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1.0 SUMMARY 

1.1 This method is a consolidation of methods 608, 614, 615, 617, 

622 and 701 that can be used for the analysis of water, sol id 

and multimedia samples for the parameters listed in Tables 1 

through 3. The method has been validated for the analysis of 

the apolar pesticides, phenoxyacid herbicides, and industrial 

chemicals I isted as analyzable by "GC/EC" and "GC/NPD" in the 

ITD/RCRA list of analytes (Appendix I). 

1.2 Two separate extraction and sample preparation schemes are re

quired in this method. One for apolar organochlorine (Table 1) 

and organophosphorous analytes (Table 2). The other for 

phenoxyacid herbicides and their esters (Table 3). The scheme 

for the preparation and analyses of al I of the method parameters 

is presented in Figure 1. 

1.3 The sample is initially split into separate aliquots for work up 

by the different procedures. Apolar analytes are extracted from 

I iquid samples with methylene chloride using a continuous I iquid 

extractor or are extracted from sol id samples with methylene 

chloride/acetone using a sonicator. The apolar extracts are 

cleaned using gel permeation chromatography (GPC) fol lowed by 

adsorbtion chromatography prior to GC analysis. Phenoxyacid 

herbicides and their esters are extracted from acidified liquid 

samples with methylene chloride using a continuous I iquid ex

tractor or are extracted from acidified sol id samples with 

methylene chloride/acetone using a sonicator. The extracted 

phenoxyacids are partitioned into aqueous base and their esters 

are hydrolyzed to the free acids. The acid fractions are 

combined and derivatized with diazomethane then prepared for 

analysis using adsorbtion chromatography prior to GC analysis. 
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1.4 CC analysis 1s accomplished on "megabore" capi I lary columns. 

Apolar analytes are analyzed using both electron capture 

detection (ECO) (for organochlorine analytes), and flame photo

metric detection (FPO) (for organophosphates). Derivatized 

phenoxyacid herbicides are analyzed by using ECO. The primary 

column for al I analytes is the 08-5 (or equivalent), the confir

mation column is the SPB-608. 
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2.1 

2.1.1 

2.1.2 

2.1.3 

2.1.4 

2.1.5 

2.1.6 

2.1.7 

2.0 REAGENTS AND EQUIPMENT 

REAGENTS 

Sodium Sulfate - anhydrous reagent grade, heated at 4oo•c for 

four hours, or 12o•c for 16 hours, cooled in a desiccator, and 

stored in a glass bottle. Baker anhydrous granular, catalog 

No. 3375 or equivalent. 

Methylene chloride, hexane, ethyl ether, acetone, isooctane 

(optional), and methanol: pesticide qua I ity or equivalent. It 

1s strongly suggested that each lot of solvent used be 

analyzed to demonstrate that it 1s free of interferences 

before use. 

Primary pesticide and PCB standards wi I I be obtained from the 

EPA Quality Assurance Materials Bank, Pesticides and Indus

trial Chemicals Repository, R.T.P., NC for the purpose of 

traceabi I ity. Commercial standard should be used for working 

solutions but must be shown to be traceable (quantitatively 

and qualitatively) to EPA standards. 

Mercury (optional) 

Copper powder (optional), bright and nonoxidized 

Concentrated Sodium hydroxide solution (6 N). Dissolve 24g 

NaOH in reagent water and di lute to 100 ml. 

Sulfuric acid solution (1:1 v/v). Slowly add 50 ml H2so4 (Sp. 

gr. 1.84) to 50 ml of reagent water. 

D-5 



2.1.8 

2.1.9 

2.1.10 

2.1.11 

2.1.12 

2.1.13 

2.1.14 

2.1.15 

2.1.16 

Potassium hydroxide solution (37~ w/v). Dissolve 37g of po-

tassium hydroxide in 100 ml of disti I led water. 

Diol bonded silica 500-mg or 1-g cartridges with stainless 

steel frits (Analytichem, Harbor City, CA) or equivalent. 

Florisi I 500 mg cartridges (J.T. Baker), or equivalent. 

2,4,5-trichlorophenol for Diol cartridge performance check, 

Prepare a 0.1 µg/ml solution 1n acetone. 

Reagent water - Reagent water 1s defined as a water 1n which 

no interferent is observed at the method detection I imit of 

any parameter when 1 liter of the reagent water is extracted 

and prepared using the sample workup procedures for environ

mental waters. 

N-methyl (N-nitroso-p-toluenesulfanamide) (Diazald ) fresh and 

high purity, Aldrich Chemical Co. 

Si I icic Acid: 100 mesh powder (optional). 

Ten percent acetone in hexane (v/v), prepare by adding 10 ml 

of acetone to 90 ml of hexane. 

GPC calibration solutions: 

2.1.16.1 Bis(2-ethylhexyl)phthalate/pentachlorophenol solution 4 mg/ml 

each in methylene chloride. 

2.1.16.2 Corn oi I - 200 mg/ml 1n methylene chloride. 
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2.1.17 

2.1.18 

2.2 

2.2.1 

2.2.1.1 

2.2.1.2 

2.2.1.3 

2.2.1.4 

2.2.2 

2.2.3 

2.2.4 

2.2.5 

Acidified sodium sulfate. Add 0.5 ml H2S04 to 100 grams of 

sodium sulfate and 30-ml ethyl ether. Completely evaporate 

the ether and store at 11o•c. (Caution: Transfer the acidi

fied sodium sulfate into a different vessel before placing it 

in the oven. This 1s required to ensure no flammable ether 

residue is placed into a hot oven.) 

Di lute sodium hydroxide solution (O.lM). 
reagent water and di lute to 1.0L. 

APPARATUS AND MATERIALS 

Apparatus for determining percent moisture. 

Oven, drying. 

Desiccator. 

Crucibles, porcelain (optional). 

Aluminum weighing pans (optional). 

Dissolve 4g NaOH 1n 

Sonic eel I disruptor, Heat Systems - Ultrasonics, Inc. Model 

375C (or equivalent) (375 watt with pulsing capabi I ity 1/2" or 

3/4" disruptor horn). 

Sonabox (or equivalent) for use with disrupter. 

Beakers, 400-ml. 

Kuderna-Danish (K-D) apparatus. 
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2.2.5.1 

2.2.5.2 

Concentrator tube - 10-ml, graduated (Kontes K-570040-1029, or 

equivalent). 

Evaporative flask 

equivalent). 

500-ml (Kontes K-470001-0500, or 

2.2.5.3 Snyder column 

equivalent). 

three-ball macro (Kontes K-503000-0121, or 

2.2.6 

2.2.7 

2.2.7.1 

Powder funnels, 10-cm diameter, for filtration/drying. 

Bo i I i ng chips 

Si I icon carbide boiling chips (optional) - approximately 10/40 

mesh. Heat to 4oo•c for 30 minutes or solvent rinse before 

use. 

2.2.7.2 Teflon boiling chips (optional). Solvent rinse before use. 

2.2.8 

2.2.9 

2.2 .10 

2 .2.11 

2.2.12 

Water bath - heated, with concentric ring cover, capable of 

temperature control. The bath should be used in a hood. 

Top loading balance, capable of accurately weighing to 

:&0.01 g. 

Balance-Analytical, capable of accurately weighing to 

s0.0001 g. 

Nitrogen evaporation device equipped with a heated bath that 

can be maintained at 35-40°C, N-Evap by Organomation Associ

ates, Inc., South Berl in, MA (or equivalent). 

Vials and caps, 2-ml for GC auto sampler. 
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2.2.13 Gel permeation chromatography cleanup device: automated 

system. Gel permeation chromatograph (GPC) Analytical Bio

chemical Labs, Inc., GPC Autoprep 1002 (or equivalent) includ

ing: 

2.2.13.1 25-mm ID x 600 - 700-nvn glass column packed with 70 g of Bio

Beads SX-3, Bio-Rad Laboratories (or equivalent). 

2.2.13.2 Syringe, 10-ml with luer lock fitting. 

2.2.13.3 Syringe filter holder, stainless steel, and filters - TFE 

(Gelman 4310 or equivalent) or glass fiber. 

2.2.13.4 UV detection (optional) Type 6, 254-mµ Isco, Inc., Lincoln, NB 

(or equivalent). 

2.2.14 Vacuum system for eluting multiple cleanup cartridges. 

2.2.14.l Vac Elute Manifold (Analytichem International, Harbor City, 

CA, J.T. Baker or Supelco) or equivalent. 

2.2.14.2 Vacuum trap made from a 500-ml sidearm flask fitted with a 1 

hole stopper and glass tubing. 

2.2.14.3 Vacuum pressure gauge. 

2.2.14.4 Rack for holding 10-ml volumetric flasks 1n the manifold. 

2.2.15 Pyrex glass wooi. 

2.2.16 Bottle or test tube, 50-ml with Tef Ion I ined screw cap for 

sulfur removal. 
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2.2.17 

2.2.18 

2.2.19 

2.2.20 

2.2.21 

2.2.22 

2.2.23 

2.2.24 

2.2.25 

2.2.26 

2.2.27 

2.2.28 

Separatory funnels - 1000-ml, 500-ml and 250-ml with Tef Ion 

stopcocks. 

Drying column Chromatographic column approximately 400-mm 

long x 19-nvn ID, with coarse frit. (Substitution of a smal I 

pad of disposable Pyrex glass wool for the fr it wi I I help 

prevent cross-contamination of sample extracts.) 

Continuous I iquid-liquid extractors for use with methylene 

chloride with Tef Ion or glass connecting I ines. Hershberg

Wolf Extractor, Ace Glass Company, Vineland, NH P/N 6841~10 

(or equivalent). 

Glass scintillation vials, at least 20-ml, with screw cap and 

Teflon or aluminum foil liner. 

Spatula. Stainless steel or Tef Ion. 

pH Paper. Wide range, Hydrion Papers, Microessential Labora

tory, Brooklyn, N.Y. (or equivalent). 

Pi pet, Volumetric 1.00-ml (optional). 

Syringe, 1.00-ml (optional). 

Flask, Volumetric 10.00-ml. 

Vials, 10-ml, with screw cap and teflon I iner (optional). 

Tube, centrifuge, 12 to 15-ml with 19-mm ground glass joint, 

(optional). 

Snyder Column, micro with a 19-mm ground glass joint. 
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2.2.29 

2.2.30 

2.2.31 

2.2.32 

2.2.33 

2.2.34 

2.2.35 

Centrifuge, table top (optional). 

Centrifuge bottle: 500-ml (Pyrex 1260 or equivalent). 

Diazald kit with clear seal joints for generation of diazo

methane, Aldrich Chemical Co., catalog No. ZlO, 025-0. 

Flask, filter, 1-L. 

Funnel, Buchner, 15-cm. 

Paper, filter (Whatman fl, or equivalent), 15-cm. 

Gas chromatographic system including two 0.25-inch injectors, 

detection makeup gas, an 

flame photometric detector. 

electron capture detector, and a 

It 1s recommended that the GC be 

equipped with an integrator or data system rather than a strip 

chart recorder. 

2.3.36 pH Meter with a combination glass electrode. 

2.3.37 Megabore capi I lary column chose two. 

2.3.37.1 DB-5 (J!W Scientific) or a SP-5 (Supelco Inc.) or equivalent. 

2.3.37.2 DB-608 (JlW Scientific) or equivalent. 

2.3.37.3 SPB-608 (Supelco Inc.) or equivalent. 
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3.1 

3.1.1 

3.1.2 

3.1.3 

3.2 

3.2.1 

3.2.1.1 

3.0 EXTRACTIONS-APOLAR 

OVERVIEW 

Aqueous samples are extracted using methylene chloride in a 

continuous I iquid-liquid extractor. Extracts are then dried 

and concentrated by Kuderna-Oanish techniques 1n preparation 

for cleanup (Section 4) and analysis (Section 5). 

Soi I or sediment samples are mixed with sodium sulfate and 

extracted using a 1:1 acetone:methylene chloride solvent by a 

sonication technique. Extracts are then filtered, dried, 

concentrated by Kuderna-Oanish, and solvent exchanged to 

methylene chloride in preparation for GPC cleanup (4.2). 

Most sludge samples are treated as sol id samples (3.3) and 30 

g samples are extracted using sonication with methylene 

chloride/acetone. Some sludge samples may be treated as 

I i quids (3. 2) . In that case, 30 g samples are added to a 1 L 

of reagent water and extracted with a continuous extractor. 

APOLAR PROTOCOL FOR LIQUIDS 

Summary of Sample Preparation Method 

A 1 L volume of a water sample or a mixture of 30 g of sludge 

and 1 L of reagent water is extracted with methylene chloride 

using a continuous extractor. The methylene chloride extract 

is dried, concentrated, exchanged to hexane, and adjusted to a 

volume of 10.0 ml and a 1.0 ml aliquot is cleaned up on a Diol 

cartridge prior to GC analysis. Optional GPC (4.2) and sulfur 

cleanup (4.4) techniques are also al lowed. 
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3.2.2 

3.2.2.1 

3.2.2.2 

3.2.2.3 

3.2.2.4 

3.2.2.5 

3.2.3 

3.2.3.1 

Liquid Sample Extraction. 

Liquid samples must be extracted using continuous extraction. 

With some samples, it may be necessary to place a layer of 

glass wool between the methylene chloride and water layers 1n 

the extractor to prevent precipitation of suspended sol ids 

into the methylene chloride during extraction. Any sample in 

which solids precipitate through the glass wool must be treat

ed as sol ids (3.3). 

The percent weight loss of volatiles from sludge must be 

determined and reported according to the procedures described 

in 3.3.1.3. 

After the sample has been 

measure and record the pH with 

to between pH 5 and 9 with 

transferred to the extractor, 

wide range pH paper and adjust 

6 N sodium hydroxide or 1:1 

sulfuric acid solution, if required. 

samples require pH adjustment. 

Record and report which 

Add sufficient methylene chloride to the disti I I ing flask to 

ensure proper solvent cycling during operation and extract for 

18 hours. 

Extract Drying and Concentration 

Assemble a Kuderna-Oanish (K-0) concentrator by attaching a 

10-ml concentrator tube to a 500-mL evaporative flask. Pour 

the combined extract through anhydrous sodium sulfate and 

collect the extract in the K-0 concentrator (the sodium sul

fate can be held tn a drying column f i I led to a height of 
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3.2.3.2 

3.2.3.3 

3.2.4 

3.2.4.1 

about 20-cm or 1n a powder funnel plugged with glass wool 

f i I led to a height of 4-5-cm (3.3.2.5]). Rinse the Erlenmeyer 

flask and column with at least one additional 20 to 30 ml 

portion of methylene chloride to complete the quantitative 

transfer. 

Add one or two clean boiling chips to the evaporative flask 

and attach a three-ball Snyder column. Pre-wet the Snyder 

column by adding about 1 ml methylene chloride to the top. 

Place the K-0 apparatus on a hot water bath {60-80°C) so that 

the concentrator tube 1s partially immersed in the hot water 

and the entire lower rounded surface of the flask is bathed 

with hot vapor. Adjust the vertical position of the apparatus 

and the water temperature as required to complete the concen

tration in 10 to 15 minutes. At the proper rate of disti I la

tion, the bal Is of the column wi I I actively chatter but the 

chambers wi I I not flood with condensed solvent. When the 

apparent volume of I iquid reaches 3-5 ml, remove the K-D appa

ratus. Al low it to drain and cool for at least 10 minutes. 

Do not al low the evaporator to go dry. 

If GPC cleanup 1s to be used, remove the Snyder column, rinse 

the flask and its lower joint into the concentrator tube, 

adjust the volume to 10.0 ml with methylene chloride and 

proceed to Section 4. If no GPC cleanup is required, proceed 

with the hexane exchange described below. 

Exchange into Hexane 

Momentarily remove the Snyder column, add 50 ml of hexane and 

a new boi I ing chip and re-attach the Snyder column. Pre-wet 

the column by adding about 1 ml of hexane to the top. Concen-
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3.2.4.2 

3.3 

3.3.1 

3.3.1.1 

3.3.1.2 

3.3.1.3 

trate the solvent extract as before. When the apparent volume 

of I iquid reaches 3-5 ml, remove the K-0 apparatus and al low 

it to drain and cool at least 10 minutes. Do not al low the 

evaporator to go dry. 

Remove the Snyder column, rinse the flask and its lower joint 

into the concentrator tube with 1 to 2 ml of hexane and pro

ceed to Section 4 for Diol cartridge cleanup. 

APOLAR PROTOCOL FOR SOLIDS 

Sample Preparation 

Mix samples thoroughly, especially composited samples. Dis

card any foreign objects such as sticks, leaves, and rocks. 

Also, decant and discard any standing aqueous phase. The lab 

must estimate to the nearest 10 percent (by weight) the amount 

of water decanted (and discarded) from the sample and report 

that value with the data. 

Transfer 30 g of a soi I, sediment or sludge sample to 100-ml 

beaker. Add 50 ml of water and stir for 1 hour. Determine pH 

of sample using a glass electrode and pH meter wh i I e the 

sample IS stirring. Report pH value with the data, but do not 

attempt to adjust the pH of the sample before extraction. 

Discard the portion of the sample used for pH determination. 

Transfer 5 to 10 g of the sediment into a tarred crucible or 

aluminum weighing pan and weigh 

fer the sediment and weighing 

105•c and dry overnight. Al low 

to the nearest 0.01 g. Trans

pan into an oven monitored at 

the sample and weighing pan to 

cool in a desiccator before weighing. Concentrations of in-
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dividual analytes wi I I 

tiles in the sample. 

be reported relative to the nonvola-

(Caution: Gases volati I ized from some 
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3.3.2 

3.3.2.1 

soi I/sediment samples may require that this drying procedure 

be carried out in a hood.) 

wt of sample - wt of heated sample X 100 =~weight loss (3.1) 
wt of sample 

Extraction with Sonic Agitation 

Weigh approximately 30 g of sample (to the nearest 0.1 g) into 

a 400-ml beaker and add 60 g of anhydrous sodium sulfate and 

mix thoroughly to give a homogeneous mixture. 

3.3.2.2 Some wet sludge samples may require more than 60 g of sodium 

sulfate. The laboratory is required to add sufficient sodium 

sulfate to adsorb al I of the water in the sample prior to 

adding organic solvent. 

3.3.2.3 

3.3.2.4 

3.3.2.5 

Immediately add 80 ml of 1:1 methylene chloride:acetone mix

ture to the sample. 

Place the sonicator probe about 1/2 inch below the surface of 

the solvent but above the sediment layer. 

So~icate for 3 min., using the 3/4 inch horn at ful I power 

with pulse set at 50 percent. Do not use a microtip. 

3.3.2.6 Prepare a filtration/drying bed by placing a plug of glass 

wool in the neck of a 10-cm powder funnel and f i I I ing the 

funnel to approximately half its depth (4 or 5 cm) with anhy

drous sodium sulfate. Decant the extract through the packed 

funnel and col feet it 1n a 500-ml evaporation (K-D) flask. 
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3.3.2.7 

3.3.2.8 

3.3.2.9 

Repeat the extraction two more times with fresh 80 ml portions 

of the 1:1 methylene chloride:acetone mixture. Decant the 

extraction solvent after each sonication. After the final 

sonication, pour the entire sample into the funnel and rinse 

with 60-ml portion of 1:1 methylene chloride:acetone mixture. 

Some samples may 

evaporation. These 

#1 paper using a 

require 

should 

Buchner 

additional clarification before 

be vacuum filtered through Whatman 

funnel then transferred to a K-D 

apparatus. 

Add one or two clean boi I ing chips to the evaporative flask 

and attach a three-bal I Snyder column. Pre-wet the Snyder 

column by adding about 1 ml methylene chloride to the top. 

Place the K-0 apparatus on a hot water bath (60 to 80°C) so 

that the concentrator tube 1s partially immersed in the hot 

water and the entire lower rounded surface of the flask is 

bathed with hot vapor. Adjust the vertical position of the 

apparatus and the water temperature as required to complete 

the concentration in 10 - 15 minutes. At the proper rate of 

disti I lation the bal Is of the column wi I I actively chatter but 

the'chambers wi I I not flood with condensed solvent. In order 

to remove as much acetone as possible, reduce the apparent 

volume of I iquid to less than 3 ml, but do not take to 

dryness. Remove the K-0 apparatus and a I low it to drain and 

cool for at least 10 minutes. Make up a 10 ml final volume 

with methylene chloride. 

Proceed to Part 4.1 for mandatory GPC cleanup. 
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4.1 

4.1.l 

4.1.2 

4.1.3 

4.2 

4.2.1 

4.2.1.1 

4.0 EXTRACT CLEANUP-APOLAR 

REQUIREMENTS 

GPC cleanup 1s mandatory for al I apolar analyses of soi I/sedi

ment and sludge extracts. It can also be used for water 

samples, if needed. GPC removes many higher molecular weight 

contaminants which would otherwise accelerate degradation of 

gas chromatography columns and thus reduce instrument perform

ance. The GPC must meet monthly performance checks. 

Diol cartridge cleanup rs required for al I extracts. It 

removes polar organic molecules such as phenols. Each lot 

number of Oiol cartridges must pass a cartridge performance 

check. 

Sulfur can be removed by one of two methods, according to 

laboratory preference. Chromatogram interference due to sul

fur is not acceptable. 

EXTRACT CLEANUP BY GEL PERMEATION CHROMATOGRAPHY (GPC) 

GPC Setup, Operation and Initial Calibration 

Packing the column - Place 70 g of Bio Beads SX-3 in a 400-ml 

beaker. Al low the beads to swel I overnight in methylene 

chloride before packing the column. Transfer the swelled 

beads to the column and begin pumping solvent through the 

column, from bottom to top, at a rate of 5.0 ml/min. After 

approximately 1 hour, adjust the pressure on the column to 

between 5 and 10 psi and pump an additional 4 hours to remove 

air from the column. Adjust the column pressure periodically 

as required to maintain 5 to 10 psi. 
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4.2.1.2 

4.2.1.3 

4.2.1.4 

4.2.1.5 

4.2.1.6 

4.2.1.7 

NOTE: The description of solvent 

sure applies only to the ABC 

flow rate and column pres

GPC apparatus. Laboratories 

using equivalent equipment must develop the parameters for 

their apparatus which give acceptable performance (described 

in Section 4.2.2). 

The SX-3 Bio Beads column may be used for several months, even 

if discoloration occurs. System calibration usually remains 

constant over this period of time if column flow rate remains 

constant. The calibration must be checked periodically, not 

less than once every 30 days, using standard pesticide and PCB 

mixtures. 

NOTE: Some samples should be centrifuged and/or filtered 

through an inert filter held 1n a 25-mm stainless steel holder 

before loading onto the GPC 1n order to remove particulate 

matter. 

Load the 5.0-ml sample loop using 7.5 ml of the concentrate of 

the extract of each soi I sample (described 1n 3.3.2.) and of 

those water samples (described 1n 3.2.2 or 3.2.3.) to be 

cleaned up by GPC. 

NOTE: Some samples may have to be loaded into two or more 

loops in order to prevent overloading the GPC column. Al I 

highly viscous samples or samples known to contain ) 1 g of 

nonvolatile residue should be di luted to 15 ml using methylene 

chloride and loaded into two loops or to 22.5 ml and loaded 

into three loops. 

Set the instrument terminal for the appropriate number of 

samples; set the length of the dump, collect and wash cycles 
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4.2.1.8 

4.2.1.9 

4.2.2 

4.2.2.1 

4.2.2.2 

4.2.2.3 

for the number of minutes determined by either of the cal ibra

tion procedures described below 1n 4.2.1.9 or 4.2.1.10. Set 

up and label one collection flask for each loop by placing the 

appropriate Tef Ion effluent I ine into the flask, then covering 

the flask with aluminum foi I. Begin pumping methylene 

chloride through the column at 5 ml/min. (5 to 10 psi), al low 

the flow to stabi I ize for at least 15 minutes, then begin the 

automatic cleanup sequence by pressing the "auto start" 

button. 

After the appropriate GPC fraction has been collected for each 

sample, evaporate the methylene chloride and exchange to 

hexane as described in 3.2.5. 

Two alternate GPC calibration procedures are described below, 

one of these two must be used. The first is based on a 

combination of gravimetric and GC analysis of collected GPC 

fractions, the second is based on monitoring the elution of 

standards with a UV detector connected to the GPC column. If 
the UV technique 1s chosen, care must be taken to account for 

any difference in volume (elution time) between the GC column 

and the detector and the GPC column and the collection vial. 

Gravimetric GPC Calibration Procedure 

Set the "dump", "collect" and "wash" times for 00, 02, and 00 

minutes, respectively. Set the terminal for 20 samples. 

Under each of the first twenty receiver I ines, place a 

20-ml scinti I lation vial. 

tared 

Into Sample No. 1 load 5 ml of 200-mg/ml corn oi I solution. 
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4.2.2.4 

4.2.2.5 

4.2.2.6 

4.2.2.7 

4.2.2.8 

4.2.2.9 

Start the auto sequence, collect twenty 10-ml fractions (40 

min.). 

Passively evaporate each fraction to dryness 1n a fume hood 

(overnight). 

Reweigh the vials and record the net weight gain. 

Plot weight of the elute vs. time to determine the elution 

profile. 

Reset the sampling position to 00. 

Into Sample Loop No. 1, load 5 ml of 0.4-mg/ml PCP/Phthalate 

Solution. 

4.2.2.10 Set the "collect" time to 03 minutes. 

4.2.2.11 Under each of the first twenty rece1 ver Ii nes place a clean 

20-ml scinti I lation vial. (NOTE: The vials need not be 

tared.) 

4.2.2.12 Start the auto sequence, collect twenty 15-ml fractions (1 

hour). 

4.2.2.13 Analyze each fraction by CC to determine the amount of PCP and 

phthalate. 

4.2.2.14 Plot the amounts of PCP and phthalate to determine the 

elution profiles. 

4.2.2.15 Choose the "DUMP" time such that 85+ percent of phthalate 1s 

recovered and the corn oi I is discarded. 
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4.2.2.16 Choose the "COLLECT" time to extend 10 minutes after the 

elution of PCP and set a "WASH" time of 10 minutes. 

4.2.3 

4.2.3.1 

4.2.3.2 

4.2.3.3 

4.2.3.4 

4.2.3.5 

4.2.3.6 

4.2.3.7 

4.2.3.8 

UV Detector Calibration Procedure 

Connect the end of the column to a UV detector (254 nm). 

Zero the detector and start the strip chart recorder. 

Into Sample Loop No. 1 load 5 ml of 20-mg/ml corn oi I solution 

and into Sample Loop No. 2 load 5 ml of 0.4-mg/ml 

PCP/phthalate. (NOTE: The corn oi I concentration used in 

this UV procedure is a 10-fold dilution of that used in the 

gravimetric method.) 

Inject Sample Loop No. 1, note the injection on the strip 

chart recorder. 

After the corn oi I elutes, al low the recorder to continue 

for a few minutes to again establish a base! ine. 

Inject Sample Loop No. 2 and note the injection on the 

chart recorder. 

strip 

Determine the elution times for the corn oi I, PCP and 

phthalate. 

Choose a "DUMP" time which removes the corn oi I yet recovers 

)85 percent of the phthalate. Choose a "COLLECT" time which 

continues 10 minutes beyond the elution of pentachlorophenol 

and a "WASH" time of 10 minutes. 
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4.2.3.9 

4.2.4 

4.2.4.1 

4.2.4.2 

4.2.4.3 

. 4.2.4.4 

4.2.4.5 

4.2.4.6 

NOTE: The DUMP and collect times 

sate for the difference 1n volume 

detector and the collection flask. 

must be adjusted to compen

of the I ines between the 

Continuing GPC calibration requirement. 

At least once ever 30 days, the calibration of the GPC must be 

verified by determining the recovery of 10 method analytes 

(Tables 1 and 2). 

The ten analytes used are chosen by each lab. The choice is 

based on which analytes that were most often detected in their 

samples during the previous month. 

The GPC calibration solution is prepared so that the concen

tration of each analyte is between 0.5 and 5 µg/ml. 

Using 7.5 ml of the calibration solution loaded into a GPC 

loop and a fraction using the GPC program established using 

either of the described procedures (4.2.2 or 4.2.3). 

The collected GPC calibration fraction is transferred quanti

tatively to a K-0 apparatus and the volume of methylene chlor

ide 1s reduced (3.2.3). After cooling, the solvent 1s 

exchanged to hexane (3.2.4). The final volume is adjusted to 

10.0 ml and the sample 1s analyzed by GC according to the 

procedures in Section 5. 

The GPC performance 1s acceptable if al I of the analytes are 

recovered at 85-110 percent and the column can continue to be 

used. If the recovery is less than 85 percent, or more than 

110 percent, the column must be repacked (4.2.1) and recal i

brated before more samples are run. 
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4.3 

4.3.1 

4.3.2 

4.3.2.1 

4.3.2.2 

4.3.3 

4.3.3.1 

4.3.4 

DIOL CARTRIDGE CLEANUP 

Cartridge Performance Check 

Every lot number of Diol cartridges must be tested. A lot of 

Diol cartridges 1s demonstrated as acceptable if al I apolar 

analytes are recovered at 80-110 percent and if 

trichlorophenol is not detected when the compounds are eluted 

through a cartridge using the method described in 4.3.4. 

Nitrogen Slowdown Technique (Taken from ASTM Method D 3086) 

Place the concentrator tube in a heating bath (35°C) and evap

orate the solvent to the final volume using a gentle stream of 

clean, dry nitrogen (filtered through a column of activated 

carbon). The extract must never be al lowed to become dry . 

... 
CAUTION: New plastic tubing must not be used between the 

carbon trap and the sample, as it may introduce interferences. 

The internal wal I of new tubing must be rinsed several times 

with hexane then dried prior to use. 

Extract Preparation 

For samples which have been run through the GPC cleanup 

solvent, exchange to hexane (3.2.4) and adjust the hexane 

extract volume to 5.0 ml using nitrogen blowdown described in 

4.3.2. For those aqueous samples not passed through the GPC 

step, adjust to 10.0 ml. The different final volumes are 

required because only half of the methylene chloride 

concentrates are recovered from the GPC cleanup. 

Diol Cartridge Cleanup 
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4.3.4.1 

4.3.4.2 

4.3.4.3 

4.3.4.4 

4.3.4.5 

4.3.4.6 

Attach the Vac-Elute vacuum manifold to a water aspirator or a 

vacuum pump with a trap installed between the manifold and the 

vacuum source. Adjust the vacuum pressure in the manifold to 

between 5 and 10 pounds of vacuum. 

Most liquid samples can be cleaned using a 500-mg Diol 

cartridge, the cleanup of soi I and sludge extracts must be 

accomplished using 1 g cartridges. 

Prior to cleanup of samples, the cartridges must be washed 

with hexane/acetone (9:1). This is accomplished by placing 

the cartridge 1n the vacuum manifold, pul I ing a vacuum and 

passing 5 ml of the hexane/acetone solution through the 

cartridge. 

After the cartridges in the manifold are washed, the vacuum is 

released and a rack containing labeled 10-ml volumetric flasks 

is placed inside the manifold. Care must be taken to ensure 

that the solvent line from each cartridge is placed inside of 

the appropriate volumetric flask as the manifold top is re

placed. 

After the volumetric flasks are 1n place, vacuum to the 

manifold is restored and a volume of 1.0 ml from each sample, 

blank or matrix spike extract to be analyzed 1s transferred to 

the top frit of the appropriate Diol cartridge. 

NOTE: Because the volumes marked on concentrator tubes are 

not necessarily accurate, the use of an 1.00-ml syringe or a 

volumetric pipet is required. 
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4.3.4.7 

4.3.4.8 

4.3.4.9 

The analytes 1n the extract concentrates are then eluted 

through the column with 9 ml of hexane/acetone (9:1) and col

lected into the 10-ml volumetric flasks held in the rack in

side the vacuum manifold. 

Transfer the eluate in each 

trifuge tube or 10-ml vial. 

volumetric 

Use 

flask to a clean cen-

rinses to ensure quantitative 

two additional 1 ml hexane 

transfer of the cartridge 

eluate. 

Concentrate the extract to 1.0 ml using nitrogen blow-down 

(described in 4.3.2). 

4.3.4.10 If crystals of sulfur are evident or sulfur 1s suspected to be 

present, proceed to Section 4.4. 

4.3.4.11 If the sulfur is not expected to be a problem, transfer the 

1.0-ml concentrate to a GC vial and label the vial. The ex

tract is ready for GC analysis, proceed to Section 5. Store 

the extracts at 4•c in the dark unti I analyses are performed. 

4.4 SULFUR REMOVAL 

4.4.1 

4.4.2 

4.4.3 

Two options are avai I able for the removal of sulfur from 

samples. The mercury technique appears to be the most rel i

able, but requires the use of smal I volumes of mercury in the 

laboratory. 

CAUTION: Mercury containing waste should be segregated and 

disposed of properly. 

Mercury Technique 
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4.4.3.1 

4.4.3.2 

4.4.4 

4.4.4.1 

Add 1 to 3 drops of mercury for each 1-ml hexane extract in a 

clean vial. Seal the vial and agitate for 30 seconds. Filter 

or centrifuge and decant to remove al I sol id precipitate and 

I iquid mercury. Analyze the extract if the mercury appears 

shiny. If the mercury turns black, repeat as necessary. 

Dispose of the mercury waste properly. 

If only a partial set of samples requires sulfur cleanup, an 

additional reagent blank is not required. 

Copper Technique 

Bright (non-oxidized) granular copper can be used in place of 

mercury in the procedure described in Section 4.4.3.1. 
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5.1 

5.1.1 

5.1.2 

5.1.3 

5.0 GC ANALYSIS-APOLAR 

SUMMARY 

Sample extracts are analyzed by both GC/ECD for organochlorine 

parameters and by GC/FPD for organophosphorous parameters. 

The primary column for both organochlorine and organophosphate 

analysis is a 15 m x 53 mm id 08-5 megabore capi I lary column 

(or equivalent). 

The secondary column for both organochlorine and organophos

phorous analyses is a 15 m x 0.53 mm id SPB-608 or 08-608 

megabore capi I lary column (or equivalent). 

5.2 GC CONDITIONS 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

Megabore capi I lary co~umns can be installed 

0.25-inch packed column injector and detector 

suitable glass adapters and graphite ferrules. 

1n standard 

ports using 

Because the 

column flow used is 5 ml/minute, it 1s necessary to supply a 

suitable makeup gas to the detector. 

Electron capture detectors should be plumbed with helium or 

hydrogen carrier and P-10 (Argon/methane) as a detector makeup 

gas, the detector temperature should be 275°(. 

Flame photometric detectors should be plumbed with helium or 

hydrogen carrier and nitrogen as a detector makeup, the 

detector temperature should be 250°(. 

The temperature program for organochlorine analysis 1s: 
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5.2.5 

5.2.6 

5.3 

5.3.1 

5.3.2 

Ti = 5o•c 

Initial time one minute 

Initial temperature ramp 20•/min to 150°C 

Second temperature ramp a•/min to 1ao•c 

Third temperature ramp 

Final hold 15 minutes 

Note: It may be necessary to adjust this temperature program 

for individual gas chromatographs. 

The temperature program for organophosphorous analysis 1s: 

Ti = so·c 
Initial time one minute 

Initial temperature ramp 5°/min to 140°C, hold 10 minutes 

Second temperature ramp 10°/min to 250°C 

Five minute final hold. 

Note: It may be necessary to adjust this temperature program 

for individual gas chromatographs. 

Injectors should be set at 260°C. 

CALIBRATION 

After establishing the appropriate GC operating conditions 

(5.2) for the method parameters, calibrate the GC system using 

the external standard technique. 

For each parameter of interest, prepare working standards at 

three concentration levels over a range of a least two orders 

of magnitude. The low concentration should be near to, but 
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5.3.3 

5.3.4 

above, the method detection I imit (Section 5.7). The medium 

concentration must be at least 10 times the lo~ concentration 

and the high concentration must be at least 10 times the 

medium concentration (at least 100 times the low 

concentration). These concentrations define the calibration 

range in which analytes can be quantitated. 

Three-point instrument calibration based on peak height or 

peak area is required for each single c~mponent pesticide. 

The laboratory has 3 choices on how to establish three point 

calibration. Only one of the three calibration methods can be 

used to quantitate samples 1n any single run sequence. 

laboratories cannot mix calibration techniques for samples 

quantitated using a single initial calibration. 

The laboratory can use a mean calibration factor (CF) 

determined from the three concentration but only if the ~ RSD 

for the three points is (10 percent. 

CF N Peak area (or height of the standard) = l/3 i~l Mass injected (ng) 

~RSO = so 
CF 

where SO = 

N=3 

x 100 

N 
r (CF - CF) 2 
~ 1 i 

N-1 
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5.3.5 

5.3.6 

5.3.7 

5.3.8 

5.4 

5.4.1 

The laboratory can use a calibration I ine drawn through al I 

three calibration points only if their value (coefficient of 

determination) from the I inear regression calculation 1s 

)0.975. 

Laboratories with electronic integrators or data systems that 

automatically calculate calibration curves as I ine segments 

between calibration points and the origin may use I ine segment 

calibration curves for each single component analyte. This 

technique may be used only if the r value (coefficient of 

determination) from the I inear regression calculation 1s 

)0.975 for al I three points for each single component analyte. 

Sample analysis may not proceed 

calibration has been demonstrated. 

unti I a satisfactory 

The working calibration curve or calibration factor must be 

verified on each working day by the measurement of one or more 

calibration standards. If the response for any parameter 

varies from the predicted response by more than *10~, a new 

calibration curve or calibration factor must be prepared for 

that parameter. 

QUANTITATION OF ANALYSES 

Analytes can be quantitated using either manual measurement of 

onscale chromatograms, with a modern electronic integrator, or 

with a laboratory data system. The analyst can use either 

peak height or peak area as the basis for quantitation. The 

use of electronic integration or a laboratory data system is 

strongly recommended. 
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5.4.2 

5.4.3 

5.4.5 

5.4.5.1 

If manual quantitation IS used, al I peaks used for 

calibration and for sample analysis must be onscale and give 

at least 20 percent deflection from baseline at maximum 

height. Guidance in the manual quantitation of peaks is given 

in the EPA MANUAL OF ANALYTICAL METHODS FOR THE ANALYSIS OF 

PESTICIDES IN HUMANS AND ENVIRONMENTAL SAMPLES, EPA-600/8-80-

038, or in the FDA Pesticide Analytical Manual. 

If electronic integration is used, it is the responsibi I ity of 

the analyst to be sure that the integration parameters are set 

properly and that off-scale chromatograms are within the dyna

mic range of the device. The analyst should also check for 

data flags that indicate improper quantitation of peaks prior 

to reporting data to the EPA. In addition, the peak width of 

identified analytes must not be more than 2.0 times the width 

of the high concentration calibration peak(s) for the same 

analyte. 

The detector response (peak area or peak height) to al I of the 

analytes must I ie between the response of the low and high 

concentrations in the three-point initial calibration in order 

to be quantitated. 

The concentration of the single component analytes are 

calculated using the fol lowing equations: 

Water 

concentration µg/L (5.10) 

Where: 

Ax = Response for the parameter to be measured. 

CF= Calibration factor for the external standard (5.3.3). 
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5.4.5.2 

5.4.6 

5.4.7 

Vt = Volume of total extract (µl) (take into account any 

dilution). 

V· I = Volume of extract injected (µl). 

vx = Volume of water extracted (ml) . 

Sediment/Soi I 

Concentration µg/kg (5 .10) 

(Ory weight basis) 

Where: 

Ax, CF, Vi = same as given above 1n 5.3.4.1 

0 100 - percent weight loss 
= 100 (percent weight loss from Section 3.3) 

Ws =Weight of sample extracted (g). 

The quantitation of multicomponent pesticide/PCBs must be 

accomplished by comparing the sum of the heights or the areas 

of at least three major peaks of the multicomponent analyte in 

the sample compared with the same peaks in the standard. The 

concentration of multicomponent analytes are also calculated 

using equations 5.10 and 5.11 where Ax 1s the sum of the major 

peaks of the multicomponent analyte. 

The identification and quantitation of multicomponent analytes 

may be comp I icated by the environmental alteration of the peak 

pattern of multicomponent pesticides/PCBs, and by the presence 

of coeluting analytes and/or matrix interference. 
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5.4.8 If more than one multicomponent 1s observed in a sample, the 

laboratory must chose separate 

ent multicomponent analytes. 

present in the sample must 

compounds in the same sample. 

peaks to quantitate the differ

A peak common to both analytes 

not be used to quantitate both 

5.5 Scheme of Analysis. 

5.5.1 

5.6 

5.6.1 

5.7 

5.7.1 

5.7.2 

A flow scheme for the analysis of samples by this procedure 

are given in Figure 1. 

Sample chromatograms. 

Sample chromatograms of mixtures containing al I single 

component analytes and of al I multicomponent analytes for both 

columns are presented in Figures 2-23. 

Method Detection I imits. 

Any method is dependent on the complexity of the sample matrix 

analyzed, but this procedure can be used to determine al I of 

the single component apolar organochlorine analytes (Table 1), 

except dial late to a detection I imit of (5 ppb. If greater 

sensitivity is required, the 9 ml of extract not subjected to 

Diol cleanup (4.3) can be blown down to 1 ml (4.3.2) and 

cleaned on a 1 g Diol column. This concentrate can be used to 

give a method detection I imit of (0.5 ppb. 

The procedure can be used to determine a 11 of the single 

component apolar organophosphate analytes (Table 2) to a 

detection I imit of (50 ppm. If greater sensitivity IS 

required, the 9 ml of extract not subjected to Diol cleanup 
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(4.3) can be blown down to 

column. This concentrate 

detection I imit of <5 ppb. 
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6.1 

6.1.1 

6.1.2 

6.1.3 

6.1.4 

6.2 

6.2.1 

6.0 EXTRACTION-PHENOXYACIDS 

OVERVIEW 

Phenoxyacids and their esters are extracted from acidified aque

ous samples using methylene chloride using a continuous I iquid 

extractor. 

Acids and esters are extracted from acidified sol id samples 

using methylene chloride/acetone and a sonicator. 

Most sludge samples are treated as sol id samples (6.3) and 30 g 

samples are extracted with methylene chloride/acetone with a 

sonicator. Some sludge samples may be treated as I iquid (6.2). 

In that case, 30 g are added to 1 L of reagent water and 

extracted using a continuous extractor. 

The sample extracts are reduced in volume using a K-D apparatus, 

the free phenoxyacid herbicides are partitioned into aqueous 

base and the esters into methylene chloride. The esters are 

hydrolyzed using aqueous potassium hydroxide and neutral organ

ics are partitioned into methylene chloride and discarded. The 

two basic aqueous fractions containing phenoxyacids are combin

ed, acidified, and the acids are extracted into methylene 

chloride. The phenoxyacids are then derivitized with diazometh

ane and analyzed by GC/ECD. 

LIQUID SAMPLE EXTRACTION-PHENOXYACID 

Liquid samples must be extracted using continuous extraction. 

Using a 1 I iter graduated cylinder, measure out a 1 I iter sample 

aliquot and place it into the continuous extractor. 
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6.2.2 

6.2.3 

6.2.4 

6.2.5 

6.2.6 

6.2.7 

6.3 

6.3.1 

With some samples, it may be necessary to place a layer of glass 

wool between the methylene chloride and water layers in the 

extractor to prevent precipitation of suspended sol ids into the 

methylene chloride during extraction. Any sample in which 

solids precipitate through the glass wool must be treated as 

solids (6.3). 

The percent weight loss of volatiles from sludge must be 

determined and reported according to the procedure described 1n 

Section 6.3.1.3. 

After the sample has been transferred to the extractor, measure 

and record the pH of the sample with wide range pH paper and 

adjust to below 2 with 1:1 sulfuric acid, if required (Caution: 

some samples should be acidified 1n the hood because of the 

potential for generating hydrogen sulfide). 

Add sufficient methylene chloride to the disti I I ing flask to 

ensure proper cycling during operation and extract for 18 hours. 

If sol ids are present 1n the methylene chloride, after 

extraction, filter the organic phase through Watman fl paper. 

Transfer the methylene chloride fraction to a 500 ml separatory 

funnel and proceed to the separation of the phenoxyacids and 

phenoxyesters (6.4). 

SOLID SAMPLE EXTRACTION-PHENOXYACID 

Sample Preparation 

D-38 



6.3.1.1 Mix samples thoroughly, especially composited samples. Discard 

any foreign objects such as sticks, leaves, and rocks. Also, 

decant and discard any standing aqueous phase. The lab must 

estimate to the nearest 10 percent (by weight) the amount of 

water decanted (and discarded) from the sample and report that 

value on the data sheet. 

6.3.1.2 Transfer 30g of sample to a 100 ml beaker. Add 50 ml of water 

and stir for 1 hour. Determine pH of sample using a glass 

electrode and pH meter while the sample is stirring. Report pH 

value with the data, then determine the amount of 1:1 sulfuric 

acid/water required to reduce the pH to (2. Discard the portion 

of the sample used for pH determination. 

6.3.1.3 Transfer 5 to 10 g of the sediment into a tarred crucible or 

aluminum weighing pan and weigh to the nearest 0.01 g. Transfer 

the sediment and weighing pan into an over monitored at 105°C 

and dry overnight. Al low the sample and weighing pan to cool in 

a desiccator before weighing. Concentrations of individual 

analytes wi I I be reported relative to the dry weight of 

sediment. (Caution: Gases volati I ized from some soi I/sediment 

samples may require that this drying procedure be carried out in 

a hood.) 

6.3.2 

6.3.2.1 

wt of sample - wt of dry sample X lOO = 
wt of sample ~ weight loss (6.1) 

Extraction with Sonic Agitation 

Weigh approximately 30 g of sample (to the nearest 0.1-g) into 

a 400-ml beaker. 
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6.3.2.2 

6.3.2.3 

6.3.2.4 

6.3.2.5 

5.3.2.6 

6.3.2.7 

6.3.2.8 

6.3.2.9 

Add the amount of 1:1 sulfuric acid/water determined in 

6.3.1.2 (Caution: some samples may evolve toxic gases on the 

addition of acid). 

Add 60 g of acidified sodium sulfate. 

Some wet sludge samples may require more than 60 g of 

acidified sodium sulfate. The laboratory is required to add 

sufficient acidified sodium sulfate to adsorb al I of the water 

in the sample prior to adding organic solvent. 

Immediately add 80 ml 

mixture to the sample. 

of 1:1 methylene chloride:acetone 

Place the sonicator probe about 1/2 inch below the surface of 

the solvent but above the sediment layer. 

Sonicate for 3 min., using the 3/4 inch horn at ful I power 

with pulse set at 50 percent. Do not use a microtip. 

Caution - the sonicator horn must be cleaned in 5~ aqueous 

sodium bicarbonate and methanol between samples. If acid is 

al lowed to remain on the horn, it wi I I be damaged. 

Prepare a filtration/drying bed by placing a plug of glass 

wool in the neck of a 10-cm 

funnel to approximately half 

powder funnel and f i I I ing the 

its depth (4 or 5 cm) with 

acidified sodium sulfate. Decant the extract through the 

packed funnel and collect it 1n a 500-ml evaporation (K-D) 

flask, or a 500 ml centrifuge bottle. 
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6.3.2.10 Repeat the extraction two more times with fresh 80 ml portions 

of the 1:1 methylene chloride:acetone mixture. Decant the 

extraction solvent after each sonication. After the final 

sonication, pour the entire 

with a 60-ml portion of 

mixture. 

sample into the funnel and rinse 

the 1:1 methylene chloride:acetone 

6.3.2.11 If required, centrifuge the combined extract for 10 minutes to 

settle fine particles then filter the extracts through Whatman 

#1 filter paper into a 500 ml K-D flask. 

6.3.2.12 Transfer the methylene chloride fraction to a 500 ml 

separatory funnel prior to the separation of the phenoxyacids 

and phenoxyesters. 

6.4 

6.4.1 

6.4.2 

£.4.3 

ESTER HYDROLYSIS 

Extract the organic phase of the phenoxyacid preparation two 

times with 100 ml portions of 0.1 N aqueous sodium hydroxide. 

Combine the aqueous (top) layers containing the free acid 

herbicides in a beaker and save. The organic (bottom) layer 

contains the herbicide esters, which must be hydrolyzed. 

Transfer the methylene chloride layer into 500-ml Kuderna

Danish flask. Add boi I ing chips to the K-D and fit it with a 

three-bal I Snyder columns. Wet the Snyder column with 1 ml of 

methylene chloride and reduce the methylene chloride to a 

volume of approximately 25 ml on the water bath. 

Remove the flask from the water bath and al low it to cool. 

Then add 5 ml of 37~ aqueous potassium hydroxide, 30 ml of 

disti I led water and 40 ml of methanol to the flask. 
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6.4.4 

6.4.5 

6.4.6 

6.4.7 

6.4.8 

6.4.9 

6 .4 .10 

6.4.11 

6.4 .12 

Add additional boiling chips to the flask. Reflux the mixture 

in the K-D on the water bath for 2 hours. Remove the flask 

from the water bath and cool to room temperature. 

Transfer hydrolysate from the K-0 flask to a 250 ml separatory 

funnel. Extract the aqueous residue with 50 ml of methylene 

chloride and discard the methylene chloride (bottom layer) 

which contains neutral interferents. 

At this point the two aqueous solutions containing the free 

herbicide salts from 6.4.1 and 6.4.5 can be combined (they can 

be analyzed separately, if required). 

Add sulfuric acid to the basic aqueous solutions to adjust the 

pH to ~l. 

Transfer the acidified aqueous solution into a 500 ml 

separatory funnel and extract the solution three times with 

100 ml portions of methylene chloride. 

Combine the organic extracts 1n 500 ml Kuderna-Danish flasks. 

Add boi I ing chips to the extracts in the flasks and fit them 

with three-bal I Snyder columns. 

Evaporate the methylene chloride to approximately 5 ml on a 

hot water bath (the samples may be stored at this stage). 

Remove the flasks from water bath. Evaporate the extracts 

just to dryness under a stream of nitrogen. 

Re-dissolve the extracts 1n 10 ml of iso-octane. 
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6.4.13 Transfer 1 ml of the iso-octane solution to a clean vial and 

add 0.5 ml of methanol and 3 ml of ether. The sample is now 

ready for methylation with diazomethane (the sample should not 

be stored overnight at this step). 
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7.0 ESTERIFICATION 

7.1 The diazomethane derivatization procedure described below wi I I 

produce an efficient reaction with all of the chlorinated 

herbicides described in this method. It should be used only 

by an experienced analyst, due to the potential hazards 

associated with its use. 

7.2 Diazomethane 1s a carcinogen and can explode under certain 

conditions. The fol lowing precautions should be taken: 

• Use a safety screen. 

• Use mechanical pipetting aides to reduce potential contact 

with diazomethane. 

• Do not heat above go•c - EXPLOSION may result. 

• Avoid grinding surfaces, ground-glass joints, sleeve 

bearings, and glass stirrers - EXPLOSION may result. 

•Store away from alkali metals - EXPLOSION may result. 

• Solutions of diazomethane decompose rapidly in the presence 

of sol id materials such as copper power, calcium chloride, 

and boiling chips. 

7.3 Specific instructions for preparing diazomethane are provided 

with the generator kit. They must be fol lowed precisely. 

7.4 Add 2 ml of diazomethane solution and let the sample stand for 

10 minutes with occasional swirling. The yellow color of 
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diazomethane should be evident and should persist for this 

period. If the yellow color disappears before 10 minutes has 

passed, add an additional 2 ml of diazomethane solution. 

Colored or highly complex samples wi I I require at least 4 ml 

of diazomethane to ensure quantitative reaction of al I 

phenoxyacid herbicides. For these samples, diazomethane must 

be added unti I no evolution of nitrogen is observed after the 

addition of etherial diazomethane. 

7.5 After 15 minutes rinse inside wal I of ampule with several 

hundred µl of ethyl ether. Reduce the sample to approximately 

1 ml under a stream of nitrogen. Remove any excess 

diazomethane by reacting it with 10 mg si I icic acid. 

7.6 Remove all of the solvent under a stream of dry nitrogen 

{4.3.2). When the vial 1s just dry, remove it from the 

nitrogen. 

7.7 Immediately transfer the phenoxyesters to an autosampler vial 

using hexane and adjust the final sample volume to 1.00 ml 

prior to GC analysis. 
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8.0 GC ANALYSIS-PHENOXYACIDS 

8.1 SUMMARY 

8 .1.1 

8.1.2 

8.1.3 

8.2 

8.2.1 

8.2.2 

8.2.3 

Extracts are analyzed by 

phenoxyacid herbicides. 

GC/ECD for methyl esters of 

The primary column for analysis is a 15 m x 0.53 mm ID DB-5 

megabore capi I lary column (or equivalent). 

The secondary column for analyses is a 15 m x 0.53 mm ID SPB-

608 or 08-608 megabore capi I lary column (or equivalent). 

GC CONDITIONS 

Megabore capillary columns can be installed 1n 0.25-inch 

packed column injector and detector ports using suitable glass 

adapters and graphite ferrules. Because the column flow used 

wi I I be approximately 5 ml/minute, it is necessary to supply a 

suitable makeup gas to the detector. 

ECD's should be plumbed with helium or hydrogen carrier gas 

and P-10 as a detector makeup gas. 

The in i ti a I temperature program to use for phenoxyacid 

herbicide analysis on both columns is: 

T· I = so·c 

Initial time one minute 

Initial temperature ramp 1s•/min to 14o•c 

Second temperature ramp 2°/min to 18o·c 

Final temperature hold 10 minutes 
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8.2.4 

8.3 

8.3.1 

8.3.2 

8.3.3 

it may be necessary to adjust the temperature program for 

individual gas chromatographs. 

GC injectors should be set at 260°C. 

CALIBRATION 

After establishing the appropriate GC operating conditions 

(8.2) for the method parameters, calibrate the GC system using 

the external standard technique. 

For each parameter of interest, prepare working standards at 

three concentration levels over a range of at least two orders 

of magnitude by reacting solutions of phenoxyacid standards 

with diazomethane using the procedure described in Section 7.0 

(quantitative yield of methyl esters from standards and 

samples is assumed). The low concentration should be near to, 

but not above, the method detection I imit (8.7). The medium 

concentration must be at least 10 times the low concentration 

and the high concentration must be at least 10 times the 

medium concentration (at least 100 times the low 

concentration). These concentrations define the calibration 

range in which analytes can be quantitated. 

Three-point instrument calibration based on peak height or 

peak area is required for each single component pesticide. 

The laboratory has 3 choices on how to establish three point 

calibration. Only one of the three calibration methods can be 

used to quantitate samples 1n any single run sequence. 

laboratories cannot mix calibration techniques for samples 

quantitated using a single initial calibration. 
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8.3.4 

8.3.5 

8.3.6 

8.3.7 

The laboratory can use a mean calibration factor (CF) 

determined from the three concentration but only if the~ RSD 

for the three points is (10 percent. 

CF _ 113 ~ Peak area (or height of the standard) 
- i=l Mass injected (ng) (5 .3) 

SD 
~RSD = LF x 100 (5.4) 

- CF) 2 

where SD N-1 (5 .5) 

N=3 

The laboratory can use a calibration I ine drawn through al I 

three calibration points only if their value (coefficient of 

determination) from the I inear regression calculation 1s 

)0.975. 

Laboratories with electronic integrators or data systems that 

automatically calculate calibration curves as I ine segments 

between calibration points and the origin may use I ine segment 

calibration curves for each single component analyte. This 

technique may be used only if the r value (coefficient of 

determination) from the I inear regression calculation 1s 

)0.975 for al I three points for each single component analyte. 

Sample analysis may not proceed unti I a satisfactory 

calibration has been demonstrated. 
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8.3.8 

8.4 

8.4.1 

8.4.2 

8.4.3 

The working calibration curve or calibration factor must be 

verified on each working day by the measurement of one or more 

calibration standards. If the response for any parameter 

varies from the predicted response by more than *10~, a new 

calibration curve or calibration factor must be prepared for 

that parameter. 

QUANTITATION OF ANALYSES 

Analytes can Qe quantitated using either manual measurement of 

onscale chromatograms, with a modern electronic integrator, or 

with a laboratory data system. The analyst can use either 

peak height or peak area as the basis for quantitation. The 

use of manual integration 1s strongly discouraged. 

If manual quantitation 1s used, al I peaks used for 

calibration and for sample analysis must be onscale and give 

at least 20 percent deflection from baseline at maximum 

height. Guidance in the manual quantitation of peaks is given 

in the EPA MANUAL OF ANALYTICAL METHODS FOR THE ANALYSIS OF 

PESTICIDES IN HUMANS ANO ENVIRONMENTAL SAMPLES, EPA-600/8-80-

038, or in the FDA Pesticide Analytical Manual. 

If electronic integration is used, it is the responsibi I ity of 

the analyst to be sure that the integration parameters are set 

properly and that off-scale chromatograms are within the 

dynamic range of the device. The analyst should also check 

for data flags that indicate improper quantitation ~T peaks 

prior to reporting data to the EPA. In addition, the peak 

width of identified analytes must not be more than 2.0 times 

the width of the high concentration calibration peak(s) for 

the same analyte. 
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8.4.4 

8.4.5 

8.4.5.1 

The detector response (peak area or peak height) to al I of the 

analytes must I ie between the response of the low and high 

concentrations in the three-point initial calibration 1n order 

to be quantitated. 

The concentration of the surrogate and of the single component 

analytes are calculated using the fol lowing equations· 

Water 

concentration 
(Ax) (Vt) = ---------

(CF) (Vi) (V x) µg/l 

Where: 

Ax = Response for the parameter to be measured. 

CF= Calibration factor for the external standard. 

{5 .10) 

Vt = Volume of total extract (µL) (take into account any 

~i I ution). 

Vi = Volume of extract injected (µL). 

Vx = Volume of water extracted (ml). 

8.4.5.2 Sediment/Soi I 

Concentration µg/kg (5.10) 

(Ory weight basis) 

Where: 

Ax, CF, V; =same as given above 1n 5.3.4.1 
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D = 100 - perc~~~ weight loss (percent weight loss from Section 3.3) 

Ws = Weight of sample extracted (g) 

8.5 FLOW SCHEME 

8.5.1 A flow scheme for the analysis of samples by this procedure 

are given in Figure 1. 

8.6 SAMPLE CHROMATOGRAMS 

8.6.1 

8.7 

8.7.1 

Sample chromatograms of mixtures containing al I single 

component analytes and of al I multi-component analytes are 

presented in Figures 2-23. 

METHOD DETECTION LIMIT 

Any method is dependent on the complexity of the sample matrix 

analyzed, but this procedure can be used to determine al I of 

the phenoxyacid analytes except 24-D (Table 3) to a detection 

limit of (5 ppb. If greater sensitivity is required, the 

remaining 9 ml of iso-octane extract can be blown down to 1 ml 

(3.3.2) and esterified. This concentrate can be used to give 

a method detection burst of 0.5 ppb. 
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9.0 QUALITY CONTROL 

9.1 Each time a set of samples 1s extracted or there 1s a change 

in reagents, a method blank should be processed to demonstrate 

that al I glassware and reagents are interference-free. Method 

interferences may be caused by contaminants 1n solvents, 

reagents, glassware, and other sample processing hardware; 

these contaminants lead to discrete artifacts, and/or elevated 

baselines, in gas chromatograms. Interferences by phthalate 

esters especially can pose a major problem 1n pesticide 

analysis when using the electron capture detector. Common 

flexible plastics contain varying amounts of phthalates which 

are easily extracted during laboratory operations. Cross

contamination of clean glassware routinely occurs when 

plastics are handled. Interferences from phthalates can best 

be minimized by avoiding the use of such plastics in the 

laboratory. Exhaustive cleanup of reagents and glassware may 

be required to eliminate background phthalate contamination. 

9.2 Standard quality assurance practices should be used with this 

method. Field replicates should be collected to validate the 

prec1s1on of the sampling technique. Laboratory replicates 

should be analyzed to validate the precision of the analysis. 

It is suggested that the response of the external standards be 

plotted daily as a qua I ity control check. Where doubt exists 

over the identification of a peak on the chromatogram, 

confirmatory techniques such as GC/MS should be used. 

9.3 Waste samples spiked with selected analytes must be analyzed 

for at least 10~ of the samples to validate the accuracy of 

the analysis. The results of the recovery of spiked analytes 

must be reported with sample data. 
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9.4 

9.5 

9.5.1 

At the option of the I.T.D., the requirement for spiking at 

least 10~ of the samples with selected herbicides may be 

replaced with a requirement for analyzing a matrix 

spike/matrix spike dup Ii cate (MS/MSD) pair for every 20 

samples analyzed. 

The MS/MSD pair are prepared by spiking duplicate sample 

a Ii quots with the particular matrix spiking solutions 

described below. The MS/MSD pair as wel I as the unspiked 

sample are analyzed by the procedures described in this 

protocol. The recoveries of the matrix spike compounds are 

reported with the sample data using the formula below. 

u . . SSR-SR matrix spike recovery = SA x 100 

SSR =Sample spike results 

SR = Sample result 

SA = Spike added 

The apolar MS/MSD samples are each spiked with two solutions. 

One for organochlorine compounds and the other for 

organophosphates. The spiking solution for organochlorines is 

the same one as is used in the CLP analysis of organochlorine 

pesticides and is I isted below. 

Pesticide µg/1.0 ml 

gamma-BHC 0.5 

Heptachlor 0.5 

Aldrin 0.5 

Dieldrin 1.0 

Endrin 1.0 

4,4'-DDT 1.0 
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9.5.2 

The spiking solution for organophosphate pesticides 1s I isted 

below. 

Pesticide µg/1.0 ml 

Chlorpyriophos 100 

Fenthion 100 

Malathion 100 

Parathion, ethyl 100 

Carbofenthion 100 

The solutions are prepared in acetone and must be al lowed to 

equilibrate at room temperature before they are spiked. 

The phenoxyacid MS/MSD samples are spiked with the mixture 

I isted below. 

Herbicide 

2,4-0 

2,4,5-T 

µg/1.0 ml 

0.5 

0.5 

The solution is prepared 1n acetone and must be al lowed to 

equilibrate at room temperature before it is spiked. 

9.6 It 1s critical that analysts become proficient with capi I lary 

GC analysis before using this method to generate quantitative 

results. 

9.7 Store stock solutions of standards at 4•c and protect from 

I ight. Al I such solutions must be checked frequently for 

signs of degradation or evaporation. Organophosphorous 

standards are particularly prone to hydrolysis during storage. 

D-54 



10.0 REFERENCES 

10.1 Statement of Work CC Methods for Environment Samples, 

Pesticides, PCP's {proposed), Prepared for J. Fisk, Office of 

Remedial and Emergency Response, USEPA, by P. Marsden and D. 

Bottrel I. 

10.2 Single-Laboratory Validation of EPA Method 8150 for the Analysis 

of Chlorinated Herbicides in Hazardous Waste, EPA 600/4-85-060, 

prepared for D.F. Gurka, QAD, EMSL-LV, by F. Shore, E.N. Amick, 

and S.T. Pan. 

10.3 Single Laboratory Validation of EPA Method 8140 for the Analysis 

of Organophosphorous Pesticides in Hazardous Waste (in 

manuscript), prepared for D. Betowski, QAD, EMSL-LV, by V. 

Taylor, D. Hickey, and P. Marsden. 

10.4 Methods for Organic Chemical Analysis of Municipal and Industrial 

Waste Water, EPA 600/4-82-057, by J.E. Longbottom and J.J. 

Lichtenberg. 

D-55 



COMPOUND 

TABLE 1 

~FOLAR O~GANOCHLORINE 

PARAMETERS OF THE CONSOLIDATED METHOD 

METHOD 
RETENTION TIME 

DB-5 SPB-6(18 

--------------------------------------------------------------
Aldrin 608,617 19.77 18. 3:::; 2:.66 
Aroclor 1016 608,617 multiple multiple multi pl a 
Aroclor 1:21 608,617 multiple multiple multiple 
Aroclor 123= 608,617 multiple multiple multiple 
Aroclor 1:!4'.: 608,617 multiple multiple rnul tip le 
Arocl or 1248 608,617 multiple multiple multiple 
Aroclor 1254 608,617 multiple multiple multiple 
Aroclor 1260 608,617 multiple multiple multiple 
BHC,alpha 608,617 13. 77 1::. 7(1 19.48 
BHC,beta 608,617 14.74 15.04 =•). 41 
BHC,gamma 608,617 15.01 15.2: =•).09 
BHC,delta 608,617 15.93 17.15 .::1. Bo 
C.aptan 617 ~~-<)3 24.:4 nd 
Carbophenth1on 617,622 28.44 :S.69 :;1). 4:: 
Chlordane 608,617 multiple multiple multiple 
Chlorobenzylate 608.1 26.49 :o.o: :s.::s 
DOD 608,617 26.99 26.79 29. 17 
DOE 608,617 :4. 70 24.!6 ':.7. lt) 
DDT 6<:08,617 29. <)1 :8.75 :.o. :;::: 
D1butylchlorendate no 34.::0 ::: . 61 ::::. • 4 7 
01chloran 617 14. ::1 14. 80 19. 7::; 
D1eldrin 608,617 24.88 ::4.35 27.:::;4 
Endosulfan I 608,617 2:::.54 :2.81 :6. l 7 
Endosulfan I I 608,617 :6.49 :7. 15 :9.::8 
Endosulfan sulfate 608,617 28.77 29.41 ::1.21 
Endrin 608,617 26.0~ 26. 11 :S.69 
Endr1n Aldehyde 608,617 :7.48 :0. 0: ::1.:1 
Endrin ketone no 31.25 ::3.:.7 31. 51 
Heptachlor 608,617 18. 14 16.87 21 . ::0 
Heptachlor epox1de 608,617 21.69 :1.01 24.86 
He~: abr omob en:: ene no 31.85 :: 1. 54 ::4.79 
Hexachlorobenzene no 14.:4 13.::7 nd 
Isodrin 617 21. 19 ::o. :;::: :4.::6 
Methoxychlor 617 3:::. 17 :;:::;. :.7 ::::::. 46 
Mire:: no ::4.49 :::3.59 ::..::. 68 
N1 trofen 608.1,617 25.99 26 •. 35 -.- . 

-' • .:>o 
PCNB 617 15.24 14.78 19.50 
To::aphene multiple multiple multiple 
Trifluralin 1:.95 11.01 14.8:: 

RELATED COMPOUNDS 
COMPOUND METHOD 08-5 SPB-6<)8 

Captof ol no :: 1. :::6 ::6.8~ 

Chloroneb 608.1 10.46 10.67 
Chloropropylate 608. 1 nd nd 
DBCP 6(•8. 1 5.91 5.96 - I.. I•~ 

Di cofol 617 -..., -e 
•.J""-• _.~ :;:.76 

Etrida::ole 608.1 9.82 9.76 
Kepone no 28. (J4 :6.:8 
Pe,.. thane <Ethylanl no :.b.~3 26.1)9 
Propachlor 617 nd nd 
Strabane 608,617 multiple multiple multiple 

01allate<c1s,transl no l 3. 57 ' 1::. 9 1 l 2. 89 , 1::. 2(1 
nd = not determined 
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TABLE 2 

APOLAR ORGANOPHOSPHOROUS 
PARAMETERS OF THE CONSOLIDATED METHOD 

COMPOUND 

A::inphos ethyl 
A::1nphos methyl 
Carbophenthion 
Chlorfenv1nphos 
Chlorpyrophos 
Coumophos 
Demeton <m1:<ed1 
D1azinon 
Dichlovos 
D1crotophos 
Dimethoate 
D10:.:athion 
Disulfoton 
EPN 
Eth ion 
Famphur 
Fensulfoth1on 
Fenthion 
HMPA 
Leptopho~ 

Malathion 
Mev1nphos 
Monocrotophos 
Ne.led 
P~rath1on, ethyl 
Par-athion, methyl 
Phorate 
Phosmet 
Phospham1don 
S•..tlfotepp 
TEPP 
T~rbuphos 

Tetrachl~rov1nphos 

TOCP 

METHOD 

no 
614,6:2 

RETENTION TIME 
DB-5 SPB-608 

39. •)4 
38.34 

:::B.49 
38.04 

617,62~ :5.25 35.10 
no :::::.57 31.86 

622 31.17 26.88 
6:2 39.83 38.87 
614,622 18.31,20.96 15.90,18.84 
614,622,7 24.27 20.00 
6:2 9.63 7.91 

614,622 

614,71)1 

61ol., 701 

6
..,,.., ..__ 

614,701 
014,622,7 

15.23 
20.64 
39.93 
2:::. 71 
37.80 
36. 17 
36.43 
35.83 
31. 83 
10.69 
::8.47 
31.72 
14. 18 
20.04 
19.01 
:::1. 85 
:: l. 83 
19.94 
::7.56 
27 .(•5 
:c,. 11 

6.44 
-.~ . -
·-· C>...:· 
34.65 

19. 12 
20. 18 
33.17 
19.96 
36.71 
34.79 
35G93 
35.20 
29.45 

9.23 
-- ""'.'IC' .;,.1. 4...J 

28.78 
12.88 
21). 11 
17.40 
27.62 
2:::. 71 
17.52 
-::,7. '.:(, 
24.46 
10.0: 
5. l~ 

18.81 
:::.99 
37.71 

Tri·=hlorofon 
Tr1methyl phosphate 

::B.79 
11.91 

.., -... 
-· ·-·..J 

nd 
nd 

RELATED COMPOUNDS 
COMPOUND METHOD DB-5 SPB-608 

Bol star o-.":' ::6. ::4 nd 
Chlarpvrophos,me 6"""" nd nd 
Cr-oto:·:yphos no ::4.06 :::: • 07 
[11ch1 orf enth 1 on 71:11 9.6::: 7.91 
Clhc•prcp '..,.., o ....... 18.6:: lo.48 
t••erpn ::is 6.22 nd ::6. a:: 
!'opt h'i 1 tr1th1cn 7•)1 nd nd 
Rann..al no ::q. ::: :::: . 98 
Io~ L• t t-. i on no 34.67 no 
Tr1chlo,...cnat.;! no ::::. 19 nd 
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TABLE 3 

PHENOXYACID 
ANALYTES OF CONSOLIDATED METHOD 

COMPOUND METHOD DB-5 SPB-608 

Dinoseb 615 3C>. 28 26.25 
2,4-D 615 20.84 22.91 
2,4,5-T 615 26.95 29. 13 
2,4,5-TP 615 25.78 29.83 

RELATED COMPOUNDS 
Da.la.pon 
2,4-DB 
Dica.mba 
Dichlorprop 
MCPA 
MCPP 

615 
615 
615 
615 
615 
615 

29.7 32. 15 
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TABLE 4 

RECOVERY OF SINGLE COMPONENT 
HALOGENATED PESTICIDES <50 ng/LJ 

DB-5 SPB-608 
COMPOUND RECOVERY <%> rsd RECOVERY <%) rs~ 

Aldrin 
BHC,alpha 
BHC,beta 
BHC,gamma 
BHC,delta 
Capt an 
Carbophenthion 
Chlorobenzylate 
DOD 
DOE 
DDT 
Dial late 
Dichlora.n 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan 804 
Endrin 

82.2 
105.9 
94.2 

109.9 
* 30.4 

nd 
* 185.2 

118.2 
117.2 
82.1 
97.3 

nd 
23.4 
93.7 
81.6 
63.7 

* 38.3 
97.2 

Endrin Aldehyde * 
Endrin ketone * 
Heptachlor * 
Heptachlor epoxide * 
Hexachlorobenzene 
Isodrin 
t1etho~·: ych 1 or 
Mi re:·~ 
Nitrofen 
PCNB 
Trifluralin 

14. 1 
59.1 

468.3 
nd 
54.9 

104.9 
90.5 
90.3 
97.5 

111. 3 

5. 1 75. 7 
7.9 108.7 
9.1 99.9 
3. 8 103. 3 

48 * 27.0 
nd 

8 * 
12 86.5 

8.5 113.2 
32 89. (> 

18 89. 1 

,..., ' ,,;.,O 

16 
16 
34 

28 

21 
12 

9.8 
1 1 
14 

5.5 

nd 
28. 1 , 

1u2.s 
83.8 
74.4 

* 14.5 
100.6 

* 
* 
60.4 
85.1 

nd 
59.2 

106.6 
108.5 
115.0 
93.3 

123.8 

Values marked with a <*> had coeluting peaks 
nd = not determined 
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16 

8.8 
l (i. 6 

25 
8.9 

13 
9.3 

13 
24 

28 
4.6 

17 
3.9 
7. 1 
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TABLE 5 

RECOVERY OF PHOSPHATE PESTICDES 
SPil<ED AT 51) PFf3 

compound recovery r.s.d. 

Azinphos ethyl 77.0 8.91.. 
Azinphos methyl 83.1 4.9/. 
Carbophenthion 136.6 15.81.. 
Chlorpyrophas 84.l 4.8/. 
Caumophos 73.0 9.31.. 
Diazinon 86.9 4.61.. 
Di ch l orvo·:. 80.6 4.51.. 
Dicrotophos 95.8 5.81.. 
Dimethoate 42.5 31.41.. 
Dio:<athion 79.6 7.21. 
EPN 81. 8 6. o~-:. 
Eth ion 82.0 5.41.. 
Famphur 62.8 14.51. 
HMPA 1 ''·"· ~ ..:..'-' . ..:.. 4.41. 
Leptophos 77.2 8.9/. 
Malathion 89.8 5. 9i: 
Parathion, ethyl 82.6 7.41.. 
Parathion, methyl 82.0 5.61.. 
Phorate 97.0 5.01.. 
Sulfatepp 100.7 5. 2i: 
TEPP 82.0 18.21.. 
Terbuphas 87.3 4.51.. 
Tetrachlorovinphos 88.::: 11. 01. 
TOCP 81. 7 8. O'l. 
Trichlorofon 40.4 27.91.. 
Tri methyl phosphate 25.6 15. 1/. 
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COMPOUND 

·oinoseb 
2,4-D 
2,4,5-T 
2,4,5-TP 
2,4-DB 

TABLE 6 

RECOVERY OF PHENOXYACID 
HERBICIDES SPIKED AT 10 PPS 

PERCENT 
RECOVERY r.s.d. 

58 9.8/. 
92 5.0/. 
69 9. 1 i~ 
60 7. 6/. 
86 9.5/. 
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18 December 1986 

Method 1624, Revision c 

Volatile Organic Compounds by Isotope Dilution GCMS 

1 Scope and application 

1.1 This method is designed to determine the volatile toxic organic 

pollutants associated with the 1976 Consent Decree; the Resource 

Conservation and Recovery Act; the Comprehensive Environmental 

Response, Compensation and Liabilities Act; and other compounds 

amenable to purge and trap gas chromatography-mass spectrometry 

(GCMS) . 

l.2 The chemical compounds listed in tables l and 2 may be determined 

in waters, soils, and municipal sludges by this method. The method 

is designed to meet the survey requirements of the Environmental 

Protection Agency. 

1.3 The detection limit of this method is usually dependent on the 

level of interferences rather than instrumental limitations. The 

levels in table 3 typify the minimum quantity that can be detected 

with no interferences present. 

1.4 The GCMS portions of this method are for use only by analysts 

experienced with GCMS or under the close supervision of such quali

fied persons. Laboratories unfamiliar with analyses of environmen

tal samples by GCMS should run the performance tests in reference 1 

before beginning. 

2 Summary of method 

2.1 The percent solids content of the sample is determined. If the 
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solids content is known or determined to be less than one percent, 

stable isotopically labeled analogs of the compounds of interest 

are added to a 5 mL sample and the sample is purged with an inert 

gas at 20 - 25 °c in a chamber designed for soil or water samples. 

If the solids content is greater than one percent, five mL of 

reagent water and the labeled compounds are added to a 5 gram 

aliquot of sample and the mixture is purged at 40 °c. Compounds 

that will not purge at 20 - 25 °c or at 40 °c are purged at 75 - 85 

oc. 

In the purging process, the volatile compounds are transferred from 

the aqueous phase into the gaseous phase where they are passed into 

a sorbent column and trapped. After purging is completed, the trap 

is backflushed and heated rapidly to desorb the compounds into a 

gas chromatograph (GC). The compounds are separated by the GC and 

detected by a mass spectrometer (MS) (references 2 and 3). The 

labeled compounds serve to correct the variability of the analyti

cal technique. 

2.2 Identification of a pollutant (qualitative analysis) is performed 

in one of three ways: (l) For compounds listed in table l and 

other compounds for which authentic standards are available, the 

GCMS system is calibrated and the mass spectrum and retention time 

for each standard are stored in a user created library. A compound 

is identified when its retention time and mass spectrum agree with 

the library retention time and spectrum. (2) For compounds listed 

in table 2 and o~her compounds for which standards are not avail

able, a compound is identified when the retention time and mass 

spectrum agree with those specified in this method. (3) For 

chromatographic peaks which are not identified by (l) and (2) 

above, the background corrected spectrum at the peak maximum is 
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compared with spectra in the EPA/NIH Mass Spectral File (reference 

4). Tentative identification is estal:>lished when the spectrum 

agrees. 

2.3 Quantitative analysis is performed in one of four ways by GCMS 

using extracted ion current profile (EICP) areas: (l) For com

pounds listed in table l and other compounds for which standards 

and labeled analogs are available, the GCMS system is calibrated 

and the compound concentration is determined using an isotope 

dilution technique. (2) For compounds listed in table l and for 

other compounds for which authentic standards but no labeled 

compounds are available, the GCMS system is calibrated and the 

compound concentration is determined using an internal standard 

technique. (3) For compounds listed in table 2 and other compounds 

for which standards are not available, compound concentrations are 

determined using known response factors. (4) For compounds for 

which neither standards nor known response factors are available, 

compound concentration is determined using the sum of the EICP 

areas relative to the sum of the EICP areas of the nearest eluted 

internal standard. 

2.4· Quality is assured through reproducible calibration and testing of 

the purge and trap and GCMS systems. 

3 Contamination and interferences 

3.l Impurities in the purge gas, organic compounds out-gassing from 

the plumbing upstream of the trap, and solvent vapors in the 

laboratory account for the majority of contamination problems. The 

analytical system is demonstrated to be free from interferences 

under conditions of the analysis by analyzing reagent water blanks 

initially and with each sample batch (samples analyzed on the same 
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8 hr shift), as described in section 8.5. 

3.2 Samples can be contaminated by diffusion of volatile organic 

compounds (particularly methylene chloride) through the bottle seal 

during shipment and storage. A field blank prepared from reagent 

water and carried through the sampling and handling protocol serves 

as a check on such contamination. 

3.3 Contamination by carry-over can occur when high level and low 

level samples are analyzed sequentially. To reduce carry-over, the 

purging device (figure 1 for samples containing less than one 

percent solids; figure 2 for samples containing one percent solids 

or greater) is cleaned or replaced with a clean purging device 

after each sample is analyzed. When an unusually concentrated 

sample is encountered, it is followed by analysis of a reagent 

water blank to check for carry-over. Purging devices are cleaned 

by washing with soap solution, rinsing with tap and distilled 

water, and drying in an oven at 100-125 °c. The trap and other 

parts of the system are also subject to contamination; therefore, 

frequent bakeout and purging of the entire system may be required. 

3.4 Interferences resulting from samples will vary considerably from 

source to source, depending on the diversity of the site being 

sampled. 

4 Safety 

4.l The toxicity or carcinogenicity of each compound or reagent used 

in this method has not been precisely determined; however, each 

chemical compound should be treated as a potential health hazard. 

Exposure to these compounds should be reduced to the lowest 

possible level. The laboratory is responsible for maintaining a 

current awareness file of OSHA regulations regarding the safe 
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handling of the chemicals specified in this method. A reference 

file of data handling sheets should also be made available to all 

personnel involved in these analyses. Additional information on 

laboratory safety can be found in references 5 - 7. 

4.2 The following compounds covered by this method have been tenta

tively classified as known or suspected human or mammalian carci

nogens: benzene, carbon tetrachloride, chloroform, and vinyl 

chloride. Primary standards ot these toxic compounds should be 

prepared in a hood, and a NIOSH/MESA approved toxic gas respirator 

should be worn when high concentrations are handled. 

5 Apparatus and materials 

5.1 Sample bottles for discrete sampling 

5.1.l Bottle--25 to 40 mL with screw cap (Pierce 13075, or equiva

lent). Detergent wash, rinse with tap and distilled water, and dry 

at >105 °c for one hr minimum before use. 

s.1.2 Septum--Teflon-faced silicone (Pierce 12722, or equivalent), 

cleaned as above and baked at 100 - 200 °c for one hour minimum. 

5.2 Purge and trap device--consists of purging device, trap, and 

desorber. 

5.2.l Purging devices for water and soil samples 

5.2.1.1 Purging device for water samples--designed to accept 5 mL 

samples with water column at least 3 cm deep. The volume of the 

gaseous head space between the water and trap shall be less than 15 

mL. The purge gas shall be introduced less than 5 mm from the base 

of the water column and shall pass through the water as bubbles 

with a diameter less than 3 mm. The purging device shown in figure 

l meets these criteria. 

5.2.l.2 Purging device for solid samples--designed to accept 5 grams of 

l624C D-94 



solids plus 5 mL of water. The volume of the gaseous head space 

between the water and trap shall be less than 25 mL. The purge gas 

shall be introduced less than 5 mm from the base of the sample and 

shall pass through the water as bubbles with a diameter less than 3 

mm. The purging device shall be capable of operating at ambient 

temperature (20 - 25 °c) and of being controlled at temperatures of 

40 +/- 2 °c and 80 +/- 5 °c while the sample is being purged. The 

purging device shown in figure 2 meets these criteria. 

s.2.2 Trap--25 to 30 cm x 2.5 mm i.d. minimum, containing the follow

ing: 

s.2.2.1 Methyl silicone packing--one +/- 0.2 cm, 3 percent ov-1 on 

60/80 mesh Chromosorb W, or equivalent. 

s.2.2.2 Porous polymer--15 +/- l.O cm, Tenax GC (2,6-diphenylene oxide 

polymer), 60/80 mesh, chromatographic grade, or equivalent. 

s.2.2.3 Silica gel--a +/- 1.0 cm, Davison Chemical, 35/60 mesh, grade 

15, or equivalent. The trap shown in figure 3 meets these specifi

cations. 

5.2.4 Desorber--shall heat the trap to 175 +/- 5 °c in 45 seconds or 

less. The polymer section of the trap shall not exceed a tempera

ture of 180 °c and the remaining sections shall not exceed 220 °c 

during desorb, and no portion of the trap shall exceed 225 °c 

during bakeout. The desorber shown in figure 4 meets these 

specifications. 

s.2.s The purge and trap device may be a separate unit or coupled to a 

GC as shown in figures 4 and 5. 

5.3 Gas chromatograph--shall be linearly temperature programmable with 

initial and final holds, shall contain a glass jet separator as the 

MS interface, and shall produce results which meet the calibration 

(section 7), quality assurance (section 8), and performance tests 
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(section 11) of this method. 

5.J.l Column--2.a +/- 0.4 m x 2 +/- o.s mm i.d. glass, packed with one 

percent SP-lOOO on Carbopak B, 60/80 mesh, or equivalent. 

