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Dear Dr. Swanton: 
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8501 Mo-Pac Blvd. 
P.O. Box 201088 

Austin, TX 78720-1088 
( 512) 454-4 797 

We have enclosed a copy of the final Chemical Data Acquisition Plan (CDAP) for the 
sewage lagoon investigation activities to be conducted at Holloman AFB. This plan is 
being provided to you primarily to keep you informed of the progress made on this 
project. A copy was also provided to Mr. Jon Rinehart with the USEPA Region VI 
office. 

Please contact me or Wally Hise if you have any questions regarding the document. 

Sincerely, 

Cristian L. Hine 
Project Director 

cc: Mr. Ron Stirling/USACE 
W Hise /Radian 
Radian Project Team 
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8.2 Removal of sulfur using TBA-sulfite: 

8.2.1 Concentrate sample to 5.0 ml [1.0] and quantitatively transfer to 

25 ml glass bottle. 

8.2.2 Add 1.0 ml TBA-sulfite reagent and 2 ml 2-propanol, seal bottle 

with Teflon or foll-1 lned cap. Shake for 1 minute, If clear 

crystals are observed, St;lfflclent sodium sulfite Is present. If 

the precipitated sodium sulfite disappears, add 100 mg portions of 

crystal line sodium sulfite until a residue remains after shaking. 

8.2.3 Add 5 ml reagent water and shake 1 minute. AI low to separate 5-10 

minutes. Transfer hexanEl (top layer) to concentrator tube and 

concentrate to required volume. 

8.3 Removal of sulfur using copper: 

8.3.1 Concentrate extract to 5 .. 0 ml [1.0 ml for 8140]. 

8.3.2 Quantatively transfer extract to a centrifuge tube, calibrated to 

5.0 ml and 0.5 ml [1.0 mL & 0.5 mL for 8140] • 

8.3.3 Add approximately 2 gm copper (0.5 mL mark) to centrifuge tube • 

Mechanically mix for 1 minute. 

8.3_._4 the extract, by dispo pipet, to solvent rinsed vial. The 

volume remaining represents a 5.0 mL [1.0 mL for 8140] sample. 

9.0 SHORTHAND PROCEDURE 

None. 
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4.3 Centrifuge tubes: Calibrated, 12-mL. 

4.4 Glass bottles or vials: 10-mL and 50-mL, with Teflon-lined screw-
caps • 

5.0 REAGENTS 

5.1 Reagent water: Reagent water is defined as water in which an 
interferent is not observed at the method detection limit of the compounds of 
interest. 

5.2 Nitric acid: Dilute • 

5.3 Acetone, hexane, 2-propanol: Pesticide quality or equivalent. 

5.4 Copper ~owder: Remove oxides by treating with dilute nitric acid, 
rinse with d1st11 ed water to remove all traces of acid, rinse with acetone 
and dry under a stream of nitrogen. (Copper, fine granular Mallinckrodt 4649 
or equivalent). 

5.5 Mercury: Triple distilled. 

5.6 Tetrabutylammonium (TBA)-sulfite reagent: Dissolve 3.39 g 
tetrabutylammonium hydrogen sulfate 1n 100 ml reagent water. To remove 
impurities, extract this solution three times with 20-ml portions of hexane. 
Discard the hexane extracts, and add 25 g sodium sulfite to the water 
solution. Store the resulting solution, which is saturated with sodium 
sulfite, in an amber bottle with a Teflon-lined screw-cap. This solution can 
be stored at room temperature for at least one month • 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material to this chapter, Organic Analytes, 
Section 4.1. 

7.0 PROCEDURE 

7.1 Removal of sulfur using copper: 

7.1.1 Concentrate the sample to exactly 1.0-ml in the Kuderna­
Oanish tube. 

1.1:2 t"f the sulfur concentration is such that crystallization 
occurs, centrifuge to settle the crystals, and carefully draw off the 
sa!i-:-' e extract with a di sposab 1 e . pi pet 1 eavi ng the excess su 1 fur in the 
K-C .iJbe. Transfer the extract to a calibrated centrifuge tube. 

7.1.3 Add approximately 2 g of cleaned copper powder (to the 0.5 mL 
mark) to the centrifuge tube. Mix for at least 1 min on the mechanical 
shaker. 

3660 - 2 
Revision 0 
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8.0 QUALITY CONTROL 

8.1 Refer to Chapter One for specific quality control procedures and 
Method 3600 for cleanup procedures. 

8.2 All reagents should be checked prior to use to verify that 
interferences do not exist. 

9.0 METHOD PERFORMANCE 

9.1 Table 1 indicates the effect of using copper and mercury to remove 
sulfur on the recovery of certain pesticides • 

10. 0 REFERENCES 

1. Loy, E.W., private communication. 

2. Goerlitz, O.F. and L.M. Law, Bulletin for Environmental Contamination and 
Toxicology, 6, 9 (1971). 

3. U.S. EPA Contract Laboratory Program, Statement of Work for Organic 
Analysis, Revision, July 1985 • 
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General Revisions 

1.0 PURPOSE 

The purpose of this document is to establish guidelines for procedural 

adaptations of the EPA sw ... 846 Method 3611 Alumina Column Cleanup. 

2.0 SCOPE AND APPLICABILITY 

2.1 Scope 

This SOP covers all steps or their modifications for the cleanup of 

samples containing high levels of interfering aliphatic hydrocarbons. 

2.2 Applicability 

This SOP is applicable. in Sample Preparation Lab. for the separation of 

aliphatic and aromatic compounds by applying this procedure to the 

base/neutral fraction obtained from the acid.,.base separation technique • 

3 • 0 METHOD SUMMARY 

An appropriate amount of the base/neutral sample extract to be used is 

determined gravimetrically. Extract is solvent.,.exchanged into hexane. Wet 

pack column with neutral alumina. Load sample extract and sequentially elute 

column with hexane (to remove aliphatics) and methylene chloride (for aromatic 

NAME /DATE 
/ 

1t 



""" 

-

CONFIDENTIAL 

RADIAN 
CORPORA'I'IOII RESEARCH & ENGINEERING 

STANDARD 
OPERATING 
PROCEDURE 

(CONTINUATION PAGE) 

6.2 Apparatus 

PROCEDURE NO: 
3 2s ... sp.,.o 14 

PAGE: 
3 of 8 

6.2.1 Muffle furnace. 

6.2.2 Kuderna ... Danish (K.,.D) apparatus: 

6.2.2.1 

6.2.2.2 

6.2.2.3 

6.2.2.4 

Concentrator tube: 10...mL. graduated (Kontes 

K.,.570050.,.1025 or equivalent). Ground ... glass stopper is 

used to prevent evaporation of extracts. 

Evaporation flask: SOO.,.mL (Kontes K.,.570001.,.500 or 

equivalent). Attach to concentrator tube with springs. 

Snyder column: Three.,.ball macro (Kontes K ... S03000...0121 or 

equivalent). 

Snyder column: Two..-ball micro (Kontes K.,.569001.,.Q219 or 

equivalent). 

6.2.3 Water bath: Heated with concentric ring cover. capable of 

temperature control (~5°C). The bath should be used in a hood. 

7 • 0 CREMI GALS AND REAGENTS 

7.1 Sodium sulfate: (ACS) Granular. anhydrous; purified by heating at 400°C 

for 4 hours in a shallow tray. stored in a glass. sealable container. 

7.2 Eluting solvents: Methanol. hexane. methylene chloride (pesticide 

quality or equivalent). 

7.3 Alumina: Neutral 80.,.325 MCB chromatographic grade or equivalent. Dry 

alumina overnight at 130°C prior to use. 
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8.3.2 Heat the K.,.D apparatus on a water bath until the sample is 

concentrated to a volume of less than 5 mL. 

8.3.3 After cooling, remove the Snyder column, rinse the K-D with a small 

amount of hexane and allow it to drain. Use nitrogen to reduce the 

volume of the concentrate to less than 2 mL. 

8.4 Column Clean ... up 

8.4.1 To pack the column, weigh out 10 gm of alumina and add it to a 

chromatographic column that contains a small plug of glasswool 

above the stopcock and that is at least twa...thirds filled with 

hexane. Pouring alumina into hexane will produce less channeling 

than a dry ... packed column per Method 3611. Add about 1 em of 

anhydrous sodium sulfate to the top of the alumina. Open the 

stopcock on the column and let the hexane flow slowly while the 

alumina particles settle to the bottom. Allow the solvent to flow 

until the head of the liquid in the column is about 0.5 em above 

the sodium sulfate layer, then stop the flow. 

