/11/89 
R A7235 14 7130 

89.73906 
89.73906 JRB c AM-241 09999 50S 7/03/89 

1.1579 TDF GELI 23.0000 3.0000 NCI/G 7/06/89 
R A6466 73 

89.73906 
89.73906 JRB c CS-137 09999 50S 7/03/89 

\o/579 TDF GELI 1.0000 0.5000 NCI/G 7/06/89 
R A6466 73 

89.73906 
89.73906 JRB c SR-85 09999 50S 7/03/89 

1.1579 TDF GELI 1.1000 0.6000 NCI/G 7/06/89 
R A6466 73 

89.73906 
89.73906 JR8 c Y-88 09999 50S 7/03/89 

\o/579 TDF GELI 1.8000 0.4000 NCI/G 7/06/89 
R A6466 73 

89.73906 
89.73906 JRB c ZR-88 09999 50S 7/03/89 

\o/579 TDF GELI 820.0000 470.0000 PCI/G 7/06/89 
R A6466 73 

89.73906 
89.73906 JRB c SOLIDS 09999 50S 7/03/89 

1.1579 TDF GRAV 26.2000 0.5000 X 7/06/89 .. -..... R A001n5 30 
89.73906 

89.73906 JRB c ALPHA 09999 50S 7/03/89 
\o/579 JL PC 121.0000 2.0000 NCI/G 7/06/89 

R A5645 34 
89.73906 



89.73906 JRB c PU-239 09999 50S 7!03!89 
\.1579 TDF RAS R 62.0000 7.0000 NCI/G 7!07!89 
R A6464 48 

89.73906 
89.73906 JRB c PU-239 09999 50S 7!03!89 

\.1579 TDF RAS R 67.0000 8.0000 NCI/G 7!07!89 
R A6464 48 

89.73906 
89.73906 JRB c PU-238 09999 50S 7/03/89 

\.1579 TDF RAS R 29.0000 4.0000 NCI/G 7/07/89 
R A6464 48 

89.73906 
89.73906 JRB c PU-238 09999 50S 7/03/89 

\.1579 TDF RAS R 27.0000 3.0000 NCI/G 7!07!89 
R A6464 48 

89.73906 
89.73906 JRB c U-235 09999 50S 7/03/89 

\.1579 TDF RAS R 17.0000 14.0000 PCI/G 7/11/89 
R A6464 49 

89.73906 
89.73906 JRB c U-235 09999 50S 7/03/89 

\.1579 TDF RAS R 51.0000 22.0000 PCI/G 7/11/89 
R A6464 49 

89.73906 
89.73906 JRB c U-234 09999 50S 7!03/89 

\.1579 TDF RAS R 420.0000 70.0000 PCI/G 7/11/89 
R A6464 49 

89.73906 
89.73906 JRB c U-234 09999 50S 7/03/89 

\.1579 TDF RAS R 540.0000 90.0000 PCI/G 7/11/89 
R A6464 49 

89.73906 
89.73906 JRB c AG 09999 50S 7!03!89 

\.1579 THF FAA R 13.0000 3.0000 UG/L 10/11/89 
R A6465 10 272.1 

89.73906 
89.73906 JRB c AG 09999 50S 7/03/89 

\.1579 THF FAA R 13.0000 3.0000 UG/L 10/11/89 
R A6465 10 272.1 

89.73906 
89.73906 JRB c SE 09999 50S 7/03/89 

\.1579 THF ETVAA < 1.0000 0.0000 UG/L 10/11/89 
R A6864 53 n4o 

89.73906 
89.73906 JRB c SE 09999 50S 7/03/89 

\.1579 THF ETVAA < 1.0000 0.0000 UG/L 10/11/89 
R A6864 53 n4o 

89.73906 
89.73906 JRB c HG 09999 50S 7/03/89 

\.1579 THF CVAA < 0.2000 0.0000 UG/L 10/11/89 
R A6864 41 7480 

89.73906 
89.73906 JRB c HG 09999 50S 7!03!89 

\.1579 THF CVAA < 0.2000 0.0000 UG/L 10/11/89 .... , R A6864 41 7480 
89.73906 

89.73906 JRB c PB 09999 50S 7/03/89 
1.'579 THF FAA R 0.1200 0.0500 HG/L 10/11/89 

R A7235 14 7420 
89.73906 



89.73906 JRB c PB 09999 50S 7/03/89 
\.1579 TMF FAA R 0.1100 0.0500 MG/L 10/11/89 
R A7235 14 7420 

89.73906 
89.73906 JRB c CR 09999 50S 7/03/89 

\.1579 TMF FAA R 68.0000 40.0000 UG/L 10/11/89 
R A6465 8 7190 

89.73906 
89.73906 JRB c CR 09999 50S 7!03!89 

\.1579 TMF FAA R 64.0000 40.0000 UG/L 10!11/89 
R A6465 8 7190 

89.73906 
89.73906 JRB c Nl 09999 50S 7!03!89 

\.1579 TMF FAA R 0.0600 0.0400 MG/L 10/11/89 
R 000212 37 7520 

89.73906 
89.73906 JRB c Nl 09999 50S 7!03!89 

\.1579 TMF FAA R 0.0600 0.0400 MG/L 10/11/89 
R 000212 37 7520 

89.73906 
89.73906 JRB c TL 09999 50S 7!03!89 

\.1579 TMF ETVAA R 1.0000 1.0000 UG/L 10!11/89 
R A1794 31 7841 

89.73906 
89.73906 JRB c TL 09999 50S 7!03!89 

\.1579 TMF ETVAA R 1.5000 1.0000 UG/L 10!11/89 
R A1794 31 7841 

89.73906 

~'*' 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM 0\JNER MATRIX ANALYSIS NUM BATCH DATE DATE 

C) I I Z Ct • T ~- 't-
89.73908 JRB c SOLIDS 09999 50S 9/11/89 

~· 
IJ579 TDF GRAV 29.4000 0.6000 X 9!11/89 
R A001775 30 

89.73908 
89.73908 JRB c ALPHA 09999 50S 9/11/89 

IJ579 JL PC 162.0000 2.0000 NCI/G 9!11/89 
R A5645 38 

89.73908 
89.73908 JRB c AM-241 09999 50S 9!11/89 

IJ579 TDF GELI 44.0000 7.0000 NCI/G 9/11/89 
R A6466 126 

89.73908 
89.73908 JRB c C0-57 09999 50S 9/11/89 

IJ579 TDF GEL! 3.3000 0.5000 NCI/G 9!11/89 
R A6466 126 

89.73908 
89.73908 JRB c C0-58 09999 50S 9/11/89 

IJ579 TDF GEL! 7.7000 0.5000 NCI/G 9/11/89 
R A6466 126 

89.73908 
89.73908 JRB c C0-60 09999 50S 9/11/89 

IJ579 TDF GELI 790.0000 580.0000 PCI/G 9!11/89 
R A6466 126 

89.73908 
89.73908 JRB c SR-85 09999 50S 9/11/89 ,, 

IJ579 TDF GELI 2.5000 0.4000 NCI/G 9/11/89 
R A6466 126 

89.73908 
89.73908 JRB c SE-75 09999 50S 9/11/89 

IJ579 TDF GELI 3.0000 0.6000 NCI/G 9/11/89 
R A6466 126 

89.73908 
89.73908 JRB c NB-95 09999 50S 9/11/89 

IJ579 TDF GELI 8.2000 1. 2000 NCI/G 9/11/89 
R A6466 126 

89.73908 
89.73908 JRB c Y-88 09999 50S 9/11/89 

IJ579 TDF GELI 14.0000 2.0000 NCI/G 9/11/89 
R A6466 126 

89.73908 
89.73908 JRB c ZN-65 09999 50S 9/11/89 

IJ579 TDF GELI 3.5000 1. 7000 NCI/G 9/11/89 
R A6466 126 

89.73908 
89.73908 JRB c ZR-88 09999 50S 9/11/89 

IJ579 TDF GELI 15.0000 2.0000 NCI/G 9/11/89 
R A6466 126 

89.73908 
89.73908 JRB c PU-239 09999 50S 9/11/89 

IJ579 TDF RAS R 88.0000 10.0000 NCI/G 9!12/89 
R A6464 67 

89.73908 
89.73908 JRB c PU-239 09999 50S 9/11/89 

IJ579 TDF RAS R 80.0000 10.0000 NCI/G 9/12/89 
R A6464 67 

89.73908 



89.73908 JRB c PU-238 09999 50S 9/11/89 
\.1579 TDF RAS R 27.0000 3.0000 NCI/G 9/12/89 
R A6464 67 

89.73908 
89.73908 JRB c PU-238 09999 50S 9/11/89 

\.1579 TOF RAS R 27.0000 3.0000 NCI/G 9!12/89 
R A6464 67 

89.73908 
89.73908 JRB c U-235 09999 50S 9/11/89 

\.1579 TDF RAS R 50.0000 40.0000 PCI/G 9/15/89 
R A6464 68 

89.73908 
89.73908 JRB c U-235 09999 50S 9!11/89 

\.1579 TDF RAS R 120.0000 60.0000 PCI/G 9/15/89 
R A6464 68 

89.73908 
89.73908 JRB c U-234 09999 50S 9!11/89 

\.1579 TDF RAS R 810.0000 110.0000 PCI/G 9/15/89 
R A6464 68 

89.73908 
89.73908 JRB c U-234 09999 50S 9!11/89 

\.1579 TDF RAS R 980.0000 130.0000 PCI/G 9/15/89 
R A6464 68 

89.73908 
89.73908 CMJ c HG 09999 50S 9!11/89 

\.IA45 MAB CVAA < 0.2000 0.0000 UG/L 12/14/89 
R A6863 4 7480 

89.73908 
89.73908 CMJ c HG 09999 50S 9!11/89 

\.IA45 MAB CVAA < 0.2000 0.0000 UG/L 12/14/89 
R A6863 4 7480 

89.73908 
89.73908 JRB c SE 09999 50S 9/11/89 

\.IA45 TMF ETVAA < 1.0000 0.0000 UG/L 12/14/89 
R A6864 66 7740 

89.73908 
89.73908 JRB c SE 09999 50S 9!11/89 

\.IA45 TMF ETVAA < 1.0000 0.0000 UG/L 12!14/89 
R A6864 66 7740 

89.73908 
89.73908 JRB c AS 09999 50S 9!11/89 

\.IA45 TMF ETVAA R 4.9000 2.0000 UG/L 12/14/89 
R A6864 66 7060 

89.73908 
89.73908 JRB c AS 09999 50S 9!11/89 

\.IA45 TMF ETVAA R 5.1000 2.0000 UG/L 12/14/89 
R A6864 66 7060 

89.73908 
89.73908 JRB c AG 09999 50S 9/11/89 

\.IA45 TMF FAA R 23.0000 3.0000 UG/L 12/14/89 
R A6465 14 7760 

89.73908 
89.73908 JRB c AG 09999 50S 9!11/89 

\.IA45 TMF FAA R 19.0000 3.0000 UG/L 12!14/89 ......... 
R A6465 14 7760 

89.73908 
89.73908 JRB c BA 09999 50S 9!11/89 

\.IA45 TMF FAA R 2.8000 0.3000 MG/L 12/14/89 
R 000219 119 7080 

89.73908 



89.73908 JRB c BA 09999 50S 9/11/89 

IJA45 TMF FAA R 2.6000 0.3000 MG/L 12!14/89 

R 000219 119 7080 

89.73908 
89.73908 JRB c co 09999 50S 9/11/89 

IJA45 TMF ETVAA R 0.2900 0.1000 UG/L 12/14/89 

R A7235 14 7130 

89.73908 
89.73908 JRB c co 09999 50S 9/11/89 

IJA45 TMF ETVAA R 0.1900 0.1000 UG/L 12!14/89 

R A7235 14 7130 

89.73908 
89.73908 JRB c PB 09999 50S 9/11/89 

IJA45 TMF ETVAA 6.0000 1.0000 UG/L 12!14/89 

R A7235 14 7420 

89.73908 
89.73908 JRB c CR 09999 50S 9/11/89 

IJA45 TMF ETVAA R 7.2000 1.0000 UG/L 12!14/89 

R A6465 20. 7190 

89.73908 
89.73908 JRB c CR 09999 50S 9/11/89 

IJA45 TMF ETVAA R 7.0000 1.0000 UG/l 12!14/89 

R A6465 20. 7190 

89.73908 
89.73908 JRB c Nl 09999 50S 9/11/89 

IJA45 TMF FAA R 0.0610 0.0400 MG/l 12!14/89 

R 000212 39 7520. 
..,., 

89.73908 
89.73908 JRB c Nl 09999 50S 9/11/89 

IJA45 TMF FAA 0.0560 0.0400 MG/l 12!14/89 

R 000212 39 7520. 

89.73908 
89.73908 JRB c Tl 09999 50S 9/11/89 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 12!14/89 

R A1794 33 7841 

89.73908 
89.73908 JRB c TL 09999 50S 9/11/89 

IJA45 TMF ETVAA R 1.0000 1.0000 UG/L 12!14/89 

R A1794 33 7841 

89.73908 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM 0\.INER MATRIX ANALYSIS NUM BATCH DATE DATE 

89.73909 JRB c ALPHA 09999 50S 10/10/89 
J~/)6'Cj, -\( 

~· I./A45 JL PC 245.0000 3.0000 NCI/G 10!12/89 
R A5645 40 '( 

89.73909 
89.73909 JRB c AM-241 09999 50S 10/10/89 

I./A45 TDF GELI 43.0000 6.0000 NCI/G 10/12/89 
R A6466 152 

89.73909 
89.73909 JRB c C0-57 09999 50S 10/10/89 

I./A45 TDF GELI 5.6000 0.8000 NCI/G 10/12/89 
R A6466 152 

89.73909 
89.73909 JRB c C0-58 09999 50S 10/10/89 

I./A45 TDF GELI 9.5000 1.4000 NCI/G 10/12/89 
R A6466 152 

89.73909 
89.73909 JRB c C0-56 09999 50S 10/10/89 

I./A45 TDF GELI 2.9000 0.6000 NCI/G 10!12/89 
R A6466 152 

89.73909 
89.73909 JRB c BE-7 09999 50S 10/10/89 

I./A45 TDF GELI 9.0000 5.0000 NCI/G 10/12/89 
R A6466 152 

89.73909 
89.73909 JRB c CS-137 09999 50S 10/10/89 

I./A45 TDF GELI 950.0000 660.0000 PCI/G 10/12/89 
R A6466 152 

89.73909 
89.73909 JRB c MN-54 09999 50S 10/10/89 

I./A45 TOF GELI 2.8000 0.8000 NCI/G 10/12/89 
R A6466 152 

89.73909 
89.73909 JRB c SE-75 09999 50S 10/10/89 

I./A45 TOF GELI 4.7000 0.8000 NCI/G 10/12/89 
R A6466 152 

89.73909 
89.73909 JRB c NB-95 09999 50S 10/10/89 

I./A45 TDF GELI 4.8000 0.8000 NCI/G 10/12/89 
R A6466 152 

89.73909 
89.73909 JRB c Y-88 09999 50S 10/10/89 

I./A45 TOF GELI 62.0000 9.0000 NCI/G 10/12/89 
R A6466 152 

89.73909 
89.73909 JRB c ZN-65 09999 50S 10/10/89 

I./A45 TDF GELI 9.8000 2.0000 NCI/G 10/12!89 
R A6466 152 

89.73909 
89.73909 JRB c ZR-88 09999 50S 10/10/89 

I./A45 TDF GELI 49.0000 7.0000 NCI/G 10/12!89 .-·-.... 
'~., R A6466 152 

89.73909 
89.73909 JRB c SOLIDS 09999 50S 10/10/89 

I./A45 TDF GELI 23.8000 0.4000 NONE 10/12/89 
R A001775 31 

89.73909 



89.73909 JRB c PU-239 09999 50S 10!10/89 
IJA45 TDF RAS R 88.0000 10.0000 NCI/G 10/13/89 
R A6464 73 

89.73909 
89.73909 JRB c PU-239 09999 50S 10/10/89 

IJA45 TDF RAS R 96.0000 11.0000 NCI/G 10/13/89 
R A6464 73 

89.73909 
89.73909 JRB c PU-238 09999 50S 10/10/89 

IJA45 TDF RAS R 76.0000 9.0000 NCI/G 10/13/89 
R A6464 73 

89.73909 
89.73909 JRB c PU-238 09999 50S 10/10/89 

IJA45 TDF RAS R 68.0000 8.0000 NCI/G 10/13/89 
R A6464 73 

89.73909 
89.73909 JRB c U-235 09999 50S 10/10/89 

IJA45 TDF RAS R 30.0000 30.0000 PCI/G 10!18/89 
R A6464 75 0 

89.73909 
89.73909 JRB c U-235 09999 50S 10/10/89 

IJA45 TDF RAS R 33.0000 30.0000 PCI/G 10/18/89 
R A6464 75 0 

89.73909 
89.73909 JRB c U-234 09999 50S 10/10/89 

IJA45 TDF RAS R 710.0000 100.0000 PCI/G 10/18/89 
R A6464 75 0 

89.73909 
89.73909 JRB c U-234 09999 50S 10/10/89 

IJA45 TDF RAS R 700.0000 100.0000 PCI/G 10/18/89 
R A6464 75 0 

89.73909 

REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM OWNER MATRIX ANALYSIS NUM BATCH DATE DATE 

89.73909 JRB c AG 09999 10!10/89 
IJA45 MCIJ FAA < 3.0000 0.0000 UG/L 1!30!90 
R A6465 29 n6o 

50S 
89.73909 JRB c AG 09999 10/10/89 

IJA45 MC\J FAA < 3.0000 0.0000 UG/L 1/30/90 
R A6465 29 n6o 

50S 
89.73909 JRB c CD 09999 10/10/89 

IJA45 MCIJ ETVAA 1.8000 0.4000 UG/L 1/30/90 
R An35 24 7130 

50S 
89.73909 JRB c CD 09999 10/10/89 

IJA45 MCIJ ETVAA 1.8000 0.4000 UG/L 1/30/90 
R A7235 24 7130 

50S 
89.73909 JRB c PB 09999 10/10/89 

IJA45 MC\J ETVAA 36.0000 7.0000 UG/L 1/30/90 
.• ~., 

.#- ..... 
R A7235 24 7420 

50S 
89.73909 JRB c PB 09999 10/10/89 

IJA45 MC\J ETVAA 35.0000 7.0000 UG/L 1/30/90 
R A7235 24 7420 

50S 



89.73909 JRB c CR 09999 10/10/89 
IJA45 MCIJ ETVAA 46.0000 9.0000 UG/L 1/30/90 

R A6465 30 7190 
50S 

89.73909 JRB c CR 09999 10/10/89 

~ 
IJA45 MCIJ ETVAA 39.0000 8.0000 UG/L 1/30/90 
R A6465 30 7190 

50S 
89.73909 JRB c Nl 09999 10!10/89 

IJA45 MCIJ FAA 0.4400 0.0400 MG/L 1/30/90 
R A000212 40 7520 

50S 
89.73909 JRB c Nl 09999 10/10/89 

IJA45 MCIJ FAA 0.4400 0.0400 MG/L 1/30/90 
R A000212 40 7520 

50S 
89.73909 JRB c HG 09999 10/10/89 

IJA45 TMF CVAA < 0.2000 0.0000 UG/L 1/30/90 
R A6863 18 7480 

50S 
89.73909 JRB c HG 09999 10!10/89 

IJA45 TMF CVAA < 0.2000 0.0000 UG/L 1/30/90 
R A6863 18 7480 

50S 
89.73909 JRB c AS 09999 10/10/89 

IJA45 TMF ETVAA 5.6000 2.0000 UG/L 4/13/90 
R A6964 79 7060 

50S R 
89.73909 JRB c AS 09999 10/10/89 

IJA45 TMF ETVAA 6.1000 2.0000 UG/L 4/13/90 
R A6964 79 7060 

50S R 
89.73909 JRB c SE 09999 10/10/89 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 4!13/90 
R A6964 79 n4o 

50S 
89.73909 JRB c SE 09999 10/10/89 

IJA45 TMF ETVAA < 1. 0000 0.0000 UG/L 4/13/90 
R A6964 79 n4o 

50S 
89.73909 JRB c TL 09999 10/10/89 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 4!13/90 
R A1794 36 7841 

50S 
89.73909 JRB c TL 09999 10/10/89 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 4/13/90 
R A1794 36 7841 

50S 
89.73909 JRB c BA 09999 10!10/89 

IJA45 MCIJ FAA 2.2000 0.2000 MG/L 4/13/90 
R 000219 120 7080 

50S R 
89.73909 JRB c BA 09999 10/10/89 

IJA45 MCIJ FAA 2.4000 0.2000 MG/L 4/13/90 ... -"' 
R 000219 120 7080 

50S R 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM 0\JNER MATRIX ANALYSIS NUM BATCH DATE DATE I I <'f .: • -~ _ -l 

90.73901 JRB c SOLIDS 09999 1/11/90 

~ 
IIA45 TDF GRAV 26.0000 0.5000 X 1!18/90 
R A001775 31 0 

50S 
90.73901 JRB c ALPHA 09999 1/11/90 

IIA45 TDF PC 153.0000 3.0000 NCI/G 1!18/90 
R A5645 46 0 

50S 
90.73901 JRB c AM-241 09999 1/11/90 

IIA45 TDF GEL! 49.0000 7.0000 NCI/G 1!18/90 
R S8207 86 0 

50S 
90.73901 JRB c CS-137 09999 1!11/90 

IIA45 TDF GEL! 3.3000 1.2000 NCI/G 1/18/90 

R S8207 86 0 
50S 

90.73901 JRB c SE-75 09999 1/11/90 
IIA45 TDF GEL! 4.5000 1.5000 NCI/G 1!18/90 

R S8207 86 0 
50S 

90.73901 JRB c Y-88 09999 1!11/90 
IIA45 TDF GEL! 8.6000 1.3000 NCI/G 1!18/90 
R S8207 86 0 

50S 
90.73901 JRB c ZR-88 09999 1!11/90 

IIA45 TDF GEL! 2.9000 1. 5000 NCI/G 1/18/90 

R S8207 86 0 
50S 

90.73901 JRB c PU-239 09999 0 1/11/90 

IIA45 TDF RAS 57.0000 7.0000 NCI/G 1!19/90 

R A6464 95 0 
50S R 

90.73901 JRB c PU-239 09999 0 1!11/90 

IIA45 TDF RAS 57.0000 7.0000 NCI/G 1!19/90 

R A6464 95 0 
50S R 

90.73901 JRB c PU-238 09999 0 1/11/90 

IIA45 TDF RAS 25.0000 3.0000 NCI/G 1/19/90 

R A6464 95 0 
50S R 

90.73901 JRB c PU-238 09999 0 1/11/90 

IIA45 TDF RAS 23.0000 3.0000 NCI/G 1!19/90 

R A6464 95 0 

50S R 
90.73901 JRB c U-235 09999 1!11/90 

IIA45 TDF RAS 6.0000 6.0000 PCI/G 1/23/90 

R A6464 97 0 . 

50S R 
90.73901 JRB c U-235 09999 1/11/90 

IIA45 TDF RAS 15.0000 9.0000 PCI/G 1/23/90 .. ·~, 

R A6464 97 0 

50S R 
90.73901 JRB c U-234 09999 1/11/90 

IIA45 TDF RAS 400.0000 60.0000 PCI/G 1/23/90 

R A6464 97 0 

50S R 



90.73901 JRB c U-234 09999 1 !11/90 
IJA45 TOF RAS 350.0000 60.0000 PCI/G 1/23/90 
R A6464 97 0 

50S R 
90.73901 JRB c HG 09999 1!11/90 

~ 
IJA45 TMF CVAA < 0.2000 0.0000 UG/L 1/30/90 
R A6863 18 7480 

50S 
90.73901 JRB c HG 09999 1/11/90 

IJA45 TMF CVAA < 0.2000 0.0000 UG/L 1/30/90 
R A6863 18 7480 

50S 
90.73901 JRB c AG 09999 1!11/90 

IJA45 MCIJ FAA < 3.0000 0.0000 UG/L 1/30/90 
R A6465 29 7760 

50S 
90.73901 JRB c AG 09999 1/11/90 

IJA45 MCIJ FAA < 3.0000 0.0000 UG/L 1/30/90 
R A6465 29 7760 

50S 
90.73901 JRB c AG 09999 1!11/90 

IJA45 MC\.1 FAA 400.0000 399.0000 UG/L 1!30!90 

R A6465 29 7760 
50S 

90.73901 JRB c CR 09999 1/11/90 
IJA45 MCIJ ETVAA 8.8000 1. 7000 UG/L 1/30/90 

R A6465 30 7190 
50S 

90.73901 JRB c CR 09999 1/11/90 

IJA45 MCIJ ETVAA 9.2000 1.8000 UG/L 1!30!90 

R A6465 30 7190 
50S 

90.73901 JRB c Nl 09999 1/11/90 

IJA45 MC\.1 FAA 0.5200 0.0500 MG/l 1/30/90 

R A000212 40 7520 

50S 
90.73901 JRB c Nl 09999 1!11/90 

IJA45 MC\.1 FAA 0.5200 0.0500 MG/L 1/30/90 

R A000212 40 7520 
50S 

90.73901 JRB c CD 09999 1!11/90 

IJA45 MCIJ ETVAA 3.4000 0.7000 UG/L 1/30/90 

R A7235 24 7130 
50S 

90.73901 JRB c CD 09999 1!11/90 

IJA45 MCIJ ETVAA 3.6000 0.7000 UG/L 1/30/90 

R A7235 24 7130 

50S 
90.73901 JRB c PB 09999 1/11/90 

IJA45 MCIJ ETVAA 11.0000 2.2000 UG/L 1/30/90 

R A7235 24 7420 

50S 
90.73901 JRB c PB 09999 1!11/90 

IJA45 MCIJ ETVAA 9.0000 1.8000 UG/L 1/30/90 , ........ 

R A7235 24 7420 
50S 

90.73901 JRB c AS 09999 1/11/90 

IJA45 TMF ETVAA 5.5000 2.0000 UG/L 4/13/90 

R A6964 79 7060 
50S R 



90.73901 JRB c AS 09999 1!11/90 
IJA45 TMF ETVAA 5.4000 2.0000 UG/L 4!13/90 
R A6964 79 7060 

50S R 
90.73901 JRB c SE 09999 1/11/90 

IJA45 TMF ETVAA 1.8000 1.0000 UG/L 4/13/90 
R A6964 79 7740 

50S R 
90.73901 JRB c SE 09999 1/11/90 

IJA45 TMF ETVAA 2.0000 1.0000 UG/L 4/13/90 
R A6964 79 7740 

50S R 
90.73901 JRB c TL 09999 1/11/90 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 4/13/90 
R A1794 36 7841 

50S 
90.73901 JRB c TL 09999 1 !11/90 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 4!13/90 
R A1794 36 7841 

50S 
90.73901 JRB c BA 09999 1!11/90 

IJA45 MCIJ FAA 2.9000 0.3000 MG/L 4/13/90 
R 000219 120 7080 

50S R 
90.73901 JRB c BA 09999 1/11/90 

IJA45 MCIJ FAA 3.0000 0.3000 MG/L 4/13/90 
R 000219 120 7080 

50S R 

,. ~ ...... 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM OIJNER MATRIX ANALYSIS NUM BATCH DATE DATE ('~ ) .. ! ;.~ :.! ,:' . '"7 .,'11., -r 

90.73902 JRB c SOLIDS 09999 2/14/90 

~· 
IJA45 TDF GRAV 28.2000 0.6000 ~ 2/21/90 
R A001n5 31 0 

50S 
90.73902 JRB c AM-241 09999 2!14/90 

IJA45 TDF GEL! 390.0000 60.0000 NCI/G 2/21/90 
R S8207 121 0 

50S 
90.73902 JRB c SE-75 09999 2/14/90 

IJA45 TDF GEL! 23.0000 4.0000 NCI/G 2/21/90 
R S8207 121 0 

50S 
90.73902 JRB c NB-95 09999 2!14/90 

IJA45 TDF GEL! 1.8000 0.6000 NCI/G 2/21/90 
R S8207 121 0 

50S 
90.73902 JRB c ZN-65 09999 2/14/90 

IJA45 TDF GEL! 8.7000 1. 7000 NCI/G 2/21/90 
R S8207 121 0 

50S 
90.73902 JRB c ALPHA 09999 2!14/90 

IJA45 TDF PC 1.0000 0.0100 UCI/G 2/21/90 
R A5645 50 0 

50S 
90.73902 JRB c PU-239 09999 2/14/90 

IJA45 TDF RAS 520.0000 60.0000 NCI/G 2/22/90 
R A6464 106 0 

50S R 
90.73902 JRB c PU-239 09999 2!14/90 

IJA45 TDF RAS 580.0000 60.0000 NCI/G 2/22/90 
R A6464 106 0 

50S R 
90.73902 JRB c PU-238 09999 2!14/90 

IJA45 TDF RAS 71.0000 9.0000 NCI/G 2!22!90 
R A6464 106 0 

50S R 
90.73902 JRB c PU-238 09999 2!14/90 

IJA45 TDF RAS 76.0000 9.0000 NCI/G 2!22!90 
R A6464 106 0 

50S R 
90.73902 JRB c U-235 09999 2/14/90 

IJA45 TDF RAS < 20.0000 0.0000 PCI/G 3/01/90 
R A6464 108 0 

50S 
90.73902 JRB c U-235 09999 2!14/90 

IJA45 TDF RAS 60.0000 40.0000 PCI/G 3/01/90 
R A6464 108 0 

50S R 
90.73902 JRB c U-234 09999 2!14/90 

IJA45 TDF RAS 860.0000 120.0000 PCI/G 3/01/90 
R A6464 108 0 

50S R 
90.73902 JRB c U-234 09999 2/14/90 

IJA45 TDF RAS 890.0000 120.0000 PCI/G 3/01/90 
R A6464 108 0 

50S R 



90.73902 JRB c AS 09999 2/14/90 
IJA45 TMF ETVAA 3.5000 2.0000 UG/L 4/13/90 
R A6964 79 7060 

50S R 
90.73902 JRB c AS 09999 2/14/90 

IJA45 TMF ETVAA 3.7000 2.0000 UG/L 4/13/90 

~ 
R A6964 79 7060 

50S 
90.73902 JRB c SE 09999 2/14/90 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 4/13/90 
R A6964 79 7740 

50S 
90.73902 JRB c SE 09999 2!14/90 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 4/13/90 
R A6964 79 7740 

50S 
90.73902 JRB c TL 09999 2/14/90 

IJA45 TMF ETVAA 2.0000 1.0000 UG/L 4/13/90 
R A1794 36 7841 

50S R 
90.73902 JRB c TL 09999 2/14/90 

IJA45 TMF ETVAA 2.5000 1.0000 UG/L 4/13/90 
R A1794 36 7841 

50S R 
90.73902 JRB c BA 09999 2!14/90 

IJA45 MCIJ FAA 2.1000 0.2000 HG/L 4/13/90 
R 000219 120 7080 

50S R 
90.73902 JRB c BA 09999 2/14/90 

IJA45 HCIJ FAA 2.3000 0.2000 HG/L 4/13/90 
R 000219 120 7080 

50S R 
90.73902 JRB c AG 09999 2/14/90 

IJA45 MCIJ FAA 19.0000 10.0000 UG/L 4/13/90 
R A6465 29 7760 

50S R 
90.73902 JRB c AG 09999 2/14/90 

IJA45 TMF FAA 19.0000 10.0000 UG/L 4/13/90 
R A6465 29 7760 

50S R 
90.73902 JRB c CD 09999 2/14/90 

IJA45 HCIJ FAA 10.0000 10.0000 UG/L 4/13/90 
R A7235 24 7130 

50S R 
90.73902 JRB c CD 09999 2!14/90 

IJA45 MCIJ FAA 11.0000 10.0000 UG/L 4/13/90 
R A7235 24 7130 

50S R 
90.73902 JRB c PB 09999 2/14/90 

IJA45 MCIJ FAA 50.0000 50.0000 UG/L 4/13/90 
R A7235 24 7420 

50S R 
90.73902 JRB c PB 09999 2/14/90 

IJA45 MCIJ FAA < 50.0000 0.0000 UG/L 4/13/90 .. -- ... 
R A7235 24 7420 

50S 
90.73902 JRB c Nl 09999 2/14/90 

IJA45 TMF FAA 0.3700 0.0400 MG/L 4/13/90 
R A000212 40 7520 

50S R 



90.73902 JRB c NI 09999 2/14/90 
IJA45 TMF FAA 0.3600 0.0400 MG/L 4/13/90 

R A000212 40 7520 
50S R 

90.73902 JRB c CR 09999 2!14/90 

~ 
IJA45 TMF FAA < 0.0400 0.0000 MG/L 4/13/90 

R A6465 30 7190 
50S 

90.73902 JRB c CR 09999 2!14/90 
IJA45 TMF FAA < 0.0400 0.0000 MG/L 4/13/90 
R A6465 30 7190 

50S 
90.73902 JRB c HG 09999 2!14/90 

IJA45 TMF CVAA < 0.2000 0.0000 UG/L 4/13/90 
R A6863 20 7480 

50S 
90.73902 JRB c HG 09999 2!14/90 

IJA45 TMF CVAA < 0.2000 0.0000 UG/L 4!13/90 
R A6863 20 7480 

50S 



REPORT SAMPLE REQUEST REQUEST DUE 
~II 'iC. T.:<,T NUMBER NUM OIJNER MATRIX ANALYSIS NUM BATCH DATE DATE 

91890 9D.73905 JRB c BA 09999 4!11/90 

~· 
IJA45 TMF FAA < 1.0000 0.0000 MG/L 9!14/90 
R 000219 121 7080 

50S 
91890 90.73905 JRB c BA 09999 4!11/90 

IJA45 TMF FAA < 1.0000 0.0000 MG/L 9/14/90 
R 000219 121 7080 

50S 
90.73905 JRB c SOLIDS 09999 4/11/90 

IJA45 TDF GRAV 33.0000 0.7000 X 4/12/90 
R A001775 31 0 

50S 
90.73905 JRB c ALPHA 09999 4!11/90 

IJA45 TDF PC 124.0000 12.0000 NCI/G 4/16/90 
R A06866 124 0 

50S 
90.73905 JRB c U-235 09999 4/11/90 

IJA45 TDF RAS < 24.0000 0.0000 PCI/G 4/17/90 
R A6464 122 0 

50S 
90.73905 JRB c U-235 09999 4/11/90 

IJA45 TDF RAS 29.0000 26.0000 PCI/G 4/17/90 
R A6464 123 0 

50S R 
90.73905 JRB c U-234 09999 4!1 1/90 

IJA45 TDF RAS 870.0000 116.0000 PCI/G 4/17/90 
R A6464 123 0 

50S R 
90.73905 JRB c U-234 09999 4/11/90 

IJA45 TDF RAS 760.0000 100.0000 PCI/G 4/17/90 
R A6464 122 0 

50S R 
90.73905 JRB c AM-241 09999 4/11/90 

IJA45 TDF NAI 47.0000 4.0000 NCI/G 4/17/90 
R A6464 123 0 

50S 
90.73905 JRB c AM-241 09999 4/11/90 

IJA45 TDF GEL! 41.0000 6.0000 NCI/G 4/17/90 
R S12459 27 0 

50S 
90.73905 JRB c CS-137 09999 4/11/90 

IJA45 TDF GEL! 4.9000 1.3000 NCI/G 4/17/90 
R S12459 27 0 

50S 
90.73905 JRB c PU-238 09999 4/11/90 

IJA45 TDF RAS 9.5000 1.5000 NCI/G 4/17/90 
R A6464 123 0 

50S R 
90.73905 JRB c PU-238 09999 4/11/90 

IJA45 TDF RAS 10.7000 1.6000 NCI/G 4/17/90 .. -~ .... 
R A6464 123 0 

50S R 
90.73905 JRB c PU-239 09999 4/11/90 

IJA45 TDF RAS 70.0000 8.0000 NCI/G 4/17/90 
R A6464 123 0 

50S R 



90.73905 JRB c PU-239 09999 4!11/90 
IIA45 TDF RAS 68.0000 8.0000 NCI/G 4/17/90 
R A6464 123 0 

50S R 
8298 90.73905 JRB c AG 09999 4!11/90 

~ IIA45 TMF FAA 16.0000 10.0000 UG/L 9/24/90 
R A6465 45 7760 

50S R 
8298 90.73905 JRB c AG 09999 4/11/90 

IIA45 TMF FAA 17.0000 10.0000 UG/L 9/24/90 
R A6465 45 7760 

50S R 
8298 90.73905 JRB c AS 09999 4/11/90 

IIA45 TMF ETVAA 2.0000 2.0000 UG/L 9/24/90 
R A6864 88 7060 

50S R 
8298 90.73905 JRB c AS 09999 4/11/90 

IIA45 TMF ETVAA 2.0000 2.0000 UG/L 9/24/90 
R A6864 88 7060 

50S R 
8298 90.73905 JRB c SE 09999 4/11/90 

IIA45 TMF ETVAA < 1.0000 0.0000 UG/L 9/24/90 
R A6864 88 7740 

50S 
8298 90.73905 JRB c SE 09999 4/11/90 

IIA45 TMF ETVAA < 1.0000 0.0000 UG/L 9/24/90 
R A6864 88 7740 

50S 
8298 90.73905 JRB c co 09999 4/11/90 

IIA45 TMF ETVAA 8.6000 1.8000 UG/L 9/24/90 
R A7235 30 7130 

50S R 
8298 90.73905 JRB c co 09999 4/11/90 

IIA45 TMF ETVAA 8.7000 1.8000 UG/L 9/24/90 
R A7235 30 7130 

50S R 
8298 90.73905 JRB c PB 09999 4/11/90 

IIA45 TMF ETVAA 4.8000 1.0000 UG/L 9/24/90 
R A7235 30 7420 

50S 
8298 90.73905 JRB c TL 09999 4/11/90 

IIA45 TMF ETVAA 2.2000 1.0000 UG/L 9/24/90 
R A1794 41 7841 

50S R 
8298 90.73905 JRB c TL 09999 4/11/90 

IIA45 TMF ETVAA 1.2000 1.0000 UG/L 9/24/90 
R A1794 41 7841 

50S R 
8298 90.73905 JRB c TL 09999 4/11/90 

IIA45 TMF ETVAA 50.0000 32.0000 UG/L 9/24/90 
R A1794 41 7841 

50S R 
8298 90.73905 JRB c HG 09999 4!11/90 

IIA45 TMF CVAA 0.3500 0.2000 UG/L 9/24/90 .. --... 
R A6863 25 7480 

50S R 
8298 90.73905 JRB c HG 09999 4/11/90 

IIA45 TMF CVAA 0.3400 0.2000 UG/L 9/24/90 
R A6863 25 7480 

50S R 



8553 90.73905 JRB c CR 09999 4/11/90 
\.IH51 TMF FAA < 0.0400 0.0000 MG/L 10!19!90 
R A6465 62 7190 

50S 
8553 90.73905 JRB c CR 09999 4/1 1!90 

\.IH51 TMF FAA < 0.0400 0.0000 MG/L 10!19!90 
R A6465 62 7190 

50S 
8553 90.73905 JRB c NI 09999 4/11/90 

\.IH51 TMF FAA 1.6000 0.2000 MG/L 10!19!90 
R A000212 43 7520 

50S R 
8553 90.73905 JRB c Nl 09999 4/11/90 

\.IH51 TMF FAA 1.6000 0.2000 MG/L 10!19!90 
R A000212 43 7520 

50S R 
8810 90.73905 JRB c SE 09999 4/11/90 

\.IA45 TMF ETVAA 50.0000 39.0000 UG/L 9/24/90 
R A6864 88 7740 

50S 

.. -..... 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM OIJNER MATRIX ANALYSIS NUM BATCH DATE DATE 

.' - t; ... .. -
'" 91890 90.73906 JRB c ALPHA 09999 5/03/90 

IJA45 TDF PC 183.0000 18.0000 NCI/G 5/10/90 

~ R A06866 132 0 
50S 
91890 90.73906 JRB c AM·241 09999 5/03/90 

IJA45 TDF GEl! 85.0000 13.0000 NCI/G 5!1 0!90 
R S12459 49 0 

50S 
91890 90.73906 JRB c U-234 09999 5!03!90 

IJA45 TOF RAS 570.0000 80.0000 PCI/G 5/16/90 
R A6464 131 0 

50S R 
91890 90.73906 JRB c U-234 09999 5!03!90 

IJA45 TDF RAS 580.0000 90.0000 PCI/G 5/16/90 
R A6464 130 0 

50S R 
91890 90.73906 JRB c U-235 09999 5/03/90 

IJA45 TDF RAS < 24.0000 0.0000 PCI/G 5!16/90 
R A6464 130 0 

50S 
91890 90.73906 JRB c U-235 09999 5/03/90 

IJA45 TDF RAS < 18.0000 0.0000 PCI/G 5/16/90 
R A6464 131 0 

50S 
91890 90.73906 JRB c PU-238 09999 5/03/90 

IJA45 TDF RAS 24.0000 3.0000 NCI/G 5/16/90 
R A6464 131 0 

50S R 
91890 90.73906 JRB c PU-238 09999 5/03/90 

IJA45 TDF RAS 22.0000 3.0000 NCI/G 5!16/90 
R A6464 131 0 

50S R 
91890 90.73906 JRB c PU-239 09999 5/03/90 

IJA45 TDF RAS 102.0000 12.0000 NCI/G 5!16/90 
R A6464 131 0 

50S R 
91890 90.73906 JRB c PU-239 09999 5/03/90 

IJA45 TDF RAS 92.0000 10.0000 NCI/G 5/16/90 
R A6464 131 0 

50S R 
91890 90.73906 JRB c BA 09999 5!03/90 

IJA45 TMF FAA < 1.0000 0.0000 MG/L 9!14/90 
R 000219 121 7080 

50S 
91890 90.73906 JRB c BA 09999 5/03/90 

IJA45 TMF FAA < 1.0000 0.0000 MG/L 9/14/90 
R 000219 121 7080 

50S 
90.73906 JRB c SOLIDS 09999 5/03/90 

IJA45 TDF GRAV 33.4000 0.7000 X 5/10/90 
R A001775 33 0 

50S 
8298 90.73906 JRB c AG 09999 5/10/90 

IJA45 TMF FAA 19.0000 10.0000 UG/L 9/24/90 
R A6465 45 7760 

50S R 



8298 90.73906 JRB c AG 09999 5/10/90 
IJA45 TMF FAA 19.0000 10.0000 UG/L 9/24/90 
R A6465 45 7760 

50S R 
8298 90.73906 JRB c AS 09999 5!10/90 

IJA45 TMF ETVAA 5.8000 2.0000 UG/L 9/24/90 
R A6864 88 7060 

50S R 
8298 90.73906 JRB c AS 09999 5!10/90 

IJA45 TMF ETVAA 6.1000 2.0000 UG/L 9/24/90 
R A6864 88 7060 

50S R 
8298 90.73906 JRB c SE 09999 5/10/90 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 9/24/90 
R A6864 88 7740 

50S 
8298 90.73906 JRB c SE 09999 5/10/90 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 9/24/90 
R A6864 88 7740 

50S 
8298 90.73906 JRB c CD 09999 5/10/90 

IJA45 TMF ETVAA 0.3900 0.1000 UG/L 9/24/90 
R A7235 30 7130 

50S R 
8298 90.73906 JRB c CD 09999 5/10/90 

IJA45 TMF ETVAA 0.3700 o. 1000 UG/L 9/24/90 
R A7235 30 7130 

50S R 
8298 90.73906 JRB c PB 09999 5/10/90 

,,, IJA45 TMF ETVAA 1.5000 1.0000 UG/L 9!24/90 
R A7235 30 7420 

50S R 
8298 90.73906 JRB c PB 09999 5/10/90 

IJA45 TMF ETVAA 1.3000 1.0000 UG/L 9/24/90 
R A7235 30 7420 

50S R 
8298 90.73906 JRB c TL 09999 5!10/90 

IJA45 TMF ETVAA 3.4000 1. 0000 UG/L 9/24/90 
R A1794 41 7841 

50S R 
8298 90.73906 JRB c TL 09999 5/10/90 

IJA45 TMF ETVAA 2.6000 1.0000 UG/L 9/24/90 
R A1794 41 7841 

50S R 
8298 90.73906 JRB c HG 09999 5/10/90 

IJA45 THF CVAA 0.4600 0.2000 UG/L 9/24/90 
R A6863 25 7480 

50S R 
8298 90.73906 JRB c HG 09999 5!10/90 

IJA45 THF CVAA 0.4300 0.2000 UG/L 9!24/90 
R A6863 25 7480 

50S R 
8553 90.73906 JRB c CR 09999 5!10/90 

IJH51 THF FAA < 0.0400 0.0000 HG/L 10/19/90 
R A6465 62 7190 

50S 
8553 90.73906 JRB c CR 09999 5!10/90 

IJH51 THF FAA < 0.0400 0.0000 MG/L 10/19/90 
R A6465 62 7190 

50S 



8553 90.73906 JRB c NI 09999 5!10/90 
\.IH51 TMF FAA o. 1200 0.0400 MG/L 10!19/90 
R A000212 43 7520 

50S R 
8553 90.73906 JRB c NI 09999 5/10/90 

\.IH51 TMF FAA 0.1200 0.0400 MG/L 10/19/90 
R A000212 43 7520 

50S R 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM 0\.JNER MATRIX ANALYSIS NUM BATCH DATE DATE r., . .:2 1 4 .~) ' ' 

91890 90.73907 JRB c AM-241 09999 6/21/90 
IIA45 TDF GEL! 14.0000 2.0000 NCI/G 6!26!90 

~ 
R S12459 85 0 

50S 
91890 90.73907 JRB c PU-238 09999 6/21/90 

IIA45 TDF RAS 46.0000 6.0000 NCI/G 6!28!90 
R A6464 143 0 

50S R 
91890 90.73907 JRB c PU-238 09999 6/21/90 

IIA45 TDF RAS 44.0000 5.0000 NCI/G 6!28!90 
R A6464 143 0 

50S R 
91890 90.73907 JRB c PU-239 09999 6/21/90 

\.JA45 TDF RAS 18.0000 2.0000 NCI/G 6/28!90 

R A6464 143 0 
50S R 
91890 90.73907 JRB c PU-239 09999 6!21!90 

IIA45 TDF RAS 18.0000 2.0000 NCI/G 6!28!90 

R A6464 143 0 
50S R 
91890 90.73907 JRB c U-235 09999 6/21/90 

\.JA45 TDF RAS < 15.0000 0.0000 PCI/G 6/28/90 
R A6464 144 0 

50S 
91890 90.73907 JRB c U-235 09999 6/21/90 

IIA45 TDF RAS < 11.0000 0.0000 PCI/G 6/28/90 

R A6464 144 0 
50S 
91890 90.73907 JRB c U-234 09999 6/21/90 

IIA45 TDF RAS 150.0000 30.0000 PCI/G 6/28/90 

R A6464 144 0 

50S R 
91890 90.73907 JRB c U-234 09999 6/21/90 

\.JA45 TDF RAS 110.0000 30.0000 PCI/G 6/28/90 

R A6464 144 0 

50S R 
91890 90.73907 JRB c BA 09999 6/21/90 

\.JA45 TMF FAA 1.9000 1.0000 MG/L 9/14/90 

R 000219 121 7080 
50S R 
91890 90.73907 JRB c BA 09999 6/21/90 

\.JA45 TMF FAA 1.9000 1.0000 MG/L 9/14/90 

R 000219 121 7080 

50S R 
91890 90.73907 JRB c CD 09999 6/21/90 

IIA45 TMF FAA < 10.0000 0.0000 UG/L 9/14/90 

R A7235 34 7130 
50S 
91890 90.73907 JRB c CD 09999 6/21/90 

IIA45 TMF FAA < 10.0000 0.0000 UG/L 9/14/90 .. -, 
R A7235 34 7130 

50S 
91890 90.73907 JRB c PB 09999 6/21/90 

IIA45 TMF FAA 0.1800 0.0200 MG/L 9/14/90 

R A7235 34 7420 

50S R 



91890 90.73907 JRB c PB 09999 6/21/90 
\JA45 TMF FAA 0.1900 0.0200 MG/l 9/14/90 
R A7235 34 7420 

50S R 
'l>~, 91890 90.73907 JRB c Nl 09999 6/21/90 

\JA45 TMF FAA 0.0900 0.0400 MG/L 9!14/90 

~ 
R 000212 42 7520 

50S R 
91890 90.73907 JRB c Nl 09999 6/21/90 

IJA45 TMF FAA 0.0980 0.0400 MG/l 9/14/90 
R 000212 42 7520 

50S R 
91890 90.73907 JRB c AG 09999 6/21/90 

\JA45 TMF FAA 0.0240 0.0100 MG/l 9/14/90 
R A6465 56 7760 

50S R 
91890 90.73907 JRB c AG 09999 6/21/90 

\JA45 TMF FAA 0.0230 0.0100 MG/L 9/14/90 
R A6465 56 7760 

50S R 
91890 90.73907 JRB c CR 09999 6!21/90 

\JA45 TMF FAA 0.0770 0.0400 MG/L 9!14/90 
R A6465 55 7760 

50S R 

91890 90.73907 JRB c CR 09999 6/21/90 
\JA45 TMF FAA 0.0790 0.0400 MG/l 9/14/90 

R A6465 55 7190 

50S R 
91890 90.73907 JRB c AS 09999 6/21/90 

\JA45 TMF ETVAA 2.0000 2.0000 UG/l 9/14/90 ... 
R A6864 99 7060 

50S R 

91890 90.73907 JRB c AS 09999 6/21/90 

\JA45 TMF ETVAA < 2.0000 0.0000 UG/l 9/14/90 

R A6864 99 7060 

50S 
91890 90.73907 JRB c SE 09999 6/21/90 

\JA45 TMF ETVAA < 1.0000 0.0000 UG/l 9/14/90 

R A6864 99 7740 

50S 
91890 90.73907 JRB c SE 09999 6/21/90 

IJA45 TMF ETVAA < 1.0000 0.0000 UG/l 9/14/90 

R A6864 99 7740 

50S 
90.73907 JRB c SOLIDS 09999 6/21/90 

IJA45 TDF GRAV 32.4000 0.2000 X 6/22/90 

R A001775 32 0 

50S 
90.73907 JRB c ALPHA 09999 6/21/90 

IJA45 TDF PC 70.0000 7.0000 NCI/G 6/22/90 

R A06866 144 0 

50S 
90.73907 JRB c C0-60 09999 6/21/90 

\JA45 TDF GEL I 1.0000 0.5000 NCI/G 6/26/90 .. -- ... 

R S12459 85 0 

50S 
8298 90.73907 JRB c HG 09999 6/21/90 

IJA45 TMF CVAA < 0.2000 0.0000 UG/l 9/24/90 

R A6863 36 7480 

50S 



8298 90.73907 JRB c HG 09999 6/21/90 
IJA45 TMF CVAA < 0.2000 0.0000 UG/L 9/24/90 
R A6863 36 7480 

50S 
8298 90.73907 JRB c TL 09999 6/21/90 

~ 
IJA45 TMF ETVAA < 1.0000 0.0000 UG/L 9/24/90 
R A1794 48 7841 

50S 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM OIJNER MATRIX ANALYSIS NUM BATCH DATE DATE J'h~i., - K-i 

- 1 4• I f · , 

90.73908 JRB c SOLIDS 09999 8/15/90 
IJA45 TDF GRAV 31.0000 0.6000 r. 8/16/90 

~ 
R A001775 34 0 

50S 
90.73908 JRB c ALPHA 09999 8/15/90 

IJA45 TDF PC 140.0000 14.0000 NCI/G 8/21/90 
R A09286 8 0 

50S 
90.73908 JRB c AM-241 09999 8/15/90 

IJA45 TDF GEL! 14.0000 2.0000 NCI/G 8/21/90 
R S12459 146 0 

50S 
90.73908 JRB c C0-57 09999 8/15/90 

IJA45 TDF GEL! 990.0000 590.0000 PCI/G 8/21/90 
R S12459 146 0 

50S 
90.73908 JRB c C0-60 09999 8!15/90 

IJA45 TDF GEL! 1.2000 0.5000 NCI/G 8/21/90 
R S12459 146 0 

50S 
90.73908 JRB c MN-54 09999 8!15/90 

IJA45 TDF GEL! 730.0000 500.0000 PCI/G 8/21/90 
R S12459 146 0 

50S 
90.73908 JRB c SR-85 09999 8/15/90 

IJA45 TDF GEL! 4.1000 0.7000 NCI/G 8/21/90 
R S12459 146 0 

50S 
90.73908 JRB c SE-75 09999 8!15/90 

IJA45 TDF GEL! 2.1000 0.8000 NCI/G 8/21/90 
R S12459 146 0 

50S 
90.73908 JRB c PU-239 09999 8/15/90 

IJA45 TDF RAS 63.0000 7.0000 NCI/G 8!23/90 
R A09309 3 0 

50S R 
90.73908 JRB c PU-239 09999 8/15/90 

IJA45 TDF RAS 68.0000 8.0000 NCI/G 8/23/90 
R A09309 3 0 

50S R 
90.73908 JRB c PU-238 09999 8/15/90 

IJA45 TDF RAS 81.0000 9.0000 NCI/G 8/23/90 
R A09309 3 0 

50S R 
90.73908 JRB c PU-238 09999 8!15/90 

IJA45 TDF RAS 88.0000 10.0000 NCI/G 8!23!90 
R A09309 3 0 

50S R 
90.73908 JRB c U-235 09999 8/15/90 

IJA45 TDF RAS < 30.0000 0.0000 PCI/G 8/24/90 
,. ~-, 

R A09309 4 0 
50S 

90.73908 JRB c U-235 09999 8/15/90 
IJA45 TDF RAS < 20.0000 0.0000 PCI/G 8/24/90 

R A09309 4 0 
50S 



90.73908 JRB c U-234 09999 8/15/90 
I./A45 TDF RAS 240.0000 50.0000 PCI/G 8/24/90 
R A09309 4 0 

50S R 
90.73908 JRB c U-234 09999 8!15/90 

I./A45 TDF RAS 165.0000 40.0000 PCI/G 8/24/90 

~ R A09309 4 0 
50S R 
8298 90.73908 JRB c HG 09999 8!15/90 

I./A45 TMF CVAA < 0.2000 0.0000 UG/L 9/24/90 
R A6863 36 7480 

50S 
8298 90.73908 JRB c HG 09999 8/15/90 

I./A45 TMF CVAA < 0.2000 0.0000 UG/L 9/24/90 
R A6863 36 7480 

50S 
8298 90.73908 JRB c AS 09999 8!15/90 

I./A45 TMF ETVAA 2.4000 2.0000 UG/L 9/26/90 
R A6864 102 7060 

50S R 
8298 90.73908 JRB c AS 09999 8!15/90 

I./A45 TMF ETVAA 3.8000 2.0000 UG/L 9/26/90 
R A6864 102 7060 

50S R 
8298 90.73908 JRB c SE 09999 8!15/90 

I./A45 TMF ETVAA 8.7000 1.8000 UG/L 9/26/90 
R A6864 102 7740 

50S R 
8298 90.73908 JRB c SE 09999 8/15/90 

I./A45 TMF ETVAA 8.6000 1.8000 UG/L 9/26/90 
R A6864 102 7740 

50S R 
9148 90.73908 JRB c CR 09999 MCI./112890 8!15/90 

I./H51 MCI./ ICPMS < 100.0000 0.0000 UG/L 11/30/90 
R A6462 91 6020 

50S 
9148 90.73908 JRB c Nl 09999 MCI./112890 8!15/90 

I./H51 MCI./ ICPMS 110.0000 11.0000 UG/L 11/30/90 
R A6462 91 6020 

50S 
9148 90.73908 JRB c Nl 09999 MCI./112890 8!15/90 

I./H51 MCI./ ICPMS 111.0000 11.0000 UG/L 11/30/90 
R A6462 91 6020 

50S 
9148 90.73908 JRB c CD 09999 MCI./112890 8/15/90 

I./H51 MCI./ ICPMS 1.9000 1.0000 UG/L 11/30/90 
R A6462 91 6020 

50S 
9148 90.73908 JRB c CD 09999 MCI./112890 8/15/90 

I./H51 MCI./ ICPMS 2.2000 1.0000 UG/L 11/30/90 
R A6462 91 6020 

50S 
9148 90.73908 JRB c BA 09999 MCI./112890 8!15/90 

I./H51 MCI./ ICPMS 342.0000 34.0000 UG/L 11/30/90 .···, 
R A6462 91 6020 

50S 
9148 90.73908 JRB c BA 09999 MCI./112890 8!15/90 

I./H51 MCI./ ICPMS 338.0000 34.0000 UG/L 11/30/90 
R A6462 91 6020 

50S 



9148 90.73908 JRB c TL 09999 MC\J112890 8!15/90 
\JH51 MC\J ICPMS 4.9000 1. 0000 UG/L 11/30/90 

R A6462 91 6020 
50S 
9148 90.73908 JRB c TL 09999 MC\J112890 8/15/90 

~ 
\.IH51 MC\J ICPMS 4.9000 1.0000 UG/L 11/30/90 

R A6462 91 6020 
50S 
9148 90.73908 JRB c PB 09999 MC\J112890 8!15/90 

\.IH51 MC\J ICPMS 21.0000 2.0000 UG/L 11/30/90 
R A6462 91 6020 

50S 
9148 90.73908 JRB c PB 09999 MC\J112890 8/15/90 

\.IH51 MC\J ICPMS 21.0000 2.0000 UG/L 11/30/90 
R A6462 91 6020 

50S 



REPORT SAMPLE REQUEST REQUEST DUE ( u I.-". )" - .. _ T 

NUMBER NUM OIJNER MATRIX ANALYSIS NUM BATCH DATE DATE 

8553 90.73910 JRB c ALPHA 09999 10!12!90 

~ 
IJH51 TDF PC 74.0000 7.0000 NCI/G 10!16!90 
R A09286 20 0 

50S 
8553 90.73910 JRB c SOLIDS 09999 10!12!90 

IJH51 TDF GRAV 31.8000 0.7000 " 10!16!90 
R A001n5 34 0 

50S 
8553 90.73910 JRB c AM-241 09999 10!12/90 

IJH51 TDF GEL! 8.5000 1.4000 NCI/G 10!16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c C0-58 09999 10!12!90 

IJH51 TDF GEL! 2.5000 0.7000 NCI/G 10!16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c C0-56 09999 10!12!90 

IJH51 TDF GEL! 1.0000 0.4000 NCI/G 10/16/90 
R A09284 48 0 

50S 
8553 90.73910 JRB c BE-7 09999 10!12!90 

IJH51 TDF GEL! 14.0000 5.0000 NCI/G 10!16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c MN-54 09999 10!12!90 

IJH51 TDF GEL! 1.3000 0.5000 NCI/G 10!16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c SE-75 09999 10!12!90 

IJH51 TDF GEL! 1. 7000 0.8000 NCI/G 10!16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c NB-95 09999 10!12!90 

IJH51 TDF GEL! 3.1000 0.6000 NCI/G 10!16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c Y-88 09999 10/12/90 

IJH51 TOF GEL! 22.0000 3.0000 NCI/G 10/16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c ZN-65 09999 10!12!90 

IJH51 TDF GEL! 3.4000 1.5000 NCI/G 10!16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c ZR-88 09999 10!12!90 

IJH51 TDF GEL! 13.0000 2.0000 NCI/G 10!16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c SR-85 09999 10!12/90 

IJH51 TDF GEL! 31.0000 5.0000 NCI/G 10!16!90 
R A09284 48 0 

50S 
8553 90.73910 JRB c SR-82 09999 10!12!90 

IJH51 TDF GEL! 970.0000 590.0000 PCI/G 10!16!90 
R A09284 48 0 

50S 



~· 

8553 90.73910 JRB C 
IJH51 TOF RAS 

PU-239 09999 
34.0000 

R A09309 12 0 
50S R 
8553 90.73910 JRB C PU-239 09999 

IJH51 
R 

50S 

TDF RAS 36.0000 
A09309 12 0 

R 

8553 90.73910 JRB C PU-238 09999 
IJH51 

R 

50S 

TDF RAS 24.0000 
A09309 12 0 

R 
8553 90.73910 JRB C PU-238 09999 

IJH51 TDF RAS 25.0000 
R A09309 12 0 

50S R 
8553 90.73910 JRB C U-235 09999 

TDF RAS 20.0000 IJH51 
R A09309 13 0 

50S R 
8553 90.73910 JRB C U-235 

IJH51 
R 

TDF RAS < 

09999 
20.0000 

A09309 14 0 
50S 
8553 90.73910 JRB C U-234 09999 

IJH51 
R 

TDF RAS 280.0000 
A09309 14 0 

50S R 
8553 90.73910 JRB C 09999 

270.0000 
A09309 13 0 

U-234 
IJH51 
R 

50S 

TDF RAS 

R 

8810 90.73910 JRB IJIJ 

MAB CVAA < 

HG 09999 
0.2000 IJH51 

R 

50S 
17764 61 

8810 90.73910 JRB 1111 

IJH51 MAB CVAA 
HG 

< 

09999 
0.2000 

R 17764 61 
50S 
8810 90.73910 JRB C AS 

IJH51 
R 

50S 

TMF ETVAA < 

A6864 

8810 90.73910 JRB C 
IJH51 
R 

50S 

TMF ETVAA 
A6864 

9376 90.73910 JRB 1J1J 

IJH51 
R 

50S 

MCIJ ICPMS 
A6462 

90.73910 JRB IJIJ 

< 

9376 
IJH51 

R 

50S 

MCIJ ICPMS < 

A6462 

9376 90.73910 JRB IJIJ 

IJH51 
R 

50S 

MCIJ ICPMS 
A6462 

SE 

CR 

CR 

NI 

09999 
2.0000 

107 7060 

09999 
5.2000 

107 7740 

91 

09999 
10.0000 

6020 

09999 
10.0000 

91 6020 

09999 
4.8000 

91 6020 

10!12/90 
4.0000 NCI/G 

10/12/90 
4.0000 NCI/G 

10/12/90 
3.0000 NCI/G 

10/12/90 

10/19/90 

10/19/90 

10/19/90 

3.0000 NCI/G 10/19/90 

10/12/90 
20.0000 PCI/G 

10/12/90 
0.0000 PCI/G 

10/12/90 
50.0000 PCI/G 

10!12/90 
50.0000 PCI/G 

10/12/90 
0.0000 UG/l 

10/12/90 
0.0000 UG/l 

10!12/90 
0.0000 UG/l 

10/12/90 
1.0000 UG/l 

10!12/90 
0.0000 UG/l 

10/12/90 
0.0000 UG/l 

10!12/90 
0.5000 MG/l 

10/19/90 

10/19/90 

10/19/90 

10/19/90 

11/01/90 

11/01/90 

11/05/90 

11/05/90 

12!19/90 
1 

12/19/90 

12/19/90 



9376 90.73910 JRB w NI 09999 10/12/90 
IJH51 MC\.1 ICPMS 4.8000 0.5000 MG/L 12/19/90 
R A6462 91 6020 

50S 
9376 90.73910 JRB w CD 09999 10/12/90 

IJH51 MC\.1 ICPMS 83.0000 8.0000 UG/L 12/19/90 
R A6462 91 6020 

50S 
9376 90.73910 JRB w CD 09999 10/12/90 

IJH51 MC\.1 ICPMS 84.0000 8.0000 UG/L 12!19/90 
R A6462 91 6020 

50S 
9376 90.73910 JRB w AG 09999 10/12/90 

IJH51 MC\.1 ICPMS < 10.0000 0.0000 UG/L 12/19/90 
R A6462 91 6020 

50S 
9376 90.73910 JRB w AG 09999 10/12/90 

IJH51 MC\.1 ICPMS < 10.0000 0.0000 UG/L 12/19/90 
R A6462 91 6020 

50S 
9376 90.73910 JRB w BA 09999 10/12/90 

IJH51 MC\.1 ICPMS 552.0000 55.0000 UG/L 12/19/90 
R A6462 91 6020 

50S 
9376 90.73910 JRB w BA 09999 10/12/90 

IJH51 MC\.1 ICPMS 552.0000 55.0000 UG/L 12/19/90 
R A6462 91 6020 

50S 
9376 90.73910 JRB w TL 09999 10!12/90 

IJH51 MC\.1 ICPMS < 10.0000 0.0000 UG/L 12/19/90 
R A6462 91 6020 

50S 
9376 90.73910 JRB w PB 09999 10!12/90 

IJH51 MC\.1 ICPMS 34.0000 10.0000 UG/L 12!19/90 
R A6462 91 6020 

50S 
9376 90.73910 JRB w PB 09999 10!12/90 

IJH51 MC\.1 ICPMS 33.0000 10.0000 UG/L 12/19/90 
R A6462 91 6020 

50S 



REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM 0\./NER MATRIX ANALYSIS NUM BATCH DATE DATE I 2.. o.:/-t d . ')( -r 

9148 90.73911 JRB c SOLIDS 09999 12/05/90 
\.IH51 TDF GRAV 26.8000 0.6000 r. 12/11/90 

~· R A001775 34 0 
50S 
9148 90.73911 JRB c ALPHA 09999 12!05/90 

\.IH51 TDF PC 83.0000 8.0000 NCI/G 12/11/90 
R A09286 32 \.IR150 

50S 
9148 90.73911 JRB c AM-241 09999 12/05/90 

\.IH51 TOF GEl! 16.0000 2.0000 NCI/G 12/11/90 
R A09284 101 \.IR100 

50S 
9148 90.73911 JRB c C0-57 09999 12/05/90 

\.IH51 TDF GEl! 1.6000 0.6000 NCI/G 12/11/90 
R A09284 101 \.IR140 

50S 
9148 90.73911 JRB c C0-58 09999 12/05/90 

\.IH51 TDF GEl! 1.3000 0.4000 NCI/G 12/11/90 
R A09284 101 \.IR140 

50S 
9148 90.73911 JRB c HN-54 09999 12/05/90 

\.IH51 TDF GEl! 1.0000 0.6000 NCI/G 12/11/90 
R A09284 101 \.IR140 

50S 
9148 90.73911 JRB c SR-85 09999 12/05/90 

\.IH51 TDF GEl! 19.0000 3.0000 NCI/G 12/11/90 
R A09284 101 \.IR140 

50S 
9148 90.73911 JRB c SE-75 09999 12/05/90 

\.IH51 TDF GEl! 5.4000 0.9000 NCI/G 12/11/90 
R A09284 101 \.IR140 

50S 
9148 90.73911 JRB c NB-95 09999 12!05/90 

\.IH51 TDF GEl! 4.2000 0.7000 NCI/G 12!11/90 
R A09284 101 \.IR140 

50S 
9148 90.73911 JRB c Y-88 09999 12/05/90 

\.IH51 TDF GEl! 41.0000 6.0000 NCI/G 12/11/90 
R A09284 101 \.IR140 

50S 
9148 90.73911 JRB c ZR-88 09999 12!05/90 

\.IH51 TDF GEl! 13.0000 2.0000 NCI/G 12/11/90 
R A09284 101 \.IR140 

50S 
9148 90.73911 JRB c U-235 09999 12/05/90 

\.IH51 TDF RAS < 30.0000 0.0000 PCI/G 12/13/90 
R A09309 21 \.IR180 

50S 
9148 90.73911 JRB c U-235 09999 12!05/90 

\.IH51 TDF RAS < 40.0000 0.0000 PCI/G 12/13/90 
R A09309 21 \.IR180 

50S 
9148 90.73911 JRB c U-234 09999 12/05/90 

\.IH51 TOF RAS < 180.0000 0.0000 PCI/G 12/13/90 
R A09309 21 \.IR180 

50S 



9148 90.73911 JRB c U-234 09999 12/05/90 
IJH51 TDF RAS < 180.0000 0.0000 PCI/G 12!13/90 
R A09309 21 IJR180 

50S 
9148 90.73911 JRB c PU-239 09999 12/05/90 

IJH51 TDF RAS 28.0000 4.0000 NCI/G 12!13/90 
R A09309 22 IJR180 

50S R 
9148 90.73911 JRB c PU-239 09999 12!05/90 

IJH51 TDF RAS 27.0000 4.0000 NCI/G 12!13/90 
R A09309 22 IJR180 

50S R 
9148 90.73911 JRB c PU-238 09999 12/05/90 

IJH51 TDF RAS 41.0000 5.0000 NCI/G 12/13/90 
R A09309 22 IJR180 

50S R 
9148 90.73911 JRB c PU-238 09999 12!05/90 

IJH51 TDF RAS 49.0000 6.0000 NCI/G 12/13/90 
R A09309 22 IJR180 

50S R 
9148 90.73911 JRB c HG 09999 12/05/90 

IJH51 HAB CVAA < 0.2000 0.0000 UG/L 12!13/90 
R A6863 42 

50S 

REPORT SAMPLE REQUEST REQUEST DUE 
NUMBER NUM OIJNER MATRIX ANALYSIS NUM BATCH DATE DATE 

9376 90.73911 JRB SE CR 09999 12!05/90 
IJH51 HCIJ ICPMS < 10.0000 0.0000 UG/L 1/18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE CR 09999 12/05/90 

IJH51 MCIJ ICPMS < 10.0000 0.0000 UG/L 1/18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE NI 09999 12/05/90 

IJH51 MCIJ ICPHS 1485.0000 149.0000 UG/L 1/18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE NI 09999 12/05/90 

IJH51 HCIJ ICPMS R 1601.0000 160.0000 UG/L 1/18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE AG 09999 12/05/90 

IJH51 MCIJ ICPHS < 10.0000 0.0000 UG/L 1/18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE AG 09999 12/05/90 

IJH51 MCIJ ICPMS < 10.0000 0.0000 UG/L 1/18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE CD 09999 12/05/90 

IJH51 MCIJ ICPMS 62.0000 6.0000 UG/L 1/18/91 .. -...... 

R A6462 92 6020 
50S 
9376 90.73911 JRB SE CD 09999 12/05/90 

IJH51 HCIJ ICPMS R 77.0000 8.0000 UG/L 1/18/91 
R A6462 92 6020 

50S 



9376 90.73911 JRB SE BA 09999 12/05/90 
IJH51 MCIJ ICPMS 100.0000 10.0000 UG/L 1!18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE BA 09999 12/05/90 

~ 
IJH51 MCIJ ICPMS R 109.0000 11.0000 UG/L 1/18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE TL 09999 12/05/90 

IJH51 MCIJ ICPMS < 10.0000 0.0000 UG/L 1!18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE TL 09999 12!05/90 

IJH51 MCIJ ICPMS < 10.0000 0.0000 UG/L 1/18/91 
R A6462 92 6020 

50S 
9376 90.73911 JRB SE PB 09999 12/05/90 

IJH51 MCIJ ICPMS 11.0000 1.0000 UG/L 1!18/91 
R A6462 92 6020 

50S 
9553 90.73911 JRB c SE 09999 12/05/90 

IJH51 MAB ETVAA < 1.0000 0.0000 UG/L 1/30/91 
R A6864 118 270.2 

50S R 
9553 90.73911 JRB c SE 09999 12/05/90 

IJH51 MAB ETVAA < 1.0000 0.0000 UG/L 1/30/91 
R A6864 118 270.2 

50S R 
9553 90.73911 JRB c AS 09999 12/05/90 

IJH51 MAB ETVAA < 2.0000 0.0000 UG/L 1/30/91 
R A6864 118 206.2 

50S R 
9553 90.73911 JRB c AS 09999 12/05/90 

IJH51 MAB ETVAA < 2.0000 0.0000 UG/L 1/30!91 
R A6864 118 206.2 

50S R 
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EXECtmVE SUMMARY 

The Ralph M. Parsons Company was tasked by Los Alamos National Laboratory, 
Waste Management Division to investigate options and recommend a final disposition 
for 1 ,252 suspected mixed waste sludge drums. The sludge was generated through 
routine operation of the radioactive liquid waste treatment plant (RLWTP) at TA-50. 
The sludge is known to contain low-level radioactive components, and is suspected to 
contain hazardous constituents. The waste sludge drums are labeled as hazardous and 
low-level radioactive (mixed) waste. The sludge, generated from December 1988 
through May 1992, was labeled as mixed waste only as a very conservative 
precautionary measure. All sludge generated before December 1988 and after May 
1992; was properly disposed of in theTA-54 low-level radioactive waste landfill. The 
1 ,252 suspect mixed waste sludge drums are not associated with any change in 
treatment plant operations, process excursion, or change in the characterization of the 
treatment plant influent. 

The investigation of options and recommendation for final disposition for the sludge 
drums is based on compliance with regulations promulgated under the Resource 
Conservation and Recovery Act (RCRA). A waste is regulated as hazardous if it is 
identified by the waste generator as: 

- specifically listed in Title 40, Code of Federal Regulations, Chapter 261 (40 CFR 
261), Subpart D; 

- a mixture of listed hazardous waste and solid waste (the •mixture rule• found in 40 
CFR 261.3(a)(2)(iv); 

- a waste generated from the storage, treatment, or disposal of a listed hazardous waste 
(the •derived from• rule found in 40 CFR 261.3(c)(2)(i); 

- exhibiting any of the hazardous characteristics of ignitability, corrosivity, reactivity, 
and toxicity. 

The objective of this study is to recommend the final disposition of the 1 ,252 drums. 
Four options for arriving at the final disposition for the suspected mixed waste drums 
are possible. The options are: 

-administratively relabeling and disposing of the drums as low-level radioactive waste, 
based on statistical analysis of all available waste stream characterization data; 

- relabeling and disposing of the drums as low-level radioactive waste, based on 
regulatory exclusion of trace amounts of regulated constituents in the total wastewater 
flow at the treatment plant headworks; 

- delisting and disposing of the drums, following federal regulatory guidelines; and 

- disposing the drums as mixed waste. 

, 



This study presents a 3-phased approach to reaching a recommendation for the fmal 
disposition of the sludge drums. Phase 1 presents a definitive case for administratively 
relabeling and disposing of the drums as LLRW based on statistical analysis of the 
influent sampling results. Phase 2 presents an analysis of previous and ongoing waste 
stream characterization studies to determine if a mass balance justifies relabeling and 
disposing of the sludge drums as LLRW. However, the studies did not provide 
adequate data for development of a mass balance of regulated constituents at the 
headworks of the treatment plant. Phase 3 examined delisting as a possible option in 
the event that relabeling the sludge as LLRW could not be justified. Estimated costs 
and a proposed schedule for delisting the suspected mixed waste sludge drums are 
presented. Disposal of the drums as mixed waste at an offsite facility, and at the 
planned onsite mixed waste landfill were also examined in Phase 3. 

11 
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CONCLUSIONS 
Based on these analyses, conclusions are as follows: 

Phase 1 

(1) There is no evidence that the treatment plant received wastewater with 
contaminant concentrations at or above regulatory limits, and therefore the sludge is not 
derived from treatment of hazardous waste. 

(2) Knowledge of process and administrative controls provide definitive evidence 
that the sludge is not a mixture of a solid and hazardous waste. 

(3) The sludge does not exhibit hazardous waste characteristics of ignitability, 
corrosivity, reactivity, or toxicity. 

Phase 2 

(4) Relabeling the sludge as LLRW on the basis of a mass balance alone is not 
justified. 

Phase 3 

(S) Past delisting efforts at facilities with similar operations and waste stream 
characteristics indicate that delisting the suspected mixed waste sludge drums has a high 
probability of EPA approval. 

(6) The cost of preparing a delisting petition, continued storage of the sludge, and 
disposal of the sludge upon approval of the delisting petition is estimated at $806,288. 
The duration of the delisting process is estimated at 3 years, S months. 

(7) The cost of administratively relabeling and disposing of the RL wrr sludge 
drums as LLRW is estimated at $307,508. The duration of the administrative 
relabeling process is estimated at 12 months. 

(8) The cost of disposal of the RL wrr sludge drums as mixed waste at the planned 
onsite mixed waste landfill is estimated at $1,483,459. The duration of the onsite 
mixed waste disposal process is estimated at 3 years. 

(9) The cost of disposal of the RL wrr sludge drums as mixed waste at an off site 
mixed waste landfill is $2,404,220. The duration of the offsite mixed waste disposal 
process is estimated at 10 months. 

RECOMMENDATIONS 
Based on the results of Phase 1, the sludge should be relabeled as LLRW and 

disposed of in the T A-54 low-level radioactive waste landfill. 

If the RL wrP sludge drums are not administratively relabeled, a delisting petition 
should be prepared. Upon approval of the delisting petition, the RL WTP sludge drums 
should be disposed of in theTA-54 low-level radioactive waste landfill. 

iii 
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1.0 BACKGROUND AND INTRODUCTION 

1.1 Routine Radioactive Liquid Waste CoUection and Treatment 

The Radioactive Liquid Waste Treatment Plant (RLWTP), also known as Technical 
Area 50 Plant 1 (TA-50-1), treats radioactive liquid wastes from numerous Technical 
Areas (TAs) of Los Alamos National Laboratory (LANL), as shown schematically in 
Figure 1.1. Approximately 1,000 sinks and floor drains empty into the radioactive 
liquid waste collection system (RL WCS) feeding the RL WTP, in addition to wastes that 
are brought to the treatment plant by tanker truck (LANL EM-7, 1991). 

The RLWTP began operation in 1963. The primary treatment mechanism is 
precipitation, via addition of lime and ferric sulfate, to remove radionuclides and heavy 
metals. All wastewater discharged to the RLWTP is initially collected in a 75,000-
gallon equalization/neutralization tank, in which wastewater pH is adjusted to a range 
of 7 to 9. From the 75,000-gallon tank, wastewater flows into two clarifiers where 
precipitation chemicals are added. The clarifiers may be operated in series or in 
parallel. Radionuclides and heavy metals precipitate out of solution or are adsorbed 
onto the lime/iron sludge. The RL WTP is designed to process in excess of 6 million 
gallons of wastewater received annually. Liquid effluent is discharged under a National 
Pollutant Discharge Elimination System (NPDES) permit. The sludge is dewatered via 
vacuum filtration and drummed for disposal onsite as low-level radioactive waste 
(LLRW). Figure 1.2 provides a simplified process flow sheet for the RLWTP 
(personal communication, Steve Hanson, 1992). 

1.2 Suspected Mixed Waste from the RLWTP 

From December 1988 through February 1991, sludge generated by the RLWTP was 
labeled as a Resource Conservation and Recovery Act (RCRA) F003 listed waste (i.e., 
spent nonhalogenated solvents listed based on ignitability), due to the presence of trace 
concentrations of acetone in the RLWTP influent. The sludge was relabeled as FOOl 
listed waste (spent halogenated solvents used in degreasing, listed based on toxicity) in 
i991. The sludge was clearly not ignitable, consisting of approximately 70 percent 
water, but was still suspected to contain trace concentrations of regulated constituents. 
The FOO 1 classification was applied to the RL WTP sludge generated from 1991 
through May 1992. From December 1988 to May 1992, 1,252 drums of RLWTP 
sludge were labeled and stored as mixed waste (personal communication, Sloan, 1993). 
The FOOl hazardous classification, coupled with the known low-level radioactive 
components, made the sludge a mixed (hazardous and radioactive) waste. Drummed 
sludge accumulated during the period from 1988 through 1992 is currently stored in 
T A-54, Area G. 

The decision to label the RL WTP sludge as mixed waste was administrative (Koenig 
memorandum, 27 May 1988). The sludge generated by the RLWTP from 1963 to 
1988, and from May 1992 to the present, has been properly disposed of onsite as 
LLRW (Figure 1.3). There is no evidence that sludge generated during the 1988-1992 
time period is different in composition than sludge generated prior to December 1988 
or subsequent to May 1992. There were no changes in treatment plant operations, no 
process excursions, and no change in RL WTP influent characteristics to provide a basis 
in fact for the mixed waste designation . 

1-1 
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1.3 Objectives and Strate&Y of Study 

The primary objective of this study was to generate information to support a 
recommendation for final disposition of the drummed sludges that are labeled as mixed 
waste and are currently being stored in TA-54. Options for final sludge disposition 
include relabeling and disposing of the sludge as LLRW based on influent sampling 
data, relabeling and disposing of the sludge as LLRW based on a mass balance, 
delisting the sludge, or disposing the sludge as a mixed waste. 

The objective was accomplished through a three-phased approach. Phase 1 consisted 
of statistical analysis and correlation of current RL WTP influent sampling data with 
historical (December 1988 through May 1992) data. Phase 2 consisted of review and 
evaluation of previous and ongoing waste stream characterization studies at LANL. 
The purpose of Phases 1 and 2 was to determine if a defensible case for 
administratively relabeling and disposing of the suspected mixed waste sludges as 
LLRW can be made, on the basis that the sludge has never been derived from treatment 
of hazardous waste. Phase 3 involved evaluation of the process of petitioning the U.S. 
Environmental Protection Agency (EPA) to delist the suspected mixed waste sludge. 
Additionally, mixed waste disposal options were investigated. The activities performed 
during the three work phases are described briefly in the following paragraphs. 

Phase 1 

All available sampling and analysis results for the RL WTP .influem, liguid effluent, 
e were reviewed and evaluated to demonstrate that a deferfs1ble case for 

administrative y re a mg an disposmg o e suspected mixed waste sludge drums as 
LLRW can be made. RL WTP influent sampling and analysis data from the December 
1988 through May 1992 timeframe were statistically normalized, then evaluated to 
ensure that the sample population waiappropriate for accurate-characterization, and 
that the upper limit of the ... 80 percent confidence interval was less than the regulatory 
threshold for all RCRA F-listed constituents detected. The statistical evaluation 
followed the protocol prescribed in •Test Methods for Evaluation of Solid Waste• 
(EPA, 1986). The case for relabeling and disposal was developed by demonstrating 
that past sampling of the RLWTP influent from December 1988 through May 1992 is 
appropriate to characterize the influent as solid rather than hazardous waste. 
Comparison of these sampling results to regulatory thresholds demonstrated that the 
concentrations of regulated constituents in the RL WTP influent were consistently below 
levels warranting regulation as hazardous waste. 

The December 1988 through May 1992 characterization data were also compared to 
RL WTP influent sampling results obtained from February through May 1993 under a 
more rigorous sampling and analysis protocol, in order to demonstrate that the sample 
collection method for the 1988 through 1992 timeframe was valid. In the February 
through May 1993 timeframe, RLWTP ~es were collected in triplicate, from two 
automatic samplers, and from the 75, gallon equalization/neutralization tank. 
Analytical results from the triple parallel samples were statistically evaluated by 
performing paired t-tests. The statistical evaluation showed with 95 percent 
confidence, that there were no differences between the analytical results obtained from 
three samplers. Statistical correlation of past and present data led to a determination 
that the RL WI'P influent was not and is not a hazardous waste. By demonstrating that 
an appropriate number of samples were collected using a valid sampling method, that 
no concentrations of regulated constituents were ever detected in concentrations at or 
above their regulatory thresholds, and that a statistically valid correlation between past 

1-5 
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and present data exists, a defensible case for relabeling and disposing of the sludge as LLRW can be made. 

Phase 2 
Previous and ongoing chemical usage and disposal studies at LANL were evaluated to determine if a defensible case for regulatory exclusion can be made, based on a mass balance of regulated constituents in the total wastewater flow at the headworks of the RL WTP. As in Phase 1, the goal of Phase 2 was to demonstrate that the RL WTP influent was not a hazardous waste. The information from studies reviewed did not provide sufficient data to support a mass balance of regulated constituents in the RLWTP influent. 

Phase 3 
The process of petitioning EPA to delist the suspected mixed waste was reviewed and evaluated. The cost of the delisting effort was estimated, and a preliminary schedule for delisting was developed. Disposal options, onsite and offsite, for mixed waste were also reviewed and evaluated . 
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2.0 PHASE 1 - ANALYSIS OF ANALYTICAL DATA TO JUSTIFY 
RELABELING THE RLWTP SLUDGE 

2.1 Review of Historical Data 

2.1.1 Samplln& Locations and Routine Analyses 

RLWI'P influent and effluent have been sampled at several locations in the treatment 
process, as depicted in Figure 1.2. RL Wl'P influent (sampling location 1 on Figure 
1.2) is sampled and analyzed for metals concentrations and radionuclide activity. Since 
December 1988, the RLWI'P influent has also been sampled and analyzed for volatile 
and semivolatile organic compounds (VOCs and SVOCs). A saml"'ling port between 
the 75,000-gallon tank and the clarifiers (sampling location 2) is also used for 
collection of samples when the plant is operating. 

RLWI'P liquid effluent (sampling location 3) is sampled monthly to support NPDES 
permit compliance. The RLWI'P NPDES permit requires monitoring of ammonia, 
chemical oxygen demand, total suspended solids, cadmium, chromium, copper, iron, 
and zinc. Monitoring the concentration of total toxic organics in liquid effluent, as 
required in the Code of Federal Regulations, Title 40, Chapter 433, Part 11 [40 CFR 
433.11 (e)], has only recently been added to the RLWI'P NPDES requirements (pers. 
comm., Steve Rae, May 1993). The term •total toxic organics• means the summation 
of all quantifiable values greater than 0.01 milligrams per liter for a list of 111 toxic 
organics (see Appendix A). The RLWI'P discharge limit for total toxic organics is 1 
milligram per liter. RL Wl'P dewatered sludge (sampling location 4) is routine~y 
sampled to ensure the radioactive constituents are at low levels, and for determination 
of the toxicity characteristic. Sludge sampling and routine analysis is performed for the 
radionuclides UlJS, Pulll, Pu239, and Aml41, and heavy metals. 

While some historical (1988-1992) RLWI'P liquid effluent sampling and analysis 
results are available, these results do not significantly contribute to the determination of 
historical influent characterization. The RL Wl'P NPDES permit did not require 
analysis of liquid effluent for VOCs or SVOCs in the 1988 through 1992 timeframe. 
Similarly for the historical sludge sampling results, the only requirement for sampling 
and analysis of RL Wl'P sludge is to ensure the radioacuve constituents are at low 
levels. The historical sludge data does not significantly contribute to the historicaJ 
ipfluen.t characterization.However, the RLW IJ.i sludge sam. plirig results do support thy 
conclusion that the sludge does not exhibit any of the ~eRA-defined hazardous 
characteristics of ignitability, corrosivity, reactivity, or toxicity (Brown, 1993). ·, 

The RLWI'P influent sampling and analysis program, .lronr'l988-ttr·1992 and the 
sampling protocol utilized from February to May 1993 provide the key data for review 
and evaluation. 

2.1.2 RL WTP Innuent Automatic Sam plio& Procedure 

A Manning automatic sampler (autosampler) was installed in 1988 to provide the 
influent waste stream characterization data needed to confirm the presence or absence 
of regulated constituents at concentrations requiring classification as mixed waste. This 
device was in use through May 1992, when it was replaced (see Section 2.2.1) .. The 
Manning autosampler drew time-composited samples from the RLWCS immediately 
upstream from the 75,000-gallon tank. Samples were collected for routine analysis of 
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metals and radionuclides on days when the plant was in operation. Samples were 
drawn every IS minutes via the Manning vacuum pump, and collected in a 10-gallon, 
covered tank. A 2-gallon aliquot was drawn by the plant operator after agitating the 
10-gallon tank, with an electric mixer, for 3 mmutes. The 2-gallon aliquot was split 
for analysis of radionuclides, heavy metals. If the RLWfP was not in operation, the 
10-gallon compositing tank was drained and cleaned. Thus, the samples collected were 
representative of influent composited throughout a 24-hour period. The Manning 
samples were analyzed for VOCs and SVOCs, on a monthly basis. 

2.1.3 Analytical Results- December 1988 throop May 1992 

Thirty-three samples were collected by RL WfP plant operators from the Manning 
autosampler 10-gallon composite tank, and analyzed for VOCs and SVOCs by the 
LANL analytical laboratory (EM-9), from December 1988 through May 1992. 
Fourteen compounds that could have originated as RCRA FOOl, F002, F004, or FOOS 
listed wastes [40 CFR 261.31 (a)] were detected in RLWfP influent samples. These 
compounds are listed in Table 2.1. The analytical results are included in Appendix B. 
Although compounds (VOCs and SVOCs) that could have originated as F-listed wastes 
were detected, there were no detections of concentrations at or above regulatory 
thresholds. These data are summarized in Table 2.2. 

In addition to the RLWfP influent samples collected using the Manning 
autosampler, 14 samples from the sampling pon between the 7S,OOO-gallon tank and 
the clarifiers (plant samples), 13 liquid effluent samples, and 26 effluent sludge samples 
were collected. Compounds detected in these samples which could have originated as 
F-listed wastes are also listed in Table 2.1. The concentrations of regulated 
constituents in plant, liquid effluent, and sludge samples provide no evidence of 
hazardous levels in the RL WfP influent. 

2.1.4 Evaluation of Historical Autosampler Data 

Evaluation of analytical results obtained from Manning samples for December 1988 
through May 1992 focused on two issues. First, the data must show that an appropriate 
sample population for accurate waste stream characterization was obtained, in 
accordance with requirements for sampling design, development, and implementation 
found in Test Methods for Evaluaring Solid Waste, SW-846 (EPA, 1986). SW-846 
states that "the appropriate number of samples ... means the minimal number of samples 
needed to demonstrate that the upper limit of the confidence interval for the true mean 
is less than the applicable regulatory threshold". Second, the data must show, per SW-
846, that the concentrations of regulated constituents detected have not exceeded 
regulatory thresholds. SW-846 also requires the data to show that, within the limits of 
an SO-percent confidence interval, the maximum concentration of any compound of 
concern is below the regulatory threshold. If the sample population is appropriate and 
regulatory thresholds are not equalled or exceeded, the waste stream is regulated as 
solid waste, rather than a hazardous waste. Historical sample analysis results, 
statistical evaluations of results, and relevant guidance from SW -846 are presented in 
Appendix B. 

SW-846 provides guidance in Section 9.1.1.4.1 on the appropriate number of 
composite samples to be collected from solid waste. In order to determine the 
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• TABLE 2.1 
RCRA F-listed Compounds Detected 

in Influent, Plant, Effluent and Sludge Samples 
December 1988 Through May 1992 

~ 1 All detected concentrations of the compounds listed were below regulatory limits. 

RCRA F-list compounds detected in influent samples 
F001 tetrachloroethane 
F001 trichloroethane 
F001 methylene chloride 
F001 1,1, 1-trichloroethane 
F001 carbon tetrachloride 
F002 chlorobenzene 
F002 trichlorotrifluoroethane 
F002 a-dichlorobenzene 
F002 trichlorofluoromethane 
F002 1 , 1,2 -trichloroethane 
FOOS toluene 
FOOS 2-butanone 
FOOS carbon disulfide 
FOOS benzene 

RCRA F-list compounds detected in plant samples 
F001 tetrachloroethane 
F001 methylene chloride 
F001 1,1,1 -trichloroethane 
F001 carbon tetrachloride 
F002 trichlorofluoromethane 
FOOS toluene 
FOOS 2-butanone 
FOOS carbon disulfide 
FOOS benzene 

RCRA F-list compounds detected in liauid effluent samples 
F001 methylene chloride 
F001 1,1, 1 -trichloroethane 
FOOS toluene 
FOOS 2-butanone 

RCRA F-list compounds detected in sludge samples 
F001 tetrachloroethane 
F001 methylene chloride 
F001 carbon tetrachloride 
F001 1,1, 1 -trichloroethane 
F002 trichlorofluoromethane 
FOOS toluene 
FOOS 2-butanone 
FOOS carbon disulfide 
FOOS benzene 
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TABLE2.2 
Summary of VOC and SVOC Sampling Results 

RLWTP Influent Samples Collected By Manning Autosampler 
December 1988 Through May 1992 

COMPOUND a/ I I REG. UMIT b/ NON- DETECTIONS 
I F-list (ppm) DETECTS 

tetrachloroethane F001 I 1 27 6 
trichloroethane F001 1 28 5 
methylene chloride F001 25 12 21 
1,1, 1-tnchloroethane F001 25 18 15 
carbon tetrachloride F001 1 28 5 
trichlorotrltluoroethai'MI F002 25 32 1 
chlorobenzene F002 25 29 4 
o-dichlorabenzene F002 25 32 1 
trichloroftuoromethant F002 25 27 8 
1,1 ,2-trichJoroethane F002 saenoteb/ 31 2 
toluene FOOS 25 23 10 
2-butanone FOOS 25 24 9 
carbon disulfide FOOS 25 24 9 
benzene F005 saenoteb/ 27 6 

- -· ----
a/ Compounds are those found on RCRA F-lists and detected 1n the RLWTF influent. 

b/ Regulatory limits are defined in 40 CFR 261.3(a)(2)(iv)(A) and 40 CFR 261.3(a)(2)(iv)(B). 
1,1 ,2-trichloroethane and benzene are regulated under 40 CFR 261.31 and must be 
less than 1 OOk by volume of solvent mixtures used in degreasing, before use. 

I 
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appropriate number of samples required per SW-846, sampling results for all fourteen 
compounds detected (Table 2.1), were evaluated. As all data sets exhibited ne,ative 
binomial distribution, the arcsine transformation was performed prior to statistical 
analysis, as required in SW-846, Section 9.1.1.2. 

The calculation of appropriate number of samples (SW-846, Table 9-1, equation 8, 
and Section 9 .1.1.2) based on regulated constituent detections indicated that one sample 
would be sufficient to characterize the RLWTP influent. SW-846 also recommends 
that •a somewhat greater number of samples than indicated ... • should be collected as a 
precaution against inaccurate estimates of mean contaminant concentrations (Section 
9.1.1.2). The 33 samples collected and analyzed from December 1988 through May 
1992 meet this recommendation. An appropriate number of samples to characterize the 
RLWTP influent from December 1988 through May 1992 was collected and analyzed 
in accordance with SW -846. 

To determine if chemical contaminants are present at hazardous concentrations SW-
846, Section 9 .1.1.1, states the following requirements: 

• ... for each chemical contaminant of concern, a confidence interval (CI) is 
described within which the true mean occurs if the sample is representative, which is 
expected of about 80 out of 100 samples. The upper limit of the 80% CI is then 
compared with the appropriate regulatory threshold. If the upper limit is less than the 
regulatory threshold, the chemical contaminant is not considered to be present in the 
waste at a hazardous level. • 

The upper limit of the 80% CI was determined for each of the 14 regulated 
constituents detected in the RLWTP influent (Table 2.1) from December 1988 through 
May 1992. The upper limit of the 80% Cis for alJ contaminants of concern were found 
to be less than the respective regulatory thresholds (40 CFR 261.3). Thus, none of the 
chemical contaminants are considered to be present in the RL wrP influent at a 
hazardous level. 

2.2 Current Influent Sampllna 

2.2.1 Influent Sample Collection by Positive-Displacement Autosamplin& 

The data resulting from analysis of samples collected by the Manning autosampler 
provide no indication of the presence of regulated constituents (VOCs/SVOCs) in the 
RL wrP influent above the 1 ppm or 25 ppm regulatory limits, as defmed in 40 CFR 
261.3(a)(2)(iv)(A) and (A)(2)(1v)(B), from December 1988 through May 1992. A 
second autosampler, manufactured by ISCO, was installed in May 1992. The ISCO 
autosampler was installed to provide further defmitive evidence that the RL wrP 
influent is not hazardous. The ISCO autosampler draws time-composited samples by 
positive displacement, as opposed to the Manning which uses a vacuum pump to draw 
samples. The ISCO autosampler also composites samples in a sealed, refrigerated 
vessel. The potential for volatilization of VOCs or SVOCs from the ISCO samples is 
minimal. 

2.2.2 Reaulatory Review of Acceptable Sample Collection Methods 

RCRA regulations and SW-846 were reviewed to ensure that the results obtained 
from the ISCO autosampler are acceptable to regulatory agencies. ~ere is no RCRA 
regulation that specifies acceptable or unacceptable autosampbng methods for 

2-5 



• 

wastewater sample collection. However, compliance with SW-846, Sampling 
Considerations (Section 4.1) for organic analytes is required by 40 CFR 261 Appendix 
m. The referenced section of SW-846 addresses the necessity of sealing the collected 
samples in screw-cap jars or vials with Teflon-lined caps, but does not specifically 
address autosampler collection or compositing methods. 

Section 9.2.2.4 of SW-846 describes use of vacuum pumps and positive 
displacement pumps for sample collection. The description of vacuum pumps states 
"their use may result in out-gassing of dissolved gasses or volatile organics and is 
therefore limited in many sampling applications". The description of positive 
displacement pumps states "the potential for aerating or stripping volatile organics" is 
minimized. 

No definitive statement on the acceptability of autosampling technique was found in 
RCRA regulations or SW-846. However, the requirements for use of sealed jars or 
vials for collection of organic samples, and the description of positive-disp~acement 
pumps make it clear that the ISCO autosampler collection method is acceptable to 
regulatory agencies. 

2.2.3 Triple Parallel Influent Samplin& Protocol 

The ISCO autosampler was utilized in lieu of the Manning autosampler from May 
1992 to February 1993. From February 1993 through May 1993, both autosamplers 
were used simultaneously. Parallel samples were collected during this 4-month period 
with the objective of determining the validity the Manning data collected from 
December 1988 through May 1992. Concurrent with the ISCO and Manning sample 
collection, plant samples were collected, via the sampling port in the line between the 
75,000-gallon tank and the clarifiers. The plant samples were collected primarily as 
additional validation of historical data. The plant samples reflect the extended 
residence time and agitation of the RLWTP influent in the 75,000-gallon 
equalization/neutralization tank prior to sampling (in contrast to the ISCO and Manning 
samples), and provide representation of the maximum VOC/SVOC concentrations 
reaching the treatment process. This protocol was referred to as triple-parallel sample 
collection. 

2.2.4 Triple-Parallel Protocol Samplin& Results 

Fifty-five sets of samples from the ISCO and Manning autosamplers, and 
immediately downstream from the 75,000-gallon tank (plant samples) were collected 
and analyzed from February to May 1993. Six compounds which could have 
originated as RCRA F-listed wastes were detected. These compounds were 2-
butanone, carbon disulfide, methylene chloride, toluene, chlorobenzene, and 1, 1, !
trichloroethane. A total of 97 detections of these compounds were reported for the 55 
Manning, 55 ISCO, and SS plant samples, and are summarized in Table 2.3. No 
detections of regulated constituents were above regulatory limits. 

2.2.5 Evaluation of Triple Parallel Sampling Results 

2.2.5.1 Manning and ISCO Parallel Samplin& Results 

In order to determine if the Manning and ISCO autosamfler sampling results can be 
considered statistically equivalent during the performance o the triple-parallel sampling 
protocol (thus validating the historical influent data), the data were analyzed usmg a 
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paired-sample t test. As summarized in Table 2.3, the detections of compounds that 
could have originated as RCRA listed wastes in the RLWTP were detected relatively 
infrequently throughout the triple-parallel sampling period. The compound most 
frequently detected in both the Manning and ISCO samples was acetone. Acetone is 
not an FOOl-listed chemical, but its frequency of detection provides the best data for 
statistical analysis. Sampling and analysis data, and the t test calculations are presented 
in Appendix B. 

It can be concluded, based on the results of the paired-sample t test, that the 
Manning and ISCO autosamplers provide equivalent analytical results, at a statistical 
confidence interval of 95 percent. There is no indication that VOCs or SVOCs were 
lost from the historical (i.e., Manning) samples. 

2.2.!.2 Plant Sample Results vs. ISCO Results 

In addition to the Manning and ISCO samples collected upstream from the 75,000-
gallon tank, a third plant sample from the port in the line between the 75,000-gallon 
tank and the clarifiers was also collected in parallel. While the analytical results from 
the plant samples are not directly comparable to the Manning and ISCO samples, 
results obtained from the plant samples were evaluated to demonstrate that the plant 
sample results are not significantly different from the Manning and ISCO results. 
Comparable results for plant and influent samples validate the historical plant sampling 
results and verify the conclusion that no volatilization of regulated constituents occurs, 
even in the 75,000-gallon equalization/neutralization tank, which is continuously 
stirred, open to the atmosphere. This conclusion also provides additional support for 
the case that regulated constituents are not and historically have not been present in the 
RL WTP influent at concentrations warranting regulation as hazardous waste. 

A paired-sample t test analysis was performed on the detected concentrations of 
acetone in the plant and ISCO autosampler samples. Acetone again provided the 
largest number of detections, and the thus the best statistical basis for evaluation. The 
paired-sample t test revealed that the ISCO and plant sample acetone results are 
statistically equivalent (at a 95 percent confidence interval). There is no evidence that 
regulated constituents volatilize at the 75,000-gallon tank. 

2.3 Administrative Controls 
Administrative controls to prevent discharge of regulated constituents to the RL WCS 

have been in place prior to, during, and after the period .of accumulation of suspected 
mixed waste sludge. The primary administrative control is Administrative Requirement 
(AR) 10-1 (Appendix A), which was established in 1984, and reissued without 
substantial change in content in 1991. The objective of AR-10-1 is to define the 
requirements to minimize generation of radioactive liquid waste and keep the leve~ of 
radioactivity as low as reasonably achievable. AR-10-1 requires the preparation, 
review, and am>roval of standard operating procedures (SOPs) for genera~on and 
handling of radioactive liquid waste, and specifically states that • so~vents, oils, and 
certain liquid chemical waste must not be discarded mto sinks or drams coMected to 
the radioactive liquid waste pipeline. • 

A facility-wide search and review of SOPs was conducted in 199.1 by LANL EM-7. 
The conclusion of this review was that •throughout the lab, spec1fic procedures are 
documented and practiced that preclude the introduction of hazardous waste 
constituents into the liquid radioactive waste sewer• (Lindsay, LANL EM-7, 1991). 
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TABLE 2.3 
Summary of VOC and SVOC Sampling Results 

RLWTP Triple Parallel Influent Sample Collection 
February 1993 Through May 1993 

COMPOUND a/ NONDETECTIONS b/ DETECTIONS 
F list M I I p M I I 

methylene chloride F001 46 47 25 9 8 
1, 1,1 -trichloroethane F001 53 54 54 2 1 
chlorobenzene F002 52 53 51 3 2 
toluene F005 54 54 54 1 1 
2-butanone F005 54 53 53 1 2 
carbon disulfide FOOS 45 4;2 49 10 13 
acetone a/ 17 15 1 38 40 

a/ All compounds listed, except acetone, are those found on the RCRA F lists, 
and detected in the RLWTF influent. Acetone is not a chemical of concern in the 
RLWTF influent, however detections of acetone provide the best database for 
statistical comparison of triple parallel samples. 

b/ M = Manning autosampler; I • ISCO autosampler; P = plant samples. 

p 
30 d/ 

1 
4 
1 
2 
6 

54 

c/ Regulatory limit is 25 parts per million for all compounds [40 CFR 261.3(a)(2)(iv)(B)]. 

d/ Plant sampling detections of methylene chloride may be due to (1) process addition 
of chlorinated water, (2) chlorides present in neutralization chemical additives, 
or, (3) other anomalous conditions. 

. 2-8 

DETECTIONS AT OR 
ABOVE REG. LIMIT c/ 

M I 
I p 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 



• 

2.4 PHASE 1 CONCLUSIONS 
The number of influent samples (i.e., 33) collected from December 1988 through 

May 1992 was appropriate, per SW-846, to characterize the RLWTP influent. 
The upper limits of the SO-percent Cis for each detected regulated constituent were 

found to be below their respective regulatory thresholds. None of the regulated 
constituents detected were present at hazardous levels, per SW-846. 

The triple-parallel sampling protocol, undertaken from February to May 1993, 
reveals that the Manning and ISCO influent sample analytical results are statistically 
equivalent. This conclusion validates the historical (December 1988 through May 
1992) Manning sampling results. 

The triple-parallel sampling protocol also reveals that the plant sample results are 
equivalent to the ISCO results. This conclusion validates the historical plant sampling 
results. The sampling and analysis data demonstrate that the RLWTP influent is not a 
hazardous waste, therefore the sludge is not derived from treatment of a hazardous 
waste. 

Administrative requirements and SOPs were in place prior to and throughout the 
time period of suspected mixed waste accumulation, and have effectively prevented the 
introduction of regulated constituents into the RLWCS. · 

The cost of relabeling and disposing of the sludge as LLRW was estimated by 
LANL Waste Management Division (EM-7) at $165,776 (LANL EM-7, 1991). 
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2.5 PHASE 1 RECO:MMENDA TIONS 
The historical data has been proven to provide appropriate characterization of the 

RL WTP influent, and demo~strates that the RL WTP was not a hazardous waste stream. 
The triple-parallel sampling protocol provided validation of the historical data. The 
RLWTP influent is not currently, and has not in the past been managed as hazardous 
waste. Since the RL WTP sludge, accumulated from December 1988 through 
December 1992, was not derived from treatment of hazardous waste, it should not be 
labeled as mixed waste. 

The Phase 1 sampling results and conclusions should be provided to LANL Waste 
Management EM-7 upper management for review and determinatioa of the appropriate 
course of action. EM-7 will be responsible for determining th~ LANL approval 
signature chain prior to submission of a plan to relabel the RLWTP sludge to the U.S. 
Department of Energy (DOE), New Mexico Environment Department (NMED), and 
EPA. 
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3.0 PHASE 2 • MASS BALANCE STUDY 

3.1 Regulatory Basis for Mass Balance Study 
In order to demonstrate that the RL WTP sludge is not a mixed waste, the sludge 

must be shown not to fit any of the definitions of hazardous waste. RCRA regulates 
waste as hazardous if the waste (1) is specifically listed in regulations [40 CFR 261, 
Subpart D), (2) is a mixture of listed hazardous wastes and other solid wastes (40 CFR 
261.3(a)(2)(iv)], (3) is derived from treatment of listed hazardous wastes [40 CFR 
261.3(c)(2)(i)], or (4) exhibits the characteristics of ignitability, reactivity, corrosivity, 
or toxicity (40 CFR 261, subpart C). As the RLWTP effluent sludge is clearly not a 
listed hazardous waste, or a mixture of listed hazardous wastes with other solid wastes, 
and does not exhibit any of the characteristics of hazardous waste, (see Phase 1 
discussions), the sludge must only be shown not to be derived from treatment of listed 
hazardous wastes (Brown, 1993). The conclusion that the sludge is not derived from 
treatment of hazardous wastes can be reached if the RL WTP influent is excluded from 
the definition of hazardous waste. 

Regulatory exclusions from the definition of hazardous waste that are potentially 
applicable to the RLWTP influent are found in the 40 CFR 261.3. Specifically, 40 
CFR 261.3 (a)(2)(iv)(A) and (a)(2)(iv)(B) cover exclusions of • ... spent 
solvents ... provided that the maximum total weekly usage of these solvents (other than 
the amount that can be demonstrated not to be discharged to the wastewater) divided by 
the average weekly flow of wastewater into the headworks of the facility's wastewater 
treatment plant or pretreatment system does not exceed one part per million • for carbon 
tetrachloride, tetachloroethylene, or trichloroethylene [40 CFR 261.3 (a)(2)(iv)(A)], or 
25 parts per million (ppm) of the following spent solvents: methylene chloride; 1, 1, !
trichloroethane; chlorobenzene; cresols; cresylic acid; nitrobenzene; toluene; methyl 
ethyl ketone; carbon disulfide; isobutanol; pyridine; and spent chlorofluorocarbon 
solvents [40 CFR 261.3 (a)(2)(iv)(B)]. 

