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INTRODUCTION 

Background elemental concentrations were det•:rmined for inorganic constituents of the 
sediments as part of Environmental Restoration (ER) investigations conducted at Los 
Alamos National Laboratory (LANL). These background investigations conform with 
guidelines set forth in Task IV of the Laboratory's Hazardous and Solid Waste and 
Amendments (HSW A) permit to " ... describe the extent of contamination 
(qualitative/quantitative) in relation to the background levels indicative for the area''. The 
background data supplements information from earlier regional background sediment 
investigations by Longmire et al. ( 1995. this is the three chapte•· backJround report). 

Standard EPA analytical methods used to measure concentrations of inorganic chemicals 
and radionuclides for these sediment background samples. This ensures comparability of 
these background sample data to samples collected in RCRA and Canyons investigations. 

This report summarizes the results of the sediment background chemistry investigations. 
Field, analytical, and statistical methods used to describe background element 
concentrations are described, and geologic factors that control elemental distributions are 
discussed. Potential differences in sediment background chemistry by canyon, by grain 
size, and geomorphic unit. 

Background screening values are calculated based on upper tolerance limits or maximum 
reported concentrations. The data are summarized in tables and figures, and the 
underlying data will be available through the Facility for Information Management and 
Display (FIMAD). 

METHODS 

Eric will write this section 

GEOLOGIC SETTING 

Eric will write this section 

STATISTICAL APPROACH 

Statistical Analysis of Sediment Analytical Data 

MAR 7 7 1997 
_e)) -) 

The background data are used to support the Canyons investigations and RCRA 
investigations. As a part of these investigations, data are compared to natural background 
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concentrations of inorganic and radionucl ide analytes. Statistical comparisons wi II 
include comparing post-closure data to geologically appropriate background screening 
values (or hot measurement comparison). The background screening value fi..1r inorganic 
and radionuclide analytcs is the upper tolerance limit (UTL) calculated as the upper 95% 
confidence limit of the 95th percentile. In addition to the background screening 
comparison, other statistical tests may be used to determine if there arc any residual 
elevated concentrations. 

The statistical analysis of the background data consists of the tollowing steps: 

a) determine if old sediment data (from lndi0 and Ancho Canyons) can be combined 
with 1he new data (from Los Alamos:- Pueblo and Guaje C':myons) llfcstahlish-i:me 
set of new LANL sediment background data 

b) compare data from channel and 1loodplain geomorphic units to determine if there 
significant differences, and sedirn~nt background should be subsetted by 
geomorphic unit 

c) compare data frt•m fine fraction~ ar.d total grain size analyses to detcnnine if there 
significant differences. and scdimull background should he subsetted by grain 
size 

d) estimate the typt: of data distribution for each inorganic and radionuclide analyte 
so that UTLs can be calculated. 

e) calculate background screening values for each analyte by stratigraphic unit using 
either UTLs or the maximum reported values li.lr infrequently detected analytcs or 
sparsely sampled stratigraphic units. 

Initial Data Analysis Steps 

Some of the inorganic results in the combined background rock data set arc reported as 
less than the detection level (<DL). To facilitate statistical analysis of the data. all values 
reported as <OL were replaced by one-half of the detection limit. This replacement 
approach is recommended in the EPA risk assessment guidance (EPA 1992. 116~ ). 
Concentrations below detection limits commonly occurred for antimony. boron. 
cadmium, mercury, selenium, silver. tantalum. and thallium. These analytcs arc excluded 
from further statistical analyses. 

All radionuclide results arc reported. whether or not the value is greater than the 
minimum detectable a<:tivity (MOA). For consistency with the analysis of the inorganic 
Jata, radionuclide results less than th•~ MDA were replaced by one-half of the MDA. 
Evaluation of statistical distributions and difJerences between data groups is facilitated by 
using this uncensored data. Howe\'er. radionuclides with no values reponed above the 
MDA are eliminated from statistical analysis. These radionuclidcs included: barium- I 40, 
bismuth-21 1. bismuth-212, cadmium- I 09, cerium- 139. cerium-144, ccsium-134, cobalt-
57. cobalt-60, europium-152. iodine-129. lanthanum-140, manganese-54. mcrcury-203, 
ncptunium-237, protactinium-231, protactinium-233. protactinium-234m. lead-21 0. lead-
211, radium-223, radium-224. radon-·219, ruthenium- I 06. selenium-75. sodium-22. 
strontium-85, thorium-234. tin-113, yttrium-R8. and zinc-65. 