8.4.2 Quantitatively transfer the sample extract, in hexane, to the 

column. If extract is particularly dirty, agitate it for a minute, 

using the ultrasonic bath, to homogenize the concentrate. Drain 

the hexane level to the top of the sodium sulfate. Transfer the 

concentrate to the column and drain the level to the top of the 

sddium sulfate. Rinse the concentrator tube with a small amount of 

hexane (<1 mL) and transfer to column and drain the level to the 

top of the sodium sulfate, again. (SAVE concentrator tube for step 

8.4.5). 

8.4.3 Start the flow in the column and elute with 13 mL of hexane. Add 

the hexane carefully so that the adsorbant bed is not distrubed. 

NOTE: Flow rate for all elutions is 2 mL/minute. 



.. 

, .. 
;,i;M 

-

-

CONFIDENTIAL 

RESEARCH & ENGINEERING 
(CONTINUATION PAGE) 

PROCEDURE NO: 
325.,..SP.,.014 

STANDARD 
OPERATING 
PROCEDURE 

PAGE: 
7 of 8 

8.5.3 Transfer the base/neutral aromatic extract to a calibrated 10 mL 

vial with several rinsings of the concentrator tube with solvent 

and adjust the final volume to 10 mL. 

8.6 Post.,.Clean Up Gravimetric Determination 

A post ... clean up gravimetric determination similar to that described in 

Section 6.1 may be performed as a check on cleanup efficiency if desired. 

8.7 Post.,.Clean Up Analysis 

Reduce final volume of the column eluate to 1 mL. or to the volume 

required by the analysis. Acid and base/neutral portions may be combined 

prior to final concentration if desired. 

9. 0 SHORTHAND PROCEDURE 

See Attachment 1 • 

10.0 CALCULATIONS 

None. 

11.0 QUALITY CONI'ROL 

Duplicates. spikes. blanks and other quality control samples will be prepared 
~ . - .. 

in accordance with QA/QC SOP. Other QA/QC considerations pertinent to the 

project must be detailed in the project workplan. 

12.0 DOCUMENTATION 

Documentation will be noted on the sample traveler as neutral alumina cleanup 

(or inclusive in Oily Waste Cleanup) and in accordance with Documentation 

SOPs. 
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3.0 INTERFERENCES 

3.1 A reagent ~lank should be performea for the compounds of interest 
prior to the use of this method. The level of interferences must be below the 
method detection limit before this method is performed on actual samples. 

3.2 More extensive procedures than those outlined in this method may be 
necessary for reagent purification. 

3.3 Caution must be taken to prevent overloading of t"e chromatographic 
column. As the column loading for any of these types of wastes approaches 
300 mq of. extractable organics, separation recoveries wi 11 suffer. If 
overloading is suspected, an aliquot of the base-neutral extract prior to 
cleanup may be weighed and then evaporated to dryness. A gravimetric 
determination on the aliquot will indicate the weight of extractable organics 
in the sample. 

4.0 APPARATUS AND MATERIALS 

4.1 Chromatoarachv column: 300-mm x 10-mm !.0., with Pyrex glass wool 
at bottom ana a Teflon stopcock. 

NOTE: Fritted glass discs are difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 
may be purchased. Use a small pad of Pyrex glass wool to retain the 
adsorbent. Prewash the glass wool pad with 50 mL of acetone followed by 
50 mL of elution solvent prior to packing the column with adsorbent. 

4.2 Beakers: 500-mL. 

4.3 Reagent bottle: 500-mL. 

4.4 Muffle furnace. 

4.5 Kuderna-Oanish (K-0) aocaratus: 

4.5.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or 
equivalent). Ground-glass stopper is used to prevent evaporation of 
extracts. 

4.5.2 Evaporat1on flask: 500-mL (Kontes K-570001-500 or 
equivalent). Attach to concentrator tube with springs. 

4.5.3 Snyder column: 
equiva 1 ent). 

4.5.4 Snyder column: 
equi va 1 ent") • 

Three-ball macro (Kontes K-503000-0121 or 

Two-ball micro (Kontes K-569001-0219 or 

4.6 Boiling ch1cs: Solvent extracted, approximately 10/40 mesh (silicon 
carbide or equ1valent). 

- .. 

3611 - 2 
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7.6 Just prior to exposure of the sodium sulfate to the air, elute the 
column with a total of 15 mL ' hexane. If the ~xtract is in l mL of hexane, 
and if 1 mL of hexane_was us~; as a rinse, then 13 mL of additional hexane 
should be used. Collect the effluent in a 50-mL flask and label this fraction 
"base/neutral aliphatics." Adjust the flow rate to 2 mL/min. 

7.7 Elute the column wit 100 mL of methylene chloride and collect the 
effluent in a 250-mL flask. Laoel this fraction "base/neutral aromatics." 

7.8 Elute the column with 100 mL of methanol and collect the effluent in 
a 250-mL flask. Label this fraction "base/neutral polars.· 

7.9 Concentrate the extracts by the standard K-0 technique to whatever 
volume is required (1-10 mL) in the appropriate determinative method (Section 
4.3 of this chapter). Analyze whichever fractions contain the analytes of 
interest. 

8.0 QUALITY CONTROL 

8.1 Refer to Chapter One for specific quality control procedures ana 
Method 3600 for cleanup procedures. 

8.2 The analyst should demonstrate that the co~ounds of interest are 
being quantitatively recovered before applying this method to actual sa~les. 

8.3 For sample extracts that are cleaned up using this method, ~he 
associated quality control samples must also be processed througn this cleanuc 
method. 

9.0 METHOO PERFORMANCE 

9.1 The precision and accuracy of the method will depend upon the 
overall performance of the samcle preparation and analysis. 

9.2 A rag oil s~le was analyzed by a number of laboratories according 
to the procedure outlined in this method. The results of these analyses for 
selected comconents in the rag oil are presented in Table 1. Reconstructeo 
ion chromatograms from the GC/MS analyses are included as Figures 1 and 2. 

10.0 REFERENCES 

l. Gordon, A.J. and R.A. Ford, The Chemist's Comoanion: ~ Handbook of 
Practical Data, Technioues; and References (New Yor~: Jonn wiley & Sons, 
Inc.), pp. 372, 374, ana 3 5, 1972. 

Z. u.s. E?~ 40 CFR Part 136, "Guidelines Establishing Test Proceaures for the 
~nalysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final 
Rule and Proposed Rule,• October 26, 1984. 
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1.0 PURPOSE 

The purpose of this document is to establish guidelines for procedural 

adaptations of the EPA sw~846 Method 3650 Acid~Base Cleanup Extraction. 

2.0 SCOPE AND APPLICABILITY 

2.1 Scope 

2.2 

This SOP covers all steps or their modifications for acid~base parti­

tioning of analytes using pH adjustment. 

Applicability 

This SOP is applicable, in Austin Sample Preparation lab, for the 

liquid-liquid partioning of acid analytes from base/neutrals for the 

cleanup of petroleum wastes. 

3 I 0 METHOD SUMMARY 

Load sample (approximate volume, 200 mL) into separatory funnel. Extract 

organic layer three times with 0.1N NaOH, save organic phase containing 

base/neutral analytes. Load aqueous phase into separatory funnel, adjust 

pH<2, and extract three times with methylene chloride to recover acid 

analytes. Proceed with additional cleanup of base/neutrals and/or concentrate 
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6.2 Apparatus 

7.1 

6.2.1 

6.2.2 

6.2.3 

Kuderna ... Danish (K.,.D) Apparatus: 

• Concentrator tube: 10...mL, graduated (Kontes K570D-1025 

or equivalent). Ground ... glass stopper is used to prevent 

evaporation of extracts. 

• Evaporation flask: SOO.,.mL (K.,.570001.,.0500 or equivalent). 

• 

• 

Attach to concentrator tube with springs. 

Snyder column: Three...ball macro (Kontes K ... S03000...0121 or 

equivalent). 

Snyder column: Twa...ball micro (Kontes K569001.,.0219 or 

equivalent). 

Water Bath: Heated with concentric ring cover. capable of 

temperature control C!5°C). The bath should be used in a 

hood. 

Zymark TurboVap 

CHEMICALS AND REAGENTS 

Reagent-Water: Reagent water is defined as water in which an 

interferent is not observed at the method detection limit of the 

compounds of interest. 