These exclusions from definition as hazardous waste provide justification for 
relabeling the 1.252 sludge drums, accumulated from December 1988 through May 
1992, from suspected mixed waste to LLRW. If the RLWTP influent can be shown to 
be excluded by mass balance analysis (i.e., calculation and/or records showing the 
mass of spent solvents that reach the RLWTP headworks), then the effluent sludge can 
also be shown to excluded from all definitions of hazardous waste. 

3.2 Strate&)' for the Mass Balance Study 
The data needed for a regulated constituent mass balance evaluation of the RL WTP 

influent include: 

(1) maximum total weekly usage of solvents in all locations that discharge into the 
RLWCS; 

(2) mass of solvents that can be demonstrated not to have been discharged to the 
RLWCS; and 

(3) average weekly flow of wastewater through the RL WTP. 
The mass of solvents reaching the RL WTP headworks can be determined by 

subtracting solvents used but not discharged (item 2 above) from total weekly solvent 
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usage (item 1). The weekly mass of solvents reaching the headworks can then be 
divided by total weekly wastewater volume (item 3) to determine the maximum 
concentration of spent solvents in the influent stream. Assuming availability of reliable 
records of solvent usage and total wastewater flow for the time period in question, the 
resulting mass balance could be used to justify relabeling the suspected mixed waste 
sludge drums as LLRW, under the exclusions from the definition of hazardous waste, 
cited above. 

3.3 Summary and Evaluation of Previously Performed Studies 
Previously performed and current studies were examined for potential relevance to 

the historical characterization of the RL WTP influent. The parties involved in these 
studies were interviewed to determine the scope and timeframe of the studies. 
Documentation generated by these studies was also reviewed. Each study is briefly 
described and evaluated for its potential relevance to an RLWTP influent mass balance 
below. The purpose of the mass balance calculation is to demonstrate that RCRA-listed 
FOOl wastes were not present in the RLWTP influent stream during the period of 
accumulation of suspected mixed waste sludge, at concentrations warranting 
identification of the sludge as mixed waste. Studies that were examined through 
interview and/or documentation review include: 

- LANL EM-8 Waste Stream Characterization Study 

- NPDES Compliance Reports 

- International Technologies Corp. (IT) Study 

- LANL EM-7 Waste Stream Forecasts 

- Automated Chemical Inventory System 

3.3.1 Waste Stream Characterization Study 
A waste stream characterization study is being performed by Santa Fe Engineering 

for LANL Environmental Protection Group (EM-8). The purpose of this study is to 
identify the final disposition of all waste streams (i.e., treatment or discharge to the 
environment) to comply with an EPA administrative order. The administrative order 
was issued due to lack of adequate information on LANL's NPDES permit application. 
Under the order, LANL is required to demonstrate that LLRW is not reaching the 
sanitary sewer system, that sanitary sewer wastes are being appropriately treated, and 
that wastewater discharges to the environment are being eliminated. This study 
involves dye tracing to map laboratory drains to their final outfall. Mike Saladen, of 
LANL EM-8, provided information on the waste stream characterization study. 

This study is not relevant to RL WTP influent mass balance study, because it does 
not provide identification and concentrations of chemical constituents in the waste 
streams. Its main purpose is to generate a map of sanitary and LLRW drain systems, 
and show where drain system modifications are necessary. It does not contah1 data 
indicative of the total weekly use of solvents, the mass of solvents that were not 
discharged to the RLWCS, or average weekly wastewater flow. 
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3.3.2 NPDES Compliance Reports 
The RLWTP liquid effluent is sampled and analyzed monthly for compliance with 

NPD~ dischar'e permit limitations. The discharge pe!J11it requ~res analysis for ammonia, chenucal oxygen demand, total suspended sohds, cadnuum, chromium 
copper, iron, zinc, and total toxic organics. RLWTP influent and sludge are not 
required to be sampled under the NPDES program. Information on NPDES 
compliance reports was obtained from Steve Rae, of LANL EM-8. 

NPDES compliance reports are not relevant to RLWTP influent mass balance study, 
because analyses for the RCRA F-()()1 listed compounds of concern are not required or 
performed. Even if the compounds of concern were routinely analyzed in the liquid effluent, an assumption would have to be made regarding the partitioning of regulated 
constituents between the RL WTP sludge and liquid effluent discharge to reach a 
conclusion about concentrations of regulated constituents in the RL WTP influent. None of the data needed for an RL WTP influent mass balance are provided by NPDES 
compliance reports. 

3.3.3 IT Study 
The IT study was performed in 1991, and involved a survey of Technical Areas to 

determine if hazardous waste could possibly be disch8Jled to the RLWCS. Laboratories were visited, and personnel were interviewed wtth regard to chemical 
waste disposal practices. Documentation generated by IT was provided by Bill 
Midkiff, LANL EM-7. 

The IT study data are not relevant to RLWTP sludge contaminant mass balance. 
Chemical waste quantities and concentrations discharged to the RL WTP drain system 
were not determined. The time period of the IT study covers only a portion of the 
period of accumulation of suspected mixed waste sludge drums. Additionally, evidence 
of hazardous chemical discharge to the RLWCS presented in the IT study is anecdotal, 
and due to the lack of detail in documentation would be difficult to substantiate. 

3.3.4 LANL EM-7 Waste Stream Forecasts 
Several other studies are ongoing. They include an EM-7 study to identify potential 

near-term future changes in the low-level radioactive constituents in the RL WCS. 
Information for this study is confined to LLRW only, and is being gathered by 
surveying RLWTP •users•. A 50-year look-ahead study is also being conducted by 
survey to determine future RL WTP operations requirements. As both these studies are 
intended to forecast future needs, they are not relevant to the RL WTP suspected mixed 
waste sludge currently in storage. Information on these studies was provided by Steve 
Hanson and Mort Sanders. 

3.3 • .5 Automated Chemical Inventory System 
The automated chemical inventory system (ACIS) is a computer database, 

established in February 1993. The purpose of establishing the database was primarily 
to document sitewide chemical information for Superfund Amendment& and 
Reauthorization Act (SARA) Title 3 •public's right to know• requirements. All 
chemicals purchased by LANL are tracked by ACIS through three n:ceiving stations to 
their point of use. ACIS is currently used to generate annual chenucal usage r~J?Orts. 
and is capable of providing a wide variety of other reports. ACIS has the capability of 
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recording daily chemical usage, but is not currently being used for daily reporting. 
ACIS was established in February 1993. There is no plan to enter historical data into 
ACIS. Tim Martinez, of LANL Automated Data Processing, provided ACIS 
information. 

ACIS data are not relevant to RL WTP influent mass balance for several reasons. 
First the timeframe of data collection does not coincide with the timeframe of concern 
for the RLWTP sludge drum accumulation. Second, ACIS does not show process 
usage of chemicals versus chemical waste discharged into drains. Thus, ACIS data can 
not be used as a basis for a mass balance. The chemical quantities used or 
demonstrated not to be discharged to the drain system, and chemical quantities 
discharged to drains would be estimates that could not be substantiated using available 
data. 
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3.4 PHASE l CONCLUSIONS 
All potentially relevant studies were reviewed by examination of documents or by 

interviewing people involved with the performance of the studies. The completeness of 
the review effort was confirmed in discussions with Juan Corpion, of LANL EM-8. 

The previous studies reviewed do not provide a defensible data base for a mass 
balance analysis of historical RL WTP influent. Historical data are inadequate to 
determine the maximum weekly usage of solvents in all locations that contribute to the 
RL WTP influent, and to determine the mass of solvents that can be demonstrated not to 
have been discharged to the RLWTP. The only data that are available and needed for 
the historical mass balance are the average weekly flows of wastewater through the 
RLWTP. 

Ongoing database development efforts and waste stream characterizations do not 
support the use of a mass balance as a defensible means of relabeling the RL WTP 
suspected mixed waste sludge. Given the continuing change in missions and operations 
(i.e., changes in chemical use) of individual laboratories on the RLWCS, current 
studies will not provide relevant data relating to the identification and concentrations of 
regulated constituents present in the suspected mixed waste sludge drums, that are in 
storage. 
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3.5 PHASE 2 RECOMMENDATIONS 
The case for relabeling the suspected mixed waste drums through historical mass 

balance is not defensible and should not be considered further . 
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4.0 PHASE 3 - HAZARDOUS WASTE DELISTING AND DISPOSAL OPTIONS 

Phase 3 of this study describes the process of petitioning EPA for deli sting of hazardous 
waste. Once delisted, a hazardous waste may be managed as a solid waste. In the case of 
the RLWTP sludge, once delisted, the sludge can be managed as LLRW and disposed of in 
theTA-54 LLRW landfill. In the following sections, the delisting process is summarized, 
a schedule for delisting the RL WTP sludge is developed, and the cost of delisting is 
estimated. 

Cost estimates have also been developed for disposing of the RLWTP sludge as mixed 
waste, onsite and offsite. Disposal as mixed waste is the final option for managing the 
RLWTP sludge, and should only be pursued in the event that a delisting petition is 
prepared, and denied by EPA. 

Regulatory Basis for Delistin& 

Wastes are regulated under RCRA as hazardous if they fit any of the following criteria: 

- The waste is specifically listed in 40 CFR 261, Subpart D; 

- The waste is a mixture of hazardous and solid waste [40 CFR 261.3(a)(2)(iv)]; 

- The waste is derived from treatment of hazardous waste [40 CFR 261.3(c)(2)(i)]; or 

- The waste exhibits any one or more of the characteristics of ignitability, corrosivity, 
reactivity, or toxicity (40 CFR 261, Subpart C). 

The RL WTP sludge is not a mixture of hazardous and solid waste. Evaluation of 
RL WTP influent sampling results (Phase 1 of this study) show that the RL WTP sludge is 
not derived from treatment of hazardous waste. The RL WTP sludge is not ignitable, due 
to its high water content. No corrosive or reactive constituents are present in the RL WTP 
treatment process, and monthly sampling and analysis of the sludge show that it does not 
exhibit the toxicity characteristic. The stored RLWTP sludge is however labeled as a listed 
waste. 

Listed wastes were broadly defined by EPA to ensure that wastes containing toxic or 
carcinogenic constituents, wastes exhibiting hazardous characteristics, and/or wastes that 
cause specific detrimental environmental effects would be regulated. However, EPA also 
recognized that a listed waste at a particular facility may not be hazardous. Therefore, 
EPA established a procedure for excluding or "delisting" specific listed wastes. The 
delisting procedure is found in 40 CFR 260.20 and 260.22 (EPA, 1993). 

4.1 Overview of the Delistln& Process 

Preparation of a delisting petition involves examination of the waste-generating process, 
identification of regulated constituents that could be present in the waste, preparation of a 
sampling plan and subsequent waste sampling, laboratory analysis of the waste samples, 
and preparation of the delisting petition, based on the above information. EPA has 
published Petitions to Delist Hazardous Wastes, A Guidance Manual (EPA/530-R-93-007, 
March 1993), to provide detailed instructions on the delisting process. General 
information on the time frames associated with completing the petition, agency review, and 
rulemaking are also provided in the delisting guidance manual. 
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4.2 Past Delisting Efforts 

Hazardous wastes that have been excluded from regulation through the delisting process 
are described in 40 CFR 261 Appendix IX. Several wastes similar to the RLWTP sludge 
have been successfully delisted (Brown 1993). One ruling is of particular relevance to the 
RL WTP sludges. Eastman Kodak Company petitioned EPA to delist sludge generated 
from an industrial wastewater treatment facility. Kodak had identified their sludge as 
hazardous due to trace concentrations of spent solvents in treatment plant influent. In 
reviewing Kodak's delisting petition EPA concluded that the sludge effluent from Kodak's 
wastewater treatment plant was excluded from regulation because regulated constituents 
were not detectable in the sludge, and the concentrations of regulated constituents at the 
treatment plant headworks were below regulatory thresholds, as defined in 40 CFR 
261.3(a)(2)(iv)(B). The RLWTP sludge is analogous to Kodak's successfully delisted 
sludge, and it is highly probable that EPA would grant an exclusion for the RLWTP 
sludge, if petitioned. 

4.3 Delistlng Process Schedule Development 

This section provides the schedule, man-hour estimate, and cost estimate for delisting 
the RLWTP sludges. Figure 4.1 provides a schedule for delisting the RLWTP sludges 
currently classified as mixed waste. The schedule consists of two main components: (1) 
preparation of the delisting petition; and (2) EPA review and rulemaking. The schedule is 
based on the guidance provided by EPA on preparing delisting petitions (EPA, 1993). 
Work elements are derived from the EPA delisting guidance requirements. The rationale 
for the schedule durations, man-hour loading, technical expertise and personnel 
requirements, and subtask scope are provided in the following paragraphs. 

4.3.1 Preparation of the Delisting Petition 

Preparation of the delisting petition is the responsibility of the waste-generating facility 
owner or operator. Development of the RL WTP sludge delisting cost estimate assumes the 
following: 

- The cost associated with continued storage of the RL WTP sludge as mixed waste 
throughout the delisting process is estimated at $65,100 per year, plus 5% annual 
escalation (Kelly, 1993); 

- The cost associated with disposal of the RL WTP sludge onsite as LLRW, when the 
delisting petition is approved is estimated at $182,768. This cost is based on a 1991 
estimate (LANL EM-7, 1991), plus 5% annual escalation for two years; 

- A standard labor rate of $70 per hour is assumed for all University and subcontractor 
persoMel involved in the delisting petition preparation; 

- Cost estimates for DOE personnel are not provided; 

- One man-month is equivalent to 173 man-hours; 

- The man-hour cost estimate is based on anticipated full-time equivalents necessary to 
perform the schedule subtasks; and 

- The schedule developed assumes a start date of January 3, 1994. The task durations will 
remain the same if the start date is changed. 
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Task 1.1 Compile Waste Mana cement History 
This task includes assembling information such as the regulatory basis for delisting; 

waste volumes and waste generating periods; past and present waste management methods, 
including disposal and storage; waste physical characteristics; and other background 
information necessary to give EPA a complete understanding of waste management 
practices. The bulk of this information is readily available. Therefore, this task consists 
mainly of presenting waste management history in a concise format. 

Manhours Required - 80 
Task Duration - 3 weeks 
Labor Cost - $5,600 
Other Costs- Not applicable (N/A) 
Technical Expertise Required - Waste Operations Engineer familiar with RL WTP 

past and present operations. 

Task 1.2 Compile Process Infonnation 
This task includes assembling waste generation and treatment process information. 

General information required includes facility business areas; products produced; 
production equipment specifications; materials used in the production process; regulatory 
status (RCRA permits, NPDES permits); waste processing description and schematics; 
waste processing equipment specifications; description of waste processing operations; and 
a description of waste management units. As with task 1.1 above, most of this information 
is readily available. Therefore, this task consists mainly of presenting the information in a 
concise and complete format. 

Manhours Required - 86 
Task Duration - 5 weeks 
Labor Cost- $6,020 
Other Costs - N/ A 
Technical Expertise Required - Waste Operations Engineer familiar with RL WTP 

past and present operations, Chemical Process Engineer, Regulatory Compliance 
Specialist. 

Task 1 .3 Develop Analvtigl Plan 
Delisting petitions are required to contain analytical information from the waste being 

delisted. Following assembly of production and waste processing information, an 
analytical plan that identifies the constituents of concern and EPA-approved analytical 
methods is prepared. The waste-generating process is used as a basis for establishing 
constituents of concern. An engineering analysis of the waste generating process and the 
waste treatment process is required to ensure that the constituents of concern are 
appropriately identified. A pre-analytical meeting with DOE will also be planned and 
scheduled as part of this task. 40 manhours of preparation, and travel costs for a two-day 
meeting are included. The analysis plan also includes quality control (QC) protocols. 

Manhours Required - 250 
Task Duration - 3 weeks 
Labor Cost- $17,500 
Other Costs- travel for meeting with DOE, $2,000 
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Technical Expertise Required - Waste Operations Engineer familiar with RLWTP past and present operations, Analytical Chemist familiar with SW-846 (EPA, 1986) analytical methods, QC Chemist familiar with data quality and data validation methods. Task 1 .4 Develop Sampling Plan 
A sampling plan must be included as part of the delisting petition. The sampling plan must include objectives, number of drums to be sampled, field sampling techniques, sampling personnel (sampling personnel must be qualified to perform the sampling), and sampling strategies to be employed. SW -846 (EPA, 1986) provides guidance on the number of samples required to appropriately characterize the waste, and sludge drum sampling techniques. Special health and safety procedures related to the low-level radioactive component of the RLWTP sludge should also be developed, to ensure that "as low as reasonably achievable" (ALARA) radiation exposure guidelines are met. Guidance for development of a sampling and analysis plan for the RL WTP sludge drums is provided in Appendix D of this study. 

Manhours Required - 432 
Task Duration - S weeks 
Labor Cost- $30,240 
Other Costs - N/ A 
Technical Expertise Required - Two Hazardous Waste Sampling Specialists familiar with drum and sludge sampling, Radiation Control Technician, Senior Technical Specialist familiar with sampling strategies employed for drum sampling. 

Task 1.5 Agency Revjew of Sampling and Analysis Plan EPA • s delisting guidance manual recommends that the Sampling and Analysis Plan (SAP) be provided to EPA or State regulatory agency for preliminary review, before conducting waste sampling. The agency will provide comments on the development of the SAP, and recommend ways to improve the sampling and analysis. Preliminary agency review of the SAP, and revision of the SAP if necessary, avoids the risk of resampling and reanalyzing the waste if the SAP and results are found to be incomplete during review of the petition by the agency. There are no labor or other costs associated with this task. Task Duration - 7 weeks 
Task 1 .6 Finalize Sampling and Analysis Plan Following agency review of the sampling and analysis plan, comments will be incorporated. 

Manhours Required - 173 
Task Duration - 3 weeks 
Labor Cost- $12,110 
Other Costs - N/ A 
Technical Expertise Required- Analytical Chemist, Two Hazardous Waste Sampling Specialists familiar with drum and sludge sampling 

Task 1.7 Conduct Waste Sampling Once the SAP is finalized, the drums will be sampled. Sampling is completed by personnel familiar with hazardous waste sampling, sampling protocol, sample holding times, and other constraints. Based on experience conducting drum characterization, the following estimate is provided. 
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Manhours Required - 1 ,238 
Task Duration - 5 weeks 
Labor Cost- $86,660 
Other Costs- Sampling Equipment- $2,500 - PersoMel Protective Equipment- $2,500 - Air Monitoring Equipment - $500 - Radiation Protection Equipment - $500 Technical Expertise Required - Health and Safety Specialist familiar with radiation protection and hazardous waste field operations, Radiation Control Technician, Field Sampling Supervisor with experience leading field sampling teams, four field sampling technicians familiar with drum sampling techniques. All personnel must have OSHA 40-hour training for hazardous waste sites (29 CFR 191 0). 

Task 1.8 Laboratory Analysis/Data Validation Waste samples are analyzed by a laboratory familiar with SW-846 methods. The laboratory must have an approved QC program that meets the data quality requirements outlined in the SAP. Analytical results are validated against the data quality requirements to ensure results will be acceptable to EPA. 
Manhours Required- 1,038 Task Duration - 15 weeks 

Labor Cost - $72,660 
Other Costs- Analytical Laboratory- $60,000 Technical Expertise Required - Two Data Validation Chemists with experience in data validation of analytical data from SW-846 methods (EPA, 1986). Chemists must be familiar with analytical methods for metals, volatile organics, Toxicity Characteristic Leaching Procedure (TCLP), semi-volatile organics, and other methods identified in the SAP. 

Task 1 .9 Prepare Draft Petjtjon 
. When validated results from the waste sampling and analysis are returned from the laboratory, the results will be tabulated and reduced, and the formal petition will be prepared for internal LANL review. The petition will include all of the information gathered during performance of the previous tasks, and will follow the EPA guidance. EPA provides a checklist of requested petition information in the delisting guidance manual (EPA, 1993). This checklist should be used to facilitate internal review and to ensure that all requested information is presented. 

Manhours Required - 778 
Task Duration - 7 weeks 
Labor Cost - $54,460 
Other Costs - N/ A 
Technical Expertise Required - Chemical Process Engineer familiar with RL wrP operations, two Regulatory Compliance Specialists familiar with delisting petitions and RCRA regulations. 
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Task 1.10 LANL Internal Review 
The Laboratory will review the petition internally before transmittal to DOE for review. 

Manhours Required - 173 
Task Duration - 3 weeks 
Labor Cost- $12,110 
Other Costs - N/ A 
Technical Expertise Required - Personnel familiar with the RL wrP operation, 

regulatory compliance, chemical analysis, and waste sampling. 
Task 1.11 Prepare Draft flnal Petition 
This task includes incorporation of comments resulting from the LANL internal review 

of the draft delisting petition. 

Manhours Required - 80 
Task Duration - 3 weeks 

. Labor Cost - $5,600 
Other Costs - N/ A 
Technical Expertise Required - Regulatory Compliance Specialist familiar with 

delisting petitions. 

Task 1.12 DOE Review 
The DOE Los Alamos Area office and Albuquerque Field office will review the 

delisting petition before it is transmitted to EPA. There are no costs estimated for this 
task. 

Task Duration - 8 weeks 

Task 1.13 Prepare flnal Delisting Petition 
This task includes incorporation of comments from the DOE Los Alamos Area Office 

and Albuquerque Field Office into the delisting petition. 

Manhours Required- 80 
Task Duration - 5 weeks 
Labor Cost - $5,600 
Other Costs - N/ A 
Technical Expertise Required - Regulatory Compliance Specialist familiar with 

delisting petitions. 

Task 1.14 Submit flnal Delisting Petition 
This task is a milestone for scheduling purposes. Based on this schedule, the delisting 

petition will be submitted twelve months following initiation of delisting activities. There 
are no costs associated with this task. 
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4.3.2 Delistin& Petition Preparation Duration, Cost, and Manhour Summary 

Total estimated duration, manhours, labor costs, and other costs associated with 
delisting the RL WTP sludge are summarized as follows: 

Petition Pre.paration. EPA review and approval: 
Petition Preparation Duration - 1 year~ 1 month 
EPA Review and Approval Duration - 2 years, 4 months 
Total Labor Hours - 4,624 
Total Labor Cost- $323,680 
Total Other Costs- $68,000 
Total Petition Preparation Cost- $391,680 

Mixed waste storage cost for duration of petition process - $236,640 
Final disposal as LLRW when petition is approved - $182,768 

Total petition preparation, storage, and disposal- $811,088. 

4.3.3 Aaency Review and Rulemakin& 

Following submittal of the delisting petition to EPA, a final decision is typically reached 
in approximately two years (EPA, 1993). The work elements associated with EPA review 
of the deli sting petition are presented in Figure 4.1 as Task 2.0. After submittal, EPA will 
assign a reviewer, and a completeness review will be conducted (Task 2. 1). The 
completeness review will ensure that the information submitted in the petition is sufficient 
to allow EPA to make a decision on whether the waste can or cannot be delisted. EPA will 
determine if additional information is required, and request such information from LANL. 
If EPA determines that gathering data identified as insufficient during the completeness 
review will take 6 months or longer, the petition will be dismissed, and the deli sting 
process starts over. Therefore, it is imperative that the information submitted with the 
petition be complet-: 3J1d undergo rigorous review prior to submittal. 

LANL may be requested to submit additional information to EPA after the completeness 
review. For the purpose of estimating costs it was assumed that one LANL staff member 
will devote 216 hours over a period of five months, to provide additional information to 
EPA in response to the completeness review. The cost for this effort is estimated at 
$15,120. After responding to all EPA requests for additional information, LANL 
personnel will no longer be involved in the delisting process, as EPA will have sufficient 
information to process the petition. · 

EPA will then conduct a technical assessment of the petition, including an analysis of 
the fate and transport mechanisms and health risks associated with the waste constituents. 
Based on this review and analysis, EPA will issue a decision for internal review. If the 
decision to delist the waste is negative, EPA will give LANL the opportunity to withdr .. ·" 
the petition to avoid publication of negative findings in the Federal Re&jster. A positive 
decision will undergo final review within EPA. Following EPA final review, the decision 
will be published in the Federal Rc&ister as a proposed rule. Publication as a proposed 
rule opens a public comment period of 45 days during which interested persons may submit 
written comments. After EPA addresses all public comments a final notice is published, 
and in most cases the delisting decision is effective on the date of publication. 
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4.3.4 Potential for "Fast-Track" Delistinl 

EPA's Waste Identification Branch, Hazardous Waste Delisting Section was contacted to 
determine if an accelerated delisting approval process exists for cases similar to the 
RL WTP sludge (i.e., significant evidence through knowledge of process, effective 
administrative controls, and historical sampling and analysis results showing that a waste is 
not hazardous). EPA indicated that review of delisting petitions is a formalized rulemaking 
procedure. Procedural review steps can not be skipped or shortened. The only 
opportunity to expedite the delisting review process is for the waste generator to provide a 
complete, concise petition ensuring relatively quick EPA completeness review, technical 
assessment, and final internal EPA review (personal communictllion, Chen, 1993). EPA 
would not estimate a minimum time frame for approval of such a petition. 

EPA recommends submittal of a preliminary SAP, prior to initiation of waste sampling 
and analysis to ensure that sampling and analysis methods, and results will be acceptable. 
Preliminary approval of the SAP reduces the probability that EPA will request additional 
information during the technical assessment of the petition. 

Finally, EPA indicated that there has never been a time period in which the petition 
review standards were less stringent than they are currently. EPA's Delisting Section 
typically has approximately 20 petitions at various points in the review process at all times, 
and all petitions receive equally rigorous review (personal communictllion, Chen, 1993). 

While the probability of successfully delisting the RLWTP sludge is high, based on the 
precedents of previously delisted wastes, RL WTP process knowledge, and existing 
historical sampling and analysis data, the duration of the delisting process can not be 
estimated at less than 3 years. 

4.4 Waste Disposal Options 

4.4.1 Onsite Disposal of the RLWTP Slud~:e Drums as LLRW 

Based on the discussions presented in Phases 1 and 3 of this study, the RLWTP sludge 
drums can be administratively relabeled as LLRW or delisted. After relabeling or 
delisting, the RLWTP sludge drums will be disposed of in LANL's LLRW landfill, at TA-
54. The cost of delisting and onsite disposal as LLRW is summarized in Section 4.3.2. 

The cost of relabeling is dependent upon LANL preparation, review, approval, and 
execution of a relabeling plan. As noted in the Phase 1 recommendations, LANL EM-7 
upper management will determine the approval signature chain for a relabeling plan. 
LANL also intends to inform and obtain concurrence from DOE, EPA, and NMED for 
label changes (LANL EM-7, 1991). The time periods to obtain LANL-intemal approval 
of, and agency concurrence with a relabeling plan are uncertain. However, the cost of 
relabeling will be significantly less than the cost of delisting. Relabeling eliminates 
delisting costs associated with: 

- preparation and review of an RL WTP sludge drum SAP, and execution of sampling and 
analysis, estimated at $282,370; 

- preparation and review of a delisting petition, estimated at $77, 770; and 
- continued storage of RL WTP sludge drums as mixed waste during LANL, DOE, and 
EPA delisting petition review periods of two and a half years, estimated at $236,640. 
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Assuming that a relabeling plan could be prepared in two man-months (346 hours), 
internally reviewed and approved in four man-weeks (160 hours), and executed in two 
man-months (346 hours), the cost of preparation and execution of a relabeling plan is 
estimated at $59,640. Adding the costs estimated for continued storage as mixed waste for 
a total of 12 months to obtain DOE, EPA, and NMED concurrence ($65, 100), and onsite 
disposal as LLRW ($182,768), the total cost for relabeling and onsite disposal is estimated 
at $307,508. 

4.4.1 Oosite Disposal as Mixed Waste 

In the unlikely event that a delisting petition is denied by EPA, or if LANL upper 
management wishes to forego the delisting process, the RL WI'P sludge could remain in 
storage until completion of a planned onsite mixed waste landfill. Construction of a mixed 
waste landfill is scheduled to begin in 1996 (Lussiez, 1992). Onsite disposal as mixed 
waste will require: 

- continued storage of the RL WI'P sludge drums as mixed waste until completion of the 
onsite mixed waste landfill; 

- development of a waste analysis plan, in accordance with Land Disposal Restrictions 
(LDRs) found in 40 CFR 268. 7; 

-sampling and analysis of the RLWI'P sludge to ensure that LOR treatment standards (40 
CFR 268, Subpart D) are met; and 

- treatment of the RLWI'P sludge prior to disposal, if LOR treatment standards are not 
met. 

The scheduled duration and estimated cost to (1) develop a waste analysis plan, (2) 
sample and analyze the waste, and (3) determine if LOR treatment standards are met, are 
similar to the development and implementation of the delisting SAP. Based on the 
schedule and cost developed for the delisting SAP, the time period for development and 
implementation of a waste analysis plan is estimated at nine months, at a cost of $282,370. 
The time period from initiation of waste analysis to fmal disposal of the RL WI'P sludge 
drums is primarily dependent upon the opening of the mixed waste landfill, but is 
estimated at four years. 

On site disposal as mixed waste avoids the costs of preparation and EPA approval of a 
delisting petition, however, the cost of continued storage until the onsite mixed waste 
landfill is open could be equal to or greater than the storage cost for the duration of the 
delisting process. The cost of disposal as mixed waste is estimated at $100 per cubic foot 
(personm communication, Parker, 1993), and the contents of the 1,252 RLWI'P sludge 
drums is estimated at 9,205 cubic feet, resulting in a mixed waste disposal cost of 
$920,500. The cost of using mixed waste landfill space for a waste that could very likely 
be delisted or relabeled and disposed of as LLRW is less tangible, but weighs against any 
cost advantage associated with not pursuing the delisting process. 

The cost of onsite disposal as mixed waste is estimated as follows: 

Preparation and implementation of waste analysis plan - $282,370 
Storage as mixed waste, for 4 years (minimum) - $280,589 
Disposal as mixed waste- $920,500 
Total cost of on site mixed waste disposal - $1 ,483,459. 
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4.4.3 Offsite Disposal as Mixed Waste 
In the unlikely event that a delisting petition is denied by EPA, or if LANL upper management wishes to forego the deli sting proetss, the RL WI'P sludge could be disposed of as mixed waste, at an offsite facility. Offsite disposal as mixed waste will require: 

- an exemption from DOE Order 5820.2A, Waste Management (Order 5820.2A requires all LLRW, including mixed waste, to be disposed of at DOE facilities); 
- development of descriptions of waste generating processes, and waste characteristics; 
- sampling and analysis to determine if the RL WI'P sludge meets the mixed waste disposal facility's waste acceptance criteria; 

-pretreatment of the RLWI'P sludge, in the event that sampling and analysis reveals that the sludge does not meet waste acceptance criteria; 
- continued storage of the RL WI'P sludge drums as mixed waste until sampling and analysis is complete; and 

. - packaging and shipment of the RL WI'P sludge drums in accordance with Department of Transportation (DOT) regulations found in 49 CFR 171-179. 
4.4.3.1 Exemption from DOE Order 58lO.lA 
Obtaining an exemption from DOE Order 5820.2A will require: 

-description of the waste, to ensure that the waste is in compliance with the offsite disposal facility's licenses; 

-a National Environmental Policy Act (NEPA) analysis of environmental issues related to waste preparation, transportation, treatment, and disposal; and 
- an audit of the offsite waste disposal facility that verifies the adequacy of all licenses and 
permits (Santa Fe Engineering, 1993). 

Envirocare of Utah, Inc. has obtained an exemption from DOE Order 5820.2A, allowing Envirocare to accept and dispose up to 100,000 cubic feet of waste per DOE site, 
without the audit requirement described above (personal communication, Parker, 1993). Envirocare is the only mixed waste disposal facility that is licensed to receive waste similar to the RLWTP sludge. The time period for development of waste characterization, and NEPA analysis is estimated at 9 months (Santa Fe Engineering, 1993). The cost associated 
with obtaining an exemption from DOE Order 5820.2A is estimated at $36,330, based on 3 man-months of required effort. 

4.4.3.2 Waste processina and waste characterization data 
The waste processing and waste characterization data required for acceptance at an 

offsite disposal site closely parallels the information that must be developed in support of a 
delisting petition. Examples of waste acceptance criteria and waste profile records were obtained from Envirocare of Utah, Inc., and are provided in Appendix D. Based on the 
time periods and costs estimated for the development of waste stream descriptions, SAP. 
and sampling and analysis for delisting, the parallel effort for offsite disposal as mixed 
waste has an estimated duration of 9 months, at a cost of $293,990 . 
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4.4.3.3 Pretreatment or RL WTP sludge 
RCRA LDRs (40 CFR 268 SUbpart D) provide required treatment standards that must 

be met before a listed waste can be land disposed. Standards are provided for constituent 
concentrations in waste extract, as determined through TCLP. Treatment technology-based 
standards for specific listed wastes are also provided. 

The RLWTP sludge is sampled monthly for determination of the toxicity characteristic. 
Results of these analyses have shown that the sludge does not exhibit the toxicity 
characteristic (Brown, 1993). Additionally, 40 CFR 268.30(a)(3) excludes spent solvent 
wastes that are •solvent/water mixture, solvent-containing sludge or solid, or solvent
contaminated soil (non-CERCLA or RCRA corrective action) containing less than 1 
percent total F001-F005 solvent constituents• from land disposal restrictions. Therefore, it 
is unlikely that the RLWTP sludge will require pretreatment for land disposal as mixed 
waste. If pretreatment is required, Envirocare has the capability and RCRA-required 
licenses for pretreatment of mixed waste. 

4.4.3.4 Continued storage as mixed waste 
Assuming that the development of waste processing and waste characterization data and 

the development of documentation for exemption from DOE Order 5820.2A can occur 
concurrently, the duration of continued storage of the RLWTP sludge as mixed waste is 
estimated at nine months. The cost of continued storage is estimated at $48,800. 

4.4.3.5 Packaging and shipment or mixed waste 
The RL WTP sludge drums must meet DOT packaging requirements found in 49 CFR 

171-179. The unit cost of packaging preparation and shipment of the RLWTP sludge 
drums by truck to Envirocare is estimated at $120 per cubic foot, for a total packaging and 
shipping cost of $1,104,600 (persofllll communication, Parker, 1993). 

4.4.3.6 Fmal disposal as mixed waste 

When the RL WTP sludge drums are received at the offsite mixed waste disposal 
facility, the drums will be inspected prior to final disposal. Representative samples of the 
waste will be analyzed by the disposal facility. Analyses include pH, paint filter liquids 
test, hydrogen cyanide, hydrogen sulfide, Toxicity Characteristic Leaching Procedure 
(fCLP) for 8 metals and 32 organic compounds, gamma spectroscopy, and isotopic 
analysis. The time period for inspection and analysis is estimated at 5 weeks. The cost of 
disposal is estimated at $100 per cubic foot (personal communication, Parker, 1993). 
Assuming the total volume of RLWTP sludge is 9,205 cubic feet (1,252 55-gallon drums) 
the final disposal cost totals $920,500. 

4.4.3. 7 Summary cost and schedule Cor ofrsite mixed waste disposal 
The cost for offsite disposal of the RL WTP as mixed waste is estimated as follows: 

Develop documentation for exemption from DOE 5820.2A - $36,330 
1 Develop SAP, and execute sampling and analysis - $293,990 

Continued storage as mixed waste - $48,800 
Packaging and shipment- $1,104,600 
Final disposal as mixed waste - $920,500 
Estimated total cost for offsite mixed waste disposal - $2,404,220 
Duration for all tasks associated with offite disposal - 10 months 

4-13 



• 

I 

• 

' • 

4.5 PHASE 3 CONCLUSIONS 

The probability of EPA approval of a deli sting petition for the RL WTP sludge is high, 
based on similarity to previously delisted wastes, knowledge of RL WTP process, and 
existing RLWTP influent and effluent analytical results. 

The cost of deli sting and disposing of the RL WTP sludge drums onsite as LLRW is 
estimated at $811,088. The duration of the delisting process is estimated at 3 years, 5 
months (see Figure 4.1). Estimated costs and durations for all delisting and disposal 
options are presented in Table 4.1. 

The cost of administratively relabeling and disposing of the RL WTP sludge drums 
onsite as LLRW is estimated at $307,508. The duration of the relabeling process is 
estimated at 12 months. 

The cost of disposal of the RL WTP sludge at the planned on site mixed waste landflll is 
estimated a $1,483,459. The duration of the onsite mixed waste disposal process is 
estimated at 4 years. The opening date of the onsite mixed waste landflll is the primary 
concern in determination of the duration of the onsite mixed waste disposal process. 
Additional costs in excess of $75,000 per year, associated with continued storage of the 
RL wrP sludge drums, will be incurred if the mixed waste landfill opening is delayed past 
1997. 

The cost of disposal of the RLWTP sludge at an offsite mixed waste disposal facility is 
estimated at $2,404,220. The duration of the mixed waste disposal process is estimated at 
10 months. 
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TABLE4.1 
Del.iJti.Dsand Dilpc .. l Opticu for RLWTP Sludse DruiDI 

Summary of Costa and Duration 

COSTS 

I 
~ 

OTiiER I WASTE 
I WASTE 

OPTION LABOR DIRECT STORAGE DISPOSAL 
Submit dcl.iJtins pctitioa to EPA. store druiDI until I $182 7681 EPA al)1!rcval. then dis~,_e u LLRW. $323.680 $68 000 $236 640 
Admuliatntivcly relabel druJDJ, atorc druJDJ until I relabclina. il comolete then disooac u LLR W. 59 640 0 65100 182 768 
Dilpoac druJDJ u miDd wute ouite, when the 

I olaaned mu:ed wute landfill opeu. 282 370 0 280.589 920 500 
Dilpoae druiDI u miDd wute, at a permitted 
milred wute fac:ilirv. 330 320 1104 600 48800 920500 
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TOTAL IDURATIOJ 

$811 088. 41 mouths I 

307 5o8J 
I 
I 

12 mouths i 

I 483 4591 
'I 

48 mouths i 

2 404 220 I 10 months I 
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• 4.6 PHASE 3 RECOMMENDATION 

In the event that the RL WTP sludge drums are not administratively relabeled and 
disposed of onsite as LLRW (as recommended in Phase 1 of this study), a delisting petition 
should be prepared. Upon EPA approval of the delisting petition, the RL WTP sludge 
drums should be disposed of onsite as LLRW. 
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APPENDIX A 

Administrative Requirement 10-1, Koenig memorandum (27 May 1988), Midkiff 
memorandum (26 February 1991}, 40 CFR 433.11, Definition of Total Toxic 
Organics 
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AR Section 10: 
Waste Monogement Radioactive Uquld Waste 

AR 10-1 
Macn IS.-1991 - -· 

Labararory llld Depanmeat of EnerJy (DOE) policies require thal the volume of 
lldiolclive liquid wu&e Jenerared by Labararory operarioas be reduced to a minimum 
llld tba the lldiolcliYily of Wille to tbe eaviroameat be kept 11 a level as low u 
n:uanably ICbieftble (ALARA). 'Ibis daa•menr IUIDIDa'izes tbe requiremeocs for 
JDIDIIinJIIId di.sposina ofadialaiYe liqaid Wllte ll the Labcntory. Additional 
JUidaDc:e is available ill Tec:bnic:al BulledD ('B) 1001, ""Radioaclive Liquid Waste 
CoUec:1ioa System: and TB UXXZ, '"Radiolcdve Liquid Waste Treaanent and 
Dilpmll.. 

Batcla VoiiiiDt-An IIIIOUDl (up 10 a few lbousiDd lUers) ofl'ldiDICtive liquid ware 
dial is sepepled from tbe mailll'ldioaclive wuae saeam because it needs sepame 
ll'ealmeiU ar because the JenenbnJ site is DOt served by the radioactive liquid wute 
pipeliDe. 

RadloactiYe Llqaid Wille Liquid wu&e coawniJia1ed or po~entially ccnwninated 
wilb lldiollacUda. 

Radiaactlft Llqaid Wille PlpeiiDes-PipeliDes dial cany radioactive liquid WUIC 

Cram Ylriou Laban&ary lira to liquid WISieiiOI'IJe IDd areaunent facilities. (The 
DelWalt of pipeliDel Wll farmerty Jelemd to u abe acid ar indUSirial wute sewer . 
I)'IUIIL) 1be Wu&e Manapmea Group (HSE-7) opaar.es the wute lr'Wment planes 
llld majngjas lbe adiolctive liquid wute collec:dan system from the poim where a 
buiJdinJ cannecu to the radiotc:dve liquid wute pipeline. See the appendix for 
addilioaal iDCOIIDIIiaD. 

ltadloactM Llqaid Wute Trall.lpOI1-1be uansfer ot l'ldioactive liquid was~e 
Cram Labonlory sita thal are DOtleMd by adioaaive liquid .was&e pipelines and or 
materials that are reslricted from dispaal iD the pipeline to liquid waste storage and 
ll'eltiDellt Clcilities 

UDiea Olberwile Silled in Ibis document. line manaprs must enSUR that the 
requiremems specified bereiD are IDCL 

Studard Opendq Procedana. Elcb apendoa involvina the aeneraticn or 
blndlinJ of radioaclive liquid wute requires a llllldard operadnJ procedure (SOP). 
wbicb mast be prepared. reviewed. and lpp1MCl u specified in Adminisa'acive 
Requiremeal (AR) 1-3, "'SIIIIdard OperalinJ Proc:edala and Special Work Permiu. • 

1D addi!ioa to 1be review requimd by AR 1-3, abe Waste Manqement Group <HSE· 7) 
must review and app~ove SOPs iD~vinJ the pacnlioa of radioactive liquid .,..... 
before 1bey 11'1 implemenled. 

Aaaaal Review. To ensure compliance widl SOPs 1nd appropriate regulations. u 
well a to de&c:nnine where proJIIIIl improvements are needc4. HSE· 7 annually 
performs fldd opauioall reviews of me. SOPs. 

Environment, Safety, and Healll'l Manual 
LOI AICITIOI Naftonal LabOratcry 
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NI'W Caaaectiaal to 
tbt bdioadift 
LiquidWaae 
Pipeliat 

bdioactiw Uqaid 
WasteT.....,... 

Rtlereaces 

AA 10.1 
Moreh 15. 1991 

Radioactive Uquld Waste 

llpba c:onceDnUOD is limited to 60 J,LCi/liler far ICid ware ll1d 10 4SOO loLCilli&er for 
elktline WISIC. Gcaena.an of IUCb WUID must provide HSE-7 with weekly swrunaries 
of volumes ll1d ICiivity lewis of eacb of the Willa discblrpd. 

Somata, 0111, ud Uqald a.e.kal Wata Salwms. oili.IDd cenaiD liquid 
cbemic:a1 Wille mast DOl be diiCirded into the liDb ar dlaiDs CICIIIIIClCted to the 
l'ldioactbe liquid .,.. pq.JiDe. See AR 1~2. ""Low-Level Radia.ctive Solid 
Waa,•IDd AR 1~3. "'Oanicll, Haardoal.lnd Miud WISfL • Far specific 
pidlace oo RaA, TSCA. ad NPDES, caa11et HSE-7 ar the EnvironmencaJ 
Prcac:aioD Graap (HSS-8). 

New COIUiecliona to the DdialciM liquid WISte pipeliDe mast meet specific desip 
criraia. WbeD new connec:liODIII'e proposed. HSE· 7 llld HSE-8 should be consulted 
early iD the project 10 easure dill all crillll'ilare meL HSE· 7 provides typical 
specifications. drawinp. ere .. far the pipeliae, manholes. and electronics; HSE-1 
provides NPDES permit requiniDIDia. 

'Ibe Wuae Manapmenl Caordinarar lball map l'ldiOIC&ive liquid waste tnnspart 
with HSE-7. Belen they 1re ll'lnlpCifted. cauaiDel"' of l'ldiOIC1ive liquid wure must 
be IDODiUnd IDd llged. The melbod of llginJiftd 1l'lnSpOrt must be consilient 
with requiremems iD AR 3-5, OOSbipmelll ofltadiolcdve MalaiaJs.•llld the 
HtiZili'IID111 MIMrillb 1',...,...,.,.../tltllllllll. A JII'OIICdy campleled Disposal of 
Balch Liquid Wuae (ES.tll Farm 10.1A) mlllliCCOIDPIJIY the shipment. and Ill 
piCklplmast bave the paper DOT lbippina labels mac:Md ID &he uansfer 
c:aataiDel"'. 

• AuthodDiiaa to Dilcblrp UDder lbe Nalioaal PoUUIIDt Dilc:barp Elimination 
Syaem,• EaviraamcalaJ PrOIDCiiOD A.Jatq, Permit Number NM283SS, eflea.ive 
JIIIUIIY 31, 1990. 

MQenlical, Hazlrdoul, llld Miud w-.· Adminisntive Requirement 10-3. in 
Elwirolunal, Stlftty,IINI Hltlblt Mtllllllll, Los Alamos National Laborarory Manual, 
Cbapw 1 (mOll reccnl ediliaa). 

""F'Iammable Liquids. • Tednrical BalleliD 601, in Emitoluntw, Sllfery, tWJ Heallh 
MMIIIII, Los A1aal NaliaaaJ Llbarllaly Mlnual. Cbapw 1 (mos& recent ediuon). 

HatlniD111 II~~MriiiU 1',...,...,.,... Mtllllllll, Los Allmal Nadona1 Laborarory 
cloca!!NDI (IDOiliiCIII& edidcll). 

""Low-Lew~ RldialcU~ Solid w-. • Adlniailalive Requirement 10-2. in 
Blwirolulvlll, Sl(ety,IINI Hllllll& Mtllllllll, Los Alina Nllianal Laboratory Manual. 
Cbapw 1 (IDOiliiCIII& ediliml). 

""lhdi11ioo Prcac:aioD of lbe Public lftd the Eaviraameat.• Deparunent of E.nersY 
Order S400.5 (February a. 1990). 

""RadiOICiive Liquid Waae Callec:lian Syaem,• Tedmical Bulletin 1001, in 
Elr.vini~~~MIIl, Sl(ety,IINI H«<llla Mtllllllll, Los Alamos National Laborarory Manual, 
Cbapter 1 (mOll receat ediliml). 

Envtnw.ment, Safety, and ..... Manual 
Lol AIOmOI National Labofatcry 
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APPENDIXB 

Historical (1988 - 1992) Influent Sampling Results, Statistical Analysis of Historical 
Sampling Results, EPA Guidance for Statistical Analysis (EPA SW-846, 1986) 
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2.0 PHASE 1 - ANALYSIS OF ANALYTICAL DATA TO JUSTIFY 
RELABELING THE RLWTP SLUDGE 

2.1 Review of Historical Data 

2.1.1 Samplin& Locations and Routine Analyses 

RL WTP influent and effluent have been sampled at several locations in the treatment 
process, as depicted in Figure 1.2. RLWTP influent (sampling location 1 on Figure 
1.2) is sampled and analyzed for metals concentrations and radionuclide activity. Since 
December 1988, the RLWTP influent has also been sampled and analyzed for volatile 
and semivolatile organic compounds (VOCs and SVOCs). A samt"~ling port between 
the 75,000-gallon tank and the clarifiers (sampling location 2) is also used for 
collection of samples when the plant is operating. 

RLWTP liquid effluent (sampling location 3) is sampled monthly to support NPDES 
permit compliance. The RLWTP NPDES permit requires monitoring of ammonia, 
chemical oxygen demand, total suspended solids, cadmium, chromium, copper, iron, 
and zinc. Monitoring the concentration of total toxic organics in liquid effluent, as 
required in .the Code of Federal Regulations, Title 40, Chapter 433, Part 11 [40 CFR 
433.11 (e)], has only recently been added to the RLWTP NPDES requirements (pers. 
comm., Steve Rae, May 1993). The term •total toxic organics• means the summation 
of all quantifiable values greater than 0.01 milligrams per liter for a list of 111 toxic 
organics (see Appendix A). The RLWTP discharge limit for total toxic organics is 1 
milligram per liter. RLWTP dewatered sludge (sampling location 4) is routinely 
sampled to ensure the radioactive constituents are at low levels, and for determination 
of the toxicity characteristic. Sludge sampling and routine analysis is performed for the 
radionuclides lJl3S, Pu23a, Pu239, and Aml4t, and heavy metals. 

While some historical (1988-1992) RLWTP liquid effluent sampling and analysis 
results are available, these results do not significantly contribute to the determination of 
historical influent characterization. The RL WTP NPDES permit did not require 
analysis of liquid effluent for VOCs or SVOCs in the 1988 through 1992 timefrarne. 
Similarly for the historical sludge sampling results, the only requirement for sampling 
and analysis of RL WTP sludge is to ensure the radioactive constituents are at low 
levels. The historical sludge data does not significantly contribute to the historical 
influent characterization. However, the RL WTP sludge sampling results do support the 
conclusion that the sludge does not exhibit any of the RCRA-defined hazardous 
characteristics of ignitability, corrosivity, reactivity, or toxicity (Brown, 1993). 

The RLWTP influent sampling and analysis program, from 1988 to 1992 and the 
sampling protocol utilized from February to May 1993 provide the key data for review 
and evaluation . 

2.1.2 RLWTP Influent Automatic Samplin& Procedure 

A Manning automatic sampler (autosampler) was installed in 1988 to provide the 
influent waste stream characterization data needed to confirm the presence or absence 
of regulated constituents at concentrations requiring classification as mixed waste. This 
device was in use through May 1992, when it was replaced (see Section 2.2.1). The 
Manning autosampler drew time-composited samples from the RLWCS immediately 
upstream from the 75,000-gallon tank. Samples were collected for routine analysis of 
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metals and radionuclides on days when the plant was in operation. Samples were 

drawn every 15 minutes via the Manning vacuum pump, and collected in a 10-gallon, 

covered tank. A 2-gallon aliquot was drawn by the plant operator after agitating the 

10-gallon tank, with an electric mixer, for 3 mmutes. The 2-gallon aliquot was split 

for analysis of radionuclides, heavy metals. If the RLWfP was not in operation, the 

10-gallon compositing tank was drained and cleaned. Thus, the samples collected were 

representative of influent composited throughout a 24-hour period. The Manning 

samples were analyzed for VOCs and SVOCs, on a monthly basis. 

2.1.3 Analytical Results- December 1988 throop May 1992 

Thirty-three samples were collected by RL WfP plant operators from the Manning 

autosampler 10-gallon composite tank, and analyzed for VOCs and SVOCs by the 

LANL analytical laboratory (EM-9), from December 1988 through May 1992. 

Fourteen compounds that could have originated as RCRA FOOl, F002, F004, or F005 

listed wastes [40 CFR 261.31 (a)] were detected in RLWI'P influent samples. These 

compounds are listed in Table 2.1. The analytical results are included in Appendix B. 

Although compounds (VOCs and SVOCs) that could have originated as F-listed wastes 

were detected, there were no detections of concentrations at or above regulatory 

thresholds. These data are summarized in Table 2.2. 

In addition to the RL WI'P influent samples collected using the Manning 

autosampler, 14 samples from the sampling port between the 75,000-gallon tank and 

the clarifiers (plant samples), 13 liquid effluent samples, and 26 effluent sludge samples 

were collected. Compounds detected in these samples which could have originated as 

F-listed wastes are also listed in Table 2.1. The concentrations of regulated 

constituents in plant, liquid effluent, and sludge samples provide no evidence of 

hazardous levels in the RLWTP influent. 

2.1.4 Evaluation of Historical Autosampler Data 

Evaluation of analytical results obtained from Manning samples for December 1988 

through May 1992 focused on two issues. First, the data must show that an appropriate 

sample population for accurate waste stream characterization was obtained, in 

accordance with requirements for sampling design, development, and implementation 

found in Test Methods for Evaluating Solid Waste, SW-846 (EPA, 1986). SW-846 

states that "the appropriate number of samples ... means the minimal number of samples 

needed to demonstrate that the upper limit of the confidence interval for the true mean 

is less than the applicable regulatory threshold". Second, the data must show, per SW-

846, that the concentrations of regulated constituents detected have not exceeded 

regulatory thresholds. SW-846 also requires the data to show that, within the limits of 

an SO-percent confidence interval, the maximum concentration of any compound of 

concern is below the regulatory threshold. If the sample population is appropriate and 

regulatory thresholds are not equalled or exceeded, the waste stream is regulated as 

solid waste, rather than a hazardous waste. Historical sample analysis results, 

statistical evaluations of results, and relevant guidance from SW-846 are presented in 

Appendix B. 

SW-846 provides guidance in Section 9.1.1.4.1 on the appropriate number of 

composite samples to be collected from solid waste. In order to determine the 
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appropriate number of samples required per SW-846, sampling results for all fourteen 
compounds detected (fable 2.1), were evaluated. As all data sets exhibited ne~ative 
binomial distribution, the arcsine transformation was performed prior to stab.stical 
analysis, as required in SW-846, Section 9.1.1.2. 

The calculation of appropriate number of samples (SW-846, Table 9-1, equation 8, 
and Section 9.1.1.2) based on regulated constituent detections indicated that one sample 
would be sufficient to characterize the RLWTP influent. SW-846 also recommends 
that "a somewhat greater number of samples than indicated ... " should be collected as a 
precaution against inaccurate estimates of mean contaminant concentrations (Section 
9.1.1.2). The 33 samples collected and analyzed from December 1988 through May 
1992 meet this recommendation. An appropriate number of samples to characterize the 
RLWTP influent from December 1988 through May 1992 was collected and analyzed 
in accordance with SW -846. 

To determine if chemical contaminants are present at hazardous concentrations SW-
846, Section 9 .1. 1. ~, states the following requirements: 

"... for each chemical contaminant of concern, a confidence interval (CI) is 
described within which the true mean occurs if the sample is representative, which is 
expected of about 80 out of 100 samples. The upper limit of the 80% CI is then 
compared with the appropriate regulatory threshold. If the upper limit is less than the 
regulatory threshold, the chemical contaminant is not considered to be present in the 
waste at a hazardous level. " 

The upper limit of the 80% CI was determined for each of the 14 regulated 
constituents detected in the RLWTP influent (fable 2.1) from December 1988 through 
May 1992. The upper limit of the 80% Cis for all contaminants of concern were found 
to be less than the respective regulatory thresholds (40 CFR 261.3). Thus, none of the 
chemical contaminants are considered to be present in the RL WTP influent at a 
hazardous level. 

2.2 Current Influent Samplin& 

2.2.1 Influent Sample Collection by Positive-Displacement Autosamplin& 

The data resulting from analysis of samples collected by the Manning autosampler 
provide no indication of the presence of regulated constituents (VOCs!SVOCs) in the 
RL WTP influent above the 1 ppm or 25 ppm regulatory limits, as defmed in 40 CFR 
261.3(a)(2)(iv)(A) and (A)(2)(iv)(B), from December 1988 through May 1992. A 
second autosampler, manufactured by ISCO, was installed in May 1992. The ISCO 
autosampler was installed to provide further definitive evidence that the RL WTP 
influent is not hazardous. The ISCO autosampler draws time-composited samples by 
positive displacement, as opposed to the Manning which uses a vacuum pump to draw 
samples. The ISCO autosampler also composites samples in a sealed, refrigerated 
vessel. The potential for volatilization of VOCs or SVOCs from the ISCO samples is 
minimal. 

2.2.2 Replatory Review of Acceptable Sample CoUection Methods 

RCRA regulations and SW -846 were reviewed to ensure that the results obtained 
from the ISCO autosampler are acceptable to regulatory agencies. There is no RCRA 
regulation that specifies acceptable or unacceptable autosampling methods for 
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wastewater sample collection. However, compliance with SW-846, Sampling 

Considerations (Section 4.1) for organic analytes is required by 40 CFR 261 Appendix 

m. The referenced section of SW -846 addresses the necessity of sealing the collected 

samples in screw-cap jars or vials with Teflon-lined caps, but does not specifically 

address autosampler collection or compositing methods. 

Section 9.2.2.4 of SW-846 describes use of vacuum pumps and positive 

displacement pumps for sample collection. The description of vacuum pumps states 

•their use may result in out-gassing of dissolved gasses or volatile organics and is 

therefore limited in many sampling applications•. The description of positive 

displacement pumps states •the potential for aerating or stripping volatile organics• is 

minimized. 

No definitive statement on the acceptability of autosampling technique was found in 

RCRA regulations or SW-846. However, the requirements for use of sealed jars or 

vials for collection of organic samples, and the description of positive-disp!acement 

pumps make it clear that the ISCO autosampler collection method is acceptable to 

regulatory agencies. 

2.2.3 Triple Parallel Influent Samplin& Protocol 

The ISCO autosampler was utilized in lieu of the Manning autosampler from May 

1992 to February 1993. From February 1993 through May 1993, both autosamplers 

were used simultaneously. Parallel samples were collected during this 4-month period 

with the objective of determining the validity the Manning data collected from 

December 1988 through May 1992. Concurrent with the ISCO and Manning sample 

collection, plant samples were collected, via the sampling port in the line between the 

75 ,000-gallon tank and the clarifiers. The plant samples were collected primarily as 

additional validation of historical data. The plant samples reflect the extended 

residence time and agitation of the RLWTP influent in the 75,000-gallon 

equalization/neutralization tank prior to sampling (in contrast to the ISCO and Manning 

samples), and provide representation of the maximum VOC/SVOC concentrations 

reaching the treatment process. This protocol was referred to as triple-parallel sample 

collection. 

2.2.4 Triple-Parallel Protocol Samplin& Results 

Fifty-five sets of samples from the ISCO and Manning autosamplers, and 

immediately downstream from the 75,000-gallon tank (plant samples) were collected 

and analyzed from February to May 1993. Six compounds which could have 

originated as RCRA F-listed wastes were detected. These compounds were 2-

butanone, carbon disulfide, methylene chloride, toluene, chlorobenzene, and 1, 1 , !

trichloroethane. A total of 97 detections of these compounds were reported for the 55 

Manning, 55 ISCO, and 55 plant samples, and are summarized in Table 2.3. No 

detections of regulated constituents were above regulatory limits. 

2.2.5 Evaluation of Triple Parallel Samplin& Results 

2.2.5.1 Mannin& and ISCO Parallel Samplin& Results 

In order to determine if the Manning and ISCO autosampler sampling results can be 

considered statistically equivalent during the performance of the triple-parallel sampling 

protocol (thus validating the historical influent data), the data were analyzed usmg a 
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Sample 
Number 

Date 
Sampled 

I 

89.10027 12/14/88 

89.10029 12/15/88 

89.10030 12/15/88 

89.10032 12/19/88 

89.10033 12/22/88 

89.10034 12/22/88 

89.17434 10/31/89 

89.17435 11/02/89 

89.17627 11/07/89 

89.17628 11/09/89 

89.17736 11/14/89 

89.17737 11/16/89 

89.18112 12/04/89 

89.18113 12/04/89 

90.10158 01/11/90 

90.10314 01/17/90 

90.11174 02/25/90 

90.15355 06/26/90 

90.17442 09/13/90 

90.19511 11/28/90 

91.01152 02/08/91 

91.01889 03/13/91 

91.03432 04/25/91 

91.05134 06/18/91 

91.06507 07/16/91 

91.10620! 09/26/91 

92.01353 02/03/92! 

92.02346 03/02/92 

92.06097 05/01/92 

92.06199 05/05/92 

92.06446 05/06/92 

92.06445 05/06/92 

92.06447 05/06/92 

Number of sampling events 

Number of detected values 

Mean of detected values 
Standard deviation 

Minimum value detected 

Maximum value detected 
3X standard deviation 

Maximum value detected + 3x STD 
Regulatory Umit 

1, 1,1 -Trichloroethane 
Detected in Influent 

Level 

Level Laboratory of 

Detected Uncertainty Quantitation 

25.5 
274.3 

53.8 
4223 

2887.5 
2885.9 

130 
450 

41 
40.2 

12.4 

90 

110.1 

9.1 
681 

33 
15 

753.4 
1371.0 

9.1 
4223.0 
4113.0 
8336.0 
25000 

I 

7.65 2 

137.15 2 

16.14 2 

2111.5 2 

1443.75 2 

1442.95 21 
39 10 

135 10 
10 
10 

12.3 101 

12.06 10 
2 
2 

3.7 51 
5 
51 
5 

27 5 
5 
5 i 

33 Sj 
s: 

I 5. 

2.731 5 

20.41 51 
51 
5 
5, 
5 
5 
5 
5 



Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 

Date 
Sampled 

90.15355 i 
90.17442! 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

12/14/88! 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92' 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 

Number of detected values 

Mean of detected values 

Standard deviation 

Minimum value detected 

Maximum value detected 

3x standard deviation 

Maximum value detected + 3x STD 

Regulatory Umit 

1 ,1 ,2- Trichloroethane 

Detected in Influent 

Level 
Detected 

71.2 
71.1 

33 
2 

71.15 
0.07 

71.10 
71.20 

0.21 
71.41 
1000 

I 

I 

Level 

Laboratory of 

Uncertainty Quantitation 

2 
21.36 2 
21.331 2. 

2 
2 
2 

10 
10 
10 

. 10 
10 
10 

21 
21 
51 
5 
5/ 
5 
s: 
sl 
5 
51 

I 5 
5 
5 
si 
5. 

5/ 
5! 
5 
51 
5 
5 



I 
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' 

~ ' 
I 
I 

' I 

Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 

Date 
Sampled 

91.034321 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

12/14/88 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

Carbon 
Disulfide 

Detected in Influent 
Level 

Level Laboratory of 
Detected Uncertainty Ouantitation 

1258.3 
4287.2 
3345.3 
7374.6 
5982.9 
6293.5 

11 
160 

11.6 

33 
9 

3191.6 
2943.0 

11.0 
7374.6 
8829.0 

16203.6 
25000 

629.15 
2143.6 

1672.65 
2212.38 
2991.45 
3146.75 

3.3 
48 

3.5 

10 
10 
10 
10 
10 
10 
50 
50 
10 
10 
10 
10 
10 
10 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 

Date 
Sampled 

91.01889 i 
91.03432 i 
91.05134 
91.06507 i 
91.10620 
92.01353! 
92.02346 
92.06097 
92.061991 
92.06446 
92.06445 
92.06447 

12/14/88 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

Methylene 
Chloride 

Detected in Influent 

Level 
Detected 

556.4 
1727.6 
1414.3 
1411.4 
1215.6 
1228.7 

25.5 
26.3. 

6500 

6.1 
61 

96.8 

6800 
59 
72 
14 

9.4 
53 

14 
230 
260 

33 
21 

1037.2 
1953.0 

6.1 
6800.0 
5859.0 

12659.0 
25000 

Level 
Laboratory of 
Uncertainty Quantitation 

278.2 2 
863.8 2 

707.15 2 
705.7 2 
607.8 2 

614.35 2 
10 
10 
10 
10 
10 
10 

2 
2 

7.7 5 
7.9 5 

1950 5 
5 

1.83 5 
18.3 5 

5 
29.1 5 

5 
2040 5 
17.7 5 
21.6 I 5 

4.21 5 
2.82 5 
15.9 5 

5 
4.2 5 
69 5 
78 5 
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Evaluation of Historical (May 1988 - December 1992) RLWfF Influent 
VOC/SVOC Sampling Results to Characterize Influent as •solid• 

or •Hazardous• Waste, per EPA SW-846. 

1 . The mean, standard deviation, variance, and standard error of the mean must 
be determined for each chemical contaminant 

2. The mean is compared to the standard deviation. If the mean is greater than 
the standard deviation, the data are assumed to be normally distributed. If 
the mean is less than the standard deviation, the data must be transformed 
prior to statistical analysis. 

3. Analyze 1,1,1-trichloroethane RLWfF influent sampling results. 
33 sampling events, 15 detections of 1, 1,1 -trichloroethane, 18 nondetections. 

DETECTED 
CONC (mg/L) 

0.0255 
0.2743 
0.0538 
4.223 

2.8875 
2.8859 

0.13 
0.45 

0.041 
0.0402 
0.0124 

0.09 
0.1101 
0.0091 

0.068 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean • 
Std Dev • 

Variance • 
Std Err of Mean • 

0.342 mg/L 
0.9685 
0.9381 
0.1686 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 



• 
4. Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1 978). 
Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for 1,1,1-trichloroethane AT= 25 mg/L, per 40 CFR 261 .3) 
then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = det.conc/RT, and xis measured in grads. 

DETECTED DETCONC X 
CONC (mg/L) PERCENT OF AT arcsin 1 sqrt (p)] 

0.0255 0.102 2.0335 
0.2743 1.0972 6.6807 
0.0538 0.2152 2.9543 
4.223 16.892 26.964 

2.8875 11.55 22.0755 
2.8859 11.5436 22.0691 

0.13 0.52 4.5947 
0.45 1.8 8.567 

0.041 0.164 2.5788 
0.0402 0.1608 2.5535 
0.0124 0.0496 1.4179 

0.09 0.36 3.822 
0.1101 0.4404 4.2279 
0.0091 0.0364 1.2147 
0.068 0.272 3.3217 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I AT- 25mg/L 100 I 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 
Std Dev = 

Std Err of Mean = 

3.487 
6.no 
1.178 



5. Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 5.031 
1,1, 1-trichloroethane RT, transformed= 100 

Upper limit of 80% confidence interval is less than the RT for 1,1, 1 -trichloroethane. 
Therefore, 1,1, 1, -trichloroethane is "not considered to be present in the waste at 
a hazardous level''. 



• 

• 
1,1 ,2-trichloroethane 

Analyze 1,1 ,2-trichloroethane ALWTF influent sampling results. 

33 sampling events, 2 detections of 1,1 ,2-trichloroethane, 31 nondetections. 

DETECTED 
CONC (mg/L) 

0.0712 
0.0711 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean= 
Std Dev = 

Variance= 
Std Err of Mean = 

0.004 mg/L 
0.0170 
0.0003 
0.0030 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
{EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
{Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold {AT), 
{for 1,1 ,2-trichloroethane AT = 1 mg/L, per 40 CFA 261.3) 
then calculate transformed values (x) from the equation: 

sin x = sqrt {p); where p = detconc/RT, ·and xis measured in grads. 



I 

DETECTED DETCONC 
I 

X 
CONC (mg/L) PERCENT OF AT arcsin rsqrt (p)l 

0.0712 7.12 17.1955 
0.0711 7.11 17.1831 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

AT= 1 mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 1.042 
Std Dev = 4.101 

Std Err of Mean= 0.714 

Calculate the upper lirl)it of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 1.9n 
1,1, 1-trichloroethane AT, transformed = 100 

Upper limit of 80% confidence interval is less than the AT for 1, 1,2-trichloroethane. 
Therefore, 1,1 ,2, -trichloroethane is •not considered to be present in the waste at 
a hazardous level•. 



I 
f 

~. l 

2-butanone 

Evaluate 2-butanone RLWTF influent sampling results. 

33 sampling events, 9 detections of 2-butanone, 24 nondetections. 

DETECTED 
CONC (mg/L) 

0.0208 
0.0006 
0.1548 
0.1167 
0.1361 
0.149 
0.065 

0.37 
0.18 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o· 
0 
0 

Mean= 
Std Dev = 

Variance= 
Std Err of Mean = 

0.036 mg/L 
0.0796 
0.0063 
0.0138 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-1 0). 

Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (RT), 

(for 2-butanone RT = 25 mg/L, per 40 CFR 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = det.conc/RT,.and xis measured in grads. 



I 
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DETECTED DETCONC X 
CONC (mg/L) PERCENT OF AT arcsin [ sQrt (p) 1 

0.0208 0.0832 1.8365 
0.0006 0.0024 0.3119 
0.1548 0.6192 5.0147 
0.1167 0.4668 4.353 
0.1361 0.5444 4.7015 
0.149 0.596 4.9197 
0.065 0.26 3.2475 
0.37 1.48 7.764 
0.18 0.72 5.4084 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I AT= 25 mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 1.138 
Std Dev • 2.141 

Std Err of Mean • 0.373 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 1.626 
2-butanone AT, transformed= 100 

Upper limit of 80% confidence interval is less than the AT for 2-butanone. 
Therefore, 2-butanone is •not considered to be present in the waste at 
a hazardous level•. 
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benzene 

Evaluate benzene ALWTF influent sampling results. 

33 sampling events, 5 detections of benzene, 28 nondetections. 

DETECTED 
CONC (mg/L) 

0.0066 
0.0031 
0.0091 
0.0065 
0.0063 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.o 
0 
0 
0 
0 
0 

Mean = 0.001 mg/L 
Std Dev = 0.0023 

Variance • 0.0000 
Std Err of Mean = 0. 0004 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

4. Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for benzene AT = 1 mg/L, per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/AT, and xis measured in grads. 



I 
I 

I 

DETECTED DETCONC X 

CONC (ma/L) PERCENT OF AT arcsin [sqrt (p)] 
0.0066 0.66 5.1n6 
0.0031 0.31 3.5464 
0.0091 0.91 6.0822 
0.0065 0.65 5.1382 
0.0063 0.63 5.0583 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

AT= 1 mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 0.758 
Std Dev = 1.821 

Std Err of Mean= 0.317 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 1.173 
benzene AT, transformed = 1 00 

Upper limit of 80% confidence interval is less than the AT for benzene. 
Therefore, benzene is unot considered to be present in the waste at 
a hazardous level•. · 



I 
I 

chlorobenzene 

Evaluate chlorobenzene ALWTF influent sampling results. 

33 sampling events, 4 detections of chlorobenzene, 29 nondetections. 

DETECTED 
CONC (mg/L) 

0.0031 
0.0026 
0.0012 

0.001 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.00024 mg/L 
Std Dev = 0.00072 

Variance = 0.00000 
Std Err of Mean = 0.00012 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPASW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 

(for chlorobenzene AT= 25 mg/L, per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p ·= detconc/AT, and xis measured in grads. 



1 

~· 

DETECTED DETCONC 
I 

X 

CONC(mg/L) PERCENT OF AT arcsin [sqrt (p)] 
0.0031 0.0124 0.7089 
0.0026 0.0104 0.6492 
0.0012 0.0048 0.4411 

0.001 0.004 0.4026 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I AT= 25mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 0.067 
Std Dev = 0.185 

Std Err of Mean= 0.032 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 0.1 09 
chlorobenzene AT, transformed = 100 

Upper limit of 80% confidence interval is less than the AT for chlorobenzene. 
Therefore, chlorobenzene is •not considered to be present in the waste at 
a hazardous level•. 
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carbon disulfide 

Evaluate carbon disulfide ALWTF influent sampling results. 

33 sampling events, 9 detections of carbon disulfide, 24 nondetections. 

DETECTED 
CONC (mg/L) 

1.2583 
4.2872 
3.3453 
7.3746 
5.9829 
6.2935 
0.011 
0.16 

0.0116 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.870 mg/L 
Std Dev = 2.0298 

Variance = 4.1201 
Std Err of Mean = 0.3533 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Bo~. Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for carbon disulfide AT= 25 mg/L, per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/AT, and xis measured in grads. 



J 

1 
DETECTED DETCONC 

I 
X 

CONC (mg/L) PERCENT OF AT arcsin fsort (p)] 
1.2583 5.0332 14.405 
4.2872 17.1488 27.182 
3.3453 13.3812 23.841 
7.3746 29.4984 36.552 
5.9829 23.9316 32.542 
6.2935 25.174 33.461 
0.011 0.044 1.336 

0.16 0.64 5.098 
0.0116 0.0464 1.371 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I AT= 25mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean== 5.327 
Std 0ev == 11.1n 

Std Err of Mean == 1. 946 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 7.876 
carbon disulfide AT, transformed= 100 

Upper limit of 80% confidence interval is less than the AT for carbon disulfide. 
Therefore, carbon disulfide is •not considered to be present in the waste at 

a hazardous level". 



I 
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carbon tetrachloride 

Evaluate carbon tetrachloride ALWTF influent sampling results. 

33 sampling events, 5 detections of carbon tetrachloride, 28 nondetections. 

DETECTED 
CONC (mg/L) 

0.0009 
0.0037 
0.0015 
0.0007 
0.0165 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean= 
Std Dev = 

Variance= 
Std Err of Mean = 

0.001 mg/L 
0.00288 
0.00001 
0.00050 

The mean is less than the standard deviation. 

Therefore, the data is characterized by a negative 

binomial distribution, and must be normalized 

through use of the arcsin transformation 

(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wileyiand Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 

(for carbon tetrachloride AT = 1 mg/L, per 40 CFR 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/RT, ·and xis measured in grads. 



J 

J 

I 
" 

I 

DETECTED DETCONC X 
CONC (mg/L) PERCENT OF AT arcsin [ sqrt {p)] 

0.0009 0.09 
0.0037 0.37 
0.0015 0.15 
0.0007 0.07 
0.0165 1.65 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

AT= 1 mg/L 100 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 0.550 
Std Dev = 1.604 

Std Err of Mean= 0.279 

1.9101 
3.8748 
2.4662 
1.6845 
8.2002 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1001 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 0.915 
carbon tetrachloride AT, transformed = 1 00 

Upper limit of 80% confidence interval is less than the AT for carbon tetrachloride. 
Therefore, carbon tetrachloride is •not considered to be present in the waste at 
a hazardous level•. 
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~ . f 

trich loroethene 

Evaluate trichloroethane ALWTF influent sampling results. 

33 sampling events, 5 detections of trichloroethane, 28 nondetections. 

DETECTED 
CONC (mg/L) 

0.0051 
0.0004 
0.052 

0.0368 
0.0392 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean= 0.00405 mg/L 
Std Dev = 0.01241 

Variance = 0.00015 
Std Err of Mean = 0. 00216 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for tric~loroethene AT = 1 mg/L, per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/AT, and xis measured in grads. 



J 

1 

I 

DETECTED DETCONC X 

CONC (mg/L) PERCENT OF RT arcsin r SQrt (p)] 
0.0051 0.51 4.5502 
0.0004 0.04 1.2733 
0.052 5.2 14.646 

0.0368 3.68 12.2887 
0.0392 3.92 12.6883 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

RT = 1 mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean • 1.3n 
Std Dev • 3.839 

Std Err of Mean • 0.668 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 2.253 
trichloroethane AT, transformed = 100 

Upper limit of 80% confidence interval is less than the AT for trichloroethane. 
Therefore, trichloroethane is "not considered to be present in the waste at 
a hazardous level•. 



methylene chloride 

Evaluate methylene chloride ALWTF influent sampling results. 

~ 33 sampling events, 21 detections of methylene chloride, 12 nondetections. 

DETECTED 
CONC (mg/L} 

0.5564 
1.7276 
1.4143 
1.4114 
1.2156 
1.2287 
0.0255 
0.0263 

6.5 
0.0061 
0.061 

0.0968 
6.8 

0.059 
0.072 
0.014 

0.0094 
0.053 
0.014 

0.23 
0.26 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.660 mg/L 
Std Dev = 1.600 

Variance = 2.561 
Std Err of Mean = 0.278 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-1 0). 

• 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1 978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for methylene chloride AT= 25 mg/L, per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/AT, and xis measured in grads. 



• 

' 
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DETECTED DET CONC I X 
CONC (mg/L) PERCENT OF AT arcsin [sqrt (p)] 

0.5564 2.2256 9.533 
1.7276 6.9104 16.9342 
1.4143 5.6572 15.2884 
1.4114 5.6456 15.2725 
1.2156 4.8624 14.1543 
1.2287 4.9148 14.2317 
0.0255 0.102 2.0335 
0.0263 0.1052 2.0652 

6.5 26 34.0637 
0.0061 0.0244 0.9945 
0.061 0.244 3.1459 

0.0968 0.3872 3.964 
6.8 27.2 34.9282 

0.059 0.236 3.0939 
0.072 0.288 3.4181 
0.014 0.056 1.5067 

0.0094 0.0376 1.2345 
0.053 0.212 2.9323 
0.014 0.056 1.5067 

0.23 0.92 6.1156 
0.26 1.04 6.5036 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I AT= 25ma/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 5.846 
Std Dev = 8.962 

Std Err of Mean = 1 .560 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation t6) in Table 9-1]. 

Upper limit of 80% Cl = 7.890 
methylene chloride AT, tranformed = 100 

Upper limit of 80% confidence interval is less than the AT for methylene chloride. 
Therefore, methylene chloride is Mnot considered to be present in the waste at 
a hazardous level". 



• 

' 

a-dichlorobenzene 

Evaluate a-dichlorobenzene ALWTF influent sampling results. 

33 sampling events, 1 detection of o-dichlorobenzene, 32 nondetections. 

DETECTED 
CONC (mg/L) 

0.0005 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.00002 mg/L 
Std Dev = 0.00009 

Variance= 0.00000 
Std Err of Mean = 0.00001 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for o-d1chlorobenzene AT= 25 mg/L, per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p) ; where p ·= detconc/AT, and x is measured in grads. 



~ .. 

DETECTED DET CONC X 
CONC (ma/L) PERCENT OF AT arcsin rsqrt {p)l 

0.0005 0.002 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

I AT= 25 ma/L 100 

Perform all subsequent calculations on transformed data {x values, 
from table, above). 

Mean • 0.009 
Std Dev = 0.049 

Std Err of Mean = 0.008 

0.2847 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1001 

Calculate the ~pper limit of the 80% confidence interval {CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation {6) in Table 9-1]. 

Upper limit of 80% Cl = 0.020 
o-dichlorobenzene RT, transformed= 100 

Upper limit of 80% confidence interval is less than the AT foro-dichlorobenzene. 
Therefore, o-dichlorobenzene is "not considered to be present in the waste at 
a hazardous level ... 



• 
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tetrachloroethane 

Evaluate tetrachloroethane RLWTF influent sampling results . 

33 sampling events, 6 detections of tetrachloroethane, 27 nondetections. 

DETECTED 
CONC (mg/L) 

0.0255 
0.1379 
0.0938 
0.072 

0.07 
0.0674 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean= 0.01414 mg/L 
Std Dev = 0.03325 

Variance = 0.00111 
Std Err of Mean= 0.00579 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-1 0). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (RT), 
(for tetrachlroethene AT = 1 mg/L, per 40 CFR 261 .3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/RT, and xis measured in grads. 



I 

DETECTED DETCONC 
I 

X 
CONC (mg/L) PERCENT OF RT arcsin fsqrt (p)] 

0.0255 2.55' 10.2097 
0.1379 13.79 24.2209 
0.0938 9.38 19.8161 
0.072 7.2 17.2942 

0.07 7 17.0463 
0.0674 6.74 16.7191 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

RT = 1 mg/L 100 100 

Perform all subsequent calculations on transformed data {x values, 
from table, above). 

Mean= 3.191 
Std Dev = 6.999 

Std Err of Mean = 1.218 

Calculate the upper limit of the 80% confidence interval {CJ), in accordance 
I 

with SW-846 guidance [pg NINE-6, and equation {6) in Table 9-1]. 
Upper limit of 80% Cl = 4. 787 

tetrachlorethane RT, transformed = 1 00 

Upper limit of 80% confidence interval is less than the RT for tetrachlororoethene. 
Therefore, tetrachloroethane is .. not considered to be present in the waste at 
a hazardous level". 
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trich lorofluoromethane 

Evaluate trichlorofluoromethane ALWTF influent sampling results . 

33 sampling events, 5 detections of trichlorofluoromethane, 28 nondetections . 

DETECTED 
CONC (mg/L} 

0.0558 
0.3813 
0.0629 
0.0594 
0.0442 
0.043 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 Mean = 0.01959 mg/L 
0 Std Dev = o.oeen 
0 Variance= 0.00446 
0 Std Err of Mean = 0.01162 
0 
0 
0 The mean is less than the standard deviation. 
0 Therefore, the data is characterized by a negative 
0 binomial distribution, and must be normalized 
0 through use of the arcsin transformation 
0 (EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for trichlorfluoromethane AT = 25 mg/L. per 40 CFR 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/RT, and xis measured in grads. 



DETECTED DETCONC 
I 

X 
CONC (mg/L) PERCENT OF RT arcsin rsqrt (p)l 

0.0558 0.2232 3.0088 
0.3813 1.5252 7.8823 
0.0629 0.2516 3.1946 
0.0594 0.2376 3.1044 
0.0442 0.1768 2.6n6 
0.043 0.172 2.641 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I RT = 25 ma/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 0.682 
Std Dev = 1.650 

Std Err of Mean = 0.287 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6)·in Table 9-1]. 

Upper limit of 80% Cl = 1.058 
trichlorofluoromethane RT, transformed= 100 

Upper limit of 80% confidence interval is less than the AT for trichlorfluoromethane. 
Therefore, trichlorofluoromethane is .. not considered to be present in the waste at 
a hazardous level•. 
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Radioactive Uquid Waste 
Appendix 

AppeDdix. Radia.cdve Liquid Wate PipeliDel 

BuUdbap COIIDided 
to tbe RadioKtlft 
UquidWuae 
Pipelille 

MODltoriaa Flow 

RadiCICiiw liquid wure pipeUDes carry adialcdve liquid wure from vmous 
I..abcnrory Iiles 10 liquid wure ~~maae IDd ll'eaiiDellt flcilides 'Ibe system of 
pipeliDes blcbvtes a liDe lbat lriDSfen unaaled wure from IICI'qe links 11 T A-2 and 
ll'elled Wille fnxD a tnnch IRaaMDl plant ll TA-21 to lbe main naunent plant at 
TA·50. 

Labaraay•Wide. 1be fallowin1 bui1dinp R c:onNCted to a ndiOIC1iw liquid 
ware pipeline lbat c:anies wure 10 lbe maiD ll'ealmeat plant • TA·SO: 
• ll TA·2. buildinl Omep-1, -44,111d ·57; 

• ll TA·3, buildinp SM·16, ·29, ·34, ·35, ·39, -65,-66, ·102. ·141, ·154, ·216, and 
·1264; 

• ll TA-21, buildiq 257; 

• ll TA-35, buiJdiq TSL-213; 

• ll TA-48, buildiDp RC·1 &DdRC-45; 

• ll TA·50, buildiDp WM·1,·37,1Dd -69 

• • TA·55, btrildiDp Pf-4 ad PF-i1; lad 

• a TA-59, buildinl OH-1. 

TA·53. Tbe folJowina buildinp at TA-53 are c:aaDeCied 1D l'ldialctiw liquid wasre 
pipelinellbat nnspcrt wuae 1D IIGnp IIDb: buiJcliDP MPF-1 (labon&ories), the 
beam cblnDel. MPF-3S, ·3M. ·3N, ·1, -28, ·30,and -622. From the storage tanks. !he 
waste is pumped either direcdy into the Uned lqoon at lhe east end or TA·S3 or else 
DliO IIDk II'UCks, which dieD nuf'er me W1S1e 1D lbe Jqoan or 1D TA-50. 

TA•21. Tbe ro1Jowina buildiDp at TA·21 ue connected ID lhe ndiOICiive liquid 
Wille pipeJiDe lbat lriDSpOnl Wille 1D die bnncb ll'elllneDl plam at TA-21-257: 
buildiDp DP-3, -4, ·5, ·150, ·152. ·155,111d ·209. 

RadiCICiiw liquid WISie pipeliDes at aacb pDen1ar lire are equipped with metering 
derica tba II'IIISIIlil flow cilia via iDieJJipal remote multiplexers 10 a compu1er at 
TA-50-1. A J11Pbica1 plot ollhae dlla iDtCII'IIII wate IDiftiiCIDCI'l personnel or 
IICinDil flow volumelllld any UDIIIUII caadi&icm 

1be maiD rwdialcdw liquid ... pipeline is dauble-caataiaed; that is. ndiOICiive 
liquid wure flows lbroup • iaaer pipe lbat is IUrrOUDded by 111 outer pipe. U the 
inner pipe leab, lhe liquid drains iluo me ouur pipe a flows c1owns1re1m 10 the 
nearest IDIIlboJe. where a derectar nnsmiU Ill allnD to the computer at TA·S0-1. 

Ubocb lines rupan ICCidenlally, HSE-7 miiSl be infarmecl IS 1001111 possible 10 take 
c:orrective ICtions and 1D alert em&ICD'f penaaneL Upoa nodfJCation by HSE· 7, 
penonnel from HSE-1/·10/·llllld HSE-8 immedialely beain samplina and 
moniuxinalbe leak. 

EnWonrnent. Safety, anc:l Healtt\ Manual 
Los Alamos National Laboratory 
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Los Alamos NatiOnal Laboratorv Los Alamos. New Mexteo 87545 

Oist"-ri}:)ution 

Ralp~J(c(oniq, 
HSE7-88-260 

memorandum 
May 27, 1181 

ESll/7-4301 

STORI\GE OF MIXED WASTES AND SUSPECTED MIXED WASTES 

·. !!t~ctive immedi~tely, ~l! known or ~uspectad mixed wasta torma o.Till be stored in a readily re1;rievable manner. Karan Balc:>:;is ~o determine a site tor i~s1;allation ot a new storaqe facility, ana· ;.;ork iwtth John Warren to purchase/ install a tension-support ·. · structure on an asphalt pad at the chosen site. Until the new structure is completed, the TnU Waste Preparation Facility will be used to house dewatered precipitation sludqa and other known/suspected vasta tor.ms that may }:)e appropriate tor storage there. 

N\1\/jW 

Distribution: 

':'om Cunderson, li~!:-00, r:-1 ~>l Oori s Garvey, HSE-00, i-':·t ~)l Harji Martz-Emarson, HSE-e, i\490 Karen Balo, HSE-7, JS92 
~erry Buchholz, USE-7, t518 Lee Borauin, HSE-7, ES17 John Warren, HSE-7, £516 ~ay Garee, HSE-7, ESl8 
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Los Alamos NatiOnal Laboratory 
Los Alamos. New Mexrco 87545 

ro, ~istribution 
,._ ~ ~ Drypolcher 

,..,... William S. Midkiff L.:; ,.., \ 

memorandum 
OATI: March 19, 1991 

.... , IT~IT&II'MONI: ES 17/7.7391 

S'f~ HSE-7A-91-082 
S~ICT: Summary or •Mixed Waste• Meetinc, February 26, 1991 

Attendees: Tony Drypolcher, Stan Zygmunt. Jerry Buchholz. Jim White, Ken 
Hargis, Bill Midkiff. Juan Corpion. Annemarie Gustavsson. Suzanne 
Moore-Mayne 

Background: 

In Section 1003 (a) (4) the U.S. Congress in 1976 stated on~ of the goals of RCRA as: assuring that hazardous waste management practices are conducted in a manner which protects human health and the environment. The target users are process industries where the waste stream is relatively uniform and definable. To prevent industries from 
using dilution as a treatment process, no concentr11tion of a cenain hazardous waste is low enough for unregulated discharge to the environment to be allowed. RCRA was 
not designed for complex laboratories that generate a multitude of wastes. mostly in bench-top quantities. ·Nonetheless, LANL must comply with the law. The difficulty 
arises in derming the source of our waste materials because of the thousands of entry points into our waste line. This situation makes the sludge gener:1ted from the 
treatment suspect recirculated hazardous waste. 

In addition. Section 1004 (27) includes sludges from wastewater treatment facilities such as those generated at T A-SO, but exempts the discharge effluent from the 
definition of a solid waste. 

The intent of the law appears to have been exceeded by regulation. However, EPA's position that small businesses and R&D facilities are subject to these regulations bas 
been successfully defended in coun countless times. A5 far as DOE is concerned. the Congress specifically mandated the Depanment to comply with the Law in the 
Summer of 1987 during Subcommittee meetings. It was a witch-hunt in which DOE 
had little or no defensible posture. 
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Definjne a Hazardous Waste I Preclusion from Introduction to Sewer 

The presence of a potentially hazardous material, such as methylene chloride, that 
appears on one or more lists of hazardous wastes does not necessarily mean that the material is a hazardous waste. If it is a spent solvent from a degreasing vat, it is a 
hazardous waste. If it is residual clinging to a degreased part, it is not a hazardous 
waste. If it leaches from plastic pipe that conveys waste material, it is not a hazardous 
waste. 

Even if methylene chloride or other hazardous waste constituents are found, if they are 
derived from a source that does not meet the listing criteria for these substances, they 
would not be a hazardous waste. The IT study may clarify the sources of suspect 
hazardous wastes. 

Present laboratory policy prohibits all spent organic solvents from introduction into the 
liquid low-level radioactive waste sewer. All sinks draining to the sewer are identified 
and labelled with permissible/nonpennissible wastes. 

The Environmental Protection Group HSE-8 has commissioned an extensive survey 
and inventory of waste streams Lilboratory-wide. 

1. inventorying the potentially hazardous materi:lls that enter the sewer, 

2. interviewing users at all Technical Areas to determine proper or 
improper handling of potentially hazardous material, and 

The IT Corp. study will be completed by the end of calendar year 1991. The database 
tracking all the records from IT should be ready no later than late winter of 1992. 

Followiq the completed IT study, HSE-8 will catalogue a database :1nd attempt to 
develop a mass flow sheet that describes where all potentially hazardous materials go. 

TA-5().1 Low-level Radioactive Waste <LLRWl Siuda 

On May 27, 1988 a memo from Ralph Koenig. HSE-7 Group Leader was issued. It 
stated, •Effective Immediately, all known or suspected mixed waste forms will be 
stored in a readily retrievable manner". According to Jerry Buchholz. over 1000 55-
gallon drums of treatment plant sludge is in storage at Area G and the plant continues 
to produce approximately 200 drums per year. 
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Past an!f.lysis of sludge and influent has revealed occasional concentrations of methylene chloride and acetone in the tens of pans per billion, greater than the limit of detection (single parts per billion). Even though the source of these organics has not been identified, they are suspected of being derived from F-solventS ( 40 CFR Part 261.31). HSE-8 advised HSE-7 a few years ago that the sludges from TA-50 were mixed wastes. However, the F003 classification was the responsibility of HSE-7. It is the generators responsibility to classify the waste. Up until recently, the Chemical Waste Section of HSE-7 was generically calling many spent solvents F003. Juan Corpion asked that Section to classify F-solvents as FOOl through FOOS, where appropriate only! 

In our meeting, there was general agreement that the sludge has been misclassified because one of the definitions of F003 is that it is ignitable which our waste is not. If the trace organics are derived from a listed process, either FOOl or F002 might be an appropriate classification. FOO 1 (de greasing solvents) describes the application of greatest use at LANL Taking a conservative approach, we decided to relabel all LLRW sludge from F003 to FOOl until we have the knowledge necessary to declare the waste non-hazardous or succeed in having the waste de-listed. Annemarie has been assigned this task. However, we reserve the right to completely remove any hazardous designation if a legally defensible explanation for the occurrence of the potentially hazardous material be developed that precludes its being defined as hazardous. The legal avenue is being pursued by Bill Midkiff. 

If we find we cannot, legally exclude the TA-50-1 produced LLRW sludge from hazardous designation, we have three options: sample, evaluate the results of the IT survey, and apply for delisting or a variance. 

If we decide to sample, we will interact with EPA and Em such that our sampling procedure follows an acceptable protocol for use as a delisting application. Juan Corpion agreed to locate or supply a list of companies and consultants that h:1ve been successful with similar delistings. Bill Midkiff will try to find instances where de listing has not been necessary because the source of suspect ingredients was not appropriate for justifying a hazardous materials classification. 
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Variance 

Stan Zygmunt has supplied Juan Corpion with a list of approved variances. Juan will investigate the possibility of gaining a variance based on the greater risk of storing lowlevel radioactive waste than burying it. 

The State of New Mexico may grant a variance on several provisions in RCRA for burying these wastes. However, the Laboratory would still be required to submit a Permit application for such activity. Given the current state of public opinion, Juan Corpion doubts whether LANL will ever see such activity come into fruition. On the other hand, if we de list the waste under RCRA. the sludges would become subject only to DOE Orders and thus such activity may become feasible. Thus, we should focus on delisting rather than permitting a mixed waste landfill 

Dellst1n1 

If we determine that wastewater entering the low-level radioactive waste sewer is or will be a hazardous waste, immediate steps shall be initiated to delist the waste or to preclude its introduction into the waste stream or to change the process to one that generates non-hazardous wastes • 

1. The scrubber blowdown water from the incinerator will probably require delisting and the process should begin immediately through a joint effort of Juan Corpion and Stan Zygmunt. 

2. HSE· 7 has been designated by Tom Gunderson ilS the Group responsible for waste minim.ization. Jeff Weinrach is the Lab's Waste Minimization Coordinator. Jeff has asked for and is receiving assistance from HSE-8 in his solvent-substitution efforts. His activities are beginning to pay off as MEC Division is beginning to substitute 1,1,1-Trichloroethane with a non-regulated solvent. 

3. HSE-8 will be responsible for interpreting the IT study to identify violations of lab-policy for disposal of hazardo~ wastes. They shall provide a summary of all of their findings to tioth the generator and HSE· 7 who will work together to eliminate the violation. HSE-8 may request technical assistance from HSE· 7. 
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cc: T. Drypolcher, HSE· 7, ES 17 

S. Zygmunt. HSE-7, ES17 
J. Buchholz, HSE-7, ES18 
J. White, HSE-8, K490 
K. Hargis, HSE-8, K490 
W. Midkiff, HSE-7, ES17 
J. Corpion, HSE-8, K490 
A. Gustavsson, HSE-7, J593 
S. Moore-Mayne, c/o HSE-7 
T. Gunderson, HSE-00, K491 
HSE-7AFile 
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EPA EFFLUENT GUIDELINES AND STANDARDS FOR METAL FINISHING 

(40 CFR 433; 48 FR 3248S, July IS, 1983; Revised through July 1, 1991) 

TITLE ..0-PROTECTION OF 
ENVIRONMENT 

CHAPTER I-ENVIRONMENTAL 
PROTECTION AGENCY 

SUBCHAPTER N-EFFLUENT 
GUIDEUNES AND STANDARDS 

PART 433-METAL FINISHING 
POINT SOURCE CATEGORY 

Autllority: Sees. 301, 304(b), (c), (c), 
and (&). 306(b) and (c). 307(b) and (c), 
308 and SOl of the Clean Water Act (the 
Federal Water Pollution Control Act 
Amendments of 1971, as amended by the 
Clean Water Act of 1977) (the "Act"): 
33 U.S.C. 1311. 1314(b) (c), (c). and(&). 
1316(b) and (c). 1317(b) and (c), 1318 
and 1361; 86 Stat. 816. Pub. L. 92-500; 
91 Stat. 1567, Pub. L. 95-217. 