Comparisons of Canyon Source, Geomorphic Unit and Grain Size 
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The box plots of all inorganic chemicals arc presented in Figure xx through yy. These hox 
plots compare background dcmt!ntal concentrations for Los Alamos, Pueblo, <.iuaje, 
Indio and Ancho Canyons sediment background data to LANL all soil horizon 
background data. Actual detected values {as filled circles) are shown for each data 
source. Values reported a'i less than !he detection limit arc sho\\11 as open circles. The 
ends ofthe box represent the '"inter-quartile"' range of the data distribution. The inter­
quartile range is specified by the 25th percentile and 75th percentile of the data 
distribution. The line within the box plot is the median (50th percentile) of the data 
distribution. Thus the box indicates concentration values for the central half of the data. 
and concentration shifts can be rcadil:y assessed by comparing the boxes If the majority 
of the data is represented by a single concentration \aluc (usually the detection limit). the 
box is reduced to a single line~---- - ----- ----- ----- - -------- -

Background sediment daia for Los Alanws. Puehlo, Guajc. Indio and Ancho Cmtyons 
were statistically compared by the Wilcoxon rank sum test. The Wilcoxon rank sum tl'SI 
is one of the .. distribution shift'" methods discussed in the LANL ER Project Policy 
Paper on background comparisons (Ryti t•t al. 1996. 1298). The Wilcoxon rank sum test 
was also used to determine if there arc significant chemicals diflcrcnccs hetwcm 
floodplain and channel geomorphic unit bJckground data. 

Calculation of Background Screening \'alues 

UTLs were calculated for all inorganic elements. except lor antimony, horon. cadmium. 
mercury. selenium. silver, tantalum. and thallium. where enough values Yo ere d~tectcd to 
allow estimation of the statistical distribution. Chloride and sulfate have unusu.ll 
distributions, which do not allow usc of a simple statistical distribution model. Thcrel\1rc. 
we propose use of the maximum detected value as a background screening value for 
chloride and sulfate as well as for the rarely detected elements (antimony. boron. 
cadmium, mercury, selenium, silver, tantalum. and thallium). 

UTLs were calculated for detected radionuclidcs. except for amcricium-241. c~:~ium-1.1 7. 
plutonium-238, plutonium-239/240, strontium-90 and uranium-235 where a statistical 
distribution was not fit to the data. The maximum detected value is proposed as the 
background screening value for americium-241. ccsium-137. plutonium-218. pluhmium-
239/240. strontium-90 and uranium-235. 

For the elements that ar'-· normally distrihutcd without any data transli1rmation (I). \\C 

calculated parametric tolerance limits hy using the I(,IJowing equation: 

UTL :~mean +standard dcviati•lll • ku<~· , .. ,, (I 1 

The k-factor depends on the nw nber of background samples; complete tahlcs of k-factnrs 
are published in the RCRA gro1,nd water statistical analysis document (EJ>/\ 1989. 1141) 
and Gilhert (1987, 0312). Read :rs arc referred to the l.A!\1. ER Project policy paper on 
background comparisons f(lr C)l.unplc k-factor'i. 

The raw calculated UTI. result~ were scn:cni.'LI to ensure that the estimated \ ITI.s wen: 
not artificially inflated due to a small sample size or the prc:sc:ncc of a single high 
concentration, or outlier, value. 

RESULTS AND DISClJSSION 

H 
i.. 



_ < 'anyons Sediment Background Report 
August 30. 1996 

Tables I and II summarize the detection limits. nwn~r of samples above and hclo"' 
detection limits, and the minimum. maximum. median. mean and standard deviation of 
samples for inorganic analytes in the< 2 mm and fine fractions. Tables Ill and IV 
swnmarize the detection limits, number of samples above and below detection limits. and 
the minimum, maximum. median. mean and standard dcviation of samples ti.lr 
radionuclides in the < 2 mm and fine fractions. 