7.2 Sodium hydroxide, 0.1N: Solution with a pH >12 should be prepared using 

a 8.33 : 100 dilution of 12N NaOH (which is made from ACS grade NaOH 

pellets and organic.,.free water) into organic free water which has been 

saturated with ACS grade NaCl (in order to help minimize emulsion 

problems during the extraction). 
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8.6 Re.,.extract the organic layer twice more with 50 mL portions of 

O.lN sodium hydroxide solution. If less than 100 mL of aqueous 

portions has been recovered, perform a fourth extraction and allow 

extra time for separation of layers. 

8.7 Save both the base/neutral species in the organic phase and the 

acid species in the aqueous phase. 

8.8 Adjust the pH of the acid species in the aqueous phase to less than 

2 with 2:1 sulfuric acid solution. 

8.9 Transfer the acidified aqueous phase to the separatory funnel that 

was used for step 8.3. 

8.10 Add 75 mL of solvent to the separatory funnel. After shaking, 

check that the pH is still less than 2 and collect the solvent in a 

250 mL Erlenmeyer flask. Avoid collecting any of the aqueous layer 

with it. Perform a second and third extraction, 75 mL each, in the 

same manner, combining the extracts in the Erlenmeyer. 

8.11 If the acid and base/neutral fractions are to be analyzed together, 

it may be advantageous to save the acid extracts and concentrate 

them in combination with the base/neutral extracts, after the 

base/neutral portion has received any additional cleanup (such as 

Method 3611) that is necessary. 

8.12 If possible, do not use any drying agent to treat the acid extract. 

Loss of acid surrogates may be experienced, if drying agent is 

used. If drying is necessary, use acidified sodium sulfate. 



W:•ii 

"""' 
>liiJ'It 

'"' 
;,J.iilf 

''l'~ 

14;itfl 

~~-.. 
;Lid 

... 
-lli-fl 

''il<9 

.... 
''"" 

'""' 
..... 

'"""' 
>ttM 

..... 

-,.. 

CONFIDENTIAL 

ftftP.!~f! RESEARCH & ENGINEERING 
(CONTINUATION PAGE) 

13.0 PUBLISHED REFERENCES 

EPA sw~846. Method 3650. 3rd Edition. 

14.0 APPENDICES 

See Attachment 2. 

PROCEDURE NO: 

325 ... sP ... 011 

STANDARD 
OPERATING 
PROCEDURE 

PAGE: 

7 of 7 

10 

ie 
C\1 

!i5 
,.:. 



,.,,. 

.,.., 

""' 

, .. 

...... 
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2) 

3) 

4) 

Oily waste clean-up: Acid/Base Partition of 
8270's (See SOP 325-SP-011, -014) 

Gravimetrically determine appropriate sample volume to use and dilute 
to 200 mL with MeC12• 

Wash 3 times with 50 mL portions of 0.1N NaOH (shake 1-2 min. each 
time in a small sep-funnel with periodic venting). Save the aqueous 
portion for acid wash. Be sure pH is maintained at~ 12 and do a 4th 
wash if <100 mL of aqueous solution is recovered. 

Collect the organic layer in a 250 mL Erlenmeyer and KD to 3.5 ML, 
with hexane exchange. Save this portion for neutral alumina column 
clean-up. (Base/Neutral fraction) 

To the 100-150 mL aqueous portion in Step 2, add 2:1 H2so4:H20 to 
pH~ 2, transfer to sep-funnel, and add 75 mL MeC1

2
• Shake ana mark 

"acid" portion. 

5) Neutral Alumina Column Clean-up: 
a) Wet pack 1 em column with 10 g baked neutral alumina. 
b) Add 1 em Na2so4 & elute solvent to just above the sulfate layer. 
c) Quantitatively transfer sample to column, rinse the receiver, 

and drain to the top of the sulfate layer. 
d) Start the flow and elute with 13 mL of hexane (approx. 2 mL/min.). 

This 15 mL fraction is t~e aliphatics portion and should be collected 
in a 20 mL vial and stored in the refrigerator. (Save the 
receiver for a MeCl rinse). 

e) Elute the column wifh 100 mL MeC12 after rinsing the receiver 2 
or 3 times. Collect the eluate in an Erlenmeyer flask or KD. 

f) If polar analytes are of interest, follow with a second elution 
of 100 mL of MeOH, after rinsing receiver. Collect eluate in 
a separate Erlenmeyer flask. 

6) Combine B/N fraction with acid fraction and KD to 1.0 mL. 

------2-3 em Na SO 2 4 

------10 g Neutral Alumina 

-----Glasswool plug 
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METHOD 3650 

ACID-BASE PARTITION CLEANUP 

1.0 SCOPE AND APPLICATION 

1.1 Method 3650 was formally Method 3530 in the second edition.of this 
manual. 

1.2 This is a 11quid-11quid partitioning method 
analytes from base/neutral analytes using pH adjustment. 
cleanup of petroleum waste prior to alumina cleanup. 

Z.O SUMMARY OF METHOD 

to separate acid 
It may be used for 

Z.l The solvent extract is shaken with water that 1s strongly basic. 
The acid analytes partition into the aqueous layer, whereas, the basic ana 
neutral compounds stay 1n the organic solvent. The base/neutral fraction is 
concentrated and is ready for further cleanup, 1f necessary, or analysis. The 
aqueous layer is acidified and extracted with an organic solvent. This 
extract is concentrated and then ready for analysis for the acid analytes. 

3.0 INTERFERENCES 

3.1 A reagent blank should be performed for the compound of interest 
prior to the use of this method. The level of interferences must be below the 
method detection limit before this method is performed on actual samples. 

3.2 More extensive procedures than those outlined in this method may be 
necessary for reagent purification. 

4.0 APPARATUS AND MATERIALS 

4.1 Seaaratorv funnel: 125-mL, with Teflon stopcock. 

4.2 Drying column: 20-mm I.D. Pyrex chromatographic column; with Pyrex 
glass wool at Cottom and a Teflon stopcock. 

NOTE: Fritted glass discs are difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 
may be purchased. Use a small pad of Pyrex glass wool to retain the 
adsorbent. Prewash the glass wool pad with 50 ml of acetone followed by 
50 ml of elution solvent prior to packing the column with adsorbent. 

4.3 Kuderna-Danish (K-0} aaaaratus: 

4.3.1 Concentrator tube: 10-mL, 
equivalent). Ground-glass stopper is 
e·uracu·. 

3650 - l 

graduated (Kontes K5700-l025 or 
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7.2 Add ZO mL of methylene chloride to the separatory funnel. 

7.3 Add ZO mL oLreagent water and adjust the pH to 12-13 with sodium 
hydrtlxide. 

7.4 Seal and shake the separatory 
venting to release excess pressure. 

NOTE: Methylene chloride creates 
therefore, initial venting should 
separatory funnel has been sealed and 

funnel for 1-2 min with periodic 

excessive pressure very rapidly: 
be qone immediately after the 

shaken once. 

7.5 Allow the organic layer to separate from the water phase for a 
minimum of 10 min. If the emulsion interface between layers is more than one­
third of the size of the solvent layer, the analyst must ~loy mechanical 
techniques to co~lete the phase separation. The optimum technique depends 
upon the saaple, and may include stirring, filtration of the emulsion thrtlugh 
g 1 ass woo r·,: centri fugat1 on, or other physi ca 1 methods. 

7.6 Separate the aqueous phase and transfer it to a lZS-mL Erlenmeyer 
flask. Repeat the extraction two more times using fresh ZO mL portions of 
reagent water pH 12-13. Combine the aqueous extracts. 

7.7 At this point the analytes will be 1n the organic and/or in the 
aqueous phase. Organic acids and phenols will be in the aqueous phase, 
whereas, base/neutral analytes will be in the organic solvent. If the 
analytes are in the aqueous phase only, discard the organic phase and proceed 
to Paragraph 7.8. If the analytes are in the organic phase, discard the 
aqueous phase and proceed to Paragraph 7.10. 

7.8 Transfer the aqueous phase to a clean separatory funnel. Adjust the 
aqueous layer to a pH of 1-2 with sulfuric acid. Add ZO mL of methylene 
chloride to the separatory funnel and shake for Z min. Allow the solvent to 
separate from the aqueous phase and collect the solvent in an Erlenmeyer 
flask. 

7.9 Add a second ZO mL volume of methylene chloride to the separatory 
funnel and re-extract at pH 1-2 a second time, combining the extracts in the 
Erlenmeyer flask. Perform a third extraction in the same manner. 