Subpart A-Metal Fiaisbina 
Subcateaory 

§.433.10 ApplicabiUty; descripdoa of tile 
~~~etal ftaiUiaa point ICMII'ce catecory. 
(a) Except as noted in paraarapbs (b) 

and (c), of this section, the provisions of 
this subpart apply to plants which per
form any of the followina six metal finish
ina operations on any basis material: Elec
troplatin&. Electrolcss Platina. Anodizina. 
Coatin& (chromatin&. phcllphatina. and 
colorina). Chemical Etchin& and MiUina, 
and Printed Circuit Board Manllfactllre. 
If any of those six operations are present. 
then this part applies to dischar&a from 
those operations and alto to discharaa 
from any of the followin& 40 process oper· 
ations: Cleanina. Machinina. Grindina. 
Polishina, Tumblin&. Bumishin&, Impact 
Deformation. Pressure Deformation, 
Shearin&. Heat Trcatina, Thermal Cut-

5-1-92 

ling, Weldin&. Brazing. Soldering, Flame 
Spraying, Sand Blasting, Other Abruivc 
Jet Machining, Electric Discharge 
Machining. Electrochemical Machining, 
Electron Beam Machining. Laser Beam 
Machining, Plasma Arc Machining, Ul· 
trasonic Machining, Sintering, Laminat
ing. Hot Dip Coating, Sputtering, Vapor 
Plating, Thermal Infusion. Salt Bath De
scaling, Solvent Dcgreasing, Paint Strip
ping, Painting, Electrostatic Painting, 
Elcctropainting, Vacuum Metalizing. As
sembly. Calibration, Testing, and Me· 
chanical Plating. 

(b) In some cases effluent limitations 
and standards for the following industrial 
categories may be effective and applicable 
to wastewater discharges from the metal 
finishing operations listed above. In such 
cases these Part 433 limits shall not apply 
and the following regulations shall apply: 

Nonferrous metal smelting and refinin& 
(40 CFR Part 421 ) 

Coil coating (40 CFR Part 465) 
Porcelain enamelina (40 CFR Part 

466) 
Batterv manufacturing (40 CFR Part 

461) 
Iron and steel (40 CFR Part 420) 
Metal castina foundries (40 CFR Part 

464) 
Aluminum forming (40 CFR Part 467) 
Copper formina (40 CFR Part 468) 
Plutic moldina and formina (40 CFR 

Part 463) 
Nonferro~as formin& (40 CFR Part 

471) 
Electrical and electronic components 

(40 CFR Part 469) 
(c) This pan does not apply to: (l) Me

tallic: platemakina and aravure cylinder 
preparation conducted within or for print· 
ina and publishina facilities; and (2) exist· 
ina indirec:t discbaraina job sbop1 and in
dependent printed circuit board manufac-

turen which are covered by 40 CFR Part 
413.) 

(§433.10 amended at 48 FR 43682. Sept. 
26, 1983; 48 FR 45105. Oct. 3, 1983; 51 
FR 40421. Nov. 7, 1986) 

§433.11 Specialized definitions. 
The definitions set forth in 40 CFR 

Part 401 and the chemical analysis meth
ods set forth in 40 CFR Part 136 are both 
incorporated here by reference. In addi· 
tion. the followin& definitions apply to this 
part: 

(a) The term "r'. as in "Cyanide, r·, 
shall mean total. 

(b) The term "A", as in "Cyanide A", 
shall mean amenable to alkaline chlorina
tion. 

(c) The term .. job shop" shall mean a 
facility which owns not more than 50% 
(annual area basis) of the materials un
dergoing metal finishing. 

(d) The term "independent" printed 
circuit board manufacturer shall mean a 
facility which manufac:turen printed cu
cuit boards principally for sale to other 
companies. · 

(e) The term .. TTO" shall mean total 
toxic organics, which is the summauon of 
all quantifiable values greater than .0 I 
milligrams per liter for the followina tox1c: 
organics: 

Ac:cnaphthene 
Acrolein 
Acrylonitrile 
Benzene 
Benzidine 
Carbon tetrachloride 

( tetrachloromethane) 
Chlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobenzene 
1,2,-Dichloroethane 
1.1.1· Trichloroethane 
Hexachloroethane 

[Sec. 433.11(e)] 

Copyrigl'lt c 1992 by Tl'le Bureau of NlliOnll Afllira. Inc. 
0013-921 1 /92/$0-+ .50 

... 



• 135:4222 

• 1,1-Dic:hlorocthane 
1.1.2-Tric:hloroctbanc 
1.1.2,2-Tetrachloroethane 
Chlorocthane 

~ 
Bis (2-cbloroctbyl) ether 
2-Chlorocthyl vinyl ether (mixed) 
2-Chloronaphthalene 
2.4.6-Trichlorophenol 
Parachlorometa craol 
Chloroform (trichloromethane) 
2-Chlorophcnol 
1,2-Dichlorobcnzcne 
1,3-Dicblorobenzcne 
1 ,4-Dicblorobcnzcne 
3,3-Dichlorobenzidinc 
1, l·Dichloroctbylene 
1 ,2· Traftlodichlorocthylcne 
2,4-Dichloropbcnol 
1,2-Dichloropropane 
l,3-Dichloropropy1ene 

( 1,3-dichloropropene) 
2,4-Dimethylphenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
1.2-Diphenylhydrazine 
Ethyl benzene 
Fluoranthene 
4-Chlorophenyl phenyl ether 
4-Bromopbenyl phenyl ether 
Bis (2-chloroilopropyl) ether 
Bis (2-chloroctboxy) methane 
Methylene chloride (dichloromethane) 
Methyl chloride (chloromethane) 
Methyl bromide (bromomethane) 
Bromoform ( tribromomethane) 
Dichlorobromomethane 
Chlorodibromomethane 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
lsophorone 
Naphthalene 
Nitrobenzene 
2-Nitrophenol 
4-Nitrophenol 
2,4-Dinitrophenol 
4,6-Dinitro-o-cresol 
N -nitrOSOdimethylamine 
N-nitrosodiphenylamine 
N-nitrosodi·n-propylamine 
Pentachlorophenol 
Phenol 
Bis (2-ethylhexyl) phthalate 
Butyl benzyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Diethyl phthalate 
Dimethyl phthalate 
1.2-Benzanthracene 
(benzo(a)anthracene) 
Benzo(a)pyrene (3,4-benzopyrene) 

S-1-92 

3.4- Ben zofl uoranthene 
(benzo(b)ftuoranthene) 

11,12-Benzofluoranthene 
(benzo(lc)ftuoranthene) 

Chrysene 
Acenaphthylene 
Anthracene 
1,12-Benzoperylene 

(benzo(ghi )perylene) 
Fluorene 
Phenanthrene 
1,2.5,6-Dibenzanthracene 

( dibenzo( a,h )anthracene) 
lndeno( I ,2,3-cd) pyrene (2,3-o-

phenlene pyrene) 
Pyrene 
Tetrachloroethylene 
Toluene 
Trichloroethylene 
Vinyl chloride (cblorocthylene) 
Aldrin 
Dieldrin 
Chlordane (technical mixture and me-

tabolites) 
4,4-DDT 
4,4-DDE (p,p-DDX) 
4,4-DDD (p,po TOE) 
Alpha-endosulfan 
Beta-endosulfan 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Heptachlor 
Heptachlor epoxide 
( B H C-hexacbloro-
cyclohexane) 
Alpha-BHC 
Beta·BHC 
Gamma-BHC 
Delta·BHC 
(PCB-polychlorinated biphenyls) 
PCB-124l (Arochlor 1242) 
PCB-1254 (Arochlor 1254) 
PCB-1221 (Arochlor 1221) 
PCB-1232 (Arochlor 1232) 
PCB-1248 (Arochlor 1248) 
PCB-1260 (Arochlor 1260) 
PCB-1016 (Arochlor 1016) 
Toxaphene 
2,3, 7 ,8· Tetrachlorodibenzo-p-clioxin 

(TCDD) 

(1433.11 amended at 48 FR 43682, Sept. 
26, 1983; 51 FR 40421, Nov. 7, 1986] 

§433.12 MOIIitorbla ,....._as. 
(a) In lieu. of requirina monitoring for 

TTO, the permittina authority (or, in the 
case of indirec:t discb&raers, the control 

Envtrenment Reporter 
0013-9211/92/SO+.SO 

FEDERAL REGULATIONS 

authority) may allow dischargers to malce 
the following certification statement: 
"Based on my inquiry of the person or ( 
persons directly responsible for managing 
compliance with the permit limitation (or 
pretreatment standard) for total toxic or-
ganic:s (TTO), I certify that, to the best of 
my knowledge and belief, no dumping of 
concentrated toxic organic:s into the was-
tewaters has oc:curred since filing of the 
Jut discharse monitoring report. I further 
certify that this facility is implementing 
the toxic organic management plan sub-
mitted to the permitting [or control] au-
tbority." For direct discharsers, this state-
mentis to be included as a "comment" on 
the Discharse Monitoring Report re-
quired by 40 CFR 122.44(i), formerly 40 
CFR 122.62(i). For indirect dischargers. 
the statement is to be included as a com-
ment to the periodic reports required by 
40 CFR 403.12(e). If monitoring is neces-
sary to measure compliance with the TTO 
standard, the industrial discharger need 
analyse for only those pollutants which 
would reasonably be expected to be pre-
sent. 

(b) In requesting the certification alter· 
native, a discharger shall submit a solvent 
management plan that specifies to the sat-
isfaction of the permitting authority (or, 

( in the case of indirect dischargers, the 
control authority) the toxic organic com-
pounds used: the method of disposal used 
instead of dumping, such as reclamation, 
contract hauling, or incineration; and pro-
ccdures for ensuring that toxic organ1cs 
do not routinely spill or leak into the 
wastewater. For direct dischargers. the 
permitting authority shall incorporate the 
plan u a provision of the permit. 

(c) Self-monitoring for cyanide must be 
conducted after cyanide treatment and 
before dilution with other streams. Alter-
natively, samples may be taken of the fi. 
nat elftuent, if the plant limitations arc 
adjusted based on the dilution ratio of the 
cyanide wute stream ftow to the elftuent 
flow. 
(Approved by the Office of Management 
and Budget under control number 2040-
0074) 

(1433.12 amended at 48 FR 43682. Sept 
26, 1983; 49 FR 34823, Sept. 4, 1984 I 

(Sec. 433.12(c)) 
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trich lorotrifluoroethane 

Evaluate trichlorotrifluoroethane ALWTF influent sampling results. 

33 sampling events, 1 detection of trichlorofluoroethane, 32 nondetections. 

DETECTED 
CONC (mg/L) 

0.0172 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.00052 mg/L 
Std Dev = 0.00295 

Variance= 0.00001 
Std Err of Mean = 0.00051 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (An, 
(for trichlorotrifluoroethane AT = 25 mg/L, per 40 CFA 261 .3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/RT, and xis measured in grads. 
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DETECTED DETCONC X 

CONC (mg/L) PERCENT OF AT I arcsin [sqrt (p)l 
0.0172 0.0688 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

I AT= 25 mg/L 100 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean== 0.051 
Std Dev == 0.286 

Std Err of Mean== 0.050 

1.67 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1001 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl == 0. 116 
trichlorotrifluoroethane RT, transformed : 100 

Upper limit of 80% confidence interval is less than the RT for trichlorotrifluoroethane. 
Therefore, trichlorotrifluoroethane is 11not considered to be present in the waste at 
a hazardous level•. 



• 
toluene 

Evaluate toluene RLWTF influent sampling results. 

33 sampling events, 1 0 detections of toluene, 23 nondetections. 

DETECTED 
CONC (mg/L) 

0.0498 
0.3824 
0.1467 

1 
0.7853 
0.8232 

0.023 
0.0212 
0.0259 
0.0057 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.099 mg/L 
Std Dev = 0.2548 

Variance = 0.0649 
Std Err of Mean = 0.0443 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (RT), 
(for toluene RT = 25 mg/L, per 40 CFR 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/RT, and xis measured in grads. 



• 

• 

~ . 

DETECTED DETCONC X 
CONC{mg/L) PERCENT OF AT arcsin [sQrt (p)] 

0.0498 0.1992 2.8423 
0.3824 1.5296 7.8937 
0.1467 0.5868 4.8815 

1 4 12.8188 
0.7853 3.1412 11.343 
0.8232 3.2928 11.6165 
0.023 0.092 1.9313 

0.0212 0.0848 1.8541 
0.0259 0.1036 2.0494 
0.0057 0.0228 0.9613 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I AT= 25ma/L 100 1001 

Perform all subsequn calculations on transformed data (x values, 
from table, above). 

Mean • 1.763 
Std Oev • 3.617 

Std Err of Mean • 0.630 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl • 2.588 
toluene AT, transformed- 100 

Upper limit of 80% confidence interval is less than the AT for toluene. 
Therefore, toluene is •not considered to be present in the waste at 
a hazardous level•. 
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APPENDIXB 

Historical (1988 - 1992) Influent Sampling Results, Statistical Analysis of Historical 
Sampling Results, EPA Guidance for Statistical Analysis (EPA SW-846, 1986) 



Evaluation of Historical (May 1988 - December 1992) RLWfF Influent 
VOC/SVOC Sampling Results to Characterize Influent as •solid• 

or •Hazardous• Waste, per EPA SW-846. 

1 . The mean, standard deviation, variance, and standard error of the mean must 
be determined for each chemical contaminant 

2. The mean is compared to the standard deviation. If the mean is greater than 
the standard deviation, the data are assumed to be normally distributed. If 
the mean is less than the standard deviation, the data must be transformed 
prior to statistical analysis. 

3 .. Analyze 1,1, 1-trichloroethane RLWTF influent sampling results. 
33 sampling events, 15 detections of 1,1, 1 -trichloroethane, 18 nondetections. 

DETECTED 
CONC (mg/L) 

0.0255 
0.2743 
0.0538 
4.223 

2.8875 
2.8859 

0.13 
0.45 

0.041 
0.0402 
0.0124 

0.09 
0.1101 
0.0091 
0.068 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean• 
Std Oev • 

Variance • 
Std Err of Mean • 

0.342 mg/L 
0.9685 
0.9381 
0.1686 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 



• 
4. Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 
• Convert detected concentrations to percentages of the regulatory threshold (AT), 

(for 1,1, 1-trichloroethane AT= 25 mg/L, per 40 CFR 261.3) 
then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = det.conc/RT, and xis measured in grads. 

DETECTED DETCONC X 
CONC (mg/L) PERCENT OF AT arcsin [sQrt (p)] 

0.0255 0.102 
0.2743 1.0972 
0.0538 0.2152 
4.223 16.892 

2.8875 11.55 
2.8859 11.5436 

0.13 0.52 
0.45 1.8 

0.041 0.164 
0.0402 0.1608 
0.0124 0.0496 

0.09 0.36 
0.1101 0.4404 
0.0091 0.0364 
0.068 0.272 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

I AT- 25 ma/L 100 I 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 
Std Dev = 

Std Err of Mean = 

3.487 
6.no 
1.178 

2.0335 
6.6807 
2.9543 
26.964 

22.0755 
22.0691 
4.5947 

8.567 
2.5788 
2.5535 
1.4179 
3.822 

4.2279 
1.2147 
3.3217 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100j 



~· . 

5. Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 
1,1, 1 -trichloroethane AT, transformed= 

5.031 
100 

Upper limit of 80% confidence interval is less than the AT for 1,1, 1 -trichloroethane. 
Therefore, 1, 1,1, -trichloroethane is ''not considered to be present in the waste at 
a hazardous level". 



• 
1,1 ,2-trichloroethane 

Analyze 1, 1,2-trichloroethane RLWTF influent sampling results. 

~ 33 sampling events, 2 detections of 1,1,2-trichloroethane, 31 nondetections. 

DETECTED 
CONC (mg/L) 

0.0712 
0.0711 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean= 
Std Dev = 

Variance= 
Std Err of Mean = 

0.004 mg/L 
0.0170 
0.0003 
0.0030 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for 1,1,2-trichloroethane RT = 1 mg/L, per 40 CFR 261.3) 
then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/RT, and xis measured in grads. 



I 

DETECTED DETCONC X 
CONC (ma/L) PERCENT OF AT arcsin rsQrt (p}] 

0.0712 7.12 17.1955 
0.0711 7.11 17.1831 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

AT= 1 mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean • 1.042 
Std Dev • 4.101 

Std Err of Mean = 0. 714 

Calculate the upper lii'T)it of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 1.9n 
1,1,1-trichloroethane AT, transformed = 100 

Upper limit of 80% confidence interval is less than the AT for 1,1,2-trichloroethane. 
Therefore, 1, 1,2,-trichloroethane is •not considered to be present in the waste at 
a hazardous level". 
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2-butanone 

Evaluate 2-butanone ALWTF influent sampling results. 

33 sampling events, 9 detections of 2-butanone, 24 nondetections. 

DETECTED 
CONC (mg/L) 

0.0208 
0.0006 
0.1548 
0.1167 
0.1361 
0.149 
0.065 

0.37 
0.18 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o· 
0 
0 

Mean= 
Std Dev = 

Variance= 
Std Err of Mean = 

0.036 mg/L 
0.0796 
0.0063 
0.0138 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for 2-butanone AT= 25 mg/L, per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/AT, ·and xis measured in grads. 



I 
, 
f 

DETECTED DET CONC X 
CONC (mg/L) PERCENT OF RT arcsin [sqrt (p}] 

0.0208 0.0832 1.8365 
0.0006 0.0024 0.3119 
0.1548 0.6192 5.0147 
0.1167 0.4668 4.353 
0.1361 0.5444 4.7015 
0.149 0.596 4.9197 
0.065 0.26 3.2475 
0.37 1.48 7.764 
0.18 0.72 5.4084 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I RT = 25mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 1.138 
Std Dev = 2.141 

Std Err of Mean =- 0.373 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 1.626 
2-butanone RT, transformed= 100 

Upper limit of 80% confidence interval is less than the RT for 2-butanone. 
Therefore, 2-butanone is •not considered to be present in the waste at 
a hazardous level•. 
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benzene 

Evaluate benzene RLWTF influent sampling results. 

33 sampling events, 5 detections of benzene, 28 nondetections. 

DETECTED 
CONC (mg/L) 

0.0066 
0.0031 
0.0091 
0.0065 
0.0063 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.o 
0 
0 
0 
0 
0 

Mean = 0.001 mg/L 
Std Dev = 0.0023 

Variance = 0.0000 
Std Err of Mean= 0.0004 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

4. Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for benzene RT = 1 mg/L, per 40 CFR 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/RT, and xis measured in grads. 



I 
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DETECTED DET CONC 
I 

X 
CONC {mg/L) PERCENT OF AT arcsin rsQrt (p)] 

0.0066 0.66 5.1n6 
0.0031 0.31 3.5464 
0.0091 0.91 6.0822 
0.0065 0.65 5.1382 
0.0063 0.63 5.0583 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

AT= 1 mg/L 100 1001 

Perform all subsequent calculations on transformed data {x values, 
from table, above). 

Mean= 0.758 
Std Dev = 1.821 

Std Err of Mean = 0.317 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 1.173 
benzene AT, transformed = 1 00 

Upper limit of 80% confidence interval is less than the AT for benzene. 
Therefore, benzene is "not considered to be present in the waste at 
a hazardous level". 



I 
f 

chlorobenzene 

Evaluate chlorobenzene ALWTF influent sampling results. 

33 sampling events, 4 detections of chlorobenzene, 29 nondetections. 

DETECTED 
CONC (mg/L) 

0.0031 
0.0026 
0.0012 

0.001 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean= 0.00024 mg/L 
Std Dev = 0.00072 

Variance = 0.00000 
Std Err of Mean = 0.00012 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 

(for chlorobenzene AT = 25 mg/L, per 40 CFA 261 .3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p·= detconc/AT, ·and xis measured in grads. 



J 
DETECTED DET CONC X 

CONC (mg/L) PERCENT OF AT arcsin [sqrt (p)l 
0.0031 0.0124 0.7089 
0.0026 0.0104 0.6492 
0.0012 0.0048 0.4411 

0.001 0.004 0.4026 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I AT= 25mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 0.067 
Std Dev = 0.185 

Std Err of Mean= 0.032 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance (pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 0. 1 09 
chlorobenzene AT, transformed = 100 

Upper limit of 80% confidence interval is less than the AT for chlorobenzene. 
Therefore, chlorobenzene is •not considered to be present in the waste at 
a hazardous level•. 



I 
I 

carbon disulfide 

Evaluate carbon disulfide RLWTF influent sampling results. 

33 sampling events, 9 detections of carbon disulfide, 24 nondetections. 

DETECTED 
CONC (mg/L) 

1.2583 
4.2872 
3.3453 
7.3746 
5.9829 
6.2935 
0.011 

0.16 
0.0116 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean= 0.870 mg/L 
Std Dev = 2.0298 

Variance = 4.1201 
Std Err of Mean = 0. 3533 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 

(Bo~, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 

(for carbon disulfide RT = 25 mg/L, per 40 CFR 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/RT, and xis measured in grads. 



~· 

J 

1 
DETECTED DET CONC X 

CONC (mg/L) PERCENT OF AT arcsin [sqrt (p)] 
1.2583 5.0332 14.405 
4.2872 17.1488 27.182 
3.3453 13.3812 23.841 
7.3746 29.4984 36.552 
5.9829 23.9316 32.542 
6.2935 25.174 33.461 
0.011 0.044 1.336 

0.16 0.64 5.098 
0.0116 0.0464 1.371 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I AT= 25mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 5.327 
Std Dev = 11.1n 

Std Err of Mean = 1.946 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 7.876 
carbon disulfide AT, transformed = 100 

Upper limit of 80% confidence interval is less than the AT for carbon disulfide. 
Therefore, carbon disulfide is •not considered to be present in the waste at 
a hazardous level•. · 



I 
carbon tetrachloride 

Evaluate carbon tetrachloride ALWTF influent sampling results. 

33 sampling events, 5 detections of carbon tetrachloride, 28 nondetections. 

DETECTED 
CONC (mg/L) 

0.0009 
0.0037 
0.0015 
0.0007 
0.0165 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean= 
Std Dev = 

Variance= 
Std Err of Mean = 

0.001 mg/L 
0.00288 
0.00001 
0.00050 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wiley/and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 

(for carbon tetrachloride AT = 1 mg/L, per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = det.conc/AT, and xis measured in grads. 



J 

J 

! 
" 

I 

DETECTED DET CONC X 

CONC (mg/L) PERCENT OF AT arcsin fsQrt (P)] 
0.0009 0.09 
0.0037 0.37 
0.0015 0.15 
0.0007 0.07 
0.0165 1.65 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

AT= 1 mg/L 100 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 0.550 
Std Dev = 1.604 

Std Err of Mean = 0.279 

1.9101 
3.8748 
2.4662 
1.6845 
8.2002 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100l 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 0.915 
carbon tetrachloride AT, transformed= 100 

Upper limit of 80% confidence interval is less than the AT for carbon tetrachloride. 
Therefore, carbon tetrachloride is •not considered to be present in the waste at 
a hazardous level•. 



I 
I 

trich loroethene 

Evaluate trichloroethane RLWTF influent sampling results. 

33 sampling events, 5 detections of trichloroethane, 28 nondetections. 

DETECTED 
CONC (mg/L) 

0.0051 
0.0004 
0.052 

0.0368 
0.0392 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.00405 mg/L 
Std Dev = 0.01241 

Variance= 0.00015 
Std Err of Mean = 0.00216 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (RT), 
(for tric!'lloroethene RT = 1 mg/L, per 40 CFR 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/RT, and xis measured in grads. 



J 

I 

DETECTED DETCONC X 
CONC (mg/L) PERCENT OF RT arcsin [sqrt (p)] 

0.0051 0.51 4.5502 
0.0004 0.04 1.2733 
0.052 5.2 14.646 

0.0368 3.68 12.2887 
0.0392 3.92 12.6883 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

RT = 1 mg/L 100 100l 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 1.377 
Std Oev = 3.839 

Std Err of Mean= 0.668 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 2.253 
trichloroethane RT, transformed = 100 

Upper limit of 80% confidence interval is less than the RT for trichloroethane. 
Therefore, trichloroethane is "not considered to be present in the waste at 
a hazardous level•. 



~ .. 

methylene chloride 

Evaluate methylene chloride ALWTF influent sampling results. 

33 sampling events, 21 detections of methylene chloride, 12 nondetections. 

DETECTED 
CONC (mg/L) 

0.5564 
1.7276 
1.4143 
1.4114 
1.2156 
1.2287 
0.0255 
0.0263 

6.5 
0.0061 

0.061 
0.0968 

6.8 
0.059 
0.072 
0.014 

0.0094 
0.053 
0.014 

0.23 
0.26 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.660 mg/L 
Std Dev = 1.600 

Variance = 2.561 
Std Err of Mean= 0.278 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

• 

Use the arcsin transformation, as described in Statistics For Experimenters, 
(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 
(for methylene chloride AT = 25 mg/L, per 40 CFR 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/AT, and xis measured in grads. 



• 

a 

• 

DETECTED DET CONC X 
CONC (mg/L} PERCENT OF AT arcsin [sqrt {p)] 

0.5564 2.2256 9.533 
1.7276 6.9104 16.9342 
1.4143 5.6572 15.2884 
1.4114 5.6456 15.2725 
1.2156 4.8624 14.1543 
1.2287 4.9148 14.2317 
0.0255 0.102 2.0335 
0.0263 0.1052 2.0652 

6.5 26 34.0637 
0.0061 0.0244 0.9945 
0.061 0.244 3.1459 

0.0968 0.3872 3.964 
6.8 27.2 34.9282 

0.059 0.236 3.0939 
0.072 0.288 3.4181 
0.014 0.056 1.5067 

0.0094 0.0376 1.2345 
0.053 0.212 2.9323 
0.014 0.056 1.5067 

0.23 0.92 6.1156 
0.26 1.04 6.5036 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I AT= 25 mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean= 5.846 
Std Dev == 8.962 

Std Err of Mean = 1.560 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl = 7.890 
methylene chloride AT, tranformed = 100 

Upper limit of 80% confidence interval is less than the RT for methylene chloride. 
Therefore, methylene chloride is •not considered to be present in the waste at 
a hazardous level•. 



• 
o-dichlorobenzene 

Evaluate a-dichlorobenzene ALWTF influent sampling results. 

~ 33 sampling events, 1 detection of o-dichlorobenzene, 32 nondetections. 

DETECTED 
CONC (mg/L) 

0.0005 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.00002 mg/L 
Std Dev = 0.00009 

Variance = 0.00000 
Std Err of Mean= 0.00001 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
{EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 

(for a-dichlorobenzene AT = 25 mg/L, per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/AT, and xis measured in grads. 



DETECTED DET CONC X 

I CONC (mg/L) PERCENT OF AT arcsin [sQrt (p)] 

0.0005 0.002 0.2847 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

I RT = 25 ma/L 100 

Perform all subsequent calculations on transformed data (x values, 

from table, above). 
Mean= 0.009 

Std Dev = 0.049 
Std Err of Mean = 0.008 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1001 

Calculate the 1Jpper limit of the 80% confidence interval (CI), in accordance 

with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 
Upper limit of 80% Cl = 0.020 

a-dichlorobenzene RT, transformed= 100 

Upper limit of 80% confidence interval is less than the RT foro-dichlorobenzene. 

Therefore, o-dichlorobenzene is •not considered to be present in the waste at 

a hazardous leveiN. 



• 

• 

tetrach loroethene 

Evaluate tetrachloroethane RLWTF influent sampling results . 

33 sampling events, 6 detections of tetrachloroethane, 27 nondetections. 

DETECTED 
CONC (mg/L) 

0.0255 
0.1379 
0.0938 

0.072 
0.07 

0.0674 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean= 0.01414 mg/L 
Std Dev = 0.03325 

Variance = 0.00111 
Std Err of Mean= 0.00579 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-10). 

Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1 978). 

Convert detected concentrations to percentages of the regulatory threshold (RT), 

(for tetrachlroethene RT = 1 mg/L, per 40 CFR 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt {p); where p = detconc/RT, and xis measured in grads. 



~. -

I 

DETECTED DET CONC X 
CONC (mg/L) PERCENT OF AT arcsin rsqrt {p)l 

0.0255 2.55 10.2097 
0.1379 13.79 24.2209. 
0.0938 9.38 19.8161 
0.072 7.2 17.2942 

0.07 7 17.0463 
0.0674 6.74 16.7191 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

AT= 1 mg/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean a 3.191 
Std Dev = 6.999 

Std Err of Mean = 1.218 

Calculate the upper limit of the 80% confiqence interval (CI), in accordance 

with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 
Upper limit of 80% Cl = 4. 7~ 

tetrachlorethane AT, transformed = 1 00 

Upper limit of 80% confidence interval is less than the AT for tetrachlororoethene. 

Therefore, tetrachloroethane is .. not considered to be present in the waste at 

a hazardous levet•. 



• 

• 

• 

• 

• 

I 

• 

• 

• 

• 

• 

trich lorofluoromethane 

Evaluate trichlorofluoromethane ALWTF influent sampling results . 

33 sampling events, 5 detections of trichlorofluoromethane, 28 nondetections . 

DETECTED 
CONC (mg/L} 

0.0558 
0.3813 
0.0629 
0.0594 
0.0442 

0.043 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean = 0.01959 mg/L 
Std Dev = o.oeen 

Variance = 0.00446 
Std Err of Mean = 0.01162 

The mean is less than the standard deviation. 
Therefore, the data is characterized by a negative 
binomial distribution, and must be normalized 
through use of the arcsin transformation 
(EPA SW-846, pg. NINE-1 0). 

Use the arcsin transformation, as described in Statistics For Experimenters, 

(Box, Hunter, and Hunter. Wiley and Sons Publishers, 1978). 

Convert detected concentrations to percentages of the regulatory threshold (AT), 

(for trichlorfluoromethane AT = 25 mg/L. per 40 CFA 261.3) 

then calculate transformed values (x) from the equation: 

sin x = sqrt (p); where p = detconc/AT, and xis measured in grads. 



DETECTED DETCONC 
I 

X 

CONC (mg/L) PERCENT OF AT arcsin [sQrt (p)] 
0.0558 0.2232 3.0088 
0.3813 1.5252 7.8823 
0.0629 0.2516 3.1946 
0.0594 0.2376 3.1044 
0.0442 0.1768 2.6776 
0.043 0.172 2.641 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

l AT= 25mg/L 100 100l 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean=- 0.682 
Std Dev • 1.650 

Std Err of Mean = 0.287 

Calculate the upper limit of the 80% confidence interval (CI), in accordance 

with SW-846 guidance [pg NINE-6, and equation (6)-in Table 9-1]. 
Upper limit of 80% Cl = 1.058 

trichlorofluoromethane RT, transformed = 100 

Upper limit of 80% confidence interval is less than the RT for trichlorfluoromethane. 

Therefore, trichlorofluoromethane is •not considered to be present in the waste at 

a hazardous level•. 
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• DETECTED DETCONC X 
CONC (mg/L) PERCENT OF AT arcsin rsQrt (p)] 

0.0498 0.1992 2.8423 
0.3824 1.5296 7.8937 
0.1467 0.5868 4.8815 

1 4 12.8188 
0.7853 3.1412 11.343 
0.8232 3.2928 11.6165 

0.023 0.092 1.9313 
0.0212 0.0848 1.8541 
0.0259 0.1036 2.0494 
0.0057 0.0228 0.9613 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

l AT= 25ma/L 100 1001 

Perform all subsequent calculations on transformed data (x values, 
from table, above). 

Mean • 1.763 
Std Dev • 3.617 

Std Err of Mean • 0.630 

Calculate the upper limit of the 80% confidence interval (CI}, in accordance 
with SW-846 guidance [pg NINE-6, and equation (6) in Table 9-1]. 

Upper limit of 80% Cl • 2. 588 
toluene RT, transformed • 100 

Upper limit of 80% confidence interval is less than the RT for toluene. 
Therefore, toluene is •not considered to be present in the waste at 
a hazardous level•. 



• Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

Date 
Sampled 

12/14/88 i 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92! 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

1, 1,1 -Trichloroethane 
Detected in Influent 

Level 
Detected 

25.5 
274.3 

53.8 
4223 

2887.5 
2885.9 

130 
450 

41 
40.2 

I 

12.4 

90i 

110.1 I 

9.1 
68i 

33 
15 

753.4 
1371.0 

9.1 
4223.0 
4113.0 
8336.0 
25000 

I 

I 

i 
i 

Level 
Laboratory of 
Uncertainty Quantitation 

7.65 2 
137.15 2 

16.14 2 
2111.5 2 

1443.75 2 
1442.95 2 

39 10 
135 10 

10 
10 

12.31 10 
12.06 10 

2 
21 

3.7 5 
5 
5 
5 

27 5: 

51 

331 
5: 

5 
5; 

! si 
2.73 51 
20.41 5i 

i 5: 

5 
5' 

Si 
5: 
s: 
5j 



~· 

Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

Date 
Sampled 

12/14/88 I 

12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

1,1 ,2- Trichloroethane 
Detected in Influent 

Level 
Detected 

71.2 
71.1 

33 
2 

71.15 
0.07 

71.10 
71.20 

0.21 
71.41 
1000 

' 

I 

Level 
Laboratory of 
Uncertainty Quantitation 

2 
21.36 2 
21.33 2 

2 
2 
2 

10 
10 
10 
10 
10 
10 
2 
2 
5 
51 
5 

! 5 
5 
51 
5 
51 
5 
5] 
5 
51 

' 
51 
5 
5 
5 
5 
5 
5 



I 

I 

• 

Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 

Date 
Sampled 

91.011521 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

12/14/88 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/891 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

2-Butanone 
Detected in Influent 

Level 
Detected 

20.81 
0.6 

154.8 
116.7 
136.1 

149 

65 
370 

180 

33 
9 

132.6 
108.5 

0.6 
370.0 
325.5 
695.5 
25000 

I 

Level 
Laboratory of 
Uncertainty Ouantitation 

I 10 i 

6.241 10 
0.6 10 

46.44 10 
35.01 10 
40.83 10 

50 
50 
20 
20 
20 
20 
10 
10 
20 
20 

44.7 20 
20 

19.5 20 
111 20 I 

20 I 
20 
20 
20 

54 20 
20 
20 
20 
20 

I 20 
20 
20 
20 



I 

• 

i 

• 

Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

Date 
Sampled 

12/14/88 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
NuJTlber of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

Benzene 
Detected in Influent 

Level 
Detected 

6.6 
3.1 
9.1 
6.5 
6.3 

33 
5 

6.3 
2.1 
3.1 
9.1 
6.4 

15.5 
1000 

I 

I 

Level 
Laboratory of 
Uncertainty Quantitation 

2 
1.98 2 
0.93 2 
2.73 2 
1.95 2 
1.89 2 

10 
10 
10 
10 
10 
10 

2 
2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

Date 
Sampled 

, 2/14/88! 
, 2/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/891 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected+ 3x STD 
Regulatory Umit 

Chlorobenzene 
Detected in Influent 

Level 
Laboratory of Level 

Detected Uncertainty Cuantitation 

! I 

3.1 2.0 

2.6 0.78 
1.2 * 1.2 
1.0 * 1.0 

* Level detected is below the level of 
quantitation and is therefore an 
estimated value. 

33 
4 

2.0 
1.0 
1.0 
3.1 
3.1 
6.2 

25000 

2 
2 
2 
2 
2 
2 

10 
10 
10 
10 
10 
10 

2 
2 
5 
5 
5 
5 
5 
5 
51 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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• 

• 

Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

Date 
Sampled 

12/14/88 I 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/881 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

Carbon 
Disulfide 

Detected in Influent 

Level 
Detected 

1258.31 
4287.2 
3345.3 
7374.6 
5982.9 
6293.5 

11 
160 
11.6 

33 
9 

3191.6 
2943.0 

11.0 
7374.6 
8829.0 

16203.6 
25000 

I 

I 

Level 
Laboratory of 
Uncertainty Ouantitation 

629.15 i 10 
2143.61 10 

1672.65 10 
2212.38 10 
2991.45 10 
3146.75 10 

50 
50 
10 
10 
10 
10 
10 
10 

3.3 5 
48 5 
3.5 5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 

Data 
Sampled 

90.10158. 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.018891 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

12/14/88 I 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 I 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

Carbon 
Tetrachloride 

Detected in Influent 

Level 
Detected 

0.9 

3.7 
1.5 
0.7 

16.5 

33 
5 

4.7 
6.7 
0.7 

16.5 
20.2 
36.7 
1000 

' 

I 

Level 
Laboratory of 
Uncertainty Quantitation 

2 
0.9 2 

2 
1.11 2 

1.5 2 
0.7 2 

10 
10 
10 
10 
10 
10 

2 
2 
5 

I 5 
5 
5 
5 
51 
5 

5.1 5 
5 
5 
5 
5 
c:: 
"' 
5 
5 
5 
5 
5 
5 



I 

I I 

I 

' 

t 

' 
I 

Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.1n37 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

Date 
Sampled 

12/14/88 I 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected+ 3x STD 
Regulatory Umit 

Trichloroethene 
Detected in Influent 

Level 
Detected 

5.1 
0.4 
52 

36.8 
39.2 

33 
5 

26.7 
22.7 

0.4 
52.0 
68.1 

120.1 
1000 

Level 
Laboratory of 
Uncertainty Quantitation 

2 
1.53 2 
0.4 2 

15.6 2 
11.04 2 
11.76 2 

10 
10 
10 
10 
10 
10 

2 
2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 

Date 
Sampled 

91.065071 
91.10620 
92.01353 
92.023461 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

12/14/88 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

Methylene 
Chloride 

Detected in Influent 

Level 
Detected 

556.4 
1727.6 
1414.3 
1411.4 
1215.6 
1228.7 

25.5 
26.3' 

6500 

6.1 
61 

96.8 

6800 
59 
72 
14 

9.4 
53 

14 
230 
260 

33 
21 

1037.2 
1953.0 

6.1 
6800.0 
5859.0 

12659.0 
25000 

Level 
Laboratory of 
Uncertainty Ouantitation 

278.2 2 
863.8 2 

707.15 2 
705.7 2 
607.8 2 

614.35 2 
10 
10 
10 
10 
10 
10 

2 
2 

7.7 5 
7.9 5 

1950 5 
5 

1.83 5 
18.3 5 

5 
29.1 5 

5 
2040 5 
17.7 5 
21.6 5 

4.2 5 
2.82 5 
15.9 5 

5 
4.2 5 
69 5 
78 5 



l'' 

Sample 
Number 

89.10027 
89.10029 
89.10030 
89.10032 
89.10033 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

Date 
Sampled 

12/14/88 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected+ 3x STD 
Regulatory Umit 

o- Dichlorobenzene 
Detected in Influent 

Level 
Laboratory of Level 

Detected Uncertainty Quantitation 

0.5 • 0.5 

I 

I 

I 

• Level detected is below the level of 
quantitation and is therefore an 
estimated value. 

33 
1 

0.5 
0.0 
0.5 
0.5 
0.0 
0.5 

25000 

2 
2 
2 
2 
2 
2 

10 
10 
10 
10 
10 
10 

2 
2 
5 
5 
5 
5 
5 
51 
5i 
5: 
5! 
5i 
51 
5i 
5 
5 
5 
5 
5 
5] 
5 



Sample 
Number 

Date 
Sampled 

89.10027' 
89.10029 
89.10030 
89.10032 
89.100331 
89.10034 
89.17434 
89.17435 
89.17627 
89.17628 
89.17736 
89.17737 
89.18112 
89.18113 
90.10158 
90.10314 
90.11174 
90.15355 
90.17442 
90.19511 
91.01152 
91.01889 
91.03432 
91.05134 
91.06507 
91.10620 
92.01353 
92.02346 
92.06097 
92.06199 
92.06446 
92.06445 
92.06447 

12/14/881 
12/15/88 
12/15/88 
12/19/88 
12/22/88 
12/22/88 
10/31/89 
11/02/89 
11/07/89 
11/09/89 
11/14/89 
11/16/89 
12/04/89 
12/04/89 
01/11/90 
01/17/90 
02/25/90 
06/26/90 
09/13/90 
11/28/90 
02/08/91 
03/13/91 
04/25/91 
06/18/91 
07/16/91 
09/26/91 
02/03/92 
03/02/92 
05/01/92 
05/05/92 
05/06/92 
05/06/92 
05/06/92 

Number of sampling events 
Number of detected values 
Mean of detected values 
Standard deviation 
Minimum value detected 
Maximum value detected 
3x standard deviation 
Maximum value detected + 3x STD 
Regulatory Umit 

Tetrachloroethene 
Detected in Influent 

Level 
Detected 

25.5 
137.9 

93.8 
72 
70 

67.4 

33 
6 

77.8 
36.9 
25.5 

137.9 
110.7 
248.6 
1000 

Level 
Laboratory of 
Uncertainty Quantitation 

7.65 i 2 
41.371 2 
28.14 2 

21.6 2 
21 2 

20.22 2 
10 
10 
10 
10 
10 
10 

2 
2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
51 
5 
5 
5 
5 
5 
5 
5 
5 



~· Stance Ptnla, 
s.cu ~ C1oeed- tDa Wllta J.l&tu•, o.w.,or 

Waste type Dna llld blp tN:k .. truck or bins pU. • plts belt Pipe 

~ CJQU-• MIA MIA ~u .... ~ MIA DLpper MIA 
l.iqldd• ..s bottle 

~ 

S1.ultpl '!r1ar MIA Trier '1'rier 'rr1er • • 
M:dat trier Trier 'l'r1er Trier Trier Tr1er Tr1er auv.l Dipper 

p:Mien 
or gnnules 

lky powr:iera lb1ef 'lb1ef '1b1ef • '1b1ef 'lbief &b:Nel Dt.pper 

or snnu-
Snl or -.r .... ~ 1b1ef • Dipper DLpper 

piCbd 
)Diden 
llld lfii'JlM 

t.ge- Llrp Llrp 1-. IMp Luge Lqe "--e Trier Dipper 

grained trier tr1c trs..r 'l'r1er Trier Tr1er 'rr1er 

IOl.1.cls 

~ type of anp' t,. dtl•ttm ea FniPlt dlnifica1t lqpat1c:al. snpu,. ~ • ..S llllllpl1lw 

~ ..c be ~tc.lly _,ectad or ~ '--l an lite IDl -ta anlitiaaa. lb ,...ral· 

ltlt~ about llplll'OPr1ate 8lllllpl.1qf .,dpssnt em be -se. 

NIHI- 48 I 
l.evialon ~~0~~ 
Date Septeaber 1986 

( 

( 



) 

) 

Glass containers are relatively inert to most chemicals and can be used 
to collect and store almost all hazardous waste samples, exept those that 
contain strong alkali and hydrofluoric acid. Glass soda bottles are suggested 
due to their low cost and ready availability. Borosilicate glass containers, 
such as Pyrex and Corex, are more inert and more resistant to breakage than 
soda glass, but are expensive and not always readily available. Glass 
containers are generally more fragile and much heavier than plastic 
containers. Glass or FEP containers must be used for waste samples that will 
be analyzed for organic compounds. 

The containers must have tight, screw-type lids. Plastic bottles are 
usually provided with screw caps made of the same material as the bottles. 
Buttress threads are recommended. Cap liners are not usually required for 
plastic containers. Teflon cap liners should be used with glass containers 
supplied with rigid plastic screw caps. (These caps are usually provided with 
waxed paper liners.} Teflon liners may be purchased from plastic specialty 
supply houses (e.g., Scientific Specialties Service, Inc., P.O. Box 352, 
Randallstown, Maryland 21133}. Other liners that· may be suitable are 
polyethylene, polypropylene, and neoprene plastics. 

If the samples are to be submitted for analysis of volatile compounds, 
the samples must be sealed in air-tight containers. 

Prior to sampling, a detailed equipment list should be compiled. This 
equipment list should be comprehensive and leave nothing to memory. The 
categories of materials that should be considered are: 

1. Personnel equipment, which will include boots, rain gear, disposable 
coveralls, face masks and cartridges, gloves, etc. 

2. Safety equipment, such as portable eyewash stations and a first-aid 
kit. 

3. Field test equipment, such as pH meters and Draeger tube samplers. 

4. An ample supply of containers to address the fact that once in the 
field, the sampling team may want to collect 501 more samples than 
originally planned or to collect a liquid sample, although the 
sampling plan had specified solids only. 

5. Additional sampling equipment for use if a problem arises, e.g., a 
tool kit. 

6. Shipping and office supplies, such as tape, labels, shipping forms, 
chain-of-custody forms and seals, field notebooks, random-number 
tables, scissors, pens, etc. 

Composite Liquid Waste Sampler (Coliwasa) 

The Coliwasa is a device employed to sample free-flowing liquids and 
slurries contained in drums, shallow tanks, pits, and similar containers. It 
1s especially useful for sampling wastes that consist of several immiscible 
liquid phases. 

NINE - 49 
Revision 0 
Date Sept-em~b-e_r_1~9~8=6 



• 

• 

The Coliwasa consists of a glass, plastic, or metal tube equipped w1th an 
end closure that can be opened and closed wh1le the tube is submerged in the 
material to be sampled (refer to Figure 9-9). 

Weighted Bottle 

This sampler consists of a glass or plastic bottle, sinker, stopper, and 
a line that is used to lower, raise, and open the bottle. The weighted bottle 
samples liquids and free-flowing slurries. A weighted bottle with line 1s 
built to the specifications in ASTM Methods D270 and £300. Figure 9-10 shows 
the configuration of a weighted-bottle sampler. 

Dipper · 

The dipper consists of a glass or plastic beaker clamped to the end of a 
two- or three-piece telescoping aluminum or fiberglass pole that serves as the 
handle. A dipper samples liquids and free-flowing slurries. Dippers are not 
available commercially and must be fabricated (Figure 9-11). 

Thief 

A thief consists of two slotted concentric tubes, usually made of 
stainless steel or brass. The outer tube has a conical pointed tip that 
permits the sampler to penetrate the material being sampled. The inner tube 
is rotated to open and close the sampler. A thief is used to sample dry 
granules or powdered wastes whose particle diameter is less than one-third the 
width of the slots. A thief (Figure 9-12) is available at laboratory supply 
stores. 

Trier -
A trier consists of a tube cut in half lengthwise with a sharpened tip 

that allows the sampler to cut into sticky solids and to loosen soil. A trier 
samples moist or sticky solids with a particle diameter less than one-half the 
diameter of the trier. Triers 61 to 100 em long and 1.27 to 2.54 em in 
diameter are available at laboratory supply stores. A large trier can be 
fabricated (see Figure 9-13). 

Auger 

An auger consists of sharpened spiral blades attached to a hard metal 
central shaft. An auger samples hard or packed solid wastes or soil. Augers 
are available at hardware and laboratory supply stores. 

Scoops and Shovels 

Scoops and shovels are used to sample granular or powdered material in 
bins, shallow containers, and conveyor belts. Scoops are available at 
laboratory supply houses. Flat-nosed shovels are available at hardware 
stores. 
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Figure 9-10. Weighted bottle ampler. 
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10-100 em 

1.27-2.5& em 

Fegura 0-12. Thief sampler. 
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Bailer 

The bailer is employed for sampling well water. It consists of a 
container attached to a cable that is lowered into the well to retrieve a 
sample. Bailers can be of various designs. The simplest is a weighted bottle 
or basally capped length of pipe that fills from the top as it is lowered into 
the well. Some bailers have a check valve, located at the base, which allows 
water to enter from the bottom as it is lowered into the well. When the 
bailer is lifted, the check valve closes, allowing water in the bailer to be 
brought to the surface. More sophisticated bailers are available that remain 
open at both ends while being lowered, but can be sealed at both top and 
bottom by activating a triggering mechanism from the surface. This allows 
more reliable sampling at discrete depths within a well. Perhaps the best
known bailer of this latter design is the Kemmerer sampler. 

Bailers generally provide an excellent means for collecting samples from 
monitoring wells. They can be constructed from a wide variety of materials 
compatible with the parameter of interest. Because they are relatively 
inexpensive, bailers can be easily dedicated to an individual well to minimize 
cross contamination during sampling. If not dedicated to a well, they can be 
easily cleaned to prevent cross contamination. Unfortunately, bailers are 
frequently not suited for well evacuation because of their small volume. 

suction Pumps 

As the name implies, suction pumps operate by creating a partial vacuum 
in a sampling tube. This vacuum allows the pressure exerted by the atmosphere 
on the water in the well to force water up the tube to the surface. 
Accordingly, these pumps are located at the surface and require only that a 
transmission tube be lowered into the well. Unfortunately, their use is ( 
limited by their reliance on suction to depths of 20 to 25 ft, depending on 
the pump. In addition, their use may result in out-gassing of dissolved gases 
or volatile organics and is therefore limited in many sampling applications. 
In spite of this, suction methods may provide a suitable means for well 
evacuation because the water remaining in the well is left reasonably 
undisturbed. 

A variety of pumps that operate on this principle are available, but the 
ones most commonly suggested for monitoring purposes ar~ the centrifugal and 
peristaltic pumps. In the centrifugal pump, the fluid is displaced by the 
action of an impeller rotating inside the pump chamber. This discharges water 
by centrifugal force. The resulting pressure drop in the chamber creates a 
suction and causes water to enter the intake pipe in the well. These pumps 
can provide substantial yields and are readily available and inexpensive. The 
disadvantages are that they require an external power source and may be 
difficult to clean between sampling events. In addition, the materials with 
which these pumps are constructed may frequently be incompatible with certain 
sample constituents. However, their substantial pumping rates make them 
suitable for well evacuation. 
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Trench Lysimeters 

Trench lysimeters are named for the large access trench, or caisson, 
necessary for operation. Bas1c installation, as described by Parizek and Lane 
(1970), involves excavating a rather large trench and shoring up the side 
walls, taking care to leave open areas so that samplers can be placed in the 
side walls. Sample trays are imbedded in the side walls and connected by 
tubing to sample collection containers. The ent1re trench area is then 
covered to prevent flooding. One significant danger 1n us1ng th1s system 1s 
the potential for accumulation of hazardous fumes 1n the trench, possibly 
endangering the health and safety of the person collect1ng the samples. 

Trench lysimeters function by intercepting downward-moving water and 
d1vert1ng 1t 1nto a collect1on dev1ce located at a lower elevat1on. The 
1ntercept1ng agent may be an open-ended pipe, sheet .etal trough, pan, or 
other s1m11ar device. Pans 0.9 to 1.2 m in diameter have been successfully 
used in the field by Tyler and Thomas (1977). Because there is no vacuum 
applied to the system, only free water in excess of saturation is sampled. 
Consequently, samples are plentiful during rainy seasons but are nonexistent 
during the dry season • 

Another variation of this system is to use a funnel f111ed with clean 
sand inserted into the sidewall of the trench. Free water w111 drain into a 
collect1on chamber, from which a sample 1s per1od1cally removed by vacuum. A 
small sample collection device such as th1s may be preferable to the large 
trench because the necessary hole is smaller, so that 1nstallat1on 1s easier 
(F1gure 9-15). 

9.2.2.5 Quality Assurance and Quality Control 

) Quality assurance (QA) can br1efly be def1ned as the process for ensuring 

) 

that all data and the decisions based on these data are techn1cally sound, 
statist1cally va11d, and properly documented. Qua11ty control (QC) procedures 
are the tools employed to measure the degree to wh1ch these qual1ty assurance 
object1ves are met. 

A data base cannot be properly evaluated for accuracy and precis1on 
unless 1t 1s accompanied by quality assurance data. In the case of waste 
evaluation, these qua11ty assurance data result from the 1mplementat1on of 
quality control procedures dur1ng sampling and analysts. Quality control 
requirements for spec1f1c analytical methods are g1ven tn detatl tn each 
method 1n this manual: 1n th1s subsect1on, quality assurance and quality 
control procedures for sampling w111 be discussed. 

Qua11ty control procedures that are employed to document the accuracy and 
prec1s1on of sampl1ng are: 

1. Trip Blanks: Trip blanks should accompany sample containers to and 
from the field. These samples can be used to detect any contami
nation or cross-contamination during handling and transportation. 

I 
2. Field Blanks: Field blanks should be collected at specified 

frequencies, which will vary according to the probability of 
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F1 gure 9·15. ScMmltic d;.gr., of 1 •nd filled funnel used to collect 
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contamination or cross-contamination. Field blanks are often metal
and/or organic-free water aliquots that contact sampling equipment 
under field conditions and are analyzed to detect any contamination 
from sampling equipment, cross contamination from previously 
collected samples, or contamination from conditions during sampling 
(e.g., airborne contaminants that are not from the waste being 
sampled). 

3. Field Duplicates: Field duplicates are collected at specified 
frequencies and are employed to document precision. The precision 
resulting from field duplicates is a function of the variance of 
waste composition, the variance of the sampling technique, and the 
variance of the analytical technique. 

4. Field Spikes: Field spikes are infrequently used to determine the 
loss of parameters of interest during sampling and shipment to the 
laboratories. Because spiking is done in the field, the making of 
spiked samples or spiked blan~s is susceptible to error. In 
addition, compounds can be lost ~uring spiking, and equipment can be 
contaminated with spiking solutions. To eliminate ~hese and other 
problems, some analysts spike blanks or matrices similar to the 

.. waste i~ the laboratory and ship them, along with sample containers, 
to the field. This approach ·also has its limitation because the 
matrix and the handling of the spike are d1.fferent from those of the 

.actual sample. In all cases, the meaning of a low field-spike 
recovery is difficult to interpret, and thus, field spikes are not 
commonly used. 

In addition to the above quality control samples, a complete quality 
assurance program will ensure that standard operating procedures (SOPs) exist 
for all essential aspects of a sampling effort. SOPs should exist for the 
following steps in a sampling effort: 

1. Definition of objectives (refer to Section 9.2.1) • 

2. Design of sampling plans (refer to Section 9.2.2). 

3. Preparation of containers and equipment (refer to the spec1f1c 
analytical methods). 

4. Maintenance, calibration, and cleaning of field equipment (refer to 
instrument manuals or consult a chemist for cleaning protocols). 

5. Sample preservation, packagin9, and shipping (refer to the 
analytical methods and to Section 9.2.2.7). 

6. Health and safety protocols (refer to Section 9.2.2.6) • 

7. Chain-of-custody protocols (refer to Section 9.2.2.7). 

In addition to the above protocols, numerous other QA/QC protocols must 
be employed to document the accuracy of the analytical portion of a waste 
evaluation program. 
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9.2.2.6 Health and Safety 

Safety and health must also be considered when implementing a sampling 
plan. A comprehensive health and safety plan has three basic elements: (1) 
monitoring the health of field personnel; (2) routine safety procedures; and 
(3) emergency procedures. 

Employees who perform field work, as well as those exposed to chemicals 
in the laboratory, should have a medical examination at the initiation of 
employment and routinely thereafter. T~is exam should preferably be performed 
and evaluated by medical doctors who specialize in industrial medicine. Some 
examples of parts of a medical examination that ought to be performed are: 
documentation of medical history: a standard physical exam: pulmonary 
functions screening; chest X-ray: EKG: urinalysis; and blood chemistry. These procedures are useful to: (1) document the quality of an employee's health at 
the time of matriculation: (2) ensure the maintenance of good health: and (3) 
detect early signs of bodily reactions to chemical exposures so they can be 
treated in a timely fashion. Unscheduled examinations should be performed in the event of an accident, illness, or exposure or suspected exposure to toxic 
materials. 

Regarding safety procedures, personnel should be aware of the common 
routes of exposure to chemicals (i.e., inhalation, contact, and ingestion) and be instructed in the proper use of safety equipment, such as Draeger tube air samplers to detect air contamination, and in the proper use of protective 
clothing and respiratory equipment. Protocols should also be defined stating when safety equipment should be employed and designating safe areas where 
facilities are available for washing, drinking, and eating • 

Even when the utmost care is taken, an emergency situation can occur as a ( result of an unanticipated explosion, electrical hazard, fall, or exposure to 
a hazardous substance. To minimize the impact of an emergency, field 
personnel should be aware of basic first aid and have immediate access to a 
first-aid kit. Phone numbers for both police and the nearest hospital should 
be obtained and kept by each team member before entering the site. Directions 
to the nearest hospital should also be obtained so that anyone. suffering an 
injury can be transported quickly for treatment. 

9.2.2.7 Chain of Custody 

An essential part of any sampling/analytical scheme is ensuring the 
integrity of the sample from collection to data reporting. The possession and 
handling of samples should be traceable from the time of collection through 
analysis and final disposition. This documentation of the history of the 
sample is referred to as chain of custody. 

Chain of custody is necessary if there is aly possibility that the 
analytical data or conclusions based upon analytica data will be used in 
litigation. In cases where litigation is not involved, many of the chain-of
custody procedures are still useful for routine control of sample flow. The 
components of chain of custody -- sample seals, a field logbook, chain-of
custody record, and sample analysis request sheet -- and the procedures for 
their use are described in this section. 
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A sample is considered is considered to be under a person's custody if it 
is (1) in a person's physical possession, (2) 1n view of the person after 
taking possession, and (3) secured by that person so that no one can tamper 
with it, or secured by that person in an area that is restricted to authorized 
personnel. A person who has samples 1n custody must comply with the following 
procedures. 

(The .aterial presented here briefly summarizes the major aspects of 
chain of custody. The reader is referred to NEIC Policies and Procedures, 
EPA-330/9/78/001-R [as revised 1/82], or other manual, as appropriate, for 
.ore infor.ation.) 

Sa.ple labels (Figure 9-16) are necessary to prevent •isidentification of 
samples. Gummed paper labels or tags are adequate and should include at least 
the following infor.ation: 

Sample number. 
Name of collector. 
Date and time of collection. 
Place of collection. 

Labels should be affixed to sample containers prior to or at the time of 
sampling and should be filled out at the time of collection. 

Sample seals are used to detect unauthorized tampering of samples 
following sample collection up to the time of analysis. Gummed paper seals 
may be used for this purpose. The paper seal should include, minimally, the 
following information: 

Sample number. (This number must be identical with the number on the 
sample label.) 

Name of collector. 
Date and time of sampling. 
Place of collection. 

The seal must be attached in such a way that it is necessary to break it 
in order to open the sample container. (An example of an official sample seal 
is shown in Figure 9-17.) Seals must be affixed to containers before the 
samples leave the custody of sampling personnel. 

All information pertinent to a field survey or sampling must be recorded 
in a logbook. This should be bound, preferably with consecutively numbered 
pages that are 21.6 by 27.9 em (8-1/2 by 11 in.). At a minimum, entries in 
the logbook .ust include the following: 

Location of sampling point. 
Name and address of field contact. 
Producer of waste and address, if different from location. 
Type of process producing waste (if known). 
Type of waste (e.g., sludge, wastewater). 
Scspected waste composition, including concentrations. 
Number and volume of sample taken. 
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Collector ----------- S~le No. ---------------

Place of Collection----------------------

Date S~led --------------Time Sampled------

Field Infonnation ----------------------

Figure 9-16. Example of Sample Label 
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NAME AND ADDRESS OF ORGANIZATION COLLECTING SAMPLES 

Person Collecting Sample--~~--~---- Sample No. ---
(signature) 

Date Collected---------- Time Collected------

Place Collected -----------------------

Figure 9-17. Example of Off1c1al Sample Seal 
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Purpose of sampling (e.g., surveillance, contract number) • 
Description of sampling point and sampling methodology. 
Date and time of collection. 
Collector's sample identification number(s). 
Sample distribution and how transported (e.g., name of laboratory, UPS, 

Federal Express). 
References, such as maps or photographs of the sampling site. 
Field observations. 
~ny field measurements made (e.g., pH, flammability, explos1vity). Signatures of personnel responsible for observations • 

Sampling situations vary widely. No general rule can be given as to the extent of information that must be entered in the logbook. A good rule, however, is to record sufficient information so that anyone can reconstruct the sampling without reliance on the collector's memory. The logbook must be stored safely. 

To establish the documentation necessary to trace sample possession from the time of collection, a chain-of-custody record should be filled out and should accompany every sample. This record becomes especially important 1f the sample is to be introduced as evidence in a court litigation. (A chainof-custody record is illustrated in Figure 9-18.) 

The record should contain, minimally, the following information: 

Sample number. 
Signature of collector. 
Date and time of collection. 
Place and address of collection. 
Waste type. 
Signature of persons involved in the chain of possession. 
Inclusive dates of possession. 

The sample analysis request sheet (Figure 9-19) is intended to accompany the sample on delivery to the laboratory. The field portion of this form is completed by the person collecting the sample and should include most of the pertinent information noted in the logbook. The laboratory portion of th1s form is intended to be completed by laboratory personnel and to include, minimally: 

Name of person receiving the sample. 
Laboratory sample number. 
Date and time of sample receipt. 
Sample allocation. 
Analyses to be performed. 

The sample should be delivered to the laboratory for analysis as soon as practicable -- usually within 1 or 2 days after sampling. The sample must be accompanied by the chain-of-custody record (Figure 9-18) and by a sample analysis request sheet (Figure 9-19). The sample must be delivered to the person in the laboratory authorized to receive samples (often referred to as 
the sample custodian). 
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SAMPLING ANALYSIS REQUEST 

Part I: Fteld Sectton 

Collector Date Sampled T1• hours 

Affiliation of Sa~ler 

Address 
nUIIber street city state zip 

Telephone ' l Company Contact 

t.AIORATORY 
SAMPLE COLLECTOR'S TYPE OF 
NUMBER SAMPLE NO. SAMPLE* FIELD INFORMATION** 

Analysts Requested ----------------------

Spectal Handling and/or Storage ------------------

PART II: LABORATORY SECTION** 

Recetved by ----------- T1tle ------ Date ---

Analysis Required -----------------------

*Indicate whether sample 1s so11, sludge, etc. 
**Use back of page for add1t1onal 1nformat1on relative to sample location. 

F1gure 9-19. Example of hazardous waste sample analysts sheet. 

NINE- 70 
Rev1s1on 0 
Date Sept-eriib--e.;...r ""~"'1~981"76 

( 

( 



) 

'· ) 

Any material that is identified in the DOT Hazardous Material Table (49 
CFR 172.101) must be transported as prescribed in the table. All other 
hazardous waste samples must be transported as follows: 

1. Collect sample in a 16-oz or smaller glass or polyethylene container 
with nonmetallic Teflon-lined screw cap. For liquids, allow 
sufficient air space (approximately lOS by volume) so that the 
container is not full at 54•c (130•F). If collecting a solid 
material, the container plus contents should not exceed 1 lb net 
weight. If sampling for volatile organic analysis, fill VOA 
container to septum but place the VOA container inside a 16-oz or 
smaller container so that the required air space may be provided. 
Large quantities, up to 3.785 liters (1 gal), may be collected if 
the sample's flash point is 23•c {75.F) or higher. In this case, 
the flash point must be marked on the outside container (e.g., 
carton or cooler), and shipping papers should state that •Flash 
point is 73•F or higher.• 

2. 

3. 

4. 

Seal sample and place in a 4-mil-thick polyethylene bag, one sample 
per bag. 

Place sealed bag inside a metal can with noncombustible, absorbent 
cushioning material (e.g., vermiculite or earth) to prevent 
breakage, one bag per can. Pressure-close the can and use clips, 
tape, or other positive means to hold the lid securely. 

Mark the can with: 

Name and address of originator. 
•Flammable Liquid, N.O.S. UN 1993.• 
(or, •Flammable Solid, N.O.S. UN 1325•.) 

NOTE: UN numbers are now required in proper shipping names. 

5. Place one or more metal cans in a strong outside container such as a 
picnic cooler or fiberboard box. Preservatives are not used for 
hazardous waste site samples. 

6. Prepare for shipping: The words •flammable Liquid, N.O.S. UN 1993N 
or •Flammable Solid, N.O.S. UN 1325•: •cargo Aircraft Only• (if more 
than 1 qt net per outside package): •Limited Quantity• or •Ltd. 
Qty.•: •Laboratory Samples•: •Net Weight • or •Net Volume ___ • 
{of hazardous contents) should be indicated on shipping papers and 
on the outside of the outside shipping container. The words •This 
Side up• or •This End up• should also be on container. Sign the 
shipper certification. 
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7. Stand by for possible carrier requests to open outside containers 
for inspection or to modify packaging. (It is wise to contact 
carrier before packing to ascertain local packaging requirements.) 
Remain in the departure area until the carrier vehicle (aircraft, 
truck, etc.) 1s on its way. 1 

At the laboratory, a sample custodian should be assigned to receive the 
samples. Upon receipt of a sample, the custodian should inspect the condition 
of the sample and the sample seal, reconcile the information on the sample 
label and seal against that on the chain-of-custody record, assign a 
laboratory number, log in the sample in the laboratory logbook, and store it 
in a secured sample storage room or cabinet until it is assigned to an analyst 
for analysis. 

The sample custodian should inspect the sample for any· leakage from the 
container. A leaky container containing a multiphase sample should not be 
accepted-for analysis. This sample will no longer be a representative sample. 
If the sample is contained in a plastic bottle and the container walls show 
that the sample is under pressure or releasing gases, the sample should be 
treated with caution because it may be explosive or release extremely 
poisonous gases. The custodian should examine whether the sample seal is 
intact or broken, because a broken seal may mean sample tampering and would 
make analysis results inadmissible as evidence in court. Any discrepancies 
between the information on the sample label and seal and the information that 
is on the chain-of-custody record and the sample analysis request sheet should 
be resolved before the sample is assigned for analysis. This effort might 
require communication with the sample collector. Results of the inspection 
should be noted on the sample analysis request sheet and on the laboratory 
sample logbook. 

Incoming samples usually carry the inspector's or collector's 
identification numbers. To identify these samples further, the laboratory 
should assign its own identification numbers, which normally are given 
consecutively. Each sample should be marked with the assigned laboratory 
number. This number is correspondingly recorded on a laboratory sample log 
book along with the information describing the sample. The sample information 
is copied from the sample analysis request sheet and cross-checked against 
that on the sample label. 

In most cases, the laboratory supervisor assigns the sample for analysis. 
The supervisor should review the information on the sample analysis request 
sheet, which now includes inspection notes recorded by the laboratory sample 
custodian. The technician assigned to analysis should record in the 
laboratory notebook the identifying information about the sample, the date of 
receipt, and other pertinent information. This record should also include the 
subsequent testing data and calculations. The sample may have to be split 
with other laboratories in order to obtain all the necessary analytical 
information. In this case, the same type of chain-of-custody procedures must 
be employed while the sample is being transported and at the other laboratory. 
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Once the sample has been received in the laboratory, the supervisor or 
hi~/her assignee is responsible for its care and custody. That person should 
be prepared to testify that the sample was in his/her possession or secured in 
the laboratory at all times, from the moment it was received from the 
custodian until the analyses were performed. 

9.2.3 Sample Plan Implementation 

Prior to implementing a sampling plan, it is often strategic to walk 
through the sampling plan mentally, starting with the preparation of equipment 
until the time when samples are received at the laboratory. This mental 
excursion should be in as much detail as can be imagined, because the small details are the ones .est frequently overlooked. By employing this technique, items not included on the equipment list may be discovered, as well as any 
major oversight that could cause the sampling effort to fail. During this 
review of the sampling plan, an attempt should be made to anticipate what 
could go wrong. A solution to anticipated problems should be found, and, 1f necessary, materials needed for solving these problems should be added to the 
equip~nt list. 

The remainder of this section discusses examples of sampling strategies 
for different situations that may be encountered. 

Containers 

Prior to discussing the sampling of containers, the term must be defined. 
The term container, as used here, refers to receptacles that are designed for 
transporting materials, e.g., drums and other smaller receptacles, as opposed 
to stationary tanks. Weighted bottles, Coliwasas, drum thiefs, or triers are 
the sampling devices that are chosen for the sampling of containers. (See 
Section 9.2.2.4 for a full discussion of sampling equipment.) 

The sampling strategy for containers varies according to (1) the number 
of containers to be sampled and (2) access to the containers. Ideally, if the 
waste is contained in several containers, every container will be sampled. If 
this is not possible due to the large number of containers or to cost factors, 
a subset of individual containers must be randomly selected for sampling. 
This can be done by assigning each container a number and then randomly 
choosing a set of numbers for sampling. 

Access to a container will affect the number of samples that can be taken 
from the container and the location within the container from which samples 
can be taken. Ideally, several samples should be taken from locations 
displaced both vertically and horizontally throughout the waste. The number 
of samples required for reliable sampling will vary depending on the 
distribution of the waste components in the container. At a minimum with an 
unknown waste, a sufficient number and distribution of samples should be taken 
to address any possible vertical anomalies in the waste. This is because 
contained wastes have a much greater tendency to be nonrandomly heterogeneous 
in a vertical rather than a horizontal direction due to (1) settling of solids 
and the denser phases of liquid$ and (2) variation in the content of the waste 
as it enters the container. Bags, paper drums, and open-headed steel drums 
(of which the entire top can be removed) generally do not restrict access to 
the waste and therefore do not limit sampling. 
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When access to a container is unlimited, a useful strategy for obtaining 
a representative set of samples is a three-dimensional simple random sampling 
strategy in which the container is divided by constructing an imaginary three
dimensional grid (see Figure 9-20), as follows. First, the top surface of the 
waste is divided into a grid whose sections either approximate the size of the 
sampling device or are larger than the sampling device if the container is 
large. (Cylindrical containers can be divided into imaginary concentric 
circles, which are then further divided into grids of equal size.) Each 
section is assigned a number. The height of the container is then divided 
into imaginary levels that are at least as large as the vertical space 
required by the chosen sampling device. These imaginary levels are then 
assigned numbers. Specific levels and grid locations are then selected for 
sampling using a random-number table or random-number generator. (An 
alternative .eans of choosing random sampling locations using circumference 
and diameter dimensions is discussed in Section 9.2.2.1.) 

Another appropriate sampling approach is the two-dimensional simple 
random sampling strategy, which can usually yield a more precise sampling when 
fewer samples are collected. This strategy involves (1) dividing the top 
surface of the waste into an imaginary grid as in the three-dimensional 
strategy, (2) selecting grid sections for sampling using random-number tables 
or random-number generators, and (3) sampling each selected grid point in a 
vertical manner along the entire length from top to bottom using a sampling 
device such as a drum thief or Coliwasa. 

Some containers, such as drums with bung openings, limit access to the 
contained waste and restrict sampling to a single vertical plane. Samples 
taken in this manner can be considered representative of the entire container 
only if the waste ~s known to be homogeneous or if no horizontal 

( 

stratification has occurred. Precautions must be taken when sampling any type ( 
of steel drum because the drum may explode or expel gases and/or pressurized 
liquids. An EPA/NEIC manual, •safety Manual for Hazardous Waste Site 
Investigation,• addresses these safety precautions. 

Tanks 

Tanks are essentially large containers. The considerations involved in 
sampling tanks are therefore similar to those for sampling containers. As 
with containers, the goal of sampling tanks is to acquire a sufficient number 
of samples from different locations within the waste to provide analytical 
data that are representative of the entire tank contents. 

The accessibility of the tank contents will affect the sampling 
methodology. If the tank is an open one, allowing unrestricted access, then 
usuall~ a representative set of samples is best obtained using the three
dimensional simple random sampling strategy, as described for containers {see 
also Section 9.2.2.1). This strategy involves dividing the tank contents 1nto 
an imaginary three-dimensional grid. As a first step, the top surface of the 
waste is divided into a grid whose sections either approximate the size of the 
sampling device or are larger than the sampling device if the tank 1s large. 
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(Cylindrical tanks can be divided into imaginary concentric circles, which are then further divided into grids of equal size.) Each section is assigned a number. The height of the tank is then divided into imaginary levels that are at least as large as the vertical space required by the chosen sampling device. These imaginary level~ are assigned numbers. Specific levels and grid locations are then selected for sampling using a random-number table or random-number generJtor. 

A less comprehensive sampling approach may be appropriate if information regarding the distribution of waste components is known or assumed (e.g., if vertical compositing will yield a representative sample). In such cases, a two-dimensional simple random sampling strategy may be appropriate. In this strategy, the top surface of the waste is divided into an imaginary gr1d: grid sections are selected using random-number tables or random-number generators: and each selected grid point is then sampled in a vertical .anner along the entire length fro. top to bottom using a sampling device such as a weighted bottle, a drum thief, or Coliwasa. If the waste is known to consist of two or more discrete strata, a more precise representation of the tank contents can be obtained by using a stratified random sampling strategy, i.e., by sampling each stratum separately using the two- or three-dimensional simple random sampling strategy. 

Some tanks permit only limited access to their contents, which restricts the locations within the tank from which samples can be taken. If sampling is restricted, the sampling strategy must, at a minimum, take sufficient samples to address the potential vertical anomalies in the waste in order to be considered representative. This is because contained wastes tend to display vertical, rather than horizontal, nonrandom heterogeneity due to settling of suspended solids or denser liquid phases. If access restricts sampling to a portion of the tank contents (e.g., in an open tank, the size of the tank may restrict sampling to the perimeter of the tank: in a closed tank, the only access to the waste may be through inspection ports), then the resulting analytical data will be deemed representative only of the accessed area, not of the entire tank contents unless the tank contents are known to be homogeneous. 

If a limited access tank is to be sampled, and little is known about the distribution of components within the waste, a set of samples that is representative of the entire tank contents can be obtained by taking a series of samples as the tank contents are being drained. This should be done in a simple random manner by estimating how long it will take to drain the tank and then randomly selecting times during drainage for sampling. 

The most appropriate type of sampling device for tanks depends on the tank parameters. In general, subsurface samplers (i.e., pond samplers) are used for shallow tanks, and weighted bottles are usually employed for tanks deeper than 5 ft. Dippers are useful for sampling pipe effluents. 
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PHYSICAL PROPERTIES RECORD lit I 1<11. 1"1 

(EC-0500) (Rev. 05/93) 

G.neretor Hen.:-------------------------· G.nereter 1/W .. to st..., 1: ---

C.ntr-r Hen.:-------------------------"· W•t• Str-.. Hen.:------
Vel..,.. ef W•to Me!Miel: ----~· - I.AAW, _ MW: Dei'-'t O.te: ----------------Hen. a. Ti11e ef ,_ ~ Ferm: ---------------------'· O.te: ------
In order to c011ply with Erwfrocare'a r8dfo.ctfve •terfal dfaposal lfcenae IZ300249 faauad by the Utah Bureau of Radiation control, Erwfrocare r~lres generator• to provide the following physical properties information. Should you have eny questiona while COIIpleting this forti, contact Envirocare'a Vice President of ape,·ations at (801 > 532·1330. WASTE CANNOT BE ACCEPTED AT ENVIROCARE OF UTAH UNLESS THIS FORM IS COMPLETE AND A SAMPLE OF THE WASTE SUBMITTED. 

1. GENERA TOR INFORMA noN 

EPA ID tl 

Name of Generator 

Mailing Addresa 

Phone 

Fax 

Location of Material 

Generator Contact 

Title 

Ma i l i ng Addresa 

Phone 

Fax 

2. MOISTURE CONTENT 

Opti._.. Moisture Content: X 

(Use Std Proctor Method ASTM D·698) 
Average Moisture Content: X 

Moisture Content Range: X 

3. SAMPLE OF WASTE. Please lend a 50 PG'nl gallon 
sample of .. terial to Envirocare of Utah, Inc. 
_ SMPle has been aent 

4. GENERAL CHARACTERJSncs <~ of each) 

_soil 

_ R!Alble 

_ Tailfnga 

_Concrete 

_Building Debris 

_ Pipe Scale 

Procesa Waste 

________ Plastic/Resin 

5. GRADAnON OF MATERIAL (Please 
indicate the percentage of the 
•terial that would pess through the 
following sizes of acreen.) 

1• 

X 

X 

X 

X 

X 

X 

6. TRANSPORTAnON MODES (Please 
indicate the option[s] for delivery 
to the site. Check all that apply.) 

Highway 

B·12 loxes 

Bulk Shipnent 

55·Gal. DrUM 
(Specify) 

Railroad 

8·25 Boxes 

Gondola 

Bags of the waste 

Other ---~-~~----(Specify) 7. DESCRIPnON OF WASTE (Pleaae describe the waate in the apace below with respect to its physical composition and characteristics. Note eny it._ of concern.) 
GENERATOR'S CERTIFICATION OF WASTE: As the generator of th11 waste, I certify to Env1rocare of Utah, Inc., that the information provided on this forti is complete, true and correct, and is accurately supported and documented by any laboratory testing, as required by Envirocare of Utah, Inc. The results of any sa1d testing have been submitted to Envirocare of Utah, Inc. 

Signature for above certification------------- DATE ----------
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INSTRUCTIONS FOR FORM EC-0175 
MIXED WASTE PROFILE RECORD 

-~ 
f:\~IIWC.HU: 

,,. I I \II. l't 

PURPOSE. The Mixed Waste Profile Record provides certified documentation from the generator of the properties of the waste to be disposed of at Envirocare. The information you provide with this form is very important. It is used for waste management and compliance purposes and is referred to by the disposal agreement or contract. Therefore, please fill out Form EC-0175 as completely and accurately as possible. 

IN COMPLETING THE FORM, IT IS VERY IMPORTANT TO PROVIDE All APPLICABLE EPA HAZARDOUS WASTE NUMBERS OR CODES IN ITEM NUMBER 7 ON PAGE 2 OF THE FORM. (See the instructions for Item Number 7.) 

SIGNATORY REQUIREMENTS. Once Form EC-0 17 5 has been completed, the initial or legal generator of the waste must sign the form and place his/her initials on each page of the profile. The person who signs as the generator should have overall organizational responsibility for the management of the waste. The generator must sign and initial the completed form even when the waste has been manifested and transported to a permitted storage facility at a different location. 

CERTIFYING SIGNATURE. The signature of the generator at the bottom of the first page of the form is a certifying signature. Before signing the completed form, the generator should read and unde.rstand the certifications. 

ITEMS NOT APPLICABLE. When an item in the form is not applicable, the generator should place N/A or a similar expression as a response. In addition, an explanation and justification of the non-applicability should be provided in Item Number 7 on page 2 of the form. 

***** INSTRUCTIONS FOR PAGE 1 OF EC-0175 ***** 

ITEM NUMBER 1 -- GENERATOR INFORMATION. This information is applicable to the initial generator of the waste and to the location that the waste was generated. The contact person for the disposal project must also be provided. If the waste will be manifested to Envirocare from another ' generator or if the waste has been moved from the location of initial generation, please describe the situation in Item Number 7 on page 2 of the form. 

ITEM NUMBER 2 -- WASTE STREAM INFORMATION. Please be as consistent as possible with the waste stream name. The waste stream name should be concise, descriptive, and recognizable to the generator. Any distinctive color or odor for the waste should be provided. 

I Page 1 of 6 
\ ______ __:___ ___ __ 
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ITEM NUMBER 3 -- WASTE PHYSICAL PROPERTIES. Indicate which of the 
listed properties most accurately applies to the waste stream. 

ITEM NUMBER 4 --DENSITY. Please provide or estimate the density of the waste. Density~ may be provided as a result of analysis or throunh 
knowledge of the waste. Circle the appropriate dimensions. (S.G. is 
for specific gravity where water at 4°C is 1 g{ml.) 

ITEM NUMBER 5 -- IGNITABILITY. Please indicate the flash point, if 
applicable, of the waste. Indicate whether the waste is an oxidizer as 
defined by 40 CFR 261.2l(a}(4). 

ITEM NUMBER 6 -- CHEMICAL COMPOSITION. Many generators know the 
composition of their waste through material balance knowledge, analysis, 
inherent composition or otherwise. Where chemicals or constituents of 
the waste are known, please indicate the component and concentration. 
The HOC value should be provided from the result of analysis for Total 
Organic Halides (TOX) or from SW-846 Methods 8240 and 8270. When 
Methods 8240 and 8270 are used, the HOC value is the sum of the results 
of the compounds in Item 17. 

A generator may provide estimates of composition (e.g. 98% soil and 
debris). Other than for the HOC value, it is not required to conduct 
additional analyses of the waste solely to complete this item. 

Knowledge of the waste may be used or chemical composition may ~e 
~ addressed in the description of the waste in Item Number 7 on page 2 of 

the form. However, where concentrations of constituents are known, please provide this information in this item. 

***** INSTRUCTIONS FOR PAGE 2 OF EC-0175 ***** 
ITEM r.·UMBER 7 HAZARDOUS WASTE DETERMINATION, DESCRIPTION AND 
CHECKLIST. In this item, the generator is to provide a written, comprehensive description of the waste along with explanations and justifications from other responses in the form. The generator should 
fully describe the waste as instructed. Use additional pages if necessary. 

Items in the form determined to be non-applicable or otherwise incompletely described should be fully justified or described in Item Number 7. 

A detailed visual description of the waste is to be provided in 
this item. When a waste arrives at Envirocare, the waste will be 
visually inspected and compared with this description. Shipments will be rejected when the description does not match the waste on the shipment. 

~~--------------------------------P_a~g_e __ 2 __ o_f __ 6 ________________________________ / 
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. 0,.' '"'· '" For each compound detected 1n laboratory analyses, the generator should explain the presence of the compound and whether the EPA Waste Codes or Numbers which correspond to the compound are applicable. Any applicable exclusion or exemption for the waste should be fully explained. For example, if a waste is analyzed to contain trace quantities of benzene, and if the generator determines the waste to have EPA Hazardous Waste Numbers or Codes other than those applicable to benzene (i.e., U019, D018, and/or FOOS), then the generator should provide a corresponding justification or statement as to why any of the benzene-related codes or numbers are not applicable. 

***** VERY IMPORTANT ***** All applicable EPA Hazardous Waste Codes or Numbers should be listed in the space provided. 

ITEM NUMBER 8 -- HISTORY OF WASTE SINCE GENERATION. Wastes that have been transported or manifested from their initial generation location be noted as such in the responses to these questions. 

***** INSTRUCTIONS FOR PAGES 3-4 OF EC-0175 ***** 
ITEM NUMBER 9 -- LIST ALL KNOWN AND POSSIBLE CHEMICAL COMPONENTS OR HAZARDOUS WASTE CHARACTERISTICS. This item.requires the generator to perform a checklist of known or possible components of the waste. A laboratory analysis is not required for each element in this item. However, an appropriate level of research should be done to determine whether the element in question is associated with this waste. The research should include file reviews, operational reviews, reviews of analytical results, and interviews of individuals who have operated associated processes. Where known or possible association or composition with regard to these elements (a-gg) can be made, the response should be checked or under the "Y" column, and an explanation of this indication should be made as part of the description in Item Number 7 on page 2 of the form. 

If, as a result of this exercise, additional known or possible chemical components are identified, those should be noted in hh. and described in Item Number 7. 

ITEM NUMBER 10 -- REQUIRED CHEMICAL LABORATORY ANALYSIS CHECKLIST. Sample results from Utah-certified laboratories are required for the waste and should be submitted to address the elements identified in this item. 

All analytical results should be submitted with the completed form. Where a parameter or class of analysis does not apply, an indication of non-applicability should be made with a corresponding justification in Item Number 7 on page 2. 

In general, data from Utah-certified laboratories must be provided. 

l Page 3 of 6 "-------=--------
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l!t 1 I Ill. '" Please note that, in most instances, analytical resu~~s for lOA, lOB, lOC, and at least one of the remaining elements in this item are required. 

ITEM NUMBER 11 SAMPLE OF WASTE TO ENVIROCARE. ·For the 5 representative samples, please send 5 samples that separately represent the diversity, possible extremes, and average of the waste stream. These samples will be analyzed for the 10 incoming-shipment parameters for which samples of the incoming-shipments of this waste will be analyzed. 

Results of the on-site analyses of these 5 preliminary samples will be used to establish the range of tolerances for the results of analyses of samples from the incoming shipments. Therefore, if a shipment of the waste stream arrives and the results of an analysis of that sample is beyond this range, the shipment may be rejected or an additional waste profile record form EC-0175 may be required to be completed before the waste may be accepted. ~ ISSUE ~ ~ IMPORTANT since the delay required to fully correct the problem may take weeks and may necessitate a return of the shipment to the shipper. 

***** INSTRUCTIONS FOR PAGE 5 OF EC-0175 ***** 

ITEM NUMBER 12 -- OTHER REQUIRED ANALYSES BASED ON THE RESPONSES AND RESULTS IN 9 AND 10. This item is dynamic with the responses in 9 and '· 10. Where a "Y" answer or a positive indication of the presence of the 1 identified items in 9 or 10 are provided, additional analyses will be needed to fully evaluate the waste. 

I 

' 

Item 12A addresses the presence or association of non-specific 
organic compounds in the waste -- the additional requirements in 
those cases are to provide analytical results to address the 
question of which EPA Hazardous Waste Number or Codes may be 
applicable to the waste. 

Item 12B addresses the presence or association of dioxins in the 
waste -- results of analytical method SW-846 8280 are needed to 
enable a full evaluation of the waste for acceptance at Envirocare. 

Items 12C and 12D addresseG the presence or association of the 1 
waste with PCB's pesticides and/or herbicides additional 
analytical results or explanations are needed to address this 
issue. 

Item 12E addresses the presence or association of the waste with 
cyanides -- a total and amenable cyanide analytical result 1s 
required when 9d is checked (Y) or when the result in 10 B is 
greater than 20 mgjkg. 

l Page 4 of 6 .____ _______ _ 
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II~ I I Ill. 1\1 ITEM NUMBER 13 -- ANALYTICAL RESULTS FOR REQUIRED PARAMETERS. The generator should provide the results of the corresponding required analyses in the appropriate spaces. 

ITEM NUMBER 14 -- ANALYTICAL RESULTS FOR CHARACTERISTIC HEAVY METALS. The generator should provide the results of total or TCLP heavy metals analyses in the appropriate spaces. 

***** INSTRUCTIONS FOR PAGE 6 OF EC-0175 ***** 

ITEM NUMBER 15 -- HAZARDOUS WASTE TREATMENT STANDARDS. For each EPA Hazardous Waste Number or Code listed in Item Number 7 on page 2, provide the subcategory, treatability group, treatment standard, and applicable exemptions, extensions, and/or variances. Most of this information for corresponding waste codes can be obtained from the tables and text of 40 CFR 268.40 through 268.43. 

SUBCATEGORIES. Some EPA Hazardous Waste Numbers or Codes have 
subcategories. Many do not. If the waste does not fit into 
one of the subcategories then a subcategory is not applicable. 
The subcategory is usually listed in parentheses in either the 
Waste-Code column or the Waste-descriptions-and/or-treatment
subcategory column in the tables in 40 CFR 268.41 through 
268.43. A good example of an EPA Hazardous Waste Number or 
Code is D009, TCLP for mercury. There are many subcategories 
of this code -- low mercury subcategory from Table CCWE in 40 
CFR 268.41; high mercury subcategory from Table 2, 40 CFR 
268.42; elemental mercury contaminated with radioactive 
materials category from Table 3, 40 CFR 268.42; hydraulic oil 
contaminated with Mercury Radioactive Materials subcategory. 

TREATABILITY GROUPS. There are two main treatability groups -
- ·Wastewaters and nonwastewaters. 

Wastewaters are wastes that contain less than 1% by 
weight total organic carbon (TOC) and less than 1% by 
weight total suspended solids (TSS) with some exceptions 
listed in 40 CFR 268.2(f). 

TREATMENT STANDARDS. The treatment standards for an EPA 
Hazardous Waste Number or Code are found by looking on the 
tables for the corresponding codes, subcategories and 
treatability groups in the tables in 40 CFR 268.41 through 
268.43. These standards should be listed in the treatment 
standards column. 

EXEMPTIONS, VARIANCES, EXTENSIONS OR EXCLUSIONS. Where there 
are such exemptions to the requirement of a treatment standard 
for disposal, please list the applicable exemption. 

l Page 5 of 6 / --------=--------/ 
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£1\\'IROCAR£ ITEM NUMBER 16 -- GENERATOR'S RESPONSIBILITY TO DETERMI~E'"'HAZAROOUS WASTE NUMBERS AND TREATMENT STANDARDS. These are important reminders which should be read and understood by the generator. 
Please note that a MANIFEST AND A CERTIFICATION OR NOTICE must accompany the waste shipments (see 40 CFR 268.7(a]). Failure to provide both the completed manifest and certification or notice may result in the rejection of the waste upon arrival at the Envirocare facility. 

***** INSTRUCTIONS FOR PAGE 7 OF EC-0175 ***** 

ITEM NUMBER 17 -- LIST OF HALOGENATED ORGANIC COMPOUNDS (HOCs) BY METHOD. Envirocare's permit requires that an analysis of the waste for Total Organic Halides (TOX) or SW-846 Methods 8270 and 8240 be performed prior to shipment. Please submit TOX results with form EC-0175. The generator should provide information in Item Number 6 as to the concentration of HOC's in the waste as a result of the TOX test or the 8240 and 8270 tests. The list provided in Item Number 17 is the list of applicable HOC's. If a waste has a high level of organic halides, the generator may be required to test the waste for the presence of the chemicals listed in Item Number 17 using additional methods. 

ITEM NUMBER 18 -- UTAH-CERTIFIED AND EPA CLP LABORATORIES. Item Number 18 provides a reminder and caution to the generator as to the issue of certified laboratories. Please read and understand these items. 

***** INSTRUCTIONS FOR PAGE 8 OF EC-0175 ***** 

Page 8 provides an update of permit regulations for TOX testing and Utah-certified laboratories. 

l Page 6 of 6 -----------/ 
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1\fiXED WASTE PROFILE RECORD 
(EC-0175) (Rev. 05/93) 

C...etor !Ume: -----------------------..i' a....l... IIW•to Str..n 1:-----

C""trector !Ume: ----------------------....J· W•te Se.- !Ume: -------

Vel....,. of W•to Meterial: ____ __,· _ LARW, - MW; o.livery O.to: -----------------

rum. • Tits. of'"- Complotiftt Form:-------------------.....;· O.to: ------

Please re.cf carefully and CCIIIPlete this fora for one waste stre•. This info,...tfon will be used to detenaine how to 
properly ...,.,e your waste. Should you have any ~tiona while CCIIIPleting thfs fora, contact Envirocare at (801) 532· 
1330. WASTES CANNOT IE ACCEPTED AT ENVIROCARE OF UTAH UNLESS Ttl& FORM IS COMPLETED. If a cate9ory does 
not apply, please i ndi cat e. 'T"'- fonn muat be updated annualy. 

1. GENERATOR INFORMATION 

EPA ID tl 

Name of Generator -----------------

Mailing Addrus ------------------

Phone ----------------------

Fax -----------------------
Location of Material----------------

Generator Contact _________________ _ 

Title 

Mailiftll Addrus ------------------

Ph~ ---------------------------------------

Fax -----------------------
2. ~ASTE STREAM INFORMATION Waste Stre• •-------

l.laste Name 

Color 
~r ____________________ __ 

Generation Rate or Total ~t ------------

3. WASTE PHYSICAL PROPERTIES 

---Liquid Solid 

--- Sludlle _ Powder/Oust 

4. DENSITY (Indicate di-.nsions) 

S.G. lb./ft~ lb./)'d" 

5. IGNITAIILITY (40 CFR 262.21[al[2],[4].) 

Flash Point 

Oxidizer(s) y 

6. CHEMICAL CCJIIPOSITION (List all known che!!!icel 
or other constituents and circle the 
applicable concentration dimensions. 
Use attach~~~~~nts to c~lete, if 
necusary.) 

Ch•ical C~t . Concentration 

~ m;/kg 

X m;/kg 

X m;/kg 

~ mg/lcg 

X mg/lcg 

Hal011enated Or11anic (HOC) mg/lcg 
COfiiPCU'da (SUI of thellst of HOCs in 17.) 

G~TOR'S CDlTIFIC4nON OP RD'IEII2'tr411YE S4MPU!S, 4N4LY11C4L II!StJLTS ftOM QUA.UnED L.UOilATOIUD, USE OF APPROVED 
ANALY11CAL ANDS4MPUNG MEI'IIOOSa I ~IIIII&..,._ •+ n•ivcoltlle-~ Ia IIIia W- ProlUe a-a. ._orabell beobtei...,h•"'l ... ..,. 
IDd EPA·.,.....,.._,........_ I U1o ~ tM& .._. _, ..._ •+ ., • ...,._-., 1M11 .. p~WVidealto E.vw-rt= IDd to qualii'Md IDd rq>u~abic 
labon~~on. for die~,_.........,..--. 

G~ TOR'S ST A TI!MI!N1' AND CDlTIFICAnON THAT T11E W AS'I1t IS NOT PROBIBrrED ntOM lAND DISPOSALI I futtlaercertify tbal thew..._ dacn
iA lluo reconl • - prolultilal rrom IMd d;.pa.J ia 40 Cfll 261. Mil 111M die.,--. ptVWidealoe IIIia f- ia ODillftlll&. tnoe .ad conecllftd ia ac:cun~&ly oupponed ond 
docwna\1011 by aay laboniiOry _... • requind by liavn-. of Ulilla, lllc. 'I1Ic r.alll o( MY ....... line .,_IUbmia.l to &vn-. of Ul&h. Inc. 

Generator's Signature --~---,--------- Title-------
(Siga for the abon certirlcatioas. Please iaitial eacb page.) 

Date -----------
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Mixed w ... Pror.Ja Record. (EC-0175)-2 

7. HAZARDOUS WASTE D£r'ERMINATION, DESCRIPTION AND CHECKLIST. (Please c:omple1c lh.: following chccklis&. Allach ao.ldiliunal shc~t> 
ifncc:cuary): 

.. 
b. 

c:. 

d. 

.. 
f. 

•·-
h. 

i. 

BrieRy dac:ribe lhe ,., ... ill lbe 1pac:c below. lnc:ludc a dcacriplion of lhc proc:cu in which il was gcncraled . 

Lia all oC lba EPA Hazardout w ... Numbera for lba ........ 

O..:riba aU buanloul ,., ... c:barac:larillica ud lialecl buardoua ,., ... c:ou&i&ua,.. applieabla 10 lba wa ... 

Alllch lba 11101& racelll aaalytical rcaul1a which lhow lbac lba ,., ... ia buarcloua. Al10 anac:h any additional raaulu dcacribi11Jihc 
compoaicion of lbe ........ lllclude ruulll for aU 1-.d c:OCIIlilllenll and cbaraccerillics for whic:h lba waaca ia hazardous . 

When lbe dclcrminalion lbac llw ,.,... ia hazardous ia baaed on knowlaclp of lbc waaca, describe lbc basis of lhc delenninaliun 
ud auac:h all informa&ioa for which lhc dcccnninalion is baaed . 

Dcac:riba any applicabla land-diapoaal prohibition excenaiona, cxempliona, efTac:live dales, delillilll•· and lralmenl SLindards or 
melhoda for lhe w .... 

Aaac:b any Macerial Safely Data Shull for lbc ltazardoua macerials from whic:h lhe wallc i1 derived. 

When a c:aiCJCMY oa lbia Waace Profila Rac:ord does not apply, dcac:riba below why il docs not. 

EPA Hazardoua w ... Numbcr(s) -------------------------------------

Description of lbc Waaca: ----------------------------------------------------------------- ----

8. HISTORY OF WASTE SINCE GENERATION. Pleaac c:irc:le 1bc appropriale anawera. If a •y• ()'es) is c:irc:lcd. plcaac dcac:ribc in 7 at>ovc ,, "" 
an a1cac:hed ahnt. 

A. y N 

B. y N 

c. y N 

Waalbis waatc mixed, crealed, neutralized, 10lidificd, c:ommin1lcd, dried, or olhcrwisc processed upon 1encra1iun ur 11 any ''"'" 
&hereafter? 

Has lhis wuh: b.:.:n 1ranaponcd or olhcrwisc rcmuv.:d from lb.: localion or silc wh.m: il wu un~111ally eencrah:d'' 

Was lhis waSie derived from (or is lhc was&e a residu.: of) 111.: 1r.:a1mcm. Sloragc. and/or di>p••sal of haz.ardou> ~~o~utc d< r'onccl ~ • 
40 CFR 261? 

INITIALS -------
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Mixed w ... Profile Record· (EC~I7~)·3 

9. LIST ALL KNOWN AND POSSIBLE CHEMICAL COMPONEI'ITS OR HAZARDOUS WASTE CHARACTERISTICS 

(Y) (N) (Y) (N) (Yl (N) 

a. Lille4 HW --- b. "Derived-From· HW ---- ~. Tuxi.: ----
d. Cyaaiclu --- .. Sulficlea ---- f. Dioxins ----
•· Pdicidu ---- h. Herbicide• ---- i. PCB• ----
j. Exploliva --- 11:. Pyropborica ---- I. Solvena.a ----
m. Oraanica ---- a. Pbcnolica -- o. Jnfcctiou• ----
p. lanitablc ---- q. Corroaivc --- r. Reactive ----· .. Anlimony ---- I . Beryllium ---- u. Coj)per ----
v. Nick .. w. Thallium "· Vanadium --- -- ----
y. Alcobola -- z. Anenic -- u. Barium --·--
bb. Cadmium cc. auocnium del. Lead ---- -- ----
cc. Mercury ---- ff. Selenium ---- II· Silver ----
hh. Other Known or Pouible Matcriala or Chemicals 

10. REQUIRED CHEMICAL LADORA TORY ANALYSIS CHECKLIST. O..ntor mull IUbmil RIUIII of analyiiCs of umplc• of Ulc 101151c Re.ult. arc required from a qualified laboratory for lhe followina analytical panmelen unleunonapplicabilily of lhe analys11 for U1c waste •an b~ ••a ted anu JU>II tied .in auached .. tamena.a or in 7. abovo. Auach all analytical reiUita and QAIQC clocumen&alioa. (CAUTION: PRIOR TO ,\RRt\NGING FOH LABORATORY ANALYSES, REFER TO 18 REGARDING UTAH-CERTif1ED AND EPA CLP LADORATORIES.I 

A. Soil pH and Pailll Filler Liquids Tea, SW-146 Melhoda 904~ ancl909~. reapeclively. (lflhe wa11c ia a indeed a dry 14lhd •• dc$4:nDcCI ia 7 ., lhca lhe requiremeal for lhe Melhod 909S may be waived by lhe aenenlor .} 

B. Tea Mclhocl (from SW-846 Chapter 7) 10 Detenninc Hyclroaen Cyanide ReleaMcl from Walles. 

C. Tea Melhod (from SW-846 Chaplar 7) 10 Dc1enninc Hydroaen Sulfide Reluaed from Walles. 

D. HEAVY METALS ANALYSIS. Provide clocumen&alionof knowlcclae. delarminaaiona and dc~riplinna or analyti.;al rc~ulu '"''ll•h 
acid rea: 

___ (I) Whether lhe wallc would pau or faillhe TCLP for lhc eiJhl heavy metal colllliluenll based on the method in Apr<n4• • 
I of 40 CFR 268. The ciaha metala are li11cd below: 

INITIALS----

Arsenic (As) 
Lead (Pb) 

Barium (Ba) 
Mercury (Hg) 

Cadmium (Cd) 
Sdenium (S.:) 

Chromium (Crl 
Sil•~r (Ag) 
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Mixed Wa .. Profile Record· (EC~I7SH 

D. HEAVY METALS ANALYSIS (continued) 

_ (2) Whclher the w ... nweu the applicable lreltmenl .. ndent. for metals baaed on the applicable .. ndenb referenced below: 

(a) lbe _....,.&ioaofthe metal couillllll&l in lbe waae i!Kif aa required by Table CCW, 40 CFR 261.42. 

(b) 11M coac.....aioa of lbl meW c:ouitueiU buld oa 111 exttlst of the wute u required by Table CCWE, 261.41. 

E. VOLATILE AND SEMI·VOLATU.EORGANIC CHEMICAL ANALYSES. 

Benzene 

When your w.-. arriva at Eavirocatl, it may be lllllyzed for SW-146 Mlthoda 1240 and 1270 and for tentatively ideruified c:bemic:ala. Sbould 11M l'llllll ofthia analylia indicate that bazardoutwaltea -1'11101. previou.Jy identified, your wa11e may be rejc~tcd and recuraecl. 

Provide doc:umen&a&ioa of bowledp, dllarmina&iona and deKriptiOM or anal)'lic:al reaulla which addreu: 

___ (I) Whether lhe w ... would pau or fail the TCLP for the 32 oraanic chemical conatituenu baaed nn the melhod in Appendix I of 40 CFR 261. Tbeae c:bemic:al c:onatiwent• are li-.d below: 

Carbon Tctnchloride 
Qlordaae 
Chloroblnzene 
Chloroform 

1,1-Dioc:bJoroethylene 
1,4-Diai&rotol-
2,4-D (2.4-Dic:hJoropbeaoxyac:.UC Acid) 
Eadria 
HeptaChlor (aad hydroxide) 
Heuc:bJorobcazcne 
Heuc:blorobuaadicne 
Heuc:bJoroelhane 

Lindane (delta·BHC) 
m-CreiOI 
Methoxychlor 
Methyl Elhyl Ketone 
Ni\robenzene 
o-Cre10l 

Pyridine 
Telrlchloroethylene 
Toxaphene 
Trichloroethylene 
2,4,S-TP (Silvu) 
2,4.S· Trichi·Jtopllcn.;l 
2,4,6-Trichlorophen•>l 
Vinyl Chlori:1c 

Cre10la · 
1,4-Dic:hlorobenzene 
1,2-Dichloroelhane 

p-Cre10l 
Pentachlorophenol 

--- (2) Wbetber lbe w.-. ..-ca the applic:able lreltmeal .. nderda for volatile and aemi-volatile constituents baaed on the applicable l&aftdant. refereac:ed below: 

(a) the c:onc:ellll'a&ioaoflbe c:ouitueala ia the waae juelf u required by Table CCW, 40 CFR 261.42, or 

(b) lbl ~of the c:Dnllillllala baled oa aa ept~ct of the wa!!e aa required by Table CCWE, 40 CFR 261.41. 

___ (3) Wbelber liM c:onc:enltllion of HOC conJtituenaa baaed on the waste iuelf excecdaallowable levels. (Sec No. I 7 for • li!! of HOC c:hemicala.) The reiUiu of an adaplalioa of Method 9020 (Toaal Orrani.: Halides) iu• solids may be used to uliafy thia requirement. Uaeac:etonelbeune in a I: I ratio to ull'llct TOX chemicals from lhe 101idsprior to cxtr1:t analylia. 

(NOll: For IOlid-pbaae wutea, the JI'III&Mhan·I,OOO-ppm HOC California Lilt Waac Land Dispoaal Prohibataon applica to HOC-c:on1aini111 wutea identified u bazardoua by a c:harac:terilltic propeny which does not involve the HOC s. Therefore, iaaillbla·, COITOiive·, and/or reactive-only wailea conaaininJ Jreal&r-than-1.000-ppm HOC~ arc subjcc1 1o liM probibitioa. Thc prohibition 1110 applica to_ .... that are aubjcctto 1 national.:apaciay variance.) 

II. SAMPLE OF WASTE TO ENVIROCARE. 

Please Mild 5 represeatati•e -pies ol your wute to Eanirocare. These umples will be uaed to ealabliah lhe waate'a incoming ahapanem acceptance parameter tolcrancea and may be analyzed for additional parametera. Send at leall 1-tg. (2-lb.) for each sample in an aar·t•ght clean alaaa conaainer via UPS (United Parcel Post) to: 

INITIALS----

Envirocare of Ulah. Inc. 
Ann: Sample Conarol 
Tooele Counay USI-10 Exit 49 
Clive, Ulah 84029 
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12. OTHER REQUIRED ANALYSES BASED ON THE RESPONSES AND RESULTS IN 9 AND 10. For lhe resuha of analy~;ea in 10. and for ~me 

ilenu in 9. marl;ed "(Y)", 1M aclclitionalanalyua or deacriptio111are Rquired aa noled: 

A. 

B. 

c. 

D. 

E. 

9( 

ITEM IN 9 OR 10 

9a, 9b, 9c, 91, 
9m, 9n, 9y, 9hh 

'•· 9b 

'•· 9i 

9d, JOB 

ADDITIONAL REOUrREQ DESCRifiJONS OR ANALYSIS 
Foe- \be lilaed, derived, &oxic:, IOivalll, otr•nic:, pbeaolic:, or alc:ohol-c:on&aininJ wailea lilled to lhe lefl, 
llddi&ional deacriptiona or resul&a o( analy&ic:al mcll\oda may be required inc:ludinJ 10me .,( lhc follow•n& 
mc&boda: 

Metbocl aooo 
Me&bociiOIO 
Me&bociiOIS 
Me&bocll020 
MelhCICII030 
Me&bocll040 
Me&bocll060 
Metbocll080 
Me&bocll090 
Me&bocl I I 00 
Me&bocl 1120 
Me&bocl ll.SO 

Ou Cbroma&oanpby 
HaloJenated Volatile Orrallic:a 
Nonllaloaenaled Volatile O,allic:a Aromatic: Volatile O,anic:a 
Acrolein, Ac:ryloni&rile, Ac:atolli&rile Phenol a 
Ph&Miate Ellen 
Orranoc:hlorine Pellicidea and PCBa NitnNromatic:a and Cyclic: Kc&.onea 
Polynvc:lcar Aromatic: Hydroc:arbo111 Cblorina1ed H ydroc:atbons 
Cblorinaled Herbic:idea 

For dioxin-related wa~tca, provide &be rauha of SW-146 Melhod 11280 ··The Analy•i• uf Poly,hlorinalcd 
Dibcnzo-p·Oioxillland Polyc:hlorinaled DibciiZDI'unma. 

Tile method in 40 CFR 261 Appendix I for lhe berbic:idca and pe11t1~idcs unlen lh~ rcsuh< Hr•~ alr~ad1 
provided in IO.E.(I). 

SW-846 Melhod 8080- Oraanoc:hlorine Pc11ic:idea and PCBa unless lhe reaui&M arc already pr'C'\'iC1~1l ~~·~m 
IO.E. 

SW-846 Melhod 9010 or 9012 (adapled for IOiida u appli"blo:) •• To&al and Amenable Cy•ni4c. Thos 
me&bod ia required when 9d ia c:hec:ked (Y) or when &he result in 10 B is Jr&ater lhan 20 mj;lk.J. 

13. ANALYTICAL RESULTS FOR REQUIRED PARAMETERS: 

Soil pH 
Paint Filter 
Liquids Tell (Pass/Fail) 

Cyanide -------Releued 111Jik.J 
Sullidc 
Released 111Jilg 

14. ANALYTICAL RESULTS FOR CHARACTERISTIC HEAVY METALS. lnclic:ate To&al Me&als c:ono:cntrttiuns in 111&11.:& or prrn. Indicate T ox11: 11 y 

Chanc:teristic: Lucllina Procedure (TCLP) c:onc:entrationa in m&fliter. 

Arsenic: (To&al) (TCLP) Lead (Total} --- (TCl.P) Barium (To&al) (TCLP) Mercury (Tot•ll -·-·-- (T'C'LPl Cadmium (ToUII) (TCLP) Selenium (T<>tlll) (iCLPl Chromium (To&al) (TCLP) Silver (T'utal) (TCLPl 

INITIALS----
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IS. HAZARDOUS WASTE 11tEATMENI' STANDARDS. Lia each of lhe waae'a EPA Hazardous Waste Numb.:n; in lb.: ducription in 7 and below. Provide below addilional infonNtion with respect to the waste's •bcaleJory (e.J. low mereury -.bcaleJory), treatability croup (e.J. non-wa11ewaters), trealtnallllllndarda and conce111rationor technoloJY (e.J. S .6111JII araenic: in extract or INC IN linc:incralion)), and any •l•rlicable exemptions (C.J. cxcluaaon for pot.bermal wa11e, 40 CFR 261.4[b)J(SJ; variance ulllil May I, 1992 for aoil with lrealmellllllndard based on inc:m.:ration. 40 CFR 268.3S(el). If addi&ionllipiCe il aeeded, copy lhil pap prior 10 comple&ina and auach compleiiCI copiea with lhil profile record. 

EPAHW 
Number 

SubcaleJOIY Treatability 
Group 

Treatmalll Sllndard(l) 
and Conc:elllraliona 

orTecbnoloJy 

Any Exemptions. Varilnc:es. 
Ext.:nsiona or Exclusions 
(Lill 40 CFR reference) 

I Y N I 

I y NJ 

I y Nl 

I y Nl 

(Y Nt _______ 

I y NJ 

I y NJ 

I y Nl 

I y NJ 

1" Nl 

(Y NJ 

I y Nl 

IY N( 

I y NJ 

I y NJ 

(Y NJ 

16. GENEilATOR'S RESPONSIBILrrY TO DETERMINE HAZARDOUS WASTE NUMBERS AND TREATMENT STANDARDS 

a. Geaeraton DttenaiM Wlletber a Wute is Huardous. The rwquiremaiiiS of 40 CFR 262 .II 1111c that it is lhe JencraiOr'a rupocuibility 10 detenninc whether hil(her) waae il huardou1. Thia determination mull be made by the Jencralor. 

b. Certiratioa by Geaerator Must Accompaay Waste Sbipaaeat(s). AI required by 40 CFR 268. all restricted wastes received 11 Enviroc:are mull be eccompanied by a nocic:e and/or certifiCIIioo from lhe Jencrator lllhnJthlt the wallc meet• the applicable land dispoultreatment lllndarda. Enviroc:are will rely on the ~enilication(s). 

c. Geuer:alor's Waste way be Sawpled at the Di•posal Facility by Eu•irocare or by EuYirouweutal Regulato". Should the results of subsequeruanalysia of a wast.: show thll the waste is hazardous for additional EPA haz.ardou• wa.t< oumben and correapondinJtrellmelll stsndards which were noc ideruilied by the aenerator, then the wut.: •nay ~~~ removed, refused, and may be returned to the aenentor pursuant to the limns of the d•»posal agreement 

d. Eu•irocare Acce1Jts Waste According 10 ;a Wa..~te Awi.J)·si~ l'laa&. Euviroc:are doi!S not iL\.~UIUI! ur acCI!Jlt aJI) respousibility uuposed ou the leuerator by law or tbe di.~po.'llll qreewetal. 

INITIALS ___ _ 
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17. LIST OF HALOOENATED ORGANIC COMPOUNDS (HOCa) BY METHOD. Tlae HOCa liiiOd in 40 CFR 268 Arf>cDdialll arc lil&ed below by aMlylc for SW-146 Mcdloda 1240 ... 1210. ne .......... COIICCDUaliOD for HOC• ia oblaioed by IUIIImioc llae lolal or rcauha fronl all or lhc followinc chenlicala: 

The followU., HOC analytca are alnady iaeluded in Melbod 1240, SW-846, Third Edition: 

C"hrd -
Cl!lorMillfam 1 1 11M= 
~ 
Qkwof-

DiiN ma &m· 
~ 
I,I·Oiclllanrt • 
1.2-Dia'an,.._. 

1.2-0idlloropropue 
lod-a-
l'ofelhy .... Cl!lorida 
1.1.2,2-TIIndlla I * M 

Tcencbloret!'w
-1,2·0idlio,_.._ 
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~ 19. Additional and Updated Requirements for Form EC-0175: 
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A) A Total Organic Halides (TOX) result must be 
, provided. Use SW-846 Method 9020 or 9022. 
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I 
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B) Results from a Utah-certified laboratory must be 
included unless: 

The laboratory results have been provided as part 
of aU .S. Environmental Protection Agency project 

-- OR--

If the analyses were performed prior to discussions 
of disposal with Envirocare of Utah, Inc., the data 
may be acceptable under the following restrictions: 

* The quality control samples for the sample set 
were also performed on the same sample. 

* The results include acceptable ranges and must 
clearly show that the data was in control. 

* Quality control samples include all ·those 
required by SW -846 or other methods 
approved by the U.S. EPA. 
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APPENDIX ill 
Analytical Methods, QA/QC Procedures for Sludge Samples 

Introduction 

The dewatered sludges generated by theTA 50-1 RLWTF have been analyzed 
historically for radioisotopes and for metals potentially subject to regulation by the 
RCRAINMHW A (and, more recently, for volatile and semivolatile organic compounds 
as well), as discussed in Appendix I to this letter. Analyses were and are performed by 
on-site laboratories, managed and operated by LANL's then-Health and Environmental 
Chemistry Group (HSE-9), now known as the Inorganic Trace Analysis Group (CST -9). 
Throughout the period of concern (late 1988 through early 1993) their analyses have 
been performed in accordance with the quality assurance/quality control (QA/QC) and 
analytical procedures attached as Sections Ilia and Illb of this Appendix, respectively. 
Note that the analytical procedures in Section IIIb themselves include QA/QC 
requirements and protocols in most cases, and that these governed LANL's analytical 
quality assurance prior to the evolution of a formal Quality Assurance Program Plan. 
Also included in Section IIIb are excerpts from LANL' s Annual Environmental 
Surveillance reports for calendar years 1988 through 1993, providing additional 
descriptions of the use of these analytical protocols. 

Historically, RL WTF sludge sampling was performed for the primary purpose of 
assessing and monitoring RL WTF performance and efficiency in removing radionuclides 
from the effluent wastewater prior to discharge to the environment, not for the primary 
purpose of regulatory compliance monitoring. At the time, there was no specific 
regulatory driver for the sludge analyses, in part because of operator knowledge and the 
increasingly stringent controls being placed on acceptance of waste materials in the 
influent stream. Only internal RL WTF operational requirements mandated the sludge 
analyses, but they had the additional benefit of providing a check that no RCRAIHW A 
characteristic wastes were in the sludge stream. 

Procedural and quality assurance requirements for analytical chemistry at LANL have 
been continuously evolving since 1988, as have the analytical methods themselves. 
Increasingly stringent QA requirements have been imposed on individual analyses over 
time, as indicated by the evolution of the documentation provided in Section IIIb of this 
Appendix, which provides versions of the procedures governing each analytical method 
used for the sludges over the 1988-1993 period of concern. Where the method or the 
procedure document changed, both the earlier (retired) document and the more recent 
document are provided. 

The analysis of replicate samples provided the primary sample-by-sample quality 
assurance check during the earlier ( 1988-1990) time period in particular. Note that two 
results are reported for each analyte in Appendix II; these are the results of analyzing two 
splits from each sample number reported therein. In addition, the results of performance 
evaluations of the analytical laboratory during the period of the analyses (Section Illc of 



As discussed in the enclosed LANL procedures (Section IIIb of this Appendix), the 
following EPA methods were the primary basis for the corresponding LANL procedures: 

• Method 1310A, Extraction Procedure (EP) Toxicity Test Method and Structural 
Integrity Test, Revision 1 (November 1990) 

• Method 1311, Toxicity Characteristic Leaching Procedure, Revision 0 (November 
1990) 

• Method 3010A, Acid Digestion of Aqueous Samples and Extracts for Total Metals for 
Analysis by FLAA or ICP Spectroscopy, Revision 1 (November 1990) 

• Method 3020A, Acid Digestion of Aqueous Samples and Extracts for Total Metals for 
Analysis by GF AA Spectroscopy, Revision 1 (November 1990) 

• Method 6010A, Inductively Coupled Plasma Atomic Emission Spectroscopy, 
Revision 1 (November 1990) 

• Method 6020, Inductively Coupled Plasma- Mass Spectrometry, Revision 0 
(September 1994) 
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TERMS AND DEFINITIONS 

Acceptance Criteria. Specified limits placed on characteristics of an item, process, or service 
defined in codes, standards, or other requirement documents. 

Audit. A planned and documented activity performed to determine by investigation, examination, 
or evaluation of objective evidence the adequacy of and compliance with established procedures, 
instructions, drawings, and other applicable documents, and the effectiveness of implementation. 
An audit should not be confused with surveillance or inspection activities performed for the sole 
purpose of process control or product acceptance. 

External Audit. An audit of those portions of another organization's quality assurance 
program not under the direct control or within the organizational structure of the auditing 
organization. 

Internal Audit. An audit of those portions of an organization's quality assurance program 
retained under its direct control and within its organizational structure. 

Certification. The act of determining, verifying, and attesting in writing to the qualifications of 
personnel, processes, procedures, or items in accordance with specified requirements. 

Commercial Grade Item. An item satisfying the following criteria: 

(a) not subject to design or specification requirements that are unique to nuclear facilities; 
(b) used in applications other than nuclear facilities; and 
(c) is to be ordered from the manufacturer/supplier on the basis of specifications set forth in 

the manufacturer's published product description (for example, catalog). 

Computer Software. A sequence of instructions suitable for processing by a computer. Processing 
may include the use of an assembler, a compiler, an interpreter, or a translator to prepare the 
program for execution as well as to execute it. 

Condition Adverse to Quality. An all-inclusive term used in reference to any of the following: 
failures, malfunctions, deficiencies, defective items, and nonconformances. A significant 
condition adverse to quality is one which, if uncorrected, could have a serious effect on safet~ or 
operability. 

Corrective Action. Measures taken to rectify conditions adverse to quality and, where necessary. 
to preclude repetition. 

Data Quality. All features and characteristics of data that bear on its ability t<natisfy a given 
purpose. The characteristics of major importance are accuracy, precision, completeness, 
representativeness, and comparability. The characteristics are defined as follows: 
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Accuracy. The degree of agreement of a measurement (or an average of measurements of the 
same thing), X, with an accepted reference or true value, T, usually expressed as the 
difference between the two values, X-T, or the difference as a percentage of the reference or 
true value, 100 (X-T)/T, and sometimes expressed as a ratio, X/T. Accuracy is a measure of 
the bias in a system. 

Precision. A measure of mutual agreement among individual measurements of the same 
property, usually under prescribed similar conditions. Precision is best expressed in terms of 
the standard deviation. Various measures of precision exist depending upon the "prescribed 
similar conditions." 

Completeness. A measure of the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained under correct normal conditions. 

Representativeness. The degree to which data accurately and precisely represent a 
characteristic of a population, parameter variations at a sampling point, a process condition, or 
an environmental condition. 

Comparability. The confidence with which one data set can be compared to another. 

Data Quality Objectives (DQO). A quantitative mechanism to help obtain environmental data of 
known and documented quality. These are established and documented for each project before 