The box plot summary by canyon of inorganics and radionuclides arc pn~scntcd in 
Figures xx through yy. These hox plots show minimal differences betw(·cn canyons in 
nearly all background analytcs, andjustify con~olidation of sediment background data. 
An advantage in lumping all canyons into one data set is that this larger data set will 
provide more accurate estimates ofstatistics and canhe usedtodetect-smaller.-dil1ere.nccs­
when used in statistical distribution shift tests. 

The Wilcoxon rank sum test (see Tables V,VI) indicated that there were some significant 
differences between the channel and floodplain samples. and there were more significant 
differences between the <2 mm and fine fraction data. The standard sizc fraction 
analyzed in ER Project samples is the <2 mm fraction. The tine fraction will be useful in 
evaluating specific contaminant transport hypotheses. Because of the differences 
observed between the <2 mm and fine fract1on samples. these data will he considered 
separately for background comparisons. The difference between geomorphic units is 
viewed as less significant, and the channel and floodplain geomorphic unit background 
samples will be pooled to form a single sediment background data set. This has the 
advantage of improving the estimates of statistics. and this larger scdimc:nt background 
data can be used to detect smaller differences when used in statistical dblrihution shift 
tests. 

All of the concentration could be adequately modell'd by a normal stati~tical distribution, 
with the exception of five radionuclides (americium-241. cesium-137. rlutonium-
239/240, strontium-90 and uranium-235 ). The frequency of non-detect:; for uranium-235 
interfered with estimating a statistical distribution, and for the other four radionuclides. a 
single high value was measured. Because the samples were carefully k•cated in areas 
upgradient of LANL impacts, this maximum reponed value is proposed a background 
screening value for americium-241. cesium-13 7. plutonium-239/240. strontium-90 and 
uranium-235. For all other analytes subjected to statistical analysis, the background 
screening value was the calculated UTL based on an assumption of a normal statistical 
distribution. The background screening value for rarely detected inorg;mics and 
radionuclides is the maximum detected concentration. lbe maximum detection limit or 
MDA is proposed as the background screening value for inorganics and radionuclidcs 
that were not detected in the background samples. The proposed background inorganic 
background screening values are summarized in Table VII. and the pwposed background 
radionuclide background screening values are summari1.ed in Table VIII. 

In summary, the sediment background samples collcctl'd fi,r the Canyons investigations. 
The UTLs calculated from these samples will he useful in making screening level 
background comparisons. Other statistical tests may also be used .. as necdcd. to support 
the Canyons investigations. 

l. 
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Table I - Swnmary of concentration range of detects and non-detects for inorganics in the! 
<2 mm size fraction. 

-Non-detects Detects 
Analyte count min max count min max median mean Standard 

deviation 
lAG lb ll. I U.l "" o.n 0.28 u.u~u U.Ubb U.U55 
AL 0 25 740 13300 5510 5840 3240 
AS 2 0.5 0.5 29 0.3 3.6 1.80 1.84 0.967 
B 10 1.2 1.2 10 1.2 4.1 0.900 1.40 0.994 
BA - Q_ -- --- ------- 31 --------- 8 127 64.6 60A _ _ _ __JO~l __ 
BE 2 0.08 0.08 29 0.17 1.3 0.545 0.590 0.324 
CA 0 31 180 4240 1640 1680 980 
CD 18 0.1 0.2 6 0.1 0.18 0.100 0.093 0.037 
CN 4 0.15 0.15 20 0.16 0.63 0.250 0.295 0.186 
co 0 31 0.6 4.2 2.20 2.35 1.08 
CR 0 31 0.8 9.2 5.40 5.62 2.21 