7.10 Assemble a Kuderna-Oanish (K-0) concentrator by attaching a 10-mL 
concentrator tuoe to a 500-mL evaporation flask. 

7.11 Dry the extracts by passing them through a drying column containing 
about 10 em of anhydrous sodium sulfate. Collect the dried extract in the K-0 
concentrator. Rinse the Erlenmeyer flask which contained the solvent extract 
and the column with ZO mL of . methylene chloride to complete the quantitative 
transfer. 

7.lz· Add.one or two boiling chips to the flask and attach a three-ball 
macro-Snyder column. Prewet the Snyder column by adding about 1 mL of 
methylene chloride to the top of the column. Place the K-0 apparatus on a hot 
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1.0 PURPOSE 

The purpose of this document is to establish guidelines for the preparation, 

quality control, and use of silica gel for cleanup of sample extracts 

containing polynuclear aromatic hydrocarbons. 

2.0 SCOPE AND APPLICABILITY 

2.1 Silica gel is an adsorbent of amorphous silica with weakly acidic 

properties. Silica gel is used for column chromatography and separates 

the analytes of interest from interfering compounds of a different 

polarity. 

2.2 Specific applications: This method includes guidance for cleanup of 

sample extracts containing polynuclear aromatic hydrocarbons. 

3 • 0 SUMMARY OF METHOD 

3.1 The column is packed with the 10 grams of silica gel, topped with 1-2 

em anhyArous sodium sulfate and, and then loaded with the sample to be 

analyzea. Elution of analytes is effected first with hexane, then 2:3 

mixture of methylene chloride and hexane leaving the interfering 

compounds on the column. The second eluate (2:3 mixture) is then 

concentrated. 

/ 

t \~I 
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6.6 Water bath: Heated with concentric ring cover. capable of temperature 

control (+5 degrees). The bath should be used in fume hood. 

6.7 Boiling chips: Pre-extracted. approximately 10/40 mesh Teflon. 

6.8 Erlenmeyer flask: 50-250 mL. 

7. 0 CHEMICALS AND REAGENTS 

7.1 Silica gel: 70-230 mesh (Aldrich Chem. 28. 862-4 or equivalent). 

Extracted with methylene chloride. then activated >16 hours at 130°C. in 

clean loosely covered glass tray. Following activation. the silica gel 

is immediately transferred to a clean. glass. sealable container with a 

Teflon lid liner. 

7.2 Sodium sulfate (ACS): Granular. anhydrous (purified by heating in a 

muffle furnace at 400°C for 4 hours in shallow tray). Following 

purification. the anhydrous sodium sulfate is cooled to approximately 

100°C then immediately transferred into a clean. glass. sealable 

container with a Teflon lid liner. 

7.3 Eluting solvents: Hexane. methylene chloride (pesticide quality or 

equivalent). 

8 • 0 PROCEDURE 

8.1 Perform gravimetric analysis on extract if column cleanup appears to be 

warranted. See SW-846 Method 3611 instructions (oily~aste cleanup with 

alumina) and SOP 325-SP-014 for the gravimetric procedure. Adjust the 

amount of extract aliquot to be cleaned so that the aliquot contains no 

more than 200-300 mg of extractable material. 
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J.) Place glasswool plug in bottom of 2 em column and fill 1/2 way with 
hexane. 

2) Weigh out 10 gm of silica gel into 100 mL beaker and add enough 
hexane to cover the silica gel. Swirl the silica gel and hexane to 
make a slurry. 

:!) Pour slurry into the column, rinsing beaker with hexane to 
effectively transfer all the silica gel into the column. 

4) After the slurry has settled into the column, by tapping gently and 
rinsing, add a 3 em layer of sodium sulfate . 

.5) Elute the column @ 2 mL/min. until the solvent level is just above 
the sulfate level. 

6) Transfer extract to column and rinse receiver with 2 mL hexane. 

7) Elute (2 mL/min.) with 25 re~ hexane and discard. 

8) Elute (2 mL/min.) with 25 mL 2:3 methylene chloride:hexane (10 mL 
15 mL) . 

9) Concentrate by N2 blowdown to 1.0 mL. 

10) Exchange solvent with acetonitrile, final volume 1.0 mL. 

·~~ 
u• • . 

I 
--3 em Na2S04 

--10 gm Silica Gel 

-Glasswool plug )--

ATTACHMENT 1 
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13.0 PUBLISHED REFERENCES 

SW-846, Method 8310 and 3630. 

14.0 APPENDICES 

14.1 See Attachment 2, SW-846 Method 3630. 
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~ay ~e ~ur:~ased. Use a sma11 pad of ?yTex glass wool to retain :,e 
aasor:er.:. P~ewash the glass wool pad with 50 mL of acetone foi~owec cy 
50 mL of elution solvent prior to packing the column with adsoroent. 

4.2 Beakers: 500-mL. 

4.3 Kuderna-Oan1sh IK-0) accaratus: 

4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 :r 
equivalent). Ground-glass stopper is used to prevent evaporation of 
extracts. 

4.3.2 Evaporation flask: 500-mL (Kontes K-570001·0500 or 
equivalent). Attacn to concentrator tuce with springs. 

4.3.3 Snyder colu.n: 
equivalent). 

4.3.4 Snyder colw.n: 
equivalent). 

4.4 Muffle fu~ace. 

4.5 Reagent bottle: 500-mL. 

Three-ball macro (Kontes K-503000-012: or 

Two-ball micro (Kontes K-569001-021; ~r 

4.6 Water bath: Heated, with concentric ring cover, capable of 
:emcerature control (:5•c). The bath should be used in a hood. 

4,7 Boiling chios: Solvent extracted, approximately 10/40 mesh (si1;c:~ 
:aroide or equivalent). 

4.8 Er1enmever flasks: SO- and 250-mL. 

5.0 REAGENTS 

5.1 Slllca gel: 100/200 mesh desiccant (Davison Chemical grade 923 or 
equivalent). Sefore use, activate for at least 16 hr at 13o•c in a shai~ow 
g1ass tray, loosely covered with foil. 

5.2 Sodium sulfate (ACS): Granular, anhydrous (purified by heating a: 
~oo·c for 4 nr in a snallow tray). 

5.3 Eluting solvents: Cyclohexane, hexane, 2-propanol, toluene, 
~ethylene cnlor1de, pentane (pesticide quality or equivalent). 

5.0 SAMPLE COLLECTION, PRESERVATION, ANO HANDLING 

·S·.l See the 1nt1"'oductory material to this chapter, Organic Ana1y:es, 
Section 4.1. 
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Indeno(l,2,3-cd)pyrene 
Napnthalene 
Phenanthrene 
Pyrene 

7.2 Oer~vatized ohenols: 

PROCEDURE NO: 

325-SP-034 

7.2.1 This silica gel cleanup orocedure is performed on samcie 
extracts that nave undergone pentafluorobenzyl bromide derivatization ~s 
described in Metnod 8040. 

7.2.2 Place 4.0 g of activated silica gel into a 10-mm I.O. 
chromatographic column. Tap the column to settle the silica gel and ~do 
aocut 2 g of anhydrous sodium sulfate to the top of the silica gel. 

7.2.3 Preelute the column with 6 mL of hexane. The rate for a11 
elutions should be about 2 mL/min. Discard the eluate and just prior !: 
exposure of the sodium sulfate layer to the air, pipet onto the column 
2 mL of the nexane solution that conta·ins the der1vatiZed sa~1e or 
standard. Elute the column with 10.0 mL of hexane and discard ~~e 
eluate. 

7.2.4 Elute the column, in order, with: 10.0 mL of 15% toluene in 
nexane (Fraction 1): 10.0 mL of 40S toluene in hexane (Fraction 2); 10.0 
mL of 751 toluene in nexane (Fraction 3); and 10.0 mL of 151 2-procano1 
in toluene (Fraction 4). All elution mixtures are prepared on a 
volume:volume basis. Elution patterns for the phenolic derivatives are 
shown in Table l. Fractions may be combined, as desired, depending upon 
the specific phenols of interest or level of interferences. Proceed ~ith 
GC analysis (Method 8040). 

8.0 QUALITY CONTKOL 

8.1 Refer to Chapter One for specific quality control procedu~es ~nd 
~ethod 3600 for cleanup procedures. 

8.2 The analyst shQuld demonstrate that the comcounds of interest are 
=eing quant:tatively recovered before applying this method to actual samo1es. 