5.4 Mass spectrometer--70 eV electron impact ionization; shall 

repetitively scan from 20 to 250 amu every 2-3 seconds, and produce 

a unit resolution (valleys between m/z l74-176 less than lO percent 

of the height of the m/z 175 peak), background corrected mass 

spectrum from so ng 4-bromofluorobenzene (BFB) injected into the 

GC. The BFB spectrum shall meet the mass-intensity criteria in 

table 4. All portions of the GC column, transfer lines, and 

separator which connect the GC column to the ion source shall 

remain at or above the column temperature during analysis to 

preclude condensation of less volatile compounds. 

5.5 Data system--shall collect and record MS data, store mass

intensity data in spectral libraries, process GCMS data and 

generate reports, and shall calculate and record response factors. 

5.5.1 Data acquisition--mass spectra shall be collected continuously 

throughout the analysis and stored on a mass storage device. 

5.5.2 Mass spectral libraries--user created libraries containing mass 

spectra obtained from analysis of authentic standards shall be 

employed to reverse search GCMS runs for the compounds of interest 

(section 7.2). 

5.5.3 Data processing--the data system shall be used to search, 

locate, identify, and quantify the compounds of interest in each 

GCMS analysis. Software routines shall be employed to compute 

retention times and EICP areas. Displays of spectra, mass chroma

tograms, and library comparisons are required to verify results. 

5.5.4 Response factors and multipoint calibrations--the data system 

shall be used to record and maintain lists of response factors 
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(response ratios for isotope dilution) and generate multi-point 

calibration curves (section 7). Computations of relative standard 

deviation (coefficient of variation) are useful for testing 

calibration linearity. Statistics on initial and on-going perfor

mance shall be maintained (sections 8 and 11). 

5.6 syringes--5 mL glass hypodermic, with Luer-lok tips. 

5.7 Micro syringes--10, 25, and 100 uL. 

5.8 syringe valves--2-way, with Luer ends (Teflon or Kel-F). 

5.9 Syringe--5 mL, gas-tight, with shut-off valve. 

5.10 Bottles--15 mL, screw-cap with Teflon liner. 

5.11 Balances 

5.11.l Analytical, capable of weighing O.l mg. 

5.11.2 Top loading, capable of weighing 10 mg. 

5.12 Equipmen~ for determining percent moisture 

5.12.l Oven, capable of being temperature controlled at 110 +/- 5 °c. 

5.12.2 Dessicator 

5.12.3 Beakers--50 - 100 mL 

6 Reagents and standards 

6.1 Reagent water--water in which the compounds of interest and 

interfering compounds are not detected by this method (section 

11.7). It may be generated by any of the following methods: 

6.1.l Activated carbon--pass tap water through a carbon bed (Calgon 

Filtrasorb-300, or equivalent). 

6.1.2 Water purifier--pass tap water through a purifier (Millipore 

Super Q, or equivalent) • 

6.1.3 Boil and purge--heat tap water to 90-100 °c and bubble contami

nant free inert gas through it for approx one hour. While still 

hot, transfer the water to screw-cap bottles and seal with a 
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Teflon-lined cap. 

6.2 Sodium thiosulfate--ACS granular. 

6.3 Methanol--pesticide quality or equivalent. 

6.4 Standard solutions--purchased as solutions or mixtures with 

certification to their purity, concentration, and authenticity, or 

prepared from materials of known purity and composition. If 

compound purity is 96 percent or greater, the weight may be used 

without correction to calculate the concentration of the standard. 

6.5 Preparation of stock solutions--prepare in methanol using liquid 

or gaseous standards per the steps below. Observe the safety 

precautions given in section 4. 

6.5.l Place approx 9.8 mL of methanol in a 10 mL ground glass stop

pered volumetric flask. Allow the flask to stand unstoppered for 

approx 10 minutes or until all methanol wetted surfaces have dried. 

In each case, weigh the flask, immediately add the compound, then 

immediately reweigh to prevent evaporation losses from affecting 

the measurement. 

6.5.l.l Liquids--using a 100 uL syringe, permit 2 drops of liquid to 

fall into the methanol without contacting the neck of the flask. 

Alternatively, inject a known volume of the compound into the 

methanol in the flask using a micro-syringe. 

6.5.l.2 Gases (chloromethane, bromomethane, chloroethane, vinyl 

chloride)--fill a valved 5 mL gas-tight syringe with the compound. 

Lower the needle to approx 5 mm above the methanol meniscus. Slowly 

introduce the compound above the surface of the meniscus. The gas 

will dissolve rapidly in the methanol. 

6.5.2 Fill the flask to volume, stopper, then mix by inverting several 

times. Calculate the concentration in mg/mL (ug/uL) from the 

weight gain (or density if a known volume was injected) . 
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6.5.3 Transfer the stock solution to a Teflon sealed screw-cap bottle. 

store, with minimal headspace, in the dark at -10 to -20 °c. 
6.5.4 Prepare fresh standards weekly for the gases and 2-chloroethyl

vinyl ether. All other standards are replaced after one month, or 

sooner if comparison with check standards indicate a change in 

concentration. Quality control check standards that can be used to 

determine the accuracy of calibration standards are available from 

the US Environmental Protection Agency, Environmental Monitoring 

and Support Laboratory, Cincinnati, Ohio. 

6.6 Labeled compound spiking solution--from stock standard solutions 

prepared as above, or from mixtures, prepare the spiking solution 

to contain a concentration such that a s-10 uL spike into each 5 mL 

sample, blank, or aqueous standard analyzed will result in a 

concentration of 20 ug/L of each labeled compound. For the gases 

and for the water soluble compounds (acrolein, acrylonitrile, 

acetone, diethyl ether, and MEK), a concentration of 100 ug/L may 

be used. Include the internal standards (section 7.5) in this 

solution so that a concentration of 20 ug/L in each sample, blank, 

or aqueous standard will be produced. 

6.7 Secondary standards--using stock solutions, prepare a secondary 

standard in methanol to contain each pollutant at a concentration 

of 500 ug/mL. For the gases and water soluble compounds (section 

6.6), a concentration of 2.s mg/mL may be used. 

6.7.1 Aqueous calibration standards--using a 25 uL syringe, add 20 uL 

of the secondary standard (section 6.7) to 50, 100, 200, 500, and 

1000 mL of reagent water to produce concentrations of 200, 100, so, 

20, and 10 ug/L, respectively. If the higher concentration 

standard for the gases and water soluble compounds was chosen 

(section 6.6), these compounds will be at concentrations of 1000, 
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500, 250, 100, and 50 ug/L in the aqueous calibration standards. 

6.7.2 Aqueous performance standard--an aqueous standard containing all 

pollutants, internal standards, labeled compounds, and BFB is 

prepared daily, and analyzed each shift to demonstrate performance 

(section 11). This standard shall contain either 20 or 100 ug/L of 

the labeled and pollutant gases and water soluble compounds, 10 

ug/L BFB, and 20 ug/L of all other pollutants, labeled compounds, 

and internal standards. It may be the nominal 20 ug/L aqueous 

calibration standard (section 6.7.l). 

6.7.3 A methanolic standard containing all pollutants and internal 

standards is prepared to demonstrate recovery of these compounds 

when syringe injection and purge and trap analyses are compared. 

This standard shall contain either 100 ug/mL or 500 ug/mL of the 

gases and water soluble compounds, and 100 ug/mL of the remaining 

pollutants and internal standards (consistent with the amounts in 

the aqueous performance standard in 6.7.2). 

6.7.4 Other standards which may be needed are those for test of BFB 

performance (section 7.1) and for collection of mass spectra for 

storage in spectral libraries (section 7.2). 

7 Calibration 

Calibration of the GCMS system is performed by purging the com

pounds of interest and their labeled analogs from reagent water at 

the temperature to be used for analysis of samples. 

7.1 Assemble the gas chromatographic apparatus and establish operating 

conditions given in table 3. By injecting standards into the GC, 

demonstrate that the analytical system meets the minimum levels in 

table 3 for the compounds for which calibration is to be performed, 

and the mass-intensity criteria in table 4 for 50 ng BFB. 
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7.2 Mass spectral libraries--detection and identification of the 

compounds of interest are dependent upon the spectra stored in user 

created libraries. 

7.2.1 For the compounds in table 1 and other compounds for which the 

GCMS is to be calibrated, obtain a mass spectrum of each pollutant 

and labeled compound and each internal standard by analyzing an 

authentic standard either singly or as part of a mixture in which 

there is no interference between closely eluted components. That 

only a single compound is present is determined by examination of 

the spectrum. Fragments not attributable to the compound under 

study indicate the presence of an interfering compound. Adjust the 

analytical conditions and scan rate (for this test only) to produce 

an undistorted spectrum at the GC peak maximum. An undistorted 

spectrum will usually be obtained if five complete spectra are 

collected across the upper half of the GC peak. Software algo

rithms designed to "enhance" the spectrum may eliminate distortion, 

but may also eliminate authentic m/z's or introduce other distor

tion. 

7.2.3 The authentic reference spectrum is obtained under BFB tuning 

conditions (section 7.1 and table 4) to normalize it to spectra 

from other instruments. 

7.2.4 The spectrum is edited by saving the 5 most intense mass 

spectral peaks and all other mass spectral peaks greater than 10 

percent of the base peak. The spectrum may be further edited to 

remove common interfering masses. If 5 mass spectral peaks cannot 

be obtained under the scan conditions given in section 5.4, the 

mass spectrometer may be scanned to an m/z lower than 20 to gain 

additional spectral information. The spectrum obtained is stored 

for reverse search and for compound confirmation. 

1624C D-101 



7.2.5 For the compounds in table 2 and other compounds for which the 

mass spectra, quantitation m/z's, and retention times are known but 

the instrument is not to be calibrated, add the retention time and 

reference compound (table 3); the response factor and the quantita

tion m/z (table 5) ; and spectrum (Appendix A) to the reverse search 

library. Edit the spectrum per section 7.2.4, if necessary. 

7.3 Assemble the purge and trap device. Pack the trap as shown in 

figure 3 and condition overnight at 170 - 180 °c by backflushinq 

with an inert gas at a flow rate of 20 - 30 mL/min. Condition 

traps daily for a minimum of 10 minutes prior to use. 

7.3.l Analyze the aqueous performance standard (section 6.7.2) 

according to the purge and trap procedure in section 10. Compute 

the area at the primary m/z (table 5) for each compound. compare 

these areas to those obtained by injecting one uL of the methanolic 

standard (section 6.7.3) to determine compound recovery. The 

recovery shall be greater than 20 percent for the water soluble 

compounds (section 6.6), and 60 - 110 percent for all other 

compounds. This recovery is demonstrated initially for each purge 

and trap GCMS system. The test is repeated only if the purge and 

trap or GCMS systems are modified in any way that might result in a 

change in recovery. 

7.3.2 Demonstrate that 100 ng toluene (or toluene-d8) produces an area 

at m/z 91 (or 99) approx one-tenth that required to exceed the 

linear range of the system. The exact value must be determined by 

experience for each instrument. It is used to match the calibra

tion range of the instrument to the analytical range and detection 

limits required. 

7.4 Calibration by isotope dilution--the isotope dilution approach is 

used for the purgeable organic compounds when appropriate labeled 
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compounds are available and when interferences do not preclude the 

analysis. If labeled compounds are not available, or interferences 

are present, the internal standard method (section 7.5) is used. A 

calibration curve encompassing the concentration range of interest 

is prepared for each compound determined. The relative response 

(RR) vs concentration (ug/L) is plotted or computed using a linear 

regression. An example of a calibration curve for toluene using 

toluene-de is given in figure 6. Also shown are the +/- 10 percent 

error limits (dotted lines) . Relative response is determined 

according to the procedures described below. A minimum of five 

data points are required for calibration (section 7.4.4). 

7.4.l The relative response (RR) of pollutant to labeled compound is 

determined from isotope ratio values calculated from acquired data. 

Three isotope ratios are used in this process: 

Rx • the isotope ratio measured in the pure pollutant (figure 

7A) • 

Ry • the isotope ratio of pure labeled compound (figure 7B). 

Rm • the isotope ratio measured in the analytical mixture of the 

pollutant and labeled compounds (figure 7C) 

The correct way to calculate RR is: 

RR - (Ry - Rm) (Rx + l)/(Rm - Rx) (Ry + l) 

If Rm is not between 2Ry and O.SRx, the method does not apply 

and the sample is analyzed by the internal standard method (section 

7. 5) • 

7.4.2 In most cases, the retention times of the pollutant and labeled 

compound are the same and isotope ratios (R's) can be calculated 

from the EICP areas, where: 

R • (area at m1/z)/(area at m2/z) 

If either of the areas is zero, it is assigned a value of one in 
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the calculations; that is, if: area of m1/z = 50721, and area of 

m2/z • o, then R • 50721/1 • 50720. The m/z's are always 

selected such that Rx > Ry· 

When there is a difference in retention times (RT) between the 

pollutant and labeled compounds, special precautions are required 

to determine the isotope ratios. Rx, Ry, and Rm are defined 

as follows: 

Rx• (area m1/z (at RT1)]/l 

Ry• l/(area m2/z (at RT2)] 

Rm• (area m1/z (at RT1)]/(area m2/z (at RT2)] 

7.4.3 An example of the above calculations can be taken from the data 

plotted in figure 6 for toluene and toluene-dB. For these data, Rx 

• 168920/l • 168900, Ry • l/60960 • 0.00001640, and Rm • 

96868/82508 • l.174. The RR for the above data is then calculated 

using the equation given in section 7.4.1. For the example, RR• 

l.174. 

Not all labeled compounds elute before their pollutant analogs. 

7.4.4 To calibrate the analytical system by isotope dilution, analyze 

a 5 mL aliquot of each of the aqueous calibration standards 

(section 6.7.l) spiked with an appropriate constant amount of the 

labeled compound spiking solution (section 6.6), using the purge 

and trap procedure in section lO. Compute the RR at each concen

tration. 

7.4.5 Linearity--if the ratio of relative response to concentration 

for any compound is constant (less than 20 percent coefficient of 

variation) over the 5 point calibration range, an averaged relative 

response/concentration ratio may be used for that compound; 

otherwise, the complete calibration curve for that compound shall 

be used over the 5 point calibration range. 
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7.5 Calibration by internal standard--used when criteria for isotope 

dilution (section 7.4) cannot be met. The method is applied to 

pollutants having no labeled analog and to the labeled compounds. 

The internal standards used for volatiles analyses are bromochloro

methane, 2-bromo-l-chloropropane, and l,4-dichlorobutane. Concen

trations of the labeled compounds and pollutants without labeled 

analogs are computed relative to the nearest eluted internal 

standard, as shown in tables 3 and s. 

7.5.l Response factors--calibration requires the determination of 

response factors (RF) which are defined by the following equation: 

RF= (As x Cis)/(Ais x Cs), where 

As is the EICP area at the characteristic m/z for the compound in 

the daily standard. 

Ais is the EICP area at the characteristic m/z for the internal 

standard. 

Cis is the concentration (uq/L) of the internal standard. 

c5 is the concentration of the pollutant in the daily standard. 

7.5.2 The response factor is determined at 10, 20, SO, 100, and 200 

ug/L for the pollutants (optionally at five times these concentra

tions for gases and water soluble pollutants--see section 6.7), in 

a way analogous to that for calibration by isotope dilution 

(section 7.4.4). The RF is plotted against concentration for each 

compound in the standard (Cs) to produce a calibration curve. 

7.5.3 Linearity--if the response factor (RF) for any compound is 

constant (less than 35 percent coefficient of variation) over the 5 

point calibration range, an averaged response factor may be used 

for that compound; otherwise, the complete calibration curve for 

that compound shall be used over the 5 point range. 

7.6 Combined calibration--by adding the isotopically labeled compounds 
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and internal standards (section 6.6) to the aqueous calibration 

standards (section 6.7.1), a single set of analyses can be used to 

produce calibration curves for the isotope dilution and internal 

standard methods. These curves are verified each shift (section 

ll.5) by purging the aqueous performance standard (section 6.7.2). 

Recalibration is required only if calibration and on-going perfor

mance (section ll.5) criteria cannot be met. 

7.7 Elevated purge temperature calibration--samples containing greater 

than one percent solids are analyzed at a temperature of 40 +/- 2 

0 c (section 10). For these samples, the analytical system may be 

calibrated using a purge temperature of 40 +/- 2 ° c in order to 

more closely approximate the behavior of the compounds of interest 

in high solids samples. 

8 Quality assurance/quality control 

8.1 Each laboratory that uses this method is required to operate a 

formal quality assurance program (reference 8) . The minimum 

requirements of this program consist of an initial demonstration of 

laboratory capability, analysis of samples spiked with labeled 

compounds to evaluate and document data quality, and analysis of 

standards and blanks as tests of continued performance. Laboratory 

performance is compared to established performance criteria to 

determine if the results of analyses meet the performance charac

teristics of the method. 

8.1.1 The analyst shall make an initial demonstration of the ability 

to generate acceptable accuracy and precision with this method. 

This ability is established as described in section 8.2. 

8.1.2 The analyst is permitted to modify this method to improve 

separations or lower the costs of measurements, provided all 
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performance specifications are met. Each time a modification is 

made to the method, the analyst is required to repeat the procedure 

in section 8.2 to demonstrate method performance. 

8.1.3 Analyses of blanks are required to demonstrate freedom from 

contamination and that the compounds of interest and interfering 

compounds have not been carried over from a previous analysis 

(section 3). The procedures and criteria for analysis of a blank 

are described in sections 8.5. 

8.1.4 The laboratory shall spike all samples with labeled compounds to 

monitor method performance. This test is described in section 8.3. 

When results of these spikes indicate atypical method performance 

for samples, the samples are diluted to bring method performance 

within acceptable limits (section 14.2). 

8.1.5 The laboratory shall, on an on-going basis, demonstrate through 
' 

the analysis of the aqueous performance standard (section 6.7.2) 

that the analysis system is in control. This procedure is 

described in sections ll.l and ll.5. 

8.1.6 The laboratory shall maintain records to define the quality of 

data that is generated. Development of accuracy statements is 

described in sections 8.4 and ll.5.2. 

8.2 Initial precision and accuracy--to establish the ability to 

generate acceptable precision and accuracy, the analyst shall 

perform the following operations for compounds to be calibrated: 

8.2.l Analyze two sets of four 5-mL aliquots (8 aliquots total) of the 

aqueous performance standard (section 6.7.2) according to the 

method beginning in section 10. 

8.2.2 Using results of the first set of four analyses in section 

8.2.l, compute the average recovery (X) in ug/L and the standard 

deviation of the recovery (s) in ug/L for each compound, by isotope 
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dilution for pollutants with a labeled analog, and by internal 

standard for labeled compounds and pollutants with no labeled 

analog. 

8.2.3 For each compound, compare s and X with the corresponding limits 

for initial precision and accuracy found in table 6. If s and X 

for all compounds meet the acceptance criteria, system performance 

is acceptable and analysis of blanks and samples may begin. If, 

however, any individual s exceeds the precision limit or any 

individual X falls outside the range for accuracy, system perfor

mance is unacceptable for that compound. 

NOTE: The large number of compounds in table 6 present a 

substantial probability that one or more will fail one of the 

acceptance criteria when all compounds are analyzed. To determine 

if the analytical system is out of control, or if the failure can 

be attributed to probability, proceed as follows: 

8.2.4 Using the results of the second set of four analyses, compute s 

and X for only those compounds which failed the test of the first 

set of four analyses (section 8.2.3). If these compounds now pass, 

system performance is acceptable for all compounds and analysis of 

blanks and samples may begin. If, however, any of the same 

compounds fail again, the analysis system is not performing 

properly for the compound (s) in question. In this event, correct 

the problem and repeat the entire test (section 8.2.1). 

8.3 The laboratory shall spike all samples with labeled compounds to 

assess method performance on the sample matrix. 

8.3.l Spike and analyze each sample according to the method beginning 

in section 10. 

8.3.2 Compute the percent recovery (P) of the labeled compounds using 

the internal standard method (section 7.5). 
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8.3.3 Compare the percent recovery for each compound with the corre

sponding labeled compound recovery limit in table 6. If the 

recovery of any compound falls outside its warning limit, method 

performance is unacceptable for that compound in that sample. 

Therefore, the sample matrix is complex and the sample is to be 

diluted and reanalyzed, per section 14.2. 

8.4 As part of the QA program for the laboratory, method accuracy for 

wastewater samples shall be assessed and records shall be main

tained. After the analysis of five wastewater samples for which 

the labeled compounds pass the tests in section 8.3.3, compute the 

average percent recovery (P) and the standard deviation of the 

percent recovery (sp) for the labeled compounds only. Express the 

accuracy assessment as a percent recovery interval from P - 2sp to 

P + 2sp. For example, if P • 90% and Sp = 10%, the accuracy 

interval is expressed as 70 - 110%. Update the accuracy assessment 

for each compound on a regular basis (e.g. after each 5 - 10 new 

accuracy measurements). 

8.5 Blanks--reagent water blanks are analyzed to demonstrate freedom 

from carry-over (section 3) and contamination. 

8.5.1 The level at which the purge and trap system will carry greater 

than 5 ug/L of a pollutant of interest (tables l and 2) into a 

succeeding blank shall be determined by analyzing successively 

larger concentrations of these compounds. When a sample contains 

this concentration or more, a blank shall be analyzed immediately 

following this sample to demonstrate no carry-over at the 5 ug/L 

level. 

8.5.2 With each sample lot (samples analyzed on the same a hr shift), 

a blank shall be analyzed immediately after analysis of the aqueous 

performance standard (section 11.1) to demonstrate freedom from 
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contamination. If any of the compounds of interest (tables 1 and 

2) or any potentially interfering compound is found in a blank at 

greater than 10 ug/L (assuming a response factor of 1 relative to 

the nearest eluted internal standard for compounds not listed in 

tables 1 and 2), analysis of samples is halted until the source of 

contamination is eliminated and a blank shows no evidence of 

contamination at this level. 

8.6 The specifications contained in this method can be met if the 

apparatus used is calibrated properly, then maintained in a 

calibrated state. The standards used for calibration (section 7), 

calibration verification (section 11.5) and for initial (section 

8.2) and on-going (section 11.5) precision and accuracy should be 

identical, so that the most precise results will be obtained. The 

GCMS instrument in particular will provide the most reproducible 

results if dedicated to the settings and conditions required for 

the analyses of volatiles by this method. 

8.7 Depending on specific program requirements, field replicates may 

be collected to determine the precision of the sampling technique, 

and spiked samples may be required to determine the accuracy of the 

analysis when the internal method is used. 

9 Sample collection, preservation, and handling 

9.1 Grab samples are collected in glass containers having a total 

volume greater than 20 mL. For aqueous samples which pour freely, 

fill sample bottles so that no air bubbles pass through the sample 

as the bottle is filled and seal each bottle so that no air bubbles 

are entrapped. Maintain the hermetic seal on the sample bottle 

until time of analysis. 

9.2 samples are maintained at o - 4 °c from the time of collection 

1624C D-110 



until analysis. If an aqueous sample contains residual chlorine, 

add sodium thiosulfate preservative (10 mg/40 mL) to the empty 

sample bottles just prior to shipment to the sample site. EPA 

Methods 330.4 and 330.5 may be used for measurement of residual 

chlorine (reference 9). If preservative has been added, shake the 

bottle vigorously for one minute immediately after filling. 

9.3 For aqueous samples, experimental evidence indicates that some 

aromatic compounds, notably benzene, toluene, and ethyl benzene are 

susceptible to rapid biological degradation under certain environ

mental conditions. Refrigeration alone may not be adequate to 

preserve these compounds in wastewaters for more than seven days. 

For this reason, a separate sample should be collected, acidified, 

and analyzed when these aromatics are to be determined. Collect 

about 500 mL of sample in a clean container. Adjust the pH of the 

sample to about 2 by adding HCl (l+l) while stirring. Check pH 

with narrow range (1.4 to 2.8) pH paper. Fill a sample container 

as described in section 9.1. If residual chlorine is present, add 

sodium thiosulfate to a separate sample container and fill as in 

section 9.1. 

9.4 All samples shall be analyzed within 14 days of collection. 

10 Purge, trap, and GCMS analysis--samples containing less than one 

percent solids are analyzed directly as aqueous samples (section 

10.4). Samples containing greater one percent solids or greater 

are analyzed as solid samples (section 10.5). 

10.1 Determination of percent solids 

10.1.l Weigh 5 - 10 g of sample into a tared beaker. 

10.l.2 Dry overnight (12 hours minimum) at 110 +/- 5 °c, and cool in a 

dessicator. 
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10.l.3 Determine percent solids as follows: 

% solids a weight of sample drv x 100 
weight of sample wet 

10.2 Remove standards and samples from cold storage and bring to 20 -

25 °c. 
10.3 Adjust the purge gas flow rate to 40 +/- 4 mL/min. 

10.4 Samples containing less than one percent solids 

10.4.l Mix the sample by shaking vigorously. Remove the plunger from a 

5 mL syringe and attach a closed syringe valve. Open the sample 

bottle and carefully pour the sample into the syringe barrel until 

it overflows. Replace the plunger and compress the sample. Open 

the syringe valve and vent any residual air while adjusting the 

sample volume to s.o +/- O.l mL. Because this process of taking an 

aliquot destroys the validity of the sample for future analysis, 

fill a second syringe at this time to protect against possible loss 

of data. 

l0.4.2 Add an appropriate amount of the labeled compound spiking 

solution (section 6.6) through the valve bore, then close the 

valve. 

10.4.J Attach the syringe valve assembly to the syringe valve on the 

purging device. Open both syringe valves and inject the sample 

into the purging chamber. Purge the sample per section l0.6. 

10.5 Weighing of samples containing one percent solids or greater. 

10.5.l Mix the sample thoroughly using a clean spatula. 

10.5.2 Weigh 5 +/- l grams of sample into a purging vessel (figure 2). 

Record the weight to three significant figures. 

10.5.3 Add 5.0 +/- 0.1 mL of reagent water to the vessel. 

10.5.4 Using a metal spatula, break up any lumps of sample to disperse 

the sample in the water. 
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10.5.5 Add an appropriate amount of the labeled compound spiking 

solution (section 6.6) to the sample in the purge vessel. Place a 

cap on the purging vessel and and shake vigorously to further 

disperse the sample. Attach the purge vessel to the purging 

device. 

10.6 Purge the sample for 11.0 +/- 0.1 minutes at 20 - 25 °c for 

samples containing less than one percent solids. Purge samples 

containing one percent solids or greater at 40 +/- 2 °c. If the 

compounds in table 2 that do not purge at 20 - 40 °c are to be 

determined, a purge temperature of 80 +/- 5 °c is used. 

10.7 After the 11 minute purge time, attach the trap to the chromato

graph and set the purge and trap apparatus to the desorb mode 

(fiqure 5). Desorb the trapped compounds into the GC column by 

heating the trap to 170 -180 °c while backflushing with carrier gas 

at 20 - 60 mL/min for four minutes. Start MS data acquisition upon 

start of the desorb cycle, and start the GC column temperature 

proqram 3 minutes later. Table 3 summarizes the recommended 

operating conditions for the gas chromatograph. Included in this 

table are retention times and minimum levels that can be achieved 

under these conditions. An example of the separations achieved by 

the column listed is shown in fiqure 9. Other columns may be used 

provided the requirements in section S are met. If the priority 

pollutant gases produce GC peaks so broad that the precision and 

recovery specifications (section S.2) cannot be met, the column may 

be cooled to ambient or sub-ambient temperatures to sharpen these 

peaks. 

10.8 After desorbing the sample for four minutes, recondition the 

trap by purging with purge gas while maintaining the trap tempera

ture at 170 - 180 °c. After approximately seven minutes, turn off 

1624C D-113 



the trap heater to stop the gas flow through the trap. When cool, 

the trap is ready for the next sample. 

10.9 While analysis of the desorbed compounds proceeds, remove and 

clean the purge device. Rinse with tap water, clean with detergent 

and water, rinse with tap and distilled water, and dry for one hour 

minimum in an oven at a temperature greater than 150 °c. 

11 System performance 

11.1 At the beginning of each 8 hr shift during which analyses are 

performed, system calibration and performance shall be verified for 

the pollutants and labeled compounds (table 1). For these tests, 

analysis of the aqueous performance standard (section 6.7.2) shall 

be used to verify all performance criteria. Adjustment and/or 

recalibration (per section 7) shall be performed until all perfor

mance criteria are met. Only after all performance criteria are 

met may blanks and samples be analyzed. 

11.2 BFB spectrum validity--the criteria in table 4 shall be met. 

11.3 Retention times--the absolute retention times of the internal 

standards shall be as follows: bromochloromethane: 653 - 782 

seconds; 2-bromo-l-chloropropane: 1270 - 1369 seconds; 

1,4-dichlorobutane: 1510 - 1605 seconds. The relative retention 

times of all pollutants and labeled compounds shall fall within the 

limits given in table 3. 

11.4 GC resolution--the valley height between toluene and toluene-d8 

(at m/z 91 and 99 plotted on the same graph) shall be less than 10 

percent of the taller of the two peaks. 

11.5 Calibration verification and on-going precision and accuracy-

compute the concentration of each pollutant (table 1) by isotope 

dilution (section 7.4) for those compounds which have labeled 
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analogs. Compute the concentration of each pollutant (table 1) 

which has no labeled analog by the internal standard method 

(section 7.5). compute the concentration of the labeled compounds 

by the internal standard method. These concentrations are computed 

based on the calibration data determined in section 7. 

11.5.l For each pollutant and labeled compound, compare the concentra

tion with the corresponding limit for on-going accuracy in table 6. 

If all compounds meet the acceptance criteria, system performance 

is acceptable and analysis of blanks and samples may continue. If 

any individual value falls outside the range given, system perfor

mance is unacceptable for that compound. 

NOTE: The large number of compounds in table 6 present a 

substantial probability that one or more will fail the acceptance 

criteria when all compounds are analyzed. To determine if the 

analytical system is out of control, or if the failure may be 

attributed to probability, proceed as follows: 

11.5.l.l Analyze a second aliquot of the aqueous performance standard 

(section 6.7.2). 

11.5.l.2 Compute the concentration for only those compounds which 

failed the first test (section 11.5.l). If these compounds now 

pass, system performance is acceptable for all compounds and 

analyses of blanks and samples may proceed. If, however, any of 

the compounds fail again, the measurement system is not performing 

properly for these compounds. In this event, locate and correct 

the problem or recalibrate the system (section 7), and repeat the 

entire test (section 11.1) for all compounds. 

11.5.2 Add results which pass the specification in 11.5.l.2 to initial 

(section 8.2) and previous on-going data. Update QC charts to form 

a graphic representation of laboratory performance (figure 8). 
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Develop a statement of accuracy for each pollutant and labeled 

compound by calculating the average percent recovery (R) and the 

standard deviation ot percent recovery (sr)· Express the accuracy 

as a recovery interval from R - 2sr to R + 2sr. For example, if R 

= 95% and Sr = 5%, the accuracy is 85 - 105 percent. 

12 Qualitative determination--identification is accomplished by 

comparison of data from analysis of a sample or blank with data 

stored in the mass spectral libraries. For compounds for which the 

relative retention times and mass spectra are known, identification 

is confirmed per sections 12.1 and 12.2. For unidentified GC 

peaks, the spectrum is compared to spectra in the EPA/NIH mass 

spectral file per section 12.3. 

12.1 Labeled compounds and pollutants having no labeled analog (tables 

1 and 2): 

12.l.l The signals for all characteristic m/z's stored in the spectral 

library (section 7.2.4) shall be present and shall maximize within 

the same two consecutive scans. 

12.1.2 Either (1) the background corrected EICP areas, or (2) the 

corrected relative intensities of the mass spectral peaks at the GC 

peak maximum shall agree within a factor of two (0.5 to 2 times) 

for all masses stored in the library. 

12.1.3 For the compounds for which the system has been calibrated 

(table 1) , the relative retention time shall be within the windows 

specified in table 3. 

12.1.4 For the compounds for which the system has not been calibrated 

but the relative retention times and mass spectra are known (table 

2), the retention time relative to the internal standard specified 

in table 3 shall be within +/- 20 scans or +/- 60 seconds, 
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whichever is greater, based on the nominal relative retention time 

specified in table 3. 

12.2 Pollutants having a labeled analog (table 1): 

12.2.l The signals for all characteristic m/z's stored in the spectral 

library (section 7.2.4) shall be present and shall maximize within 

the same two consecutive scans. 

12.2.2 Either (1) the background corrected EICP areas, or (2) the 

corrected relative intensities of the mass spectral peaks at the GC 

peak maximum shall agree within a factor of two for all masses 

stored in the spectral library. 

13.2.3 The relative retention time between the pollutant and its 

labeled analog shall be within the windows specified in table 3. 

12.3 Unidentified GC peaks 

12.3.1 The signals for m/z's specific to a GC peak shall all maximize 

within the same two consecutive scans. 

12.3.2 Either (l) the background corrected EICP areas, or (2) the cor

rected relative intensities of the mass spectral peaks at the GC 

peak maximum shall agree within a factor of two with the masses 

stored in the EPA/NIH Mass Spectral File. 

12.4 M/z's present in the experimental mass spectrum that are not 

present in the reference mass spectrum shall be accounted for by 

contaminant or background ions. If the experimental mass spectrum 

is contaminated, or if identification is ambiguous, an experienced 

spectrometrist (section 1.4) is to determine the presence or 

absence of the compound. 

13 Quantitative determination 

13.1 Isotope dilution--by adding a known amount of a labeled compound 

to every sample prior to purging, correction for recovery of the 
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pollutant can be made because the pollutant and its labeled analog 

exhibit the same effects upon purging, desorption, and gas chroma

tography. Relative response (RR) values for sample mixtures are 

used in conjunction with calibration curves described in section 

7.4 to determine concentrations directly, so long as labeled 

compound spiking levels are constant. For the toluene example 

given in figure 7 (section 7.4.3), RR would be equal to 1.174. For 

this RR value, the toluene calibration curve given in figure 6 

indicates a concentration of 31.8 ug/L. 

13.2 Internal standard--calculate the concentration using the response 

factor determined from calibration data (section 7.5) for the 

compounds which were calibrated (table 1) , or from table 5 for 

compounds which were not calibrated (table 2) , using the following 

equation: 

Concentration -(As x Cis)/(Ais x RF) 

where the terms are as defined in section 7.5.1. 

13.3 The concentration of the pollutant in the solid phase of the 

sample is computed using the concentration of the pollutant 

detected in the aqueous solution, as follows: 

Concentration in solid (ug/kg) • o.oos L x aqueous cone Cug/Ll 
0.01 x % solids (g) 

where "% solids" is from section 10.1.3. 

13.4 If the EICP area at the quantitation m/z exceeds the calibration 

range of the system, the sample is diluted with reagent water by 

successive factors of 10 and the dilutions are analyzed until the 

area is within the calibration range. 

13.5 For GC peaks which are to be identified (per section 12.3), the 

sample is diluted by successive factors of 10 when any peak in the 

uncorrected mass spectrum at the GC peak maximum is saturated. 

13.6 Report results for all pollutants, labeled compounds, and 
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tentatively identified compounds found in all standards, blanks, 

and samples, in ug/L for samples containing less than one percent 

solids and in ug/kg for samples in which the undilute sample 

contains one percent solids or greater, to three significant 

figures. Results for samples which have been diluted are reported 

at the least dilute level at which the area at the quantitation m/z 

is within the calibration range (section 13.4) or at which no m/z 

in the spectrum is saturated (section 13.5). For compounds having 

a labeled analog, results are reported at the least dilute level at 

which the area at the quantitation m/z is within the calibration 

range (section 13.4) and the labeled compound recovery is within 

the normal range for the method (section 14.2). 

14 Analysis of complex sampl_es 

14.l Some samples may contain high levels (>1000 ug/kg) of the com

pounds of interest and of interfering compounds. Some samples will 

foam excessively when purged; others will overload the trap/or GC 

column. 

14.2 Dilute 0.5 mL of samples containing less than one percent solids 

or 0.5 gram of samples containing one percent solids or greater 

with 4.5 mL of reagent water and analyze this diluted sample when 

the recovery of any labeled compound is outside the range given in 

table 6. If the recovery remains outside of the range for this 

diluted sample, the aqueous performance standard shall be analyzed 

(section 11) and calibration verified (section 11.5). If the 

recovery for the labeled compound in the aqueous performance 

standard is outside the range given in table 6, the analytical 

system is out of control. In this case, the instrument shall be 

repaired, the performance specifications in section 11 shall be 
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met, and the analysis of the undiluted sample shall be repeated. 

If the recovery for the aqueous performance standard is within the 

range given in table 6, the method does not work on the sample 

being analyzed and the result may not be reported for regulatory 

compliance purposes. 

14.3 Reverse search computer programs can misinterpret the spectrum of 

chromatographically unresolved pollutant and labeled compound pairs 

with overlapping spectra when a high level of the pollutant is 

present. Examine each chromatogram for peaks greater than the 

height of the internal standard peaks. These peaks can obscure the 

compounds of interest. 

15 Method performance 

15.1 The specifications for this method were taken from the interlabo

ratory validation of EPA Method 624 (reference lO). Method 1624 has 

been shown to yield slightly better performance on treated efflu

ents than method 624. Results of initial tests of this method at a 

purge temperat~re of 80 °c can be found in reference 11 and results 

of initial tests of this method on municipal sludge can be found in 

reference 12. 
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Table l 

Volatile organic Compounds Determined by Calibrated GCMS using Isotope 
Dilution and Internal Standard Techniques 

Poltynnt Labeled Comoound 

~2!!!!1:2und llW1 ~AS R~iUCX ~ NPOes ~ CAS R~istrx ~ 
acetone 81552 67·64·1 516 v d6 666·52·4 616 v 
acrolein 34210 107·02·8 002 v 001 v d4 33984·05·3 202 v 
acryloni trite 34215 107· 13· 1 003 v 002 v d3 53S07·26·4 203 v 
benz.,. 34030 71·43·2 004 v 003 v d6 1076·43·3 204 v 
bromoclf chi orc:111ethaM 32101 75·27·4 048 v 012 v 13C 93952· 10·4 248 v 
br01110fo1'111 32104 75·25·2 047 v 005 v 13C 72802·81·4 247 v 
brcmomethene 34413 74·83·9 046 v 020 v d3 1111·88·2 246 v 
carbon tetrac:hlori~ 32102 56·23·5 006 v 006 v 13C 32488·50·9 206 v 
chlorobenzene 34301 108·90· 7 007 v 007 v d5 3114·55·4 207 v 
chloroethene 34311 75·00·3 016 v 009 v d5 19199·91·8 216 v 
2·chloroethylvinyl ether 34576 110·75·8 019 v 010 v 
chlorofor111 32106 67·66·3 023 v 011 v 13C 31717·44·9 223 v 
chloranethene 34418 74·87·3 045 v 021 v d3 1111·89·3 245 v 
dibromochloroinethane 32105 124·48·1 051 v. 008 v 13C 93951·99·6 251 v 
1,1·dfchloroethane 34496 75·34·3 013 v 014 v d3 56912·77·7 213 v 
1,2·dichloroethene 32103 107·06·2 010 v 015 v d4 17070·07·0 210 v 
1,1·dfchloroethene 34501 75·35·4 029 v 016 v d2 22280· 73·5 229 v 
tr.,,.·1,2·dfchlorethene 34546 156·60·5 030 v 026 v d3 42366·47·2 230 v 
1,2·dfchloropropene 34541 78·87·5 032 v 017 v d6 93952·08·0 232 v 
trans·1,3·dichlor~ropene 34699 10061·02·6 033 v d4 93951·86·1 233 v 
diethyl ether 51576 60·29·7 515 v d10 2679·89·2 615 v 
p•dfox- 51512 123·91•1 527 v di 17647· 74•4' 627 v 
ethylberlzene 34371 100·4Ht 03a v 019 v d10 25537·05·2 238 v 
methylene chloride 34423 75·09·2 044 v 022 v d2 1665·00·5 244 v 
methyl ethyl ketone 51595 78·93·3 514 v d3 53389·26·7 614 v 
1,1,2,2·tetr1ehloroethane 34516 79·34·5 015 v 023 v d2 33685·54·0 215 v 
tetrechlorethene 34475 127·15·4 OS5 v 024 v 13C2 32488·49·6 255 v 
tolu- 34010 108·8S·3 086 v 025 v d8 2037·26·5 286 v 
1,1,1·trichloroethane 34506 71 ·55·6 011 v 027 v d3 2747·55·2 211 v 
1,1,2·trfchloroeth1ne 34511 79·00·5 014 v 025 v 13C2 93952·09·1 214 v 
trichloroeth- 39180 79·01·6 057 v 029 v 13C2 93952·00·2 287 v 
11inyl chloride 39175 75·01 ·4 oaa v 031 v d3 6745·35·3 2aa v 
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Table 2 

Volatile Organic Compounds to be Deter111ined by Reverse Search and Quantita
tion using Known Retention Times, Response Factors, Reference Compounds, 
and Mass Spectra 

EGO 
No. 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 

Compound 
allyl alcohol* 
carbon disulfide 
2-chloro-l,3-butadiene (chloroprene) 
chloroacetonitrile* 
3-chloropropene 
crotonaldehyde* 
l,2-dibromoethane (EDB) 
dibromomethane 
trans-1,4-dichloro-2-butene 
1,3-dichloropropane 
cis-1,3-dichloropropene 
ethyl cyanide* 
ethyl methacrylate 
2-hexanone 
iodomethane 
isobutyl alcohol* 
methacrylonitrile 
methyl methacrylate 
4-methyl-2-pentanone 
l,l,l,2-tetrachloroethane 
trichlorofluoromethane 
1,2,3-trichloropropane 
vinyl acetate 

CAS 
Registry 
107-18-6 
75-15-0 

126-99-8 
107-14-2 
107-05-1 
123-73-9 
106-93-4 

74-95-3 
110-47-6 
142-28-9 

10061-01-5 
107-12-0 
97-63-2 

591-78-6 
74-88-4 
78-83-l 

126-98-7 
78-83-l 

108-10-1 
630-20-6 
75-69-4 
96-18-4 

108-05-4 

*deter111ined at a purge temperature of 75 - 85 °c 
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Table 3 

Gas Chromatography of Purgeable Organic Compounds 

EGD 
No. 

ill. 
245 
345 
246 
346 

Compound 

chloromethane·d3 
chloromethane 
bromomethane·d3 
bromomethane 

288 vinyl chloride·d3 
388 vinyl chloride 
216 ehloroethane·d5 
316 chloroethane 
244 methylene chloride·d2 
344 methylene chloride 
546 iodomethane 
616 acetone·d6 
716 acetone 
202 acrolein·d4 
302 acrolein 
203 acrylonitrile·d3 
303 acrylonitrile 
533 carbon disulfide 
S52 trichlorofluorometh.,,. 
543 ethyl cyanide 
229 1,1·dfcnloroethene·d2 
329 1,1·dfchloroethene 
536 3·chloropropene 
532 allyl alcohol 
181 bromoc:hloromethane CI.S.) 
213 1,1·dichloroethane·d3 
313 1,1·dichloroethane 
61S diethyl ether·d10 
715 diethyl ether 
230 trans·1,2·dichloroethene•d2 
330 trans·1,2·dichloroethene 
614 methyl ethyl ketone·d3 
714 methyl ethyl ketone 
223 chlorofonn·13C1 
323 ehlorofonn 
535 chloroacetonitrile 
210 1,2·dichloroethene·d4 
310 1,2·dichloroethane 
539 dibromomethane 
548 methacrylonitrile 
547 isobutyl alcohol 
211 1, 1,1·trichloroethane·13C2 
311 1, 1,1·trichloroethane 
627 p•dioxane·d8 
727 p· di oxane 
206 carbon tetrachloride·13C1 
306 carbon tetrachloride 
554 vinyl acetate 
248 bromodichloromethane·13C1 

Mini· Method Detection 

Retention time 
nun 

level 
(3) Mean EGD 

il!£l !!f. Relative C2> 
147 181 o. 141 • 0.270 
148 245 0.922 • 1.210 
243 181 0.233 • 0.423 
246 246 0.898 • 1.195 

il.!9Lll 
50 
so 
50 
50 

301 
304 
378 
386 
S12 
517 
498 
554 
565 
564 
566 
606 

612 
631 
663 
6n 
696 
696 
696 
703 

181 0.286 • 0.501 50 
288 0.946 • 1.023 10 
181 0.373 . 0.620 50 
216 0.999 • 1.060 50 
181 0.582 • 0.813 10 
244 0.999. 1.017 10 
181 0.68 
181 0.628 
616 0.984 
181 0.641 
202 0.984 

0.889 50 
1.019 50 
0.903(5) so 
1.018(S) so 

181 0.735 • 0.926 50 
203 0.985 • 1.030 50 
181 0.86 
181 0.91 
181 0.92 
181 0.903 • 0.916 10 
229 0.999 • 1.011 10 
181 0.95 
181 0.96 

730 181 1.000 . 1.000 
778 181 1.031 • 1.119 
786 213 0.999 • 1.014 
804 181 1.067. 1.254 

10 
10 
10 
50 
so 
10 
10 
so 
so 
10 
10 

820 

821 

821 

840 
848 

861 

861 

884 

901 
910 
910 
921 
962 

615 1.010 . 1.048 

181 1.056 • 1.228 
230 0.996. 1.011 
181 0.646. 1.202 
614 0.992 1.055 
181 1.092 • 1.322 
223 0.961 . 1.009 
181 1.21 
181 1.187. 1.416 
210 0.973 . 1.032 
181 1.25 
181 1.26 
181 1 .32 

989 181 1.293. 1.598 

10 
10 

10 
999 211 0.989. 1.044 10 
982 181 1.262 • 1.448(S) 10 

1001 627 1.008 . 1.040(5) 10 
1018 182 0.754 . 0.805 10 
1018 206 0.938. 1.005 10 
1031 
104S 

182 o. 79 

182 0.766 . 0.825 10 

1624C D-124 

Limit (4) 
Low High 
solids solids 

i!.!s&l i!.!s&l 

207'9 13 

148• 11 

190• 11 

24 

280* 

3561* 322* 

377'9 18 

9 

31 5 

16 

63 12 

41 3 

241* 80* 

21 2 

3 

16 4 

140* 

87 9 



348 bromodichlorometnane 
534 2·cnloro·1,3·butadiene 
537 crotonaldehyde 
232 1,2·diehloropropane·d6 
332 1,2·dienloropropane 
542 cis·1,3·diehloropropene 
287 trienloroetnene·13C2 
387 triehloroetnene 
541 1,3·dicnloropropane 
204 benzene·d6 
304 benzene 
251 ehloroclibromomethane·13C1 
351 chloroclibromometnane 
214 1,1,2·trichloroethane·13C2 
314 1, 1,2·triehloroethane 
233 trans·1,3·diehloropropene·d4 
333 trans·1,3·diehloropropene 
019 2·ehloroethylvinyl ether 
538 1,2·dibromoethane 
182 2·bromo·1·ehloropropane (!.S.) 

549 methyl methaerylate 
247 bromotorm·13C1 
347 bromotorm 
551 1,1,1,2·tetr1ehloroethane 
550 4·methyl·2·pentanone 
553 1,2,3·trichloropropane 
215 1,1,2,2·tetraehloroethane·d2 
315 1, 1,2,2·tetraehloroethane 
545 2·nexanone 
285 tetraehloroethene·13C2 
385 tetraehloroethene 
540 trans·1,4·dichloro·2·butene 
183 1,4·dichlorobutane (int std> 
544 ethyl methaerylate 
286 toluene·dS 
386 toluene 
207 chlorobenzene·d5 
307 enlorobenzene 
238 etnylbenzene·d10 
338 etnylbenzene 
185 bromotluorobenzene 

1045 
1084 
1098 
1123 
1134 
1138 
11n 
1187 
1196 
1200 
1212 
1222 
1222 
1224 
1224 
1226 
1226 
1278 
1279 
1306 
1379 
1386 
1386 
1408 
1435 
1520 

248 0.978 . 1.013 
182 0.83 
182 0.84 
152 o.830 · o.aao 
232 0.984 . 1.018 
182 0.21 
182 0.897 . 0.917 
287 0.991 . 1.037 
182 
182 0.888 
204 1 .002 
182 0.915 
251 0.989 
182 0.922 
214 0. 975 
182 0.922 
233 0.993 
182 0.983 
182 

0.92 
0.952 
1.026 
0.949 
1.030 
0.953 
1.027 
0.959 
1.016 
1.026 

0.98 
182 1.000 • 1.000 
182 1.06 
182 1.048 • 1.087 
247 0.992. 1.003 
182 1.08 
183 0.92 
183 0.98 

1525 183 0.969 • 0.996 
1525 
1525 
1528 
1528 
1551 
1555 
1594 
1603 
1619 
1679 

215 0.89Q • 1.016 
183 0.98 
183 0.966 • 0.996 
285 0.997 • 1.003 
183 1.00 
183 1.000 • 1.000 
183 1 .03 
183 1.016 1.054 
286 1.001 1.019 
183 1.066 1.135 

1679 207 0.914 1.019 
1802 183 1.144 1.293 
1820 238 0.981 1.018 
1985 183 1.255 1.290 

10 

10 
10 

10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

10 

10 
10 

10 
10 

10 
10 

10 

10 
10 
10 
10 
10 
10 
10 

28 

29 

41 

15 

26 

91 

20 

106 

27 

21 

28 

3 

s 

2 

8 

2 

7 

6 

10 

4 

4 

(1) Reference numbers beginning with o, 1 or 5 indicate a pollutant quan
tified by the internal standard method; reference numbers beginning with 2 
or 6 indicate a labeled compound quantified by the internal standard 
method; reference numbers beginning with 3 or 7 indicate a pollutant quan
tified by isotope dilution. 
(2) Based on data from a single wastewater laboratory. 
(3) This is a minimum level at which the analytical system shall give rec
ognizable mass spectra (background corrected) and acceptable calibration 
points when calibrated using reagent water. The concentration in the 
aqueous or solid phase is determined using the equations in section 13. 
(4) Method detection limits determined in digested sludge (low solids) and 
in filter cake or compost (high solids). 
(5) Specification derived from related compound. 
(6) An unknown interference in the particular sludge studied precluded 
measurement of the Method Detection Limit (MDL) for this compound. 
*Background levels of these compounds were present in the sludge resulting 
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in higher than expected MDL's. The MDL for these compounds is expected to 
be approximately 20 ug/kg (100 - 200 for the gases and water soluble com
pounds) for the low solids method and 5 - 10 ug/kg (25 - 50 for the gases 
and water soluble compounds) for the high solids method, with no interfer
ences present. 

Column: 2.4 m (8 ft) x 2 mm i.d. glass, packed with one percent SP-1000 
coated on 60/80 Carbopak B. 
carrier gas: helium at 40 mL/min. 
Temperature program: 3 min at 45 °c, 8 °c per min to 240 oc, hold at 240 oc 
for 15 minutes. 
Note: The retention time specifications in this table were developed from 
data collected from four wastewater laboratories. 
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Table 4 

BFB Mass-intensity Specifications 

~ Intensity required 
50 15 to 40 percent of m/z 95 
75 30 to 60 percent of m/z 95 
95 base peak, 100 percent 
96 5 to 9 percent of m/z 95 

173 less than 2 percent of m/z 174 
174 greater than 50 percent of m/z 95 
175 5 to 9 percent of m/z 
176 95 to 100 percent of m/z 174 
177 5 to 9 percent of m/z 176 
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Table 5 

Volatile Organic Compound Characteristic M/z's 

Response f ac-
Reference tor at purge 

Labeled Primary compound tems. of 
~Qm:&lQYDsl s:!DSllQg m!;'§ ( J. l lQ_~ .iQ ... J~~ 
acetone d6 58/64 
acrolein d4 56/60 
acrylonitrile d3 53/56 
allyl alcohol 57 181 (2) 0.20 
benzene d6 78/84 
2-bromo-l-chloropropane (3) 77 
bromochloromethane (3) 128 
bromodichloromethane 13c 83/86 
bromof orm lJc 173/176 
bromomethane d3 96/99 
carbon disulfide 76 181 l.93 2.02 
carbon tetrachloride l3c 47/48 
2-chloro-1,3-butadiene 53 182 0.29 a.so 
chloroacetonitrile 75 181 (2) 1.12 
chlorobenzene d5 112/117 
chloroethane d5 64/71 
2-chloroethylvinyl ether d7 106/113 
chloroform l3c 85/86 
chloromethane d3 50/52 
3-chloropropene 76 181 0.43 0.63 
crotonaldehyde 70 182 (2) 0.090 
dibromochloromethane 13c 129/130 
l,2-dibromoethane 107 182 0.86 0.68 
dibromomethane 93 181 l.35 l.91 
l,4-dichloro.butane (3) 55 
trans-l,4-dichloro-2-butene 75 183 0.093 0.14 
l,1-dichloroethane d3 63/66 
l,2-dichloroethane d4 62/67 
l,l-dichloroethene d2 61/65 
trans-l,2-dichlorethene d2 61/65 
l,2-dichloropropane d6 63/67 
l,3-dichloropropane 76 182 0.89 0.88 
cis-1,3-dichloropropene 75 182 0.29 0.41 
trans-1,3-dichloropropene d4 75/79 
diethyl ether dlO 74/84 
p-dioxane d8 88/96 
ethyl cyanide 54 181 ( 2) 1.26 
ethyl methacrylate 69 183 0.69 0.52 
ethyl.benzene dlO 106/116 
2-hexanone 58 183 0.076 0.33 
iodomethane 142 181 4.55 2.55 
iso.butyl alcohol 74 181 (2) 0.22 
methylene chloride d2 84/68 
methyl ethyl ketone d3 72/75 
methyl methacrylate 69 182 0.23 0.79 
4-methyl-2-pentanone 58 183 0.15 0.29 
methacrylonitrile 67 181 0.25 0.79 
l,l,1,2-tetrachloroethane 131 162 0.20 0.25 
l,l,2,2-tetrachloroethane d2 83/84 
tetrachlorethene l3c2 166/172 

l624C D-128 



toluene 
l,l,l-trichloroethane 
l,1,2-trichloroethane 
trichloroethene 
trichlorofluoromethane 
1,2,3-trichloropropane 
vinyl acetate 
vinyl chloride 

(l) 181 = bromochloromethane 

d8 
d3 

1Jc2 
1Jc2 

d3 

182 • 2-bromo-1-chloropropane 
183 • 1,4-dichlorobutane 

92/99 
97I102 
83/84 

95/136 
101 

75 
86 

62/65 

(2) not detected at a purge temperature of 25 °c 
(3) internal standard 
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183 
182 

2.31 
0.89 
0.054 

2.19 
0.72 
0.19 



Table 6 

Acceptance Criteria for Performance Tests 

A~~1ataoce c~ite~ia a:t, ~ O ug[ti o;: as noted 
labeled 
compound 

Initial precision recovery on-going 
and accuracy Sec 8.3 accuracy 
s~"t~2n a.,,~ ~n!:l l~·' S!~ ;1.1. 5 

CQmli!Q:YDg Iii (ygl'.I..l x (l:lgl'.I..l f Cil B (ugt::I.il 
acetone• 51. 77 - 153 35 - 165 55 - 145 
acrolein• 72. 32 - 168 37 - 163 7 - 190 
acrylonitrile• 16. 70 - 132 ns - 204 58 - 144 
benzene 9.0 13 - 28 ns - 196 4 - 33 
bromodichloromethane 8.2 7 - 32 ns - 99 4 - 34 
bromoform 7.0 7 - 35 ns - 214 6 - 36 
bromomethane 25. d - 54 ns - 414 d - 61 
carbon tetrachloride 6.9 16 - 25 42 - 165 12 - 30 
chloro.benzene 8.2 14 - 30 ns - 205 4 - 35 
chloroethane 15. d - 47 ns - 308 d - 51 
2-chloroethylvinyl ether 36. d - 70 ns - 554 d - 79 
chloroform 7.9 12 - 26 18 - 172 8 - 30 
chloromethane 26. d - 56 ns - 410 d - 64 
di.bromochloromethane 7.9 11 - 29 16 - 185 8 - 32 
1,1-dichloroethane 6.7 11 - 31 23 - 191 9 - 33 
1,2-dichloroethane 7.7 12 - 30 12 - 192 8 - 33 
l,l-dichloroethene 12. d - 50 ns - 315 d - 52 
trans-1,2-dichlorethene 7.4 11 - 32 15 - 195 8 - 34 
1,2-dichloropropane 19. d - 47 ns - 343 d - 51 
cis-1,3-dichloropropene 22. d - 51 ns - 381 d - 56 
trans-1,3-dichloropropene 15. cl - 40 ns - 284 cl - 44 
diethyl ether* 44. 75 - 146 44 - 156 55 - 145 
p-dioxane 7.2 13 - 27 ns - 239 11 - 29 
ethyl.benzene 9.6 16 - 29 ns - 203 5 - 35 
methylene chloride 9.7 cl - 50 ns - 316 d - 50 
methyl ethyl ketone• 57. 66 - 159 36 - 164 42 - 158 
1,1,2,2-tetrachloroethane 9.6 11 - 30 5 - 199 7 - 34 
tetrachlorethene 6.6 15 - 29 31 - 181 11 - 32 
toluene 6.3 15 - 29 4 - 193 6 - 33 
1,1,l-trichloroethane 5.9 11 - 33 12 - 200 8 - 35 
l,l,2-trichloroethane 7.1 12 - 30 21 - 184 9 - 32 
trichloroethene 8.9 17 - 30 35 - 196 12 - 34 
vinyl chloride 228 d - 59 ns - 452 d - 65 

• Acceptance criteria at 100 uq/L 
d = detected; result must be greater than zero. 
ns = no specification; limit would be below detection limit. 
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Fiqure 5 Schematic of Purqe and Trap 
Device--Desorb Mode 
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Figure 9 Chromatogram of Aqueous Performance standard 
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Appendix A: Mass Spectra in the Form of Mass/intensity Lists 

532 allyl alcohol 
mil int.:. ma .inh ma ~ mLZ int. ma .inL. !!!Lz. ink 

42 30 43 39 44 232 45 12 53 13 55 59 
56 58 57 1000 58 300 61 15 

533 carbon disulfide 
ma .inL. ma inL. ma inL. ma .inL. ma inL. ma ink 

44 282 46 10 64 14 76 1000 77 27 78 82 

534 2-chloro-1,3-butadiene (chloroprene) 
mil inL. mil inL. ma int.&. ma inL. mil inL. ma int.:. 

48 21 49 91 50 223 51 246 52 241 53 1000 
54 41 61 30 62 54 63 ll 64 16 73 21 
87 12 88 452 89 22 90 137 

535 chloroacetonitrile 
mil inb mil inL. ma ~ mLZ .inL. mil inL. ma .ill.:.. 

47 135 4a 1000 49 as 50 294 51 12 73 22 
74 43 75 884 76 39 77 278 

536 3-chloropropene 
mLZ. int.a. ma int.a. ma int.&. mLZ. inL. mLZ. inL. ma. inL. 

35 39 36 40 40 44 42 206 47 40 58 35 
49 176 51 64 52 31 61 29 73 22 75 138 
76 1000 77 74 78 324 

537 crotonaldehyde 
mLZ. inL. mil int.a. ma inL. ma. int..:. ma inL. ma .inL. 

35 26 40 28 42 339 43 48 44 335 49 27 
50 40 51 20 52 21 SJ Jl 55 55 68 24 
69 511 70 1000 71 43 

538 l,2-dibromoethane (EDB) 
ma int.:. mil int.a. mil inL. mLZ. .inL. ma inL. ma .inL. 

79 so 80 13 31 51 82 15 93 54 95 42 
105 32 106 29 107 1000 108 38 109 922 110 19 
186 13 188 27 190 13 

539 dibromomethane 
ma inL. mil inL. ma inb ma .inL. ma. inL. ma ink 

43 99 44 101 45 30 79 184 80 35 81 175 
91 142 92 61 93 1000 94 64 95 875 160 18 

172 375 173 14 174 719 175 12 176 342 

540 trans-l,4-dichloro-2-butene 
ma ink ma. int.:. ma .inL. ma ink ma inL. ma ink 

49 166 50 171 51 289 52 as 53 a1a 54 273 
62 286 64 91 75 1000 77 323 as 246 a9 415 
90 93 91 129 124 138 126 86 128 12 

541 l,3-dichloropropane 
ma .inL. ma int.:. ma int.:. m.a .inL. ma inh ma int. 

40 15 42 44 47 19 48 20 49 193 51 55 
61 18 62 22 63 131 65 38 75 47 76 1000 
77 46 78 310 79 12 
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542 cis-1,3-dichloropropene 
37 262 38 269 39 998 

161 77 328 110 254 112 

543 ethyl cyanide 
mil .inL. mil int.:.. 

44 115 50 34 
55 193 

544 
mil 

42 
69 
96 

ethyl 
int.:. 

127 
1000 

17 

methacrylate 
mil int.:. 

43 48 
70 83 
99 93 

mil int. 
51 166 

ma 
45 
71 

113 

illt..&. 
155 

25 
11 

545 2-hexanone (methyl butyl ketone) 
mil int.:. ma .inL. ma .inL. 

42 61 43 1000 44 24 
59 21 71 36 85 37 

546 iodomethane 
mil int.:.. ma int.:.. 

44 57 127 328 
142 1000 143 12 

547 isobutyl alcohol 
mil ~ ma .inh 

34 21 35 13 
43 1000 44 42 

59 25 73 12 

548 methacrylonitrile 
mil int..:. mil .in:t..r.. 

38 24 39 21 
51 214 52 446 
65 55 66 400 

549 methyl 
mil .inL. 

42 127 
59 124 
98 20 

methacrylate 
ma~ 

43 52 
68 28 
99 89 

mil int.:. 
128 17 

ma int.&. 
36 13 
45 21 

74 63 

ma .in:t..r.. 
41 26 
53 19 
67 1000 

ma int.&. 
45 48 
69 1000 

100 442 

49 596 

ma int. 
52 190 

ma 
55 
85 

114 

int.:.. 
32 
14 

119 

ml;. .inL. 
55 12 

100 56 

ml;. int.&. 
139 39 

ma .in:t..r.. 
37 11 
55 40 

ma .int..:. 
42 100 
62 24 
68 51 

mil inL.. 
53 30 
70 51 

101 22 

51 189 

ma .ill.:. 
53 127 

mil .inL. 
SS 39 
86 169 

ma int. 
57 130 

ma .int..:.. 
140 34 

ma .inL. 
39 10 
56 37 

mil .inL. 
49 19 
63 59 

ma 
55 
82 

.inL. 
100 

26 

550 4-methyl-2-pentanone 
mil .inL. mil ~ 

(methyl isobutyl ketone; MIBK) 
ma inL.. mil int.&. mil .inL. 

42 69 43 1000 44 54 53 11 55 15 
57 205 58 346 59 20 67 12 69 10 

100 94 

551 1,1,1,2-tetrachloroethane 
ma .inL. mil .inL. ma 

47 144 49 163 60 
84 31 95 416 96 

121 236 131 1000 133 

.inL. 
303 
152 
955 

ma .inL. 
61 330 
97 270 

135 301 
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ma .inL. 
62 98 
98 84 

75 1000 

ma .inL. 
54 1000 

ma .inL. 
68 60 
87 21 

ma int. 
58 382 

ma .int.:. 
141 120 

ma .inL. 
42 575 
57 21 

ma .inL. 
50 60 
64 136 

ma .inL. 
56 49 
85 45 

mil .inL. 
56 13 
85 96 

ma 
82 

117 

int. 
45 

804 



552 trichlorofluoromethane 
ma 1nh mil ink ma inh mil inh ma inL. ma int. 

44 95 47 153 49 43 51 21 52 14 66 162 
68 53 82 40 84 28 101 1000 102 10 103 671 

105 102 117 16 119 14 

553 l,2,3-trichloropropane 
mil iDL. ma int.&. ma .inL. ma .int.:.. mil .inL. mil inL. 

49 285 51 87 61 300 62 107 63 98 75 1000 
76 38 77 302 83 23 96 29 97 166 98 20 
99 103 110 265 111 28 112 164 114 25 

554 vinyl acetate 
36 5 42 103 43 1000 44 70 45 8 86 57 
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31 October 1986 Draft 

Method 1625, Revision C 

Semivolatile Organic Compounds by Isotope Dilution GCMS 

l Scope and application 

1.1 This method is designed to determine the semivolatile toxic 

organic pollutants associated with the 1976 Consent Decree; the 

Resource Conservation and Recovery Act; the Comprehensive Environ

mental Response, Compensation and Liability Act; and other com

pounds amenable to extraction and analysis by capillary column gas 

chromatoqraphy-mass spectrometry (GCMS). 

1.2 The chemical compounds listed in tables l throuqh 4 may be deter

mined in waters, soils, and municipal sludqes by this method. The 

method is designed to meet the survey requirements of the Environ

mental Protection Agency (EPA). 

l.3 The detection limit of this method is usually dependent on the 

level of interferences rather than instrumental limitations. The 

limits in tables 5 and 6 typify the minimum quantity that can be 

detected with no interferences present. 

1.4 The GCMS portions of this method are for use only by analysts 

experienced with GCMS or under the close supervision of such quali

fied persons. Laboratories unfamiliar with analyses of environmen

tal samples by GCMS should run the performance tests in reference 1 

before beginning. 

2 summary of method 

2.1 The percent solids content of a sample is determined. 
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Stable isotopically labeled analogs of the compounds of interest 

are added to the sample. 

If the solids content is less than one percent, a one liter sample 

is extracted at pH 12 - 13, then at pH <2 with methylene chloride 

using continuous extraction techniques. If the solids content is 

30 percent percent or less, the sample is diluted to one percent 

solids with reagent water, homogenized ultrasonically, and 

extracted at pH 12-13, then at pH <2 with methylene chloride using 

continuous extraction techniques. If the solids content is greater 

than 30 percent, the sample is extracted using ultrasonic tech

niques. 

Each extract is dried over sodium sulfate, concentrated to a volume 

of five mL, cleaned up using gel permeation chromatography (GPC), 

if necessary, and concentrated to one mL. An internal standard is 

added to the extract, and a one uL aliquot of the extract is 

injected into the gas chromatograph (GC). The compounds are separ

ated by GC and detected by a mass spectrometer (MS) . The labeled 

compounds serve to correct the variability of the analytical tech

nique. 

2.2 Identification of a pollutant (qualitative analysis) is performed 

in one of three ways: (l) For compounds listed in tables l and 2, 

and for other compounds for which authentic standards are avail

able, the GCMS system is calibrated and the mass spectrum and 

retention time for each standard are stored in a user created 

library. A compound is identified when its retention time and mass 

spectrum agree with the library retention time and spectrum. (2) 

For compounds listed in tables 3 and 4, and for other compounds for 

which standards are not available, a compound is identified when 

the retention time and mass spectrum spectrum agree with those spe-
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cified in this method. (3) For chromatographic peaks which are not 

identified by (1) and (2) above, the background corrected spectrum 

at the peak maximum is compared with spectra in the EPA/NIH Mass 

Spectral File (reference 2). Tentative identification is estab

lished when the spectrum agrees. 

2.3 Quantitative analysis is performed in one of four ways by GCMS 

using extracted ion current profile (EICP) areas: (1) For com

pounds listed in tables 1 and 2, and for other compounds for which 

standards and labeled analoqs are available, the GCMS system is 

calibrated and the compound concentration is determined using an 

isotope dilution technique. (2) For compounds listed in tables 1 

and 2, and for other compounds for which authentic standards but no 

labeled compounds are available, the GCMS system is calibrated and 

the compound concentration is determined using an internal standard 

technique. (3) For compounds listed in tables 3 and 4, and for 

other compounds for which standards are not available, compound 

concentrations are determined using known response factors. (4) 

For compounds for which neither standards nor known response fac

tors are available, compound concentration is determined using the 

sum of the EICP areas relative to the sum of the EICP areas of the 

internal standard. 

2.4 Quality is assured through reproducible calibration and testing of 

the extraction and GCMS systems. 

3 Contamination and interferences 

3.1 Solvents, reagents, glassware, and other sample processing hard

ware may yield artifacts and/or elevated baselines causing misin

terpretation of chromatograms and spectra. All materials used in 

the analysis shall be demonstrated to be free from interferences 
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under the conditions of analysis by running method blanks initially 

and with each sample lot (samples started through the extraction 

process on a given 8 hr shift, to a maximum of 20). Specific 

selectio~ of reagents and purification of solvents by distillation 

in all-glass systems may be required. Glassware and, where pos

sible, reagents are cleaned by solvent rinse and baking at 450 °c 

for one hour minimum. 

3.2 Interferences coextracted from samples will vary considerably from 

source to source, depending on the diversity of the site being 

sampled. 

4 Safety 

4.l The toxicity or carcinogenicity of each compound or reagent used 

in this method has not been precisely determined; however, each 

chemical compound should be treated as a potential health hazard. 

Exposure to these compounds should be reduced to the lowest pos

sible level. The laboratory is responsible for maintaining a cur

rent awareness file of OSHA regulations regarding the safe handling 

of the chemicals specified in this method. A reference file of 

data handling sheets should also be made available to all personnel 

involved in these analyses. Additional information on laboratory 

safety can be found in references 3 - s. 

4.2 The following compounds covered by this method have been tenta

tively classified as know or suspected human or mammalian carcinog

ens: benzo(a)anthracene, 3,3'-dichlorobenzidine, benzo(a)pyrene, 

dibenzo(a,h)anthracene, N-nitrosodimethylamine, and beta-naphthyla

mine. Primary standards of these compounds shall be prepared in a 

hood, and a NIOSH/MESA approved toxic gas respirator should be worn 

when high concentrations are handled. 

l625C D-141 



5 Apparatus and materials 

5.1 Sampling equipment for discrete or composite sampling. 

5.1.l Sample Bottles and Caps 

5.1.1.1 Liquid Samples (waters, sludges and similar materials that 

contain less than five percent solids)--Sample bottle, amber glass, 

1.1 liters minimum, with screw cap. 

5.1.l.2 Solid samples (soils, sediments, sludges, filter cake, com

post, and similar materials that contain more than five percent 

solids)--Sample bottle, wide mouth, amber glass, 500 mL minimum. 

5.1.l.3 If amber bottles are not available, samples shall be protected 

from light. 

5.1.l.4 Bottle caps--threaded to fit sample bottles. Caps shall be 

lined with Teflon. 

5.1.l.5 Cleaning 

5.1.l.5.l Bottles are detergent water washed, then solvent rinsed or 

baked at 450 °c for one hour minimum before use. 

5.1.1.s.2 Liners are detergent water washed, then reagent water (sec

tion 6.5.l) and solvent rinsed, and baked at approx 200 °c for one 

hour minimum prior to use. 

5.1.2 Compositing equipment--automatic or manual compositing system 

incorporating glass containers cleaned per bottle cleaning proce

dure above. Sample containers are kept at o - 4 °c during samp

ling. Glass or Teflon tubing only shall be used. If the sampler 

uses a peristaltic pump, a minimum length of compressible silicone 

rubber tubing may be used in the pump only. Before use, the tubing 

shall be thoroughly rinsed with methanol, followed by repeated 

rinsings with reagent water (section 6.5.l) to minimize sample con

tamination. An integrating flow meter is used to collect propor-
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tional composite samples. 

5.2 

5.2.1 

5.2.2 

5.3 

Equipment for determining percent moisture 

Oven, capable of being temperature controlled at 110 +/- 5 °c. 
Dessicator 

Sonic disruptor--375 watt with pulsing capability and 3/4 in. 

disruptor horn (Ultrasonics, Inc, Model 375C, or equivalent). 

5.4 Extraction apparatus 

5.4.l Continuous liquid-liquid extractor--Teflon or glass connecting 

joints and stopcocks without lubrication, 1.5 - 2 liter capacity 

(Hershberg-Wolf Extractor, Ace Glass 6841-10, or equivalent). 

5.4.2 Beakers 

5.4.2.1 1.5 - 2 liter, calibrated to one liter 

5.4.2.2 400 - 500 mL 

5.4.2.3 Spatulas--stainless steel 

5.4.3 Filtration apparatus 

5.4.3.1 Glass funnel--125 - 250 mL 

5.4.3.2 Filter paper for above (Whatman 41, or equivalent) 

5.5 Drying column--15 to 20 mm i.d. Pyrex chromatographic column 

equipped with coarse glass frit or glass wool plug. 

5.6 Kuderna-Danish (K-D) apparatus 

5.6.1 Concentrator tube--lOmL, graduated (Kontes K-570050-1025, or 

equivalent) with calibration verified. Ground glass stopper (size 

19/22 joint) is used to prevent evaporation of extracts. 

5.6.2 Evaporation flask--500 mL (Kontes K-570001-0500, or equivalent), 

attached to concentrator tube with springs (Kontes K-662750-0012). 

5.6.3 Snyder column--three ball macro (Kontes K-503000-0232, or equi

valent) . 

5.6.4 Snyder column--two ball micro (Kontes K-469002-0219, or equiva

lent) . 
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5.6.5 Boiling chips--approx 10/40 mesh, extracted with methylene chlo

ride and baked at 450 oc for one hr minimum. 

5.7 Water bath--heated, with concentric rinq cover, capable of temper-

ature control (+/- 2 °c), installed in a fume hood. 

5.8 Sample vials--amber glass, 2 - 5 mL with Teflon-lined screw cap. 

5.9 Balances 

5.9.1 Analytical--capable of weighing 0.1 mg. 

5.9.2 Top loading--capable of weighing 10 mg. 

5.10 Automated gel permeation chromatograph (Analytical Biochemical 

Labs, Inc, Model GPC Autoprep 1002, or equivalent) 

5.10.1 Column--600 - 700 mm x 25 mm i.d., packed with 70 g of SX-3 

Bio-beads 

5.11 Gas chromatograph--shall have splitless or on-column injection 

port for capillary column, temperature program with 30 Oc hold, and 

shall meet all of the performance specifications in section 12. 

5.11.1 Column--30 +/-5 m x o.2s +/- 0.02 mm i.d. 5% phenyl, 94% 

methyl, 1% vinyl silicone bonded phase fused silica capillary col

umn (J & W DB-5, or equivalent). 

5.12 Mass spectrometer--70 eV electron impact ionization, shall repeti

tively scan from 35 to 450 amu in 0.95 - 1.00 second, and shall 

produce a unit resolution (valleys between m/z 441-442 less than 10 

percent of the height of the 441 peak), background corrected mass 

spectrum from 50 ng decafluorotriphenylphosphine (DFTPP) introduced 

through the GC inlet. The spectrum shall meet the mass-intensity 

criteria in table 7 (reference 6) . The mass spectrometer shall be 

interfaced to the GC such that the end of the capillary column ter

minates within one centimeter of the ion source but does not inter

cept the electron or ion beams. All portions of the column which 

connect the GC to the ion source shall remain at or above the col-
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wnn temperature during analysis to preclude condensation of less 

voiatile compounds. 

5.13 Data system--shall collect and record MS data, store mass

intensity data in spectral libraries, process GCMS data, generate 

reports, and shall compute and record response factors. 

5.13.l Data acquisition--mass spectra shall be collected continuously 

throughout the analysis and stored on a mass storage device. 

5.13.2 Mass spectral libraries--user created libraries containing mass 

spectra obtained from analysis of authentic standards shall be 

employed to reverse search GCMS runs for the compounds of interest 

(section 7.2). 

5.13.3 Data processing--the data system shall be used to search, 

locate, identify, and quantify the compounds of interest in each 

GCMS analysis. Software routines shall be employed to compute 

retention times and peak areas. Displays of spectra, mass chroma

tograms, and library comparisons are required to verify results. 

5.13.4 Response factors and multipoint calibrations--the data system 

shall be used to record and maintain lists of response factors 

(response ratios for isotope dilution) and multi-point calibration 

curves (section 7). Computations of relative standard deviation 

(coefficient of variation) are used for testing calibration 

linearity. Statistics on initial (section 8.2) and on-going (sec

tion 12.7) performance shall be computed and maintained. 

6 Reagents and standards 

6.1 Reagents for adjusting sample pH 

6.1.l Sodium hydroxide--reagent grade, 6N in reagent water. 

6.1.2 Sulfuric acid--reagent grade, 6N in reagent water. 

6.2 Sodium sulfate--reagent grade, granular anhydrous, rinsed with 
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methylene chloride (20 mL/g), baked at 450 °c for one hour minimum, 

cooled in a dessicator, and stored in a pre-cleaned glass bottle 

with screw cap which prevents moisture from entering. 

6.3 Methylene chloride--distilled in glass (Burdick and Jackson, or 

equivalent) . 

6.4 GPC calibration solutions 

6.4.l Corn oil--200 mq/mL in methylene chloride 

6.4.2 Bis(2-ethylhexyl)phthalate) and pentachlorophenol--4.0 mq/mL 

each in methylene chloride 

6.5 Reference matrices 

6.5.l Reaqent water--water in which the compounds of interest and 

interferinq compounds are not detected by this method. 

6.5.2 High solids reference matrix--playqround sand or similar mate

rial in which the compounds of interest and interf erinq compounds 

are not detected by this method. 

6.6 Standard solutions--purchased as solutions or mixtures with certi

fication to their purity, concentration, and authenticity, or pre

pared from materials of known purity and composition. If compound 

purity is 96 percent or greater, the weiqht may be used without 

correction to compute the concentration of the standard. When not 

beinq used, standards are stored in the dark at -20 to -10 °c in 

screw-capped vials with Teflon-lined lids. A mark is placed on the 

vial at the level of the solution so that solvent evaporation loss 

can be detected. The vials are brouqht to room temperature prior 

to use. Any precipitate is redissolved and solvent is added if 

solvent loss has occurred. 

6.7 Preparation of stock solutions--prepare in methylene chloride, 

benzene, p-dioxane, or a mixture of these solvents per the steps 

below. Observe the safety precautions in section 4. The large 
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number of labeled and unlabeled acid and base/neutral compounds 

used for combined calibration (section 7) and calibration verifica

tion (12.S) require high concentrations (approx 40 mg/mL) when 

individual stock solutions are prepared, so that dilutions of mix

tures will permit calibration with all compounds in a single set of 

solutions. The working range for most compounds is 10-200 ug/mL. 

compounds with a reduced MS response may be prepared at higher con

centrations. 

6.7.l Dissolve an appropriate amount of assayed reference material in 

a suitable solvent. For example, weigh 400 mg naphthalene in a 10 

mL ground glass stoppered volumetric flask and fill to the mark 

with benzene. After the naphthalene is completely dissolved, 

transfer the solution to a 15 mL vial with Teflon-lined cap. 

6.7.2 Stock standard solutions should be checked for signs of degrada

tion prior to the preparation of calibration or performance test 

standards. Qaulity control check samples that can be used to 

determine the accuracy of calibration standards are available from 

the us Environmental Protection Agency, Environmental Monitoring 

and Support Laboratory, Cincinnati, Ohio 45268. 

6.7.3 Stock standard solutions shall be replaced after six months, or 

sooner if comparison with quality control check standards indicates 

a change in concentration. 

6.8 Labeled compound spiking solution--from stock standard solutions 

prepared as above, or from mixtures, prepare the spiking solution 

at a concentration of 200 uq/mL, or at a concentration appropriate 

to the MS response of each compound. 

6.9 Secondary standard--using stock solutions (section 6.7), prepare a 

secondary standard containing all of the compounds in tables l and 

2 at a concentration of 400 ug/mL, or higher concentration appro-
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priate to the MS response of the compound. 

6.10 Internal standard solution--prepare 2,2'-difluorobiphenyl (DFB) 

at a concentration of 10 mg/mL in benzene. 

6.ll OFTPP solution--prepare at 50 ug/mL in acetone. 

6.12 Solutions for obtaining authentic mass spectra (section 

7.2)--prepare mixtures of compounds at concentrations which will 

assure authentic spectra are obtained for storage in libraries. 

6.lJ Calibration solutions--combine 0.5 mL of the solution in section 

6.8 with 25, 50, 125, 250, and 500 uL of the solution in section 

6.9 and bring to l.00 mL total volume each. This will produce cal

ibration solutions of nominal 10, 20, so, 100 and 200 ug/mL of the 

pollutants and a constant nominal 100 ug/mL of the labeled com

pounds. Spike each solution with lO uL of the internal standard 

solution (section 6.lO). These solutions permit the relative 

response (labeled to unlabeled) to be measured as a function of 

concentration (section 7.4). 

6.14 Precision and recovery standard--used for determination of ini

tial (section 8.2) and on-qoinq (section 12.7) precision and recov

ery. This solution shall contain the pollutants and labeled com

pounds at a nominal concentration of 100 ug/mL. 

6.15 Stability of solutions--all standard solutions (sections 6.8 -

6.14) shall be analyzed within 48 hours of preparation and on a 

monthly basis thereafter for signs of degradation. standards will 

remain acceptable if the peak area at the quantitation mass rela

tive to the OFB internal standard remains within +/- 15 percent of 

the area obtained in the initial analysis of the standard. 

7 Calibration 

7.1 Assemble the GCMS and establish the operating conditions in table 
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5. Analyze standards per the procedure in section 11 to demon

strate that the analytical system meets the minimum levels in 

tables 5 and 6, and the mass-intensity criteria in table 7 for 50 

ng OFTPP. 

7.2 Mass spectral libraries--detection and identification of compounds 

of interest are dependent upon spectra stored in user created 

libraries. 

7.2.1 Obtain a mass spectrum of each pollutant, labeled compound, and 

the internal standard by analyzing an authentic standard either 

singly or as part of a mixture in which there is no interference 

between closely eluted components. That only a single compound is 

present is determined by examination of the spectrum. Fragments 

not attributable to the compound under study indicate the presence 

of an interfering compound. 

7.2.2 Adjust the analytical conditions and scan rate (for this test 

only) to produce an undistorted spectrum at the GC peak maximum. 

An undistorted spectrum will usually be obtained if five· complete 

spectra are collected across the upper half of the GC peak. Soft

ware algorithms designed to "enhance" the spectrum may eliminate 

distortion, but may also eliminate authentic masses or introduce 

other distortion. 

7.2.3 The authentic reference spectrum is obtained under OFTPP tuning 

conditions (section 7.1 and table 7) to normalize it to spectra 

from other instruments. 

7.2.4 The spectrum is edited by saving the 5 most intense mass spec

tral peaks and all other mass spectral peaks greater than 10 per

cent of the base peak. The spectrum may be further edited to 

remove common interfering masses. If 5 mass spectral peaks cannot 

be obtained under the scan conditions given in section 5.12, the 
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mass spectrometer may be scanned to an m/z lower than 35 to gain 

additional spectral information. The spectrum obtained is stored 

for reverse search and for compound confirmation. 

7.2.5 For the compounds in tables 3 and 4 and for other compounds for 

which the mass spectra, quantitation m/z's, and retention times are 

known but the instrument is not to be calibrated, add the retention 

time and reference compound (tables 5 and 6) ; the responsefactor 

and the quantitation m/z (tables a and 9); and spectrum (Appendix 

A) to the reverse search library. Edit the spectrum per section 

7.2.4, if necessary. 

7.3 Analytical range--demonstrate that 20 nq anthracene or phenan

threne produces an area at m/z 178 approx one-tenth that required 

to exceed the linear range of the system. The exact value must be 

determined by experience for each instrument. It is used to match 

the calibration range of the instrument to the analytical range and 

detection limits required, and to diagnose instrument sensitivity 

problems (section 15.3). The 20 ug/mL calibration standard (sec

tion 6.13) can be used to demonstrate this performance. 