81! 0 31 1408 13~00 !Mtl6 81ffi0 2ID.GI 
HG 21 0.02 0.02 3 0.02 0.03 0.010 0.012 0.005 
K 0 31 180 2600 1120 1300 630 
MG 0 31 170 2370 826 977 520 
MN 0 31 46 517 302 289 I I 5 
NA 0 31 34 1970 458 551 414 
NI 2 2 2 29 2.5 8.9 4.60 4.98 1.99 
PB 1 4 4 30 3.5 25.6 8.90 9.26 4.72 
SB 30 4.9 5 I 5 5 2.45 2.54 0.457 
BE 2A oms oms 29 0.17 1.3 0.545 0.590 0.324 
TA 7 0.3 0.3 0 
TH 0 7 0.9 7 5.50 4.20 2.60 
TH-total 0 7 1.3 18 13.0 1 1.1 5.71 
Tl 0 .24 102 400 226 242 85.3 
TL 7 0.3 0.4 24 0.56 3.2 1.20 1.24 0.862 
u 3 0.3 0.3 28 0.14 2 0.660 0.685 0.423 
U-total 0 31 I 6.3 4.00 3.76 1.47 
v 0 :H I 20 10.0 10.4 4.19 
Dll 0 31 189 45MO rrMO lliR9 Nl89 
CL 5 2.5 2.5 2 8.4 10.3 1.25 3.56 3.99 
S04 5 s 5 2 26.5 35 2.50 10.6 14.0 

CD 18 0.1 0.2 6 0.1 0.18 0.100 0.093 0.037 

i 
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Table ll- Summary of concentration range of detects and non-detects for inorganics in 
the fine size fraction. 

Non-detects Dett."Cts 
Analyte count min max CClillt min max median mean Standard 

deviation 
!Ali 4 U.l 0.1 0 
AL 0 10 3200 13200 7450 7910 3140 
AS 0 11 I 4.2 2.40 2.26 0.989 
B 1 1.2 1.2 4 1.4 3.9 2.70 2.360 1.343 
BA 0 11 - -- - - -~- - _31 123 99 Jl ____ 9A~273 ~ 29.367 ----- ~- ~ ----

BE 0 11 0.3 1.6 0.890 0.898 0.350 
CA 0 11 . 960 5860 2200 2480 1350 
CD 3 0.1 0.2 2 0.2 0.22 0.100 0.134 0.073 
CN 5 0.15 0.15 0 
co 0 11 1.5 4.8 3.30 3.22 0.976 
CR 0 I I ~.2 I2.6 5.90 6.76 3.17 
cu 0 II 2.7 10.1 7.20 6.55 2.21 
FE 0 1 I 4800 12000 9400 8870 2190 
HG 2 0.02 0.02 3 0.03 0.04 0.030 0.024 0.013 
K 0 11 650 2200 1500 1580 475 
MG 0 II 590 2070 1500 1410 441 
MN 0 1 I 180 784 330 366 180 
NA 0 II 75 845 120 297 276 
NI 0 I I 4 I l.Q 7.00 6.76 2.30 
PB 0 II 5 20.4 10.0 11.6 5.33 
SB II 4.9 5 0 
SE 5 0.2 0.2 0 
TA 6 0.3 0.3 0 
TH 0 6 3.6 7.7 7.00 6.12 1.71 
TH-total 0 6 8.8 18 15.5 14.1 3.82 
TI 0 5 61.5 329 203 186 115 
TL 6 0.3 0.3 5 I 2.6 0.150 0.845 0.893 
u 0 II 0.4 1.9 0.900 0.996 0.481 
U-total 0 I I 0.4 7.7 4.90 4.91 1.47 
v 0 I I 5 19.1 12.0 11.5 1.95 
ZN 0 I I 24 74.2 37.0 39.5 15.0 
CL 6 2.5 2.5 0 
S04 4 5 5 2 5.9 10 2.50 4.32 3.10 

\i 
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Table Ill- Summary of conccntratwn range of detects and non-detects f(,r radionuclidcs 
in the <2 mm size fraction. 