8.3 For sa~le extracts that are cleaned up using this method, the 
associated quality control samples must also be processed tnrougn this cleanup 
:net!'lod. 

9.0 MET~OO PERFORMANCE 

9.1 Table l provides performance information on the fractionation of 
~nenolic derivatives using tnis method. 
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TABLE l. S!L!CA GEL FRACTIONATION OF PFSB OE~IVAT!VES 

Percent Recovery by Fract~cnl 

Parameter 

2-Chlonlchenol 
2-N1tnlpneno1 
Phenol 
2,4-0imethylphenol 
2,4-01chlonlpheno1 
2,4,6-Trichlonlphenol so 
4-Chlonl-3-methylphenol 
Pentachlonlphenol 75 
4-N1tnlphenol 

Eluant composition: 

Fraction 1-15% toluene in hexane. 
Fraction 2-40% toluene in hexane. 
Fraction 3-75% toluene in hexane. 
Fraction 4-15% 2-propanol in toluene. 
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1.0 PURPOSE 

.,.oo7 .,.014 

.~MAT\ON 

The purpose of this document is to establish guidelines for the preparation, 

quality control. and the use of Florisil for cleanup of sample extracts 

containing pesticides and/or PCBs. or for organophosphorous pesticides. 

2.0 SCOPE AND APPLICATION 

2.1 Scope 

This SOP documents guidelines and modifications for extract cleanup by 

sw.,.846. Method 3620. for pesticide/PCB or organophosphorous pesticide 

samples. 

2.2 Applicability 

This SOPs guidelines and modifications are applicable to the Sample 

Preparation Laboratory. 

3 • 0 SUMMARY OF ME'l:HOD 

5 

The columns are packed with 20 grams of Elorisil. topped with 1.,.2 em anhydrous 

sodium sulfate and then loaded with the sample to be analyzed. Elution of 

analytes is effected with ether:hexane. leaving the interfering compounds on .. 
the column. The combined eluates are then concentrated and delivered for 
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6.5 Reagent bottle: 500 mL. 
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6.6 Water bath: heated with concentric ring cover. capable of temperature 

control (+5 degrees). The bath should be used in fume hood. 

6.7 Boiling chips: Pre~extracted. approximately 10/40 mesh Teflon. 

6.8 Erlenmeyer flask: 50·250 mL. 

7 • 0 CHEMICALS AND REAGENTS 

8.0 

7.1 Florisil: pesticide residue (PR) grade (60/100 mesh). Extracted with 

methylene chloride. then activated >16 hours at 130°C. in a loosely covered 

glass tray. Following activation. the Florisil is immediately transferred to 

a clean. sealable container with a Teflon lid liner. 

7.2 Sodium sulfate (ACS): granular. anhydrous (purified by heating in muffle 

furnace or kiln. at 400°C for 4 hours in shallow tray). Following 

purification. the anhydrous sodium sulfate is cooled to approximately 

100°C then immediately transferred into a clean. sealable container with 

Teflon lid liner. 

7.3 Eluting solvents: hexane. diethyl ether (pesticide quality or 

equivalent). Diethyl ether must be free of peroxides as indicated by EM 

Quant test strips. Procedures recommended for removal of peroxides are 

pr~ide~with the test strips. 

PROCEDURE 

8.1 Perform gravimetric analysis on extract if column cleanup appears to be 

warranted. See sw ... 846 Method 3611 instructions (oil~aste cleanup with 

alumina) and SOP 325 ... sP ... 014 for the gravimetric procedure. Adjust the 

amount of extract aliquot to be cleaned so that the aliquot contains no 

more than 200.,.300 mg of extractable material. 
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11.1 New batches of pre-extracted, act! vated florIs II wi I I be qua II ty tested 

before use, by testing a blank sample In the following manner: 

11.1.1 Procedures 8.3, 8.4, 8.5 will be followed with the exception 

that, no sample or spike wll I be transferred to the column. 

11.1.2 Analyze for Total Chromatographlcal Organics via GC/ECD. 

12.0 DOCUMENTATION 

12.1 Preparation of new batches of floris! I wl I I be logged into the Sample 

Preparation REAGENTS NOTEBOOK • 

12.2 A QC number wl I I be assigned and a quality control sample wl I I be 

performed via GC/ECD with results kept In the QC FILE. 

12.3 AI I other documentation wl I I be In accordance with SOPs 325-SP-006, -007. 

13.0 PUBLISHED REFERENCES 

.. . .. 
SW-846, 3rd Edition. 

14.0 APPENDICES 

See Attachment 2 of SW-846, Method 3611. 
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Florisil Column Clean-up for 8080/8140 

1. Make sure that the Florisil has been pre-extracted and baked. 

2. Put a plug of glasswool in the bottom of 2 em column, then fill column 

about 3/4ths full with hexane (about 40 mL). 

3. Add 20 gm of Florisil and settle column bed by tapping gently. 

4. Add layer of sodium sulfate, 1 to 2 em deep, to the top of the column. 

5. Pre-elute with 40 mL of hexane to rinse the sodium sulfate & Florisil. 

6. Elute column until the solvent level is just above the sulfate layer. 

7. Adjust the extract volume to 10 mL, with hexane, and transfer to the 

the column. Rinse receiver two times with 1 mL hexane, add to column. 

8. Required elution fractions are: 

8080 for PCBs - Fractions 1 & 2 

8080 for Pest./PCBs- Fractions 1, 2, & 3 

8140 - Fractions 1, 2, 3, & 4 

9. Prepare batches of ether/hexane consisting of Fraction 1 (6% ether), 

Fraction 2 (15% ether), Fraction 3 (50% ether), and Fraction 4 is 100% 

ether. 

10. Place a 1 L Erlenmeyer flask under the column and lower the extract level 

to just above the sulfate layer. 

11. Begin elution with Fraction 1, 200 mL, at 5 mL/minute. Follow with other 

fractions per 8. DO NOT LET COLUMN BED GO DRY!!! 

12. Collect and combine fraction eluates. Concentrate the eluates to 5.0 mL 

for 8080 or 1.0 mL for 8140. 

20 gm Florisil 

\~~--~vlasswool pluq 
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1.0 SCOPE AND APPLICATION 

ATTACHMENT 2 

METHOD 3620 

FLORISIL COLUMN CLEANUP 

1.1 F1oris11, a registered tradename of the Floridin Co., is a 
magnesium silicate with acidic properties. It is used for general column 
chromatography as a cleanup procedure prior to sample .analysis by gas 
chromatography. 

1.2 General applications: Cleanup of pesticide residues and other 
chlorinated hydrocarbons; the separation of nitrogen compounds from 
hydrocarbons; the separation of aromatic compounds from aliphatic-aromatic 
mixtures; and similar applications for use with fats, oils, and waxes 
(Floridin) •. Additionally, Florisil is considered good for separations with 
steroids, esters, ketones,. glycerides, alkaloids, and some carbohydrates 
(Gordon and Ford). 

1.3 Soecific aoplications: This method includes guidance for cleanup of 
sample extracts containing the following analyte groups: phthalate esters; 
nitrosamines; organochlorine pesticides: nitroaromaties; haloethers; 
chlorinated hydrocarbons; and organophosphorous pesticides. 

2.0 SUMMARY OF METHOD 

2.1 The column is packed with the required adsorbent, topped with a 
water adsorbent, and then loaded with the sample to be analyzed. Elution is 
effected with a suitable solvent(s) leaving the interfering compounds on the 
column. The eluate is then concentrated. 

3.0 INTERFERENCES 

3.1 A reagent blank should be performed for the compounds of interest 
prior to the use of this method. The level of interferences must be below the 
method detection limit before this method is performed on actual samples. 

3.2 More extensive procedures than those outlined in this method may be 
necessary for reagent purification. 

4.0 ·APPARATUS AND MATERIALS 

4.1 Beaker: 500-mL. 

4.2 Chromatograohic column: 300-mm long x 10-mm I.O. or 400-mm long x 
20-mm I.O., to be specified in Paragraph 7.0; with Pyrex glass wool at bottom 
and a Teflon stopcock. 

NOTE: Fritted glass discs are difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 

3620 - 1 
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(Florisil from different batches or sources may vary in adsorptive 
capacity. To standardize the amount of Florisil which is used, the use 
of lauric acid va~ue is suggested. The referenced procedure determines 
the adsorption from hexane solution of lauric acid {mg) per g of 
Florisil. The amount of Florisil to be used for each column is 
calculated by dividing 110 by this ratio and multiplying by 20 g 
{Mills).) 