any field work begins, to help ensure that adequate measurement data are obtained. The DQO's 
describe the uncertainties that the requestor/decision maker is willing to accept in results derived 
from environmental data. This uncertainty is used to specify the quality of measurement data 
required, usually in terms of precision, accuracy, representativeness, comparability, and 
completeness. Both field and laboratory personnel should be aware of the DQO's so that informed 
decisions may be made during execution of the project to attain those DQO's. 

Data Usability. A qualitative decision process whereby the decision maker evaluates the 
achievement of DQO's and determines whether the data may be used for the intended purposes. 
Three levels or classes of data quality are often used. 

Valid. Data conforms to all requirements, all QC criteria are met, methods were followed, and 
documentation is complete. 

Acceptable with Qualifications. Data conforms to most, but not all, requirements, critical QC 
criteria are met, methods were followed or had only minor deviations, and critical 
documentation is complete. 

Rejected. Data do not conform to some or all requirements, critical QC criteria are not met, 
methods were not followed or had significant deviations, and critical documentation is 
incomplete. 
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Data Validation. A systematic process for reviewing a body of data against a set of criteria to 
provide assurance that the data are adequate for their intended use. Data validation consists of 
data editing, screening, checking, auditing, verification, certification, and review. 

Deviation. A departure from specified requirements. 

Document. Any written or pictorial information describing, defining, specifying, reporting, or 
certifying activities, requirements, procedures, or results. A document is not considered to be a 
Quality Assurance Record until it satisfies the definition of a Quality Assurance Record as 
defined in this Supplement. 

Guideline. A suggested practice that is not mandatory in programs intended to comply with a 
standard. The word should denotes a guideline; the word shall denotes a requirement. 

Inspector. A person who performs inspection activities to verify conformance to specific 
requirements. 

Inspection. Examination or measurement to verify whether an item or activity conforms to 
specified requirements. 

Item. An all-inclusive term used in place of any of the following: assembly, component, 
equipment, material, module, part, structure, subassembly, subsytem, system, or unit. 

Measurina and Test Equipment (M & TE). Devices of systems used to calibrate, measure, gage, 
test, or inspect in order to control or acquire data to verify conformance to specified 
requirements. 

Nonconformance. A deficiency in characteristic, documentation, or procedure that renders the 
quality of an item or activity unacceptable or indeterminate. 

Procedure. A document that specifies or describes how an activity is to be performed. 

Procurement Document. Purchase requisitions, purchase orders, drawings, contracts, 
specifications, or instructions used to define requirements for purchase. 

Purchaser. The organization responsible for establishment of procurement requirements and for 
issuance and/or administration, or procurement documents. 

Qualification (Personnel). The characteristics or abilities gained through education, training, or 
experience, as measured against established requirements, such as standards or tests, that qualify 
an individual to perform a required function. 

Qualified Procedures. An approved procedure that has been demonstrated to meet the specified 
requirements for its intended purpose. 
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Quality Assurance. The total integrated program of planned and systematic actions necessary to 
provide confidence in and assure the reliability of each analytical result or measurement reported 
by a laboratory. 

Quality Assurance Program Plan. An orderly assemblage of management policies, objectives, 
principles, and general procedures by which an agency or laboratory outlines how it intends to 
produce data of known and accepted quality. 

Quality Assuraac:e Projec:t Plan. An orderly assembly of detailed and specific procedures which 
delineates how data of known and accepted quality is produced for a specific project. (A given 
agency or laboratory would have only~ quality assurance program plan, but would have a 
quality assurance project plan for each of its projects.) 

Quality Assuranc:e Rec:ord. A completed document that furnishes evidence of the quality of items 
and/or activities affecting quality. 

Quality Control. Actions taken within a QA program to ensure validity of results. As used in this 
document, QC means all routine activities and checks, such as calibration of equipment, duplicate 
analyses, use of certified reagents, use of spiked samples etc., included in normal internal 
procedures to control the accuracy and precision of a measurement process. 

Recelvin1. Taking delivery of an item at a designated location. 

Repair. The process of restoring a nonconforming characteristic to a condition such that the 
capability of an item to function reliably and safely is unimpaired, even though that item still does 
not conform to the original requirement. 

Right of Access. The right of a Purchaser or designated representative to enter the premises of a 
Supplier for the purpose of inspection, surveillance, or quality assurance audit. 

Servic:e. The performance of activities such as design, fabrication, inspection, nondestructive 
examination, repair, or installation. 

Spec:ial Proc:ess. A process, the results of which are highly dependent on the control of the 
process or the skill of the operators, or both, and in which the specified quality cannot be read i I y 
determined by inspection or test of the product. 

Supplier. Any individual or organization who furnishes items or services in accordance with a 
procurement document. An all-inclusive term used in place of any of the following: vendor, 
seller, contractor, subcontractor, fabricator, consultant, and their subtier levels. 

Surveillance. The act of monitoring or observing to verify whether an item or activity conforms 
to specified requirements. 
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Testing. An element of verification for the determination of the capability of an item to meet 
specified requirements by subjecting the item to a set of physical, chemical, environmental, or 
operating conditions. 

Traceability. The ability to trace the history, application, or location of an item and like items or 
activities by means of recorded identification. 

Vendor. See Supplier. 

Verification. The act of reviewing, inspecting, testing, checking, auditing, or otherwise 
determining and documenting whether items, processes, services, or documents conform to 
specified requirements. 
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0. INTRODUcriON 

The analytical chemistry activities in HSE-9 are diverse and encompass industrial hygiene, 
environmental surveillance and compliance, bioassay, NPDES compliance and process analysis, 
and U.S. Transuranium Registry tissue studies. This Laboratory Quality Assurance Program Plan 
supersedes the "Quality Assurance for Health and Environmental Chemistry" series of Los Alamos 
National Laboratory annual reports that has provided the basis for our quality assurance program 
in the past. This annual series of reports will continue as our documentation of overall analytical 
performance. 

Laboratory quality assurance plans by themselves are no guarantee of excellence. Group 
HSE-9's status as a nationally recognized source of analytical chemical expertise is largely due to 
the caliber of its staff which, for over 45 years has endeavored to provide Los Alamos with 
consistent excellence in health and environmental analyses. Although HSE-9 began as an 
independent group in 1984, the analytical organizations which combined to form this new activity 
have their roots in the original Health Division (H) and date back to 1944. All conscientious 
employees and organizations use systematic methods to assure the continuing quality of their 
work. A laboratory quality assurance plan is simply a written description of these methods. 

There are a number of advantages to documenting a quality system. A written plan, along 
with appropriate supporting procedures, makes it less likely that actions that are known to be 
essential to superior performance will be neglected through oversight or the ever-present pressures 
of cost, time, and schedule. A laboratory quality assurance plan makes clear to all members of 
HSE-9 the standards that the Group intends to maintain, and provides for continuity in 
maintaining those standards as the membership of the Group changes. Because the plans are 
periodically reviewed, the group can regularly evaluate the effectiveness of its quality activities, 
eliminate ineffective procedures, and consider the advisability of any new measures. Finally, a 
laboratory quality assurance plan provides documented evidence of our commitment to excellence 
in all facets of our analytical work. Successful implementation depends on the cooperation and 
support from all levels of management and staff. In the end, an effective quality assurance 
program will enhance confidence in our work- for ourselves, for the internal and external 
organizations that support us, and for the public. 

Section 3 of the Los Alamos National Laboratory Quality Program Plan provides the basis and 
format for the HSE-9 Laboratory Quality Program Plan: "Because Laboratory activities are so 
diverse, providing a single set of criteria for all quality program plans is neither feasible nor 
desirable ..... Some Laboratory programs operate under stringent constraints imposed by sponsors 
or federal regulatory agencies; these constraints effectively dictate the criteria for the quality 
program plan ..... Because NQA-1 is the standard preferred by DOE, it should be adopted 
wherever appropriate." 

HSE-9 is an organization of approximately 60 individuals. The mission of Group HSE-9 is to 
provide qualitative and quantitative analytical data to health physicists, industrial hygienists, 
environmental scientists and managers, epidemiologists, waste managers, and waste treatment 
plant operators. These data describe concentrations of materials in samples submitted for analysis. 
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Incorrect results may lead to erroneous interpretation by management or operations personnel, 
which could adversely affect the health and safety of exposed personnel or could affect 
Laboratory compliance with environmental and waste disposal regulations. 

One of the fundamental responsibilities of HSE-9 management is to maintain a continuing 
program to ensure the reliability and validity of analytical laboratory data that is fully consistent 
with HSE-Division and Laboratory-wide Quality Program Plans. Our Laboratory Quality 
Assurance Program Plan addresses the small, single investigator projects (in which one person 
conducts all sampling, analytical, and interpretive functions) through large-scale, facilities
monitoring programs requiring year-to-year continuity. Our policy is that a quality assurance 
program should apply to all aspects of sample and information management. The program should 
begin at the conception of a project, follow through collection and storage of samples before 
analysis, include all phases of chemical and physical analyses, extend through interpretation and 
data entry into the HSE-9 laboratory information management system (LIMS), and culminate with 
the final reporting and publication of results. 

We use two concepts in our quality assurance program to provide confidence in each analytical 
result reported by our laboratory: quality control (QC), the mechanism established to control 
errors, and quality assessment, the system used to verify that our entire analytical process is 
operating within limits we consider acceptable. 

We strive to include the following elements in our QC program: (I) development of and 
adherence to principles of good laboratory practice (e.g. 21CFR58, 40CFR792, and others), (2) 
consistent use of standard operating procedures, and (3) establishment of and adherence to 
carefully designed protocols for specific analytical processes. Consistent use of qualified 
personnel, reliable and well-maintained equipment, appropriate calibrations and standards, and 
close supervision of all operations are primary components of our QC program. Proper conception 
and execution of this QC program have resulted in our analytical system operating in a state of 
control, in which errors are within acceptable levels and are characterized statistically. 

Quality assessment describes the techniques we use to assess the quality of our analytical 
process. We utilize a system of control charts to determine if our system is in a state of statistical 
control, to visualize and monitor the relative variability of repetitive data, and to assess the 
accuracy of our measurements by tracking results from reference materials and spiked samples. 
These concepts are presented as detailed procedures in Gautier and Gladney, "Health and 
Environmental Chemistry: Analytical Techniques, Quality Assurance, and Data Management," 
LA-10300-M. A complete listing of definitions of terms, acronyms, and abbreviations used in our 
quality assurance (QA) program are given in Appendix A of Gautier, et al., "Quality Assurance 
for Health and Environmental Chemistry: 1988,• LA-11637-MS. 

Certain agencies are attempting to legislate QA through the promulgation of analytical 
methods regulations, through licensing requirements for analysts, and through iaboratory 
certification or accreditation programs. While all these mechanisms may have a role, the rapid 
pace of technological change in chemical instrumentation, the wide variety of sample matrices, 
and the broad dispersion of procedures throughout the literature makes it difficult to establish a 
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definitive method for any given determination that is not soon outdated. Licensing and 
certification address the qualifications of personnel and the adequacy of facilities on an 
infrequent basis at best, but they do not address the day-to-day data quality. A preferable 
alternative to the legislative approach to QA management is the development and implementation 
of a detailed, yet flexible QA program, that permits each laboratory to use its existing expertise 
and facilities, to employ a variety of methods in the solution of ever-changing problems, and to 
encourage continuing innovation and adoption of the latest technology. 

The information in this section conforms to the requirements of EPA QAMS-004, sections 1.0 
and 2.0, and EPA QAMS-005, sections 5.1 and 5.2. 

STATE ME NT OF LABORATORY POLICY 

"The Los Alamos National Laboratory is committed to the highest standards of technical 
excellence. Well-planned programs for maintaining and improving quality and productivity are an 
essential element of good management. The Laboratory Quality Program Plan provides guidelines 
for developing documented quality programs throughout the Laboratory as appropriate to each 
activity. Laboratory managers will ensure that these programs are implemented. All members of 
the Laboratory staff are encouraged to assist in making the Laboratory's quality programs 
successful." 

S. S. Hecker, Director 29 Mar. 1989 

MESSAGE FROM THE HSE-9 GROUP LEADER 

The Health and Environmental Chemistry group (HSE-9) is committed to providing all our 
sponsors with quality data and analytical services. One critical element in achieving this goal is a 
Quality Assurance Program that provides policy and guidance for conducting our activities in a 
planned and controlled manner, thereby permitting the verification of quality performance. 

The Quality Assurance Program described in this QA Program Plan addresses the requirements 
that shall be applied to all service analytical chemistry as well as all research and development 
projects conducted by HSE-9. This QA program is a vital and effective management approach 
that provides QA requirements that are consistent with the end-use of the data or research 
findings. Flexibility is achieved through the exercise of professional judgement in application of 
the various requirements to each individual project or activity. Good Laboratory Practice 
standards shall also be maintained throughout our work. 

Quality assurance is an interdisciplinary line management function. The Quality Assurance 
and Data Management section of HSE-9 has the responsibility for developing the Quality 
Assurance Program and auditing its implementation and effectiveness. This ml!nual and 
associated procedures will enhance the flexibility and verification of the analytical data and 
services provided by HSE-9. 
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1. ORGANIZATION 

The methods in the administrative and technical procedures meet Basic Requirement 1 and Supplement 1S-t of ASME NQA-1-1989, EPA QAMS-004 (Section 1.0 and 4.1), and EPAQAMS-005 (Section 5.4). The administrative procedures are listed in Appendix A of this document and the technical procedures are found in LA-10300-M. The significant features are summarized in the following paragraphs. 

Organizational responsibilities and interfaces shall be documented and communication between organizations shall be controlled to assure that quality related responsibilities are clearly understood and are auditable. A formal stop work system is provided to assure that work is halted when activities are not in substantial compliance with QA Program requirements and policies, or when corrective action is not implemented in a timely manner. A stop-work request shall be issued and completion of appropriate corrective action shall be verified and documented before a stop work request is lifted. 

External interfaces between HSE-9 and other HSE-Division Groups, any LANL organizations, external sponsors, and commercial vendors/suppliers shall be documented, as required, and communications between organizations shall be appropriately controlled. 

RESPONSIBILITIES 

'"""'· Responsibilities related to the Quality Assurance Program shall be defined in the various sections of this Quality Assurance Program Plan and the accompanying administrative and analytical procedures. The significant management level responsibilities are summarized below: 

HSE-9 Group Leader: 

• Ultimate group-level management responsibility for the establishment and enforcement of the HSE-9 and Los Alamos National Laboratory quality assurance policy and program. 

• Issue management guidelines covering responsibility and authority. 

• Assure effective implementation of the quality assurance program through management assessment and system audits. 

• Delegate appropriate authority and responsibility for establishing and implementing the QA program to the Group's QA Officer and other Section Leaders. 

• Support and enforce stop-work requests. Concur in close-out and lifting of stop-work requests. This responsibility may not be delegated. 

HSE-9 QA Officer: 

• Serve as the Quality Assurance and Data Management (QADM) section leader. 
Health and Environmental Chemiatry 
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• Develop, maintain, administer, and coordinate the HSE-9 QA Program as documented in the HSE-9 Laboratory QA Plan and LANL report LA-11637-MS including reviewing and approving QA procedures and concurring with all other administrative procedures for compliance with QA Program requirements. 

• Interpret QA Program requirements and determine appropriate application. 

• Initiate and approve revisions to the HSE-9 Quality Assurance Program Plans. 

• Request and obtain, in a timely manner, corrective action for activities not in compliance with QA Program requirements. 

• Issue stop-work requests on activities not in substantial compliance with QA Program requirements or activities for which corrective action is not implemented in a timely fashion. 

• Close-out and lifting of stop-work requests. This responsibility may not be delegated. 

• Represent HSE-9 on QA matters with customers or sponsoring agencies. 

• Delegate to appropriately qualified QADM section members the responsibility for administration and coordination of specific portions of the QA program. 

• Provide for audits and surveillance of the QA Program and obtain corrective action as required. 

• Inform the Group Leader and/or Los Alamos National Laboratory QA Officer of qualityrelated problems and obtaining resolution when required. 

• Identify needs for new administrative and/or technical procedure development. 

HSE-9 Section Leaders: 

• Assure appropriate quality in analytical and research operations under their direction. 

• Assure each section's compliance with QA requirements as specified in the HSE-9 Laboratory Quality Assurance Program Plan and reference procedures. 

• Assure that commitments to customers are correct, are met in a timely fashion, and that Jll work performed is consistent with these agreements/commitments. 

• Establish, maintain, and manage technical staff, including training, qualifying, and certifying when required. 
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• Arrange for or request adequate facilities and equipment needed to achieve quality. 
objectives. 

• Identify needs for and conduct development of new administrative and/or technical 
procedure. 

• Assure that appropriate administrative and technical procedures are approved and available 
within their Section work areas. 

• Initiate corrective action within their sections when deficiencies are noted and document 
the action taken. 

• Assure that all of their section's analytical data and management information is entered 
into the HSE-9 LIMS. 

HSE-9 LIMS Manager: 

• Responsible for day-to-day operation of HSE-9 LIMS. 

• Develop and implement information management policy and procedures, in conjunction 
with the Configuration Control Committee. 

• Implement configuration control decisions. 

• Provide overall design coordination and control for LIMS. 

• Produce QA summary reports as specified by the QA Officer. 

HSE-9 Configuration Control Committee: 

• Provide overall software configuration control. 

• Develop and implement information management policy and procedures. 

HSE-9 LIMS Users Advisory Committee: 

• Provide user input to information management and group-wide computing needs. 

• Develop recommendations on information management priorities, policies and procedures. 

HSE-9 Sample Coordination Section Leader: 

• In addition to the preceding Section Leader responsibilities, monitor all external analytical 
""""'· contractors for compliance with contractual responsibilities and resolve all problems 
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• Enter all contractor generated analytical data into the HSE-9 LIMS. 

• Make commitments for analytical chemistry services through the HSE-9 Analytical Service Agreement with each customer. 

HSE-9 Analysts: 

• Assure appropriate quality in analytical and research operations under their direction. 
• Conduct all work as specified by the appropriate administrative and technical procedures. 
• Assure that they comply with QA requirements as specified in the HSE-9 Laboratory Quality Assurance Plan and reference procedures. 

• Assure that their analytical commitments to customers are met in a timely fashion. 
• Request adequate facilities and equipment needed to achieve quality objectives. -
• Develop and write appropriate administrative and technical procedures within their areas of responsibility. 

• Assure that current copies of all appropriate administrative and technical procedures are available within their work areas. 

• Initiate corrective action when deficiencies are noted and document the action taken. 
• Assure that all of their analytical data and management information is entered into the HSE-9 LIMS. 
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2. QUALITY ASSURANCE PROGRAM 

The objective of the HSE-9 Laboratory QA program is to ensure and document that all data or 
research results generated by our group are scientifically valid, of known quality, and are legally 
defensible, where applicable. The HSE-9 QA program has been designed to meet all basic 
requirements and supplements of NQA-1, all sections of EPA QAMS-004, and all sections of 
EPA-QAMS-005. When fully implemented, the methods in the administrative and technical 
procedures meet Basic Requirements 2 and Supplement 2S-l of NQA-1, EPA QAMS-004 (Section 
3.0, 4.2, 4.3, 4.5, 5.0, and 9.0), and EPA QAMS-005 (Section 5.4, 5.11, and 5.16). 

All measurement activities within HSE-9 shall be conducted in conformity with this 
Laboratory Quality Assurance Program Plan and with additional QA Project Plans, as necessary. 

Project plans are used to document the requirements from HSE-9's and LANL's QAP and any 
additional requirements from the sponsor that apply to the work covered in that project plan. 
Certain actions are required before each Project Plan is closed-out to assure that outstanding QA
related action items are completed and records and analytical data are properly stored or shipped. 
Monitoring and assessments by management are used to assess the scope, status, and compliance to 
the HSE-9 and LANL QA Programs. Project plans shall be prepared in accordance with EPA 
QAMS-005, as required by the customer. 

Our approach shall be firmly based on the concept of traceability through concurrent analysis 
of matrix-based certified QA materials with each batch of customer samples, to the greatest extent 
possible. Traceability is a hierarchial system developed largely for regulatory purposes whereby 
transfer of accuracy among various components or institutions of a measurement system is 
established. (references: Uriano & Gravatt) Another goal is to run blind QC samples with every 
analytical batch to the extent of 10% of the total number of samples. A batch consists of from one 
to twenty customer samples, blanks, duplicates, spikes, and QA/QC samples. 

RESPONSIBILITIES 

HSE-9 Section Leader or Project Managers: 

• Implement the HSE-9 Laboratory QA Program within their organizations. 

• Develop, revise, document, and implement QA Project Plans, whenever there is a 
significant deviation from the provisions of the HSE-9 Laboratory Quality Assurance 
Program Plan. 

• Monitor the implementation of the overall HSE-9 Laboratory Quality Assurance Program 
Plan within their organizations. 

• Develop and implement corrective actions plans for deficiencies noted in any QA 
assessment reports, close-out reports, or stop-work requests. 
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HSE-9 QA Officer: 

• Conduct overall assessments on a periodic basis to assess the scope, status, adequacy, and compliance with the HSE-9 and LANL QA Program Plans. 

• Review, approval, and audit of all QA Project Plans. 

• Close-out of all QA-related aspects of the Laboratory Quality Assurance Program Plan and QA Project Plans. 

• Determine need for corrective actions and assist responsible managers in developing action plans. 

• Monitor and document results of corrective actions. 

PROGRAM DESCRIPTION 

The QA Program of HSE-9 shall provide that: 

1. The QA Officer shall be the authority for all QA matters within HSE-9, and shall provide liaison with other internal and external QA organizations. 

2. The QA Program shall be carried out by personnel knowledgeable in QA theory and practice, in specific areas of analytical chemistry, and in specific areas of information management. 

3. Facilities, equipment, and services that impact data quality or integrity shall be routinely inspected and maintained. 

4. Data generated by or for HSE-9 must meet the following requirements: 

a. Analytical methods and procedures used in measurement and monitoring efforts shall conform to the appropriate regulatory agency approved methodology when available or required. All measurement methods shall be fully documented and shall include QC procedures. 

b. Administrative Procedures, Technical Procedures, QC Procedures, and Standard Operating Procedures, approved by HSE-9 shall be developed prior to and implemented for all HSE-9 projects. 

c. Individual Project Plans shall be written as necessary or required b~. our customers. 

d. The intended use(s) of the data and the associated acceptance criteria for data quality shall be determined before the data collection effort begins. 
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e. Reported data shall include, where appropriate and possible, statements of precision 
and accuracy, documented through the concurrent analysis of reference materials 
and/or internal QC samples. Statements of representativeness, completeness, and 
comparability shall be included as appropriate. These shall meet or exceed the Data 
Quality Objectives set forth by the customer or project manager. 

5. Data processing procedures shall be documented, reviewed, revised, and approved to meet 
HSE-9 data quality requirements. Configuration control shall be practiced and 
documented on all operating software and data bases. 

6. The QA Officer and responsible Section Leader shall initiate and document all corrective 
QA actions. 

7. The QA Officer shall report to the Group Leader at least quarterly on QA progress, 
problems, and data quality issues and assessments. 

8. This Laboratory QA Plan shall be reviewed annually by the QA Officer and HSE-9 Group 
Leader, and updated or revised as required. 

9. For projects not covered by one or more aspects of this Laboratory Quality Assurance 
Program Plan, group management shall determine the necessity of a QA project plan using 
the Data Quality Objective approach. All construction projects will be governed by the 
appropriate ENG QA plans. 

TRAINING 

There are no specific requirements regarding the training of analytical personnel in EPA 
QAMS-005. Indoctrination and training are addressed in Supplement 2S-4 of NQA-1 and there 
are provisions for auditor training in Section 2 of NQA-1. Detailed instruction for the 
implementation of our training program for analytical chemical personnel in HSE-9 is provided in 
AP-I. The significant requirements of the program are summarized below. 

To support the achievement of acceptable work performed by HSE-9 and promote overall safe 
working conditions, personnel performing work must have achieved and maintained proficiency 
in the technical, safety, and quality assurance aspects of their job functions. Essential parts of the 
orientation and training program for assuring personnel qualifications necessary for 
proficiency include: 

1. Laboratory Safety Orientation. 

2. Radiation Safety Orientation. 

3. QA program orientation. 

4. Assignment of work based on qualifications (education and experience). 
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5. Training to specific QA, technical, and safety aspects of the assigned job function prior to 
allowing personnel to perform activities which affect quality. 

6. Demonstration of proficiency with respect to QA and technical aspects of the assigned job 
function prior to allowing personnel to perform activities which affect quality. 

7. Certification to applicable codes and standards. 

8. Reassessment of qualifications, certifications, and training on a regularly scheduled basis 
and whenever significant changes are made to the job function (e.g. when applicable 
procedures are revised, when scope of work changes, etc.). 

9. Maintenance of records of personnel education, qualification, certification, and training. 

Personnel performing independent inspections shall be trained and certified, where applicable, in 
accordance with AMSE NQA-1, Supplement 2S-l. 

Lead Auditors shall be trained and certified, where applicable, in accordance with the 
requirements of ASME NQA-1, Supplement 2S-3. 

Specific qualification, training, and certification requirements. for activities not mentioned above, 
shall be determined on a case-by-case basis by line or project managers. This determination shall 
be based on the scope, complexity and nature of work to be performed and the potential effect on 
quality and the applicability of other codes or standards. 

Line and project managers shall maintain appropriate records of staff qualification, education, 
experience, certification. and training; provide or arrange for the required training prior to 
assigning the analyst to perform work affecting quality; and assess staff qualifications, 
certifications, and training needs on at least an annual basis, e.g. during staff development 
discussions as part of the annual performance evaluation process. 

RESPONSIBILITIES 

H S E- 9 Group Leader: 

• Assure that training is appropriate to the overall needs of the group and that it is being 
conducted in a timely fashion. 

• Maintain awareness of external training requirements and provide for their 
implementation. 

• Provide time at group meetings for group-wide training in areas such as safety, security, 
environmental awareness, etc. 
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HSE-9 QA Officer: 

• Assure that training procedures are documented and that electronic database records are 
being maintained by the designated QADM section personnel. 

HSE-9 LIMS Manager: 

• Develop, implement, and document training databases and associated data entry software. 

• Monitor the quality of data contained in the training databases. 

HSE-9 Section Leaders: 

• Insure that section personnel are adequately qualified, indoctrinated, and trained prior to 
being allowed to perform activities within section work areas. 

• Determine minimum qualifications and qualification procedures to establish personnel 
certifications. 

• Prevent inadequately trained personnel from performing work for which appropriate 
training has not been provided. 

• Provide documented evidence of all training within their section to QADM personnel for 
entry into databases. 

• Identify required training for each employee in the section. 

• Assign staff to prepare and present training. 

• Ensure that trainers have necessary skills for training being presented. 

• Ensure that trainees have adequate understanding of training presented. 

HSE-9 Analysts: 

• Perform required training to maintain skills necessary for safe and successful compler:on 
of work assignments. 

• Present training to other group members in areas of expertise as requested 
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3. DESIGN CON1ROL 

Proper selection and definition of function criteria and other design inputs are necessary to 
assure that correct bases are established for engineering design at the outset of any project. 
Controls are established for engineering design activities to assure that outputs in the form of 
engineering designs and design data comply with functional design criteria and other specified 
requirements. 

Documented planning is necessary to provide early and adequate assurance that specified 
requirements can and shall be met. Procedures are used to assure that design activities including 
analyses, calculations, and the preparation and control of drawings and documents are performed 
properly and in a consistent and uniform manner. Controlled methods are prescribed to verify 
that the outputs of engineering design activities comply with function design criteria and meet 
specified requirements. 

HSE-9 does not perform engineering design. This function is performed by ENG Division. 
HSE-9 works with ENG project managers, designers, and QA officials to develop the initial 
design concept and specifications. All QA functions for design control shall be determined and 
specified by the ENG Division QA Program Plan. Neither basic Requirement 3 and Supplement 
35-1 of NQA-1 nor EPA QAMS-005 (Section 5.3 and 5.5) are addressed in detail by the HSE-9 
Laboratory Quality Assurance Program Plan, but are addressed in the QA Program Plans of 
engineering organizations that work with HSE-9. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Assure that our input data to the design organization (usually ENG Division) are complete, 
reviewed, and that all requirements are identified and met. 

• Participate in formal design reviews, as requested by the design organization. 

• Review and concur with QA requirements of each design project. 

Design Organizalion: 

• Implement requirements of their organization's QA Program Plans and applicable 
procedures, including the required reviews or other verification actions, and submit 
documentation to HSE-9. 

• Prepare the required analyses, calculations, drawings, and documents. 
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4. PROCUREMENT DOCUMENT CONTROL 

The methods included in the administrative and technical procedures for the preparation and 
review of procurement documents meet Basic Requirement 4 and Supplement 4S-l of NQA-1 and 
EPA QAMS-004 (Section 4.4). The significant features are summarized in the following 
paragraphs. 

Control shall be exercised over procurement documents to ensure that the documents 
adequately specify the requirements needed to obtain an item or service that is satisfactory for its 
intended use. The correct specification of all requirements shall also help prevent schedule delays 
and cost increases resulting from receiving an incorrect or inadequate item or service. The 
controls, which are a function of the item's or service's cost and complexity, are intended to 
assure that the item or service is clearly and correctly specified, that the supplier shall be capable 
of providing a quality product, that exceptions to specifications are satisfactory to HSE-9, and 
that adequate evidence of item or service quality shall be provided by the vendor. 

Whenever the need for procurement of an item or service is identified and the concept 
approved by the appropriate level of management, HSE-9 personnel with the appropriate 
technical background and information related to the items or services to be procured, shall 
develop detailed technical specifications when procuring items or services affecting quality or 
safety. Required reviews of these specifications shall be obtained and shall include technical peers, 
management, and quality assurance representatives. Upon completion and documentation of these 
reviews, a purchase requisition (PR) is prepared by the Group Office. As appropriate to the 
procurement, QA clauses shall be invoked to require such actions as preaward supplier 
evaluations, independent receiving inspections, post installation testing and certification, etc. 
Once the PR has been approved by the Group Leader, it is forwarded through the procurement 
chain for order placement by MAT -14. Additional QA clauses shall be added as required by the 
QA Program Plans of MAT Division. 

All potential contractors for procured analytical services shall have a QA plan at least 
equivalent to this HSE-9 QAPP in all aspects. Contractor QA plans will be reviewed and 
approved by the HSE-9 QA Officer, in conjunction with the customer who requested the 
analytical services, prior to any contract award. 

RESPONSIBILmES 

HSE-9 Group Leader: 

• Final approval for commitment of funds. 

• Additional independent technical review, if deemed appropriate. 
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HSE-9 Section Leaders: 

• Acquire independent technical review of requestor's specifications and documentation of 
this review. 

HSE-9 Sample Coordination Section Leader: 

• Provide single point-of-contact with HSE-Division customers for the procurement of 
analytical services through external contracting. 

• Prepare specifications for external contracting for analytical services. 

HSE-9 QA Officer: 

• Review of pre-procurement documentation for adequacy of QA provisions. 

• Review and approve analytical services contractors QA plans prior to contract award. 

HSE-9 Analysts: 

• Assure that PR's and attachments contain required technical specifications and quality 
assurance provisions appropriate to the nature and complexity of the item or service. 

MAT Division: 

• Request for bids, if appropriate, award of contract, and final placement of orders. 

QAPP-32 oC 72 Revision No. 1 
Effective Date: 04/01/91 

Health and Environmental Chemistry 
Lo1 Alamos National Laboratory 



·-
- _/ ..... - /- --= .... ~--...:=::~/ 

5. INSTRUcnONS, PROCEDURES, PLANS, AND ORA WINGS 

The methods included in the administrative and technical procedures for the application, 
preparation, and use of instructions, procedures, and drawings meet Basic Requirement 5 of 
NQA-1, EPA QAMS-004 (Section 6.0), and EPA QAMS-005 (Section 5.6). The significant 
features are summarized in the following paragraphs. 

Instructions, procedures, and drawings shall be used to assure that activities affecting 
quality are performed consistently and correctly. Activities of an administrative nature shall 
be prescribed in HSE-9 Administrative Procedures. Technical activities affecting quality, 
safety, and health shall be prescribed in HSE-9 Analytical Procedures, HSE-9 Quality 
Control Procedures, HSE-9 Standard Operating Procedures, instrument operating manuals 
(vendor supplied and/or HSE-9 developed), other test instructions, and/or drawings when, 
without these documents, there would be a significant likelihood of performing the work 
incorrectly, obtaining unacceptable or undesirable results, or having the potential for 
endangering the well-being of an employee performing these technical activities. The use of 
these documents and the level of detail required depends on both the impact and complexity 
ofthe activity. 

Activities affecting quality shall be prescribed by Laboratory, Division, and/or Group 
administrative procedures, analytical procedures, QA/QC procedures, instrument operating 
manuals, other test instructions, and/or drawings except when vendor supplied procedures 
are available for standard items, or when there is a high level of certainty that the activity 
shall be done correctly without them (i.e. making xerox copies for internal distribution). 
These documents shall adhere to prescribed formats and content. They shall include 
appropriate acceptance criteria for verifying that the activity has been accomplished 
satisfactorily. Work shall be performed in accordance with these documents and the actual 
procedures used for a given activity or analytical determination shall be documented (i.e. 
SW-846 Method 8060, HSE-9 Method IH-214, etc.). In addition, all HSE-9 Administrative 
Procedures, Technical Procedures, Quality Assurance Procedures, ~ftware Control 
Procedures, and Standard Operating Procedures shall be reviewed on an annual basis. 

This Section is closely related to Section 6, which describes how documents are controlled 
(i.e. initiated, reviewed, approved, distributed, and changed) and identifies the positions 
responsible for each function. 

There shall be five different procedure types in HSE-9: 1) Administrative Procedures; 2) 
Technical Procedures; 3) Quality Assurance Procedures; 4) Standard Operating Procedures; 
and 5) Software Control Procedures. 

1. Administrative and Software Control Procedures shall have the following basic 
format 

Title 
Section 1: Applicability 
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Section 2: Definitions 
Section 3: DOE Orders, EPA regulations, other Source Materials 
Section 4: Responsibilities (responsible staff) 
Section 5: Training. This section identifies the scope of training required before the 

user(s) implement the procedure. 
Section 6: Procedure 
Section 7: Records. This section must identify the records that will be generated as a 

result of implementing the procedure. 

2. Technical Procedures shall use the format already established for LA-10300-M: 

Title 

Introductory Block 
Analyte 
Matrix 
Contact Person or Author 
Range 
Minimum Detectable Activity 
Procedure 
Method No. 
Accuracy and Precision 
Acceptable MDL 
Effective Date 

Sections 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Principle of Method 
Sensitivity 
Accuracy and Precision 
Interferences 
Collection and Storage of Samples 
Apparatus 
Reagents 
Calibration and Standards 

9. Procedure 
10. Operation of Equipment 
11. Calculations 
12. Source Materials 

Approval block 

3. QA/QC Procedures shall have the format already established for LA-10300-M: 

Title 
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Introductory Block 
Analyte 
Matrix 
Contact Person or Author 
Spike Range 
Procedure 
Method No. 
Accuracy and Precision 
Effective Date 

Sections 

1. Principle of Method 
2. Accuracy and Precision 
3. Collection and Storage of Samples 

4. Apparatus 
5. Reagents 
6. Calibration and Standards 
7. Procedure 
8. Calculations 
9. Source Materials 

Approval Block 

4. Standard Operating Procedures shall follow the format described in Administrative 

Requirement 1-3 "Standard Operating Procedures and Special Work Permits," in the 

Laboratory Environment, Safety, and Health Manual. 

RESPONSIBILITIES 

Project and Line Organizations: 

• Provide and use instructions, procedures, and drawings for the quality related 

activities they perform for HSE-9. 

HSE-9 QA 0/ficer: 

• Review, approve, and distribute changes to all quality related documentation. 

HSE-9 Section Leaders: 

• Initiate, review, approve, distribute, and maintain changes to all instructions, 

procedures, and drawings related to each Section's activities. 
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6. DOCUMENT CONTROL 

The methods included in the HSE-9 Administrative and/or Technical Procedures for the 

control of documents that prescribe activities affecting quality meet the requirements of Basic 

Requirement 6 and Supplement 65-l of NQA-1, EPA QAMS-004 (Section 4.4), EPA QAMS-005 

(Section 5.6). The significant features are summarized in the following paragraph. 

Documents that prescribe activities affecting quality, e.g. instructions, procedures, and 

drawings, and changes to these shall be controlled to assure that the versions in use are complete, 

correct, current, and readily available at the location of the work. Controls include review, 

comment resolution, approval, change, and distribution control. 

Reviews, comment resolutions, approvals, and changes shall be performed to assure that all 

documents, including changes, are up-to-date, complete, correct, practical, satisfy the applicable 

requirements (including safety), and include the appropriate QA requirements. Documents that 

prescribe activities affecting quality shall be reviewed by knowledgeable technical reviewers, 

including designated members of the Quality Assurance and Data Management section. Review 

comments shall be made in writing and shall be resolved before publication. The documents shall 

be approved for issuance by designated approval authorities. 

Distribution of the documents shall be controlled by the QADM section. Work place copies shall 

be at all work places before and during the performance of the activities covered, and shall be 

replaced or updated with approved changes as soon as these changes are issued. Changes, except 

for minor editorial modifications, shall be controlled in the same way as original documents. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Final review and approval of all HSE-9 Administrative and Technical Procedures. 

• Seek more senior management and/or Laboratory QA officer concurrence where 

appropriate. 

HSE-9 QA Officer: 

• Control the review, comment resolution, approval, and distribution lists for ad min is tnt:' e 

and technical procedures. 

• Approve all QA Procedures. 

• Review and concur on all drawings, administrative procedures, and technical procedures 

• Publish and distribute administrative and technical procedures, maintain their table c!· 

contents, and maintain and archive all previous editions of these documents. 
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Quality Assurance and Data Management Section members: 

• Conduct QA reviews of documents as assigned. 

HSE-9 Section Leaders: 

• Initiate, review, and approve all administrative and technical procedures, and drawings 
that apply to their organizations. 

• Control all administrative and technical procedures, and drawings that apply to their 
organizations. 

• Assure that work place copies of instructions, procedures, and drawings are readily 
available, complete, and up to date. 

HSE-9 Analysts: 

• Adhere to approved instructions, procedures, and drawings. 
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7. CONTROL OF PURCHASED ITEMS AND SERVICES 

The methods included in the administrative and technical procedures meet Basic 
Requirement 7 and Supplement 7S-l of NQA-1 and EPA QAMS-004 (Section 6.0). The 
significant features are summarized in the following paragraphs. 

Controls shall be exercised over procured items and services to assure that these conform with 
the specified requirements. Pre-award surveys shall be used to provide assurance of a prospective 
vendor's current technical/QA capabilities where failure of deliverables is likely to jeopardize 
data validity or safety conditions, or cause significant impact on cost or schedule. Vendor 
verification activities shall be used primarily to help preclude delivery of items or services that 
have hidden defects or other characteristics difficult to verify after delivery. 

Receiving inspection activities shall be performed to verify conformance of the item and 
documentation of requirements where failure to do so would cause safety, schedule, cost, or data 
impact. 

The extent to which these controls are applied is dependent on the cost and complexity of the item 
and service, and is often determined by LANL organizations external to and independent of 
HSE-9 (i.e. MAT Division). 

Determinations shall be made of the need for vendor evaluation, source verification, and vendor 
furnished documents (including nonconformance reports), receiving inspection, and acceptance 
testing (i.e. in the case of complex analytical instruments). Appropriate provisions shall be 
included in the procurement requests that leave the Group in an attempt to meet our determined 
needs. Other organizations within the LANL procurement system may or may not include these in 
the final procurement package, as a function of their own QA Program Plans. Supplier 
evaluations, source verifications, and receiving inspections, when required, shall probably be 
conducted by MAT Division personnel in accordance with their organizations policies and 
procedures. HSE-9 shall conduct subsequent inspections and verifications of items, services and 
documentation as appropriate. Determinations shall be made of the acceptability of the purchased 
item/service and vendor performance shall be evaluated. HSE-9 personnel shall conduct all 
inspections/verifications of contracted analytical services. 

Samples shall be packed, shipped, and received in HSE-9 according to Administrative 
Procedures AP-8, AP-9, and AP-10. Chain-of-Custody shall be maintained under the provisions 
of AP-8. 

RESPONSIBILITIES 

MAT Division: 

• Obtain items/services from qualified, responsible suppliers in accordance with MAT 
policies and procedures. 
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• Perform interface responsibilities between HSE-9 and external vendors on deliverables, resolution of problems, and scheduling of surveillance, audits, reviews, pre-award surveys, and receiving inspections. 

HSE-9 Section Leaders: 

• Assure that acceptance criteria are prepared in accordance with the original technical 
specifications, and that inspection/test instructions are prepared and used during 
independent receiving inspections. 

HSE-9 Sample Coordination Section Leader: 

• Establish procedures for packing, shipping, and receiving samples for HSE-9. 

• Initiate chain-of-custody for all incoming samples, or transfer custody from submitting 
organization to HSE-9. 

• Maintain all chain-of -custody and sample shipping documentation. 

HSE-9 Analysts: 

• Perform receiving inspection activities as needed to verify receipt of correct 
i terns/ services. 

• Document performance of inspection activities. 

HSE-9 QA. Officer: 

• Assure that all appropriate QA procedures have been followed and documented. 

• Approve final acceptance of contracted analytical services and data. 
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8. IDENTIFICATION AND CONTROL OF ITEMS AND SAMPLES 

The methods included in the administrative and technical procedures for the identification 

and control of items meet Basic Requirement 8 and Supplement 8S-l of NQA-1, EPA QAMS-004 

(Section 6.0 and 7.0), and EPA QAMS-005 (Section 5.7). The significant features are summarized 

in the following paragraphs. 

Items to be used in HSE-9 analytical activities shall be identified and controlled to assure that 
they are correct for their application, acceptable for use, and traceable to their origin. The 

validity and useability of data (or the assurance of end item quality) often depends on positive 

knowledge that effective identification and control of these items has been maintained throughout 

the procurement, fabrication, and/or analytical process. 

Chain-of-Custody is addressed in Administrative Procedure AP-8. A Chain-of-Custody 

Record is required, without exception, for the tracking and recording of all samples that are 

submitted for chemical analysis to HSE-9. This includes samples for both internal and external 

analysis. The Chain-of -Custody Record form creates an accurate written record that can be used 

to trace the possession and handling of the sample from the moment it is received by the Sample 

Management Section, through analysis, final reporting, and disposal. 
' 

Items that are available for use shall have appropriately colored and labeled tags attached or 

nearby as specified in HSE-9 Administrative Procedure AP-5. Items shall be identified and shall 

be traceable to their design or procurement documents. Incorrect or nonconforming items shall be 

clearly labeled and controlled to prevent their inadvertent use. Limited life items shall be 

controlled to discourage their use beyond their expiration dates. Vendor established expiration 

data shall be evaluated to establish their validity and may b~ modified (extended or reduced) 

based upon professional experience of HSE-9 analysts. Materials used in fabrication shall be 

traceable to their origin. Materials used in testing shall be traceable to both their origin and to the 

tests in which they are used. 

RESPONSIBILITIES 

HSE-9 Section Leaders: 

• Provide identification and traceability for items that they receive, hold, or transmit. 

• Use only items that are known to be acceptable. 

• Prevent the use of incorrect or nonconforming items. 

HSE-9 Analysts: 

• Use only items that are known to be acceptable. 

• Prevent the use of incorrect or nonconforming items. 
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9. CON1ROL OF ANALYTICAL PROCEDURES (PROCESSES) 

The methods included in the administrative and analytical procedures for the control of 

routine and special processes meet Basic Requirement 9 and Supplement 9S-l of NQA-1, 

EPA QAMS-004 (Section 7.0), and EPA QAMS-005 (Section 5.9, 5.11, and 5.14). The 

·administrative and analytical procedures shall be reviewed on an annual basis. The significant 

features are summarized in the following paragraphs. 

Processes (primarily analytical procedures in HSE-9) shall be performed by trained and 

qualified people, using correct materials and appropriate and approved methods, to assure 

that the end results of the processes shall be satisfactory; i.e., that resulting analytical data 

shall be valid and within the stated uncertainties. Instructions, procedures, and drawings are 

also used in process performance whenever there is a reasonable likelihood that without them 

the process shall be accomplished incorrectly, with unacceptable or undesirable results. 

Analysts shall be trained according to the provisions of HSE-9 Administrative Procedure 

AP-I and certified (where applicable). 

Quality assessment shall be conducted through a system of control charts, which are plots 

of multiple data points from the same or similar samples versus time. These charts are used 

to determine if our system is in a state of statistical control and to visualize and monitor the 

relative variability of repetitive data. These control charts are also used with reference 

materials and spiked samples to assess the accuracy of our measurements. These concepts are 

presented as detailed procedures in Gautier and Gladney, "Health and Environmental 

Chemistry: Analytical Techniques, Data Management, and Quality Assurance, • LA -10300-M 

and in Gautier, et al., "Quality Assurance for Health and Environmental Chemistry: 1988, • 

LA-11637-MS. 

The quality of analytical data generated or contracted analytical services procured shall be 

assessed for precision, accuracy, representativeness, comparability, and completeness based 

upon EPA QAMS-005 and EPA SW-846 (draft Chapter l, 12 Dec. 1989). 

Special process controls shall be applied to processes whose end results cannot be fully 

inspected to provide assurance that the results are acceptable. Typical examples include 

welding, nondestructive testing and heat treating. Special processes shall be controlled 

through the use of qualified procedures, personnel, and equipment. The procedures shall be 

consistent with applicable codes and standards. Evidence shall be provided that special 

processes are performed using qualified procedures, people, and equipment. The 

qualification and correct performance of special processes shall be verified and documented. 

Section 5 establishes the requirements for instructions, procedures, and drawings while 

Section 11 describes the specific use of process control in testing. 

Laboratory policy shall be to maintain traceability to the National Institute of Standards 

and Technology (NIST), which in turn maintains traceability to international metrology 

standards where applicable. We cannot achieve this traceability in all cases for _!lealth and 
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environmental measurements because NIST has limited resources for certification of matrix
based standard reference materials for as many elements and compounds as we are called 
upon to measure. In addition, reference materials from other national and international 
agencies are used in addition to those available from NIST (e.g. EPA, USGS, DOE EML, 
Canadian Geological Survey, Canadian Certified Reference Materials Project, International 
Atomic Energy Agency, Centre de Recherces Petrographiques et Geochimiques, and the 
Japanese Geological Survey). We compile all available literature on the reference materials in 
our library so that consensus values for constituent concentrations that are not agency 
certified may be developed. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Assure that all processes satisfy the minimum requirements for safety and process 
control. 

HSE-9 Section Leaders: 

• Determine the need for instructions, procedures, and drawings in the control of 
processes, providing them, and assuring that all processes satisfy the minimum 
requirements for safety and process control. 

• Assure that approved procedures, qualified personnel, and appropriate equipment 
are employed for the performance of all procedures and special processes. 

HSE-9 Analysts: 

• Adhere to applicable instructions, procedures, and drawings in the performance of 
procedures and special processes. 
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10. INSPECriON 

The methods included in the administrative and technical procedures for inspection, 
surveillance, and data validation meet Basic Requirement 10 and Supplement lOS-1 of NQA-1, 
EPA QAMS-004 (Section 6.0), and EPA QAMS-005 (Section 5.11). The significant features are 
summarized in the following paragraphs. 

Inspection shall be performed to verify that physical items conform with specified 
requirements. Inspection of data (including data validation) verify that their accuracy and 
precision conform with HSE-9 policies and procedures. Inspections shall be planned to assure that 
they shall be thorough and economical. Inspection methods shall be specified, when necessary, so 
that the inspections shall be done correctly. Acceptance criteria shall be provided so that those 
conducting the inspection shall be able to determine whether or not the items/services/data are 
acceptable. Inspections shall be performed by qualified, capable people who are independent of 
those who made or provided the items/services/data to assure that the inspections shall be both 
objective and correctly performed. Process monitoring is used when direct inspection alone 
cannot determine the item's/service's acceptability. Inspection results are documented to provide 
evidence of the acceptability of the items/services/data. Data review shall be conducted by the 
analytical production Section Leaders or their designees. Data validation for contracted analytical 
services shall be conducted by the Sample Coordination Section. 

Surveillance shall be performed to verify that a quality-related activity is being or has been 
performed correctly. By verifying that this particular activity was done correctly, surveillance 
also establishes a higher degree of confidence that future similar activities shall likewise be done 
properly. Surveillance shall be planned to assure thorough and periodic coverage. Hold points 
may be necessary to assure that activities planned for surveillance shall in fact receive it. 
Responsible management shall be informed of surveillance results so that they can take any 
appropriate action. 

Cost and complexity has little bearing on whether inspection is used or not. It is an important 
factor in determining the amount of surveillance that a project or process shall receive. 

Quality related items and associated documentation shall be inspected for conformance with 
applicable requirements. Inspection planning shall identify the characteristics to be inspected, the 
acceptance criteria, and the methods to be employed. When an independent receiving inspection 
is required, the personnel performing the inspection shall be qualified and shall not report to the 
same manager as the person/supplier who did the work that is to be inspected. Process monitoring 
shall be used instead of or in conjunction with inspection when direct inspection alone is 
insufficient. Item/service/data acceptability, as determined by inspection shall be documented. 
Item and service inspection records shall be maintained by the Section Leaders of the personnel 
performing the inspections. Analytical data packages shall be stored and prot~-ted in a centralized 
area from which they must be checked out or in, once the data have been approved for release to 
the customer. 
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Surveillance of quality-related activities shall be performed at periodic intervals or at 
important process steps. Surveillance planning shall identify the activities to be covered, 
acceptance criteria, when applicable, and when the surveillance is planned to take place. Hold 
points for surveillance shall be established as necessary and shall be honored. Surveillance results 
shall be documented and reported to the responsible organization. 

All outgoing analytical data reports shall contain all evidence of QC activity performed in 
conjunction with the data (i.e. QC sample results, reference material results, spike results, blanks, 
duplicates, etc.). All results shall be reviewed by Section management, and by the QA Officer as 
established by policy. Additional data package review and validation shall be instituted by Section 
managers as needed and appropriate. 

Section 7 establishes the requirements for the use of inspection in the procurement process. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Determine the need for inspections/surveillance/data validations and approve the 
procedures to be used. 

HSE-9 Section Leaders: 

• Perform or obtain required inspections and data review, as applicable. 

• Develop acceptance criteria. 

• Notify QA Officer of upcoming Hold Points for inspection/surveillance. 

• Maintain records of inspections/surveillance. 

HSE-9 Sample Coordination Section Leader: 

• Perform or obtain required inspections and data validation, as applicable, on contracted 
analytical services. 

HSE-9 QA 0/ficer: 

• Develop acceptance criteria for contracted analytical services. 

• Plan, perform, and document independent inspections. 

• Perform and document reviews of records that provide evidence of item acceptability. 

• Plan, perform, document, and report surveillance. 
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• Supervise analytical data repository and develop procedures for its operation. 

• Issue stop-work requests where items/services/data demonstrate substantial noncompliance 
with acceptance criteria. 
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11. TEST CONTROL 

The methods included in the administrative and technical procedures for control of testing 
meet Basic Requirement 11 and Supplement 11S-1 of NQA-1, and EPA QAMS-005 (Section 5.9 
and 5.14). The significant features from the administrative and technical procedures are 
summarized in the following paragraphs. 

Experimental testing shall be controlled to provide a high level of confidence in the validity 
and traceability of the resultant data. Testing to determine an item's acceptability shall also be 
controlled to assure that the determinations are correct. 

Test requirements shall be formalized to assure that the tests shall satisfy sponsor needs. Test 
procedures and instructions shall be provided for the reasons given in Section 5. Acceptance 
criteria shall be provided when testing is done for acceptance purposes, so that those performing 
the test shall be able to determine objectively whether or not the item is acceptable. Testing shall 
be done by appropriately trained and qualified persons to assure that the testing shall be done 
correctly and that the results shall be accepted as valid. Testing results shall be recorded so as to 
be traceable to the materials and equipment used, and to the specific test parameters. The results 
are evaluated to assure that they indeed are valid and that they satisfy the test requirements. 

Test objectives and requirements shall be documented and approved, and shall be consistent 
with sponsor requirements. Test procedures and instructions shall be provided in accordance with 
Section 5. Acceptance criteria shall be provided when testing is done to determine acceptability. 
Testing shall be performed by appropriately trained and qualified personnel. Test results shall be 
documented and shall be traceable to the materials, equipment, and test runs from which they 
were obtained. Test results shall be evaluated through independent technical or peer reviews. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Assure that test requirements are established, that they meet sponsor requirements, that 
they are relevant to determining the quality of the item tested, and that they are 
maintained current. 

• Approve procedures, instructions, and personnel qualifications for the conduct of tests. 

• Provide supporting services to test activities. 

• Obtain independent technical and/or peer reviews of test procedures and results as 
appropriate. 

HSE-9 QA Officer: 

• Participate in independent technical and peer reviews of test procedures and results. 
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• Perform surveillance of testing activities. 

HSE-9 Section Leaders: 

• Establish technical test requirements that meet sponsor requirements, that are relevant to 
determining the quality of the item tested, and that are maintained current. 

• Develop and approve procedures for testing, including written instructions, correct and 
traceable materials, proper test conditions, proper test equipment, and personnel training 
and qualification for the conduct of tests. 

HSE-9 A.nalysts: 

• Conduct tests in accordance with requirements. 

• Document test results so that they are traceable to the test conditions used and are 
retrievable. 
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12. CONTROL OF MEASURING AND TEST EQUIPMENT 

The methods included in the administrative and technical procedures for the control and 
calibration of MTE meet Basic Requirement 12 and Supplement 12S-l of NQA-1, EPA 
QAMS-004 (Section 8.0), and EPA QAMS-005 (Section 5.8 and 5.13). These methods do not 
apply to standard devices such as tape measures, burettes, mercury and bimetallic thermometers, 
etc., if normal commercial equipment is adequate for the application. The significant features are 
summarized in the following paragraph. 

Controls shall be established for measuring and test equipment (MTE) to assure the integrity 
and validity of the data and to assure that the MTE are properly calibrated. Proper selection of 
MTE is essential to meeting specified accuracy and precision requirements. Selection and control 
of MTE shall be performed by HSE-9 analysts, with the advice and assistance of MEE-9. MTE 
requires calibration at prescribed intervals to established national standards to provide assurance 
that data integrity is maintained. Controls shall also include (but not be limited to) analysis of 
reference materials to verify MTE overall performance, documenting these calibrations, 
documenting evaluation of impact on data when MTE is found out of tolerance, maintaining 
records and suitably marking MTE to indicate calibration status. Documented evaluation of the 
impact on data of out of tolerance MTE is ess,ential to assure that previous measurements are 
acceptable. Calibration records shall be maintained in order to provide traceability to nationally 
recognized standards and objective evidence of control of the calibration process. MTE shall be 
labeled indicating the calibration status to the user. A MTE control listing data base on the HSE-9 
VAX shall be used to assist in the overall monitoring of MTE control status and efforts. 
Permanent records of maintenance history and calibration of MTE shall be kept in bound 
notebooks available at each instrument, signed and dated. 

Laboratory policy shall be to maintain traceability to NIST as described in Section· 9. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Assure that MTE control is being carried out in an adequate and timely fashion. 

HSE-9 QA Officer: 

• Verify that documentation of MTE control is being developed and maintained. 

• Verify that documentation of discrepant MTE is reviewed and evaluation of impact on 
systems or data is performed. 

• Compile a history of MTE control results and verify that corrective actions have been 
instituted for MTE consistently found out of calibration. 
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HSE-9 LIMS Manager: 

• Provide and maintain an MTE control data base. 

• Develop software to assist QA Officer in historical analysis of MTE control. 

HSE-9 Section Leaders: 

• Assure the calibration of MTE using standards with an established history of stability, 
known valid and documented relationships to nationally recognized standards, and 

accuracies that are at least four times better than those of the MTE being calibrated unless 
limited by the state of the art. 

• Assure that MTE are properly selected, identified, calibrated, and controlled. 

• Assign responsibility for maintenance of MTE records and input to MTE control data base. 

• Assure that evaluation of discrepant MTE is performed by responsible personnel. 

HSE-9 Analysts: 

• Perform evaluation of discrepant MTE in accordance with established procedures and 

document results. 

MEE-9: 

• Upon request, provide advice or direct assistance with calibration of MTE. 
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13. HANDUNG, STORAGE, AND SHIPPING 

The methods included in the administrative and technical procedures for handling, storage, 
and shipping of items and samples meet Basic Requirement 13 and Supplement 13S-l of NQA-1, 
EPA QAMS-004 (Section 7.1), and EPA QMAS-005 (Section 5.6). The significant features are 
summarized in the following paragraphs. 

Control of handling, storage, and shipping activities can reduce unnecessary damage, 
deterioration, or loss of equipment, supplies, and samples. Controls assure that items receive 
adequate protection against such conditions as temperature extremes, humidity, dust, shock, 
chemical change, etc. 

HSE-9 section leaders shall prepare special technical instructions for handling, storage, and 
shipping of items where normal MAT Division routine methods do not suffice. These instances include critical, sensitive, perishable, or high-value items. Responsible managers shall assure that 
such special instructions are communicated to and implemented by the personnel performing the work. Normally, controls required by MAT Divisions QA Program Plan shall be in effect 
(shipping request preparation, etc.). 

Samples shall be packed, shipped, and received in HSE-9 according to Administrative 
Procedures AP-8, AP-9, and AP-10. Chain-of -Custody shall be maintained under the provisions 
of AP-8. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Assure that necessary direction is determined and provided for the handling, storage, and 
shipment of items and samples. 

• Assure that special instructions are communicated to and implemented by the external 
shipping organizations. 

HSE-9 Section Leaders: 

• Provide and assure implementation of special technical procedures for samples and 
equipment shipped, stored, or handled within their organizations. 

• Assure that items are marked and labeled as required by instructions or special procedures. 

HSE-9 QA 01/icer: 

• Audit compliance with special handling and shipping instructions developed or required by 
EPA or sponsor organizations. 
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HSE-9 Sample Coordination Section Leader: 

• Establish procedures for packing, shipping, and receiving samples for HSE-9. 

• Initiate chain-of -custody for all incoming samples, or transfer custody from submitting 
organization to HSE-9. 

• Maintain all chain-of-custody and sample shipping documentation. 
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14. INSPECTION, TEST, AND OPERATING STATUS 

The methods included in the administrative and technical procedures for identifying the 
inspection and test status of items and equipment meet Basic Requirement 14 of NQA -I and EPA 
QAMS-004 (Section 6.0). The significant features are summarized in the following paragraphs. 

The status of inspection, test, and operating condition is identified to reduce the possibility of 
inadvertently using uninspected and untested items or of operating controls and equipment when 
such operation may result in personal injury, property damage, or loss of data. 

Authorized HSE-9 analysts shall write and attach red hold tags to items and equipment that 
have an unknown status or are unacceptable, incorrect, damaged, awaiting testing, or undergoing 
an unattended test. Only properly authorized HSE-9 analysts shall write and attach green accept 
tags to items and equipment that have been deemed acceptable, or remove hold tags. HSE-9 
analysts shall assure that items and equipment are properly identified as to status. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

HSE-9 QA Officer: 

HSE-9 Section Leaders: 

• Assure that attachment and removal of status indicators is being performed by procedure 
or other governing documentation, that required inspections and tests are being conducted 
in a timely fashion, and that items which have not passed the required inspections and tests 
are not inadvertently installed, used, or operated . 

• Use nonconformance reports, inspection/test instructions, deficiency reports, and 
calibration tags, as required by Sections 7, 12, and 15. 

HSE-9 Analysts: 

• Attach and remove status indicators according to Administrative Procedures or other 
governing documentation. 

• Assure that required inspections and tests are being conducted in a timely fashion. 

• Do not inadvertently install, use, or operate items that have not passed the required 
inspections and tests. 

• Use nonconformance reports, inspection/test instructions, deficiency reports, and 
calibration tags, as required by Sections 7, 12, and 15. 
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15. CONTROL OF NONCONFORMING ITEMS 

The methods included in the administrative and technical procedures for control of 
nonconforming items and deviations from QA requirements and established procedures meet Basic 
Requirement 15 and Supplement ISS-I of NQA-1, EPA AMS-004 (Section 6.0), and EPA 
QAMS-005 (Section 5.15). The significant features are summarized in the following paragraphs. 

Controls shall be established for the documentation, control, and disposition of nonconforming 
items to prevent their inadvertent use. Controls shall also be provided for the documentation of 
deviations from QA requirements and established procedures so that the deviations can be 
evaluated for impact on integrity and validity of the work and corrective actions taken to prevent 
future occurrences. 

Nonconforming items shall be identified, documented, controlled, evaluated, and disposed of 
in accordance with established HSE-9 Administrative Procedures. Deficiencies shall be 
documented, evaluated, and resolved. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Communicate deviation information to vendors/suppliers and obtain resolution. 

HSE-9 Analysts: 

• Identify, segregate, or otherwise control and document nonconforming items. 

• Withhold nonconforming items from use until approval of the disposition has been 
obtained and any necessary repair or rework performed. 

• Document deficiencies. 

HSE-9 Section Leaders: 

• Verify that reviewers have signed and dated each deficiency or nonconformance report 
and determining if additional review is needed. 

• Transmit copies of such documentation to the organization or individual responsible for 
performance of the disposition and to the HSE-9 QA Officer, and verify that disposltton 
action has been taken, when appropriate. 

• Approve, verify and document that the disposition has been performed as directed. 

• Determine the impact of a deficiency on their organization's cost and schedule. 
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• Determine and implement corrective actions to resolve identified deficiencies. 

• Identify any project results affected by the deficiency and document the location of 
corrected project results. 

HSE-9 QA Officer: 

• Periodically analyze nonconformance reports for quality trends. 
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16. CORRECI1VE ACTION 

The methods included in the administrative and technical procedures for addressing 
significant conditions adverse to quality meet Basic Requirement 16 of NQA-1, EPA QAMS-004 
(Section 10.0), and EPA QAMS-005 (Section 5.1 5). The significant features are summarized in the 
following paragraphs. 

Nonconformances and deviations shall be,documented, reported to appropriate levels of 
management, the cause(s) determined and corrected, and trend analysis shall be performed to 
identify and monitor significant conditions adversely affecting quality. Significant conditions 
adversely affecting quality may also be found through audits, management assessments, or other 
such means. Such conditions shall be documented, causes determined, and corrective action taken 
to remove the causes. Lack of timely corrective action or especially significant quality affects 
may result in stop-work requests. Specific procedures are presented in Administrative Procedure 
AP-I 1. 

Section 15 included requirements for the correction of nonconformances and deficiencies, 
while Section 18 includes requirements for corrective action resulting from audits. 

The determination of when a condition adverse to quality is significant is partly a function of 
the consequences of those conditions in the future if not corrected. This determination is the 
responsibility of the line management or designated members of the QADM section. Any analyst 
may identify adverse conditions and request that corrective action be taken 
and documented. 

When extreme or long standing conditions adverse to quality are discovered, a stop-work 
request shall be issued and enforced until corrective action is completed. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Support the issuance and final resolution of stop-work requests. Concur with close-our 
and lifting of stop-work requests. 

• Periodically evaluate documents received or initiated in the Group related to 
nonconformances or deficiencies. 

HSE-9 Section Leaders: 

• Determine, implement, complete, and document actions required or tak~n in response to 
requests for corrective actions and provide copies of documentation to the QA Officer and 
Group Leader. 
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• Obtain QA Officer concurrence on planned actions in response to requests for corrective 
actions. 

HSE-9 QA Officer: 

• Initiate a corrective action request when a significant condition adverse to quality is 
detected. 

• Issue stop-work requests if situations adverse to quality are significant enough to warrant 

immediate correction or if health and safety of personnel are in jeopardy. Close-out and 
lift stop-work request. This authority may not be delegated. 

• Monitor action on corrective action requests and stop work requests, verifying that 
satisfactory corrective action has actually been taken before closing out a corrective action 

request. 

• Concur with planned actions in response to corrective action requests. 

HSE-9 Analysts: 

• Identify adverse conditions and request that corrective action be taken and documented. 

• Determine root causes for situations resulting in Corrective Action Requests. 

• Propose specific actions to be taken to resolve Corrective Action Requests. 

• Implement, complete, and document specific actions taken to resolve Corrective Action 

Requests. 
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17. RECORDS 

The methods included in the Administrative and technical procedures for records management 
meet Basic Requirement 17 and Supplement 17S-l of NQA-1, EPA QAMS-004 (Section 4.4 and 
8.0), and EPA QAMS-005 (Section 5.10). Included are in-process requirements for record 
originators and custodians to follow while the records are maintained in working files, as well as 
transfer, storage, and microfilming once the activities documented by the records have been 
completed and accepted. 

A records management system shall be maintained to ensure the availability of documented 
evidence of activities performed by HSE-9. j This system provides for the protection against Joss, 

'Ciamage, or deterioration of records and for the identification, storage, retrievability, microfilming 
(where appropriate), and ultimate disposition of these records. 

Significant features of these requirements include: 

records planning, 
responsibilities of records custodians, 
identification and validation of records, 
chain of custody records, 
record maintenance requirements while in possession of records originators, 
record retention and maintenance, 
records indexing system to facilitate retrieval, 
storage requirements, 
transfer and transmittal of completed records, 
requests for stored records, 
long term preservation through microfilming, and 
final records disposition. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Assure that HSE-9 maintains its records in compliance with all applicable standards and 
requirements. 

• Review and approve the HSE-9 records management policy. 

HSE-9 QA Officer: 

• Provide management oversight to the HSE-9 Document Control Center. __ 

• Prepare and approve HSE-9 records management policy. 

• Provide day-to-day records management assistance to HSE-9. 
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HSE-9 Section Leaders: 

• Transmit completed records packages to the document control center (HSE-9 QADM 
section) in a timely fashion. 

HSE-9 Analysts: 

• Perform daily record keeping activities in conformance with all HSE-9 policies. 

• Maintain working files according to HSE-9 policies. 

• Transmit completed records packages to the HSE-9 Section Leaders in a timely fashion. 
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18. AUDITS 

The methods included in the administrative and technical procedures for the audit function 
meet Basic Requirement 18 and Supplement ISS-I of NQA-1, EPA QAMS-004 (Section 4.5), and 
EPA QAMS-OOS (Section S.l2 and S.l6). The significant features are summarized in the 
following paragraphs. 

Audits shall be performed to verify compliance with all aspects of the quality assurance 
program and to determine where corrective action is needed. Timely corrective action shall be 
taken in order to correct the specific deficiencies identified and to minimize future occurrences of 
the same or similar situations. Follow-up is performed to assure that timely and effective 
corrective action is taken in response to identified deficiencies. 

Audits shall be systematically scheduled, planned, performed, and reported. Written responses 
shall be provided to negative audit findings by identifying the causes and noting corrective action 
measures proposed or already taken to prevent/minimize recurrence. Corrective action 
commitments shall be implemented and tracked. Details of the HSE-9 audit procedure are 
contained in AP-12 and AP-13 and corrective action procedures are contained in AP-11. 

HSE-9 shall perform audits, as appropriate, on analytical services contractors, including on
site visits to verify contractor compliance with the approved QA plan. 

RESPONSIBILITIES 

HSE-9 Group Leader: 

• Assure that sufficient internal audits are planned and conducted. 

• Initiate external audits as needed. 

• Respond to external audit findings. 

HSE-9 QA Officer: 

• Plan and conduct internal audits. 

• Track implementation of corrective actions and perform follow-up, as necessary, to verify 
completion of corrective actions. 

• Issue stop-work requests where necessary to ensure implementation of corrective actions. 

• Report audit findings to affected organizations. 

• Review audit responses for adequacy and reporting audit completion. 
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• Audit the existence, adequacy, and consistent use of instructions, procedures, and 
drawings. 

• Audit the use of qualified procedures, personnel, and equipment for the performance of all 
processes and special processes. 

• Audit the qualification procedures for certification of analytical procedures, personnel, 
and equipment. 

Manager of audited organization (usually HSE-9 Section Leaders): 

• Investigate deficiencies from audits and identify causes. 

• Define, schedule, and implement corrective actions for the causes and for specific 
deficiency, including measures to prevent/minimize recurrence. 

HSE-9 Analysts: 

• Cooperate with all auditors who visit their work areas. 

• Provide complete and accurate information to all audit inquires in a timely fashion. 

• Investigate deficiencies from audits and identify causes. 

• Implement approved corrective actions for the causes and for specific deficiency, 
including measures to prevent/minimize recurrence. 

MAT Division: 

• Arrange for performance audits of vendors. 

• Transmit and receive audit correspondence between vendors and HSE-9. 

• Obtain corrective action from vendors to audit findings, where possible. 

• Alert HSE-9 to vendors who refuse to respond to or initiate corrective action to audit 
findings. 
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19. SOFIW ARE QUALITY ASSURANCE 

The methods included in the administrative and data management procedures for computer 
software control meet Basic Requirement 3 of NQA-1 (as interpreted for software), Section 5 of 
EPA QAMS-005 (as interpreted for software), and DOE Order 1330. The significant features are 
summarized in the following paragraphs. 

Controls shall be established over the development, modification, acquisition, and use of 
software to assure that data produced by the software are valid representations of the natural or 
other phenomena being studied or modeled. Software design inputs shall be developed and 
reviewed to provide a sound basis for the design process, before any coding has begun. Newly 
developed or modified software is reviewed to eliminate as many deficiencies (including bugs) as 
possible before testing and initiating configuration management. Software that has been 
developed, modified or acquired shall be tested to verify and validate its outputs. The 
performance shall be verified and validated through testing on data sets similar to those it will 
routinely process. Testing shall not be conducted on active customer data. Production software 
shall be subjected to periodic re-testing to verify continued performance and to protect against 
undocumented modification. 

Configuration management, access control, and physical protection shall be applied to protect 
the software against unauthorized changes, loss, or deterioration. Records of software 
configuration shall be maintained. Software shall be protected against uncontrolled changes and 
against loss or damage. The application of software shall be approved, documented, and reviewed 
to assure that the application is correct and that problems encountered are properly documented 
and resolved. Software applications shall be documented, and application problems documented 
and resolved. Newly developed or modified software shall receive an independent technical 
review. Transfers of software to or from HSE-9 shall be approved and documented as provided 
by C-10 and OS-6. 

Data bases shall be controlled to assure that inputs are correct, modifications are made 
properly and documented by authorized personnel, data are protected, and deficiencies are 
documented, reported, and resolved. Inputs to data bases shall be verified. Modifications to data 
bases shall be approved and documented, as appropriate. Access to data bases shall be limited. 
New data bases shall be approved before implementation. Data bases shall be backed up. 
Deficiencies in data bases shall be documented and resolved. 

Details of these activities are contained in HSE-9 Administrative Procedures AP-14. 

RESPONSIBILITIES 

HSE-9 QA Officer: 

• Delegate responsibility for Software QA to LIMS manager. 

• Participate in Configuration Control Committee and LIMS Users Advisory Committee. 
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• Review and approve final software documentation. 

• Review and approve new software design initiation. 

HSE-9 LIMS Manager: 

• Responsible for day-to-day operation of HSE-9 LIMS. 

• Develop and implement information management policy and procedures, in conjunction 
with the Configuration Control Committee. 

• Provide overall design coordination and control for LIMS. 

• Produce QA summary reports as specified by the QA Officer. 

• Participate in LIMS Users Advisory Committee. 

• Chair the HSE-9 Configuration Control Committee. 

• Determine requirements for software control. 

• Obtain and resolve independent technical review of newly developed software. 

• Review test and verification documentation of new or modified software. 

• Control inputs, modifications, and access to data bases. 

HSE-9 Configuration Control Committee: 

• Provide overall software configuration control. 

• Develop and implement information management policy and procedures. 

HSE-9 LIMS Users Advisory Committee: 

• Provide user input to information management and group-wide computing needs. 

• Develop recommendations on information management priorities, policies and procedures. 

HSE-9 VAX System Manager: 

• Protect and backup all software and databases residing on the HSE-9 VAX. 

• Participate in Configuration Control Committee and LIMS Users Advisory Committee. 
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• Responsible for all systems aspects of information management. 

HSE-9 Programmers: 

• Participate in Configuration Control Committee and LIMS Users Advisory Committee. 

• Validate and document software performance through testing on data sets sirnilar to those 
that the software will process. 

• Maintain records of software configuration. 

• Assure that non-approved software shall not be used to report customer data. 

HSE-9 Analysts: 

• Use only tested and approved software available for group use through the HSE-9 LIMS. 

• Propose enhancements or new software as appropriate to the LIMS Users Advisory 
Committee or the Configuration Control Committee. 
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20. QUAliTY IMPROVEMENT 

The Group Leader, Quality Assurance Section, and HSE-9 Section Leaders shall recommend 

and review proposals for improvements in the quality program. This group shall emphasize 

continuous improvement with a focus on problem prevention, with the goal of producing products 

that continuously meet or exceed requirements and expectations. 
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ABOUT THIS MANUAL 

This manual, LA-10300-M, documents the analytical methodology used by the Los Alamos 

National Laboratory Environmental Chemistry Group. All the categories of procedures listed 

in the Contents will eventually be included in the manual.. When completed, LA-10300-M 

will consist of Volumes I through IV. Because of the vastness of this effort, the manual is 
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and LA-9763-M, Manual of Analytical Methods for Radiobioassay, are superseded by this 

manual. 

A document control sheet is provided in the front of the manual. Please use it to notify us 

of any changes of address. 
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PREFACE 

The Health and Safety (HS) and Environmental Management (EM) divisions are engaged in identifying hazards to the workers and the environment at the Los Alamos National Laboratory. Decisions that must be made in this respect depend upon the availability of sound analytical data. Procedures for the measurement of the presence and concentration of substances hazardous to human health as well as an evaluation of the quality of the environment are essential to satisfactory decision making. 

An important tool for evaluating the exposure of workers and the environment to toxic substances is the analytical method. This volume is a collection of analytical methods used by the inorganic chemist to identify and quantify hazardous inorganic materials in a wide variety of environmental and biological samples. The procedures measure the concentration of the desired analytes with the accuracy, precision, and specificity required by environmental surveillance and compliance personnel. 
These analytical procedures were developed by the staff of EM-9 or were modified from methods developed and evaluated by the Environmental Protection Agency and others. Each procedure is presented simply and concisely. We hope that any competent analyst will be able to use these procedures without difficulty. 
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PREFACE 

Los Alamos National Laboratory supports an ongoing environmental surveillance program as required by US Department of Energy Order 5400.1, "General Environmental Protection Program" (November 1988 ). This surveillance program involves routine monitoring for radiation, radioactive materials, and hazardous chemical substances on Laboratory sites and in the surrounding region. Decisions that must be made regarding environmental compliance depend upon the availability of sound analytical data. 
An important tool for evaluating the environment is the analytical method. The analytical methods used by Environmental Chemistry Group (EM-9) support the monitoring activities by documenting compliance with appropriate standards, identifying trends, providing information for the public, and contributing to general environmental knowledge. These methods measure the concentration of the desired analytes with the precision, accuracy, and specificity required by environmental surveillance and compliance personnel. 

This section of the manual presents EM-9's environmental chemistry procedures, and is thus part of the overall quality control documentation effort to support the environment, safety, and health programs of the Laboratory. These analytical procedures were developed by the staff of EM-9 or were modified from methods developed and evaluated by the Environmental Protection Agency and others for use with environmental samples. Each procedure is presented in a simple and concise manner. We hope that any competent analyst will be able to use these written procedures. 
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Fluoride in Environmental Matrices . . . . . . . . . . . . . . . . . . . . . . . . . In Progress 

Fluoride in Water-ISE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . In Progress 

Nitrate in Water-Cadmium Reduction, 
UV- VIS Spectrophotometry ............................... In Progress 

Titanium-Colorimetric Using Diantipyrylmethane 

March 1992 
Rev. September 1994 
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El460 Total Phosphate in Water-Ascorbic Acid . . . . . . . . . . . . . . . . . . . . . In Progress 

EI470 Silicon-Heteropoly Blue Colorimetric . . . . . . . . . . . . . . . . . . . . . . . In Progress 

EI500 Fluorine in Water-Ion-Selective Electrode . . . . . . . . . . . . . . . . . . . . In Progress 

EI510 Nitrate in Water-Ion-Selective Electrode . . . . . . . . . . . . . . . . . . . . . In Progress 

EI520 pHofSoil ................................................ 10/91 

EI630 Arsenic, Antimony, Tungsten, and Molybdenum in Silicates-RENA ... Retired 

EI640 Bromine and Iodine in Geological Matrices-lENA .............. In Progress 

EI650 Copper and Noble Metals in Geological Matrices-RTNA ......... In Progress 

EI660 Selenium in Environmental Matrices-RTNA .................. In Progress 

El700 Carbonate Carbon in Geologicals by Gravimetric Analysis . . . . . . . . In Progress 

El730 Mercury in Environmental Materials-cold Vapor Gold 
Film Analyzer ............................................ Retired 

El732 Metals in Soil (Field Screening)-EDXRF. . . . . . . . . . . . . . . . . . . . . . . . . 10/93 

El735 Sample Preparation for Spectrochemical Analyses of 
Total Recoverable Elements (EPA Method 200.2) . . . . . . . . . . . . . . . . . . . 12/90 

El740 Sulfur in Environmental Matrices-combustion with 
Infrared Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . In Progress 

El760 Total Hardness-Titrimetry ............................... In Progress 

EI770 Total Organic Carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . In Progress 

El780 Total Organic Halides (TOX) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . In Progress 

EI790 Water (Bound and Unbound) in Geological Matrices-
High Temperature Coloumetry ............................... Retired 
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Health and Environmental Chemistry: 
Analytical Techniques, Data Management, 

and Quality Assurance 

Edited by 

Margaret A. Gautier 

ABSTRACT 

This manual has been prepared by the Environmental Chemistry Group of the Los 
Alamos National Laboratory. It is part of the overall quality control effort to document 
the analytical methodolon used to support the Laboratory's health, safety, and 
environment programs. The present manual is the first compilation of these methods 
and contains step-by-step techniques for use with bioassay, tissue, environmental, 
industrial hygiene, and waste water samples. These organic, inorganic, and 
radiochemical analytical techniques, for use with a wide variety of matrices, were 
developed by the Environmental Chemistry staff or were adapted from procedures found 
in the literature. These techniques have been tested by senior chemists and technicians 
to prove their reliability and validity to measure concentr•tions of analytes with the 
precision, accuracy, and specificity required by various Laboratory programs. Precision 
and accuracy statements are provided where such data are available. Each procedure is 
presented in a simple and concise manner and includes interferences, apparatus, and 
reagent preparation, calibration methods, and data reduction formulas. The procedures 
utilize equipment and skills uailable in modern analytical chemistry laboratories. The 
analytical techniques are presented to provide guidance to laboratories performing 
analytical services for health, safety, and environment programs. 

Environmental Chemistry 
Los Alamos National Laboratory 

May 1986 
Rev. March 1993 
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Environmental Chemistry 
Analytical Techniques 

Edited by 

Margaret A. Gautier 

ABSTRACT 

This section of the manual has been prepared to document the analytical 
methodology used by the Los Alamos National Laboratory Environmental 
Chemistry Group for environmental analyses. It is part of the overall quality 
control effort to support the environment, safety, and health programs of the 

··Laboratory. The analytical procedures were either developed by the 
Environmental Chemistry staff, modified from standard methods developed 
and evaluated by the Environmental Protection Agency, or adapted from 
procedures found in the literature and have been tested by chemists and 
technicians to show their validity. The methods measure the concentration 
of the desired analytes with the precision, accuracy, and specificity required 
by environmental surveillance and compliance personnel. The procedures 
utilize equipment and skills available in modern analytical laboratories. 
Precision and accuracy statements are provided where such data are available. 
Each procedure is presented in a simple and concise manner and includes 
interferences, apparatus, reagent preparation, calibration methods, and data 
reduction formulas. 

Environmental Chemistry 
Loa Alamoa National Laboratory 

March 1992 
Rev. July 1993 
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ARSENIC IN WATER AND SOIL EXTRACTS- GRAPHITE FURNACE AA 

Analyte: Arsenic 

Matrix: Water, waste water, and 
soil extracts 

Procedure: Graphite furnace atomic 
absorption 

Effective Date: 09/25/91 

Method No.: EI I 00 

Detection Limit: 2.0 1-'8/L 

Accuracy and Precision: 
102% ± 1.02% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.6 for proper waste disposal practices. 

1. Principle of Method 

l.l. This procedure is based on Environmental Protection Agency (EPA) method 
206.2 and SW846 method 7060. 

1.2. Arsenic in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is applicable to As in drinking, surface, 
and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The determination of arsenic in 19 in-house quality control samples (55 JJ&/L) 
over an 8-month period had a mean of 56.3 J,£g/L and a relative standard 
deviation (RSD) of 1.02%. 

3. Collection and Storage of Samples. 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within 6 months. 

Environmental Chemistry 
Loa Alamos National Laboratory 
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4. Interferences 

4.1. Contamination is of prime concern during sample preparation. Periodically 
clean the work area, including the bench top, to eliminate environmental 
contamination. Use acid-washed sample cups in the autosampler. 

4.2. Chemical interferences can be controlled by the addition of a matrix modifier 
to all samples and standards. Refer to Perkin-Elmer chart 0993-8199 Rev. D 
(11/89), or to the PE Methods of Analysis for AAS, for the appropriate matrix 
modifier. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. To control this problem, use disposable sterile 
50-mL polypropylene centrifuge tubes in the sample digestion steps. 

5. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption instrument: equipped with a Zeeman 
graphite furnace or equivalent. 

5.6. Required gas for the instrument is ultrapure argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 Mfl/cm resistivity, <0.1 ~o£mho/cm conductivity). 

6.5. Appropriate matrix modifier for all samples, standards, and QCs. 

6.6. Secondary standards for making the appropriate standard curves. 

February 1992 
Rev. May 1993 
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7. Sample Preparation Procedure 

7 .1. To determine total recoverable elements in water, waste water, and soil extracts, 
take a 50-mL aliquot from an acid-preserved sample containing not more than 0.25% (wt/vol) total solids. Place the aliquot in a sterile 50-mL disposable polypropylene centrifuge tube. 

7 .I. I. Add 500 1-'L of L TRD HN03 and 250 1-'L of Ultrex or L TRD HCl to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the 
volume is reduced to 5-l 0 mL. 

7.1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7.1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type I water. 

7 .1.5. Run one digested blank and one digested spike for each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7 .1. 7. For TCLP samples, run a spike for every sample and 20% duplicates. 

7.1.8. The analysis should be performed before the EPA regulatory holding 
times expire. 

7 .I. 9. Add sample and standards to acid -cleaned sample cups. 

8. Instrument Procedure 

8.1. Instrument power and gases check. 

8.1.1. Turn the POWER switch on the PE5000 atomic absorption (AA) to ON. 

8.1.2. Turn ON the argon supply valve after checking the pressure at the tank. 
Pressure must be over 100 psi or the tank must be changed. 

8.1.3. Turn the AA switch from STAND BY mode to RUN. 

8.1.4. Make sure the exhaust hood over the graphite furnace is functioning. 

8.2. Instrument setup. 

8.2.1. Insert the arsenic lamp into the turret oriented toward the ETVAA and 
plug it in. 

8.2.2. Enter turret lamp number into keyboard. 

Environmental Chemistry 
Loa Alamos National Laboratory 
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8.2.3. Enter recommended lamp milliamps (mA) or watts depending on lamp 

type ( EDL; HCL ). 

8.2.3.1. Warm up the EDL and/or HCL lamp for at least 20 min. 

8.2.4. Enter lamp slit width using LOW SLIT key for ETV AA. 

8.2.5. Enter lamp wavelength using LAMBDA PEAK key. 

8.2.6. Turn AA switch inside lamp housing to ICP/ZAA position. 

8.3. Keyboard setup. 

8.3.1. Set SIGNAL key to PK AREA (peak area). 

8.3.2. Turn REC ABS (record absorbance) signal key ON. 

8.3.3. Enter AVG (average) number (if used). 

8.3.4. Enter CONC MODE (concentration). 

8.4. Furnace setup. 

8.4.1. Press ZAA key. 

8.4.2. Turn ACCESSORY knob to ON position. 

8.4.3. Turn chiller ON and check that the water level is above the coils. 

8.4.4. Check that the water bottle for distilled water rinse on the autosampler 

is full. 

8.4.5. Turn ON the HGA-500 programmer. 

8.4.5.1. Enter the temperature program for the element from the 

ETVAA procedure manual and store the procedure number. 

8.5. Computer setup. 

8.5.1. Turn PE AA Data System 10 computer master switch to ON. 

8.5.2. Set up ID/WT file. 

8.5.3. Turn print button on P£5000 keyboard ON and store the program. 

February 1992 
Rev. May 1993 
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8.6. Set up autosampler. 

8.6.1. Recalibrate the standard curve every 8 to 12 samples. 

8.6.2. Enter the number of standards(# stds). 

8.6.3. Enter the last sample number (last samp). 

8.6.4. Enter the sample volume (samp vol). 

8.6.5. Enter the alternate volume (alt vol) for the matrix modifier if used. 

8.6.6. Enter the instrument program number (inst prog). 

8.6.7. Enter the HGA program number (HGA prog). 

8.7. Graphite furnace setup. 

8.7.1. Open the furnace and clean or replace the graphite tube. Use the tube 
with or without the platform depending on the element. 

8.7.2. If inserting a new tube, condition it with the manual temperature key. 

8. 7 .3. Using the alignment tool, reinsert the graphite tube and close the 
furnace. 

8.7.4. Using the manual temperature key, set the pyrometer to the atomization 
temperature of the element and balance the lights (red/green) using the 
calibration (CAL) knob. 

8.7.5. Place the AS40 in STANDBY mode and align the autosampler arm. 
Check the depth of the sample delivery inside the tube and inside the 
samples. Exit STAND BY mode. 

8. 7 .6. Remove and check the furnace lenses. Reinsert the lenses and check the 
absorbance. If the absorbance reads above 0.1 00, clean the lenses. 

Environmental Chemistry 

8.7.7. Put samples and standards into the autosampler tray and cover with the 
dust cover to prevent contamination. 

8. 7 .8. Put the matrix modifier in the holder position, if required. 

8.7.9. Check the blank and standards manually. 

8. 7 .I 0. Calculate the characteristic concentration ( cc ). If it is within :t :.0'\!:J of 
chart value (0993-8199 Rev. D 11/89) start the run. 
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8. 7 .11. Enter collect data mode on PE Data System 10 computer and follow 
instructions. 

8.7.12. After run is complete, press to DISK key on PE Data System 10 twice. 

8. 7 .13. Select report mode on the computer, follow instructions, and print out 
the final report. 

8. 7 .14. When finished, shut off the chiller, argon gas supply, lamps, EDL power 
supply, and computer. 

8. 7.15 Place the autosampler, HGA Programmer, and P£5000 in standby mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn POWER switch on P£5000 AA to OFF. 

9.2. Turn OFF the gas valves. 

9.3. Follow building power failure procedures. 

10. Calculations 

1 0.1. Characteristic concentration ( cc ). 

cc = 
C X V X 0.0044 

A. 

where cc = characteristic concentration for ETV AA, 
C = concentration of standard, (~g/L) 
V = sample aliquot, (~L) 

A
1 = absorbance of standard, and 

0.0044 = I% absorbance. 

11.1. Solid waste. 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not normally generated. This waste can be placed in the 
usual trash receptacles in the labs at T A-50. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-.:Jsc 
basis. 

February 1992 
Rev. May 1993 

Environment~! < ·'"'''try 
Loa Alamos NationJ.i !. ,. · ntory 

1 II 



11.1.2.1. Complete a Waste Profile Request Form (WPRF) describing 
the solid waste and send it to the Waste Management group 
for review. 

11.1.2.2. If the Waste Management group determines that the solid 
waste is contaminated below the level of concern, dispose of 
the waste as ordinary laboratory trash. 

11.1.2.3. If the Waste Management group determines that the solid 
waste is contaminated above the level of concern, request 
pickup of the contaminated waste as described in Sec. 11.3. 

11.2. Liquid waste. 

11.2.1. Accumulate liquid waste containing hazardous contaminants, such as 
solutions of trace metals above the limits posted for dumping at each lab 
sink at T A- 50, in a coated glass jar in a secondary containment tray and 
keep it segregated from liquid waste contaminated with listed organics 
or cyanide greater than 0.5 ppm. 

11.2.2. Label the bottle with a hazardous waste label, a corrosive label, a toxic 
label, and a label indicating its use for trace metal waste. Date the label. 

11.2.3. Open the bottle only for the time necessary to add waste. 

11.2.4. Keep full bottles in the secondary containment tray pending pickup by 
the Waste Management group. 

11.2.5. Label a new bottle for further use. 

11.2.6. Dump liquid inorganic wastes which do not contain any EPA -listed 
components, or which have toxic metals below the limits posted at lab 
sinks at T A-50, directly into the lab sink. 

11.3. Waste pickup. 

Environmental Chemistry 

11.3.1. Request pickup by the Waste Management group of solid waste or a full 
bottle of liquid waste containing trace metals using the current Chemical 
Waste Disposal Request Form (CWDR). The current Waste Profile 
Request Form (WPRF) that describes the waste is referenced on the 
CWDR. 

11.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 
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12. Source Material 

12.1. Analytical Methods for Atomic Absorption Spectrophotometry, (Perkin-Elmer, 
Norwalk, Conn., 1976). 

12.2. Instructions: Zeeman/5000 System, (Perkin-Elmer, Norwalk, Conn., 1982). 

12.3. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020 U.S. 
Environmental Protection Agency (rev. March 1983 ). 

12.4. Perkin-Elmer chart 0993-8199 Rev. D (11/89). 

12.5. "Test Methods for Evaluation of Solid Waste: Laboratory Manual of Physical 
and Chemical Methods," EPA report no. SW -846 (November 1986). 

12;61 "Hazardous and Mixed Waste," Administrative Requirement 10-3, in 
Environment. Safety, and Health Manual, Los Alamos National Laboratory 
Manual, Chapter I (most recent edition). 

Revisions or additions to the procedure are marked 
marked the entire section has been revised. 

February 1992 
Rev. May 1993 
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BARIUM IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Barium 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: EI I 05 

Detection Limit: 100 J,'g/L 

Accuracy and Precision: 100% ± 1.0% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 

information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 

208.1 and SW -846 method 7080. 

1.2. Barium in solution may be readily determined by atomic absorption 
spectroscopy (AAS). The method is simple and rapid and is applicable to Ba in 

drinking, surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 

sediments, and other solid wastes require digestion prior to analysis. 

2. Accuracy and Precision 

2.1. The determination of barium in four in-house quality control samples 
(400 J,'g/L) over a three-month period had a mean of 397.5 J.'g/L and a relative 

standard deviation (RSD) of 1.0%. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area, 

including the bench top, should be periodically cleaned to eliminate 

environmental contamination. 

Environmental Chemistry September 1992 Ell05 -1 
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4.2. Chemical interferences can be controlled by the addition of KCl, a matrix 
modifier, to all samples and standards at high concentration levels (1.0%). 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. Use sterile disposable 50-mL polypropylene 
centrifuge tubes in the sample digestion steps to control this problem. 

5. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. Potassium chloride. Matrix modifier for all samples and standards. 

6.5. ASTM Type I water (>10 MO/cm resistivity, <0.1 J.'mho/cm conductivity). 

7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water or waste water, take a 50-mL 
aliquot from an acid-preserved sample containing not more than 0.25% (wt/vol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 

7 .I. I. Add 500 J.'L of L TRD HN03 and 250 J.'L of Ultrex or L TRD HCl to 
each sample. 

7.1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 
volume is reduced to 5-10 mL. 

7.1.3. Loosely cover the tube with the cap and reflux for 30 min. 

September 1992 Environmental Chemistry 
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7 .1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type I water. 

7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is < 100 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1. 7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop are at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the barium lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wa¥elength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

Environmental Chemistry September 1992 EllOS-3 
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8.2.7. Press the RECORD ABSORBANCE key. 

8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 10-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter SI, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 

September 1992 Environment3l Chemistry 
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8.3.5. Aspirate the known standard and press the READ key. 

8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3. 7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.10. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control twice to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

1 0.1. Characteristic concentration (cc). 

cc '"' 

where 

Environmental Chemistry 
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C X 0.0044 

A. 

cc = characteristic concentration for flame AA, 
c = concentration of standard, 
0.0044 = I% absorbance, and 
As = absorbance of standard. 
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11. Proper Waste Disposal Practices 

11.1. Solid Waste 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case- by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
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Chemical Waste Disposal Request Form (CWDR). The current Waste 
Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes," EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods," SW-846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste,• Administrative Requirement 10-3, 