Analytc 

~~~~A 
AC-228 
AM-241 
BA-140 
Bl-211 
Bl-212 
Bl-214 
CD~J09-
CE-139 
CE-144 
C0-57 
C0-60 
CS-134 
CS-137 
EU-152 
H-3 
HG-203 
1-129 
K-40 
I.A-140 
MN-54 
NA-22 
NP-237 
PA-231 
PA-233 
PA-234M 
PB-210 
PR-211 
PB-212 
PB-214 
PU-238 
PU-239.'240 
RA-223 
RA-224 
RA-226 
RN-219 
RU-106 
SE-75 
SN-113 
SR-85 
SR-90 
Tll-227 
Tll-228 
TH-230 
TH-232 
TH-234 
Tl.-208 
11-2.14 
IJ-235 
11-238 
Y-1!8 

Non-lletccts Dclt..:ls 
'ount min rna\ cnum min 

uo ~ .. 
2-l 

3 031 055 !I 
() 24 

24 II II ll.44 o 
24 0.1!4 1.38 0 
24 Ill HI 0 
8 0.:!5 0 -l6 16 .. - --24--2:-6-- -.f65 - - () -

24 ll 03 I) 12 I) 
24 0.47 1 31 t) 

24 0.03 0 I ll 
24 O.OS 0 14 0 
24 0 07 1117 II 
17 0.06 () 13 7 
24 (1()9 0.6 (I 

0 ~~ 
24 (Uifl 0 15 0 
24 O.U tUb o 

() 24 
24 0.02 0.08 0 
24 0.114 0 12 (I 

24 002 0 I II 
24 0.711 1 4 II 
24 2.34 .t.46 () 
24 008 0.25 (I 

24 7'13 :'12 (I 
24 I 41 :' bb ll 
24 2 12 .J.6'1 () 
0 ::!4 
() 2-t 
4 0 (I(JI II (II 20 
0 ~ .. 

24 () 7 I 7 ll 
24 1.115 H o 
21 1 91 ' ~s 1 
24 11.96 ~-4~ (I 
24 035 131 () 
24 0 0~ () 2~ II 
24 () 114 II .l~ 0 
24 II 119 II I~ 0 
13 01 I'J II 
24 I ll4 I 'II ll 

II 24 
() 24 
() 2-t 

24 2M 4 4h II 
() 24 
() ~4 

9 0116 0 fll I~ 
2 ()(16 1.5 22 

24 () 112 II ()(l ll 
23 0 I o 35 II 

I! 4'1 
11 ~ 
-- I 

I 14 
11009 

0 21 

. \1.0113 

2·UI 

0 f>f• 
() ~~~ 

II 
"()(12 

I! I 

07 
0h9 
0 h6 

max 

:n~ 
3.07 

() 139 

__ j_-l -- -

I :!8 

01185h 

3~ I 

2 2.2 
2 I .l 

() ()(16 
II 197 

lll<l 
:! ~ 

0 Itt 
~I 

med1an 

j(J I 

3U 
17.! 

(I lll9 

mean 

.10 ~ 
H6 
I fl6 

ll 026 

O_I-I.lL_ _ _ _ . JJ tm9 
1 fl7 I 1.1 

11(1(1(1 

(I 018 

.10 I 

I ~.J 
I 1'1 

0011::! 
IIIli:? 

IW 

II 45(1 

1.40 
I .l.l 
1.40 

(I ~h(J 

I .lO 
(I II~ 

I .1tJ 

IUI~-l 

I -l7 
I Itt 

0 Oil:! 
(I 02~ 

II·IKI 

1-l-l 
I JK 
I 41 

0 ~fl::? 
1.40 

ll 119M 
I 22 

Standard 
dc\'lation 

·-·· 4.98 
0.710 
0.025 

Jl.40S --
0.244 

{) ~()7 

0.019 

3.03 

II .186 
0.350 
0.002 
0.040 

(l J55 

OJf!S 
n W6 
o.wo 
11.149 
0 429 
(1.()66 
0 46 I 

ZN-65 
~~--~~------------------------------_.--------·----------------~ 
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Table IV - Summary of ~oncentration range of detects and non-detects for inorganics in 
the line size fntction. 

Non-aeleets JJetelts 
Analyte ~:ount min rna.' COUnl n··tn rna.' med18Jt mean Standard 

dniation 

~~~~~A u ~ 4).'14 f>\1 jJ oJ'I.i =-·~ ; ~~ 0 4 27.1!1 45 32 ~8.2 3"'3 
AC-228 2 07 O"' 3 l.bS 3.08 I 65 I t.5 I 30 
AM-241 0 5 (l 014 () 046 0022 () 029 O.lll5 
BA-140 5 0.42 0 5•1 () 