5.2 Sodium sulfate (ACS): Granular, anhydrous (purified by heating at 
4oo·c for 4 hr in a shallow tray). 

5.3 Eluting solvents: 

5.3.1 01ethyl ether: Pesticide quality or equivalent. 

5.3.1.1 Must be free of peroxides as indicated by EM Quant 
t•st strips (available from EM Laboratories Inc., 500 Executive 
Boulevard, Elmsford, NY 10523) • 

5.3.1.2 Procedures recommended for removal of peroxides are 
provided with the test strips. After cleanup, 20 mL ethyl alcohol 
preservative must be added to each liter of ether. 

5.3.2 Acetone; hexane; .ethylene chloride; pentane; petroleum ether 
(boiling range 30-6o•c): Pesticide quality or equivalent. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material to this chapter, Organic Analytes, 
Section 4 .1. 

7.0 PROCEDURE 

7.1 Phthalate esters: 

7.1.1 Reduce the sample extract volume to 2 mL prior to cleanup. 
The extract solvent must be hexane. 

7.1.2 Place 10 g of F1orisi1 into a 10-m I.O. chromatographic. 
column. Tap the column to settle the Florisil and add 1 em of anhydrous 
sodium sulfate to the top. 

7~1.3 .. Preelute the column with 40 ml of hexane. The rate for all 
elutions should be about 2 mL/min. Discard the eluate and, just prior to 
exposure of the sodium sulfate layer to the air, quantitatively transfer 
the 2-ml sample extract onto the column using an additional 2 ml of 
hexane to complete the transfer. Just prior to exposure of the sodium 
sulfate layer to the air, add 40 mL of hexane and continue the elution of 
the column. Discard this hexane eluate. 

3620 - 3 
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7.3.2 Add a weight of Florisil (nominally 20 g), predetermined by 
calibration, to a 20-mm I.D. chromatographic column. Settle the Florisil 
by tapping the column. Add anhydrous sodium sulfate to the top of the 
Florisil to form a layer 1 to 2 em deep. Add 60 mL of hexane to wet and 
rinse the sodium sulfate and Florisil. Just prior to exposure of the 
sodium sulfate to air, stop the elution of the hexane by closing the 
stopcock on the chromatographic column. Discard the eluate. 

7.3.3 Adjust the sample extract volume- to 10 mL with hexane and 
transfer it from the K-D concentrator tube to the Florisil column. Rinse 
the tube twice with 1-2 mL hexane, adding each rinse to the column. 

7.3.4 Place a 500-mL K-0 flask and clean concentrator tube under 
the chromatographic column. Drain the column into the flask until the 
sodium sulfate layer is nearly exposed. Elute the column with 200 mL of 
61 ethyl ether in hexane (v/v) (Fraction 1) using a drip rate of about 
5 mL/min. All of the haloethers are in this fraction. Remove the K-0 
flask and set aside for later concentration. Elute the column again, 
using 200 mL of 15% ethyl ether in hexane (v/v) (Fraction 2), into a 
second K-0 flask. Perform a third elution using 200 mL of 501 ethyl 
ether in hexane (v/v) (Fraction 3), and a final elution with 200 mL of 
1001 ethyl ether (Fraction 4), into separate K-0 flasks. 

7.3.5 Concentrate the eluates by standard K-D techniques using the 
water bath at about ss•c (7S•c for Fraction 4). Adjust the final volume 
to whatever volume is required (1-10 mL). Analyze by gas chromatography. 

7.4 Nitroaromatics and isophorone: 

7.4.1 Reduce the sample extract volume to 2 mL prior to cleanup. 

7.4.2 Prepare a slurry of 10 g activated Florisil in methylene 
chloride/hexane (1:9) (v/v) and place the Florisil into a 10-mm I.D.· 
chromatographic column. Tap the column to settle the Florisil and add 1 
em of anhydrous sodium sulfate to the top. Adjust the elution rate to 
about 2 ml/mi n. 

7.4.3 Just prior to exposure of the sodium sulfate layer to the 
air, quantitatively transfer the sample extract onto the column using an 
additional 2 mL of hexane to complete the transfer. Just prior to 
exposure of the sodium sulfate layer to the air, add 30 mL of methylene 
chloride/hexane (1:9) (v/v) and continue the elution of the column. 
Discard the eluate. 

7';4.4 ··Next, elute the column with 30 mL of acetone/methylene 
chloride (1:9) (v/v) into a 500-mL K-0 flask equipped with a 10-mL 
concentrator tube. Concentrate the collected fraction, while exchanging 
the solvent to hexane. To exchange the solvent, reduce the elution 
solvent to about 10 mL. Add 50 mL of hexane, a fresh boiling chip, and 
return the reassembled K-0 apparatus to the hot water bath. Adjust the 

3620 - 5 
Revision ~~0"""':"":::-::-: 
Date Septemcer 1986 



.. 

.. 

-... 
, ... 

TABLE 2 

DISTRIBUTION OF ORGANOPHOSPHOROUS PESTICIDES 
INTO FLORISIL COLUMN FRACTIONS 

Percent Recovery by Fractiona 

Parameter 1 2 3 4 

Azinophos methyl 20 80 
Bolstar (Sulprofos) NO NO NO NO 
Chlorpyrifos )80 
Coumaphos NR NR NR 
Oemeton 100 
01azinon 100 
Oichlorvos NR NR NR 
Oimethoate NO NO NO NO 
01sulfoton 25-40 
EPN )80 
Ethoprop v v v 
Fensulfoth1on NO NO NO NO 
Fenthion R R 
Malathion 5 95 
Merphos v v v 
Mevinphos NO NO NO NO 
Monochrotophos NO NO NO NO 
Naled NR NR NR 
Parathion 100 
Parathion methyl 100 
Phorate 0-62 
Ronnel )80 
Stirophos (Tetrachlorvinphos) NO NO NO NO 
Sulfotepp v v 
TEPP NO NO NO NO 
Tokuthion (Prothiofos) )80 
Trichloronate )80 

aEluant composition: Fraction 1 - 200 mL of 6S ethyl ether in hexane 
Fraction 2 - 200 mL of 15S ethyl ether 1n hexane 
Fraction 3 - 200 mL of 50% ethyl ether in hexane 
Fraction 4 - 200 mL of 100% ethyl ether 

R • Recovered (no percent recovery information presented) (U.S. FDA). 
NR • Not recovered (U.S. FDA) • 
V • Variable recovery (U.S. FDA). 
NO • ~ot determined. 

SOURCE: U.S. EPA and FDA data • 
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8.3 For sample extracts that are cleaned up using this method, the 
associated quality control samples should also be processed through this 
cleanup method. 

9.0 METHOD PERFORMANCE 

9.1 Table 1 indicates the distribution of chlorinated pesticides, PCB's, 
and haloethers in various Florisil column fractions. 

9.2 Table 2 indicates the distribution of organophosphorous pesticides 
in various Florisil column fractions. 

10.0 REFERENCES 

A Handbook of 
John Wiley & Sons, 

2. Floridin of ITT System, Florisil: Properties, Application, Bibliography, 
Pittsburgh, Pennsylvania, 5M381DW. 

3. Mi11s, P.A., ·variation of Florisil Activity; Simple Method for Measuring 
Absorbent Capacity and its use in Standardizing Florisil Columns," Journal of 
the Association of Official Analytical Chemists, ~. 29, 1968. 

4. U.S. Food and Drug Association, Pesticides Analytical Manual (Volume 1), 
July 1985. 

5. U.S. EPA 40 CFR Part 136, uGuidelines Establishing Test Procedures for the 
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final 
Rule and Proposed Rule,• October 26, 1984. 
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1.0 

Original 

PURPOSE 

This document describes the Radian procedure for polychlorinated 

dibenzodioxin/polychlorinated dibenzofuran (PCDD/PCDF) analysis. 

2.0 SCOPE 

3.0 

This SOP covers calibration. QA/QC. isomer class totals quantitation. 

and toxic isomers quantitation. Most of this SOP is taken from 

SW-846 Method 8280. 

INITIAL CALIBRATION 

For isomer class totals using the J&W DB-5 column. a five-point 

calibration must be performed in triplicate and the average isomer 

class response factor is used for quantitation. The % RSD between 

the three calibration runs must be less than 15% for all analytes. 

The standards used and their concentrations are shown on Table 1. 