7.3.l Polar compound detection--demonstrate that unlabeled pentachlo

rophenol and benzidine are detectable at the 50 uq/mL level {per 

all criteria in section 13). The 50 ug/mL calibration standard 

(section 6.13) can be used to demonstrate this performance. 

7.4 Calibration with isotope dilution--isotope dilution is used when 

l) labeled compounds are available, 2) interferences do not pre

clude its use, and 3) the quantitation m/z (tables a and 9) 

extracted ion current profile (EICP) area for the compound is in 

the calibration range. Alternate labeled compounds and quantita

tion m/z's may be used based on availability. If any of the above 

conditions preclude isotope dilution, the internal standard method 
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(section 7.5) is used. 

7.4.l A calibration curve encompassing the concentration range is pre

pared for each compound to be determined. The relative response 

(pollutant to labeled) vs concentration in standard solutions is 

plotted or computed using a linear regression. The example in Fig

ure l shows a calibration curve for phenol using phenol-dS as the 

isotopic diluent. Also shown are the +/- 10 percent error limits 

(dotted lines). Relative Response (RR) is determined according to 

the procedures described below. A minimum of five data points are 

employed for calibration. 

7.4.2 The relative response of a pollutant to its labeled analog is 

determined from isotope ratio values computed from acquired data. 

Three isotope ratios are used in this process: 

Rx • the isotope ratio measured for the pure pollutant. 

Ry • the isotope ratio measured for the labeled compound. 

Rm • the isotope ratio of an analytical mixture of pollutant and 

labeled compounds. 

The m/z's are selected such that Rx> Ry· If Rm is not 

between 2Ry and 0.5Rx, the method does not apply and the sample 

is analyzed by the internal standard method. 

7.4.3 Capillary columns usually separate the pollutant-labeled pair, 

with the labeled compound eluted first (figure 2). For this case, 

Rx • (area m1/z]/l, at the retention time of the pollutant 

(RT2) . 

Ry= l/(area m2/z], at the retention time of the labeled 

compound RT1) 

Rm= (area at m1/z (at RT2)]/[area at m2/z (at RT1)], as 

measured in the mixture of the pollutant and labeled compounds 

(figure 2), and RR= Rm· 
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7.4.4 Special precautions are taken when the pollutant-labeled pair is 

not separated, or when another labeled compound with interfering 

spectral masses overlaps the pollutant (a case which can occur with 

isomeric compounds). In this case, it is necessary to determine 

the respective contributions of the pollutant and labeled compounds 

to the respective EICP areas. If the peaks are separated well 

enough to permit the data system or operator to remove the contri

butions of the compounds to each other, the equations in section 

7.4.3 apply. This usually occurs when the height of the valley 

between the two GC peaks at the same m/z is less than 10 percent of 

the height of the shorter of the two peaks. If significant GC and 

spectral overlap occur, RR is computed using the following equa

tion: 

RR• (Ry - Rm) (Rx+ l)/CRm - Rx) (Ry+ 1), where Rx is 

measured as shown in figure 3A, Ry is measured as shown in figure 

3B, and Rm is measured as shown in figure 3C. For the example, 

Rx• 46100/4780 • 9.644, Ry• 2650/43600 • 0.0608, Rm= 

49200/48300 • 1.019, and RR = 1.114. 

7.4.S To calibrate the analytical system by isotope dilution, analyze 

a 1.0 uL aliquot of each of the calibration standards (section 

6.13) using the procedure in section 11. Compute the RR at each 

concentration. 

7.4.6 Linearity--if the ratio of relative response to concentration 

for any compound is constant (less than 20 percent coefficient of 

variation) over the 5 point calibration range, an averaged relative 

response/concentration ratio may be used for that compound; other

wise, the complete calibration curve for that compound shall be 

used over the 5 point calibration range. 

7.5 Calibration by internal standard--used when criteria for isotope 
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dilution (section 7.4) cannot be met. The internal standard to be 

used for both acid and base/neutral analyses is 2,2 1 -difluorobi

phenyl. The internal standard method is also applied to determina

tion of compounds having no labeled analog, and to measurement of 

labeled compounds for intra-laboratory statistics (sections 8.4 and 

12.7.4). 

7.5.1 Response factors--calibration requires the determination of 

response factors (RF) which are defined by the following equation: 

RF• (As x Cis)/(Ais x Cs), where 

As is the area of the characteristic mass for the compound in the 

daily standard 

Ais is the area of the characteristric mass for the internal 

standard 

Cis is the concentration of the internal standard (ug/mL) 

Cs is the concentration of the compound in the daily standard 

(ug/mL) 

7.5.1.l The response factor is determined for at least five concentra

tions appropriate to the response of each compound (section 6.13); 

nominally, 10, 20, 50, 100, and 200 ug/mL. The amount of internal 

standard added to each extract is the same (100 ug/mL) so that Cis 

remains constant. The RF is plotted vs concentration for each com

pound in the standard (Cs) to produce a calibration curve. 

7.5.1.2 Linearity--if the response factor (RF) for any compound is 

constant (less than 35 percent coefficient of variation) over the 5 

point calibration range, an averaged response factor may be used 

for that compound; otherwise, the complete calibration curve for 

that compound shall be used over the 5 point range. 

7.6 Combined calibration--by using calibration solutions (section 

6.13) containing the pollutants, labeled compounds, and the inter-
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nal standard, a single set of analyses can be used to produce cali

bration curves for the isotope dilution and internal standard meth

ods. These curves are verified each shift (section l2.5) by ana

lyzing the 100 ug/mL calibration standard (section 6.13). Recali

bration is required only if calibration verification (section 12.5) 

criteria cannot be met. 

8 Quality assurance/quality control 

8.1 Each laboratory that uses this method is required to operate a 

formal quality assurance program (reference 7) . The minimum 

requirements of this program consist of an initial demonstration of 

laboratory capability, analysis of samples spiked with labeled com

pounds to evaluate and document data quality, and analysis of stan

dards and blanks as tests of continued performance. Laboratory 

performance is compared to established performance criteria to 

determine if the results of analyses meet the performance charac

teristics of the method. 

If the method is to be applied routinely to samples containing high 

solids with very little moisture (e.g., soils, filter cake, com

post), the high solids reference matrix (section 6.5.2) is substi

tuted for the reagent water (6.5.l) in all performance tests, and 

the high solids method (section lO) is used for these tests. 

8.1.1 The analyst shall make an initial demonstration of the ability 

to generate acceptable accuracy and precision with this method. 

This ability is established as described in section 8.2. 

8.1.2 The analyst is permitted to modify this method to improve sepa

rations or lower the costs of measurements, provided all perfor

mance specifications are met. Each time a modification is made to 

the method, the analyst is required to repeat the procedure in sec-
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tion 8.2 to demonstrate method performance. 

8.1.3 Analyses of blanks are required to demonstrate freedom from con

tamination. The procedures and criteria for analysis of a blank 

are described in section 8.5. 

8.1.4 The laboratory shall spike all samples with labeled compounds to 

monitor method performance. This test is described in section 8.3. 

When results of these spikes indicate atypical method performance 

for samples, the samples are diluted to bring method performance 

within acceptable limits (section 15). 

8.1.5 The laboratory shall, on an on-going basis, demonstrate through 

calibration verification and the analysis of the precision and 

recovery standard (section 6.14) that 'the analysis system is in 

control. These procedures are described in sections 12.l, 12.S, 

and 12.7. 

8.1.6 The laboratory shall maintain records to define the quality of 

data that is generated. Development of accuracy statements is 

described in section 8.4. 

8.2 Initial precision and accuracy--to establish the ability to gener

ate acceptable precision and accuracy, the analyst shall perform 

the following operations: 

s.2.1 For low solids (aqueous samples), extract, concentrate, and ana

lyze two sets of four one-liter aliquots (8 aliquots total) of the 

precision and recovery standard (section 6.14) according to the 

procedure in section 10. For high solids samples, two sets of four 

30 gram aliquots of the high solids reference matrix are used. 

s.2.2 Using results of the first set of four analyses, compute the 

average recovery (X) in ug/mL and the standard deviation of the 

recovery (s) in ug/mL for each compound, by isotope dilution for 

pollutants with a labeled analog, and by internal standard for 
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labeled compounds and pollutants with no labeled analog. 

a.2.3 For each compound, compare s and X with the corresponding limits 

for initial precision and accuracy in table 10. If s and X for all 

compounds meet the acceptance criteria, system performance is 

acceptable and analysis of blanks and samples may begin. If, how

ever, any individual s exceeds the precision limit or any individ

ual X falls outside the range for accuracy, system performance is 

unacceptable for that compound. 

NOTE: The large number of compounds in table 10 present a substan

tial probability that one or more will fail the acceptance criteria 

when all compounds are analyzed. To determine if the analytical 

system is out of control, or if the failure can be attributed to 

probability, proceed as follows: 

8.2.4 Using the results of the second set of four analyses, compute s 

and X for only those compounds which failed the test of the first 

set of four analyses (section 8.2.3). If these compounds now pass, 

system performance is acceptable for all compounds and analysis of 

blanks and samples may begin. If, however, any of the same com

pounds fail again, the analysis system is not performing properly 

for these compounds. In this event, correct the problem and repeat 

the entire test (section 8.2.l). 

8.3 The laboratory shall spike all samples with labeled compounds to 

assess method performance on the sample matrix. 

8.3.l Analyze each sample according to the method beginning in section 

10. 

8.3.2 Compute the percent recovery (P) of the labeled compounds using 

the internal standard method (section 7.5). 

8.3.3 Compare the labeled compound recovery for each compound with the 

corresponding limits in table 10. If the recovery of any compound 
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falls outside its warning limit, method performance is unacceptable 

for that compound in that sample. Therefore, the sample is com

plex. water samples are diluted, and smaller amounts of soils, 

sludges, and sediments are reanalyzed per section 15. 

8.4 As part of the QA program for the laboratory, method accuracy for 

samples shall be assessed and records shall be maintained. After 

the analysis of five samples or a given matrix type (water, soil, 

sludge, sediment) for which the labeled compounds pass the tests in 

section 8.3, compute the average percent recovery (P) and the stan

dard deviation of the percent recovery (sp) for the labeled com

pounds only. Express the accuracy assessment as a percent recovery 

interval from P -2sp to P + 2sp for each matrix. For example, if 

P • 90% and Sp • 10% for five analyses of compost, the accuracy 

interval is expressed as 70 - 110%. Update the accuracy assessment 

for each compound in each matrix on a regular basis (e.g. after 

each 5 - 10 new accuracy measurements). 

8.5 Blanks--reagent water and high solids reference matrix blanks are 

analyzed to demonstrate freedom from contamination. 

8.5.1 Extract and concentrate a one liter reagent water blank or a 

high solids reference matrix blank with each sample lot (samples 

started through the extraction process on the same 8 hr shift, to a 

maximum of 20 samples). Analyze the blank immediately after analy

sis of the precision and recovery standard (section 6.14) to demon

strate freedom. from contamination. 

8.5.2 If any of the compounds of interest (tables 1 thru 4) or any 

potentially interfering compound is found in an aqueous blank at 

greater than 10 ug/L, or in a high solids reference matrix blank at 

greater than 100 ug/kg (assuming a response factor of 1 relative to 

the internal standard for compounds not listed in tables 1 thru 4), 
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analysis of samples is halted until the source of contamination is 

eliminated and a blank shows no evidence of contamination at this 

level. 

8.6 The specifications contained in this method can be met if the 

apparatus used is calibrated properly, then maintained in a cali

brated state. The standards used for calibration (section 7), cal

ibration verification (section 12.5), and for initial (section 8.2) 

and on-qoinq (section 12.7) precision and recovery should be iden

tical, so that the most precise results will be obtained. The GCMS 

instrument in particular will provide the most reproducible results 

if dedicated to the settings and conditions required for the ana

lyses of semi-volatiles by this method. 

8.7 Oependinq on specific proqram requirements, field replicates may 

be collected to determine the precision of the samplinq technique, 

and spiked samples may be required to determine the accuracy of the 

analysis when the internal standard method is used. 

9 Sample collection, preservation, and handling 

9.1 Collect samples in qlass containers followinq conventional samp

ling practices (reference 8). Aqueous samples which flow freely 

are collected in refriqerated bottles usinq automatic sampling 

equipment. Solid samples are collected as qrab samples using wide 

mouth jars. 

9.2 Maintain samples at o - 4 °c from the time of collection until 

extraction. It residual chlorine is present in aqueous samples, 

add 80 mq sodium thiosulfate per liter of water. EPA methods 330.4 

and 330.5 may be used to measure residual chlorine (reference 9). 

9.3 Beqin sample extraction within seven days of collection, and ana

lyze all extracts within 40 days of extraction. 
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10 Sample extraction, concentration, and cleanup--samples containing 

one percent solids or less are extracted directly using continuous 

liquid/liquid extraction techniques (section 10.2.l and figure 4). 

Samples containing one to 30 percent solids are diluted to the one 

percent level with reagent water (section 10.2.2) and extracted 

using continuous liquid/liquid extraction techniques. Samples con

taining greater than 30 percent solids are extracted using ultra

sonic techniques (section 10.2.5) 

10.l Determination of percent solids 

lO.l.l Weigh 5 - 10 g of sample into a tared beaker. 

10.l.2 Dry overnight (12 hours minimum) at 110 +/- 5 °c, and cool in a 

dessicator. 

10.l.3 Determine percent solids as follows: 

% solids • weight of dry sample x 100 
weight of wet sample 

10.2 Preparation of samples for extraction 

10.2.l Samples containing one percent solids or less--extract sample 

directly using continuous liquid/liquid extraction techniques. 

10.2.l.l Measure l.00 +/- O.Ol liter of sample into a clean l.5 - 2.0 

liter beaker. 

l0.2.1.2 Dilute aliquot--for samples which are expected to be diffi-

cult to extract, concentrate, or clean-up, measure an additional 

100.0 +/- l.O mL into a clean l.5 - 2.0 liter beaker and dilute to 

a final volume of l.00 +/- O.l liter with reagent water. 

10.2.l.3 Spike 0.5 mL of the labeled compound spiking solution (sec

tion 6.8) into the sample aliquots. Proceed to preparation of the 

QC aliquots for low solids samples (section 10.2.3). 

10.2.2 Samples containing one to 30 percent solids 

l0.2.2.1 Mix sample thoroughly. 
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l0.2.2.2 Using the percent solids found in l0.1.3, determine the 

weight of sample required to produce one liter of solution contain

ing one percent solids as follows: 

sample weight • 1000 grams 
% solids 

l0.2.2.3 Place the weight deterlllined in l0.2.2.2 in a clean 1.5 - 2.0 

liter beaker. Discard all sticks, rocks, leaves and other foreign 

material prior to weighinq. 

l0.2.2.4 Dilute aliquot--for samples which are expected to be diffi-

cult to extract, concentrate, or clean-up·, weigh an amount of 

sample equal to one-tenth the amount deterltlined in l0.2.2.2 into a 

second clean 1.5 - 2.0 liter beaker. When diluted to l.O liter, 

this dilute aliquot will contain O.l percent solids. 

l0.2.2.5 Brinq the sample aliquot(s) above to 100 - 200 mL volume with 

reagent water. 

10.2.2.6 Spike 0.5 mL of the labeled compound spiking solution (section 

6.8) into each sample aliquot. 

10.2.2.7 Using a clean metal spatula, break any solid portions of the 

sample into small pieces. 

io.2.2.a Place the 3/4 in. horn on the ultrasonic probe approx 1/2 in. 

below the surface of each sample aliquot and pulse at 50 percent 

for three minutes at full power. If necessary, remove the probe 

from the solution and break any large pieces using the metal spat

ula or a stirring rod and repeat the sonication. Clean the probe 

with methylene chloride:acetone (l:l) between samples to preclude 

cross-contamination. 

10.2.2.9 Bring the sample volume to l.O +/- o.l liter with reagent 

water. 

l0.2.3 Preparation of QC aliquots for samples containing low solids 
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(<30 percent) . 

10.2.3.l For each sample or sample lot (to a maximum of 20) to be 

extracted at the same time, place three 1.0 +/- 0.01 liter aliquots 

of reagent water in clean 1.5 - 2.0 liter beakers. 

10.2.3.2 Spike 0.5 mL of the labeled compound spiking solution (sec

tion 6.8) into one reagent water aliquot. This aliquot will serve 

as the blank. 

10.2.3.3 Spike l.O mL of the precision and recovery standard (section 

6.14) into the two remaining reagent water aliquots. 

10.2.4 Stir and equilibrate all sample and QC solutions for l - 2 

hours. Extract the samples and QC aliquots per section 10.3. 

10.2.5 Samples containing 30 percent solids or greater 

10.2.5.l Mix the sample thoroughly 

10.2.5.2 Weigh 30 +/- 0.3 grams into a clean 400 - 500 mL beaker. 

Discard all sticks, rocks, leaves and other foreign material prior 

to weighing. 

10.2.5.3 Dilute aliquot--for samples which are expected to be diffi

cult to extract, concentrate, or clean-up, weigh 3 +/- 0.03 

grams into a clean 400 - 500 mL beaker. 

10.2.5.4 Spike 0.5 mL of the labeled compound spiking solution (sec

tion 6.8) into each sample aliquot. 

l0.2.5.5 QC aliquots--for each sample or sample lot (to a maximum of 

20) to be extracted at the same time, place three 30 +/- 0.3 gram 

aliquots of the high solids reference matrix in clean 400 - 500 mL 

beakers. 

10.2.5.6 Spike 0.5 mL of the labeled compound spiking solution (sec

tion 6.8) into one high solids reference matrix aliquot. This ali

quot will serve as the blank. 

10.2.5.7 Spike 1.0 mL of the precision and recovery standard (section 

l625C D-161 



6.14) into the two remaining high solids reference matrix aliquots. 

Extract, concentrate, and clean up the high solids samples per sec

tions 10.4 through 10.S. 

10.3 Continuous extraction of low solids (aqueous) samples--place 

100 - 150 mL methylene chloride in each continuous extractor and 

200 - 300 mL in each distilling flask. 

10.3.1 Pour the sample(s), blank, and standard aliquots into the 

extractors. Rinse the glass containers with 50 - 100 mL methylene 

chloride and add to the respective extractors. Include all solids 

in the extraction process. 

10.3.2 Base/neutral extraction--adjust the pH of the waters in the 

extractors to 12 - 13 with 6N NaOH while monitoring with a pH 

meter. Begin the extraction by heating the flask until the methy

lene chloride is boiling. When properly adjusted, 1 - 2 drops of 

methylene chloride per second will fall from the condenser tip into 

the water. Test and adjust the pH of the waters during the first 

1 - 2 hr and during the fifth to tenth hr of extraction. Extract 

for 24 - 48 hours. 

10.3.3 Remove the distilling flask, estimate and record the volume of 

extract (to the nearest 100 mL), and pour the contents through a 

drying column containing 7 to 10 cm anhydrous sodium sulfate. 

Rinse the distilling flask with 30 - 50 mL of methylene chloride 

and pour through the drying column. Collect the solution in a 500 

mL K-D evaporator flask equipped with a 10 mL concentrator tube. 

Seal, label as the base/neutral fraction, and concentrate per sec

tions 10.5 to 10.6. 

10.3.4 Acid extraction--adjust the pH of the waters in the extractors 

to 2 or less using 6N sulfuric acid. Charge clean distilling 

flasks with 300 - 400 mL of methylene chloride. Test and adjust 
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the pH of the waters during the first l - 2 hr and during the fifth 

to tenth hr of extraction. Extract for 24 - 48 hours. Repeat sec

tion 10.3.3, except label as the acid fraction. 

10.4 Ultrasonic extraction of high solids samples 

10.4.l Add 60 grams of anhydrous sodium sulfate the sample and QC ali

quot(s) (section 10.2.5) and mix thoroughly. 

10.4.2 Add 100 +/- 10 mL of acetone:methylene chloride (l:l) to the 

sample and mix thoroughly. 

l0.4.3 Place the 3/4 in. horn on the ultrasonic probe approx l/2 in. 

below the surface of the solvent but above the solids layer and 

pulse at 50 percent for three minutes at full power. If necessary, 

remove the probe from the solution and break any large pieces using 

the metal spatula or a stirring rod and repeat the sonication. 

l0.4.4 Decant the extracts through Whatman 41 filter paper using 

glass funnels and collect in 500 - 1000 mL graduated cylinders. 

10.4.5 Repeat the extraction steps (l0.4.2 - 10.4.4) twice more for 

each sample and QC aliquot. On the final extraction, swirl the 

sample or QC aliquot, pour into its respective glass funnel, and 

rinse with acetone:methylene chloride. Record the total extract 

volume. 

l0.4.6 Pour each extract through a drying column containing 7 to 10 cm 

of anhydrous sodium sulfate. Rinse the qraduated cylinder with 

30 - 50 mL of methylene chloride and pour through the drying col

umn. Collect each extract in a 500 mL K-D evaporator flask 

equipped with a 10 mL concentrator tube. Seal and label as the 

~igh solids semi-volatile fraction. Concentrate and clean up the 

samples and QC aliquots per sections 10.5 through 10.8. 

10.5 Macro concentration--concentrate the extracts in separate 500 mL 

K-D flasks equipped with 10 mL concentrator tubes. 
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10.5.1 Add 1 to 2 clean boiling chips to the flask and attach a three

ball macro Snyder column. Prewet the column by adding approx one 

mL of methylene chloride through the top. Place the K-D apparatus 

in a hot water bath so that the entire lower rounded surface of the 

flask is bathed with steam. Adjust the vertical position of the 

apparatus and the water temperature as required to complete the 

concentration in 15 to 20 minutes. At the proper rate of distilla

tion, the balls of the column will actively chatter but the cham

bers will not flood. When the liquid has reached an apparent vol

ume of l mL, remove the K-D apparatus from the bath and allow the 

solvent to drain and cool for at least 10 minutes. Remove the 

Snyder column and rinse the flask and its lowers joint into the 

concentrator tube with l - 2 mL of methylene chloride. A 5 mL 

syrinqe is recommended for this operation. 

10.5.2 For performance standards (sections 8.2 and 12.7) and for 

blanks (section 8.5), combine the acid and base/neutral extracts 

for each at this point. Do not combine the acid and base/neutral 

extracts for aqueous samples. 

10.6 Micro-concentration--Add a clean boiling chip and attach a two 

ball micro Snyder column to the concentrator tube. Prewet the col

umn by adding approx 0.5 mL methylene chloride through the top. 

Place the apparatus in the hot water bath. Adjust the vertical 

position and the water temperature as required to complete the con

centration in 5 - 10 minutes. At the proper rate of distillation, 

the balls of the column will actively chatter but the chambers will 

not flood. When the liquid reaches an apparent volume of approx 

0.5 mL, remove the apparatus from the water bath and allow to drain 

and cool for at least 10 minutes. Remove the micro Snyder column 

and rinse its lower joint into the concentrator tube with approx 
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0.2 mL of methylene chloride. Adjust the final volwne to 5.0 mL if 

the extract is to be cleaned up by GPC, or to 1.0 mL if it has been 

cleaned up or does not require clean-up. 

10.7 Transfer the concentrated extract to a clean screw-cap vial. Seal 

the vial with a Teflon-lined lid, and mark the level on the vial. 

Label with the sample number and fraction, and store in the dark at 

-20 to -10 °c until ready for analysis. 

10.8 GPC setup and calibration 

10.8.l Column packinq 

10.8.1.l Place 75 +/- 5 q of SX-3 Bio-beads in a 400 - 500 mL beaker. 

10.8.1.2 Cover the beads and allow to swell overnight (12 hours mini-

mum). 

10.8.l.3 Transfer the swelled beads to the column and pump solvent 

throuqh the column, from bottom to top, at 4.5 - 5.5 mL/min. 

10.8.l.4 After purqinq the column with solvent for 1 - 2 hours, adjust 

the column head pressure to 7 - 10 psiq, and purqe for 4 - 5 hours 

to remove air from the column. Maintain a head pressure of 7 - 10 

psiq. 

10.8.2 Column calibration 

10.8.2.l Load 5 mL of the corn oil solution into sample loop number 

one, and 5 mL of the phthalate/phenol solution into sample loop 

number two. 

10.8.2.2 Inject the corn oil and collect approx 10 mL fractions at two 

minute intervals for 36 minutes. 

10.8.2.3 Inject the phthalate/phenol mixture and collect 15 mL frac

tions for 60 minutes. 

10.8.2.4 Determine the corn oil elution pattern gravimetrically (by 

evaporation of each fraction and weighinq the residue), or by UV, 

IR, or other technique which will detect the corn oil. 
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10.S.2.5 Determine the phthalate/phenol elution pattern by GC, GCMS, 

UV, IR, or other technique which will detect these compounds. 

10.S.2.6 Plot a normalized chromatogram of the corn oil and phthal

ate/phenol mixture. 

10.S.2.7 Choose the "dump time" to allow >SS percent removal of the 

corn oil and >SS percent recovery of the phthalate. 

10.S.2.S Choose the "collect time" to extend at least 10 minutes past 

the elution of the phenol. 

10.S.2.9 Verify the calibration with pentachlorophenol after every 20 

extracts. Calibration is verified if the recovery of the pentach

lorophenol is greater than SS percent. If calibration is not veri

fied, the system shall be recalibrated using the corn oil and 

phthalate/phenol mixture. 

10.9 Extract cleanup 

10.9.l Filter the extract or load through the filter holder to remove 

particulates. Load the s.o mL extract onto the column. The maxi

mum capacity of the column is o.s - l.O gram. If necessary, split 

the extract into multiple aliquots to prevent column overload. 

10.9.2 Elute the extract using the calibration data determined in 

· 10.S.2. Collect the eluate in a clean 400 - soo mL beaker. 

10.9.3 Concentrate the cleaned up extract per section 10.S. 

10.9.4 Rinse the sample loading tul:>e thoroughly with methylene chlo

ride between extracts to prepare for the next sample. 

10.9.S If a particularly dirty extract is encountered, a s.o mL 

methylene chloride blank shall be run through the system to check 

for carry-over. 

10.9.6 Reconcentrate the extract to one mL and transfer to a screw-cap 

vial per sections 10.6 and 10.7. 
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ll GCMS analysis 

11.1 Establish the operating conditions given in tables 5 or 6 for 

analysis of the base/neutral or acid extracts, respectively. For 

analysis of combined extracts (section 10.S.2 and 10.9.6), use the 

operatinq conditions in table s. 

11.2 Brinq the concentrated extract (section 10.7) or standard (sec

tions 6.13 - 6.14) to room temperature and verify that any precipi

tate has redissolved. Verify the level on the extract (sections 

6.6 and 10.7) and brinq to the mark with solvent if required. 

·11.3 Add the internal standard solution (section 6.10) to the extract 

(use l.O uL of solution per 0.1 mL of extract) immediately prior to 

injection to minimize the possibility of loss by evaporation, 

adsorption, or reaction. Mix thorouqhly. 

ll.4 Inject a volume of the standard solution or extract such that 100 

nq of the internal standard will be injected, usinq on-column or 

splitless injection. For l mL extracts, this volume will be l.O 

uL. Start the GC column initial isothermal hold upon injection. 

Start MS data collection after the solvent peak elutes. Stop data 

collection after the benzo(qhi)perylene or pentachlorophenol peak 

elutes for the base/neutral (or semi-volatile) or acid fraction, 

respectively. Return the column to the initial temperature for 

analysis of the next sample. 

12 System and laboratory performance 

12.l At the beginninq of each a hr shift durinq which analyses are 

performed, GCMS system performance and calibration are verified for 

all pollutants and labeled compounds. For these tests, analysis of 

the 100 uq/mL calibration standard (section 6.13) shall be used to 

verify all performance criteria. Adjustlllent and/or recalibration 
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(per section 7) shall be performed until all performance criteria 

are met. Only after all performance criteria are met may samples, 

blanks, and precision and recovery standards be analyzed. 

12.2 OFTPP spectrum validity--inject l uL of the OFTPP solution (sec

tion 6.11) either separately or within a few seconds of injection 

of the standard (section 12.l) analyzed at the beginning of each 

shift. The criteria in table 7 shall be met. 

12.3 Retention times--the absolute retention time of 2,2'-difluoro

biphenyl shall be within the range of 1078 to 1248 seconds and the 

relative retention times of all pollutants and labeled compounds 

shall fall within the limits given in tables 5 and 6. 

12.4 GC resolution--the valley height between anthracene and phenan

threne at m/z 178 (or the analogs at m/z 188) shall not exceed 10 

percent of the taller of the two peaks. 

12.5 Calibration verification--compute the concentration of each pol

lutant (tables l and 2) by isotope dilution (section 7.4) for those 

compounds which have labeled analogs. Compute the concentration of 

each pollutant which has no labeled analog by the internal standard 

method (section 7.5). Compute the concentration of the labeled 

compounds by the internal standard method. These concentrations 

are computed based on the calibration data determined in section 7. 

12.5.l For each pollutant and labeled compound being tested, compare 

the concentration with the calibration verification limit in table 

10. If all compounds meet the acceptance criteria, calibration has 

been verified and analysis of blanks, samples, and precision and 

recovery standards may proceed. If, however, any compound fails, 

the measurement system is not performing properly for that com

pound. In this event, prepare a fresh calibration standard or cor

rect the problem causing the failure and repeat the test (section 
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12.1), or recalibrate (section 7). 

12.6 Multiple peaks--each compound injected shall give a single, dis

tinct GC peak. 

12.7 on-goinq precision and accuracy. 

12.7.1 Analyze the extract of one of the pair of precision and recov

ery standards (section 10) prior to analysis of samples from the 

same lot. 

12.7.2 Compute the concentration of each pollutant (tables land 2) by 

isotope dilution (section 7.4) for those compounds which have 

labeled analogs. Compute the concentration of each pollutant which 

has no labeled analog by the internal standard method (section 

7.5). Compute the concentration of the labeled compounds by the 

internal standard method. 

12.7.3 For each pollutant and labeled compound, compare the concentra

tion with the limits for on-goinq accuracy in table 10. If all com

pounds meet the acceptance criteria, system performance is accept

able and analysis of blanks and samples may proceed. If, however, 

any individual concentration falls outside of the ranqe given, sys

tem performance is unacceptable for that compound. 

NOTE: The larqe number of compounds in table 10 present a 

substantial probability that one or more will fail when all com

pounds are analyzed. To deterllline if the extraction/concentration 

system is out of control or if the failure is caused by probabil

ity, proceed as follows: 

12.7.3.1 Analyze the second aliquot of the pair of precision and 

recovery standards (section 10). 

12.7.3.2 Compute the concentration of only those pollutants or labeled 

compounds that failed the previous test (section 12.7.3). If these 

compounds now pass, the extraction/concentration processes are in 
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control and analysis of blanks and samples may proceed. If, how

ever, any of the same compounds fail again, the extraction/concen

tration processes are not being performed properly for these com

pounds. In this event, correct the problem, re-extract the sample 

lot (section 10) and repeat the on-going precision and recovery 

test (section 12.7). 

12.7.4 Add results which pass the specifications in section 12.7.3 to 

initial and previous on-going data for each compound in each mat

rix. Update QC charts to form a graphic representation of conti

nued laboratory performance (Figure 5). Develop a statement of 

laboratory accuracy for each pollutant and labeled compound in each 

matrix type by calculating the average percent recovery (R) and the 

standard deviation of percent recovery (sr). Express the accuracy 

as a recovery interval from R - 2sr to R + 2sr. For example, if R = 

95% and sr = 5%, the accuracy is ~5 - 105%. 

13 Qualitative determination--identification is accomplished by 

comparison of data from analysis of a sample or blank with data 

stored in the mass spectral libraries. For compounds for which the 

relative retention times and mass spectra are known, identification 

is confirmed per sections 13.l and 13.2. For unidentified GC 

peaks, the spectrum is compared to spectra in the EPA/NIH mass 

spectral file per section 13.3. 

13.l Labeled compounds and pollutants having no labeled analog (tables 

l thru 4): 

13.l.l The signals for all characteristic m/z's stored in the spectral 

library (section 7.2.4) shall be present and shall maximize within 

the same two consecutive scans. 

13.l.2 Either (l) the background corrected EICP areas, or (2) the 
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corrected relative intensities of the mass spectral peaks at the GC 

peak maximum shall agree within a factor of two (0.5 to 2 times) 

for all masses stored in the library. 

13.l.3 For the compounds for which the system has been calibrated 

(tables land 2), the retention time shall be within the windows 

specified in tables 5 and 6, or within +/- 15 scans or +/- 15 sec

onds (whichever is greater) for compounds for which no window is 

specified. 

13.1.4 For the compounds for which the system has not been calibrated 

but the relative retention times and mass spectra are known (tables 

3 and 4), the retention time relative to the 2,2'-difluorobiphenyl 

internal standard shall be within +/- 30 scans or +/- 30 seconds 

(whichever is greater) based on the nominal retention time speci

fied in tables 5 and 6. 

13.2 Pollutants havinq a labeled analoq (tables l and 2): 

13.2.l The signals for all characteristic m/z's stored in the spectral 

library (section 7.2.4) shall be present and shall maximize within 

the same two consecutive scans. 

13.2.2 Either (1) the background corrected EICP areas, or (2) the 

corrected relative intensities of the mass spectral peaks at the GC 

peak maximum shall aqree within a factor of two for all masses 

stored in the spectral library. 

13.2.3 The relative retention time between the pollutant and its 

labeled analoq shall be within the windows specified in tables 5 

and 6. 

13.3 Unidentified GC peaks 

13.3.l The signals for masses specific to a GC peak shall all maximize 

within +/- 1 scan. 

13.3.2 Either (1) the background corrected EICP areas, or (2) the cor-
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rected relative intensities of the mass spectral peaks at the GC 

peak maximum shall aqree wit~in a factor of two with the masses 

stored in the EPA/NIH Mass Spectral File. 

13.4 M/z's present in the experimental mass spectrum that are not pre

sent in the reference mass spectrum shall be accounted for by con

taminant or backqround ions. If the experimental mass spectrum is 

contaminated, or if identification is ambiquous, an experienced 

spectrometrist (section l.4) is to determine the presence or 

absence of the compound. 

14 Quantitative determination 

14.l Isotope dilution--by addinq a known amount of a labeled compound 

to every sample prior to extraction, correction for recovery of the 

pollutant can be made because the pollutant and its labeled analoq 

exhibit the same effects upon extraction, concentration, and qas 

chromatoqraphy. Relative response (RR) values for sample mixtures 

are used in conjunction with calibration curves described in sec

tion 7.4 to determine concentrations directly, so lonq as labeled 

compound spikinq levels are constant. For the phenol example qiven 

in fiqure l (section 7.4.l), RR would be equal to l.114. For this 

RR value, the phenol calibration curve qiven in fiqure l indicates 

a concentration of 27 uq/mL in the sample extract (Cex> . 

14.2 Internal standard--compute the concentration in the extract usinq 

the response factor determined from calibration data (section 7.5) 

and the followinq equation: 

Cex (uq/mL) = (As x Cis)/(Ais x RF) 

where Cex is the concentration of the compound in the extract, 

and the other terms are as defined in section 7.5.l. 

14.3 The concentration of the pollutant in the solid phase of the 
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sample is computed using the concentration of the pollutant in the 

extract and the weight of the solids (section 10), as follows: 

Concentration in solid (ug/kg) ~ (Cex x Vex)/Ws 

where Cex is the extract volume in mL and Ws is the sample weight 

in kg. 

14.4 If the EICP area at the quantitation m/z for any compound exceeds 

the calibration range of the system, the extract of the dilute ali

quot (section 10) is analyzed by isotope dilution; otherwise, the 

extract is diluted by a factor of 10, 9 uL of internal standard 

solution (section 6.10) are added to a 1.0 mL aliquot, and this 

diluted extract is analyzed by the internal standard method (sec

tion 14.2). 

14.S For GC peaks which are to be identified (per section 13.3), the 

sample is diluted by successive factors of 10 when any peak in the 

uncorrected mass spectrum at the GC peak maximum is saturated. 

14.5 Results are reported for all pollutants, labeled compounds, and 

tentatively identified compounds found in all standards, blanks, 

and samples, in units of ug/L for aqueous samples or in ug/kg dry 

weight of solids for high solids samples (soils, sediments, filter 

cake, compost), to three significant figures. Results for samples 

which have been diluted are reported at the least dilute level at 

which the area at the quantitation m/z is within the calibration 

range (section 14.4) or at which no m/z in the spectrum is satu

rated (section 14.5). For compounds having a labeled analog, 

results are reported at the least dilute level at which the area at 

the quantitation m/z is within the calibration range (section 14.4) 

and the labeled compound recovery is within the normal range for 

the method (section 15.4). 
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15 Analysis of complex samples 

15.l Some samples may contain high levels (>1000 ug/L) of the com

pounds of interest, interfering compounds, and/or polymeric materi

als. Some samples will not concentrate to one mL (section 10.6); 

others will overload the GC column and/or mass spectrometer. 

15.2 Analyze the dilute aliquot (section 10) when the sample will not 

concentrate to l.O mL. If a dilute aliquot was not extracted, and 

the sample holding time (section 9.3) has not been exceeded, dilute 

an aliquot of an aqueous sample with reagent water, or weigh a 

dilute aliquot of a high solids sample and re-extract (section 10) ; 

otherwise, dilute the extract (section 14.4) and analyze by the 

internal standard method (section 14.2). 

15.3 Recovery of internal standard--the EICP area of the internal 

standard should be within a factor of two of the area in the shift 

standard (section 12.1). If the absolute areas of the labeled com

pounds are within a factor. of two of the respective areas in the 

shift standard, and the internal standard area is less than one

half of its respective area, then internal standard loss in the 

extract has occurred. In this case, use one of the labeled com

pounds (preferably a polynuclear aromatic hydrocarbon) to compute 

the concentration of a pollutant with no labeled analoq. 

15.4 Recovery of labeled compounds--in most samples, labeled compound 

recoveries will be similar to those from reagent water or from the 

high solids reference matrix (section 12.7). If the labeled com

pound recovery is outside the limits given in table 10, the extract 

from the dilute aliquot (section 10) is analyzed as in section 

14.4. If the recoveries of all labeled compounds and the internal 

standard are low (per the criteria above), then a loss in instru

ment sensitivity is the most likely cause. In this case, the 100 
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ug/mL calibration standard (section 12.l) shall be analyzed and 

calibration verified (section 12.5). If a loss in sensitivity has 

occurred, the instrument shall be repaired, the performance speci

fications in section 12 shall be met, and the extract reanalyzed. 

If a loss in instrument sensitivity has not occurred, the method 

does not work on the sample being analyzed and the result may not 

be reported for regulatory compliance purposes. 

16 Method performance 

16.1 Interlaboratory performance for this method is detailed in refer

ence 10. Reference mass spectra, retention times, and response 

factors are from references 11 and 12. Results of initial tests of 

this method on municipal sludge can be found in reference 13. 

16.2 A chromatoqram of the 100 ug/mL acid/base/neutral calibration 

standard (section 6.13) is shown in figure 6. 
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Table 1 

Base/Neutral Extractable Compounds Determined by Calibrated GCMS Using 
Isotope Dilution and Internal Standard Techniques 

Compound 
acenaphthen• 
acenaphthyletie 
anthracene 
benzidine 
benzo<a>anthr1cene 
benzo(b)f luoranthene 
benzo<k>fluoranthene 
benzo<a>pyrene 
benzo<;hi)perylene 
biphenyl (Appendix C) 
bls<2·chloroethyl) ether 
bisC2·chloroethoxy)methane 
bis<2·chloroisopropyl) ether 
bisC2·ethylhexyl) phthalata 
4·bromophenyl phenyl ether 
butyl benzyl phthalata 
n·C10 CAppenaix C) 
n·C12 (Appenaix C) 
n•C14 CAppenaix C) 
n•C16 CAppenafx C) 
n•C18 CAppenaf x C) 
n·C20 CAppenaix C) 
n·C22 CAppenafx C) 
n·C24 (Appenaix C) 
n·C26 CAppenctix C) 
n·C28 CAppenaix C) 
n·C30 CAppenctix C) 
earbazole (4c> 
2·chloronaphthalene 
4·chlorophenyl phenyl ether 
ehrysene 
p·cymene CAppenaix C) 
dibenzoca,h)enthr1cene 
dibenzofuran CAP!)endix C & 4c) 
di benzoth i ophene <Synfuel> 
df·n·butyl phthalata 
1,2·dichlorobenzane 
1,3·dfchlorobenzene 
1,4·dichlorobenzane 
3,3 1 ·dichlorobenzidine 
diethyl phthalata 
2,4·dimethylpllenol 
dimethyl phthalata 
2,4·dinitrotoluene 
2,6·dfnitrotoluene 
di·n·octyl phthalata 
diphenylamine (Appendix C) 
diphenyl ether (Appendix C) 
1,2·diphenylhydrazine 
fluoranthene 
fluorene 

Pollutant Labeled Compound 
Storet CAS hgi strv ill.:ilQ. !!e.Qil Analog CAS Registry EPA·EGO 
34205 83·32·9 001 001 B 
34200 208·96·8 077 002 B 
34220 120·12·7 078 003 B 
39120 92·87·5 005 004 B 
34526 56·55·3 072 005 B 
34230 205·99·2 
34242 207·08·9 
34247 50·32·8 
34521 191·24·2 
81513 92·52·4 
34273 111·44·4 
34278 111·91·1 
34283 108·60· 1 
39100 117·81·7 
34636 101·55·3 
34292 85·68·7 
77427 124· 18·5 
77588 112·40·3 
77691 629·59·4 
77757 544· 76· 3 
71804 593·45·3 
77830 112·95·8 
77859 629·97·0 
77886 646·31·1 
77901 630·01 ·3 
78116 630·02·4 
78117 638·68·6 
77571 86· 74. 8 
34581 91·58·7 
34641 7005• 72·3 
34320 218·01·9 
m56 99·87·6 
34556 53·70·3 
81302 132·64·9 
77639 132·65·0 
39110 84·74·2 
34536 95·50·1 
34566 541·73·1 
34571 106·46·7 
34631 91·94· 1 
34336 84·66·2 
34606 105·67·9 
34341 131·11·3 
34611 121·14·2 
34626 606·20·2 
34596 117·84·0 
77579 122·39·4 
77587 101 ·84·8 
34346 122·66·7 
34376 206·44·0 
34381 86·73·7 

074 
075 
073 
079 
512 
018 
043 
042 
066 
041 
067 
517 
506 
518 
519 
520 
521 
522 
523 
524 
525 
526 
528 
020 
040 
076 
513 
082 
505 
504 
06a 

025 
026 
027 
028 
070 
034 A 
071 B 
035 B 
036 B 
069 B 
507 B 
508 B 
031 a 
039 a 
080 a 

001 a 
009 a 
006 B 
008 B 

011 a 
010 a 
012 B 
013 a 
014 B 
015 a 

016 B 

011 a 
018 B 

019 B 

026 B 
020 B 
021 B 
022 a 
023 B 
024 a 
003 A 
025 B 
027 B 
028 a 
029 a 

030 B 
031 a 
032 a 

l625C D-177 

d10 15067·20·2 201 a 
d8 93951·97·4 277 B 

d10 1719·06·8 278 B 

d8 92890·63·6 205 a 
d12 
d12 
d12 
d12 
d12 
d10 
d8 
d8 

d12 
d4 

d5 

d4 

d22 
d26 

d34 

d42 

d50 

d62 
d8 

d7 
d5 

d12 
d14 
d14 

d8 
d8 

d4 

d4 

d4 

d4 

d6 

d4 

d3 
d4 

d3 

d3 

d4 

d10 
d10 
d10 
d10 
d10 

1718·53·2 
93951·98·5 
93952·01·3 
63466·71·7 
93951·66·7 

1486·01·7 
93952·02·4 
93966·78·0 
93951·67·8 
93951·87·2 
93951 ·83·8 
93951 ·88·3 
16416·29·8 
16416·30·1 

15716·08·2 

62369·67·9 

16416·32·3 

93952·07·9 
38537·24·5 
93951·84·9 
93951 ·85·0 

1719·03·5 
93952·03·5 
13250·98·1 
93952·04·6 
33262·29·2 
93952·11·5 
2199·69·1 
2199· 70·4 
3855·82· 1 

93951 ·91 ·8 
93952· 12·6 
93951·75·8 
93951 ·89·4 
93951 ·68·9 
93951·90·7 
93952· 13· 7 

37055·51·9 
93952·05·7 
93951 ·92·9 
93951·69·0 
81103· 7'9·9 

272 B 
274 a 
275 a 
273 a 
27'9 B 
612 a 
218 a 
243 a 
242 B 
266 a 
241 a 
267 a 
617 B 
606 a 
618 B 
619 a 
620 B 
621 a 
622 a 
623 a 
624 a 
625 a 
626 B 
628 a 
220 B 

240 a 
276 a 
613 a 
282 a 
605 a 
604 B 
268 a 
225 a 
226 a 
227 B 

228 B 
270 B 
234 A 
271 B 
235 a 
236 a 
269 a 
607 B 

608 B 
237 B 
231 B 
080 B 



nexachlorobenzene 39700 118·74· 1 009 033 s 13C6 93952·14·8 209 s 
hexachlorobutadiene 34391 87·68·3 052 034 s 13C4 93951·70·3 252 s 
hextchloroethane 34396 61-n-1 012 036 s 13C 93952·15·9 212 s 
nexachlorocyclopentadiene 34386 77·47·4 053 035 a 13C4 93951 ·71 ·4 253 s 
ideno(1,2,3·cd)pyrene 34403 193·39·5 083 037 s 
isopllorone 34408 78·59·1 054 038 s d8 93952·16·0 254 s 
naphthalene 34696 91·20·3 055 039 s d8 1146·65·2 255 8 
beta·napllthylamine (Appendix C) 82553 91·59·8 502 d7 93951·94·1 602 s 
nitroeenzene 34447 98·95·3 056 040 s dS 4165·60·0 256 8 
M·nitrosodimethylamine 34438 62·75·9 061 041 s d6 17829·05·9 261 B 
M·nltrosodl·n·prOl)lyamine 34428 621·64·7 063 042 a d14 93951·96·3 263 8 
M·nitrosodlphenylamine 34433 86·30·6 062 043 a d6 93951·95·2 262 B 
pllenanthrene 34461 85·01 ·8 081 044 a d10 1517·22·2 281 a 
pllenol 34694 108·95·2 065 A 010 A d5 4165·62·2 265 A 
alpha·picoline <Synfuel) 77088 109·06·8 503 B d7 93951 ·93·0 503 B 
pyrene 34469 129·00·0 084 B 045 B d10 1718·52· 1 284 B 
styrene <Appendix C) n128 100·42·5 510 B d5 5161·29·5 610 B 
alpha•terpineol (Appendix C) 77493 98·55·5 509 B d3 93952·06·8 609 a 
1,2,3·trichlorobenzene (4c) 77613 87·61·6 529 B d3 3907·98·0 629 a 
1,2,4·trichlorobenzene 34551 120·82·1 ooa a 046 B d3 93952·16·0 20s a 
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Table 2 

Acid Extractable Compounds Determined by Calibrated GCMS Using Isotope 
Dilution and Internal Standard Techniques 

Pollutant Labeled CO!!mU~ 
CQ!!.!i!2und Stores ~A~ ~esi~t~ ~ .!!fQfi Analos CAS ~esist~ EPA·EGO 
4·ehloro·3·methylpl'lenol 34452 59·50·7 022 A 008 A d2 93951 ·n·5 222 A 
2·ehloropnenol 34586 95·57·8 024 A 001 A d4 93951·73·6 224 A 
2,4·dichloropl'lenol 34601 120·83·2 031 A 002 A d3 93951·74· 7 231 A 
2,4·dfnitrophenol 34616 51 ·28·5 059 A 005 A d3 93951·77·0 259 A 
2·methyl·4,6·dinitropl'lenol 34657 534·52·1 060 A 004 A d2 93951·76·9 260 A 
2·nitropllenol 34591 88·75·5 057 A 006 A d4 93951·75· 1 257 A 
4·nitropllenol 34646 100·02·7 058 A 007 A d4 93951·79·2 258 A 
pentachloropllenol 39032 87·86·5 064 A 009 A 13C6 85380·74·1 264 A 
2,3,6·trichloropllenol (4c) 77688 933· 75·5 530 A d2 93951·81·6 630 A 
2,4,5·trichloropl'lenol C4c> 95·95·4 531 A d2 93951·82·7 631 A 
2,4,6·triehloropl'lenol 34621 88·06•2 021 A 011 A d2 93951·80·5 221 A 
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Table 3 

Base/neutral Extractable Compounds to be Determined by Reverse Search and 
Quantitation usinq Known Retention Times, Response Factors, Reference com
pound, and Mass Spectra 

EGD 
lliL. 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
900 
901 
902 
903 
904 

Compound 
acetophenone 
4-aminobiphenyl 
aniline 
o-anisidine 
aramite 
benzanthrone 
l,3-benzenediol (resorcinol) 
benzenethiol 
2,3-benzofluorene 
benzyl alcohol 
2-bromochlorobenzene 
3-bromochlorobenzene 
4-chloro-2-nitroaniline 
5-chloro-o-toluidine 
4-chloroaniline 
3-chloronitrobenzene 
o-cresol 
crotoxyphos 
2,6-di-tert-butyl-p-benzoquinone 
2,4-diaminotoluene 
l,2-dibromo-3-chloropropane 
2,6-dichloro-4-nitroaniline 
l,3-dichloro-2-propanol 
2,3-dichloroaniline 
2,3-dichloronitrobenzene 
l,2:3,4-diepoxybutane 
3,3'-dimethoxybenzidine 
dimethyl sulf one 
p-dimethylaminoazobenzene 
7,12-dimethylbenz(a)anthracene 
N,N-dimethylformam.ide 
3,6-dimethylphenanthrene 
l,3-dinitrobenzene 
diphenyldisulfide 
ethyl methanesulfonate 
ethylenethiourea 
ethynylestradiol 3-methyl ether 
hexachloropropene 
2-isopropylnaphthalene 
isosafrole 
lonqifolene 
malachite green 
methapyrilene 
methyl methanesulfonate 
2-methylbenzothioazole 
3-methylcholanthrene 
4,4'-methylenebis(2-chloroaniline) 
4,5-methylenephenanthrene 
l-methylfluorene 
2-methylnaphthalene 

CAS 
Registry 

98-86-2 
92-67-l 
62-53-3 
90-04-0 

140-57-9 
82-05-3 

108-46-3 
108-98-5 
243-17-4 
100-51-6 
694-80-4 
108-37-2 

89-63-4 
95-79-4 

106-47-8 
121-73-3 

95-48-7 
7700-17-6 

719-22-2 
95-80-7 
96-12-8 
99-30-9 
96-23-l 

608-27-5 
3209-22-l 
1464-53-5 

119-90-4 
67-71-0 
60-ll-7 
57-97-6 
68-12-2 

1576-67-6 
100-25-4 
882-33-7 

62-50-0 
96-45-7 
72-33-3 

1888-71-7 
2027-17-0 
120-58-l 
475-20-7 
569-64-2 
91-80-5 
66-27-3 

120-75-2 
56-49-5 

101-14-4 
203-64-5 

1730-37-6 
91-57-6 
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905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 

l-methylphenanthrene 
2-(methylthio)benzothiazole 
l,5-naphthalenediamine 
l,4-naphthoquinone 
alpha-naphthylamine 
5-nitro-o-toluidine 
2-nitroaniline 
3-nitroaniline 
4-nitroaniline 
4-nitrobiphenyl 
N-nitrosodi-n-butylamine 
N-nitrosodiethylamine 
N-nitrosomethylethylamine 
N-nitrosomethylphenylamine 
N-nitrosomorpholine 
N-nitrosopiperidine 
pentachlorobenzene 
pentachloroethane 
pentamethylbenzene 
perylene 
phenacetin 
phenothiazine 
l-phenylnaphthalene 
2-phenylnaphthalene 
pronamide 
pyridine 
safrole 
squalene 
l,2,4,5-tetrachlorobenzene 
thianaphthene (2,3-benzothiophene) 
thioacetamide 
thioxanthone 
o-toluidine 
l,2,3-trimethoxybenzene 
2,4,5-trimethylaniline 
triphenylene 
tripropyleneglycol methyl ether 
l,3,5-trithiane 

832-69-9 
120-75-2 

2243-62-l 
130-15-4 
134-32-7 
99-55-8 
88-77-4 
99-09-2 

100-01-6 
92-93-3 

924-16-3 
55-18-5 

10595-95-6 
614-00-6 
59-89-2 

100-75-4 
608-93-5 
76-0l-7 

700-12-9 
198-55-0 

62-44-2 
92-84-2 

605-02-7 
612-94-2 

23950-58-5 
110-86-l 

94-59-7 
7683-64-9 

95-94-3 
95-15-8 
62-55-5 

492-22-8 
95-53-4 

634-36-6 
137-17-7 
217-59-4 

20324-33-8 
291-21-4 
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Table 4 

Acid Extractable Compounds to be Determined by Reverse Search and Quanti
tation using Known Retention Times, Response Factors, Reference Compound, 
and Mass Spectra 

EGO 
~ 
943 
944 
945 
946 
947 
948 

Compound 
benzoic acid 
p-cresol 
3,5-dibromo-4-hydroxybenzonitrile 
2,6-dichlorophenol 
hexanoic acid 
2,3,4,6-tetrachlorophenol 

CAS 
Registry 

65-85-0 
106-44-5 

1689-84-5 
87-65-0 

142-62-1 
58-90-2 
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Table 5 

Gas Chromatography of Base/neutral Extractable Compounds 

Hini· Hethod Detection 
Ill.Ill ~imi~ ~42 

EGO ReUntion time Lev· low high 
No. Hean EGO el (3) solids solids 

ill ~omcound iml !tl Relative ~iU ~ ~ ~ 
164 2,2•·difluorobiphenyl Cint std) 1163 164 1. 000 • 1. 000 10 
930 pyridine 378 164 0.325 
261 N•nitrosodlmethyl1111ine·d6 C5l 378 164 0.286 • 0.364 so 
361 N·nitrosodimethylamine CS) 385 261 1.006 • 1.028 so 16 27 
S85 N,N·dimethylfonnamide 407 164 0.350 
Sao 1,2:3,4·diepoxybutane 409 164 0.352 
603 alph• picoline·d7 417 164 0.326 • 0.393 so 
703 alph• pi col ine 426 603 1.006 • 1.028 50 87 
917 N·nitrosanethylethylamine 451 164 0.338 
S98 methyl rnethanesulfonate S11 164 0.439 
610 styr-·d5 546 164 0.4SO • 0.488 10 
710 styr- 549 610 1.002 • 1.009 10 149* 17 
916 N·nitrosodiethylamine 570 164 0.490 
S77 1,3·dfchloro·2·propenol 589 164 0.506 
S89 ethyl methenesulfonete 637 164 0.54a 
S82 dimethyl sul fone 649 164 0.558 
562 benz-thlol 667 164 0.574 
922 penuchloroeth- 680 164 0.585 
557 anil lne 694 164 0.597 
613 p•cy1119ne•d14 742 164 0.624 • 0.652 10 
713 p·cy1119M 755 613 1.008 • 1.023 10 426• 912* 
265 phenol·d5 696 164 0.584 • 0.613 10 
365 phenol 700 265 0.995 • 1 .010 10 2501* 757'* 
218 bis(2·chloroethyl) ether·d8 696 164 0.584 • 0.607 10 
318 bisC2·chloroethyl) ether 704 218 1.007 • 1 .016 10 32 22 
617 n·decane·d22 698 164 0.585 0.615 10 
717 n·decene no 617 1.022 • 1.038 10 299* 11aa• 
226 1,3•dfchloroe.nz-·d4 722 164 0.605 • 0.636 10 
326 1,3·dfchloroeenzene n4 226 0.998 • 1.008 10 46 26 
227 1,4·dichloroeenzene·d4 737 164 0.601 • 0.660 10 
327 1,4·dichloroeenzene 740 227 0.991 • 1.009 10 35 20 
225 1,2·dfchlorobenzene·d4 758 164 0.632 • 0.667 10 
325 1,2·dfchlorotlenzene 760 225 0.995 • 1.008 10 63 16 
935 thioacetamide 768 164 0.660 
564 benzyl alcohol 785 164 0.675 
242 bis(2·chloroisopr~l) ether·d12 788 164 0.664 • 0.691 10 
342 bisC2·chloroisopropyl) ether 799 242 1.010 • 1.016 10 24 39 
S71 o·cresol 814 164 0.700 
263 N·nitrosodl·n·propyl .. fne·d14 (5) 817 164 0.689 • 0.716 20 
363 N·nitrosodi·n·propylamine <5> 830 263 1.008 • 1.023 20 46 47 
SSS acetophenone 818 164 0.703 
212 hexechloroethane·13C 819 164 0.690 • 0.717 10 
312 hexachloroethane 823 212 0.999 • 1.001 10 58 S5 
937 o·toluidine 830 164 0.714 
919 N·nitrosomorpholine 834 164 0.717 
S75 1,2·dibromo·3·chloropropane 839 164 o.n1 
256 ni trobenzene·d5 845 164 0.106 • o.n1 10 
356 nitrobenzene 849 256 1.002 • 1.007 10 39 28 
S66 3·bromochlorobenzene 854 164 0.734 
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565 2·bromochlorobenzene 
941 tripropylene glycol methyl ether 
254 isoptiorone·d8 
354 isoptiorone 
942 1,3,S·trithiane 
920 N·nitros()!)iperidine 
234 2, 4·dimethylptienol ·d3 
334 2,4·dimethylptienol 

880 164 0.757 
881 164 0.758 
881 164 C.747 • 0.767 
889 254 0.999 • 1.017 
889 164 0.764 
895 164 o.no 
921 164 0.781 0.803 
924 234 0.999 1.003 

243 bis<2·chloroethoxy) methane·d6 C5> 933 164 0.792 0.807 
343 bis<2·chloroethoxy> methane C5> 939 243 1.000 1.013 
208 1,2,4•trichlorobenzene·d3 955 164 0.813 0.830 
308 1,2,4·trichlorobenzene 958 208 1.000 1.005 
558 o·anisidfne 962 164 0.827 
255 naphth•l-·d8 963 164 0.819 • 0.836 
355 naphthalene 967 255 1.001 • 1.006 
934 thianapthene 971 164 0.835 
609 1lpha•terpineol·d3 
709 1lpti1•terpineol 
606 n·dodecane·d26 
706 n·dodecane 
629 1,2,3·trichlorobenzene·d3 C5> 
729 1,2,3·trichlorobenzene (5) 
252 hexachlorol:lutacliene·13C4 
352 hexachlorobutacliene 
918 N·nitrosomethylphenylamine 
592 hexachloropropene 
569 4·chloroaniline 
570 3·chloroni trobenzene 
915 N·nitrosodi·n·butyl .. ine 
923 pent .. thylbenzene 
561 1,3·benzenedfol 
931 safrol• 
939 2,4,5·trimethylaniline 
904 2·methylnaphthalene 
599 2·methylbenzothiazole 
568 5·cllloro·o•toluidfne 
938 1,2,3·trimethoxybenzene 
933 1,2,4,S·tetrachloroeenzene 
253 hexachloroc:yclopentadfene•13C4 
353 haxachlorocyclopentaclf ene 
594 isoaafrole (cis or trans> 
594 isosafrole Ccis or trans> 
578 2,3·dichloroaniline 
574 2,4·df aminotoluene 
220 Z·chloronaphthalene·d7 
320 2·chloronaphthalene 
518 n·tetractecane 
612 biphenyl·d10 
712 biphenyl 
608 diphenyl ether·d10 
708 diphenyl ether 
57'9 2,3·dichloronitrobenzene 
911 2·nitroaniline 
908 1,4·naphthoquinone 
595 longifolene 
277 1cen1pllthylene•d8 
377 acenaphthylene 
593 Z·isopropylnaphthalene 

973 164 0.829 • 0.844 
975 609 0.998 • 1.008 
953 164 0.730 • 0.908 
981 606 0.986 • 1.051 

1000 164 0.852 
1003 629 1. 000 

1005 164 0.856 
1006 252 0.999 

0.868 

1.005 
0.871 
1.002 

1006 164 
1013 164 
1016 164 
1018 164 
1063 164 
1083 164 
1088 164 
1090 164 
1091 164 
1098 164 
1099 164 
1101 164 
1128 164 
1141 164 

0.865 
0.871 
0.874 
0.875 
0.914 
0.931 
0.936 
0.937 
0.938 
0.944 
0.945 
0.947 
0.970 
0.981 

1147 164 0.976 • 0.986 
1142 253 0.999. 1.001 
1147 164 0.986 
1190 164 1.023 
1160 164 0.997 
1187 164 1.021 
1185 164 1.014 • 1.024 
1200 220 0.997. 1.007 
1203 164 1.034 
1195 164 1.016. 1.027 
1205 612 1.001 • 1.006 
1211 164 1.036 • 1.047 
1216 608 0.997. 1.009 
1214 164 1.044 
1218 164 1.047 
1224 164 1.052 
1225 164 1.053 
1265 164 1.080 • 1.095 
1247 277 1.000. 1.004 
1254 164 1.078 

10 
10 

10 
10 
10 
10 
10 
10 

10 
10 

10 
10 
10 
10 
10 
10 
10 
10 

10 
10 

10 
10 
10 
10 
10 
10 
10 

10 
10 
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a 

26 

26 

49 

62 

860* 

260* 

46 

nd 

ao 
256 

67 

44 

57 

5 

13 

24 

42 

nd 

3885* 

164* 

nd 

59 
3533 

55 

12 

18 



587 1,3·dinitrobenzene 
576 2,6·dichloro·4·nitroaniline 
271 dimethyl phthalate·d4 
371 dimethyl phthalate 
573 2,6·di·t·butyl·p·benzoquinone 
236 2,6·dinitrotoluene·d3 
336 2,6·dinitrotoluene 
912 3·nitroaniline 
201 acenaphthene·d10 
301 acenaphthene 
605 dibenzofuran·d8 
705 dibenzofuran 
921 pentachlorobenzene 
909 alpha·naphthylamine 
235 2,4·dinitrotoluene·d3 
335 2,4·dinitrotoluene 
602 beta·naphthylamine·d7 
702 beta·naphthylamine 
590 ethylenethiourea 
280 fluorene·d10 
380 fluorene 
240 4·chlorophenyl phenyl ether·dS 
340 4·chlorophenyl phenyl ether 
270 diethyl phthalate•d4 
370 diethyl phthalate 
906 2·<methylthio>benzothiazole 
567 4·chloro·2·nitroaniline 
910 5·nitro·o·toluidine 
913 4·nitroanillne 
619 n·hexadecane·d34 
719 n·hexadecane 
237 1,2·diphenylhydrazine·d8 
337 1,2·diphenylhydrazine C6> 

1255 164 1.079 
1259 164 1.083 
1269 164 1.083. 1.:02 
1273 271 0.998 . 1.005 
1273 164 1.095 
1283 164 1.090 . 1.112 
1300 236 1.001 . 1.005 
1297 164 1.115 
1298 164 1.107 . 1.125 
1304 201 0.999 • 1.009 
1331 164 1.134 • 1.155 
1335 605 0.998. 1.007 
1340 164 1.152 
1358 164 1. 168 
1359 164 1.152 1.181 
1364 235 1.000 1.002 
1368 164 1. 163 1.189 
1371 602 0.996 1.007 
1381 164 1.187 
1395 164 1.185 • 1.214 
1401 281 0.999 . 1.008 
1406 164 1.194 • 1.223 
1409 240 0.990 . 1.015 
1409 164 1.197. 1.229 
1414 270 0.996. 1.00ll 
1415 164 
1421 164 
1422 164 
1430 164 

1 .217 
1.222 
1.223 
1 .230 

1447 164 1.010 . 1.478 
1469 619 1.013 . 1.020 
1433 164 1.216. 1.248 
1439 237 0.999 • 1.009 

601 diphenylamine·d10 1437 164 1.213 1.249 
707 dfphenyl•ine 1439 607 1 .000 1.007 
262 N·ni trosodiphenylamine·d6 1447 164 1.225 1.252 
362 N·nitroaodiphenylamine (7) 1464 262 1.000 1.002 
241 4·branophenyl phenyl ether·dS (5) 1495 164 1.271 1.307 
341 4·branophenyl phenyl ether (5) 1498 241 0.990 • 1.015 
925 pheNCetin 1512 164 1.300 
903 1·methylfluorene 1514 164 1.302 
209 hex.chlorobenz-· 13C6 1521 164 1 .288 • 1.327 
309 hexachlorobenzene 1522 209 0.999 • 1.001 
556 4·1111inobiphenyl 1551 164 1.334 
929 pronamide 
281 phenanthrene·d10 
520 n·octadecane 
381 phenanthrene 
278 anthracene•d10 
378 anthracene 
604 dibenzothiophene·d8 
704 dibenzothiophene 
588 diphenyldisulfide 
914 4·nitrobiphenyl 
927 1·phenylnaphthalene 
628 carbazole·d8 CS> 
728 carbazole cS> 
621 n·eicosane·d42 

1578 164 1.357 
1578 164 1.334 . 1.380 
1580 164 1.359 
1583 281 1.000 1.005 
1588 164 1.342 1.388 
1592 278 0.998 1.006 
1559 164 1.314 1.361 
1564 604 1.000 1.006 
1623 164 1 .396 
1639 164 1.409 
1643 164 1.413 
1645 164 1.388 . 1.439 
1650 628 1.000 1.006 
1655 164 1.184 • 1 .662 

10 
10 

10 
10 

10 
10 
10 
10 

10 
10 
so 
so 

10 
10 
10 
10 
10 
10 

10 
10 
20 
20 
20 
20 
20 
20 
10 
10 

10 
10 

10 
10 
10 
10 
10 
10 
10 

20 
20 
10 
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62 

55 

64 

11 

65 

49 

69 

73 

52 

116• 

48 

58 

55 

55 

51 

134* 
42 

52 

n 

47 

21 

47 

SS 

210* 

209* 

37 

61 

59 

16 

644* 

27 

54 

36 

17 

844* 

22 

21 

71 

24 



n1 n·eicosane 
907 1,5·napllthslenedi11111ine 
902 4,5·methylen.p/lensnthrene 
905 1·methylptiensnthrene 
268 di·n·butyl l)hthslste·d4 
368 di·n·butyl l)hthslste 
928 2·1)henylnspllthslene 
586 3,6·dimethylpllenanthrene 
597 methspyrilene 
926 l)henothiszin• 
239 fluoranthene·d10 
339 fluoranthene 
572 crotox~os 

936 thioxsnthone 
284 pyrene·d10 
384 pyrene 
205 benzidine·d8 
305 benzidine 
522 n·docosane 
559 aramite 
559 ar1111i ts 
583 p·dimethylaminoszoeenzen• 
563 2,3·benzof luorene 
623 n·tetrecoasne·d50 
723 n·tetracoasne 
932 ~Lene 

267 butylbenzyl l)hthalste•d4 <5> 
367 butylbenzyl l)hthsLste (5) 
276 chrysene·d12 
376 chrys.,,. 

1677 621 1.010 . 1.021 
1676 164 1.441 
1690 164 1.453 
1697 164 1.459 
1719 164 1.446. 1.510 
1723 268 1.000 • 1.003 
1733 164 1.490 
1763 164 1.516 
1781 164 1.531 
1796 164 1.544 
1813 164 1.522 • 1.596 
1817 239 1.000 • 1.004 
1822 164 1.567 
1836 164 1.579 
1844 164 1.523 • 1.644 
1852 284 1.001 1.003 
1854 164 1.549 1.632 
1853 205 1.000 1.002 
1889 164 1.624 
1901 164 1.635 
1916 164 
·1922 164 

1.647 
1.653 

1932 164 1.661 
1997 164 1.671 • 1. 764 
2025 612 1.012 • 1.015 
2039 164 1. 753 
2058 164 1.715 • 1.824 
2060 267 1.000 • 1.002 
2081 164 1.743 • 1.837 
2083 276 1.000 • 1.004 

901 4,4 1methylenebisC2·chlorosniline> 2083 164 1.791 
272 benzo<•>•nthracene·d12 2082 164 1.735 • 1.846 
372 benzo<•>snthracene 2090 272 0.999 • 1.007 
581 3,3 1 ·dimethoxybenzidine 
228 3,3 1 ·dichlorobenzidine·d6 
328 3,3 1 ·dichloro0enzidine 
940 tril)henylene 
560 benzanthrone 
266 bis<2·ethylhexyl> phthsL•t•·d4 
366 bisC2·ethylhexyl) l)hthslate 
524 n•hexecosarie 
591 ethynylestrediol 3·methyl ether 
269 df·n·octyl l)hthslete·d4 
369 di·n·octyl l)hthelste 
525 n·octacossne 
584 7,12·dimethylbenz<•>sntttracene 
274 benzo<b>f luoranthene·d12 
374 benzo(b)f luoranthene 
275 betlzo<k>f luoranthene•d12 
375 benzo<klfluoranthene 
924 perylene 
273 benzo<a>pyrene·d12 
373 betlzo<a>pyrene 
626 n·triacontane·d62 
n6 n·triacontane 
596 malachite green 
900 3·methylcholanthrene 
083 indenoC1,2,3·cd)pyrene 

2090 164 1. 797 
2088 164 1. 744 • 1.S4a 
2086 228 1.000 . 1.001 
2088 164 1. 795 
2106 164 1.811 
2123 164 1.771 • 1.880 

2124 266 1.000 • 1.002 
2147 164 1.846 
2209 164 1.899 
2239 164 1.867 • 1.982 
2240 269 1.000 • 1.002 
2272 164 1.954 
2284 164 1.964 
2281 164 1.902 • 2.025 
2293 274 1.000 . 1.005 
2287 164 1.906 • 2.033 
2293 275 1.000. 1.005 
2349 164 2.020 
2351 164 1.954 • 2.088 
2350 273 1.000 • 1.004 
2384 164 1.972 . 2.127 
2429 626 1.011 . 1.028 
2382 164 2.043 
2439 164 2.097 
2650 164 2.279 

10 

10 
10 

10 
10 

10 
10 
50 
so 
10 

10 
10 

10 
10 
10 
10 

10 
10 

50 
so 

10 
10 
10 

10 
10 
10 

10 
10 
10 
10 

10 
10 
10 
10 

20 
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64 

54 

40 

nd 
432• 

60 

51 

61 

62 

553* 
6091' 

54 

95 

52 

252• 

67 

229* 

80 

22 

nd 
447* 

65 

48 

47 

111 

1310• 
886* 

30 

20 

15 

658• 



282 dibenzo(a,h)anthracene-d14 C5) 2649 164 
382 dibenzoca,h)anthracene (5) 2660 282 
279 benzoC;hi)peryl-·d12 2741 i64 
379 benzo<;hi )perylene 2750 279 

2.107. 2.445 
1.000 .. 1.007 
2.187. 2.524 
1.001 . 1.006 

20 
20 
20 
20 

49 125 

44 nd 

(l) Reference numbers beginning with o, l, 5, or 9 indicate a pollutant 
quantified by the internal standard method; reference numbers beginning 
with 2 or 6 indicate a labeled compound quantified by the internal standard 
method; reference numbers beginning with 3 or 7 indicate a pollutant quan
tified by isotope dilution. 
(2) Single values in this column are based on single laboratory data. 
(3) This is a minimum level at which the analytical system shall give 
recognizable mass spectra (background corrected) and acceptable calibration 
points. The concentration in the aqueous or solid phase is determined 
using the equations in section 14. 
(4) Method detection limits determined in digested sludge (low solids) and 
in filter cake or compost (high solids). 
(5) Specification derived from related compound. 
(6) Detected as azobenzene 
(7) Detected as diphenylamine 
nd • not detected when spiked into the sludge tested 
•Background levels of these compounds were present in the sludge tested, 
resulting jn higher than expected MDL's. The MDL for these compounds is 
expected to be approximately 50 ug/kg with no interferences present. 

Column: 30 +/- 2 m x 0.25 +/- 0.02 mm i.d. 94% methyl, 4% phenyl, 1% vinyl 
bonded phase fused silica capillary 
Temperature program: 5 min at 30 Oc; 30 - 2ao 0 c at a oc per min; iso
thermal at 280 c until benzo(ghi)perylene elutes 
Gas velocity: 30 +/- 5 cm/sec at·30 °c 

1625C D-187 



Tal:>le 6 

Gas Chromatography of Acid Extractable Compoun<is 
Mini· Method Detection 
nun ~imit ~42 

ECD •ums!2n Si!!!!! Level low high .. 
No. Mean EGD (3) sol ids solids 

ill ~om:>ound U!S.l. !!! Rsl1Sive ~Zl ~ ~ ~ 
164 2,2 1 ·dffluorobipllenyl (int std) 1163 164 1.000 • 1.000 10 
224 2·chlorophenol·d4 701 164 0.587 • 0.618 10 
324 2·chlorophenol 705 224 0.997. 1.010 10 18 10 
947 huanoic acid 746 164 0.641 
944 p·cresot 834 164 0.717 
257 2·nftrophenol·d4 898 164 0.761 • 0.783 20 
357 2·nf trophenol 900 257 0.994 • 1.009 20 39 44 

231 2,4·dfchlorophenol·d3 944 164 0.802 • 0.822 10 
331 2,4·dfchlorophenol 947 231 0.997 • 1.006 10 24 116 
943 benzoic 1eid 971 164 0.835 
946 2,6·dichlorophenol 981 164 0.844 
222 4·chloro•3·mathytphenol·d2 1086 164 0.930 • 0.943 10 
322 4~chloro·3· .. thylpllenol 1091 222 0.998 • 1.003 10 41 62 
221 2,4,6•trfchlorophenol·d2 1162 164 0.994 • 1 .005 10 46 111 
321 2,4,6·trichlorophenol 1165 221 o. 998 • 1 .004 10 
631 2,4,5·trfchlorophenol·d2 <5> 1167 164 o.998 • 1 ~009 10 
731 2,4,5·trf chlorophenol 1170 631 o. 998 • 1 .004 10 32 55 
530 2,3,6·trichlorophenol 1195 164 1.028 10 54 37 
259 2,4·dfnitrophenol·d3 1323 164 1. 127 • 1. 149 50 
359 2,4·dfnftrophenol 1325 259 1.000 • 1.005 50 565 642 
258 4·nf trophenol ·d4 1349 164 1.147. 1.17'5 50 
358 4·nitrophenol 1354 258 0.997. 1.006 50 287 11 
948 2,3,4,6•tetr1Chlorophenol 1371 164 1. 179 
260 2· .. thyl·4,6·dfnftrophenol·d2 1433 164 1.216 • 1 .249 20 
360 2·methyl·4,6•dfnftrophenol 1435 260 1 .ooo • 1.002 20 
945 3,5·dfbrom·4·h~oxybenzonitrf l• 1481 164 1.273 
264 l*'ltlCh l orophenol • 13C6 1559 164 1.320 • 1.363 50 
364 '*''"" lorophenol 1561 264 0.998 • 1.002 50 51 207 

(1) Reference numbers beginning with o, l, 5, or 9 indicate a pollutant 
quantified by the internal standard method; reference numbers beginning 
with 2 or 6 indicate a labeled compound quantified by the internal standard 
method; reference numbers beqinninq with 3 or 7 indicate a pollutant quan
tified by isotope dilution. 
(2) Single values in this column are based on single laboratory data 
(3) This is a minimum level at which the analytical system shall give 
recoqnizable mass spectra (backqround corrected) and acceptable calibration 
points. The concentration in the aqueous or solid phase is determined 
using the equations in section 14. 
(4) Method detection limits determined in digested sludge (low solids) and 
in filter cake or compost (high solids). 
*Background levels of these compounds were present in the sludge resulting 
in higher than expected MDL's. The MDL for these compounds is expected to 
be approximately 50 uq/kq with no interferences present. 
(5) Specification derived from related compound. 