81-211 I 1.4 1.4 4 233 31!8 3H 2 611 I 23 
81-212 5 2.8 5 02 0 
81-214 4 0.57 I 82 I 2 97 2 97 () Ill() I 06 Ill 
CD-I OCT --- - ----, . 4:1!1--~-..-ll .. w ----- ---- -- ------ -- -- - ----------

CE-139 s ()()9 0.2 Cl 
CE-144 5 0 57 I 4.1 0 
C0-57 s ()(j() 014 \) 

C0-60 5 0.2 0 25 Cl 
CS-134 s 0.12 0.33 () 

CS-137 2 019 0.23 .~ CUM I (}q (I \8{1 il :'\04 0 ·144 
EU-152 s () 75 1.27 0 
H-3 {) \) 

HG-203 !i 013 0.27 (I 

1-129 s 0.!12 0.04 (I 

K-40 I 5.4') 5.49 4 ~I 06 \M I~ .14.0 211 7 14.8 
LA-140 4 0.06 0.18 I 012 I) 12 Cl 045 II 116~ 0038 
MN-54 4 0.14 026 I II 15 II 15 Cll:!(l II IHI 0 034 
NA-22 5 0.05 0.15 0 
NP-237 5 1.25 11>6 () 

PA-231 5 4.92 1116 () 

PA-233 5 0.24 () 38 (J 

PA-234M 5 14.1 20.3 () 

P8·210 4 282 4 11 I l ~~ J 22 I '15 2 04 0. 711 
P8-21 I 5 4 I 6.119 0 
P8-212 II 5 I Jlol 2 27 1.68 I 74 II 431 
PB-214 3 ().45 () 62 2 04 1187 Cl ] J() 0413 11.21'14 
PU-238 () 4 0 Ckl2 () 110:1 () 004 II 1104 II 001 
PU-2391240 () 4 {) Cl2f> 11277 II OM 0 IIIli 0.116 
RA-223 5 1.83 2 3 () 

RA-224 4 39 4 93 I Ht. ] .\h 2.19 2 4'1 0.~24 

RA-226 4 3.74 4.91 I U!i 4 75 2.l-l 2 70 I 17 
RN-219 :'i 2.111 3 43 (J 

Rll-106 s I 4 291 CJ 
SE-75 .s ().I 5 1125 () 

SN-113 s CJ 09 028 Cl 

SR-8j s CJIK 024 () 

SR-90 () 4 II I 02 020(1 II 17~ 0.050 
TH-227 s I 811 2.44 () 

TH-228 () 4 I ~9 27t. 2M 211 CJ 556 
TH-230 (I 4 I 77 2 :'iJ I 9l 2 11-t () 347 
TU-232 0 4 I 58 H.' 2 ()0 2 ~~~ 0.4114 
TH-234 s 4 51 ~ 95 (l 

Tl.-2011 () ~ (I 82 I 2 0.8511 ll9.14 0.163 
U-234 () 4 I 5 26 2.20 2.13 0.486 
u-:m 3 lUif! I II 2 (llll \IlK 0180 () 2h6 0 2115 
U-238 CJ 4 I :'i 2 ~ I 911 I.,.~ 11.480 
Y-88 5 0.19 0.24 f) 

ZN-fiS 5 0.18 0.45 0 

.. 
\. 
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Table V. Summary of the Wilcoxon Rank Sum test significance results for inorganics. 
Values less than 0.05 represent statistically significant differences. 

ata source 
Canyon 

ram stze 
<2 mm vs 

Fine fraction 

'"' 'I 

't 
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Tabl€: VI. Summary of the Wilcoxon Rank Swn test significance results for 
radionuclides. Values less than 0.05 represent statistically significant ditTerences 

ata source 
Canyon 

ram s1ze 
<2 mm vs 

Fine fraction 

., 

.~ 

H 
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Table VII. Summary of background screening values for inorganics. 