Chapter I in Los Alamos National Laboratory Environment, Safety, and Health 
Manual (most recent edition). 
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CADMIUM IN WATER AND SOIL EXTRACTS- GRAPHITE FURNACE AA 

Analyte: Cadmium 

Matrix: Water, waste water, and 
soil ex tracts 

Procedure: Graphite furnace atomic 
absorption 

Effective Date: 09/25/91 

Method No.: EI120 

Detection Limit: 0.1 J.'&/L 

Accuracy and Precision: 
I 02% ± 1.02% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for information on personal protective clothing and equipment. Read Sec. 11 of this procedure and Source Material 12.6 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 213.2 and SW846 method 7130. 

I .2. Cadmium in solution may be readily determined by graphite furnace atomic absorption spectroscopy. The method is applicable to Cd in drinking, surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The determination of cadmium in 15 in-house quality control samples (5.8 J.'g/L) over an 8-month period had a mean of 5.9 J.'g/L and a relative standard deviation (RSD) of I .02%. 

3. Collection and Storage of Samples. 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis within 6 months. 

Environmental Chemistry 
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4. Interferences 

4.1. Contamination is of prime concern during sample preparation. Periodically 

clean the work area, including the bench top, to eliminate environmental 
contamination. Use acid-washed sample cups in the autosampler. 

4.2. Chemical interferences can be controlled by the addition of a matrix modifier 

to all samples and standards. Refer to Perkin-Elmer chart 0993-8199 Rev. D 

(11/89), or to the PE Methods of Analysis for AAS for the appropriate matrix 

modifier. 

4.3. Silica from the glassware will grow into the sample solution during and 

following sample processing. To control this problem, use disposable sterile 
50-mL polypropylene centrifuge tubes in the sample digestion steps. 

S. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption instrument: equipped with a Zeeman 

graphite furnace or equivalent. 

5.6. Required gas for the above instrument is ultrapure argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water(> 10 MO/cm resistivity, <0.1 J,&mho/cm conductivity). 

6.5. Appropriate matrix modifier for all samples, standards, and QCs. 

6.6. Secondary standards for making the appropriate standard curves. 

February 1992 
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7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water, waste water, and soil extracts, take a 50-mL aliquot from an acid-preserved sample containing not more than 0.25% (wt/vol) total solids. Place the aliquot in a sterile 50-mL disposable polypropylene centrifuge tube. 

7 .I. I. Add 500 ~L of L TRD HN03 and 250 ~L of Ultrex or L TRD HCI to each sample. 

7.1.2. Heat on a hot plate without boiling (approximately 85°C) until the volume is reduced to 5-10 mL. 

7.1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7.1.4. Allow the sample to cool, and dilute to 50 mL with ASTM Type I water. 

7.1.5. Run one digested blank and one digested spike for each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and 20% duplicates. 

7.1.8. The analysis should be performed before the EPA regulatory holding times expire. 

7.1.9. Add sample and standards to acid-cleaned sample cups. 

8. Instrument Procedure 

8.1. Instrument power and gases check. 

8 .1.1. Turn the POWER switch to the PE5000 atomic absorption (AA) to ON. 

8.1.2. Turn ON the argon supply valve after checking the pressure at the tank. Pressure must be over 100 psi or the tank must be changed. 

8.1.3. Turn the AA switch from STANDBY mode to RUN. 

8.1.4. Make sure the exhaust hood over the graphite furnace is functioning. 

8.2. Instrument setup. 

8.2.1. Insert the cadmium lamp into the turret oriented toward the ETV AA and plug it in. 

8.2.2. Enter turret lamp number into keyboard. 

Environmental Chemistry 
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8.2.3. Enter recommended lamp milliamps (mA) or watts depending on lamp 

type (EDL/HCL). 

8.2.3.1. Warm up the EDL and/or HCL lamp for at least 20 min. 

8.2.4. Enter lamp slit width using LOW SLIT key for ETV AA. 

8.2.5. Enter lamp wavelength using LAMBDA PEAK key. 

8.2.6. Turn AA switch inside lamp housing to ICP /ZAA position. 

8.3. Keyboard setup. 

8.3.1. Set SIGNAL key to PK AREA (peak area). 

8.3.2. Turn REC ABS (record absorbance) signal key ON. 

8.3.3. Enter AVG (average) number (if used). 

8.3.4. Enter CONC MODE (concentration). 

8.4. Furnace setup. 

8.4.1. Press ZAA key. 

8.4.2. Turn ACCESSORY knob to ON position. 

8.4.3. Turn chiller ON and check that the water level is above the coils. 

8.4.4. Check that the water bottle for distilled water rinse on the autosampler 

is full. 

8.4.5. Turn ON the HGA-500 programmer. 

8.4.5.1. Enter the temperature program for the element from the 

ETVAA procedure manual and store the procedure number. 

8.5. Computer setup. 

8.5.1 Turn PE AA Data System 10 computer master switch to ON. 

8.5.2 Set up ID/WT file. 

8.5.3 Turn print button on P£5000 keyboard ON and store the program. 

February 1992 
Rev. May 1993 
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8.6. Set up autosampler. 

8.6.1. Recalibrate the standard curve every 8 to 12 samples. 

8.6.2. Enter the number of standards(# stds). 

8.6.3. Enter the last sample number (last samp). 

8.6.4. Enter the sample volume (samp vol). 

8.6.5. Enter the alternate volume (alt vol) for the matrix modifier if used. 

8.6.6. Enter the instrument program number (inst prog). 

8.6. 7. Enter the HGA program number (HGA prog). 

8. 7. Graphite furnace setup. 

8.7.1. Open the furnace and clean or replace the graphite tube. Use the tube with or without the platform depending on the element. 

8. 7.2. If inserting a new tube, condition it with the manual temperature key. 

8.7.3. Using the alignment tool, reinsert the graphite tube and close the furnace. 

8.7.4. Using the manual temperature key, set the pyrometer to the atomization temperature of the element and balance the lights (red/green) using the calibration (CAL) knob. 

8.7.5. Place the AS40 in STANDBY mode and align the autosampler arm. Check the depth of the sample delivery inside the tube and inside the samples. Exit STANDBY mode. 

8. 7.6. Remove and check the furnace lenses. Reinsert the lenses and check the absorbance. If the absorbance reads above 0.100, clean the lenses. 

8.7.7. Put samples and standards into the autosampler tray and cover with the dust cover to prevent contamination. 

8.7.8. Put the matrix modifier in the holder position, if required. 

8.7.9. Check the blank and standards manually. 

8.7.10. Calculate the characteristic concentration (cc). If it is within ±20% of chart value (0993-8199 Rev. D I 1/89) start the run. 
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8.7.11. Enter collect data mode on PE Data System 10 computer and follow 

instructions. 

8. 7 .12. After run is complete, press to DISK key on PE Data System I 0 twice. 

8. 7 .13. Select report mode on the computer, follow instructions, and print out 

the final report. 

8. 7 .14. When finished, shut off the chiller, argon gas supply, lamps, EDL power 

supply, and computer. 

8. 7.15. Place the autosampler, HGA Programmer, and PE5000 in standby mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn POWER switch on PE5000 AA to OFF. 

9.2. Turn OFF the gas valves. 

9.3. Follow building power failure procedures. 

10. Calculations 

1 0.1. Characteristic concentration ( cc ). 

cc 
C X V X 0.0044 

A. 

where cc 
c 
v 

A. 
0.0044 

= characteristic concentration for ETV AA, 

= concentration of standard, 

= sample aliquot (J.'L), 
= absorbance of standard, and 

= 1% absorbance. 

11.1. Solid waste. 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 

concern is not normally generated. This waste can be placed in the 

usual trash receptacles in the labs at T A- 50. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 

concern, the appropriate paperwork is completed on a case- by-case 

basis. 
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11.1.2.1. Complete a Waste Profile Request Form (WPRF) describing 
the solid waste and send it to the Waste Management group 
for review. 

11.1.2.2. If the Waste Management group determines that the solid 
waste is contaminated below the level of concern, dispose of 
the waste as ordinary laboratory trash. 

11.1.2.3. If the Waste Management group determines that the solid 
waste is contaminated above the level of concern, request 
pickup of the contaminated waste as described in Sec. 11.3. 

11.2. Liquid waste. 

11.2.1. Accumulate liquid waste containing hazardous contaminants, such as 
solutions of trace metals above the limits posted for dumping at each lab 
sink at T A-50, in a coated glass jar in a secondary containment tray and 
keep it segregated from liquid waste contaminated with listed organics 
or cyanide greater than 0.5 ppm. 

11.2.2. Label the bottle with a hazardous waste label, a corrosive label, a toxic 
label, and a label indicating its use for trace metal waste. Date the label. 

11.2.3. Open the bottle only for the time necessary to add waste. 

11.2.4. Keep full bottles in the secondary containment tray pending pickup by 
the Waste Management group. 

11.2.5. Label a new bottle for further use. 

11.2.6. Dump liquid inorganic wastes which do not contain any EPA-listed 
components, or which have toxic metals below the limits posted at lab 
sinks at TA-50, directly into the lab sink. 

11.3. Waste pickup. 

Environmental Chemiatry 

11.3.1. Request pickup by the Waste Management group of solid waste or a full 
bottle of liquid waste containing trace metals using the current Chemical 
Waste Disposal Request Form (CWDR). The current Waste Profile 
Request Form (WPRF) that describes the waste is referenced on the 
CWDR. 

11.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 
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12. Source Material 

12.1. Analytical .'vfethods for Atomic Absorption Spectrophotometry, (Perkin-Elmer, 
Norwalk, Conn., 1976 ). 

12.2. Instructions: Zeeman/5000 System, (Perkin-Elmer, Norwalk, Conn., 1982). 

12.3. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020 U.S. 
Environmental Protection Agency, rev. March 1983). 

12.4. Perkin-Elmer chart 0993-8199 Rev. D (11/89). 

12.5. "Test Methods for Evaluation of Solid Waste: Laboratory Manual of Physical 
and Chemical Methods," EPA report no. SW-846 (November 1986). 

12;61 "Hazardous and Mixed Waste," Administrative Requirement 10-3, in 
Environment, Safety, and Health Manual, Los Alamos National Laboratory 
Manual, Chapter 1 (most recent edition). 

Revisions or additions to the procedure are marked ( 
marked the entire section has been revised. 
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CALCIUM IN WATER AND SOIL EXTRACTS- FLAME AA 

Analyte: Calcium 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: EII25 

Detection Limit: 25 mg/L 

Accuracy and Precision: not determined 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec:. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec:. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
215.1 and SW-846 method 7140. 

1.2. Calcium in solution may be readily determined by atomic absorption 
spectroscopy (AAS). The method is simple and rapid and is applicable to Cain 
drinking, surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soil.s, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The accuracy and precision of the method for in-house quality control samples 
has not yet been determined. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area, 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 
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4.2. Chemical interferences can be controlled by the addition of KCl, a matrix 
modifier, to all samples and standards at high concentration levels (0.1 %). 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. Use sterile disposable 50-mL polypropylene 
centrifuge tubes in the sample digestion steps to control this problem. 

S. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. Potassium chloride. Matrix modifier for all samples and standards. 

6.5. ASTM Type I water (>10 MO/cm resistivity, <0.1 #-'mho/em conductivity). 

7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water or waste water, take a 50-mL 
aliquot from an acid-preserved sample containing not more than 0.25% (wtjvol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 

7 .1.1. Add 500 #-'L of L TRD HN03 and 250 #-'L of Ultrex or L TRD HCl to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 
volume is reduced to 5-l 0 mL. 
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7 .1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7.1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type 1 water. 

7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is <I 00 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1. 7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop are at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the calcium lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wavelength using the LAMBDA PEAK key. 
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8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

8.2.7. Press the RECORD ABSORBANCE key. 

8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 10-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 

for AAS. (source material 12.1). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter Sl, S2, and S3 as directed for standards in Analytical Methods for 

AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

September 1992 Environmental Chem1stry 
Loa Alamos National L~bor~tory 



8.3.4. Select AVERAGE key if desired. 

8.3.5. Aspirate the known standard and press the READ key. 

8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3.7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.1 0. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control ~ to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

I 0.1. Characteristic concentration ( cc ). 

cc = 
C X 0.0044 

A. 

where cc = characteristic concentration of flame AA, 
C = concentration of standard, 
0.0044 = 1% absorbance, and 
A, = absorbance of standard. 
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11. Proper Waste Disposal Practices 

11.1. Solid Waste 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of con.:ern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current WJste 
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Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes," EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods, • SW-846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste, • Administrative Requirement 10-3, 
Chapter 1 in Los Alamos National Laboratory Environment. Safety, and Health 
Manual (most recent edition). 
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CHROMIUM IN OIL, WATER, AND SOIL EXTRACTS - FLAME AA 

Analyte: Chromium 

Matrix: Oil, water, waste water, and 
soil extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: El 130 

Detection Limit: 1.0 mg/L 

Accuracy and Precision: 100% ± 4.0% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
218.1 and SW-846 method 7190. 

1.2. Chromium in solution may be readily determined by atomic absorption 
spectroscopy (AAS). The method is simple and rapid and is applicable to Cr in 
drinking, surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion before analysis. In oil, 
methyl isobutyl ketone is used as the solvent for samples and standards. 

2. Accuracy and Precision 

2.1. The determination of chromium in 27 in-house quality control samples 
(18.6 l'g/L) over a 9-month period had a mean of 17.8 l'g/L and a relative 
standard deviation (RSD) of 4.0%. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 
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4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area, 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 

4.2. Chemical interferences are matrix dependent and can be corrected by the 
addition of matrix modifiers. Refer to the Perkin-Elmer (PE) Analytical 
Methods for AAS for appropriate modifier. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. Use sterile disposable 50-mL polypropylene 
centrifuge tubes in the sample digestion steps to control this problem. 

S. Apparatus 

5. I. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, LTRD). 

6.3. Double deionized water. 

6.4. Methyl isobutyl ketone (MIBK). 

6.5. ASTM Type I water (>10 MO/cm resistivity, <0.1 J,&mho/cm conductivity). 

7. Sample Preparation Procedure 

7 .I. To determine total recoverable elements in water or waste water, take a 50- mL 
aliquot from an acid-preserved sample containing not more than 0.25% (wt/vol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 
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7 .1.1. Add 500 J.'L of L TRD HN03 and 250 J.'L of Ultrex or L TRD HCl to 
each sample. 

7.1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 
volume is reduced to 5-10 mL. 

7.1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7.1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type I water. 

7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is < 100 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1. 7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop are at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the chromium lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

Environmental Chemistry September 1992 EI !30-3 
Loa Alamo• National Laboratory 



EI130-4 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wa-velength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

8.2.7. Press the RECORD ABSORBANCE key. 

8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 10-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical ,\-tethods 
for AAS. (source material 12.1 ). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 
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8.3. Running samples. 

8.3.1. Enter Sl, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 

8.3.5. Aspirate the known standard and press the READ key. 

8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3. 7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.10. Read samples and QCs (blind and known). 

8.3.1 l. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control ~ to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

I 0.1. Characteristic concentration ( cc ). 
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cc = 
C X 0.0044 

A. 

where cc = characteristic concentration for flame AA, 
= concentration of standard, c 

0.0044 
A, 

I% absorbance, and 
= absorbance of standard. 

11. Proper Waste Disposal Practices 

11.1. Solid Waste 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 
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11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current Waste 
Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes, • EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods, • SW-846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste,• Administrative Requirement 10-3, 
Chapter 1 in Los Alamos National Laboratory Environment. Safety, and Health 
Manual (most recent edition). 

Environmental Chemistry September 1992 Ell30-7 Loa Alamos National Laboratory 



EM-9 ANALYTICAL PROCEDURE REVIEW AND APPROVAL 

Method: Chromium in Water and Soil Extracts - Flame AA 

Method No.: EI 130 Rnisioa No.: 0 

Q~J_,Ji {~ ( Date: --'-'-/;-f-i/;so:;:;::. ~/c:;....,c;.. __ _ 

_.....;;;;~=·;--..=b_._P--=f;_ __ Date: __._1 ~~~j+-1~ ~_L_ 
QA Coacurreace __ ?'1~~~-_;;..._a_. -~-----~-~--- Date: __ 1~__;·tt1;.;..J;...;,_;;~:.;:._ __ 

Sectioa Leader 

Group Leader 



CHROMIUM IN WATER AND SOIL EXTRACTS- GRAPHITE FURNACE AA 

Analyte: Chromium 

Matrix: Water, waste water, and 
soil extracts 

Procedure: Graphite furnace atomic 
absorption 

Effective Date: 09/25/91 

Method No.: EI 135 

Detection Limit: 1.0 J.'g/L 

Accuracy and Precision: 
94% ± 0.9% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for information on personal protective clothing and equipment. Read Sec. 11 of this procedure and Source Material 12.6 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
218.2 and SW846 method 7190. 

1.2. Chromium in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is applicable to Cr in drinking, surface, 
and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The determination of chromium in 23 in-house quality control samples 
(18.6 J.'g/L) over an 8-month period had a mean of 17.4 J.'g/L and a relative 
standard deviation (RSD) of 0.9%. 

3. Collection and Storage of Samples. 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within 6 months. 
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4. Interferences 

4.1. Contamination is of prime concern during sample preparation. Periodically 
clean the work area, including the bench top, to eliminate environmental 
contamination. Use acid-washed sample cups in the autosampler. 

4.2. Chemical interferences can be controlled by the addition of a matrix modifier 
to all samples and standards. Refer to Perkin-Elmer chart 0993-8199 Rev. D 
(ll/89), or to the PE Methods of Analysis for AAS, for the appropriate matrix 
modifier. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. To control this problem, use disposable sterile 
50-mL polypropylene centrifuge tubes in the sample digestion steps. 

5. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile prolypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin- Elmer 5000 atomic absorption instrument: equipped with a Zeeman 
graphite furnace or equivalent. 

5.6. Required gas for the above instrument is ultrapure argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 Mfl/cm resistivity, <0.1 J,£mho/cm conductivity). 

6.5. Appropriate matrix modifier for all samples, standards, and QCs. 

7. Sample Preparation Procedure 

7 .1. To determine total recoverable elements in water, waste water, and soil extracts, 
take a 50-mL aliquot from an acid-preserved sample containing not more than 
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0.25% (wt/vol) total solids. Place the aliquot in a sterile 50-mL disposable 
polypropylene centrifuge tube. 

7 .1.1. Add 500 J.lL of L TRD HN03 and 250 J.lL of Ultrex or L TRD HCI to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the 
volume is reduced to 5-10 mL. 

7 .1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7 .1.4. Allow the sample to cool, and dilute to 50 mL with ASTM Type I water. 

7 .1.5. Run one digested blank and one digested spike for each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7 .1. 7. For TCLP samples, run a spike for every sample and 20% duplicates. 

7 .1.8. The analysis should be performed before the EPA regulatory holding 
times expire. 

7.1.9. Add sample and standards to acid-cleaned sample cups. 

8. Instrument Procedure 

8.1. Instrument power and gases check. 

8.1.1. Turn the POWER switch to the PE5000 atomic absorption (AA) to ON. 

8.1.2. Turn ON the argon supply valve after checking the pressure at the tank. 
Pressure must be over 100 psi or the tank must be changed. 

8.1.3. Turn the AA switch from STANDBY mode to RUN. 

8.1.4. Make sure the exhaust hood over the graphite furnace is functioning. 

8.2. Instrument setup. 

Environmental Chemistry 

8.2.1. Insert the chromium lamp into the turret facing ETVAA and plug it in. 

8.2.2. Enter turret lamp number into keyboard. 

8.2.3. Enter recommended lamp milliamps (rnA) or watts depending on lamp 
type (EDL/HCL). 

8.2.3.1. Warm up the EDL and/or HCL lamp for at least 20 min. 
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8.2.4. Enter lamp slit width using LOW SLIT key for ETV AA. 

8.2.5. Enter lamp wavelength using LAMBDA PEAK key. 

8.2.6. Turn AA switch inside lamp housing to ICP/ZAA position. 

8.3. Keyboard setup. 

8.3.1. Set SIGNAL key to PK AREA (peak area). 

8.3.2. Turn REC ABS (record absorbance) signal key ON. 

8.3.3. Enter AVG (average) number (if used). 

8.3.4. Enter CONC MODE (concentration). 

8.4. Furnace setup. 

8.4.1. Press ZAA key. 

8.4.2. Turn ACCESSORY knob to ON position. 

8.4.3. Turn chiller ON and check that the water level is above the coils. 

8.4.4. Check that the water bottle for distilled water rinse on the autosampler 

is full. 

8.4.5. Turn ON the HGA-500 programmer. 

8.4.5.1. Enter the temperature program for the element from the 

ETVAA procedure manual and store the procedure number. 

8.5. Computer setup. 

8.5.1. Turn PE AA Data System 10 computer master switch to ON. 

8.5.2. Set up ID/WT file. 

8.5.3. Turn print button on PE5000 keyboard ON and store the program. 

8.6. Set up autosampler. 

8.6.1. Recalibrate the standard curve every 8 to 12 samples. 

8.6.2. Enter the number of standards(# stds). 

8.6.3. Enter the last s.1mple number (last samp). 
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8.6.4. Enter the sample volume (samp vol). 

8.6.5. Enter the alternate volume (alt vol) for the matrix modifier if used. 

8.6.6. Enter the instrument program number (inst prog). 

8.6.7. Enter the HGA program number (HGA prog). 

8.7. Graphite furnace setup. 

Environmental Chemistry 

8.7.1. Open the furnace and clean or replace the graphite tube. Use the tube 
with or without the platform depending on the element. 

8.7.2. If inserting a new tube, condition it with the manual temperature key. 

8.7.3. Using the alignment tool, reinsert the graphite tube and close the 
furnace. 

8.7.4. Using the manual temperature key, set the pyrometer to the atomization 
temperature of the element and balance the lights (red/green) using the 
calibration (CAL) knob. 

8.7.5. Place the AS40 in STANDBY mode and align the autosampler arm. 
Check the depth of sample delivery inside tube and inside samples. Exit 
STAND BY mode. 

8.7 .6. Remove and check the furnace lenses. Reinsert the lenses and check the 
absorbance. If the absorbance reads above 0.1, clean the lenses. 

8.7.7. Put samples and standards into the autosampler tray and cover with the 
dust cover to prevent contamination. 

8.7.8. Put the matrix modifier in the holder position, if required. 

8.7.9. Check the blank and standards manually. 

8.7.10. Calculate the characteristic concentration (cc). If it is within ±20% of 
chart value start the run. 

8.7.1 I. Enter collec:t data mode on PE Data System 10 computer and follow 
instructions. 

8.7.12. After run is complete, press to DISK on PE Data System 10 twice. 

8.7.13. Select report mode on the computer, follow instructions, and print out 
the final report. 
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8.7.14. When finished, shut off the chiller, argon gas supply, lamps, EDL power 
supply, and computer. 

8. 7.15. Place the autosampler, HGA Programmer, and P£5000 in standby mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn POWER switch on PE5000 AA to OFF. 

9.2. Turn OFF the gas valves. 

9.3. Follow building power failure procedures. 

10. Calculations 

1 0.1. Characteristic concentration (cc ). 

cc = 
C X V X 0.0044 

A. 

where cc 
c 
v 

A, 
0.0044 

11.1. Solid waste. 

= characteristic concentration for ETV AA, 
• concentration of standard (J£g/L), 
= sample aliquot (J£L ), 
= absorbance of standard, and 
= 1% absorbance. 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not normally generated. This waste can be placed in the 
usual trash receptacles in the labs at TA-50. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 

11.1.2.1. Complete a Waste Profile Request Form (WPRF) describing 
the solid waste and send it to the Waste Management group 
for review. 

11.1.2.2. If the Waste Management group determines that the solid 
waste is contaminated below the level of concern, dispose of 
the waste as ordinary laboratory trash. 
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11.1.2.3. If the Waste Management group determines that the solid 
waste is contaminated above the level of concern, request 
pickup of the contaminated waste as described in Sec. 11.3. 

11.2. Liquid waste. 

11.2.1. Accumulate liquid waste containing hazardous contaminants, such as 
solutions of trace metals above the limits posted for dumping at each lab 
sink at T A-50, in a coated glass jar in a secondary containment tray and 
keep it segregated from liquid waste contaminated with listed organics 
or cyanide greater than 0.5 ppm. 

11.2.2. Label the bottle with a hazardous waste label, a corrosive label, a toxic 
label, and a label indicating its use for trace metal waste. Date the label. 

11.2.3. Open the bottle only for the time necessary to add waste. 

11.2.4. Keep full bottles in the secondary containment tray pending pickup by 
the Waste Management group. 

11.2.5. Label a new bottle for further use. 

11.2.6. Dump liquid inorganic wastes which do not contain any EPA-listed 
components, or which have toxic metals below the limits posted at lab 
sinks at T A-50, directly into the lab sink. 

11.3. Waste pickup. 

11.3.1. Request pickup by the Waste Management group of solid waste or a full 
bottle of liquid waste containing trace metals using the curr-ent Chemical 
Waste Disposal Request Form (CWDR). The current Waste Profile 
Request Form (WPRF) that describes the waste is referenced on the 
CWDR. 

11.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Material 

12.1. Analytical Methods for Atomic Absorption Spectrophotometry, (Perkin-Elmer, 
Norwalk, Conn., 1976). 

12.2. Instructions: Zeeman/5000 System, (Perkin-Elmer, Norwalk, Conn., 1982). 

12.3. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020 U.S. 
Envrionmental Protection Agency, (rev. March 1983). 
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12.4. Perkin-Elmer chart 0993-8199 Rev. D (11/89). 

12.5. "Test Methods for Evaluation of Solid Waste Laboratory Manual of Physical and 
Chemical Methods," EPA report no. SW-846 (November 1986). 

12.6. "Hazardous and Mixed Waste," Administrative Requirement 10-3, in 
Em•ironment, Safety. and Health Manual, Los Alamos National Laboratory 
Manual, Chapter I (most recent edition). 

Revisions or additions to the procedure are marked ( ······. ). Where a section heading is 
marked the entire section has been revised. 
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COPPER IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Copper 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: Ell40 

Detection Limit: 10 ~g/L 

Accuracy and Precision: I 00% ± 2.1% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agencv (EPA) method 
220.1 and SW-846 method 7210. 

1.2. Copper in solution may be readily determined by atomic absorption 
spectroscopy (AAS). The method is simple and rapid and is applicable to Cu in 
drinking, surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion prior to analysis. 

2. Accuracy and Precision 

2.1. The determination of copper in 20 in-house quality control samples (21.9 ~g/ L) 
over a 9-month period had a mean of 21.2 J.'S/L and a relative standard 
deviation (RSD) of 2.1 %. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area. 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 

Environmental Chemi1try September 1992 Ell40-l 
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4.2. Chemical interferences are matrix dependent. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. Use sterile disposable 50-mL polypropylene 
centrifuge tubes in the sample digestion steps to control this problem. 

S. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, <0.1 J,£mho/cm conductivity). 

7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water or waste water, take a 50-ml 
aliquot from an acid-preserved sample containing not more than 0.25% (wt;vol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 

7 .1.1. Add 500 J.£L of L TRD HN03 and 250 J.£L of Ultrex or L TRD HCI to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 
volume is reduced to 5-10 mL. 

7 .1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7.1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type I wJter. 
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7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7 .1.6. Run a duplicate and a spike for I 0-20% of the samples. 

7 .I. 7. For TCLP samples, run a spike for every sample and run 20% 

duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 

absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 

ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is <I 00 psi, change the 

tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1.7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop are at their 

proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the copper lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wavelength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

8.2.7. Press the RECORD ABSORBANCE key. 
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8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the S.~:. fUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 10-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1 ). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter Sl, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 

8.3.5. Aspirate the known standard and press the READ key. 
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8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3.7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.10. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control twice to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

10.1. Characteristic concentration (cc). 

cc = 
C X 0.0044 

A. 

where cc = characteristic concentration for flame AA, 
"' concentration of standard, 

Environmental Chemiatry 
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0.0044 

A• 
= l% absorbance, and 
= absorbance of standard. 
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11. Proper Waste Disposal Practices 

11.1. Solid Waste 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
conc~rn, the appropriate paperwork is completed on a case-by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

i 1.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current \1. J~te 
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Profile Request Form (WPRF) that describes the waste is referenced on 

the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 

with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 

(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 

Water and Wastes," EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 

Waste: Laboratory Manual of Physical and Chemical Methods,• SW-846 (Nov. 

1986). 

12.5. "Chemical, Hazardous, and Mixed Waste, • Administrative Requirement 10-3, 

Chapter 1 in Los Alamos National Laboratory Environment. Safety, and Health 

Manual (most recent edition) 
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IRON IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Iron 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: Ell45 

Detection Limits: 20 ~g/L 

Accuracy and Precision: 100% ± 8.7% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
236.1 and SW -846 method 7380. 

1.2. Iron in solution may be readily determined by atomic absorption spectroscopy 
(AAS). The method is simple and rapid and is applicable to Fe in drinking, 
surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion prior to analysis. 

2. Accuracy and Precision 

2.1. The determination of iron in 24 in-house quality control samples (99 ~g/L) over 
a 9-month period had a mean of 107.3 ~g/L and a relative standard dev iarion 
(RSD) of 8.7%. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area. 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 

Environmental Chemiatry September 1992 Ell45-l 
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4.2. Chemical interferences are matrix dependent. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. Use sterile disposable 50-mL polypropylene 
centrifuge tubes in the sample digestion steps to control this problem. 

5. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, LTRD). 

6.3. Double deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, <0.1 ~mho/em conductivity). 

7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water or waste water, take a 50-mL 
aliquot from an acid-preserved sample containing not more than 0.25% (wtjvol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 

7.1.1. Add 500 ~L of LTRD HN03 and 250 ~L of Ultrex or LTRD HCI to 
each sample. 

7.1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 
volume is reduced to 5-10 mL. 

7.1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7.1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type I \loJter. 
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7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7 .1. 7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is < 100 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

' 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1. 7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop are at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the iron lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wanlength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

8.2.7. Press the RECORD ABSORBANCE key. 
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8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 10-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter Sl, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 

8.3.5. Aspirate the known standard and press the READ key. 
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8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3. 7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.10. Read samples and QCs (blind and known). 

8.3.II. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.I2. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control ~ to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.I4. Switch the PE 5000 to STANDBY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

I O.I. Characteristic concentration ( cc ). 

C X 0.0044 cc .. 
A. 

where cc • characteristic concentration for flame AA, 
C .. concentration of standard, 
0.0044 = I% absorbance, and 
A1 = absorbance of standard. 
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11. Proper Waste Disposal Practices 

11.1. Solid Waste 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case- by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current \1. J5te 
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Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes," EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods," SW-846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste," Administrative Requirement 10-3, 
Chapter 1 in Los Alamos National Laboratory Environment, Safety. and Health 
Manual (most recent edition). 

Environmental Chemistry September 1992 
Loa Alamos National Laboratory 

Ell45-7 



~- ~· - -~ -- - ._ - - ~ 

·~,{)~\~ ~--~ ~' .· -=· ~I 

EM-9 ANAL ITICAL PROCEDURE REVIEW AND APPROVAL 

Method: Iron in Water and Soil Extracts -Flame AA 

Method No.: EI 145 Rnisioa No.: 0 

Section Leader 

Group Leader 

QA Coac:urreac:e _..;.m....o..;~~.=.;~....;tl.,;...._~....;;..;;,;;..__.;;.· __ _ Date: _.....;1..;;-il;.:..-....;A~"'P;..:~~--



LEAD IN WATER AND SOIL EXTRACTS- GRAPHITE FURNACE AA 

Analyte: Lead 

Matrix: Water, waste water, and 
soil extracts 

Procedure: Graphite furnace atomic 
absorption 

Effective Date: 09/25/91 

Method No.: EI150 

Detection Limit: 2.0 ~g/L 

Accuracy and Precision: 
99.6% ± 1.0% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.6 for proper waste disposal practices. 

1. Principle of Method 

l.l. This procedure is based on Environmental Protection Agency (EPA) method 
239.2 and SW846 method 7421. 

1.2. Lead in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is applicable to Pb in drinking, surface, 
and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The determination of lead in 12 in-house quality control samples (72.0 J,'g/L) 
over an 8-month period had a mean of 71.7 J,'g/L and a relative standard 
deviation (RSD) of 1.0%. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within 6 months. 
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4. Interferences 

4.1. Contamination is of prime concern during sample preparation. Periodically 

clean the work area, including the bench top, to eliminate environmental 

contamination. Use acid-washed sample cups in the autosampler. 

4.2. Chemical interferences can be controlled by the addition of a matrix modifier 

to all samples and standards. Refer to Perkin Elmer chart 0993-8199 Rev. D 

(11/89), or to the PE Methods of Analysis for AAS, for the appropriate matrix 
modifier. 

4.3. Silica from the glassware will grow into the sample solution during and 

following sample processing. To control this problem, use disposable sterile 
50-mL polypropylene centrifuge tubes in the sample digestion steps. 

5. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption instrument: equipped with a Zeeman 

graphite furnace or equivalent. 

5.6. Required gas for the above instrument is ultrapure argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 Mfl/cm resistivity, <0.1 JJmho/cm conductivity). 

6.5. Appropriate matrix modifier for all samples, standards, and QCs. 

6.6. Secondary standards for making the appropriate standard curves. 
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7. Sample Preparation Procedure 

7 .1. To determine total recoverable elements in water, waste water, and soil extracts, 
take a 50-mL aliquot from an acid preserved sample containing not more than 
0.25% (wtjvol) total solids. Place the aliquot in a sterile 50-mL disposable 
polypropylene centrifuge tube. 

7.1.1. Add 500 J.'L of L TRD HN03 and 250 J.'L of Ultrex or L TRD HCl to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the 
volume is reduced to 5-l 0 mL. 

7.1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7 .1.4. Allow the sample to cool, and dilute to 50 mL with ASTM Type I water. 

7.1.5. Run one digested blank and one digested spike for each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and 20% duplicates. 

7 .1.8. The analysis should be performed before the EPA regulatory holding 
times expire. 

7.1.9. Add sample and standards to acid-cleaned sample cups. 

8. Instrument Procedure 

8.1. Instrument power and gases check. 

8.1.1. Turn the POWER switch to the PE5000 atomic absorption (AA) to ON. 

8.1.2. Turn ON the argon supply valve after checking the pressure at the tank. 
Pressure must be over I 00 psi or the tank must be changed. 

8.1.3. Turn the AA switch from STAND BY mode to RUN. 

8.1.4. Make sure the exhaust hood over the graphite furnace is functioning. 

8.2. Instrument setup. 

Environmental Chemistry 

8.2.1. Insert the lead lantp into the turret oriented toward the ETV AA and 
plug it in. 

8.2.2. Enter turret lamp number into keyboard. 
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8 . .2.3. Enter recommended lamp milliamps (mA) or watts depending on lamp 
type (EDL/HCL). 

8.2.3.1. Warm up the EDL and/or HCL lamp for at least 20 min. 

8.2.4. Enter lamp slit width using LOW SLIT key for ETV AA. 

8.2.5. Enter lamp wa-velength using LAMBDA PEAK key. 

8.2.6. Turn AA switch inside lamp housing to ICP/ZAA position. 

8.3. Keyboard setup. 

8.3.1. Set SIGNAL key to PK AREA (peak area). 

8.3.2. Turn REC ABS (record absorbance) signal key ON. 

8.3.3. Enter AVG (average) number (if used). 

8.3.4. Enter CONC MODE (concentration). 

8.4. Furnace setup. 

8.4.1. Press ZAA key. 

8.4.2. Turn ACCESSORY knob to ON position. 

8.4.3. Turn chiller ON and check that the water level is above the coils. 

8.4.4. Check that the water bottle for distilled water rinse on the autosampler 
is full. 

8.4.5. Turn ON the HGA-500 programmer. 

8.4.5.1. Enter the temperature program for the element from the 
ETV AA procedure manual and store the procedure number. 

8.5. Computer setup. 

8.5.1 Turn PE AA Data System 10 computer master switch to ON. 

8.5.2 Set up 10/WT file. 

8.5.3 Turn print button on PE5000 keyboard ON and store the program. 
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8.6. Set up autosampler. 

8.6.1. Recalibrate the standard curve every 8 to 12 samples. 

8.6.2. Enter the number of standards(# stds). 

8.6.3. Enter the last sample number (last samp). 

8.6.4. Enter the sample volume (samp vol). 

8.6.5. Enter the alternate volume (alt vol) for the matrix modifier if used. 

8.6.6. Enter the instrument program number (inst prog). 

8.6.7. Enter the HGA program number (HGA prog). 

8.7. Graphite furnace setup. 

Environmental Chemistry 

8. 7 .1. Open the furnace and clean or replace the graphite tube. Use the tube 
with or without the platform depending on the element. 

8.7.2. If inserting a new tube, condition it with the manual temperature key. 

8. 7 .3. Using the alignment tool, reinsert the graphite tube and close the 
furnace. 

8.7.4. Using the manual temperature key, set the pyrometer to the atomization 
temperature of the element and balance the lights (red/green) using the 
calibration (CAL) knob. 

8.7.5. Place the AS40 in STANDBY mode and align the autosampler arm. 
Check the depth of the sample delivery inside the tube and inside the 
samples. Exit STAND BY mode. 

8.7.6. Remove and check the furnace lenses. Reinsert the lenses and check the 
absorbance. If the absorbance reads above 0.100, clean the lenses. 

8.7.7. Put samples and standards into the autosampler tray and cover with the 
dust cover to prevent contamination. 

8. 7 .8. Put the matrix modifier in the holder position, if required. 

8.7.9. Check the blank and standards manually. 

8. 7 .I 0. Calculate the characteristic concentration ( cc). If it is within ±20''11 of 
chart value (0993-8199 Rev. D II /89) start the run. 
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8.7.11. Enter collect data mode on PE Data System 10 computer and follow 
instructions. 

8.7.12. After run is complete, press DISK key on PE Data System 10 twice. 

8.7.13. Select report mode on the computer, follow instructions, and print out 
the final report. 

8. 7 .14. When finished, shut off the chiller, argon gas supply, larr.ps, EDL power 
supply, and computer. 

8.7.15. Place the autosampler, HGA Programmer, and PE5000 in standby mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn POWER switch on PE5000 AA to OFF. 

9.2. Turn OFF the gas valves. 

9.3. Follow building power failure procedures. 

10. Calculations 

1 0.1. Characteristic concentration ( cc ). 

cc C X V X 0.0044 

A, 

where cc 

c 
v 

A, 
0.0044 

= characteristic concentration for ETV AA, 
= concentration of standard (J.'g/L), 
= sample aliquot (J.'L), 
= absorbance of standard, and 

I% absorbance. 

11. Proper Wast• Disposal Practices 

11.1. Solid waste. 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not normally generated. This waste can be placed in the 
usual trash receptacles in the labs at T A-50. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 
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11.1.2.1. Complete a Waste Profile Request Form (WPRF) describing 
the solid waste and send it to the Waste Management group 
for review. 

11.1.2.2. If the Waste Management group determines that the solid 
waste is contaminated below the level of concern, dispose of 
the waste as ordinary laboratory trash. 

11.1.2.3. If the Waste Management group determines that the solid 
waste is contaminated above the level of concern, request 
pickup of the contaminated waste as described in Sec. 11.3. 

11.2. Liquid waste. 

11.2.1. Accumulate liquid waste containing hazardous contaminants, such as 
solutions of trace metals above the limits posted for dumping at each lab 
sink at TA-50, in a coated glass jar in a secondary containment tray and 
keep it segregated from liquid waste contaminated with listed organics 
or cyanide greater than 0.5 ppm. 

11.2.2. Label the bottle with a hazardous waste label, a corrosive label, a toxic 
label, and a label indicating its use for trace metal waste. Date the label. 

11.2.3. Open the bottle only for the time necessary to add waste. 

11.2.4. Keep full bottles in the secondary containment tray pending pickup by 
the Waste Management group. 

11.2.5. Label a new bottle for further use. 

11.2.6. Dump liquid inorganic wastes which do not contain any EPA-listed 
components, or which have toxic metals below the limits posted at lab 
sinks at TA-50, directly into the lab sink. 

11.3. Waste pickup. 

Environmental Chemistry 

11.3.1. Request pickup by the Waste Management group of solid waste or a full 
bottle of liquid waste containing trace metals using the current Chemical 
Waste Disposal Request Form (CWDR). The current Waste Profile 
Request Form (WPRF) that describes the waste is referenced on the 
CWDR. 

11.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 
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12. Source Material 

12.1. Analytical Jfethods for Atomic Absorption Spectrophotometry, (Perkin-Elmer, 

Norwalk, Conn., 1976). 

12.2. Instructions: Zeeman/5000 System, (Perkin-Elmer, Norwalk, Conn., 1982). 

12.3. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020 U.S. 
Environmental Protection Agency, (rev. March 1983). 

12.4. Perkin-Elmer chart 0993-8199 Rev. D {11/89). 

12.5. "Test Methods for Evaluation of Solid Waste: Laboratory Manual of Physical 

and Chemical Methods," EPA report no. SW-846 (November 1986). 

12.6~ "Hazardous and Mixed Waste," Administrative Requirement 10-3, in 

Environment. Safety. and Health Manual, Los Alamos National Laboratory 
Manual, Chapter I (most recent edition). 

Revisions or additions to the procedure are marked ( 
marked the entire section has been revised. 
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MAGNESIUM IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Magnesium 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

EUective Date: 09/23/91 

Method No.: EI 160 

Detection Limit: 250 ~g/L 

Accuracy and Precision: not determined 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothina and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
242.1 and SW -846 method 7050. 

1.2. Magnesium in solution may be readily determined by atomic absorption 
spectroscopy. The method is simple and rapid and is applicable to Mg in 
drinking, surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion prior to analysis. 

2. Accuracy and Precision 

2.1. The accuracy and precision of the method for in-house quality control samples 
has not yet been determined. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area, 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 

Environmental Chemistry September 1992 El 160-1 
Loa Alamo• National Laboratory 



Ell60-2 

4.2. Chemical interferences can be controlled by the addition of KCI, a matrix 
modifier, to all samples and standards at high concentration levels (0.1 %). 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. Use sterile disposable 50-mL polypropylene 
centrifuge tubes in the sample digestion steps to control this problem. 

S. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. Potassium chloride. Matrix modifier for all samples and standards. 

6.5. ASTM Type I water (>10 MO/cm resistivity, <0.1 J'mho/cm conductivity). 

7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water or waste water, take a 50-mL 
aliquot from. an acid-preserved sample containing not more than 0.25% (wt/vol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 

7 .1.1. Add 500 J.'L of L TRD HN03 and 250 J.'L of Ultrex or L TRD HCI to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 
volume is reduced to 5-10 mL. 

7.1.3. Loosely cover the tube with the cap and reflux for 30 min. 

September 1992 Environmental Chemistry 
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7 .1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type 1 water. 

7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is <100 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1. 7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop are at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the magnesium lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wavelength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

Environmental Chemistry September 1992 Ell60-3 
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8.2.7. Press the RECORD ABSORBANCE key. 

8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 1 0-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.1 5. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter Sl, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 
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8.3.5. Aspirate the known standard and press the READ key. 

8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3. 7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.10. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control ~ to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emeraency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

10.1. Characteristic concentration (cc). 

cc = 
C X 0.0044 

A. 

where cc = characteristic concentration of flame AA, 
"" concentration of standard, 

Environmental Chemiatry 
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0.0044 

A• 
= 1% absorbance, and 
= absorbance of standard. 
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11. Proper Waste Disposal Practices 

II. I. Solid Waste 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a second.ary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current Waste 
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Profile Request Form (WPRF) which describes the waste is referenced 
on the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes," EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods," SW -846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste, • Administrative Requirement 10-3, 
Chapter I in Los Alamos National Laboratory Environment, Safety. and Health 
Manual (most recent edition). 
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ZINC IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Zinc 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: EI 165 

Detection Limit: 5.0 J.£8/L 

Accuracy and Precision: 100% ± 4.0% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginnlna this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

l.l. This procedure is based on Environmental Protection Agency (EPA) method 
289.1 and SW-846 method 7950. 

1.2. Zinc in solution may be readily determined by atomic absorption spectroscopy. 
The method is simple and rapid and is applicable to drinking, surface, and 
saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The determination of zinc in nine in-house quality control samples (66 J.'8/L) 
over a nine-month period had a mean of 67.2 J.'S/L and a relative standard 
deviation (RSD) of 4.0%. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area. 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 
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4.2. Chemical interferences are matrix dependent. 

4.3. Silica from glassware will grow into the sample solution during and following 
sample processing. Use sterile disposable 50-mL polypropylene centrifuge tubes 
in the sample digestion steps to control this problem. 

S. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, <0.1 J,&mho/cm conductivity). 

7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water or waste water, take a 50-mL 
aliquot from an acid-preserved sample containing not more than 0.25% (wtjvol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 

7.1.1. Add 500 J.&L of L TRD HN03 and 250 J,&L of Ultrex or L TRD HCI to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 
volume is reduced to 5-I 0 mL. 

7.1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7.1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type I water. 

September 1992 Environmental ChemiStry 
Lo1 Alamo• National Labora.tory 

'II 



7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin- Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn ON the air supply valve. 

8.1.4. Check the pressure in the acetylene tank; if it is <I 00 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn ON the nitrous oxide supply valve, if necessary. 

8.1.6. Turn the AA switch from STAND BY mode to RUN. 

8 .I. 7. Make sure the exhaust hood is functioning. 

8.1.8. Check the drain vessel and drain loop for fluid levels. 

8.2. Instrument setup. 

8.2.1. Insert the zinc lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wavelength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

8.2.7. Press the RECORD ABSORBANCE key. 

8.2.8. Set the MODE key to ABSORBANCE. 
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8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.1 0. If the wavelength is <300 nm, use the AA- BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the I 0-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1 ). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter SI, S2, and S3 as directed for standards in Analytical Methods fvr 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 

8.3.5. Aspirate the known standard and press the READ key. 

8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 
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8.3. 7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.1 0. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, press flame ON/OFF key to OFF to turn off the flame. 
Turn fuel and air values to OFF. 

8.3.12.1. Press the CHECK FLOW key twice on the auto burner 
control to relieve line pressure. 

8.3.13. Turn the power switch to the auto burner control off. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn off the gas valves. 

9.3. Follow procedures for building power failure. 

10. Calculations 

10.1. Characteristic concentration (cc). 

cc .. C X 0.0044 

A. 

where cc • characteristic concentration for flame AA, 
C = concentration of standard, 
0.0044 = I% absorbance, and 
A

1 
=- absorbance of standard. 
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11. Proper Waste Disposal Practices 

11.1. Solid waste. 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not normally generated during the routine preparation of QC 
samples for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management group 
for review. 

11.1.2.2. If the Waste Management group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 11.3. 

11.2. Liquid waste. 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the time necessary to add waste to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste pickup. 

11.3.1. Pickup by the Waste Management group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current Waste 
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Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agencv, "Methods for Chemical Analysis of 
Water and Wastes, • EPA-600/4-79-0- .. (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods, • SW -846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste, • Administrative Requirement 10-3, 
Chapter 1 in Los Alamos National Laboratory Environment. Safety, and Health 
Manual (most recent edition). 
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NICKEL IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Nickel 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: EI 170 

Detection Limit: 15J.'g/L 

Accuracy and Precision: 100% ± 5% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protecthe clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
249.1 and SW-846 method 7520. 

1.2. Nickel in solution may be readily determined by atomic absorption spectroscopy 
(AAS). The method is simple and rapid and is applicable to Ni in drinking, 
surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion prior to analysis. 

2. Accuracy and Precision 

2.1. The determination of nickel in 15 in-house quality control samples (800 t-'8/L) 
over a 9-month period had a mean of 841 J.'g/L and a relative standard 
deviation (RSD) of 5%. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area, 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 
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4.2. Chemical interferences are matrix dependent. 

4.3. Silica from the glassware will grow into the sample solution during and 

following sample processing. Use sterile disposable 50-mL polypropylene 

centrifuge tubes in the sample digestion steps to control this problem. 

5. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, <0.1 J'mho/cm conductivity). 

7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water or waste water, take a 50-mL 

aliquot from an acid-preserved sample containing not more than 0.25% (wtjvol) 

total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 

centrifuge tube. 

7 .1.1. Add 500 J'L of L TRD HN03 and 250 J'L of Ultrex or L TRD HCI to 

each sample. 

7.1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 

volume is reduced to 5-l 0 mL. 

7 .1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7 .1.4. Allow the sample to cool and then dilute to 50 mL with ASTM T: pe I 

water. 
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7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. furn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is < 100 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1. 7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop are at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the nickel lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wavelength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

8.2.7. Press the RECORD ABSORBANCE key. 
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8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 10-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instr~ment for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter Sl, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 

8.3.5. Aspirate the known standard and press the READ key. 
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8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3.7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.1 0. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control ~ to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

10.1. Characteristic concentration (cc). 

cc :a 
C X 0.0044 

A. 

where cc == characteristic concentration of flame AA, 
C = concentration of standard, 
0.0044 = 1% absorbance, and 
A1 = absorbance of standard. 
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11. Proper Waste Disposal Practices 

I I. I. Solid Waste 

I I. I. I. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

I I .1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 

I I. 1.2. I. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

I I. I .2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

I I. I .2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

I I .2. Liquid Waste 

I I .2. I. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the second:uy 
containment tray pending pickup by the Waste Management Group. 

I I .2.5. A new bottle is labeled for further use. 

I I .3. Waste Pickup 

I 1.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current W:l'ite 
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Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes," EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods," SW-846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste," Administrative Requirement 10-3, 
Chapter 1 in Los Alamos National Laboratory Environment. Safety, and Health 
Manual (most recent edition). 
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POTASSIUM IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Potassium 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: Ell75 

Detection Limit: 2 mg/L 

Accuracy and Precision: not determined 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
258.1 and SW-846 method 7610. 

1.2. Potassium in solution may be readily determined by atomic absorption 
spectroscopy (AAS). The method is simple and rapid and is applicable to K in 
drinking, surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The accuracy and precision of the method for in-house quality control samples 
has not yet been determined. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area. 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 
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4.2. Chemical interferences are matrix dependent and can be corrected by the 
addition of matrix modifiers. Refer to Perkin-Elmer (PE) Analytical Methods 
for AAS for appropriate modifier. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. Use sterile disposable 50-mL polypropylene 
centrifuge tubes in the sample digestion steps to control this problem. 

S. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block driiied to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistiiied acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistiiied acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, <0.1 J£mho/cm conductivity). 

7. Sample Preparation Procedure 

7 .1. To determine total recoverable elements in water or waste water, take a 50- mL 
aliquot from an acid-preserved sample containing not more than 0.25% (wt;vol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 

7 .1.1. Add 500 J'L of L TRD HN03 and 250 J'L of Ultrex or L TRD HCl to 

each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 
volume is reduced to 5-l 0 mL. 

7 .1.3. Loosely cover the tube with the cap and reflux for 30 min. 
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7.1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type I water. 

7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8 .1.4. Check the pressure in the acetylene tank; if it is < 100 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1. 7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop are at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the potassium lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

ts.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wavelength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 
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8.2.7. Press the RECORD ABSORBANCE key. 

8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 1 0-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1 ). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter Sl, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 
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8.3.5. Aspirate the known standard and press the READ key. 

8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3. 7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.1 0. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control twice to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STAND BY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

10.1. Characteristic concentration (cc). 

cc = 
C X 0.0044 

A. 

where cc = characteristic concentration for flame AA, 
C = concentration of standard, 
0.0044 = I% absorbance, and 
A1 = absorbance of standard. 
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11. Proper Waste Disposal Practices 

11.1. Solid Waste 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3. I. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current Waste 
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Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes," EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods," SW-846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste," Administrative Requirement 10-3, 
Chapter 1 in Los Alamos National Laboratory Environment. Safety, and Health 
Manual (most recent edition). 
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EM-9 ANALYTICAL PROCEDURE REVIEW AND APPROVAL 

Method: Potassium in Water and Soil Extracts - Flame AA 

Method No.: El 1 7 5 Revisioa No.: 0 
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SELENIUM IN WATER AND SOIL EXTRACTS- GRAPHITE FURNACE AA 

Analtye: Selenium 

Matrix: Water, waste water, and 
soil ex tracts 

Procedure: Graphite furnace atomic 
absorption 

Effecthe Date: 09/25/91 

Method No.: Ell85 

Detection Limit: 2.0 J.'g/L 

Accuracy and Precision: 
96% ± 1.04% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protecthe clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.6 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
270.2 and SW846 method 7740. 

1.1. Selenium in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is applicable to Se in drinking, surface, 
and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The determination of selenium in 18 in- house quality control samples (9. 7 J.'g 1 L) 
over an 8-month period had a mean of I 0.1 J.'g/L and a relative standard 
deviation (RSD) of 1.04%. 

3. Collection and Storage of Samples. 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within 6 months. 
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4. Interferences 

4.1. Contamination is of prime concern during sample preparation. Periodically 
clean the work area, including the bench top, to eliminate environmental 
contamination. Use acid-washed sample cups in the autosampler. 

4.2. Chemical interferences can be controlled by the addition of a matrix modifier 
to all samples and standards. Refer to Perkin-Elmer chart 0993-8199 Rev. D 
{11/89), or to the PE Methods of Analysis for AAS, for the appropriate matrix 
modifier. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. To control this problem, use disposable sterile 
50-mL polypropylene centrifuge tubes in the sample digestion steps. 

5. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption instrument: equipped with a Zeeman 
graphite furnace or equivalent. 

5.6. Required gas for the above instrument is ultrapure argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, >0.1 }.'mho/em conductivity). 

6.5. Appropriate matrix modifier for all samples, standards, and QCs. 

6.6. Secondary standards for making the appropriate standard curves. 
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7. Sample Preparation Procedure 

7 .I. To determine total recoverable elements in water, waste water, and soil extracts, 
take a 50-mL aliquot from an acid preserved sample containing not more than 
0.25% (wt/vol) total solids. Place the aliquot in a sterile 50-mL disposable 
polypropylene centrifuge tube. 

7 .1.1. Add 500 JjL of L TRD HN03 and 250 JjL of Ultrex or L TRD HCI to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the 
volume is reduced to 5-10 mL. 

7 .1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7 .1.4. Allow the sample to cool, and dilute to 50 mL with ASTM Type I water. 

7 .1.5. Run one digested blank and one digested spike for each digested batch. 

7 .1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and 20% duplicates. 

7.1.8. The analysis should be performed before the EPA regulatory holding 
times expire. 

7 .1.9. Add sample and standards to acid-cleaned sample cups. 

8. Instrument Procedure 

8.1. Instrument power and gases check. 

8.1.1. Turn the POWER switch to the PE5000 atomic absorption (AA) to ON. 

8.1.2. Turn ON the argon supply valve after checking the pressure at the tank. 
Pressure must be over I 00 psi or the tank must be changed. 

8.1.3. Turn the AA switch from STAND BY mode to RUN. 

8.1.4. Make sure the exhaust hood over the graphite furnace is functioning. 

8.2. Instrument setup. 

8.2.1. Insert the selenium lamp into the turret oriented toward the ETVA-\ 
and plug it"in. 

8.2.2. Enter turret lamp number into keyboard. 
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8.2.3. Enter recommended lamp milliamps (rnA) or watts depending on lamp 
type (EDL/HCL). 

8.2.3.1. Warm up the EDL and/or HCL lamp for a minimum of 20 min. 

8.2.4. Enter lamp slit width using LOW SLIT key for ETY AA. 

8.2.5. Enter lamp wavelength using LAMBDA PEAK key. 

8.2.6. Turn AA switch inside lamp housing to ICP /ZAA position. 

8.3. Keyboard setup. 

8.3.1. Set SIGNAL key to PK AREA (peak area). 

8.3.2. Turn REC ADS (record absorbance) signal key ON. 

8.3.3. Enter A VG (average) number (if used). 

8.3.4. Enter CONC MODE (concentration). 

8.4. Furnace setup. 

8.4.1. Press ZAA key. 

8.4.2. Turn ACCESSORY knob to ON position. 

8.4.3. Turn chiller ON and check that the water level is above the ~oils. 

8.4.4. Check that the water bottle for distilled water rinse on the autosampler 
is full. 

8.4.5. Turn ON the HGA-500 programmer. 

8.4.5.1. Enter the temperature program for the element from the 
ETY AA procedure manual and store the procedure number. 

8.5. Computer setup. 

8.5.1. Turn PE AA Data System 10 computer master switch to ON. 

8.5.2. Set up ID/WT file. 

8.5.3. Turn print button on PE5000 keyboard ON and store the program. 

8.6. Set up autosampler. 

February 1992 
Rev. May 1993 

Environmental Chemistry 
Loa Alamos National Laboratory 



8.6.1. Recalibrate the standard curve every 8 to 12 samples. 

8.6.2. Enter the number of standards(# stds). 

8.6.3. Enter the last sample number (last samp). 

8.6.4. Enter the sample volume (samp vol). 

8.6.5. Enter the alternate volume (alt vol) for the matrix modifier if used. 

8.6.6. Enter the instrument program number (inst prog). 

8.6.7. Enter the HGA program number (HGA prog). 

8. 7. Graphite furnace setup. 

8.7.1. Open the furnace and clean or replace the graphite tube. Use the tube 
with or without the platform depending on the element. 

8.7.2. If inserting a new tube, condition it with the manual temperature key. 

8. 7 .3. Using the alignment tool, reinsert the graphite tube and close the 
furnace. 

8.7.4. Using the manual temperature key, set the pyrometer to the atomization 
temperature of the element and balance the lights (red/green) using the 
calibration (CAL) knob. 

8. 7 .5. Place the AS40 in STAND BY mode and align the autosampler arm. 
Check the depth of the sample delivery inside the tube and inside the 
samples. Exit STAND BY mode. 

8. 7 .6. Remove and check the furnace lenses. Reinsert the lenses and check the 
absorbance. If the absorbance reads above 0.1 00, clean the lenses. 

8.7.7. Put samples and standards into the autosampler tray and cover with the 
dust cover to prevent contamination. 

8.7.8. Put the matrix modifier in the holder position, if required. 

8.7.9. Check the blank and standards manually. 

8.7.10. Calculate the characteristic concentration (cc). If it is within ±20% of 
chart value (0993-8199 Rev. D II /89) start the run. 

Environmental Chemistry 

8.7.11. Enter collect data mode on PE Data System 10 computer and follow 
instructions. 
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8.7.12. After run is complete, press to DISK key on PE Data System 10 twice. 

8. 7 .13. Select report mode on the computer, follow instructions, and print the 
out final report. 

8.7.14. When finished, shut off the chiller, argon gas supply, lamps, EDL power 
supply, and computer. 

8.7.15 Place the autosampler, HGA Programmer,and P£5000 in standby mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn POWER switch on P£5000 AA to OFF. 

9.2. Turn OFF the gas valves. 

9.3. Follow building power failure procedures. 

10. Calculations 

1 0.1. Characteristic concentration ( cc ). 

cc C X V X 0.0044 

A. 

where cc = characteristic concentration for ETV AA, 
c = concentration of standard (J.'g/L), 
v = sample aliquot (J.'L), 

A, = absorbance of standard, and 
0.0044 = 1% absorbance. 

11.1. Solid waste. 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not normally generated. This waste can be placed in the 
usual trash receptacles in the labs at TA-50. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-cJse 
basis. 
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11.1.2.1. Complete a Waste Profile Request Form (WPRF) describing 
the solid waste and send it to the Waste Management group 
for review. 

11.1.2.2. If the Waste Management group determines that the solid 
waste is contaminated below the level of concern, dispose of 
the waste as ordinary laboratory trash. 

11.1.2.3. If the Waste Management group determines that the solid 
waste is contaminated above the level of concern, request 
pickup of the contaminated waste as described in Sec. 11.3. 

11.2. Liquid waste. 

11.2.1. Accumulate liquid waste containing hazardous contaminants, such as 
solutions of trace metals above the limits posted for dumping at each lab 
sink at T A-50, in a coated glass jar in a secondary containment tray and 
keep it segregated from liquid waste contaminated with listed organics 
or cyanide greater than 0.5 ppm. 

11.2.2. Label the bottle with a hazardous waste label, a corrosive label, a toxic 
label, and a label indicating its use for trace metal waste. Date the label. 

11.2.3. Open the bottle only for the time necessary to add waste. 

11.2.4. Keep full bottles in the secondary containment tray pending pickup by 
the Waste Management group. 

11.2.5. Label a new bottle for further use. 

11.2.6. Dump liquid inorganic wastes which do not contain any EPA-listed 
components, or which have toxic metals below the limits posted at lab 
sinks at TA-50, directly into the lab sink. 

11.3. Waste pickup. 

Environmental Chemistry 

11.3.1. Request pickup by the Waste Management group of solid waste or a full 
bottle of liquid waste containing trace metals using the current Chemical 
Waste Disposal Request Form (CWDR). The current Waste Profile 
Request Form (WPRF) that describes the waste is referenced on the 
CWDR. 

11.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 
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12. Source Material 

12.1. Analytical Methods for Atomic Absorption Spectrophotometry, (Perkin-Elmer, 
Norwalk. Conn., 1976). 

12.2. Instructions: Zeeman/5000 System, (Perkin-Elmer, Norwalk, Conn., 1982). 

12.3. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020 U.S. 
Environmental Protection Agency, (rev. March 1983). 

12.4. Perkin-Elmer chart 0993-8199 Rev. D {11/89). 

12.5. "Test Methods for Evaluation of Solid Waste: Laboratory Manual of Physical 
and Chemical Methods," EPA report no. SW -846 (November 1986 ). 

1~:~1 "Hazardous and Mixed Waste," Administrative Requirement 10-3, in 
Environment, Safety, and Health Manual, Los Alamos National Laboratory 
Manual, Chapter I (most recent edition). 

Revisions or additions to the procedure are marked 
marked the entire section has been revised. 
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Method: Selenium in Water and Soil Extracts -Graphite Furnace AA 
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SILVER IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Silver 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effecthe Date: 09/23/91 

Method No.: EI190 

Detection Limit: I 0 ~g/L 

Accuracy and Precision: I 00% ± I.2% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for information on personal protective clothing and equipment. Read Sec. 11 of this procedure and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based oq Environmental Protection Agency (EPA) method 272.1 and SW -846 method 7760. 

I.2. Silver in solution may be readily determined by atomic absorption spectroscopy (AAS). The method is simple and rapid and is applicable to Ag in drinking, surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The determination of silver in 88 in-house quality control samples (500 ~g/L) over a 9-month period had a mean of 0.494 ~g/L and a relative standard deviation (RSD) of 1.2%. 

3. Collection and Storage of Samples 

3.I. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area, including the bench top, should be periodically cleaned to eliminate environmental contamination. 
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4.2. Chemical interferences are matrix dependent. 

4.3. Silica from the glassware will grow into the sample solution during and 

following sample processing. Use sterile disposable 50-mL polypropylene 

centrifuge tubes in the sample digestion steps to control this problem. 

5. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, <0.1 ,umho/cm conductivity). 

7. Sample Preparation Procedure 

7 .1. To determine total recoverable elements in water or waste water, take a 50-mL 

aliquot from an acid-preserved sample containing not more than 0.25% (wt/vol) 

total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 

centrifuge tube. 

7 .1.1. Add 500 ,uL of L TRD HN03 and 250 ,uL of Ultrex or L TRD HCl to 

each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 

volume is reduced to 5-10 mL. 

7 .1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7 .1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type I water. 
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7.1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7 .1. 7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

7.1.8. The analysis should be performed before the regulatory (EPA SW846) 
holding times expire. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is < 100 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1. 7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and_ drain loop are at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the silver lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wavelength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

Environmental Chemistry September 1992 Ell90-3 
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8.2.7. Press the RECORD ABSORBANCE key. 

8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 1 0-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter Sl, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 
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8.3.5. Aspirate the known standard and press the READ key. 

8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3. 7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.10. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control ~ to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

I 0 .I. Characteristic concentration ( cc ). 

cc = 
C X 0.0044 

A. 

where cc = characteristic concentration of flame AA, 
"" concentration of standard, 

Environmental Chemistry 
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c 
0.0044 
A, 

= 1% absorbance, and 
= absorbance of standard. 
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11. Proper Waste and Disposal Practices 

11.1. Solid Waste 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-.;ase 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current W::hte 
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Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982 ). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes,• EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods," SW-846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste,• Administrative Requirement 10-3, 
Chapter 1 in Los Alamos National Laboratory Environment, Safety, and Health 
Manual (most recent edition). 

Environmental Chemiatry September 1992 Ell90-7 Los Alamo• National Laboratory 



EM-9 ANALYTICAL PROCEDURE REVIEW AND APPROVAL 

Method: Silver in Water and Soil Extract5 - Flame AA 

Method No.: EI 190 Revlsloa No.: 0 

Sectioa Leader Date: /J !.z.s /c;b 
Group Leader Date: ; i ~~ 'L 
QA Coacurreace Date: /~-~-~~ 



SODIUM IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Sodium 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: EI 195 

Detection Limit: 2 mg/L 

Accuracy and Precision: not determined 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based o~ Environmental Protection Agency (EPA) method 
273.1 and SW-846 method 7770. 

1.2. Sodium in solution may be readily determined by atomic absorption 
spectroscopy (AAS). The method is simple and rapid and is applicable to Na in 
drinking, surface, and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particul~te matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soHs, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The accuracy and precision of the method for in-house quality control samples 
has not yet been determined. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area, 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 
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4.2. Chemical interferences are matrix dependent and can be corrected by the 
addition of matrix modifiers. Refer to the Perkin-Elmer (PE) Analytical 
Methods for AAS for appropriate modifier. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. Use sterile disposable 50-mL polypropylene 
centrifuge tubes in the sample digestion steps to control this problem. 

5. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, <0.1 J£mho/cm conductivity). 

7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water or waste water, take a 50-mL 
aliquot from an acid-preserved sample containing not more than 0.25% (wt/vol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 

7 .I. I. Add 500 J£L of L TRD HN03 and 250 J£L of Ultrex or L TRD HCl to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the final 
volume is reduced to 5-10 mL. 

7.1.3. Loosely cover the tube with the cap and reflux for 30 min. 
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7 .1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type 1 water. 

7.1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7 .I. 7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is < 100 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STANDBY mode to RUN. 

8.1.7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop a!'~ at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the sodium lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (mA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wavelength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 
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8.2.7. Press the RECORD ABSORBANCE key. 

8.: . Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the I 0-cm burner head for air-acetylene analysis and the 5-cm 
head for nitrous oxide-acetylene. 

8.2.1 5. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter Sl, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 
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8.3.5. Aspirate the known standard and press the READ key. 

8.3.6. Calculate the characteristic concentration (cc). The result should be 
within ±20% of the value in Analytical Methods for AAS. 

8.3. 7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.10. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished. switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control ~ to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calculations 

I 0.1. Characteristic concentration ( cc ). 

cc: = 
C X 0.0044 

A. 

where cc = characteristic concentration for flame AA, 
C = concentration of standard, 
0.0044 == 1% absorbance, and 
A1 = absorbance of standard. 
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11. Proper Waste Disposal Practices 

11.1. Solid Waste 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current WJste 
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Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/ 5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes: EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods: SW-846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste,, Administrative Requirement 10-3, 
Chapter I in Los Alamos National Laboratory Environment. Safety, and Health 
Manual (most recent edition}. 
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THALLIUM ON FILTERS- GRAPHITE FURNACE AA 

Analyte: Thallium 

Matrix: Filters 

Procedure: Graphite furnace atomic 
absorption 

Effective Date: 09/30/91 

Method No.: EI200 

Detection Limit: 5.0 _ug/L 

Accuracy and Precision: 
100% ± 1.0% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

1. Principle of Method 

1.1. Thallium in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is applicable to Tl on filters. Samples are 
acid-leached or prepared by total digestion with concentrated nitric acid. 

2. Accuracy and Precision 

2.1. The determination of thallium in 6 in-house quality control samples (84.6 _ug/L) 
over an 8-month period had a mean of 84.3 _ug/L and a relative standard 
deviation (RSD) of 1.0%. 

3. Collection and Storage of Samples. 

3.1. There are no special requirements for filters sealed in their containers. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. Periodically 
clean the work area, including the bench top, to eliminate environmental 
contamination. Use acid-washed sample cups in the autosampler. 

4.2. Chemical interferences can be controlled by the addition of a matrix modifier 
to all samples and standards. Refer to Perkin-Elmer chart 0993-8199 Rev. D 
(11/89), or to the PE Methods of Analysis for AAS, for the appropriate matrix 
modifier. 
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4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. To control this problem, use sterile disposable 
50-mL polypropylene centrifuge tubes or 15-mL polypropylene tubes in the 
sample digestion steps. 

5. Apparatus 

5.1. Polypropylene tubes: 15- and 50-mL, sterile polypropylene, with caps. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. An automatic sample shaker. 

5.5. Perkin-Elmer 5000 atomic absorption instrument: equipped with a Zeeman 
Graphite Furnace or equivalent. 

5.6. Required gas for the above instrument is ultrapure argon. 

5.7. Hot plate with aluminum heating block drilled to hold centrifuge tubes. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Double-deionized water. 

6.3. ASTM Type I water (>10 MO/cm resistivity, <0.1 J,£mho/cm conductivity). 

6.4. Appropriate matrix modifier for all samples, standards, and QCs. 

6.5. Secondary standards for making the appropriate standard curves. 

7. Sample Preparation Procedure 

7.1. Place filters in 15-mL polypropylene tubes and add 10 mL of 1% nitric acid, 
L TRD or Ultrex grade, and put caps on securely. 

7.1.1. Samples should include a blind QC, customer blank filter, and an 
extraction blank. 

7 .1.2. Put samples on the shaker for a minimum of 4 h for extraction. 

7.1.3. Add the sample and standards to acid-cleaned sample cups. 
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7.1.4. For total digestion, place the sample filter in a 50-mL centrifuge tube 
and add I 0 mL of concentrated nitric acid. Heat in an aluminum block 
to near dryness. 

8. Instrument Procedure 

8.1. Instrument power and gases check. 

8.1.1. Turn the POWER switch to the PE5000 atomic absorption (AA) to ON. 

8.1.2. Turn ON the argon supply valve after checking the pressure at the tank. 
Pressure must be over 100 psi or the tank must be changed. 

8.1.3. Turn the AA switch from STAND BY mode to RUN. 

8.1.4. Make sure the exhaust hood over the graphite furnace is functioning. 

8.2. Instrument setup. 

8.2.1. Insert the thallium lamp into the turret oriented toward the ETV AA and 
plug it in. 

8.2.2. Enter turret lamp number into keyboard. 

8.2.3. Enter recommended lamp milliamps (rnA) or watts depending on lamp 
type (EDL/HCL). 

8.2.3.1. Warm up the EDL and/or HCL lamp for a minimum of 20 min. 

8.2.4. Enter lamp slit width using LOW SLIT key for ETV AA. 

8.2.5. Enter lamp wavelength using LAMBDA PEAK key. 

8.2.6. Turn AA switch inside lamp housing to ICP/ZAA position. 

8.3. Keyboard setup. 

8.3.1. Set SIGNAL key to PK AREA (peak area). 

8.3.2. Turn REC ABS (record absorbance) signal key ON. 

8.3.3. Enter AVG (average) number (if used). 

8.3.4. Enter CONC MODE (concentration). 

8.4. Furnace setup. 
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8.4.1. Press ZAA key. 

8.4.2. Turn ACCESSORY knob to ON position. 

8.4.3. Turn chiller ON and check that the water level is above the coils. 

8.4.4. Check that the water bottle for distilled water rinse on the autosampler 
is full. 

8.4.5. Turn ON the HGA-500 programmer. 

8.4.5.1. Enter the temperature program for the element from the 
ETV AA procedure manual and store the procedure number. 

8.5. Computer setup. 

8.5.1. Turn PE AA Data System 10 computer master switch to ON. 

8.5.2. Setup 10/WT file. 

8.5.3. Turn print button on P,E5000 keyboard ON and store the program. 

8.6. Set up autosampler. 

8.6.1. Recalibrate the standard curve every 8 to 12 samples. 

8.6.2. Enter the number of standards (# stds). 

8.6.3. Enter the last sample number (last samp). 

8.6.4. Enter the sample volume (samp vol). 

8.6.5. Enter the alternate volume (alt vol) for the matrix modifier if used. 

8.6.6. Enter the instrument program number (inst prog). 

8.6.7. Enter the HGA program number (HGA prog). 

8.7. Graphite furnace setup. 

8. 7 .1. Open the furnace and clean or replace the graphite tube. Use the tube 
with or without the platform depending on the element. 

8.7.2. If inserting a new tube, condition it with the manual temperature key. 

8. 7 .3. Using the alignment tool, reinsert the graphite tube and close the 
furnace. 
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8.7.4. Using the manual temperature key, set the pyrometer to the atomization 
temperature of the element and balance the lights (red/green) using the 
calibration (CAL) knob. 

8. 7 .5. Place the AS40 in STAND BY mode and align the autosampler arm. 
Check the depth of the sample delivery inside the tube and inside the 
samples. Exit STAND BY mode. 

8.7.6. Remove and check the furnace lenses. Reinsert the lenses and check the 
absorbance. If the absorbance reads above 0.1 00, clean the lenses. 

8.7.7. Put samples and standards into the autosampler tray and cover with the 
dust cover to prevent contamination. 

8. 7 .8. Put the matrix modifier in the holder position, if required. 

8.7.9. Check the blank and standards manually. 

8. 7 .I 0. Calculate the characteristic concentration ( cc ). If it is within ±20% of 
chart value (0993-8199 Rev. D 11/89) start the run. 

8.7.11. Enter collect data mode on PE Data System 10 computer and follow 
instructions. 

8.7.12. After run is complete, press to DISK key on PE Data System 10 twice. 

8.7.13. Select report mode on the computer, follow instructions, and print out 
the final report. 

8.7.14. When finished, shut off the chiller, argon gas supply, lamps, EDL power 
supply, and computer. 

8.7.15. Place the autosampler, HGA Programmer, and PE5000 in standby mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn POWER switch on P£5000 AA to OFF. 

9.2. Turn OFF the gas valves. 

9.3. Follow building power failure procedures. 
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10. Calculations 

1 0.1. Characteristic concentration ( cc ). 

cc C X V X 0.0044 
A, 

where cc 
c 
v 

A, 
0.0044 

= characteristic concentration for ETVAA, 
= concentration of standard (J.'g/L), 
= sample aliquot (J.£L), 
= absorbance of standard, and 
.. 1% absorbance. 

11.1. Solid waste. 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not normally generated. This waste can be placed in the 
usual trash receptacles in the labs at T A-50. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case- by-case 
basis. 

11.1.2.1. Complete a Waste Profile Request Form (WPRF) describing 
the solid waste and send it to the Waste Management group 
for review. 

11.1.2.2. If the Waste Management group determines that the solid 
waste is contaminated below the level of concern, dispose of 
the waste as ordinary laboratory trash. 

11.1.2.3. If the Waste Management group determines that the solid 
waste is contaminated above the level of concern, request 
pickup of the contaminated waste as described in Sec. 11.3. 

11.2. Liquid waste. 

11.2.1. Accumulate liquid waste containing hazardous contaminants, such as 
solutions of trace metals above the limits posted for dumping at each lab 
sink at T A-50, in a coated glass jar in a secondary containment tray and 
keep it segregated from liquid waste contaminated with listed organics 
or cyanide greater than 0.5 ppm. 
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11.2.2. Label the bottle with a hazardous waste label, a corrosive label, a toxic 
label, and a label indicating its use for trace metal waste. Date the label. 

11.2.3. Open the bottle only for the time necessary to add waste. 

11.2.4. Keep full bottles in the secondary containment tray pending pickup by 
the Waste Management group. 

11.2.5. Label a new bottle for further use. 

11.2.6. Dump liquid inorganic wastes which do not contain any EPA-listed 
components, or which have toxic metals below the limits posted at lab 
sinks at TA-50, directly into the lab sink. 

11.3. Waste pickup. 

11.3.1. Request pickup by the Waste Management group of solid waste or a full 
bottle of liquid waste containing trace metals using the current Chemical 
Waste Disposal Request Form (CWDR). The current Waste Profile 
Request Form (WPRF) that describes the waste is referenced on the 
CWDR. 

11.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Material 

12.1. Analytical .\fethods for Atomic Absorption Spectrophotometry, (Perkin-Elmer, 
Norwalk, Conn., 1976). 

12.2. Instructions: Zeeman/5000 System, (Perkin-Elmer, Norwalk, Conn., 1982). 

12.3. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020 U.S. 
Environmental Protection Agency (rev. March 1983). 

12.4. Perkin-Elmer chart 0993-8199 Rev. D (11/89). 

12.5~ "Hazardous and Mixed Waste," Administrative Requirement 10-3. in 
Environment, Safety, and Health Manual, Los Alamos National Laboratory 
Manual, Chapter 1 (most recent edition). 

Revisions or additions to the procedure are marked ( 
marked the entire section has been revised. 
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THALLIUM IN WATER AND SOIL EXTRACTS- GRAPHITE FURNACE AA 

Analyte: Thallium 

Matrix: Water, waste water, and 
soil extracts 

Procedure: Graphite furnace atomic 
absorption 

Effective Date: 09/30/91 

Method No.: EI205 

Detection Limit: 5.0 ,ug/L 

Accuracy and Precision: 
I 00% ± 1.0% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.6 for proper waste disposal practices. 

1. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
279.2 and SW846 method 7841. 

1.2. Thallium in solution may be readily determined by graphite furnace atomic 
absorption spectroscopy. The method is applicable to Tl in drinking, surface, 
and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The determination of thallium in 6 in-house quality control samples (84.6 ,ug/L) 
over an 8-month period had a mean of 84.3 ,ug/L and a relative standard 
deviation (RSD) of I .0%. 

3. Collection and Storage of Samples. 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within 6 months. 
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4. Interferences 

4.1. Contamination is of prime concern during sample preparation. Periodically 
clean the work area, including the bench top, to eliminate environmental 
contamination. Use acid-washed sample cups in the autosampler. 

4.2. Chemical interferences can be controlled by the addition of a matrix modifier 
to all samples and standards. Refer to Perkin-Elmer chart 0993-8199 Rev. 0 
(11/89), or to the PE Methods of Analysis for AAS, for the appropriate matrix 
modifier. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. To control this problem, use sterile disposable 
50-mL polypropylene centrifuge tubes in the sample digestion steps. 

S. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption instrument: equipped with a Zeeman 
graphite furnace or equivalent. 

5.6. Required gas for the above instrument is ultrapure argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, LTRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, <0.1 J.'hmo/cm conductivity). 

6.5. Appropriate matrix modifier for all samples, standards, and QCs. 

6.6. Secondary standards for making the appropriate standard curves. 
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7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water, waste water, and soil extracts, 
take a 50-mL aliquot from an acid-preserved sample containing not more than 
0.25% (wt/vol) total solids. Place the aliquot in a 50-mL disposable sterile 
polypropylene centrifuge tube. 

7.1.1. Add 500 J.'L of LTRD HN03 and 250 J.'L of Ultrex or L TRD HCl to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85"C) until the 
volume is reduced to 5-10 mL. 

7 .1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7.1.4. Allow the sample to cool, and dilute to 50 mL with ASTM Type I water. 

7 .1.5. Run one digested blank and one digested spike for each digested tatch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7.1.7. For TCLP samples, run a spike for every sample and 20% duplicates. 

7.1.8. The analysis should be performed before the EPA regulatory holding 
times expire. 

7.1.9. Add sample and standards to acid-cleaned sample cups. 

8. Instrument Procedure 

8.1. Instrument power and gases check. 

8.1.1. Turn the POWER switch to the PESOOO atomic absorption (AA) to ON. 

8.1.2. Turn ON the argon supply valve after checking the pressure at the tank. 
Pressure must be over 100 psi or the tank must be changed. 

8.1.3. Turn the AA switch from STAND BY mode to RUN. 

8.1.4. Make sure the exhaust hood over the graphite furnace is functioning. 

8.2. Instrument setup. 

8.2.1. Insert the thallium lamp into the turret oriented toward the ETV AA and 
plug it in. 

8.2.2. Enter turret lamp number into keyboard. 
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8.2.3. Enter recommended lamp milliamps (rnA) or watts depending on lamp 
type (EDL/HCL). 

8.2.3.1. Warm up the EDL and/or HCL lamp for a minimum of 20 min. 

8.2.4. Enter lamp slit width using LOW SLIT key for ETVAA. 

8.2.5. Enter lamp wal'elength using LAMBDA PEAK key. 

8.2.6. Turn AA switch inside lamp housing to ICP /ZAA position. 

8.3. Keyboard setup. 

8.3.1. Set SIGNAL key to PK AREA (peak area). 

8.3.2. Turn REC ABS (record absorbance) signal key ON. 

8.3.3. Enter A VG (average) number (if used). 

8.3.4. Enter CONC MODE (concentration). 

8.4. Furnace setup. 

8.4.1. Press ZAA key. 

8.4.2. Turn ACCESSORY knob to ON position. 

8.4.3. Turn chiller ON and check that the water level is above the cqils. 

8.4.4. Check that the water bottle for distilled water rinse on the autosampler 
is full. 

8.4.5. Turn ON the HGA-500 programmer. 

8.4.5.1. Enter the temperature program for the element from the 
ETV AA procedure manual and store the procedure number. 

8.5. Computer setup. 

8.5.1. Turn PE AA Data System I 0 computer master switch to ON. 

8.5.2. Set up ID/WT file. 

8.5.3. Turn print button on PE5000 keyboard ON and store the program. 

8.6. Set up autosampler. 
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8.6.1. Recalibrate the standard curve every 8 to 12 samples. 

8.6.2. Enter the number of standards(# stds). 

8.6.3. Enter the last sample number (last samp). 

8.6.4. Enter the sample volume (samp vol). 

8.6.5. Enter the alternate volume (alt vol) for the matrix modifier if used. 

8.6.6. Enter the instrument program number (inst prog). 

8.6.7. Enter the HGA program number (HGA prog). 

8. 7. Graphite furnace setup. 

8. 7 .I. Open the furnace and clean or replace the graphite tube. Use the tube 
with or without the platform depending on the element. 

8. 7 .2. If inserting a new tube, condition it with the manual temperature key. 

8.7.3. Using the alignment tool, reinsert the graphite tube and close the 
furnace. 

8.7.4. Using the manual temperature key, set the pyrometer to the atomization 
temperature of the element and balance the lights (red/green) using the 
calibration (CAL) knob. 

8. 7 .5. Place the AS40 in STAND BY mode and align the autosampler arm. 
Check the depth of the sample delivery inside the tube and inside the 
samples. Exit STAND BY mode. 

8.7.6. Remove and check the furnace lenses. Reinsert the lenses and check the 
absorbance. If the absorbance reads above 0.1 00, clean the lenses. 

Environmental Chemistry 

8.7.7. Put samples and standards into the autosampler tray and cover with the 
dust cover to prevent contamination. 

8. 7 .8. Put the matrix modifier in the holder position, if required. 

8.7.9. Check the blank and standards manually. 

8.7.10. Calculate the characteristic concentration (cc). If it is within ±~0% of 
chart value (0993-8199 Rev. D II /89) start the run. 

8.7.11. Enter collect data mode on PE Data System 10 computer and follow 
instructions. 
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8. 7 .12. After run is complete, press to DISK key on PE Data System I 0 twice. 

8. 7 .13. Select report mode on the computer, follow instructions, and print out 
the final report. 

8.7.14. When finished, shut off chiller, argon gas supply, lamps, EDL power 
supply, and computer. 

8.7.15. Place the autosampler, HGA Programmer, and PE5000 in standby mode. 

9. Emergency Shutdown Procedure 

9.1. In case of power failure, turn POWER switch on PE5000 AA to OFF. 

9.2. Turn OFF the gas valves. 

9.3. Follow building power failure procedures. 

10. Calculations 

10.1. Characteristic concentration (cc). 

where cc 
c 
v 

A, 
0.0044 

C X V X 0.0044 

A, 

= characteristic concentration for ETV AA, 
= concentration of standard <J-'g/L), 
= sample aliquot (J.'L), 

= absorbance of standard, and 

= 1% absorbance. 

11.1. Solid waste. 

11.1.1. Solid waste contaminated with hazardous chemicals above the level of 
concern is not normally generated. This waste can be placed in the 
usual trash receptacles in the labs at T A-50. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case- by -case 
basis. 
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11.1.2.1. Complete a Waste Profile Request Form (WPRF) describing 
the solid waste and send it to the Waste Management group 
for review. 

11.1.2.2. If the Waste Management group determines that the solid 
waste is contaminated below the level of concern, dispose of 
the waste as ordinary laboratory trash. 

11.1.2.3. If the Waste Management group determines that the solid 
waste is contaminated above the level of concern, request 
pickup of the contaminated waste as described in Sec. 11.3. 

11.2. Liquid waste. 

11.2.1. Accumulate liquid waste containing hazardous contaminants, such as 
solutions of trace metals above the limits posted for dumping at each lab 
sink at T A-50, in a coated glass jar in a secondary containment tray and 
keep it segregated from liquid waste contaminated with listed organics 
or cyanide greater than 0.5 ppm. 

11.2.2. Label the bottle with a hazardous waste label, a corrosive label, a toxic 
label, and a label indicating its use for trace metal waste. Date the label. 

11.2.3. Open the bottle only for the time necessary to add waste. 

11.2.4. Keep full bottles in the secondary containment tray pending pickup by 
the Waste Management group. 

11.2.5. Label a new bottle for further use. 

11.2.6. Dump liquid inorganic wastes which do not contain any EPA-listed 
components, or which have toxic metals below the limits posted at lab 
sinks at T A-50, directly into the lab sink. 

11.3. Waste pickup. 

Environmental Chemistry 

11.3.1. Request pickup by the Waste Management group of solid waste or a full 
bottle of liquid waste containing trace metals using the current Chemical 
Waste Disposal Request Form (CWDR). The current Waste Profile 
Request Form (WPRF) that describes the waste is referenced on the 
CWDR. 

11.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 
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12. Source Material 

12.1. Analytical Methods for Atomic Absorption Spectrophotometry, (Perkin-Elmer, 
Norwalk, Conn., 1976). 

12.2. Instructions: Zeeman/ 5000 System, (Perkin-Elmer, Norwalk, Conn., 1982). 

12.3. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020 U.S. 
Environmental Protection Agency, (rev. March 1983). 

12.4. Perkin-Elmer chart 0993-8199 Rev. D (11/89). 

12.5. "Test Methods for Evaluation of Solid Waste: Laboratory Manual of Physical 
and Chemical Methods," EPA report no. SW-846. 

12:61 "Chemical, Hazardous, and Mixed Waste," Administrative Requirement 10-3, 
in Environment. Safety, and Health Manual, Los Alamos National Laboratory 
Manual, Chapter I (most recent edition). 

Revisions or additions to the procedure are marked 
marked the entire section has been revised. 
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ZINC IN WATER AND SOIL EXTRACTS - FLAME AA 

Analyte: Zinc 

Matrix: Water, waste water, and soil 
extracts 

Procedure: Flame atomic absorption 

Effective Date: 09/23/91 

Method No.: El21 0 

Detection Limit: 5.0 J4g/L 

Accuracy and Precision: 100% ± 4.0% RSD 

Authors: Michael G. Bell 
Barbara J. Hemberger 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 6. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protective clothing and equipment. Read Sec. 11 of this procedure 
and Source Material 12.5 for proper waste disposal practices. 

I. Principle of Method 

1.1. This procedure is based on Environmental Protection Agency (EPA) method 
289.1 and SW-846 method 7950. 

1.2. Zinc in solution may be readily determined by atomic absorption spectroscopy. 
The method is simple and rapid and is applicable to Zn in drinking, surface, 
and saline waters and in domestic and industrial wastes. 

1.3. Drinking water free of particulate matter may be analyzed directly. Ground 
water, other aqueous samples, TCLP extracts, industrial wastes, soils, sludges, 
sediments, and other solid wastes require digestion before analysis. 

2. Accuracy and Precision 

2.1. The determination of zinc in nine in-house quality control samples (66 J'g/L) 
over a nine-month period had a mean of 67.2 J4g/L and a relative standard 
deviation (RSD) of 4.0%. 

3. Collection and Storage of Samples 

3.1. Preserve samples with nitric acid (HN03) at a pH <2.0. Complete analysis 
within six months. 

4. Interferences 

4.1. Contamination is of prime concern during sample preparation. The work area, 
including the bench top, should be periodically cleaned to eliminate 
environmental contamination. 

Environmental Chemistry September 1992 El~l0-1 
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4.2. Chemical interferences are matrix dependent. 

4.3. Silica from the glassware will grow into the sample solution during and 
following sample processing. Use sterile disposable 50-mL polypropylene 
centrifuge tubes in the sample digestion steps to control this problem. 

S. Apparatus 

5.1. Centrifuge tubes: 50-mL, sterile polypropylene. 

5.2. Rainin pipettes with disposable tips. 

5.3. Wash bottles: 125-mL, polypropylene, screw tops. 

5.4. Hot plate: with aluminum heating block drilled to hold centrifuge tubes. 

5.5. Perkin-Elmer 5000 atomic absorption spectrometer or equivalent. 

5.6. Gases for the above instrument: air, acetylene, nitrous oxide, argon. 

6. Reagents 

6.1. Nitric acid (low-temperature redistilled acid, L TRD). 

6.2. Hydrochloric acid (low-temperature redistilled acid, L TRD). 

6.3. Double-deionized water. 

6.4. ASTM Type I water (>10 MO/cm resistivity, <0.1 J,'mhojcm conductivity). 

7. Sample Preparation Procedure 

7.1. To determine total recoverable elements in water or waste water, take a 50-mL 
aliquot from an acid-preserved sample containing not more than 0.25% ( wt/ vol) 
total solids. Place the aliquot in a sterile disposable 50-mL polypropylene 
centrifuge tube. 

7 .I. I. Add 500 J.'L of L TRD HN03 and 250 J.'L of Ultrex or L TRD HCI to 
each sample. 

7 .1.2. Heat on a hot plate without boiling (approximately 85°C) until the finJI 
volume is reduced to 5-10 mL. 

7 .1.3. Loosely cover the tube with the cap and reflux for 30 min. 

7.1.4. Allow the sample to cool and dilute to 50 mL with ASTM Type I '-"Jtt.'r 
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7 .1.5. Run one digested blank and one digested spike with each digested batch. 

7.1.6. Run a duplicate and a spike for 10-20% of the samples. 

7 .I. 7. For TCLP samples, run a spike for every sample and run 20% 
duplicates. 

8. Instrument Procedure 

8.1. Power instrument and check gases. 

8.1.1. Turn the POWER switch on the Perkin-Elmer (PE) 5000 atomic 
absorption (AA) spectrometer to ON. 

8.1.2. Turn the POWER switch on the PE 5000 automatic burner control to 
ON. 

8.1.3. Turn the AIR SUPPLY valve ON. 

8.1.4. Check the pressure in the acetylene tank; if it is <100 psi, change the 
tank. Turn the ACETYLENE SUPPLY valve ON. 

8.1.5. Turn the NITROUS OXIDE SUPPLY valve ON, if necessary. 

8.1.6. Turn the AA switch from STAND BY mode to RUN. 

8.1. 7. Make sure the exhaust hood is functioning. 

8.1.8. Make sure the fluids in the drain vessel and drain loop are at their 
proper levels. 

8.2. Instrument setup. 

8.2.1. Insert the zinc lamp in the turret and plug it in. 

8.2.2. Enter the turret lamp number on the keyboard. 

8.2.3. Enter the recommended lamp milliamps (rnA). 

8.2.4. Enter the lamp slit width using the HIGH SLIT key for flame AA. 

8.2.5. Enter the lamp wavelength using the LAMBDA PEAK key. 

8.2.6. For signal keys, enter the CONTINUOUS key for setup. 

8.2.7. Press the RECORD ABSORBANCE key. 
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8.2.8. Set the MODE key to ABSORBANCE. 

8.2.9. If the wavelength is >300 nm, use the AA-MODE key. 

8.2.10. If the wavelength is <300 nm, use the AA-BG MODE key. 

8.2.11. Press the SETUP key and adjust the lamp for maximum absorbance. 

8.2.11.1. If the absorbance is >80, press the GAIN key and continue 
the lamp adjustment. 

8.2.11.2. When the maximum absorbance is reached, turn the SETUP 
key to OFF. 

8.2.12. Set the TIME key to 0.5 s. 

8.2.13. Press the AZ (autozero) key. Absorbance should read zero. 

8.2.14. Install the 1 0-cm burner head for air-acetylene analysis and the 5 -em 
head for nitrous oxide-acetylene. 

8.2.15. Adjust the burner head height. 

8.2.16. Set oxidant and acetylene flow from Table 8.2 in PE Analytical Methods 
for AAS. (source material 12.1 ). 

8.2.17. Shut the burner shield door and light the flame using the flame 
ON/OFF key on the burner assembly. 

8.2.18. Aspirate double-deionized water while the flame is lit. 

8.2.19. Aspirate the standard and adjust the instrument for maximum 
absorbance. 

8.3. Running samples. 

8.3.1. Enter S1, S2, and S3 as directed for standards in Analytical Methods for 
AAS. 

8.3.2. Reset TIME key to 3 to 6 s. 

8.3.3. Press the signal HOLD key. 

8.3.4. Select AVERAGE key if desired. 

8.3.5. Aspirate the known standard and press the READ key. 
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MERCURY IN SOLID OR SEMISOLID WASTE -CYAA (EPA METHOD 7471) 

Analyte: Mercury 

Matrix: Soil, sediment, 
sludges 

Procedure: Cold vapor atomic 
absorption (CY AA) 

Effecthe Date: 01/01/88 to 08/28/92 

Method No.: WlllO 

Minimum Detectable Concentration: 
0.2 J.I&/L 

Accuracy and Precision: See Section 2 

Author: Mary Carol Williams 

SAFETY NOTE: Before beginning this procedure, read all of the 
Material Safety Data Sheets for the chemicals listed In Sec. 7. 
Read Sec. 4.3 of the EM-9 Safety Manual for information on 
personal protective clothing and equipment. 

1. Principle of Method 

1.1. Method 7471 is approved for measuring total mercury (organic and inorganic) 
in soils, sediments, bottom deposits, and sludge-type materials. All samples must 
be subjected to an appropriate dissolution step prior to analysis. 

1.2. Prior to analysis, the solid or semisolid samples must be prepared according to 
the procedures discussed in this method. 

1.3. Method 7471, a cold vapor atomic absorption (CY AA) method, is based on the 
absorption of radiation at the 253.7-nm wavelength by mercury vapor. The 
mercury is reduced to the elemental state and aerated from solution in a closed 
system. The mercury vapor passes through a cell positioned in the light path of 
an atomic absorption spectrophotometer. Absorbance (peak area) is measured 
as a function of mercury concentration. 

1.4. The typical detection limit for this method is 0.2 J.lg/L in solution. 

2. Accuracy and Precision 

2.1. Precision and accuracy data are available in Method 245.5 of Methods for 
Chemical Analysis of Water and Waste (see Source Material 9.2). 

3. Quality Control 

3.1. All quality control data should be kept up to date and available. 
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3.2. Calibration curves must be composed of a minimum of one blank and three standards. A calibration curve should be made for every hour of continuous sample analysis. 

3.3. Dilute samples if they are more concentrated than the highest standard or if 
they fall on the plateau of a calibration curve. 

3.4. Employ a minimum of one blank per sample batch to determine if 
contamination or any memory effects are occurring. 

4. Interferences 

4.1. Potassium permanganate is added to eliminate possible interference from 
sulfide. Concentrations as high as 20 mg/L of sulfide as sodium sulfide do not interfere with the recovery of added inorganic mercury from Type II water. 

4.2. Copper has also been reported to interfere; however, copper concentrations as 
high as 10 mg/L had no effect on recovery of mercury from spiked samples. 

4.3. Seawaters, brines, and industrial effluents high in chlorides require additional 
permanganate (as much as 25 mL) because during the oxidation step, chlorides 
are converted to free chlorine, which also absorbs radiation of 253.7 nm. Care 
must therefore be taken to ensure that free chlorine is absent before the 
mercury is reduced and swept into the cell. This may be accomplished by using 
an excess of hydroxylamine sulfate reagent (25 mL). In addition, the dead air 
space in the biological oxygen demand bottle must be purged before adding 
stannous sulfate. Both inorganic and organic mercury spikes have been 
quantitatively recovered from seawater by using this technique. 