Column: 30 +/- 2 m x 0.25 +/- 0.02 mm i.d. 94% methyl, 4% phenyl, 1% vinyl 
bonded phase fused silica capillary 
Temperature proqram: 5 min at 30 °c; 30 - 250 °c or until pentachlorophenol 
elutes 

l625C D-188 



Gas velocity: 30 +/- 5 cm/sec at 30 °c 
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Table 7 

DFTPP Mass-intensity Specifications* 

Mil§. 
51 
68 
69 
70 

127 
197 
198 
199 
275 
441 
442 
443 

Intensity required 
8 - 82 percent of m/z 198 
less than 2 percent of m/z 69 
11 - 91 percent of m/z 198 
less than 2 percent of m/z 69 
32 - 59 percent of m/z 198 
less than 1 percent of m/z 198 
base peak, 100 percent abundance 
4 - 9 percent of m/z 198 
ll - 30 percent of m/z 198 
44 - 110 percent of m/z 442 
30 - 86 percent of m/z 198 
14 - 24 percent of m/z 442 

*Reference 6 
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Ta.ble 8 

Base/neutral Extractable Compound Characteristic m/z's and Response 
Factors 

Labeled Primary Response 
~Qmgoynd analog ml'.;?; facto:r;: (1) 
acenaphthene dlO 154/164 
acenaphthylene d8 152/160 
acetophenone 1051 0.79 
4-amino.biphenyl 169 0.81 
aniline 93 l.04 
o-anisidine 108 0.43 
anthracene dlO 178/188 
aramite 185 0.19 
.benzanthrone 230 0.15 
1,3-.benzenediol 110 0.78 
.benzenethiol 110 0.18 
benzidine dS 184/192 
.benzo(a)anthracene dl2 228/240 
.benzo(b)fluoranthene dl2 252/264 
.benzo(k)fluoranthene dl2 252/264 
.benzo(a)pyrene dl2 252/264 
benzo(qhi)perylene dl2 276/288 
2,3-.benzotluorene 216 0.35 
.benzoic acid 105 0.16 
.benzyl alcohol 79 0.47 
bi phenyl dlO 154/164 
.bis(2-chloroethyl) ether d8 93/101 
bis(2-chloroethoxy)methane d8 93/97 
.bis(2-chlgroisopropyl) ether dl2 121/131 
.bis(2-ethylhexyl) phthalate d4 149/153 
2-.bromochloro.benzene 111 0.33 
3-.bromochlorobenzene 192 0.40 
4-bromophenyl phenyl ether d5 248/255 
butyl benzyl phthalate d4 149/153 
n-ClO d22 55/66 
n-Cl2 d26 55/66 
n-Cl4 55 
n-Cl6 d34 55/66 
n-Cl8 55 
n-C20 d42 55/66 
n-C22 55 
n-C24 d50 55/66 
n-C26 55 
n-C28 55 
n-C30 d62 55/66 
car.bazole d8 167/175 
4-chloro-2-nitroaniline 172 0.20 
s-chloro-o-toluidine 106 a.so 
4-chloroaniline 127 0. 73 . 
2-chloronaphthalene d7 162/169 
3-chloronitrobenzene 157 0.18 
4-chlorophenyl phenyl ether d5 204/209 
3-chloropropionitrile 54 0.42 
chrysene dl2 228/240 
o-cresol 108 0.59 
crotoxyphos 127 0.017 

1625C D-191 



p-cymene dl4 119/130 
2,6-di-tert-butyl-p-benzoquinone 220 0.078 
di-n-butyl phthalate d4 149/153 
2,4-diaminotoluene 122 0.059 
dibenzo(a,h)anthracene dl4 278/292 
dibenzofuran d8 168/176 
dibenzothiophene d8 184/192 
l,2-dibromo-3-chloropropane 157 0.22 
2,6-dichloro-4-nitroaniline 124 0.019 
1,3-dichloro-2-propanol 79 0.68 
2,3-dichloroaniline 161 0.47 
1,2-dichlorobenzene d4 146/152 
1,3-dichlorobenzene d4 146/152 
l,4-dichlorobenzene d4 146/152 
3,3'-dichlorobenzidine d6 252/258 
2,2 1 -difluorobiphenyl (int std) 190 
2,3-dichloronitrobenzene 191 0.11 
l,2:3,4-diepoxybutane 55 0.27 
diethyl phthalate d4 149/153 
3,3 1 -dimethoxybenzidine 244 0.19 
dimethyl phthalate d4 163/167 
dimethyl sulfone 79 o .• 40 
p-dimethylaminoazobenzene 120 0.23 
7,12-dimethylbenz(a)anthracene 256 0.58 
N,N-dimethylformamide 73 0.51 
3,6-dimethylphenanthrene 206 0.72 
2,4-dimethylphenol dJ 122/125 
1,3-dinitrobenzene 168 0.24 
2,4-dinitrotoluene dJ 165/168 
2,6-dinitrotoluene dJ 165/167 
di-n-octyl phthalate d4 149/153 
diphenylamine dlO 169/1.79 
diphenyl ether dlO 170/180 
diphenyldisulf ide 218 0.25 
1,2-diphenylhydrazine (2) dlO 77/82 
ethyl methanesulfonate 109 0.28 
ethylenethiourea 102 0.22 
ethynylestradiol 3-methyl ether 227 0.28 
f luoranthene dlO 202/212 
fluorene dlO 166/176 
hexachlorobenzene l3c6 284/292 
hexachlorobutadiene l3c4 225/231 
hexachloroethane l3c 201/204 
hexachlorocyclopentadiene l3c4 237/241 
hexachloropropene 213 0.23 
indeno(l,2,3-cd)pyrene 276 
isophorone d8 82/88 
2-isopropylnaphthalene 170 0.32 
isosaf role 162 0.33 
longif olene 161 0.14 
malachite qreen 330 
methapyrilene 97 0.43 
methyl methanesulf onate 80 0.20 
2-methylbenzothiazole 149 0.59 
3-methylcholanthrene 268 0.59 
4,4'-methylenebis(2-chloroaniline) 231 0.21 
4,5-methylenephenanthrene 190 0.44 
1-methylfluorene 180 0.37 
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2-methylnaphthalene 142 0.99 
1-methylphenanthrene 192 0.65 
2-(methylthio)benzothiazole 181 0.42 
naphthalene d8 128/136 
1,5-naphthalenediamine 158 0.085 
1,4-naphthoquinone 158 0.021 
alpha-naphthylamine 143 0.89 
beta-naphthylamine d7 143/150 
5-nitro-o-toluidine 152 0.31 
2-nitroaniline 138 0.39 
3-nitroaniline 138 0.27 
4-nitroaniline 138 0.11 
nitrobenzene d5 128/128 
4-nitrobiphenyl 199 0.35 
N-nitrosodi-n-butylamine 84 0.47 
N-nitrosodi-n-propylamine dl4 70/78 
N-nitrosodiethylamine 102 0.45 
N-nitrosodimethylamine d6 74/80 
N-nitrosodiphenylamine (3) d6 169/175 
N-nitrosomethylethylamine 88 0.33 
N-nitrosomethylphenylamine 106 0.024 
N-nitrosomorpholine 56 0.49 
N-nitrosopiperidine 114 0.41 
pentachlorobenzene 248 0.25 
pentachloroethane 117 0.20 
pentamethylbenzene 148 0.42 
perylene 252 0.30 
phenacetin 108 0.38 
phenanthrene d10 178/188 
phenol dS 94/71 
phenothiazine 199 0.15 
1-phenylnaphthalene 204 0.48 
2-phenylnaphthalene 204 0.73 
alpha-picoline d7 93/100 
pronamide 173 0.31 
pyrene d10 202/212 
pyridine 79 0.68 
safrole 162 0.45 
squalene 69 0.042 
styrene dS 104/109 
alpha-terpineol d3 59/62 
1,2,4,5-tetrachlorobenzene 216 0.43 
thianaphthene 134 1.52 
thioacetamide 75 0.28 
thioxanthone 212 0.23 
o-toluidine 106 1.04 
l,2,3-trichlorobenzene d3 180/183 
l,2,4-trichlorobenzene d3 180/183 
1,2,3-trimethoxybenzene 168 0.48 
2,4,5-trimethylaniline 120 0.28 
triphenylene 228 1. 32 
tripropylene glycol methyl ether 59 0.092 
1,3,S-trithiane 138 0.15 

(1) referenced to 2,2 1 -difluorobiphenyl 
(2) detected as azobenzene 
(3) detected as diphenylamine 
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Table 9 

Acid Extractable Compound Characteristic m/z's 

Compound 
benzoic acid 
4-chloro-3-methylphenol 
2-chlorophenol 
p-cresol 
3,S-dibromo-4-hydroxybenzonitrile 
2,4-dichlorophenol 
2,6-dichlorophenol 
2,4-dinitrophenol 
hexanoic acid 
2-methyl-4,6-dinitrophenol 
2-nitrophenol 
4-nitrophenol 
pentachlorophenol 
2,3,4,6-tetrachlorophenol 
2,3,6-trichlorophenol 
2,4,S-trichlorophenol 
2,4,6-trichlorophenol 

Labeled 
analog 

d2 
d4 

d3 

d3 

d2 
d4 
d4 

13c6 

d2 
d2 
d2 

(1) referenced to 2,2'-di~luorobiphenyl 
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Primacy m/z 
105 
107/109 
128/132 
108 
277 
162/167 
162 
184/187 

60 
198/200 
139/143 
139/143 
266/272 
232 
196/200 
196/20Q 
196/200 

Response 
Factor Cl) 

0.16 

0.61 
0.12 

0.42 

0.62 

0.17 



Table 10 

Acceptance Criteria for Performance Tests 

Acceptance criteria 
Initial labeled 
precision compound 
and accuracy recovery 

EGD Section 8.2.3 Sec 8.3 
No. Cug/Ll and 14. 2 
Cll Compound _..§.__ X P C%l 
301 acenaphthene 21 79 - 134 
201 acenaphthene-dlO 38 38 - 147 20 - 270 
377 acenaphthylene 38 69 - 186 
277 acenaphthylene-d8 31 39 - 146 23 - 239 
378 anthracene 41 58 - 174 
278 anthracene-dlO 49 31 - 194 14 - 419 
305 benzidine 119 16 - 518 
205 benzidine-d8 269 ns(2) ns ns - ns 
372 benzo(a)anthracene 20 65 - 168 
272 benzo(a)anthracene-dl2 41 25 - 298 12 - 605 
374 benzo(b)tluoranthene 183 32 - 545 
274 benzo(b)tluoranthene-d12 168 11 - 577 ns - ns 
375 benzo(k)tluoranthene 26 59 - 143 
275 benzo(k)tluoranthene-dl2 114 15 - 514 ns - ns 
373 benzo(a)pyrene 26 62 - 195 
273 benzo(a)pyrene-d12 24 35 - 181 21 - 290 
379 benzo(qhi)perylene 21 72 - 160 
279 benzo(qhi)perylene-d12 45 29 - 268 14 - 529 
712 biphenyl (Appendix C) 41 75 - 148 
612 biphenyl-dlO 43 28 - 165 ns - ns 
318 bis(2-chloroethyl) ether 34 55 - 196 
218 bis(2-chloroethyl) ether-d8 33 29 - 196 15 - 372 
343 bis(2-chloroethoxy)methane 27 43 - 153 
243 bis(2-chloroethoxy)methane-d8(3)33 29 - 196 15 - 372 
342 bis(2-chloroisopropyl) ether 17 81 - 138 
242 bis(2-chloroisopropyl)ether-dl2 27 35 - 149 20 - 260 
366 bis(2-ethylhexyl) phthalate 31 69 - 220 
266 bis(2-ethylhexyl) phthalate-d4 29 32 - 205 18 - 364 
341 4-bromophenyl phenyl ether 44 44 - 140 
241 4-bromophenylphenyl ether-d5(3) 52 40 - 161 19 - 325 
367 butyl benzyl phthalate 31 19 - 233 
267 butyl benzyl phthalate-d4 (3) 29 32 - 205 18 - 364 
717 n-ClO (Appendix C) 51 24 - 195 
617 n-C10-d22 70 ns - 298 ns - ns 
706 n-c12 (Appendix C) 74 35 - 369 
606 n-Cl2-d26 53 ns - 331 ns - ns 
518 n-Cl4 (Appendix C) (3) 109 ns - ns 
719 n-Cl6 (Appendix C) 33 so - 162 
619 n-Cl6-d34 46 37 - 162 18 - 308 
520 n-Cl8 (Appendix C) (3) 39 42 - 131 
721 n-c20 (Appendix C) 59 53 - 263 
621 n-C20-d42 34 34 - 172 19 - 306 
522 n-C22 (Appendix C) (3) 31 45 - 152 
723 n-C24 (Appendix C) 11 80 - 139 
623 n-C24-d50 28 27 - 211 15 - 376 
524 n-C26 (Appendix C) (3) 35 35 - 193 
525 n-C28 (Appendix C) (3) 35 35 - 193 
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calibra
tion 
verif i
cation 
sec 12.5 
Cug/mL) 
80 - 125 
71 - 141 
60 - 166 
66 - 152 
60 - 168 
58 - 171 
34 - 296 
ns - ns 
70 - 142 
28 - 357 
61 - 164 
14 - ns 
13 - ns 
13 - ns 
78 - 129 
12 - ns 
69 - 145 
13 - ns 
58 - 171 
52 - 192 
61 - 164 
52 - 194 
44 - 228 
52 - 194 
67 - 148 
44 - 229 
76 - 131 
43 - 232 
52 - 193 
57 - 175 
22 - 450 
43 - 232 
42 - 235 
44 - 227 
60 - 166 
41 - 242 
37 - 268 
72 - 138 
54 - 186 
40 - 249 
54 - 184 
62 - 162 
40 - 249 
65 - 154 
50 - 199 
26 - 392 
26 - 392 

On-going 
accuracy 
Sec 12.7 
R (Uq/Ll 
72 - 144 
30 - 180 
61 - 207 
33 - 168 
50 - 199 
23 - 242 
11 - 672 
ns - ns 
62 - 176 
22 - 329 
20 - ns 
ns - ns 
53 - 155 
ns - 685 
59 - 206 
32 - 194 
58 - 168 
25 - 303 
62 - 176 
17 - 267 
50 - 213 
25 - 222 
39 - 166 
25 - 222 
77 - 145 
30 - 169 
64 - 232 
28 - 224 
35 - 172 
29 - 212 
35 - 170 
28 - 224 
19 - 237 
ns - 504 
29 - 424 
ns - 408 
ns - ns 
71 - 181 
28 - 202 
35 - 167 
46 - 301 
29 - 198 
39 - 195 
78 - 142 
25 - 229 
31 - 212 
31 - 212 



726 n-CJO (Appendix C) 32 
626 n-C30-d62 41 
728 carbazole (4c) 38 
628 carbazole-d8 (3) 31 
320 2-chloronaphthalene 100 
220 2-chloronaphthalene-d7 41 
322 4-chloro-3-methylphenol 37 
222 4-chloro-3-methylphenol-d2 111 
324 2-chlorophenol 13 
224 2-chlorophenol-d4 24 
340 4-chlorophenyl phenyl ether 42 
240 4-chlorophenyl phenyl ether-d5 52 
376 chrysene 51 
276 chrysene-dl2 69 
713 p-cymene (Appendix C) 18 
613 p-cymene-dl4 67 
382 dibenzo(a,h)anthracene 55 
282 dibenzo(a,h)anthracene-dl4 (3) 45 
705 dibenzofuran (Appendix C) 20 
605 dibenzofuran-d8 31 
704 dibenzothiophene (Synfuel) 31 
604 dibenzothiophene-d8 31 
368 di-n-butyl phthalate 15 
268 di-n-butyl phthalate-d4 23 
325 l,2-dichlorobenzene 17 
225 l,2-dichlorobenzene-d4 35 
326 1,3-dichlorobenzene 43 
226 l,3-dichlorobenzene-d4 48 
327 1,4-dichlorobenzene 42 
227 l,4-dichlorobenzene-d4 48 
328 3,3'-dichlorobenzidine 26 
228 3,3'-dichlorobenzidine-d6 80 
331 2,4-dichlorophenol 12 
231 2,4-dichlorophenol-dJ 28 
370 diethyl phthalate 44 
270 diethyl phthalate-d4 78 
334 2,4-dimethylphenol 13 
234 2, 4-dimethylphenol-d3 2·2 
371 dimethyl phthalate 36 
271 dimethyl phthalate-d4 108 
359 2,4-dinitrophenol 18 
259 2,4-dinitrophenol-d3 66 
335 2,4-dinitrotoluene 18 
235 2,4-dinitrotoluene-d3 37 
336 2,6-dinitrotoluene 30 
236 2,6-dinitrotoluene-d3 59 
369 di-n-octyl phthalate 16 
269 di-n-octyl phthalate-d4 46 
707 diphenylamine (Appendix C) 45 
607 diphenylamine-dlO 42 
708 diphenyl ether {Appendix C) 19 
608 diphenyl ether-dlO 37 
337 l,2-diphenylhydrazine 73 
237 l,2-diphenylhydrazine-dlO 35 
339 fluoranthene 33 
239 fluoranthene-dlO 35 
380 fluorene 29 
280 fluorene-dlO 43 

61 - 200 
27 - 242 13 - 479 
36 - 165 
48 - 130 29 - 215 
46 - 357 
30 - 168 15 - 324 
76 - 131 
30 - 174 ns - 613 
79 - 135 
36 - 162 23 - 255 
75 - 166 
40 - 161 19 - 325 
59 - 186 
33 - 219 13 - 512 
76 - 140 
ns - 359 ns - ns 
23 - 299 
29 - 268 14 - 529 
85 - 136 
47 - 136 28 - 220 
79 - 150 
48 - 130 29 - 215 
76 - 165 
23 - 195 13 - 346 
73 - 146 
14 - 212 ns - 494 
63 - 201 
13 - 203 ns - 550 
61 - 194 
15 - 193 ns - 474 
68 - 174 
ns - 562 ns - ns 
85 - 131 
38 - 164 24 - 260 
75 - 196 
ns - 260 ns - ns 
62 - 153 
15 - 228 ns - 449 
74 - 188 
ns - 640 ns - ns 
72 - 134 
22 - 308 ns - ns 
75 - 158 
22 - 245 10 - 514 
80 - 141 
44 - 184 17 - 442 
77 - 161 
12 - 383 ns - ns 
58 - 205 
27 - 206 ll - 488 
82 - 136 
36 - 155 19 - 281 
49 - 308 
31 - 173 17 - 316 
71 - 177 
36 - 161 20 - 278 
81 - 132 
51 - 131 27 - 238 
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66 - 152 
24 - 423 
44 - 227 
69 - 145 
58 - 171 
72 - 139 
85 - 115 
68 - 147 
78 - 129 
55 - 180 
71 - 142 
57 - 175 
70 - 142 
24 - 411 
79 - 127 
66 - 152 
13 - 761 
13 - ns 
73 - 136 
66 - 150 
72 - 140 
69 - 145 
71 - 142 
52 - 192 
74 - 135 
61 - 164 
65 - 154 
52 - 192 
62 - 161 
65 - 153 
77 - 130 
18 - 558 
67 - 149 
64 - 157 
74 - 135 
47 - 211 
67 - 150 
58 - 172 
73 - 137 
50 - 201 
75 - 133 
39 - 256 
79 - 127 
53 - 187 
55 - 183 
36 - 278 
71 - 140 
21 - 467 
57 - 176 
59 - 169 
83 - 120 
77 - 129 
75 - 134 
58 - 174 
67 - 149 
47 - 215 
74 - 135 
61 - 164 

56 - 215 
23 - 274 
31 - 188 
40 - 156 
35 - 442 
24 - 204 
62 - 159 
14 - 314 
76 - 138 
33 - 176 
63 - 194 
29 - 212 
48 - 221 
23 - 290 
72 - 147 
ns - 468 
19 - 340 
25 - 303 
79 - 146 
39 - 160 
70 - 168 
40 - 156 
74 - 169 
22 - 209 
70 - 152 
11 - 247 
55 - 225 
ns - 260 
53 - 219 
ll - 245 
64 - 185 
ns - ns 
83 - 135 
34 - 182 
65 - 222 
ns - ns 
60 - 156 
14 - 242 
67 - 207 
ns - ns 
68 - 141 
17 - 378 
72 - 164 
19 - 275 
70 - 159 
31 - 250 
74 - 166 
10 - 433 
51 - 231 
21 - 249 
77 - 144 
29 - 186 
40 - 360 
26 - 200 
64 - 194 
30 -·187 
70 - 151 
38 - 172 



309 hexachlorobenzene 16 90 - 124 78 - 128 85 - 132 
209 hexachlorobenzene-13C6 Bl 36 - 228 13 - 595 38 - 265 23 - 321 
352 hexachlorobutadiene 56 51 - 251 74 - 135 43 - 287 
252 hexachlorobutadiene-l3C4 63 ns - 316 ns - ns 68 - 148 ns - 413 
312 hexachloroethane 227 21 - ns 71 - 141 13 - ns 
212 hexachloroethane-l3Cl 77 ns - 400 ns - ns 47 - 212 ns - 563 
353 hexachlorocyclopentadiene 15 69 - 144 77 - 129 67 - 148 
253 hexachlorocyclopentadiene-13C4 60 ns - ns ns - ns 47 - 211 ns - ns 
083 ideno(l,2,3-cd)pyrene (3) 55 23 - 299 13 - 761 19 - 340 
354 isophorone 25 76 - 156 70 - 142 70 - 168 
254 isophorone-d8 23 49 - 133 33 - 193 52 - 194 44 - 147 
360 2-methyl-4,6-dinitrophenol 19 77 - 133 69 - 145 72 - 142 
260 2-methyl-4,6-dinitrophenol-d2 64 36 - 247 16 - 527 56 - 177 28 - 307 
355 naphthalene 20 80 - 139 73 - 137 75 - 149 
255 naphthalene-dB 39 28 - 157 14 - 305 71 - 141 22 - 192 
702 beta-naphthylamine (Appendix C) 49 10 - ns 39 - 256 ns - ns 
602 beta-naphthylamine-d7 33 ns - ns ns - ns 44 - 230 ns - ns 
356 nitrobenzene 25 69 - 161 85 - 115 65 - 169 
256 nitrobenzene-d5 28 18 - 265 ns - ns 46 - 219 15 - 314 
357 2-nitrophenol 15 78 - 140 77 - 129 75 - 145 
257 2-nitrophenol-d4 23 41 - 145 27 - 217 61 - 163 37 - 158 
358 4-nitrophenol 42 62 - 146 55 - 183 51 - 175 
258 4-nitrophenol-d4 188 14 - 398 ns - ns 35 - 287 ns - ns 
361 N-nitrosodimethylamine 49 10 - ns 39 - 256 ns - ns 
261 N-nitrosodimethylamine-d6 (3) 33 ns - ns ns - ns 44 - 230 ns - ns 
363 N-nitrosodi-n-propylamine 45 65 - 142 68 - 148 53 - 173 
263 N-nitrosodi-n-propylamine (3) 37 54 - 126 26 - 256 59 - 170 40 - 166 
362 N-nitrosodiphenylamine 45 65 - 142 68 - 148 53 - 173 
262 N-nitrosodiphenylamine-d6 37 54 - 126 26 - 256 59 - 170 40 - 166 
364 pentachlorophenol 21 76 - 140 77 - 130 71 - 150 
264 pentachlorophenol-l3C6 49 37 - 212 18 - 412 42 - 237 29 - 254 
381 phenanthrene 13 93 - 119 75 - 133 87 - 126 
281 phenanthrene-dlO 40 45 - 130 24 - 241 67 - 149 34 - 168 
365 phenol 36 77 - 127 65 - 155 62 - 154 
265 phenol-d5 161 21 - 210 ns - ns 48 - 208 ns - ns 
703 alpha-picoline (Synfuel) 38 59 - 149 60 - 165 50 - 174 
603 alpha-picoline-d7 138 11 - 380 ns - ns 31 - 324 ns - 608 
384 pyrene 19 76 - 152 76 - 132 72 - 159 
284 pyrene-dlO 29 32 - 176 18 - 303 48 - 210 28 - 196 
710 styrene (Appendix C) 42 53 - 221 65 - 153 48 - 244 
610 styrene-d5 49 ns - 281 ns - ns 44 - 228 ns - 348 
709 alpha-terpineol (Appendix C) 44 42 - 234 54 - 186 38 - 258 
609 alpha-terpineol-dJ 48 22 - 292 ns - 672 20 - 502 18 - 339 
729 1,2,3-trichlorobenzene (4c) 69 15 - 229 60 - 167 11 - 297 
629 1,2,3-trichlorobenzene-dJ (3) 57 15 - 212 ns - 592 61 - 163 10 - 282 
308 1,2,4-trichlorobenzene 19 82 - 136 78 - 128 77 - 144 
208 1,2,4-trichlorobenzene-d3 57 15 - 212 ns - 592 61 - 163 10 - 282 
530 2,3,6-trichlorophenol (4c) ( 3) 30 58 - 137 56 - 180 51 - 153 
731 2,4,5-trichlorophenol (4c) 30 58 - 137 56 - 180 51 - 153 
631 2,4,5-trichlorophenol-d2 ( 3) 47 43 - 183 21 - 363 69 - 144 34 - 226 
321 2,4,6-trichlorophenol 57 59 - 205 81 - 123 48 - 244 
221 2,4,6-trichlorophenol-d2 47 43 - 183 21 - 363 69 - 144 34 - 226 

( 1) Reference numbers beginning with a, l or 5 indicate a pollutant quan-
tified by the internal standard method; reference numbers beginning with 2 
or 6 indicate a labeled compound quantified by the internal standard 
method; reference numbers beginning with 3 or 7 indicate a pollutant quan-
tified by isotope dilution. 
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(2) ns = no specification: limit is outside the range that can be measured 
reliably. 
(3) This compound is to be determined by internal standard; specification 
is derived from related compound. 
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FIGURE 1 Relative Response Calibration Curve 
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FIGURE 3 Extracted Ion Current Profiles for (3A) 
Unlabeled Compound, (38) Labeled Compound, 
and (3C) Equal Mixture of Unlabeled and Labeled 
Compounds. 
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FIGURE 2 Extracted Ion Current Profiles for 
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Unlabeled (m;z) Pairs. 
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Appendix A: Mass Spectra in the Form of Mass/Intensity Lists 

SS5 acetophenone 
mil .inL. mil iDL. mil int. mLz. int. m/z int..:.. m/z int. 

42 21 43 24S 49 19 so 221 Sl S24 S2 7S 
61 13 62 26 63 422 65 31 73 13 74 64 
7S 36 76 62 77 941 78 11 89 12 91 22 

105 1000 106 87 120 479 121 38 

SS6 4-aminobiphenyl 
ma iDL. ma int.:.. ma .inL. mil int..:.. ma int. mil int. 

Sl S5 63 65 72 82 83 73 85 163 115 142 
139 65 141 132 167 163 168 280 169 1000 170 216 

S57 aniline 
ma int..:.. ma int..:. ma int..:.. ma int. ma int. mil int. 

40 65 41 66 42 16 46 11 47 7S so 40 
Sl 47 S2 54 53 12 S4 40 61 17 62 28 
63 S9 64 33 65 226 66 461 74 11 78 14 
91 10 92 136 93 1000 94 73 

S58 o-anisidine 
ma .inL. ma inb ma .inL. mil .ifil.&. ma int..:.. mil int. 

40 22 41 43 42 10 50 60 Sl 106 S2 202 
S3 286 S4 39 61 12 62 25 63 43 64 24 
65 142 66 20 76 13 77 36 68 32 79 25 
80 915 81 41 92 47 93 14 94 18 105 18 

108 1000 109 55 122 123 844 124 56 

559 aramite 
mil int..:. mil ~ ma ~ ma iDL. ma int. ma int. 

41 606 57 758 59 328 63 782 65 285 74 113 
77 155 91 339 105 153 107 239 121 107 123 120 

163 143 175 182 185 1000 187 328 191 346 197 191 
319 270 334 137 

560 benzanthrone 
mLz. int..:. ma iDL. mil iDL. ma int..:. mil int. mLz. int. 

74 69 75 71 87 97 88 160 99 69 100 215 
101 278 150 58 174 67 199 63 200 350 201 236 
202 762 203 126 230 1000 231 177 

561 l,3-benzenediol 
mLz. int..:. ma .illL. ma int..:.. ma int..:.. mil int..:.. mLz. int. 

40 64 41 19 52 42 43 36 49 ll 50 43 
Sl 54 52 29 53 184 54 89 55 97 61 15 
62 27 63 74 64 61 65 13 68 56 69 119 
71 16 81 201 82 251 95 13 109 11 110 1000 

111 51 

562 benzenethiol 
ma int. mLz. int. mil int.:.. mil int..:.. mil int. ma int..:.. 

45 128 50 149 51 205 65 175 66 505 69 114 
77 161 84 259 109 316 110 1000 lll 102 
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563 2,3-benzofluorene 
ma inh mil ~ mil inb mil int. mil .inh m/z ~ 

74 52 81 69 94 143 95 253 106 60 107 205 
108 491 187 75 189 90 213 233 214 60 215 987 
216 1000 217 166 

943 benzoic acid 
ma inL. ma ~ ma iitt:.. ma int. ma lJlb ma int. 

45 29 50 221 51 413 52 45 66 11 74 53 
75 25 76 81 77 778 78 76 105 1000 122 868 

564 benzyl alcohol 
ma int.:.. mil .int.&. ma .int.&. ma .int.&. mil ~ mil ~ 

40 17 59 16 50 155 51 319 52 78 53 84 
61 11 62 31 63 70 64 12 65 75 74 35 
75 13 76 18 77 565 78. 116 79 1000 80 73 
89 65 90 64 91 125 105 38 106 18 107 523 

108 737 109 43 

565 2-bromochlorobenzene 
mil .int.:. ma int.:.. ma int.a. :mL.;. int.:.. mil int.:. mil ~ 

49 237 50 890 51 183 73 158 74 506 75 1000 
76 202 111 961 113 287 190 638 192 809 194 193 

566 3-bromochlorobenzene 
ma ~ ma int.:.. ma int.:.. ma int.&. ma .int.:. mil int..:. 

49 201 50 834 51 174 73 169 74 509 75 914 
76 197 111 1000 113 301 190 625 192 802 194 191 

567 4-chloro-2-nitroaniline 
ma int.,_ ma int.:.. ma int.:. ma int.,_ ma int..:. ma .inL. 

49 119 50 174 51 260 52 531 61 205 62 394 
63 1000 64 315 65 192 73 290 74 105 75 156 
76 127 78 152 90 724 91 253 101 232 114 312 

126 766 128 234 142 211 172 915 174 289 

568 5-chloro-o-toluidine 
ma im=..:.. ma .ill!&.:. ma ~ ma im=..:.. ma ~ ma int. 

50 115 51 261 52 257 53 137 77 420 78 134 
79 140 89 152 106 1000 140 599 141 964 142 265 

143 313 

569 4-chloroaniline 
ma ~ ma int.:.. ma inh ma .int.&. ma int..:. ma int. 

41 60 62 55 63 147 64 135 65 329 73 51 
91 63 92 186 99 67 100 115 127 1000 128 81 

129 292 

570 3-chloronitrobenzene 
In.a .in.t.:.. ma iDL. ma iitt:.. ma iDL. ma .in.t.:.. ma int. 

50 619 51 189 73 144 74 330 75 1000 76 169 
85 101 99 258 111 851 113 266 157 424 159 137 

571 o-cresol 
ma .in.t.:.. ma inL. ma inh ma J.nL. ma inL. ma iDL. 

50 102 51 181 53 144 77 358 79 380 80 159 
89 114 90 231 107 783 108 1000 
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944 p-cresol 
mil inL.. 

50 136 
80 145 

ma int.:.. 
51 224 
90 122 

572 crotoxyphos 
ma int. :ID.a 

40 633 44 
105 484 109 

int.:. 
448 
21 

ma 
52 

107 

int. 
106 
822 

~ int. 
67 42 

127 1000 

573 2,6-di-t-butyl-p-benzoquinone 
mil int.:. ma int.:.. ma iDL. 

51 392 53 586 55 325 
77 376 79 308 91 456 

135 538 136 240 149 429 
220 410 

574 2,4-diaminotoluene 
ma .in.b ma .in.b 

40 70 42 55 
67 50 77 147 

105 134 106 67 

mil 
51 
78 

121 

575 l,2-dibromo-3-chloropropane 

int.&. 
76 
69 

958 

ma int..&. mil .int.&. mil int.&. 
42 38 59 341 51 104 
77 331 81 43 93 117 

106 17 119 74 121 66 
159 204 187 10 

945 3,5-dibromo-4-hydroxybenzonitrile 
mil iDL. mil ~ mil ~ 

53 148 61 193 62 222 
170 141 275 489 277 1000 

576 2,6-dichloro-4-nitroaniline 
ma int.:.. :ma int.&. mil .int.:.. 

41 206 52 1000 61 523 
65 137 89 218 90 443 

133 218 160 401 176 431 

577 l,3-dichloro-2-propanol 
mil iDL. mil int.&. :ma 

40 14 42 55 43 
49 113 50 15 51 
78 11 79 1000 80 

578 2,3-dichloroaniline 

iDL. 
503 

37 
25 

mil iDL. :ma int.&. 
52 138 61 151 
73 130 90 460 

ma~ 
62 265 
99 202 

163 626 165 101 

m/z 
53 

108 

m/z 
77 

166 

int. 
196 

1000 

int. 
70 

180 

mil iDL. 
57 668 
95 322 

163 292 

:ma 
52 
93 

122 

ma 
61 
95 

155 

mil 
88 

279 

:ma 
62 
97 

178 

~ 
44 
57 
81 

ma 
63 

125 

iDL. 
70 
63 

1000 

int.&. 
38 

106 
635 

.inb 
632 
451 

int.&. 
828 
458 
134 

iDL. 
22 
10 

310 

iDL. 
455 
108 
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m/z 
77 

:ID.a 
79 

193 

m/z 
65 

107 
177 

mil 
53 
94 

123 

mL.z. 
75 
97 

157 

int. 
420 

int. 
41 

401 

int. 
416 
248 

1000 

~ 
51 

224 
79 

iDL. 
1000 

12 
784 

ma int.:. 
117 137 

m.Lz. 
63 

124 
206 

:ma 
47 
61 

int.&. 
588 
954 
378 

iDL. 
12 
12 

~ int..:.. 
64 142 

126 149 

mil 
79 

m/z 
104 
194 

:ma 
67 

121 
205 

int. 
308 

int. 
100 
20 

.inh 
927 
255 
203 

ma .inh 
61 91 

104 128 

mil 
76 

105 
158 

.int.:.. 
75 
67 
20 

mil ~ 
168 152 

ma 
73 

126 

iDL. 
470 
401 

mil ~ 
58 15 
75 14 

:ma 
65 

161 

int. 
105 

1000 



579 2,3-dichloronitrobenzene 
mil int.:.. ma int.:.. ma int.:.. 

150 
351 
701 
411 

49 220 50 257 61 
74 976 75 743 84 

110 204 111 303 133 
161 190 163 121 191 

946 2,6-dichlorophenol 
mil int. ma int.:.. 

49 111 62 160 
126 260 162 1000 

580 1,2:3,4-diepoxybutane 
ma int.:.. mil int.:.. 

40 37 41 29 
57 155 58 16 

ma int.:.. 
63 714 

164 613 

ma ~ 
42 83 
85 13 

581 3,3'-dimethoxybenzidine 
ma int.:.. ma int.:.. ma .in:t.:.. 

69 65 44 79 222 85 
122 115 158 154 186 144 
245 152 

582 dimethyl 
ma .in:t.:.. 

44 10 
63 69 
96 23 

sulf one 
ma iDL. ma iDL. 

45 94 46 29 
64 22 65 19 

583 p-dim~thylaminoazobenzene 
ma iDb ma .in:t.:.. mil inL. 

42 483 51 181 77 447 
104 142 105 190 120 1000 

584 7,12-dimethylbenzo(a)anthracene 
ma int.:.. ma .inb ma in:t..:. 
101 24 112 34 113 112 
125 46 126 81 127 60 
237 23 239 313 240 230 
252 68 253 33 255 84 

585 N,N-dimethylformamide 
ma int.:.. ma .inL. 

40 58 41 79 
57 17 58 83 

ma .inb 
42 497 
72 89 

586 3,6-dimethylphenanthrene 
ma int. mil int..&. mil int.:.. 

179 76 113 89 129 94 
190 193 191 430 205 246 

587 1,3-dinitrobenzene 
ma, int.:.. m/z int. 

50 1000 51 131 
76 664 92 240 

ma int.:.. 
63 228 

122 166 

ma 
62 
85 

135 
193 

int.:.. 
120 
166 
435 
263 

m/z int. 
73 132 

166 101 

ma. int.:.. 
43 60 

mil int.:.. 
93 84 

201 552 

mil iDL. 
47 18 
79 1000 

ma iDL. 
78 120 

148 160 

ma int.:.. 
114 38 
128 76 
241 433 
256 1000 

ma int..:.. 
43 115 
73 994 

ma int.:.. 
101 142 
206 1000 

ma int. 
64 218 

168 399 
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ma int.:.. 
63 173 
86 125 

145 580 

m/z int. 
98 293 

m/z 
55 

int. 
1000 

ma int..:.. 
107 46 
229 162 

ma int.:.. 
48 69 
81 36 

ma int.:.. 
79 147 

225 676 

mil int.&. 
119 212 
215 24 
242 61 
257 180 

ma int.:.. 
44 1000 
74 35 

ma int.:.. 
102 151 
207 159 

ma int. 
74 311 

I!lLz. 
73 

109 
147 

int. 
336 

1000 
368 

ma int. 
99 117 

I!lLz. 
56 

I!lLz. 
115 
244 

int. 
67 

int. 
110 

1000 

ma int.:.. 
62 14 
94 528 

mil int.:.. 
91 109 

ma int.:.. 
120 296 
226 47 
250 32 

ma 
45 

ma 
189 

int.:.. 
19 

int. 
388 

ma int. 
75 623 



588 diphenyldisulf ide 
ma, .inL. m/z int. 

50 153 51 293 
110 132 154 191 

m/z int. 
65 671 

185 117 

589 ethyl methanesulf onate 
ma. int.:.. ma .int.:. mLZ. .int.:.. 

208 42 16 43 72 45 
64 22 65 93 79 1000 

18 97 206 109 579 111 

590 ethylenethiourea 
ma int.:.. ma int..:. mLZ. .int.:.. 

41 46 42 126 45 97 
73 151 102 1000 

591 ethynylestradiol 3-methyl 
ma int.:.. ma .int.:. ma 

ether 
int.:.. 

157 
313 

41 155 53 101 91 
160 115 173 199 174 
310 516 

592 hexachloropropene 
ma .inL. mLZ. inh 

47 131 71 333 
141 206 143 196 

acid 947 hexanoic 
ma .int.:. 

41 627 
56 90 
73 412 

ma .int.:. 
42 535 
57 102 
74 56 

593 2-isopropylnaphthalene 
mLZ. .in.t.:.. ma int.&. 
51 100 63 111 

128 216 152 133 
170 368 

594 isosafrole 
mLz. ~ ma 

50 110 51 
104 441 131 

595 longifolene 
ma .int.:.. ma 

53 438 55 
91 1000 93 

119 394 133 

.int.:.. 
222 
371 

inh 
719 
611 
338 

596 malachite green 
mLz. int . mil .int.:.. 
118 113 126 313 
237 158 253 1000 

ma 
106 
211 

mLZ. 
43 
60 
87 

inh 
334 
631 

.iJlh 
214 

1000 
98 

mil ~ 
76 157 

153 184 

mLZ. 
63 

132 

mLZ. 
65 
94 

161 

.in.t.:.. 
127 
107 

1nh 
346 
546 
568 

mLZ. .int.:. 
165 369 
254 160 

m/z 
59 

218 

mil 
48 
80 

123 

int. 
282 
418 

int. 
40 

127 
15 

mLZ. int. 
46 42 

mLZ. 
115 
227 

.inL. 
143 

1000 

mil int. 
108 200 
213 1000 

ma 
45 
61 

int . 
186 

66 

mLZ. .inL. 
77 129 

154 114 

mLz. .in.t.:.. 
77 277 

135 129 

m/z 
67 
95 

204 

.in.t.:.. 
453 
404 
172 

ma .inL. 
208 135 
329 189 

l625C D-205 

m/z 
77 

ma 
59 
81 

124 

int. 
141 

int. 
19 
42 
33 

mLZ. int. 
59 14 

mLZ. .inL. 
147 226 
228 149 

mLZ. int.:.. 
117 329 
215 623 

mil int.:.. 
46 19 
69 21 

mLZ. .int.:. 
115 147 
155 1000 

mil 
78 

161 

mLZ. 
77 

105 

mil 
209 
330 

int. 
208 
250 

~ 
566 
614 

int. 
233 
775 

m/z 
109 

int. 
1000 

mLZ. ~ 
63 23 
96 16 

mil int. 
72 89 

mil 
159 
242 

int. 
132 
153 

mil .inL. 
119 320 
217 186 

mil .inL. 
55 128 
70 20 

mil 
127 
156 

mil 
103 
162 

m/z 
69 

107 

int. 
131 
139 

int. 
355 

1000 

int. 
713 
475 

mLZ. .inL. 
210 181 
331 170 



597 methapyriline 
ma .int.:. mil 

42 72 45 
78 54 79 

~ 
47 
48 

mil ~ 
53 40 
97 516 

598 methyl 
mil .int.:.. 

45 178 
65 285 
95 137 

methanesulf onate 
mil .i.n:t.:.. ma int. 

108 
821 

60 

56 15 48 
78 27 79 

109 59 110 

599 
ma 

45 
82 

2-methylbenzothiozole 
.i.n:t.:.. ma .i.n:t.:.. 

152 50 133 
204 108 392 

900 3-methylcholanthrene 
ma iDb mil .int.:.. 
113 58 119 55 
134 160 250 56 
266 50 267 192 

ma .int.:.. 
58 153 

109 102 

ma int. 
125 83 
252 322 
268 1000 

901 4,4'-methylenebis(2-chloroaniline) 
mil .int.:.. mil .i.n:t.:.. ma .i.nL. 

77 190 84 107 98 299 
195 352 229 228 231 1000 
267 144 268 358 

902 4,5-methylenephenanthrene 
m/z .int.:.. mil iDL. ma ~ 

95 50 50 62 55 63 
87 60 94 255 95 659 

189 900 190 1000 

903 1-methylfluorene 
ma inb ma in:t.a. 

50 66 51 87 
76 196 83 135 

139 54 151 73 
166 136 176 96 
181 99 

904 2-methylnaphthalene 
ma .i.n:t.:.. mil ~ 

50 29 51 39 
65 19 69 56 
76 14 77 15 

114 13 115 303 
141 748 142 1000 

905 1-methylphenanthrene 
ma .iDL. ma .int.:.. 

51 54 63 86 
96 132 163 55 

193 152 

mLZ. .i.nL. 
62 57 
87 53 

152 124 
177 52 

ma ~ 
57 28 
70 25 
86 13 

116 25 
143 105 

ma .i.n:t.:.. 
70 62 

165 217 

m/z 
58 

190 

m/z 
50 
80 

ma 
62 

148 

int. 
1000 

40 

int. 
26 

1000 

int. 
106 
279 

ma .i.n:t.:.. 
126 305 
253 271 
269 185 

mil .inb 
104 133 
233 227 

ma .int.:.. 
74 69 

163 80 

mil .i.nL. 
63 137 
88 78 

163 57 
178 202 

mil ~ 
58 47 
71 126 
87 18 

126 13 

ma .int.:.. 
74 51 

189 165 

1625C D-206 

m/z 
71 

191 

m/z 
63 
81 

ma 
63 

149 

int. 
188 

67 

int. 
35 
44 

int. 
309 

1000 

ma .i.n:t.:.. 
132 99 
263 59 

mil 
115 
265 

mt.:. 
226 
171 

mil .i.n:t.:.. 
81 145 

187 213 

mil .int.:.. 
74 64 
89 203 

164 58 
179 182 

mil inb 
62 26 
74 25 
89 42 

139 98 

mil inb 
81 52 

191 532 

m/z 
72 

m/z 
64 
82 

ma 
69 

150 

int. 
225 

int. 
48 
33 

int. 
513 
110 

m/z int. 
133 122 
265 106 

ma iD.t..:.. 
140 316 
266 631 

ma int. 
86 53 

188 137 

ma int. 
75 85 
90 58 

165 1000 
180 686 

ma .int.:. 
63 65 
75 23 

113 19 
140 24 

mil .int.:.. 
83 164 

192 1000 



906 2-(methylthio)benzothiazole 
mL.z. int. mL.z. int. ma int. 

45 790 50 212 63 383 
136 239 148 938 180 250 

907 1,5-naphthalenediamine 
mL.z. int. mil int. mLz. int. 

75 
43 

51 48 65 83 77 
130 262 131 40 141 

908 1,4-naphthoquinone 
mil in:t..:.. mLz. int. 

50 445 51 62 
76 590 101 51 

158 1000 159 100 

909 alpha-naphthylamine 
mil in:t..:.. mLz. in:t..:.. 

50 25 51 31 
65 27 71 58 

115 401 116 212 

910 5-nitro-o-toluidine 
ma int. ma in:t..:.. 

51 194 52 159 
94 168 104 120 

911 2-nitroaniline 
ma int..:.. ma int..:.. 

41 64 50 51 
63 181 64 155 
92 566 108 170 

912 3-nitroaniline 
ma .inh mil int..:.. 

41 101 52 120 
65 1000 66 114 

108 87 138 717 

913 4-nitroaniline 
mil .inh mLz. int..:.. 

52 228 53 160 
66 124 80 266 

914 4-nitrobiphenyl 
mil int. ma ~ 

51 131 63 104 
152 902 153 284 

mil int. 
52 52 

102 613 

mLz. 
57 
72 

142 

.inh 
36 

104 
53 

ma .inh 
53 121 

106 691 

mil 
51 
65 

138 

ma 
53 
80 

139 

int..:.. 
89 

960 
1000 

in:t..:.. 
59 

169 
51 

mil in:t..:.. 
62 110 
92 300 

ma 
76 

169 

in:t..:.. 
179 
374 

915 N-nitroso-di-n-butylamine 
mil int. ma int. ma .iDL. 

570 41 1000 42 536 43 
57 994 84 985 86 103 

158 161 

rn/z int. 
69 578 

181 1000 

rn/z 
79 

157 

int. 
111 
89 

mLz. .inh 
66 69 

103 52 

m/z 
59 
89 

143 

ma 
77 

152 

ma 
52 
66 

139 

int. 
46 
62 

1000 

int. 
766 

1000 

int. 
207 

96 
63 

ma int..:.. 
62 58 
91 62 

mil in:t..:.. 
63 216 

108 636 

mil int.:. 
115 134 
199 1000 

mil int..:.. 
44 313 
99 197 

1625C D-207 

rn/z int. 
82 233 

m/z 
103 
158 

int. 
86 

1000 

mLz. int. 
74 189 

104 550 

mLz. 
62 

113 
144 

ma 
78 

int . 
28 
22 

101 

int. 
176 

ma int..:.. 
53 74 
80 212 

:mLz 
63 
92 

int. 
143 
764 

mil .int..:.. 
64 164 

138 520 

ma 
141 
200 

int..:.. 
277 
125 

mLz. .iDL. 
55 129 

115 158 

rn/z int. 
108 627 

m/z 
118 
159 

int. 
52 

117 

mil int. 
75 205 

130 433 

m/z 
63 

114 

m/z 
79 

mil 
62 
91 

mil 
64 
93 

int. 
59 
34 

int. 
619 

int. 
58 
86 

int. 
121 

62 

rn/z int. 
65 1000 

mil 
151 

m/z 
56 

116 

int. 
259 

int . 
167 
237 



916 N-nitrosodiethylamine 
mLZ .inL. m/z .inL. mLZ int. m/z int. mLz int . m/z int . 

41 170 42 079 43 69 44 1000 45 20 54 18 
56 525 57 492 70 24 71 28 85 25 87 31 

102 807 103 35 

917 N-nitrosomethylethylamine 
ma .int.:. ma ~ ma int.:. ma int. ma int. m/z int. 

40 ll7 42 1000 43 667 44 26 54 17 56 189 
57 99 59 13 71 60 73 57 88 772 89 20 

918 N-nitrosomethylphenylamine 
ma ~ ma illt..:.. mil ~ ma .inL. ma int.:. ma .inL. 

50 l8l 51 434 52 104 63 110 77 1000 78 194 
79 331 104 147 106 673 107 220 212 137 

919 N-nitrosomorpholine 
ma int.&. ma ~ ma inh ma inh mil ~ mil ill.:.. 

41 181 42 192 43 52 44 17 54 85 55 95 
56 1000 57 49 85 13 86 333 87 14 116 337 

920 N-nitrosopiperidine 
ma ~ ma .inb ma .int.:. ma .int.:. ma int.:. ma int.:.. 

41 320 42 1000 43 43 51 14 52 12 53 32 
54 58 55 444 56 224 57 17 67 21 82 26 
83 28 84 47 114 491 115 26 

921 pentachlorobenzene 
ma .inL. mil .inL. mil int.a. ma i.D.h mil llL. ma int.:. 

73 160 108 239 125 102 178 102 213 179 215 218 
217 106 248 648 250 1000 252 642 254 199 

922 pentachloroethane 
mLZ ~ mil int.:.. ma int.a. ma inh mil int.&. mil int. 

47 203 60 398 62 119 83 378 85 218 94 114 
95 165 117 1000 119 979 121 306 130 293 132 272 

165 716 167 901 169 422 

923 pentamethylbenzene 
mLZ int.:. mil .inL. ma .int.:. ma int. ma int. m/z int. 

51 126 53 84 63 61 65 99 77 145 79 64 
91 218 105 128 115 120 117 91 133 1000 134 105 

147 60 148 420 

924 perylene 
mil .inh ma ~ mil iD.t..:. ma int. ma .inL. ma int • 

74 33 111 43 112 70 113 111 124 132 125 251 
126 243 224 49 248 75 249 52 250 284 251 86 
252 1000 253 219 

925 phenacetin 
ma int..:.. ma int. ma .inL. ma int.:. ma .inL. ma int.:. 

43 443 51 33 52 112 53 164 63 39 64 30 
65 47 79 31 80 179 31 154 108 1000 109 196 

110 50 137 461 138 40 179 672 180 64 
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926 phenothiazine 
m/z int. mLz 

50 145 51 
166 240 167 

int. 
120 
607 

927 1-phenylnaphthalene 
m/ z int. m/ z int..:.. 

50 132 51 156 
87 101 88 183 

200 144 201 136 

928 2-phenylnaphthalene 
m/z int. ma int. 

51 108 63 101 
102 188 202 398 

929 pronamide 
mLz. .int.:. mLz. 

41 270 66 
145 334 147 
256 102 257 

930 pyridine 
ma .in:t..:. 

40 4S 
S3 112 
78 151 

ma 
48 
54 
79 

~ 
109 
198 
122 

~ 
11 
12 

1000 

931 safrole 
mil~ 

so 132 
104 477 
163 109 

ma int.:. 

932 
mil 

53 
79 

109 

squalene 
.int.:. 

62 
43 
47 

Sl 369 
105 130 

ma 
55 
81 

121 

.int.:. 
94 

465 
46 

m/z 
63 

198 

ma 
63 
89 

202 

int. 
134 
186 

int. 
148 
162 
643 

ma int. 
76 136 

203 270 

mLz. .inL. 
74 112 

173 1000 

mLz. 
49 
55 
80 

.in:t..:. 
62 
16 

101 

ma .int.:. 
63 108 

131 437 

ma 
67 
82 

137 

int.:.. 
105 

52 
41 

933 
mil 

47 
84 

181 

1,2,4,S-tetrachlorobenzene 

948 
m/z 

61 
97 

196 

.int.:.. ma int . ma 
125 49 176 61 
197 108 284 109 
224 214 791 216 

2,3,4,6-tetrachlorophenol 
int . mLz. .int.:. ma 

234 65 167 66 
107 131 463 133 
164 230 793 232 

934 thianaphthene 

.iDL. 
127 
231 

1000 

int. 
lOS 
270 

1000 

mil .i.DL. ma .i.DL. mLz. .in:t..:. 
45 80 so 91 
69 139 74 55 

13S 104 136 52 

Sl 65 
89 191 

m/z 
69 

199 

m/z 
74 

100 
203 

int. 
190 

1000 

int. 
124 
155 

1000 

mLz. in:t.:.. 
88 133 

204 1000 

m/z 
75 

17S 

ma 
so 
75 
81 

.iDL. 
137 
615 

.iDL. 
324 

21 
S8 

mLz. .int.:. 
77 391 

132 166 

ma int.:.. 
68 119 
93 70 

mil 
72 

143 
218 

mLz. 
83 

166 
234 

mLz. 
62 
90 

int..:.. 
183 
194 
482 

in:t.:.. 
134 
298 
471 

.inh 
82 

136 
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m/z 
100 
200 

m/Z 
75 

101 
204 

int. 
128 
143 

int. 
142 
527 
999 

m/z int. 
89 158 

20S 1S7 

ma 
84 

254 

ma 
51 
76 

ma 
78 

161 

int . 
194 
133 

int . 
414 

19 

int. 
228 
298 

ma .i.DL. 
69 1000 
95 104 

ma 
73 

l4S 
220 

mLz 
84 

168 

ma 
63 

108 

int. 
332 
117 
101 

int. 
178 
273 

int. 
162 

82 

m/z m..:. 
154 149 

m/z 
76 

102 
205 

int. 
136 
111 
159 

m/z int. 
101 333 

ma 
109 
2S5 

int. 
186 
211 

ma in:t.:.. 
52 879 
77 22 

ma in:t.:.. 
103 348 
162 1000 

ma 
70 

107 

in:t.:.. 
S7 
43 

mLz in:t.:.. 
74 448 

179 237 

ma .int..:. 
96 202 

194 168 

ma 
67 

134 

.inh 
78 

1000. 



935 thioacetamide 
ma int. mil ~ m/z int. m/z int. mil int. mil int. 

40 225 42 485 43 44 46 18 57 36 58 93 
59 165 60 437 75 1000 76 25 77 43 

936 thioxanthone 
ma ~ mil inL.. ma .ill:t..:. ma int. mil int. ma int. 

50 262 63 180 69 320 74 116 69 176 82 121 
92 188 108 129 139 385 152 227 183 112 184 951 

185 137 212 1000 213 145 

937 o-toluidine 
ma .illL. ma .illL. ma .illL. :mil .ill:t..:. ma int. m/z int. 

40 51 41 38 42 35 49 10 50 88 51 169 
52 164 53 192 53 86 62 26 63 68 64 30 
65 59 66 24 74 19 65 14 76 21 77 313 
78 113 79 243 80 80 89 107 90 76 91 52 

104 45 106 1000 107 90 

938 1,2,3-trimethoxybenzene 
ma iDL. ma inL.. ma inb ma inb ma inb ma .inh 

50 257 51 459 52 139 53 276 63 112 65 341 
67 114 77 246 79 132 82 117 93 483 95 801 

107 190 108 144 110 898 125 578 153 759 168 1000 

939 2,4,5-trimethylaniline 
ma iDL. mil inb ma inb ma in:t..:.. ma .ill:t..:. mLz. ~ 

41 80 52 58 51 63 53 66 65 150 67 74 
79 62 91 167 93 51 117 54 118 65 119 93 

120 1000 121 87 134 670 135 978 136 99 

940 triphenylene 
ma in:t..:.. ma int.&. mil int.&. mil iDL. ma inb ma int. 

74 52 87 55 100 107 101 108 112 131 113 244 
114 181 200 67 202 56 224 84 225 56 226 313 
227 132 228 1000 229 184 

941 tripropylene glycol methyl ether 
ma int.:. ma ~ ma in:t..&. ma iDL. ma int.:. mil int. 

45 492 46 15 47 19 55 17 57 68 58 43 
59 1000 60 34 71 16 72 44 73 363 74 232 

103 57 117 92 161 21 

942 1,3,5-trithiane 
ma int. ma int.&. ma ~ ma .ill:t..:. mil int.:. mil int. 

46 1000 47 150 48 98 59 93 60 76 64 136 
73 102 91 92 92 111 110 58 138 259 
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United States Testing Company, Inc. 
Metals and Environmental Chemistry Division 

l41S PARK AVENUE 
1-+0BOKEN, NEW JERSEY 07030 (201) 792-2400 (212) 943-0488 

instrumental chemistry 

trace analysis 

analytical chemistry 

methods development 

chemical spec1alt1es 

quality control 

failure analysis 

August 22, 1986 AUG 2 5 1986 

Sample Control Center 
300 North Lee Street 
Alexandria, VA 22314 

Attention: Jim King 

Reference: Episodes 1055, 1082, and 1084 

Jim, 

Enclosed please find the results of analysis for 2,3,7,8-TCDD 
and Total Tetra, Penta, Hexa and Hepta Dioxins and Furans for 
the above referenced episodes which include samples 15045, 15097, 
and 15099. 

The following masses were used for identificatio~ and quantitation: 

Compounds or Class 

Total Tetra Dioxin 
Total Tetra Furan 
Total Penta Dioxin 
Total Penta Furan 

Total Hexa Dioxin 
Total Hexa Furan 
Total Hepta Dioxin 
Total Hepta Furan 

* Total Octa Dioxin 

2,3,7,8-TCDD 
2,3,7 ,8-TCDD Internal Std. 
2,3,7 ,8-TCDD Surrogate 
OCDD Internal std. 

Masses 

320,322 
304,306 
354,356 
338,340 

390,392 
374,376 
424,426 
408,410 
458,460 

320, 322, 257 
332, 334 
328 
472 

* Octa Dioxins and Furans are no longer required but we have 
included this data for your information. 
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United States Testing Company, Inc. 

A sample was considered positive for a given isomer class only 
if both of the characteristic ions were present within two scans 
of each other. 

Detection limits were calculated using the following formula: 

DL = (M~2) x IS x 2.5 
(M

3 
+ Ml/.) x RF x V 

M 1 = Peak Height of Noise for First Characteristic Mass 
of Analyte 

M
2 

= Peak Height of Noise for Second Characteristic Mass 
of Analyte 

IS = ng Internal Standard 
M

3 
= Peak Height of First Characteristic Mass of 

Internal Standard 
M4 = Peak Height of Second Characteristic Mass of 

Internal Standard 
RF= Response Factor 
V = Volume of Sample Extracted (liters) 

The response factor for TCDD was taken from the initial calibration 
of the instrument used for the analyses. Response factors for TC DF, 
PCDD, PCDF, HxCDD and HxCDF were calculated by analyzing a mixed 
standard of one isomer from each class and determining the ratio of the 
response of the analyte to the response of 1,2,3,4-TCDD. This ratio was 
then applled to the known response factor of 2,3,7,8-TCDD (it was assumed 
that 2,3,7,8-TDCC and 1,2,3,4-TCDD have the same response) relative to 
the internal standard, and a response factor of each analyte relative to the 
internal standard was determined. 

Response factors for HpCDD, HpCDF and OCDD were determined by 
analysis of a mixed standard containing each of the analytes and OCDD 
internal standard. 

AU samples were subjected to the carbopak/celite clean-up described 
in the CLP TCDD procedure. 

If you have any questions feel free to call. 

JMD/sm D-213 

Sincerely, 

UNITED STATES TESTING CO., INC. 

Jane M. Dunn 
Manager 
Environmental Chemistry 



136 Federal Register I Vol. 49. No. 209 I Friday, October 26, 1984 I Rules and Regulations 

Method 813-2,3,7.8-Tetrachlorodiben.zo..p
Dioxia 

1. Scope and Application 

1.1 This method covers the determination 
of 2.3,7.8-tetrachlorodibenzo-p-dioxin (2.3.7.8-
TCDDJ. The followmg parameter may be 
determined by this method: 

2.3. 7 .a. TCCO ................................ . 

STORET 
No. 

34175 

GAS No. 

17~1~ 

1.2 This is a gas chromatographic/mass 
spectrometer (GC/MSJ method applicable to 
the determination of 2.3.7,8-TCDD in 
municipal and industrial discharges as 
provided under 40 CFR 136.1. Method 625 
may be used to screen samples for 2.3,7.8-
TCOD. When the screening test is positive. 
the final qualitative confirmation and 
quantification mlust be made using Method 
613. 

1.3 The method detection limit (MDL 
defined in Section 14.1) ' for 2.3.7.8-TCDD is 
listed in Table 1. The MDL for a specific 
wastewater may be different from that listed. 
depending upon the nature of interferences in 
the sample matrix. 

1.4 Because of the extreme toxicity of this 
compound, the analyst must prevent 
exposure to himself, of to others. by materials 
knows or believed to contain 2.3.7,8-TCOO. 
Section 4 of this method contains guidelines 
and protocols that serve as minimum safe
handling standards in a limited-access 
laboratory. 

1.5 Any modification of this method. 
beyond those expressly permitted. shall be 
considered as a major modification subject to 
application and approval of altemate test 
procedures under 40 CFR 138.4 and 138.5. 

1.8 This method is restncted to use by or 
under the supervision of analysts 
experienced in the use of a gas 
chromatograph/ma11 spectrometer and in the 
interpretation of ma11 spectra. Each analyst 
must d11monstrate the ability to generate 
acceptable results with thi1 method u1ing the 
procedure deecribed in Section 8.2. 

2. Summary of Method 
2.1 A measured volume of sample. 

approximately 1-L. i1 spiked with an internal 
standard of labeled Z,3,7,8-TCDD and 
extracted with methylene chloride ueing a 
separatory funnel. The methylene chloride 
extract i1 exchanpd to hexane during 
concentration to a volume of 1.0 ml. or le11. 
The extract i1 then anaJyzed by capillary 
column CC/MS to aeparate and mea1ure 
2.3,7,8-TCDD.•.a 

2.2 The method provide• selected column 
chromatographic cleanup proceudre1 to aid in 
the elimination of interference• that may be 
encountered. 

3. lnter/el'flnces 

3.1 Method interferences may be caused 
by contaminant• in solvent•, reagent•. 
gla11ware, and othe.r 1ample proceSling 
hardware that lead to discrete artifacts and/ 
or elevated background• at the masaea (m/z) 
monitored. All of theee material• muat be 
routinely demon1trated to be free fNm 

interferences under the conditions of the 
analysis by running laboratory reagent 
blanks as described in Section 8.1.3. 

3.1.1 Glassware must be scrupulously 
cleaned.• Clean all glassware as soon as 
po11ible after use by nnsing with the last 
solvent u1ed in it. Solvent nnsing should be 
followed by detergent washing with hot 
water. and rinses with tap water and disulled 
water. The glassware should then be drained 
dry, and heated in a muffle furnace at 400 'C 
for 15 to 30 min. Some thermally stable 
material1. such ae PCB1. may not be 
eliminated by the treatment. Solvent rinses 
with acetone and pesticide quality hexane 
may be substituted for the muffle furnace 
heating. Thorough rinsing with such solvents 
usually eliminates PCB interference. 
Volumetric ware should not be heated in a 
muffle fumace. After drying and cooling, 
glassware should be sealed and stored m a 
clean environment to prevent any 
accumulation of dust or other contaminants. 
Store inverted or capped with aluminum foil. 

3.1.2 The uae of high purity reagents and 
solvents helps to mininmi.ze interference 
problem•. Purification of solvents by 
distillation in all·glass system1 may be 
required. 

3.2 Matrix interferences may be caused 
by contaminanll that are coextracted from 
the sample. The extent of matrix 
interfe.rencea will vary con1iderably from 
source to source, depending upon the na lure 
and divel'llity of the industrial complex or 
municipality being sampled. 2.3.7.8-TCOO is 
often asllOciated with other interfering 
chlorinated compounds which are at 
concentrations several magnitudes higher 
than that of 2.3.7,6-TCDD. The cleanup 
producel'll in Section 11 can be u1ed to 
overcome many of theee interferences, but 
unique sample• may require additional 
cleanup appNllchea Lt- 7 to eliminate false 
positives and achieve the MDL li1ted in Table 
1. <. 

3.3 The pnmary column. SP-2330 or 
equivalent. re10lvea 2.3.7.8-TCDD from the 
other Z1 TCDD imomen. Po1itive results 
using any other gas chromatOll'llphic column 
mu1t be confirmed u1ing the primary column. 

4. Saf11ty 
4.1 The toxicity or carcinogenicity of each 

reagent uaed in thi1 method bu not been 
preciMly defined: however. each chemical 
compound should be treated 11 a potential 
health hazard. From this viewpoint. expo1ure 
to theH chemical• must be reduced to the 
lowe1t po11ible level by whatever mean1 
available. The laboratory i1 re1pon1ible for 
maintaining a current awarene11 file of 
OSHA regulations regarding the safe 
handling of the chemicals specified in thi• 
method. A reference file of material data 
handling sheet• should aleo be made 
available to all pel'llonnel involved in the 
chemical analy1i1. Additional references to 
laboratory safety are available and have 
been identified •·••for the information of the 
analyat. Bement and 2.3.7,&-TCDO have been 
identified as auepected human or mammalian 
carcinogens. 

4.2 Each laboratory must develop a 1tnct 
safety program for handling 2.3.7 .s-TCDD. 
The following laboratory practices are 
recommended: 
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4.2.1 Contamination of the laboratory will 
be minimized by conducting all 
mampulattons m a hood. 

4.2.2 The effluents of sample splitters for 
the gas chromatograph and roughing pumps 
on the GC/MS should pa88 through either a 
column of activated charcoal or be bubbled 
through a trap containing 011 or high-boiling 
alcohol1. 

4.2.3 Liquid waste should be dissolved in 
methanol or ethanol and irradiated with 
ultraviolet light with a wavelength greater 
than 290 nm for several days. (Use F 40 BL 
lamps or equivalent). Analyze liquid wastes 
and dispose of the solutions when 2.3.7.8-
TCOD can no longer be detected. 

4.3 Dow Chemical U.S.A. has issued the 
following precautions (revised November 
19781 for safe handling of 2.3.7.8-TCDD m the 
laboratory: 

4.3.1 The following statements on safe 
handling are as complete as possible on the 
basis of available toxicological information. 
The precaution• for safe handling and use are 
neceHarily general in nature since detailed. 
specific recommendations can be made only 
for the particular exposure and ctrcwnstances 
of each individual use. lnquines about 
specific operation• or use1 may be addressed 
to the Dow Chemical Company. Assistance in 
evaluating the health hazards of particular 
plant condition• may be obtained from 
certain consulting laboratories and from 
State Oepartmenll of Health or of Labor. 
many of which have an indu1trial health 
service. 2.3,7,8-TCDD is extremely toxic to 
laboratory animal•. However. ii haa been 
handled for yeal'll without injury in analytical 
and biological laboratones. Techniques used 
in handling radioactive and infectiou1 
materials are applicable to 2.3,7.8.-TCDO. 

4.3.1.1 Protective equipment-Throw
away plastic gloves, apron or lab coat. safety 
glaaaes. and a lab hood adequate for 
radioactive work. 

4.3.1.2 Training-Workel'll mu1t be 
trained in the proper method of removing 
contaminated gloves and clothing without 
contacting the exterior su.rfacea. 

4.3.1.3 Personal hygien-Thorough 
washing of hand• and forearma after each 
manipulation and before breab (coffee, 
lunch. and ahift). 

4.3.1.4 Conftnement-l1olated work area. 
po1ted with signs. segresated glaaawere and 
toola. plaatic-backed absorbent paper on 
benchtop1. 

4.3.1.5 Waate-Good technique includee 
minimJ%ing contaminated waate. Plastic bag 
liners thould be uaed in waste cana. janiton 
mu1t be trained in the safe handling of waste. 

4.3.1.IS !Jtlpoeal of waata-2.3.7,8-TCDD 
decompoae1 above 800 'C. Low-level waste 
such aa abaorbent paper. ti11ue1. animal 
remain•. and pla1tic glove1 may be burned in 
a good incinerator. Cro11 quantities 
(milligram•) ahould be packaged securely and 
diapoaed through comme?Clal or 
governmental channel• which are capable of 
handling high-level radioactive wastee or 
extremely toxic wa1tes. Liquide abould be 
allowed to evaporate in a good hood and in a 
diaponble container. Reeidues may then be 
handled aa above. 
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4.3.1.7 Decontamination-For personal 
decontamination, use any mild soap with 
plenty of scrubbing action. For 
decontamination of gla11wa1'1!, tools. and 
surfaces. Chlorothene NU Solvent 
(Trademark of the Dow Chemical Company) 
is the least toxic solvent shown to be 
effective. Satisfactory cleaning may be 
accomplished by nnsing with Chlorothene, 
then washing with any detergent and water. 
Dishwater may be disposed to the sewer. It is 
prudent to m1mmize solvent wastes because 
they may require special disposal through 
commercial sources which are expensive. 

4.3.1.8 Laundry-Clothing known to be 
contaminated should be disposed with the 
precautions described under Section 4.3.1.6. 
Lab coats or other clothing wom in 2.3.7,8-
TCDD work areas may be laundel'l!d. 

Clothing should be collected in plastic 
bags. Persons who convey the bags and 
launder the clothing should be advised of the 
hazard and trained in proper handling. The 
clothing may be put into a washer without 
contact if the launderer knows the problem. 
The washer should be run through a cycle 
before being used again for other clothing. 

4.3.1.9 Wipe tests-A useful method of 
detennining cleanline88 of work surfaces and 
tools is to wipe the surface with a piece of 
filter paper. Extraction and analysis by gas 
chromatography can achieve a limit of 
sensitivity of 0.1 l'g per wipe. Less than 1 l'g 
of 2.3.7.8-TCDD per sample indicates 
acceptable cleanliness; anything higher 
warrants further cleaning. More than 10 1'8 
on a wipe sample constitutes an acute hazard 
and require• prompt cleaning before further 
use of the equipment or work space. A high 
(>10 l'g) 2.3.7.8-TCDO level indicates that 
unacceptable work practices have been 
employed in the past. 

4.3.1.10 Inhalation-Any procedure that 
may produce airborne contamination must be 
done with good ventilation. Gro11 losaes to a 
ventilation system must not be allowed. 
Handling of the dilute solution• nonnally 
used in analytical and animal work presents 
no inhalation hazarda except in the case of 
an accident. 

4.3.1.11 Accidents-Remove 
contaminated clothing immediately, taking 
precaution• not to contaminate akin or other 
articles. Wash expoaed skin vigorously and 
repeatedly until medical attention is 
obtamed. 

compressible silicone rubber tubing may be 
used. Before use. however. the compressible 
tubing should be thoroughly nnsed With 
methanol. followed by repeated rmsmgs with 
distilled water to minimize the potential for 
contamination of the sample. An mtegratmg 
flow meter is required to collect flow 
proportional composites. 

5.1.3 Clearly label all samples as 
"POISON" and ship according to U.S. 
Department of Transportation regulations. 

5.2 Glauware (All specifications are 
suggested. Catalog numbers are included for 
illustration only.): 

5.2.1 Separatory funnels-2-L and 125-mL. 
with Teflon stopcock. 

5.2.2 Concentrator tube, Kudema
Danish-lOmL. graduated (Kontes K-570050-
1025 or equivalent). Calibration must be 
checked at the volumes employed in the test. 
Ground glass stopper is used to prevent 
evaporation of extracts. 

5.2.3 Evaporative flask. Kudema
Danish~mL (Kontes K-570001~500 or 
equivalent). Attach to concentrator tube With 
springs. 

5.2.4 Snyder column. Kudema-Danish
Three-ball macro (Kontes K-503000-0121 or 
equivalent). 

5.2.5 Snyder column. Kudema-Danish
Two-ball micro (Kontes K-569001~9 or 
equivalent). 

5.2.8 Vials-10to15-mL. amber glass. 
with Teflon-lined screw cap. 

5.2.7 Chromatographic column-300 mm 
long x 10 mm ID. with Teflon stopcock and 
coarse frit filter disc at bottom. 

5.2.8 Chromatographic column--IOO mm 
long X 11 mm ID. with Teflon stopcock and 
coarse frit filter disc at bottom. 

5.3 Boiling chips-Approximately 10/40 
mesh. Heat to 400 ·c for 30 !DlD or Soxhlet 
extract with methylene chloride. 

5.4 Water balb!-Heated. with concentnc 
ring cover. capable of temperature control 
(±2 "CJ. The bathuhould be uaed in a hood. 

5.5 GC/MS system: 
5.5.1 Gae chromatograph-An analytical 

system complete with• a temperature 
programmable gai chromatograph and all 
required accesaories including syringes. 
analytical columns, and gases. Tbe inJection 
port must be designed for capiiluy columns. 
Either split. splitle11, or on-column injection 
technique1 may be employed. 11 long 11 the 
requirementl of Section 7.1.1 are achieved. 

5.5 . .Z Column-60 m long x o . .zs mm ID 
5. Apparatus and Matllriais gl&11 or fused silica. coated with SP-2330 (or 

5.1 Sampling equipment. for dilCl'ete or equivalent) with a film thickne11 of o . .z ~· 
composite samplin&- Any equivalent column must resolve 2. 3. 7. 

5.1.1 Grab sample bottl-1-L or 1-qt. 8-TCDO from the other 21 TCDD isomers.•• 
amber gla11. fitted with a 1CNW cap lined 5.5.3 M&11 spectrometer-Either a low 
with Teflon. Foil may be subltituted for resolution maa1 spectrometer (I.RMS) or a 
Teflon if the sample is not corrosive. U amber high resolution mHs spectrometer (HRMS) 
bottle• 81'1! not available. protect samples may be uaed. The ma11 spectrometer must be 
from light. The bottle and cap liner must be equipped with a 70 V (nominal) ion source 
WHhed. rinsed with acetone or methylene and be capable of squiring m/z abundance 
chloride. and dried before use to minimize data in 1'1!al time selected ion monitoring 
contamination. (SIM) for group• of four or mol'I! manes. 

5.1.2 Automatic sampler (optional}-Tbe 5.5.4 GC/MS interface-Any GC to MS 
1ampler mutt incorporate gla11 sample interface can be used that achieves the 
containers for the collection of a minimum of requirements of Section 7.1.1. GC to MS 
250 rnL of sample. Sample containers must be interfaCH constructed of all glasa or glaaa-
kept refrigerated at 4 'C and protected from lined material• are l'l!commended. Gla11 
light during compositing. Uthe sampler uaes a 1urface1 can be deactivated by silanizlng 
peri1taltic pump. a minimum length of -:0 with dichloredimethylailane. To achieve 
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maximum sensitivity, the exit end of the 
capillary column should be placed in the ion 
source. A short piece of fused silica capillary 
can be used as the interface to overcome 
problems associated with straightening the 
exit end of glasa capillary columns. 

5.5.5 The SIM data acquired durmg the 
chromatographic program is defined as the 
Selected Ion Current Profile [SICP). The SICP 
can be acquired under computer control or as 
a real hme analog output. If computer control 
is used, there must be software available to 
plot the SICP and report peak height or area 
data for any m/z in the SICP between 
specified time or scan number limits. 

5.6 Balance-Analytical. capable of 
accurately weighing 0.0001 g. 

6. Reagents 

8.1 Reagent water-Reagent water is 
defined as a water in which an interferent is 
not observed al the MOL of 2, 3. 7, ~ TCDD. 

8.2 Sodium hydroxide solution {10 N}
Dissolve 40 g of NaOH (ACS) in reagent 
water and dilute to 100 mL. Wash the 
solution with methylene chlonde and hexane 
before use. 

8.3 Sodium thioaulfate-{ACSJ Granular. 
6.4 Sulfuric acid-Concentrated (ACS. sp. 

gr. 1.84). 
8.5 Acetone, methylene chloride. hexane. 

benzene, ortho-xylene, tetradecane
Pesticide quality or equivalent. 

8.8 Sodium sulfate-{ACS) Granular, 
anhydrous. Purify by heating at 400 ·c for 4 h 
in a shallow tray. 

8.7 Alumina-Neutral. 80/200 mesh 
(Fisher Scientific Co .. No. A-540 or 
equivalent). Before use. activate for 24 h at 
130 'C in a foil-covered gla11 contamer. 

8.8 Silica gel-High punty grade. 100/120 
mesh (Fisher Scienllfic Co .. No. 5-679 or 
eqwvalent). 

8.9 Stock standard solutions (1.00 l'g/ 
µ.1.)-Stock standard solutions can be 
prepared from pure standard materials or 
purchaaed 11 certified solutions. Acetone 
should be used as the solvent for spiking 
solutions; ortho-xylene is recommended for 
calibration standards for split injectors: and 
tetradecane is recommended for splitless or 
on-colum injectors. Analyze stock mtemal 
standards to venfy the abaence of nallve 
2.3.7,8-TCDO. 

8.9.1 Prepare stock standard solutions of 
2.3.7.8-TCDO (mol wt 320) and either ''Ct. 
2.3.7.8-TCDD (mol wt 328) or "Ct., 2.3.7.8-
TCDD (mol wt 332) in an isolated area by 
accurately weighing about 0.0100 8 of pure 
matenal. Oi11olve the material in peancide 
quality solvent and dilute to volume in a 10-
rnL volumetric fl&1k. Wben compound punty 
is a11ayed to be jl8'5 or greater, the weight 
can be uaed without correction to calculate 
the concentration of the 1tock standard. 
Commercially prepared 1tock atandards can 
be uaed at any concentration if they are 
certified by the manufacturer or by an 
independent source. 

8.9..Z Transfer the stock standard 
solutions into Teflon-sealed a~w-cap 
bottles. Store in an isolated refrigerator 
protected from light. Stock standard solutions 
should be checked frequently for signs of 
degradation or evaporation. especially juat 
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prior to preparing calibration standards or 
spiking solutiona from them. 

6.9.3 Stock standard solutions must be 
replaced after six months. or sooner 1f 
companson with check standards indicates a 
problem. 

6.10 Internal standard spiking solution (25 
ng/mL)-Using stock standard solution. 
prepare a spiking solution in acetone of 
e1ther"Cl12 or "Cl. 2.3.7.8-TCDD at a 
concentration of 25 ng/mL (See Section 10.2) 

6.11 Quality control check sample 
concentrate-See Section 8.2.1. 

7. Calibration 

7.1 Establish gas chromatograhic 
operating conditions equivalent lo those 
given in Table 1 and SIM conditions for the 
maaa spectrometer as descnbed in Section 
12.2 The GC/MS system must be calibrated 
using the internal standard technique. 

7.1.1 Using stock standards. prepare 
calibration standards that will allow 
measurement ofrelative response factors of 
at least three concentration ratios of 2.3.7.8-
TCDD to internal standard. Each calibration 
standard must be prepared to contain the 
internal standard at a concentration of 25 ng/ 
mL If any interferences are contnbuted by 
the internal standard at m/z 320 and 322. its 
concentration may be reduced in the 
calibration standards and in the internal 
standard spiking solution (Section 6.10). One 
of the calibration standards should contain 
2.3,7,8-TCDD al a concentration near. but 
above. the MDL and the other 2.3.7,8-TCDD 
concentrations should correspond to the 
expected range of concentrations found in 
real samples or should define the working 
range of the GC/MS system. 

7.1.2 Using injections of 2 to 5 !'L analyze 
each calibration standard according to 
Section 12 and tabulate peak height or area 
response against the concentration of 2.3.7.8-
TCDD and internal standard. Calculate 
response factora (RF) for 2.3,7,8-TCDD using 
Equation 1. 

Equation 1. 

where: 

RF:s 
(AJ (G,J 

(A,.) (CJ 

A.•SIM response for 2.3.7,8-TCDO m/z 
320. 

A,.•SIM re1ponH for the intemaJ 
standard. m/z m for iac,. 2.3.7.8-TCDD 
m/z 328 for nc. 2.3.1.&-TCDO. 

C..-Concentratioa of the lntemaJ standard 
(l'g/L). 

C.=-Concentration ol 2.3.7.8-TCDD (l'&/L). 
If the RF value over the working range i1 a 
con1tant ( < 10'J5 relative standard deviation. 
RSOJ, the RF can be assumed to be invariant 
and the average RF can be used for 
calculation1. Alternatively. the results can be 
u1ed to plot a calibration curve of respon1e 
ratios. A./A,.. vs. RF. 

7.1.3 The working calibration curve or RF 
mu1t be verified on each working day by the 
meaeurement of one or more 2.3,7,8-TCDO 
calibration standards. If the response for 
2.3.7,8-TCDO varies from the predicted 
respon1e by more than ±15,., the test giust -:0 

be repeated using a fresh calibration 
standard. Alternallvely. a new calibration 
curve must be prepared. 

7.2 Before using any cleanup procedure. 
the analyst must process a sanes of 
calibration standards through the procedure 
to validate elution patterns and the absence 
of interferences from the reagents. 

8. Quality Control 
8.1 Each laboratory that uses this method 

is requ1red to operate a formal quality control 
program. The minimum requirements of this 
program consist of an initial demonstration of 
laboratory capability and an ongoing 
analysis of spiked samples to evaluate and 
document data quality. The laboratory must 
maintain records to document the quality of 
data that is generated. Ongoing data quality 
checks are compared with established 
performance criteria to determine if the 
results of analyses meet the performance 
characteristica of the method. When results 
of sample spikes indicate atr,iical method 
performance. a quality control check 
standard must be analyzed to confirm that 
the measurements were performed in an in· 
control mode of operation. 

8.1.1 The analy1t must make an initial. 
one-time, demonstration of the ability to 
generate acceptable accuracy and precision 
with this method. Thia ability ia established 
as described in Section 8.2. 

8.1.2 In recosnilion of advance• that are 
occurring in chromatography. the analy1t is 
permitted certain optio111 (detailed in 
Sectlom 10..t 11.1. and 12.1) to improve the 
separations or lower the co1t of 
mea1urementa. Each time such a modification 
i1 made to the method. the anaJy1t is required 
lo repeat the procedure in Section 8.2 

8.1.3 Before proce11ina any samples, the 
analyst mu1t analyze a reagent water blank 
to demonstrate tflat interferences from the 
analytical 1y1tem and gla11ware are under 

· control. Each tiafe a set of sampln is 
extracted or rea°gentl are changed. a reagent 
water blank must be procealed 81 a 
safesuard againlt laboratory contamination. 

8.1.4 The lab&ratory mU1t. on an ongoms 
b&1i1. 1pike and analyze a minimum of 10'J5 of 
all samples with native 2.3,7,8-TCDD to 
monitor and evaluate laboratory data quality. 
Thi1 procedure ii dnc:ribed in Section 8.3. 

8.1.5 The laboratory must, on an ongoing 
be1l1, demonstrate through the analysn of 
quality control check standard. that the 
operation of the mea1urement 1y1tem i1 in 
controL Thi1 procedure t. described ID 
Section 8.4. The frequency of the check 
standard anaJyaa 11 equivalent to 10'J5 of all 
sempln analyzed but may be reduced if 
spike recoverin from aamples (Section 8.3) 
meet all 1pedfled quality control criteria. 

8.1.11 The laboratory must maintain 
performance recordl to document the quality 
of data that 11 senerated. Thi1 procedure is 
described in Section 8.5. 

8.2 To 11tabli1h the ability to generate 
acceptable accuracy and pred1ion. the 
analyst must perform the followias 
operations. 

8.2.1 A quality control (QCl check sample 
concentrate i1 required containing 2,3,7,8-
TCDD at a concentration of 0.100 "8/mL in 
acetone. The QC check sample concentrate 
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must be obtained from the U.S. 
Environmental Protection Agency. 
Environmental Monitonng and Support 
Laboratory in Cincinnati, Ohio. 1f available. If 
not available from that source. the QC check 
sample concentrate must be obtained from 
another external source. If not available from 
either source above. the QC check sample 
concentrate must be prepared by the 
laboratory using stock standards prepared 
independently from those used for 
calibration. 

8.2.2 Using a pipet. prepare QC check 
samples al a concentration of 0.100 ~g/L (100 
ng/L) by adding 1.00 mL of QC check sample 
concentrate lo each of four 1-L aliquots of 
reagent water. 

8.2.3 Analyze the well-mixed QC check 
samples according lo the method beginning m 
Section 10. 

8.2.4 Calculate the average recovery (X) 
in ~g/L. and the standard deviation of the 
recovery (s) in ~g/L. for 2.3.7.8-TCDD using 
the four results. 

8.2.5 Compares and Dtl with the 
corresponding acceptance criteria for 
precision and accuracy. respectively. found in 
Table 2. Ifs and :lt meet the acceptance 
criteria, the system performance is 
acceptable and analysis of actual samples 
can bqin. Ifs exceeds the precision lilrut or 
:lt falls outside the range for accuracy, the 
system performance i1 unacceptable for 
2.3.1.8-TCDO. Locate and correct the source 
of the problem and repeat the test beginning 
with Section 8.2.2. 

8.3 The laboratory mU1t. on an ongoing 
b11i1, 1pike at leHt 10'J5 of the samples from 
each sample site beins monitored to asae11 
accuracy. For laboratorin analyzing one to 
ten samplea per month. at leaat one spiked 
sample per month i1 required. 

8.3.1 The concentration of the spike in the 
sample 1hould be determined as follow1: 

8.3.1.1 If. 81 in compliance monitoring. the 
concentration of 2.3.1,8-TCDD in the sample 
ii beins checked qainat a resuJatory 
concentration limit. the spike should be at 
that limit or l to 5 times hisher than the 
backsround concentration determined in 
Section 8.3.2. whichaver concentration would 
be 18119r. 

8.3.1.Z If the concantration of 2.3.7,8-
TCDD in the sample 11 not beins checked 
asaimt a limit apeciflc to that parameter. the 
1pike lhould be at Q.100 "8/L or 1 to 5 time• 
biper than the becksround concentration 
determined in Section 8.3.2, whichever 
concentration would be laraer. 

8.3.1.3 If it is impractical to determine 
background level• before •Pi.kins (e.1~ 
maximum holdina tlmet will be exceeded). 
the 1pike con~tration should be (1) the 
resuJatory conc!entration limit. il any. or, If 
none (2) the 1arpr of either 5 times hiaher 
than the expected becksround concantratlon 
or G.100 l't/L. 

8.3.2 AnaJyza one 1&111ple aliquot to 
determine the backsround concentration (BJ 
of 2.3,1.8-TCDD. If necesaary, prepare 1 new 
QC check Mmple concentrate (Section 8.l.1) 
appropriate for the background concentration 
in the sample. Spike a MCOnd 141Dple aliquot 
with 1.0 mL of the QC check sample 
concentrate and analyze it to determine the 
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concentration after spiking (A) of 2.3.7,8-
TCDD. Calculate percent recovery (PJ as 
1oo(A-B)'15T. where Tis the known true value 
of the spike. 

8.3.3 Compare the percent recovery (PJ for 
Z.3.7.8-TCDD with the com!sponding QC 
acceptance criteria found in Table 2. These 
acceptance criteria were calculated to 
include an allowance for error in 
measurement of both the background and 
spike concentrations. assuming a spike to 
background ratio of 5:1. This error will be 
accounted for to the extent that the analyst's 
spike to background ratio approaches 5:1. 11 If 
spiking was performed at a concentration 
lower than 0.100 JI.SIL. the analyst must use 
either the QC acceptance criteria in Table Z. 
or optional QC acceptance criteria calculated 
for the specific spike concentration. To 
calculate optional acceptance criteria for the 
recovery of 2.3.7.8-TCDD: (1) calculate 
accuracy (X') using the equation in Table 3, 
substituting the spike concentration (Tl for C; 
(2) calculate overall precision (S') using the 
equation ID Table 3. substituting x· for X; (3) 
calculate the range for recovery at the spike 
concentration as (100 X'/T]±2.44(100 S'/ 
TJ%. II 

8.3.4 If the recovery of 2.3,7.8-TCDD falls 
outside the designated range for recovery, a 
check standard must be analyzed as 
described in Section 8.4. 

8.4 U the recovery of 2.3,7,8-TCDD fails 
the acceptance criteria for recovery in 
Section 8.3, a QC check standard must be 
prepared and analyzed. 

Note.-The frequency for the required 
analysis of a QC check standard will depend 
upon the complexity of the sample matrix 
and the performance'of the laboratory. 

8.4.1 Prepare the QC check standard by 
adding 1.0 mL of QC check sample 
concentrate (Section 8.2.1 or 8.3.2) to 1 L of 
reagent water. 

8.4.2 Analyze the QC check standard to 
determine the concentration measured (A) of 
2.3.7,8-TCDD. Calculate the percent recovery 
(P.) aa 100 (A/Tl"· where Tis the true value 
of the standard concentration. 

8.4.3 Compare the percent recovery (P.) 
with the corresponding QC acceptance 
criteria found in Table 2. If the recovery of 
2.3,7.8-TCDD fall• outside the designated 
range. the laboratory performance ia judged 
to be out of control. and the problem must be 
immediately identified and corrected. The 
analytical result for 2.3.7,8-TCDD in the 
unspiked sample i1 suspect and may not be 
reported for regulatory compliance purposes. 

8.5 As part of the QC prosram for the 
laboratory, method accuracy for wastewater 
samples must be aueued and records muat 
be maintained. After the analy1i1 of five 
spiked wastewater samplBI H in Section 8.3. 
calculate the average percent recovery (fiJ 
and the spandard deVlation of the percent 
recovery (s.). Express the accuracy 
asaeHment aa a percent recovery interval 
from fi-21. to fi+21.- lffl.,.9095 and a.=10'15. 
for example. the accuracy interval i1 
expresaed as 70-11()\lf,. Update the accuracy 
a11e11ment on a regular baais (e.g. after each 
five to ten new accuracy measurements). 

8.6 It is recommended that the 
laborataory adopt additional quality 
assurance practices for uae with this method. 

The specific practices that are moat 
productive depend upon the needa of the 
laboratory and the nature of the samples. 
Field duplicates may be analyud to asaesa 
the prec11ion of the environmental 
measurements. Whenever poas1ble. the 
laboratory should analyze standard reference 
materials and participate in relevant 
performance evaluation studies. 

9. Sample Collection. Preservation. and 
Handling 

9.1 Grab samples must be collected in 
glas1 containers. Conventional sampling 
practices 12 should be followed. except that 
the bottle must not be prerinsed with sample 
before collection. Composite samples should 
be collected in refrigerated glass containers 
in accordance with the requirements of the 
program. Automatic sampling equipment 
must be as free aa possible of Tygon tubing 
and other potential sources of contamination. 

9.2 All samples must be iced or 
refrigerated at 4 ·c and protected from light 
from the time of collection until extraction. 
Fill the sample bottles and. if residual 
chlorine is present. add 80 mg of sodium 
thiosulfate per liter of sample and mix well. 
EPA Methods 330.4 and 330.5 may be used for 
measurement of residual chlorine. 13 Field test 
kits are available for this purpose. 

9.3 Label all samples and containers 
"POISON" and ship according to applicable 
U.S. Department of Transportation 
regula lions. 