llnorgantc U I L:'J).'>') Maxtmum Maxtmum liackgro~cl 
value detection limit screenmg 

value 
IAL 13160 13JUU NA 1 JlbU 
A~ J.'/~ 3.6 <u.5 3.98 
HA II./ ILl NA ll.l 
111: l.J I I.J <u.u~ l.Jl 
CA JlS:>U 41.40 NA JH:lU 
LN - - - - -- U./i.J -- U.bJ ------- - <U.t~ U.ILJ --
cu 4./J 4.1. NA 4./J 
~K IU.) 'J.l. NA w.,:, 
cu '1.'1 I l ... NA 'J.'Jf -i't IJ/'JU IJUUU NA IJHUU 
K. l.C>'IU l.C>UU NA l.C>'JU 
IMU LIJU :.!JIU NA 2UU 
MN -'4J )l/ NA )4j 
iNA 14/U 1'1/U NA 1470 
INI 'J.JH H."J <2 "J.38 
IPH I 'J.I .!).b <4 I 'J.} 
TH 13.0 7 NA b.O 
TH-total JU.b HS NA .iU.o 
11 439 '4UU NA 439 
u 1.()2 2 <0.3 1.62 
U-total l),t}9 1.2 NA b.\}\} 

v 1'1./ 2U NA 11T.7 
ZN 60.2 :>b.2 NA bU.2 
Au U.2K <U.l 0.28 
B 4.1 <1.2 4.1 
l'U 0.18 <U.:Z 0.18 
HU U.UJ <:.0.02 O.UJ 
M:S 5 <5 5 

1
SI:. NA <U . .l <0.2 
lA NA <0.3 <0.3 

! I L 3.2 <{).4 3.2 
ILL IU.J <I..) IU. 'I -IS04 j) <;, 351 

., 
I 

:-.. 

. .. 
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Table VII. Summary of background screening values for radionuclidl!s. 

[Kaaumuwae LIIL Max1mum value Max1mum MlJA uack!~rounOI 

screening value 
1\Lt'tl/\ !.\11.11 4':1.211 NA 

i!:~l Ht.IA 41).1 41.1-l NA 
1\\.·UII J.JU J.ll/ <U.:'I) J.Jll 
AM·.l41 II.I.S'J NA U.IJ':I 
Hl·.ll4 I bl 1.4 <U.4b l.bl 
..:S-UI I. .liS <11.u Llll 
H•J U.Ubll UUII::>b NA U.Ubll 
K.-40 Jb.ll n.1 NA Jb.ll 
t'H-ll.l ~ . .l(l l.Z1 NA :.Z.Jb 
J'H-ZI4 --------" .. - -- LY1 

.. ~·-·~ ·NA 1,..,-, 
t'U·ZJII O.UU6 U.UU6 <U.UI li.I)(J(J 
t'U·.lJ':II.l'lll U.l':l/ NA U.l'l/ 
K.A•.l.lO .<.U.1 .l . .l'l <J.)) .l.liJ -~K·~- - I ··1.':1 I 
111-.l.lll 2 . .!11 2.1Z NA 2 Zll 
IH·.lJU .l . .L'I ..l.l.l NA .t.~"' 

I H•l.ll Ll.! l.UJ NA .l .. U 
ll.·l(JII_ ll'lll() !1.111 NA U.YU(l 

V-234 Z.JY z.:; NA 2 . .lY 
IJ·.lJ) U,I(J <\1.1)1 ll. I (l 

U·lJII_ l. l'l l.! ..... .l.l'l 
[IM·I41J NA <U.44 •:u.'l'l 

[HI·.lll N/\ <I..HI < l..ill 
[HI·ZIZ NA <4.(11 .:4.()1 

jLU·IU'I NA <4.0) <4.0) 
jLt.•IJ'I NA <U.I.l <:U.Il 
ILt.-144 NA < I..SI <I.J I 

[LU·)2 - NA <:U.I <U.I 

[CO·bll NA <U 14 <(1.14 

IL~·IJ4 NA <II. I/ <u. 11 

jt.lJ• "l NA <\l_(l <ll.!" 
[1-tli-;.!UJ NA <u.t: <U I :'I 
[1·12'1 NA <U.Jfl <U.3b 
ILA•I4U NA <-ll.llll 

~r.!i IMN-::>4 NA ·=u.u 
INA·U NA <II. I 'II. I 
[NI'·.lJ7 NA <~ <:'4 
11'/\·.lJI NA ·:4.4() <4.46 
11'/\•,ljj Nl\ '·ll . .l) •.IJ . .l) 