The standards must be remade and the calibration reperformed once a 

year. 
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SAMPLE PREPARATION 

I PROCEDURE NO: 
321-MS-011 

After all the daily calibrations are performed, samples may be 
13 analyzed. An amount of c12-1,2,3,4-TCDD equal to the nominal 

surrogate amount is added to each extract. Ten uL of the 

I PAGE: 
3 of 13 

13 c12-1,2,3,4-TCDD internal standard solution will provide 50 ng of 

I.S. More benzene may be added if necessary to dissolve all of the 

residue, but additional solvent will raise the method detection 

limit. Occasionally, an extremely dirty extract will require 

dilution using the PCDD/PCDF surrogate solution as the solvent. 

6.0 IDENTIFICATION OF PCDD/PCDF 

7.0 

Two ions for each internal standard and four from each PCDD/PCDF 

isomer group are monitored for identification and quantitation 

purposes. For positive identification, the relative intensities of 

the two major chlorine isotope cluster ions must agree within !15% 

with those shown on Table 3 of Method 8280 and a COCL loss peak must 

be present. Peak maxima must agree within !2 scans. Our procedure 

calls for three chlorine isotope peaks to be monitored (Method 8280 

calls for two). This third peak, although not required, can be used 

for identification purposes and detection limit calculations and is 

helpful with extremely dirty samples. The loss of COCl must be 

present to positively identify a peak as PCDD or PCDF • 

Quantitation is performed using response factors and isotopic 

dilution. To determine PCDD/PCDF concentrations use the following 
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purpose. This column can resolve 2,3,4,8-TCDF and 2,3,7,8-TCDF to 

about 75% valley. 1,2,3,4,8-PeCDF and 1,2,3,7,8-PeCDF coelute on 

this column, however. If desired, these two PeCDFs can be resolved 

on DB-5. The SP-2331 column is only partially cross-linked, and 

special precautions must be taken: samples must be taken up in 

dodecane, do not temperature program the column past 275°C, do not 

heat or cool the column more than 20°C/min. and always use a one 

meter deactivated fused silica guard column. 

With the Supelco SP-2331, a single-point calibration is used for 

toxic isomers quantitation. A standard solution in dodecane 

containing our usual surrogates and all of the toxic isomers is used 

to generate relative retention times and response factors. 

A retention time standard in dodecane is used to determine isomer 

group windows on the SP-2331 column. Since we are not looking for 

all PCDD/PCDFs, however, the toxic isomers standard can be used to 

define the SIM retention time windows. 

10.0 QA/QC 

Due to the sensitive nature of PCDD/PCDF results, all QA/QC 

procedures must be thoroughly followed and documented. Before 

beginning any work, the mass spectrometer tune and mass assignments 

must be verified between 198-443 amu by DFTPP injection. For each 

project, the daily response factor calibration check (Figure 1), the 

retention.time window analysis (Figure 2), the chromatography check, 

and the surrogate response factor determination (Figure 3) should be 

documented and filed with the master file. 



.. 

'"' 

"'' 
,gj 

'~1 

,,., 

"'' 

~· 

,.., 

,.,, 

... 

.,.,, 

·>'''* 

l!i'f.t•\ 

... 

RADIAN 
CORPORATIO• 

CONFIDENTIAL 

RESEARCH & ENGINEERING 

TABLE l. 5 PT. 

(CONTINUATION PAGE) 

DIOXIN CALIBRATION 
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-========================z============================================================= 
Sppe 2.Sppe 1ppe O.Sppe 0.2ppa 
std. std. std. std. std. 

13C-2378 TCDD 1 ppa 1 ppm 1ppa 1ppm 1ppm 
l3C-2378 TCDF 1ppm 1 ppa 1ppm 1ppm 1ppa 
13C-12378 PeCDD 1ppm 1 ppm 1 ppm. 1ppa 1ppm 
13-12378 PeCDl!' 1 ppm. 1ppa 1ppm. 1ppa 1ppm 
13C-123678 HzCDD 1 ppm lppta 1ppm 1ppll 1ppm 
13C-123478 HxCDl!' 1ppm 1ppm 1ppm 1ppm 1ppa 
13C-1234678 HpCDD 1ppm. 1ppm 1 ppm lppm 1ppm 
13C-1234678 HpCDl!' 1ppm 1ppm 1ppm 1ppm 1ppm 
13C-OCDD 1 pplll 1pplll 1ppm 1ppm 1ppm 
13C-OCD1!' 1ppm 1ppm 1ppa 1ppm 1pp111 
2378 TCDD 5ppa 2.5ppm 1ppa 0.5ppa 0.2ppa 
12378 PeCDD 5ppa 2. 5pplll 1ppa 0.5ppm 0.2ppa 
12347 PeCDD 5ppa 2.5ppm 1ppm O.Sppa 0.2pp111 
123478 HxCDD Sppm 2.5ppe 1ppm O.Sppm 0.2ppa 
123678 HxCDD 5ppm 2.5ppm 1ppa 0. Sppm 0.2ppa 
123789 HxCDD Sppa~ 2.5ppll 1pplll O.Sppe 0.2ppa 
1234578 HpCDD Sppm 2. Sppm 1ppm O.Sppa 0. 2ppa 
2378 TCDl!' Sppe 2.5ppe lppm O.Sppm 0.2ppa 
12378 PeCDl!' Spplll 2.5ppm 1ppm O.Sppe 0.2ppa 
23478 PeCDl 5ppa 2.5ppa lppa O.Sppm 0.2ppm 
123478 HxCDl!' Sppm. 2.5ppm 1ppm O.Sppa 0.2ppe 
123678 HxCDl!' Sppm. 2.5ppm 1ppa O.Sppa 0.2ppe 
123789 HxCDl!' Sppm. 2.5ppm 1ppa O.Sppe 0.2ppe 
234678 HxCDF Sppe 2.5ppm 1ppa O.Sppa 0.2ppe 
1234678 HpCDF Sppa 2.5ppa 1ppa O.Sppa 0.2ppm 
1234789 HpCDF 5ppm 2.5ppe 1ppa O.Sppa 0.2ppa 
OCDD 5ppm. 2.5ppm 1ppm O.Sppa 0.2ppe 
OCDF 5ppa 2.5ppm 1pp111 O.Sppaa 0.2ppaa 

======================================================================================= 
Solvent: Benzene/Nonane 
Final Concentration aa indicated in table 
Preparecl 5/87 MDIV SJC 

It) 
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FIGURE 3 

PROCEDURE NO: 
321-MS-011 

PCDD/PCDF SURROGATE RESPONSE FACTORS 

Retention 
Time 

FRN: ___ _ 

Relative 
Response 

~ 13 
C12-1,2,3,4-TCDD (I.S.) 

13c12-2,3,7,8-TCDD 

13 c12-2,3,7,8-TCDF 

13 c12-1,2,3,7,8-PeCDD 

13 c12-1,2,3,7,8-PeCDF 

13c -HxCDD 12 
13c -HxCDF 12 
13 c12-HpCDD 

13c 
12-HpCDF 

13 
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13 
C12-0CDF 
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FIGURE S 

TOXIC ISOMERS QA/QC SUMMARY SHEET 

Retention 
Time RRT 

* Coelutes with 1,2,3,4,8-PeCDF on SP-2331. 

** Coelutes with 1,2,3,4,7,9-HxCDF on SP-2331. 
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1.0 SCOPE AND APPLICATION 

Thallium in solution may be readily determined by atomic absorption spectros­
copy. The method is simple, rapid, and applicable to a large number of metals 
in drinking, surface, and saline waters, and domestic and industrial wastes. 
While drinking waters free of particulate matter may be analyzed directly, 
domestic and industrial wastes require digesting to solubilize suspended 
material. Sludges, sediments and other solid type samples may also be 
analyzed after proper digestion. Thallium may also be analyzed by hydride AA 
or ICP. Detection limits and matrices are considerations when choosing the 
best method for analyzing the sample. 

2.0 SUMMARY OF METHOD 

When using the furnace technique in conjunction with an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the 
graphite tube in the furnace, evaporated to dryness, charred, and atomized. 
The principle is essentially the same as with direct aspiration atomic 
absorption except 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 trans­
mitted radiation decreases in proportion to the amount of the ground state 

"'' element in the vapor. Because the tube area is small, the vaporized atoms are 
more concentrated allowing for lower limits of detection. 

,.,. 