4.4. Certain volatile organic materials that absorb at this wavelength may also cause 
interference. A preliminary run without reagents should determine if this type 
of interference is present. 

S. Sample Collection and Preservation 

5.1. All sample containers must be prewashed with detergents, acids, and Type II 
water. Plastic or glass containers are suitable. 

5.2. Aqueous samples must be acidified to a pH <2 with nitric acid. Solid samples 
must be refrigerated until digestion. 

5.3. For solids or semisolids, moisture may be driven off in a drying oven at a 
temperature of 60°C. 
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6. Apparatus 

6.1. Atomic absorption spectrometer (AAS): atomic absorption unit with an open 
sample presentation area in which to mount the absorption cell. Model 5000, Perkin-Elmer or equivalent. Instrument settings recommended by the manufacturer should be followed. Instruments designed specifically for the measurement of mercury using the cold vapor technique are commercially 
available and may be substituted for the atomic absorption spectrometer. 

6.2. Mercury electrodeless discharge lamp. 

6.3. Vapor generator assembly (VGA): with absorption cell and burner head. Model VGA-76, Varian Instrument Group Marketing, Sunnyvale, California. 

6.4. Absorption cell: standard spectrophotometer cells, 10 em long, with quartz end windows, may be used. Suitable cells may be constructed from Pit" 'tglas tubing ( 1-in.-o.d. by 4.5-in.). The ends are ground perpendicular to the longitudinal axis, and quartz windows ( 1-in.-diam by 1/ 16-in.-thick) are cemented in place. The cell is strapped to a burner for support and aligned in the light beam by use of two 2-in. by 2-in. cards. Holes of 1 in. diam are cut in the center of each card. The cards are placed over each end of the cell. The cell is positioned and adjusted vertically and horizontally to give the maximum transmittance. 

6.5: Pipettor: 10-mL Brinkman Macro-transferpettor. 

6.6. Volumetric pipettes: class A, various sizes. 

6. 7. Volumetric flasks: class A, various sizes. 

6.8. Centrifuge tubes: 50-mL, polyethylene. 

6.9. Small reading lamp with 60-W bulb: may be used to prevent condensation of moisture inside the cell. The lamp should be positioned to shine on the 
absorption cell so that the air temperature in the cell is about 1 o• C above 
ambient. 

7. Reaaeats 

7.1. ASTM Type II water (double-deionized, less than 18 J.&mhos/cm). Water should 
be monitored for impurities. 

7.2. Aqua regia. Prepare immediately before use by carefully adding three volumes 
of concentrated HCI to one volume of concentrated HN03• 

7.3. Sulfuric acid (0.5 N). Dilute 14.0 mL of concentrated sulfuric acid to I L. 

ED'riroiUDIIl&al Chemil&ry November lHO Wlll0·3 Loe Alan101 N a&ional Labora&ory 



Wlll0-4 

7 .4. Stannous chloride. Dissolve 250 g of SnC12 and 200 mL of concentrated HCI in 
500 mL of distilled deionized water in a 1 000-mL volumetric flask. Dilute to 
volume. 

7.5. Sodium chloride-hydroxylamine chloride solution. Dissolve SO g of sodium 
chloride and 50 g of hydroxylamine chloride in distilled water and dilute to 
500 mL. 

7.6. Potassium permanganate (mercury-free, S% solution, w/v). Dissolve SO g of 
potassium permanganate in I L of Type II water. 

7. 7. Mercury stock standard (I 000 mg/L ). Fisher Scientific. 

7.8. Chromium stock solution (1000 mg/L). Tare a SO-mL volumetric flask. 
Accurately weigh 141.5 t 0.2 mg of analytical-grade K 2Cr20 7 into the flask. 
Dissolve the salt and dilute the standard to volume with Type II water. 

7.9. Mercury spike solution. Add SO 11L of the 1000-mg/L mercury stock solution 
and 10 mL of the 1000-mg/L chromium stock solution to a 100-mL volumetric 
flask and dilute to volume with 10% HN03• 

8. Procedure 

8.1. Sample preparation. 

8.1.1. Weigh triplicate 0.2-g aliquots of untreated sample into 50-mL 
polyethylene tubes. To spike samples, add 100 11L of spike solution 
(Step 7.8) to the samples in the polyethylene tubes. AddS mL of Type 
II water and S mL of aqua regia. Heat for 2 min in a water bath at 
9s·c. 

8.1.2. Cool and add IS mL of Type II water and IS mL of potassium 
permanganate solution to each sample bottle. Mix thoroughly and place 
in the water bath for 30 min at 9s•c. 

CAUTION: Do this addition in a hood because Cl2 could be evolved. 

8.1.3. Weigh a separate aliquot of the sample before and after drying at 9s·c 
to determine percent solids and correct sample results for moisture 
before reponing. 

IS • w X 100 
wt 
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where %S • percent solids, 
W • weight of solid, and 
W t = total weight of waste. 

8.2. Standard preparation. 

...- - .... --........ -- - - -

8.2.1. Stock standard A (10 mg/L). Dilute the 1000-mg/L mercury stock 
standard (Fisher Scientific) 1:100 by diluting 1.0 mL of stock standard 
to 100 mL with 1% HN03• Store in a light-protected flask. 

8.2.2. Stock standard B (1 00 "'g/L). Dilute stock standard A 1: I 00 by diluting 
1.0 mL of Stock A to I 00 mL with I% HN03• 

8.2.3. Working standards. Add the following volumes of stock standard B to 
approximately 10 mL of 1% HN03 in 100-mL volumetric flasks. Add 
.S mL of aqua regia and heat for 2 min in a water bath at 9.s•c. Add 15 
mL of KMn04 solution to each bottle and return to the water bath for 
30 min. Cool jus-.: prior to analysis. 

Stock Standard B Mercury 
("'L) ("'g/L) 

200 0.4 

.soo 1.0 

1000 2.0 

2000 4.0 

8.2.4. Just before analysis, add 6 mL of sodium chloride-hydroxylamine 
chloride to reduce the excess permanganate. Swirl gently. Dilute to 
.SO mL with 1% HN03• Carefully add a magnetic stirring bar. Allow 
the solution to stir gently on a magnetic stirrer until gas evolution 
ceases. 

8.2.5. Calibrate the AAS in concentration mode using one or two standards. 
Standard I must be in the linear range (<0.2.S absorbance units) and 
standard 2 is normally twice standard I. Lower-concentration standards 
are read as samples (see table in Step 8.2.3). 

8.3. Instrument setup. 

8.3.1. Optimize the AAS instrument. Align the absorption cell using an iron 
hollow cathode lamp (for brightness). See the VGA-76 operational 
manual for details (Source Material 9.5). 
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8.3.2. Using SET UP, adjust the mercury lamp position to its peak value. If 
the peak value reads 99, push GAIN to reset to midrange. 

8.3.3. The following values are keyed in on the keyboard. 

• Wavelength- 253.7 nm (AA-BG) 
• Slit width - 0. 7 nm 
• Concentration of standard - 4.000 ~g/L for water, 

20.000 ~g/L for sludges 
• Read time - 6.0 s 
• Peak area mode 
• Average of three readings 

8.4. Vapor generator setup. 

8.4.1. Fill reagent container A with stannous chloride solution and container 
B with Type II water. Engage the pump tubes and turn the VGA-76 on. 
Aspirate Type II water in reagent and sample tubes for 1 min. Press 
READ and autozero the instrument. Place the reagent tubes in 
respective reagents and read the resulting blank absorbance after 1 min. 
If this reading is greater than 0.1 absorbance units, the reagents are 
contaminated and need to be remade. If the blank is less than 0.0 I 
absorbance units, set AZ. 

8.4.2. Aspirate calibration standards (lowest to highest) and check linearity, 
characteristic mass, and repeatability with previous analyses. 

8.4.3. Push PEA.K AREA and rerun blank and calibration standards, quality 
control samples, and samples. Always wait 45 - 60 s after sample 
introduction before reading the concentrations so that the system can 
stabilize. Record concentrations in bound Laboratory notebook. 

8.4.4. After analyses are completed, flush the system with Type II water for 
5 min. Turn the VGA-76 off and remove the pump tubes from the 
rollers. Turn the VGA-76 on and allow nitrogen to flow through the 
system for 5 min. Turn the VGA-76 off and disconnect it from the 
Perkin-Elmer 5000. Remove the absorption cell. Soak the absorption 
cell and au/liquid separator in 1% HN05 overnight. Rinse in Type II 
water and dry. 

8.4.5. Refer to the VGA-76 operation manual for specific details (Source 
Material 9.5). 

8.5. Analyze all Toxicity Characteristic Leaching Procedure (TCLP) extracts, all 
samples analyzed as part of a delisting petition, and all samples that suffer from 
matrix interferences by the method of standard additions (see Procedure WI I 00. 
Section 4.6). 
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8.6. Analyses must include 10% duplicates, 10% spiked samples, and 10% quality 
control samples. 

8. 7. Calculate metal concentrations (I) by the method of standard additions, (2) from 
a calibration curve, or (3) directly from the instrument's concentration read-out. 
All dilution or concentration factors must be used. Concentrations reported for 
multiphased or wet samples must be appropriately qualified (e.g., 5 ,ug/g dry 
weight). Correction for moisture may be calculated using the following 
equation or from the LOTUSTM program called •HGCALC. • 

c • C. XV 
W X S 

where C • 

c. -
v • 
w -
s -

9. Source Materials 

concentration of Hs in dried sample (.us/kg), 
concentration of solution (ng/mL), 
diluted volume (mL), 
weight of digested sample (g), and 
percent solids/ I 00. 

9.1. American Public Health Association, American Waterworks Association, and 
Water Pollution Control Federation, Standard Methods for the Examination of 
Water and Wastewater, 16th ed., Method 320A (American Public Health 
Association, Washington, DC, 1980). 

9.2. Environmental Monitoring and Support Laboratory, Methods for Chemical 
Analysis of Water and Waste, Method 245.1 (Office of Research and 
Development, US Environmental Protection Agency, Cincinnati, Ohio, 1983). 

9.3. Perkin-Elmer, Analytical Methods /or Atomic Absorption Spectrophotometry 
(Perkin-Elmer, Norwalk, Connecticut, 1982). 

9.4. "Automated Cold Vapor Determination of Mercury: EPA Stannous Chloride 
Methodology," Report Number AA-51, Varian Instrument Group, AA Resource 
Center, Park Ridge, Illinois ( 1976). 

9 . .S. Vapor Generator Assembly Operation Manlllll (Varian Instrument Group, AA 
Resource Center, Park Ridge, Illinois, 1976). 

9.6. A. Gaskill, •compilation and Evaluation of RCRA Method Performance Data, • 
Work Assignment No.2, EPA Contract No. 68-01-7075 (September 1986). 
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MERCURY IN LEACHA TES, WATER, AND WASTE WATER - CV AA 

Analyte: Mercury 

Matrix: Water, waste water, 
extracts, leachates 

Procedure: Cold vapor atomic 
absorption 

Effecthe Date: 06117185 to 07 I 15192 

Method No.: WI 120 

Detection Limit: 0.2 t'&IL 

Range: 0.2 - 4.0 t'&IL 

Accuracy and Precision: 98% ± 15% RSD of 
EPA WP475/4 

Author: Mary Carol Williams 

SAFETY NOTE: Before beginning this procedure, read all of the 
Material Safety Data Sheets for the chemicals listed in Sec:. 6. 
Read Sec. 4.3 of the EM-9 Safety Manual for information on 
personal protecthe clothing and equipment. 

1. Principle of Method 

1.1. Organic and inorganic mercury compounds are broken down and converted to 
mercuric (Hg+2) ions. The Hg+2 ions are reduced to free mercury which is 
swept into a quartz tube in the light path by nitrogen gas. Absorbance (peak 
area) is measured at 253.7 nm as a function of mercury concentration. 

1.2. An electrodeless discharge lamp is used to provide a source characteristic for 
each element. 

2. Accuracy, Precision, and Percent Recovery 

2.1. The determination of Hg in Environmental Protection Agency SRM WP4 7 5 I 4 
(0.75 ± 0.22 t£81L) over a period of 12 months (N = 9) had a mean of 0.74 t£g1L 
and a relative standard deviation (RSD) of 15%. 

2.2. Fifty-six samples spiked with 10 t£giL of Hg over a period of 12 months had an 
average recovery of 98% and an RSD of 12%. The percent recovery ranged 
from 84% to 118%. 

3. Interferences 

3.1. Possible interference from sulfide (up to 20 mg s= IL) is reduced by the addition 
of potassium permanganate. 

3.2. Copper has been reported to interfere. No effect was reported at copper 
concentrations as high as I 0 mg Cu +2 IL. 
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3.3. High chloride interference is reduced by the addition of permanganate. Free chlorine (which absorbs at 253 nm) is released after the addition of hydroxylamine chloride by vigorous stirring. 

3.4. Some volatile organics may also absorb at this wavelength. Use of a background corrector is required. A preliminary run without reagents should determine if this type of interference is present. 

4. Collectioo aod Storage of Samples 

4.1. Samples are collected in polyethylene bottles and are immediately acidified to pH < 2 with concentrated HN03. 

4.2. Samples must be digested and analyzed within 28 days (see Step 8.2). 

5. Apparatus 

5.1. Atomic absorption spectrophotometer (AAS): Model 5000, Perkin-Elmer, Norwalk, Connecticut. 

5.2. Vapor generator assembly (VGA): with absorption cell and burner head. Model VGA-76, Varian Instrument Group Marketing, Sunnyvale, California. 

5.3. Data station: Model 3600, Perkin-Elmer, Norwalk, Connecticut. 

5.4. Electrodeless discharge lamp. 

5.5. Pipettor: 10-mL Brinkman Macro-transferpettor. 

5.6. Volumetric pipettes: class A, various sizes. 

5.7. Volumetric flasks: class A, various sizes. 

5.8. Disposable polyethylene centrifuge tubes. 

5.9. Eppendorf pipettes: 1-mL. 

5.1 0. Repipette dispensers. 

6. Reageots 

6.1. Nitrogen (100 psi minimum tank pressure and 30-SO psi regulator pressure). 

6.2. ASTM Type II water (double-deionized, less than 18 ~mhos/em). Water should be monitored for impurities. 

6.3. Sulfuric acid (concentrated, atomic-absorption-grade). 
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6. Apparatus 

6.1. Atomic absorption spectrometer (AAS): atomic absorption unit with an open 
sample presentation area in which to mount the absorption cell. Model 5000, 
Perkin-Elmer or equivalent. Instrument settings recommended by the 
manufacturer should be followed. Instruments designed specifically for the 
measurement of mercury using the cold vapor technique are commercially 
available and may be substituted for the atomic absorption spectrometer. 

6.2. Mercury electrodeless discharge lamp. 

6.3. Vapor generator assembly (VGA): with absorption cell and burner head. Model 
VGA-76, Varian Instrument Group Marketing, Sunnyvale, California. 

6.4. Absorption cell: standard spectrophotometer cells, 10 em long, with quartz end 
windows, may be used. Suitable cells may be constructed from Plexiglas tubing 
( 1-in.-o.d. by 4.5-in.). The ends are ground perpendicular to the longitudinal 
axis, and quartz windows (1-in.-diam by 1/ 16-in.-thick) are cemented in place. 
The cell is strapped to a burner for support and aligned in the light beam by use 
of two 2-in. by 2-in. cards. Holes of I in. diam are cut in the center of each 
card. The cards are placed over each end of the cell. The cell is positioned and 
adjusted vertically and horizontally to give the maximum transmittance. 

6.5. Pipettor: 10-mL Brinkman Macro-transferpettor. 

6.6. Volumetric pipettes: class A, various sizes. 

6. 7. Volumetric flasks: class A, various sizes. 

6.8. Centrifuge tubes: 50-mL, polyethylene. 

6.9. Small reading lamp with 60-W bulb: may be used to prevent condensation of 
moisture inside the cell. The lamp should be positioned to shine on the 
absorption cell so that the air temperature in the cell is about 1 oo C above 
ambient. 

7. Reagents 

7 .1. ASTM Type II water (double-deionized, less than 18 ~£mhos/em). Water should 
be monitored for impurities. 

7 .2. Aqua regia. Prepare immediately before use by carefully adding three volumes 
of concentrated HCl to one volume of concentrated HN03• 

7.3. Sulfuric acid (0.5 N). Dilute 14.0 mL of concentrated sulfuric acid to l L. 
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7 .4. Stannous chloride. Dissolve 250 g of SnC12 and 200 mL of concentrated HCl in 
500 mL of distilled deionized water in a 1000-mL volumetric flask. Dilute to 
volume. 

7.5. Sodium chloride-hydroxylamine chloride solution. Dissolve 50 g of sodium 
chloride and 50 g of hydroxylamine chloride in distilled water and dilute to 
500 mL. 

7.6. Potassium permanganate (mercury-free, 5% solution, wjv). Dissolve 50 g of 
potassium permanganate in 1 L of Type II water. 

7.7. Mercury stock standard (1000 mg/L). Fisher Scientific. 

7.8. Chromium stock solution (1000 mg/L). Tare a 50-mL volumetric flask. 
Accurately weigh 141.5 ± 0.2 mg of analytical-grade K2Cr20 7 into the flask. 
Dissolve the salt and dilute the standard to volume with Type II water. 

7.9. Mercury spike solution. Add 50 14L of the 1000-mg/L mercury stock solution 
and 10 mL of the 1000-mg/L chromium stock solution to a 100-mL volumetric 
flask and dilute to volume with 10% HN03• 

8. Procedure 

8.1. Sample preparation. 

8.1.1. Weigh triplicate 0.2-g aliquots of untreated sample into 50-mL 
polyethylene tubes. To spike samples, add 100 14L of spike solution 
(Step 7.8) to the samples in the polyethylene tubes. Add 5 mL of Type 
II water and S mL of aqua regia. Heat for 2 min in a water bath at 
95°C. 

8.1.2. Cool and add 15 mL of Type II water and 15 mL of potassium 
permanganate solution to each sample bottle. Mix thoroughly and place 
in the water bath for 30 min at 95°C. 

CAUTION: Do this addition in a hood because Cl2 could be evolved. 

8.1.3. Weigh a separate aliquot of the sample before and after drying at 95"C 
to determine percent solids and correct sample results for moisture 
before reporting. 

%S .. W x 100 
wt 
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where %S = percent solids, 
W = weight of solid, and 
Wt =total weight of waste. 

8.2. Standard preparation. 

8.2.1. Stock standard A (I 0 mg/L). Dilute the I 000-mg/L mercury stock 
standard (Fisher Scientific) 1:100 by diluting 1.0 mL of stock standard 
to 100 mL with I% HN03• Store in a light-protected flask. 

8.2.2. Stock standard B (100 J£g/L). Dilute stock standard A 1:100 by diluting 
1.0 mL of Stock A to 100 mL with 1% HN03• 

8.2.3. Working standards. Add the following volumes of stock standard B to 
approximately 10 mL of 1% HN03 in 100-mL volumetric flasks. Add 
5 mL of aqua regia and heat for 2 min in a water bath at 95°C. Add 15 
mL of KMn04 solution to each bottle and return to the water bath for 
30 min. Cool just prior to analysis. 

Stock Standard B Mercury 
(J£L) (J£g/L) 

200 0.4 

500 1.0 

1000 2.0 

2000 4.0 

8.2.4. Just before analysis, add 6 mL of sodium chloride-hydroxylamine 
chloride to reduce the excess permanganate. Swirl gently. Dilute to 
50 mL with I% HN03• Carefully add a magnetic stirring bar. Allow 
the solution to stir gently on a magnetic stirrer until gas evolution 
ceases. 

8.2.5. Calibrate the AAS in concentration mode using one or two standards. 
Standard 1 must be in the linear range (<0.25 absorbance units) and 
standard 2 is normally twice standard 1. Lower-concentration standards 
are read as samples (see table in Step 8.2.3). 

8.3. Instrument setup. 

8.3.1. Optimize the AAS instrument. Align the absorption cell using an iron 
hollow cathode lamp (for brightness). See the VGA-76 operational 
manual for details (Source Material 9.5). 
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8.3.2. Using SET UP, adjust the mercury lamp position to its peak value. If 
the peak value reads 99, push GAIN to reset to midrange. 

8.3.3. The following values are keyed in on the keyboard. 

• Wavelength - 253.7 nm (AA-BG) 
• Slit width - 0.7 nm 
• Concentration of standard - 4.000 #-'g/L for water, 

20.000 #-'g/L for sludges 
• Read time - 6.0 s 
• Peak area mode 
• Average of three readings 

8.4. Vapor generator setup. 

8.4.1. Fill reagent container A with stannous chloride solution and container 
B with Type II water. Engage the pump tubes and turn the VGA-76 on. 
Aspirate Type II water in reagent and sample tubes for I min. Press 
READ and autozero the instrument. Place the reagent tubes in 
respective reagents and read the resulting blank absorbance after 1 min. 
If this reading is greater than 0.1 absorbance units, the reagents are 
contaminated and need to be remade. If the blank is less than 0.01 
absorbance units, set AZ. 

8.4.2. Aspirate calibration standards (lowest to highest) and check linearity, 
characteristic mass, and repeatability with previous analyses. 

8.4.3. Push PEAK AREA and rerun blank and calibration standards, quality 
control samples, and samples. Always wait 45 - 60 s after sample 
introduction before reading the concentrations so that the system can 
stabilize. Record concentrations in bound Laboratory notebook. 

8.4.4. After analyses are completed, flush the system with Type II water for 
5 min. Turn the VGA-76 off and remove the pump tubes from the 
rollers. Turn the VGA-76 on and allow nitrogen to flow through the 
system for 5 min. Turn the VGA-76 off and disconnect it from the 
Perkin-Elmer 5000. Remove the absorption cell. Soak the absorption 
cell and gas/liquid separator in I% HN03 overnight. Rinse in Type II 
water and dry. 

8.4.5. Refer to the VGA-76 operation manual for specific details (Source 
Material 9.5). 

8.5. Analyze all Toxicity Characteristic Leaching Procedure (TCLP) extracts, all 
samples analyzed as part of a delisting petition, and all samples that suffer from 
matrix interferences by the method of standard additions (see Procedure WI I 00, 
Section 4.6). 
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8.6. Analyses must include 10% duplicates, 10% spiked samples, and 10% auality 
control samples. 

8. 7. Calculate metal concentrations (I) by the method of standard additions, (2) from 
a calibration curve, or (3) directly from the instrument's concentration read-out. 
All dilution or concentration factors must be used. Concentrations reported for 
multiphased or wet samples must be appropriately qualified (e.g., 5 !Jg/g dry 
weight). Correction for moisture may be calculated using the following 
equation or from the LOTUS™ program called "HGCALC." 

c C
1 

XV 

W X S 

where C 
c, = 
v == 

w = 
s .. 

9. Source Materials 

concentration of Hg in dried sample (!Jg/kg), 
concentration of solution (ng/mL), 
diluted volume (mL), 
weight of digested sample (g), and 
percent solids/ 100. 

9.1. American Public Health Association, American Waterworks Association, and 
Water Pollution Control Federation, Standard Methods for the Examination of 
Water and Wastewater, 16th ed., Method 320A (American Public Health 
Association, Washington, DC, 1980). 

9.2. Environmental Monitoring and Support Laboratory, Methods for Chemical 
Analysis of Water and Waste, Method 245.1 (Office of Research and 
Development, US Environmental Protection Agency, Cincinnati, Ohio, 1983 ). 

9.3. Perkin-Elmer, Analytical Methods for Atomic Absorption Spectrophotometry 
(Perkin-Elmer, Norwalk, Connecticut, 1982). 

9.4. "Automated Cold Vapor Determination of Mercury: EPA Stannous Chloride 
Methodology," Report Number AA-51, Varian Instrument Group, AA Resource 
Center, Park Ridge, Illinois ( 1976). 

9.5. Vapor Generator Assembly Operation Manual (Varian Instrument Group, AA 
Resource Center, Park Ridge, Illinois, 1976). 

9.6. A. Gaskill, •compilation and Evaluation of RCRA Method Performance Data, • 
Work Assignment No. 2, EPA Contract No. 68-01-7075 (September 1986). 
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Analyte: Trace metals 

Matrix: Sludges, solids, and 
RCRA wastes 

Procedure: Acetic acid 
extraction 

EP TOXICITY EXTRACTION 

Method No.: WI620 

Effective Date: 03/01/85 to 01/02/92 Author: Mary Carol Williams 

SAFETY NOTE: Before bealnnina this procedure, read all of the 
Material Safety Data Sheets for the chemicals listed In Sec. 6. 
Read Sec. 4.3 of the EM-9 Safety Manual for Information on 
personal protective clothing and equipment. 

1. Principle of Method 

1.1. Liquid samples are pH adjusted and filtered and eight primary pollutants are 
determined in the filtrate by atomic absorption spectrophotometry (AAS), 
(Method WllOO), inductively coupled plasma emission spectrometry (ICPAES), 
(Method EI370), or inductively coupled plasma mass spectrometry ICPMS 
(Method EI36). 

1.2. Solid samples are extracted with water and are adjusted to pH 5.0 ± 0.2 with 
acetic acid to simulate environmental leaching. The solution is filtered and 
primary pollutants are determined in the filtrate by AAS, ICPAES, or ICPMS. 

1.3. The method of standard addition is used for all metal analyses. The 
concentration of contaminants at the maximum concern level (MCL) for 
characteristic of EP toxicity are: 

Environmental Chemiatry 
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concentration 

Contaminant (mg/L) 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 
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Contaminant 

Selenium 

Silver 

2. Accuracy and Precision 

Maximum 
concentration 

(mg/L) 

1.0 

5.0 

2.1. A well characterized matrix is not available to measure either accuracy or 
precision. Spike recovery is variable depending on the absorptive character of 
the matrix. 

3. Interferences 

3.1. Chloride interferes causing low recoveries for Cr, As, Se, and A g. 

3.2. These extremely complex samples may have a multitude of unidentified, 
continuously variable interferences. 

4. Handlln1 and Stora1e of Samples 

4.1. Preservatives must NOT be added to samples. 

4.2. Handle sludges from TA-50 or TA-257 in a glove box. Handler must wear an 
anti-C lab coat, safety glasses, and rubber gloves. Weighing and dissolution 
must be completed in the glove box. 

4.3. Separation procedure. Filter a waste containing unbound liquid. If the solid 
phase is less than 0.5% of the waste, discard the solid phase and analyze the 
filtrate for trace elements, pesticides, and herbicides. If the waste contains more 
than 0.5% solids, extract the solid phase and store the liquid phase for later use. 

4.4. Structural integrity procedure/particle size reduction. Before extraction, the 
solid material must pass through a 9.5-mm (0.375-in.) standard sieve, have a 
surface area of 3.1 cm2 per gram of waste, or, if it consists of a single piece, be 
subjected to the structural integrity procedure (Step 7.1 0). Use the structural 
integrity procedure to demonstrate the ability of the waste to remain intact after 
disposal. If the waste does not meet one of these conditions it must be ground 
to pass the 9.5-mm sieve. 

4.5. Extraction of solid material. Extract the solid material from Step 4.4. for 24 h 
in an aqueous medium whose pH is maintained at or below ±0.2 using 0.5 N 
acetic acid. Maintain the pH either automatically or manually. (In acidifying to 
pH 5, no more than 4.0 mL of acid solution per g of material being extracted 
may be used.) 
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4.6. Final separation of the extraction from the remaining solid. After extraction, 
adjust the liquid:solid ratio to 20:1 and separate the mixed solid and extraction 
liquid by filtration. Discard the solid and combine the liquid with any filtrate 
obtained in Step 4.2. This is the EP extract that is analyzed and compared to the 
threshold listed in Table 1 of 40 CFR 261.24. 

5. Apparatus 

5.1. Glove box with balance for use with radioactive samples. 

5.2. Beaker or bottle: 2000-mL, polyethylene. 

5.3. Stirring bar: 1.5- by 3/8-in. magnetic, Teflon coated. 

5.4. Heavy duty magnetic stirrer. 

5.5. Filtering flask, 1000-mL. 

5.6. Vacuum filters, Nalgene 44-0045 or Millipore XXlO 047 00. 

5.7. Millipore filters: AP25 042 00, AP20 042 00, AP15 042 00, and HAWP 047 00 
for aqueous solutions, and AP25 042 00 and FHUP 047 00 for organic solutions. 

5.8. Polyethylene bottle: 250-mL. 

5.9. Hot plate. 

5.10. pH controller: type 45-A, Chemtrix, Inc., Hillsboro, OR 97123 or equivalent. 

6. Reagents 

6.1. Distilled water. 

6.2. Acetic acid (0.5 N): Dilute 30 mL of concentrated acetic acid to 1 L with 
distilled water. 

7. Procedure 

7 .1. If the waste does not contain any free liquid, go to Step 7 .9. If the sample is 
liquid or multiphase, continue as follows. Weigh filter membrane and prefilter 
to ±0.0 1 g. Handle membrane and prefilters with blunt curved-tip forceps or 
vacuum tweezers, or by applying suction with a pipette. 

7 .2. Assemble the filter holder, membranes, and prefilters following the 
manufacturer's instructions. Place the 0.45-#lm membrane on the support screen 
and add prefilters in ascending order of pore size. Do not prewet the filter 
membrane. 
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7.3. Weigh out a representative subsample of the waste (100 g minimum). 

7 .4. Allow slurries to stand to permit the solid phase to settle. Wastes that settle 
slowly may be centrifuged before filtration. 

7.5. Wet the filter with a small portion of the liquid phase of the waste or extraction 
mixture. Transfer the remaining material to the filter holder and apply vacuum 
or gentle pressure (1 0-15 psi) until all liquid passes through the filter. Stop 
filtration when air or pressurizing gas moves through the membrane. If this 
point is not reached under vacuum or gentle pressure, slowly increase the 
pressure in 10-psi increments to 75 psi. Halt filtration when liquid flow stops. 
This liquid will constitute part or all of the extract (refer to Step 7 .16). 
Refrigerate the liquid until time of analysis. 

NOTE: Oil samples or samples that contain oil are treated in exactly the same 
way as any other sample. Filter the liquid portion of the sample and treat as part 
of the EP extract. If the liquid portion of the sample will not filter (this is 
usually the case with heavy oils or greases) carry it through the EP extraction 
as a solid. 

7.6. Remove the solid phase and filter media and, while not allowing it to dry, 
weigh to ±0.01 g. Determine the wet weight of the residue by calculating the 
weight difference between the weight of the filters (Step 7.1) and the weight of 
the solid phase and the filter media. 

7.7. The waste will be handled differently from this point depending on whether it 
contai~s more or less than 0.5% solids. If the sample appears to have less than 
0.5% solids, determine the percent solids by the following procedure. 

7.7.1. Dry the filter and residue at sooc until two successive weighings yield 
the same value. 

7. 7 .2. Calculate the percent solids using the following equation: 

w, - w, x 100 "' ~solid 
WI 

where W ,1 • weight of filtered solid and filters, 
W1 • tared weight of filters, and 
Wi • initial weight of waste material. 

NOTE: This procedure is used only to determine whether the solid must 
be extracted or whether it can be discarded unextracted. It is not used 
in calculating the amount of water or acid to use in the extraction step. 
Do not extract solid material that has been dried at 80°C. A new sample 
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will have to be used for extraction if a percent solids determination is 
performed. 

7 .8. If the solid comprises less than 0.5% of the waste, discard the solid and proceed 
immediately to Step 7.17, treating the liquid phase as the extract. 

7.9. Evaluate the solid material obtained from Step 7.5 and all materials that do not 
contain free liquids for particle size. 

7 .9.1. If the solid material has a surface area equal to or greater than 3.1 cm2 

per gram of material or passes through a 9.5-mm (0.375-in.) standard 
sieve, proceed to Step 7 .11. 

7.9.2. If the surface area is smaller or the particle size larger than specified 
above, prepare the solid material for extraction by crushing, cutting, or 
grinding the material so that it passes through a 9.5-mm (0.375-in.) 
sieve or, if the material is in a single piece, by subjecting the material 
to the structural integrity procedure described in Step 7.10. 

7.1 0. Structural integrity procedure (SIP). 

7.10.1. Cut a 3.3-cm-diam by 7.1-cm-long cylinder from the waste material. 
For wastes that have been treated using a fixation process, the waste 
may be cast in the form of a cylinder and allowed to cure for 30 d 
before testing. 

7.10.2. Place waste in the sample holder and assemble the tester. Raise the 
hammer to its maximum height and drop. Repeat 14 additional times. 

7.10.3. Remove solid material from tester and scrape off any particles adhering 
to sample holder. Weigh the waste to the nearest 0.01 g and transfer it 
to the extractor. 

7 .11. If the sample contains more than 0.5% solids, use the wet weight of the solid 
phase obtained in Step 7.6 for purposes of calculating the amount of liquid and 
acid to employ for extraction by using the following equation: 

w = w,- w, 
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where W 

w.r 
Wr 

= wet weight of solid to be charged to extractor (g), 
= wet weight of filtered solids and filter media (g), and 

weight of tared filters (g). 

If the waste does not contain any free liquids, 100 g of the material will be 
subjected to the extraction procedure. 

7 .12. Place the appropriate amount of material but not less than 100 g (refer to 
Step 7.11) into the extractor and add 16 times its weight of deionized water. 

7 .13. After the solid material and deionized water are placed in the extractor. begin 
agitation and measure the pH of the solution in the extractor. If the pH is >5.0, 
decrease the pH of the solution to 5.0 ± 0.2 by adding 0.5 N acetic acid. If the 
pH is equal to or <5.0, do not add acetic acid. The pH of the solution should be 
monitored, as described below, during the course of the extraction and, if the 
pH rises above 5.2, add 0.5 N acetic acid to bring the pH down to 5.0 ± 0.2. 
However, in no event shall the aggregate amount of acid added to the solution 
exceed 4 mL of acid per gram of solid. Agitate the mixture for 24 h and 
maintain at 20-40°C (68-104°F) during this time. Monitor and adjust the pH 
during the course of the extraction with a device such as the Chemtrix Type 
45-A pH Controller in conjunction with a metering pump and reservoir of 
0.5 N acetic acid. If such a system is not available, use the following manual 
procedure. 

7.13.1. Calibrate a pH meter in accordance with the manufacturer's 
specifications. 

7 .13.2. Check the pH of the solution and, if necessary, manually add 0.5 N 
acetic acid to the extractor until the pH reaches 5.0 ± 0.2. Adjust the pH 
of the solution at 15-, 30-, and 60-min intervals, moving to the next 
longer interval if the pH does not have to be adjusted more than 0.5 pH 
units. The amount of acid should never exceed 4 mL per gram of solid. 

7 .13.3. Continue the adjustment procedure for at least 6 h. 

7.13.4. If, at the end of the 24-h extraction period, the pH of the solution is not 
below 5.2 and the maximum amount of acid (4 mL per gram of solids) 
has not been added, adjust the pH to 5.0 ± 0.2 and continue the 
extraction for an additional 4 h, adjusting the pH at 1-h intervals. 

7 .14. At the end of the extraction period, add deionized water to the extractor in an 
amount determined by the following equation: 

V • (20) (W) - 16(W) - A 
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where V 
w 
A 

= deionized water to be added (mL), 
= weight of solid charged to extractor (g), and 
= amount of 0.5 N acetic acid added during extraction (mL). 

7 .15. Separate the material in the extractor into its component liquid and solid phases 
in the following manner. 

7 .15.1. Allow slurries to stand to permit the solid phase to settle and set up the 
filter apparatus. Wastes that are slow to settle may be centrifuged 
before filtration. 

7 .15.2. Using standard radiochemical safety procedures, wet the filter with a 
small portion of the liquid phase from the waste or extraction mixture. 
Transfer the remaining material to the filter holder and apply vacuum 
or gentle pressure (10-15 psi) until all liquid passes through the filter. 
Stop filtration when air or pressurizing gas moves through the 
membrane. If this point is not reached under vacuum or gentle pressure, 
slowly increase the pressure in 1 0-psi increments to 75 psi. Halt 
filtration when liquid flow stops. 

7 .16. The liquids resulting from Steps 7.5 and 7.15 should be combined. The 
combined liquid (or the waste itself if it has less than 0.5% solids, as noted in 
Step 7 .8) is the extract and should be analyzed for the presence of any of the 
contaminants specified in the table in Step 1.3 by AAS, ICPAES, or ICPMS. 
Refrigerate the sample until it is to be digested with acid. The mercury aliquot 
should be digested immediately and other metals as soon as possible. 

8. Calculations 

8.1. If the EP extract includes two phases, concentration of contaminants is 
determined by using a simple weighted average. For example: An EP extract 
contains 50 mL of oil and 1000 mL of an aqueous phase. Contaminant 
concentrations are determined for each phase. The final contamination 
concentration is taken to be: 

c, .. 

Environmental Chemistry 
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v + v 
0 • 

= final contamination concentration (mg/L), 
= volume of oil (50 mL), 
= contaminant concentration in oil (mg), 
• volume of aqueous phase (mL), and 
= contaminant concentration of aqueous phase (mg). 
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Chromium concentrations have to be interpreted differently. A waste containing 
chromium will be determined to be EP toxic if: (I) the waste extract has an 
initial pH of less than 7 and contains more than 5 mg/L of hexavalent 
chromium in the resulting extract, or (2) the waste extract has an initial pH 
greater than 7 and a final pH greater than 7 and contains more than 5 mg/L of 
hexavalent chromium in the extract, or (3) the waste extract has an initial pH 
greater than 7 and a final pH less than 7 and contains more than 5 mg/L of total 
chromium, unless the chromium is trivalent. To determine whether the 
chromium is trivalent, the sample must be processed according to an alkaline 
digestion method (Method 3060) and analyzed for hexavalent chromium 
(Methods 7195, 7196, or 7197). Refer to the SW-846 manual. 

8.2. Calculation for standard additions: 

D X R X c, c • ------" R.- R 

• concentration of unknown, where C 
D • dilution of both standard and unknown (must be the same 

R 
c, 
R, 

9. Source Material 

for each), 
• reading of unknown, 
= concentration of standard added, and 
• reading of unknown plus standard. 

9.1. U.S. Environmental Protection Agency, •Test Methods for Evaluating Solid 
Waste, • SW-846, Office of Solid Waste and Emergency Response, Washington, 
DC (1982). 
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INORGANIC TOXICITY CHARACTERISTIC LEACHING PROCEDURE (TCLP) 

Analyte: Trace metals 

\latrix: Sludges, soils, and RCRA 
wastes 

Procedure: Acid leach to extract 
metals 

Effective Date: 04/01/87 

\lethod No.: WI650 

.\uthors: Mary Carol Williams 
Daniel J. Gerth 

SAFETY NOTE: Before beginning this procedure, read all of the material safety data sheets 
for the chemicals listed in Sec:. 6. Read Sec:. 4.3 of the Environmental Chemistry Safety 
Manual for information on personal protective clothina and equipment. Read Sec. 10 of this 
procedure and Source Materials 11.3 and 11.4 for proper waste disposal practices. 

1. Principle of Method 

1.1. The toxicity characteristic leaching procedure (TCLP) is designed to determine 
the mobility of contaminants present in liquid, solid, and multiphasic wastes. 

1.2. For liquid wastes (i.e., those containing <0.5% solid material), the waste. after 
filtration through a 0.6- to 0.8-J,lm glass-fiber filter, is defined as the TCLP 
extract. 

1.3. For solid wastes or wastes containing significant amounts of solid material, the 
particle size of the waste is reduced (if necessary), and the liquid phase, if any, 
is separated from the solid phase and stored at 4°C for later analysis. The solid 
phase is extracted with 20 times its weight of extraction fluid. The choice of 
extraction fluid employed depends on the alkalinity of the solid phase of the 
waste. Following extraction, the liquid extract is separated from the solid phase 
by filtration through a 0.6- to 0.8-J,lm glass-fiber filter. 

1.4. If a total analysis of the waste demonstrates that individual contaminants are not 
present or that they are present at such low concentrations that the appropriate 
regulatory thresholds could not possibly be exceeded, the TCLP need not be 
run. 

1.5. If compatible (i.e., multiple phases will not form on combination), the initial 
liquid phase of the waste and the liquid extract are combined and analyzed. If 
incompatible, the liquids are analyzed separately, and the results are 
mathematically combined to yield a volume-weighted average concentration. 

1.6. The maximum concentrations of contaminants for characteristics of toxicity are 
as follows: 

Environmental Chemiatry 
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2. 

,,, 

Maximum EPA Hazardous 
Concentration Waste ~umber Cc:~taminant (mg;L) 

0004 Arsenic 
5.0 0005 Barium 100.0 0006 Cadmium 1.0 0007 Chromium 5.0 0008 Lead 

5.0 0009 Mercury 0.2 DOlO Selenium 1.0 DOll Silver 5.0 
Accuracy and Precision 

2.1. A well-characterized matrix is not available to measure either accuracy or 
precision. Spike recovery is variable depending on the absorptive characteristics 
of the matrix. 

3. Interferences 

3.1. Chloride interferes, causing low recoveries for Cr. As, Se, and Ag. 3.2. Samples can be extremely complex and can have a multitude of unidentified, 
continuously variable interferences. 

4. Handling and Storaae of Samples 

4.1. Preservatives must NOT be added to samples. 
4.2. Sludges from TA-50 or TA-57 must be handled in a glove box. The handler 

must wear an anti-C lab coat, safety glasses, and rubber gloves. Weighing and 
dissolution must be completed in a glove box. 

4.3. TCLP extracts should be preserved with nitric acid at a pH <2, prepared for 
analysis, and analyzed as soon as possible following extraction. S. Apparatus 

5.1. Glove box: with balance, for use with radioactive samples, if necessary. 5.2. Extraction vessel: 2-L bottle, borosilicate glass or plastic. 

Septem~r 1990 
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5.3. \1agnetic stirring bar: Teflon-coated. 

5.4. \fagnetic stirrer: heavy duty. 

5.5. Agitation apparatus: capable of rotating the extraction vessel end over end at 
30 :t 2 rpm, from Associated Design and Manufacturing Company, Alexandria, 
Virginia, or equivalent to meet Environmental Protection Agency (EPA) 
requirements as described in "Test Methods for Evaluating Solid Wastes• (40 
CFR 261 ). 

5.6~ Pressure filter holder: Fisher Model 09-7S3-2SK or equivalent to meet EPA 
requirements as described in •Test Methods for Evaluating Solid Wastes • 
(40 CFR 261). 

5.7'~ Filter media: 0.7-~m. Whatman GFF, Whatman Laboratory Products, Clifton, 
New Jersey, or equivalent to meet EPA requirements as described in •Test 
Methods for Evaluating Solid Wastes• (40 CFR 261). 

5.8. Polyethylene bottle: 250-mL. 

5.9. pH meter: calibrated in accordance with manufacturer's specifications. 

5.10. Hot plate. 

5.11. Laboratory balance: any balance accurate to :!:0.01 a. 

6. Reaaents 

6.h ASTM Type I water. 

6.2. Hydrochloric acid, 1.0 N: prepare from American Chemical Society (ACS) 
reagent-grade (87 mL/L). 

6.3. Nitric acid, 1.0 N: prepare from ACS reagent-arade (60 mL/L) . 

• 
6.4. Sodium hydroxide, 10 N. 

6.5. Acetic acid: glacial, ACS reagent-grade. 

6.6. Extraction fluid no. 1: prepare by adding 11.4 mL of glacial acetic acid to 
1975 mL of ASJ'M:TypeJ water. Add 12.9 mL of 10 N NaOH. When correctly 
prepared, the pH of this fluid is 4.93:!: 0.05. 

6. 7. Extraction fluid number 2: prepare by adding 11.4 mL of glacial acetic acid to 
1989 mL of A~ Type I water. When correctly prepared, the pH of this fluid 
is 2.88 :t 0.05. 

Environmental Chemi1try 
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~OTE: These extrac~ion fluids should be monitored frequently for impurities. The pH should be checked before use to ensure that these fluids were accurately pre !Jared. 

6.8. Metal standards, 1000 mg/L stock solutions. See individual metal 
procedures. 

6.9. Nitric acid: concentrated, reagent-grade. 

6.10. Nitric acid, 1%: dilute 10 mL of concentrated nitric acid to 1000 ml with ASTM Type l water. 

6.11. Spike solution: use I 000 mg/L metal standards in the nitrate or oxide form. Add 10 ml of Ag; S ml each of As, Cr. Pb, and Se; 1 mL of Cd; and 100 ml of Ba. Add standard solutions to approximately 100 mL 1% HN03. Dilute to 1000 mL with 1% HN03• Do not use HCl solutions, which will precipitate silver. 

Spike solution Spiked sample 
concentration concentration 

Element (mg/L) (mg/L) 

As 5 0.1 

Cd 0.02 

Cr s 0.1 

Pb s 0.1 

Se s 0.1 

Ag s - 0.1 

Ba 100 10.0 

Procedure 

7 .I. The preliminary TCLP evaluations are performed on representative samples of waste {mi~imunial.i4uot':size: o£:il00'1) that will not actually undergo TCLP extraction. These evaluations include preliminary determination of the percent solids of the waste; determination of whether the waste contains insignificant solids and is therefore its own extract after filtration; determination of whether the solid portion of the waste requires particle-size reduction; and determination of which extraction fluid is to be used. 

7.2. Preliminary determination of percent solids. Percent solids is defined as that fraction of a waste sample (as a percentage of the total sample) from which no liquid can be forced by applied pressure, as described below. 
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7.2.1. If the waste will obviously yield no free liquid when subjected to 
pressure filtration (i.e., is 100% solids), proceed to Step 7.5. 

7 .2.2. If the sample is liquid or multiphasic, liquid/solid separation to make a 
preliminary determination of percent solids is required. This separation 
involves the filtration device described in Steps 5.6-5.7 and is outlined 
in Steps 7.2.3-7.2.9. 

7.2.3. Weigh the filter and the container that will receive the filtrate. 

7 .2.4. Assemble the filter holder and filter following the manufacturer's 
instructions. Place the filter on the support screen and secure. 

7.2.5. Weigh out a representative subsample of the waste ( 100-g minimum) 
and record the weight. 

7.2.6. Allow slurries to stand to permit the solid phase to settle. Wastes that 
settle slowly may be centrifuged before filtration. Centrifugation is to 
be used only as an aid to filtration. If centrifugation is used, the liquid 
should be decanted and filtered and the solid portion of the waste 
filtered through the same filtration system. 

7 .2. 7. Quantitatively transfer the waste sample to the filter holder (liquid and 
solid phases). If filtration of the waste at 4•c reduces the amount of 
expressed liquid below what would be expressed at room temperature, 
allow the sample to warm up to room temperature in the device before 
filtering. 

Environmental Chemistry 
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NOTE: If waste material (>1% of original sample weight) has obviously 
adhered to the container used to transfer the sample to the filtration 
apparatus, determine the weight of this residue and subtract it from the 
sample weight determined in Step 7.2.5 to determine the weight of the 
waste sample that will be filtered. 

Gradually apply gentle pressure (1-1 0 psi) until pressurizing gas moves 
through the filter. If this point is not reached under 10 psi and if no 
additional liquid has passed through the filter in any 2-min interval, 
slowly increase the pressure in 10-psi increments to a maximum of 50 
psi. After each incremental increase of 10-psi, if the pressurizing gas 
has not moved through the filter and if no additional liquid has passed 
through the filter in any 2-min interval, proceed to the next 10-psi 
increment. When the pressurizing gas begins to move through the filter 
or when liquid flow has ceased at SO psi (i.e., filtration does not produce 
any additional filtrate within any 2-min period), filtration is stopped. 

NOTE: Instantaneous application of high pressure can degrade the 
glass-fiber filter and may cause premature plugging. 
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7 . .:.8. The material in the filter holder is defined as the solid phase of the waste, and the filtrate is defined as the liquid phase. ', I 
NOTE: Some wastes, such as oily wastes and some paint wastes, will obviously contain some material that appears to be a liquid. But even after applying pressure filtration, as outlined in Step 7 .2. 7, this material may not filter. If this is the case, the material in the filtration device is defined as a solid. The original filter is NOT to be replaced with a fresh filter under any circumstances. Only one filter is to be used. 

7.2.9. Determine the weight of the liquid phase by subtracting the weight of 
the filtrate container (see Step 7.2.3) from the total weight of the filtrate-filled container. The weight of the solid phase of the waste sample is determined by subtracting the weight of the liquid phase from the weight of the total waste sample, as determined in Step 7 .2.5. 

7.2.10. Record the weight of the liquid and solid phases. Calculate the percent solids as follows: 

Ws x 100 
~s • 

where %S • percent solids, 
W9 • weight of solid, and 
W T • total weight of waste. 

7.3. Determination of whether waste is liquid or has insignificant amounts of solid material. If the sample obviously has a significant amount of solid material. the solid phase must be extracted. Proceed to Step 7.4 to determine if the waste requires particle-size reduction, and reduce particle size if necessary. Determine whether the waste is liquid or has insignificant amounts of solid material, which need not undergo extraction, as follows: 

7.3.1. Remove the solid phase and filter from the filtration apparatus. 

7.3.2. Dry the filter and solid phase at 100 ± 2o•c until two successive weighings yield the same value within ±1%. Record the final weight. 

NOTE: Caution should be taken to ensure that the solid will not flash 
upon heating. The drying oven should be vented to a hood or 
appropriate device. 

7 .3.3. Calculate the percent dry solids as follows: 
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%D, 

where: %05 = percent dry solids, 
W wf = weight of dry waste and filter, 
Wr = tared weight of filter, and 
Wi = initial weight of sample. 

7 .3.4. If the percent dry solids is <0.5%, the waste after filtration is defined as 
the TCLP extract. If the percent dry solids is i!!0.5% and TCLP is to be 
performed, return to the beginning of this section (Step 7.1) with a new 
representative waste sample, so that it can be determined if particle-size 
reduction is necessary (Step 7.4) and so that the appropriate extraction 
fluid may be determined (Step 7.5) on a fresh portion of the solid phase 
of the waste. 

7 .4. Determination of whether the wastes require particle-size reduction (particle 
size is reduced during this step). Using the solid portion of the waste, evaluate 
the solid for particle size. If the solid has a surface area per gram i!!3.1 cm2 or 
is <1 em in its smallest dimension (i.e., is capable of passing through a 9.5-mm 
[0.375-in.] standard sieve), particle-size reduction is not required (proceed to 
Step 7.5). If the surface area is smaller or the particle size larger than described 
above, the solid portion of the waste is prepared for extraction by crushing, 
cutting, or grinding the waste to a surface area or particle size as described 
above. 

7 .5. Determination of appropriate extraction fluid. If the solid content is ~0.5% of 
the waste and if TCLP extraction is to be done (Section 8), determine the 
appropriate fluid (Steps 6.6-6. 7) to use as follows. 

7 .5.1. Weigh out a small subsample of the solid phase of the waste, reduce the 
particle size (if necessary) to approximately 1-cm-diam or less. and 
transfer 5.0 g of the solid phase of the waste to a 250-~L (or larger) 
beaker or Erlenmeyer flask. 

7.5.2. Add 96.5 mL of reagent water (ASTM Type I) to the beaker, cover with 
a watch glass, and stir vigorously for 5 min with a magnetic stirrer. 
Measure and record the pH. If the pH is <5.0, extraction fluid :-.Jo. : is 
used. Proceed to Section 8. 

Environmental Chemi1try 

7.5.3. If the pH from Step 7.5.2 is >5.0, add 3.5 mL 1.0 N HCl, slurry briefly, 
cover with a watch glass, heat to 50°C, and hold at sooc for 10 mm. 
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7.5.4. Let the solution cool to room temperature and record the pH. If the pH is <5.0, use extraction fluid No. I. If the pH is >5.0, use extraction fluid No. 2. Proceed to Section 8. 

7.6. The sample of waste used in this step must NOT be used any further. Use a new sample of the waste for extractions in Steps 8 and 9. 

8. Extraction Procedure 

8.1. Although a sample of at least 100 g (solid and liquid phases) is required, a larger sample may be more appropriate, depending on the solids content of the waste sample (percent solids, see Step 7.2) and whether the initial liquid phase of the waste will be miscible with the aqueous extract of the solid. Enough solids should be generated for extraction so that the volume of TCLP extract will be sufficient to support all the determinations required. If the amount of extract generated by a single TCLP extraction will not be sufficient to perform all the determinations required, it is recommended that more than one extraction be performed and that the extracts from each extraction be combined and then aliquoted for analysis. 

8.2. If the waste will obviously yield no liquid when subjected to pressure filtration (i.e., is 100% solid, see Step 7.2), weigh out a representative subsample of the waste (100-g minimum) and proceed to Step 8.10. 

8.3. If the sample is liquid or multiphasic, liquid/solid separation is required. This separation involves filtration and is outlined in Steps 8.4 to 8.9 below. 

8.4. Weigh the container that will receive the filtrate. 

8.5. Assemble the filter holder and filter following the manufacturer's instructions. Place the filter on the support screen and secure it. Acid-wash the t. :r. 

8.6. Weigh out a representative subsample of the waste ( 100-g minimum) and record the weight. If the waste was shown to contain <0.5% dry solids (Step 7. 3 ). the waste, after filtration, is defined as the TCLP extract. Therefore, enough of the sample should be filtered so that the amount of filtered liquid will support all the determinations required of the TCLP extract. For wastes containing >0.5% dry solids (Steps 7.2 or 7. 3 ), use the percent solids information obtained in Step 7.2 to determine the optimum sample size (100-g minimum) for filtration. Enough solids should be generated after filtration to support the determinations to be performed on the TCLP extract. 

8. 7. Allow slurries to stand to permit the solid phase to settle. Wastes that settle slowly may be centrifuged before filtration. Centrifugation is to be used only as an aid to filtration. If centrifugation is used, the liquid should be decanted and filtered and the solid portion of the waste filtered through the same filtration system. 

September 1990 
Rev. March 1994 

Environmental C~emtstry 
Loa Alamoa Nat1onal L~bcr3t.ory 

!.I 



8.8. Quantitatively transfer the waste sample (liquid and solid phases) to the filter 
holder. If filtration of the waste at 4oC reduces the amount of expressed liquid 
below what would be expressed at room temperature, allow the sample to warm 
up to room temperature in the device before filtering. 

NOTE: If waste material (>I% of the original sample weight) has obviously 
adhered to the container used to transfer the sample to the filtration apparatus, 
determine the weight of this residue and subtract it from the sample weight 
determined in Step 8.6, to determine the weight of the waste sample that will 
be filtered. 

Gradually apply gentle pressure ( 1-10 psi) until pressurizing gas moves through 
the filter. If this point is not reached below 10 psi and if no additional liquid 
has passed through the filter in any 2-min interval, slowly increase the pressure 
in 10-psi increments to a maximum of 50 psi. After each incremental increase, 
if the pressurizing gas has not moved through the filter and if no additional 
liquid has passed through the filter in any 2-min interval, proceed to the next 
10-psi increment. When the pressurizing gas begins to move through the filter 
or when the liquid flow has ceased at 50 psi (i.e., filtration does not produce any 
additional filtrate within a 2-min period), filtration is stopped. 

NOTE: Instantaneous application of high pressure can degrade the glass-fiber 
filter and may cause premature plugging. 

8.9. The material in the filter holder is defined as the solid phase of the waste, and 
the filtrate is defined as the liquid phase. Weigh the filtrate. The liquid phase 
may now be either analyzed (see Step 8.14) or stored at 4°C until time of 
analysis. 

NOTE: Some wastes, such as oily wastes and some paint wastes, ~ill obviously 
contain some material that appears to be a liquid. But even after applying 
vacuum or pressure filtration, as outlined in Step 8.8, this material may not 
filter. If this is the case, the material in the filtration device is defined as a solid 
and is carried through the extraction as a solid. The original filter is not to be 
replaced with a fresh filter under any circumstances. Only one filter is to be 
used. 

8.10. If the waste contains <0.5% dry solids (see Step 7.3), proceed to Step 8.14. If the 
waste contains >0.5% dry solids (see Step 7.2 or 7.3) and if particle-size 
reduction of the solid was needed in Step 7 .4, proceed to Step 8.11. If particle
size reduction was not required in Step 7 .4, quantitatively transfer the solid 
material into the extractor vessel, including the filter used to separate the initial 
liquid from the solid phase, and proceed to Step 8.12. 

8.11. The solid portion of the waste is prepared for extraction by crushing, cutting, 
or grinding the waste to a surface area or particle size as described in Step 7 .4. 
When the surface area or particle size has been appropriately altered, 
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quantitatively transfer the solid material into the extractor vessel, including the filter used to separate the initial liquid from the solid phase. 

NOTE: The waste should be sieved only through a Teflon-coated sieve, to avoid possible contamination of the sample. Surface area requirements are meant for filamentous (e.g., paper or cloth) and similar waste materials. Actual measurement of surface area is not recommended. 

8.12. Determine the amount of extraction fluid to add to the extractor vessel as follows: 

Weight of extraction fluid • 0.5 x % solids x weight of waste filtered. 

Slowly add this amount of appropriate extraction fluid (see Step 7.5) to the extractor vessel. Close the extractor bottle tightly (Teflon tape can be used to ensure a tight seal), secure it in the rotary extractor device, and rotate it at 30 ± 2 rpm for 18 ± 2 h. Ambient temperature (i.e., temperature of room in which extraction is to take place) must be maintained at 22 ± rc during the extraction period. 

NOTE: As agitation continues, pressure may build up within the extractor bottle for some types of wastes (e.g., lime or calcium carbonate containing waste may evolve gases such as carbon dioxide). To relieve excess pressure, the extractor bottle may be opened periodically (e.g., after 15 min, 30 min, and I h) and vented into a hood. 

8.13. Following the extraction, the material in the extractor vessel is separated into its component liquid and solid phases by filtering through a new glass-fiber filter, as outlined in Step 8.8. For final filtration of the TCLP extract, the filter may be changed, if necessary, to facilitate filtration. Filter(s) must be acidwashed if the mobility of metals is being evaluated. 

8.14. The TCLP extract is prepared as follows: 

8.14.1. If the waste contained no initial liquid phase, the filtered liquid material obtained from Step 8.13 is defined as the TCLP extract. Proceed to Step 8.15. 

8.14.2. If compatible (i.e., multiple phases will not result on combination), the filtered liquid resulting from Step 8.13 is combined with the initial liquid phase of the waste obtained in Step 8.8. This combined liquid is defined as the TCLP extract. Proceed to Step 8.1 5. 

8.14.3. If the initial liquid phase of the waste obtained from Step 8.8 is not or may not be compatible with the filtered liquid resulting from Step 8.13. these liquids are not combined. These liquids, collectively defined as the 
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TCLP extract, are analyzed separately and the results are combined 
mathematically. Proceed to Step 8.15. 

8.15. Following collection of the TCLP extract, record the pH of the extract. The 
extract should be immediately aliquoted for analysis and properly preserved 
(metals aliquots must be acidified with concentrated nitric acid to pH <2). The 
TCLP extract must be prepared and analyzed according to appropriate analytical 
methods. TCLP extracts to be analyzed for metals other than mercury must be 
acid digested. 

8.16. The contaminant concentrations in the TCLP extract are compared with the 
thresholds identified in the appropriate regulations. Refer to Source Material 
11.1 for quality assurance requirements. 

9. Calculations 

9.1. If the individual phases are to be analyzed separately, determine the volume of 
the individual phases (to ±0.5%), conduct the appropriate analyses, and combine 
the results mathematically by using a simple volume-weighted average: 

where V 1 • the volume of the first phase (L), 
C1 • the concentration of the contaminant of concern in the first 

phase (mg/L), 
V 2 • the volume of the second phase (L), and 
C2 • the concentration of the contaminant of concern in the second 

phase (mg/L). 

Chromium concentrations must be interpreted differently. A waste containing 
chromium will be determined to be toxic if (I) the waste extract has an initial 
pH of <7 and contains more than S mg/L of hexavalent chromium in the 
resulting extract, or (2) the waste extract has an initial pH > 7 and a final pH > 7 
and contains more than S mg/L of hexavalent chromium in the extract, or (3) 
the waste extract has an initial pH > 7 and a final pH <7 and contains more than 
5 mg/L of total chromium, unless the chromium is trivalent. To determine 
whether the chromium is trivalent, the sample must be processed according to 
an alkaline digestion method (Method 3060) and analyzed for hexavalent 
chromium (Methods 7195, 7196, or 7197). (Refer to SW -846 Manual, Source 
Material 11.1.) 

9.2. Calculation for standard additions: 
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c "' 
D x R,. x c. 

R, - R. 

where C =- concentration of unknown, 
D • dilution of both standard and unknown (must be the same for 

each), 
Ru =- instrument reading of unknown, 
C, • concentration of standard added, and 
R, • instrument reading of unknown plus standard. 

10.1. Soil-water slurry. 

10.1.1. The TCLP waste consists of approximately 1500 mL of a slurry that 
remains after filtering the sample for TCLP analysis. 

I 0.1.2. If, after analysis, the sample is found to be below the levels of concern 
for the TCLP analytes, dispose of the liquid portion of the sample in a 
sink approved for the disposal of inorganic acids and bases. Dispose of 
the solid portion of the sample as ordinary laboratory trash. 

10.1.2.1. Concern levels: 

Cd, Se, > l·ppm 
Ag, As, Cr, Pb > 5 ppm 
Ba > 100 ppm 

10.1.3. If, after analysis, the sample is found to be a~ove the level of concern 
for any of the TCLP analytes, accumulate the slurry in a coated glass 
bottle in a secondary containment tray. 

10.1.3.1. Label the bottle with a hazardous waste label indicating its 
use for the TCLP waste samples. 

1 0.1.3.2. When the bottle is full, keep it in the secondary containment 
tray pending pickup by Waste Management (CST- 7). 

I 0.2. Waste pickup. 

I 0.2.1. When the waste bottle is full, request CST -7 to pick it up by using the 
current Chemical Waste Disposal Request (CWDR) form. The current 
Waste Profile Form describing the waste is referenced on the CWDR. 

September 1990 
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I 0.2.2. CST -7 picks up the waste for disposal in accordance with Laboratory 
policy. 

11. Source Materials 

11.1. Test Jfethods for Evaluating Solid Waste. SW-846 (Office of Solid Waste and 
Emergency Response, Washington, D.C., 1982). 

11.2. Federal Register, Vol. 51, No. 216, pp. 40643-40652. 

11.3. "Low-Level Radioactive Solid Waste, • Administrative Requirement I 0-2, in 
Environment. Safety. and Health Manual, Los Alamos National Laboratory 
Manual, Chapter 1 (most recent edition). 

11.4. "Hazardous and Mixed Waste, • Administrative Requirement 10-3, in 
Environment. Safety. and Health Manual, Los Alamos National Laboratory 
Manual, Chapter 1 (most recent edition). 

Revisions or additions to the procedure are marked ( 
marked, the entire section has been revised. 

Environmental Chenmtry 
Lo• Alamo• National Laboratory 

September 1990 
Rev. March 1994 
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PREPARATION OF AQUEOUS SAMPLES FOR SPECTROCHEMICAL ANALYSIS
GFAAS AND ICP-MS 

Analyte: Total, suspended, and 
dissolved metals 

Matrix: Water and wastewater 

Procedure: Open beaker digestion 
with HN03 

Effective Date: 08/01/93 

Method No.: WI685 
(EPA 200.0, 200.8 and SW846 3020) 

Authors: Richard Robinson 
Richard Foust 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 8. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protecthe clothing and equipment. Read Sec. 12 of this procedure 
for proper waste disposal practices. 

1. Principle of Method 

The sample is digested with nitric acid and evaporated to low volume. It is then cooled 
and brought to final volume with ASTM Type I water. The resulting solution is 
divided into two parts, one for GFAAS analysis and the other for ICP-MS analysis. 

2. Applicability 

2.1. This method is used for the preparation of samples for the determination of 
total, dissolved, and suspended metals in aqueous samples. It is based on EPA 
Methods 200.0 and 200.8 and SW 846 Method 3020, and is approved for NPDES 
samples. 

2.2. Samples prepared by this method may be analyzed by GFAAS or ICP-MS, using 
the methods listed in Table I. The metals for which the method is applicable are 
listed in Table I. 

3. Definitions 

3.1. Laboratory control standard (LCS). An aliquot of laboratory reagent water to 
which known quantities of the method analytes are added in the laboratory. 

3.2. Matrix spike. A matrix spike analysis is performed by adding a predeterm1ned 
quantity of stock solutions of certain analytes to a sample matrix prior to sample 
digestion and analysis. The concentration of the spike should be at the 
regulatory standard level or the practical quantitation limit for the method. '\v 
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spike of the analyte is necessary when the concentration of the analyte in the 
sample is greater than 0.1 %. 

3.3. Laboratory process blank. An aliquot of reagent water that is treated exactly 
as a sample including exposure to all glassware, equipment, reagents, and acids 
that are used with other samples. 

3.4. Quality control sample (QCS). A solution of target analytes of known 
concentration used to fortify an aliquot of LCS matrix. The QCS is obtained 
from a source outside to the laboratory and is used to check laboratory 
performance. 

3.5. Sample duplicate. Duplicate samples are two separate samples taken from the 
same source (i.e., sample containers) and processed and analyzed independently. 

3.6. Dissolved metal concentration. The concentration of metal in an aqueous 
sample that will pass through a 0.45-J,'m membrane filter assembly, before 
sample acidification. 

3. 7. Suspended metal concentration. The concentration of metal(s) in an aqueous 
sample that will not pass through a 0.45-J,'m membrane filter assembly, before 
sample acidification. 

3.8. Total metal concentration. The concentration of metal(s) in an unfiltered 
aqueous sample, as determined after vigorous acid digestion, or the sum of the 
concentrations of dissolved and suspended metal(s). 

4. Quality Control 

4.1. Four laboratory control samples are processed and analyzed with each batch of 
20 samples. 

4.1.1. A laboratory process blank is carried throughout the entire digestion and 
analyzed with each batch of 20 samples. 

4.1.2. A laboratory control standard is processed and analyzed with each batch 
of 20 samples. 

4.1.3. A sample duplicate is processed and analyzed with each batch of :o 
samples. 

4.1.4. A matrix spike is processed and analyzed with each batch of 20 samples. 

S. Collection, Preservation, and Storage of Samples 

5.1. For the determination of total metals, acidify the sample with 1:1 high-puritJ 
HN03 to pH < 2.0 at the time of collection. 

August 1993 Environment:1l 1 · .,.:.stry 
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5.1.1. Store the sample in precleaned linear polyethylene or Teflon bottles. 

5.1.2. Do not filter the sample before processing. 

5.1.3. Complete the analysis within 6 months. 

5.2. For the determination of dissolved metals, filter the sample through a 0.45-J.'m 
membrane filter as soon as practical after collection. 

5.2.1. Use the first 50-100 mL of the sample to rinse the filter flask. Discard 
this portion and collect the required volume of filtrate. 

5.2.2. Acidify the filtrate with I: 1 high-purity HN03 to pH < 2.0. 

5.2.3. Store the sample in precleaned linear polyethylene or Teflon bottles. 

5.2.4. Complete the analysis within 6 months. 

6. Interferences 

6.1. Contamination and loss are prime considerations when preparing samples for 
trace metal analysis. Potential contamination sources include improperly 
cleaned laboratory apparatus and general contamination in the laboratory 
environment. A clean laboratory work area designated for trace-element sample 
handling must be used. 

6.2. Sample containers can introduce poSitive and negative errors in the 
determination of trace elements by ( 1) contributing contaminants through 
surface desorption or leaching or (2) depleting element concentrations through 
adsorption processes. 

7. Apparatus 

7 .I. Clean all reusable lab ware (glass, quartz, polyethylene, Teflon, etc.) thoroughly 
before use. Test disposable labware for contamination before use. 

7.2. Labware should be soaked overnight and thoroughly washed with 
laboratory-grade detergent and water, rinsed with water, and soaked 4 h in a 
mixture of dilute nitric and hydrochloric acids, followed by rinsing with ASTM 
Type I water and oven drying. 

NOTE: Do not use chromic acid for cleaning glassware. 

7.3. Balance: Analytical, capable of accurately weighing to± 0.1 mg. 

7 .4. Beakers: Griffin, borosilicate glass or Teflon, 100- or 150-mL. 

Environmental Chemistry August 1993 WI685-3 
Loa Alamos National Laboratory 



WI685-4 

7.5. Centrifuge tubes: Clear polypropylene, 50-mL, with flat top cap. 

7.6. Filter unit: Nalgene sterilization filter unit, 0.45-J.Lm, 115-mL, or equivalent. 

7.7. Graduated cylinders. 

7 .8. Hot plate: Thermolyne 2200 or equivalent, capable of maintaining temperature 
to± 5°C. 

7 .9. Micropipettes: Rain in or equivalent, various sizes. 

7 .I 0. Volumetric flasks: assorted sizes. 

7.11. Wash bottle: one-piece stem, polyethylene, with screw closure, 500-mL. 

7.12. Watch glass: Borosilicate glass or Teflon, 2.5- and 3-in. 

8. Reagents 

8.1. ASTM Type I water. 

8.2. Nitric acid (concentrated, high-purity). SeaStar, Baker Ultrex, or equivalent. 

9. Calibration and Standards 

9.1. Micropipettes are calibrated quarterly at 10%, 50%, and 100% of maximum 
volume. Results of calibration should be recorded in a laboratory notebook. 

9.2. The analytical balance is calibrated regularly. An instrument accuracy check 
is performed annually by an agency outside the Inorganic Analysis section. 

10. Procedure 

10.1. Transfer a 100-mL representative aliquot of the well-mixed sample to a 
150-mL Griffin beaker and add 3 mL of high-purity concentrated HN03. 
Cover the beaker with a watch glass. 

10.2. Place the beaker on a hot plate and cautiously evaporate the sample to a low 
volume (approximately 5 mL), making certain that the sample does not boil and 
that no portion of the bottom of the beaker is allowed to go dry. 

I 0.3. Cool the beaker and add another 3-mL portion of high-purity concentrated 
HN03. Cover the beaker and return it to the hot plate, allowing the sample to 
reflux for I h. 

10.4. Remove the watch glass after I h and examine the digestate for reaction 
completeness. Digestion is complete if the sample is light in color, or the 
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appearance does not change with continued refluxing. If the digestion is not 
complete, repeat step 10.3 as necessary. 

I 0.5. When the digestion is complete, remove the watch glass and allow the sample to 
evaporate to approximately 3 mL. Do not allow any portion of the beaker 
bottom to go dry. If this occurs, the sample must be redigested. 

10.6. Cool the beaker and add 10 mL of ASTM Type I water. Return the beaker to 
the warm hot plate for 15 min to dissolve any precipitate or residue. 

10.7. Rinse the beaker walls and watch glass with ASTM Type I water and, if 
necessary, filter the sample with the Nalgene filter apparatus to remove any 
undissolved material. 

10.8. Rinse the filter several times with 10-15 mL portions of ASTM Type I water, 
and bring the final volume to 100 mL with ASTM Type I water. Record the 
final sample volume in the log book. 

10.9. Swirl the solution until it is homogeneous. 

I 0.1 0. Label two centrifuge tubes with the sample number and pour approximately 
equal 50-mL volumes intO the centrifuge tubes. One tube will be for GFAAS 
analysis and the other will be for ICP-MS analysis. 

I 0.11. The diluted digestate contains approximately 3-5% (v /v) HN03 and is now 
ready for spectrochemical analysis. Withdraw aliquots of appropriate volume 
and add any required matrix modifier or reagent before analysis. 

11. Calculations 

II. I. There are no calculations for samples run directly by GFAAS or by ICP-MS. 

11.2. Samples that are diluted by the instrument operator must be corrected by 
applying the correct dilution factor before the results are reported. 

12. Proper Waste Disposal Practices 

12.1 Solid waste. 

Environmental Chemistry 

12.1.1. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case- by-case 
basis. 

12.1.2. Complete a Waste Profile Request Form (WPRF) describing the solid 
waste and send to the Waste Management group for review. 
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12.1.3. If the Waste Management group determines that the hazardous or 
radioactive components of the solid waste are below the level of 
concern, dispose of the waste as ordinary laboratory trash. 

12.1.4. lf the Waste Management group determines that the solid waste is 
hazardous or radioactive, request pickup of the contaminated waste as 
described in Section 12.3. 

12.2. Liquid waste. 

12.2.1. Accumulate liquid waste containing hazardous contaminants, such as 
solutions of trace metals, in a glass jar in a secondary containment tray 
and keep segregated from liquid waste contaminated with organic or 
radioactive substances or cyanide. 

12.2.2. Label the bottle with a hazardous waste label and a label indicating its 
use for trace-metal waste. 

12.2.3. Periodically request pickup of the bottle as described in Section 12.3. 
Keep the bottle in the secondary containment tray until pickup by the 
Waste Managem· 1t group. 

12.3. Waste pickup. 

12.3.1. Request pickup of solid or liquid waste using the current Chemical 
Waste Disposal Request Form (CWDR). The current Waste Profile 
Request Form (WPRF) that describes the waste is referenced on the 
CWDR. 

12.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 

13. Source Material 

13.1. "Test Methods for Evaluation of Solid Waste: Laboratory Manual of Physical 
and Chemical Methods," EPA Report No. SW -846 (November 1986). 

13.2. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes: EPA-600/4-79-020 (rev. March 1983). 

13.3. U.S. Environmental Protection Agency, "Methods for the Determination of 
Metals in Environmental Samples," EPA-600 4-91/010 (June 1991). 

13.4. Wagner, R. E. and Yogis, G. A. Guide to Environmental Analytical Methods, 
Genium Publishing Corp., Schenectady, N. Y. (1992). 
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TABLE I. EPA METHODS BY WHICH SAMPLES PREPARED WITH THIS 

PROCEDURE MAY BE ANALYZED. 

F AAS Methods ICP-OES Methods 

EPA 200 SW-846 7000 EPA 200 SW-846 6000 
Analyte Series Series Series Series 

Beryllium 210.2, 200.9 7091 200.8 6020 

Cadmium 213.2, 200.9 7131 200.8 6020 

Chromium 218.2, 200.9 7191 200.8 6020 

Cobalt 219.2, 200.9 7201 200.8 6020 

Lead 239.2, 200.9 7221 200.8 

Molybdenum 246.2 7481 200.8 6020 

Thallium 279.2, 200.9 7841 200.8 6020 

Vanadium 286.2 7911 200.8 
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PREPARATION OF AQUEOUS SAMPLES FOR SPECTROCHEMICAL ANALYSIS
F AAS AND ICP-OES 

Analyte: Total suspended and dissolved Method No.: WI681 
metals (EPA 200.0, 200.8 and SW846 3010) 

Matrix: Water and wastewater 

Procedure: Open beaker digestion with 
HN03 and HCI 

Effecthe Date: 08/01/93 Authors: Richard Robinson 
Richard Foust 

SAFETY NOTE: Before beginning this procedure, read all of the Material Safety Data 
Sheets for the chemicals listed in Sec. 8. Read Sec. 4.3 of the EM-9 Safety Manual for 
information on personal protecthe clothing and equipment. Read Sec. 12 of this procedure 
for proper waste disposal practices. 

1. Principle of Method 

The sample is digested with nitric acid and evaporated to low volume. It is then 
refluxed with hydrochloric acid, cooled, and brought to final volume with ASTM 
Type I water. The resulting solution is divided into two parts, one for FAAS analysis 
and the other for ICP-OES analysis. 

2. Applicability 

2.1. This method is used for the preparation of samples for the determination of 
total, dissolved, and suspended metals in aqueous samples. It is based on EPA 
Methods 200.0 and 200.8 and SW 846 Method 3010, and is approved for NPDES 
samples. 

2.2. Samples prepared by this method may be analyzed by FAAS or ICP-OES, using 
the methods listed in Table I. The metals for which the method is applicable are 
listed in Table I. 

3. Definitions 

3.1. Laboratory control standard (LCS). An aliquot of laboratory reagent wJter to 
which known quantities of the method analytes are added in the laboratory. 

3.2. Matrix spike. A matrix spike analysis is performed by adding a predeterm1ned 
quantity of stock solutions of certain analytes to a sample matrix before sample 
digestion and analysis. The concentration of the spike should be Jt the 
regulatory standard level or the practical quantitation limit for the methoJ '\;o 
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spike of the analyte is necessary when the concentration of the analyte in the 
sample is greater than 0.1 %. 

3.3. Laboratory process blank. An aliquot of reagent water that is treated exactly 
as a sample, including exposure to all glassware, equipment, reagents, and acids 
that are used with other samples. 

3.4. Quality control sample (QCS). A solution of target analytes of known 
concentration used to fortify an aliquot of LCS matrix. The QCS is obtained 
from a source outside the l<~boratory and is used to check laboratory 
performance. 

3.5. Sample duplicate. Duplicate samples are two separate samples taken from the 
same source (i.e., sample containers) and processed and analyzed independently. 

3.6. Dissolved metal concentration. The concentration of metal in an aqueous 
sample that will pass through a 0.45-J.'m membrane filter assembly, before 
sample acidification. 

3. 7. Suspended metal concentration. The concentration of metal(s) in an aqueous 
sample that will not pass through a 0.45-J.'m membrane filter assembly, before 
sample acidification. 

3.8. Total metal concentration. The concentration of metal(s) in an unfiltered 
aqueous sample, as determined after vigorous acid digestion, or the sum of the 
concentrations of dissolved and suspended metal(s). 

4. Quality Control 

4.1. Four laboratory control samples are processed and analyzed with each batch of 
20 samples. 

4.1.1. A laboratory process blank is carried throughout the entire digestion and 
is analyzed with each batch of 20 samples. 

4.1.2. A laboratory control standard is processed and analyzed with each batch 
of 20 samples. 

4.1.3. A sample duplicate is processed and analyzed with each batch of 20 
samples. 

4.1.4. A matrix spike is processed and analyzed with each batch of 20 samples. 

5. Collection, Preservation, and Storage of Samples 

5.1. For the determination of total metals, acidify the sample with 1: I high-purity 
HN03 to pH < 2.0 at the time of collection. 
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5.1.1. Store the sample in precleaned linear polyethylene or Teflon bottles. 

5.1.2. Do not filter the sample before processing. 

5.1.3. Complete the analysis within 6 months. 

5.2. For the determination of dissolved metals, filter the sample through a 0.45-J..!m 
membrane filter as soon as practical after collection. 

5.2.1. Use the first 50-100 mL of the sample to rinse the filter flask. Discard 
this portion and collect the required volume of filtrate. 

5.2.2. Acidify the filtrate with 1: I high-purity HN03 to pH< 2.0. 

5.2.3. Store the sample in precleaned linear polyethylene or Teflon bottles. 

5.2.4. Complete the analysis within 6 months. 

6. Interferences 

6.1. Contamination and loss are prime considerations when preparing samples for 
trace metal analysis. Potential contamination sources include improperly 
cleaned laboratory apparatus and general contamination in the laboratory 
environment. A clean laboratory work area designated for trace-element sample 
handling must be used. 

6.2. Sample containers can introduce positive and negative errors in the 
determination of trace elements by ( 1) contributing contaminants through 
surface desorption or leaching or (2) depleting element concentrations through 
adsorption processes. 

7. Apparatus 

7 .1. Clean all reusable lab ware (glass, quartz, polyethylene, Teflon, etc.) thoroughly 
before use. Test disposable labware for contamination before use. 

7 .2. Lab ware should be soaked overnight and thoroughly washed with 
laboratory-grade detergent and water, rinsed with water and soaked 4 h in a 
mixture of dilute nitric and hydrochloric acids, followed by rinsing with ASTM 
Type I water and oven drying. 

NOTE: Do not use chromic acid for cleaning glassware. 

7 .3. Balance: Analytical, capable of accurately weighing to ± 0.1 mg. 

7 .4. Beakers: Griffin, borosilicate glass or Teflon, 100- or 150-mL. 
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7.5. Centrifuge tubes: Clear polypropylene, 50-mL, with flat top cap. 

7.6. Filter unit: Nalgene sterilization filter unit, 0.45-~m, 115-mL, or equivalent. 

7.7. Graduated cylinders. 

7.8. Hot plate: Thermolyne 2200 or equivalent, capable of maintaining temperature 
to ± 5°C. 

7 .9. Micropipettes: Rain in or equivalent, various sizes. 

7 .I 0. Volumetric flasks: assorted sizes. 

7.11. Wash bottle: one-piece stem, polyethylene, with screw closure, 500-mL. 

7.12. Watch glasses: Borosilicate glass or Teflon, 2- and 3-in. 

8. Reagents 

8.1. ASTM Type I water. 

8.2. Nitric acid (concentrated, high-purity). SeaStar, Baker Ultrex, or equivalent. 

8.3. Hydrochloric acid (concentrated, high-purity). SeaStar, Baker Ultrex, or 
equivalent. 

8.4. Hydrochloric acid (1:1). Dilute 500 mL high-purity HCl to 1.0 L with ASTM 
Type I water. 

9. Calibration and Standards 

9.1. Micropipettes are calibrated quarterly at 10%, 50% and- 100% of maximum 
volume. Results of calibration should be recorded in a laboratory notebook. 

9.2. The analytical balance is calibrated regularly. An instrument accuracy check 
is performed annually by an agency outside the Inorganic Analysis section. 

10. Procedure 

10.1. Transfer a 100-mL representative aliquot of the well-mixed sample to a 
150-mL Griffin beaker and add 3 mL of high-purity concentrated HN03. 
Cover the beaker with a watch glass. 

10.2. Place the beaker on a hot plate and cautiously evaporate to a low volume 
(approximately 5 mL), making certain that the sample does not boil and that no 
portion of the bottom of the beaker is allowed to go dry. 
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10.3. Cool the beaker and add another 3-ml portion of high-purity concentrated 
HN03. Cover the beaker and return it to the hot plate, allowing the sample to 

reflux for I h. 

1 0.4. Remove the watch glass after I h and examine the digestate for reaction 
completeness. Digestion is complete if the sample is light in color, or the 
appearance does not change with continued refluxing. If the digestion is not 

complete, repeat step 10.3 as necessary. 

10.5. When the digestion is complete, remove the watch glass and allow the sample to 
evaporate to approximately 3 mL. Do not allow any portion of the beaker 

bottom to go dry. If this occurs, the sample must be redigested. 

I 0.6. Cool the beaker and add I 0 mL of l: I HCl. Return the beaker to the warm hot 
plate for 15 min to dissolve any precipitate or residue. 

10.7. Rinse the beaker walls and watch glass with ASTM Type I water and, when 
necessary, filter the sample with the Nalgene filter apparatus to remove any 
undissolved material. 

10.8. Rinse the filter several times with 10-15 mL portions of ASTM Type I water, 
and bring the final volume to I 00 mL with ASTM Type I water. 

I 0.9. Swirl the solution until it is homogeneous. 

I 0.1 0. Label two centrifuge tubes with the sample number and pour approximately 
equal 50-mL volumes into the centrifuge tubes. One tube will be for F AAS 
analysis and the other will be for ICP-OES analysis. 

10.11. The sample is now ready for spectrochemical analysis. 

11. Calculations 

11.1. There are no calculations for samples run directly by FAAS or by ICP-OES. 

11.2. Samples that are diluted by the instrument operator must be corrected by 
applying the correct dilution factor before the results are reported. 

12. Proper Waste Disposal Practices 

12.1. Solid waste. 

12.1.1. If a solid waste is generated that may be contaminated at a level of 

concern, the appropriate paperwork is completed on a case- by -c:~se 
basis. 
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12.1.2. Complete a Waste Profile Request Form (WPRF) describing the solid 
waste and send to the Waste Management group for review. 

12.1.3. If the Waste Management group determines that the hazardous or 
radioactive components of the solid waste are below the level of 
concern, dispose of the waste as ordinary laboratory trash. 

12.1.4. If the Waste Management group determines that the solid waste is 
hazardous or radioactive, request pickup of the contaminated waste as 
described in Section 12.3. 

12.2. Liquid waste. 

12.2.1. Accumulate liquid waste containing hazardous contaminants, such as 
solutions of trace metals, in a glass jar in a secondary containment tray 
and keep segregated from liquid waste contaminated with organic or 
radioactive substances or cyanide. 

12.2.2. Label the bottle with a hazardous waste label and a label indicating its 
use for trace-metal waste. 

12.2.3. Periodically request pickup of the bottle as described in Section 12.3. 
Keep the bottle in the secondary containment tray until pickup by the 
Waste Management group. 

12.3. Waste pickup. 

12.3.1. Request pickup of solid or liquid waste using the current Chemical 
Waste Disposal Request Form (CWDR). The current Waste Profile 
Request Form (WPRF) that describes the waste is referenced on the 
CWDR. 

12.3.2. The Waste Management group picks up the waste for disposal in accord 
with Laboratory policy. 

13. Source Material 

13.1. "Test Methods for Evaluation of Solid Waste: Laboratory Manual of Physical 
and Chemical Methods," EPA Report No. SW-846 (November 1986). 

13.2. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes," EPA-600/4-79-020 (rev. March 1983). 

13.3. U.S. Environmental Protection Agency, "Methods for the Determination of 
Metals in Environmental Samples," EPA-600 4-91/010 (June 1991). 
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13.4. Wagner, R. E. and Yogis, G. A. Guide to Environmental Analytical Methods, 

Genium Publishing Corp., Schenectady, N. Y. (1992). 
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TABLE I. EPA METHODS BY WHICH SAMPLES PREPARED WITH THIS 
PROCEDURE MAY BE ANALYZED. 

FAAS Methods 

EPA 200 SW-846 7000 
Analyte Series Series 

Aluminum 202.1 7020 

Arsenic 

Barium 208.1 7080 

Beryllium 210.1 7090 

Cadmium 213.1 7130 

Calcium 215.1 7140 

Chromium 218.1 7190 

Cobalt 219.1 7200 

Copper 220.1 7210 

Iron 236.1 7380 

Lead 239.1 7420 

Magnesium 242.1 7450 

Manganese 243.1 7460 

Molybdenum 246.1 7480 

Nickel 249.1 7520 

Potassium 258.1 7610 

Selenium 

Sodium 273.1 7770 

Thallium 279.1 7840 

Vanadium 286.1 7910 

Zinc 289.1 7950 

August 1993 

ICP-OES Methods 

EPA 200 
Series 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

200.7 

SW-846 6000 
Series 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

6010 

Environmental Cr . .,·:.,try 
Los Alamos National L:.t .. r •t ry 



EM-9 ANALYTICAL PROCEDURE REVIEW AND APPROVAL 

Method: Preparation of Aqueous Samples for Spectrochemical Analysis-FAAS 
and ICP-OES 

Method No.: WI681 Rnisioo No.: 0 

Sectioo Leader 

Group Leader 

Date: _...:,/1..:;0_-.::,5_-....::9..:3:..__ 



I " •0 j, 0 ~ 

TRACE METAL DIGESTION -SLUDGE 

Analyte: Ag, As, Ba, Cd, Cr, Cu, 
Fe, Mn, Ni, Pb, and Zn 

Matrix: Sludge 

Method No.: Wl700 

Procedure: Acid digestion and Accuracy and Precision: See Sec. 2 
atomic absorption spectrophoto-
metry 

Effecthe Date: 09/03/85 to 01/03/94 Author: Mary Carol Williams 

SAFETY NOTE: Before bealnnlna this procedure, read all of the 
Material Safety Data Sheets for the chemicals listed Ia Sec. 5. 
Read Sec. 4.3 of the EM-9 Safety Manual for Information oa 
penoaal protective clothlaa and equipment. 

1. Principle of Method 

1.1. Organic metal complexes are decomposed by the action of hot nitric and 
hydrofluoric acids at elevated pressure (2 atm). After dilution and filtration, 
acidic solutions may be measured by atomic absorption spectrophotometry 
(AAS), Method No. WllOO. Alternate instrumental techniques include 
inductively coupled plasma mass spectrometry (ICPMS), Method No. El360, or 
inductively coupled plasma atomic emission spectrometry (ICPAES), Method 
No. EI370. 

2. Accuracy aad Precision 

2.1. The mean and standard deviations (N • S replicate digestions) for various 
analytes are listed below. 

Element 

AI 

As 

Be 

Cd 

Environmen&al Chemi8&ry 
Loa Alunoe National Laboratory 

Units Mean :t Std. Dev. 

Atomic Absorption Analyses 

ma/kl 

mg/kl 

mg/kg 

mg/kg 

67.2 :t 

3.07 :t 

509 :t 

20.2 :t 

February 1991 
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6.8 

0.22 

60 

0.87 

Accepted 
Value 

80.6 

4.3 

580 

19.1 
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Accepted 
Element Units Mean ± Std. Dev. Value 

Atomic Absorption Analyses (cont) 

Pb mg/kg 544 :t 17 526 
Se mg/kg 4.91 ± 1.3 4.7 

v mg/kg 27 ± 2.6 23.0 

Inductively Coupled Plasma Atomic Emission Analyses 

AI g/kg 14.1 ± 0.78 13.0 

Ba gjkg 1.48 ± 0.017 1.6 
Cr mg/kg 215 :t 5.2 193 

Cu gjkg 1.08 ± 0.026 1.01 

Fe g/kg 18.6 ± 0.35 16.5 

Mn mg/kg 241 ± 3.5 202 

Ni mg/kg 210 ± 4.4 194 

Ti gjkg 2.29 :t 0.044 2.12 

Zn g/kg 1.48 ± 0.017 1.32 

3. loterfereaces 

3.1. Volatile elements such as mercury may be lost during heating. Method No. 
WlllO is recommended for mercury in sludges. 

3.2. Arsenic forms volatile compounds with the anions present in sludge (AsC15, 
AsF5, AsF5) and may be lost during heatins. 

4. Apparatus 

4.1. Digestion. 

4.1.1. Analytical balance: capable of weighing to 0.0001 g. 

4.1.2. Pressure cooker: 8-qt. with 15-lb weight. 

4.1.3. Hot plate: adjustable. 

4.1.4. Centrifuge tubes: 50-mL, graduated, polyethylene. 

4.1.5. Funnels: disposable. 

February 1991 
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4.1.6. Filter paper: Whatman No. 2. 

4.1.7. Bottles: 50-mL, polyethylene with caps, disposable. 

4.1.8. Grinder or mortar and pestle. 

4.1.9. Pipette: 10-mL, macrotransfer. 

4.1.1 0. Metal sieve: No. 35. 

4.2. Trace metal determination. See individual analytical methods for AAS, 
ICPAES, or ICPMS. 

5. Reagents 

5.1. Nitric acid (concentrated, reagent-grade). 

5.2. Hydrofluoric acid (concentrated, reagent-grade). 

5.3. Double-deionized water. ASTM Type II, less than 18 #'mhos/em. 

6. Procedure 

6.1. Air dry solid sludge until it is thoroughly dry. 

6.2. Grind the total sample until it passes through a No. 35 sieve. Store 
approximately 10 g of powdered sludge in a 50-mL polyethylene centrifuge 
tube. 

6.3. Add 0.500 ± 0.001 g of powdered sludge to a 50-mL polyethylene centrifuge 
tube. Rinse the weighing boat with 20 mL of I 0% HN03 and add rinsate to the 
tube. Add 2.0 mL of concentrated HF to the tube and cap. 

6.4. Repeat Steps 6.1 to 6.3 for a digested blank, digested spike blank, spiked 
samples, 10% duplicates, and 10% quality control samples. 

6.5. Place tubes in a test tube rack contained in the pressure cooker. Add distilled 
water to a level of approximately 1 in. Secure the lid on the pressure cooker. 

6.6. Heat on a hot plate until steam escapes from the lid vent. Apply a pressure 
regulator and reduce heat just enough to keep the pressure regulator moving. 
Continue heating for I h. Turn off the heat and let the pressure cooker cool 
undisturbed. Remove the regulator and lid. 

6.7. Dilute samples to SO mL with double-deoinized water. Shake well and filter 
through a No. 2 Whatman filter paper into disposable 50-mL polyethylene 
bottles. 

Environmental Chemistry February 1991 Wl700-3 
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6.8. Analyze by AAS (Method No. WIIOO), ICPMS (Method No. El360), or ICPAES 
(Method No. El370). 

7. Calculations 

7.1. Determine the element concentration in the solid sludge (mg/kg) using the 
following equation. 

v c • A X- X 100 
B 

where C = concentration (mg/kg), 
A = analyte in digested solution (mg/L), 
B = weight of sludge digested (0.5 g), and 
V = volume of dilution (50 mL). 

8. Source Materials 

8.1. J. S. Nielson and S. E. Hrudey, Environ. Sci. Techno/. 18, 130 (1984). 

8.2. M. C. Williams, E. A. Stallings, T. M. Foreman, and E. S. Gladney, Atomic 
Spectroscopy 9(4), 110 (1988). 
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8.3.6. Calculate the characteristic concentration (cc). The result should be 
within :t20% of the value in Analytical Methods for AAS. 

8.3.7. Aspirate the calibration-curve standards and read the absorbance. 

8.3.8. Switch the MODE key to CONC (concentration). 

8.3.9. Aspirate the standards to set concentration keys as needed. 

8.3.1 0. Read samples and QCs (blind and known). 

8.3.11. Recalibrate the instrument with standards every 8 to 12 readings. 

8.3.12. When finished, switch the flame ON/OFF key to OFF. Press the 
CHECK FLOW key on the auto burner control twice to relieve line 
pressure. 

8.3.13. Turn the POWER switch on the automatic burner control to OFF. 

8.3.14. Switch the PE 5000 to STANDBY mode. 

9. Emergeoc:y Shutdown Procedure 

9.1. In case of power failure, turn the POWER switch on the PE 5000 to OFF. 

9.2. Turn the gas valves OFF. 

9.3. Follow procedures for building power failure. 

10. Calc:ulatioos 

10.1. Characteristic concentration (cc). 

cc = 
C X 0.0044 

A. 

where cc = characteristic concentration for flame AA, 
C .. concentration of standard, 
0.0044 • 1% absorbance, and 
A

1 = absorbance of standard. 

Environmental Chemiatry September 1992 
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11. Proper Waste Disposal Practices 

I I. I. Solid Waste 

I I .I. I. Solid waste contaminated with hazardous chemicals above the level of 
concern is not generated during the routine preparation of QC samples 
for analysis for inorganic contaminants. 

11.1.2. If a solid waste is generated that may be contaminated at a level of 
concern, the appropriate paperwork is completed on a case-by-case 
basis. 

11.1.2.1. A Waste Profile Request Form (WPRF) describing the solid 
waste is completed and sent to the Waste Management Group 
for review. 

11.1.2.2. If the Waste Management Group determines that the solid 
waste is contaminated below the level of concern, the waste 
is disposed of as ordinary laboratory trash. 

11.1.2.3. If the Waste Management Group determines that the solid 
waste is contaminated above the level of concern, pickup of 
the contaminated waste is requested as described in Sec. 9.3. 

11.2. Liquid Waste 

11.2.1. Liquid waste containing hazardous contaminants, such as solutions of 
trace metals, is accumulated in a coated glass jar in a secondary 
containment tray and is kept segregated from liquid waste contaminated 
with organic or radioactive substances or cyanide. 

11.2.2. The bottle is labeled with a hazardous waste label.and a label indicating 
its use for trace-metal waste. 

11.2.3. The bottle is opened only for the period of time necessary to add waste 
to it. 

11.2.4. When the bottle is full, it is capped and kept in the secondary 
containment tray pending pickup by the Waste Management Group. 

11.2.5. A new bottle is labeled for further use. 

11.3. Waste Pickup 

11.3.1. Pickup by the Waste Management Group of solid waste or a full bottle 
of liquid waste containing trace metals is requested using the current 
Chemical Waste Disposal Request Form (CWDR). The current Waste 

September 1992 Environmental ~- erc'.:stry 
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Profile Request Form (WPRF) that describes the waste is referenced on 
the CWDR. 

11.3.2. The Waste Management Group picks up the waste for disposal in accord 
with Laboratory policy. 

12. Source Materials 

12.1. Perkin-Elmer Corp., Analytical Methods for Atomic Absorption Spectroscopy 
(Norwalk, CT, 1976). 

12.2. Perkin-Elmer Corp., Instructions: Zeeman/5000 System (Norwalk, CT, 1982). 

12.3. U.S. Environmental Protection Agency, "Methods for Chemical Analysis of 
Water and Wastes," EPA-600/4-79-020 (rev. March 1983). 

12.4. U.S. Environmental Protection Agency, "Test Methods for Evaluation of Solid 
Waste: Laboratory Manual of Physical and Chemical Methods," SW-846 (Nov. 
1986). 

12.5. "Chemical, Hazardous, and Mixed Waste, • Administrative Requirement I 0-3, 
Chapter I in Los Alamos National Laboratory Environment. Safety. and Health 
.\1anua/ (most recent edition). 
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ATOMIC ABSORPTION METHODS- METHOD 7000 (SW-846) 

Analyte: Metals 

Matrix: Water, waste water, 
extracts, leachates, and solid 
wastes 

Procedure: Atomic absorption 
spectrometry 

Effecthe Date: 01/01/84 to 01/01/92 

Method No.: WI 100 

Detection Limits: variable (see Section 2). 

Accuracy and Precision: 
variable (see Section 3) 

Author: Mary Carol Williams 

SAFETY NOTE: Before beginnina this procedure, read all of the 
Material Safety Data Sheets for the chemicals listed in Sec. 8. 
Read Sec. 4.3 of the EM-9 Safety Manual for information on 
personal protective clothing and equipment. 

1. Principle of Method 

1.1. Metals in solution may be readily determined by atomic absorption spectrometry 
(AAS). The method is simple, rapid, and applicable to a large number of metals 
in drinking, surface, and saline waters and in domestic and industrial wastes. 
Drinking water free of particulate matter may be analyzed directly, while 
ground water, other aqueous samples, EP extracts, industrial wastes, soils, 
sludges, sediments, and other solid wastes require digestion prior to analysis. 
Solubilization and digestion procedures are presented in Methods WI620, WI650, 
WI680, WI690, and WI700. 

1.2. Although methods have been reported for the analysis of solids by atomic 
absorption spectrometry, the technique generally is limited to metals in solution 
or solubilized through some form of sample processing. 

1.3. In direct-aspiration atomic absorption spectrometry, a sample is aspirated and 
atomized in a flame. A light beam from a hollow cathode lamp or an 
electrodeless discharge lamp is directed through the flame, into a 
monochromator, and onto a detector that measures the amount of absorbed 
light. Absorption depends upon the presence of free, unexcited ground-state 
atoms in the flame. Because the absorbed wavelength of the light beam is 
characteristic of only the metal being determined, the light energy absorbed by 
the flame is a measure of the concentration of that metal in the sample. This 
principle is the basis of atomic absorption spectrometry. 

1.4. When using the furnace technique in conjunction with an atomic absorption 
spectrometer, a representative aliquot of a sample is placed in the graphite tube 
in the furnace, evaporated to dryness, charred, and atomized. Because a greater 
percentage of available analyte atoms is vaporized and dissociated for absorptiOn 

Environmental Chemiatry 
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in the tube rather than the flame, the use of smaller sample volumes or 
detection of lower concentrations of elements is possible. The principle is 
essentially the same as with direct aspiration atomic absorption, except that a 
furnace, rather than a flame, is used to atomize the sample. Radiation from a 
given excited element is passed through the vapor containing ground-state 
atoms of that element. The intensity of the transmitted radiation decreases in 
proportion to the amount of the ground-state element in the vapor. The metal 
atoms to be measured are placed in the beam of radiation by increasing the 
temperature of the furnace, thereby causing the injected specimen to be 
volatilized. A monochromator isolates the characteristic radiation from the 
hollow cathode lamp or electrodeless discharge lamp, and a photosensitive 
device measures the attenuated transmitted radiation. 

2. Detection Limits 

2.1. Detection limits, sensitivity, and optimum ranges for the metals will vary with 
the matrices and models of atomic absorption spectrometers. 

2.1.1. The data shown in Table I provide some indication of the detection 
limits obtainable by direct aspiration and by furnace techniques. For 
clean, aqueous samples, the detection limits shown in the table for direct 
aspiration may be extended downward with scale expansion and upward 
by using a less sensitive wavelength or by rotating the burner head. 

2.1.2. Detection limits for direct aspiration may also be extended through 
concentration of the sample and/or through solvent extraction 
techniques. For certain samples, lower concentrations may also be 
determined using the furnace techniques. 

2.1.3 The detection limits given in Table I are somewhat dependent on 
equipment (such as the type of spectrophotometer and furnace 
accessory, the energy source, and the degree of electrical expansion of 
the output signal), and are greatly dependent on sample matrix. 

2.1.4. When using furnace techniques, the analyst should be aware that. at 
elevated temperatures, chemical reactions may occur that may result in 
either suppression or enhancement of the analysis element. To ensure 
valid data with furnace techniques, the analyst must examine each 
matrix for interference effects (Step 5.2) and, if detected, treat them 
accordingly, using either successive dilution, matrix modification. or the 
method of standard additions (Step 5.2.1 ). 

November 1990 
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2.1.5. The Contract Required Detection Limits (CRDLs) are also listed in 
Table I. 

TABLE I. 

Metal 

Aluminum 

Antimony 

Arsenicb 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Molybdenum 

Nickel 

Potassium 

Seleniumb 

Silver 

Sodium 

Thallium 

Environmental Chemistry 
Lo. Alamoe National Laboratory 

ATOMIC ABSORPTION CONCENTRATION 
RANGES 

Direct Aspiration 

Det. 
Limit Sensitivity 

(mg/L) (mg/L) 

0.1 

0.2 0.5 

0.1 0.4 

0.005 0.025 

0.005 0.025 

0.01 0.08 

0.05 0.25 

0.05 0.2 

0.02 0.1 

0.03 0.12 

0.1 0.5 

0.001 0.007 

0.01 0.05 

0.1 0.4 

0.04 0.15 

0.01 0.04 

0.002 

0.01 0.06 

0.002 0.15 

0.1 0.5 

Novemb.r l!XIO 
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Furnacea,b 

Det. 
Limit CRDL 

(mg/L) (mg/L) 

0.2 

0.003 0.06 

0.001 0.01 

0.2 

0.0002 0.005 

0.0001 0.005 

5 

0.001 0.01 

0.001 0.05 

0.025 

0.1 

0.001 0.005 

5 

0.015 

0.001 

0.04 

5 

0.002 0.005 

0.01 

5 

0.001 0.01 
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TABLE I. ATOMIC ABSORPTION CONCENTRATION 
RANGES (cont) 

Dire!;;t A~Qir~liQn Furnl!Cea.,b 

Det. Det. 
Limit Sensitivity Limit CRDL 

Metal (mg/L) (mg/L) (mg/L) (mg/L) 

Tin 0.8 4 0.04 

Vanadium 0.2 0.8 0.004 0.05 

Zinc 

a 

b 

0.005 0.02 0.02 

For furnace sensitivity values, consult instrument operating 
manual. 
The listed furnace values are those expected when using 
20-~L injections and normal gas flow, except in the cases 
of arsenic and selenium, where gas interrupt is used. 

3. Ac:c:uracy aad Precision 

3.1. The table below lists accuracy and precision data on materials analyzed by 
EM-9. 

ACCURACY AND PRECISION DATA FOR STANDARD 
REFERENCE MATERIALS ANALYZED BY EM-9 

Std. Certified 
No. of Mean Dev. Value 

Element Samples (~g/L) (~g/L) (~g/L) 

Graphite Furnace 

As 41 27.4 1.4 26.7 ± 3.8 

Cr 44 6.7 0.8 7 ± 
Se 59 I0.9 1.0 II ± 2 

Tl 100 7.0 0.9 8 ± 0.2 

~ 

Cd 17 24.4 1.7 2.5 ± 3.8 

Cr 19 103 4.5 100 ± 16 

.Cu 21 103 3.0 IOO ± II 

Fe 64 104 4.0 100 ± 18 

November lgg() Environmental ,;r.emlatry 
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ACCURACY AND PRECISION DATA FOR STANDARD 
REFERENCE MATERIALS ANALYZED BY EM-9 (cont) 

Std. Certified 
No. of Mean Dev. Value 

Element Samples u~g;L> u~g/L) (~g/L) 

Pb 24 100 6.0 100 ± 15 
Zn 18 101 1.6 100 ± II 

A~ 113 502 0.007 500 ± 50 

4. Quality Control 

4.1. All quality control (QC) data should be kept up to date and available for easy 
reference or inspection. 

4.2. A calibration curve must be prepared each day with a minimum of one reagent 
blank and three standards, verified by use of at least one reagent blank and one 
standard at or near the midrange. Checks throughout the day must be within 
20% of the original curve. 

4.3. If 20 or more samples per day are analyzed, the working standard curve must 
be verified by running an additional standard at or near the midrange every 10 
samples. Checks must be within ±20% of the true value. 

4.4. At least one duplicate and one spike sample should be run every 10 samples or 
with each matrix type to verify the precision of the method. 

4.5. Serial dilution. 

4.5.1. Withdraw from the sample two equal aliquots. To one of the aliquots 
add a known amount of analyte and dilute both aliquots to the same 
predetermined volume. 

NOTE: The dilution volume should be based on the analysis of the 
undiluted sample. Preferably, the dilution should be 1:4, keeping in 
mind that the diluted value should be at least 5 times the instrument 
detection limit. Under no circumstances should the dilution be less than 
1: I. 

4.5.2. Analyze the diluted aliquots. 

4.5.3. The unspiked results, multiplied by the dilution factor, should be 
compared to the original determination. Agreement of the results 
(within 10%) indicates the absence of interference. 

Environmental Chemiatry 
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4.5.4. Comparison of the actual signal from the spike with the expected 
response from the analyte in an aqueous standard should help confirm 
the finding from the dilution analysis. 

4.6. Method of standard additions. Where the sample matrix is so complex that 
viscosity, surface tension, and components cannot be accurately matched with 
standards, the method of standard addition may be used. Two versions of this 
method are outlined below. 

4.6.1. In one version of this method, equal volumes of sample are added to a 
double-deionized (Type II) water blank and to a standard. If a higher 
degree of accuracy is required, more than one addition should be made. 
The absorbance of each solution is determined and then plotted on the 
vertical axis of a graph, with the concentrations of the known standards 
plotted on the horizontal axis. When the resulting line is extrapolated 
back to zero absorbance, the point of interception of the abscissa is the 
concentration of the unknown. The abscissa on the left of the ordinate 
is scaled the same as on the right side. 

4.6.2. A second version of this technique is the single-addition method, in 
which two identicataliquots of the sample solution, each of volume V x• 
are taken. To the first (labeled A) is added a small volume V, of a 
standard analyte solution of concentration e,. To the second (labeled B) 
is added the same volume V, of the solvent. The analytical signals of A 
and B (SA and S8, respectively) are measured and corrected for 
nonanalyte signals. The unknown sample concentration Cx is calculated 
using the following equation. 

c .. 
1: 

where ex • unknown sample concentration, 
SA and Ss 
v, 
e, 

• the analytical signals (corrected for the blank), 
• volume of standard analyte solution, 
• concentration of standard analyte solutions, 

and 
• volume of aliquot of sample solution. 

NOTE: V, and C, should be chosen so that SA is roughly twice S8 on 
the average. It is best if V, is made much less than V x• so that C, is 
much greater than ex, to avoid excess dilution of the sample matrix. If 
a separation or concentration step is used, the additions are best made 
first and carried through the entire procedure. 
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4.6.3. The method of standard additions can be very useful. However, the 
following limitations must be taken into consideration for the results to 
be valid. 

S. Interfel'eaces 

• The absorbance plot of sample and standards must be linear over the 
concentration range of concern. For best results, the slope of the plot 
should be nearly the same as the slope of the aqueous standard curve. 
If the slope is significantly different (more than 20%), caution should 
be exercised. 

• The effect of the interference should not vary as the ratio of analyte 
concentration to sample matrix changes, and the standard addition 
should respond in a similar manner as the analyte. 

• The determination must be free of spectral interference and 
corrected for nonspecific background interference. 

5 .I. Direct aspiration. 

5.1.1. The most troublesome interference in AAS is usually termed "chemical" 
and is caused by lack of absorption of atoms bound in molecular 
combination in the flame. This phenomenon can occur when the flame 
is not sufficiently hot to dissociate the molecule, as in the case of 
phosphate interference with magnesium, or when the dissociated atom 
is immediately oxidized to a compound that will not dissociate further 
at the temperature of the flame. The addition of lanthanum will 
overcome phosphate interference in magnesium, calcium, and barium 
determinations. Similarly, silica interference in the determination of 
manganese can be eliminated by the addition of calcium. 

5.1.2. Chemical interferences may also be eliminated by separating the metal 
from the interfering material. Although complexing agents are 
employed primarily to increase the sensitivity of the analysis, they may 
also be used to eliminate or reduce interferences. 

5.1.3. The presence of high dissolved solids in the sample may result in an 
interference from nonatomic absorbance such as light scattering. If a 
background correction is not available, a nonabsorbing wavelength 
should be checked. Preferably, samples containing high solids should 
be extracted. 

Environmental Chemiltry 
Lo. Alamoa National Laboratory 

November 1990 
Retired 

wr:oo-7 



WU00-8 

5.1.4. Ionization interferences occur when the flame temperature is 
sufficiently high to generate the removal of an electron from a neutr:J. 
atom, giving a positively charged ion. This type of interference can 
generally be controlled by the addition, to both standard and sample 
solutions, of a large excess ( 1,000 mg/L) of an easily ionized element 
such as K, Na, Li, or Cs. 

5.1.5. Spectral interferences can occur when an absorbing wavelength of an 
element that is present in the sample but not being determined falls 
within the width of the absorption line of the element of interest. The 
results of the determination will then be erroneously high, due to the 
contribution of the interfering element to the atomic absorption signal. 
Interference can also occur when resonant energy from another element 
in a multielement lamp, or from a metal impurity in the lamp cathode, 
falls within the bandpass of the slit setting when that other metal is 
present in the sample. This type of interference may sometimes be 
reduced by narrowing the slit width. 

5.1.6. Samples and standards should be monitored for viscosity differences 
that may alter the aspiration rate. 

5.1.7. All metals are not equally stable in the digestate, especially if it contains 
only HN03, not HN03 and HCI. The digestate should be analyzed as 
soon as possible, with preference given to Sn, Sb, Mo, Ba, and Ag. 

5.2. Furnace procedure. 

5.2.1. Although the problem of oxide formation is greatly reduced with 
furnace procedures because atomization occurs in an inert atmosphere, 
the technique is still subject to chemical interferences. The composition 
of the sample matrix can have a major effect on the analysis. It is these 
matrix effects which must be determined and taken into consideration 
in the analysis of each different matrix encountered. To help verify the 
absence of matrix or chemical interference, the serial dilution technique 
(see Step 4.5) may be used. Those samples which indicate the presence 
of interference should be treated in one or more of the following ways: 

• Successively dilute and reanalyze the samples to eliminate 
interferences. 

• Modify the sample matrix to either remove the interferences or 
stabilize the analyte. Examples include the addition of ammonium 
nitrate to remove alkali chlorides and the addition of ammonium 
phosphate to retain cadmium. The mixing of hydrogen with the inert 
purge gas has also been used to suppress chemical interference. The 
hydrogen acts as a reducing agent and aids in molecular dissociation. 
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• Analyze the sample by the method of standard additions while noting 
the precautions and limitations of its use (see Step 4.6). 

5.2.2. Gases generated in the furnace during atomization may have molecular 
absorption bands encompassing the analytical wavelength. When this 
occurs, use either background correction or choose an alternate 
wavelength. Background correction may also compensate for 
nonspecific broad-band absorption interference. 

5.2.3. Continuum background correction cannot correct for all types of 
background interference. When the background interference cannot be 
compensated for, chemically remove the analyte or use an alternate form 
of background correction, e.g., Zeeman background correction. 

5.2.4. Interference from a smoke-producing sample matrix can sometimes be 
reduced by extending the charring time at a higher temperature or 
utilizing an ashing cycle in the presence of air. Care must be taken, 
however, to prevent loss of the analyte. 

5.2.5. Samples containing large amounts of organic materials should be 
oxidized by conventional acid digestion before being placed in the 
furnace. This will minimize broad-band absorption. 

5.2.6. Anion interference studies in the graphite furnace indicate that, under 
conditions other than isothermal, the nitrate anion is preferred. 
Therefore, nitric acid is preferable for any digestion or solubilization 
step. If another acid in addition to HNOs is required, a minimum 
amount should be used. This applies particularly to hydrochloric acid 
and, to a lesser extent, to sulfuric and phosphoric acids. . 

5.2.7. Carbide formation resulting from the chemical environment of the 
furnace has been observed. When carbides form, the metal is released 
very slowly from the resulting metal carbide as atomization continues. 
For example, molybdenum may require 30 s or more atomization time 
before the signal returns to baseline levels. Carbide formation is greatly 
reduced and the sensitivity increased with the use of a pyrolytically 
coated graphite furnace. 

5.2.8. For comments on spectral interference, see Step 5.1.5. 

5.2.9. Cross-contamination and contamination of the sample can be major 
sources of error because of the extreme sensitivities achieved with the 
furnace. The sample preparation work area should be kept scrupulously 
clean. All glassware should be cleaned as directed in Step 6.2. Pipette 
tips are a frequent source of contamination. If suspected, they should 
be acid-soaked with 1:5 HNOs and rinsed thoroughly with tap and 
double-deionized (Type II) water. The use of a better-grade pipette tip 
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can greatly reduce this problem. Special attention should be given to 
reagent blanks in both analysis and in the correction of analytical 
results. Lastly, pyrolytic graphite, because of the production process 
and handling, can become contaminated. As many as five to ten 
high-temperature burns may be required to clean the tube before use. 

6. Handling and Storaae of Samples 

WU00-10 

6.1. Table II lists sample preservation and holding times. 