9.4 All samples must be extracted within 
7 days of collection and completely analyzed 
within 40 days of extraction.• 

10. Sample Extraction 

Caution: When using this method to 
analyze for 2.3,i".8-TCDD. all of the following 
operations must be performed in a limited
access laboratory with the analyst wearing 
full protective cove1'ing for all exposed skin 
surfaces. See Section 4.2. 

10.1 Mark the -.tater meniscus on the side 
of the sample bottle for later determination of 
sample volume. Pour tJie entire sample mto a 
2-L separatory fwuJel. 

10.2 Add 1.00 ml. of internal standard 
spiking aolution to the sample in the 
separatory funnel. If the final extract will be 
concentrated to a fixed volume below 1.00 
mL (Section 12.3), only that volume of spiking 
solution should be added to the sample so 
that the final extract will contain 25 ng/mL of 
internal standard at the time of analysis. 

10.3 Add 60 mL of methylene chloride to 
the sample bottle. seal. and shake 30 s to 
rinse the inner surface. Transfer the solvent 
to the separatory funnel and extract the 
sample by shaking the funnel for 2 min with 
periodic venting to release exce11 presaure. 
Allow the organic layer to separate from the 
water pha1e for a minimum of 10 min. If the 
emulsion interface between layer1 is more 
than one-third the volume of the solvent 
layer, the analyst must employ mechanical 
techniques to complete the pha1e separation. 
The optimum technique depends upon the 
sample. but may include stirring, filtration of 
the emulsion through glas1 wool. 
centrifugation. or other physical methods. 
Collect the methylene chloride extract in a 
250-mL Erlenmeyer flask. 
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10.4 Add a second BO-mL volume of 
methylene chloride to the sample bottle and 
repeat the extraction procedure a second 
time, combining the extracts an the 
Erlenmeyer flask. Perform a third extraction 
in the same manner. 

10.5 Assemble a Kudema-Danish (l<-0) 
concentrator by attaching a 10-mL 
concentrator tube to a 500-mL evaporative 
flask. Other concentration deV!ces or 
techniques may be used in place of the 1<-D 
concentrator 1f the requirements of Section 
8.2 are met. 

10.6 Pour the combined extract into the 
l<-0 concentrator. Rinse the Erlenmeyer flask 
with 20 to 30 mL of methylene chloride to 
complete the quantitative transfer. 

10.7 Add one or two clean boiling chips to 
the evaporative flask and attach a three-ball 
Snyder column. Prewet the Snyder column by 
adding about 1 mL of methylene chlonde to 
the top. Place the 1<-D apparatus on a hot 
water bath (60 to 65 'CJ so that the 
concentrator tube is partially immersed an the 
hot water. and the entire lower rounded 
surface of the flask is bathed with hot vapor. 
Adjust the vertical position of the apparatus 
and the water temperature as reqwred to 
complete the concentration in 15 to 20 mm. At 
the proper rate of distillation the balls of the 
column will actively chatter but the chamber1 
wtll not flood with coodeoaed solvent. When 
the apparent volume of liquid reaches 1 mL. 
remove the K-0 apparatus and allow it to 
drain and cool for at least 10 min. 

10.8 Momentanly remove the Snyder 
column. add 50 mL of hexane and a new 
boiling chip. and reattach the Snyder column. 
Raise the temperature of the water bath to 85 
to 90"C. Concentrate the extract aa in Section 
10.7, except use hexane to prewet the column. 
Remove the Snyder column and rinse the 
flask and its lower joint into the concentrator 
tube with 1 to 2 mL of hexane. A 5-mL synnge 
ia recommended for this operation. Set aside 
the K-0 glaHware for reuse in Section 10.14. 

10.9 Pour the hexane extract from the 
concentrator tube into a 125-mL separatory 
funnel. Rinse the concentrator tube four times 
with 10-mL aliquots of hexane. Combine all 
rinses in the 125-mL separatory funnel. 

10.10 Add SO ml. of sodium hydroxide 
solution to the funnel and shake for 30 to 60 a. 
Discard the aqueous phase. 

10.11 Perform a second wash of the 
organic layer with 50 mL of reagent water. 
Discard the aqueous phase. 

10.12 Wash the hexane layer with a least 
two SG-mL aliquots of concentrated sulfunc 
acid. Continue waahing the hexane layer with 
50-mL aliquots of concentrated sulfuric acid 
unlll the acid lay'f remams colorle11. Discard 
all acid fractions. 

10.13 Waah the hexane layer with two 5(). 

mL aliquot• of reagent water. Ditcard the 
aqueou1 phase1. 

10.14 Transfer the hexane extract into a 
125-mL Erlenmeyer flask conta1rung 1 to 2 g 
of anhydrous 1odium sulfate. Swirl the flask 
for 30 1 and decant the hexane extract into 
the rea19embled K-D apparatus. Complete 
the quantitative transfer with two 10-mL 
hexane rinset of the Erlenmeyer flaak. 



140 Federal Register / Vol. 49, No. 209 I Friday, October 26. 1984 I Rules and Regulations 

to. ts Replace the one or two clean boiling 
chips and concentrate the extract to 6 to 10 
mL as in Section t0.8. 

10.16 Add a clean boiling chip to the 
concentrator tube and attach a two-ball 
micro-Snyder column. Prewet the column by 
adding about 1 mL of hexane to the top. Place 
the micro-K-0 apparatus on the water bath 
so that the concentrator tube is partially 
immersed in the hot water. Adjust the 
vertical position of the apparatus and the 
water temperature as required to complete 
the concentration in 5 to 10 min. At the 
proper rate of distillation the balls of the 
column will actively chatter but the chambers 
will not flood. When the apparent volume of 
liquid reaches about O.S ml.. remove the K-D 
apparatus and allow it to drain and cool for 
al leaat 10 min. Remove the micro-Snyder 
column and rinse its lower joint into the 
concentrator tube with 0.2 mL of hexane. 

Adjust the extract volume to 1.0 mL with 
hexane. Stopper the concentrator tube and 
store refrigerated and protected from light if 
further proce!ling will not be performed 
immediately. If the extract will be stored 
longer than two days. ii should be transferred 
to a Teflon-sealed screw-cap vial. If the 
sample extract requires no further cleanup. 
proceed with GC/MS analysis (Section 12). If 
the sample requires further cleanup, proceed 
to Section 11. 

10.17 Determine the original sample 
volume by refilling the sample bottle to the 
mark and transferring the liquid to a 1000-mL 
graduated cylinder. Record the sample 
volume to the neare1t 5 mL. 

11. Cleanup and Separation 
11.1 Cleanup procedures may not be 

nece11ary for a relatively clean sample 
matrix. If particular circumstances demand 
the use of a cleanup procedure. the analyst 
may uae either procedure below or any other 
appropriate procedure. Lt- 7 However. the 
analyst first must demomtrate that the 
requirements of Section 8.2 can be met using 
the method as revi1ed to incorporate the 
cleanup procedure. Two cleanup column 
optiom are offered to the analyst in this 
section. The alumina column should be used 
first to overcome interferences. If background 
problems are still encountered. the silica gel 
column may be helpful. 

11.2 Alumina column cleanup for 2.3.7.8-
TCDD: 

11.2.1 Fill a 300 mm Ions x 10 mm m 
chromatographic column with activated 
alumina to the 150 mm level Tap the column 
gently to settle the alumina and add 10 mm of 
anhydrous sodium sulfate to the top. 

11.2.2 Preelute the column with 50 m.L of 
hexane. Adjust the eluUon l'lte to 1 mL/ min. 
Discard the eluate and jutt pnor to exposure 
of the sodium sulfate layer to the air. 
quantitatively transfer the 1.0-m.L sample 
extract onto the column usins two 2-mL 
portion• of hexane to complete the transfer. 

11.2.3 Just prior to exposure of the sodium 
sulfate layer to the air. add 50 mL of 3\lri 
methylene chloride/~ hexane (V /VJ and 
continue the elution of the column. Discard 
the eluate. 

11.2.4 Next. elute the column with 50 m.L 
of 209' methylene chloride/80'.!5 hexane (V /VJ 
into a SOO-m.L K-D flask equipped with a 10-

mL concentrator tube. Concentrate the 
collected fraction to 1.0 mL as in Section 
10.16 and analyze by GC/MS (Section 12). 

11.3 Silica gel column cleanup for 2,3,7,8-
TCDD: 

11.3.1 Fill a 400 mm long x 11 mm ID 
chromatographic column with silica gel to the 
300 mm level. Tap the column gently to settle 
the silica gel and add 10 mm of anhydrous 
sodium sulfate to the top. 

11.3.2 Preelute the column with SO mL of 
20% benzene/80\lri hexane (V/V). Adjust the 
elution rate to 1 mL/min. Discard the eluate 
and just prior to exposure of the sodium 
sulfate layer to the air. quantitatively transfer 
the 1.0-mL sample extract onto the column 
u11ing two 2-mL portions of 20\lL benzene I 80\1L 
hexane to complete the transfer. 

11.3.3 Just prior to exposure of the sodium 
sulfate layer to the air. add 40 mL of 20\lL 
benzene/80\1L hexane to the column. Collect 
the eluate in a clean SOO-mL K-D nask 
equipped with a 10-mL concentrator tube. 
Concentrate the collected fraction to 1.0 mL 
as in Section 10.16 and analyze by GC/MS. 

12. GC/MS Analysis 

12.1 Table 1 summarizes the 
recommended operating conditions for the 
gas chromatograph. Included in this table are 
retention times and MDL that can be 
achieved under these conditions. Other 
capillary colwnn11 or chromatographic 
conditions may be used if the requirements of 
Sections 5.5.2 and 8.2 are met. 

12..2 Analyze standarda and samples with 
the ma11 spectrometer operating in the 
selected ion monitoring (SIM) mode using a 
dwell lime to give at least seven points per 
peak. For LRMS. uae masses at m/z 320, 322. 
and 257 for 2.3,7.8-TCDD and either m/z 328 
for s'CI. 2.3,7.8-TCDD or m/z 332 for 1"C11 

2.3.7.8-TCDD. For HRMS. use ma11es at m/z 
319.8965 and 321.1¥138 for 2.3.7.8-TCDD and 
either m/z 327.88'17 for S'CI. 2.3.7.8-TCDD or 
m/z 331.9387 for 1"C11 2.3,7.8-TCDD. 

12.3 If lower 3etection limits are required. 
the extract may be carefully evaporated to 
dryness under a gentle stream of nitrogen 
with the concentrator tube in a water bath at 
about 40 ·c. Conduct this operauon 
immediately before GC/MS analysis. 
Redi11olve the extract in the desired final 
volume of ortho-xylene or tetradecane. 

12.4 Calibrate the system daily 11 
described in Section 7. 

12.5 Inject 2 to 5 ,...L of the sample extract 
into the gas chromatograph. The volume of 
calibration standard injected must be 
measured, or be the 98.IDe as all sample 
injection volumes. 

12.8 The presence of 2,3.7.8-TCDD is 
qualitatively confumed if all of the following 
criteria are achieved: 

12.6.1 The gas chromatographic column 
must resolve 2.3.7.8-TCDD from the other 21 
TCDD isomen. 

12.6.2 The ma11e1 for native 2,3,7,8-TCDD 
(LRMS-m/z 320, 322. and 257 and HRMS-m/z 
320 and 322) and labeled 2,3,7.8-TCDD (m/z 
328 or 332) must exhibit a 1imultaneou1 
maximum al a retention lime that matche1 
that of native 2.3,7,8-TCDD in the calibration 
standard. with the performance 1pecilicauon1 
of the analytical system. 
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12.6.3 The chlonne isotope ratio at m/z 
320 and m/z 322 must agree to within±l()'J!; of 
that in the calibration standard. 

12.6.4 The signal of all peaks must be 
greater than 2.5 limes the noise level. 

12.7 For quantitation. measure the 
response of the m/z 320 peak for Z.3.7.8-
TCDD and the m/z 332 peak for '"C12 2.3.7.S
TCDD or the m/z 328 peak for s'CI. 2.3.7.8-
TCDD. 

12.8 Co-eluting impurities are suspected 1f 
all cnteria are achieved except those in 
Section 12.6.3. In this case. another SIM 
analysis using masses at m/z 257, 259. 320 
and either mfa 328 or m/z 322 can be 
performed. The masses at m/z 257 and m/z 
259 are indicative of the 1011 of one chlonne 
and one carbonyl group from 2.3.7.8-TCDD. If 
masses m/z 257 and m/z 259 give a chlorine 
isotope ratio that agrees to within ±10\lL of 
the same cluster in the calibration standards. 
then the presence of TCDD can be confirmed. 
Co-eluting DOD. DOE. and PCB residues can 
be confirmed, but will require another 
injection using the appropriate SIM masses or 
full repetitive ma11 scans. If the response for 
3'CI. 2.3.7.8-TCDD at m/z 328 is too large. 
PCB contamination is suspected and can be 
confirmed by examining the response at both 
m/z 326 and m/z 328. The s'CI. 2.3.7.8-TCDD 
internal standard give1 negligible response at 
m/z 328. These pesticide residues can be 
removed usins the alumina column cleanup 
procedure. 

12.9 U broad background interference 
re1tricts the 1en1itivity of the GC/MS 
analysis. the analyst should employ 
additional cleanup procedures and reanalyze 
by GC/MS. 

12.10 In those circum1tance1 where these 
procedures do not yield a definitive 
conclusion. the uae of high resolution ma11 
spectrometry is suggested.• 

13. Calculationa 

13.1 Calculate the concentration of 2.3.7.8-
TCDD in the sample using the response factor 
(RF) determined in Section 7.1.2 and Equation 
2. 

Equation 2: 

(A.J(l.J 
Concentration (J.'g/L)a ---

(A1o)(RF)(V ol 

where: 
A.a SIM response for 2.3.7.8--TCDD at m/z 

320. 
A1a=SIM response for the internal 

standard at m/z 328 or 332. 
!.=Amount ofintemal standard added to 

each extracl (J.'!ll· 
v ... Volume of water extracted (L). 
13.2 For each sample. calculate the 

percent recovery of the internal standard by 
comparing the area of the m/z peak 
measured in the sample to the area of the 
same peak in the calibration standard. If the 
recovery ia below ~. the analyst should 
rev1ew all aspects of his analytical technique. 

13.3 Report results in i'g/L without 
correction for recovery data. All QC data 
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obtained should be reported with the sample 
results. 

14. Method Performance 
14.1 The method detection limit (MDL] 1s 

defined as the minimum concentration of a 
substance that can be measured and reported 
with 99'lli confidence that the value is above 
zero. 1 The MDL concentration listed in Table 
1 was obtained using reagent water."The 
MDL actually achieved in a given analysis 
will vary depending on instrument sensitivity 
and matrix effects. 

14.2 This method was tested by 11 
laboratories using reagent water. drinking 
water. surface water, and three industrial 
wastewaters spiked at six concentrations 
over the range 0.02 to O.ZO 11>g/L. 11 Single 
operator precision. overall precision, and 
method accuracy were found to be directly 
related to the concentration of the parameter 
and essentially independent of the sample 
matrix. Linear equations to describe these 
relationships are presented in Table 3. 
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TABLE 1.-Chromatographic Conditions and 
Method Detection l.Jmrt 

2.3.1.a,.rcoo ......................................... J 131 j o oo:z 

Column eondll1ons: SP-2330 ccotad on a 80 m long x 
0 25 mm 10 gtau QOlumn Witt! ~ car... gu at <O = 1~:.~si:--.:.;-200~cr1~~ 
pr~ 11 a·c;,,,., "' 250 ·c and held. use a1 -... 
.,.,_ gu w11 _.,,...,.1e1y - Ille r91enocn ....._ 

TABLE 2.-0C Acceptance Cntena-Method 
613 

T811 I.ml 

~ p.,.,_ cane. tor I Range tor x 

~ ~ "'9/ll P,("l 

2.3. 7 ... TCOO •.•.•. 0.100 0.0279 0.0523-0 1229 •5-129 

TABlE. 3.-METHOD ACCURACY AND PRECl~N AS FUNCTIONS OF CoHcENTRATION-MET>tOO 613 

2.3.7 ... TCOO ............................................ _ ................. --·--··-·-·------·----·-··---··-·-----··----·-.. ····-·· .. o.aec ... 0.001.s o.13ll+o.00129 o 1vll+o 0002e 

Methed 624--Purpable9 

1. Scope and Application 

1.1 Thia method cover1 the detemunetion 
of a number of purgeable organics. The 
following parameters may be determined by 
this method: 

a.-.............................................. . 
!loomodiaiuioml°*•···-·· .. ······ .. ······ 
llnimofoml .......................................... . 
8101~.e .................................... . 
Caotlon _..... ......................... ... 
Olb-«•• ................................... . 
~ ...................................... . 
=::,,~~-~.::::::::::::::::::::::! 

STORl:T 
No. 

:wo:io 
32101 
32104 
3"W13 
32102 
34301 
3'311 
34578 
32108 

CAS No. 

71-2 
75-27-4 
75-25-2 
74-«J-8 
!58-23-4 

108-80-7 
75--00-3 
11~7M 

57~ ... 
41 
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3"W1S 
32105 
345311 
:i.6118 
34571 
34481 
34531 
:M501 
3'5o4I 
34541 
:W704 
~ 
3'371 
)M23 

34518 
3-W75 
34010 
34508 
34511 

CAS No. 

74-87-3 
12-1 
~1 

~1-73-1 
lOll-4-7 
75-34-3 

107-08-2 
1~ 

1!ll-ll0-6 
n-.7-6 

10081~1-6 
10081-02-t 
1~1-4 

1~ 
71-34-5 

127-1M 
1~ 
71-66-t 
79-00-6 

TricNolOMr°IM4 ............. - ............... .. 
T~ ...................... . 

\I\'¥ "'*"* ··-···········-················· 
1 

I 

STORET 
No. 

:J9190 
3-
311175 

1.2 The method may be extended to 
screen samplea for acrolein (STORET No. 
34210. GAS No. 107~] and acrylonitrile 
(STORET No. 34215. GAS No. 107-13-1), 
however, the preferTed method for these two 
compounds in Method IJ03. 

1.3 This is a purge and trap gu 
chromatographic/ma11 spectrometer [GC/ 
MS) method applicable to the determination 
of the compound• li1ted above in murucipal 
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Modifications of Method 613 to Form Method 613A and for Application in Method 613E 

'nle following information is provided to clarify Methods 613A and Method 

613E. Paragraph numbers in brackets [] reference paragraph numbers in EPA 

Method 613. 

1. Compound Levels and Numbers 

a. 

b. 

'nle compound to be used for quantification by isotope dilution shall 

be carbon-13 (13 labeled 2,3,7,8-TCDD C12>· Fifty nanograms of 13c _ 
12 

2,3,7,8-TCDD shall be spiked into all water samples to result in a 

concentration of SO ng/L for one liter samples and S ng/L for 10 liter 

samples. A labelled compound spiking solution replaces the "internal 

standard" spiking solution (613: 6.10) and is prepared using l3c 12-

2,3,7,8-TCDD at SO ug/mL. When extracted and concentrated to a 

volume of SO uL, the extract concentration will be 1.0 ug/mL (1.0 

ng/uL), assuming a 100 percent extraction efficiency. 

13 'nle EGD compound number to be used for reporting c12-2,3,7,8-TCDD 

shall be 429. 

c. Chlorine-37 labeled 2,3,7,8-TCDD shall be spiked into each extract to 

yield a concentration of 1.0 ug/mL (1.0 ng/uL). the most efficient 

way to spike the extract is to prepare a solution of 37c1 4-2,3,7,8-

TCDD at a concentration of 1.0 ug/mL in isooctane, o-xylene, or 

tetradecane, and use SO uL of this solution to redissolve the extract 

[613: 12.3]. 37c1 4-2,3,7,8-TCDD is used as the internal standard for 
13 analysis of the c 12-2,3,7,8-TCDD so that recovery can be measured. 

d. The EGD compound number to be used for reporting 37ct 4 2,3,7,8-TCDD 

shall be 184. 

2. Final Extract Volume 

The final extract volume for all samples shall be O.OS mL (SO uL). 
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If the extract method cannot be concentrated to this volume, all cleanup 

steps in Method 613 [613: section 11] plus the additional cleanup step in 

Method 613E [613E: section 10] shall be employed. If the extract cannot 

then be concentrated to SO uL, the Contractor shall notify the Sample Con

trol Center by telephone (703/557-5040) within two working days. 

3. Injection Volume 

The injection volume for all calibration solutions (613: 7.1.2] and 

extracts [613: 12.S] shall be 2.0 ~ 0.2 uL. 

4. Interferences 

If an interference precludes rigorous identification or quantitation 

of 2,3,7,8-TCDD at a level equal to or greater than 1 ug/mL (1 ng/uL) in 

an extract after all cleanup steps (see item 2, above) and alternate 

masses [613: 12.81 have been tried, the Contractor shall notify the Sam

ple Control Center by telephone within two working days. 

S. Calibration and Calibration Verification 

a. A five-point calibration supercedes the three-point calibration in 

the Method [613: sections 6 and 7). The calibration solutions to be 

used are as follows: 

Concentration of 2,3,7,8-TCDD (ug/mL and ng/uL lsotopically 
Labeled) 

Solution 
1 

13c 
12 

1.0 
1. 0 
l. 0 
l. 0 
1. 0 

37c1 
4 

T.O 
1. 0 
l. 0 
1. 0 
1. 0 

Native 
0.2 
1. 0 
s.o 

2 
3 
4 
5 

20 
40 

b. The response of 2,3,7,8-TCDD at m/z 320 is tabulated relative to 13c 12-

2,3,7,8-TCDD at m/z 332 [613: 7.1.2]. The coefficient of variation 

(relative standard deviation) of the RF shall be less than 10 percent; 

otherwise a calibration curve is to be used. 
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c. The response of 13c 12-2,3,7,8-TCDD is tabulated relative to 37c1 4-

2,3,7,8-TCDD for all 5 calibration solutions. The coefficient of 

variation (relative standard deviation) of the RF shall be less than 

20 percent; otherwise variables need better control and the test 

repeated. 

d. Calibration verification (613: 7.1.3) is performed at 1 ug/mL (lng/uL) 

for all TCDD isotopes once per 8-hour shift. 

6. Initial and Ongoing Precision and Recovery 

a. The QC check sample concentrate (613: 8.2.1] shall contain 13c 12-

2,3, 7,8-TCDD and a native 2,3,7,8-TCDD at 50 ng/mL each. 

b. The specifications for initial precision and recovery from reagent 

water [613: 8.2-8.3] must be met and are as follows. For native 

2,3,7,8-TCDD, the initial precision of the percent recoveries shall 

be less than 20 percent relative standard deviation, and the initial 

recoveries shall be between 75 and 116 percent by isotope dilution. 

For 13c12-2,3,7,8-TCDD, the initial precision of the percent recoveries 

shall be less than 25 percent relative standard deviation, and the 

initial recoveries shall be between 50 and 130 percent by internal 

standard (37c14-2,3,7,8-TCDD). 

c. Delete the requirement to spike and analyze 10 percent of all samples 

with native 2,3,7,8-TCDD (613: 8.1.2 and 8.4). 

d. A test of ongoing precision and recovery is to be made by spiking 1 mL 

of reagent water for each set of samples started through the extraction 

process on a given 8-hour shift, to a maximum of six samples. Recovery 

of 13c 12-2,3,7,8-TCDD [613: section 13) shall be measured using 37c1 4-

2,3,7,8-TCDD as the internal standard. The ongoing precision and 

recovery shall be within the control limits specified [613: 8.3.1). 
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7. Final Extract Concentration 

Change the final extract concentration (613: 10.2) to 1 mg/mL (1 ng/uL). 

8. Accuracy Statements 

Accuracy statements shall be developed using 13c 12-2,3,7,8-TCDD [613: 

8.3.2) consisting of N, the average percent recovery of 13c12-2,3,7,8-

TCDD in all wastewater samples, and M, the coefficient of the percent 

recoveries of l3c 12-2,3,7,8-TCDD in all wastewater samples. 
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APPENDIX C 

EXTENDED METHOD 613* 

(EGD METHOD 613E) 

*Extended method developed for the analysis of 10 liter samples for 2,3,7,8-TCDD 

for use in the EPA Effluent Guidelines Division water and wastewater sampling 

and analysis program. 
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Appendix C 01 September 1983 Draft 

Extension of EPA Method 613A to 10 Liter Samples to Detect Parts per Quad

rillion (ppq) of 2,3,7,8-TCDD in Water* 

1. Scope and Application 

This procedure extends Method 613A to the ppq level for 2,3,7,8-TCDD 

in water by extraction of a 10 liter sample. The procedure is applied 

to relatively clean waters (drinking water, treated effluents, surface 

water) which yield extracts that can be concentrated to a final volume 

of 50-100 uL. Unless specified otherwise by this procedure, all require

ments and specifications in Method 613A shall be met. Numbers in brackets 

[)reference paragraph nwnbers in Method 613, July 1982 Revision. 

2. Apparatus and Materials {613: SJ 

2.1. Sample bottle(s) {613: 5.1.l and 5.1.2}--any combination of bottles 

which will result in collection of 10 liters of sample may be used. 

2.2 Extraction apparatus--replace the separatory funnel [613: 5.2.ll 

with the following: 

5.2.lE Extraction bottle or flask--11 to 19 liter glass vessel 

capable of being stirred by a magnetic stirring bar. 

S.2.1.lE Magnetic stirrer and bar capable of stirring water in the 

vessel in 5.2.lE. 

2.3 Change the volume of the K-D flask [613: S.2.3] to 1000 mL. 

3. Regeants [613:6] 

3.1 Change the concentration of the 25 ng/mL internal standard spiking 

solution [613: 6.10) to SO ng/mL. 
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4. QA/QC [613: 8) 

4.1 Change the concentration of the QC check sample concentrate [613: 

8.2.1) to SO ng/mL. 

4.2 Change the volume of the initial 1000 mL aliquots [613: 8.2.2) to 

10 liters. 

4.3 Change the volume of the 1 liter blank [613: 8.5) to 10.0 liters. 

). Extraction and Concentration [613: 10) 

5.1 Change "two liter separatory funnel" [613: 10.1 and 10.2) to "extrac

tion vessel" (section 5.2.lE). 

5.2 Change "25 ng/mL" [613: 10.2] to "one ug/mL". 

5.3 Replace the extraction and transfer procedures [613: 10.3, 10.4 and 

10.6) with the following: 

10.3E Extraction by magnetic stirring 

10.3.lE Stir the sample plus internal standard at 50-150 rpm for 

25-35 minutes. 

10.3.2E Add one liter of hexane to the extraction vessel. 

10.3.3E Stir the mixture at 50-150 rpm for 16-24 hours. 

10.4E Transfer the hexane to a 1.5-3 liter bottle or flask using 

a 100-500 mL pipet. If necessary, add reagent water to the 

extraction vessel to force the extract into the neck for easy 

withdrawal. If residual water is present in the extract, add 

sufficient sodium sulfate to remove the water. 
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10.6E Pour the extract into the K-D concentrator. Rinse the bottle 

or flask (10.4E) with 50-100 mL hexane and add to the K-D 

flask. 

5.4 Prewet the column [613: 10.7) with hexane. 

5.5 Change the bath temperature [613:10.7) to 85-95°C. 

5.6 Change the time for concentration [613: 10.7) to 30-60 minutes. 

' 5.7 Change the apparent volume [613: 10.7] to 5 mL. 

5.8 Delete the hexane exchange [613: 10.8). 

5.9 Delete the extract adjustment to 1.0 mL [613: 10.16). 
~ 

5.10 Change the 1000 mL graduated cylinder and 5 mL requirements [613: 

10.7] to any vessel which will perit accurate measurement of 10 

liters within ~5 percent. 

6. Cleanup and Separation (613:11} 

6.1 Change the final volume requirement (613: 11.3.41 to 0.5 to 2 mL and 

delete analysis of the extract at this volume. 

7. GC/MS Analysis [613: 12] 

7.1 Use the blowdown procedure [613: 12.3) to bring the final volume of 

extract to SO uL. 

8. Calculations [613: 13) 

8.1 Change the recovery specification [613: 13.2) to 20 percent. 
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9. Method Performance [613: 14) 

9.1 Change the detection limit [613: 14.1 and table l] to 100 pg/L (ppq). 

9.2 Change the recovery and relative standard deviation [613: 14.2 and 

tables 2 and 3] to 84 percent and 9 percent, respectively for reagent 

water. 

10. Additional Cleanup* 

This cleanup procedure is to be used for extracts which do not concen

trate to SO uL or when an interference is present at m/z 320, 328, or 332 

for 2,3,7,8-TCDD, 37c14-TCDD, or 13c12-TCDD as evidenced by improper 

isotope ratios, and only after all other cleanup procedures in the method 

have been shown to be ineffective. 

10.1 Prepare 18 percent Carbopak Con Celite 545 by thoroughly mixing 

3.6 grams of Carbopak C (80/100) mesh and 16.4 grams of Celite 

545 in a 40 mL vial. Activate at 130°C for six hours. Store in 

a dessicator. 

10.2 Prepare a column using a S-3/4 in. x 5 mm i.d. disposable pipet 

fitted with a small plug of glass wool. 

10.3 Using a vacuum aspirator attached to the pointed end of the pipet, 

add Carbopak/Celite mix until a 2 cm column is obtained. 

10.4 Pre-elute the column with 2mL of tolune followed by one mL of cyclo

hexane:methylene chloride (1:1) and 2 mL hexane. While the column 

is still wet with hexane, add the extract. Elute with two 1-m.L 

aliquots of hexane, one mL cyclohexane:methylene chloride (1:1), and 

one mL methylene chloride:methanol:benzene (75:20:5). 

*Adapted from EPA Region VII procedure for "Determination of 2,3,7,8-TCDD in 

Soil and Sediment. 
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10.5 Elute with the TCDD fraction with 2 mL toluene. 

10.6 Store the 2mL extract in a freezer until ready for analysis. 

10.7 Just before analysis, reduce the volume to near dryness and add 

isooctane to obtain a final volume of SO uL. 

NOTE: For quality assurance purposes, the initial [613: 8.2.2] and 

on-going [613: 8.4] reagent water aliquots shall be taken 

through the entire cleanup procedure used with samples. Re

coveries for 2,3,7,8-TCDD by isotope dilution shall be 70-130 

percent, and recoveries for labelled TCDD shall be 20-200 per

cent by the internal standard method using 37c1 4-2,3,7,8-TCDD 

spiked into the extract as the internal standard for reference. 

Each batch of cleanup material (silica gel, alumina, Carbopak/ 

~lite, etc) shall be tested to insure recovery within the 

limits above. 
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EPA METHOD 

NO. 8280M 
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Gas Chromatography: 

Capillary Column: 

Carrier gas 
Head pressure 
Flow thru column: 
Injection type 

GC/MS Conditions 

a. 
b. 
c. 
d. 
e. 

Manufacturer 
Liquid phase 
Length 
I.D 
film thickness 

Helium 
28 psi 
1 to 2 ml/min. 
Splitless for 30 sec. 

- J&W Scientific 
- DB-5 
- 60 m 
- 0. '.25 r..tm 

- 0.25 microns 

Initial isothermal temperature : 150 deg C for 30 sec. 
Initial temperature program rate: to 190 deg C ballistically 
Final temperature program rate : to 300 deg C @ 3 deg/mi~ 

Mass Spectrometry: 

Ionization mode 
Reactant gas 
Resolution 
Scan mode 
Switching r::cde 
Reference standard: 

EI, positive ion 
N/A 
5000 
selected ion recording 
voltage 
PFK 
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SLUDGE SAMPLES 
l)lOOML round bottom flask + boiling chip + sample c-2g> + 200ul 
water + 200ul spiking solution + 50ml toluene. 
2) Connect Dean/stark trap and heat apparatus to lOOdeg C until 
volume of water collected in the resevoir is a constant value. 
3> Disconnect apparatus , pipet toluene in side tube ta sample 
round bottom flask, discard water. 
Rinse apparatus with 2 X 5ml toluene. 
4> Filter sample though #54 Whatman into a clean round bottom 
flask. Rinse 1 st flask + filter with 2 X 5 ml toluene . Rotary 
evaporate to -1ml. 
5) go ta step #9) 

t/ATER SAMPLES 

l>Mark the water meniscus an the side of the sample bottle for later 
determination of sample volume. Pour the entire sample into a 2-L 
separatory funnel. 
2> Add internal standard spiking solution to the sample in the 
separatory funnel. 
3) Add 60ml methylene chloride ta the sample bottle, seal, and shake 
for 30 s to rinse the inner surface. Transfer the solvent to the 
separatory funnel and extract the sample by shaking the funnel far 
two minutes with periodic venting to release excess pressure. Allow 
the organic layer to separate from the water ph~se for a mir.imum of 
10 min. If the emulsion interface between l.J.yers is more than one
third the volume of the solvent layer, the ar.alyst must employ 
mechanical techniques to complete the phase sep.?lr~ t icn. Tl:e opt i rrru:7i 
technique depends en the sample, but may include stirring, f ilterir.3 
or the emulsion though glass wool, centifugation, or other ~hysical 
methods. 
Collect the methylene chloride e::-ctract in a 250ml =:rlenmeyer : laslc 
4) Added a second 60 ml volume o!' :ne"thylene chlc:-ide to the sa::-::p:..e 
bo"ttle and repeat the ex~racticn procedure, cc=bining the ex~~~ct i~ 

the •::r:..en~eyer flaslc Perform .l thi:-d extraction in t~e ·:;.?1r::e i::..1.nr.er-
5) Assemble a Kuderna-Danish 1KDl concentrator b~ attach:r.g ~ !O :n! 
ccncer.trator tube to a 500 ml ~vaporative flask. 
6) Pour the combined ex"tract into ~he KD concentrat~r. ~i~se tb~ 

~rlenmeyer flask with 3 X lOml of methylene chloride to cc~Dlete 

the quantitative transfer. 
7) Add one or more clean boi 1 i ng chips to the eva ::era tor .:ind ::i. t tac~ 
a three-ball Snyde:- column. Prewet the Snyder column ~Y addi~; about 
1 ml of methylene ctiloride to the top. Place the KD app.~n-J.tus on 3. 

hot water bath t00-ti5 deg C) .so that the concent.:itor tube is 
partially ir:lI:lersed in the hot water, and the entire lower ccunded 
surface of the tl.J.sk is bathed with hot vapor. Adjust the ~ertical 
position af the apparatus and the water temperature as required to 
complete the concentr~tion in 15 to 20 minutes. At the proper rate 
of distillation the balls of the caluon will actively ~hatter bu~ 

the chambers will not t'lood with condensed solvent. \/hen the 
apparent volume of the liquid reaches 1 ml remove the KD a?paratus 
and allow to cool and drain far at least 10 min. 
8) Add 50 ml hexane and concentrate to 1 ml. 
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PURIFICATION 

9)Transfer to 250 ml separatory funnel with 5 X 5 ml hexane. Add 50 
ml 5% NaCl solution, shake for 2 min and discard aqueous <bottom) 
layer. 
10> Add 40 ml 20% KOH <w/v) shake for 2 min discard aqueous 
layer < bottom> repeat the base washing until no color is visible 
the the bottom layer-- a maximum of 4 times 
11) Add 40 ml water shake for 2 min , discard aqueous layer 
12> Add 40 ml concentrated sulfuric acid, shake for 2 min , discard 
bottom layer. Repeat acid washing until no visible color is in the 
bottom layer. A maximum or 4 times. 
13> Add 40 ml water <care> shake for 2 min , discard bottom layer. 
14 Filter upper layer though anhydrous sodium sulfate. Rinse with 2 
X 5 ml hexane into 50 ml round bottom flask. 
14> Rotary evaporate ta near dryness a <35 deg C 
~5) Add 2 ml hexane to sample and have ready to load 

25 ml ?ipet column with glasswool plug 
+4g pur!fied 3odium sulfate <next page> 

+ 4g Woelm super neutral alumnia <desiccated> 
+ 4g sodium sulfate 

~ash with 10 ml hexane 
t/hen he:-::ane 
r :!. nse < :? X 2 } 

layer reaches surface add sample the add 4 ml hexar:e 
NOTE. . NEVER ALLOW SOLUTIONS TO GO BELOW SURFACE OF 

SODIUM SULFATE. 
Discard all the above elutants 

:r #1 = Cinto scintillation vial) 
10 ml 8%(v/v) methylene chloride/ hexane --<hold) 

Fr #2 15ml 50%(v/v) methylene chloride/ hexane into a 50 ~1 r~und 

bottom flask 
Rot3ry evaporate to near dryness. 
16) Prepare carbon column 

9.55 3iosil A s1lic~ Gel 24 hrs© 22~ deg C 
+O.~g AX-21 car~on 

mi:-:: for l hour 
2ml ::!isFosable pipet-brol::en .:i.t : .• '3ml mark:- glasswool ?l -.;3 

mark: 
+ Biosil A silica gel to O. lml :I13rk 
+ carbon/Biosil A :ni:-:tur~ to 0. 45ml ::urk 
+ glasswool plug 

.,. ... - ·-

P!'"ewash column with:- 0.5ml 50% benzene/ methylene ·::hlor1de, 
9.5 ml 50% ben=ene/ methyl~ne chloride, 

10 ml toluene 
add l ml he:,ane 
17) add 1 ml hexane 
load sample 0.2-0.4 ml in hexane 
rinse with 2 X 0.2 ml hexane 
add 5.0 ~1 hexane 
add 10 ml 50 % ben=ene/ hexane 
18) Turn column upside down 
Elute with 10 ml toluene 
transfer to sample tube and evaporate to near dryness with nitrogen 
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Col A 

Col B 

50 gr A-540 basic alumina , activated 16-72hrs © 130deg C 
purified sodium sulfate on top <1-2cm> 

Load sample on column with -1ml hexane 
Rinse 2 X 0.5ml hexane. 
~ash with 250ml hexane-discard 
elute with 250ml 35% methylene chloride/hexane
col lecting in 500 ml. round bottom flask. 
Rotary evaporate to near dryness- add 10 ml hexane 
reevaporate ## . Add 2ml 2% methylene chloride/hexane to 
sample load onto column B. 

25 ml pipet with glasswool plug. 
6 gm A-540 basic alumina activated 16-72hrs © 130 deg C 
lcm sod~um_sulfate on top 

Load sample on column 
Rinse 2 X lml 2% methylene chloride/hexane 
Vash with 60ml 2% methlene chloride/hexane---discard 
add '50 ml 20% :nethyle chloride/he:<ane collecting in a 
lOOml round ~ottom flask. 

·Rotary evaporate to near dryness- ad~ 10 ml hexa~e 

reevaporate to near dryness. ## 
Make volume to 2ml with hex3ne. 

## rotary evaporation tempeature 30 deg C 

Col l 
25 ~l pipet with glasswool plug 
lgro Silica gel activated 16-72hrs 130deg C 
2gm Silic3 gel with lN NaOH (2:1) 
lgr:i Sili•:;3 gel 
12 gm Silica 3el with cone sulfuric acid(3:2) 
:g;:u Silica gel 
l cm sodium sulfate on top 

Directly under col l 
25ml pipe~ with glasswool plug 
6gm A-948 Alumina with 10% water activated 
130deg C. 
lcm sodiun sulfat~r on top 

Load sample onto column 1 
Rinse 2 X iml hexane 
Wash with le2ml he~ane --discard. 
Remove column l . 

16-7:2 h ·-·-. _,, 

Onto column 2 add 20ml 1% methylene chloride/hexane--save 
Add 20ml 20% methylene chloride/ hexane-. 
Evaporate----------Finished--------
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METHOD 8280 

THE ANALYSIS OF POLYCHLORINATEO OIBENZO-P-DIOXINS 
ANO POLYCHLORINATED DIBENZOFURANS 

1.0 SCOPE AND APPLICATION 

1.1 This method 1s appropriate for the determination of tetra-, penta-, 
hexa-, hepta-, and octachlorinated dibenzo-p-dioxins (PCDO's) and dibenzo
furans (PCOF's) in chemical wastes including still bottoms, fuel oils, 
sludges, fly ash, reactor residues, soil and water. 

1.2 The sensitivity of this method is dependent upon the level of 
interferents within a given matrix. Proposed quantification levels for target 
analytes were 2 ppb in soil samples, up to 10 ppb in other solid wastes and 
10 ppt in water. Actual values have been shown to vary by homologous series 
and, to a lesser degree, by individual isomer. The total detection limit for 
each CDD/COF homologous series is determined by multiplying the detection 
limit of a given isomer within that series by the number of peaks which can be 
resolved under the gas chromatographic conditions. 

1.3 Certain 2,3,7,8-substituted congeners are used to provide 
calibration and method recovery information. Proper column selection and 
access to reference isomer standards, may in certain cases, provide isomer 
specific data. Special 1nstructions are included which measure 2,3,7,8-
substituted congeners. 

1.4 This method is recommended for use only by analysts experienced with 
residue analysis and skilled in mass spectral analytical techniques. 

1.5 Because of the extreme toxicfty of these compounds, the analyst must 
take necessary precautions to prevent exposure to himself, or to others, of 
materials known or believed to contain PCOD's or PCOF's. Typical infectious 
waste incinerators are probably· not satisfactory devices for disposal of 
materials highly contaminated with PCOO's or PCDF's. A laboratory planning to 
use these compounds should prepare a disposal plan to be reviewed and approved 
by EPA's Dioxin Task Force (Contact Conrad Klevene, WH-548A, U.S. EPA, 401 M 
Street S.W., Washington, D.C. 20450). Add1tional safety instructions are 
outlined in Appendix B. 

2.0 SUMMARY OF THE METHOD 

2.1 This procedure uses a matrix-specific extraction, analyte-specific 
cleanup, and high-resolution capillary column gas chromatography/low 
resolution mass spectrometry (HRGC/LRMS) techniques. 

2.2 If interferents are encountered, the method 
cleanup procedures to aid the analyst in their elimination. 
chart is shown in Figure 1. 
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Compl~x 
Waste 

Sample 

~) 
I , 2) 
v 

Add f~ternal Standards: 13c12-PCOO's 
and c12-PCOF's. 

Perform matrix-specific extraction. 

Sample 
Extract 

v 

(1) Wash with 2oi KOH 
(2) Wash with 5i NaCl 
(3) Hash with cone. HzS04 
(4) Wash with 51 NaCl 
(5) Ory extract 
(6) Solvent exchange 
(7) Alumina column 

60i CH2Clz/hexane 
Fraction 

(1) Concentrate eluate 
(2) Perform carbon column clef~up 
(3) Add recovery standard(s)- c12-l,2,3,4-TCOO 

v 
Analyze by GC/MS 

Fiyure 1. Method 8280 flow chart for sample extraction and cleanup as 
used for the analysis of PCOO's and PCDF's in complex waste samples. 
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3.0 INTERFERENCES 

3.1 Solvents, reagents, glassware, and other sample processing hardware 
may yield discrete artifacts and/or elevated baselines which may cause 
misinterpretation of chromatographic data. All of these materials must be 
demonstrated to be free from interferents under the conditions of analysis by 
running laboratory method blanks. 

3.2 The use of high purity reagents and solvents helps to minimize 
interference problems. Purification of solvents by distillation in all glass 
systems may be required. 

3.3 Interferents co-extracted from the sample will vary considerably 
from source to source, depending upon the industrial process being sampled. 
PCDD's and PCDF's are often associated with other interfering chlorinated 
compounds such as PCB's and polychlorinated d1phenyl ethers which may be found 
at concentrations several orders of magnitude higher than that of the analytes 
of interest. Retention times of target analytes must be verified using 
reference standards. These values must correspond to the retention time 
windows established in Section 6-3. While certain cleanup techniques are 
provided as part of this method, unique samples may require additional cleanup 
techniques to achieve the method detection limit (Section 11.6) stated in 
Table 8. 

3.4 High resolution capillary columns are used to resolve as many PCDD 
and PCDF isomers as possible; however, no single column is known to resolve 
all of the isomers. 

3.5 Aqueous samples cannot be aliquoted from sample containers. The 
entire sample must be used and the sample container washed/rinsed out with the 
extracting solvent. 

4.0 APPARATUS ANO MATERIALS 

4.1 Sampling equipment for discrete or composite sampling: 

4.1.1 Grab sample bottle--amber glass, 1-liter or 1-quart volume. 
French or Boston Round design is reconunended. The container must be acid 
washed and solvent rinsed before use to minim1ze interferences. 

4.1.2 Bottle caps--threaded to screw onto the sample bottles. Caps 
must be l1ned with Teflon. Solvent washed foil, used with the shiny side 
toward the sample, may be substituted for Teflon if the sample is not 
corrosive. Apply tape around cap to completely seal cap to bottom. 

4.1.3 Compositing equiprnent--automatic or manual compositing 
system. No tygon or rubber tubing may be used, and the system must 
incorporate glass sample containers for the collection of a minimum of 
250 ml. Sample containers must be kept refrigerated after sampling. 

4.2 Water bath--heated, with concentric ring cover, capable of 
temperature control (!2•c). The bath should be used in a hood. 
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4.3 Gas chromatograph/mass spectrometer data system: 

4.3.1 Gas chromatograph: An analytical system with a temperature
programmable gas chromatograph and all required accessories including 
syringes, analytical columns, and gases. 

4.3.2 Fused silica capillary columns are required. As shown in 
Table 1, three columns were evaluated using a column performance check 
mixture containing 1,2,3,4-TCOO, 2,3,7,8-TCDO, 1,2,3,4,7 PeCOO, 
1,2,3,4,7,8-HxCOO, 1,2,3,4,6,7,8-HpCOO, OCOO, and 2,3,7,8-TCOF. 

The columns include the following: (a) 50-m CP-Sil-88 programmed 60·-
190• at 20•/minute, then 190•-240• at s•/minute; (b) OB-5 (30-m x 0.25-mm 
I.O.; 0.25-um film thickness) programmed 170• for 10 minutes, then 110·-
320• at 9•/minute, hold at 32o•c for 20 minutes; (c) 30-m SP-2250 
programmed 70•-320• at 10•/minute. Column/conditions (a) provide good 
separation of 2,3,7,8-TCOO from the other TCOO's at the expense of longer 
retention times for higher homologs. Column/conditions (b) and (c) can 
also provide acceptable separation of 2,3,7,8-TCOD. Resolution of 
2,3,7,8-TCOO from the other TCOO's is better on column (c), but column 
(b) is more rugged, and may provide better separation from certain 
classes of interferents. Data presented in Figure 2 and Tables 1 to 8 of 
this Method were obtained using a 08-5 column with temperature 
programming described in (b) above. However, any capillary column which 
provides separation of 2,3,7,8-TCOO from all other TCDO isomers 
equivalent to that specified in Section 6.3 may be used; this separation 
must be demonstrated and documented using the performance test mixture 
described in Paragraph 6.3. 

4.3.3 Mass spectrometer: A low resolution instrument is specified, 
utilizing 70 volts (nominal) electron energy in the electron impact 
ionization mode. The system must be capable of selected ion monitoring 
(SIM) for at least 11 ions simultaneously, with a cycle time of 1 sec or 
less. Minimum integration time for SIM is SO ms per m/z. The use of 
systems not capable of monitoring 11 ions simultaneously will require the 
analyst to make multiple injections. 

4.3.4 GC/MS interface: Any GC-to-MS interface that gives an 
acceptable calibration response for each analyte of interest at the 
concentration required and achieves the required tuning performance 
criteria (see Paragraphs 6.1.-6.3) may be used. GC-to-MS interfaces 
constructed of all glass or glass-lined materials are required. Glass 
can be deactivated by silanizing with dichlorodimethylsilane. Inserting 
a fused silica column directly into the MS source is recommended; care 
must be taken not to expose the end of the column to the electron beam. 

4.3.5 Data system: A computer system must be interfaced to the 
mass spectrometer. The system must allow for the continuous acquisition 
and storage on machine-readable media of all data obtained throughout the 
duration of the chromatographic program. The computer must have software 
that can search any GC/MS data fi.le for fans of a specific mass and can 
plot such ion abundances versus time or scan number. This type of plot 
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is defined as an Selected Ion Current Profile (SICP). Software must also 
be able to integrate the abundance, in any SICP, between specified time 
or scan number 11mits. 

4.4 P1pets-Oisposable, Pasteur, 150-mm long x 5-mm I.D. {Fisher 
Scient1f1c Company, No. 13-678-6A, or equivalent). 

4.4.1 P1pet, disposable, serological 10-mL (American Scientific 
Products No. P4644-10, or equivalent) for preparation of the carbon 
column specified in Paragraph 4.19. 

4.5 Amber glass bottle (500-ml, Teflon-lined screw-cap). 

4.6 Reacti-vial 2-mL, amber glass (Pierce Chemical Company). These 
should be s1lan1zed prior to use. 

4.7 500-ml Erlenmeyer flask (American Scientific Products Cat. No. f4295 
500f0) fitted with Teflon stoppers (ASP No. s9058-8, or equivalent). 

4.8 Wrist Action Shaker (VWR No. 57040-049, or equivalent). 

4.9 125-ml and 2-L Separatory Funnels (Fisher Scientific Company, 
No. 10-437-5b, or equivalent). 

4.10 500-ml Kuderna-Oanish fitted with a 10-ml concentrator tube and 
3-ball Snyder column (Ace Glass No. 6707-02, 6707-12, 6575-02, or equivalent). 

4.11 Teflon boiling chips (Berghof/American Inc., Main St., Raymond, New 
Hampshire 03077, No. 15021-450, or equivalent). Wash with hexane prior to 
use. 

4.12 300-mm ~ 10.5-mm glass chromatographtc column fitted with Teflon 
stopcock. 

4.13 15-ml conical concentrator tubes (Kontes No. K-288250, or 
equivalent). 

4.14 Adaptors for concentrator tubes (14/20 to 19/22) (Ace Glass No. 
9092-20, or equivalent). 

4.15 Nitrogen blowdown apparatus (N-Evap (reg. trademark) Analytical 
Evaporator Model 111, Organomation Associates Inc., Northborough, 
Massachusetts or equivalent). Teflon tubing connection to trap and gas 
regulator is required. 

4.16 Microflex conical vials 2.0-ml (Kontes K-749000, or equivalent). 

4.17 Filter paper (Whatman No. 54, or equivalent). Glass fiber filters 
or glass wool plugs are also recommended. 

4.18 Solvent reservoir {125-ml) Kontes: (special order item) 12.5-cm 
diameter, compatible with gravity carbon column. 
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4.19 Carbon column ravit flow : Prepare carbon/silica gel packing 
material by mixing 5 ~ercent y weight} active carbon AX-21 (Anderson 
Development Co., Adra1n, Michigan), pre-washed with methanol and dried in 
vacuo at 11o•c and 95 percent (by weight) Silica gel {Type 60, EM reagent 70 
to 230 mesh, CMS No. 393-066) followed by activation of the mixture at 130• 
for 6 hr. Prepare a 10-mL disposable serological pipet by cutting off each 
end to achieve a 4-in. column. Fire polish both ends: flare if desired. 
Insert a glass-wool plug at one end and pack with 1 g of the carbon/silica gel 
mixture. Cap the packing with a glass-wool plug. (Attach reservoir to column 
for addition of solvents). 

Option: Carbon column (HPLC): A silanized glass HPLC column (10 mm x 7 
cm), or equivalent, which contains 1 g of a packing prepared by mixing 5 
percent (by weight) active carbon AX-21, (Anderson Development Co., Adrian, 
Michigan), washed with methanol and dried 1.!!. vacuo at i1o·c, and 95 percent 
(by weight) 10 um silica (Spherisorb SlOW from Phase Separations, Inc., 
Norwalk, Connecticut). The mixture must then be stirred and sieved through a 
38-um screen (U.S. Sieve Designation 400-mesh, American Scientific Products, 
No. S1212-400, or equivalent) to remove any clumps.1 

4.20 HPLC pump with loop valve (1.0 ml) injector to be used in the 
optional carbon column cleanup procedure. 

4.21 Dean-Stark trap, 5- or 10-ml with T joints, (Fisher Scientific 
Company, No. 09-146-5, or equivalent) condenser and 125-ml flask. 

4.22 Continuous liquid-liquid extractor (Hershberg-Wolfe type, Lab Glass 
No. LG-6915; or equivalent.}. 

4.23 Rota-evaporator, R-110. Buchi/Brinkman - American Scientific No. 
E5045-10; or equivalent. 

5.0 REAGENTS 

5.1 Potassium hydroxide (ASC): 20 percent (w/v) in distilled water. 

5.2 Sulfuric acid (ACS), concentrated. 

5.3 Methylene chloride, 
tridecane, isooctane, toluene, 
available purity. 

hexane, benzene, petroleum ether, methanol, 
cyclohexane. Distilled in glass or highest 

5.4 Prepare stock standards in a glovebox from concentrates or neat 
materials. The stock solutions (50 ppm) are stored in the dark at 4"C, and 
checked frequently for signs of degradation or evaporation, especially just 
prior to the preparation of working standards. 

1 The carbon column preparation and use is adapted from w. A. Korfmacher, 
L. G. Rushing, D. M. Nestorick, H. C. Thompson, Jr., R. K. Mitchum, and J. R. 
Kaminsky, Journal of High Resolution Chromatography and Chromatography 
Communications,~. 12-19 {1985). 
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5.5 Alumina, neutral, Super 1, Woelm, 80/200 mesh. Store in a sealed 
conta1ner at room temperature in a desiccator over self-indicating silica gel. 

5.6 Prepurffied nitrogen gas. 

5.7 Anhydrous sod1um sulfate (reagent grade): Extracted by manual 
shaking with several portions of hexane and dried at ioo•c. 

5.8 Sodium chloride - (analytical reagent), 5 percent (w/v) in distilled 
water. 

6.0 CALIBRATION 

6.1 Two types of calibration procedures are required. One type, initial 
calibration, is required before any samples are analyzed and is required 
intermittently throughout sample analyses as dictated by results of routine 
calibration procedures described below. The other type, routine calibration, 
consists of analyzing the column performance check solution and a 
concentration calibration solution of 500 ng/ml (Paragraph 6.2). No samples 
are to be analyzed until acceptable calibration as described in Paragraphs 6.3 
and 6.6 is demonstrated and documented. 

6.2 Initial calibration: 

6.2.1 Prepare multi-level calibration standards2 keeping one of 
the recovery standards and the 1nternal standard at fixed concentrations (500 
ng/ml). Additional 1nternal standards (13c12-0CDO 1,000 ng/ml) are 
recommended when quantification of the hepta- and octa-isomers is required. 
The use of separate internal standards for the PCOF's is also recommended. 
Each calibration standard should contain the following compounds: 

2,3,7,8-TCDO, 
1,2,3,7,8-PeCDD 
l,2,J,4,7,8-HxCOO 
1,2,3,4,6,7,8-HpCDD 

2,3,7,8-TCOF 
1,2,3,7,8,PeCOF 
1,2,3,4,7,8-HxCOF 
1,2,3,4,6,7,8-HpCDF 

or any available 
or any available 
or any available 

or any available 
or any available 
or any available 

2,3,7,8,X-PeCDD isomer, 
2,3,7,8,X,Y-HxCOD isomer, 
2,3,7,8,X,Y,Z-HpCOO isomer, 

2,3,7,8,X-PeCOF isomer, 
2,3,7,8,X,Y,HxCOF isomer, 
2,3,7,8,X,Y,Z-HpCOF isomer, 

ocoo, OCOF, 13c12-2,3,7,8-TCDD, 1JC12-l,2,3,4-TCOD and 1JC1z-OCOO. 

2 13c12-labeled analytes are available from Cambridge Isotope Laboratory, 
Woburn, Massachusetts. Proper quantification requires the use of a specific 
labeled isomer for each congener to be determined. When labeled PCOD's and 
PCDF's of each homolog are available, their use will be required consistent 
with the technique of isotopic dilution. 
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Recommended concentration levels for standard analytes are 200, 500, 1,000, 
2,000, and 5,000 ng/ml. These values may be adjusted in order to insure that 
the analyte concentration falls within the calibration range. Two ul 
injections of calibration standards should be made. However, some GC/MS 
instruments may require the use of a 1-uL injection volume; 1f this injection 
volume is used then all injections of standards, sample extracts and blank 
extracts must also be made at this injection volume. Calculation of relative 
response factors is described in Paragraph 11.1.2. Standards must be analyzed 
using the same solvent as used in the final sample extract. A wider 
calibration range is useful for higher level samples provided it can be 
described within the linear range of the method, and the identification 
criteria defined in Paragraph 10.4 are met. All standards must be stored in 
an isolated refrigerator at 4•c and protected from light. Calibration 
standard solutions must be replaced routinely after six months. 

6.3 Establish operating parameters for the GC/MS system; the instrument 
should be tuned to meet the isotopic ratio criteria listed in Table 3 for 
PC00 1 s and PCOF 1 s. Once tuning and mass calibration procedures have been 
completed, a column performance check mixture3 containing the isomers listed 
below should be injected into the GC/MS system: 

TCOO 
Pe COO 
HxCDD 
Hp COD 
OCOD 

TCOF 
PeCDF 
HxCDF 
HpCDF 
OCOF 

1,3,6,8; 1,2,8,9; 2,3,7,8; 1,2,3,4; 1,2,3,7; 1,2,3,9 
1,2,4,6,8; 1,2,3,8,9 
1,2,3,4,6,9; 1,2,3,4,6,7 
1,2,3,4,6,7,8; 1,2,3,4,6,7,9 
1,2,3,4,6,7,8,9 

1,3,6,8; 1,2,8,9 
1,3,4,6,8; 1,2,3,8,9 
1,2,3,4,6,8; 1,2,3,4,8,9 
1,2,3,4,6,7,8; 1,2,3,4,7,8,9 
1,2,3.4,6,7,&,9 

Because of the known overlap between the late-eluting tetra-isomers and 
the early-eluting penta-isomers under certain column conditions, it may be 
necessary to perform two injections to define the TCDO/TCOF and PeCOO/PeCOF 
elution windows, respectively. Use of this performance check mixture will 
enable the following parameters to be checked: (a) the retention windows for 
each of the homologues, (b) the GC resolution of 2,3,7,8-TCDD and 1,2,3,4-
TCOO, and (c) the relative 1on abundance criteria listed for PCOD's and PCDF's 
in Table 3. GC column performance should be checked daily for resolution and 
peak shape using this check mixture. 

The chromatographic peak separation between 2,3,7,8-TCOD and 1,2,3,4-TCDD 
must be resolved with a valley of ~25 percent, where 

Valley Percent = (x/y) (100) 

x = measured as in Figure 2 
y =the peak height of 2,3,7,8-TCOO 

3 Performance check mixtures are available from Brehm Laboratory, Wright 
State University, Dayton, Ohio. 
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It 1s the respons1bi11ty of the laboratory to verify the condftfons 
suitable for maximum resolution of 2,3,7,8-TCOO from all other TCOO isomers. 
The peak representing 2,3,7,8-TCOO should be labeled and identified as such on 
all chromatograms. 

6.4 Acceptable SIM sensitivity is verified by achieving a minimum 
signal-to-noise ratio of 50:1 for the m/z 320 ion of 2,3,7,8-TCOO obtained 
from injection of the 200 ng/ml calibration standard. 

6.5 From injections of the 5 calibration standards, calculate the 
relative response factors (RRF's) of analytes vs. the appropriate internal 
standards, as described in Paragraph 11.1.2. Relative response factors for 
the hepta- and octa-chlorinated COO's and CDF's are to be calculated using the 
corresponding 13c12-octachlorinated standards. 

6.6 For each analyte calculate the mean relative response factor (RR.F), 
the standard deviation, and the percent relative standard deviation from 
triplicate determinations of relative response factors for each calibration 
standard solution. 

6.7 The percent relative standard deviations (based on triplicate 
analysis) of the relative response factors for each calibration standard 
solution should not exceed 15 percent. If this condition is not satisfied, 
remedial action should be taken. 

6.8 The Laboratory must not proceed w1th analysis of samples before 
determining and documenting acceptable calibration with the criteria specified 
in Paragraphs 6.3 and 6.7. 

6.9 Routine calibration: 

6.9.1 Inject a 2-ul aliquot of the column performance check 
m1~ture. Acquire at least five data points for each GC peak and use the 
same data acquisition time for each of the ions being monitored. 

NOTE: The same data acquis1t1on parameters previously used to 
analyze concentration calibration solutions during initial 
calibration must be used for the performance check solution. 
The column perfonnance check solution must be run at the 
beginning and end of a 12 hr period. If the contractor 
laboratory operates during consecutive 12-hr periods 
(shifts}, analysis of the performance check solution at the 
beginning of each 12-hr period and at the end of the final 
12-hr period is sufficient. 

Determine and document acceptable column performance as described in 
Paragraph 6.3. 

6.9.2 Inject a 2-ul aliquot of the calibration standard solution at 
500 ng/ml at the beginning of a 2-hr period. Oetennine and document 
acceptable calibration as specified in Paragraph 6.3, i.e., SIM 
sensitivity and relative ion abundance criteria. The measured RRF's of 
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all analytes must be within +30 percent of the mean values established by 
initial analyses of the calibration standard solutions. 

7.0 QUALITY CONTROL 

7.1 Before processing any samples, the analyst must demonstrate through 
the analysis of a method blank that all glassware and reagents are 
interferent-free at the method detection limit of the matrix of interest. 
Each time a set of samples is extracted, or there is a change in reagents, a 
method blank must be processed as a safeguard against laboratory 
contamination. 

7.2 A laboratory "method blank" must be run along with each analytical 
batch (20 or fewer samples). A method blank is performed by executing all of 
the specified extraction and cleanup steps, except for the introduction of a 
sample. The method blank is also dosed with the internal standards. For 
water samples, one liter of deionized and/or distilled water should be used as 
the method blank. Mineral oil may be used as the method blank for other 
matrices. 

7.3 The laboratory will be expected to analyze performance evaluation 
samples as provided by the EPA on a periodic basis throughout the course of a 
given project. Additional sample analyses will not be permitted if the 
performance criteria are not achieved. Corrective action must be taken and 
acceptable performance must be demonstrated before sample analyses can resume. 

· 7.4 Samples may be split with other participating labs on a periodic 
basis to ensure interlaboratory consistency. At least one sample per set of 
24 must be run in duplicate to determine intralaboratory precision. 

7.5 Field duplicates (individual samples taken from the same location at 
the same t1me) should be analyzed periodically to determine the total 
precision (field and lab). 

7.6 Where appropriate, "field blanks" will be provided to monitor for 
possible cross-contamination of samples in the field. The typical "field 
blank" will consist of uncontaminated soil (background soil taken off-site). 

7.7 GC column performance must be demonstrated initially and verified 
prior to analyzing any sample in a 12-hr period. The GC column performance 
check solution must be analyzed under the same chromatographic and mass 
spectrometrfc conditfons used for other samples and standards. 

7.8 Before using any cleanup procedure, the analyst must process a 
series of calibration standards (Paragraph 6.2) through the procedure to 
validate elution patterns and the absence of 1nterferents from reagents. Both 
alumina column and carbon column performance must be checked. Routinely check 
the 8 percent CH2Cl2/hexane eluate of environmental extracts from the alumina 
column for presence of target analytes. 

NOTE: This fraction is intended to contain a high level of interferents 
and analysis near the method detection limit may not be possible. 
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8.0 SAMPLE COLLECTION, PRESERVATION, ANO HANDLING 

8.1 Grab and composite samples must be collected in glass containers. 
Conventional sampling practices must be followed. The bottle must not be 
prewashed with sample before collection. Composite samples should be 
collected in glass containers. Sampling equipment must be free of tygon, 
rubber tubing, other potential sources of contamination which may absorb the 
target analytes. 

8.2 All samples must be stored at 4•c, extracted within 30 days and 
completely analyzed within 45 days of collection. 

9.0 EXTRACTION ANO. CLEANUP PROCEDURES 

9.1 Internal standard addition. Use a sample aliquot of l g ta 1,000 ml 
(typical sample size requirements for each type of matrix are provided in 
Paragraph 9.2) of the chemical waste or soil to be analyzed. Transfer the 
sample to a tared flask and determine the weight of the sample. Add an 
appropriate quantity of 13c12-2,3,7,8-TCOO, and any other material which is to 
be used as an internal standard, (Paragraph 6.2). All samples should be 
spiked with at least one internal standard, for example, 13c12-2,3,7,8-TCDD, 
to give a concentration of 500 ng/ml in the final concentrated extract. As an 
example, a 10 g sample concentrated to a final volume of 100 ul requires the 
addition of 50 ng of 13c1z-2,J,7,8-TCOO, assuming 1ooi recovery. Adoption of 
different calibration sorutfon sets (as needed to achieve different 
quantification limits for different congeners) will require a change in the 
fort1fication level. Individual concentration levels for each homologous 
series must be specified. 

9.2 Extraction 

9.Z.l Sludge/fuel oil. Extract aqueous sludge samples by refluxing 
a sample (e.g. 2 g) with 50 ml of toluene (benzene) in a 125-ml flask 
fitted with a Dean-Stark water separator. Continue reflu~ing the sample 
until all the water has been removed. Cool the sample, filter the 
toluene extract through a fiber filter, or equivalent, into a 100-mL 
round bottom flask. Rinse the filter with 10 ml of toluene, combine the 
extract and rinsate. Concentrate the combined solution to near dryness 
using a rotary evaporator at so•c. Use of an inert gas to concentrate 
the extract is also permitted. Proceed with Step 9.2.4. 

9.2.2 Still bottom. Extract still bottom samples by mixing a 
sample (e.g., 1.0 g) with 10 ml of toluene (benzene) in a small beaker 
and filtering the solution through a glass fiber filter (or equivalent) 
into a 50-ml round bottom flask. Rinse the beaker and filter with 10 ml 
of toluene. Concentrate the combined toluene solution to near dryness 
using a rotary evaporator at so·c while connected to a water aspirator. 
Proceed with Step 9.2.4. 
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9.2.3 Fly ash. Extract fly ash samples by placing a sample (e.g. 
10 g) and an equivalent amount of anhydrous sodium sulfate in a Soxhlet 
extraction apparatus charged with 100 ml of toluene (benzene) and extract 
for 16 hr using a three cycle/hour schedule. Cool and filter the toluene 
extract through a glass fiber filter paper into a 500-ml round bottom 
flask. Rinse the filter with 5 ml of toluene. Concentrate the combined 
toluene solution to near dryness using a rotary evaporator at so•c. 
Proceed with Step 9.2.4. 

9.2.4 Transfer the residue to a 125-ml separatory funnel using 
15 ml of hexane. Rinse the flask with two 5-ml aliquots of hexane and 
add the rinses to the funnel. Shake 2 min with 50 ml of 5% NaCl 
solution, discard the aqueous layer and proceed with Step 9.3. 

9.2.5 Soil. Extract soil samples by placing the sample (e.g. 10 g) 
and an equivalent amount of anhydrous sodium sulfate in a 500-ml 
Erlenmeyer flask fitted with a Teflon stopper. Add 20 ml of methanol and 
80 ml of petroleum ether, in that order, to the flask. Shake on a wrist
action shaker for two hr. The solid portion of sample should mix freely. 
If a smaller soil aliquot is used, scale down the amount of methanol 
proportionally. 

9.2.S.l Filter the extract from Paragraph 9.2.5 through a 
glass funnel fitted with a glass fiber filter and filled with 
anhydrous sodium sulfate into a 500-ml Kuderna-Oanish (KO) 
concentrator fitted with a 10-ml concentrator tube. Add 50 ml of 
petroleum ether to the Erlenmeyer flask, restopper the flask and 
swirl the sample gently~ remove the stopper carefully and decant the 
solvent through the funnel as above. Repeat this procedure with two 
additional 50-ml aliquots of petroleum ether. Wash the sodium 
sulfate in the funnel with two add1t1onal 5-mt portions of petroleum 
ether. 

9.2.5.2 Add a Teflon or PFTE boiling chip and a three-ball 
Snyder column to the KO flas~. Concentrate in a 1o•c water uath to 
an apparent volume of 10 ml. Remove the apparatus from the water 
bath and allow 1t to cool for 5 min. 

9.2.5.3 Add 50 ml of hexane and a new boiling chip to the KO 
flask. Concentrate in a water bath to an apparent volume of 10 ml. 
Remove the apparatus from the water bath and allow to cool for 5 
min. 

9.2.5.4 Remove and invert the Snyder column and rinse it down 
into the KO with two 1-ml portions of hexane. Decant the contents 
of the KO and concentrator tube into a 125-ml separatory funnel. 
Rinse the KO with two additional 5-ml portions of hexane, combine. 
Proceed with Step 9.3. 

9.2.6 Aqueous samples: Mark the water meniscus on the side of the 
1-L sample bottle for later detennination of the exact sample volume. 
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Pour the entire sample (approximately 1-l) into a 2-l separatory funnel. 
Proceed with Step 9.2.6.1. 

NOTE: A continuous liquid-liquid extractor may be used in place of 
a separatory funnel when experience with a sample from a 
given source indicates that a serious emulsion problem will 
result or an emulsion 1s encountered using a separatory 
funnel. Add 60 ml of methylene chloride to the sample 
bottle, seal, and shake for 30 sec to rinse the inner 
surface. Transfer the solvent to the extractor. Repeat the 
sample bottle rinse with an additional 50- to 100-ml portion 
of methylene chloride and add the rinse to the extractor. 
Add 200 to 500 ml of methylene chloride to the distilling 
flask; add sufficient reagent water to ensure proper 
operation, and extract for 24 hr. Allow to cool, then detach 
the distilling flask. Ory and concentrate the extract as 
described in Paragraphs 9.2.6.1 and 9.2.6.2. Proceed with 
Paragraph 9.2.6.3. 

9.2.6.1 Add 60 ml methylene chloride to the sample bottle, 
seal and shake 30 sec to rinse the inner surface. Transfer the 
solvent to the separatory funnel and extract the sample by shaking 
the funnel for 2 min with periodic venting. 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 the volume 
of the solvent layer, the analyst must employ mechanical techniques 
to complete the phase separation. Collect the methylene chloride 
(3 ·x 60 ml) directly 1nto a 500-ml Kuderna-Oanish concentrator 
(mounted with a 10-ml concentrator tube) by passing the sample 
extracts through a filter funnel packed with a glass wool plug and 
5 g of anhydrous sodium sulfate. After the third extraction, rinse 
the sodium sulfate with an additional 30 ml of methylene chloride to 
ensure quant1tat1ve transfer. 

9.2.6.2 Attach a Snyder column and concentrate the extract on 
a water bath unt1l the apparent volume of the liquid reaches 5 ml. 
Remove the K-0 apparatus and allow it to drain and cool for at least 
10 min. Remove the Snyder column, add 50 ml hexane, re-attach the 
Snyder column and concentrate to approximately 5 ml. Add a new 
boiling chip to the K-0 appar~tus before proceeding with the second 
concentration step. 

Rinse the flask and the lower joint with 2 x 5 ml hexane and combine 
rinses with extract to give a final volume of about 15 ml. 

9.2.6.3 Determine the original sample volume by refilling the 
sample bottle to the mark and transferring the liquid to a 1,000-ml 
graduated cylinder. Record the sample volume to the nearest 5 ml. 
Proceed with Paragraph 9.3. 

9.3 In a 250-ml Separatory funnel, partition the solvent (15 ml hexane) 
against 40 ml of 20 percent (w/v) potassium hydroxide. Shake for 2 min. 
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Remove and discard the aqueous layer {bottom). Repeat the base washing until 
no color is visible in the bottom layer (perform base washings a maximum of 
four times). Strong base (KOH) is 'known to degrade certain PCOO/PCOF's, 
contact time must be minimized. 

9.4 Partition the solvent {15 ml hexane) against 40 ml of 5 percent 
(w/v) sodium chloride. Shake for 2 min. Remove and discard aqueous layer 
(bottom). 

NOTE: Care should be taken due to the heat of neutralization and 
hydration. 

9.5 Partition the solvent (15 ml hexane) against 40 ml of concentrated 
sulfuric acid. Shake for 2 min. Remove and discard the aqueous layer 
(bottom). Repeat the acid washings until no color is visible in the acid 
layer. (Perfonn acid washings a maximum of four times.) 

9.6 Partition the extract against 40 ml of 5 percent (w/v) sodium 
chloride. Shake for 2 min. Remove and discard the aqueous layer (bottom). 
Ory the organic layer by pouring through a funnel containing anhydrous sodium 
sulfate into a 50-mL round bottom flask, wash the separatory funnel with two 
15-ml portions of hexane, pour through the funnel, and combine the hexane 
extracts. Concentrate the hexane solution to near dryness with a rotary 
evaporator (3s•c water bath), making sure all traces of toluene are removed. 
(Use of blowdown with an inert gas to concentrate the extract is also 
permitted). 

9.7 Pack a gravity column (glass 300-mm x 10.S-mm), fitted with a Teflon 
stopcock, in the following manner: 

Insert a glass-wool plug into the bottom of the column. Add a 4-g layer 
of sodium sulfate. Add a 4-g layer of Woelm super 1 neutral alumina. Tap the 
top of the column gently. Woelm super 1 neutral alumina need not be activated 
or cleaned prior to use but should be stored 1n a sealed desiccator. Add a 4-
g layer of sodium sulfate to cover the alumina. Elute with 10 ml of hexane 
and close the stopcock just prior to the exposure of the sodium sulfate layer 
to air. Discard the eluant. Check the column for channeling. If channeling 
is present discard the column. Do not tap a wetted column. 

9.8 Dissolve the residue from Step 9.6 1n 2 ml of hexane and apply the 
hexane solution to the top of the column. Elute with enough hexane (3-4 ml) 
to complete the transfer of the sample cleanly to the surface of the alumina. 
Discard the eluant. 

9.8.1 Elute with 10 ml of 8 percent (v/v) methylene chloride in 
hexane. Check by GC/MS analysis that no PCOO's or PCOF's are eluted in 
this fraction. See Paragraph 9.9.1. 

9.8.2 Elute the PCOD's and PCDF's from the column with 15 ml of 60 
percent (v/v) methylene chloride 1n hexane and collect this fraction in a 
conical shaped (15-ml) concentrator tube. 
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9.9 Carbon column cleanup: 

Prepare a carbon column as described in Paragraph 4.18. 

9.9.1 Using a carefully regulated stream of nitrogen (Paragraph 
4.15), concentrate the 8 percent fraction from the alumina column 
(Paragraph 9.8.1) to about 1 ml. Wash the sides of the tube with a small 
volume of hexane (1 to 2 ml} and reconcentrate to about 1 ml. Save this 
8 percent concentrate for GC/MS analysis to check for breakthrough of 
PCDO's and PCOF's. Concentrate the 60 percent fraction (Paragraph 9.8.2) 
to about 2 to 3 ml. Rinse the carbon with 5 ml cyclohexane/methylene 
chloride (50:50 v/v) in the forward direction of flow and then in the 
reverse direction of flow. While still in the reverse direction of flow, 
transfer the sample concentrate to the column and elute with 10 ml of 
cyclohexane/methylene chloride (50:50 v/v) and 5 ml of methylene 
chloride/methanol/benzene {75:20:5, v/v}. Save all above eluates and 
combine (this fraction may be used as a check on column efficiency). Now 
turn the column over and in the direction of forward flow elute the 
PCOO/PCOF fraction with 20 ml toluene. 

NOTE: Be sure no carbon fines are present in the eluant. 

9.9.2 Alternate carbon column cleanup. Proceed as in Section 9.9.l 
to obtain the 60 percent fraction re-concentrated to 400 ul which is 
transferred to an HPlC injector loop (1 ml). The injector loop is 
connected to the optional column described in Paragraph 4.18. Rinse the 
centrifuge tube with 500 ul of hexane and add this rinsate to the 
injector loop. Load the combined concentrate and rinsate onto the 
column. Elute the column at 2 ml/min, ambient temperature, with 30 ml of 
cyclohexane/methylene chloride 1:1 (v/v). Discard the eluant. Backflush 
the column with 40 ml toluene to elute and collect PCOO's and PCOF's 
(entire fraction). The column is then discarded and 30 ml of 
cyclohexane/metnylene chloride 1:1 (v/v) is pumped through a new column 
to prepare it for the next sample. 

9.9.3 Evaporate the toluene fraction to about 1 ml on a rotary 
evaporator using a water bath at so•c. Transfer to a 2.0-mL Reacti-vial 
using a toluene rinse and concentrate to the desired volume using a 
stream of Nz. The final volume should be 100 uL for soil samples and 
500 uL for sludge, still bottom, and fly ash samples: this is provided 
for guidance, the correct volume will depend on the relative concentra
tion of target analytes. Extracts which are detennined to be outside the 
calibration range for individual analytes must be diluted or a smaller 
portion of the sample must be re-extracted. Gently swirl the solvent on 
the lower portion of the vessel to ensure complete dissolution of the 
PCOO's and PCOF's. 

9.10 Approximately 1 hr before HRGC/LRMS analysis, transfer an aliquot 
of the extract to a micro-vial (Paragraph 4.16). Add to this sufficient 
recovery standard (13c121,2,3,4-TCOO) to give a concentration of 500 ng/mL. 
(Example: 36 ul aliquot of extract and 4 ul of recovery standard solution. 
Remember to adjust the final result to correct for this dilution. Inject an 
appropriate aliquot (1 or 2 uL) of the sample into the GC/MS instrument. 
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10.0 GC/MS ANALYSIS 

10.1 When toluene 1s employed as the final solvent use of a bonded phase 
column from Paragraph 4.3.2 is recommended. Solvent exchange into tridecane 
is required for other liquid phases or nonbonded columns (CP-Sfl-88). 

NOTE: Chromatographic conditions must be adjusted to account for solvent 
boiling points. 

10.2 Calculate response factors for standards relative to the internal 
standards, 13c12-2,3 7,8-TCOO and 13c12-0COO (see Section 11). Add the 
recovery standard (l~c12-l,2,3,4-TCOO) to the samples prior to injection. The 
concentration of the recovery standard in the sample extract must be the same 
as that in the calibration standards used to measure the response factors. 

10.3 Analyze samples with selected ion monitoring, using all of the ions 
listed in Table 2. It is recommended that the GC/MS run be divided into five 
selected ion monitoring sections, namely: <1) 243, 257,, 304, 306, 320, 322, 
332, 334, 340, 356, 376 (TCOD's, TCOF's, 13c12-labeled internal and recovery 
standards, PeCOO's, PeCOF's, HxCOE): (2) 277, 293, 306, 332, 338, 340, 342, 
354, 356, 358, 410 (peCOO's, PeCOF's, HpCOE): (3) 311, 327, 340, 356, 372, 
374, 376, 388, 390, 392, 446, (HxCOO's, HxCOF's, OCOE): (4) 345, 361, 374, 
390, 406, 408, 410, 422, 424, 426, 480 (HpCOO's, HpCOF's, NCOE) and (5) 379, 
395, 408, 424, 442, 444, 458, 460, 470, 472, 514 (OCOO, OCOF, 13c12-0COO, 
DCDE). Cycle time not to exceed 1 sec/descriptor. It is recommended that 
selected ion monitoring section 1 should be applied during the GC run to 
encompass the retention window (detennined in Paragraph 6.3) of the first- and 
last-eluting tetra-chlorinated isomers. If a response is observed at m/z 340 
or 3S6, then the GC/MS analysis must be repeated: selected ion monitoring 
section 2 should then be applied to encompass the retention window of the 
first- and last-eluting penta-chlorinated isomers. HxCDE, HpCDE, OCDE, NCOE, 
DCOE, are abbrevfations for hexa-, hepta-, octa-, nona-, and decachlorinated 
diphenyl ether, respectively. 

10.4 Ident1ffcat1on criteria for PCOO's and PCDF's: 

10.4.1 All of the characteristic ions, i.e. quantitation ion, 
confirmation ions, listed in Table 2 for each class of PCDD and PCDF, 
must be present in the reconstructed 1on chromatogram. It is desirable 
that the M - COCl ion be monitored as an additional requirement. 
Detection limits will be based on quant1tat1on ions within the molecules 
in cluster. 

10.4.2 The maximum intensity of each of the specified charac
teristic 1ons must coincide within 2 scans or 2 sec. 

10.4.3 The relative intensity of the selected, isotopic ions within 
the molecular 1on cluster of a homologous series of PCDO's of PCDF's must 
lie within the range spJ!cified in Table 3. 

10.4.4 The GC peaks assigned to a given homologous series must have 
retention times within the window established for that series by the 
column performance solution. 
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10.5 Quantitate the PCOD and PCOF peaks from the response relative to 
the appropriate internal standard. Recovery of each internal standard) vs. 
the recovery standard must be greater than 40 percent. It is reco11111ended that 
samples with recoveries of less than 40 percent or greater than 120 percent be 
re-extracted and re-analyzed. 

NOTE: These criteria are used to assess method performance: when 
properly applied, isotope dilution techniques are independent of 
internal standard recovery. 

In those circumstances where these procedures do not yield a definitive 
conclusion, the use of high resolution mass spectrometry or HRGC/MS/MS is 
suggested. 

11.0 CALCULATIONS 

NOTE: The relative response factors of a given congener within any 
homologous series are known to be different. However, for 
purposes of these calculations, it will be assumed that every 
congener within a given series has the same relative response 
factor. In order to minimize the effect of this assumption on 
risk assessment, a 2,3,7,8-substituted isomer that is 
co11111ercially available was chosen as representative of each 
series. All relative response factor calculations for a given 
homologous series are based on that compound. 

11.1 Determine the concentration of individual isomers of tetra-, penta, 
and hexa-CDO/COF according to the equation: 

Concentration, ng/g = G x Ais x RRF 

where: 

Q;s = ng of internal standard 13c12-2,3,7,8-TCDD, added to the sample 
before extraction. 

G = g of sample extracted. 

As = area of quantitation ion of the compound of interest. 

= area of quantitation 
13c1z-2,3,7,8-TCOD. 

ion (m/z 334) of the internal standard, 

RRF = response factor of the quantitation ion of the compound of 
interest relative to m/z 334 of 13ciz-2,3,7,8-TCDO. 

NOTE: Any dilution factor introduced by following the procedure in 
Paragraph 9.10 should be applied to this calculation. 
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11.1.1 Determine the concentration of individual isomers of hepta
COO/CDF and the concentration of OCOO and OCOF according to the equation: 

where: 

Qis x As 
Concentration, ng/g = G x A x RRF 

is 

Qis = ng of internal standard 13c12-0COO, added to the sample before 
extraction. 

G = g of sample extracted. 

As = area of quantitation ion of the compound of interest. 

= area of quantitation 
13c12-0COO. 

ion (m/z 472) of the internal standard, 

RRF = response factor of the quantitation ion of the compound of 
interest relative to m/z 472 of 13c12-0COO. 

NOTE: Any dilution factor introduced by following the procedure in 
Paragraph 9.10 should be applied to this calculation. 

11.1.2 Relative response factors are calculated using data obtained 
from the analysis of multi-level calibration standards according to the 
equation: 

where: 

As = area of quantitation ion of the compound of interest. 

= area of quantitation ion of the appropriate internal standard 
(m/z 334 for 13c12-2,3,7,8-TCOD; m/z 472 for 13c12-ocoo). 

= concentration of the appropriate internal standard, 
13c12-2,3,7,8-TCOD or 13C12-0COO) 

= concentration of the compound of interest. 

11.1.3 The concentrations of unknown isomers of TCDD shall be 
calculated using the mean RRF determined for 2,3,7,8-TCOO. 

The concentrations of unknown isomers of PeCDO shall be calculated 
using the mean RRF determined for 1,2,3,7,8-PeCOO or any available 
2,3,7,8,X-PeCOD isomer. 
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The concentrations of unknown 1somers of HxCOO shall be calculated 
using the mean RRF determined for 1,2,3,4,7,8-HxCOO or any available 
2,3,7,8,-X,Y-HXCOO isomer. 