3. 0 INTERFERENCES 

3.1 This technique is subject to chemical and matrix interferences. The 
composition of the sample matrix can have a major effect on the analysis. 
Th~~ effects must be taken into consideration in the analysis of each 
different matrix encountered. Known chemical interferences are hydro­
chloric acid or excessive chloride concentrations. 

3.2 Nitric acid is preferable for any digestion or solubilization step. If 
another acid is required in addition to HNO , a minimum amount should be 
used. This applies particularly to hydrochloric and, to a lesser extent, 
to sulfuric and phosphoric acids. 
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6. 0 CALIBRATION PROCEDURES 

6.1 Calibration standards are analyzed beginning with the blank and proceed­
ing to the highest standard. Each is analyzed in duplicate. Linear 
regression is used to define the calibration curve. The regression line 
is constructed using concentration as the X-value and mean response as 
the Y-variable. The blank is included as X=O. 

6.2 The correlation coefficient of the standard curve must be >0.995 for the 
analysis to continue. If not, the analyst will correct the problem, 
remaking standards as necessary before the analysis will continue. 

7.0 QUALITY CONTROL 

7.1 This is Radian's standard quality control protocol. In the areas of QC 
check samples, duplicates, and spikes, it meets or exceeds the require­
ments set forth in SW-846, 3rd Ed. Method 7740. 

7.2 Quality Control Check Samples 

In addition to calibration standards, quality control (QC) check samples 
are to be analyzed initially to verify the calibration curve and at a 
frequency of one in ten throughout the analysis. If the QC recovery is 
within acceptable limits (90-110%), the analysis may proceed. If any QC 
sample falls outside these limits, the analysis must be stopped and any 
of the following performed to bring the standard into control: 

• Check instrument operating parameters (e.g •• gas pressure), 
• Recalibration, 
• Re-make of QC standard, or 
• Check with lab supervisor. 

After the problem is addressed, analyses may commence, including all 
samples analyzed since the last acceptable QC standard. 

7.3 Duplicates 

Duplicat~s are to be performed at a rate of one in ten samples. A dupli­
cate. is Aefined as a sample which is split and treated as two independent 
samples and carried throughout the entire protocol (digestion, interfer­
ence modifier solution, analysis). Duplicates should agree within 20 
percent. 

RPD = S-D 
M x 100 where S = sample 

D = duplicate result 
M = mean 

If this is not the case, analyses must be terminated and the problem 
identified and corrected. 
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9.1 Each instrument has a corresponding log book requesting pertinent infor­
mation relevant to the analysis to be performed. This log book must be 
filled out prior to completion of analysis to document standard 
conditions and response of the instrument. 

9.2 The instrument maintenance log provides information regarding any 
maintenance performed before, during, or after the analysis. 

9.3 The analysis and QC summary sheet should be filled out completely 
following instruction provided on each bench sheet. 

9.4 All entries must be in black ink with corrections made by making one 
horizontal mark through the incorrect data and the correct data placed 
beside it. The correction is to be dated and initialed. 

9.5 When using AA bench, the analyst will make hard copies of the AA bench 
equivalent of the analysis bench sheet and the QC summary sheet. 
Instructions for preparing the documents are in the AA Bench Users Guide. 

10.0 SAFETY 

10.1 Safety glasses and laboratory coat must be worn to prevent accidental 
injury due to the corrosivity of some of the reagents. 

10.2 Because standards and samples contain nitric acid, they must be disposed 
of in the safety containers located in the lab. 

lCl 
a; 
1'-
N 
r-:. 
CX) 

r-:. 
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Arsenic in solution may be readily determined by atomic absorption spectros­
copy. The method is simple, rapid, and applicable to a large number of metals 
in drinking, surface, and saline waters, and domestic and industrial wastes. 
While drinking waters free of particulate matter may be analyzed directly, 
domestic and industrial wastes require digesting to solubilize suspended 
material. Sludges, sediments and other solid type samples may also be 
analyzed after proper digestion. Arsenic may also be analyzed by hydride AA 
or ICP. Detection limits and matrices are considerations when choosing the 
best method for analyzing the sample. 

SUMMARY OF METHOD 

When using the furnace technique in conjunction with an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the 
graphite tube in the furnace, evaporated to dryness, charred, and atomized. 
The principle is essentially the same as with direct aspiration atomic 
absorption except 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 trans·­
mitted radiation decreases in proportion to the amount of the ground state 
element in the vapor. Because the tube area is small, the vaporized atoms are 
more concentrated allowing for lower limits of detection. 

3. 0 INTERFERENCES 

3.1 This technique is subject to chemical and matrix interferences. The 
composition of the sample matrix can have a major effect on the analysis. 
These ef.fects must be taken into consideration in the analysis of each 
different matrix encountered. Known chemical interferences are chlorides 
(>800 ppm) and sulphates (>200 ppm). 

3.2 Nitric acid is preferable for any digestion or solubilization step. If 
another acid is required in addition to HNO , a minimum amount should be 
used. This applies particularly to hydrochforic and, to a lesser extent, 
to sulfuric and phosphoric acids • 
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Dilute 1 mL of 1000 ppm stock to 1 L with deionized water containing 1% 
HN0

3
. Dilute 0, 2, 4, 6 mL of this intermediate solution to 100 mL with 

deionized water. This will prepare 0, 20, 40, and 60 ppb standards for 
use in the calibration procedure below. 

6. 0 CALIBRATION PROCEDURES 

6.1 Calibration standards are analyzed beginning with the blank and proceed­
ing to the highest standard. Each is analyzed in duplicate. Linear 
regression is used to define the calibration curve. The regression line 
is constructed using concentration as the X-value and mean response as 
the Y-variable. The blank is included as X=O. 

6.2 The correlation coefficient of the standard curve must be >0.995 for the 
analysis to continue. If not, the analyst will correct the problem, 
remaking standards as necessary before the analysis will continue. 

7.0 QUALITY CONTROL 

7.1 This is Radian's standard quality control protocol. In the areas of QC 
check samples, duplicates, and spikes, it meets or exceeds the require-· 
ments set forth in SW-846, 3rd Ed. Method 7740. 

7.2 Quality Control Check Samples 

In addition to calibration standards, quality control (QC) check samples 
are to be analyzed initially to verify the calibration curve and at a 
frequency of one in ten throughout the analysis. If the QC recovery is 
within acceptable limits (90-110%). the analysis may proceed. If any QC 
sample falls outside these limits. the analysis must be stopped and any 
of the following performed to bring the standard into control: 

• Check instrument operating parameters (e.g., gas pressure), 
• Recalibration. 
• Re-make of QC standard. or 
• ffheck with lab supervisor. 

After the problem is addressed. analyses may commence. including all 
~, samples analyzed since the last acceptable QC standard. 

7.3 Duplicates 

Duplicates are to be performed at a rate of one in ten samples. A dupli­
cate is defined as a sample which is split and treated as two independent 
samples and carried throughout the entire protocol (digestion, interfer­
ence modifier solution. analysis). Duplicates should agree within 20 
percent. 



.. 

CONFIDENTIAL 

RADIAN 
CORPORATION RESEARCH & ENGINEERING 

(CONTINUATION PAGE) 

9.0 REPORTING 

Reporting requirements include: 

• Instrument usage log. 
• Instrument maintenance log. 
• Analysis bench sheet, 
• QC summary sheet. 
• Print out, and 

PROCEDURE NO: 
325-AA-001 

• Any lab notebook pages relevant to the data. 

STANDARD 
OPERATING 
PROCEDURE 
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9.1 Each instrument has a corresponding log book requesting pertinent infor­
mation relevant to the analysis to be performed. This log book must be 
filled out prior to completion of analysis to document standard 
conditions and response of the instrument. 

9.2 The instrument maintenance log provides information regarding any 
maintenance performed before. during. or after the analysis. 

9.3 The analysis and QC summary sheet should be filled out completely 
following instruction provided on each bench sheet. 

9.4 All entries must be in black ink with corrections made by making one 
horizontal mark through the incorrect data and the correct data placed 
beside it. The correction is to be dated and initialed. 

9.5 When using AA bench. the analyst will make hard copies of the AA bench 
equivalent of the analysis bench sheet and the QC summary sheet. 
Instructions for preparing the documents are in the AA Bench Users Guide. 

10.0 SAFETY 

10.1 Safety glasses and laboratory coat must be worn to prevent accidental 
injury due to the corrosivity of some of the reagents. 

10.2 Because standards and samples contain nitric acid. they must be disposed 
of in the safety containers located in the lab. 