TABLE II. SAMPLE PRESERVATION AND HOLDING TIMES 

Measurement 
Parameter 

Maximum 
Container& Preservativeb Holdinge 

Waters 

Metalsd P,G HN03 to pH 
<2 

6 months 

Mercury P,G HN03 to pH 
<2 

28 days 

Soils/Sediments/Wastes 

Store at 4•c (:t: 2•C) until digestion. 

a 

b 

e 

d 

Polyethylene (P) or glass (G). 
Sample preservation is performed by the sampler immediately 
upon sample collection. 
Samples must be analyzed as soon as possible after collection. 
The times listed are the maximum times that samples may be held 
before analysis and still be considered valid. 
Samples are filtered immediately on-site by the sampler before 
adding preservative for dissolved elements. 

6.2. Glassware cleaning. Wash all glassware and polyethylene or Teflon containers, 
including sample bottles, in the following sequence: detergent, tap water, 1: 1 
nitric acid, tap water, 1:1 hydrochloric acid, tap water, and Type II water. 
(Chromic acid should not be used as a cleaning agent for glassware if chromium 
is to be included in the analytical scheme.) If, through an active analytical 
quality control program using spiked samples and reagent blanks, it can be 
documented that certain steps in the cleaning procedure are not required for 
routine samples, those steps may be eliminated from the procedure. 

November l!XIO 
Retired 

Environmental Chemiatry 
Loe Alamoe National Laboratory 



7. Apparatus 

7.1. Atomic absorption spectrophotometer: Model 5000, Perkin-Elmer, Norwalk, 
Connecticut or similar double-beam instrument having a grating 
monochromator, photomultiplier detector, adjustable slits, a wavelength range 
of 190 to 800 nm, and provisions for interfacing with a strip-chart recorder. 

7 .2. Burner: the burner recommended by the particular instrument manufacturer 
should be used. A nitrous oxide burner is required for certain elements. 

7.3. Hollow cathode lamps or electrodeless discharge lamps. 

7.4. Graphite furnace: a Zeeman furnace device capable of reaching the specified 
temperatures is satisfactory. Pyrolytically coated graphite tubes and platforms. 

7 .5. Strip-chart recorder: recommended for furnace work so that there will be a 
permanent record. Problems with the analysis such as drift, incomplete 
atomization, losses during charring, changes in sensitivity, peak shape, etc., can 
be easily recognized from the chart. 

7.6. Pipettes: 5- to 1000-J'L with disposable tips. Pipette tips should be checked as 
a possible source of contamination prior to use. 

7. 7. Pipettes: class A, volumetric. 

7 .8. Pressure-reducing valves: supplies of fuel and oxidant should be maintained by 
suitable valves at pressures somewhat higher than the controlled operating 
pressure of the instrument. 

7 .9. Polycarbonate cups: disposable. 

8. Rea1eats 

8.1. Type II water (double-deionized, less than 18 J£mhos/cm). Use Type II water 
for the preparation of all reagents and calibration standards and as dilution 
water. 

8.2. Nitric acid (HN03, 1:1). Use a spectrograde acid certified for AAS use. 
Prepare a 1:1 dilution with Type II water by adding the concentrated acid to an 
equal volume of water. 

8.3. Hydrochloric acid (HCl, 1:1). Use a spectrograde acid certified for AAS use. 
Prepare a 1:1 dilution with Type II water by adding the concentrated acid to an 
equal volume of water. 
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8.4. Fuel and oxidant. Commercial-grade acetylene is generally acceptable. Air 
may be supplied from a compressed-air line, a laboratory compressor, or a 
cylinder of compressed air. Reagent-grade nitrous oxide is also required for 
certain determinations. Standard, commercially available argon and nitrogen are 
required for furnace work. 

8.5. Argon (100-psi minimum tank pressure and 50-psi minimum regulator 
pressure). 

8.6. Cooling water (pressure <30 psi, temperature I 5°C-25°C). 

9. Calibration and Standards 

Wll00-12 

9.1. Stock standard metal solutions. Stock standard solutions are prepared from 
high-purity metals, oxides, or nonhygroscopic reagent-grade salts using Type 
II water and redistilled nitric or hydrochloric acids. Sulfuric or phosphoric 
acids should be avoided because they produce an adverse effect on many 
elements. The stock solutions are prepared at concentrations of 1,000 mg of the 
metal per liter. Commercially available standard soluti .. ·.s may also be used. 
Where the sample viscosity, surface tension, and components cannot be 
accurately matched with standards, the method of standard additions should be 
used (see Step 4.6). 

9.2. Calibration standards. For those instruments that do not read out directly in 
concentration, a calibration curve is prepared to cover the appropriate 
concentration range. Usually, this means the preparation of standards which 
produce an absorbance of 0.0 to 0.7. Calibration standards are prepared by 
diluting the stock metal solutions at the time of analysis. For best results, 
calibration standards should be prepared fresh each time a batch of samples is 
analyzed. Prepare a blank and at least three calibration standards in graduated 
amounts in the appropriate range of the linear part of the curve. The 
calibration standards should be prepared using the same type of acid or acids at 
the same concentrations as found in the samples following processing. 
Beginning with the blank and working toward the highest-concentration 
standard, aspirate the solutions and record the readings. Repeat the operation 
with both the calibration standards and the samples a sufficient number of times 
to secure a reliable average reading for each solution. 

9.3. Spiking standards. Prepare a mixed spiking solution so that a 1-mL aliquot will 
give the spike levels listed in Table Ill. 
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TABLE III. SPIKING LEVELS• FOR SPIKED SAMPLE 
ANALYSIS 

Element 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Flame AAS (1-'8/L) Furnace AAS (So'g/L) 

Water Sedimentb 

2,000 

2,000 

so 
so 

100,000 

200 

soo 
2SO 

1,000 

soo 
SO,OOO 

200 

400 

SO,OOO 

so 
100,000 

• 

2,000 

so 
so 
• 

200 

soo 
250 

• 
soo 

• 
soo 
500 

• 

so 
• 

Water Sedimentb 

so 
20 

s 

20 

10 

so 
40 

s 

10 

a Amount to add Q[jg[ to digestion/distillation - choose 
amount appropriate to method of analysis. Elements 
without spike levels and not designated with an asterisk 
should be spiked at appropriate levels. 

b The levels shown indicate concentrations in the digestate of 
the spiked sample . 

• No spike required. 
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TABLE III. SPIKING LEVEL a FOR SPIKED SAMPLE 
ANALYSIS (cant) 

Flame AAS (~g/L) Furnace AAS (~g/L) 

Element Water Sedimentb Water Sedimentb 

Thallium 50 50 
Tin 400 500 200 

Vanadium 500 500 

Zinc 200 500 

a Amount to add 12.!iQr to digestion/distillation - choose 
amount appropriate to method of analysis. Elements 
without spike levels and not designated with an asterisk 
should be spiked at appropriate levels. 

b The levels shown indicate concentrations in the digestate of 
the spiked sample . 

• No spike required. 

10. Procedure 

WU00-14 

1 0.1. Preliminary treatment of waste water, ground water, EP extracts, and industrial 
waste is always necessary because of the complexity and variability of sample 
matrices. Solids, slurries, and suspended material must be subjected to a 
solubilization process before analysis. This process may vary with the metals to 
be determined and the nature of the sample being analyzed. Solubilization and 
digestion procedures are presented in Methods WI620. WI650, Wl680, WI690, 
and Wl700. 

10.2. Direct aspiration (flame) procedure. 

10.2.1. Optimize the AAS instrument. Read the magnetic card or manually 
type in the specifications for each analyte as listed in Table IV. Using 
SET-UP, adjust the lamp position to its peak value. If the peak value 
reads 99, push GAIN to reset to. midrange. While aspirating a blank, set 
AZ. Using the sensitivity check solution, adjust the burner position 
(vertically, horizontally, and laterally), nebulizer rate, and flame 
conditions. The absorbance should read between 0.18 - 0.22. If the 
absorbance is <0.18, reoptimize and/or check standards. Check the 
working standards for repeatability of absorbance with previous 
analyses. Calculate characteristic concentration as follows. 
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CC = Cs X Q.Q044 
A 

where: CC "" characteristic concentration, 
Cs = concentration of standard (mg/L), and 
A "" measured absorbance. 

~ ---~----

This should agree with the reported value to within 20% (see the 
Perkin-Elmer analytical methods book, Source Matetial 12.2). 

10.2.2. Use digested samples. Any sample containing visible particulates should 
be filtered through a Whatman No. 2 filter that has been washed with 
Type II water. Ten percent of the samples should be run in duplicate 
and another 10% should be spiked. 

10.2.3. Do not use different injection volumes for samples and standards. 
Instead, the sample should be diluted and the same size injection volume 
used for both samples and standards. 

1 0.2.4. Load standards, QC samples, and samples in the carousel of the 
autosampler (50 maximum). Standards should be placed to recalibrate 
every 10 samples. The instrument expects three standards. If fewer 
standards are used, leave the corresponding positions empty. Place 
noncalibrating standards in positions to read as samples. Samples may 
also be aspirated manually. 

Environmenial CheuU.iry 

10.2.5. Load a formatted disk in disk drive I and the data collection disk in 
drive 0 of the data station. Push HOLD and PRINT on the Perkin-Elmer 
5000 before data station set-up. Set up the data collection disk by 
listing the date, types of samples, analyte, and sample number (including 
dilution). If the order is reversed, the data station will display an error 
message. 

10.2.6. Key in recalibration positions, read delay (5 s), program delay (5 min), 
last sample number, and program number (corresponding to the program 
number on the Perkin-Elmer 5000 and the order selected for the data 
station). Be sure the electrical connection from the autosampler to the 
data station has been made. 

1 0.2. 7. To get an average of three results, push 3 then AVG. Push 3 then CV to 
get standard deviation. 
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10.3. Furnace procedure. 

10.3.1. Optimize the AAS instrument. Read the magnetic card or manually 
type in the specifications for each analyte as indicated in Tables Y and 
VI. Using SET UP, adjust the lamp position to its peak value. If the 
peak value reads 99, push GAIN to reset to midrange. To check for 
reagent contamination, run the furnace empty and set to zero. Then read 
the absorbance with the blank only and then with the blank plus 
reagent. Both of these should read <0.02 absorbance units. Check the 
working standards for repeatability of absorbance with previous 
analyses. 

I 0.3.2. Use digested samples. Any sample containing visible particulates should 
be filtered through a Whatman No. 2 filter that has been washed with 
Type II water. Ten percent of the samples should be run in duplicate 
and another I 0% should be spiked. 

10.3.3. Load standards, QC samples, and samples in the carousel of the 
autosampler (35 maximum). Place noncalibrating standards in positions 
to be read as samples. A total of one blank and four standards must be 
used for Environmental Proctection Agency procedures. 

1 0.3.4. Load a formatted disk in disk drive I and the data collection disk in 
drive 0 of the data station. Push PEAK AREA and PRINT on the 
Perkin-Elmer 5000 before data station set-up. Set up the data collection 
disk by listing the date, types of samples, analyte, and sample number. 
If the order is reversed, the data station will display an error message. 

1 0.3.5. On the AS-40 autosampler panel, key in recalibration positions, last 
sample number, sample volume (~-&L), alternate volume (matrix modifier) 
(~-&L), HGA program number, and AAS instrument program number 
(corresponding to program number on the Perkin-Elmer 5000 and the 
order selected for the data station). Be sure the electrical connection 
from the autosampler to the data station has been made. Use of a 
platform in the pyrocoated tube (stepped temperature platform furnace 
conditions) is required for most elements. 

1 0.4. After all analyses have been completed, obtain a printout of the data by pushing 
TO DISK twice, then REPORT. Replace the data collection disk with the report 
disk. Select the analyses to be reported and the form of the output from the 
menu. Then print the result. Attach the print output to the bound Laboratory 
notebook. 
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11. Calculations 

11.1. Determine the metal concentration for both direct aspiration and furnace 
techniques by reading the metal value in mg/L or JJg/L from the calibration 
curve or directly from the read-out system of the instrument. 

11.2. If the sample was diluted, use the following equation. 

c .. AV+B 
v 

where C • concentration of metal in sample (JJg/L), 
A • amount of metal in diluted aliquot from calibration curve (JJg/L), 
B • acid blank matrix used for dilution (mL), and 
V • sample aliquot (mL). 

11.3. For solid samples, report all concentrations as JJg/kg based on wet weight using 
the following equation. 

c • AxV 
w 

where C • concentration of metal in sample (JJg/kg), 
A • amount of metal in processed sample from calibration curve 

(JJg/L), 
V • final volume of the processed sample (mL), and 
W • weight of sample (g). 

12. Source Materials 

12.1. US Environmental Protection Agency, •Methods for Chemical Analysis of 
Water and Wastes•, EPA-600/4-79-020 (revised March 1983). 

12.2. Perkin-Elmer, Analytical Methods for Atomic Absorption Spectrophotometry 
(Perkin-Elmer, Norwalk, Connecticut, 1982). 

12.3. Perkin-Elmer, Instructions: Zeeman/5000 System (Perkin-Elmer, Norwalk, 
Connecticut, 1982). 
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TABLE IV. METAL ANALYSIS BY FLAME ATOMIC 
ABSORPTION SPECTROMETRY 

Flame Wave- Slit Det. Cone. 
RCRA Fuel/ lengthc,d Width Limit• Ran get 

Metal Method• Oxidantb (nm) (nm) (mg/L) (mg/L) IS' 
AI 7020 Ac/N20(R) 324.7(HCL) 0.7 0.1 5-50 2% K 

as KCI 
Sb 7040 Ac/ Air(L) 217.6(EDL) 0.7 0.2 1-40 

231.1* 

Ba 7080 Ac/N20(R) 553.6(HCL) 0.4 0.1 1-20 2% K 
as KCl 

Be 7090 Ac/N20(R) 234.0(HCL) 0.7 0.005 0.05-2 0.1% F 
as HF 
if AI> 
0.5 
g/L 

Cd 7130 Ac/ Air(L) 228.8(HCL, 0.7 0.005 0.05-2 
EDL) 

Ca 7140 Ac/N20(R) 422.7(HCL) 0.7 0.01 0.2-7 10% 
LaC I 

Cr 7190 Ac/N20(R) 357.9(HCL) 0.7 0.05 0.5-10 
Co 7200 Ac/Air(L) 240.7(HCL) 0.2 0.05 0.5-5 
Cu 7210 Ac/Air(L) 324.7(HCL) 0.7 0.02 0.2-5 
Fe 7380 Ac/Air(L) 248.3(HCL) 0.2 0.03 0.3-5 
Pb 7420 Ac/Air(L) 283.3(HCL, 0.7 0.1 1-20 

EDL) 

Li Ac/Air(L) 670.8(HCL) 1.4 0.05 0.5-3 

aResource Conservation and Recovery Act 
b Acetylene (Ac), nitrous oxide (N20), air, fuel rich (R), fuel lean (L), 

stoichiometric (S). 
cHollow cathode lamp (HCL), electrodeless discharge lamp (EDL). 
dBackground correction required for all wavelengths below 325 nm. 
•Detection limit. 
£concentration range. 
'Interference suppressor. 
*If [Pb] > 1000 mg/L. 
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TABLE IV. METAL ANALYSIS BY FLAME ATOMIC ABSORPTION 
SPECTROMETRY (cont) 

Flame Wave- Slit Det. Cone. 
RCRA Fuel/ lengthc:,d Width Limit• Rangef 

Metal Method• Oxidantb (nm) (nm) (mg/L) (mg/L) 

Mg 7450 Ac/ Air(L) 285.2(HCL) 0.7 0.007 0.02-
0.05 

Mn 7460 Ac/ Air(L- 279.5(HCL) 0.2 0.01 0.1-3 
S) 

Mo 7480 Ac/N20(R) 313.3(HCL) 0.7 0.1 1-40 

Ni 7520 Ac/ Air(L) 232.0(HCL) 0.2 0.04 0.3-5 

K 7610 Ac/ Air(L) 766.5(HCL) 0.7 0.01 0.1-2 

Ag 7760 Ac/ Air(L) 328.1(HCL) 0.7 0.010 0.05-5 

Na 7770 Ac/ Air(L) 589.6(HCL) 0.7 0.002 0.03-1 

Tl 7840 Ac/ Air(L) 276.8(HCL, 0.7 0.1 1-20 
EDL) 

Sn 7870 Ac/N20(R) 286.3(HCL) 0.7 0.8 10-300 

v 7910 Ac/N20(R) 318.4(HCL) 0.7 0.2 2-100 

Zn 7950 Ac/ Air(L) 213.9(HCL) 0.7 0.005 0.05-1 

•Resource Conservation and Recovery Act 
b Acetylene (Ac), nitrous oxide (N20), air, fuel rich (R), fuel lean (L), 

stoichiometric (S). 
c:Hollow cathode lamp (HCL), elec:trodeless discharge lamp (EDL). 
dBackground correction required for all wavelengths below 325 nm. 
eDetection limit. 
rc;oncentration range. 
'Interference suppressor. 
•If [Pb] > 1000 mg/L. 
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TABLE V. METAL ANALYSIS BY ZEEMAN GRAPHITE 
FURNACE ATOMIC ABSORPTION SPECTROMETRY 

Concen-
Slit Detection tration 

RCRA Purge Wavelength Width Limit Range 
Metal Method Gas (nm) (nm) (~g/L) (~g/L) 

Sb 7041 Ar, N2 217.6(HCL, 0.7 3 20-300 
EDL) 

As 7060 Ar 193.7(EDL) 0.7 2 5-100 
Be 7091 Ar 234.9(HCL) 0.7 0.2 1-30 
Cd 7131 Ar 228.8(HCL, 0.7 0.1 0.5-10 

EDL) 

cr• 7191 Ar 357.9(HCL) 0.7 5-100 
Co 7201 Ar 240.7(HCL) 0.2 5-100 
Pb 7421 Ar 283.3(HCL, 0.7 5-100 

EDL) 

Se 7740 Ar 196.0(EDL) 2.0 2 5-100 
Sn 7870 Ar 286.3(EDL) 0.7 s 20-100 
Ag Ar 328.1(HCL) 0.7 o.s 2-50 
T1 7841 Ar, N2 276.8(EDL) 0.7 5-100 
ya 7911 Ar 318.4(HCL) 0.7 4 10-200 

a The atomization tubes used are pyrocoated graphite with a pyrocoated 
platform except for chromium and vanadium, which do not use the platform. 
These refractory metals are atomized off the wall of a pyrocoated tube. 
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TABLE VI. CONDITIONS FOR TRACE METALS ANALYSIS 
IN ZEEMAN FURNACE 

Sb 

As 

Be 

Cd 

Cr 

Pb 

Se 

T1 

Matrix 
Modifier 

0.02 mg Ni 

0.2 mg Ni 

0.05 mg 
Mg(N03)2 

0.2 mg P04 + 
0.01 mg 
Mg(N03)2 

0.05 mg 
Mg(N03) 2 

0.2 mg P04+ 
0.01 mg 
Mg(N03) 2 

0.2 mg Ni 

Dry 
temperature/ 
ramp/bold 

90/5/20 
130/10/10 

90/5/20 
130/10/10 

90/5/20 
130/10/10 

90/5/20 
130/10/10 

90/5/20 
130/10/10 

90/5/20 
130/10/10 

90/5/20 
130/10/10 

90/5/20 
140/10/10 

Ash 
temperature/ 
ramp/bold 

1250/5/25 

1400/5/10 

1350/10/35 

650/5/40 
20/5/10 

1650/30/20 

800/5/45 
20/10/10 

800/5/10 

750/15/40 

Atomization 
temperature/ 
ramp/bold 

2400/0/5 

2300/0/5 

2650/0/5 

1600/0/5 

2500/0/5 

1700/0/5 

2400/0/5 

2000/0/5 

All furnaces have a clean-out step with temperature of 265o•c for 5 s and a 
cool-down of 2o·c for 20 s. The atomization step is read -1 and record -5. 
Interference suPPressors 

KCl - Dissolve 95 g potassium chloride (KCl) in 400 mL of Type II water 
and dilute to 1 L. 
LaCl - Dissolve 29 g lanthanium oxide (La 20 3) in 250 mL of concentrated 
HCl (CAUTION, reaction is violent) and dilute to 500 mL with Type II 
water. 
Al(N03) 3 - Dissolve 139 g aluminum nitrate AI(N03) 3 • 9 H20 in 150 mL of 
Type II water. Heat to dissolve. Cool and dilute to 200 mL with Type II 
water. 
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TABLE VI. CONDITIONS FOR TRACE METALS ANALYSIS 
IN ZEEMAN FURNACE (cont) 

Dry Ash Atomization 
Matrix temperature/ temperature/ temperature/ 
Modifier ramp/bold ramp/bold ramp/bold 

y 0.05 mg 90/5/20 1300/15/20 2650/0/5 
Mg(N03) 2 130/10/10 

SI1. 0.2 mg P04 + 90/5/20 800/5/25 2100/0/5 
0.01 mg 130/10/10 
Mg(N03) 2 

All furnaces have a clean-out step with temperature of 265o•c for 5 s and a 
cool-down of 2o•c for 20 s. The atomization step is read -1 and record -5. 
Interference suporessoa 

KCI - Dissolve 95 g potassium chloride (KCI) in 400 mL of Type II water 
and dilute to 1 L. 
LaCI - Dissolve 29 g lanthanium oxide (La 20 3) in 250 mL of concentrated 
HCI (CAUTION, reaction is violent) and dilute to 500 mL with Type II 
water. 
Al(N03)3 - Dissolve 139 g aluminum nitrate AI(N03)3 • 9 H20 in 1 50 mL of 
Type II water. Heat to dissolve. Cool and dilute to 200 mL with Type II 
water. 
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BARIUM IN SOILS- ACID DIGESTION AND ICPAES 

Analyte: Barium 

Matrix: Soils 

Procedure: Inductively coupled 
plasma atomic emission spectroscopy 
(ICPAES) Model ARL 3520 

Effective Date: 01/03/89 to 10/01/91 

\lethod :\To.: EI300 

Detection Limits: See Section 2. 

Accuracy and Precision: See Section 3.1. 

Linear Working Range: See Section 2. 

Author: Janet D. Morgan 

SAFETY NOTE: Before beginning this procedure, read all of the 
Material Safety Data Sheets for the chemicals listed in Sec. 7. 
Read Sec:. 4.3 of the EM-9 Safety Manual for information on 
personal protective clothing and equipment. 

I. Principle of Method 

- --- - -----

1.1. A representative 0.25-g sample is digested in hydrofluoric (HF) and nitric acids. 

2. Limits of Detection and Linear Working Range 

2.1. The following table lists 2 o limits of detection and linear working range 
concentrations (LWRC). Detection limits, sensitivity, and LWRC of the metals 
will vary with the matrices and model of spectrometer. 

Analyte 

Ba 

3. Accuracy and Precision 

Limit of 
Detection (J.£g/g) 

0.2 

3.1. Accuracy and precision have not been tabulated. 
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Determination of Barium 

Sample I Sample 2 Sample 3 
00.00549 00.00596 00.00576 

TV MRV RSD TV MRV RSD TV MRV RSD 
414 400.5 6.4 966 1077 6.8 409 393 5.4 
TV = True value. 
MRV = Mean reported value. 
RSD = Relative standard deviation. 

4. Interferences 

4.1. Soils can contain diverse matrix types, each of which may present its own 
analytical challenge. Spiked samples and any relevant standard reference 
materials should be processed to aid in determining interferences along with 
performing analytical scans and using ".A", a table of ICP lines and potential 
interferences. 

4.2. The high amounts of sulfur present in most soil samples will form barium 
sulfate, resulting in low Ba recoveries. For this reason, hydrofluoric acid is 
required in this procedure. 

4.3. Particulates in the digestate that may clog the nebulizer should be removed by 
filtration. 

4.4. Physical interferences are effects associated with the sample nebulization and 
transport processes. Changes in viscosity and surface tension can cause 
significant inaccuracies, especially in samples containing high dissolved solids 
or high acid concentrations. These interferences can be reduced by diluting the 
sample and using a peristaltic pump. 

4.5. Chemical interferences include molecular compound formation, ionization 
effects, and solute vaporization effects. Normally, these effects are not 
significant with the ICP technique. If observed, they can be minimized by 
careful selection of operating conditions (incident power, observation position, 
etc.), by acid matrix matching, and by using an internal standard. Chemical 
interferences are highly dependent on matrix type and the specific analyte. 

4.6. Spectral interferences are caused by: (I) overlap of a spectral line from another 
element, (2) unresolved overlap of molecular band spectra, (3) background 
contribution from continuous or recombination phenomena, and (4) stray light 
from the line emission of high-concentration elements. 
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4.6.1. Spectral overlap can be compensated for by computer-correcting the 
raw data after monitoring and measuring the interfering element. 
Unresolved overlap requires selection of an alternate wavelength. 
Background contribution and stray light can usually be compensated for 
by a background correction adjacent to the analyte line. 

4.6.2. The interference effects must be evaluated for each instrument, 
because the intensities will vary with operating conditions, power, 
viewing height, argon flow rate, etc. 

5. Collection and Storage of Samples 

5.1. All samples must be collected using a sampling plan that addresses the 
considerations discussed in Chapter Nine of Environmental Protection Agency 
Laboratory Manual, Volume II, September 1986. 

5.2. All sample containers must be prewashed with detergents, acids, and Type II 
water. Plastic and glass containers are both suitable. See Chapter Three, 
Section 3.1.3, in the Environmental Protection Agency Laboratory Manual, 
Volume lA, November 1986 for further information. 

5.3. Nonaqueous samples must be refrigerated upon receipt and analyzed as soon as 
possible. 

6. Apparatus 

6.1. Teflon beakers: 250-mL. 

6.2. Teflon covers. 

6.3. Nalgene filter apparatus with 0.45-J'm pore size. 

6.4. Hot plate. 

6.5. ICPAES. Model ARL 3520. 

6.6. Falcon 2059 polypropylene tube with cap, 15-mL. 

6. 7. Gilson autosampler with carrousel. 

6.8. Rabbit peristaltic pump. 

6.9. Radio-frequency generator. 
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7. Reagents 

NOTE: All reagents should be analyzed and monitored for impurities. 

7.1. ASTM Type II Water. 

7 .2. Nitric acid (concentrated, low-temperature redistilled, L TRD). If the method 
blank is less than the method detection limit (<MDL), the acid can be used. 

7.3. Hydrofluoric acid (concentrated, Ultrex pure). If the method blank is less than 
the MDL, the acid can be used. 

7.4. Argon gas supply. Welding grade or better. 

7.5. Nitric acid (3% vol/vol). Prepare from L TRD and Type II water. 

7.6. Reagent blank. Composed of the reagents in the same volume as used in the 
processing of the samples. The reagent blank must be carried through the 
complete procedure and contain the same acid concentration in the final 
solution as the sample solution. 

7.7. Standard stock solutions (1000 J-'8/mL). For the analytes of interest, purchased 
from a traceable source. 

7.8. Two types of quality control (QC) samples are required. One is an aqueous QC 
used to check the validity of the standard curve and the other, a soil QC, is 
taken through the digestion to check the validity of the digestion process. 

7.9. Spike solution A (125 mg/L Ba standard). Prepare from the standard stock 
solution. 

8. Calibration and Standards 

NOTE: Standards are prepared from a stock solution of traceable material. 

8.1. Working standards (mg/L) in 3% HN03. 

Analyte REFBLK STDO STDl STD2 STD3 

Ba 0.0 0.0 0.2 2.0 20.0 
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9. Procedure 

9.1. Sample digestion. 

9.1.1. Mix the sample thoroughly to achieve homogeneity. For each digestion 
procedure. weigh 0.25 g sample to the nearest 0.01 g and transfer to a 
Teflon beaker. Include a reagent blank and I 0% duplicate and spike 
samples. Add 2 mL of spike solution A to the spike sample, which will 
be diluted to a final volume of 50 mL and a final concentration of 
5 mg/L Ba. 

9.1.2. Add 2 mL of HF and mix the slurry. Heat the sample to approximately 
95°C and take to near dryness. Allow the sample to cool. Add 5.0 mL 
of concentrated HN03, and take to near dryness. 

9. I .3. After the sample has cooled, add approximately 20 mL of 3% HN03 
and reflux for 30 min. Cool the beaker. 

9.1.4. Transfer the sample to a Nalgene filter unit and filter to a final volume 
of 50 mL. 

9.1.5. The diluted sample has an acid concentration of approximately 3% 
(vol/vol) HN03 and is ready for analysis. 

9.2. Instrument operation. 

9.2.1. The analyst must be familiar with the ICPAES software in order to 
operate the instrument. Refer to the instrument manual. 

9.2.2. Follow the instructions provided by the instrument's manufacturer. 

9.2.3. Allow the instrument to become thermally stable before beginning the 
calibration (at least 30 min). 

9.2.4. Close the optical gate to profile the instrument. 

9.2.5. The optical gate will remain open for the rest of the operation. 

9.2.6. Using the program procedure BATOT, scan any new matrices to 
determine the necessity and measuring position for background 
corrections or other interferences. 

9.2. 7. Set up the autosampler for further analysis. 

9.2.8. Data can be captured using Microsoft Excel. 

9.2.9. Transfer the standards and samples to Falcon tubes. 
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9.2.1 0. Use CAL to run all working standards and produce calibration curves 
for all elements. 

9.2.11. Due to the complexity of the matrices, no internal standard is used and 
duplicates and spikes are employed. 

9.2.12. Set up a sequence file with a calibration blank, a high standard, a 
quality control sample, and 10% duplicate and spike samples. Include 
a calibration blank and a QC sample at I 0% intervals. If dilutions were 
performed, apply the appropriate factors to the samples at this time. 

9.2.13. Concentration values for the standard and QC sample should wt 
deviate from the actual value by more than I 0%. If they do, re
calibration may be necessary. 

9.2.14. Flush the system with 3% HN03 before the analysis of each sample. 

9.2.15. If the analyte concentration is greater than the highest standard, 
reanalyze after making the appropriate dilution. 

9.2.16. Transfer data to Microsoft Excel for calculations. 

9.2.17. See Table I for instrument log. 

10. Calculations 

I 0.1. Perform all reagent blank corrections and percent recovery calculations using 
EXCEL Window software. Report results in 1-'g/g. 

1 0.2. The duplicate matrix spike sample recovery should be within ± 20% of the 
actual value. Calculate percent spike recoveries as follows: 

%Rec .. 
}()() X (dJ - (dl ; d2)) 

where dl • 
d2 ,.. 

d3 "" 
y "" 

y 

value first duplicate (mg/L), no spike, 
value second duplicate (mg/L), no spike, 
value of replicates and spikes (mg/L), and 
concentration of spike added (mg/L). 
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11. Source ~1aterials 

11.1. United States Environmental Protection Agency Test .\1ethods for Evaluating 
Solid Waste. Chapter 9, Vol. II Field Manual, 3rd Ed. (Office of Solid Waste 
and Emergency Response. Washington, DC, 1986). 

11.2. ARL Handbook, No. AA80770, Vol. 4.1. May 1984. 
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COND 
HVPS 
NAME 

ICP4 

1000 

ICPSAM 

1000 

ICPSJW 

1000 

ISCOR 

1000 

1000 

ICPCON 
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TABLE I. INSTRUMENT LOG 

Rf Generator Readings 

Incident power 

Reflected power 

Plate current ( < 0.65 amp) 

P.A. filament voltage (7.1 - 7.9 v) 

P.A. voltage(< 4800 v) 

P.A. grid current (<0.4 amp) 

Coolant argon meter reading 

Plasma argon meter reading 

Nebulizer argon meter reading 

Nebulizer uptake rate 

Gilson peristaltic pump setting 

MHOS Nebulizer 

Value 

1.2 kW 

<I W 

0.8 A 

7.0 v 
3600 v 
0.16 A 

28 psi 

34 psi 

0.44 psi 

3 mL/min 

650 

TABLE II. CONDITION TABLE USED "ICPJM" 

FLUSH 
STAND/ PRE-
TIME INT 
SOURCE TIME 

30 30 

II 

0 20 

II 

0 0 

11 

0 5 

00 

0 0 

II 

0 45 

PRE-
INTEG INT 
TIME COND 

3.00000 0 

5.00000 0 

10.0000 0 

5.00000 0 

2.00000 0 

2.50000 0 
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INTEG 
COND 

0 

0 

0 

0 

0 

0 

FATIGUE ATTEN-
LAMP UATORS 

00 0000000 

00 0000000 

00 0000000 

00 0000000 

00 0000000 

00 0000000 
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TABLE II. CONDITION TABLE USED "ICPJM" (cont) 

FLUSH 
co:--m STAND/ PRE-
HVPS TIME INT 
NAME SOURCE TIME 

1000 II 

ICPJM 30 30 

1000 II 

ICP4EL 30 30 

1000 II 

Environmental Chemistry 
Los Alamos National Laboratory 

PRE-
INTEG INT 
TIME COND 

5.00000 0 

5.00000 0 
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INTEG FATIGUE 
COND LAMP 

0 00 

0 00 

ATTEN-
UATORS 

0000000 

0000000 
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DETERMINATION OF TRACE ELEMENTS IN WATERS AND WASTES ICP~1S 

Analtye: Dissolved and/or total 
recoverable elements 

"fethod ~o.: EI360 

~atrix: Ground. surface. and drinking 
water. wastewaters, sludges, solid waste 
samples. 

Procedure: Trace element concentrations are 
determined by ICPMS following sample 
pretreaanent. 

Effective Date: 11101/95 Author: Martin Koby 

SAFETY NOTE: Before beginning this procedure, read all of the material safety data 
sheets for the chemicals listed in Sec. 6. Analytical plasma sources emit radiofrequency 
radiation in addition to intense UV radiation. Read Sec. 4.3 of the Environmental 
Chemistry Safety Manual for information on personal protective clothing and equipment. 
Read Source Material for proper waste disposal practices. 

1. Principle of Method 

1.1. This method provides procedures for determination of dissolved elements in ground 
waters. surface waters, and drinking water. It may also be used for detenmnauon 
of total recoverable element concentrations in these waters as well as wastewar~rs. 
sludges, soils, and solid waste samples. 

1.2. Dissolved elements are determined after suitable filtration and acid preservauon. 
Acid digestion procedures are required prior to determination of total recoverable 
elements. In order to reduce potential interferences, dissolved solids should not 
exceed 0.2% (w/v) (Sec. 4.3). 

1.3. This method is routinely applicable to the following elements: 

Analytical Chemistry 
Los Alamos Nauonal Laboratory 

Element 

Aluminum (Al) 

Antimony (Sb) 

Arsenic (As) 

February 1996 

Chemical Abstract Servtces Reg1stry 
Numbers (CASRN) 

7429-90-5 

7440-36-0 

7440-38-2 
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Element 

Barium (Ba) 

Beryllium (Be) 

Cadmium (Cd) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Lead (Pb) 

Manganese (Mn) 

Molybdenum (Mo) 

Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Thallium (Tl) 

Thorium (Th) 

Uranium (U) 

Vanadium (V) 

Zinc (Zn) 

Chemical Abstract Services Regtstry 
Numbers (CASRN) 

7440-39-3 

7440-41-7 

7440-43-9 

7440-47-3 

7440-48-4 

7440-50-8 

7439-92-t 

7439-96-5 

7439-98-7 

7440-02-0 

7782-49-2 

7440-22-4 

7440-28-0 

7440-29-1 

7440-61-1 

7440-62-2 

7440-66-6 

Estimated instrument detection limits (IDLS) for these elements are listed in Table 
I. These are intended as a guide to instrumental limits typical of a system. 
optimized for multielement determinations and employing commercial 
instrumentation and pneumatic nebulization sample introduction. However. acrual 
method detection limits (MDLS) and linear wor.lcing ranges will be dependent on 
the sample mauix, instrumentation and selected operating conditions. 

1.4. This method is suitable for the determination of silver in aqueous samples 
containing concentrations up to 0.1 mg/L. For the analysis of wastewater samples 
containing higher concentrations of silver, succeeding smaller volumes of well 
mixed sample aliquots must be prepared until the analysis solution contains < 0. 1 
mg/L silver. 

February 1996 Analytical Chemi,tr
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l. 5. This method should be used by analysts experienced in the use of inducm ely 
coupled plasma mass spectrometry ( ICPMS), the incerprecacion of spectral and 
matrix interferences and procedures for their correction. A minimum of six months 
experience with commercial instrumentation is recommended. 

2. Swnmary of .\fethod 

2.1. Sample material in solution is introduced by pneumatic nebulization imo a 
radiofrequency plasma where energy transfer processes cause desolvacion, 
atomization, and ionization. Resultant ions are extracted from the plasma through 
a differentially pumped vacuum interface and separated on the basis of the1r 
mass-to-charge ratio (rnlz) by a quadruple mass spectrometer. Ions transmitted 
through the quadruple are registered by a suitable detector and the ion abundance 
infonnation is processed by a data handling system. Interferences relating to chis 
technique must be recognized and corrected for (Sec. 4). such corrections must 
include compensation for isobaric elemental interferences and interferences from 
polyatomic ions derived from the plasma gas, reagents. and matrix. Instrumental 
drift as well as suppressions or enhancement of instrument response caused by the 
sample matrix must be corrected for by the use of internal standardization. 

3. Definitions 

3.1. Dissolved- Material that will pass through a 0.45 J.Lm membrane filter assembly. 
prior to sample acidification. 

3. 2. Total recoverable - The concentration of analyte detennined on an unfiltered sample 
following treannent with hot dilute mineral acid. 

3.3. Instrument detection limit (IDL) - The concentration equivalent of the analyce 
signal, which is equal to three times the standard deviation of the blank signal ac 
the selected analytical masses. 

3 .4. Method detection limit (MDL) - The minimum concentration of an analyte that can 
be identified, measured and reponed with 99% confidence that the analyte 
concentration is greater than zero. 

3.5. Linear dynamic range (LOR)- The concentration range over which the analytical 
working curve (response) remains linear. 

3.6. Laboratory reagent blank (LRB)- Typically referred to as the preparation blank. 
consists of an aliquot of reagent water that is treated exactly as a sample including 
exposure to alllabware, equipment, solvents, reagents, and internal standards chat 
are used with other samples. The LRB is used to detennine if method analytes or 

Analyucal Chemistry February 1996 E!36i.l-3 
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oilier interferences are present in the laboratory environment, the reagents. vr 
apparatus. 

3. 7. Calibration blank- A volume of ASTM type I water acidified with the same acid 
matrix as is present in the calibration standards. 

3.8. Internal standard- Pure analyte(s) added to a solution in known amount(s) and used 
to measure the relative responses of other method analytes chat are components of 
the same solution. The internal standard must be an analyte chat is not a sample 
component. 

3.9. Stock standard solution- A concentrated solution containing one or more analytes 
prepared in the laboratory using assayed reference compounds or purchased from 
a reputable commercial vendor. 

3.10. Calibration standard (CAL) - A solution prepared from the stock standard 
solution(s) which is used to calibrate the instrument response with respect to analyte 
concentration. 

3.11. Calibration check standard- referred to as an initial calibration verification (ICY) 
standard or a continuing calibration verification (CCV) standard depending upon 
when it is analyzed during the course of an automated acquisition sequence. 
Analyte concentrations in this solution are typically at the mid-point of the 
calibration range. 

3.12. Tuning solution - A solution which is used to determine acceptable instrument 
performance prior to calibration and sample analyses. 

3.13. Laboratory fonified blank (LFB) - Also known as a blank spike, is an aliquot of 
reagem water to which known quantities of the method analytes are added in the 
laboratory. The LFB is analyzed exactly like a sample, and its purpose Is ro 
determine whether method performance is within accepted control limits. 

3.14. Laboratory fonified sample matrix (LFM)- Also known as a matrix spike. is an 
aliquot of an environmental sample to which known quantities of the method 
analytes are added in the laboratory. The LFM is analyzed exactly like a sample. 
and its purpose is to determine whether the sample matrix contributes bias to the 
analytical results. The background concentrations of the analytes in the sample 
matrix must be determined in a separate aliquot and the measured values in the 
LFM corrected for the concentrations found. 

3.15. Quality control sample (QCS) - A solution containing known concentrations c)f 
method analytes which is used to fonify an aliquot of LRB matrix. The QCS 1s 

February 1996 Ana!y!lcJI l-:,e~.· ~. 
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obtained from a source external to the laboratory and different than the stock calibration solution. The QCS may be either blind (unknown to the analyst) or open and is used to assess laboratory performance. 

3 .16. Laboratory Control Standard (LCS) - A standard reference material containing known concentrations of method analyte(s) of similar matrix as the samples being analyzed. The LCS matrix may be an oil, soil. or water. 

3.17. ASTM Type I water- Defined as having a minimum electrical resistivity of 16.67 megohm-em at 25°C. 

4. Interferences 

4.1. Several interference sources may cause inaccuracies in the determination of trace elements by ICPMS. These are: 

4.1. Isobaric elemental interferences in ICPMS are caused by isotopes of different elements forming singly or doubly charged atomic ions with the same nominal mass-to-charge ratio (mlz) as the analyte of interest that cannot be resolved by the mass spectrometer. All elements determined by this method have, at a minimum. one isotope free of isobaric elemental interference. However, it may not be desirable to select an isotope solely because it is free from isobaric interference. The analyst must determine if a selected isotope will provide adequate response for a given instrument, sample matrix, and analytical conditions. When analytical isotopes having higher narural abundances are selected in order to achieve greater sensitivity, it is possible that an isobaric interference may occur. All data obtamed under such conditions must be corrected by measuring the signal from another isotope of the interfering element and subtracting the appropriate signal ratio from the isotope of interest. 

4.2. Isobaric polyatomic ion interferences are caused by ions consisting of more than one atom which have the same nominal mass-to-charge ratio as the isotope of interest, and which cannot be resolved by the mass spectrometer. These ions are commonly formed in the plasma or interface system from suppon gasses or sample components. Some of the common molecular interferences are listed in Table II together with the elements affected. The degree to which polyatomic ion interferences are present is largely dependent on sample matrix and the chosen instrument conditions. Such interferences may be avoided through the selection of alternative analytical isotopes while instrument operating parameters, specifically gas flows and sample delivery rate, can be chosen such that formation of molecular 
ions is minimized. 

Analytical Chemistry February 1996 E!J6V·5 Los Alamos Nauonal Laboratory 
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4 3. Phvsical interferences are associated with the physical processes that govern lhe 
transport of sample mto the plasma. sample conversion processes in the plasma. 
and the transmission of ions through the sampling interface. High levels of 
dissolved solids can deposit on the nebulizer tip of a pneumatic nebulizer and on 
the interface sampling and/or skimmer cones thus reducing the orifice stze and ton 
transmission. Total dissolved solid levels below 0.2% (2,000 mg/L) have been 
recommended to minimize solid deposition. Changes in matrix composition can 
cause significant signal suppression or enhancement relative co the response for 
calibration standards. Internal standardization may be effectively used to 
compensate for physical interference effects. The chosen internal standard ideally 
should have similar analytical behavior as the analyte being determined so that the 
two elements are similarly affected by matrix changes. 

4.4. Memory interferences result when elemental isotopes from a previously acquired 
sample contribute co the signal intensity measured for a new sample. This can 
occur when there are large concentration differences between samples or standards 
which are analyzed sequentially. Sample deposition on the sampler and skimmer 
cones, sample introduction glassware and transmission tubing, and the type of 
nebulizer used can affect the extent of the memory interferences which are 
observed. Memory interference effects can be significantly reduced by using a 
suitably long rinse time between samples; generally, 140 to 160 s. Memory 
interferences can be assessed within an analytical run by using a minimum of three 
replicate integrations for data acquisition. If the integrated signal intensity is 
observed to decrease consecutively, the analyst should consider the possibility of 
a memory effect and take appropriate action. 

S. Apparatus and Materials 

5 .1. Inductively coupled plasma-mass spectrometer. 

5 .1.1. A system capable of scanning the mass range 5-250 amu with a minimum 
resolution capability of 1 amu peale width at 5 % peale height. The 
instrument may be fitted with a conventional or extended dynamic range 
detection system. 

5.1.2. A data system capable of correcting for isobaric interferences and the 
application of internal standardization is required. 

5.1.3. A mass-flow controller for the nebulizer argon gas supply is required to 
ensure stable aerosol formation. A variable-speed peristaltic pump ts 
required for solution delivery to the nebulizer. 

5.1.4. Argon gas supply: high-purity grade (99.99%). 

February 1996 Analyu~aJ ChcmJSlr> 
Los Alamos National L. .. n,,rJlur> 

I I 



5. 1.5. Operating conditions - will be variable because of the diversny <)f 

instrument hardware and software available. Operating conditions wtll also 
depend on specific data quality objectives. sample matrix complexity. and 
the elements to be determined. In order to ensure optimum performance. 
it is the responsibility of the analyst to perform routine mamtenance on an 
appropriate schedule. 

5.2. Labware 

5.2.1 Glassware- includes volumetric flasks, graduated cylinders. funnels and 
centrifuge rubes, and assoned volumetric pipettes. 

5.2.2. Storage bottles- assoned capacities, Teflon and polyethylene. 

5.2.3. Air displacement pipettes: Digital pipette system(s) capable of delivering 
volumes from 10-2000 L with an assortment of high quality di£posable 
pipette tips. 

5.2.4. Centrifuge rubes: conical, polyethylene, 15 and 50 mL. with closures. 

5.2.5. Balance: analytical. capable of accurately weighing to 0.01 mg. 

5. 2. 6. Ultracentrifuge 

6. Reagents 

6.1. Owing to the high sensitivity of ICPMS. high purity reagents should be used 
whenever possible. Acids used in the preparation of standards and for sample 
processing must be of high purity. Suitable acids are available from a number of 
commercial sources. Nitric acid is preferred for ICPMS to minimize damage to 
the interface and to minimize isobaric molecular-ion interferences. Several 
polyatomic ion interferences result when hydrochloric acid is used. however. tt 
should be noted that HCI (1% v/v) is required to maintain stability in soluttons 
containing antimony and silver at concentrations above 300 1-4g/L. If HCl is added 
as a stabilizer, then corrections for the chloride molecular-ion interferences must 
be applied to all data generated. 

6.1.1. Nitric acid, concentrated, high purity 

6.1.2. Nitric acid, 1%. add 200 mL cone. HN03 to 20 L ASTM type I water 

6.1.3. Hydrochloric acid, concentrated, high purity 

Analytical Chemistry February I 996 
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6.1.4. Dilute hydrochloric acid. prepared as needed by diluting an appropnate 
volume of cone. HCl with ASTM type I water. 

6.2. Reagent water. For all sample preparation, dilutions, and standard preparation. 
ASTM rype I water is required (sect. 3.16.). Suitable water may be prepared by 
passing pre-purified water through a mixed bed of anion and cation exchange 
resins. 

6.3. Primary stock standard solutions. These are typically purchased from a reputable 
commercial source (i.e. Spex Industries, Inorganic Venrures, NIST) in 100 mL 
volumes of single element standards at concentrations of 1000 mg/L or 10000 
mg/L. 

6.4. Mixed multielement stock calibration standard solutions. Combine and dilute an 
appropriate volume of each analyte primary standard such that a 1.0 mg/L stock 
solution is obtained. 

Example: 100 mL of a 1. 0 mg/L stock calibration solution containing antimony. 
thaUium, lead, and uranium is desired. Each primary standard is at a concentration 
of 1000 mg/L. Using an air displacement pipette, and proper technique. dispense 
100 L of each standard into a 100 mL volumetric flask containing 50 mL of l% 
(v/v) HN03• Dilute to volume with 1% HN03• 

Care must be taken when preparing mixed standards to ensure that the elements are 
compatible and stable. Transfer the mixed standard solutions to freshly acrd
cleaned FEP fluorocarbon bottles for storage. Fresh mixed standards must be 
prepared every six months, or as needed, with the realization that concentrations 
can change on aging. 

6.4.1. Working calibration standards. Fresh multielement calibration standards are 
prepared daily. Dilute each multielement stock standard to concemra[lon 
levels appropriate to the operating range of each instrument using l ~ 
HN03• The element concentrations in the calibration standards should be 
sufficiently high to produce good precision and to accurately defme the 
slope of the response curve. Add the internal standard mix to ~ach 
calibration standard and blank in the same proponion as is done for the 
samples. 

6.5. Mixed internal standard stock solution, 20 mg/L. In 1% HN03 dilute and combme 
the following single element stock standards as necessary: scandium, yttrturn. 
rhodium, indium. terbium, holmium, lutetium, bismuth. For each stock standard 
at a concentration of 1000 mg/L, dilute 2.0 mL to 100 mL 1% HN03, store m a 
Teflon bottle. For an internal standard concentration of 100 g/L, add this m~.,c:d 
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solution to all blanks. calibration standards. and samples at the rate of 50 L to 10 0 
mL (samples) and 250 L to 50.0 mL (standards). 

6.6. Blanks. Three types of blanks are required for this method. The calibration blank 
is used to establish the analytical calibration curve. the laboratory reagent blank iS 
used to assess possible contamination resulting from the sample preparation 
procedure and to assess spectral background. the rinse blank is used ro tlush the 
inlet system between all samples and standards. 

6.6.1. The calibration blank consists of 1% HN03 (v/v) in reagent water 
containing the selected concentrations of internal standards. 

6.6.2. The reagent blank must be carried through the complete procedure and 
contain the same acid concentration in the ftna1 solution as the sample 
solutions used for analysis. 

6.6.3. The rinse blank consists of 1-2% HN03 (v/v) in reagent water. Prepare a 
sufftcient quantity to flush the system between standards and samples. 

6. 7. The tuning solution is used for hardware tuning and mass calibration prior to 
analysis. The solution is prepared by mixing appropriate stock standards in I% 
nitric acid such that performance across the entire mass range can be assessed. 
The elements chosen are largely user selectable but may include: berylltum. 
magnesium. chromium, indium, barium. lead. and uranium. The suggested 
elements were chosen because they offer evaluation of isotopic abundances (most 
are poly-isotopic), resolution. abundance sensitivity. detector response. mass 
calibration, oxide prevalence, and mass bias effects across the mass range of 9-238 
amu. 

6.8. The instrument check standard (Sec. 3.11) is prepared by the analyst by combming 
compatible elements at concentrations equivalent to the midpoint of their respective 
calibration ranges. The check standard is analyzed immediately after the 
calibration standards (ICV) and after every ten samples (CCV) during the course 
of an automated analysis. 

NOTE: this solution must be prepared from stock standards independent of those 
used for instrument calibration. An independent standard is deftned as a standard 
composed of the analytes from a source different from those used in the standards 
for instrument calibration. 

6.9. Quality control sample (QCS). The QCS may be either an open QC sample 'Jr 
LFB and contains analyte(s) at known concentrations. These mixrures rna! he 
obtained through several means: 1.) prepared within the laboratory in a SimliJr 
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manner as the instrument check standard (sec. 6.8), 2.) purchased from a 
commercial source (Spex. Environmental Resource Associates. NIST), or 3. 1 submitted as part of the analytical request via the QA/DM group. The QCS are 
treated as environmental samples and are subject to the same pretreatment and 
analytical procedures (sec. 3.14). Results obtained for open QCS are used 
primarily to assess laboratory performance and, secondarily. serve as an indicator 
of analytical variance (uncertainty). 

6.10. Laboratory Control Sample (LCS) is similar to a QCS in that it is an independent 
reference material containing known analyte concentrations. The LCS may be 
purchased from a commercial source or prepared in the laboratory by fortifying 
Type I water with appropriate amounts of target analyte(s). Laboratory control 
samples must be of a similar matrix as the type of samples being analyzed: e.g. 
filters, soils. oils. or aqueous. The LCS is treated as an environmental sample and 
is subject to the same pretreatment and analytical procedures. One LCS is analyzed 
with each digestion batch or every 20 samples, whichever is more frequent. 

7. Sample CoUection, Preservation, and Handling 

7 .1. Prior to sample collection, consideration should be given to the type of data 
required so that appropriate preservation and pretreaanent steps can be taken. 
Filtration, acid preservation. etc., should be performed at the time of sample 
collection or as soon thereafter as practically possible. 

7.2. For the determination of dissolved elemems, the sample should be filtered through 
a 0.45 m membrane filter. Use a ponion of the sample to rinse the filter assembly. 
discard and then collect the required volume of filtrate. Acidify the filtrate to 
pH< 2 with 1: 1 nitric acid immediately following filtration. 

7. 3. For the detennination of total recoverable elements in aqueous samples, ac id1fy to 
pH< 2 with 1:1 nitric acid at the time of collection (typically 3 mL of 1: 1 H:'liO, 
per liter of sample is sufficient). The sample should not be filtered prior to 
analysis. 

7 .4. Solid samples usually require no preservation other than storage at 4 oc. 
8. Procedure 

8 .1. Prior to analysis by ICPMS all samples must undergo some level of pretreatment: 
either filtration and acidification or a more aggressive digestion process. How the 
samples are to be treated is largely dependent on sample matrix and data obJecm 6 
Sample preparation procedures for trace metal determination(s) are descnbed m 
detail by the following CST analytical procedures: 
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8.1.1. WI680 Trace Metal Digestion - Drinking, Surface Water. and ~PDES 
Effluents 

8.1.2. Wl685 Preparation of Aqueous Samples for Spectrochemical Analysts -
GFAAS and ICPMS. 

8.1.3. Wl691 Preparation of Sediment, Sludge, and Soil for Spectrochemtcal 
Analysis- GFAAS and ICPMS. 

8.2. Initiate appropriate operating configuration of the instrument and data system. In 
general, the analyst should follow the instructions provided by the instrument 
manufacturer. Allow at least 30 min for the instrument to equilibrate prior co 
analyzing samples. During this time, prepare calibration standards and dilute 
sample digests by an appropriate amount, add internal standard mix to all solutions 
to be introduced to the instrument. 

Analytical Chemistry 

8.2 .1. Initiate proper operating and acquisition configuration for quantitative 
analysis. A minimum of three replicate integrations are required for data 
acquisition; however, five replicate integrations are suggested for improved 
precision. Use the average of the integrations for instrument calibration 
and data reportmg. Establish or edit sample table (analytical assignment). 

8.2.2. Prior to calibration, perform mass calibration and resolution checks by 
aspirating the tuning solution. Evaluate resolution at low mass wnh 
magnesium isotopes (m/z 24, 25, 26) and at high mass with lead isotopes 
(m/z 206, 207, 208). Adjust mass spectrometer resolution to achieve a 
peak width of 0. 75-1.0 amu at 5% peak height. Adjust mass calibrauon 
if it has shifted by more than 0.1 amu from unit mass. 

8.2.3. Demonstration and documentation of acceptable initial calibration ts 
required before any samples are analyzed. The instrument must be 
calibrated for the analytes to be determined using the calibration blank and 
calibration standard(s) prepared at one or more concentration levels. Flush 
the system with the rinse blank between each standard solution. 

8.2.4. The rinse blank should be used to flush the sample introduction sy~[em 
between solution changes for blanks, standards, and samples. Allow 
sufficient rinse time to remove traces of the previous sample; a mimmum 
of 1 min is suggested. Some elements (such as Li. Hg. W, and .\tol 
require extended flushing times which need to be determined for ea~:h 
instrumental system. In order for equilibrium to be established. soluuons 
should be aspirated for a minimum of 30 s prior to the acquisition of J.Ha 
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8.2.5. Immediately after the calibration has been established, the calibration must 
be verified and documented for every analyte by the analysis of a 
calibration verification solution (Sec. 6.8). When measurements exceed ± 
10% of the accepted value the analysis must be terminated. the problem 
corrected. the instrument recalibrated, and the calibration verified. .-\ny 
samples analyzed under an out-of-control calibration must be reanalyzed. 
Analyze the instrument check standard and the calibration blank at a 
frequency of at least once every 10 analytical samples. 

NOTE: values obtained for the check standard typically agree within ± 
10% of the accepted value with the exception being anumony. 

8.3. Internal standardization must be used in all quantitative analyses to correct for 
instrument drift and physical interferences. A list of acceptable internal standards 
is provided in Table III. For full mass range scans, a minimum of three internal 
standards must be used provided the instrument operating software supports 
multiple internal standards. Internal standards should be added to all samples, 
standards and blanks in a like manner such that equivalent concentration levels are 
achieved (provided they are not naturally present as a sample constituent). A 
concentration of 100 J.Lg/L of each internal standard is recommended. 

8. 3 .1. It is recommended that sample digests be diluted prior to the initial 
analytical run. Dilute aqueous matrices 1: 1 and soil/sludge matrices l • l 0 
with 1% HN03 before the addition of internal standard(s). 

8.3.2. Dilute, add internal standard, and reanalyze samples that are more 
concentrated than the linear range for an analyte (or species needed for a 
correction) or measure an alternate less-abundant isotope. 

8.3.3. Calculations. The quantitative values shall be reported in units of .ug/L for 
aqueous samples and g/g for solid samples. If dilutions were performed. 
the appropriate corrections must be applied to the sample values. 

8.3.4. Results for solids may be reported on a dry-weight or "as is'' basis 
dependent upon matrix type. For example, results for soils and sludges are 
routinely reported as dry weight whereas miscellaneous solids are reported 
as received. Moisture correction is typically determined as follows • 

8.3.4.1. An aliquot, ca. 20 g, of well mixed soil sample is transferred 
to a tared beaker and the wet weight is recorded. 

8.3.4.2. The soil is dried for at least 12 h in a convection oven set J.t 
l05°C. 
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8.3.4.3. After drying. the sample is removed from the oven and placed 
in a desiccacor and then reweighed to determine m01srure loss 
on drymg. 

8.3.4.4. The dried sample is then transferred to a 50 mL polyethylene 
centrifuge rube, an inert impact ball is added. and the sample 
is mechanically agitated to achieve a uniform particle size. 

8.3.4.5. Aliquots of the dried and ground soil sample are then digested 
with hot mineral acid prior to instrumental analysis. No 
moisture correction is applied, or needed, when samples are 
treated in this manner. 

8.3.5 Optionally, a separate sample aliquot may be dried for percent solids 
determination. This correction factor is then applied to the digested sample 
aliquot. 

9. Quality Control 

9. 1. Each laboratory using this method is required to operate a formal quality control 
(QC) program. This function is coordinated through CST-3 QA/DM section. The 
minimum requirements of this program consist of an initial demonstration of 
laboratory capability, and the analysis of laboratory reagent blanks, fortified blanks. 
and QC samples as a continuing check on performance. Historic performance 
records that define the quality of the data generated are maintained by the CST -3 
QA!DM section. Run time performance data is filed with analytical raw data 
packages. 

9.2. Method detection limits (MDL) may be estimated by multiplying by three the 
standard deviations obtained on three non consecutive days from the analysis of 
seven blanks (Type I water plus reagents) which are processed through the entire 
analytical method. Each measurement is performed as though it were a separate 
analytical sample and all calculations are performed as defined in the method. The 
MDL is reported as a concentration using the appropriate units. The MDL is a 
dynamic value which is subject to change from any number of variables. e.g. aging 
instrument components, matrix complexity, reagent purity, and environmental 
conditions. MDLs are determined annually or when significant instrument 
repairs/modifications have been made, whichever is more frequent. 

Analytical Chemistry 

9.2.1. Continllinl MDL verification- once the MDL has been estimated. it wtll 
be determined annually by using reagent water fortified at a concentrauon 
of two to five times the estimated detection limit. To determine MDL 
values, seven replicates of the fortified reagent water are processed through 
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the emire analytical method. All calculations detined in the method are 
performed and the concentrations are recorded. 

The MDL is then calculated as: 

MDL = t X s 

whe:-e t = 3.14, (the student's value for a 99% confidence level and a 
standard deviation estimate with n-1 degrees of freedom for 
seven replicates, and 

s = standard deviation of the replicate analyses. 

9.2.2. Reporting limits used differ from the MDL and are based upon the 
concept of Minimum Level; defined as the concentration of analyte in a 
sample equivalent to the concentration of the lowest point on the calibration 
curve. There are several reasons for this practice: 

9.2.2.1. The lowest point on the calibration curve is measurable. can be 
quantified, and the uncenainty (error) associated with this 
measurement can be determined. 

9.2.2.2. Owing to the sensitivity of ICPMS, the lowest point on the 
calibration curve is less than the minimum quantification levels 
(MQLs) prescribed by EPA. Region 6, for toxic pollutant 
analysis. Refer to Table IV. 

9.2.2.3. A true detection limit implies the lowest concentration that a 
given instrument can record (typically a signal to background 
ratio of 2: 1). With respect to an MDL. it is a concentration that 
is considered statistically significant from the measurement of a 
reagent blank. Unfonunately, envirorunentaJ samples typically 
are more complex. chemically, than reagent water 
Consequently, the MDL for a specific analyte may vary 
dramatically dependent upon sample matrix, as has been well 
documented. 

9.2.3. Linear calibration ranges are primarily detector limited but can also be 
significantly influenced by system operating software limitations. The 
upper limit of the linear calibration range should be established for each 
analyte by determining the signal response from a calibration blank and J 
minimum of three concentration standards, one of which is near the uppc:r 
limit of the linear range. 
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9. 3 Assessing laboratory performance 

Analytical Chemistry 

9. 3. 1. Laboratory reagent blanks are analyzed at a frequency of one LRB for each 
preparation batch not to exceed 20 samples per batch. This data is used co 
assess laboratory introduced contamination and to characterize spectral 
contribution from the reagents used. If analyte is present in the reagent 
blank at a concentration of one to ten times the reporting limit (Sec. 
9.2.2). the analyst must perform the following: 

9.3 .1.1. Determine if the contamination is an isolated occurrence limited 
to the reagent blank. This can be done by evaluating analyce 
recovery from the LCS relative to its certified concentration. A 
high bias. equivalent to that in the LRB. would indicate 
introduced contamination. 

9.3.1.2. Determine the concentration of the affected analytes in the 
environmental samples. 

9. 3 .1.2. If a bias equivalent to the blank concentration is confirmed. the 
reporting limit and uncertainties are adjusted to reflect this 
condition. 

NOTE: an anomalous condition such as this must be descnbed 
in adequate detail through a case narrative to the customer. 

9. 3. 2. If the reagent blank contains more than ten times the reporting limit 
for a given analyte the digestion batch must be digested a second time 
and reanalyzed. 

9.3.3. A laboratory control sample (LCS), whether purchased or made in the 
laboratory by fortifying Type I water. is analyzed at a frequency of one for 
each digestion batch of 20 or fewer environmental samples. The 
appropriate LCS is chosen such that it is matrix matched to the samples 
being analyzed. Analyte recoveries must agree within 15% of the true 
value. Alternatively. control limits can be periodically recalculated for a 
given LCS after analyte recoveries have been compiled for 2-30 
determinations. This can be done as follows: 

Upper control limit = X + 3cr 
Lower control limit = X - 3cr 

where X = percent mean recovery, and 
cr = standard deviation of mean recovery. 
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In instances where control limits are exceeded. a description of the problem 
is included in the case narrative supplied to the customer. 

9 .+. Assessing analyte recovery 

9.4.1. '•fatrix spikes are analyzed at a frequency of one for every digestion batch 
not to exceed 20 samples. This is done by spiking a representative aliquot 
of a customer sample with known concentrations of each analyte prior ro 
digestion. It is recommended that spike levels fall near the mid-point of 
the calibration curve for a given analyte. 

9.4.2. Calculate the percent recovery of each analyte. corrected for the 
background concentrations measured in the unfortified sample. and 
compare these values to the control limits established in section 9. 3. 3 .. 
e.g. ± 15% of the true value. 

9.4.3. If spike recovery of any analyte falls outside the acceptance range and all 
other laboratory performance checks are acceptable, the recovery problem 
is judged to be matrix related, not system related. Results for outliers 
should be explained in the case narrative to the customer. 

9. 5. Assessing reproducibility 

9.5.1. One sample is analyzed in duplicate for every matrix in a batch at a 
frequency of one matrix duplicate for every 20 samples. The level of 
precision indicated by duplicate analyses, in conjunction with LCS 
recoveries, is used as an estimate of analytical uncertainty. 

9.5.2. The relative percent difference (RPD) between duplicate determinations is 
calculated as follows: 

RPD = 

= relative percent difference, 
= first sample value (original). and 
= second sample value (duplicate). 

An advisory limit of 20% RPD should not be exceeded provided anal: te 
concentrations are greater than 100 times the method detection limit. If this cnrena 
is not met, sample heterogeneity should be suspected and described to the submitter 
in the case narrative. 
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9.6. Assessing instrument response stability. 

Analytical Chemistry 

9.6.1. Internal standard response is monitored throughout the sample set bemg 
analyzed and recorded in the analytical log book. This infonnation may 
be used co detect problems caused by mass dependent drift. errors incurred 
in adding the internal standards. and background contribution from the 
individual sample. Additionally, physical characteristics of any given 
sample have the potential to affect nebulization, plasma conditions. and ion 
transport through the sampling interface. The absolute response of any 
one internal standard should not deviate by more than 60-125% of the 
original response of the calibration blank. 

9.6.2. If internal standard response deviates by more than the specified amount 
the following action should be taken: 

9.6.2.1. If signal suppression is indicated by a low internal standard 
response, dilute the sample 1: 10, add internal standard, and 
reanalyze. 

9.6.2.2. If signal enhancement is indicated by a high internal standard 
response, the analyst may proceed as above (a.) or an alternative 
element may be employed as an internal standard. 

9.6.2.3. An abrupt enhancement or suppression that remains consistent 
over a given time period usually indicates that a change in 
operating conditions has occurred. At a minimum, the sample 
transmission tubing, torch, and cones should be inspected for 
signs of ware. deposition. or blockage. Clean or replace the 
necessary items, recalibrate, and reanalyze affected samples. 

9.6.3. Calibration check standards, both continuing calibration samples (CCVsl 
and continuing calibration blanks (CCBs) are analyzed immediately after 
calibration and every ten samples during the course of an analytical run. 
These give an indication of calibration integrity, signal response stability. 
instrument drift, and contamination of the inlet system by mam.x 
contaminants. Analyte concentrations in the CCV must agree within ::: 10 
percent of the true value while analyte concentrations in the CCB must not 
exceed their respective reporting limits, (Sec. 8.2.5). 
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9. 7. Sample data evaluation. 

9. 7.1. Ensure all analyte concentrations are within the calibration range: dilute 
and reanalyze samples for any analyte exceeding the upper calibration point 
by more than 10%. 

9.7.2. Evaluate the precision of measurements for each analyte. If an outlier Is 
identified by perfonning a Q-Test for Rejection of Data. reject the outlier 
and recalculate the mean analyte- concentration and standard deviation from 
the remaining integrations. 

9. 7. 3. Evaluate the nominal mass abundance ratios for polyatomic elements for 
which more than one mass has been monitored. Note those having non
natural composition as this may indicate spectral interference. A 
qualitative survey of the sample should be perfonned to verify the identity 
of the interference. If it is necessary to reanalyze the sample. then me 
appropriate element equations should be employed to correct for the 
interfering species or an alternative interferant free isotope should be used 
for quantification purposes. 

10. Data Reponing 

10.1. Reponed values are calibration blank subtracted and corrected for dilution. 

10.2. Unless specifically instructed otherwise. results are reponed in units of 
·1-Lg/L for aqueous samples and g/g for solid matrices. 

10.3. Results are reponed to two significant figures for concentrations 10 p.gtL 
and three significant figures for concentrations 10 1-Lg/L. 

10.4. Reponed analytical uncertainty is based upon the greater of the following: 

10.4.1. The minimum value, equivalent to the concentration of the lowest 
calibration standard (corrected for dilution). 

10.4.2. Three times the standard deviation (3) of the integrated values. 

10.4.3. The relative percent difference (RPD) calculated for duplicate 
analysis. 

10.5. Original sample data and copies of all calibration data and QC samples .ue 
filed together. 
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11. Source Material 

11.1. A. L. Gray and A. R. Date. Analyst 108 1033 (1983). 

11.2. R. S. Houk et al. Anal Chem. 52 2283 (1980). 

11.3. R. S. Houk. Anal. Chem. 58 97A (1986). 

11.4. J. J. Thompson and R. S. Houk, Appl. Spec. 41 801 (1987). 

11.5. "OSHA Safety and Health Standards, General Industry", (29 CFR 1910). 
Occupational Safety and Health Administration, OSHA 2206, revised January 1976. 

11.6. "Proposed OSHA Safety and Health Standards. Laboratories", Occupational Safety 
and Health Administration, Federal Register, July 24, 1986. 

11.7. Code of Federal Regulations 40, Ch. 1, Pt. 136 Appendix 8. 
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TABLE I. ESTIMATED INSTRUMENT DETECTION LIMITS 

Recommended Estimated lD L 
Element analytical mass l~g/L) 

Aluminum 27 0.05 

Antimony 121 0.08 

Arsenic 75 0.9 

Barium 137 0.5 

Beryllium 9 0.1 

Cadmium 111 0.1 

Chromium 52 0.07 

Cobalt 59 0.03 

Copper 63 0.03 

Lead 206.207,208 0.08 

Manganese 55 0.1 

Molybdenum 98 0.1 

Nickel 60 0.2 

Selenium 82 5.00 

Silver 107 0.05 

Thallium 205 0.09 

Thorium 232 0.03 

Uranium 238 0.02 

Vanadium 51 0.02 

Zinc 66 0.20 

Instrument detection limits (30') estimated from seven replicate 
integrations of the blank ( 1% v/v HN03) following calibration of the 
instrument with three replicate integrations of a multi-element 
standard. EPA Method 200.8. Revision 4.4, April 1991. 
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TABLE II. METHOD DETECTION LIMITS - TS SOLA 

MDL -Water MDL- Soil 
Element (.ug/L) ( !J.gl g) 

Alummum Nor Established Nor Established 

Antimony 3.17 0.32 

Arsenic Not Established Not Established 

Barium Not Established Not Established 

Beryllium Not Established Not Established 

Cadmium Not Established Not Established 

Chromium Not Established Not Established 

Cobalt Not Established Not Established 

Copper Not Established Not Established 

lead 1.56 0.50 

Manganese Not Established Not Established 

Molybdenum Not Established Not Established 

Nickel Not Established Not Established 

Selenium Not Established Not Established 

Silver Not Established Not Established 

Thallium 0.40 0.17 

Thorium Not Established Not Established 

Uranium 0.62 0.15 

Vanadium Not Established Not Established 

Zinc Not Established Not Established 

Not Established as of November 30, 1995, -Trace element determinations by ICPMS 
using this method have been limited to antimony. thallium. lead, and uranium. Other 
analytical techniques have historically been used for the remaining analytes. As this 
situation changes IDLs and MDLs will be established for all analytes listed. Soil MDLs 
are based upon 3cr of the average of 21 reagent blanks; Water MDls are based upon 3cr L1f 
14 reagent blanks. MDLs will be updated according to the procedure described in secuon 
9.2.1. 
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TABLE III. SUGGESTED INTERNAL STANDARDS AND 
LIMITATIONS OF USE 

Internal standard Mass Possible limitation 
"Lithium 6 a 

Scandium 45 polyatomic ion interference 
Yttrium 89 a.b 
Rhodium 103 

Indium 115 isobaric interference by Sn 
Terbium 159 

Holmium 165 

Lutetium 175 

Rhenium 187 

Bismuth 209 a 

a May be present in environmental samples. 
b Care must be taken when using Yttrium as it may fonn measurable 

amounts of molecular oxides and hydroxides at 105 amu and 106 amu 
respectively. 

Recommended internal standards are in bold face. 
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TABLE IV. MINIMUM QUANTIFICATION LEVELS iMQLs) 

Element 

Antimony (Total) 

Arsenic (Total) 

Beryllium (Total) 

Cadmium (Total) 

Chromium (Total) 

Copper (Total) 

Lead (Total) 

Nickel (Total) 

Selenium (Total) 

Silver (Total) 

Thallium (Total) 

Zinc (Total) 

Aluminum 

Barium 

Cobalt 

Manganese 

Molybdenum 

Thorium 

Uranium 

Vanadium 

MQL requirements as defmed by EPA Region 6. 
(-) not defined. 
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Required MQL (ug;L) 

60.0 

10.0 

5.0 

1.0 

lO.O 

5.0 

5.0 

40.0 

5.0 

2.0 

lO.O 

20.0 
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TABLE V. SUGGESTED ANALYTICAL ISOTOPES AND ADDITIONAL MASSES 
TO BE MONITORED 

Element 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Thorium 

Uranium 

Vanadium 

Zinc 

Analytical Isotope 

27 

121 

75 

138 

9 

114 

52 

59 

63 

206,207,208 

55 

98 

60 

82 

107 

205 

232 

238 

51 

66 
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Monitored Isotope 

123 

137,136.135 

113,112,111,110 

53 

65 

206,207,208 

97,95 

62,58 

78,77 

109 

203 

235 

68 
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C. Analytical Chemistry 

1. Methodology. 

Los Alamos National Laboratory 

Environmental Surveillance 1993 

1993 

a. Introduction. Most analytical chemistry services are provided by the Laboratory's EM-9 Group, which 

provides analytical services to the Laboratory's environmental, waste management, radiation protection, and indus

trial hygiene operations. EM-9 is responsible for QA for the health and environmental analytical work. EM-9 par

ticipates in the following interlaboratory QAPs: 

• National Institute for Occupational Safety and Health, Proficiency Analytical Testing Program; 

• Environmental Monitoring and Support Laboratory, Cincinnati (EMSL-CI) Drinking Water Program; 

• EMSL-CI Water Pollution Study; 

• EPA Environmental Monitoring Systems Laboratory-Las Vegas; 

• Environmental Measurements Laboratory; 

• NPDES;and 

• DOE Beryllium lntercomparison Study. 

The EM-9 Sample Management Section functions as an interface between the group and its customers. This 

section provides the sample collector with presampling information about sample containers, sample volumes, and 

sample preservation techniques. Collection of samples for chemical and radiochemical analyses follows a set pro

cedure to ensure proper sample collection, documentation, submittal for chemical analysis, and posting of analytical 

results. 
Before sample collection, the Sample Management Section discusses the schedule and procedures to be followed 

with the sample collector. The discussion includes 

• 
• 
• 
• 

• 

number and type of samples; 

type of analyses and required limits of detection; 

proper sample containers; 

preparation of sample containers with preservative, if needed; and 

sample schedule to ensure minimum holding time so that analyses comply with EPA criteria . 

After a sample is collected, it is delivered to the EM-9 Sample Management Section, where the pertinent infor

mation is entered into the EM-9 Laboratory Information Management System, and the request is given a form num

ber. Each number, representing a single sample, is assigned to a particular station and is entered into the collector's 

log book. The processing of samples includes (1) validating all samples for sampling correctness and integrity, (2) 

scheduling and labeling all samples for analysis, (3) initiating internal COC procedures for all samples, and (4) 

arranging for the proper disposal of any unused portions of samples. 

The request form number is entered in the collector's log book opposite sample numbers submitted, along with 

the date the sample was delivered to EM-9. EM-9 provides COC forms for the samples once they are received if 

COC did not begin in the field. The date, time, temperature (if the sample is water), and other pertinent information 

and remarks are entered opposite the sample number and station previously listed in the log book. The sample con

tainer is labeled with station name, sample number, date, and preservative, if added. 

The analytical request form contains the following information related to ownership and the program submitted: 

(1) requester, i.e., sample collector; (2) program code; (3) sample owner, i.e., program manager; (4) date; and (5) 

total number of samples. The second part of the request fonn contains (1) sample number or numbers; (2) matrix, 

e.g., water; (3) types of analyses, i.e., specific radionuclide and/or chemical constituents; (4) technique, i.e., analyti

cal method to be used for individual constituents; (5) analyst, i.e., chemist to perform analyses; (6) priority of sam

ple or samples; and (7) remarks. One copy of the form goes to the collector for filing, one is kept by the Sample 

Management Section, and the other copies accompany the sample. 
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The analytical results are returned to the sample collector, who posts the data according to sample and station 
taken from the log book. These data sheets are included in the final report. 

b. Radioactive Constituents. Environmental samples are routinely analyzed for the following radioactive 
constituents: gross alpha, beta, and gamma; isotopic plutonium; americium; uranium; cerium; tritium; and 
strontium. Detailed procedures are published in the EM-9 Analytical Methods Manual (Gautier 1986). 
Occasionally, other radionuclides from specific sources are determined: 7Be, 22Na, 40K, SlCr, 60Co, 6.5Zn, S3Rb, 
106Ru, 134Cs, 140J3a, 1.52Eu, 1.54Eu, and 226Ra. All but 226Ra are determined by gamma-ray spectrometry on large 
HPGe detectors. The requirements for detection of 137Cs in drinking water were lowered to 10 pCi/L in 1992. In 
1993, a detector was configured in a new chamber, shielded for lower background to meet this detection limit. This 
detector appeared capable of attaining the 10 pCi/L detection limit. These additional reconfigured detectors were 
used as needed for measurement of 137Cs in many of the environmental samples analyzed for 1993. Depending on 
the concentration and matrix, 226Ra is measured by emanation or by gamma-ray spectrometry of its 214Bi decay 
product. 

During 1992, the criteria for uranium analyses were changed to require lower detection limits and better esti
mates of the isotopic ratio. At that time, these requirements were achieved by development of a method of 
measurement by employing radiochemistry and alpha spectrometry (RAS). In 1993, a few samples needed to be 
analyzed by inductively-coupled plasma mass spectrometer (ICPMS) as was done in past years, but the great major
ity of isotopic uranium analyses were done by RAS. Kinetic phosphorimetric analysis (KP A) was used for samples 
where direct total uranium determination was required. This very sensitive method replaced the delayed neutron 
activation method, use of which was curtailed by shutdown of Omega West Reactor where the analysis had been 
done in past years. 

c. Stable Constituents. A number of analytical methods are used for various stable isotopes. The choice of 
method is based on many criteria, including the operational state of the instruments, time limitations, expected con
centrations in samples, quantity of sample available, sample media, and EPA regulations. Instrumental techniques 
available include atomic absorption, ion chromatography, color spectrophotometry (manual and automated), poten
tiometry, ICPMS, and inductively coupled plasma atomic emission spectrometry. Standard chemical methods are 
also used for many of the common water quality tests. Atomic absorption capabilities include flame, furnace, and 
cold vapor, as well as flame emission spectrophotometry. The methods used and references for determination of 
various chemical constituents are presented elsewhere (Gautier 1986). 

d. Organic: Constituents. Environmental soil and water samples are analyzed using EPA procedures outlined 
in EPA SW-846 (EPA 1989d) or modified procedures (Gautier 1986) that meet QA criteria outlined in Chapter 1 of 
SW-846, as shown in Table VIII-1. Methods used are supported by documented spike/recovery studies, method and 
field blanks, matrix spikes, surrogate spikes, and blind QC samples. VOCs are analyzed using Method 8260, 
SW-846. Tables D-24 and D-251ist VOCs on the target list for water and soil samples, respectively. Semivolatile 
organic compounds (SVOCs) are analyzed using Method 8270, SW-846. Table D-26 is the target list for SVOCs in 
water. Soil-gas (pore-gas) monitoring is performed by collecting organic vapors on carbonaceous adsorbent traps, 
thermal desorption of the traps, and analysis using gas chromatography/mass spectrometry (GC/MS). Soil-gas tar
get compounds are listed in Table D-27, and the Toxicity Characteristics Leaching Procedure (TCLP) target 
compounds are listed in Table D-28. 

Instruments available for organic analysis include GC/flame ionization detector, GC/electron capture detector 
(ECD), GC/MS, high performance liquid with ultraviolet (UV) and refractive index detectors, Fourier transform 
infrared spectrometer, and UV/visible spectrophotometer. Sample preparation methods include Soxhlet extraction, 
ultrasonic extraction. continuous liquid/liquid extraction. Kuderna Danish concentration, evaporative blowdown, 
and gel permeation chromatography cleanup of sample extracts. 

Organic mixed waste analyses are performed for samples containing up to 300 nCi/g (solids/sludges) or 300 
nCi/L (solutions) of alpha, beta, or gamma activity. Higher level samples are analyzed on a case-by-case basis. 
New methods are being developed for routine analysis of mixed waste greater than 300 nCi/g (or 300 nCi/L). 
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Table VIII-I. Method Summary (Organic Compounds) 

Analyte Matrix Method 

VOCs Air 
Soil 8260 
Water 8260 

TCIP Soil 1311; 8080; 
8150;8260; 
8270 

PCBsb Water 8080 
Soil 8080 
Oil IH32QC 

SVOCs Soil and waste 8270 

•Toxicity characteristics leaching procedure (fCLP) 
bPolycblorinated biphenyl (PCBs) 
clndustrial hygiene (IH). 

Techniqued 

GC/MS 
PAT/GC/MS 
PAT/GC/MS 
GC/ECD 

GC/ECD 
GCIECD 
GCIECD 
GC/MS 

dGas chromatography (GC), purge and trap (PAl), electron capture detection (ECD), 
and mass spectrometry (MS). 

l. Quality Evaluation Program. 

L Introduction. Control samples are analyzed in conjunction with the normal analytical chemistry work

load. Such samples consist of several general types: calibration standards, reagent blanks, process blanks, matrix 

blanks, duplicates, spikes, and reference materials. Analysis of control samples fills two needs in analytical work: 

(1) it provides QC over analytical procedures so that problems that might occur can be identified and corrected, and 

(2) data obtained from analysis of control samples permit evaluation of the capabilities of a particular analytical 

technique to determine a given element or constituent under a certain set of circumstances. 

Blind QC samples are numbered to resemble unknown samples in a set. The concentrations of the analytes of 

interest are not revealed until after the data have been formally reported. These samples are submitted to the labo

ratory at regular intervals and are analyzed in association with other samples; that is, they are not handled as a 

unique set of samples. Up to 10% of stable constituent, organic, and selected radioactive constituent analyses are 

run as QC samples using the materials described above. A detailed description of EM-9's QAP and a complete 

listing of results have been published annually since 1976 (Gautier 1993). 

b. Radioactive Constituents. In addition to samples prepared internally, QC and QA samples for radioactive 

constituents are provided by outside agencies. The Quality Assurance Division of the Environmental Monitoring 

Systems Laboratory (EPA, Las Vegas) provides water, milk, and air filter samples for analysis of gross alpha, gross 

beta, tritium, 40K, 60Co, uranium, 6SZn, 90Sr, 106Ru, 1311, 134Cs, 137Cs, 226Ra, and 239,240Pu as part of an ongoing 

laboratory performance evaluation program. NIST provides several soil and sediment standard reference materials 

(SRMs) for environmental radioactivity. These SRMs are certified for 60Co, 90Sr, 137Cs, 226Ra, 238Pu, 239Pu, 241Am, 

and several other nuclides. The DOE's Environmental Measurements Laboratory also provides QA samples. 

Soil, rock, and ore samples obtained from the Canadian Geological Survey (CGS) are used for QA of uranium 

and thorium determinations in silicate matrices. EM-9's own in-bouse standards are prepared by adding known 

quantities of liquid SRMs for radioactivity, prepared by NIST to blank matrix materials. 

c. Stable Constituents. QA for the stable constituent analysis program is maintained through analyses of cer

tified or well-characterized environmental materials. NIST bas a large set of silicate, water, and biological SRMs. 

EPA distributes standards for minerals and other trace constituents in water. Rock and soil reference materials have 

been obtained from the CGS and the United States Geological Survey. Details of this program have been published 

elsewhere (Gautier 1993). Stock solutions of inorganic analytes are prepared and spiked on blank matrices by 

EM-9's Quality Assurance Section. 
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The analytical QC program for a specific batch of samples is a combination of many factors. These include 
the calibration of the instrument and/or reagents, recovery for SRMs, method blanks, duplicate precision, spike 
sample recovery, and run time instrumental QC (continuing calibration standards and blanks). 

d. Organic Constituents. Soil samples are analyzed for VOCs, SVOCs, pesticides, and herbicides for 
compliance work done under RCRA. Certified matrix-based reference materials are not available for these 
analyses, so stock solutions of the analytes are prepared and spiked directly on blank soil by the Quality Assurance 
Section. Because homogeneity of the sample cannot be ensured, the entire sample is analyzed. VOCs are 
analyzed by GC/MS and are spiked in the microgram-per-kilogram range. 

The majority of water samples submitted during 1993 were environmental compliance samples analyzed for 
pesticides, herbicides, VOCs, SVOCs, and polychlorinated biphenyl (PCBs). Methods were developed and 
refined for in-house preparation of QC samples for VOCs and SVOCs in water. 

Oil samples are received for the analysis of PCBs and organic solvents. QC samples for PCBs are prepared by 
diluting EPA standards or by preparing standards in hexane from the neat analyte. In the United States, the only 
PCBs that have been found in transformers have been PCBs 1242, 1254, and 1260. Samples submitted for 
analysis have contained only these PCBs, so only these have been used to spike QC samples. Vacuum pump oil 
was chosen for the oil base blank. 

3. Data Handling of Radiochemical Samples. 

Measurements of radiochemical samples require that analytical or instrumental backgrounds be subtracted to 
obtain net values. Thus, net values are sometimes obtained that are lower than the minimum detection limit of the 
analytical technique. Consequently, individual measurements can result in values of positive or negative 
numbers. Although a negative value does not represent a physical reality, a valid long-term average of many 
measurements can be obtained only if the very small and negative values are included in the population 
calculations (Gilbert 1975). 

For individual measurements, uncertainties are reported as one standard deviation. The standard deviation is 
determined from the propagated sources of analytical error. 

Standard deviations for the station and group (off-site regional, off-site perimeter, and on-site) means are 
calculated using the following equation: 

where 

s-
(N -1) 

ci = sample i, 

c = mean of samples from a given station or group, and 

N = number of samples comprising a station or group. 

This value is reported as the uncertainty for the station and group means. 

4. Indicators of Analytical Accuracy and Precision. 

Accuracy is the degree ~f difference between average test results and true results when the latter are known or 
assumed. Precision is the degree of mutual agreement among replicate measurements (frequently assessed by cal· 
culating the standard deviation of a set of data points). Accuracy and precision are evaluated from results of 

VIII-11 



Los Alamos National Laboratory 
Environmental Surveillance 1993 

analyses of reference materials. These results (r) are normalized to the known quality in the reference material to 

permit comparison among references of a similar matrix containing different concentrations of the analyte: 

Reported quantity ,_ . 
Known quantity 

A mean valueR for all normalized analyses of a given type is calculated as follows for a given matrix type (N 

is total number of analytical determinations): 

~ R- ' N 

Standard deviations of R are calculated assuming a normal distribution of the population of analytical determi

nations (N): 

s-
}:i(R-ri)2 

(N -1) 

These calculated values are presented as the EM-9 "Ratio% Std Dev" in Tables D-29 to D-31. The mean value 

of R is a measure of the accuracy of a procedure. Values of R greater than unity indicate a positive bias in the 

analysis; values less than unity indicate a negative bias. The standard deviation is a measure of precision. Pre

cision is a function of the concentration of analyte; that is, as the absolute concentration approaches the limit of 

detection, precision deteriorates. For instance, the precision for some determinations is quite good because many 

standards approach the limits of detection of a measurement. We address this issue by calculating a new QA 

parameter: 

where XE is the experimentally determined mean concentration based onN measurements, and Xc is the certified 

or consensus mean concentration. The total standard deviation, ST" of XE - Xc is given by 

where UE is the standard deviation of a single experimentally determined measurement, and Sc is the standard 

deviation of the certified or consensus mean elemental concentration. 

5. Analytical Control Conditions. 

Analyses are considered under control if the absolute value of the difference between our result (X~ and the 

certified or consensus mean (XJ is within the propagated standard deviation of the experimental uncertainty (Ur) 
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and of the certified mean (SJ. N is equal to the number of measurements on a sample, and in this case, is equal to 
1. This concept, an adaptation of Dixon and Massey (Dixon 1969), is expressed in the following equation to 
include the experimental uncertainty: 

The test statistics used in this document are based on 5% and 0.2% levels of significance. The respective 
critical regions are defined for values of z between 2 and 3. Data having a calculated z value s:2 are accepted as 
in control at the 5% level of significance. Data that have a calculated z value >2 and s:3 are considered at the 
warning level, or the 0.2% level of significance. Data with a z value >3 are considered out of control. These test 
statistics are also incorporated in the QACHECK computer program. 

The percentage of the tests for each parameter where XE -Xc fell within s:2 ST (under control), between 2ST 
and 3ST (warning level), or outside >3ST (out of control) is shown in Tables D-29 to D-31. A summary of the 
overall state of statistical control for analytical work done by EM-9 is provided in Table VIII-2. 

With the exception of bulk materials, more than 90% of the organic analyses are within <2 propogated 
standard deviations of the certified/consensus mean values (under control). Inorganic data has a lower percentage 
of analyses within control limits, but the data is comparable to that obtained during 1992. Trace levels of 
radiochemical constituents in biological materials and soils still provide more analytical difficulty as illustrated by 
the lower level of overall analytical control. Other radiochemical measurements are unchanged since 1992. 
Areas with <90% of the analyses being under control were the focus of increased quality assurance/quality control 
efforts during 1993. Data on analytical detection limits are given in Table D-32. 

Table VIII-3 summarizes recovery information on organic surrogate compounds required for use in the EPA
Contract Laboratory Program protocol. Table VIII-4 summarizes EM-9's overall record of meeting EPA SW-846-
specified holding times for samples during 1993. The data include all samples for which holding times were 
missed and the customer elected to either resample or accept the data as usable. Table D-33 reports the incidence 
of false positive results for blank QC samples and false negative results for spiked QC samples at the 95% 
confidence level. 

Table VIII-l. Overall Summary of EM-9 Quality Assurance Tests for 1993 

Number of Under Control Warning Out of Control 
Quality Control <la lYJa >Ja 

Analysis (QC) Tests (%) (%) (%) 

Stable Elements 
Biologicals 1 100 
Bulk Materials 9 22 11 66 
Filters 16 75 19 6 
Soils 231 84 10 6 
Water 4,703 94 3 3 

Radiochemical Elements 
Biologicals 60 87 8 5 
Filters 406 97 2 1 
Soils 226 78 12 10 
Water 1,208 96 3 1 

Organic Compounds 
Bulk Materials 353 86 6 8 
Charcoal Tube 924 97 3 
Filters 56 92 4 4 
Soils 1,608 97 1 2 
Water 1,906 94 2 4 

VIII-13 



Los Alamos National Laboratory 
Environmental Surveillance 1993 

;.,, Table Vlll-3. Summary of EM-9 Organic Surrogate Compounds as Required for 

Compliance with EPA SW-846 Criteria for 1993 

EPASW-846 Number of 
Range Surrogates %of 

Matrix % Samples Run 

Analysis CAS•# Low High In Range Total In Range With Surrogate 

Soil 

2-Fluorophenol 204 25 121 258 271.0 95.2 100.0 

Phenold6 205 24 113 265 271.0 97.8 100.0 

Nitrobenzene d5 206 23 120 268 271.0 98.9 100.0 

2-Fluorobiphenyl 207 30 115 268 271.0 98.9 100.0 

2,4,6-Tribromophenol 208 19 122 258 271.0 95.2 100.0 

p-Terphenyl d14 209 18 137 264 271.0 97.4 100.0 

1,2-Dichloroethane d4 201 70 121 276 342.0 80.7 100.0 

Toluene d8 202 81 117 337 342.0 98.5 100.0 

4-Bromofluorobenzene 203 74 121 251 342.0 73.4 100.0 

Water 
2-Fluorophenol 204 21 100 109 126.0 86.5 100.0 

Phenold6 205 10 94 115 126.0 91.3 100.0 

Nitrobenzene d5 206 35 114 114 126.0 90.5 100.0 

2-Fluorobiphenyl 207 43 116 109 126.0 86.5 100.0 

2,4,6-Tribromophenol 208 10 123 119 126.0 94.4 100.0 

p-Terphenyl d14 209 33 141 103 126.0 81.7 100.0 

1,2-Dicbloroethane d4 201 76 114 176 207.0 85.0 99.5 
,.._ 

Toluene d8 202 88 110 207 207.0 100.0 99.5 

4-Bromofluorobenzene 203 86 115 126 207.0 60.9 99.5 

•chemical abstract service. 

Table VIII-4. EM-9 EPA SW-846 Holding Time Summary for 1993 

Number Meeting Total Number %Within 

Organic Analysis Type EPA Criteria Performed EPA Criteria 

Extraction holding times 
Volatiles in soils 347 360 96.4 

Volatiles in waters 132 154 85.7 

Semivolatiles in soils 215 217 99.1 

Semivolatiles in waters 132 138 95.7 

PCBs in soils 352 362 97.2 

PCBs in waters 68 84 81.0 

Instrument analysis holding times 
Volatiles in soils 360 360 100.0 

Volatiles in waters 154 154 100.0 

Semivolatiles in soils 217 217 100.0 

Semivolatiles in waters 138 138 100.0 

PCBs in soils 298 362 82.3 

PCBs in waters 77 84 91.7 
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APPENDIX C 

ANALYTICAL CHEMISTRY METHODOLOGY 

Most analytical chemistry is provided by the Health 
and Environmental Chemistry Group (HSE-9). Over
flow work is contracted to several commercial 
laboratories. 

A. Radioactive Constituents 

Environmental samples are routinely analyzed for 
the following radioactive constituents: gross alpha. 
beta. and gamma; isotopic plutonium; americium; ura
nium; cesium; tritium; and strontium. Detailed proce
dures have been published in this appendix in previous 
years.ct,C2 Occasionally other radionuclides from spe
cific sources are determined: 7Be, 22Na. ~. Stcr, 
60co, 6SZn, 83Rb, l~u, 134Cs, 140aa, IS2Eu, IS4Eu, 

and 22~. All but 2~a are determined by gamma-ray 
spectrometry on large Ge(Li) detectors. Depending on 
the concentration and matrix, 226Ra is measured by 
emanationC3 or by gamma-ray spectrometry of its 214Bi 
decay producL C4 Uranium isotopic ratios e3sUf238U) 
are measured by neutron activation analysis where pre
cisions of ±5% are adequate.cs More-precise work re
quires mass spectrometry. Uranium isotopic ratios are 
readily determined in environmental materials with 
precisions of 1-2% relative standard deviation (RSD) at 
considerably reduced cost relative to neutron activation, 
by inductively coupled plasma mass spectrometry 
(ICPMS). 

B. Stable Constituents 

A number of analytical methods are used for vari
ous stable isotopeS. The choice of method is based on 
many criteria, including the operational state of the 
instruments, time limitations, expected concentrations 
in samples, quantity of sample available, sample 
matrix, and Environmental Protection Agency (EPA) 
regulations. 

Instrumental techniques available include neutron 
activation, atomic absorption, ion chromatography, 
color spectrophotometry (manual and automated), po
tentiometry, combustion analysis, ICPMS, and induc
tively coupled plasma atomic emission spectrometry 

(ICP AES). Standard chemical methods are also used 
for many of the common water-quality tests. Atomic 
absorption capabilities include flame, furnace, cold va
por, and hydride generation, as well as flame-emission 
spectrophotometry. The methods used and references 
for determination of various chemical constituents are 
summarized in Table C-1 (Refs. C6--C70). In 1986 the 
EPA Region VI administration granted HSE-9 limited 
approval for alternative test procedures for uranium in 
drinking water (delayed neutron assay) and for flow in
jection (without distillation) for chloride in drinking 
water and waste water. EPA approval for other modi
fied methods is actively being sought. HSE-9 is partici
pating in the EPA-sponsored study to evaluate ICPMS 
for acceptance as an EPA-approved methodology. 
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C. Organic Constituents 
~ 

Environmen~ analyzed by EPA 
or modified EPA methodology. Methods in use are 
supported by the use of documented spike/recovery 
studies, method and field blanks, matrix spikes, surro
gate spikes, and blind quality-control samples. EPA 
procedures are modified in order to take advantage of 
recent advances in analytical separation and analysis 
techniques. Volatile organics are analyzed using a 
modified form of EPA method 524. Our current target 
list of volatile compounds totals 70. Water samples are 
analyzed by purge-and-trap gas chromatography/mass 

spectrometij--(PAT).'~· s. alyzed using heated 
PAT. S~~volatile organ analyzed by EPA 
method 625 USing EPA.cLPjC ntract Laboratory Pro
gram) protocol. Manual and automated methods have 
been developed using neutron activation to screen oil 
samples for potential polychlorinated biphenyl (PCB) 
contamination via total chlorine determinauon. 
Volatiles trapped on charcoal are analyzed using a car· 
bon disulfide desorption/gas chromatography/mass 
spectrometry method. 

Instrumentation available for organic analys•s lfl· 

eludes gas chromatographs with a variety of detector 
systems, including mass spectrometry, flame iontl;.ttwn. 
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Table C-1. Analytical Methods for Various Stable Constituents 

Technique 

Standard chemical methods 

Color spectrophotometty 

Ntutroft actiYatio•: 
Instrumental thermal 

Instrumental epithermal 

Thermal neutron capture 

gamma ray 

Radiochemical 

Delayed neutron assay 

Atomic absorption 

Inductively coupled plasma 
mass spectrometry 

Ion chromatograpy 

Potentiometric 

Combustion 

Corrosivity 

lgnitability (flash point) 

Automated colorimetry 

Inductively coupled plasma 
atomic emission spectrometry 

Stable Constituents Measured 

Total alkalinity, hardness, S03 -2, SO 4-2, 

TDS, conductivity, COD 

N03 -, P04 -3, Si, Pb, Ti, B 

AI, Sb, As, Ba, Br, Ca, Ce, Cs, Cl, Cr, Co, Dy, 

Eu, Au, Hf, In, I, Fe, La, Lu, Mg, Mn, K, Rb, 
Sm, Sc, Se, Na, Sr, S, Ta, Tb, Th, Ti, W, V, 

Yb,Zn 

AI, Sb, As, Ba, Br, Cs, Cr. F, Ga. Au, In, I, 
La, Mg, Mn, Mo, Ni, K, Sm. Se, Si, Na, Sr, 
Th, Ti, W, U,Zn,Zr 

AI, B, Ca. Cd, C, Gd, H, Fe, Mg, N, K, Si, Na, 
S, Ti 

Sb, As, Cu, Au, Ir, Hg, Mo, Os, Pd, Pt. Ru, 
Se, Ag, Te, Th, W, U, La, Ce, Pr, Nd, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Yb, Lu, 235tJJ23SU, 

u 

Sb, As, Ba, Be, Bi, Cd, Ca. Cr, Co, Cu, Ga, In, 
Fe, Pb, Li, Mg, Mn, Hg, Mo, Ni, K, Se, Ag, 
Na, Sr, Te, Tl, Sn, Ti, V, Zn, AI 

Sb, As, Ba, Be, B, Bi, Cd, Cr, Co, Cu. Ga, In, 
Pb, Li, Mn, Hg, Mo, Ni, Se, Br, Ag, Sr, Te, 
Th, Sn, TI, V, Zn, U, I, Tl, La,Ce, Pr, Nd, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tb, Lu 

r-. c•-. BcNo2-. No3-, so4-2, ro4- 3, 

Na+, K+, Mg+2, ca+2 

F", NH4+, pH, BC Cl2 (total), Cl2 (free) 

C, N, H, S, total organic carbon 

CN"", NH4 +, P04 -3, NCJ -, N02 -. Cr. COD, 
TKN, Si, B, S04-2,Cr 

AI, Ag,As, B, Be, Ba, Cd, Co, Cu, Ca. Cr, Fe, 
K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Re, S, Sb, 
Se, Si, Th, Tl, V, Y, Zn 
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and electron capture. Also available is a high-pressure 
liquid chromatograph equipped with a ultra-violet (UV) 
and refractive index detection system, an infrared 
spectrophotometer, and a UV/visible spectrophotometer 
for colorimetric analyses. Methods used for sample 
preparation include solvent extraction, soxhlet extrac
tion, liquid/liquid extraction, kudema danish concentra
tion, column separation, head space, and purge and 
trap. The methods used for analyses in 1988 along with 
references are shown in Table C-2. Tables C-3 through 
C-7 show compounds determined by these methods and 
representative detection limits. 

D. Analytical Chem~try Quality Evaluation Pro
gram 

1. Introduction. Control samples are analyzed in 
conjunction with the normal analytical chemistry work
load. Such samples consist of several general types: 
calibration standards, reagent blanks, process blanks, 
matrix blanks, duplicates, spikes, and reference mate
rials. Analysis of control samples flUs two needs in the 
analytical work. First. it provides quality control over 
analytical procedures so that problems that might occur 
can be identifl.ed and corrected. Second, data obtained 
from analysis of control samples permit evaluation of 
the capabilities of a particular analytical technique to 
determine a given element or constituent under a cer
tain set of circumstances. The former function is ana

lytical quality control; the latter is quality assurance. 
No attempt is made to conceal the identity of con

trol samples from the analyst. although the concentra
tion of the analytes of interest is not revealed. These 
samples are submitted to the laboratory at regular inter
vals and are analyzed in association with other samples; 
that is, they are not handled as a unique set of samples. 
We feel it would be difficult for analysts to give the 
samples special attention, even if they were so inclined. 
We endeavor to run at least 10% of stable constituent, 
organic, and selected radioactive constituent analyses 
as quality assurance samples using the materials de

scribed above. A detailed description of our quality as
surance program and a complete listing of our annual 
results are published annually.cn-es1 

2. Radioactive Constituents. Quality control and 
quality assurance samples for radioactive constituents 
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are obtained from outside agencies as well as prepared 
internally. The Quality Assurance Division of the En
vironmental Monitoring Systems Laboratory (EPA, Las 
Vegas) provides water, foodstuffs, and air-fllter sam
ples for analysis of gross alpha, gross beta. 3H, 40J<., 
60Co, 65zn, 90Sr, 1~u. 1311, 134Cs, 137Cs, 22~a, and 
239.240pg as part of an ongoing laboratory intercom pari
son program. The National Institute of Standards and 
Technology (NIST, formerly the National Bureau of 
Standards) provides several soil and sediment Standard 
Reference Materials (SRMs) for environmental radio
activity. These SRMs are certifl.ed for 60Co, 90Sr, 
137cs, 22~. 238Pu, 239.240pg, 241Am, and several 

other nuclides. The DOE's Environmental Measure
ments Laboratory also provides quality assurance 
samples. 

Soil, rock, and ore samples obtained from the Cana
dian Geological Survey (CGS) are used for quality as
surance of uranium and thorium determinations in sili
cate matrices. Our own in-house standards are pre
pared by adding known quantities of liquid NIST ra
dioactivity SRMs to blank matrix materials. 

3. Stable Constituents. Quality assurance for the 
stable constituent analysis program is maintained by 
analysis of certified or well-characterized environ
mental materials. The NIST has a large set of silicate, 
water, and biological SRMs. The EPA distributes min
eral analysis and trace analysis water standards. Rock 
and soil reference materials have been obtained from 
the CGS and the United States Geological Survey 
(USGS). Details of this program have also been pub
lished elsewhere. est 

The analytical quality control program for a specific 
batch of samples is the combination of many factors. 
These include the "fit of the calibration," instrument 
drift, calibration of the instrument and/or reagents, re
covery for SRMs, and precision of results. In addition, 
there is a program for evaluation of the quality of re· 
suits for an individual water sample.C82 These individ
ual water-sample-quality ratios are the sum of the miili· 
equivalent (meq) cations to the sum of meq anions, the 
meq hardness of the sum of meq ea•2 and Mg+2, the 
observed total dissolved solids (TDS) to the sum of 
solids, and the observed conductivity to the sum of 
contributing conductivities, as well as the two rauos 
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Table C-2. Metbod Summary (Orpnlcs) 

Analyte Matrix Metbod Technique• Reference 

Volatiles Air GCJMS C6S 
Soil C!Jib/S24 PAT/OCIMS C64-C66 
Water S24 PAT/OCIMS C64 

EPC toxicity Soil 1310,8080 GCJECD C66 
81SO 

PCBs Water 606 GCJECD C64 
Soil 8080 GCJECD C66 
Oil IH320 GCJECD C6S 

Soil and waste 625 GC/MS C69,C70 

'Ga chromatography (GC). purge and ttap (PAT). eledron capture detection (ECD). and mass 
spectrometry (MS). 

"contract LaboraUlry Program (CLP). 

CExtraction procedure (EP). 

oblained by multiplying (0.01) x (conductivity) and di· 
viding by the meq calians and the meq anions. 

4. OrpDic Coastltuents. Soil samples are • 
ceived fcx- the analysis of volatile and semivolatile CX'· 

ganic compounds (VOCs and SVOCs). pesdcides, IJld 

herbicides fcx- compliance work dono under the Ro
soun:e Conservation and Recovery Act (RCRA). Certi· 
fled malrix.-based reference nwerials were not a'Yiil
able for these analyses. so stock solutiOIL1 of the ana
lyteS were prepared and spiked directly on blank soil by 
the quality assurance section. Since homogeneity of 

the sample could not be ensured. the entire sample wu 
analyzed. The VOCs are analyzed by gas chromatog
raphy/mas spectromeery. In the last 12 months. the 

detection limit for these compounds hu decreued by a 
factor of 100 because of a change in the technique used 
to introduce the samples into the gas chromatograph. 
This wa accompllshed by using a hea~ purpd-ttap 

methodology instead of purge-and-trap performed at 
ambient tcmperanues. The in-house quality conll'Ol 

samples are now spiked in the microgram-per-kilogram 

range to reflect this change in detection Umhs. 
The majority of water samples submitted during 

1988 were environmental compliance samples for the 
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analysis of pesticides, herbicides. semivolatile and 
volatile orpnic compounds. and PCBs. Methods were 
developed and refined for in-house preparation of qual
ity-conll'Ol samples for volatile and semi volatile organic 
compounds in warer. 

Oil samples were recei'led for the analysis of PCBs 
and orpnic solvents. The majority of. these oils await 

disposal by the Waste Management Group, HSE· 7, and 

include oil from decommissioned transformers. The re
maining oil samples were environmental or industrial 
hygiene samples taken from areas of possible 

contamination. 
Quality-<:onll'Ol samples for PCBs were prepared by 

diluting EPA standards or by preparing standards in 

heune from the neat analyte. In the Uni~ StaleS, the 

only PCBs that ha>~e been fowwl in transfonnen have 

been PCBa 1242. 1254, and 1260. Samples submitted 
for analysis have contained only these PCBs. so they 

ha>~e been used to spike quality-conll'Ol samples. Vac· 

uum pump oil wu chosen for the oil base blank after an 
experiment with various brands of motor oil showed 

excessive matrix interferences. 
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Table C-3. Volatiles Determined in Water by Purge and Trap 

~· Representative 
Limit or Quantification 

Compound CAS# (JJ.g/L) 

Chloromethane 74-87-3 10 
Vinyl chloride 75-01-4 10 
Bromomethane 74-83-9 2 
Chloroethane 75-00-3 10 
Acetone 67-64-1 2 
Trichlorofluoromethane 75-69-4 2 
1,1-Dichloroethene 75-35-4 2 
Methylene chloride 75-09-2 2 
Carbon disulfide 75-15-0 10 
t -1,2-Dichloroethene 156-60-5 2 
1,1-Dichloroethane 75-34-3 2 
c-1,2-Dichloroethene 156-59-2 2 
Bromochloromethane 74-97-5 2 
Chloroform 67-66-3 2 
1 ).-Dichloroethane 107-06-2 2 
1,1-Dichloropropene 563-58-6 10 
Vinyl acetate 108-05-4 20 
2-Butanone (MEK) 78-93-3 10 
2).-Dichloropropane 590-20-7 2 
1,1,1-Trichloroethane 71-55-6 2 
Carbon tetrachloride 56-23-5 2 
Benzene 71-43-2 2 
1 ).-Dichloropropane 78-87-5 2 
Trichloroethene 79-01-6 2 
Dibromomethane 74-95-3 2 
Bromodichloromethane 75-27-4 2 
t-1,3-Dichloropropene 1006-10-26 2 
c-1,3-Dichloropropene 1006-10-15 20 
1,1 ).-Trichloroethane 79-00-5 2 
1,3-Dichloropropane 142-28-9 2 
Chlorodibromomethane 124-48-1 2 
Bromoform 75-25-2 10 
4-Methyl-2-pentanone (MIK) 10-81-1 10 
Toluene 108-88-3 2 
2-Hexanone 59-17-86 80 
1 ).-Dibromomethane 74-95-3 2 
Tetrachloroethene 127-18-4 2 
Chlorobenzene 108-90-7 2 
1,1,1,2-Tetrachloroethane 630-20-6 2 
1-Chlorohexane 544-10-5 2 
Ethylbenzene 100-41-4 2 
m,p-Xylene (total) 108-38-3 + 106-42-3 2 
o-Xylene 95-47-6 2 
Styrene 100-42-5 2 
1,1,2,2-Tetrachloroethane 79-34-5 10 

"~ 1,2,3-Trichloropropane 96-18-4 2 
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Table C-3 (Coat) 

Compound 

Isopropylbenzene 
Bromobenzene 
11-Propylbenzene 
2-0tlorotoluene 
4-0tlorotoluene 
1 ,3,5-Trimethylbenzene 
tert-Butylbenzene 
1 ,2,4-Trimethylbenzene 
sec-Butylbenzenc 
1 ,3-Dichi<X'Obenzene 
1,4-Dichi<X'Obenzene 
p-lsopopyltoluene 
1 ,2-Dichl<robenzenc 
11-Butylbenzene 
1 ,2-Dibromo-3-chloropropane 
1 .2.4-Trichlorobenzene 
Naphthalene 
1 ,2,3-Trichlorobenzene 
Hexachlorobutadiene 

CAS I 

98-82-8 
108-86-1 
103-65-1 
95-49-8 

106-43-4 
108-67-8 
98-06-6 
95-63-6 

135-98-8 
541-73-1 
106-46-7 
99-87-6 
95-50-1 

104-51-8 
96-12-8 

120-82-1 
91-20-3 
87-61-6 
87-68-3 

Representative 
Limit of Quantification 

(J.lg/L) 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

10 
2 
2 

10 
2 

Column: Supelco SPB-5 60 m x 0.2S mm x 1.0 IJID. Limits of detection esti
mated by minimum signal required to yield identifiable mass spectral scan. 

5. IDdicators of Accuney and Precision. Ac
curacy is the degree of difference between average rest 

results and true results. when the Iauer are known or as
sumed. Precision is the degree of mutual agreement 
among replicate measurements (frequently assessed by 
calculating the SWldard deviation of a set of data 
points). Accuracy and precision are evaluated from re
sults of analysis of reference materials. These results 
are normalized to the known quality in the reference 
material to permit comparison among reference mate· 
rials of similar maarix containing different concentra· 
lions of the analyte: 

Reported quantity 
T = _....;;.._ _ __;;___...;;..__ 

Known quantity 

A mean value R for all nonnalized analyses of a 
given type is calculated as follows for a given matrix 
type (N is total number of analytical determinations): 
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R= tiri . 
N 

The standard deviation(s) of R is calculated assum
ing a normal distribution of the population of analytical 
detenninations (N): 

s= 
ti(R-ri 

(N-1) 

These calculated values are presented as the HSE-9 
"Ratio± Std Dev" in Tables C-8 through C-20. The 
mean value of R is a measure of the accuracy of a 
procedure. Values of R greater than unity indicate a 
positive bias in the analysis; values less than unity, a 
negative bias. 

The standard deviation is a measure of precision. 
Precision is a function of the concentration of anal yte: 
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Table C-4. Volatiles Determined in Solids by SW-846 Method 8010 

~· Limit of Quantification 
Compound CAS# (J.Lg/kg) 

Chloromethane 74-87-3 10 
Vinyl chloride 75-01-4 2 
Brornomethane 74-83-9 2 
Chloroethane 75-00-3 2 
Acetone 67-64-1 2 
Trichlorofluoromethane 75-69-4 2 
1,1-Dichloroethene 75-35-4 2 
Methylene chloride 75-09-2 10 
Carbon disulfide 75-15-0 2 
t -1 ,2-Dichloroethene 156-60-5 2 
1,1-Dichloroethane 75-34-3 2 
c-1,2-Dichloroethene 156-59-4 2 
Brornochloromethane 74-97-5 2 
Chloroform 67-66-3 2 
1 ).-Dichloroethane 107-06-2 2 
1,1-Dichloropropene 563-58-6 2 
Vinyl acetate 108-05-4 10 
2-Butanone (MEK) 78-93-3 10 
2).-Dichloropropane 590-20-7 10 
1,1,1-Trichlo~ 71-55-6 10 
Carbon tetrachloride 56-23-5 2 
Benzene 71-43-2 2 
1 ).-Dichloropropane 78-87-5 2 
Trichloroethene 79-01-6 2 
Dibromomethane 74-95-3 2 
Brornodichloromethane 75-27-4 2 
t-1 ,3-Dichloropropene 1006-10-26 10 
c-1 ,3-Dichloropropene 1006-10-15 10 
1,1 ).-Trichloroethane 79-00-5 2 
1 ,3-Dichl<mpropane 142-28-9 2 
Chlorodibromomethane 124-48-1 2 
Bromoform 75-25-2 2 
4-Methyl-2-pentanone (MIK) 10-81-1 10 
Toluene 108-88-3 2 
2-Hexanone 59-17-86 20 
1).-Dibromomethane 74-95-3 2 
Tettachloroethene 127-18-4 2 
Chlorobenzene 1~-90-7 2 
1,1, 1 ,2-Tettachloroethane 630-20-6 2 
1-Chlorohexane 544-10-5 2 
Ethylbenzene 100-41-4 2 
m.p-Xylene (total) 1~-38-3 + 106-42-3 2 
o-Xylene 95-47-6 2 
Styrene 100-42-5 2 
1,1 ).,2-Tettachloroethane 79-34-5 10 
1 ).,3-Trichloropropane 96-18-4 2 
Isopropyl benzene 98-82-8 2 
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Compound 

Bromobenzene 
n-Propylbenzene 
2-Chlorotoluene 
4-Chlorotoluene 
1 ,3,5-Trirnethylbenzene 
tert-Butylbenzene 
1 ,2,4-Trirnethy !benzene 
sec-B utylbenzene 
1 ,3-DichlOO>benzene 
1,4-DichlOO>benzene 
p-Isopropyltoluene 
1 ,2-DichlOO>benzene 
n-Buty !benzene 
1 ,2-Dibrom~3-chloropropane 
1 ,2,4-Trichlorobenzene 
Naphthalene 
1 ,2,3-Trichlorobenzene 
Hexachlorobutadiene 

Table C-4 (Coot) 

CAS# 

l(Ml-86-1 
103-65-1 
95-49-8 

106-43-4 