The concentrations of unknown isomers of HpCOO shall be calculated 
using the mean RRF determined for 1,2,3,4,6,7,8-HpCOO or any available 
2,3,7,8,X,Y,Z-HpCOO isomer. 

The concentrations of unknown isomers of TCDF shall be calculated 
us1ng the mean RRF determined for 2,3,7,8-TCOF. 

The concentrations of unknown isomers of PeCDF shall be calculated 
using the mean RRF determined for 1,2,3,7,8-PeCDF or any available 
2,3,7,8,X-PeCOF isomer. 

The concentrations of unknown isomers of HxCOF shall be calculated 
using the mean RRF determined for 1,2,4,7,8-HxCOF or any available 
2,3,7,8-X,Y-HxCDF isomer. 

The concentrations of unknown isomers of HpCOF shall be calculated 
using the mean RRF determined for 1,2,3,4,6,7,8-HpCOF or any available 
2,3,7,8,X,Y,Z-HpCOF isomer. 

The concentration of the acta-CDO and octa-COF shall be calculated 
using the mean RRF determined far each. 

Mean relative response factors for selected PCDO's and PCDF's are 
given in Table 4. 

11.1.4 Calculate the percent recovery, Rfs• for each internal 
standard in the sample extract. using the equation: 

where: 

Ars 

= 100% 

= Area of quantitation 1on (m/z 334) of the recovery standard, 
13c1z-l,2,3,4-TCOO. 

Qrs = ng of recovery standard, 13c12-l 1 2,3,4-TCOO, added to 
extract. 

The response factor for determination of recovery is calculated using 
data obtained from the analysis of the multi-level calibration standards 
according to the equation: 

Ais x crs 
Ars x Cis 
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where: 

Crs = Concentration of the recovery standard, 13c12-l,2,~,4-TCDD. 

11.1.5 Calculation of total concentration of all isomers within 
each homologous series of PCDD's and PCDF's. 

Total concentration = Sum of the concentrations of the individual 
of PCDD's or PCDF's PCDO or PCOF isomers 

11.4 Report results in nanograms per gram; when duplicate and spiked 
samples are reanalyzed, all data obtained should be reported. 

11.5 Accuracy and Precision. Table 5 gives the precision data for 
revised Method 8280 for selected analytes in the matrices shown. Table 6 
lists recovery data for the same analyses. Table 2 shows the linear range and 
variation of response factors for selected analyte standards. Table 8 
provides the method detection limits as measured in specific sample matrices. 

11.6 Method Detection Limit. The Method Detection Limit (MDL) is 
defined as the minimum concentration of a substance that can be measured and 
reported with 99 percent confidence that the value is above zero. The 
procedure used to determine the MDL values reported 1n Table 8 was obtained 
from Appendix A of EPA Test Methods manual, EPA-600/4-82-057 July 1982, 
"Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater." 

11.7 Maximum Holding Time (MHT). Is that tfme at which a 10 percent 
change in the analyte concentration (Ct10) occurs and the precision of the 
method of measurement allows the 10 percent change to be statistically 
different from the O percent change (Cto) at the 90 percent confidence level. 
When the precision of the method fs not sufficient to statistically 
discriminate a 10 percent change in the concentration from O percent change, 
then the maximum holding time 1s that time where the percent change in the 
analyte concentration (C~n) is statistically different than the concentration 
at O percent change (CtoJ and greater than 10 percent change at the 90 percent 
confidence level. 
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TABLE 1. REPRESENTATIVE GAS CHROMATOGRAPH RETENTION TIMES* OF ANALYTES 

50-m 30-m 3--m 
Analyte CP-S11-88 OB-5 SP-2250 

2,3,7,8-TCOF 25.2 17.8 26.7 

2,3,7,8-TCOO 23.6 17.4 26.7 

1,2,3,4-TCOO 24.1 17.3 26.5 

1,2,3,4,7-PeCOO 30.0 20.1 28.1 

1,2,3,4,7,8-HxCOO 39.S 22.1 30.6 

1,2,3,4,6,7,8-HpCOO 57.0 24.1 33.7 

ocoo NM 25.6 NM 

*Retention time in min, using temperature programs shown below. 

NM = not measured. 

Temperature Programs: 

CP-Sil -88 

DB-5 
30 m x 0.25 mm 
Thin film (0.25 um) 

SP-2250 

6o·c-19o•c at 20•/min; 190•-240• at s•/min. 

110•, 10 min; then at a•/min to 32o·c, hold 
at 32o•c 20 min (until OCOD elutes). 

Column Manufacturers 

CP-Sil -88 
DB-5, 

SP-2250 

Chrompack, 
J and W 
California 
Supelco, 

Incorporated, Bridgewater, New Jersey 
Scientific, . Incorporated, Rancho Cordova, 

Incorporated, Bellefonte, Pennsylvania 
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PCOO's 

13c12-Tetra 
Tetra 
Penta 
Hex a 
Hep ta 
Octa 
13c12-octa 

PCOF's 

Tetra 
Penta 
Hex a 
Hep ta 
Octa 

TABLE 2. IONS SPECIFIEoa FOR SELECTED ION MONITORING 
FOR PCOO'S ANO PCOF'S 

Quant1tation 
1on 

Confirmation 
ions M-COCl 

334 
322 
356 
390 
424 
460 
472 

306 
340 
374 
408 
444 

332 
320 
354;358 
388;392 
422;426 
458 
470 

304 
338;342 
372;376 
406;410 
442 

257 
293 
327 
361 
395 

243 
277 
311 
345 
379 

arons at m/z 376 (HxCOE), 410 (HpCOE), 446 (OCOE), 480 (NCOE) and 514 (OCOE) 
are also fncluded in the scan mcnitoring sections (1) to (5), respectively. 
See Paragraph 10.3. 

TABLE 3. CRITERIA FOR ISOTOPIC RATIO MEASUREMENTS FOR PCOO'S ANO PCOF'S 

PCOO's 

Tetra 
Penta 
Hex a 
Hep ta 
Octa 

PCOF's 

Tetra 
Penta 
Hex a 
Hep ta 
Octa 

Selected ions (m/z) 

320/322 
358/356 
392/390 
426/424 
458/460 

304/306 
342/340 
376/374 
410/408 
442/444 

8280 D-257 

Relative intensity 

0.65-0.89 
0.55-0.75 
0.69-0.93 
0.83-1.12 
0.75-1.01 

0.65-0.89 
0.55-0.75 
0.69-0.93 
0.83-1.12 
0.75-1.01 
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TABLE 4. MEAN RELATIVE RESPONSE FACTORS OF CALIBRATION STANDARDS 

Analyte 

2,3,7,8-TCDD 

1,2,3,7,8-PeCOD 

1,2,3,4,7,8-HxCOD 

1,2,3,4,6,7,8-HpCDDb 

ocoob 

2,3,7,8-TCOF 

1,2,3,7,8-PeCOF 

1,2,3,4,7,8-HxCDF 

1,2,3,4,6,7,8-HpCOFb 

ocDFb 

13c1z-2,3,7,8-TCOD 

13C1z-l,2,3,4-TCOO 

13c12-0COD 

1.13 

0.70 

0.51 

1.08 

1.30 

1.70 

1.25 

0.84 

1.19 

1.57 

1.00 

0.75 

1.00 

RSO% 
(n = 5) 

3.9 

10.1 

6.6 

6.6 

7.2 

8.0 

8.7 

9.4 

3.8 

8.6 

4.6 

arhe RRF value is the mean of the five determinations 
injected were 0.2, 0.5, 1.0, 2.0 and 5.0 ng. 

made. 

Quantitation ion 
{m/z) 

322 

356 

390 

424 

460 

306 

340 

374 

444 

408 

334 

334 

472 

Nominal weights 

bRRF values for these analytes were determined relative to 13c12-0CDD. All 
other RRF's were determined relative to 13c1z-2,3,7,8-TCDD. 

Instrument Conditions/Tune - GC/MS system was tuned as specified in 
Paragraph 6.3. RRF data was acquired under 
SIM control, as specified in Paragraph 10.3. 

GC Program - The GC column temperature was programmed as specified in 
Paragraph 4.3.2(b). 

8280 D-258 
Revision O ___, __ __ 
Date September 1986 



TABLE 5. PRECISION DATA FOR REVISED METHOD 8280 

Analyte level (ng/g) 
Native Percent 

Compound Matrixa Native + spike N RSO 

2,3,7,8-TCDO clay Nob 5.0 4 4.4 
soil 378 378 4 2.8 
sludge NO 125 4 4.8 
fly ash NO 46 2 
sti 11 bottom 487 487 4 24 

1,2,3,4-TCOD clay NO 5.0 3 1. 7 
soil NO 25.0 4 1.1 
sludge NO 125 4 9.0 
fly ash 38.5 38.5 4 7.9 
still bottom NO 2500 4 

1,3,6,8-TCDD clay NO 2.5 4 7.0 
soil NO 25.0 4 5.1 
sludge NO 125 4 3.1 
fly ash 19.1 19.1 2 
sti 11 bottom 227 2727 2 

1,3,7,9-TCDD clay ND 2.5 4 19 
so fl ND 25.o· 4 2.3 
sludge ND 125.0 4 6.5 
fly ash 58.4 58.4 2 
st111 bottom NO 2500 2 

1,3,7,8-TCOD clay ND 5.0 4 7.3 
soil NO 25.0 4 1. 3 
sludge ND 125 4 5.8 
fly ash 16.0 16.0 4 3.5 
st111 bottom 422 2920 2 

1,2,7,8-TCOD clay ND 5.0 4 7.7 
soil NO 25.0 4 9.0 
sludge ND 125 4 7.7 
fly ash 2.6 2.6 3 23 
still bottom NO 2500 2 

1,2,8,9-TCOO clay ND 5.0 4 10 
soil NO 25.0 4 0.6 
sludge ND 125 4 1. 9 
fly ash NO 46 2 
st 111 bottom NO 2500 2 
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TABLE 5 (Continued) 

Analyte level (ng/g) 
Native Percent 

Compound Matrixa Native + spike N RSO 

1,2,3,4,7-PeCDO clay NO 5.0 4 10 
soil NO 25.0 4 2.8 
sludge NO 125 4 4.6 
fly ash 25.8 25.8 2 6.9 
sti 11 bottom NO 2500 2 

1,2,3,7,8-PeCDD clay NO 5.0 4 25 
soi 1 NO 25.0 4 20 
sludge NO 125 4 4.7 
fly ash NO 46 2 
still bottom NO 2500 2 

1,2,3,4,7,8-HxCOD clay NO 5.0 4 38 
soil NO 25.0 4 8.8 
sludge NO 125 4 3.4 
fly ash NO 46 2 
still bottom NO 2500 2 

1,2,3,4,6,7,8-HpCOO clay NO 5.0 4 
so·i l NO 25.0 4 
sludgeC 8760 8780 4 
fly ash NO 
still bottom NO 

1,2,7,8-TCOF clay NO 5.0 4 3.9 
soil NO 25.0 4 1.0 
sludge NO 125 4 7.2 
fly ash 7.4 7.4 3 7.6 
stfl l bottom NO 2500 2 

1,2,3,7,8-PeCOF clay NO 5.0 4 6.1 
soil NO 25.0 4 5.0 
sludge ND 125 4 4.8 
fly ash ND 46 2 
still bottom3 25600 28100 2 

l,2,3,4,7,8-HxCOF clay NO 5.0 4 26 
soil NO 25.0 4 6.8 
sludge 13 .6 139 4 5.6 
fly ash 24.2 24.2 4 13.5 
still bottom ND 2500 2 
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Compound 

OCOF 

amatrix types: 

clay: pottery clay. 

TABLE 5. (Continued) 

Analyte level (ng/g) 

Matrixa 

clay 
soil 
sludge 
fly ash 
still bottom 

Native 

NO 
NO 

192 
NO 
NO 

Native 
+ spike 

317 

N 

4 

Percent 
RSO 

3.3 

soil: Times Beach, Missouri, soil blended to form a homogeneous sample. 
This sample was analyzed as a performance evaluation sample for the Contract 
Laboratory Program (CLP) in April 1983. The results from EMSL-LV and 8 
contract laboratories using the CLP protocol were 305.8 ng/g 2,3,7,8-TCOO 
with a standard deviation of 81.0. 

fly ash: ash from a municipal incinerator; resource recovery ash No. 1. 

still bottom: distillation bottoms (tar) from 2,4-dichlorophenol production. 

sludge: sludge from cooling tower which received both creosote and 
pentachlorophenolic wastewaters. 

Cleanup of clay, soil and fly ash samples was through alumina column only. 
(Carbon column not used.) 

bNo - not detected at concentration injected (final volume 0.1 ml or greater). 

CEstimated concentration out of calibration range of standards. 
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Compound 

2,3,7,8-TCDO 

1,2,3,4-TCOO 

1,3,6,8-TCOO 

1,3,7,9-TCDD 

1, 3 ,7 I 8- TCOO 

1,2,7,8-TCOO 

1,2,8,9-TCOD 

TABLE 6. RECOVERY DATA FOR REVISED METHOD 8280 

Matrixa 

clay 
soil 
sludge 
fly ash 
still bottom 

clay 
soil 
sludge 
fly ash 
still bottom 

clay 
soil 
sludge 
fly ash 
still bottom 

clay 
soil 
sludge 
fly ash 
stil 1 bottom 

clay 
soil 
sludge 
fly ash 
still bottom 

clay 
soil 
sludge 
fly ash 
still bottom 

clay 
soil 
sludge 
fly ash 
sti 11 bottom 

Nativeb 
(ng/g) 

NO 
378 

NO 
NO 

487 

NO 
NO 
NO 
38.5 
NO 

NO 
NO 
NO 
19.l 

227 

NO 
NO 
ND 
58.4 
NQ 

ND 
NO 
ND 
16.0 

615 

NO 
NO 
NO 
2.6 

NO 

NO 
NO 
NO 
NO 
NO 
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Spikedc 
level 

(ng/g) 

5.0 

125 
46 

5.0 
25.0 

125 
46 

2500 

2.5 
25.0 

125 
46 

2500 

2.5 
25.0 

125 
46 

2500 

5.0 
25.0 

125 
46 

2500 

5.0 
25.0 

125 
46 

2500 

5.0 
25.0 

125 
46 

2500 

Mean 
percent 
recovery 

61.7 

90.0 
90.0 

67.0 
60.3 
73.1 

105.6 
93.8 

39.4 
64.0 
64.5 

127 .5 
80.2 

68.5 
61.3 
78.4 
85.0 
91. 7 

68.0 
79.3 
78.9 
80.2 
90.5 

68.0 
75.3 
80.4 
90.4 
88.4 

59.7 
60.3 
72.8 

114.3 
81.2 
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TABLE 6. (Continued) 

Compound Matrixa 

1,2,3,4,7-PeCOO clay 
soil 
sludge 
fly ash 
sti 11 bottom 

1,2,3,7,8-PeCOO clay 
soil 
sludge 
fly ash 
still bottom 

1,2,3,4,7,8-HxCOO clay 
soil 
sludge 
fly ash 
still bottom 

1,2,3,4,6,7,8-HpCOO clay 
soil 
sludged 
fly ash 
stil 1 bottom 

2,3,7,8-TCOO clay 
(C-13) soil 

sludge 
fly ash 
still bottom 

1,2,7,8-TCOF clay 
soil 
sludge 
fly ash 
sti 11 bottom 

1,2,3,7,8-PeCDF clay 
soil 
sludge 
fly ash 
still bottom 

.. 

Nativeb 
(ng/g) 

NO 
NO 
ND 
25.8 
NO 

NO 
ND 
NO 
NO 
NO 

NO 
ND 
ND 
NO 
NO . 
ND 
NO 

8780 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
ND 
ND 
7.4 

ND 

ND 
NO 
ND 
NO 

25600 
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Spiked' 
level 

(ng/g) 

5.0 
25.0 

125 
46 

2500 

5.0 
25.0 

125 
46 

2500 

5.0 
25.0 

125 
46 

2500 

5.0 
25.0 

125 

5.0 
25.0 

125 
46 

2500 

5.0 
25.0 

125 
46 

2500 

5.0 
25.0 

125 
46 

2500 

Mean 
percent 
recovery 

58.4 
62.2 
79.2 

102.4 
81.8 

61.7 
68.4 
81.5 

104.9 
84.0 

46.8 
65.0 
81.9 

125.4 
89.1 

NO 
NO 

64.9 
78.8 
78.6 
88.6 
69.7 

65.4 
71.1 
80.4 
90.4 

104.5 

57.4 
64.4 
84.8 

105.8 
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TABLE 6. (Continued) 

Compound Matrixa 

1,2,3,4,7,8-HxCOF clay 
soil 
sludge 
fly ash 
stil 1 bottom 

OCDF clay 
soil 
sludge 
fly ash 
still bottom 

amatrix types: 

clay: pottery clay. 

Nativeb 
(ng/g) 

NO 
NO 
13.6 
24.2 
NO 

NO 
ND 

192 
ND 
ND 

Spikedc 
level 

(ng/g) 

5.0 
25.0 

125 
46 

2500 

125 

Mean 
percent 
recovery 

54.2 
68.5 
82.2 
91.0 
92.9 

86.8 

soil: Times Beach, Missouri soil blended to form a homogeneous sample. This 
sample was analyzed as a performance evaluation sample for the Contract 
Laboratory Program (CLP) in April 1983. The results from EMSL-LV and 8 
contract laboratories using the CLP protocol were 305.8 ng/g 2,3,7,8-TCOO 
with a standard deviation of 81.0. 

fly ash: ash from a municipal incinerator: resource recovery ash No. 1. 

still bottom: distillation bottoms (tar) from 2,4-dichlorophenol production. 

sludge: sludge from cooling tower which received both creosote and 
pentachlorophenol wastewaters. 

The clay, soil and fly ash samples were subjected to alumina column cleanup, 
no carbon column was used. 

bFinal volume of concentrate 0.1 ml or greater, ND means below quantification 
limit, 2 or more samples analyzed. 

CAmount of analyte added to sample, 2 or more samples analyzed. 

dEstimated concentration out of calibration range of standards. 
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TABLE 7. LINEAR RANGE AND VARIATIOIN OF RESPONSE FACTORS 

Analyte 

1,2,7,8-TCDFa 

2,3,7,8-TCOOa 

2,3,7,8-TCOF 

Linear range tested (pg) 

50-6000 

50-7000 

300-4000 

8 

7 

5 

Mean RF 

1.634 

0.721 

2.208 

%RSD 

12.0 

11.9 

7.9 

aResponse factors for these analytes were calculated using 2,3,7,8-TCOF as the 
internal standard. The response factors for 2,3,7,8-TCOF were calculated vs. 
13c12-l,2,3,4-TCOO. 

bEach value of n represents a different concentration level. 
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TABI.,E 8. METHOD DETECTIO~ LIMITS OF 13c 
12 - LABELED PCDD'S and PCDF'S 

IN REAGENT WATER (PPT) AND ENVIRONMENTAL SAMPLES (PPB) 

13 s 2 -Labeled Reagent Mis:'!Fi Fl.Yi) Irdustrial Still- :a Fuel~/ 
Water a Sludgec d AiW.yte Soil Ash fk>ttau Saw:iust 

2,3 ,7 ,&-TClD 0.44 0.17 0.07 0.82 1.81 0.75 0.13 

t ,2 ,3 '7 ,&-PeCOO 1.27 0.70 0.25 t .34 2.46 2.09 0.18 

1,2,3,6,7,8-HxCI:O 2.21 1.25 o.55 2.30 6.21 5.02 o.36 

1,2 ,3 ,4 ,6 '7 ,8-HpCDD 2.77 1.87 1.41 4.65 4.59 8.t4 0.51 

a::oo 3 .9'3 2.35 2.27 6.44 10 .1 23 .2 1.48 

2 ,3, 7 ,&-TCDF 0.63 0.11 0.06 0.46 0.26 0.48 o • .:.J 

1,2 ,3, 7 ,&-PeCDF l .&. 0.33 0.16 0.9'2 1.61 0.8) l).43 

1 ,2,3,4,7,&-HxCDF 2.53 0.83 0.30 2 .17 2.27 2.09 2.22 

a 1,000 mL. bSa!Uple size 
Sample size 10 g. 

c 
2 S• dSa111ple size 

Sample size l g. 
Note: The final sample-extract volU!Ue was 100 ul for all samples. 

Matrix types used in MDL Study: 

- Reagent water: distilled, deionized laboratory water. 
- Missouri soil: soil blended to foTID a hoMogeneous sample. . 
- Fly-ash: alkaline ash recovered from the electrostatic ~recipitator of 

a coal-burning power plant. 
- Industrial sludge: sludge fro111 cooling tower which received creosotic 

and pentachlorophenolic wastewaters. Sample was£.!.• 70 percent water, 
mixed with oil and sludge. 

- Still-bottom: distillation bottoms (tar) from 2,4-dichlorophenol 
production. 

- Fuel oil: wood-preservative solution from the modified Thermal Process 
tanks. Sample was an oily liquid ()90 percent oil) containing no 
water. 

sawdust was obtained as a very fine powder from the 
Fuel oil (described above) was mixed at the ~ 

- Fuel oil/Sawdust: 
local lu!Uber yard. 
percent (w/w) level. 

Procedure used for the Determination of Method Detection Limits was obtained 
from "Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater" Appendix A, EPA-600/4-82-057, July 1982. Using this procedure, 
the method detection limit is defined as the minimum concentration of a 
substance that can be measured and reported with 99 percent conf 1dence that 
the value is above zero. 
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MANUAL DETERMINATION 

APPENDIX A 

SIGNAL-TO-NOISE DETERMINATION METHODS 

This method corresponds to a manual determination of the S/N from a GC/MS 
signal, based on the measurement of its peak height relative to the baseline 
noise. The procedure is composed of four steps as outlined below. (Refer to 
Figure 1 for the following discussion). 

1. Estimate the peak-to-peak noise (N) by tracing the two lines (E1 and 
E2) defining the noise envelope. The lines should pass through the 
estimated statistical mean of the positive and the negative peak 
excursions as shown in Figure 1. In addition, the signal offset (0) 
should be set high enough such that negative-going noise (except for 
spurious negative spikes) is recorded. 

2. Draw the line (C) corresponding to the mean noise between the 
segments defining the noise envelope. 

3. Measure the height of the GC/MS signal (S) at the apex of the peak 
relative to the mean noise C. For noisy GC/MS signals, the average 
peak height should be measured from the estimated mean apex signal D 
between E3 and E4. 

4. Compute the S/N. 

This method of S/K measurement is a conventional, accepted method of 
noise measurement in analytical chemistry. 

INTERACTIVE COMPUTER GRAPHICAL METHOD 

This method calls for the measurement of the GC/MS peak area using the 
computer data system and Eq. 1: 

A/t 
S/N = A1/2t + Ar/2t 

2 

where tis the elution time window (time interval, t2-tz, at the base of the 
peak used to measure the peak area A). (Refer to Figure 2, for the following 
discussion). 

A1 and Ar correspond to the areas of the noise level in a region to the 
left (A1) and to the right (Ar) of the GC peak of interest. 
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The procedure to determine the S/N 1s as follows: 

1. Estimate the average negative peak excursions of the noise (i.e., 
the low segment-Ez-of the noise envelope). Line Ez should pass 
through the estimated statistical mean of the negative-going noise 
excursions. As stated earlier, it is important to have the signal 
offset (0) set high enough such that negative-going noise is 
recorded. 

2. Using the cross-hairs of the video display terminal, measure the 
peak area (A) above a baseline corresponding to the mean negative 
noise value (E2) and between the time t1 and tz where the GC/MS peak 
intersects the baseline, Ez. Make note of the time width t=t2-t1. 

3. Following a similar procedure as described above, measure the area 
of the noise in a region to the left (A1) and to the right (Ar) of 
the GC/MS signal using a time window twice the size of t, that is, 
2 x t. 

The analyst must sound judgement in regard to the proper selection of 
interference-free regions in the measurement of A1 and Ar. It is not 
recommended to perform these noise measurements (A1 and Ar) in remote regions 
exceeding ten time widths (lOt). 

4. Compute the S/N using Eq. 1. 

NOTE: If the noise does not occupy at least 10 percent of the vertical 
a~1s (1.e., the noise envelope cannot be defined accurately), then 
it is necessary to amplify the vertical axis so that the noise 
occupies 20 percent of the terminal display (see Figure 3). 
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Figure 1. 

Figure 2. 

Figure 3. 

FIGURE CAPTIONS 

Manual determination of S/N. 
The peak height (S) is measured between the mean noise (lines C and 
D). These mean signal values are obtained by tracing the line 
between the baseline average noise extremes, Et and E2, and between 
the apex average noise extremes, E3 and E4, at the apex of the 
signal. Note, it is imperative that the instrument's interface 
amplifier electronic's zero offset be set high enough such that 
negative-going baseline noise is recorded. 

Interactive determination of S/N. 
The peak area (A) is measured above the baseline average negative 
noise E2 and between times t1 and t2· The noise is obtained from 
the areas A1 and Ar measured to the left and to the right of the 
peak of interest using time windows Ti and Tr (T1=Tr=2t). 

Interactive determination of S/N. 
A) Area measurements without amplification of the vertical axis. 
Note that the noise cannot be determined accurately by visual 
means. B) Area measurements after amplification (lOX) of the 
vertical axis so that the noise level occupies approximately 20 
percent of the display, thus enabling a better visual estimation of 
the baseline noise, E1, E2, and C. 
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APPENDIX B 

RECOMMENDED SAFETY ANO HANDLING PROCEDURES FOR PCOO'S/PCOF'S 

1. The human toxicology of PCOD/PCOF is not well defined at present, 
although the 2,3,7,8-TCOO isomer has been found to be acnegenic, carcinogenic, 
and teratogenic in the course of laboratory animal studies. The 2,3,7,8-TCOO 
is a solid at room temperature, and has a relatively low vapor pressure. The 
solubility of this compound 1n water is only about 200 parts-per-trillion, but 
the solubility in various organic solvents ranges from about 0.001 perent to 
0.14 percent. The physical properties of the 135 other tetra- through octa
chlorinated PCOO/PCOF have not been well established, although it is presumed 
that the physical properties of these congeners are generally similar to those 
of the 2,3,7,8-TCOO isomer. On the basis of the available toxicological and 
physical property data for TCOO, this compound, as well as the other PCDD and 
PCDF, should be handled only by highly trained personnel who are thoroughly 
versed in the appropriate procedures, and who understand the associated risks. 

2. PCDO/PCDF and samples containing these are handled using essentially 
the same techniques as those employed in handling radioactive or infectious 
materials. Well-ventilated, controlled-access laboratories are required, and 
laboratory personel entering these laboratories should wear appropriate safety 
clothing, including disposable coveralls, shoe covers, gloves, and face and 
head masks. During analytical operations which may give rise to aerosols or 
dusts, personnel should wear respirators equipped with activated carbon 
filters. Eye protection equipment (preferably full face shtelds) 111Ust be worn 
at all times while working in the analytical laboratory with PCOO/PCOF. 
Various types of gloves can be used by personnel, depending upon the 
analytical operation being accomplished. Latex gloves are generally utilized, 
and when handling samples thought to be particularly haiardous, an additional 
set of gloves are also worn beneath the latex gloves (for example, Playtex 
gloves supplied by American Scientific Products, Cat. No. 67216). Bench-tops 
and other work surfaces in the laboratory should be covered with plastic
backed absorbent paper during all analytical processing. When finely divided 
samples (dusts, soils, dry chemicals) are processed, removal of these from 
sample contaners, as well as other operations, including weighing, 
transferring, and mixing with solvents, should all be accomplished within a 
glove box. Glove boxes, hoods and the effluents from mechanical vacuum pumps 
and gas chromatographs on the mass spectrometers should be vented to the 
atmosphere preferably only after passing through HEPA particulate filters and 
vapor-sorbing charcoal. 

3. All laboratory ware, safety clothing, and other items potentially 
contaminated with PCDD/PCOF in the course of analyses must be carefully 
secured and subjected to proper disposal. When feasible, liquid wastes are 
concentrated, and the residues are placed in approved steel hazardous waste 
drums fitted with heavy gauge polyethylene liners. Glass and combustible 
items are compacted using a dedicated trash compactor used only for hazardous 
waste materials and then placed in the same type of disposal drum. Disposal 
of accumulated wastes 1s periodically accomplished by high temperature 
incineration at EPA-aproved facilities. 
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4. Surfaces of laboratory benches, apparatus and other appropriate areas 
should be periodically subjected to surface wipe tests using solvent-wetted 
filter paper which is then analyzed to check for PCOO/PCOF contamination in 
the laboratory. Typically, if the detectable level of TCOO or TCOF from such 
a test is greater than 50 ng/m2, this indicates the need for decontamination 
of the laboratory. A typical action limit in terms of surface contamination 
of the other PCOD/PCDF (su11111ed} is 500 ng/mZ. In the event of a spill within 
the laboratory, absorbent paper is used to wipe up the spilled material and 
this f s then placed into a hazardous waste drum. The contaminated surface is 
subsequently cleaned thoroughly by washing with appropriate solvents 
(methylene chloride followed by methanol) and laboratory detergents. This is 
repeated until wipe tests indicate that the levels of surface contamination 
are below the limits cited. 

5. In the unlikely event that analytical personnel experience skin 
contact with PCOO/PCOF or samples containing these, the contaminated skin 
area should immediately be thoroughly scurbbed using mild soap and water. 
Personnel involved in any such accident should subsequently be taken to the 
nearest medical facility, preferably a facility whose staff is knowledgeable 
in the toxicology of chlorinated hydrocarbons. Again, disposal of 
contaminated clothing is accomplished by placing it in hazardous waste drums. 

6. It is desirable that personnel working in laboratories where 
PCOD/PCOF are handled be given periodic physical examinations (at least 
yearly). Such examinat1ons should include specialized tests, such as those 
for urinary porphyrins and for certain blood parameters whfch, based upon 
published c11n1cal observations, are appropriate for persons who may be 
exposed to PCDO/PCOF. Periodic facial photographs to document the onset of 
dennatologic problems are also advisable. 
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Page l of 2 

DIOXIN SAMPLE DATA SUMMARY FORM 8280-1 

LAB NAME ---------- CONTRACT No. 
--------~ 

CASE No. ----------
QUANTITY FOUND (ng/g) 

SAMPLE NO. FILE NAME TCDO PeCDD HxCDO Hp COO ocoo 

DATA RELEASE AUTHORIZED BY 
------------------~ 
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Page 2 of 2 

DIOXIN SAMPLE DATA SUMMARY FORM 8280-1 

LAB NAME ---------- CONTRACT No. ---------

CASE No. -----------
QUANTITY FOUND (ng/g) 

SAMPLE NO. FILE NAME TCDF PeCDF HxCOF HpCOF OCOF 

8280 D-278 
Revision O 
Date September 1986 



Page 1 of 2 

DIOXIN SAMPLE DATA SUMMARY FORM 8280-1-W 

LAB NAME ---------- CONTRACT No.---------

CASE No. ----------

QUANTITY FOUND (ug/L) 

SAMPLE NO. FILE NAME TCOO Pe COO HxCOD Hp COO ocoo 

DATA RELEASE AUTHORIZED BY-------------------
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Page 2 of 2 

DIOXIN SAMPLE DATA SUMMARY FORM 8280-1-W 

LAB NAME CONTRACT No. ---------- ---------
CASE No. 

QUANTITY FOUND (ug/L) 

SAMPLE NO. FILE NAME TCDF PeCOF HxCOF HpCOF OCOF 
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DIOXIN RAW SAMPLE DATA FORM 8280-2 

LAB NAME ------- ANALYST(s) CASE No. 

SAMPLE No.------ TYPE OF SAMPLE CONTRACT No. ---
SAMPLE SIZE % MOISTURE FINAL EXTRACT VOLUME ----- -----
EXTRACTION METHOD ALIQUOT USED FOR ANALYSIS ------- -----

CLEAN UP OPTION -----------------------
CONCENTRATION FACTOR DILUTION FACTOR ---------
DATE EXTRACTED DATA ANALYZED ----------
VOLUME 13c1z-1,2,3,4-TCDO ADDED TO SAMPLE VOLUME --------

VOLUME INJECTED Wt 13c1z-l,2,3,4-TCOD ADDEO -------

Wt 13c12-2,3,7,8-TCOD ADDEO 13c12-2,3,7,8-TCOO % RECOVERY ---

Wt 13c12-2,3,7,8-0COD ADDEO 13cl2-ocoo % RECOVERY-----

13ciz-2,3, 7 ,8-TCOO RRF 13c12-0COO RRF --------

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

AREA 332 AREA 334 RATIO 332/334 ----- -------- -----

13c1z-OCOD AREA 470 ---- AREA 472 ---- RATIO 470/472 ----

-RT 2,3,7,8-TCDO (Standard) ---- RT 2,3,7,8-TCOO (Sample) -----

l3c12-2,3,7,8-TCOD - l3c12-l,2,3,4-TCDO Percent Valley--------
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DIOXIN INITIAL CALIBRATION STANDARD DATA SUMMARY 

FORM 8280-3 

CASE No. ----------

Contract No. ---------

Date of Initial Calibration Analyst(s) _________ _ 

Relative to 13c12-2,3,7 ,8-TCOD ______ or 13c12-l,2,3, 4-rcoo ___ _ 

CALIBRATION 
STANDARD 

TCDD 

Pe COD 

HxCOD 

Hp COO 

OCDD 

TCDF 

PeCOF 

HxCOF 

HpCOF 

OCOF 

RRF 
1 

RRF 
2 

RRF RRF 
3 4 

8280 D-282 

RRF 
5 MEAN %RSD 
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FORM 8280-3 (Continued) 

CONCENTRATIONS IN PG/UL 

1 2 3 4 5 

TCOO 

Pe COO 

HxCOO 

Hp COO 

ocoo 

TCOF 

PeCOF 

HxCOF 

HpCOF 

OCOF 
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DIOXIN CONTINUING CALIBRATION SUMMARY 

FORM 8280-4 

Lab Name Contract No. 
-~~--~---

Date of Initial Calibration Analyst(s) 
~-~~~~~-~-

Re 1 at iv e to l3c12-2. 3, 7 ,8-TCDD or 13c12-1,2,3,4-TCDD ------

COMPOUND RRF RRF %D 

TCDO 

PeCDO 

HxCOO 

HpCDD 

ocoo 

TCDF 

PeCOF 

HxCOF 

HpCOF 

OCOF 
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DIOXIN RAW SAMPLE DATA FORM 8280-5-A . 

LAB NAME ------ ANALYST(s) ----- CASE No.------

CONTRACT No.------- SAMPLE No.--------

TCDD REQUIRED 320/322 RATIO WINDOW IS 0.65 - 0.89 

QUANT IT A TED FROM 2, 3, 7, 8-TCOO ----

SCAN I RRT AREA 
322 

AREA 
320 

AREA 
257 

1,2,3,4-TCOO __ _ 

320/ 
322 

CONFIRM 
AS TCOO 

Y/N 

RRF ---

CONC. 

TOTAL TCDD --------

TCDF REQUIRED 304/306 RATIO WINDOW IS 0.65 - 0.89 

QUANTITATED FROM 2,3,7,8-TCDO ---- 1,2,3,4-TCDD __ _ RRF ---
SCAN I RRT AREA 

306 
AREA 
304 

AREA 
243 

8280 D-285 

304/ 
306 

CONFIRM 
AS TCOO 

Y/N CONC. 

TOTAL TCOO --------

Revision O 
Date September 1986 



DIOXIN RAW SAMPLE DATA FORM 8280-5-B 

LAB NAME ------ ANALYST(s) ----- CASE No. ------

CONTRACT No. ------- SAMPLE No. ---------
PeCDD REQUIRED 320/322 RATIO WINDOW IS 0.55 - 0.75 

QUANTITATED FROM 2,3,7,8-TCOO 

SCAN # RRT AREA 
356 

AREA 
358 

----
AREA 
354 

RRF 1,2,3,4-TCOD --- ---
AREA 
293 

358/ 
356 

CONFIRM 
AS PeCOO 

Y/N CONC. 

TOTAL PeCOD ---------

PeCOF REQUIRED 342/340 RATIO WINDOW IS 0.55 - 0.75 

QUANT IT A TED FROM 2, 3, 7, 8-TCOO ----

SCAN # RRT AREA 
340 

AREA 
342 

AREA 
338 

RRF 1,2,3,4-TCOD --- ---
AREA 
277 

342/ 
340 

TOTAL PeCDF 

CONFIRM 
AS PeCDF 

Y/N CONC. 

-----~~--
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DIOXIN RAW SAMPLE DATA FORM 8280-5-C 

LAB NAME ------ ANALYST(s) ----- CASE No. _____ _ 

CONTRACT No. _______ _ SAMPLE No. ----------
HxCOD REQUIRED 392/390 RATIO WINDOW IS 0.69 - 0.93 

QUANTITATED FROM 2,3,7,8-TCDO __ _ 

SCAN # RRT AREA 
390 

AREA 
392 

AREA 
388 

1,2,3,4-TCOO 

AREA 
327 

392/ 
390 

TOTAL HxCDD 

RRF --- ---
CONFIRM 
AS HxCDD 

Y/N CONC. 

--------
HxCOF REQUIRED 376/374 RATIO WINDOW IS 0.69 - 0.93 

QUANTITA TEO FROM 2, 3, 7, 8-TCDO ----

SCAN # RRT AREA 
376 

AREA 
374 

AREA 
372 

1,2,3,4-TCOD __ _ RRF ---
AREA 
311 

376/ 
374 

TOTAL HxCOF 

CONFIRM 
AS HxCDF 

Y/N CONC. 

----------------

8280 D-287 

Revision O 
Date September 1986 



DIOXIN RAW SAMPLE DATA FORM 8280-5-0 

LAB NAME ------ ANALYST(s} ----- CASE No. ------
CONTRACT No. SAMPLE No. -------- ---------
HpCOO REQUIRED 426/444 RATIO WINDOW IS 0.83 - 1.12 

QUANTITATED FROM 2,3,7,8-TCOO ---

SCAN I RRT AREA 
424 

AREA 
426 

AREA 
422 

1,2,3,4-TCOO 

AREA 
361 

426/ 
424 

RRF --- ---
CONFIRM 
AS HpCDD 

Y/N CONC. 

TOTAL HpCOO ---------

HpCOF REQUIRED 410/408 RATIO WINDOW IS 0.81 - 1.12 

QUANTITATED FROM 2,3,7,8-TCDO ----

SCAN # RRT AREA 
408 

AREA 
410 

AREA 
406 

1,2,3,4-TCOD 

AREA 
345 

410/ 
408 

RRF ---
CONFIRM 
AS HpCDF 

---

Y/N CONC. 

TOTAL HpCOF --------
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DIOXIN RAW SAMPLE DATA FORM 8280-5-E 

LAB NAME ------ ANALYST(s) ----- CASE No. _____ _ 

CONTRACT No.-------- SAMPLE No.--------

OCDD REQUIRED 458/460 RATIO WINDOW IS 0.75 - 1.01 

QUANTITATED FROM 2,3,7,8-TCDD __ _ 

SCAN I RRT AREA 
460 

AREA 
458 

AREA 
395 

1,2,3,4-TCDD __ _ 

458/ 
460 

CONFIRM 
AS OCDD 

Y/N 

RRF ---

CONC. 

TOTAL OCDD --------

OCDF REQUIRED 442/444 RATIO WINDOW IS 0.75 - 1.01 

QUANTITATED FROM 2, 3, 7 ,8-TCDD ----

SCAN I RRT AREA 
444 

AREA 
442 

AREA 
379 

1,2,3,4-TCDO __ _ 

442/ 
444 

CONFIRM 
AS OCOF 

Y/N 

RRF ---

CONC. 

TOTAL OCOF --------
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DIOXIN SYSTEM PERFORMANCE CHECK ANALYSIS FORM 8280-6 

LAB NAME ------------
BEGINNING DATE TIME CONTRACT No. 

---~- -~~----- ----
ENO ING DATE TIME ANALYST(s) ----
PC SOLUTION IDENTIFIER 

PCDO's 

Tetra 

Penta 

Hex a 

Hep ta 

Octa 

PCDF's 

Tetra 

Penta 

Hex a 

Hep ta 

Octa 

------------------------
ISOTOPIC RATIO CRITERIA MEASUREMENT 

IONS 
RATIOED 

320/322 

358/356 

392/390 

426/424 

458/460 

304/306 

342-340 

376-374 

410/408 

442/444 

RATIO AT 
BEGINNING OF 
12 HOUR PERIOD 

RATIO AT 
ENO OF 12 ACCEPTABLE 
HOUR PERIOD WINDOW 

0.65-0.89 

0.55-0.75 

0.69-0.93 

0.83-1.12 

0.75-1.01 

0.65-0.89 

0.55-0.75 

0.69-0.93 

0.83-1.12 

0.75-1.01 

Ratios out of criteria 

Beginning End 

PCDD out of 

PCDF out of 

NOTE: One form is required for each 12 hour period samples are analyzed. 
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W..sU•a. Vulumf! l. F.l'I\ Con•ri<CI t~ZSSZ. 
fitRUdry. 1!41. 

1201 N .. tional Rt::.t:<trcb Cuum;1\ (NRC). 
Urmkinit Waler and I lealth. VoL .a. Sale 
Drinking Waler Comm1t1e11.. !'1:11rioru.l 
Academy PnlSL W;islunglon. O.C. 1Y8Z. 

1::11 Office of Mana!l"r.ienl and Budget 
(OMUI. lntenrn Re~ule<tury Impact ,\nalyi.is 
Guidance. Washington D.C. Junr.. 1981. 

(::ZI R1•i1e1urJ1 Trian!Uc Institute (RTI). 
Rf!8ulaln~· \mpacl AnillJiSili for F.waiaion or 
Tn11;ic1ty Cbarilctensht.: Under RCRA. U.S. 
F.PA Conlract 68--01-711:"5. Octol>er. 1985. 

r::i) S.Cubed. Prcc.1s1on fa-aluaunn of the 
TO.I' Prutocol For :-.;on- '.'olalile Cumponenls. 
Uraft Report. U.S. t-'l'.\ r.ontract 6&--03-1~58. 
filnuary 1986. 

(::4J Spellenberg. S.!'. On:1mi<. E.\lracllua 
Procedure. U.S. EPA Conrracl 68-01-61"9. 
January. 1982. 

(ZSI Technology c\p~hcatiuns Inc. (Tt\1}. 
Slilli:ilical Analysis ofTCLJ' Developmen& 
Dala. U.S. EPA Contract 08--01-<*136. Jl.t.iv ::a. 
HISS. . 

{::61 U.S. EPA. &ckgruu.,d Oocu:ucn:.. 
Section 261.24, ChatilCtciisliC of Extraction 
Procedure Toxicity. ~at.ional Technical 
l:ifntT11atinn ServicP (:\'TISI I'S 111-11\.~. 
Springfield. Virginia. Mily. 1980.. 

(::7) U.S. EPA. Tcsl Methods for Evaluallntl 
Solid Wasie-Mw11caliChemical Methods. 
Second ed. Co,·erii."11e::t Printin,i: Office 
(Gl'O) 055-00"~1001-2. F.PA SW-846. 
Washington. O.C. 198:. 

(:!81 U.S. F.PA. Guidelines for Performing 
Rqiulatory Impact Aruilysia. W0tshington. 
D.C. December. 1983. 

(::91 U.S. EPA Science Ad\110ry Doiird 
(S.'\B). Report on the Re·new of EP-ID. 
Washington. O.C. Mil)". 191K. 

(30) U.S. EPA. Background Oocwun6: 
Issues Relating to the Development and Use 
of Reference 008es to Suppon 40 CFR Part 
268. und Disposal Restrictions. Washington. 
D.C. No,·ember. 1985. 

(311 U.S. EPA. Acccpt .. ble O.ul) Intake 
Workgroup Paper: Assessing Rislr.a 
t\ssociated With Systemic Toxicants. 
Wa.hing1on. O.C. 1985. 

(J::) U.S. EPA. Verified Reiereiia DOies 
(RfD'sl of the U.S. EP.\. Waah1nir1on. O.C. 
1985. 

(331 US. EPA. B4U.JVuund Docwuent Fur 
Toiuc1ty Charactenshc Leacliing Procedure. 
Wi1sh1ngton. D.C. February. 198a 

List of Subjects in ~o CFR Parts m. rn. 
and 302 

r\dministrat1\e practice and 
procedure. Air pollut1on control. 
Chemicals. Confidcnnai business 
information. Hazardous matenals. 
f lazardous materictls transportation. 
Hazardous substances. Hazardous 
waste. Indian lands. lntergo1:emmental 
relations. Natural resources. Nuclear 
rnatenals. Penalties. P~sucidt>s and 
pcsrs. Radioac11ve nictlerials. Recyclin[l. 
R1~por1ing and recon:lkeeping 
rrquirementa. Superfuctd. Waler 
pollution conlrof. WHter :.upply. Waste 
trraln,.•nt and dispo~al. 

IJ.ttrd: M,,~ :11. l!lllfi. 

Lee M. Thomas. 
.4.tlmi11islrutor. 

For the reaS(.Jns set out in the 
preamble. ii is proposed to amend Title 
40 or the Code of Federal R~ul;ition11 as 
followi;: 

PART 261-IDENTIFICATION AND 
LISTING OF HAZAAOOUS WASTE 

1. The authoritv citalion for Part ~61 
continues lo read as follows: 

Audioriay: Secs. 1006. :?OOZ(a). JU01. and 
3002 of lhe Sulid Wure Disposal Act. as 
amended by the Resource Conservation and 
Recovery Act o( 1978. aa amended H2 ll.S.C. 
6905. 681Z(ai, 68::1. and 89ZZJ. 

2. I 261.24 is revised to read as 
follows: 

§ 211.2~ Towictty c:tl8racteristic. 

(al A solid waste exhibits the 
characteristic of toxicity if. using the test 
methods described in Appendix ll or 
equivalent methods approved by the 
Administrator under the procedures set 
forth in H 260.20 and 260.21. the extract 
from a representative sample of the 
waste contain1 any of the contaminants 
listed in Tahte 1 at the concentration 
equal to or greater than the respective 
value 5iven in that Table. Where the 
waste contains less than O.S percent 
filterable solids. the wute itself. arter 
fillerins usins the methodology outlined 
in Appendix JI. is considered to be the 
extract for die p11rpose of this section. 

(bl A IOiid waste that e"hibits the 
characteristic or toxicity. but is not 
!isled as a hazardous waste in Subpart 
D. has the EPA Hazardous Waate 
Number specified in Table 1 which 
corTesponds ta the toxic contaminant 
causing it to be hazardous. 

TAlll..E 1.-TOXICITY CHAAM:TEAISTIC 

CoNTAlollNAUTS ~ AEGUl..ATOAY lEVELS 

; I~ 
· CASNO , IOtV -l '1....,..1i 

00111-~ . i 107-13-1 t 
CX,.0.-- . .. _ _: 7-•2 
~9- -···-·- . --··- : 7MC>-lt-3: 
OOl~S.- . . f 11~2: 
00~~----·-....! ,,, __ • 

~-···-·------!'~'' 
0021-C..--.it.c:e -- --·-·~ 7S-•5-4i 
OOZ!-C.-,_ ···- --·-·-: 56-ZJ-S, cozs....o--·-·-- ·--··-·--·-·! 57-7 ... 91 
002~---·---4 ,__7! 
~--·--· ---i 97411-3, 
OCJ07-a-...m. ··- -··-. ·-·· - - l:J:i3.Q~ I 
~-·--·--· ·····- -······j ~''. 
002.~·-·----- ~-. 
~- · ... -----J tc»-M-S; 
00111-2.•-0.-··-·. --·-· • -··· ·-· ... :s-: 
00~•.2-0o:I .... - ••• . .. 1 9S·50-•: 
0030-•.~----~ 1~1· 
003•-•.2-0ol:IW ___ __; 101--06-2, 
0032-• 1-0cl ___ ···-- .. ! 15-J~t 

00:0-Z.•.OO-- _ ·- .. ·- ·-· I •21°•'-1: 
0012~- ....... • 72--· 
003• 1'"'"" • ..,.. • ...._.i ,.._I 
~•&'NCDUDo&ila4 . ''1-1.&-l 
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50 
so 

100 
007 
0.05 
10 

i ... 

0111 
003 
t.• 
0.01 
~o 

tOO 
10.0 
100 

'. 
•3 

10.I 
C.40 
0' 
013 
OOltt 
OCl)t 
CI) 

TABt.E 1.-Toiucrr'f CHARACTERISl"IC CON 

TAllAINAttTS A .. 0 Ret:;UlATORY LEVELS-Con 

linued 

·-· -·- ... ----·---,--.-~. 

MOllN(i -- I CASHO 1..,,,, -I !""Jill 

~_:,__.·-···-~·i·-~:--J'. o~ 
0037---"0oe'Nne . . ' 1!7-:2.1; • J 
00~ . ··-·- -! 711-8'.1-I • JS 
~--·- ·-· -···-·-··· .. 17&39-92·• ! !tO 
001~----- -- -···-- __ J 5849-91 00.. 
0009-Mf<CUl"ll . 7•'.)9-97-6 i 0 2 
001'-Me"">""""°' . ' 72··•l·5

1
· 1 • 

Ol':n-Mel..,_ cntot".oe ~-2 8 ~ 
co~·~ - ---···-J 1s-CJ).J 12 0001-------·-- ·------1 -Q6-J t 0. •:J 
00.2-Pwuc:No--·--·~ 87-86-5. 36 
0003-........,, . . : 11)8-~-2 14. 
coo~... . ! ••0-86-• • so 
oo-s--. .. --- - . -----· T782-4-2 i ' 0 0011-s.-.. _________ : 1uo-z.z.... so 
OOolS-l.i.12.r-- ........ ,· 6.."""l-20-0J ioo 
!»06-t.1.Z.2·Tft~--. . ~J•·5 I l 
00.7-T•ac•-- ·--·-·· _ .. I •2~-•s ... · o 1 
004-2.3 .•.• , ... _.....,. _____ .~ ~90-21 • s 
OIM-T--··-- _ .. ··- -~ :ca-86-J. •• • 
00!5-To.<- ·-·. --· ~ 800•-J~2 001 
0050-t.i.t.T-- ' 11-55-6' JO 
oos1-1.1.z.r-._. ____ .. ...: ~~· 12 
0052-T109.--4 _ ------1 ~1-0, 001 
0053-2.•..S-T•o-•TOI --·---1 95-Q!t-'. sa 
~2.•&-T1c1-..-41oa1 _.. . , ~2 OJO 
0017-:Z.•.S.TP ~. ·-. -·····--.! 93-~5 I Oto 
005s-V""li :NarG ------' l'!>-01~ j 0.~ 

• <>-. ,... .,,., o-0-9"" ~·...,... at., ao<1e<1 '09",,_ 

--··-"" 1001""1 

3. Appendix II of P·ut 2til is re\·1sed 10 
read as follows: 

Appendix U-Tomty Cbarac&erisLic 
Leaching Proc:edure (TClJll 

1.0 Sco{lf! and application. 
t.l TI1e TCLP is designed to dell'rmine 1h .. 

mobilily of both °"!JVnic and inorganic 
contaminanll present 1n liqutd. sohd. and 
multiphasic wHtes. 

1.2 If a total analvsis of the waste 
demonslrates thal individual conrammanls 
11re not present m rhe waste. or that t~y are 
present. bur al such low concentrations that 
the appropriate regulalOf"Y thresholds could 
not possibly be exceeded. the TCLP need no1 
be run. 

Ul Summary of method (See Figure 1). 
2.1 For wastes contajning less than O.S'"'o 

solids. the wasre. after filtration through a 
0.6-{l.8 µ.m glas~ fiber !'ilter. •! defined as thi. 
TCLP e.'ltract. 

Z.2 For was:Ps conlainmg llreat..r th4n 
O.S"i. solids. the liquid phase. if an\·. 1s 
separated from the solid phase d~t! srorcd for 
later analysis. The panide si~e of :he solid 
phase is reduced (if necessar;J. wc11?hcrl. ,1nd 
utracted w11!! 1m amount or ~.\trac::on :J.11d 
equal to :0 rimes the weigh! of the solid 

_phase. The C!Uracl!On nu1d emp(oye<l 1s a 
function of the alkillmit~· of thf! solid ;:ihdse ur 
lhe waste.:\ special utractor ve~sel iq used 
when tesllng for volatiles (See T Jble 11 
Following extracllon. the liquid e\tract 1s 
sep1tratcd from the solid phJse by O.f>.-11 H 11om 

11lasa f1bet filter lilttatwn. 
Z.l If comp..hhle (e.11- prcc1p1rJIC ur 

mult1ple plwses will not iurm un 
combme11ionl. the 1nit1al hquui pn .. sc of thi: 
waste 1s Hdded lo the hq:ud extract and th1°'4· 
liqmd.s arc •nal~"?:ed IC>flelher. If U1CC1mp .. 11bl.,, 
1h .. lic1111c.la are analucd sepu.uely and 1lw 
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ro-si.lrs ;.n: :nJthcmJt:•;.,lly cumbrneil to )id•I 
volume w1m:h1ed av1:ra:lc com:r.ntr.1hon. 

3.0 l11t.;rfem:u:L•s. 
3.1 Putenhal 1nlr.rfon:nct!!I rh.it m.1v be 

P.ncounlered dur:n11 1malys1s :ire d;sn1~S•••i in 
the indivulual 1tnalyr11.al methotb. 

4.0 Appamtus and nru:enafs. 
4.1 Agl!ahon Apparuruii: An ac1;1:p1able 

agitation apparatus 1s une which is cap.1ble 
or rolating the e:..lrJction vP.ssel in an end· 
Qver-end fashion ISr.e l'i::;ure ZI di 30.!:Z rpm. 
Suitable de,·1r.cs known to F..,A .ire uir.nlifiPd 
in Table 2. 

4.! E:1.tra1.1t11n ~·:~sci: 
4..2.1 Zero·l h:adspace i::,..1ruct1on Vessel 

!ZHE}. When th" waste is " berng lestr.d For 
mobdi1r of any volattle r.ontdminants (Sl!e 
Table 1). an urraction vessel ""hich ullows 
for liquid/solid separation wilhin the device. 
and which effectl\'P.iy precludes headspace 
(as depicted in 1-igure JJ, is ua;ed. This type or 
vessel allow~ for initial liqu1J/sulid 
separatton. e"ltmcuun. anJ final e1t.tract 
flllrarion without having to 0;:11m the vcs:id 
(See Section o&.3.1 ). These vess•:ls shall ha\ie 
an internal volume cf 5CO to 600 mJ and be 
equipped to ar.commodate 11 90 mm filter. 
Suitable ZHE devices known to EPA are 
identified in Table 3. These devices contain 
viton Q.rinRS which should be replaced 
frequently. 

4.!.Z When thl! W'4ste is beinlj evaluated 
for nther th.in vol.irile contaminants. un 
extraction vessel which Joes not preclude 
ileodspace (e.ff.. Z·liter bolllel i• used. 
Suitable extraction vessels include bt>ttles 
made from va:inus matenals. depending on 
the contammanrs to be analvzed and the 
nt1ture ol' the waste (See Section 4.3.J). These 
bottles are 11vaalable from a number o{ 
l~IJoratory aupplien. When this type of 
ex~raction ve:isel is used. tfl• filtniuon device 
diKUued in Section 4.3.2 1s used for 1nitia& 
liqutd·suhd separation and fimd extr:u:t 
filtration. 

4.3 Flitriltlon devices: 
4.l.1 Zero·Headspace ExrrJch>r Vessel 

(See Figure 3): When the waste i1 bl!ing 
evaluated for volaules. the zero-headspace 
extraction ve'lsel is used for filtration. T!ie 
device shall be capable or "upporting and 
keeping in place the glass fiber filter. and be 
able to withstand rhe pressure nP..,d...J hi 
accomplish ~cpar:!tlon (50 psi!. 

Note. When 11 is suspech!U th.11 the ii!aH 
fiber filter has b"en ruptured. an in-line )!lJSS 
fibt!r filtt>r OldY be used to !i!tcr the extract. 

~.:!.~ r1lt1:r !folder. \'\i'hen the waste IS 

b"ing , . .,,ju.ired for 01her lh-tn ~ol;111le 
r.ompount.b. d filler hui,for Cdpdh!t! of 
s11ppvrt111)! .1 )!idss fiber filter anJ dble to 
w1thstdnti the prt'!saure needed tu accomplish 
St!pdtJ!lvn 1s u~eJ. S1111able filter holden 
range frum simple vacuum umts to r"IJt1\•ciy 
compl"" ,;vswms c:apabll! of "'ening 

' pre,.~ur,. up ttJ SO psi Jnd more. The type uf 
filler hoic.io1r us"!J deµ1md,. on the prop.,rlles 
o{ thl' m.1tcr1.1! tu be rt11ereJ (S.:.e Sc..:1111n 
-'.l.JI Tht·~e d1·\·1c1•'1 'hJl! ha1 e 11 minimum 
intPrn.tl v11lum" oi JOO ml and "" P.<1u1ppto!d lo 
oltlC(Jlllmod.111: .1 m1r.imum !iltt!r s1z,. of ~7 mm. 
Filter huldl'l'll known ro F.P/\ to h1: ,u1t ... hle for 
USP. drP. ~hown m T.1!tl" 4. 

4.3 3 MJf .. r1;1ls of Con•lru•.11011· 
F.'ltracllon •11•1'1ds and filtr:'ll1on d"""'"" shall 
b,. ni:ult• 11f 1nt'tl n1,1lf'rial1 wh1t:h will n•1I 

lt!.tch or ctbsurb wnste comp11r.1m:s. <;!.1ss. 
polytetranuoruethylene IPTFF.J. or typt! 310 
!Stmnlt!ss steel equipment mJl' be us•!d "'hen 
e\·aluating the mobility of bolh orlianic anJ 

~ ino~anic components. Devicl!s made of high 
dr.naity pulyerhyiene (I IDPE). puiyprop) lene. 
or pqlyvinyl chloride m11y be ulP.d when 
evalu.iting the mobility of metal11. 

U Filters: Fillers shall be mad" or 
buro11ilicate glass fiber. contain no btmJer 
materials. and have an effective pore srze ur 
0.6-0.8 um. or equivalent. Filh:rs known 10 
EPA to meet these spec1fir.ations are 
idl!nt1fied in Table 5. Pre·filter.i mullt nut be 
used. When e"'aluating the mub11ity of metals. 
fillers shall be acid washed prior to use by 
rinsing with 1.0 N nitric acid followeJ by 
three consecutive nnses with deionized 
distilled wa:er (minimum o( SOO ml per rinse). 
Clas. fiber filten are fragile <ind should be 
handled with c.ire. 

4.~ pli Meters: Any o( the commonly 
available pH meten are acceptable. 

o&.8: ZHE extr3ct collection devicn: 
TEDI.AR• bags or glass. slainless ste.il or 
PTFE gas tight syringes are used to collect the 
initial liquid phase and rhe final elltract of the 
waste when using the ZHE device. 

4.7 ZHE extraction fluid collection 
dt.-vices: Any device ca;i11ble or transferring 
the extraction iluid into the ZHE without 
changina the nature or the extraction fluid is 
acceptable (e.a.. a constant displacement 
pump, 1 pa li1h1 syrinp. prenure filtration 
unit (5" Section •.3.2t,. °' anodler ZHE 
device>. 

4.8 Laboratory balance: Any li1bc>ratory 
balance accurate to within :::0.01 grams may 
be uSf!d (all weight meaaurl!menrs are lo be 
within %0.1 grams}. 

5.0 /Wag•nta. 
U Water. ASTM Type t deieaiaed. 

c11rbon treated. d'earbonized. filftned w1ttel' 
lor equivalen& water that ii treated lo remove 
volatile w..-n11) siialJ be_u1ttd wlau 
evaCuatint waatn ret velillllr. cMf......,,t•. 
OtherwiM, ASTM Type 2 deionized distiHt'd 
wafer {or equivalenll is used. These wiuers 
should be monitorl!d periodir.ally for 
impuritiu. 

5.2 t.O N Hydrochlonc acid (HCIJ made 
from ACS Reagent grade. 

5.3 1.0 S Nitric acid (HNO,J man" from 
ACS Rea~ent ivade. 

5.4 1.0 N Sodium hydroxide t'.'l•Olf) made 
from ACS Reagent grade. 

5.S Glacial acetic acid (110:\.:I m:.Je fn1m 
ACS Reagent grade. 

5.8 Extraction flmd: 
5.8.1 Extraction fluid =t. Th:s fluid is 

made by add:n~ 5.:- ml gidci.d HOnc 10 500 
ml of the .~ppropnate water (See Sec11.,n 5.1). 
adding 6"&.J ml of 1.il :'ol ;t.;dOll. .and Jilu1tn:; to 
• volume of 1 liter. When corr~ctly prepar,.d. 
lhe plf of thas fluid will he 4.Yl ~ 0.1)5. 

5.6.2 Ei.tracliun fluid 32: This n1.1d Ill 

made by Jilutmg 5.7 ml glac1JI HOAc with 
ASTM Type:: water (See &!o:tuin 5.1) tll .i 

\tllume oft litP.r. WhP.n 1:or~t!y prPpifr•~d. 
the pH of thlS nuid w1i! he :?.1111 = 1).1);;, 

Nute.-Tht!Se elllrif<:ti.1n 0111Js sh.ill lw. 
ni.ide up fresh d;i1ly. Th" pll ~houlJ b" 
1:h~l..t!d pnor 10 use lo insure th.ti lhey .trP. 

"TEDLAR 1" a r"!l18te~d lri1Jcm11rl. 11( 

OuP.tnt. 

D-293 

m.1Je up Jccura:ely .• 111J thr.se fluuls ~h .. Jlol 
ht! nionHnl'l'li frr.qurntl)· for impurrll•:s. 

5.7 An.ii) 11.:al SldndarJ1 sh.ill be 
prepal'P.d acr.uriling to thP. approprsatP. 
.it'alyti1:.1l ir.P.lhod. 

6.0 S11nrpl11 c.,11.-,·111m. pr··~t!r• 11tu•11. mr.r 
h,111tf/i11g. 

11.l All sJmple!I sh.1/I be r.ol!P.rtP.J ussng .1 

sampling plan that addr1?Sses the 
con11dera1ton discussP.J in '"Test Methods for 
!::valuating Suhd WJstt!s" (SW-3-&61. 

8.2 PrP.sP.n•all"eS shall not be .iddt!d ro 
.sampl~. 

8.3 Soimplc:1 i;an be refrigerdlt!<l u1:le~s 11 
results 1n irrevers1blP. physical ch<1nges to the 
WdSle. 

8.4 Wht!n :he wJste is to he e11t1lu.i•e<l for 
volatile contaminants. care must be talt.•m to 
insure that these are not lost. Samples shall 
be taken anJ stored in a manner which 
prevents the loss o( voldllle conrammants. If 
possible. any necessary pan1cle 51ze 
redu1:tion should be conducted JS the samµle 
is bein51 taken (5.!e Seep 8.5). Refer tu S\V~6 
for additional samplin~ and slur.1ge 
requirements when ~olatiles are 
contaminants or concern. 

8.5 TCLP t"Xtracts should be prep.ireJ fu1 
.in11lysi:1 .tnJ analyzed as soon a,; possible 
following elttraction. If they need :o be 
stored. even for a short period of ltme. 
storage shall be at 4'C dnd saniplei1 fur 
volatiles analyS1s shall not be allowP.d to 
come into conlact w11h the atmosphere (i.e .. 
no he;1dsp;1ce}. 

7.0 PrOl"P.tfur,. llih,.n 1·0/atiles are 1101 

111vol•·erJ. 
Although a minimum sample size of !00 

3ra111s is TP.qnired. a larger sample size m.iy 
ile neuuary. depending on the percent 
aoliO. of the w.ale sample. Eneu!jh waste 
snmpre sf11>11ld be collected such that 111 lea!! 
75 grvms of !lie solid phase or the waste tas 
dttl-lfted usin3 glass fiber filter riltrauonJ. 
Is •ittr:lctr.d. Thie w1il tna..re thal there ii; 
.etlequale ex1ract for the required analyses 
(e.g.. semh·olatilt1s. metals. pesticides and 
herbiciJesl. 

The determination ur which 1ntrac1lon flu1J 
to use (51!1! StP.p 7. lZI ma:v also be conduct~<i 
it the stan of lhas procedure. This 
d1:tcrminatiun shall be on the solid phd'il! of 
the waste (l\s obt.irned using gld5s fiuer filr"r 
filtr•t1onJ. 

7.1 If the l'llJSle ... 111 obviouslv 111ckl no 
free liqu1J whP.n sub1ectcd to pr.;s~ure 
filtrahon. WP.11th •Jut a rrpresentdllve 
subsample •lf the WdSIC ( 100 ~ram m1r11nur..1 
4nd proc~d 10 Step 7 11. 

1.2 (f the sampie IS lu.:1u1J or mult1phd,•C. 
lit1uid/solid separation 1s re<Juired. T~1s 
involves the filtrdllun device discussed in 

5'M:tion 4.J.2.. .ind 1s outlined in Sl•!ps 7 J :o 
7.9. 

7.3 l're·"'•'111h the filter and the cnntdm.,r 
whu:h will n!t:l!1ve thP. filtratP. 

7.4 r\umr.hle filt .. r h•lldcr anJ filt.,r 
fullnw1n111he manufacturer's 1niitru .. 1ums 
Place tht! l1lter on !he 1upport scre1:n dnJ 
secur ... :\t:1J \Oootsh the filter 1f evaluJ11n11 th" 
mohilit~ uf Rlt!ldls (See Sectum 4 4). 

7.5 W .. 1.;h •IUI 4 rr.presentallve sulJ<1.ampJ,. 
of the ... a1IP 111111 ~ram minimum) .inJ rt'!c:nr.J 
Wf't)!ht. 
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':'Ii 1\lluw !1lurr1r~ lo !II.ind 10 pnm1I the 
solid ph11!le lo S<'llle. W.1stl'S thttt settle 
!lluwly mil~ he ccntrifoi;cd prior lo filtration. 

':'.7 Tran~fer the waste samplt· lo the filter 
hnldr.r. 

Nole.-lf WiJSle matcrwl h111 nh\ iuusly 
adherrd to ti~ container used lo lransfor lhe 
sample to the filtr;illon ap;i.1ra1us. determine 
the weight of ihii. residue and subtract it from 
lhe sample weight delermined in Sl!'p 7.5. to 
dPterrnine the weight of the wastP. samplP. 
whid1 will be fillercd. 
Cri.iJUdlly apply \'aCuum or !JC:itle pressure or 
1-lO psi. unul air or prt!ssunzrng gds moves 
through the filler. If this point 1s nut reached 
under to-psi. and if no additional liquid has 
passed through lhe filler 10 any :: minule 
inlerval. slowly increase the pressure in 10-
psi increments to a maximum of SO psi. After 
each incremental increase of 10 psi. if 1he 
pressunzin~ gas has not moved through the 
filter. and if no additional liquid has passed 
lhrough the filler 1n Joy Z minute inlen·al. 
pro<.eed ta. the next 10 psi inc~ement. When 
the pressurizing gas oegins 10 mO\"e through 
the filter. or when liquid flow has ceased at 
SO psi {i.e .. dues not result in any additional 
filtrate within any 2 minute period). filtration 
is stopped. 

Note.-lnstantaneous application of high 
pressure can degrade the glass fiber filter. 
and mc1y cause ptemature plugging. 

7.8 The material in the filter holder i1 
defined as the solid phase of the waste. and 
the filtrate is defi!led as the liquid phaH. 

Note.-Some wastes. such as oily wutP.S 
and some paint wastes. will obviously 
contain sume ma:erial "·h:ch appea:-s to be a 
liquid-but even iiiler appiying ~acuum or 
pressure filtrauon. as outlined in Step 7.7, this 
matenal may not filter. If this is the case. the 
material within the filtration device i1 
defined as a solid. and 1s carried throush the 
extraction as a sohd. 

':'.9 Determine the we:sht of the !:quid 
phase by subtracting the weight or the filtra!e 
contilmer (See Step 7.3) from the Iota.I weight 
of the fillr.ate·filled container. The liquid 
phase mily now be e:ther analyzed (See Step 
7.151 or stored at 4"C until time or analvsis. 
The weight of the solid phase of the waste 
~am!'lle 1s determined by subtracting the 
WCI~··' Of lhe liQUld phase from the \-.eight Of 
the total waste sample. as determined 10 Step 
7.S or 7.7. Record the weight of the liquid and 
solid phases. 

Note.-lf the wc1;;!:: of 1!ie solid phase of 
the w.1stc is less thi.lr. ·3 ~rams. reo.::ew Ste::i 
:-o 

7 10 The sample "':I! lie bar.died 
d1H1•rrntly from this point. depending on 
whe1her it contains more or less than 0.5''\ 
sohds. If the s11mple ob' 1ously hi.ts gre1t1er 
than 0.5''1, solids·go IO Step :- l l. If it appears 
that the solid may n•mpr1sf! l!'ss than 0.5•; or 
the total ..-... ~te. the percen: sohds will tJe 
dc1erm11u:d .is follows· 

:-.10.1 Remo\ P. the solid ph •• s .. dnJ filler 
f:nm !he iihrntrnn ap::iaratus. 

7 10 . .? Ury ll'le fi!:cr ;ind solid ph.1st' .it 
1oo=:::o·c unlll two succes~1ve we111hio11s 
i.11~ld the same \-.1h:c. Record finul w1:111h1. 

7. 111.3 C.1lr 11l.1tt' the ot•rr.rnt "nl11I! dS 
follow": 

\VP1gh1 of Jry wa,.tt• .ind filters mmu! t..rrJ 
Weight Of fiht!rS dl\·ided by initiitl W1'ight 
o{ waste (Str.p 7.5 or 7.7) mt11l1plieJ hy 
100 equals pt•rccnl solids. 

7.10.4 If the solid comprises less than 0.5n~ 
of the waste. the solid is discarded and the 
liquid phase is defined as the TCLP extract. 
Proceed to Step 7.1-1. 

7.10.5 If the solid is greatttr than or equal 
lo 0.S" o( the waste. return to Step 7.1. and 
begin the procedure with a new sample of 
waste. Do not extract the solid that has been 
dried. 
• Note.-This step 11 only used to determine 
whether the solid musl be extracted. or 
whether it may be discarded unextracted. It 
is not used in calculating the amount of 
extraction fluid lo use in extracting the 
waste. nor is the dried solid derived from this 
step subjected to extraction. A new sample 
will have to be pr!?ared for e:-:traction. 

7.11 If the sample has more than O.S~ 
solids. it is now evaluated for particle size. If 
the sulid mater1.il has a surface 11rea per gram 
of materi1i1I eq1U&l to or greater than 3.1 cm'. or 
is capable of passing Ulrough a 9.S mm (O.J75 
inch) standard sieve. proceed to Step 7.12. If 
the surface area is smaller or the particle size 
is larger than that described above. the solid 
material ii prepared for extraction by 
crushing. cutting. or grinding the solid 
material to • surface area or particle size as 
described above. When su:l1i1ce area or 
particle size bas been appropriately altered. 
proceed to Step 7.12. 

7.lZ 11tis slep describes the determ1rutt1an 
o( the appropriate extracting fluid to use (See 
Sections s.o and i.OJ. 

7.12.1 Weigh out ii sm.tll sul,.,,;omple of 
the solid phase of the waste. reduce the solid 
(if necesaaryJ to a particle size of 
approximately t mm in diameter or less. and 
transfer a 5.0 gram portion to a 500 ml beaker 
or erlenmeyer nask. 

7.lU Add 96.S ml distilled deionized 
water (ASTM T)-pe 2). cover with watchgiHs. 
and stir vigorously for S minutes using a 
magnetic st11Ter. Measure and record the pH. 
If the pH is c; 5.0. extraction nuid =1 is u•ed. 
Proceed to Step 7.1:1. 

7.1%.3 If the pH from Step 7.lZ.Z is >5.0. 
add 3.5 ml 1.0 ~ HCt. slun-y Cor 30 seconds. 
cover with ii walchglass. heat to so·c. and 
hold for 10 minutes. 

7.1:?.4 Let the solution cool !o room 
temperature and record pH. lf pH is ·.5.0. use 
e.'ttract:un fluid =1. If the pH is >5 O. 
e"ttroction fluid =2 is used. 
· i 13 Calculc1t1? the we1~ht of the remaining· 
sohd m111enal by subtracting the we1gnt of 
the sub-sample taken for Step ':'.12. from the 
original amount of solid matenal. as olitained 
from Step 7.1 or i'.9. Transfer remaining solid 
ma1er1al ioto the e:uractor vessel. inch.ding 

thr. filtt,r ust'd h• ~··1o.or.1tt• f~e 10111.11 liq111.I 
from thP ~ol1cl ph.mse. 

Nole.-lf an}· of the solid phdSe rPm.1111s 
adhered lo tlie walls or the filter holder. or 
the container used to transfor the Wdste. it" 
weuiht shall be determined. subtrncted from 
the weight of lhP solid ph11se of the \Yi1Sle. ,1s 
determined above. and this weight IS used an 
calculalinlil the amount of extraction fluul rn 
add into the extractor bottle. 
Slowly add an 11mount of rhe appropridte 
extraction fluid (See Step 7 12). into the 
extractor bottle equal to ::0 limes the we1l_lht 
of the solid phase that has been placed into 
the extractor bottle. Close extractor bot:le 
tightly. secure in rotary e:'ttractor de\ ice and 
rotate at 30 : 2 rpm for 18 hours. The 
temperature shall be maintamt'd 111 :::: = J 'C 
dunng the e:ottraction period. 

Note.-As agitation continues. pressure 
may build up within the extractor bottle (du" 
to the evoluuon of gasses such as carbon 
dioAideJ. To relieve these pressures. the 
extractor bottle m11y be perzod1cally opened 
and •e'n:ed into a !lood. 

7.14 Foilowmg the 18 hour ei1tract1on. th" 
material in the e:ir.t:-actor vessel is separated 
into it1 component liquid and solid phases b~· 
filtering through a new glass fiber filter as 
outlined in Step i.i. This new filter shall be 
acid washed (See Section 4.4) if evaluatar:g 
the mobility of merals. 

7.15 The TCLP extract is now prepared ;os 
follows: 

7.15.1 If the waste contained no initial 
liquid phase. the filtered liquid matenal 
obtained from Step 7.14 is defined as the 
TCLP extract. Proceed to Step 7.16. 

7.15.2 II compauble (e.g.. will not fur:n 
precipitate or multiple phases). the filre:ed 
liquid resulting from Step 7.14 is combined 
with the initial liquid phase of the waste as 
obtained in Step i'.9. This combined liquid 1s 
defined as the TCLP e:'Ctract. Proceed to Step 
i.16. 

7.15.3 If the i0111al liquid phase of the 
waste. as obtained from Step 7.9. is not or 
ma)· not be compatible wllh the filtered liquid 
resultintfrom Step 7.14. these liquids arl" not 
combined. The!le liquids are collective!~ 
defined as the TCLP extract. 11re analyzed 
separately. and the results are combmed 
matherr.aucally. Proceed to Step 7.16. 

7.16 The TCLP e"tract will be prepareJ 
and analyzea .1ccording to the dppropr1ate 
SW~ anal\·t!cal methods 1dP.nt1fied 1n 
Appendi" 

0

111 of to CFR 261. TCI.P e"ttr:11:ts 111 

be anahzed for metals shall be dC:d c!:~l!slcJ 
If the in.di\'idual phases are ro he dnah z,.d 
separately. determine the vol.im:: of the 
mdi\·idual ph11ses (:o 0.1 ml}. :o::d~ct ·h .. 
appropnate analyses. dnd comh1ne !he 
results mathemalaci!lly hy using,, s1mpl1• 
weighted dVf'rit~P.: 

(II I I (C, I • (11,)(CJ 
Final contatT1inant concentrat10n = 

v •• "' 
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who:re: 

V, =The volume of the first phase 111 
C, ""The concen1r .. 11on ol the r.onlaminant of 

concem in the firsl phase tmg/I) 
V • =The volume of the second phase 111 
C, =The concentrarion of the conCammant o( 

cone~ in the second phase (mg/I) 
7.17 The contaminant conc:entrahons in 

the TCLP extr:u:t are comp11red to the 
thresholds 1den11fied in lhe appropnale 
regulallons. Refer to Secuon 9 for quality 
assuran~ requirements. 

&O Procedure whet1 rnlcti.'<JS ore 
mvf11ved. 

The ZHE device has approximately • SOO 
ml inlemal capacity. Although a minimum 
sample 11ze of 100 grums was required in the 
Section 7 procedure. the ZHE can only 
accommodate a maximum 100 percent solids 
Hmple of ZS grams. due to the need to add an 
amovnt q( extracti<m nuid O!q•Jal to 2rJ li
the weight of rtwt 9Clid plia9e. Step 8.4 
provides t~ means of which to df'!term1~ the 
approximate sample sin for the ZHE deYice. 

Although !he following procedure allow' 
for particle size reduction durilljJ the cond11ct 
or the procedure. this could result in the loss 
of VoNatile COntpounds. If possible. any 
neceuary particle saze reduction {See Slep 
8.5) lbould be conducted on the sample a1 it 
is bein11 taken. Panicle size reduc:taon should 
only be conducted durina the procedure if 
there is no other choice. 

In canyins oua the £ollowin1 steps. do not 
111low the wa.te to be ellposed to the 
atmosphere for any more time than 11 
absolutely neceuary. 

8.1 Pre-we19b the (evacuated) container 
which will recewe the filtrate (See Section 
4.61. and set aside. 

&.'Z Place the ZHE piston within the boJy 
of the ZHE (it may be helpful to first moisten 
the pi.con 0-nns• slightly with extraction 
fiu1dt. Secure the gas inlet/outlet flange 
(bottom ~ngel onto the ZHE body in 
accordance with the manufacturer's 
instructions. Secure the swsa fiber filter 
between the support screens and set aside. 
Set liquid iniet/oudet flange !top flangP.I 
aside. 1 

8.3 If the waste will ob,.,oi.:.s!y yield no 
free liqwd when sub1ected to pressure 
filtra11on. weigh out a representative 
subsample of the ........ te (~gram m.iMmum
See Step 8.0J. rP.cord weight • .ind proceed to 
Step a.s. 

8A This st"P rro·:ides the means by 
which to delermme the .tpprox:m.tte sample 
srze for "!'le ZI iE devrr.e. If the w;,ste PS !iqu1J 
or multq.1h..1s1c. follow the procedure outlined 
in S1ep~ 7 . .! '.o 7 3 l::s1!'1R 1he SP.c:1on-; 
f1l!ra11on .tpp.iratu~I. .ind o!Jt<1m che p1!rcen1 
solid~ by tln·uJin:; :h,. we:11ht of the solid 
phdse of th .. "astl:' h~ the on~mal sample 
size used. If !lie \\<ISIP .ib\lously contains 
greater !hiln 0 .. 1··.; sn1:Js. )l<J ro Step 8A . .!. If it 
appr.ars tlia1 thP. s11l1J :ttd~ comprise lc~s than 
0.5'1,; of !he w:1~: .. )!'1 :o Step 11 ·U 

8.4. 1 lJ<!!err.irnr rhe ;ierccnl ~olu.ls hv 
using th'! pr.,..:i:<lure nu1!rned in Step'.". 10. If 
the w.tste i:on1.11ns lo!s, thJn 0.5'1, suiiJs. 
we1sin oul ~ new 100 ..:r.im m1n:mum 
represent .. hve §<impiP.. prncel'J to Stt•;i H :-. 

anrl follow until the h11u1J ;>il..a~e of 11: .. ""'.tSIP 
ill filtered us1n11 thl' ZI IF. ilt'\ 1cr. 1s1 .. p II.RI. 
Thi, h4u11l f::rr.11t! 15 J•'tin.,J 11s rhc TCl.P 

f!,.frdr.I. and 1s dnalnc:J Jircr:il\• If !he ""aste 
cunlains sre.tter th~n or equ .. I io 0.5 ·~ solids. 
rppe.;,t Sl•p &4 using a new 100 gram 
minimum sample. determine the percent 
solids. and proceed lo Step 8.4 . .:?. 

&C If the sample is .; zs~,; solids. we111h 
out a new too gram minimum representdtr\·e 
sample. and proceed to Srep 8.5. II ti-!! sample 
is > 25~ solids. the ma~imum amount of 
sample the ZHE can •ccommodale 1s 
determmed by dividing Z5 grams by the 
percent solids obtained frorn Slep IU. Weigh 
out a new representative sample of the 
detemuned size. 

LS After a representative sample of the 
waste lumple size determmed bom Slep 8.-i) 
ha• been wetghed out and recorded. the 
sample is now evaluated for particle size (See 
Step 8.01. If the solid material w1uun the 
waste obviously has a surface area per gram 
of ~terial equal to or greater lban 3.1 cmi. 
or is capable of passing through a 9.5 mm 
{0.375 inchJ standard 9ieve. proceed 
immediately to Slep 8.6. I! the surface area is 
smaller or the particle size is larger than that 
desaibed above. the solid malenal wltich 
does not meet !he 3bove cnleria is separated 
from the liquid phase by s1eYin3 {or 
equivalent meansJ, and :he solid is prepared 
for extraction by crushing, cutting, or grinding 

, to• 9VrfM1. •~• ar particle size as descnbed 
1bove. 

Note.-Wastes and a171>ropriate eqaioment 
should be refri1tt3red. if possible. to .f"C 
pnor to particle 1iu reduction. Grinding and 
milling machinery which generates heat shall 
not be used for particle size reduction. tr 
reduction o( the solid phase or the waste 11 
necessary. eirpo9ure of the waste to the 
atmosphere should be avoided to the elltent 
possible. 

When surface area or particle size has been 
appropriately altered. the solid is recombined 
with the rest of the waste. 
· 8.6 Waste slurries need not be allowed to 

stand to penn1t the solid phase to settle. 
Wastes that settle slowly shaU not be 
centnfuged prior to filtration. 

8.7 Transfer the entire sample {liq::id .ind 
solid phases! q•Jickly to the ZHE. Secure rhe 
filter and support screens into the top flan~e 
of the device and secure the top flange to the 
ZHE body in accordance with the 
manufacturer·~ instructions. Tighten all ZHE 
fittings and place the tlev1cc in the \ f'!rt1cal 
p0$1tion (gas inlet/outlet flange on the 
bottom!. Oo not attar.II the evr:ict co1lec:ion 
device to the lop pla!e. 

Note.-:r waste mat1mdi !t.is obviously 
adhen!d to the container usea :u transfer the 
sample to the ZHE. determine 1he wei-;hr of 
!hrs residue dnd sui>tr.a.:t 11 from the sdmple 
weight determined in Slep ti.-1. to Jeter.?:ine 
the w~1qh1 of the \.'lo.tsle ,.!:nple "h1ch w1iI bot 
mrered. 