[t'A•LJ4M NA <.tt . .l <.lJ.l 
[t'H·Z IU NA <,l,(>(J <Z.()(J 
[t'H·.lll NA <4.69 ..-.4.0'1 

[KA·UJ N/\ •: 1./ <I/ 
[KA·U4 NA <.14 <J.4 
IKI'i•.ll'l NA ··z.4. <:..:.4: 
IKL'·IUI> Nl\ • I J I <: 1.11 

[:-it.-1_::> NA <11.1.; <!J.J.j 

[~N-113 NA <U.J. ···u .. 1: 
I:')K·ll) Nl\ •H. I) '·11.1~ 

IIII•.U/ NA ·: l.'l.l '· 1.'1; 
[IH•.lJ4 NA •'4 4b <4 41) 

[Y-1111 NA, <11.01) <u IJf' 
ll'.rl-b) - NA ·O _,, <lU~ 
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S-Plus Code Used to Calculate Lognormal UTLs 
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File: lnonn_utl1.a 

function(q,p,n,ave.sd,nt) 

~ lnonn uU1.s is used as function LUn 1 in Splus 

Page 15 

# This fUnction Is used to estimate the upper p% Cl of the qth percentile #percentile for a lognormal distribution. Uses Gilberfs MBE (minimum unbiased estimator) of LN. # q = the quantile to estimate 
# p = the confidence limit of q 
# n = number of values sampled 
# ave = mean of logtranfonned data 
# sd = st. dev. of logtranformed data 
# nt = number of simulation trials 
# ............................................................. . - - ~·-----. 

#Calculate the qth quantile of the normal distribution 
q1_qnonn(q) 

# Initialize arrays 
t1_rep(-1,n) 
t2_rep(-1,nt) 

i_O 

repeat 

{ i_i+1 

# Get the "n" lognormal samples 
t1_rlnonn(n,ave,sd) 

# Calculate the mean and sd the hard way 
dummy_lnonnUMV.s(t1) 
ave1_dummy$mu 
sd1_sqrt(dummy$s2) 

# Calculate an estimate of the qth percentile 
t2riLexp(ave1+q1"sd1) 
if(1>=nt) break 

) 

#Find the upper p"100% of the qth percent1le 
quantile(t2,p) 
) 

~. 
J 
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File: lnormUMV.a 

function( X) 

~ lnormUMV.s (Splus function) 
# Calls: psi.s 
# Min Variance Unbiased 6sts of parameters of lognormal(mu.var=s2) distn 
#for X-lognorm(mu,s2), Y=log(X)-normal(mu,s2) 
# retums:E=mean(X). V=var(X) 
# mu=meanCY),s2=var(Y) 
# ref:Gilbert('87),Stat Methods for Env Pollution Mon, pp165-166 

n <- length(x) 

} 

y <-log(x) 
ymu_ c:- mean(y) _ 
vy <- var(~) 
psi1 <- psts~vy/2, n} 
psi2 <- psi.s 2 * vy, n) 
psi3 <- psi.s (~ * (n- 2))/(n- 1}. n) 
E <- exp(ymu) psi1 
V <- exp(2 • ymu) • (psi2 - psi3) 
mu <-log(E"21(V .. E-'12)"0.5) 
s2 <-log(VIE"2 + 1) 
retum(E, V, mu, s2) 
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File: pal.& 

function(t. n) 

~ psi.s (Splus function) · 
#called by lnormUMV.s 
#psi function in Gilbert('87) Stat. Meth. Env. Pollution. Mon. pp 165 
#for Min Variance Unbiased ests of parameters of lognormal(mu.var=s2) distn 

psi<- o 
psi[1 J <- ((n - 1) • t)/n 
for(l fn 1 :25) { 

psi(i + 1] <- (psi(i] • (n -1)"2 • t)f((i + 1) • n • (n + (2 • 
i-1))) 

___________________________ if(abs(~psi(U._jJ~ psiji))/ps~i})-<-1e-09}--- -- - --- --------­
break 

} 
psi <- 1 + sum(psi) 
psi 

} 
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Figure I. AI, Sb, As, Ba, Be, B by ~~:anyons source and geomorphic unit. 
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