108-67-8 
98-06-6 
98-63-6 

135-98-8 
541-73-1 
106-46-7 
99-87-6 
95-50-l 

104-51-8 
96-12-8 

120-82-1 
91-20-3 
87-61-6 
87-68-3 

Limit of Quantification 
(JJ.g/kg) 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

lleolumn: 60 m x 0.32 mm SPB-5 fused silica capillary, using a methanolic 

partition with purge and trap. Limits of quantification are calculated from the 

intercept of the external calibration curve using a flame-ionization detector. 

that is, as the absolute concentration approaches the 

limit of detection, precision deteriorates. For instance, 

the precision for some determinations is quite large be

cause many standards approach the limits of detection 

of a measurement We address this issue by calculating 

a new quality assurance parameter, 

where XE and Xc are the experimentally determined and 

certified or consensus mean elemental concentrations, 

respectively. TheSE and Sc pmuneters are the standard 

deviations associated withXE and Xc, respectively. An 

analysis will be considered under control when this 

condition is satisfied for a certain element in a given 

matrix. Details on this approach are presented else

where.C81 The percentage of the tests f<r each param

eter that fell within ±2 propagated-standard-deviations 
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(under control), between ±2 and ±3 propagated-stan

dard-deviations (warning level), or outside ±3 propa

gated-standard-deviations (out of control) is shown in 

Tables C-8 to C-20. A summary of the overall state of 

statistical control f<r analytical wodc done by HSE-9 is 

provided in Table C-21. 
For most radiochemical and inorganic analyses, 

more than 92% are within ±2 propagated-standard-de

viations of the certifted/consensus mean values (under 

control). Trace levels of these constituents in biologi

cal materials still provide more analytical difficulty, as 

illustrated by the slightly lower level of overall analyti

cal control. Although the overall control of organic 

analyses in bulk materials (such as oils and solvents) is 

quite good, we have much too high a percentage of our 

organic determinations in water and silicate matri:~.es 

outside the ±3 propagated-standard-deviations of the 

certifted/consensus mean values (out of control). This 

area will be the focus of increased quality assur

ance/quality control effort. 
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Table C-5. Semivolatile Organics in Water 

Compound CAS# 
Limit or Quantification 

(J.lg/L) 

N-Nittosodimethylamine 
Aniline 
Phenol 
bis( -2-Chloroethyl)ethec 
2-Chlorophenol 
1 .3· Dichlm>benzene 
1.4-Dichlm>benzene 
Benzyl alcohol 
1 ;1.-Dichlm>benzene 
2-Methylphenol 
bis(2-Chloroisopropyl)ether 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isoph<rone 
2-Nitrophenol 
2.4-Dimethylphenol 
Benzoid acid 
bis(-2-Chloroethoxy )methane 
2,4-Dichlauphenol 
1 ;1.,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethyl phthalalc 

Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Diniuotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 
Fluorene 
4-Nitroaniline 

62-75-9 
62-55-3 
1~-95-2 

111-44-4 
95-57-8 

541-73-1 
106-46-7 
100-51-6 
95-50-1 
95-48-7 

39638-32-9 
106-44-5 
621-64-7 

67-72-1 
98-95-3 
78-59-1 
88-75-5 

105-67-9 
65-85..0 

111-91-1 
120-83-2 
120-82-1 
91-20-3 

106-47-8 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 

131-11-3 
~-96-8 

99-09-2 
83-32-9 
51-28-5 

100-02-7 
132-64-9 
121-14-2 
606-20-2 
84-66-2 

7005-72-3 
86-73-7 

100..01-6 
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20 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
50 
10 
10 
50 
10 
50 
50 
10 
10 
10 
10 
10 
10 
50 
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Table C-5 (Cont) 

Compound 

4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine 
Azobenzene 

4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butylphthala1c 
F1ummthene 
Benzidine 
Pyrene 
Butylbenzylphthalate 
3,3'-Dic:hlorobenzidine 
Benzo(a)anthracene 
bis(2-Ethylhexyl}phthalate 
Chrysene 
Di-11-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
lndeno( 1,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g ,h,,)perylene 

New instrumentation has been purchased for the 

analysis of volatiles, and considerable improvement has 

been shown in this area. Semivolatile analyses con

tinue to pose a challenge, but new extraction methods 

are being developed that show promise. Additional ex

perienced personnel have been hired for the semi

volatile analysis. currently the most complex organic 

analysis of the environmental protocols. 

The analysis of any organic on silicate materials is 

difficult because of the tremendous number and type of 

malrix complications. Our quality<ontrol samples are 

malrix spikes that truly reflect what occurs in the ex-

CAS# 

534-52-1 
86-30-6 

103-33-3 
101-55-3 
118-74-1 
87-86-5 
85-01-8 

120-12-7 
84-74-2 

206-44-0 
92-87-5 

129-00-0 
85-68-7 
91-94-1 
56-55-3 

117-81-7 
218-01-9 
117-84-0 
205-99-2 
207-08-9 
50-32-8 

193-39-5 
53-70-3 

191-24-2 

Limit of Quantification 
ij.LWL) 

so 
10 
50 
10 
10 
50 
10 
10 
10 
10 
50 
10 
10 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

traction process. In addition to the blind quality-control 

samples, the analyst spikes samples for volatile and 

semivolatile analysis with a series of three to five sur

rogate compounds and checks for the percentage of re· 

covery as directed by EPA guidelines. If these re

coveries are out of acceptable range, corrective action 

is taken. Matrix spike samples are also prepared. A 

portion of the actual sample is spiked with target com

pounds, and recoveries are evaluated using EPA guide

lines. 
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Data on analytical detection limits are given in 

Table C-22. 
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Table C-6. Volatiles Determined in Air (Pore Gas) 

Compound 

Chloroform 
1,1, 1-Trichloroethane 
Benzene 
Carbon tetrachloride 
Trichloroethene 
Toluene 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
o-Xylene 
m,p-Xylene (total) 
1 ,2,4-Trimethylbenzene 

Limit of Quantification 
CAS# (JJ.g/tube) 

67-66-3 1.0 
71-56-6 1.0 
71-43-2 1.0 
56-23-5 1.0 
79-01~ 1.0 

108-88-3 1.0 
127-18-4 1.0 
1~-90-7 1.0 
100-41-4 1.0 
95-47~ 1.0 

1CMI-38-3 + 10642-3 1.0 
95~3~ 1.0 

Table C-7. EP Toxicity Organic Contaminants 

Contaminant 

Maximum 
Concentration 

(mg/L) 

Representative 
Detection Limits 

(mg/Lf 

Endrin (1,2,3,4,10,10-Hexachlo~ 0.02 0.006 
7 -epoxy-1,4,4a,5,6, 7 ,8,8a-octahydro-1 
4-endo, endo-5, 8-dimethanonaphthalene) 

Lindane 0.4 0.0002 
(a.~.a.a,P-Hexachl<XOCyclohexane, gamma isomer) 

Methoxychlor (1,1,1-Trichloro- 10.0 0.004 
2,2-bis(p-methoxyphenyl)ethane) 

Toxaphene 0.5 0.020 
(technical chlainated camphene, 67-69% chlaine) 

2,4-D (2,4-Dichlorophenoxyacetic acid) 10.0 0.016 

2,4,5-TP (Silvex) 1.0 0.005 
{2,4,5-Trichlorophenoxypropionic acid) 

-column: 30m x 0.32-mm SPB-5 fused silica capillary. Detection limit is calculated as 4 times 
the gas chromatography background noise found when an electron capture detector was used. 
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APPENDIX C 

ANALYTICAL CHEMISTRY METHODOLOGY 

Most analytical chemistry services are provided by 
the Laboratory's Health and Environmental Chemistry 
Group (HSE-9). Overflow work is contracted to several 
commercial laboratories. 

A. Radioactive Constituents 

Environmental samples are routinely analyzed for the 
following radioactive constituents: gross alpha, beta, and 
gamma; isotopic plutonium; americium; uranium; ce
sium; tritium; and strontium. Detailed procedures have 
been published in this appendix in previous years.ct.c2 

Occasionally, other radionuclides from specific sources 
are determined: 7Be, 22Na, 4'1<, 51 Cr, 60Co, 65Zn, 83Rb, 
106Ru, 134Cs, 140Ba, 152Eu, 154Eu, and 2~a. All but 226Ra 
are detennined by gamma-ray spectrometry on large Ge(Li) 
detectors. Depending on the concentration and matrix, 
226Ra is measured by emanationc3 or by gamma-ray 
spectrometry of its 214Bi decay product.c4 Uranium iso
topic ratios (235U/238U) are measured by neutron activa
tion analysis where precisions of ±5% are adequate.cs 
More-precise work requires mass spectrometry. Uranium 
isotopic ratios are readily detennined in environmental 
materials with precisions of 1%-2% relative standard 
deviation (RSD), at considerably reduced cost relative to 
neutron activation, by inductively coupled plasma mass 
spectrometry (ICPMS). 

B. Stable Constituents 

A number of analytical methods are used for various 
stable isotopes. The choice of method is based on many 
criteria, including the operational state of the instruments, 
time limitations, expected concentrations in samples, 
quantity of sample available, sample matrix, and EPA 
regulations. 

Instrumental techniques available include neutron ac
tivation, atomic absorption, ion chromatography, color 
spectrophotometry (manual and automated), potentiom
etry. combustion analysis, ICPMS, and inductively coupled 
plasma atomic emission spectrometry (ICPAES). 

Standard chemical methods are also used for many of the 
common water-quality tests. Atomic absorption capabili
ties include flame, furnace, cold vapor, and hydride gen
eration, as well as flame-emission spectrophotometry. 
The methods used and references for detennination of 
various chemical constituents are summarized in 
Table C-1 (Refs. C5-C67). In 1986, the EPA Region VI 
administration granted HSE-9 limited approval for alter
native test procedures for uranium in drinking water 
(delayed neutron assay) and for chloride in drinking water 
and waste water (flow injection, without distillation). 
EPA approval for other modified methods is actively 
being sought. HSE-9 is participating in the EPA
sponsored study to evaluate ICPMS for acceptance as an 
EPA-approved methodology. 

C. Organic Constituents 

Environmental water samples are analyzed by EPA or 
modified EPA methodology. Methods used are supported 
by documented spike/recovery studies, method and field 
blanks, matrix spikes, surrogate spikes, and blind quality 
control samples. EPA procedures are modified to take 
advantage of recent advances in analytical separation and 
analysis techniques. Volatile organic compounds are 
analyzed using a modified fonn of EPA method 524. Our 
current target list of volatile compounds totals 65. Water 
samples are analyzed by purge-and-trap gas chromatogra
phy/mass spectrometry (PAT). Soils are analyzed using 
heated PAT. Semivolatileorganiccompoundsareanalyzed 
by EPA method 625 using EPA-CLP (Contract Labora
tory Program) protocol. Manual and automated methods 
have been developed using neutron activation to screen 011 
samples for potential polychlorinated biphenyl (PCB) 
contamination via total chlorine detennination. C6S Volatile 
organics trapped on charcoal are analyzed using a carbon 
disulfide desorption/gas chromatography/mass spec
trometry method. 
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Instrumentation available for organic analysis includes 
gas chromatographs with a variety of detector systems. 
including mass spectrometry, flame ionization, and electron 
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Table C-1. Analytical Methods for Various Stable Constituents 

Technique 

Standard chemical methods 

Color spectrophotometry 

Neutron activation: 
Instrumental thermal 

Instrumental epithermal 

Thermal neutron capture 
gamma ray 

Radiochemical 

Delayed neutron assay 

Atomic absorption 

Inductively coupled plasma 
mass spectrometry 

Ion chromatography 

Potentiometric 

Combustion 

Corrosivity 

Ignitability (flash point) 

Automated colorimetry 

Inductively coupled plasma 
atomic emission spectrometry 

Stable Constituents Measured 

Total alkalinity, hardness, S0
3
- 2, S0

4
- 2, 

TDS (total dissolved solids), conductivity, 
COD (chemical oxygen demand) 

References 

C6,C64 

N0
3
-, P0

4
- 3, Si, Pb, Ti, B C6, C64 

AI, Sb, As, Ba, Br, Ca, Ce, Cs, Cl, Cr, Co, Dy, C7, Cl2-CI5, C64 
Eu, Au, Hf, In, I, Fe, La, Lu, Mg, Mn, K, Rb, 
Sm, Sc, Se, Na. Sr, S, Ta, Tb, Th, Ti, W, V, 
Yb,Zn 

AI, Sb, As, Ba, Br, Cs, Cr, F, Ga, Au, In, I, C7, C9, CI6-C21, C64 
La, Mg, Mn, Mo, Ni, K, Sm, Se, Si, Na, Sr, 
Th, Ti, W, U, Zn, Zr 

AI, B, Ca, Cd, C, Gd, H, Fe, Mg, N, K, Si, Na, C7, C22-C29, C64 
S, Ti 

Sb, As, Cu, Au, Ir, Hg, Mo, Os, Pd, Pt, Ru, C5-C7, C30-C38, CSI, C64 
Se, Ag, Te, Th, W, U, La, Ce, Pr, Nd, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Yb, Lu, 235Uf 238U 

U C7, C8, CIO, Cll, C39, C40, 
C64 

Sb, As, Ba, Be, Bi, Cd, Ca, Cr, Co, Cu, Ga. In, C6, C41-C48, C52-C54, C64 
Fe, Pb, Li, Mg, Mn, Hg, Mo, Ni, K, Se, Ag, Na, 
Sr, Te, Tl, Sn, Ti, V, Zn, AI 

Sb, As, Ba, Be, B, Bi, Cd, Cr, Co, Cu, Ga, In, C64 
Pb, Li, Mn, Hg, Mo, Ni, Se, Br, Ag, Sr, Te, Th, 
Sn, Ti, V, Zn, U, I, Tl, La, Ce, Pr, Nd, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tb, Lu 

F-, CI-, Br-, No
2
-. No

3
-, so

4
- 2, ro

4
- 3 C49, C64 

Na•, K•, Mg•2, ca•2 

F-, NH/. pH, Br-, Cl
2 

(total), Cl
2 

(free) C50, C55, C64 

C,N, H, S, total organic carbon C29, C61, C62, C64 

C56, C57 

C56, C58 

CN-, NH
4
+, P0

4
- 3, N0

3
-, N0

2
-, Cl-, COD, C6, C59-C61, C64 

TKN (total Kjeldahl nitrogen), Si, B, S0
4-

2
, Cr+6 

AI, Ag, As, B, Be, Ba, Cd, Co, Cu, Ca, Cr, Fe, C64-C67 
K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Re, S, Sb, 
Se, Si, Th, Tl, V, Y, Zn 
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capture. Also available is a high-pressure liquid chro
matograph equipped with an ultraviolet (UV) and refrac
tive index detection system, an infrared spectrophotome
ter, and a UV/visible spectrophotometer for colorimetric 
analyses. Methods used for sample preparation include 
sol vent extraction, soxhletextraction,liquidlliquid extrac
tion, kudema danish concentration, column separation, 
head space, and PAT. The methods used for analyses in 
1989, along with references, are shown in Table C-2. 
Tables C-3 through C-7 show compounds determined by 
these methods and representative detection Iimits.c69 ·C7° 

The organic mixed-waste program is functioning on a 
limited-sample basis. Equipment and personnel are being 
dedicated to this analytical program. Special handling 
procedures for low-level mixed-waste samples have been 
implemented. Future expansion into a larger laboratory 
will allow the program to process an increased number of 
samples . 

D. Analytical Chemistry Quality Evaluation 
Program 

1. Introduction. Control samples are analyzed in 
conjunction with the normal analytical chemistry work-

load. Such samples consist of several general types: 
calibration standards, reagent blanks, process blanks, 
matrix blanks, duplicates, spikes, and reference materials. 
Analysis of control samples fills two needs in analytical 
work: (1) it provides quality control over analytical 
procedures so that problems that might occur can be 
identified and corrected, and (2) data obtained from analy
sis of control samples permit evaluation of the capabilities 
of a particular analytical technique to determine a given 
element or constituent under a certain set of circum
stances. 

In 1989, blind samples were added to our previously 
completely open quality assurance (QA) sample system. 
Blind QA samples are disguised and numbered to re
semble unknown samples in a set, and no attempt is made 
to conceal the identity of the open QA samples from the 
analyst. In neither case are the concentrations of the 
analytes of interest revealed until after the data have been 
formally reported. 

These samples are submitted to the laboratory at 
regular intervals and are analyzed in association with 
other samples; that is, they are not handled as a unique set 
of samples. We feel it would be difficult for analysts to 
give the samples special attention, even if they were so 

Table C-2. Method Summary (Organic Compounds) 

Analyte 

Volatile organic 
compounds 

EPc toxicity 

PCBs 

Semi volatile organic 
compounds 

Matrix 

Air 
Soil 
Water 

Soil 

Water 
Soil 
Oil 

Soil and waste 

CLP/524 
524 

1310,8080 
8150 

606 
8080 
IH 320 

625 

aContract Laboratory Program (CLP), industrial hygiene (IH). 

Techniqueb Reference 

GC/MS C64 
PAT/GC/MS C63-C65 
PAT/GC/MS C63 

GC/ECD C65 

GC/ECD C63 
GC/ECD C65 
GC/ECD C64 

GC/MS C69,C70 

bGas chromatography (GC), purge and trap (PAT), electron capture detection (ECD), and 
mass spectrometry (MS). 

cExtraction procedure (EP). 
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Table C-3 (Cont) 

Compound 

1,1 ,2,2-Tetrachloroethane 
1 ,2,3-Trichloropropane 
Isopropyl benzene 
Bromobenzene 
n-Propy I benzene 
2-Chlorotoluene 
4-Chlorotoluene 
1 ,3,5-Trimethylbenzene 
tert-Butylbenzene 
1 ,2,4-Trimethy !benzene 
sec-Butylbenzene 
I ,3-Dichlorobenzene 
I ,4-Dichlorobenzene 
p-Isopropyltoluene 
I ,2-Dichlorobenzene 
n-Butylbenzene 
I ,2-Dibromo-3-chloropropane 
I ,2,4-Trichlorobenzene 
Naphthalene 
I ,2,3-Trichlorobenzene 
Hexachlorobutadiene 

CAS# 

79-34-5 
96-18-4 
98-82-8 

I08-86-I 
I03-65-I 
95-49-8 

I06-43-4 
108-67-8 
98-06-6 
95-63-6 

I35-98-8 
54I-73-I 
106-46-7 
99-87-6 
95-50-I 

I04-5I-8 
96-I2-8 

I20-82-I 
91-20-3 
87-61-6 
87-68-3 

Representative 
Limits of Quantification 

(JJ.g!L) 

10 
10 
10 
10 
10 
IO 
10 
IO 
10 
10 
10 
10 
IO 
10 
10 
IO 
10 
10 
IO 
10 
10 

Column: Supelco DB 624, 30 m x 0.530 mm x 1.5 J..Ull. Limits of detection are 
estimated using the minimum signal required to yield identifiable mass spectral 
scan. 

inclined. We endeavor to run at least IO% of stable 
constituent, organic, and selected radioactive constituent 
analyses as quality control samples using the materials 
described above. A detailed description of our quality 
assurance program and a complete listing of our annual 
results have been published annually since I976.c7!,cn 

2. Radioactive Constituents. Quality control and 
quality assurance samples for radioactive constituents are 
obtained from outside agencies, in addition to those that 
are prepared internally. The Quality Assurance Division 
of the Environmental Monitoring Systems Laboratory 
(EPA, Las Vegas) provides water, foodstuffs, and air filter 
samples for analysis of gross alpha, gross beta, 3H, 4<1<, 
60Co, 65Zn, 90Sr, 1 ~u. 1311, 134Cs, 137Cs, 2~a. and 
239.240pu as part of an ongoing laboratory intcrcomparison 
program. The National Institute of Standards and Tech-
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nology (NIST, formerly the National Bureau of Stan
dards) provides several soil and sediment standard refer
ence materials (SRMs) for environmental radioactivity. 
TheseSRMsarecertifiedfor60Co,90Sr, 137Cs, 22~a. 238Pu, 
239.2~. 241 Am, and several other nuclides. The DOE's 
Environmental Measurements Laboratory also provides 
quality assurance samples. 

Soil, rock, and ore samples obtained from the Cana
dian Geological Survey (CGS) are used for quality assur
ance of uranium and thorium determinations in silicate 
matrices. Our own in-house standards are prepared by 
adding known quantities of liquid NIST radioactivity 
SRMs to blank matrix materials. 

3. Stable Constituents. Quality assurance for the 
stable constituent analysis program is maintained by 
analysis of certified or well-characterized environmental 
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I Table C-4. Volatile Organic Compounds in Solids, 
Determined by SW-846 Method 8010 Analyses 

I ~· Limits of Quantification 
Compound CAS# (J.Lglkg) 

I Chloromethane 74-87-3 20 
Vinyl chloride 75-01-4 20 
Bromo methane 74-83-9 20 I Chloroethane 75-00-3 20 
Acetone 67-64-I 20 
Trichlorofluoromethane 75-69-4 IO 

I I ,1-Dichloroethene 75-35-4 10 
Methylene chloride 75-09-2 IO 
Carbon disulfide 75-I5-0 10 
t-I ,2-Dichloroethene I56-6 IO I I, I-Dichloroethane 75-34-3 IO 
c-I ,2-Dichloroethene I56-59-4 10 
Bromochloromethane 74-97-5 iO 

I Chloroform 67-66-3 10 
I ,2-Dichloroethane I07-06-2 10 
I , I-Dichloropropene 563-58-6 IO 

I Vinyl acetate I08-05-4 IO 
2-Butanone 78-93-3 20 
2,2-Dichloropropane 590-20-7 10 
I, I, I-T richloroethane 7I-55-6 IO I ~. Carbon tetrachloride 56-23-5 10 
Benzene 7I-43-2 10 
I ,2-Dichloropropane 78-87-5 10 • Trichloroethene 79-01-6 10 
Dibromomethane 74-95-3 10 
Bromodichloromethane 75-27-4 10 • t -1 ,3-Dichloropropene I006-I0-26 10 
c-I ,3-Dichloropropene I006-10-I5 IO 
I, I ,2-Trichloroethane 79-00-5 10 
I ,3-Dichloropropane I42-28-9 10 • Chlorodibromomethane I24-48-I IO 
Bromoform 75-25-2 10 
4-Methyl-2-pentanone 10-8I-I 20 • Toluene 108-88-3 10 
2-Hexanone 59-I7-86 20 
I ,2-Dibromomethane 74-95-3 10 

• Tetrachloroethene I27-I8-4 10 
Chlorobenzene 108-90-7 IO 
I, I, I ,2-Tetrachloroethane 630-20-6 IO 
I-Chlorohexane 544-10-5 IO • Ethylbenzene I00-4I-4 10 
m.p-Xylene (total) 108-38-3 + I06-42-3 10 
o-Xylene 95-47-6 10 • Styrene I00-42-5 10 
I, I ,2,2-Tetrachloroethane 79-34-5 IO 
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Compound 

I ,2,3-Trichloropropane 
Isopropyl benzene 
Bromobenzene 
n-Propyl benzene 
2-Chlorotoluene 
4-Chlorotoluene 
I,3,5-Trimethylbenzene 
tert-Butylbenzene 
I ,2,4-Trimethylbenzene 
sec-Butylbenzene 
I ,3-Dichlorobenzene 
I ,4-Dichlorobenzene 
p-lsopropyltoluene 
I ,2-Dichlorobenzene 
n-B uty I benzene 
I ,2-Dibromo-3-chloropropane 
I ,2 ,4-Trichlorobenzene 
Naphthalene 
I ,2,3-Trichlorobenzene 
Hexachlorobutadiene 

Table C-4 (Coot) 

CAS# 

96-I8-4 
98-82-8 

108-86-I 
103-65-l 
95-49-8 

I06-43-4 
108-67-8 
98-06-6 
98-63-6 

I35-98-8 
54I-73-I 
106-46-7 
99-87-6 
95-50-1 

104-51-8 
96-12-8 

120-82-l 
91-20-3 
87-6I-6 
87-68-3 

Limits or Quantification 
(J,lg!kg) 

10 
IO 
IO 
10 
10 
IO 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Column: Supelco DB 624, 30m x 0.53 mm fused silica capillary, using a methanolic partition with PAT. Limits of quantification are calculated from the intercept of the external calibration curve using a flame ionization detector. 

materials. The NIST has a large set of silicate, water, and 
biological SRMs. The EPA distributes mineral analysis 
and trace analysis water standards. Rock and soil refer
ence materials have been obtained from the CGS and the 
United States Geological Survey (USGS). Details of this 
program have been published elsewhere.c72 

The analytical quality control program for a specific 
batch of samples is the combination of many factors. 
These include the "fit of the calibration," instrument drift, 
calibration of the instrument and/or reagents, recovery for 
SRMs, and precision of results. In addition, there is a 
program for evaluation of the quality of results for an 
individual water sample.c73 These individual water 
sample quality ratios are the sum of the milliequivalent 
(meq) cations to the sum of meq anions, the meq hardness 
of the sum of meq ca+2 and Mg+2, the observed total 
dissolved solids (TDS) to the sum of solids, and the 
observed conductivity to the sum of contributing conduc
tivities, as well as the two ratios obtained by multiplying 

(O.OI) x (conductivity) and dividing by the meq cations 
and the meq anions. 

4. Organic Constituents. Soil samples arc received 
for the analysis of volatile and semi volatile organic com· 
pounds, pesticides, and herbicides for compliance work 
done under the Resource Conservation and Recovery Ad 
(RCRA). Certified matrix-based reference materials were 
not available for these analyses, so stock solutions cf lhe 
analytes were prepared and spiked directly on blank soil 
by the quality assurance section. Because homogeneity of 
the sample could not be ensured, the entire sample \l.<b 
analyzed. Volatile organic compounds are analyzed h~ 
gaschromatography/massspectrometryandarenowsp1l..cd 
in the microgram-per-kilogram range. 

I33 

The majority of water samples submitted during I'~~"~ 'I 
were environmental compliance samples for the anal~ -.1' 
of pesticides, herbicides, volatile and semivolatilc orgJnk. 
compounds, and PCBs. Methods were developed .wJ 
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Compound 

Azobenzene 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
Benzidine 
Pyrene 
Butylbenzylphthalate 
3 ,3'-Dichlorobenzidine 
Benzo(a)anthracene 
B is(2-eth y I hex y !)phthalate 
Chrysene 
Di-n-octyl phthalate 
Benzo(b )fluoranthene 
Benzo(k)fluoranthene 
Benzo( a )pyrene 
lndeno( 1 ,2,3-cd)pyrene 
Di benzo( a ,h )anthracene 
Benzo(g ,h,i)pery lene 

Table C-5 (Coot) 

CAS# 

103-33-3 
101-55-3 
118-74-1 
87-86-5 
85-01-8 

120-12-7 
84-74-2 

206-44-0 
92-87-5 

129-00-0 
85-68-7 
91-94-1 
56-55-3 

117-81-7 
218-01-9 
117-84-0 
205-99-2 
207-08-9 

50-32-8 
193-39-5 
53-70-3 

191-24-2 

Limits or Quantification 
(J,tg/L) 

50 
10 
10 
50 
10 
10 
10 
10 
50 
10 
10 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Table C-6. Volatile Organic Compounds Determined in Air 
(Pore Gas) 

Compound 

Chloroform 
1,1, 1-Trichloroethane 
Benzene 
Carbon tetrachloride 
Trichloroethcne 
Toluene 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
a-Xylene 
m.p-Xylene (total) 
1 ,2,4-Trimethylbenzene 

CAS# 
Limits or Quantification 

(J.lg!tube) 

67-66-3 1.0 
71-56-6 1.0 
71-43-2 1.0 
56-23-5 1.0 
79-01-6 1.0 

108-88-3 1.0 
127-18-4 1.0 
108-90-7 1.0 
100-41-4 1.0 
95-47-6 1.0 

108-38-3 and 106-42-3 1.0 
95-63-6 1.0 
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Table C-7. EP Toxicity or Organic Contaminants 

Contaminant 

Endrin (1,2,3,4,10,10-hexachlor~6 
7-epo:ry-I ,4,4a,5,6,7 ,8,8a-octahydro-l 
4-endo, endo-5, 8-dimethanonaphthalene) 

Lindane 

Maximum 
Concentration 

(mg!L) 

0.02 

0.4 

Representative 
Detection Limits 

(mg!L)8 

0.006 

0.0002 
(a,a.~.a.a,~-hexachlorocyclohexane, gamma isomer) 

Methoxychlor (I, I, 1-trichloro- 10.0 0.004 
2,2-bis(p-methoxypheny I )ethane) 

Toxaphene 0.5 0.020 
(technical chlorinated camphene, 67%-69% chlorine) 

2,4-D (2,4-dichlorophenoxyacetic acid) IO.O O.OI6 

2,4,5-TP (Silvex) 1.0 0.005 
(2,4,5-trichlorophenoxypropioriic acid) 

3Column: 30m x 0.32-mm SPB-5 fused silica capillary. Detection limit was calculated 
as 4 times the gas chromatography background noise found when an electron capture 
detector was used. 

refined for in-house preparation of quality control samples 
for volatile and semi volatile organic compounds in water. 

Oil samples were received for the analysis of PCBs 
and organic solvents. The majority of these oils await 
disposal by the Laboratory's Waste Management Group 
(HSE-7) and include oil from decommissioned trans
formers. The remaining oil samples were environmental 
or industrial hygiene samples taken from areas of possible 
contamination. 

Quality control samples for PCBs were prepared by 
diluting EPA standards or by preparing standards in hex
ane from the neat analyte. In the United States, the only 
PCBs that have been found in transformers have been 
PCBs 1242, 1254, and 1260. Samples submitted for 
analysis have contained only these PCBs, so they have 
been used to spike quality control samples. Vacuum pwnp 
oil was chosen for the oil base blank after an experiment 

with various brands of motor oil showed excessive matrix 
interferences. 

S. Indicators or Accuracy and Precision. Accuracy 
is the degree of difference between average test results and 
true results, when the latter are known or assumed. Preci
sion is the degree of mutual agreement among replicate 
measurements (frequently assessed by calculating the 
standard deviation of a set of data points). Accuracy and 
precision are evaluated from results of analysis of refer
ence materials. These results (r) are normalized to the 
known quality in the reference material to permit compari
son among reference materials of a similar matrix contain
ing different concentrations of the analyte: 

Reported quantity 
r= . 

Known quantity 

I36 
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A mean valueR for all normalized analyses of a given 
type is calculated as follows for a given matrix type (N is 
total number of analytical determinations): 

"" r· £..J. I 
R=--'-N , 

Standard deviations of R are calculated assuming a 
normal distribution of the population of analytical deter
minations (N): 

s= 

These calculated values are presented as the HSE-9 
"Ratio± Std Dev" in Tables C-8 through C-20. The mean 
value of R is a measure of the accuracy of a procedure. 
Values of R greater than unity indicate a positive bias in 
the analysis; values less than unity, a negative bias. 

The standard deviation is a measure of precision. 
Precision is a function of the concentration of anal yte; that 
is, as the absolute concentration approaches the limit of 
detection, precision deteriorates. For instance, the preci
sion for some determinations is quite large because many 
standards approach the limits of detection of a measure
ment. We address this issue by calculating a new quality 
assurance parameter, 

where X and X are the experimentally determined and E c . 
certified or consensus mean elemental concentrauons, 
respectively, and SE and Sc are the standard deviations 
associated with X£ and X c. respectively. An analysis will 
be considered under control when this condition is satis
fied for a certain element in a given matrix. Details on this 
approach are presented elsewhere. en The percentage of 
the tests for each parameter that fell within ±2 propagated 
standard deviations (under control), between ±2 and ±3 
propagated standard deviations (warning level), or out
side ±3 propagated standard deviations (out of control) is 
shown in Tables C-8 to C-23. A summary of the overall 
state of statistical control for analytical work done by 
HSE-9 is also provided in Tables C-21 to C-23. 

A new table, C-24, has been added this year, summa
rizing our recovery information on organic surrogate 
compounds required for use in the EPA-CLP protocol. All 
mean recoveries are within the EPA limits, although the 
standard deviations are large. A summary of the overall 
state of statistical control for analytical work done by 
HSE-9 is provided in Table C-25. 

For most radiochemical and inorganic analyses, more 
than 90% are within ±2 propagated standard deviations of 
the certified/consensus mean values (under control). Our 
performance on stable elements in biologicals improved 
significantly this year, but our radiochemical determina
tions in biologicals deteriorated. Our organic analyses in 
bulk materials remained under excellent control, and our 
organic determinations in water improved significantly 
over last year. However, our overall performance on 
organic measurements in soils deteriorated markedly over 
the previous year's marginal record. This area will be the 
focus of increased quality assurance/quality control ef
forts in the future. 

New instrumentation has been purchased for the 
analysis of volatile organic compounds, and considerable 
improvement has been shown in this area. Analyses of 
semi volatile organic compounds continue to pose a chal
lenge, but new extraction methods are being developed 
that show promise. Additional experienced personnel 
have been hired for the analysis of semivolatile com
pounds, currently the most complex organic analysis of 
the environmental protocols. 

The analysis of any organic compound on silicate 
materials is difficult because of the tremendous number 
and types of matrix complications. In addition to the blind 
quality control samples, the analyst spikes samples for 
volatile and semi volatile compound analysis with a series 
of three to five surrogate compounds and checks for the 
percentage of recovery, as directed by EPA guidelines. If 
these recoveries are out of acceptable range, corrective 
action should be taken. Matrix spike samples are also 
prepared. A portion of the actual sample is spiked with 
target compounds, and recoveries are evaluated using 
EPA guidelines. 

137 

Data on analytical detection limits are given in 
TableC-26. 



, 

~· 

Los Alamos National Laboratory 
Environmental Surveillance 1992 

1992 

Because the Laboratory site is topographically complex, it is difficult to design a meteorological monitoring 
network capable of capturing the full spatial variability of all the measured variables. Quantifying the representa
tiveness of the wind measurements is an especially difficult task. Adequacy of the current network of four towers 
depends on meteorological conditions and on the applications of the data. When the data are used to compute 
statistics for periods of several days or more, results for a particular tower site are thought to be representative of an 
area (on the plateau) a few kilometers in radius. When the application is modeling plume transport in a stable 
atmosphere, this radius may shrink to a few hundred meters. 

Because the atmospheric state variables (temperature, pressure, and moisture) depend mostly on elevation, 
interpolation between measurement sites is usually well justified. 

The current rain gage network documents the east-to-west gradient in the annual precipitation well enough for 
most purposes; however, the seven station network is inadequate for delineating smaller scale spatial or temporal 
patterns. 

The components of the surface radiation and energy balances are expected to show considerable spatial variabil
ity; however, most applications using these data have not required great accuracy. Recent inquiries about 
evapotranspiration, which is related to the latent heat flux, may make it necessary to revise measurement strategies 
in this area. 

Most signals are sampled every 3 sand averaged over 15 min so there are 300 samples per average signal. This 
averaging filters out most of the fluctuations that are generally attributed to turbulence. The 15 min average for 
wind is used to represent the mean wind. The standard deviations of the fluctuations in the vertical speed and hori
zontal wind direction are also computed every 15 min (also based on an average sample size of 300), and the results 
are used to characterize the turbulence in the vertical and horizontal planes, respectively. 

Signals used in estimating turbulent eddy fluxes are sampled at 2Hz and are combined in a covariance 
calculation every 15 min; thus the sample size for the flux variables is 1,800. 

The sonic, detection, and ranging (SODAR) variables give spatial as well as temporal averages of the wind. The 
SODAR system is a remote sensing device that samples the wind over 30 m (98 ft), nonoverlapping layers from 60 
to 720 m (197 to 2,360 ft) above the ground, depending on conditions. Each layer is sampled once every 16.7 sand 
averaged over 15 min. This gives a maximum sample size of 54; however, in practice the sample size is often less 
than 54 because conditions are often less than optimal for acoustic returns. Studies (for example, Kaimal1984) 
show that the root-mean-square (RMS) difference between tower- and SODAR-derived wind directions is approxi
mately 25°, and the RMS difference in speed is approximately 1 m/s (3.2 ft/s). Preliminary comparisons between 
tower- and SODAR-derived winds at the TA-6 site show that the RMS difference is close to 20°. However, much 
larger differences have been observed at times, especially below 120 m (394 ft), and these have been attributed to 
spurious echoes that occur at the T A-6 site under certain conditions. Efforts have been made to minimize this echo 
interference. The SO DAR system also calculates RMS values of wind direction and vertical speed; however, 
because of the small sample size, little confidence can be placed in estimates. 

All instrumentation is audited twice during the year. The winter audit is conducted by local staff and the sum
mer audit is conducted by an external, independent contractor. No significant problems were identified by either 
audit in 1992 (META 1992). 

Quality control of the data consists of automatic edits based on range checking, a daily review of computer
generated tables and plots, and weekly inspection of time series plots of all signals. The fraction of high-quality 
data recovered during the year exceeded 95%. 

D. Analytical Chemistry 

1. Methodology. 

a. Introduction. Most analytical chemistry services are provided by the Laboratory's EM-9 Group. The 
EM-9 Sample Management Section functions as an interface between the group and its customers. This section 
provides the sample collector with presampling information about sample containers, sample volumes, and sample 
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preservation techniques. Collection of samples for chemical and radiochemical analyses follows a set procedure to 

ensure proper sample collection, documentation, submittal for chemical analysis, and posting of analytical results. 

Before sample collection, the Sample Management Section discusses the schedule and procedures to be followed 

with the sample collector. The discussion includes 

• number and type of samples; 

• type of analyses and required limits of detection; 

• proper sample containers; 

• preparation of sample containers with preservative, if needed; and 

• sample schedule to ensure minimum holding time so that analyses comply with EPA criteria. 

After a sample is cJnected, it is delivered to the EM-9 Sample Management Section, where the pertinent infor

mation is entered into the EM-9 Laboratory Information Management System, and the request is given a form num

ber. Each number, representing a single sample, is assigned to a particular station and is entered into the collector's 

log book. The processing of samples includes (1) validating all samples for sampling correctness and integrity, (2) 

scheduling and labeling all samples for analysis, (3) initiating internal COC procedures for all samples, and (4) 

arranging for the proper disposal of any unused portions of samples. 

The request form number is entered in the collector's log book opposite sample numbers submitted, along with 

the date the sample was delivered to EM-9. EM-9 provides COC forms for the samples once they are received if 

COC did not begin in the field. The date, time, temperature (if the sample is water), and other pertinent information 

and remarks are entered opposite the sample number and station previously listed in the log book. The sample 

container is labeled with station name, sample number, date, and preservative, if added. 

The analytical request form contains the following information related to ownership and the program submitted: 

(1) requester, i.e., sample collector; (2) program code; (3) sample owner, i.e., program manager; (4) date; and (5) 

total number of samples. The second part of the request form contains (1) sample number or numbers; (2) medium, 

e.g., water; (3) types of analyses, i.e., specific radionuclide and/or chemical constituents; (4) technique, i.e., analyti

cal method to be used for individual constituents; (5) analyst, i.e., chemist to perform analyses; (6) priority of sam

ple or samples; and (7) remarks. One copy of the form goes to the collector for filing, one is kept by the Sample 

Management Section, and the other copies accompany the sample. 

The analytical results are returned to the sample collector, who posts the data according to sample and station 

taken from the log book. These data sheets are included in the final report . 

b. Radioactive Constituents. Environmental samples are routinely analyzed for the following radioactive 

constituents: gross alpha, beta, and gamma; isotopic plutonium; americium; uranium; cesium; tritium; and stron

tium. Detailed procedures are published in the EM-9 Analytical Methods Manual (Gautier 1986). Occasionally, 

other radionuclides from specific sources are determined: 7Be, 22Na, 40K, 51Cr, 60Co, 65Zn, 83Rb, 106Ru, 134Cs, 

140Ba, 152Eu, 154Eu, and 226Ra. All but 226Ra are determined by gamma-ray spectrometry on large HPGe detectors. 

The requirements for detection of 137Cs in drinking water have been lowered to 10 pCi/L. To achieve this detection 

limit, a HPGe detector was reconfigured in a new shielded chamber that provides lower background. This detector 

appears to be able to attain the 10 pCi/L detection limit. Many of the 1992 water samples were counted in this new 

configuration. Depending on the concentration and matrix, 226Ra is measured by emanation or by gamma-ray spec

trometry of its 214Bi decay product. 

During 1992, the criteria for uranium analyses were changed to require lower detection limits and better 

estimates of the 238U(234U activity ratio. These requirements were achieved through measurement by alpha spec

trometry. Depending on the need, uranium analyses for 1992 were performed by the following methods. An induc

tively coupled plasma mass spectrometer (ICPMS) was used for total uranium determination for water samples and 

for some high mass samples. Alpha spectrometry was used for air and water samples where the 234U concentration 

was of interest. ICPMS and alpha spectrometry were used for the determination of 235U in soil samples when the 

level of enrichment or depletion was of concern. Delayed neutron activation (DNA) was used for most high mass 
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samples until the Omega West Reactor was shut down. Kinetic phosphorimetric analysis (KPA) was initiated to 
replace DNA. 

The KP A method appears to be very useful for uranium determinations where total uranium results are adequate. 
The procedure has detection limits below ambient levels for all media analyzed to date and appears to be less costly 
than other methods. KPA will be the method of choice for total uranium determination for all media that were 
previously analyzed by DNA. 

c. Stable Constituents. A number of analytical methods are used for various stable isotopes. The choice of 
method is based on many criteria, including the operational state of the instruments, time limitations, expected con
centrations in samples, quantity of sample available, sample media, and EPA regulations. Instrumental techniques 
available include neutron activation, atomic absorption, ion chromatography, color spectrophotometry (manual and 
automated), potentiometry, combustion analysis, ICPMS, and inductively coupled plasma atomic emission spec
trometry. Standard chemical methods are also used for many of the common water quality tests. Atomic absorption 
capabilities include flame, furnace, and cold vapor, as well as flame emission spectrophotometry. The methods 
used and references for determination of various chemical constituents are presented elsewhere (Gautier 1986). 

d. Organic Constituents. Environmental soil and water samples are analyzed using EPA procedures outlined 
in EPA SW -846 (EPA 1989d) or modified procedures (Gautier 1986) that meet QA criteria outlined in Chapter 1 of 
SW-846, as shown in Table VIII-1. Methods used are supported by documented spike/recovery studies, method and 
field blanks, matrix spikes, surrogate spikes, and blind QC samples. VOCs are analyzed using Method 8260, 
SW-846. Tables D-20 and D-211ist VOCs on the target list for water and soil samples, respectively. Semivolatile 
organic compounds (SVOCs) are analyzed using Method 8270, SW-846. Table D-22 is the target list for SVOCs in 
water. Soil-gas (pore-gas) monitoring is performed by collecting organic vapors on charcoal, extracting the 
charcoal with CS2 and analyzing the CS 2 extracts using gas chromatography/mass spectrometry (GC/MS). Soil-gas 
target compounds are listed in Table D-23, and the Toxicity Characteristics Leaching Procedure (TCLP) target 
compounds are listed in Table D-24. 

Instruments available for organic analysis include GC/tlame ionization detector, GC/electron capture detector, 
GC/MS, high performance liquid with ultraviolet (UV) and refractive index detectors, a Fourier transform infrared 
spectrometer, and a UV/visible spectrophotometer. Sample preparation methods include: Soxhlet extraction, ultra
sonic extraction, continuous liquid/liquid extraction, Kuderna Danish concentration, evaporative blowdown, and gel 
permeation chromatography cleanup of sample extracts. 

Table VIII-1. Method Summary (Organic Compounds) 

Analyte 

VOCs 

TCLP 

PCBs 

SVOCs 

3lndustrial hygiene (IH). 

Matrix 

Air 
Soil 
Water 

Soil 

Water 
Soil 
Oil 
Soil and waste 

Method• 

8260 
8260 

1311; 8080; 
8150; 8260; 
8270 

8080 
8080 
IH320 
8270 

Techniqueb 

GC/MS 
PAT/GC/MS 
PAT/GC/MS 

GC/ECD 

GC/ECD 
GC/ECD 
GC/ECD 
GC/MS 

bGas chromatograph (GC), purge and trap (PAT), electron capture detection (ECD), 
and mass spectrometer (MS). 
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Organic mixed waste analyses are performed for samples containing up to 100 nCi/g (solids/sludges) or 100 
nCi!L (solutions) alpha, beta, or gamma. Higher level samples are analyzed on a case-by-case basis. New methods 
are being developed for routine analysis of mixed waste greater than 100 nCi/g (or 100 nCi/L). 

2. Quality Evaluation Program. 

a. Introduction. Control samples are analyzed in conjunction with the normal analytical chemistry work
load. Such samples consist of several general types: calibration standards, reagent blanks, process blanks, matrix 
blanks, duplicates, spikes, and reference materials. Analysis of control samples fills two needs in analytical work: 
(1) it provides QC over analytical procedures so that problems that might occur can be identified and corrected, and 
(2) data obtained from analysis of control samples permit evaluation of the capabilities of a particular analytical 
technique to determine a given element or constituent under a certain set of circumstances. 

Blind QC samples are numbered to resemble unknown samples in a set. The concentrations of the analytes of 
interest are not revealed until after the data have been formally reported. These samples are submitted to the labo
ratory at regular intervals and are analyzed in association with other samples; that is, they are not handled as a 
unique set of samples. Up to 10% of stable constituent, organic, and selected radioactive constituent analyses are 
run as QC samples using the materials described above. A detailed description of EM-9's QAP and a complete 
listing of results have been published annually since 1976 (Gautier 1991). 

b. Radioactive Constituents. In addition to samples prepared internally, QC and QA samples for radioactive 
constituents are provided by outside agencies. The Quality Assurance Division of the Environmental Monitoring 
Systems Laboratory (EPA. Las Vegas) provides water, milk, and air filter samples for analysis of gross alpha, gross 
beta, 3H, 40K, 60Co, uranium, 6.5Zn, 90Sr, 106Ru, 131I, 134Q;, 137Cs, 226Ra, and 239.240Pu as part of an ongoing labora
tory intercomparison program. NIST provides several soil and sediment standard reference materials (SRMs) for 
environmental radioactivity. These SRMs are certified for 60Co, 90Sr, 137Cs, 226Ra, 238Pu, 239Pu, 241Am, and several 

other nuclides. The DOE's Environmental Measurements Laboratory also provides QA samples. 
Soil, rock, and ore samples obtained from the Canadian Geological Survey (CGS) are used for QA of uranium 

and thorium determinations in silicate matrices. EM-9's own in-house standards are prepared by adding known 
quantities of liquid SRMs for radioactivity, prepared by NIST to blank matrix materials. 

c. Stable Constituents. QA for the stable constituent analysis program is maintained through analyses of cer
tified or well-characterized environmental materials. NIST bas a large set of silicate, water, and biological SRMs. 
EPA distributes standards for minerals and other trace constituents in water. Rock and soil reference materials have 
been obtained from the CGS and the United States Geological Survey. Details of this program have been published 
elsewhere (Gautier 1991). Stock solutions of inorganic analytes are prepared and spiked on blank matrices by EM-
9's Quality Assurance Section. 

The analytical QC program for a specific batch of samples is a combination of many factors. These include the 
"fit of the calibration, • instrument drift, calibration of the instrument and/or reagents, recovery for SRMs, and 

precision of results. 

d. Organic Constituents. Soil samples are analyzed for VOCs, SVOCs, pesticides, and herbicides for compli
ance work done under RCRA. Certified matrix-based reference materials are not available for these analyses, so 
stock solutions of the analytes are prepared and spiked directly on blank soil by the Quality Assurance Section. 
Because homogeneity of the sample can not be ensured, the entire sample is analyzed. VOCs are analyzed by 
GC/MS and are spiked in the microgram-per-kilogram range. 

The majority of water samples submitted during 1992 were environmental compliance samples analyzed for 
pesticides, herbicides, VOCs, SVOCs, and PCBs. Methods were developed and refined for in-house preparation of 
QC samples for VOCs a.nd SVOCs in water. 

Oil samples are received for the analysis of PCBs and organic solvents. QC samples for PCBs are prepared by 
diluting EPA standards or by preparing standards in hexane from the neat analyte. In the United States, the only 
PCBs that have been found in transformers have been PCBs 1242, 1254, and 1260. Samples submitted for analysis 
have contained only these PCBs, so only these have been used to spike QC samples. Vacuum pump oil was chosen 
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for the oil base blank after an experiment with various brands of motor oil was complicated by excessive matrix 
interferences. 

3. Data Handling of Radiochemical Samples. 

Measurements of radiochemical samples require that analytical or instrumental backgrounds be subtracted to 
obtain net values. Thus, net values are sometimes obtained that are lower than the minimum detection limit of the 
analytical technique. Consequently, individual measurements can result in values of positive or negative numbers. 
Although a negative value does not represent a physical reality, a valid long-term average of many measurements 
can be obtained only if the very small and negative values are included in the population calculations (Gilbert 1975). 

For individual measurements, uncertainties are reported as one standard deviation. The standard deviation is 
determined from the propagated sources of analytical error. 

Standard deviations for the station and group (off-site regional, off-site perimeter, and on site) means are calcu
lated using the following equation: 

~(c-ciY 
(N -1) 

s-

where 

ci • sample i, 

c • mean of samples from a given station or group, and 

N • number of samples comprising a station or group. 

This value is reported as the uncertainty for the station and group means. 

4. Indicators of Analytical Accuracy and Precision. 

Accuracy is the degree of difference between average test results and true results when the latter are known or 
assumed. Precision is the degree of mutual agreement among replicate measurements (frequently assessed by cal
culating the standard deviation of a set of data points). Accuracy and precision are evaluated from results of analy
ses of reference materials. These results (r) are normalized to the known quality in the reference material to permit 
comparison among references of a similar matrix containing different concentrations of the analyte: 

Reported quantity r- . 
Known quantity 

A mean valueR for all normalized analyses of a given type is calculated as follows for a given matrix type ( N is 
total number of analytical detenninations ): 

~ri 

R- ..ki_ 
N' 
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Standard deviations of Rare C<Jiculated assuming a normal distribution of the population of analytical determi
nations (N): 

s-
:Lj(R-rY 

(N -1) 

These calculated values are presented as the EM-9 "Ratio :t Std Dev" in Tables D-25 to D-33. The mean value 
of R is a measure of the accuracy of a procedure. Values of R greater than unity indicate a positive bias in the anal
ysis; values less than ~nity, a negative bias. The standard deviation is a measure of precision. Precision is a func
tion of the concentration of analyte; that is, as the absolute concentration approaches the limit of detection, precision 
deteriorates. For instance, the precision for some determinations is quite good because many standards approach the 
limits of detection of a measurement. We address this issue by calculating a new QA parameter: 

whereXE is the experimentally determined mean elemental concentration based on N measurements, and Xc is 
the certified or consensus mean elemental concentration. The total standard deviation, ST, of XE- Xc is given by: 

Sr-~(U~!N)+S~, 

where UE is the standard deviation of a single experimentally determined measurement, and Sc is the standard 
deviation of the certified or consensus mean elemental concentration. 

Analyses are considered under control if the absolute value of the difference between our result (X E) and 
the certified or consensus mean (Xc) is within the propagated standard deviation of the experimental uncer
tainty (UE) and of the certified mean (Sc)· N is equal to the number of measurements on a sample, and in this 
case, is equal to 1. This concept, an adaptation of Dixon and Massey (Dixon 1969), is expressed in the following 
equation to include the experimental uncertainty: 

The test statistics used in this document are based on 5% and 0.2% levels of significance. The respective critical 
regions are defined for values of z between 2 and 3. Data having a C<Jiculated z value :s:2 are accepted as in control 
at the 5% level of significance. Data that have a C<Jiculated z value >2 and :S3 are considered at the warning level, or 
the 0.2% level of significance. Data with a z value >3 are considered out of control. These test statistics are also 
incorporated in the QACHECK computer program. 

The percentage of the tests for each parameter where XE -Xc fell within :s:2 ST (under control), between 2ST 
and 3ST (warning level), or outside >3ST (out of control) is shown in Tables D-26 to D-33. A summary of the 
overall state of statistical control for analytical work done by EM-9 is also provided in Table VIII-2 . 
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Table VIII-3 summarizes recovery information on organic surrogate compounds required for use in the EPA

Contract Laboratory Program protocol. Table VIII-4 summarizes EM-9's overall record of meeting EPA SW-846-

specified holding times for samples during 1992. The data include all samples for which holding times were missed 

and the customer elected to either resample or accept the data as usable. Table D-34 reports the incidence of false 

positive results for blank QC samples and false negative results for spiked QC samples at the 95% confidence level. 

For all radiochemical and inorganic analyses, more than 90% are within <2 propagated standard deviations of 

the certified/consensus mean values (under control). EM-9's performance on most classes of inorganic matrices and 

most classes of radiochemical matrices has remained virtually unchanged since 1991, while it improved its analyses 

for radiochernicals in biological samples. Most stable element matrices were in control and were unchanged from 
1991 but the overall control of stable elements on filters declined compared with the 1991 record. This area will be 

the focus of increased QNQC efforts in the future. Data on analytical detection limits are given in Table D-35. 

Table VID-2. Overall Summary ofEM-9 Quality Assurance Tests for 1992 

Under Control Warning Out of Control 
No.ofQC <2ST 2-3ST >3ST 

Analysis tests with cv• (%) (%) (%) 

Stable Elements 
Filters 14 71 29 

Soil 432 86 6 8 

Water 3,470 95 3 2 

Radiochemical Elements 
Biologicals 53 94 6 

Filters 240 96 2 2 

Soils 455 92 4 4 

Water 1,007 97 2 1 

Organic Compounds 
Filters 224 99 1 

Bulk Materials 464 96 1 3 

Soil 3,918 95 2 3 

Charcoal Tube 1,712 95 4 1 

Water 1,179 94 2 4 

acv =Certified values. 
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r Table Vlll-3. Summary of Organic Surrogate Compounds as Required for Compliance 
with EPA SW-846 Criteria for 1992 

-- EPA SW -846 Range Number of Surrogates % % of Samples Run 
Analysis Low High In-Range Total In-Range with Surrogate 

I VolatUe Organic Compounds 
In Soil 

1,2-Dicbloroetbane d4 70 121 181 210 86 100 

I Toluene d8 81 117 193 210 92 100 
4-Bromofluorobenzene 74 121 192 210 92 100 

I 
In Water 

1,2-Dicbloroetbane d4 76 114 70 88 80 98 
Toluene d8 88 110 66 88 75 98 

I 
4-Bromotluorobenzene 86 115 81 88 92 98 

I 
Semivolatlle Organic Compounds 

In Soil 
2-Fiuorophenol 25 121 355 372 95 100 

I 
Phenol d6 24 113 363 372 98 100 
Nitrobenzene d5 23 120 363 372 98 100 
2-Fiuorobiphenyl 30 115 360 372 97 100 

~.~ 
2,4,6-Tribromophenol 19 122 359 372 97 100 
p-Terphenyl d14 18 137 330 372 89 100 

In Water 

I 2-Fiuorophenol 21 100 57 73 78 100 
Phenol d6 10 94 61 73 84 100 
Nitrobenzene d5 35 114 56 73 77 100 

~ 2-Fiuorobiphenyl 43 116 56 73 77 100 
2,4,6-Tribromophenol 10 123 71 73 97 100 
p-Terphenyl d14 33 141 55 73 75 100 

l Pesticides 
In Soil 

~ 
Dibutyl chlorendate 20 150 95 101 94 100 

In Water 

I Dibutyl chlorendate 24 154 12 13 92 100 

I 
I 
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Table Vlll-4. EM-9's Record for Meeting EPA SW-846-Spedfted 
Holding Times during 1992 

Number of Total Number 
Organic Analysis Analyses Meeting of Analyses %Within 

. Type EPA Critera Performed EPA Criteria 

Extraction holding times 

Volatiles in soils 150 158 95 
Volatiles in waters 59 68 87 
Semivolatiles in soils 341 342 100 
Semivolatiles in waters 41 49 84 
Pesticides in soils 75 75 100 
Pesticides in waters 7 7 100 
Herbicides in soils 47 48 98 
Herbicides in waters 5 6 83 
PCBs in soils 185 252 73 
PCBs in waters 26 28 93 

Instrument analysis holding times 

Volatiles in soils 158 158 100 
Volatiles in waters 68 68 100 
Semivolatiles in soils 342 342 100 
Semivolatiles in waters 49 49 100 
Pesticides in soils 75 75 100 
Pesticides in waters 7 7 100 
Herbicides in soils 48 48 100 
Herbicides in waters 6 6 100 
PCBs in soils 252 252 100 
PCBs in waters 15 28 54 
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Table D-24. Toxicity Characteristic Leaching Procedure 
Target Organic Contaminants 

Regulatory 
Contaminant Level (m&'L) 

Compound 
Acrylonitrile 5.0 
Benzene 0.07 
Carbon disulfide 14.4 
Carbon tetachloride 0.07 
Chlorobenzene 1.4 
Chloroform 0.07 
1,2-Dichloroetha ne 0.04 
1, 1-Dichlorethylene 0.1 
Isobutanol 25 
Methylene chloride 8.6 
Methyethyl ketone 7.2 
1, 1,1,2-Tetachloroethane 10.0 
1, 1 ,2,2-Tetachloroetha ne 1.3 
Tetachloroethylene 0.1 
Toluene 14.4 
1, 1,1-Trichloroethane 25 
1,1,2-Trichloroethane 1.2 
Trichloroethylene 0.07 
Vinyl chloride 0.05 
a-Cresol 10.0 
m-Cresol 10.0 
p-Cresol 10.0 
Pentachlorophenol 3.6 
Phenol 14.4 
2,3,4,6-Tetachlorophenol 1.5 
2,4,5-Trichlorophenol 5.8 
2,4,6-Trichlorophenol 0.30 
Bis(2-chloroethyl)ether 0.05 
1,2-Dichlorobenzene 4.3 
1,4-Dichlorobenzene 10.8 
2,4-Dinitrotoluene 0.13 
Hexachlorobenzene 0.13 
Hexachlorobutadiene 0.72 
Hexachloroethane 4.3 
Nitrobenzene 0.13 
Pyridine 5.0 
Heptachlor 0.001 

Insecticides 
Endrin 0.003 
Lindane(y-BHC) 0.06 
Methoxychlor 1.4 
Toxaphene 0.07 

Herbicides 
2,4-D 1.4 
2,3,5-TP (Silvex) 0.14 

D-33 
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APPENDIXC 

ANALYTICAL CHEMISTRY METHODOLOGY 

Most analytical chemistry services are provided by 
L boratory's Health and Environmental Chemistry the a 

(HSE-9). The HSE-9 sample coordination secGroup 
. functions as a working interface between the group {tOO • • • 

. d its customers. Thts section provtdes the reader 
•
10 

• • h f I · h presampling informatiOn m t e areas o samp e Wit • 
containers, sample volumes, and sample preservatiOn 
techniques. All samples are delivered to sample coor
dination personnel and are then scheduled and 
processed for proper distribution and anal_Ysis.' The 
processing of samples includes (1) v.ahdat~ng all 

mples for sampling correctness and mtegnty, (2) 
::heduling and labeling all samples for analysis, (3) 
initiating internal chain-of-custody procedures for all 
samples, and ( 4) arranging for the proper disposal of 
any unused portions of samples. 

:\, Radioactive Constituents 

Environmental samples are routinely analyzed for 
the following radioactive constituents: gross alpha, 
beta, and gamma; isotopic plutonium; americium; 
uranium; cesium; tritium; and strontium. Detailed pro
cedures have been published in this appendix in previ
ous yearsCI and in the group's Analytical Methods 
\fanuaJ.C2 Occasionally, other radionuclides from 
specific sources are determined: 7Be, 22Na, 4°K, 51Cr, 
c.UCo, 65Zn, 83Rb, t06Ru, 134Cs, t40Ba, t52Eu, t54Eu, and 
::6Ra. All but 226Ra are determined by gamma-ray 
spectrometry on large germanium lithide detectors. 
Depending on the concentration and matrix, 226Ra is 
measured by emanation or by gamma-ray spectrometry 
of its 214Bi decay product. Uranium isotopic ratios 
('l5Ur.J8U) are measured by neutron activation analysis 
where precisions of ±5% are adequate. More precise 
work requires mass spectrometry. Uranium isotopic 
ratios are readily determined in environmental materials 
with precisions of 1%-2% relative standard deviation, 
ill considerably reduced cost relative to neutron acti
vations by inductively coupled plasma mass spec
trometry (ICPMS). 

B. Stable Constituents 

A number of analytical methods are used for 
various stable isotopes. The choice of method is based 
on many criteria, including the operational state of the 
instruments, time limitations, expected concentrations 
in samples, quantity of sample available, sample 
matrix, and Environmental Protection Agency (EPA) 
regulations. Instrumental techniques available include 
neutron activation, atomic absorption, ion chromatog
raphy, color spectrophotometry (manual and 
automated), potentiometry, combustion analysis, 
ICPMS, and inductively coupled plasma atomic emis
sion spectrometry. Standard chemical methods are also 
used for many of the common water quality tests. 
Atomic absorption capabilities include flame, furnace, 
cold vapor, and hydride generation, as well as name
emission spectrophotometry. The methods used and 
references for determination of various chemical con
stituents are summarized in Ref. C2. In 1986, the EPA 
Region VI administration granted HSE-9 limited 
approval for alternative test procedures for uranium in 
drinking water (delayed neutron assay) and for chloride 
in drinking water and wastewater (flow injection with
out distillation). EPA approval for other modified 
methods is actively being sought. HSE-9 is par
ticipating in the EPA-sponsored study to evaluate 
ICPMS for acceptance as an EPA-approved 
methodology. 

C-1 

C. Organic Constituents 

Environmental soil and water samples are analyzed 
using EPA procedures outlined in EPA SW-846C3 or 
modified proceduresC2 that meet QA criteria outlined in 
chapter one of SW-846, as shown in Table C-1. 
Methods used are supported by documented 
spike/recovery studies, method and field blanks, matrix 
spikes, surrogate spikes, and blind quality control sam
ples. Volatile organics are analyzed using method 
8260, SW-846. Tables C-2 and C-3 list volatile organ
ics on the target list for water and soil samples, 
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respectively. Semivolatile organics are analyzed using 
method 8270, SW-846. Table C-4 is the target list for 
semivolatile organics in water. Soil-gas (pore-gas) 
monitoring is performed by collecting organic vapors 
on charcoal, extracting the charcoal with cs2 and 
analyzing the cs2 extracts using gas chromatogra
phy/mass spectrometry (GC/MS). Soil-gas target com
pounds are listed in Table C-5 and the Extraction 
Procedure (EP) toxicity target compounds are listed in 
Table C-6. 

Instrumentation available for organic analysis 
includes GC/flame ionization detector (FID), 
GC/electron capture detector (ECD), GC/MS, high 
performance liquid (HPLC) with ultraviolet (UV) and 
refractive index detectors, a fourier transform infrared 
spectrometer, and a UV/visible spectrophotometer. 
Sample preparation methods include: Soxhlet extrac
tion, ultrasonic extraction, continuous liquid/liquid 
extraction, kuderna danish concentration, evaporative 
blow down, and gel permeation chromatography 
cleanup of sample extracts. 

Organic mixed waste analyses are performed for 
samples up to 100 nCi/g (solids/sludges) or 100 nCi!L 
(solutions) alpha, beta, or gamma. Higher-level sam
ples are analyzed on a case-by-case basis. New 
methods are being developed for routine analysis of 
mixed waste greater than 100 nCi/g (or nCi/L). The 
Laboratory's capacity for mixed waste analyses will 
increase in the summer of 1991 when mixed waste 
analytical operations move to a dedicated facility. 

D. Analytical Chemistry Quality Evaluation 
Program 

1. Introduction. Control samples are analyzed in 
conjunction with the normal analytical chemistry 
workload. Such samples consist of several general 
types: calibration standards, reagent blanks, process 
blanks, matrix blanks, duplicates, spikes, and reference 
materials. Analysis of control s;~mples fills two needs 
in analytical work: (1) it provides quality control over 
analytical procedures so that problems that might occur 
can be identified and corrected, and (2) data obtained 
from analysis of control samples permit evaluation of 
the capabilities of a particular analytical technique to 
determine a given element or constituent under a 
certain set of circumstances. 

Blind quality control (QC) samples are disguised 
and numbered to resemble unknown samples in a set, 
and no attempt is made to conceal the identity of the 
open QC samples from the analyst. In neither case are 
the concentrations of the analytes of interest revealed 
until after the data have been formally reported. 

These samples are submitted to the laboratory at 
regular intervals and are analyzed in association with 
other samples; that is, they are not handled as a unique 
set of samples. At least 10% of stable constituent, 
organic, and selected radioactive constituent analyses 
are run as quality control samples using the materials 
described above. A detailed description of our quality 
assurance program and a complete listing of our annual 
results have been published annually since 1976. C4 

2. Radioactive Constituents. In addition to those 
that are prepared internally, quality control and quality 
assurance samples for radioactive constituents are 
obtained from outside agencies. The Quality Assurance 
Division of the Environmental Monitoring Systems 
Laboratory (EPA, Las Vegas) provides water, milk, and 
air filter samples for analysis of gross alpha, gross beta, 
3H, 40K, 60Co, 65Zn, 90Sr, 106Ru, 131J, t34Cs, t37Cs, 226Ra, 
and 239,240Pu as part of an ongoing laboratory inter
comparison program. The National Institute of 
Standards and Technology (NIST, formerly the 
National Bureau of Standards) provides several soil and 
sediment standard reference materials (SRMs) for envi
ronmental radioactivity. These SRMs are certified for 
60Co, 90Sr, 137Cs, 226Ra, 238Pu, 239Pu, 241Am, and several 
other nuclides. The Department of Energy's 
Environmental Measurements Laboratory also provides 
quality assurance samples. 

C-2 

Soil, rock, and ore samples obtained from the 
Canadian Geological Survey are used for quality assur
ance of uranium and thorium determinations in silicate 
matrices. Our own in-house standards are prepared by 
adding known quantities of liquid NIST radioactivity 
SRMs to blank matrix materials. 

3. Stable Constituents. Quality assurance for the 
stable constituent analysis program is maintained 1:1y 
analysis of certified or well-characterized environmen
tal materials. The NIST has a large set of silicat(. 
water, and biological SRMs. The EPA distributt'~ 
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mineral analysis and trace analysis water standards. Rock and soil reference materials have been obtained from the CGS and the United States Geological Survey. Details of this program have been published elsewhere.C4 

The analytical quality control program for a specific batch of samples is the combination of many factors. These include the "fit of the calibration," instrument drift, calibration of the instrument and/or reagents, recovery for SRMs, and precision of results. 

4. Organic Constituents. Soil samples are received for the analysis of volatile and semivolatile organic compounds, pesticides, and herbicides for compliance work done under the Resource Conservation and Recovery Act. Certified matrixbased reference materials were not available for these analyses, so stock solutions of the analytes were prepared and spiked directly on blank soil by the quality assurance section. Because homogeneity of the sample could not be ensured, the entire sample was analyzed. Volatile organic compounds are analyzed by GC/MS and are spiked in the microgram-per-kilogram range. The majority of water samples submitted during 1990 were environmental compliance samples for the analysis of pesticides, herbicides, volatile and semivolatile organic compounds, and polychlorinated biphenyls (PCBs). Methods were developed and refined for in-house preparation of quality control samples for volatile and semivolatile organic compounds in water. 
Oil samples were received for the analysis of PCBs and organic solvents. The majority of these oils await disposal by the Laboratory's Waste Management Group (HSE-7) and include oil from decommissioned transformers. The remaining oil samples were environmental or industrial hygiene samples taken from areas of possible contamination. 

Quality control samples for PCBs were prepared by diluting EPA standards or by preparing standards in hexane from the neat analyte. In the United States, the only PCBs that have been found in transformers have been PCBs 1242, 1254, and 1260. Samples submitted for analysis have contained only these PCBs, so they have been used to spike quality control samples. 

Vacuum pump oil was chosen for the oil base blank after an experiment with various brands of motor oil showed excessive matrix interferences. 

S. Indicators of Accuracy and Precision. Accuracy is the degree of difference between average test results and true results when the latter are known or assumed. Precision is the degree of mutual agreement among replicate measurements (frequently assessed by calculating the standard deviation of a set of data points). Accuracy and precision are evaluated from results of analysis of reference materials. These results (r) are normalized to the known quality in the reference material to permit comparison among reference materials of a similar matrix containing different concentrations of the analyte: 

Reported quantity r= . Known quantity 

A mean value R for all normalized analyses of a given type is calculated as follows for a given matrix type (N is total number of analytical determinations): 

~ r· 
""-'. l R= ' 

N 

Standard deviations of R are calculated assuming a normal distribution of the population of analytical determinations (N}: 

C-3 

s= 
2,;(R-r;)2 

(N -1) 

These calculated values are presented as the HSE-9 "Ratio :1: Std Dev" in Tables C-7 and C-8. The mean value of R is a measure of the accuracy of a procedure. Values of R greater than unity indicate a positive bias in the analysis; values less than unity, a negative bias. The standard deviation is a measure of precision Precision is a function of the concentration of analyte; that is, as the absolute concentration approaches the limit of detection, precision deteriorates. For instance. the precision for some determinations is quite large because many standards approach the limits 
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of detection of a measurement. We address this issue 
by calculating a new quality assurance parameter, 

where XE and Xc are the experimentally determined and 
certified or consensus mean elemental concentrations, 
respectively; and SE and Scare the standard deviations 
associated with XE and Xc. An analysis will be consid
ered under control when this condition is satisfied for a 
certain element in a given matrix. Details on this 
approach are presented elsewhere. The percentage of 
the tests for each parameter that fell within ±2 
propagated standard deviations (under control), 
between ::t2 and ::!:3 propagated standard deviations 
(warning level), or outside ::t3 propagated standard 
deviations (out of control) is shown in Tables C-7 to C-
21. A summary of the overall state of statistical control 
for analytical work done by HSE-9 is also provided in 
Table C-22. 

Table C-23 summarizes recovery information on 
organic surrogate compounds required for use in the 
EPA-Contract Laboratory Program protocol. Table 

C-24 summarizes HSE-9's overall record of meeting 
EPA SW-846 holding times for HSE-8 samples during 
1990. The data include all samples where holding 
times were missed and the customer elected to either 
resample or accept the data as usable. Table C-25 
reports the incidence of false positive results for blank 
QC samples and false negative results for spiked QC 
samples at the 95% confidence level. 

For most radiochemical and inorganic analyses, 
more than 90% are within ±2 propagated standard 
deviations of the certified/consensus mean values 
(under control). Our performance on all classes of 
inorganic matrices remained virtually unchanged since 
1989, while improvement in radiochemical 
determinations in biological materials was observed. 
Unfortunately, our overall control of radiochemical 
analyses in soils and silicates declined over our 1989 
record. This area will be the focus of increased quality 
assurance/quality control efforts in the future. Overall 
control on organic measurements in waters and silicates 
improved markedly over 1989 and now over 90% of all 
organic determinations are under control. Data on 
analytical detection limits are given in Table C-26. 

C-4 
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Table C-1. 
Method Summary (Organic Compounds) 

Analyte Matrix 

Volatile organic 
compounds Air 

Soil 

SJDC}s 
Water 
wMi..A.. 

Epc toxicity Soil 

PCBs Water 
Soil 
Oil 

Semivolatile organic 
compounds Soil and waste 

3 lndustrial hygiene (IH). 

Method• 

8260 
8260 
8'2.."1-·0 
1310,8080 
8150 

606 
8080 
IH 320 

625 

Techniqueb 

GC/MS 

PAT/GC/Mq 
PAT/GC/MS /0/'ff) 

/·~- ,.,)1.' p?() GC/ECD 

GC/ECD 
GC/ECD 
GC/ECD 

GC/MS 

bGas chromatography (GC), purge and trap (PAT), electron capture detection (ECD), and mass spectrometry (MS). 
cExtraction procedure (EP). 

C-5 
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determined, and ash is submitted for analysis of 90Sr, 
B 7Cs, total uranium, 238Pu, and 239,240Pu. 

6. Meteorological Monitoring. 

Meteorological data were continuously gathered at 
four instrumented towers during 1991. Data taken 
include wind speed and direction, standard deviations 
of wind speed and direction, vertical wind speed and its 
standard deviation, air and soil temperature, relative 
humidity, solar and terrestrial radiation, precipitation, 
and sensible and evaporative beat fluxes (vertical trans
port). Each variable is measured every three seconds. 
A Dopper Acoustic Sodar is also located at a tower site. 
This instrument measures wind direction and speed, 
vertical wind speed, horizontal and vertical wind stan
dard deviations, and inversion information at 30m (99 
ft) levels up to 750 m (2,475 ft). Finally, four addi
tional sites monitor precipitation; one of these sites also 
measures temperature and relative humidity. 

The tower and sodar data are averaged or summed 
over 15-minute intervals. Data are transmitted by 
phone line to a microcomputer at the OHL at T A-59. 
Charts from the four precipitation stations are picked up 
every week. Data validation of 15-minute data is 
accomplished with automated and manual screening 
techniques. Computer codes screen incoming data for 
reasonableness and consistency. Invalid data are 
discarded. Other codes produce daily plots for each 
tower and the sodar. These graphics are reviewed to 
provide an additional check of the data. This screening 

helps to detect problems with the instrumentation that 
might develop between calibrations. Most instruments 
are calibrated semiannually, including a thorough audit 
by an outside contractor once a year. The outside audit 
was performed in June 1991 (META 1991). 

D. Analytical Chemistry 

1. Methodology. 

a. Introduction. Most analytical chemistry 
services are provided by the Laboratory's EM-9 Group. 
The EM-9 Sample Management Section functior.'i as a 
working interface between the group and its customers. 
This section provides the sample collector with pre
sampling information in the areas of sample containers, 
sample volumes, and sample preservation techniques. 
Collection of samples for chemical and radiochemical 
analyses follows a set procedure to ensure proper sam-

ple collection, documentation, submittal for chemical 
analysis, and posting of analytical results. 

Before sample collection, the Sample Management 
Section discusses the schedule and procedures to be 
followed with the sample collector. The discussion 
includes 

• number and type of samples; 

• type of analyses and required limits of detection; 

• proper sample containers; 

• preparation of sample containers with preserva
tive, if needed; and 

• sample schedule to ensure minimum holding 

time of analyses to comply with EPA criteria. 

All samples are delivered to Sample Management 
personnel and are then scheduled and processed for 
proper distribution and analysis. EM-9 assigns sample 
numbers to samples when submitted. Each number, 
representing a single sample, is assigned to a particular 
station and is entered into the collector's log book. The 
processing of samples includes (1) validating all sam
ples for sampling correctness and integrity, (2) schedul
ing and labeling all samples for analysis, (3) initiating 
internal COC procedures for all samples, and (4) 
arranging for the proper disposal of any unused 
portions of samples. 

After a sample is collected, it is delivered to the 
EM-9 Sample Management Section, where the 
pertinent information is entered into the EM-9 

Laboratory Information Management System and the 
request is given a form number. The request form 
number is also entered in the collector's log book 
opposite sample numbers submitted, along with the 
date the sample was delivered to EM-9. EM-9 provides 
COC forms for the samples once they are received if 
COC was not started in the field. The date, time, 
temperature (if water), other pertinent information, and 
remarks are entered opposite the sample number and 
station previously listed in the log book. The sample 
container is labeled with station name, sample number, 

date, and preservative, if added. 
The analytical request form contains the following 

information related to ownership and the sample pro
gram submitted: (1) requester, i.e., sample collector; 
(2) program code; (3) sample owner, i.e., program man
ager; ( 4) date; and (5) total number of samples. The 

second part of the request form contains (1) sample 
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number or numbers; (2) matrix, e.g., water; (3) types of 

analyses, i.e., specific radionuclide and/or chemical 

constituents; (4) technique, i.e., analytical method to be 

used for individual constituents; (5) analyst, i.e., 

chemist to perfonn analyses; (6) priority of sample or 

samples; and (7) remarks. One copy of the fonn goes 

to the collector for filing, and the other copies follow 

the sample. 
The analytical results are returned to the sample 

collector, who posts data according to sample and sta

tion taken from the Jog book. These data sheets are 

included in the report and are used to interpret data for 

the report. 

b. Radioactive Constituents. Environmental 

samples are routinely analyzed for the following 

radioactive constituents: gross alpha, beta, and gamma; 

isotopic plutonium; americium; uranium; cesium; tri

tium; and strontium. Detailed procedures have been 

published in this report in previous years (EPG 1990) 

and in the EM-9 Analytical Methods Manual (Gautier 

1986). Occasionally, other radionuclides from specific 

sources are detennined: 7Be, 22Na, 40K, SlCr, 60Co, ' 

65Zn, 83Rb, 106Ru, 134Cs, 140Ba, 152Eu, 1S4Eu, and 226Ra. 

All but 226Ra are determined by gamma-ray spectrome

try on large germanium lithide detectors. Depending 

on the concentration and matrix, 226Ra is measured by 

emanation or by gamma-ray spectrometry of its 214Bi 

decay product. Uranium isotopic ratios (235Uf238U) are 

measured by neutron activation analysis where preci

sions of :5% are adequate. More precise work requires 

mass spectrometry. Uranium isotopic ratios are readily 

dctennined in environmental materials with precisions 

of 1%-2% relative standard deviation. at considerably 

reduced cost relative to neutron activations by induc

tively coupled plasma mass spectrometry (ICPMS). 

c. Stable Constituents. A number of analytical 

methods are used for various stable isotopes. The 

choice of method is based on many criteria, including 

the operational state of the instruments, time limita

tions, expected concentrations in samples, quantity of 

sample available, sample matrix, and EPA regulations. 

Instrumental techniques available include neutron acti

vation, atomic absorption. ion chromatography, color 

spectrophotometry (manual and automated), poten

tiometry, combustion analysis, ICPMS, and inductively 

coupled plasma atomic emission spectrometry. Stan

dard chemical methods are also used for many of the 

common water quality tests. Atomic absorption capa-

bilities include flame, furnace, cold vapor, and hydride 

generation, as well as flame emission spectrophotome

try. The methods used and references for detennination 

of various chemical constituents are presented else

where (Gautier 1986). In 1986, the EPA Region 6 

administration granted EM-9 limited approval for 

alternative test procedures for uranium in drinking 

water (delayed neutron assay) and for chloride in 

drinking water and wastewater (flow injection without 

distillation). EPA approval for other modified methods 

is actively being sought. EM-9 is participating in the 

EPA-sponsored study to evaluate ICPMS for 

acceptance as an EPA-approved methodology. 

d. Organic Constituents. Environmental soil 

and water samples are analyzed using EPA procedures 

outlined in EPA SW-846 (EPA 1989d) or modified 

procedures (Gautier 1986) that meet QA criteria out

lined in Chapter One of SW-846, as shown in Table 

VIII-1. Methods used are supported by documented 

spike/recovery studies, method and field blanks, matrix 

spikes, surrogate spikes, and blind quality control sam

ples. Volatile organics are analyzed using method 

8260, SW-846. Tables D-21 and D-221ist volatile 

organics on the target list for water and soil samples, 

respectively. Semivolatile organics are analyzed using 

method 8270, SW-846. Table D-23 is the target Jist for 

semivolatile organics in water. Soil-gas (pore-gas) 

monitoring is perfonned by collecting organic vapors 

on charcoal, extracting the charcoal with cs2 and 

analyzing the CS2 extracts using gas chromatogra

phy/mass spectrometry (GC/MS). Soil-gas target 

compounds are listed in Table D-24, and the Toxicity 

Characteristics uaching Procedure (fCLP) target 

compounds are listed in Table D-25. 

Instrumentation available for organic analysis 

includes GC/flame ionization detector, GC/electron 

capture detector, GC/MS, high perfonnance liquid with 

ultraviolet (UV) and refractive index detectors, a 

Fourier transfonn infrared spectrometer, and a 

UV/visible spectrophotometer. Sample preparation 

methods include: Soxhlet extraction. ultrasonic extrac

tion, continuous liquid/liquid extraction, Kuderna 

Danish concentration, evaporative blowdown, and gel 

penneation chromatography clean-up of sample 

extracts. 
Organic mixed waste analyses are perfonned for 

samples up to 100 nCi/g (solids/sludges) or 100 nCi!L 

(solutions) alpha, beta, or gamma. Higher level 
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Table VIII-I. Method Summary (Organic Compounds) 

Analyte Matrix Method• Techniqueb 

Volatile organic 
compounds Air GC/MS 

Soil 8,240 PAT/GC/MS 
Water 8,240 PAT/GC/MS 

TCLPC toxicity Soil 1,311, 8,080 GC!ECD 
8,150,8240,8270 

PCBs Water 608 GC/ECD 
Soil 8,270 GC/ECD 
Oil IH320 GC/ECD 

Semivolatile organic 
compounds Soil and waste 8270 GC/MS 

3 lndustrial hygiene (IH). 

bGas chromatography (GC), purge and trap (PAT), electron capture detection (ECD), 

and mass spectrometry (MS). 

C'foxicity Characteristic uaching Procedure (TCLP). 

samples are analyzed on a case-by-case basis. New 

methods are being developed for routine analysis of 

mixed waste greater than 100 nCi/g (or nCi/L). The 

laboratory's capacity for mixed waste analyses will 

increase in the summer of 1992 when mixed waste 

analytical operations move to a dedicated facility. 

2. Quality Evaluation Program. 

a. Introduction. Control samples are analyzed in 

conjunction with the normal analytical chemistry work

load. Such samples consist of several general types: 

calibration standards, reagent blanks, process blanks, 

matrix blanks, duplicates, spikes, and reference materi

als. Analysis of control samples fills two needs in 

analytical work: (1) it provides quality control over 

analytical procedures so that problems that might occur 

can be identified and corrected, and (2) data obtained 

from analysis of control samples permit evaluation of 

the capabilities of a particular analytical technique to 

determine a given element or constituent under a 

certain set of circumstances. 
Blind QC samples are disguised and numbered to 

resemble unknown samples in a set, and no attempt is 

made to conceal the identity of the open QC samples 

from the analyst. In neither case are the concentrations 

of the analytes of interest revealed until after the data 

have been formally reported. 
These samples are submitted to the laboratory at 

regular intervals and are analyzed in association with 

other samples; that is, they are not handled as a unique 

set of samples. At least 10% of stable constituent, 

organic, and selected radioactive constituent analyses 

are run as quality control samples using the materials 

described above. A detailed description of EM-9's 

QAP and a complete listing of results have been pub

lished annually since 1976 (Gautier 1991). 

b. Radioactive Constituents. In addition to 

those that are prepared internally, QC and QA samples 

for radioactive constituents are obtained from outside 

agencies. The Quality Assurance Division of the 

Environmental Monitoring Systems La bora tory (EPA, 

Las Vegas) provides water, milk, and air filter samples 

for analysis of gross alpha, gross beta, H3, 40K, 60Co, 
65Zn. 90Sr, 106Ru, 1311, 134Cs, mes, 226Ra, and 239.240Pu 

as part of an ongoing laboratory intercomparison 

program. NIST provides several soil and sediment 

standard reference materials (SRMs) for environmental 

radioactivity. These SRMs are certified for 60Co, 90Sr, 

l37Cs, 226Ra, 238Pu, 239Pu, 241Am, and several other 
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nuclides. The DOE's Environmental Measurements 
Laboratory also provides quality assurance samples. 

Soil, rock, and ore samples obtained from the Cana
dian Geological Survey (CGS) are used for quality 
assurance of uranium and thorium determinations in 
silicate matrices. EM-9's own in-house standards are 
prepared by adding known quantities of liquid NIST 
radioactivity SRMs to blank matrix materials. 

c. Stable Constituents. Quality assurance for the 
stable constituent analysis program is maintained by 
analysis of certified or well-characterized environmen
tal materials. The NIST has a large set of silicate, 
water, and biological SRMs. The EPA distributes min
eral analysis and trace analysis water standards. Rock 
and soil reference materials have been obtained from 
the CGS and the United States Geological Survey. 
Details of this program have been published elsewhere 
(Gautier 1991). Stock solutions of inorganic analytes 
are prepared and spiked on blank matrices by the 
Quality Assurance Section. 

The analytical quality control program for a specific 
batch of samples is the combination of many factors. 
These include the "fit of the calibration," instrument 
drift, calibration of the instrument and/or reagents, 
recovery for SRMs, and precision of results. 

d. Organic Constituents. Soil samples are 
received for the analysis of volatile and semivolatile 
organic compounds, pesticides, and herbicides for 
compliance work done under RCRA. Certified matrix
based reference materials were not available for these 
analyses, so stock solutions of the 'analytes were pre
pared and spiked directly on blank soil by the Quality 
Assurance Section. Because homogeneity of the sam
ple could not be ensured, the entire sample was 
analyzed. Volatile organic compounds are analyzed by 
GC/MS and are spiked in the microgram-per-kilogram 
range. 

The majority of water samples submitted during 
1991 were environmental compliance samples for the 
analysis of pesticides, herbicides, volatile and 
semivolatile organic compounds, and PCBs. Methods 
were developed and refined for in-house preparation of 
quality control samples for volatile and semivolatile 
organic compounds in water. 

Oil samples were received for the analysis of PCBs 
and organic solvents. Quality control samples for 
PCBs were prepared by diluting EPA standards or by 

preparing standards in hexane from the neat analyte. In 
the United States, the only PCBs that have been found 
in transformers have been PCBs 1242, 1254, and 1260. 
Samples submitted for analysis have contained only 
these PCBs, so they have been used to spike quality 
control samples. Vacuum pump oil was chosen for the 
oil base blank after an experiment with various brands 
of motor oil showed excessive matrix interferences. 

3. Data Handling of Radiochemical Samples. 

Measurements of radiochemical samples require 
that analytical or instrumental backgrounds be sub
tracted to obtain net values. Thus, net values that are 
lower than the minimum detection limit of an analytical 
technique are sometimes obtained. Consequently, indi
vidual measurements can result in values of positive or 
negative numbers. Although a negative value does not 
represent a physical reality, a valid long-term average 
of many measurements can be obtained only if the very 
small and negative values are included in the pop
ulation calculations (Gilbert 1975). 

For individual measurements, uncertainties are 
reported as the standard deviation. These values are 
associated with the estimated variance of counting and 
indicate the precision of the counts. 

Standard deviations for the station and group 
(regional, perimeter, and on site) means are calculated 
using the following equation: 

where 

S• 

N 2 
~(c-cd 
t-1 

(N -1) 

ci • sample i, 

c .. mean of samples from a given station or 
group, and 

N • number of samples comprising a station or 
group. 

This value is reported as the uncertainty for the 
station and group means. 
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4. Indicators of Accuracy and Precision of 

Radiochemical Samples. 

Accuracy is the degree of difference between 

average test results and true results when the latter are 

known or assumed. Precision is the degree of mutual 

agreement among replicate measurements (frequently 

assessed by calculating the standard deviation of a set 

of data points). Accuracy and precision are evaluated 

from results of analysis of reference materials. These 

results (r) are normalized to the known quality in the 

reference material to permit comparison among 

reference materials of a similar matrix containing 

different concentrations of the analyte: 

Reported quantity 
r= . 

Known quantity 

A mean valueR for all normalized analyses of a 

given type is calculated as follows for a given matrix 

type (N is total number of analytical determinations): 

]:.'i 
R ... --'-. 

N 

Standard deviations of Rare calculated assuming a 

normal distribution of the population of analytical 

determinations (N): 

S= 
~i(R- rJ 

(N -1) 

These calculated values are presented as the EM-9 

"Ratio - Std Dev" in Tables D-26 to D-36. The mean 

value of R is a measure of the accuracy of a procedure. 

Values of R greater than unity indicate a positive bias in 

the analysis; values less than unity, a negative bias. 

The standard deviation is a measure of precision. Pre

cision is a function of the concentration of analyte; that 

is, as the absolute concentration approaches the limit of 

detection, precision deteriorates. For instance, the 

precision for some determinations is quite good 

because many standards approach the limits of detec

tion of a measurement. We address this issue by 

calculating a new quality assurance parameter, 

where XE is the experimentally determined mean ele

mental concentration based onN measurements and X , c 

is the certified or consensus mean elemental concentra

tion. The total standard deviation, ST, ofXE- Xc is 

given by 

s, ~(si }IN+ (s~) , 

where SE is the standard deviation of a single experi

mentally determined measurement, and Sc is the 

standard deviation of the certified or consensus mean 

elemental concentration. 

Analyses are considered under control if the a bso

lute value of the difference between our result 

(XE) and the certified or consensus mean 

(Xc) is within the propagated standard deviation of 

the experimental uncertainty (UE) and of the 

certified mean (Sc)· N is equal to the number of 

measurements on a sample and in our case is equal to 1. 

This concept is formulated in the following equation 

and is an adaptation of Dixon and Massey (Dixon 1969) 

to include the experimental uncertainty: 

Z= IXe -Xcl 
~(ue)2 .fN+(sc?. 

The test statistics used in this document are based 

on 5% and 0.2% levels of significance. The respective 

critical regions are defined using the z statistics 2 and 3. 

Data having a calculated z value s2 are accepted as in 

control at the 5% level of significance. Data that have a 

calculated z value >2 and s3.0 are considered at the 

warning level, or the 0.2% level of significance. Data 
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with a z value >3.0 are considered out of control. This 
criterion is also incorporated in the QACHECK 
computer program. 

The percentage of the tests for each parameter 
where XE - Xc fell within s2 ST (under control), 
between 2ST and 3ST (warning level), or outside >3ST 
(out of control) is shown in Tables D-26 to D-36. A 
summary of the overall state of statistical control for 
analytical work done by EM-9 is also provided in 
Table VIII-2. 

Table VIII-3 summarizes recovery information on 
organic surrogate compounds required for use in the 
EPA-Contract Laboratory Program protocol. 
Table VIII-4 summarizes EM-9's overall record of 
meeting EPA SW-846 holding times for EM-9 samples 
during 1991. The data include all samples where 
holding times were missed and the customer elected to 
either resample or accept the data as usable . 

Table D-37 reports the incidence of false positive 
results for blank QC samples and false negative results 
for spiked QC samples at the 95% confidence level. 

For most radiochemical and inorganic analyses, 
more than 90% are within <2 propagated standard devi
ations of the certified/consensus mean values (under 
control). EM-9's performance on most classes of inor
ganic matrices remained virtually unchanged since 
1990, while improvement in radiochemical deter
minations in soils was observed. Unfortunately, the 
overall control of radiochemical analyses in biological 
materials declined over the 1990 record as did that of 
stable elements in soils. These areas will be the focus 
of increased QNQC efforts in the future. Overall 
control on organic measurements in all materials 
remained at over 90% with all organic determinations 
being under control. Data on analytical detection limits 
are given in Table D-38. 

Table VIII-2. Overall Summary of EM-9 Quality Assurance Tests for 1991 

Under Control Warning Out of Control 
No.QC <2z 2-3z >3z 

Analysis with CV• (%) (%) (%) 

Stable Elements 
Biological Materials 4 75 25 
Filters 13 100 
Bulk Materials 18 100 
Soil 1,263 82 8 10 
Water 3,400 97 2 1 

Radiochemical Elements 
Biologicals 67 76 11 13 
Filters 168 97 2 1 
Soils 475 89 8 3 
Water 988 95 4 1 

Organic Compounds 
Filters 268 92 6 2 
Bulk Materials 284 98 1 1 
Soil 4,621 95 1 4 
Charcoal Tube 897 97 1 2 
Water 3,008 96 1 3 

•Quality control tests with certified values . 
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Table VID-3. Summary of EM-9 Organic Surrogate Compliance 
with EPA SW-846 Criteria for 1991 

EPA SW -846 Range Number of Surrogates % % of Samples Run Analysis Low High In-Range Total In-Range with Surrogate 
Volatile Organic Compounds 

In Soil 
1,2-Dicbloroetbane d4 70 121 464 536 86.6 99.1 Toluened8 81 117 501 536 93.5 99.1 4-Bromofluorobenzene 74 121 411 536 76.7 99.1 

In Water 
1,2-Dicbloroetbane d4 76 114 178 213 83.6 100.0 mr-

zo ~ 
Toluened8 88 110 180 213 84.5 100.0 S!Jl 

~~ = 4-Bromofluorobenzene 86 115 171 213 80.3 100.0 -

3:o r 

~(/) "ll" < 
);!~ ~ Semivolatile Organic Compounds '::I -
~2 

I ..... 
VI 

:II)> 
<r-In Soil 
!!!~ 2-Fiuoropbenol 25 121 331 353 93.8 97.2 ~CD 
zO Pbenold6 24 113 346 362 95.6 99.7 
():II 
m~ Nitrobenzene d5 23 120 352 362 97.2 99.7 ~o 
fD:IJ -
~ -< 2-Fiuorobiphenyl 30 115 351 362 97.0 99.7 

~ 
2,4,6-Tribromopbenol 19 122 346 362 95.6 99.7 p-Terpbenyl d14 18 137 324 362 89.5 99.7 

In Water 
2-Fluoropbenol 21 100 145 173 83.8 95.1 Pbenold6 10 94 152 173 87.9 95.1 Nitrobenzene d5 35 114 147 173 85.0 95.1 2-Fiuorobipbenyl 43 116 150 173 86.7 95.1 2,4,6-Tribromopbenol 10 123 161 173 93.1 95.1 p-Terpbenyl d14 33 141 141 173 81.5 95.1 

• • ------···---
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ENVIRONMENTAL SURVEILLANCE 1991 

Table VIII-4. EPA SW-846 Holding Time Summary for 1991 

Organic Analysis Number Meeting Total Number %Within 

Type EPA Criteria Performed EPA Criteria 

Extraction holding times 

Volatiles in soils 363 419 86.6 
Volatiles in waters 125 141 88.7 
Semivolatiles in soils 274 282 97.2 
Semivolatiles in waters 111 133 83.5 
Pesticides in soils 29 35 82.9 

Pesticides in waters 3 3 100.0 

Herbicides in waters 3 3 100.0 

PCBs in soils 134 221 60.6 

PCBs in waters 35 72 48.6 

Instrument aiUllysis holding times 

Volatiles in soils 419 419 100.0 

Volatiles in waters 141 141 100.0 

Semivolatiles in soils 282 282 100.0 

Semivolatiles in waters 133 133 100.0 

Pesticides in soils 35 35 100.0 

Pesticides in waters 3 3 100.0 

Herbicides in waters 3 3 100.0 

PCBs in soils 147 221 66.5 

PCBs in waters 72 72 100.0 
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' !)t:NI tn :xerox Te 1 ecooier 7021 3-14-96 ; 11:; 1 LANL EM-9-+ EM-9 TA-50 LANL:# 3 

PERFOR"AMCE EVAtUATXOK RIPORT 

DM~-2A STUDr HUMBER 007 

DO!-LOS ALAM~S NATIONAL LA!ORA'l'ORY l"X 

DA'l'lt 071151'87 

ftU., 'ti f /i' /i1 

··-

------------------------------------------------------------~---------------------v 
p 

IEPOR! TRUE ACCEPTANCE 
VALUE VALUE* LIHI!S 

'l'kACE JUTALS IH MICROGllli'1S P!!l LI'l'IJI 

::lDMIUI't '+lf9 ~45 378.- 501. 

::HROMIUM t6. 7 191 15'1.- 227. 

::OPP!!ll '+88 '+92 440.- 536. 

IROM 1910 tS52 Hi00.-Z060, 

I:.EAtl '+!0 392 331.- 450. 

'I!:B.CUI.Y 4.68 lf.SS 3.09- 6.09 

l:J:HC 1680 1656 1'fi.J0.-18ao. 

r!ISCELLAHEOUS lHlLYU!S 1 

?H-Ul'CI'fS 6.58 e.so 8.0'+- 8.89 

rOTAL S·JSPEMDJ:J) $0X.IDS a. a 2!. 1 16.1.J- ze.o 
~I}~ r1G'L) 

HUTRIEHTS !:.< MILLIGRAMS PER LITER I 

~rrt;OKIA-MITIOG!H 'L38 5. 10 4.09- 6.01 

WARMING 
LIMI'rS 

393.- '186. 

163.- 211. 

!J .1}1, . - Slit. 

'•&60.-1010. 

31+6.- lf35. 

3.47- 5.71 

1490.-1780. 

8. ~ 5- 6.79 

17.8- 26.6 

4.32- 5.78 

P!I.FORI1AMC:t 
EVlLUATIOH 

lCCZP'l'ABtE 

KO'f lCCEPfllt.E 

ACCEPtlDLE 

ACC!P1'lBLE 

CHECK FOR ERROR 

lCC!P'fA!t!! 

lCC!PTlBLE 

ACCEPTABLE 

CHECK !'OR E!tROR 

lCC.!:PTABLI 

----------------------------------------------------------------------------------a BASED UPOK TH!ORETICAI. ClLCULlTIOMS, 01 l t~FtREHCI VAI.UI WHIK KEC!SSARY. 

PAGE 
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PllFORMAMCE ZVALUATIOM REPORT DA'!l'EI 071'15.1'87 

DMR-Ql STUDY KUMJER 007 

P!IMITTE~a MMOOZ83SS DOE-LOS ALAMOS XATIONAL LABOIATOIY rx 
----------------------------------------------------------------------------------v 

p 
REPORT TRUE ACCEPTAMCX 
VALUE VALUE* LIMITS 

WARMIKG 
LII1ITS 

PEP.FORMAMC!· 
!VALUlTIOM 

~---------------------------------------------------------------------------------

MUTI\I!HTS IH MILLIGRAMS PEP. LIT!Rr 

rOTAL PHOSPHORUS 0.787 o.aq4 .655- 1.oa 

D!MlKDS IM MILLIGlA~S PEP. LITER' 

COD 138 148 113.- 171. 

lDDITIOXAL MISCELLAMEOUS AMAL~TES• 

rOTlL CYlKIDE 
CIH I1G/%.) 

rOTlL RESIDUAL CHLORIK! 
~~'"" C IK MO/I. l 

0. 180 

0.29 

0.225 .110- .:98 

0.261 .06Z4- .492 

.701f- 1.01 ACCEPTABLE 

uo.- 16'+. ACCEPTA!ILE 

• 1llf- • 17lf ACCEPTABLE 

• 124- .lf.30 lCCIPTABL! 

• BASED UPOM TH!OI!TIClL CALCULATIOMS, OR 1 lEFiliJI~~ 1ALUI WHIM KECESSARY. 
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SENT BY:Xerox Telec~pier 7021 3-14-~5 ; 11:11 

Los Alamos National Laboratory 
loa Alamos. New Mexico 87545 

Mr. Alex Pugl1s1 
Environmental Improvement Division 
Surface Water Quality Bureau 
Surface Water Section 
P. 0. Box 968 
Santa Fe, NM .87504-0968 

LANl. EM-9-+ EM-9 TA-50 LANL:I 2 

"'~ 

DATE: September 20, 1987 
IN REPLY REFER TO: HSE-9/87-389 

MAIL STOP: K484 
TELEPHONE: ( 505) 667-3269 

RE: 1987 National Discharge Monitoring Report Quality Assurance Program 
Dear Mr. Puglis1: 

Our chromium results were reported without the 10 fold dilution factor. The actual result ~as 167 ug/L. We are presently implementing a 
cros•·checking system to eliminate these types of bookkeeping errors. 
Shortly after these analyses were complated we discovered an improperly 
prepared commercial lead standard. This undoubtedly accounts for the somewhat high lead re5Ult. We are making a conscientious effort to analyze each new standard against the old standard and against another commercial 1ot (i.e. Fisher vs Spex). Unfortunately many of the metals we analyze are not available from NBS. 

The low, but within range, results for total suspended sol ids may be the result of poor sample preparation or mixing. The error is not 
obvious. It does point out the need for tighter quality control. We 
analyze about one sample per week for TSS. We can order only one TSS 
control sample at a time from EPA and it must be analyzed within seven days after dilution. This is an ordering hassle and a drain on the EPA supply. We are requesting sample preparation instructions from EPA so 
that we can run in-house prep~red QC's in conjunction with EPA QC's 
routinely. 

Sincerely, 

m~~:;r~ 
Mary Carol Williams 
Wastewater Analysis Section leader 
Health and Environmental Chemistry 

MCW/mr 
(wp\mcw\pugl1s1) 

cy: HSE-DO 
CRH·4 
file 

.. -, 
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T&b1e III. P!lFOlHAHCE IVAtUATlOM R!POlt 

PERMITTEE: KM0028355 DOE-LOS ALAMOS HATIOKAL LABORATORY rx 
---------------------------------------------------------------------------------v R!POR'1' TRUE ACCEPTANCE WARK~KG PERTORMAKC! 
lJULY'r!!S p VALUE Vll.U:E* LIMITS LIM~TS EVlLUlTIOM 
---------------------------------------------------------------------------------

TRACE ru:: ALS IM J1ICB.OORU1S PEl. LI'l'ER: 

C!lDI'IIUJ1 260 270 21+0 ... 111. . 21t9.- 303. lCCIP'rlBLI 

caaoruun a 1. 6 19.2 64.6- 109. 70.1- 101+. ACCIP'1'AILt 

COPPEll 100 100 86.7- 1 u. 19.8- 101. lCCIPTlBLI! 

I :I OM 793 763 681+.- 8!51f. 70!.- 133. .ACCEPTABLE 

LEAD 9&2 911+ 781.-1050. 815.-10!0. ACC!PTl!LI 

J11aCUI.'Y .t30 0.936 .lt7t- 1.39 .591f- 1.11 lCC!.P'I'ABLE 

ZIKC 1U2 1270 1090.-1q3Q. 11qQ.-1390. lCCEPTABX.E 

MISC!!LLlK!OUS AMltYTI!Sa 

PK-UKITS 6.30 6.30 6. 13 .. 6.43 6.17- 6.140 A.CC!PfABLE 

rOflL SUSP!KDJ:D SOLIDS 316.0 3'+.1 JIL7- '+!.0 27.2- IU .5 ACCEPTABLE 
:IK MO/L) 

MUfRIEKTS IK 11ILLIGali1S Pill LITEJll 

AMMOMil-Kl:t'I.OCI!K 9.91 10.3 1.'+2- 12.0 1.114- 11.6 ACCEPTABLE 

* ~ASED UPOH TKIORITICAL CALCULlTIOMS, 011 l ~EFEREKCZ VALUE ~HEM XEC!SSlRY. 

PAGE 1 



PERFORHlHC! EVALUATION REPORT DAtE: 7112188 

DMR-QA SlUD~ HUMBER 008 

PERMITTEE• MJ100Z8355 DO!-tOS ALAMOS KATIOKAL LABORATORY rx 
--------------------------------------------------------------~------------------
lMALYTES 

v 
p 

R!PORT TRUE lCCEPTlXCI 
VALUE VALUE• LIMIT~ 

W.lRKIMG 
:LIMITS 

PIRFORMAKC! 
EVAI.UATIOK 

----------------------------------------------------------~~~----------~---------
KUTllEKTS IK l'fiLLIORlMS P!R LitER: 

TOTAL PHOSPHORUS 3.38 t+.I+O 3.52- 5.11 3.?1- ~.92 KO! lCCIPTA!LE 

DEMAHDS IH HI~L~GIAMS PER LIT!R• 

con 10Z 105 79.6- uo. tlf.7- 11!. ACCEPT AILE 

ADDITIOKAL MISCELLAK!OUS lHALYTES• 

TOTAL CY.AKIDI: O.lU 0.155 .08~5- .207 .0999- .192 lCCIPTAIX.I 
CIK J101'L) 

TOTAL RESIDUA~ CHLOIIKE 
(IH 110/L) 

0.31+6 0.399 .189- .615 . u;o- . asq ACC!PTA!I.I 

----------------~----------------------------------------------------------------' BASE» UfOH tHIORITlCA~ CALCULATIOKS, OR l ~!FER!HCI VALUE WHIM KECESSARY. 

PlOB Z (~AS% PAGE) 
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SENT BY:xerox Te 1 eccpier 7021 3-14-95 11:13 LAN!.. EM-9~ ,. ~M-9 TA-50 LANLi# 7 

PERFORMANCE EVALUATION REPORT DATta 71 3189 

DMR-QA STUD~ NUMBER 009 

PtRMITTEE• MM0028355 DOE-LOS ALAMOS HATIDHAL LABORATORY rx 
--------------------------------------------------------------------~------------

AHALYTES 
v 
p 

REPORT TRUE ACCEPTANCE 
VALUE VALUE* LIMITS 

WARMING 
LIMITS 

PERTORMAKCE 
EVALUATION ---------------------------------------------------------------------------------

TRACE MITlLS IM l"'ICROGRAJ1S PER LIT!Rt 

CADMIUJ"' 00340 320 

CHROJ1IUl'f 00138 150 

COPPEll 00078 76.2 

IJlOH 00748 749 

L!lD 10 0 91.9 

'1!R.CURY 0.68 0.853 

ZINC 215 210 

MISC!LLAK!OUS AKALYTtS• 

PH-UHIT5 

)TAL . USP!KDID SOLIDS 
D< l'iG/L) 

07.86 7.80 

040.5 41.9 

MUTRIEMTS IM KILLIGllMS P!R LITERt 

.•• 1MOMIA -HITROG EM 013.5 13.0 

277- 375 

118- 179 

65.4- 86.0 

652- 859 

71.5- 115 

.1.!57- 1. 23 

181- 237 

7.55- 7.97 

33.3- 46.& 

10.2- 15.5 

289- 363 ACCEPUBI.! 

125- 171 ACCEPUBLE 

67.9- 83.4 ACCEPl'UI.! 

678- 833 ACCEPTABLE 

77.0- 110 ACC!P'rlBL! 

. 554- 1. 13 ACCEP'rA:BLI 

188- 230 lCCJ:PTA:BLI! 

7.60- 7.92 ACCIPl'lBLE 

34.9- 4.5.0 ACC!Pl'ULE 

10.9- 11+.9 lCCtPTABL! 

-------~-------~------~--------------------·-------------------------------------« BASED UPOK TH!OIITIClL CALCULATIONS, OR A l!f!REMCE VALUI WHIM M!CESSARY. 
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SENT BY:xercx Te!ecopier 7021 3-14-96 ; 11::3 LA~~ EM-9~ E~-9 TA-50 LANL;; 8 . . ' .. 
1 

PERfORMAMCE IV~LUATIOM REPOR~ DATE: 71 31S9 

DMR-QA STUD~ MUXBIR 009 

PIRMitt!E• Mn00283S5 DO!•L03 ALAnOS MAXIOMAL L~BORlTOR~ rx 
-------------------------------------------------·--------------------------------
AKALYT!S 

v 
p 

REPORT TRUE ACC!PI~KCt 

VALUE VALUE* LIMITS 
NARMHIG 

LIMITS 
Pl:RP'OJll'fAliCE 
!VALliATJ:ON 

-----------------------------------------------------------------~-------------~-

MUTRI!KTS IM J1ILLIGRAMS PER. !.I'XJ:R: 

TOTAL PHOSPHORUS 05.99 7. 01 5.60- 8.38 '5.93- 8.05 ACCEPTABLE 

DEMAXDS IM l1ILLIGRAI1S PER LITtR: 

COD 09 1. 0 9 1. 7 74.4- 109 78.8- 105 1CCIP7ABLE 

.5-DAY BOD 067.6 59.7 41.7- 85.7 47.2- 80.3 ACC!PTA!LI 

lDDITIOHIL MISCELLANEOUS lMALYTES: 

TOTAL CUMID! 0.063 0.070 .0300-.09138 .0388-.0910 lCCEPl'A!Ll: 
(IN HGI!.) 

* !lS!D UPON THl:OR!TIClL CALCULATIONS, Ol A A!1IR!HCE V1lU! WHEH KEC!SSARt. 



SENT BY:xerox Te!ecopier 7021 3-1~-ss 11:14 LANL EM-9 .. EM-9 TA-50 LANL:#10 

OAT~ I 

DMR-QA STUDY NU 11BER 010 · 

PERHITTEE1 NH0028355 DOE-LOS ALAHOS NATIONAL LAB FX 

-------------------~~~--------------------------------~~------~-------------------.. V REPORT TR.UE ACCEPTANCE WARNING PERFORMANCE 
AHALVT~S ~· P VALUE VALU~* . LIKITS LIMITS EVALUATION ··. . 
-----------------------------~-----------------------.-------------------------~---

TRACE METALS IN MICROGRAMS PER LITERa 

ALUI1INUM X· 1315 '1200 '4'- 1440 · 1010- 1380 ACCEPTABLE 

ARSENIC ACCEPTAILi 

BERYLLIUM ACCEPTABLE 

CADMIUM 2,7 300 244- 343 257- 331 ACCEPTABLE 

CHROH!UH 750 50,0 37.2- ,1,0 40.2- 58.0 HOT ACCEPTABLE 

COBALT X 50.2 750 &77- 825 HOT ACCEPTABLE 

COPPER. ACCEPTABLE 

IRON 559- 737 581- 715 ACCEPTABLE 

. 
LEAD 100 7,.0-·· 121 81.5• 115 NOT ACCEPTABLE 

ANGANESE X 203 200 178-. 217 18~- 212 ACCEPTABLE 

ERCURV '. 1., 7~oo s.l,- e.74 s.,4- a.1o ACCEPTABLE 

NICKEL X 205 zoo l72- 227 179- 220 ACCEPTABLE 

-------------------------~-----------------------~--------------------------------* BASED UPON THEORETICAL CALCULATIONS, OR A REFERENCE·VALUE WHEN NECESSARY. 
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SENT BY:xerox Taiecopier 7021 ; 3-14-96 : 11:15 LANL EM-9.,. EM-9 TA-50 LANL:#11 

PERFORMANCE £VALUATION REPORT ' DATEI 11 6190 ' 

DHR~QA STUDY NUMBER O)O 

PiRMITTiit N~0028lSS DOE-LOS ALAMOS ~ATIONAL LAB FX 
~--------------------~~--------------------~--------------------------------~-----· 

ANALVlES 
v 
p 

REPORT TR~E ACCE'PTANCE 
VALU.E .VALUE* LIHITS 

WARNING 
LIMITS 

PERFO.RHANCE 
EVALUATION 

----------------------------------------------------------------------------------
TRACE METALS IN MICROGRAMS PE~ LITER1 · 

SELENIUM X 68 ?o;o · q7.8- a1.1 s2.o- 11.0 ACCEPTABLE 

. 
VANADIUM X· 1210 1150 · 995- 130G 1040- 1260 ~CC:EPTABLE 

ZINC a so 900 783- lOCO . 810- 97' ACCEPTABLE 
.... 

MISCELLANEOUS ~NALYTESa 

PH-UNITS 

TOTAL·SUSPENDED SOLIDS 
CIN HS/L) 

""'-OIL AND GREASE 
CIN M~iL> . 

6.05 . 6.00 5.86- ,,12 ~.89- 6.09 ACCEPTABLE 

79,4 · 73.0 61.~- 78.0 ·. 63.3- 75.9 NOT ACCEPTABLE 

x· 14.2 18.0 10.&-. 23.2. 12.2- 21.7 ·ACCEPTABLE 

NUTRIENTS IN MILLI~RAMS PER LITERt 

AHHON!A-HtTROQEN 3.45 ACCiPTAILi 

II TRATE-N I TRO.GEN X 2.20 1.7!- 2.,7 1.85- 2.5,... ACCEPTABLE 

OTAL PH.OSPHCRUS 7.25 , .• 00 ,,91.- 10.5 7.34- 10.1 CHECK FOR ERROR 

OR.THOPHDSPHATE X ~.50· 3.91- 5.10· 4.05• 4,9, HOT ACCEPTABLE 
. . 

--------------~~------------------------------------~----------------~------------* BASE·D UPON TMl£iRETICAL CALCULATIONS, OR A REFERENCE VALUE WHEN NECESSARY· 
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SENT sr:xerox Tele:opier 7021 3-14-96; 11:15 ; LANL EM-9 .. EN-9 TA~SO LANLi#12 

PERFORMANCE EVALUATION· REPORT DATE t 7 I 619 0· .. ... 
DHR·QA STUDY NUMBER 010. 

PERHITTii1 NH0~2!3SS DO~~LOS~ALAHOS NATIONAL LAB FX 
----------------------------------------------------------------------------------.~ . 

'_:: V . REPORT .TRUE ACCEPTANCE WARNING PERFORMANCE 
ANALYTES ' ·· P VALUE VALUE• LIMITS LIMITS EVALUATI~N . :~. . ----------------------------------------------------------------------------------. . 

DIHAHDS IN MILLIGRAMS PER LITiR1 

COD- 71 76.2 58.3- 93.6 '62. 7- 89.2 

5-DAV BOD. 56.6 so.~ 29.1- 7Z.8 34.5- 67.4 

\, 

ADDii.IONAL MISCELLANEOUS ANA~VTES• 
,. 

TOTAL CYANIDE' 
CIH H~I'L) 

o.Q45 o.o5s .c19I-.o791 .oz6l-.o715 

TOTAL .. RES~DUAL CHLO~lNE X 1'. 41 1. 50 0. 8 96- l • 82 . 1. 02- 1.70 
CIN M&I'L> . .. .. ' . 

ACCEpTABLE 

·ACCEPTABLE 

ACCEPTABLE 

ACCEPTABLE 

----------------·------------------·-----------------------------------------------" . 
~ BAS!Q U~ON THEORETICAL CALCULATIONS, OR A REFERENCE VALUE WHEN NECESSARY. 

. . 

' \ 

. ~··f ... 

. . ~ ... 
. , '~.·. 
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LANL EM-9 .. EM-S TA-50 LANL:a 9 

Mr. Glann Saums 
Environmental Improvement Division 
Surfaee Water Quality Bureau 
Surface Watar Section 
P.O. Box 968 
Santa Fe, NM 87504-0968 

Dear Mr. Saums: 

DATE: March 20,, 1990 
IN REPLY REFER TO: HSE-9/90 

MAIL STOP: K484 
TELEPHONE: (505)667~4709 

FTS 943-3269 

The inorganic section of the Health and Environmental Chemistry Group at Los Alamos National Laboratory part1cipited in National Pollutant Discharge Elimination System Study 10 and analyzed for those pollutants specified in our NPDES permit No. NH0028355. Our results were out of acceptance limits for chromium, cobalt, lead, total suspended solids, and orthophosphate. 

Results from Study 10 that were rated •unacceptabltn ware investigated and the following conclusions were made. The chromium, cobalt, and lead results were all transc1pt1on errors made when the NPDES form was filled out. All analytical data as reported by the analysts were acceptable. The analysts reported 750 ~g/L for cobalt, 50.2 ~g/L for chromium, and 96.~ ~g/L for lead as shown on the analytical reports enclond. 

The analyst reported the second of two numbers for orthophosphate. The first analys1s was too high for the ca11brat1on curve and needed dilution. The second number was slightly low 3.81 ~g/L (acceptable range was 3.91 • 5.10 ~g/L). 

The total suspended solids sample was run twice and all of the sample was consumed. The analyst reported the higher value 79.4 i 8 ~g/L. The other value was 74 t 7 ~g/L and was 1n the acceptable range 
( 61. 3 - 78. 0) . 

Additional information is attached to this letter. 

Sincerely yours, 

Peggy Gautiar, Section Leader 
Quality Assurance and Data Management 
Health and Environmental Chemistry Group 

--, 
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EM-9 TA-50 LANL;114 
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rx 

DlTI• 7115191 

--------~--------------------------------------M---------------------------------
AKALYT!S 

v 
p 

lEPORr %RUE ACC!PTlHCZ 
VALUI VAL~!* LIMITS 

WAJ.MIKG 
LIMITS 

PIR.l"ORMAHCI 
IVALUATIOK 

TRACI ftltALS IX MICROGRAMS PER LITER• 

ALlTI'tiMUft 920 870 720- 999 755- 964 lCC!PTABLI 

AISIKlC 80 69.9 SS.S- 82.8 58.9- 79.4 CHICK fOR llR.O 

BI1YLLIUPI 15 11.1 7.73- 14.7 8.63- 13.8 XOT lCCIPTABL! 

ClDMIUPI s 5.07 3.&12- 6.82 3.8.5• 6.40 lCCEPTABLI 

CHI.OMIUM 76 7'4.0 56.7- 90.2 60.8- 86.0 lCCIP'ZABI.! 

COBALT 810 815 706- 915 733- 888 lCCIP'l:ABL! 

COPPil 43 43.0 3&4.9- 50.3 u. a- 48.3 lCCEP:rABL! 

I:ROK 360 340 293- 391 305- 379 ACC!P'l:ABI.I 

LEAD 320 320 271- 369 283- 357 lCCEP!ABLl: 

AKGAK!S! 4.30 38.5- 460 394- ~51 lCCJ:PtABLE 

I!!I.CUlY 0.55 0.543 0.2~6-0.903 0.329-0.S~O ACCZPtABL:Z: 

KICKIL 1700 1600 1420- 1770 1460- 1?20 ACCEPTABLE 

SILEKIUI! < so 10. 0 s.ga- 13.1 6.82- 12.2 UXUSlBLI DlTl 

VlMADIV11 2000 2000 1760- 231i0 1830- 3180 ACCEPTUILE 

ZIH~ 1900 1900 1670- 2110 1720- 2060 
.. ~, 
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MISCILLAM!OUS lMlLYTES' 

PH-VMl'U .9.07 8.80 8.46- 9.24 8.55- 9. 14 ACCZP1'llSL! 

TOTAL SUSPZXD!D SOLID! 60.0 63.3 4 6. 1- 67.2 48.7- 6'4.5 lCCJ:P'rlBLI 
CIK tiGI'l.l 

OI%, AND GllllSE 13. 1 13. 0 6.48- 17.7 7.88- 16.3 lCCJ:P'l'ABLZ 
(IK HG/L) 

KU1'lli!K%! IK KILLIGllAI'lS Pll LITtl• 

lKKOKil-KITROGIK 17. s 18.0 14.4- 21.S 15.2- :ZO.If ACCIP'l'ABLE' 

MI'1'll'1'1-MITIOGIK 8.40 8.00 6.47- 9.52 6.83- 9. 15 lCCIP'l'lBLI!: 

1'0!UL PKO!PHOli.US 3.56 3.60 z.elf- 4.38 3.03- If • 11 ACCI:P'rlBL! 

OI.%HOPKOSPH1'1'1 1. 2, 1. 'fO 1.15- 1. 63 1.20- 1. 57 ACCEP'UBLE 

---------------------------------------------------------------------------------)I( BASID UPON 1'HEOll!'1'IC1L CU,CUI.U'IOKS, Oi l lEF!lEKCI VlLVI WBEK K!CESSAKr. 

PAGI 2 



l!il:l 

LANL EM-S-+ EM-9 TA-50 LANL;#l6 

P!~FOIMA~CE EVl~UAliOM At10l! 

DMI-Q~ STUDY KUM!ER 011 
i 

P!lMITT!!• KM0028355 DOE-LOS l~AMOS KATIOKlL LABORATORY TX 
-----------------------------~----~--------------------------------~-------------y RtPOR, TRUl ACC!PTlXC! WARMIX3 P!RTDRMlMCE 
AMALY~ES P VALU!i VALUI* LIMITS LIMITS EVlLUlTIOM I 

----------------------------------~--------~~-------------------------·~---------1 

D!MlMDS IN "ILLIGRlMS PER iiTER• 

COD 51.0 46.6 33.5- 57.1 •35.6- 54.0 ACCIPTABLE 

5-DlY BOD l.f1.8 30.0 15.8- 44.2 19.3- ~0.6 CHICK TOI EIRO 

lDDITIOXlL MISCELLAK!OUS lMlLYTES: 
I 

TOTlL CYlKIDI 0.0211 '
1
0.020 D.L.-.0352 .ooao-.0304 

CIM MG/L) 

TO~lt liSIDU1L CHLOIIM% X 
CIM Mw/L) 

1.71 ! 2.00 1.27- 2.25 1.140- 2.13 

ACCEPTABLE 

lCC!PTABLE 

-----------------------------------~----------------------------------------------* BASED UPOM THEORZTIClt CA~CV~AIIOHS, 01 A RI71R!KC! VlLUI WHIM KECISSlRY. 
~.L. STAM»S TOR »ETECTIOX LIKit 
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LANL EM-9~ EM-9 TA-50 LANL:#13 

Los Alamos National laboratory 
Los Alamos, New Mexico 87545 

Hr. Alex A~~~g11si 
DMR QA State Coordinator 
New Mexico Environment Division 
Surface Water Quality Bureau 
1190 St. Francis Dr1va 
Santa Fe, NH 87602 

Dear Mr. Puglisi: 

DATE: October 7, 1991 
IN REPLY REFER TO: EM-9/91-120 

MAIL STOP: K484 
TELEPHONE: (505)667·6235 

FTS 843·6235 

The inorganic section of the Hea1th and Environmental Chemistry Group at Los A1amos Nat1onil Laboratory participated in National Pollutant Discharge Elimination System Study 11 and analyzed for those pollutants specified 1n our NPDES permit No. HH00283SS. Our results were out of acceptance 11m1ts for beryllium, and selenium data was rated as unusable. 

Results from Study 11 that ware rated •unacceptabl a'' were investigated and the following conclusions were made. No r•ason was found for the slightly high bery111um result but the dilution process is baing investigated further. The EM-9 result was 15 mg/L and the acceptable range was 7.73 - 14.7. All in-house QC samples for beryllium were within control 11m1ts. 

Tha selenium result rated as "unusable data'' was analynd by ICPAES due to personnel shortages. The ICPAES procedure does not have a low enough detection 11m1t for se1en1um. Selenium will be analyzed by AA 1n the future. · 

Sincerely yours, 

~~ 
Peggy Gautier, Section Leader 
Quality Assurance and Data Management 
Health and Environmental Chemistry Group 

PG/1V 
(wpfpe;/qastat.cor) 

Cy: EH-00, MS-K491 
CRH-4, HS-AlSO 
EM-9 file, MS-K484 
Hike Saladan, EM-8, MS-K490 
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