Attach a !{ilS lmt! ff) the ~as 1nl,.t/ourler \ Jh·e 
(bottom :i.m11eJ .. rnu with th"' li4u1.i ·r.:et/ 
outlet v<1lve !top 'lan11cl ripen. l>e11m ~cµ:~ 1ng 
genlle pr .. ssurr. ••f 1-10 psi (ormore 1f 
necessan.· I ro slowlv force a1i heJol;o~i:~ l}'Jt 
of the ZI iE de' 11:e. ;\t the first ~PP•"1r;ince of 
liquid from the liquid 1nlP•.'ou1!.,r \.t;·.e. 
quu:aly dose lhf'! ~.th·e and d1scnn11r.ue 
pressure. 

11.8 Alt.ti:h t'\".tCU.tfPJ pro!·"" ~1i:he<l li:tnlle 
r.ollecllnn 1.unt:11:wr 111 !he l1qu11l .nle1, o1111(.,1 

D-295 

value Jl~U open~"'"'•!. B··ivn .. ppl;1n1< 1w111l .. 
pressure of 1-10 P•• to lon:e the hqu1u ph.1je 
into the filtrate collecuon con&o1111er. If nu 
addiuonal liqu1J has pauO!d throu~h thl' f1J1,., 
in any 2 nunute inlerval, slowly mcrc<1se the 
presautl! 1n 10 psi inc.remenlS to ,. m;i >.1mum 
of 50 psi. Afler ea<:h im:rementdl 1nc•eas•! l1f 
10 psi. 1f no dddiliomd liquid hat'pdSsed 
through the filler in any Z minuh!! interval. 
proceed lo the nexl 10 psi increment. When 
liquid flow has ceas.td such that continued 
pressure filtration at 50 psi does nor result rn 
any additional fillrare w11hin .iny :! mmu!t! 
penod. filtration is stopped. Oose the hq1ml 
inlet/outlet valve. discontinue pressure 10 the 
piston. and disconnect the filrr:irc collec:r1un 
container. 

Note.-lnslantaneous .ipphr.410on of h1)!h 
pressure can degrade tile glaas fiber filter .md 
may cause premalure plugging. 

&.9 The matenal in the ZHE is defin1!1.1 .is 
the solid phase of th~ w4ste, and the hltr.i•I!! 
is defined as 1he liquid phase. 
Note.-SO~ wasll'S. such as orlv wa~h·-; 

dnd some paint wa1otes. will obv1o~sll' 
contain some material wh1d1 appeHrs ro be a 
liquid-but Hen after applyinir pressure 
filtration. this material will not filter. If this •s 
the case. the mdterial within the filtration 
device ii defined as a solid. and is cam~d 

• through the TCLP extraclion as a sohd. 
If the oris1nal waste contained less rhan 0.5~ 
solids. !See Step 8.~J this filtrate is defined .ts 
the TCLP e:11tract: anJ is analyzeJ directly
proceed to Step a. tl. 

&.10 Derermme lhe weight of the liqurd 
phase by subtrac:i113 the we111hi of lhe filtr.ite 
conlatner !See Step 8.11 From the totdl wPr~it1 
of rhe filtr.ite-filled container. The l1qu1d 
phase may now btr either analyud (See Steps 
8.13 and 1.14 •• or stond at 4'C unul time of 
analysis The we1~hc or the sohd phallt! of the 
wute sample is detenruned hll subtracting 
the wei11ht of rite liquid phase From the wP.1~ht 
of the lotal was&e sample (See Step 8.41. 
Record the final weilP\t of the hqu1d and sohd 
phase .. 

8.11 The following Jel;uls how to drld the 
appropriate amollllt of extraction f1u1d to the 
solid matem11l w11h1n the ZHE and 4~1a11on 
of the ZHE ves1el. E.xrractaon r1u1d :1 1s used 
in all cases (See Section S..6). 

8.11.1 With tile ZHE tn lhP v-1 • ·1 ••• 

positiun •• utach a line from the extr<1ct1on 
fluid reservoir to the liquid rnlettou1ler ulvc. 
The line used shall conr;un fresh extrdt:tlon 
fluid and should be preflushed with ilu1d to 
elimlftilte <1ny "1r puckets in the line. Releoe 
gas prPssure on rite ZHF. p1sron I from the ~as 
mlet/ou1le1 ~alvej. open ti:!! liquid 1nle~/ 
uutlet v .. lve. .md begin transferring P."<tr,ic11un 
fluid (!Jf pump.}n!J •>r s1mdar means I onto !he 
ZHE. C•inlrnue pumping P.•lrar.tmn 11u11l 1n1n 
the ZllE unlll the ·,.muunt of fluid in1roJu1.cJ 
mto rhe ticvir.f! eqo.;I~ ;:o tames lhe ""!1~h! .,i 
the solid phdsP. •>f lht! ... aste tha1 ·~ :n the 
ZIIE. 

8.11.Z Aft11r th•! ~'!r;i1:l:on nu1d h.is I.wen 
ddded. 1mmed1ately clos~ the l1qu1J :ni•:t/ 
outlet \' .. Ive. and d1scunn .. 1:1 th,. .... tr.11.1,on 
flurd lint!. Chee:!. 1he Z! IE lu m.t"I! sure 1h..11 
all vaf\"es arc in their closed po0i1t1uns. P".i. 
up lhe ZI IE and phys:c;.lly rotJlt! •h•! J.,v ... P 

in"" 1•ncJ-.l\"r·.,nd (,1~h1on :! •>r I 111110·~-
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Rcpu11tion the ZI IE in thl! vertical position 
with the liquid inlet/outlet valve on t('p. Put 
S-10 psi behind the piston (if necessary). and 
slowl)· open the liquid inlet/outlet valve lo 
bleed out any headspace (into a hoodl that 
may have been introduced due to the 
addition or extraction Ouid. This bleeding 
shall be done quickly and shall be stopped at 
tlie first appearance of liquid from the valve. 
Re-pressunze the ZH.E with S-10 psi and 
check all ZI IE fittings to insure that they are 
closed. 

8.11.3 Place the ZHE 1n the rotary 
elltractor apparatus (i( it is not already there). 
and rotate the ZHE at 30 + 2 rpm for 18 
hours. The temperature shall be maintained 
at Z2 :!: + 3"C during agitation. 

8.12 Following the 18 hour extraction_ 
check the pressure behind the ZHE piston by 
quickly opening and closing the gas inlet/ 
outlet valve. and noting the escape of gas. I( 
the pressure has not been maintained (i.e .. no 
gas f!!lease observed). the device 1s leaking. 
Replace ZHE 0-rings or other fittings. as 
necessary. and redo the extraction "·1th a 
new sample o( waste. I( the pressure within 
the device has been maintained. the material 
in the extractor vessel is once again 
separated into its component liquid and solid 
phases. If the waste contained an initial 
liquid phase. the liquid may be filtered 
directly into the same fillrate collection 
container (i.e .• TEDLAR• bag. gas-light 

synnge) holdins the initial liquid phase of the 
waste. unless doing so would create multiple 
phases. or unless there 1s not enough volume 
lert within the filtrate collection container. A 
Sf!p:irate filtrate collect1on container must be 
used in these cases. Filter through the glass 
fiber filter. using the ZHE device as discussed 
in Step 8.8.. All extract shall be fillered and 
collected ir the extrc1ct is mulli·phi1s1c or if 
the waste contained an initial liquid phase. 

Note.-U the glass fiber filter is not intact 
following agitation. the filtration device 
discussed in the NOTE in Section 4.3.1 may 
be used to filter the material within the ZHE. 

8..13 1r the waste contained no initial 
liquid phase. the filtered liquid matenal 
obtained from Step 8.12 is defined as the 
TCLP extract. If the waste contained an 
initial liquid phase. the filtered liquid 
material-obtaiiied from Step 8..12. and the 
Initial liquid phase (Step 8.81 are collectively 
defined as the TCI.P extract. 

8.14 The TCLP extract will be prepared 
and analyzed accordin8 to the appropriate 
SW-346 analytical methods. as identified in 
Appendbt Ill of 40 CFR 261. If the individual 
phases are to be analyzed separately. 
determine the volume of the individual 
phases (to 0.1 ml!. conduct the appropriate 
analyses and combine the results 
mathematically by using a simple volume 
weighted averagr. 

Final contaminant concentration'"' 
(V,J(C,J +(V,J(C.J 

where: 
v, =The volume or the first phase (ll 
C, = The concentration of the contaminant of 

concem in the first phase [mg/I) 
V, .. The volume o( the second phase (1) 
C, = The concentration o( the contaminant cif 

concern in the second phase (mg/I) 
8.15 The contaminant concentrations in

the TCI.P extract are compared to the 
thresholds identified in the appropriate 
regulations. Refer to Section 9 for quality 
assurance requ1remer.ts. 

9.0 Qualit.1 .4ssura11ce rl:'Qtilreme11ts. 
9.1 All data. including qu11hty <sssurance 

data. should be maintained and ;warlaole for 
reference or mspectron. 

9 . .:: A minimum of one bl.rnl.. for t!\t!I"\" 10 
t:'<tractrons thdt h.i\'e been conducted rn-an 
I!"< traction \'es1el shdll be employed JS a 
check tn rll'tP.mune 1f .1n\· memoro.• effects 
from th., c>.tr.1ction cqurpmrnt •~ -ocr.:.irnni:
One blitnl. shit II also !Je emplo} cd for e'·ery 
new batch of leaching llu1d that ·~ made up. 

9.J All qu.tl1ty cpn•rul measures des1;r1h!'d 
111 the i1ppropr1dtl' analytical methods shdil 
Ut! follow .. d. 

9... Tht! mt!thod of stand.1rd .1dd11lon ~hall 
!Je t-mployeJ for each w.1ste I\ pe if- 11 
R1•covery of 1he r.ompound from •111k1•d spill~ 
of the TCLP e'tract rs not betWl'f'n 50 dnd 
t5()"1.. or 21 If th•· concentrahon of the 

v .. ~v. 

constituent measured in the extract is within 
20% of the appropriate regulatory threshold. If 
more than 1 extraction is beins run on 
samples or the same waste. the method or 
standard addition need only be applied once 
and the percent recoveries applied to the 
remainder of the extractions. 

9.S TCI.P extracts shall be anal)·zed 
w;thm the following periods after generation: 
Volattles-14 days. Semi-volatiles-40 days. 
Mercury-28 days. and other Metals-180 
days. 

TA81.E 1--VOLATll.E CoNTAMINANTS '. 

Aceson. 
ACTV'O"'•· ... 
Benze,,. 
n-Out;'t aw:ortoe 

~0-C.•r.,.,., lffiilC"fOr·Je °'""-·· ... CNo<ot.,,... 
1 ZOtcfttOfoe!'\..,_ 
1 'Doc,,.,.~ ... "~ 
Erno,. ac:t.t•te 
E1ny1 t>enZen• 
Etn¥t e11\C'1' 

P.A•:r·~noi 

Mllf'Clty-C~ CNOtlCM 
..,.., ... .:tn.,1 11etone 
Mttt"¥t '!t.OOu"*' ••tone 
1 t 1 2 1" .C:,.K""°'°'"" .... 
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CA$NO 

67-'S'-I 
101-13-1 

71-&J-Z 
71-3-
75-15-0 
56-ll·S 

- ' IGe-90-• 
67-66-3 

107-06-2 
•5-35-• 

141-li-9 
100-'1·• 
00-~1 
78-83 ·I 
6•-56·• 
'~-09-2 
18-!13· J 

109- •0-• 
&:l'>-<:0-i 

TA81.E 1.-VOLATll.E CoNTAMINANTS ,_ 

Continued 

CASNO 

1.1_2.2-Tevacntcwoemane ... ... . - I 19-34-5 
Telf_,,,_ .... ·- -·---· __ ----- _ --··- ·- - 127-tl-• 
T- . -· .. ·--· -·· .. -··· ····-·-···· - IOll-88-3 
1.1.1.rnc:no- _ __ _ ___ ·-- __ , 11-55-6 

~~~-:_:·_:::.::_:·::.:.:.-··:-:-_ .:. -_j ;~:~ 
Tnc____ ·- ......... _ --·- I 75-69-o 
1.1.Z·Tnc!llO<O·l.Z.Z·tnfluafoetnane ' 76-13-1 
VlflY'-- -------··· -··---- , 75-01-4 
Xylene ___ __ _ --· ····--···· -···---··-··-- ·-- l 1330-20-1 

' - - - "'"""' - lar><I ()SOOSoll Res- lltM - IN TO•ICllY 0..act8'0SllC 

TABLE 2.-SUITABLE ROTARY AGITATION 

APfJARA TUS I 

Aslooalecl OftotJn ! "'"'·- v-. - -ac1unnt (7031 5'•5991_ 
C<:I. 

I -
I._ ... 
I """"'• Js-s ... I-· Wllttmor• Ulle. I 10-vesset 

McftoJM. (31 JI I --=· 
••-119. I 

IA'\ -. S11aO s-. "'*10 I 1~·-
- l-atOl'f· I Rico. (tl09t 752- I CMotC• 

£i.A1 E•- -··-·-----!--···~-··- ---·--·--- ... i "=-• 
.,,,., __ rotaleS!lle_ec: __ .,_._ 

-- , • .,_. 1130 :!< 2 - .. --· ·-. --· .. - ~ .. --- 11.,,._, 11eo ,_ ............. NI-· ZHE --TA8LE 3.-SUITABLE ZERO-HEAOSPACI 

EXTRACTOR VESSELS 

-No 
37~Zl18 

~........... (70l:ll 5'•5-"--Oelql I Aler.-. "-

...._. Cor!J --·-··- -·· I 8-orll. S01P591C5 

r 
Mas_ns_ 
llOOI 22S-JJ84 

TABl.E 4.-SUITABl.E Flt.TEA HOl.OERS I 

! Pleasanton. I 
I ~1eoo1I 
' 11112.n11 

-
•25910: 

.-U2COO' 142 : °"°'"" c.ok,,-. 
i 1••51 821-6010 

9eaf'ard. I VT30142 .... N, u: 
: ..... 'SSKftuMCtS. ; :c J( 1co.a100 ; ~: 
; (8001 225-33&1 : ; 

1 """a.nee c:ac.IOle of seoara11n9 me~ trom ,,,. so""1 
pnase OI rne ••S1e IS "-"I.ale. PfOVGnq m•• 11 1$ c~ally 
eo.TOlftOle •trt me •ols1• ano tne eans111uen'9 10 oe ana
lyzed Pf•src .:JllW:l:i ,.,Of trstea aoow•• maw oe u~ ·~ 
Oftft 'not'9oi1"C COMamlnar"fS are Of COl'\Ctttn 

TASl.E 5--SUITASl.E Ftt.TER MEOIA 
~ 

I 

'c:t.1-.-J•W'f 
I 12011 1n-seoo 
I 
I 

911.uNG cooe ·--

OFF 0. 
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FIQ.RJ:: l: 'OCLP f' .lcwchart 

WET wASTE SoMPLE WET WASTE SH!Pl.E: 
CUIIA.INS < 0.5 % 
r~-t'Il.XEAABLE ----i REPRESENTATIVE WASTE: 

SPMPLE 
CDND'\INS > O. 5 \ 

----- ~IC:£ERABLE 
SOUl.S 

CRY WASTE 
SMPLE 

SOLID----• 

UQUID/SOLID 
SEPAAATIOO 
cl.ti::O:S um _DISCARD 

GLASS FIBER SOLID 
FICT~ 

s::>L?O 

REDUCE PARI'ICI.E SIZE IF >9. S I11ll 

CR. &JRl''ACE ARFA < 3. l on2 
·, 

'OCLP E:xrnACI'ICNl 
CE' SOLID 

o-HFA.ll)PACE EX!RACTCR I 
REX)JIRED FOR VOtATII.ES ' 

LIOUIO/SOUO . 
SEPARATION 

0. 6--0. aUm GtASS -
FIBER FI I:fERS 

I 
LIOOID 

DISCAID 
SOUD 

SOLitS 
I 

LIQUID/SOLID 
SEPAAATICH 
O. 6--0.8 um 
GIASS FIBER 

FIU'ERS 

- I 
. UCUIO 

I 
STORE AT 

4°C 

T--------
L ·rcr..p EXI'RAC.i;' _ 

'IC t. l? EX'IBACT 

' ANA!.. 'ft' IC AL 
Ml::'t'HOU) 

___ TCLP E:ic:rAACT __ _ 

l The extraction fluid emplcyed is a fl.J'\ct ion ot. the allcalinity of the S'J li'1 
phase of the waste. 
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t:1 
I 

N 
\0 
00 
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i 
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1.lquld lnlet/OutloJt V•lv• 

Boch· 

Zero•ffead•o•c• £xtaactlon Ves1el 
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eotto~ 
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I 
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4. Amend Table 1 or Appendix Ill or 
Part 261 to add the following compounds 
and methods in alphabetical order: 

Appendix Ill-chemical Analysis Test 
Methods 

TASL.E 1.-ANALYSIS METMOOS FOA ORGANIC 

CHEMICAL.S CoNTAINEO .... SW-846 

s.c-t 
~ 

,,..,._ -_ .. _ .. 
a.-.,--·--·--·-·- 1.02. 824 8020. 8024, 

503011240 

S..CZ<ND.,.,.,..,. 1.01.1.24 11110. 112..0. 
3510llZ7Q . 

Ctedsl---·-·--···--· 1.04, 1.25 8040. l250. 
3510/8270 . 

Oicrolol--···--···-·····-·--·· IOI. 1.02. 11110, llZO. 
l.1Z. 1.25 8250. 

351911270 
1.2-0icnm-. .. ----·- a.o~. u• 8010. 12.-0. 

5030/1240 
1.1-0lclllui~~----. - 50301U40 

2.4~-------· I.QI, 1.25 8090, 8250. 
351011270 . ....____ ________ 

1.12. 1..25 1120.12511. 
3510<1210 

~- l .,,, ·---·-- 1.12, 1.25 1120. 8250, 
351019270 

Hw.-1'6 .... 1.12. 1.25 8010.1240, 
2110/1270 . ......... -----·-··· !IO:J0/9240 . . . . ....... ~ IOIO ........ -·----····- ··-·· .. 503011240 . . . ---···--·---..... _ ......... 1.09.1.25 l090. l250. 
3510/1270 

TA8l.E 1.-ANALYSIS METHOOS FOR ORGANIC 

OiEMICALS CoNTAINEO 1N SW-846-Contin
ued 

•l'waidllulUCll•IOI ... - .... _ ...... _._ •. 1.04, 125 8000. 1250. 
3510;~70 

,.._ ···--·--·-··········· .. -··-·-··-- 104. 125 8000. S250, 
122 81.-0, 

3510/1270 . 
~ ··-·-···-·····-'·····-···-·- l.OI. 8.09. llO'JO. 8250, 

8.25 351018270 

TW-.-..Cll __ .................. 1.01. 1.24 8010. 4240. 
503011240 

Tft_,,..,,._,.. 503011240 

T•«lllCE°"'•Wlllll ·-·-·--· 1.04. 1.24 8040. 8250. 
351018270 

T.,..,.. ··-----····-·-····-·- I.OZ. 1.24 8020. 8024, 
503018240 

T•-..Cll····--····--··--· 101.1.24 8010. 8240, 
5030/4240 

T1<A11CtWlftylel .............................. 5030il240 . . . . 
r • .., .. _...., __ .... - ........ _ .. 1.0ol, 1..25 8000. 8250. 

351011270 . 

PART 271-:AEQUIREMENTS FOR 
AUTHORIZATION OF STATE 
HAZARDOUS WASTE PROGRAMS 

1. The authority citation for Part 271 
continues to read as follews: 

AuthOrity: Secs. 1006. Z002(a). and 
:JOOBofthe Solid Waste Disposal Act. as 
amended by the Resource Conservation 
and Recovery Act or 1976. as amended 
(42 U.S.C. 6905. 691Z{a). and 6926). 

Z. Amend§ Z71.1 Paragraph (jJ by 
aJding the following entry lo T dUlc l in 
chronological order by date of 
publication: 

§ 271.1 Purpow and SCOSN. 

(j) • • • 

TABLE 1.-AEGULATIONS IMPU:MENTING T"4E 

HAZARDOUS ANO Souo WASTI: AMEND· 

MENTS OF 1984 

June 13. 1986 

PART 302-DESIGHA TION •. 
REPORTABLE QUANTITIES. ANO 
NOTIFICATION 

t. The authority citation for Part 302 
continues to read as follows: 

Authority: Sec. 102 or the Comprehensive 
Environmental Response. Compensation. and 
Liability Act or 1980. 42 U.S.C. 960!: Secs. 311 
and 50l(a) of the Federal Water Pollution 
Control Act. 33 U.S.C. 1321 and 1361. 

Z. Section 30Z.4 is amended by 
revising the entry for MCharacteristic of 
EP Toxicity" in Table 302.4 and the 
footnotes are republished as follow: 

§ 302.4 Designation of hazardous 
substances. 

TASt.E 3024.-USr OF HAZAAOOCJS Su&STANC!:S ANO AEPOATA8LE 0UANTITIES 

--....._. w-···--···· ......................... _. ··- ·- .... ·-········-·-···-·-····- ·-·····-·····--·- ··-···-··········-···--. . 
Toad\f' 0-KMeW .. _.. .... ... ..... .. .. ....... ---- -· --· -· --- ·---·-·· .. ·---.. _ .. ____ ........... --···· .......... _ ..... · ...... .. ... . 
~ ............... - ....................... - ...... - ... -.... 107131 Z-"'---... --.. -...................................................... . 
Al-.c: .................................................................. ___ ..... ·-········-···-···--·-········· ..... . .................... ········ .. 
8- --............... - ... ·····-··· ..... - ............... _ ........ ·-·---·· ..... -··- ..... ·----·····--.. ········- .......... ·········· ........... . 
~ .......................... -····- ·--········-·-···-.. •··• 71<12 ····•··• ........... ··--·-·-···--··-· ..•. . ... . ............................ . 
a..cz__, - ................. ----..... .......... 11..., ()cNoloof1¥ - E-. 1,' '°"'°"' 2..,,._ ........ .. 
c:-.............. - .... - ...... - ... ·····--· ·-·-··-·-·· ········--- -· ............ -·· .. -----·-..................................... - .......... .. 
c.llon .....,_ ........................ ·-·· ...... -. ....... ... 1'5150 c.._. -·· ...................... _.__ . . ................. .. 
c.--- ··-·-········· .. .... .... sms ..... .,,..,.. ,_ ...................... . 
~ ............ ····-·· .. ... .. 5774 CNoralrle. - <.7-. 1.2.456.79 ... 

-Ja.<.7.7a ... _ 
Cl1IOhJIN41l..... ..... ......... .. . 1-7 --· .,_.,.. .... . .................. . 
~ .......... .. ..... .... t1IG --.-... ........................ - ········ 
0w.......... .. .... . .. ····· .. .. . . . . ... .. ....... . . . .. . .. . . .. -· . ..... . ..... ··········-······ .. ·- ... . 
e>O- .. ····· .............. ... ... . ............ ...... ...... .... -7 ~ -·. ········· ............... ········ .................. . 
~ .. -... ·-·-······-··-···· -· ··-·- .... -···· ····-······· I- ....c.-..,,.. .... ······ ······-· .............. ······ ......... . 
p.0-...... - .... ·-··········· .... ··- ... . . . -··-· ·- p.0- -· .......... _ .. - ............ _ .................. .. 
2.•.0 .:. ... _.. ........ ..... . ... ... .. . . . . ... - .... .. . ..... ··-· .. .... . ····--··-· - ............................. - .... ·-· ............ . 
12-~-.............. ....... .... ... _,, a...z-. 12~- .......... . ... . 
1 ... ~- --·· ········· . 1-7 a.-.-. 1.-~,.. ... ... . ..... . 
1.2-0ic:Nor.,..,... ..... -·····. ·-··. .. ... ......•. •010U e,..,.. 1 z--e-- .. .. . . . . ..... . 
1.1-0ocllll»Wlft,...,.. . ................. .• .... ... . ... 1'354 E-. t.1-dcNor•~-=- ............. . 
Z.•~...... ...... .... .. .. IZ'!t~ -·- l·~Z . ..._ 
e,..,, .................. ········· .. - ........................ ··------ . ······ ......................... - ....... . "-4_..,.,..._, - ,,........_.,..._. 1•56.7.88-..,_ 

---·-············-.......... ~ ... ·-··· .... _ ..... -- .. . ........ .,....,. ....... _ _ ______ .................... -__ .......... ·--·-············· ................. . L-.. _............... .. ......... ..... .. .... . ..... ·-· ... . 
Je.•7.1•~ 

ltC'4t a..-. - .... 
IJIW.1 1.,...i:S IC. 1.1.2.3.• 6. ~ 
17121 E __ 11.1z..z.2_,,.._ ........ . ,.,, -....-""1 . .._2.-. .. 
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RO 

1• 

1' 
IOIJ ,. 
1• 

•ooo 
I' 
1• 

5000 
5000 

100 
5000 ,. 
'"°° •ooo 
1000 
100 
100 
100 

5000 
5000 
lilQO 

,. ,. 
1• .. ,. 

s._., ,.. .... RQ 

COiier ACllA Cale9D'V Poulwa 1K9J 
-No. 

• 
'·'' 00111 B t00••4'S4t 

• coo. x 1:10•SOI 

• 0005 c IOOOl<SOI 
1 Z.3.• 0019 c 1000•1•S.OI 

2.• 0020 x 1at0•54, 

• coos x 1•40 •S-01 
I.• 0021 0 5~••:.2701 

'Z.• 0022 0 SOOO••Z271J) 
1 2.• 0023 • I :o\) •541 

1.2.• 0024 s f0Qj4~ ., 

I Z.4 0025 0 'Sl)()(J••'2i'0) 

• 0007 • 1 :10 •S-01 
1.• 0029 c 1()1'1(J••f•5•• 
1.< 0027 c 1000••f.&S,.1 
I.• 0029 c •009••4•S.t 
I.< 0016 a IOOt•S•I 

1.2.• 002'3 a 1~•5•1 
I 2.4 0030 B 100.•5 ., 
I 2.4 0031 0 S000-•227'll 
I Z.• 0032 0 s.ioo .. r;a~,, 
1.2.• 0033 c IOO'l:>f'l~I 

1.4 0012 • ''° •S-01 
12.< 003.a " •=•0"~' 

2.• 0035 • •••0•541 
2.< 003' • IZIO •5'1 
'.• 0037 • •••04'54) 

• oo:i. D SOOOl2210I 
• OOlll • t•••O•~t 
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TABLE 3024.-lJST OF HAZAAOOUS SUBSTANCES ANO REPORTABLE 0UAHTITIEs-Contmued 

RO 

------------------~----
~-·········. ····--···· ··-- ··-·· ··---·-· ------. ·-··--· ···-··-··-···-· ·····. --·--··--··-··· -..... ·--····-- ··-· -
w.ca.,. ·········- . ··-······-·-·· ·········-·-··- -----··· ------·· ·····--·· ····---· ·- ······--··-··-···-··· ·-·--·····--·····-· .... 
-.0.jJCNat ..... -- ·--.. ---............ ---·-·---·-··--·- --·--·-···--·-··-· --·· ···-····--··--··················· 
-.,...,.--······-···-·--·-·-·····----··· 75092 ...._,., - ·-·-·····- ············•··· ·-···-·-· ............ . 
~ ..... "-··-····· ··-·· .. ·------- 71"3 2.a..i.r-.... ----······ .... ········ ········ ··-·········· ····· .... . 
---····--···-······ --···-·-··----- 91153 ...__ ----·-·--·····-········· ·····-··-·····-·· ............. . 
.._.,. ..................... ···--·-· ·----· 171111 ""-'al.~ ........................ ······· ................ ···-. 
"'-'GI ····-·----··----- . --···------ lott52 a..-. ftycln)sy· ···-··-········ ... ··············--·-··················· 
...,._·-·--·-··--··-·· ··--· - -- ·--·-- llotlt ·····-··-····----·········· ··················-······-···-·········· --· 

~.::::=:::::::-~.:.::-~~=:::::::.:~.==--====--==---=--==::.==~-::::::=:::::::::: .. ::::=: 
1.1.1.z.r--.oe- ------· 13112111 e-.. 1.1.1.z.-. _____ .......... ·-··-·-·-··· ... ··-· 
l.t.2.2·T-11111----····--· 79:145 E-. 1.1.2.2- ·------····-·-···---·-... ---. 
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MERCURY IN SEDIMENT 

Method 245.5 (Manual Cold Vapor Technique) 

l. Scope and Application 
l. l This procedure' 0 measures total mercury (organic t inorganic) in soils, sediments, 

bottom deposits and sludge type materials. 
l.2 The range of the method is 0.2 to 5 ug/g. The range may be extended above or below the 

normal range by increasing or decreasing sample size or through instrument and 
recorder control. 

2. Summary of Method 
2.1 A weighed portion of the sample is digested in aqua regia for 2 minutes at 95°C, followed 

by oxidation with potassium permanganate. Mercury in the digested sample is then 
measured by the conventional cold vapor technique. 

2.2 An alternate digestion<2
> involving the use of an autoclave is described in (8.2). 

3. Sample Handling and Preservation 
3. l Because of the extreme sensitivity of the analytical procedure and the omnipresence of 

mercury, care must be taken to avoid extraneous contamination. Sampling devices and 
sample containers should be ascertained to be free of mercury; the sample should not be 
exposed to any condition in the laboratory that may result in contact or air-borne 
mercury contamination. 

3.2 While the sample may be analyzed without drying, it has been found to be more 
convenient to analyze a dry sample. Moisture may be driven off in a drying oven at a 
temperature of 60°C. No mercury losses have been observed by using this drying step. 
The dry sample should be pulverized and thoroughly mixed before the aliquot is 
weighed. 

4. Interferences 
4.1 The same types of interferences that may occur in water samples are also possible with 

sediments, i.e., sulfides, high copper, high chlorides, etc. 
4.2 Volatile materials which absorb at 253. 7 nm will cause a positive interference. In order to 

remove any interfering volatile materials, the dead air space in the BOD bottle should be 
purged before the addition of stannous sulfate. 

5. Apparatus 
5.1 Atomic Absorption Spectrophotometer (See Note l): Any atomic absorption unit 

having an open sample presentation area in which to mount the absorption cell is 
suitable. Instrument settings recommended by the particular manufacturer should be 
followed. 
NOTE 1: Instruments designed specifically for the measurement of mercury using the 
cold vapor technique are commercially available and may be substituted for the atomic 
absorption spectrophotometer. 

Issued 1974 
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5.2 Mercury Hollow Cathode Lamp: Westinghouse WL-22847, argon filled, or equivalent. ( 
5.3 Recorder: Any multi-range variable speed recorder that is compatible with the UV 

detection system is suitable. 
5.4 Absorption Cell: Standard spectrophotometer cells IO cm long; having quartz end 

windows may be used. Suitable cells may be constructed from plexiglass tubing, l" 0.0. 
X 4-1/2". The ends are ground perpendicular to the longitudinal axis and quartz 
windows (l" diameter X l/16" thickness) are cemented in place. Gas inlet and outlet 
ports (also of plexiglass but 1/4" 0.0.) are attached approximately 1/2" from each end. 
The cell is strapped to a burner for support and aligned in the light beam to give the 
maximum transmittance. 
NOTE 2: Two 2" X 2" cards with one inch diameter holes may be placed over each end 
of the cell to assist in positioning the cell for maximum transmittance. 

5.5 Air Pump: Any peristaltic pump capable of delivering l liter of air per minute may be 
used. A Masterflex pump with electronic speed control has been found to be satisfactory. 
(Regulated compressed air can be used in an open one-pass system.) 

5.6 Flowmeter: Capable of measuring an air flow of l liter per minute. 
5. 7 Aeration Tubing: Tygon tubing is used for passage of the mercury vapor from the sample 

bottle to the absorption cell and return. Straight glass tubing terminating in a coarse 
porous frit is used for sparging air into the sample. 

5.8 Drying Tube: 6" X 3/4" diameter tube containing 20 g of magnesium perchlorate (See 
Note 3). The apparatus is assembled as shown in the accompanying diagram. 
NOTE 3: In place of the magnesium perchlorate drying tube, a small reading lamp with 
60W bulb may be used to prevent condensation of moisture inside the cell. The lamp is 
positioned to shine on the absorption cell maintaining the air temperature in the cell 
about l0°C above ambient. 

6. Reagents 
6. I Aqua Regia: Prepare immediately before use by carefully adding three volumes of cone. 

HCI to one volume of cone. HN03• 

6.2 Sulfuric Acid, 0.5 N: Dilute 14.0 ml of cone. sulfuric acid to 1 liter. 
6.3 Stannous Sulfate: Add 25 g stannous sulfate to 250 ml of 0.5 N sulfuric acid (6.2). This 

mixture is a suspension and should be stirred continuously during use. 
6.4 Sodium Chloride-Hydroxylamine Sulfate Solution: Dissolve 12 g of sodium chloride 

and 12 g of hydroxylamine sulfate in distilled water and dilute to 100 ml. 
NOTE 4: A 10% solution of stannous chloride may be substituted for (6.3) and 
hydroxylamine hydrochloride may be used in place ofhydroxylamine sulfate in (6.4). 

6.5 Potassium Permanganate: 5% solution, w/v. Dissolve 5 g of potassium permanganate in 

100 ml of distilled water. 
6.6 Stock Mercury Solution: Dissolve 0.1354 g of mercuric chloride in 75 ml of distilled 

water. Add 10 ml of cone. nitric acid and adjust the volume to 100.0 ml. I .0 ml = I .0 
mg Hg. 

6. 7 Working Mercury Solution: Make successive dilutions of the stock mercury solution 
( 6.6) to obtain a working standard containing 0.1 ug/ml. This working standard and the 
dilution of the stock mercury solutions should be prepared fresh daily. Acidity of the 
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working standard should be maintained at 0.15% nitric acid. This acid should be added 
to the flask as needed before the addition of the aliquot. 

7. Calibration 
7.1 Transfer 0, 0.5, 1.0, 2.0, 5.0 and IO ml aliquots of the working mercury solution (6.7) 

containing 0 to 1.0 ug of mercury to a series of 300 ml BOD bottles. Add enough distilled 
water to each bottle to make a total volume of IO ml. Add 5 ml of aqua regia (6. l) and 
heat 2 minutes in a water bath at 95°C. Allow the sample to cool and add 50 ml distilled 
water and 15 ml of KMnO, solution (6.5) to each bottle and return to the water bath for 
30 minutes. Cool and add 6 ml of sodium chloride-hydroxylamine sulfate solution (6.4) 
to reduce the excess permanganate. Add 50 ml of distilled water. Treating each bottle 
individually, add 5 ml of stannous sulfate solution (6.3) and immediately attach the 
bottle to the aeration apparatus. At this point, the sample is allowed to stand quietly 
without manual agitation. The circulating pump, which has previously been adjusted to 
rate of l liter per minute, is allowed to run continuously. The absorbance, as exhibited 
either on the spectrophotometer or the recorder, will increase and reach maximum 
within 30 seconds. As soon as the recorder pen levels off, approximately l minute, open 
the bypass value and continue the aeration until the absorbance returns to its minimum 
value (See Note 5). Close the bypass value, remove the fritted tubing from the BOD 
bottle and continue the aeration. Proceed with the standards and construct a standard 
curve by plotting peak height versus micrograms of mercury. 
NOTE 5: Because of the toxic nature of mercury vapor precaution must be taken to avoid 
its inhalation. Therefore, a bypass has been included in the system to either vent the 
mercury vapor into an exhaust hood or pass the vapor through some absorbing media, 
such as: 
a) equal volumes ofO. l N KMn04 and 10% H2SO, 
b) 0.25% iodine in a 3% KI solution. 
A specially treated charcoal that will absorb mercury vapor is also available from 
Barnebey and Cheney, E. 8th Ave., and North Cassidy St., Columbus, Ohio 43219, 
Cat. #580-13 or #580-22. 

8. Procedure 
8.1 Weigh triplicate 0.2 g portions of dry sample and place in bottom ofa BOD bottle. Add 5 

ml of distilled water and 5 ml of aqua regia ( 6.1 ). Heat 2 minutes in a water bath at 9 5°C. 
Cool, add 50 ml distilled water and 15 ml potassium permanganate solution (6.5) to each 
sample bottle. Mix thoroughly and place in the water bath for 30 minutes at 95°C. Cool 
and add 6 ml of sodium chloride-hydroxylamine sulfate (6.4) to reduce the excess 
permanganate. Add 55 ml of distilled water. Treating each bottle individually, add 5 ml 
of stannous sulfate (6.3) and immediately attach the bottlt: to the aeration apparatus. 
Continue as described under (7.1 ). 

8.2 An alternate digestion procedure employing an autoclave may also be used. In this 
method 5 ml of cone. H2SO, and 2 ml of cone. HN03 are added to the 0.2 g of sample. 5 
ml of saturated KMnO, solution is added and the bottle covered with a piece of 
aluminum foil. The samples are autoclaved at 121°C and 15 lbs. for 15 minutes. Cool, 
make up to a volume of 100 ml with distilled water and add 6 ml of sodium chloride-

D-304 



hydroxylamine sulfate solution (6.4) to reduce the excess permanganate. Purge the dead 
air space and continue as described under (7. l). 

9. Calculation 
9.1 Measure the peak height of the unknown from the chart and read the mercury value from 

the standard curve. 
9.2 Calculate the mercury concentration in the sample by the formula: 

ug Hg in the aliquot 
ug Hg/g = wt of the aliquot in gms 

9.3 Report mercury concentrations as follows: Below 0.1 ug/gm, < 0.1; between O. l and l 
ug/gm, to the nearest 0.01 ug; between l and lO ug/gm, to nearest O. l ug; above lO 
ug/gm, to nearest ug. 

10. Precision and Accuracy 
10. l The following standard deviations on replicate sediment samples were recorded at the 

indicated levels; 0.29 ug/g ±0.02 and 0.82 ug/g ±0.03. Recovery of mercury at these 
levels, added as methyl mercuric chloride, was 97% and 94%, respectively. 

Bibliography 
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METHOD 3020 

ACID DIGESTION PROCEDURE FOR FURNACE ATOMIC ABSORPTION SPECTROSCOPY 

1.0 Scope and Application 

1.1 This digestion procedure is approved for the preparation of 
aqueous samples, mobility procedure extracts, and certain nonaqueous 
wastes for analysis, by furnace atomic absorption spectroscopy (AAS), 
for the metals listed below. The procedure is to be used when one is to 
determine the total amount of the metal in the sample. 

1.2 Metals for which Method 3020 is the approved furnace AAS procedure 
are: 

A·l umi num 
Bari um 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 

Lead 
Manganese 
Molybdenum 
Nickel 
Si l ver 
Thallium 
Vanadium 
Zinc 

1.3 If a nonaqueous sample is not completely digested by this method 
and determination as to the total concentration of a metal in the entire 
sample is required, then the digestion methods described in Method 3030, 
3040, or 3050 should be tried. Some wastes will require fusion techniques to 
completely release metals from inorganic matrices. The appropriate fusion 
method should be chosen from the literature and its applicability to the 
sample of interest proven by analyzin9 spiked samples and relevant standard 
reference materials. 

2.0 Summary of Method 

2.1 A mixture of nitric acid and the material to be analyzed is 
heated to near dryness in a Griffin beaker. This step is repeated with 
additional portions of nitric acid until the digestate is light in color or 
until its color has stabilized. After the digestate has been brought to 
near dryness, it is cooled and brought up in dilute nitric acid such that the 
final dilution contains 0.5% (v/v) HN03. 

3.0 Interferences 

3.1 Interferences are discussed in the referring analytical method. 
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2 I WORKUP TECHNIQUES - Inorganic 

4.0 Apparatus and Materials 

4.1 Griffin beakers of assorted sizes. 

4.2 Qualitative filter paper or centrifugation equipment. 

5.0 Reagents 

5.1 ASTM Type II water (ASTM 01193): Water should be monitored 
for impurities. 

5.2 Concentrated nitric acid: Acid should be analyzed to determine 
level of impurities. If impurities are detected, all analyses should be 
blank-corrected. 

6.0 Sample Collection, Preservation, and Handling 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Section One of this manual. 

6.2 All sample containers must be prewashed with detergents, acids, and 
distilled deionized water. Plastic and glass containers ar& both suitable. 

6.3 A~ueous wastewaters must be acidified to a pH of 
less than 2 with nitric acid. 

6.4 Nonaqueous samples shall be refrigerated when possible, and analyzed 
as soon as possible. 

7.0 Procedure 

7.1 Transfer a regresentative aliquot of the well-mixed sample to a 
Griffin beaker and add 3 ml of cone. HN03. Cover the beaker with a 
watch glass. Place the beaker on a hot plate and cautiously evaporate to 
near dryness, making certain that the sample does not boil. (DO NOT BAKE.) 
Cool the beaker and add another 3-ml portion of cone. HN03. Re-cover the 
beaker with a watch glass and return to the hot plate. Increase the temper
ature of the hot plate so that a gentle reflux action occurs. It should be 
noted that if a sample is allowed to go to dryness, low recoveries may result 
for tin and antimony. 

7.2 Continue heating, adding additional acid as necessary, until the 
diJeStion is complete (generally indicated when the digestate is light in 
color or does not change in appearance with continued refluxing). Again, 
evaporate to near dryness and cool the beaker. Add a small quantity of 
HN03 so that the final dilution contains 0.5% (v/v) HN03, and wann the 
beaker to dissolve any precipitate or residue resulting from evaporation. 
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7.3 Wash down the beaker walls and watch glass with distilled water 
and when necessary filter or centrifuge the sample to remove silicates and 
other insoluble material that could clog the nebulizer. Filtration should be 
done only if there is concern that insoluble materials may clog the nebulizer. 
This additional step is liable to cause sample contamination unless the 
filter and filtering apparatus are thoroughly cleaned and prerinsed with 
dilute nitric acid. Adjust the volume to some predetermined value based on 
the expected metal concentrations. The sample is now ready for analysis. 

8.0 Quality Control 

8.1 For each group of samples processed, procedural blanks (Type II 
water and reagents) should be carried throughout the entire sample-preparation 
and analytical process. These blanks will be useful in determining if 
samples are being contaminated. 

8.2 Duplicate samples should be processed on a routine basis. Duplicate 
samples will be used to determine precision. The sample load will dictate 
the frequency, but 10% is reconunended. 

8.3 Spiked samples or standard reference materials should be employed 
to determine accuracy. A spiked sample should be included with each group of 
samples processed and whenever a new sample matrix is being analyzed. 

8.4 The concentration of all calibration standards should be verified 
against a quality control check sample obtained from an outside source. 

8.5 The method· of standard addition shall be used for the analysis 
of all EP extracts and whenever a new sample matrix is being analyzed. 
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ANTIMONY 

Method 204.2 (Atomic Absorption, furnace technique) 

Optimum Concentration Range: 20-300 ug/l 
Detection Limit: 3 ug/ 1 

Preparation of Standard Solution 

STORET NO. Total 01097 
Dissolved 01095 

Suspended 01096 

I. Stock solution: Prepare as described under "direct aspiration method". 
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of 

analysis. These solutions are also to be used for "standard additions". 
3. The calibration standard should be diluted to contain 0.2% (v/v) HN03• 

Sample Preservation 
l. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
l. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.3 of the 

Atomic Absorption Methods section of this manual should be followed including the 
addition of sufficient l: 1 HCl to dissolve the digested residue for the analysis of 
suspended or total antimony. The sample solutions used for analysis should contain 2% 
(v/v} HN03. 

Instrument Parameters (General) 
1. Drying Time and Temp: 30 sec-125°C. 
2. Ashing Time and Temp: 30 sec-800°C. 
3. Atomizing Time and Temp: IO sec-2700°C. 
4. Purge Gas Atmosphere: Argon 
5. Wavelength: 217.6 nm 
6. Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

Analysis Procedure 
l. For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Approved for ;\IPDES 
Issued 1978 
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Notes 
l. 

2. 
3. 
4. 

5. 

6. 

7. 

1 he above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic 
graphite. Smaller size furnace devices or those employing faster rates of atomization can 
be operated using lower atomization temperatures for shorter time periods than the 
above recommended settings. 
The use of background correction is recommended. 
Nitrogen may also be used as the purge gas. 
[f chloride concentration presents a matrix problem or causes a loss previous to 
atomization, add an excess of 5 mg of ammonium nitrate to the furnace and ash using a 
ramp accessory or with incremental steps until the recommended ashing temperature is 
reached. 
For every sample matrix analyzed, verification is necessary to determine that method of 
standard addition is not required (see part 5.2. l of the Atomic Absorption Methods 
section of this manual). 
[f method of standard addition is required, follow the procedure given earlier in part 8. 5 
of the Atomic Absorption Methods section of this manual. 
Data to be entered into STORET must be reported as ug/l. 

Precision and Accuracy 
1. Precision and accuracy data are not available at this time. 
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ARSENIC 

Method 206.2 (Atomic Absorption, furnace technique) 

Optimum Concentration Range: 5-100 ug/ 1 
Detection Limit: 1 ug/ 1 

Preparation of Standard Solution 

STORET NO. Total 01002 
Dissolved 01000 

Suspended 01001 

l. Stock solution: Dissolve l.320 g of arsenic trioxide, As203 (analytical reagent grade) in 
100 ml of deionized distilled water containing 4 g NaOH. Acidify the solution with 20 ml 
cone. HN03 and dilute to l liter. l ml= l mg As (1000 mg/l). 

2. Nickel Nitrate Solution, 5%: Dissolve 24.780 g of ACS reagent grade Ni(N03) 2•6Hc0 in 
deionized distilled water and make up to lOOml. 

3. Nickel Nitrate Solution, l %: Dilute 20 ml of the 5% nickel nitrate to 100 ml with 
deionized distilled water. 

4. Working Arsenic Solution: Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. Withdraw appropriate aliquots of the stock 
solution, add l ml of cone. HN03, 2ml of 30% H 20 2 and 2ml of the 5% nickel nitrate 
solution. Dilute to 100 ml with deionized distilled water. 

Sample Preservation 
l. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
l. Transfer 100 ml of well-mixed sample to a 250 ml Griffin beaker, add 2 ml of 30o/c Hc02 

and sufficient cone. HN03 to result in an acid concentration of l %(v/v). Heat for l hour 
at 95°C or until the volume is slightly less than SO ml. 

2. Cool and bring back to 50 ml with deionized distilled water. 

3. Pipet S ml of this digested solution into a 10-ml volumetric flask, add l ml of the I% 
nickel nitrate solution and dilute to 10 ml with deionized distilled water. The sample 1" 

now ready for injection into the furnace. 

Approved for NPDES and SOW A 
Issued 1978 
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NOTE: If solubilization or digestion is not required, adjust the HN03 concentration of 
the sample to 1 % (v/v) and add 2 ml of 30%H20 2 and 2 ml of 5% nickel nitrate to each 
100 ml of sample. The volume of the calibration standard should be adjusted with 
deionized distilled water to match the volume change of the sample. 

Instrument Parameters (General) 
l. Drying Time and Temp: 30 sec-125"C. 
2. Ashing Time and Temp: 30 sec-l IOO"C. 
3. Atomizing Time and Temp: 10 sec-2700"C. 
4. Purge Gas Atmosphere: Argon 
5. Wavelength: 193.7 nm 
6. Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

Analysis Procedure 
l. For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Notes 
l. 

2. 
3. 

4. 

5. 

6. 

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, purge gas interrupt and non-pyrolytic 
graphite. Smaller size furnace devices or those employing faster rates of atomization can 
be operated using lower atomization temperatures for shorter time periods than the 
above recommended settings. 
The use of background correction is recommended. 
For every sample matrix analyzed, verification is necessary to determine that method of 
standard addition is not required (see part 5.2. l of the Atomic Absorption Methods 
section of this manual). 
If method of standard addition is required, follow the procedure given earlier in part 8.5 
of the Atomic Absorption Methods section of this manual. 
For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 
Data to be entered into STORET must be reported as ug/l. 

Precision and Accuracy 
l. In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent 

containing 15 ugl 1 and spiked with concentrations of 2. 10 and 25 ug/ 1, recoveries of 
85%, 90% and 88% were obtained respectively. The relative standard deviation at these 
concentrations levels were ±8.8%, t\s.2%, ±5.4% and ±8.7%, respectively. 

2. In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations 
of 20, 50 and IOO ug As/I, the standard deviations were t0.7, ± 1.1 and t l.6 
respectively. Recoveries at these levels were 105%, I06% and IOI%, respectively. 
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SELENIUM 

Method 270.2 (Atomic Absorption, furnace technique) 

Optimum Concentration Range: 5-100 ug/l 
Detection Limit: 2 ug/ l 

Preparation of Standard Solution 

STORET NO. Total 01147 
Dissolved 01145 

Suspended 01146 

l. Stock Selenium Solution: Dissolve 0.3453 g of selenous acid (actual assay 94.6% H2Se0,) 
in deionized distilled water and make up to 200 ml. 1 ml = l mg Se ( l 000 mg/ I). 

2. Nickel Nitrate Solution, 5%: Dissolve 24.780 g of ACS reagent grade Ni(NOJ)2•6H20 in 

deionized distilled water and make up to 100 ml. 
3. Nickel Nitrate Solution, 1 %: Dilute 20 ml of the 5% nickel nitrate to 100 ml with 

deionized distilled water. 
4. Working Selenium Solution: Prepare dilutions of the stock solution to be used as 

calibration standards at the time of analysis. Withdraw appropriate aliquots of the stock 
solution, add 1 ml of cone. HN03, 2 ml of 30% H20 2 and 2 ml of the 5% nickel nitrate 
solution. Dilute to 100 ml with deionized distilled water. 

Sample Presenation 1 

l. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 
section of this manual. 

Sample Preparation 
I. Transfer 100 ml of well-mixed sample to a 250 ml Griffin beaker. add 2 ml of 30% H:O: 

and sufficient cone. HN03 to result in an acid concentration of I %(v/v). Heat for I hour 
at 95°C or until the volume is slightly less than 50 ml. 

2. Cool and bring back to 50 ml with deionized distilled water. 
3. Pipet 5 ml of this digested solution into a IO-ml volumetric flask. add l ml of the l % 

nickel nitrate solution and dilute to 10 ml with deionized distilled water. The sample 1s 

now ready for injection into the furnace. NOTE: If solubilization or digestion is nor 

required adjust the HN03 concentration of the sample to l % ( v /v) and add 2 ml of 300 
H20 1 and 2 ml of 5% nickel nitrate to each 100 ml of sample. The volume: of thi;: 
calibration standard should be adjusted with deionized distilled water to match rhi;: 
volume change of the sample. 

Approved for NPDES and SOW A 
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Instrument Parameters 
1. Drying time and temperature: 30 sec @ 125°C 
2. Charring time and temperature: 30 sec @ 1200°C 
3. Atomizing time and temperature: 10 sec @ 2700°C 
4. Purge Gas Atmosphere: Argon 
5. Wavelength: 196.0 nm. 
6. Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

Analysis Procedure 
l. For the analysis procedure and the calculation see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Notes 
1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA

~ 100. ba~ed on the u~e of a 20 ul in1ection, purge ga~ imenuµt ;md non-py1ol\'li( 

graphite. Smaller size furnace devices or those employing faster rates of atomization can 
be operated using lower atomization temperatures for shorter time periods than the 
above recommended settings. 

2. The use of background correction is recommended. 
3. Selenium analysis suffers interference from chlorides ( > 800 mg/1) and sulfate ( > 200 

·mg/ l ). For the analysis of industrial effluents and samples with concentrations of sulfate 
from 200 to 2000 mg/l, both samples and standards should be prepared to contain 1 % 
nickel. 

4. For every sample matrix analyzed, verification is necessary to determine that method of 
standard addition is not required (see part 5.2. l of the Atomic Absorption Methods 
section of this manual). 

5. For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 

6. If method of standard addition is required, follow the procedure given earlier in part 8.5 
of the Atomic Absorption Methods section of this manual. 

7. Data to entered into STORET must be reported as ug/l. 

Precision and Accuracy 
I. Using a sewage treatment plant effiuent containing < 2 ug/l and spiked with a 

concentration of 20 ug/l, a recovery of99% was obtained. 
2. Using a series of industrial waste effiuents spiked at a SO ug/l level, recoveries ranged 

from 94 to 112%. 
3. Using a 0.1 % nickel nitrate solution as a synthetic matrix with selenium concentrations 

of 5, 10, 20, 40. 50, and 100 ug/1, relative standard deviations of 14.2, l l.6, 9.3, 7.2, 6.4 
and 4.1 %, respectively, were obtained at the 95% confidence level. 
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4. In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations 
of 5, 10, and 20 ug Se/l, the standard deviations were ±0.6, ±0.4, and ±0.5, 
respectively. Recoveries at these levels were 92%, 98%, and 100%, respectively. 

Reference: 
"Determining Selenium in Water, Wastewater, Sediment and Sludge By Flameless Atomic 
Absorption Spectroscopy", Martin, T. D., Kopp, J. F. and Ediger, R. 0. Atomic Absorption 
Newsletter 14, 109 (1975). 
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SILVER 

Method 272.2 (Atomic Absorption, furnace technique) 

Optimum Concentration Range: l-25 ug/l 
Detection Limit: 0.2 ug/l 

Preparation of Standard Solution 

STORET NO. Total 01077 
Dissolved 01075 

Suspended 01076 

l. Stock Solution: Prepare as described under "direct aspiration method". 
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of 

analysis. These solutions are also to be used for "standard additions". 
3. The calibration standard should be diluted to contain 0.5% (v/v) HN03• 

Sample Preservation 
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
1. Prepare as described under "direct aspiration method". Sample solutions for analysis 

should contain 0.5% (v/v) HN03• 

Instrument Parameters (General) 
1. Drying Time and Temp: 30 sec-l 25°C. 
2. Ashing Time and Temp: 30 sec-400°C. 
3. Atomizing Time and Temp: 10 sec-27~0

C. 

4. Purge Gas Atmosphere: Argon 
5. Wavelength: 328.1 nm 
6. Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

Analysis Procedure 
l. For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Approved for NPDES and SOW A 
Issued 1978 
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:"iotes 

I. 

., 
3. 
4. 

The above con..:entration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, .continuous flow purge gas and non-pyrolytic 

graphite. Smaller size furnace devices or those employing faster rates of atomization can 

be operated using lower atomization temperatures for shorter time periods than the 

above recommended settings. 
Background correction may be required if the sample contains high dissolved solids . 
The use of halide acidc; 'hould be avoided. 
lfad,orpt1on to container walls or formation of AgCI 1~ suspected. ~ee NOTE 3 under the 

D1recr Asp1rar1on Method 272.1. 
5 For every -.ample matnx analyzed, verification is necessary to determine that method of 

-.randard addition ts not required (see part 5.2.1 of the Atomic Absorption Method~ 
-.ect1nn ofthi~ manual). 

6. For quality control requiremenh and optional recommendations for use in drink111g 

\\ater anal~~e-.. see part 10 of the Atomic Absorption Methods section of this manual. 

7. rf mer hod of .,tandard addition is required. follow the procedure given earlier in part 8.5 

of the Atomic Absorption Methods section of this manual. 
8. Data to be entered into STORET must be reported as ug/l. 

Precision and Accuracy: 

I. In a single laboratory (EMSL), using Cincinnati. Ohio tap water spiked at concentrat10ns 
of 25. 50. and 75 ug Ag/1, the standard deviations were ·0.4, ·0.7, and ·09. 

respectnely. Recoveries at these levels were 94'7c. 100% and 104o/c, respectively. 
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THALLIUM 

Method 279.2 (Atomic Absorption, furnace technique) 

Optimum Concentration Range: 5-100 ug/1 
Detection Limit: 1 ug/ 1 

Preparation of Standard Solution 

STORET NO. Total 01059 
Dissolved 01057 

Suspended 01058 

1. Stock solution: Prepare as described under "direct aspiration method". 
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of 

analysis. These solutions are also to be used for "standard additions". 
3. The calibration standard should be diluted to contain 0.5% (v/v) HN03• 

Sample Preservation 
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
l. Prepare as described under .. direct aspiration method". Sample solutions for analysis 

should contain 0.5% (v/v) HN03• 

Instrument Parameters (General) 
1. Drying Time and Tern(>: 30sec@ 125·c 
2. Ashing Time and Temp: 30 sec @ 400°C 
3. Atomizing Time and Temp: 10 sec @ 2400°C 

4. Purge Gas Atmosphere: Argon 
5. Wavelength: 276.8 nm 
6. Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

Analysis Procedure 
1. For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Approved for NPDES 
Issued 1978 
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Notes 
l. 

2. 
3. 
4. 

5. 

6. 

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-

2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic 
graphite. Smaller size furnace devices or those employing faster rates of atomization can 
be operated using lower atomization temperatures for shorter time periods than the 
above recommended settings. 
The use of background correction is recommended. 
Nitrogen may also be used as the purge gas. 
For every sample matrix analyzed, verification is necessary to determine that method of 
standard addition is not required (see part 5.2. l of the Atomic Absorption Methods 
section of this manual). 
ff method of standard addition is required, follow the procedure given earlier in part 8. 5 
of the Atomic Absorption Methods section of this manual. 
Data to be entered into STORET must be reported as ug/1. 

Precision and Accuracy 

1. Precision and accuracy data are not available at this time. 
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ACID DIGESTION 

(FROM CLP SOW NO. 785) 
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ATTACHMENT l 

SAM..t>LE PR.EPARA'fIO~ OF :)r.DlMENTS, SLUDGt:S AND SOILS 

1. Scope and Application 

1.1 This method is an acid digestion procedure used to prepare sediments, 
sludges, and soil samples for analysis by flame or furnace atomic 
absorption spectroscopy (AAS) or by inductively coupled argon plasma 
spectroscopy (ICP). Samples prepared by this method may be analyzed 
by AAS or ICP for the following metals: 

Aluminum Chromium Potassium 
Antimony Cobalt Selanium 
Arsenic Copper Silver 
Barium Iron Sodium 
!Seryllium Lead Thallium 
Gadmium Magnesium Vanadiur.i 
t.;alcium Manganese Zinc 

Nickel 

2. Summary of Method 

NOTE: A separate digestion procedure is required for furnace AA and ICP 
analysis. 

L.l A representative l g (wet weight) sample is digested in nitric acid and ( 
hydrogen peroxide. The digestate is then refluxed with either nitric 
acid or hydrochloric acid. Hydrochloric acid is used as the final 
reflux acid for the furnace AA analysis of Sb, the flame AA or ICP 
analysis of Al, Sb, Ba, Be, Ca, Cd, Cr, Co, Gu, Fe, Pb, Mg, Mn, 
Ni, ~. Ag, Na, Tl, V and Zn. Nitric acid is employed as the final 
reflux acid for the furnace AA analysis of As, Be, Cd, Cr, Co, Cu, Fe, 
Pb, Mn, Ni, Se, Ag, Tl, V, and Zn. A separate sar.iple shall be dried 
for a total solids determination (Exhibic D, Accachm~nc 9). 

J. Apparatus and Materials 

J.l 250 ml beaker or other appropriate vessel. 

J.L Watch glasses 

3. J Thermoraetct" that covers range of 0° to LOU°C 

J.4 Whatman ~o. 4L filter paper or aquivalenc 

4. keagents 

4.1 A~TM Type lL water (A::>TM UllYJ): lfater must be monitored. 

4.L Concentrated Nitric Acid (sp. gt". 1.41) 
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4. 3 Concentrated Hydrochloric Acid (sp. gr. 1. 19) 

4.4 Hydrogen Peroxide (30%) 

5. Sample Preservation, and Handling 

5.1 Uon-aqueous samples must be refrigerated upon receipt until analysis. 

6. Procedure 

6.1 Mix the sample thoroughly to achieve homogeniety. For each digestion 
procedure, weigh (to the nearest O.Olgms) a 1.0 to 1.5 gm portion of 
sample and transfer to a beaker. 

6. 2 Add 10 ml of l: l nitric acid (HU03), mix the slurry, and cover with 
a watch glass. Heat the sample to 95°C and reflux for 10 minutes 
without boiling. Allow the sample to cool, add 5 ml of concentrated 
HN03, replace the watch glass, and reflux for 30 minutes. Oo not 
allow the volume to be reduced to less than 5 ml while maintaining 
a covering of solution over the bottom of the beaker. 

o.3 After the second reflux step has been completed and the sample has 
cooled, add 2 ml of Type 11 water and 3 ml of 304 hydrogen peroxide 
(HzOz). Return the beaker to the hot plate for warming to start the 
peroxide reaction. Care must be taken to ensure that losses do not 
occur due to excessively vigorous effervescence. Heat until eff er
vescence subsides, and cool the beaker. 

b.4 Continue to add 30% H202 in l ml aliquots with warming until the 
effervescence is minimal OI" until the general sample appearance is, 
unchanged. (NOTl::: Uo not add more than a total of 10 ml 30% Hz02·) 

6.5 If the sample is being prepared for the furnace AA analysis of Sb, 
the flame AA or lCP analysis of Al, Sb, Ba, Be, Ca, Cd, Cr, Co, Cu, 
Fe, Pb, Mg, tin, !Ji, K, Ag, Na, Tl, V, and Zn, ddd 5 ml of 1: l HCl 
and 10 ml of Type 11 water, return the covered beaker to the hot 
plate, and heat for an additional 10 minutes. After cooling, filter 
through Whatman No. 42 filter paper (or equivalent) and dilute to 
100 ml with Type 11 water (or centrifuge the sample - see lfote l). 
The diluted sample has an approximate acid concentration of 2.5~~ 

(v/v) H(;l and 51.: (v/v) llU03. Dilute the digestate 1: l (200 ml final 
volume) with the deionized water. The sample is now ready for 
analysis. 

b.b lf the sample is being prepared for the furndce analysis of As, Be, 
Cd, Cr, Co, Cu, Fe, Pb, rtn, Ni, !>e, Ag, Tl, V, and ~n, continue heat
ing the acid-peroxide digestate until the volume has been reduced to 
approximately 2 ml, add 10 ml of Type 11 water, and warm the mixture 
After cooling, filter through \./hatman No. 42 filter paper (or equi
valent - sec r;ote l) and dilute to 100 ml with Type 11 water (or 
centrifuge th~ sample). The diluted digestate solution contains 
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approximately 2% (v/v) HN03. Dilute the digestate 1:1 (200 mL final 
volume) with deionized water. For analysis, withdraw aliquots of ( 
appropriate volume, and add any required reagent or matrix modifier. 
The sample is now ready for analysis. 

7. Calculations 

7.1 A separate determination of percent solids must be performed 
(Exhibit D, Attachment 9). 

7.2 The concentrations determined in the digest are to be reported 
on the basis of the dry weight of the sample. 

Concentration (dry we.) (mg/kg) = C x V 
vxs 

where c Concentration (mg/L) 
V = Final volume in liters after sample preparation 
W = Weight in kg of wet sample 
S = 4 Solids/100 

REF: tlodification of 11ethod 3050 from SW-846, Test tlethods for Evaluating 
Solid Waste, EPA Office of Solid Waste and Emergency Response, July 1982. 

b. Bibliography 

1. t1odification (by committee) of llethod 3050, SW-846, 2nd ed., Test 
tlethods for Evaluating Solid \Jaste, EPA Office of Solid Waste and 
Emergency Response, July 1982. 
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Mel:.._=Z.681 ( 
wher~.is equal to tu1. = .99). 

\d) The 95~dence limit MDL 
derived in 7c are coin!Nlted acco · the 
following equations denv m precenules 

the chi squared over degrees edom 
I . tion. 
LCL-. L 
UCL=l.65 

where LCL and U~ lower and upper 
959' confidence limits respe::sl baaed on 
14 aliquots. 
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21 20 2.528 
26 

I 251 2 4115 -1oo... •• 
31 JO 2.457 ':t 2.:J90 61 
00 00 -~26 

I 

RflRll.[_tmg 
The'ait tlcal method used must be 

~pec1fically 1 llfied by number or title and 
the MDL for each R;lj le expressed in the 
appropriate method rep 8 units. If the 
analytical method permits op · s which 
af~the method detection limit. 
condit~must be specified with the MDL 
value. The s~le matrix used to determine 
the MDL must aJnJ;>e identified with MDL 
value. Report the me~nalyte level with the 
MDlcand indicate if the !lllSl,.procedure was 
1terafecl If a laboratory stand~ a sample 
that contll.1-Qed a known amount an~ was 
used for th1s'de.termina11on. also report the 

ean recoverv. 
·the level ~f analyte-.in the sample was 

belo e determined MDt. QI" does not 
exceed 1 mes the MDL of th·~alyte in 
reagent waler. do not report a valUl!-tor the 
MOL. 

Appendix C to Part 136-lnductively 
Coupled Plasma-Atomic Emission 
Spectrometric Method for Trace Element 
Analysis of Water and Wastes Method 
200.7 

I Scupt' wuJ. \pµltcat1on 

I 1 fh.- me1hoJ mav he used for the 
determ10.111nn of d1sso1ved. suspended. or 
tot JI .. 1ements 1n dr10K1n~ WJler. surface 
w<1ter. Jnd domesllc and industrial 
Wd'\tewal1?rs. 

1 2 Dissolved elements are determined m 
fdtPr,..J JnJ dC1d1f1ed samples. Appropriate 
stPps must be t11ken in Jll analyses ro ensure 
that µuten11 .. 11nterforences ..re taken into 
.tccount This 1s especially true when 
dissolved solids exceed 1500 mg/L. (See 
section 5.j 

1 J 1'01,11 elements <1re determined dfter 
dppropridle d1~est1on procedures are 
performed. Smee d1gest1on techniques 
1ncrea•e the J1ssulved solids content of the 

samples, appropriate steps must be taken to 
correct for potential interference effects. (See 
section 5.) 

1.4 Table 1 lists elements for which this 
method applies along with recommended 
wavelength• and typical estimated 
inatnamental detection limits using 
conventional pneumatic nebulization. Actual 
working detection limits are sample 
dependent and as the sample matnx varies. 
theae concentrations may also vary. In time. 
other elements may be added H more 
infonnation becomes available and as 
required. 

t.5 Because of the differences between 
various makes and models of satisfactory 
instruments, no detaded instrumental 
operating instructions can be provided. 
Instead. the analyst is referred lo the 
instruction provided by the manufacturer of 
the particular instrument. 

2. Summary of Method 

2.1 The method descnbes a technique for 
the simultaneous or sequential multielement 
determination of trace elements m solution. 
The basis of the method is the measurement 
of atomic emission by an optical 
spectroscopic technique. Samples are 
nebulized and the aerosol that is produced is 
transported to the plasma torch where 
excitation occurs. Characteristic atomic·line 
emission spectra are produced by a radio· 
frequency inductively coupled plasma (ICP). 
The spectra are dispersed by a grating 
spectrometer and the intensities of the lines 
are monitored by photomultiplier tubes. The 
photocurrents from the photomultiplier tubes 
are processed and controlled by a computer 
system. A background correction technique as 
required to compensate for variable 
background contribution to the determination 
of trace elements. Background must be 
measured adjacent to analyte lines on 
samples during analysis. The poaition 
selected for the background intensity 
measurement. on either or both sides of the 
analytical line. will be determined by the 
complexity of the spectrum adjacent to the 
analyte line. The position used must be free 
of spectral interference and reflect the same 
change in background intensity as occurs at 
the analyte wavelength measured. 
Background correction is not required m 
cases of line broadening where a background 
correction measurement would actually 
degrade the analytical result. The poss1b11ity 
of additional interferences named m 5.1 (and 
tests for their presence as described 1n 5.21 
~hould also be recognized and appropriate 
correct10ns made. 

.I Def1n1trons 

J.1 Dissolved-Those elements which 
wall pass through a 0.45 ~m membrane filter. 

:J.2 Suspended-Those elements which 
are retained by d 0.45 ~m membrane filter. 

3.3 Total-The concentration determmed 
on an unfiltered sample following vigorous 
dt~esllon (Section 9.J). or the sum of the 
dissolved plus suspended concenlratlons. 
(Sectton 9.1 plus 9.2.I. 

3.4 Total recoverahl1..~The concentrallon 
determined on an unfiltered sample f-ollowing 
treatment with hot, dilute mineral acid 
(Section 9.4). 
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3.5 Instrumental detection /Jm1t-The 
concentration equivalent to a signal. due to 
the analyte. which is equal to three times the 
standard deviation of a senes of ten replicate 
measurements of a reagent blank signal at 
the same wavelength. 

3.6 S.ns1tivity-The slope of the 
analytical curve, i.e. functional relahonship 
between emission intensity and 
concentration. 

3.7 Instrument check standard-A 
multielement standard of known 
concentrations prepared by the analyst to 
monitor and venfy instrument performance 
on a daily basis. (See 7.6.11 

3.8 Interference check sample-A 
solution containmg both mterfermg and 
analyte elements of known concentration 
that can be used to venfy background and 
interelement correction factors. (See 7 6.2.J 

3.9 Quality control sample-A solutton 
obtained from an outside source having 
known. concentration values to be used to 
verify the calibration standards. (See 7 6.3 J 

3.10 Calibration standards-A series of 
known standard solutions used bv the 
analyst for calibration of the msti=ument (i.e .. 
preparanon of the analytical curve). (See 7.4) 

3.11 linear dynamic range-The 
concentration range over which the 
analytical curve remains linear. 

3.12 Reagent blank-A volume of 
deionized. distilled water contammg the 
same acid matri:x as the calibrauon standards 
carried through the entire analyucal scheme. 
(See 7.5.2) 

3.13 Calibration blank-A volume of 
deionized, distilled water acidified with 
HNO. and HCI. (See 7.5.1) 

3.14 Method of standard add111on-The 
standard addition technique involves the use 
of the unknown and the unknown plus a 
known amount of standard. (See 10.6.1.) 

4. Safety 

4.1 The toxicity of carcmogemc1ty of each 
reagent used in this method has not been 
precisely defined: however. each chemical 
compound should be treated as a potenual 
health hazard. From this v1ewpomt. exposure 
to these chemicals must be reduced to the 
lowest possible level by whatever means 
avadable. The laboratory 1s repsons1ble for 
mamta1mng a current awareness file of 
OSHA regulations regarding the safe 
handling of the chemicals spec1f1ed in this 
method. A reference file of matenal data 
handling sheets should also be made 
available to all personnel involved m the 
chemical analysts. Additional references lo 
ldboratory safety are available dod havu 
been ldenllfied I I~ 7• lU and It" for the 
information of the <1nalyst. 

5. Interferences 

5. t Several types of mterferenr.e effects 
may contnbute to inaccuracies on the 
determination of trace elements. Thev can bf' 
summarized as follows: . 

5.1. t Spectral interferences can be 
c;ategonzed as (t) overlap of a spectral line 
from another element; (2) unresol,·ed overlap 
of molecular band spectra: (JJ b<1Ck1jround 
contr1but1on from conllnuous or 
recomb1nallon phenomena; dnd (.JI 
background contribution from stray light from 
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the line emission of high concentration 
elements. The first of these effects can be 
compensated by utilizing a computer 
correction of the raw data. requiring the 
monitoring and measurement of the 
interfering element. The second effect may 
require selection of an alternate wavelength. 
The third and fourth effects can usually be 
compensated by a background correction 
adjacent to the analyte line. In addition. users 
of simultaneous multi-element 
instrumentation must assume the 
responsibility of verifying the absence of 
spectral interferenece from an element that 
could occur in a sample but for which there is 
no channel in the instrument array. Listed in 
Table Z are some interference effects for the 
recommended wavelengths given in Table 1. 
The data in Table Z are intended for use only 
as a rudimentary guide for the indication of 
potential spectral interferences. For this 
purpose. linear relations between 
concentration and intensity for the analytes 
and the interferents can be assumed. The 
Interference information. which was 
collected at the Ames Laboratory. 1 1s 
expressed as analyte concen Ira lion 
equivalents (i.e. false analyte concentrat1ons) 
arising from 100 mg/L of the interferent 
element. The suggested use of this 
information is as follows: Assume that 
arsenic (at 193.696 nm) is to be determined in 
a sample contaimng approximately 10 mg/L 
of aluminum. According to Table Z. 100 mg/L 
of aluminum would yield a false signal for 
arsenic equivalent to approximately 1.3 mg/L. 
Therefore. 10 mg/L of aluminum would result 
in a false signal for arsenic equivalent to 
approximately 0.13 mg/L The reader is 
cautioned that other analytical systems may 
exhibit somewhat different levels of 
interference than those shown in Table z. and 
that the interference effects must be 
evaluated for each individual system. 

Only those interferents listed were 
investigated and the blank spaces in Table Z 
indicate that measurable interferences were 
not observed for the interferent 
concentrations listed in Table 3. Generally. 
interferences were discernible if they 
produced peaks or background shifts 
corresponding to Z-5% of the peaks generated 
by the analyte concentrations also listed in 
Table 3. 

At present. information on the listed silver 
and potassium wavelengths are not available 
but it has been reported that second order 
energy from the magnesium 383.Z31 nm 
wavelength interferes with the listed 
potassium hne at 766.491 nm. 

5.1.2 Physical mterferences are generally 
considered to be effects associated with the 
sample nebuhzat1on and transport processes. 
Such proper!Jes as change in \'1scos1ty dnd 
surface tension can cause s1gmficant 
inaccuracies especially in samoles which 
mdy contain high dissolved sohds and/or 
acid concentrations. The use of a peristaltic 
pump may lessen these interferences. If these 
types .of interferences are operallve. they 
must be reduced by dilu!Jon of the sample 
and/or utilization of standard addition 
techniques. Another problem which can 

'Ames Laboratory. USDOE. Iowa Slale 
Umvers1ty, Ames Iowa 50011 

occur from high dissolved solids is salt 
buildup at the tip of the nebulizer. This 
affects aersol flow rate causing instrumental 
drift. Wetting the argon prior to nebulization, 
the use of a tip washer. or sample dilution 
have been used to control this problem. Also, 
it has been reported that better control of the 
argon flow rate improves instrument 
performance. This is accomplished with the 
use of masa flow controllers. 

5.1.3 Chemical Interferences are 
characterized by molecular compound 
formation. ionization effects and solute 
vaporization effects. Normally these effects 
are not pronounced with the JCP technique, 
however. if observed they can be minimized 
by careful selection of operating conditions 
(that is, incident power. observation position. 
and so forth), by buffering of the sample. by 
matrix matching. and by standard addition 
procedures. These types of interferences can 
be highly dependent on matrix type and the 
specific analyte element. 

5.Z It is recommended that whenever a 
new or unusual sample matrix is 
encountered. a series of tests be performed 
prior to reporting concentration data for 
analyte elements. These tests, as outlined in 
5.Z.1 through 5.2.4. will ensure the analyst 
that neither positive nor negative interference 
effects are operative on any of the analyte 
elements thereby distorting the accuracy of 
the reported values. 

5.Z.1 Serial dilution-If the analyte 
concentration is sufficiently high (minimally a 
factor of 10 above the instrumental detection 
limit after dilution), an analysis of a dilution 
should agree within 5 percent of the original 
determination (or within some acceptable 
control limit (14.3) that has been established 
for that matrix.). If not. a chemical or physical 
interference effect should be suspected. 

5.2.2 Spike addition- The recovery of a 
spike addition added al a minimum level of 
lOX the instrumental detection limit 
(maximum lOOXJ to the original 
determination should be recovered to within 
90 to 110 percent or within the established 
control limit for that matrix. If not, a matrix 
effect should be suspected. The use of a 
standard addition analysis procedure can 
usually compensate for this effect. 

Caution: The standard addition technique 
does not detect coincident spectral overlap. If 
suspected. use of computerized 
compensation. an alternate wavelength. or 
comparison with an alternate method 1s 
recommended (See 5.Z.3). 

5.Z.3 Compartson with alternate method 
of analysis-When investigating a new 
sample matrix, comparison tests may be 
performed with other analytical techmques 
such as atom11; absorption spectrometry, or 
other approved methodology. 

5.Z.4 Wavelength sconnmg of onolyte line 
region-If the appropriate equipment 1s 
avallable. wavelength scanning can be 
performed to detect potential spectral 
interferences. 

6. Apparatus 

6.1 Inductively Coupled Plasma-Atomic 
Emission Spectrometer. 

6.1.1 Computer controlled atomic 
emission spectrometer with background 
correction. 
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6.1.2 Radiofrequency generator. 
6.1.3 Argon gas supply. welding grade or 

better. 
6.Z Operating conditions-Because of the 

differences between various makes and 
models of satisfactory instruments. no 
detailed operating instructions can be 
provided. Instead. the analyst should follow 
the instructions provided by the manufacturer 
of the particular instrument. Sensitivity. 
instrumental detection limit, precision. linear 
dynamic range. and interference effects must 
be investigated and established for each 
individual analyte line on that particular 
instrument. It is the responsibility of the 
analyst to verify that the instrument 
configuration and operating cond1tions used 
satisfy the analytical requirements and to 
maintain quality control data confirming 
instrument performance and analytical 
results. 

7. Reagents ond Standards 

7.1 Acids used in the preparation of 
standards and for sample processing must be 
ultra-high purity grade or equivalent. 
Redistilled acids are acceptable. 

7.1.1 Acetic acid. cone. [sp gr UJ6). 
7.1.2 Hydrochloric acid. cone. (sp gr 1.19). 
7.1.3 Hydrochloric acid. (1 +1): Add 500 

mL cone. HCI (sp gr 1.19} to 400 mL deionized. 
distilled water and dilute to 1 liter. 

7.1.4 Nitric acid cone. (sp gr 1.41). 
7.1.5 Nitric acid, (1+1): Add 500 mL cone. 

HNO, (sp gr 1.41) to 400 mL deionized. 
distilled water and dilute to 1 liter. 

7.2 Deionized distilled water: Prepare by 
passing distilled water through a mixed bed 
of cation and anion exchange resms. Use 
deionized, distilled water for the preparation 
of all reagents. calibration standards and as 
dilution water. The purity of thts water must 
be equivalent to ASTM Type JI reagent water 
of Specification D 1193 (14.6t. 

7.3 Standard stock solutions may be 
purchased or prepared from ultra high purity 
grade chemicals or metals. All salts must be 
dried for 1 h al 105 •c unless otherwise 
specified. 

(CAUTION: Many metal salts are 
extremely toxic and may be fatal 1f 
swallowed. Wash hands thoroughly after 
handling.) 

Typical stock solution preparation 
procedures follow: 

7.3.1 Alummum solution. stock. 1 mL= µg 
Al: Dissolve 0.100 g of aluminum metal in an 
acid mixture of 4 mL of (1+1) HCI and 1 mL 
of cone. HNO, in a beaker. Warm gently to 
effect solulton. When solution 1s complete. 
transfer quanlttatively to a hter flask add an 
addit1onal 10 mL of (1+1 J HCI and dilute to 
1,000 mL with deionized. distilled water. 

7.3.Z Antimony solution stock. 1 mL = 100 
µg Sb: Dissolve 0.2669 g K(SbOJC.H.O. in 
deionized distilled water. add 10 mL (1 +I) 
HCI and dilute to 1.000 mL with de1omzed. 
distilled water. 

7.3.3 Arsenic solution. stock. 1 mL = 100 
µg As: Dissolve 0.1320 g of As-,0, in JOO mL of 
deionized. distilled water containing 0.4 g 
NaOH. Acidify the solution with 2 mL cone. 
HNO. and dilute to 1.000 mL with deionized. 
distilled water. 



Federal Register / Vol. 49, No. 209 I Friday, October 26, 1984 I Rules and Regulations 201 

7.3.4 Barium solution. stock. 1 mL= 100 ,..g 
Ba: Dissolve 0.1516 g BaCb (dried at 250 ·c 
for 2 hrs) in 10 mL deionized. dishlled water 
wtth 1 mL (1 +11 HCI. Add 10.0 mL (1+11 HCI 
and dilute to 1.000 with mL deionized. 
distilled water. 

7.3.5 Beryllium solution, stock. 1 mLslOO 
,..g Be: Do not dry. Dissolve 1.968 g 
BeS0.·4H.O. in deionized. distilled water. 
add 10.0 mL cone. HNO. and dilute to 1.000 
mL with deionized. distilled water. 

7.3.6 Boron solution, stock. 1 mLa100 I'S 
B: Do not dry. Dissolve 0.5718 g anhydrous 
H:.BOs in deionized. distilled water and dilute 
to 1.000 mL. Use a reagent meeting ACS 
spec1ficattons. keep the bottle tightly 
stoppered and store in a desiccator to 
prevent the entrance of atmospheric 
mmsture. 

7.3.7 Codm1Um solution. stock. 1 mL=100 
µg Cd: Dissolve 0.1142 g CdO in a minimum 
amount of (1 +1) HNO.. Heat to increase rate 
of dissolution. Add 10.0 mL cone. HNO. and 
dilute to t.000 mL with deionized. distilled 
water. 

7.3.8 Calcium solut1on. stock. 1 mL=lOO 
µg Ca: Suspend 0.2498 g CdCO. dried at 180 
·c for t h before weighing in deionized. 
distilled water and dissolve cauttously with a 
minimum amount of (1+1) HNO.. Add 10.0 
mL cone. HNQ, and dilute to 1.000 mL with 
deionized. distilled water. 

7 3.9 Chromium solution. stock. 1 mL=lOO 
µg Cr: Dissolve 0.1923 g of CrO, in deionized. 
distilled water. When solution IS complete, 
acidify with 10 mL cone. HNO. and dilute to 
1.000 mL with deionized. distilled water. 

7 3.10 Cobalt so/ut1an. stoch. 1 mL=lOO 
µg Co: Dissolve 0.1000 g of cobalt metal in a 
m1mmum amount o{ (1+1 l HNO.. Add 10.& 
mL (1 + 11 HCI and dilute to 1.000 mL with 
deionized. distilled water. 

7.3.11 Copper solution. stoclt. 1 ml.=100 
µg Cu: Dissolve 0.1252 g CuO in a minimum 
amount of (1+1) HNO.. Add 10.0 ml. cone. 
HNO. and dilute to 1.000 mL with deionized. 
dist1lled water. 

7.3.12 Iron so/ut1on. stock. 1 mL=tOO ,..g 
Fe: Dissolve 0.1430 g FezO. in a warm mixture 
of 20 mL (1 + 1) HCI and 2 mL of cone. HNO.. 
Cool. ddd an dddittonal 5 mL of cone. HNO. 
dnd dilute to 1,000 mL with deionized. 
distilled water. 

7.3.13 lead solut1on. stock. 1 mL=lOO l'-g 
Pb: Dissolve 0.1599 g Pb(NO,)i in a minimum 
dmount of (1 +-11 HNO,. Add 10.0 mL cone. 
HNO, dnd dilute to 1.000 mL with deionized. 
d1sttlled water. 

7 3 14 fl,fagnes1um snlullon. stock. 1 
ml c- 100 µ~Mg: Dissolve 0.1658 g MgO ma 
1n1111mum Jmo1111t of (1 +-11 HNO,. Add 10.0 
ml. r.onc !{NO, Jnd dilute to 1.000 mL with 
dt'111nizcd. disttlled water. 

7 3 15 .~langcmese solut1on. stnck. 1 
inl ~ 100 1•~ Mn: Dissolve 0.1000 g of 
m.11111Jnes11 metdl in the dc1d mixture 10 mL 
cone. HC! ,ind 1 ml cone. HNO.. and dilute to 
1.000 ml. with de1on1zed. d1sttlled water. 

7 3 16 Mulybdt!num solution. stock. 1 
ml~ 100 µ~Mo: Dissolve 0.2043 g 
INH .. l:~foO, in deionized. distilled water and 
dilute to 1.000 ml. 

7 J.17 Nick.cl solutmn. stock.. 1 mL=100 
µg Ni. Dissolve 0.1000 g of nickel metal 10 10 
mL hot cone. HNO,, cool and dilute to 1.000 
mL wllh c:le1omzed. distilled water. 

7.3.18 Potasaium solution, stock. 1 
mL:.100 ,..g K: Dissolve 0.1907 g KCI. dried at 
110 ·c. in deionized. distilled water and 
dilute to 1.000 ml.. 

7.3.19 Selenium solution. stock. 1 mL=lOO 
l"8 Se: Do not dry. Di11olve 0.1727 g H.SeO. 
(actual aany 94.6'JI.) in deionized. distilled 
water and dilute to 1,000 ml.. 

7.3.20 Silica solution. stock. 1 mL.-100 ,..g 
SiO,: Do nat dry. Dissolve 0.4730 g Na.SiO. 
e9H.0 in deionized. distilled water. Add 10.0 
mL cone. HNO, and dilute to 1.000 mL with 
deionized. distilled water. 

7.3.21 Silver solution, staclc. 1 mL = 100 ,..g 
Ag: Dissolve 0.1575 g AgNO. in 100 mL of 
deionized. distilled water and 10 mL cone. 
HNO.. Dilute to 1.000 mL with deionized. 
distilled water. 

7.3.22 Sodium solution. stock. 1 mL=lOO 
l'-g Na: OiHolve 0.2542 g NaCl in deionized. 
distilled water. Add 10.0 mL cone. HNO. and 
dilute to 1.000 mL with deionized. distilled 
water. 

7.3.23 Thallium solution, stock. 1 mL=lOO 
l'-g Tl: Dissolve 0.1303 g TINO. in deionized. 
distilled water. Add 10.0 mL cone. HNO. and 
dilute to 1.000 mL with deionized. distilled 
water. 

7.3.24 Vanadium solution. stock. 1 
mL.-1001"11 V: Di11olve 0.2297 NH. VO. in a 
minimum amount of cone. HNO.. Heat to 
increase rate of dissolution. Add 10.0 mL 
cone. HNO, and dilute to 1.000 mL with 
deionized. distilled water. 

7.3.25 Zinc aolution. stoclc. 1 mL = 100 µ.g 
Zn: Dl1aolve 0.1245 g ZnO in a minimum 
amoun• of dilute HNO.. Add 10.0 mL cone. 
HNO. and dilute to 1.000 mt. deionized. 
dialiHed welel'. 

7:4 Mixllri calibration standard 
solutions-Prepare mixed calibration 
standard 1elutiona by combtnill9 appropriate 
volumes of the stock 10lution1 in volumetric 
fta1li•. (9ee 7.U tlvu 7.4.51Add2 mL of 
ll+l) HNO. and10mLof11+1} HCl and 
dilute to 100 mL with deionized, distilled 
water. (See Notes 1and6.) Prior to preparmg 
the mixed standards. each stock solution 
should be analyzed separately to determine 
possible spectral interference or the presence 
of impurities. Care should be taken when 
preparing the mixed standards that the 
elements are compatible and stable. Transfer 
the mixed standard solutions to a FEP 
fluorocarbon or unused polyethylene bottle 
for storage. Fresh mixed standards should be 
prepared as needed wtth the realization that 
concentration can change on agmg. 
Calibration standards must be initially 
verified using a quality control sample and 
monitored weekly for stability (See 7 6.3). 
Although not specifically required, some 
typical calibration standard combinations 
follow when using those specific wavelengths 
listed m Table t. 

7.4.1 Mixed standard solution/
Manganese. beryllium. cadmium. lead, dnd 
zinc. 

7.4.2 Mixed sta11dard sa/ut1on //-Banum. 
copper. iron. vanadium. and cobalt. 

7.4.3 Mixed standard solution /I/
Molybdenum. s1lica. arsenic. and selenium. 

7.4.4 Mixed standard solution /V
Calc1um. sodium. potassium. aluminum, 
chromium and nickel. 
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7.4.5 Mixed standard solution V
Antimony, boron. magnesium, silver. and 
thallium. 

Note 1.-lf the addition of stlver to the 
recommended acid combination results m an 
initial prec1p1tation. add 15 mL of deionized 
distilled water and warm the flask until the 
solution clears. Cool and dilute to 100 mL 
with deionized, distilled water. For this acid 
combination the silver concentration should 
be limited to 2 mg/L. Silver under these 
conditions is stable in a tap water matrix for 
30 days. Higher concentrations of silver 
require additional HCI. 

7.5 Two types of blanks are required for 
the analysis. The calibration blank (3.13) is 
used in establishing the analytical curve 
while the reagent blank (3.12) is used to 
correct for possible contam1nat1on resulting 
from varying amounts of the acids used in the 
sample processing. 

7.5.1 The calibration blank 1s prepared by 
diluting 2 mL of (1 + t J HNO, and 10 mL of 
(1+1 l HCI to 100 mL with deionized. distilled -
water. (See Note 6.) Prepare a sufficient 
quantity to be used to flush the system 
between standards and samples. 

7.5.2 The reagent blank must contain all 
the reagents and in the same volumes 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 used for analysis. 

7.6 ln addition to the calibration 
standant.. an instrument check standard 
(3.7f, an interference check sample (3.8) and a 
quality control sample (3.91 are also required 
for the analyses. 

7.6.1 The instrument check standard is 
prepared by the analyst by combining 
compatible elements at a concentration 
equivalent to the midpomt of their respective 
calibration curves. (See 12.1.1.I 

7.6.2 The interference check sample is 
prepared by the analyst in the following 
manner. Select a representative sample 
which contains minimal concentrations of the 
analytes of interest but known concentratton 
of interfenng elements that will provide an 
adequate test of the correction factors. Spike 
the sample with the elements of interest at 
the approximate concentration of either 100 
j.Lg/L or 5 times the estimated detection limits 
given m Table t. (For effluent samples of 
expected high concentrations. spike at an 
appropriate level.) If the type of sdmplcs 
dnalyzed are varied. a synthet1cdlly prepared 
samplt! may be usP.d 1f the dbove criteria and 
intent are met. A limited suppl~ of a synthe!!c 
interference check sample will be dVa1ldble 
from the Quality Assurance Branch of EMSl· 
Cincinnati. (See 12.1.Z). 

7 6.3 The quality control sample should 
be prepared in the same acid matrix as the 
calibratton standards at a concentration near 
1 mg/Land in accordance with the 
instructions provided by the supplier. The 
Quality Assurance Branch of E~ISL
Cinc1nnat1 will t!llher supply a quality control 
sample or mformatton where one of equal 
quality can be procured. (See 12.1.J.) 
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8. Sample Handling and Preservation 

8.1 For the detennination of trace 
elements. contamination and loss are of 
prime concern. Dust in the laboratory 
environment, impurities in reagents and 
impurities on laboratory apparatus which the 
sample contacts are all so\ll'Ces of potential 
contamination. Sample containers can 
introduce either positive or negative errors in 
the measurement of trace elements by (a) 
contributing contaminants throuah leaching 
or surface desorption and (bl by depleting 
concentrations through adsorption. Thus the 
collection and treatment of the sample prior 
to analysis requires particular attention. 
Laboratory glassware including the sample 
bottle (whether polyethylene. polyproplyene 
or FEP-fluorocarbon) should be thoroughly 
washed with detergent and tap water: rinsed 
with (1 +1) nitnc acid. tap water. [1+1) 
hydrochloric acid. tap and finally de1omzed. 
distilled water in that order (See Notes z and 
3). 

Note 2.-Chromic acid may be useful to 
remove organic deposits from glassware: 
however. the analyst should be cautioned 
that the glassware must be thoroughly rinsed 
with water to remove the last traces of 
chromium. This is especially important if 
chromium is ta be included in the analytical 
scheme. A commercial product. 
NOCHROMIX. available from Godax 
Laboratories, 6 Vanek St.. New York, NY 
10013. may be used in place of chromic acid. 
Chromic acid should not be used with plastic 
bottles. 

Note J.-lf it can be documented through 
an active analytical quality control program 
u•ing spiked samples and reagent blanks. 
that certain steps in the cleaning procedure 
are not required for routine samples. those 
steps may be eliminated from the procedure. 

8.2 Before collection of the sample a 
decision must be made as to the type of data 
desired. that is dissolved, suspended or total·. 
so that the appropriate preservation and 
pretreatment steps may be accomplished. 
Filtration, acid preservation. etc., are to be 
performed at the time the sample is collected 
or as soon as possible thereafter. 

8.Z.1 For the determination of dissolved 
elements the sample must be filtered through 
a 0.45-µ.m membrane filter as soon as 
practical after cnllection. (Glass or plastic 
filtering apparatus are recommended to avoid 
possible contamination.) Use the first 50-100 
mL to rinse the filter flask. Discard this 
portion and collect the required volume of 
filtrate. Acidify the filtrate with (1+1) HN03 

lo a pH of Z or less. Normally. 3 mL of (1+1) 
dc1d per liter should be sufficient lo preserve 
the sample. 

8.Z.Z For the determmahon of suspended 
elements a measured volume of unpresen:ed 
sample must be filtered through a 0.45-µ.m 
membrane filter as soon as practical after 
collecllon. The filter plus suspended material 
should be transferred to d suitable container 
for storage and/or shipment. No preser.-allvc 
1s required. 

8.2.3 For the determ1na !ton of tot a I or 
total recoverable elements. the sample 1s 
acidified with (1 + 1) H:-;o, to pl! 2 or less as 
soon as possible. preferably di the time of 
collection. The sample 1s not filtered before 
processing. 

9. Sample Preparation 

9.1 For the determinations of dissolved 
elements, the filtered, preserved sample may 
often be analyzed as received. The acid 
matrix and concentration of the samples and 
calibration standards must be the same. (See 
Note 6.) If a precipitate formed upon 
acidification of the sample or during tramit 
or storage. it must be redissolved before the 
analysis by adding additional acid and/ or by 
heat as described in 9.3. 

9.2 For the determination of suspended 
elements. tranafer the membrane filter 
containing the insoluble material to a 150-mL 
Gnffin beaker and add 4 mL cone. HNO.. 
Cover the beaker with a watch glass and heat 
gently. The warm acid will soon dissolve the 
membrane. Increase the temperature of the 
hot plate and digest the material. When the 
acid has nearly evaporated. cool the beaker 
and watch glass and add another 3 mL of 
cone. HNO.. Cover and continue heating until 
the digestion is complete. generally indicated 
by a light colored digestate. Evaporate to 
near dryness (Z mL). cool. and 10 mL HCI 
(1+1) and 15 mL deionized. distilled water 
per 100 mL dilution and warm the beaker 
gently for 15 min. to dissolve any precipitated 
or residue material. Allow to cool, wash 
down the watch glass and beaker walls with 
deionized distilled water and filter the 
sample to remove insoluble material that 
could clog the nebulizer. (See Nole 4.} Adjust 
the volume based on the expected 
concentrations of elements present. This 
volume will vary depending on the elements 
to be determined (See Note 6}. The sample is 
now ready for analysis. Concentrations so 
determined shall be reported as "suspended." 

Note 4.-ln place of filtring, the sample 
after diluting and mixing may be centrifuged 
or allowed ta settle by gravity overnight to 
remove insoluble material. 

9.3 For the determinallon of total 
elements. choose a measured vofume of the 
well mixed acid preserved sample 
appropriate for the expected level of 
elements and transfer to a Griffin beaker. 
(See Note 5.) Add 3 mL of cone. HNO,. Place 
the beaker on a hot plate and evaporate to 
near dryness cautiously, making certain that 
the sample does not boil and that no area of 
the bottom of the beaker is allowed to go dry. 
Cool the beaker and add another 5 mL 
portion of cone. HNO.. Cover the beaker with 
a watch glass and return to the hot plate. 
Increase the temperature of the hot plate so 
that a gently reflux action occurs. Continue 
heating. adding additional acid as necessary, 
until the digestion 1s complete (generally 
indicated when the digestate is light m color 
or does not change m appearance with 
continued refluxmg.J Again. evaporate to 
near dryness and cool the beaker. Add 10 mL 
of 1+1 HCl and 15 mL of deionized. distilled 
w.iler per 100 mL of final solution and warm 
the beaker gently for 15 mm. to dissolve any 
precipitate or residue resulting from 
evaporation. Allow to cool. wash down the 
beaker walls and watch glass with deionized 
dislrlled water and filter the sample to 
remove insoluble material that could clog the 
nebuhzer. (See Note 4.) Adjust the sample to 
a predetermined volume based on the 
expected concentrations of elements present. 
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The sample is now ready for analysis (See 
Note 6). Concentrations so determined shall 
be reported as "total."" 

Note 5.-If low determinations of boron are 
critical, quartz glaS1ware should be used. 

Note 6.-lf the sample analysis solution 
has a different acid concentr11tion from that 
given in 9.4. but does not introduce 11 phy1ical 
interference or affect the analytical result. the 
same calibration standards may be used. 

9.4 For the determination of total 
recoverable elements, choose a measured 
volume of a well mixed, acid preserved 
sample appropriate for the expected level of 
elements and transfer to a Griffin beaker. 
(See Note 5.) Add 2 mL of (1+1) HNO. and 10 
mL of (1 + l) HCI to the sample and heat on a 
steam bath or hot plate until the volume has 
been reduced to near Z5 mL making certain 
the sample does not boil. After this treatmenl. 
cool the sample and filter to remove insoluble 
material that could clog the nebulizer. (See 
Note 4.) Adjust the volume to 100 mL and 
mix. The sample is now ready for analysis. 
Concentrations so determined shall be 
reported as "total."' 

10. Procedure 

10.1 Set up instrument with proper 
operating parameters established in Section 
6.2. The instrument must be allowed to 
become thermally stable before beginning. 
This usually requires at least 30 min. of 
operation prior to calibration. 

10.2 Initiate appropriate operating 
configuration of computer. 

10.3 Profile and calibrate instrument 
accordin& to instrument manufacturer's 
recommended procedureS', usmg the typical 
mixed calibration standard solutions 
described in Section 7.4. Flush the system 
with the calibration blank {7.5.1} between 
each standard. (Sae Note 7.) (The use of the 
average intensity of multiple exposures for. 
both standardization and sample analysis 
has been found to reduce random error.} 

Note 7.-For boron concentrations greater 
than 500 µg/L extended flush times of 1 to 2 
minutes may be required. 

10.4 Before beginning the sample run, 
reanalyze the highest mixed calibration 
standard as if it were a sample. 
Concentration values obtained should not 
deviate from the actual values by more than 
±5 percent [or the established control limits 
whichever is lower). If they do, follow the 
recommendations of the instrument 
manufacturer lo correcl for this condll1on. 

10.5 Begin the sample run flushing the 
system with the calibration blank solut10n 
(7.5.t) between each sample. (See Nole 7.) 
An<ilyze the instrument check standard [7 6 1) 
and the calibration blank (7 5.1) each 10 
samples. 

10.6 If 11 has been found that methods of 
standard addihon are required. the following 
procedure 1s recommended. 

10.6.1 The standard add1tton technique 
(14.2) involves preparing new slandards in 

the sample ma1r1x by adding known amounls 
of standard to one or more aliquots of the 
processed sample solution. This technique 
compensales for a sample constitutent that 
enhances or depresses the analyte signal thus 
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producins a different slope from that of the 
calibration standards. It wall not correct for 
additive interference which causes a baseline 
shift. The simplest version of this technique is 
the single-addition method. The procedure is 
as follows. Two identical aliquots of the 
sample solution. each of volume V •• are 
taken. To the first (labeled A) is added a 
small volume v. of a standard analyte 
solution of concentration c.. To the second 
(labeled Bl is added the same volume v. of 
the solvent. The analytical signals of A and B 
are measured and corrected for nonanalyte 
signals. The unkno"'"ll sample concentration 
c, 1s calculated: 

s.v.c. 
c.,=-----

(SA-SeJ V, 

where S4 and Sa are the analytical sisnals 
(corrected for the blank) of solutions A and B. 
respectively. v. and c. should be chosen so 
that S, is roughly twice S8 on the average. It 
1s best ifV, is made much less than V,. and 
thus c. is much greater than c.. to avoid 
excesa dilution of the sample matrix. If a 
separation or concentration step is used. the 
additions are best made first and canied 
through the entire procedure. For the results 
from this techmque to be valid. the following 
limitallons must be taken into consideration: 

1. The analytical curve must be linear. 
2. The chemical form of the analyte added 

must respond the same as the analyte in the 
sample. 

3. The interference effect must be constant 
over the working range of concern. 

4. The signal must be corrected for any 
additive interference. 

11. Ca/cu/at1on 

11.1 Re11gent blanks (7.5.2) should be 
subtracted from all samples. This is 
particularly important for digested samples 
requiring large quantities of acids to complete 
the digestion. 

11.2 If dilutions were performed. the 
appropriate factor must be applied to sample 
values. 

11.3 Data should be rounded to the 
thousandth place and all results should be 
reported an mg/L up to three significant 
figures. 

12. Quality Control {Instrumental} 

12.1 Cher.k the instrument standardization 
by andlyzmg appropriate quality control 
cher.k standards as follow: 

12.1.1 Analyze and appropriate 
instrument check standard (7.6.1) contammg 
the elements of interest at a frequency of l(J'ili. 
This check standard is used to determine 
instrument drift. If agreement is not within 
±SW. of the expected values or within the 
established control limits. whichever is 
lower. the analysis is out of control. The 
analysis should be terminated, the problem 
corrected. and the instrument recalibrated. 

Analyze the calibration blank (7.5.1) at a 
frequency of 10%. The result should be within 
the established control limits of 2 standard 
deviations of the mean value. If not. repeat 
the analysis two more times and average the 
three results. If the average is not withm the 
control limit. terminate the analysis. correct 
the problem and recalibrate the instrument. 

12.1.2 To verify interelement and 
background correction factors analyze the 
interference check sample (7.6.Z) at the 
beginning. end. and at periodic intervals 
throughout the sample run. Results should fall 
within the established control limits of 1.5 
times the standard deviation of the mean 
value. If not. terminate the analysis. correct 
the problem and recalibrate the instrument. 

12.1.3 A quality control sample (7.6.3) 
obtained from an outside source must first be 
used for the initial verification of the 
calibration standards. A frnh dilution of this 
sample shall be analyzed every week 
thereafter to monitor their stability. If the 
results are not within ±5" of the true value 
listed for the control sample. prepare a new 
calibration standard and recalibrate the 
instrument. If this does not correct the 
problem. prepare a new atodi standard and a 
new calibration sta11dard and repeat the 
calibration. 

13. Preciaion and Accuracy 

13.1 In an EPA round robin phase 1 study. 
even laberalOrin applied the ICP technique 
to acid-diatillad water matrices thal l'lad been 
dosed with variou1 metal concentrates. Table 
4 lists the true value. the mean reported value 
and the mean " relative standard deviation. 
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TABLE 1.-ANALYTE CONCENTRATION EQUIVALENTS (MG/l) ARISING FROM INTERFERENTS AT THE 100 MG/l lEVEL-Contlnued 

A1 Ca Cr Cu Fe Mg Mn n v 

0.17 ~--··-·····-·-···--·--·-·------··---·-···· .......... ······-···---·--··-··----·-·-·---· 
-.....-··-····--·····-------·---·--··------·-· 
~-··-··········-··-······-·---····--··-···--------··························-···········-··-··-··---·-····--·-·····-·· 
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281.151 
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292.-
213.4511 

0.02 0. 11 ······-·--······· 
0.01 ··-·······-··-
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0.005 
0.05 

0.002 0.002 ·--··-·········· ··········· --···· . .... . . .. ···-·· 
0.03 ........................................ ·····•········· ................. . 
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TABLE 3. INTERFERENT ANO ANALYTE ELEMENTAL C0Na:NTRAT10NS USED FOR INTERFERENCE MEASUREMENTS IN TABLE 2 
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Mn········································································-····· 
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TABLE 4.-ICP PRECISION ANO ACCURACY DATA 
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Sample No. 2 Sampte No. 3 - - True..- Man 

'"""""' percent RSO l'fll 191)0f1ed 
-"91l ••lue "91l 

20 9.8 180 176 
15 67 100 99 
69 2.9 17Q 1118 
19 23 80 63 
10 18 50 50 
11 40 70 67 
19 15 180 178 
62 33 160 161 
29 16 14 13 

20 41 120 108 
28 11 60 55 

I 
30 32 80 80 
19 45 80 82 
85 •2 10 8.5 

Man 
percen1ASO 

52 
33 
11 

17 
33 
79 
60 

13 
16 
21 
14 

14 

94 
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SUPERSCAN ELEMENTS, WAVELENGTHS, ~ LTL. 

Element 

Aluminum 
Ant tmony 
Ar -sen i c: 
Barium 
B•ry 11 i um 
Bi-s111utn 
Boron 
Cad111iu111 
Calcium 
Cerium 
Chromium 
Cobalt 
Copper 
Dysprosium 
Erbium 
Euroi:iium 
Gade 1 i nium 
Gallium 
Germanium 
Gold 
Haf'nium 
Holmium 
lnd ium 
Iodin• 
Iridium 
Iron 
Lanthanu111 
L•ad 
Lithium 
Lutetium 
Magnw-sium 
Manganese 
Merc:ury 
Molybd•num 
N•odymium 
Nic:l<•l 
Niobium 
Osmium 
F'a 11 ad iulll 
F'ho•pnorus 
F'latinum 
F'otassium 
F'r•••odylftiulft 
Rl'lenium 
Rhodium 
Ruth•n1um 
S.am.arium 
Sc:.al"ldium 
Selenium 
Sil ic:on 
Si Iver 
Sodium 
Strontiulft 
Sulfur 
Tantalum 
Tellurium 
Tertlium 
Thallium 
Tl'lorium 
Thulium 
Tin 
Titanium 
Tungsten 
Urat"lium 
Vanadium 
Ytt•rbium 
Yttrium 
Zinc 
Zirconium 

Symbol 

Al-SS 
Sb-SS 
A9-SS 
Ba-SS 
Be-SS 
Bi-SS 
B-SS 
Cd-SS 
Ca-SS 
Ce-SS 
Cr-SS 
Co-SS 
Cu-SS 
Oy-SS 
e;,.-ss 
Eu-SS 
Gd-SS 
Ga-SS 
Ge-SS 
Au-SS 
1-11'-SS 
Ho-SS 
In-SS 
r-ss 
Ir-SS 
Fe-SS 
La-SS 
Pb-SS 
Li-SS 
Lu-SS 
Mg-SS 
Mn-SS 
Hg-SS 
Mo-SS 
Nd-SS 
Ni-SS 
Nb-SS 
Os-SS 
Pct-SS 
F'-SS 
Pt-SS 
1<-ss 
F'r-SS 
Re-SS 
Rl'l-SS 
Ru-SS 
Sm-55 
Sc-SS 
Se-SS 
Si-SS 
Ag-SS 
Na-SS 
s.--ss 
s-ss 
Ta-SS 
Te-SS 
Tb-SS 
Tl-55 
Tl"l-SS 
Tm-SS 
Sn-SS 
Ti-SS 
w-ss 
u-ss 
v-ss 
Yb-SS 
Y-SS 
Zn-SS 
z.--ss 

396. 1!52 
206.933 
197. 197 
4!5!5.403 
313.042 
223.061 
249.773 
214.438 
393.366 
413.76!5 
20!5. !5!52 
238.892 
324.7':54 
3!53. 170 
349.910 
391 .967 
342.247 
294.364 
26!5. 118 
242.76!5 
277.336 
34!5.600 
230.006 
183.038 
224.268 
238.204 
379.478 
220.3!53 
670.791 
261.!542 
27"1.!5!53 
2!57.610 
194.232 
202.030 
30"1.418 
231.604 
401.22!5 
228.226 
340.4!58 
213.618 
214.423 
766.4<;10 
3"10.844 
221.426 
233.477 
240.272 
3::59.<!60 
361.394 
196.079 
2:51.01 t 
329.068 
!58"1.!59!5 
407.771 
190.731 
226.230 
214.291 
3!50 .. ~1 7 
334.941 
293.730 
313. 126 
199.99'i' 
334. 94 l 
207.911 
39!5.959 
292.402 
328.937 
371 .030 
213.8!56 
343.923 

L TL. <mg/ l > •• 

0. 1 
1 
1 
0.1 
0. 1 • 
0.5 
0. l 
0.1 
0.1 

0. l 
0. 1 
0. l 
0. l 
0. l 
0. l 
0.5 
0. !5 
o.s 
1 
1 
0.!5 
l 

1 
0. 1 
0. 1 
0.5 
o. 1 
0. l 
0. 1 
0. 1 
0.5 
0.5 
0.!5 
0.1 
l 
0.1 
0. :5 

1 
1 
1 
1 
1 
0.::5 
0. l 
1 
0. 1 
0. l 
0. 1 
0. l 
l 
0.5 
1 
0.!5 
1 
1 
0.5 
0. !5 
0. l 
1 
1 
0. !5 
O.l 
o. 1 
0.1 
o. 1 

• Yave!ength: Most sens1tiv• lin• for analysis. Line choice 
is dependent on sample matriM. Use of -s•ccndary lin•s 
is nec•ssal"y for some •lements for sp•ctral interf'erence 
ccnfi.-mation. D-342 

** LTL: Lower Thr•shold Limit. Based upon Signal-to-Noise 
Ratio f'or each elemet"lt; •wpre-ss•d as mq/l. Lowe.- levels 
would be ~•c:orded as NO. Th• LTL for eac:h analyte is 
highly dependent upon sampl• mat1"1x and subJec:t to 
change on a sample-by-sami:iL• basis. 
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NITROGEN, Ai'\1MONIA 

Method 350.2 (Colorimetric; Titrimetric; Potentiometric 
Distillation Procedure) 

1. Scope and Application 

STORET NO. Total 00610 
Dissolved 00608 

1.1 This distillalion method covers the determination of ammonia-nitrogen exclusive of total 
Kjeldahl nitrogen, in drinking, surface and saline waters, domestic and industrial wastes. 
It is the method of choice where economics and sample load do not warrant the use of 
automated equipment. 

1.2 The method covers the range from about 0.05 to !.O mg NHrN/1 for the colorimetric 
procedure, from 1.0 to 25 mg/1 for the titrimetric procedure, and from 0.05 to 1400 
mg/ 1 for the electrode method. 

1.3 This method is described for macro glassware; however, micro distillation equipment 
may also be used. 

2. Summary of Method 
2.1 Th~ sample is buffered at a pH of9.5 with a borate buffer in order to decrease hydrolysis 

of cyanates and organic nitrogen compounds, and is then distilled into a solution of boric 
acid. The ammonia in the distillate can be determined colorimetrically by nesslerization, 
titrimetrically with standard sulfuric acid with the use of a mixed indicator, or 
potentiomeuically by the ammonia electrode. The choice between the first two 

. procedures depends on the concentration of the ammonia. 
3. Sample Handling and Preservation 

3.1 Samples may be preserved with 2 ml of cone. H2S04 per liter and stored at 4°C. 
4. Interferences 

4.1 A number of aromatic and aliphatic amines, as well as other compounds, both organic 
and inorganic, will cause turbidity upon the addition of Nessler reagent, so direct 
nesslerization (i.e., without distillation), has been discarded as an official method. 

4.2 Cyanate, which may be encountered in certain industrial effiuents, will hydrolyze to 
some extent even at the pH of 9.5 at which distillation is carried out. Volatile alkaline 
compounds, such as certain ketones. aldehydes, and alcohols, may cause an off-color 
upon nesslaization in the distillation method. Some of these, such as formaldehyde, may 
be eliminated by boiling off at a low pH (approximately 2 to 3) prioi: to distillation and 
nesslerization. 

4.3 Residual chlorine must also be removed by pretreatment of the sample with sodium 
thiosulfate before distillation. 

Approved ft r NPDES 
Issued 1971 
Editorial :~ ;cfon 1974 

D-344 



5. Apparatus 
5.1 An all-glass distilling apparatus with an 800-1000 ml flask. 
5.2 Spectrophotometer or filter photometer for use at 425 nm and providing a light path of 1 

cm or more. 
5.3 Nessler tubes: Matched Nessler tubes (APHA Standard) about 300 mm long, 17 mm 

inside diameter, and marked at 225 mm :!: 1.5 mm inside measurement from bottom. 
5.4 Erlenmeyer flasks: The distillate is collected in 500 ml glass-stoppered flasks. These 

flasks should be marked at the 350 and the 500 ml volumes. With such marking, it is not 
necessary to transfer the distillate to volumetric flasks. 

6. Reagents , 
6.1 Distilled water should be free of ammonia. Such water is best prepared by passage 

through an ion exchange column containing a strongly acidic cation exchange resin 
mixed with a strongly basic anion exchange resin. Regeneration of the column should be 
carried out according to the manufacturer's instructions. 
NOTE 1: All solutions must be made with ammonia-free water. 

6.2 Ammonium chloride, stock solution: 1.0 ml= 1.0 mg NH3-N. Dissolve 3.819 g NH,Cl 
in distilled water and bring to volume in a l liter volumetric flask. 

6.3 Ammonium chloride, standard solution: 1.0 ml = 0.01 mg. Dilute 10.0 ml of stock 
solution (6.2) to I liter in a volumetric flask. 

6.4 Boric acid solution (20 gll): Dissolve 20 g H 3B03 in distilled water and dilute to 1 liter. 
6.5 Mixed indicator: Mix 2 volumes of 0.2% methyl red in 95% ethyl alcohol with 1 volume 

of 0.2% methylene blue in 95% ethyl alcohol. This solution should be prepared fresh 
every 30 days. 
NOTE 2: Specially denatured ethyl alcohol conforming to Formula 3A or 30 of the U.S. 
Bureau of Internal Revenue may be substituted for 95% ethanol. 

6. 6 Nessler reagent: Dissolve 100 g of mercuric iodide and 70 g of potassium iodide in a small 
amount of water. Add this mixture slowly, with stirring, to a cooled solution of 160 g of 
NaOH in 500 ml of water. Dilute the mixture to l liter. If this reagent is stored in a Pyrex 
bottle out of direct sunlight, it will remain stable for a period of up to 1 year. 
NOTE 3: This reagent should give the characteristic color with ammonia within 10 
minutes after addition. and should not produce a precipitate with small amounts of 
ammonia (0.04 mg in a 50 ml volume). 

6. 7 Borate buffer: Add 88 ml of 0.1 N NaOH solution to 500 ml of 0.025 M sodium 
tetraborate solution (5.0 g anhydrous Na2B~O, or 9.5 g Na2B,0,•10H,O per liter) and 
dilute to l liter. 

6.8 Sulfuric acid, standard solution: (0.02 N, 1 ml = 0.28 mg NH3-N). Prepare a stock 
solution of approximately 0.1 N acid by diluting 3 ml of cone. H2SO~ (sp. gr. 1.84) to 1 
liter with COi-free distilled water. Dilute 200 ml of this solution to 1 liter with COi-free 
distilled water. 
NOTE 4: An alternate and perhaps preferable method is to standardize the 
approximately 0.1 N H2S04 solution against a 0.100 N Na2C03 solution. By proper 
dilution the 0.02 N acid can then be prepared. 

D-345 



6.8. l Standardize the approximately 0.02 N acid against 0.0200 N Na2C03 solution. 
This last solution is prepared by dissolving 1.060 g anhydrous Na2C03, oven-dried 
at i40•c, and diluting to 1000 ml with CO:-free distilled water. 

6.9 Sodium hydroxide, l N: Dissolve 40 g NaOH in ammonia-free water and dilute to I liter. 
6.10 Dechlorinating reagents: A number of dechlorinating reagents may be used to remove 

residual chlorine prior to distillation. These include: 
a. Sodium thiosulfate (1170 N): Dissolve 3.5 g Na:S20 3•5H20 in distilled water and 

dilute to 1 liter. One ml of this solution will remove 1 mg/l of residual chlorine in 
500 ml of sample. 

b. Sodium arsenite (1170 N): Dissolve 1.0 g NaAs02 in distilled water and dilute to 1 
liter. 

7. Procedure 
7 .1 Preparation of equipment: Add 500 ml of distilled water to an 800 ml Kjeldahl flask. The 

addition of boiling chips which have been previously treated with dilute NaOH will 
prevent bumping. Steam out the distillation apparatus until the distillate shows no trace 
of ammonia with Nessler reagent. 

7 .2 Sample preparation: Remove the residual chlorine in the sample by adding 
dechlorinating agent equivalent to the chlorine residual. To 400 ml of sample add 1 N 
NaOH (6.9), until the pH is 9 . .S, checking the pH during addition with a pH meter or by 
use of a short range pH paper. 

7.3 Distillation: Transfer the sample, the pH of which has been adjusted to 9.5, to an 800 ml 
Kjeldahl flask and add 25 ml of the borate buffer ( 6. 7). Distill 300 ml at the rate of 6-10 
ml/min. into 50mlof2% boric acid (6.4) contained in a 500 ml Erlenmeyer flask. 
NOTE 5: The condenser tip or an extension of the condenser tip must extend below the 
level of the boric acid solution. 
Dilute the distillate to 500 ml with distilled water and nesslerize an aliquot to obtain an 
approximate value of the ammonia-nitrogen concentration. For concentrations above 1 
mg/1 the ammonia should be determined titrimetrically. For concentrations below this 
value it is determined colorimetrically. The electrode method may also be used. 

7. 4 Determination of ammonia in distillate: Determine the ammonia content of the distillate 
titrimetrically, colorimetrically or potentiometrically as described below. 
7.4. l Titrimetric determination: Add 3 drops of the mixed indicator to the distillate and 

titrate the ammonia with the 0.02 N H~SO ~· matching the end point against a blank 
containing the same volume of distilled water and H 3B03 solution. 
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8. 

7.4.2 Colorimetiic determination: Prepare a series of Nessler tube standards as follows: 

ml of Standard 
1.0 ml = 0.01 mg NH3-N 

0.0 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
8.0 

10.0 

mg NH3-N/50.0 ml 

0.0 
0.005 

0.01 
0.02 
0.03 
0.04 
0.05 
0.08 
0.10 

Dilute each tube to 50 ml with distilled water, add 2.0 ml of Nessler reagent (6.6) 
and mix. After 20 minutes read the absorbance at 425 nm against the blank. From 
the values obtained plot absorbance vs. mg NH3-N for the standard curve. 
Determine the ammonia in the distillate by nesslerizing 50 ml or an aliquot diluted 
to 50 ml and reading the absorbance at 425 nm as described above for the 
standards. Ammonia-nitrogen content is read from the standard curve. 

7.4.3 Potentiometric determination: Consult the method entitled Nitrogen, Ammonia: 
Selective Ion Electrode Method (Method 350.3) in this manual. 

7.5 It is not imperative that all standards be distilled in the same manner as the samples. It is 
recommended that at least two standards (a high and low) be distilled and compared to 
similar values on the curve to insure that the distillation technique is reliable. If distilled 
standards do not agree with undistilled standards the operator should find the cause of 
the apparent error before proceeding. 

Calculations 
8.1 Titrimetric 

/ 1 NH N 
_ A x 0.28 x 1 ,000 

mg i - - S 

where: 

A = ml 0.02 N H 2S04 used. 
S = ml sample. 

8.2 Spectrophotometric 

mg/I NH1 - N = A x ri·OOO x ~ 

where: 
A = mg NH3-N read from standard curve. 
B = ml total distillate collected, including boric acid and dilution. 
C = ml distillate taken for nesslerization. 
D = ml of original sample taken. 
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8.3 Potentiometric 

500 
mg/I NH1 - N = - x A 

D 

where: 
A = mg NH3-N/l from electrode method standard curve. 
D = ml of original sample taken. 

9. Precision and Accuracy 
9.1 Twenty-four analysts in sixteen laboratories analyzed natural water samples containing 

e.uct increments of an ammonium salt. with the following results: 

Increment as 
Nitrogen. Ammonia 

mg N/liter 

0.21 
0.26 
l. 71 
1.92 

Precision as 
Standard Deviation 

mgN/liter 

0.122 
0.070 
0.244 
0.279 

(FWPCA Method Study 2. Nutrient Analyses) 

Bibliography 

Bias. 
% 

-5.54 
-18.12 
+0.46 
-2.01 

Accuracy as 
81as. 

mg N/liter 

-0.01 
-0.0S 

+0.01 
-0.04 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 410, 
Method 41 SA and 41 SB ( l 97S). 

2. Annual Book of ASTM Standards, Part 31, .. Water", Standard 01426-74, Method A, p 237 
(1976). 
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NITROGEN, AI\1MONIA 

Method 350.3 (Potentiometric, Ion Selective Electrode) 

1. Scope and Application 

STORET NO. Total 00610 
Dissolved 00608 

1.1 This method is applicable to the measurement of ammonia-nitrogen in drinking, surface 
and saline waters, domestic and industrial wastes. 

1.2 This method covers the range from 0.03 to 1400 mg NH3-N/l. Color and turbidity have 
no effect on the measurements, thus. distillation may not be necessary. 

2. Summary of Method 
2.1 The ammonia is determined potentiometrically using an ion selective ammonia electrode 

and a pH meter having an expanded millivolt scale or a specific ion meter. 
2.2 The ammonia electrode uses a hydrophobic gas-permeable membrane to separate the 

sample solution from an ammonium chloride internal solution. Ammonia in the sample 
diffuses through the membrane and alters the pH of the internal solution, which is sensed 
by a pH electrode. The constant level of chloride in the internal solution is sensed by a 
chloride selective ion electrode which acts as the reference electrode. 

3. Sample Handling and Preservation 
3.1 Samples may be preserved with 2 ml of cone. H2SO~ per liter and stored at 4°C. 

4. Interferences 
4.1 Volatile amines act as a positive interference. 
4.2 Mercury interferes by forming a strong complex with ammonia. Thus the samples cannot 

be preserved with mercuric chloride. 
5. Apparatus 

5.1 Electrometer (pH meter) with expanded. m V scale or a specific ion meter. 
5.2 Ammonia selective electrode, such as Orion Model 95-10 or EIL Model 8002-2. 
5.3 Magnetic stirrer, thermally insulated, and Teflon-coated stirring bar. 

6. Reagents 
6.1 Distilled water: Special precautions must be taken to insure that the distilled water is free 

of ammonia. This is accomplished by passing distilled water through an ion exchange 
column containing a strongly acidic cation exchange resin mixed with a strongly basic 
anion exchange resin. 

6.2 Sodium hydroxide, 1 ON: Dissolve 400 g of sodium hydroxide in 800 ml of distilled water. 
Cool and dilute to l liter with distilled water (6.1). 

6.3 Ammonium chloride, stock solution: 1.0 ml = 1.0 mg NH 3-N. Dissolve 3.819 g NH.Cl 
in water and bring to volume in a 1 liter volumetric flask using distilled water ( 6.1 ). 

Issued 1974 
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6.4 Ammonium chloride, standard solution: 1.0 ml= 0.01 mg NH3-N. Dilute 10.0 ml of the 
stock solution (6.3) to 1 liter with distilled water (6.1) in a volumetric flask. 
NOTE 1: When analyzing saline waters, standards must be made up in synthetic ocean 
water (SOW); found in Nitrogen, Ammonia: Colorimetric, Automated Phenate Method 
(350.1). 

7. Procedure 

8. 

7.1 Preparation of standards: Prepare a series of standard solutions covering the 
concentration range of the samples by diluting either the stock or standard solutions of 
ammonium chloride. 

7.2 Calibration of electrometer: Place 100 ml of each standard solution in clean 150 ml 
beakers. Immerse electrode into standard of lowest concentration and add 1 ml of lON 
sodium hydroxide solution while mixing. Keep electrode in the solution until a stable 
reading is obtained. 
NOTE 2: The pH of the solution after the addition ofNaOH must be above 11. 
Caution: Sodium hydroxide must not be added. prior to electrode immersion, for 
ammonia may be lost from a basic solution. 

7.3 Repeat this procedure with the remaining standards, going from lowest to highest 
concentration. Using semilogarithmic graph paper, plot the concentration of ammonia in 
mg NH3-N/1 on the log axis vs. the electrode potential developed in the standard on the 
linear axis, starting with the lowest concentration at the bottom of the scale. 

7.4 Calibration of a specific ion meter: Follow the directions of the manufacturer for the 
operation of the instrument. 

7.5 Sample measurement: Follow the procedure in (7.2) for 100 ml of sample in 150 ml 
beakers. Record the stabilized potential of each unknown sample and convert the 
potential reading to the ammonia concentration using the standard curve. If a specific 
ion meter is used, read the ammonia level directly in mg NHrN/1. 

Precision and Accuracy 
8.1 In a single laboratory (EMSL), using surface water samples at concentrations of 1.00, 

0.77, 0.19, and 0.13 mg NH3-N/l, standard deviations were ±0.038, ±0.017, ±0.007, 
and ±0.003, respectively. 

8.2 In a single laboratory (EMSL ), using surface water samples at concentrations of 0.19 and 
0.13 mg NH3-N/1, recoveries were 96% and 91 %, respectively. 

Bibliography 

1. Booth, R. L., and Thomas, R. F., "Selective Electrode Determination of Ammonia in Water 
and Wastes", Envir. Sci. Technology, 7, p 523-526 ( 1973). 

2. Banwart, W. L., Bremner, J.M., and Tabatabai, M.A., "Determination of Ammonium in Soil 
Extracts and Water Samples by an Ammonia Electrode", Comm. Soil Sci. Plant.,3,p 449 
(1952). 

3. Midgley, D., and Torrance, K., "The Determination of Ammonia in Condensed Steam and 
Boiler Feed-Water with a Potentiometric Ammonia Probe", Analyst, 97 p 62&-633 (1972). 
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BIOCHEMICAL OXYGEN DEMAND 

Method 405.1 (5 Days, 20°C) 

1. Scope and Application 

SfORET NO. 00310 
Carbonaceous 80082 

1.1 The biochemical oxygen demand (BOD) test is used for determining the relative oxygen 

requirements of municipal and industrial wastewaters. Application of the test to organic 

waste discharges allows calculation of the effect of the discharge; on the oxygen 
resources of the receiving water. Data from BOD tests are used for the development of 

engineering criteria for the design of wastewater treatment plants. 
1.2 The BOD test is an empirical bioassay-type procedure which measures the dissolved 

oxygen consumed by microbial life while assimilating and oxidizmg the organic matter 

present. The standard test conditions include dark incubation at 2o·c for a specified time 

period (often 5 days). The actual environmental conditions of temperature, biological 

population, water movement, sunlight, and oxygen concentration cannot be accurately 

reproduced in the laboratory. Results obtained must take into account the above factors 

when relating BOD results to stream oxygen demands. 

2. Summary of Method 

2.1 The sample of waste, or an appropriate dilution, is incubated for 5 days at 20°C in the 

dark. The reduction in dissolved oxygen concentration during the incubation period 
yields a measure of the biochemical oxygen demand. ·· • 

3. Comments 

3.1 Determination of dissolved oxygen in the BOO test may be made by use of either the 

Modified Winkler with Full-Bottle Technique or the Probe Method m this manual. 

3.2 Additional information relating to oxygen demanding characteristics of wastewaters can 

be gained by applying the Total Organic Carbon and Chemical Oxygen Demand tests 

(also found in this manual). 
3.3 The use of 60 ml incubation bottles in place of the usual 300 ml incubation bottles, in 

conjunction with the probe, is often convenient. 

4. Precision and Accuracy 
4. I Eighty-six analysts in fifty-eight laboratories analyzed natural wacer samples plus an 

exact increment of biodegradable organic compounds. At a mean value of 2.1 and 175 
mg/I BOD, the standard deviation was ~o.7 and ~26 mg/l. ri:~ri:cr1vdy (EPA Mcthod 

Research Study 3) . 

.+.2 There 1s no acceptable procedure for dccermmmg rhi: :.H.:curacy 1 >ft he llOD rest. 

:\pprm<"d f1J1 :-..; PDE~ C:BOD: p«11di11~ .1pprov;rl trn .'w< 11011 ·rn If 111. ( .\\ .\ 

hsued 1971 

Editorial rev1 ... 1on 1974 
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5. References 

5.1 The procedure to be used for this determination is found in: 
Standard Methods for the Examination of Water and Wastewater, 15th 
Edition, p. 483, Method 507 (1980). 

5.2 Young, ]. C., "Chemical Methods for Nitrification Control,"]. Water 
Poll. Control Fed., 45, p. 637 (1973). 
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United States 
Environmental Protection 
Agency 

Research and Development 

Test Method 

Environmental Monitoring and 
Suppon Laboratory 
Cinc1nnat1 OH 45268 

EPA-600/4-84-017 Mar. 1984 

The Determination of 
Inorganic Anions in 
Water by Ion Chromatography
Method 300.0 
James W. O'Dell. John 0. Pfaff, Morris E. Gales. and Gerald 0. McKee 

1. Scope and Apptication-
1. 1 This mtnhod covers the 
determ1nat1on of the fo4low1ng 
inorganic anions. 

Ana!yte 
Chloride 
Fluoride 
Nitrate·N 
Nitr1te·N 
Onho-Pliosphate·P 
Sulfate 

Storm Ng. 
Total Dissolved 

00940 
00951 00950 
00620 
00615 

00671 
00945 

1.2 This is an ion chromatographic 
(IC) method applicable to the 
determ1nat1on of the anions listed 
above 1n drinking water. surface 
water. and mixed domestic and 
1ndustrtal wastewater. 

1 .l The Method Detection Limit 
(MOl.. defined 1n Section 13) for the 
above analytes is listed in Table 1 . 
The MOl. for a specific matrix may 
differ from those listed. depending 
upon the nature of the sample. 

1.4 This method 1s restricted to use 
by or under the supervision of 
analysts experienced in the use of ion 
chromatography and in the 
1ntrepretat1on of the resulting ion 
chromatogram. Each analyst must 
demonstrate the ability to generate 
acceptable results with this method, 
using the procedure described 1n 
Section 10.2. 
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1.5 When this method is used to 
analyze unfamiliar samples for any of 
the above anions. anion 1denttficat1on 
should be supported by the addition 
of spike solutions covering the anions 
of interest. The SP1ke procedure is 
described in Section 11 . 6. 

2. Summary of Method 
2. 1 A small volume of same>le. 
typically 2 to 3 mL. is introduced into 
an ion chromatog..-ph. The anions of 
interest are separated and measured. 
using a system comprised of a guard 
.column, separator column. supQreSsor 
column, and conduct1v1ty delector. 

3. Definitions 
3. 1 Stock standard solution - a 
concentrated solution containing a 
certified standard that is a method 
analvte. Stock standard solutions are 
used to prepare secondary standard 
solutions. 

3.2 Calibration standards - a 
solution of analytes prepared in the 
laboratory from stock standard 
solutions and diluted as needed to 
prepare aqueous calibrauon solutions. 

3.3 Quality control check sample -
a solution conta1n1ng known 
concentrations of analvtes. prepared 
by a laboratory other than the 
laboratory performing the analysis. 
The analvz1ng laboratory uses this 
solution to demonstrate that 1t can 



obtain acceptable identifications and 
measurements with a method. 

3.4 Performance evaluation sample 
- a solution of method analytes 
distributed by the Quality Assurance 
Branch (QAB). Environmental 
Monitoring and Support Laboratory 
(EMSL-Cinc1nnat1). USEPA. Cincinnati. 
Ohio. to multiple laboratories for 
analysis. A volume of the solution 1s 
added to a known volume of reagent 
water and analyzed with procedures 
used for samples. Results of analyses 
are used by the QAB to determine 
statistically the accuracy and precision 
that can be expected when a method 
is performed by a competent analyst. 
Analyte true values are unknown to 
the analyst. 

3.5 Laboratory control standards -
a solution of analytes prepared in the 
laboratory by adding appropriate 
volumes of the stock standard 
solutions to reagent water. 

3.6 Laboratory duplicates - two 
aliquots of the same sample that are 
treated exactly the same throughout 
laboratory analytical procedures. 
Analyses of laboratory duplicates 
indicate precision associated with 
laboratory procedures but not the 
sample collection. preservation. or 
storage procedures. 

3. 7 Field duplicates - two samples 
taken at the same time and place 
under identical circumstances and 
treated exactly the same throughout 
field and laboratory procedures. 
Analyses of field duplicates indicate the 
precision associated with sample 
collection. preservation and storage. 
as well as with laboratory procedures. 

4. · Interferences 
4.1 Interferences can be caused by 
substances with retention times that 
are similar to and overlap those of the 
anion of interest. Large amounts of an 
anion can interfere with the peak 
resolution of an adjacent anion. 
Sample dilution and/ or spiking can be 
used to solve most interference 
problems. 

4.2 The water dip or negative peak 
that elutes near and can interfere 
with the fluoride peak can be 
eliminated by the addition of the 
equivalent of 1 mL of concentrated 
eluent (7.3 1 OOX) to 100 ml of each 
standard and sample. 

4.3 Method interferences may be 
caused by contaminants 1n the 
reagent water. reagents. glassware. 
and other sample processing 

apparatus that lead to discrete 
artifacts or elevated baseline in ion 
chromatograms. 

4.4 Samples that contain particles 
larger than 0.45 microns and reagent 
solutions that contain particles larger 
than 0.20 microns require filtration to 
prevent damage to instrument 
columns and flow systems. 

5. Safety 

5.1 Normal. accepted laboratory 
safety practices should be followed 
during reagent preparation and 
instrument operation. No known 
carcinogenic materials are used in 
this method. 

6. Apparatus and Materials 

6.1 Balance - Analytical. capable of 
accurately weighing to the nearest 
0.0001 g. 

6.2 Ion chromatograph - Analytical 
system complete with ion 
chromatograph and all required 
accessories including syringes. 
anaJytical columns. compressed air, 
detector, and stripchart recorder. A 
data system is recommended for peak 
integration. 

6.2.1 Anion guard column: 4 x 50 
mm. Dionex P/N 030825. or 
equivalent. 

6.2.2 Anion separator column: 4 x 
250 mm. Dionex P/N 030827. or 
equivalent. 

6.2.3 Anion suppressor column: 
fiber. Dionex PIN 35350. or 
equivalent. 

6.2.4 Detector - Conductivity cell: 
approximately 6 µL volume. Dionex. or 
equivalent. 

7. Reagents and 
Consumable Materials 
7.1 Sample bottles: Glass or 
polyethylene of sufficient volume to 
allow replicate analyses of anions of 
interest. 

7.2 Reagent water: Distilled or 
deionized water. free of the anions of 
interest. Water should contain 
particles no larger than 0.20 microns. 

7.3 Eluent solution: Sodium 
bicarbonate (CAS RN 144-55-8) 0.003 
M, sodium carbonate (CAS RN 497-
19-8) 0.0024M. Dissolve 1.0081 g 
sodium bicarbonate (NaHCO,) and 
1.0176 g of sodium carbonate 
(Na~Q3j 1n reagent water and dilute 
to 4 liters. 
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7.4 Regeneration solution (fiber 
suppressor): Sulfuric acid (CAS RN 
7664-93-9) 0.025N. Dilute 2.8 ml 
cone. sulfuric acid (H25041 to 4 liters 
with reagent water. 

7 .5 Stock standard solutions. 1000 
mg/L (1 mg/mL): Stock standard 
solutions may be purchased as 
certified solutions or prepared from 
ACS reagent grade materials (dried 
at 105QC for 30 min.I as listed below. 

7.5.1 Chloride (CL 11000 mg/L: 
Dissolve 1.6485 g sodium chloride 
(NaCL. CAS RN 7647-14-5) 1n reagent 
water and dilute to 1 liter. 

7.5.2 Fluoride (Fl 1000 mg/L: 
Dissolve 2.2100 g sodium fluoride 
(NaF. CAS RN 7681-49-4) in reagent 
water and dilute to 1 liter. 

7.5.3 Nitrate (NO;·N) 1000 mg/L: 
Dissolve 6.0679 g sodium nitrate 
(NaN03. CAS RN 7631-99-4) in 
reagent water and dilute to 1 liter. 

7.5.4 Nitrite (NO;·N) 1000 mg/L: 
Dissolve 4.9257 g sodium nitrite 
(NaN02. CAS RN 7632-00-0) in 
reagent water and dilute to 1 liter. 

7.5.5 Phosphate (PO:-P) 1000 mg/L: 
Dissolve 4.3937 g potassium 
phosphate (KH2P04, CAS RN n78-77-
0) in reagent water and dilute to 1 
liter. 

= 7.5.6 Sulfate (SO.) 1000 mg/L: 
Dissolve 1.8141 g potassium sulfate 
(KzSO •• CAS RN 7778-80-5) in 
reagent water and dilute to 1 liter. 

7.5.7 Stability of standards: Stock 
standards (7.5) are stable for at least 
one month when stored at 4QC. Dilute 
working standards should be prepared 
weekly. except those that contain 
nitrite and phosphate should be-
prepared fresh daily. 

8. Sample Collection. 
Preservation and Storage 
8. 1 Samples should be collected in 
scrupulously clean glass or 
polyethylene bottles. 

8.2 Sample preservation and holding 
times for the anions that can be 
determined by this method are as 
follows: 

MOIUlllY 

Analvte Preservation TI me 
Chloride None required 28 days 
Fluoride None required 28 days 
Nitrate-N Cool to 4°C 48 hours 
Nitrite-N Cool to 4°C 48 hours 
0-Phosphate-P Filter and cool 48 hours 

to4°C 
Sulfate Cool to 4QC 28 days 

( 
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8.3 The method of preservation and 
the holding time for samples analyzed 
by this method are determined by the 
anions of interest. In a given sample. 
the anion that requires the most 
preservation treatment and the 
shortest holding time will determine 
the preservation treatment and 
holding time for the total sample. 

9. Calibration and 
Standardization 
9.1 Establish ion chromatographic 
operating parameters equivalent to 
those indicated 1n Table 1. 

9.2 For each analyte of interest. 
prepare calibration standards at a 
minimum of three concentration 
levels and a blank by adding 
accurately measured volumes of one 
or more stock standards (7.5) to a 
volumetric flask and diluting to 
volume with reagent water. If the 
working range exceeds the linear 
range of the system. a sufficient 
number of standards must be 
analyzed to allow an accurate 
calibration curve to be established. 
One of the standards should be 
representative of a concantrat1on 
near. but above. the ml!lthod detection 
limit if the system is operated on an 
applicable attenuator range. The other 
standards should correspond to the 
range of concentrations expected in 
the sample or should define the 
working range of the detector. Unless 
the attenuator range settings are 
proven to be linear. each setting must 
be calibrated individually. 

9.3 Using 1n1ect1ons of 0.1 to 1.0 mL 
(determined by 1n1ect1on loop volumel 
of each calibration standard. tabulate 
peak height or area responses against 
the concentration. The results are 
used to prepare a calibration curve for 
each analyte. During this procedure. 
retention times must be recorded. The 
retention time is inversely 
proportional to the concentration. 

9.4 The working calibration curve 
must be verified on each working day, 
or whenever the anion eluent is 
changed. and after every 20 samples. 
If the response or retention time for 
any analyte varies from the expected 
values by more than : 10%. the test 
must be repeated. using fresh 
calibration standards. If the results 
are still more than = 10%. an entire 
new calibration curve must be 
prepared for that analvte. 

9.5 Nonhnear response can result 
when the separator column capacity 
is exceeded (overloading). Maximum 

column loading (all anions) should not 
exceed about 400 ppm. 

10. Quality Control 
10.1 Each laboratory using this 
method should have a formal quality 
control program. The m1n1mum 
requirements of this program consist 
of an initial demonstration of 
laboratory capability ( 10.2) and the 
anatystS of spiked samples as a 
continuing check on performance. The 
laboratory should maintain 
performance records to define the 
quality of data that are generated. 

10. 1. 1 In recognition of the rapid 
advances occurring in 
chromatography, the analyst is 
permitted certain options to improve 
the separations or lower the cost of · 
measurements. Each time such 
modifications to the method are made, 
the analyst is required to repeat the 
procedure in Section 10.2 

10.1.2 The laboratory should spike 
and analvze a minimum of 10% of all 
samples to monitor cont1nu1ng 
laboratory performance. Field and 
laboratory duplicates should also be 
analyzed. 

10.2 Before perlorming any 
anmyses. the analyst should 
demonstrate the ability to generate 
acceptable accuracy and precision 
with this method. using a laboratory 
control standard. 

10.2. 1 Select a representative 
spilce concentration for each analyte 
to be measured. Using stock 
standards. prepare a quality control 
check sample concentrate in reagent 
water 100 nmes more concentrated 
than the selected concentrations. 

10.2.2 Using a p1pet. add 1.00 mL 
of the check sample concentrate 
(10.2.1) to each of a minimum of four 
100-mL aliquots of reagent water. 
Analvze the aliquots according to the 
procedure 1n Section 11. 

10.2.3 Calculate the average 
percent recovery (R), and the standard 
dlMattonCs1 of the percent recovery, for 
the results. 

10.2.4 Using the appropriate data 
from Table 2. determine the recovery 
and single operator prec1s1on expected 
for the method. and compare these 
results to the values calculated in 
Section 10.2.3. If the data are not 
comparable w1th1n control limns 
(10.3.1 ). review potential problem 
areas and repeat the test. 
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10.3 The analyst must calculate 
method performance criteria and 
define the performance of the 
laboratory for each spike 
concentration of analyte being 
measured. 

10.3.1 Calculate upper and lower 
control limits for method performance 
as follows: 

Upper Control Limit (UCL) = R + 3 s 
Lower Control Limit (LCL) = R • 3 s 

where R and s are calculated as 1n 
Section 10.2.3. The UCL and LCL can 
be used to construct control charts 
that are useful in observing trends 1n 
performance. 

10.4 The laboratory should develop 
and maintain separate accuracy 
statements of laboratory performance 
for water and wastewater samples. 
An accuracy statement for the method 
is defined as R ± s. The accuracy 
statement should be developed by the 
analyses of four aliquots of water or 
wastewater. as described in Section 
10.2.2. followed by the calculation of 
Rands. 

10.5 Before processing any 
samples. the analyst must 
demonstrate through the analysis of 
an aliquot of reagent water that all 
glassware and reagent imerferences 
are under control. Each time there is 
a change 1n reagents. a laboratory 
reagent blank must be processed as a 
safeguard against laboratory 
contam1nat1on. 

10.1 It is recommended that the 
laboratory adopt additional quality 
assurance practices for use with this 
method. The specrfic practices that 
are most productive depend upon the 
needs of the laboratory and-the nature 
of the samples. Field duplicates mav 
be analyzed to monitor the prec1s1on 
of the sampling technique. When 
doubt exists over the ident1ficat1on of 
a peak 1n the chromatogram. 
confirmatory techniques such as 
sample dilution and spiking, must be 
used. Whenever possible. the 
laboratory should perform analysis of 
quality control check samples and 
part1c1pate 1n relevant performance 
evaluation sample studies. 

11 . Procedure 
11.1 Table 1 summarizes the 
recommended operaung conditions for 
the ion chromatograph. Included 1n 
this table are estimated retention 
times that can be achieved by this 
method. Other columns. 
chromatographic conditions. or 



detectors may be used 1f the 
requirements of Section 10.2 are met. 

11.2 Cheek system calibration daily 
and, 1f required. reealibrate as 
described in Section 9. 

11.3 Load and in1ect a fixed amount 
of well mixed sample. Flush injection 
loop thoroughly, using each new 
sample. Use the same size loop for 
standards and samples. Reeord the 
resulting peak size 1n area or peak 
height units. An automated constant 
volume 1n1ect1on system may also be 
used. 

11.4 The width of the retention time 
window used to make 1dent1ficat1ons 
should be based upon measurements 
of actual retention time var1at1ons of 
standards over the course of a day. 
Three times the standard dev1at1on of 
a retention time can be used to 
calculate a suggested window size for 
a compound. However. the experience 
of the analyst should weigh heavily 1n 
the interpretation of chromatograms. 

11.5 If the response for the peak 
exceeds the working range of the 
system. dilute the sample with an 

·appropriate amount of reagent water 
and reanalyze. 

11.8 If the resulting chromatogram 
fails to produce adequate resolution. 
or if ident1ficat1on of specific anions is 
questionable, spike the sample with 
an appropriate amount of standard 
and reanalyze. 

Note: Retention time is inversely 
proportional to concentration. Nitrate 
and sulfate exhibit the greatest 
amount of change. although all anions 
are affected to som• degree. In some 
ca:ses. this peak migration can 
produce poor resolution or 
misidentification. 

12. Calculation 
12.1 Prepare separate calibration 
curves for each anion of imerest by 
plotting peak size in area. or peak 
height units of standards against 
concentration values. Compute 
sample concentration by comparing 
sample peak response with the 
standard curve. 

12.2 Report results in mg/L 

13. Precision and Accuracy 
- Method Detection Umit 
13.1 The method detection limit 
(MOL) is defined as the m1n1mum 
concentration of a substance that can 
be measured and reponed with 99% 
confidence that the value 1s above 

zero. The MOL concentrations listed 1n 
Table 1 were obtained using reagent 
water. 

13.2 Single-operator accuracy and 
pree1s1on for reagent. drinking and 
surface water. and mixed domestic 
and industrial wastewater are listed in 
Table 2. 

14. References 
14.1 Annual Book of ASTM 
Standards, Part 31 Water. proposed 
test method for "Anions in Water by 
Ion Chromatography," p. 1485-1492 
(1982). 

14.2 Standard Methods for the 
Examination of Water and 
Wastewater, Method 400Z. ''Anions 
by Ion Chromatography'' proposed for 
the 16th Edition of Standard Methods. 

14.3 Oionex, IC 16 operation and 
maintenance manual, PN 30579. 
Oionex Corp., Sunnyvale, California 
94086. 

14.4 Method detection limit (MOL) 
as described m "'Trace Analyses for 
Wastewater." J. Glaser. D. Foerst, 
G. McKee. S. Quave, W. Budde. 
Environmental Science and 
Technology. Vol. 15, Number 12. p. 
1426, December 1981. 
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Table 1. Chromatogra,,111c Conditions and Method Detection Limits m Reagent 
Water 

Analyt11 
Fluoflde 
Ch/oflde 
Nitrite-N 
0-Phos,,hate-P 
Nitrate-N 
Sulfate 
Standard Conditions: 

Ret11nt1on1 

Time 
(Mini 

1.2 
3.4 
4.5 
9.0 

11.3 
21.4 

Relative 
Ret11nt1on 

Time 
1.0 
2.8 
3.8 
7.5 
9.4 

17.8 

Metho<P 
Oetectton l . .im1t 

mq/L 
0.005 
0.015 
0.004 
0.067 
0.013 
0.206 

Columns - As sPecified in 6.2 
Detector - As specified in 6.2 
E/uent - As specified in 7.3 

Sample Loop - 7 00 JJL 
Pump Volume - 2.30 mL/Min 

1. Concentrations of miJted standard (mg/LJ 
F/uoflde 3.0 O-Phosphat11-P 9.0 
Chloride 4. 0 Nitrat11-N 30. 0 
Nitrite·N 10.0 Su/late 50.0 

z. MDL calcul11t11d from data obtained using an anenuatOI' setting of 1 µMHO full 
scale. Othllf' settings would produce an MOL propOl'tionel to their value. 

Tab/112. Sing/11-0ptlf'ator Accuracy and Pr11t:ision 
Number Mean Standard 

Sample Spilc11 of RtlCOVllrf Deviation 
Anal't!,,e rve.11 lmg/'l R11Q/icat11s % lmg/Ll 
Chlortd11 RW 0.050 7 97.7 0.0047 

ow 10.0 7 98.2 0.289 
SW 1.0 7 105.0 0.139 
WW 7.5 7 82.7 0.446 

Fluorid11 RW 0.24 7 103.1 . 0.0009 
ow 9.3 7 87.7 0.075 
SW 0.50 7 74.0 0.0038 
WW 1.0 7 92.0 0.011 

Nitrate-N RW 0.10 7 100.9 0.0041 
ow 31.0 7 100.7 0.356 
SW a.so 7 100.0 0.0058 
WW 4.0 7 94.3 0.058 

Nitrite-N RW 0.10 7 97.7 0.0014 
ow 19.6 7 103.3 0.150 
SW 0.51 7 88.2 0.0053 
WW 0.52 7 100.0 0.018 

0-Phos,,hate-P RW 0.50 7 100.4 0.019 
ow 46.7 7 102.5 0.386 
SW 0.51 7 94.1 0.020 
WW 4.0 7 97.3 0.04 

Sulfate RW 1.02 7 102.1 0.066 
ow 98.5 7 104.3 1.475 
SW 10.0 7 t t 1.6 0.709 
WW 12.5 7 134.9 0.466 

RW = Reag11nt Watllf' SW = Surfac11 Wat11r 
DW = Drinking Wat11r WW = Wastawater 
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(FIELD DETERMINATION) 
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FREE CHLORINE 

Liquid samples were tested in the field for free chlorine content cr1or 
to the addition of any preservatives. This was done to determine whether a 
VOA vial preserved with sodium thiosulfate was necessary. Free chlorine 
tests were conducted using a chlorine test kit made by Coastal Chemical 
Comcany. The kit is equiped with a cell in which to place the test samole, 
a color chart to compare the sample with, and a small bottle of orthotol1-
dine. The color chart ranges from pale yellow <0.2 ppm chlorine> to bright 
yellow <1.0 ppm chlorine>. The chart measures color changes corresponding 
to quantities of 0.2, 0.4, 0.6, 0.8, and 1.0 ppm chlorine. Intermediate 
chlorine levels can be estimated. 

To test for free chlorine, liquid is placed in the test cell up to a 
measured limit. Four drops of orthotolidine are added and the cell con
tents are miKed. Any color change is compared to the color chart. 
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CHEMICAL OXYGEN DEMAND 

Method 410.4 (Colorimetric, Automated; Manual) 

STORET NO. 00340 

1. Scope and Application 
1.1 This method covers the determination of COD in surface waters, domestic and industrial 

wastes. 
1.2 The applicable range of the automated method is 3-900 mg/1 and the range of the 

manual method is 20 to 900 mg/ 1. 
2. Summary of Method 

2.1 Sample, blanks and standards in sealed tubes are heated in an oven or block digestor in 
the presence of dichromate at 150-C. After two hours, the tubes are removed from the 
oven or digester, cooled and measured spectraphotometrically at 600 run. 

3. Sample Handling and Preservation 
3.1 Collect the samples in glass bottles if possible. Use of plastic containers is permissible if it 

is known that no organic contaminants are present in the containers. 
3.2 Samples should be preserved with sulfuric acid to a pH < 2 and maintained at 4•c until 

analysis. 
4. Interferences 

4.1 Chlorides are quantitatively oxidized by dichromate and represent a poslUve 
interference. Mercuric sulfate is added to the digestion tubes to complex the chlorides. 

5. Apparatus 
S.1 Drying oven or block digestor, lSO-C 
S.2 Corning culture tubes, 16 x 100 mm or 25 x ISO mm with Teflon lined screw cap 
S.3 Spectrophotometer or Technicon AutoAnalyzer 
S.4 Muffle furnace, 500-C. 

6. Reagents 
6.1 Digestion solution: Add 10.2 g K 2Cr20,, 167 ml cone. H 2SO, and 33.3 g HgSO, to 500 ml 

of distilled water, cool and dilute to I liter. 
6.2 Catalyst solution: Add 22 g Ag2SO, to a 4.09kg bottle of cone. H2SO,. Stir until 

dissolved. 
6.3 Sampler wash solution: Add 500 ml of cone H1SO, to 500 ml of distilled water. 
6.4 Stock potassium acid phthalate: Dissolve 0. 850 g in 800 ml of distilled water and dilute to 

l liter. l ml= 1 mg COD 
6.4.1 Prepare a series of standard solutions that cover the expected sample 

concentrations by diluting appropriate volumes of the stock standard. 
7. Procedure 

7.1 Wash all culture tubes and screw caps with 20% H1SO, before their first use to prevent 
contamination. Trace contamination may be removed from the tubes by igniting them in 
a muftlc oven at SOO-C for l hour. 

Issued 1978 
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7.2 · Automated 
7 .2.1 Add 2.5 ml of sample to the 16 x 100 mm tubes. 
7.2.2 Add 1.5 ml of digestion solution (6.1) and mix. 
7.2.3 Add 3.5 ml of catalyst solution (6.2) carefully down the side of the culture tube. 
7.2.4 Cap tightly and shake to mix layers. 
7.2.5 Process standards and blanks exactly as the samples. 
7.2.6 Place in oven or block digestor at 15Q°C for two hours. 
7.2.7 Cool, and place standards in sampler in order of decreasing concentration. 

Complete fi~ing sampler tray with unknown samples. 
7.2.8 Measure color intensity on AutoAnalyzer at 600 nm. 

7.3 Manual 
7.3.1 The following procedure may be used if a larger sample is desired or a 

spectrophotometer is used in place of an AutoAnalyzer. 
7.3.2 Add 10 ml of sample to 25 x 150 mm culture tube. 
7.3.3 Add 6 ml of digestion solution (6.1) and mix. 
7.3.4 Add 14 ml of catalyst solution (6.2) down the side of culture tube. 
7.3.5 Cap tightly and shake to mix layers. 
7.3.6 Place in oven or block digestor at 150°C for 2 hours. 
7.3. 7 Cool. allow any precipitate to settle and measure intensity in spectrophotometer at 

600 nm. Use only optically matched culture tubes or a single cell for spectro
photometric measurement. 

8. Calculation 
8.1 Prepare a standard curve by plotting peak height or percent transmittance against known 

concentrations of standards. 
8.2 Compute concentration of samples by comparing sample response to standard curve. 

9. Precision and Accuracy 
9.1 Precision and accuracy data are not available at this time. 

Bibliography 

1. Jirka, A. M., and M. J. Carter, "Micro-Semi-Automated Analysis of Surface and Wastewaters 
for Chemical Oxygen Demand." Anal. Chem. 47: 1397. ( 1975). 
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CYANIDE, TOTAL 

Method 335.2 (Titrimetric; Spectrophotometric) 

STORET NO. 00720 

I. Scope and Application 
I. I This method is applicable to the determination of cyanide in drinking, surface and saline 

waters, domestic and industrial wastes. 
1.2 The titration procedure using silver nitrate with p-dimethylamino-benzal-rhodamne 

indicator is used for measuring concentrations of cyanide exceeding l mg/ l (0. 25 
mg/250 ml of absorbing liquid). 

l.3 The colorimetric procedure is used for concentrations below l mg/I of cyanide and 1s 
sensitive to about 0.02 mg/I. 

2. Summary of Method 
2.1 The cyanide as hydrocyanic acid (HCN) is released from cyanide complexes by means of 

a reflux-distillation operation and absorbed in a scrubber containing sodium hydroxide 
solution. The cyanide ion in the absorbing solution is then determined by volumetnc 
titration or colorimetrically. 

2.2 In the colorimetric measurement the cyanide is converted to cyanogen chloride, CNCI. 
by reaction with chloramine-T at a pH less than 8 without hydrolyzing to the cyanate. 
After the reaction is complete, color is formed on the addition of pyridine-pyrazolone or 
pyridine-barbituric acid reagent. The absorbance is read at 620 nm when using pyridine· 
pyrazolone or 578 nm for pyridine-barbituric acid, To obtain colors of comparable 
intensity, it is essential to have the same salt content in both the sample and the 
standard9. 

2.3 The titrimetric measurement uses a standard solution of silver nitrate to titrate cyanide in 
the presence of a silver sensitive indicator. 

3. Definitions 
3.1 Cyanide is defined as cyanide ion and complex cyanides converted to hydrocyanic acid 

(HCN) by reaction in a reflux system of a mineral acid in the presence of magnesium ion. 
4. Sample Handling and Preservation 

4. I The sample should be collected in plastic or glass bottles of l liter or larger size. All 
bottles must be thoroughly cleansed and thoroughly rinsed to remove soluble material 
from containers. 

4.2 Oxidizing agents such as chlorine decompose most of the cyanides. Test a drop of the 
sample wuh potassium iodide-starch test paper (Kl-starch paper); a blue color indicate> 
the need for treatment. Add ascorbic acid, a few crystals at a time, until a drop of sample 
produces no color on the indicalOr paper. Then add an addiuonal 0.06 ~ ol .Nor In< 
.u 1d tor each liter of sample volume. 

Approved for NPDES 
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4.3 Samples must be preserved with 2 ml of 10 N sodium hydroxide per liter of sample 
(pH~ 12) at the time of collection. 

4.4 Samples should be analyzed as rapidly as possible after collection. If storage is required, 
the samples should be stored in a refrigerator or in an ice chest filled with water and ice to 
maintain temperature at 4°C. 

5. Interferences 

5.1 

- 9 :>._ 

Interferences are eliminated or reduced by using the distiHation procedure described 
in Procedure 8.1, 8.2 and 8.3. 
Sulfides adversely affect the colorimetric and titration procedures. Sample~ that 
contain hydrogen sulfide, metal sulfides or other compounds that may produce 

hydrogen sulfide during the distillation should be distilled by the optional procedure 
described in Procedure 8.2. The apparatus for this procedure is shown in Figure :3. 

5.3 Fatty acids will distill and form soaps under the alkaline titration conditions, making the 
end point almost impossible to detect. 
5.3. l Acidify the sample with acetic acid (l +9) to pH 6.0 to 7.0. 

Caution: This operation must be performed in the hood and the sample left there 
until it can be made alkaline again after the extraction has been performed. 

5.3.2 Extract with iso-octane, hexane, or chloroform (preference in order named) with a 
solvent volume equal to 20% of the sample volume. One extraction is usually 
adequate to reduce the fatty acids below the interference level. Avoid multiple 
extractions or a tong contact time at low pH in order to keep the loss of HCN at a 
minimum. When the extraction is completed, immediately raise the pH of the 
sample to above 12 with NaOH solution. 

5.4 High results may be obtained for samples that contain nitrate and/or nitrite. During 
the distillation nitrate and nitrite will form nitrous acid which will react with some 
organic compounds to form oximes. These compounds formed will decompose under 
test conditions to generale HCN. The interference of nitrate and nitrite is eliminated 
by pretreatment with sulfamic acid. 

6. Apparatus 

6.1 Reflux distillation apparatus such as shown in Figure 1 or Figure 2. The boiling flask 
should be of l liter size with inlet tube and provision for condenser. The gas absorber may 
be a Fisher-Milligan scrubber. 

6.2 Microburet. 5.0 ml (for titration). 
6. 3 Spectrophotometer suitable for measurements at 578 nm or 620 nm with a 1.0 cm cell or 

larger. 
Ii. I Reflux discillacio11 appa1;11us for sulfide remm·;tl ;i_, 'howrt i11Figwe3. Tht' h111l111~ 

1 la.;k same as 6.1. The mil ide ..,n uh her may he a \V ht-.1to11 Ru hher ;;/()9ti82 wit Ii 29 I'.! 

Joines. silt: I 00 ml. The air inleL Lu he 'hmdd not lw friued. The < yar lldl' ah ... rn p11<>11 

ves'd should be the 'iame a-; the -;ulfide snubber. The air inlet tuhe .;hould h<' Ir ittnl. 
fi -, Flrn,· nwter. rnch d'i Lab Cre~t with -;1ainle-;s -;teel float ( Fi-;her 11-16-~-.->0). 

7. Reagents 

7.1 Sodium hydroxide solution, l.25N: Dissolve 50 g ofNaOH in distilled water, and dilute 
to I liter with distilled water. 
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7.2 Lead acetate: Dissolve30 go{ Pb(C2H302)•3H~ in 950 ml of distilled water. Adj use 
the pH to 4.5 with acetic acid. Dilute to I liter. 

7.5 Sulfuric acid; 18N: Slowly add 500 ml of concemrate<l H~04 to 500 ml of discille<l 
water. 

7.6 Sodium dihydrogenphosphate. 1 M: Dissolve 138 g of NaH2P04•H20 in l liter of 
distilled water. Refrigerate this solution. 

7.i Scock cyanide solution: Dissolve 2.51 g of KCN and 2 g KOH in 900 ml of <liscilled 
water. Standardize with 0.0192 N AgN03. Dilute co appropnace concencracion ~o that 
I ml= l mgCN. 

7.8 Scandardcyani<lesolution. intermediate: Dilute 100.0 ml of ~cock( I ml= I mg(.:'\) to 

1000 ml with distilled water ( l ml = 100.0 Ilg). 

i.9 \\'orking scandar<l qanide solution: Prepare fresh daily bv diluting 100.0 ml ol 

111cermediace cyanide solution co 1000 ml wich <liscilled water an<l score in .1 gb~.., 

~wppered boule. 1 ml = 10.0 ug CN. 
7.10 Standard silver nitrate solution. 0.0192 N: Prepare by crushing approximately 5 g 

AgN03 crystals and drying to constant weight at 40°C. Weigh out 3.2647 g of dried 
AgN03, dissolve in distilled water, and dilute to 1000 ml ( l ml = 1 mg CN). 

7.11 Rhodanine indicator: Dissolve 20 mg of p-dimethyl-amino-benzalrhodanine in 100 ml of 
acetone. 

7.12 Chloramine T solution: Dissolve 1.0 g of white. water soluble Chloramine Tin 100 ml of 

distilled water and refrigerate until ready to use. Prepare fresh daily. 
7. 13 Color Reagent - One of the following may be used: 

7.13.1 Pyridine-Barbituric Acid Reagent: Place 15 g of barbituric acid in a 250 ml 
volumetric flask and add just enough distilled water to wash the sides of the 
flask and wet the barbituric acid. Add 75 ml of pyridine and mix. Add 15 ml 
of cone. HCI, mix, and cool to room temperature. Dilute co 250 ml with 
dislilted water and mix. This reagem is stable for apprmrnnately six month~ 

if scored in a cool, dark place. 
7. 13 .2 Pyridine-pyrazolone solution: 

7.13.2.1 3-Methyl-I-phenyt-2-pyrazolin-5-one reagent, saturated solution: Add 

7.13.2.2 

7.13.2.3 

0.25 g of 3-methyl- l-phenyl-2-pyrazolin-5-one to 50 ml of distilled 
water, heat to 60"C with stirring. Cool to room temperature. 
3,3'Dimethyl-l, l '-diphenyl-[4,4'-bi-2 pyrazoline]-S,5'dione (bispyra
zolone): Dissolve 0.0 l g of bispyrazolone in 10 ml of pyridine. 
Pour solution (7.13.2.1) through non-acid-washed tilter paper. Collect 
the filtrate. Through the same tilter paper pour solution (7 13.2.2) 
collecting the filtrate in the same container as filtrate from (7 13.2. l ). 
Mix until the filtrates are homogeneous. The mixed reagent develops a 
pink color but this does not affect the color production with cyanide if 

used within 24 hours of preparation. 
7.14 Magnesium chloride solution: Weight 510 g of MgCl2-6H 20 into a 1000 ml flask, dissolve 

and dilute to l liter with distilled water. 
i .1 ;, Sulfamu and. 
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8. Procedure 
8.1 For samples without sulfide. 

8.1. l Place 500 ml of sample, or an aliquot diluted to 500 ml in the l liter boiling 
flask. Pi pet 50 ml of sodium hydroxide (7. l) into the absorbing tube. If the 
apparatus in Figure l is used, add distilled water until the spiral is covered. 
Connect the boiling flask, condenser, absorber and trap in the train. (Figure l 
or 2) 

8. l.2 Start a slow stream of air entering the boiling flask by adjusting the vacuum 
source. Adjust the vacuum so that approximately two bubbles of air per second 
enters the boiling flask through the air inlet tube. Proceed to 8.4. 

8.2 For -;amples that contain sulfide. 
8.2. l Place 500 ml of sample, or an aliquot diluted to 500 ml in the l liter boiling 

fla:,k. Pi pet 50 ml of sodium hydroxide (7. l) to the absorbing tube. Add 25 ml of 
lead acetate (7.2) to the sulfide scrubber. Connect the boiling flask, condenser. 
scrubber and absorber in the train. (Figure .3) The flow meter is connecced to the 
ouliet tube of the cyanide absorber. 

8.2.2 Start a stream of air entering the boiling flask by adjusting the vacuum source. 
Adjust the vacuum so that approximately 1.5 liters per minute enters the 
boiling flask through the air inlet tube. The bubble rate may not remain 
constant while heat is being applied to the flask. It may be necessary to readjust 
the air rate occasionally. Proceed to 8.4. 

8.3 If samples contain NO, and or N02add 2 g of sulfamic acid solution (7.15) after the air 
rate is set through the air inlet tube. Mix for 3 minutes prior to addition o( H~O~. 

8.4 Slowly add 50 ml 18N sulfuric acid (7.5) through the air inlet tube. Rinse the tube with 
distilled water and allow the airflow to mix the flask contents for 3 min. Pour 20 ml of 
magnesium chloride (7.14) into the air inlet and wash down with a stream o( water. 

8.5 Heat the solution to boiling. Reflux fo1 one hom. Tum oH neat and cominue the 
airflow for at least 15 minutes. After cooling the boiling flask, disconnect absorber and 
close off the vacuum source. 

8.6 Drain the solution from the absorbu into a 250 ml volumetric Haslt. Wash the absorber 
with distilled water and add the washings to the flask. Dilute to the mark with distilled 
water. 

8.7 Withdraw 50 ml or less of the solution from the flask and transfer toa 100 ml volumetric 
flask. If less than 50 ml is taken, dilute to 50 ml with 0.25N sodium hydroxide solution 
(7.4). Add 15.0 ml of sodium phosphate solution (7.6) and mix. 
8.7.l Pyridine-barbituric acid method: Add 2 ml of chloramine T (7.12) and mix. 

See Note l. After l to 2 minutes, add 5 ml of pyridine-barbituric acid solution 
(7.13.l) and mix. Dilute to mark with distilled water and mix again. Allow 8 
minutes for color development then read absorbance at 578 nm in a I cm cell 
within 15 minutes. 

8.7.2 Pyridine-pyrazolene method: Add 0.5 ml of chloraotine T (7.12) and mix. See 
:\'ote l and 2. After l to 2 minutes add 5 ml of pyridine-pyrazolone solution 
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(7 .13. l) and mix. Dilute to mark with distilled water and mix again. After 40 
minutes read absorbance at 620 nm in a l cm cell. 
NOTE l: Some distillates may contain compounds that have a chlorine 

demand. One minute after the addition of chloramine T, test for 
residual chlorine with KI-starch paper. If the test is negative. add an 
additional 0.5 ml of chlorine T. After one minute. recheck the sample. 

NOTE 2: More than 05. ml of chloramine T will prevent the color from 
developing wich pyridine-pyrazolone. 

8.8 Standard curve for samples without sulfide. 
8.8. l Prepare a series of standards by pipeting suitable volumes of standard solutjon 

(7.9) into 250 ml volumetric flasks. To each standard add 50 ml of 1.25 :'\ 
sodium hydroxide and dilute to 250 ml with distilled water. Prepare as follows: 

ML of Working Standard Sol ucion 
(I ml = 10 µg CN) 

0 
l.O 
2.0 
5.0 

10.0 
15.0 
20.0 

Cone. µg CN 
per 250 ml 

BLANK 
lO 
20 
50 

100 
150 
200 

8.8.2 It is not imperative that all standards be distilied in the same manner as the 
samples. It is recommended that ac lease two standards (a high and low) be 
distilled and compared to similar values on the curve to insure that the disul
lation technique is reliable. If distilled standards do noc agree within ±10";, 
of the undistilled standards the analyse should find the cause of the apparent 
error before proceeding. 

8.8.3 Prepare a standard curve by ploccing absorbance of standard vs. cyanide 
concentrations. 

8.8.4 To check the efficiency of the sample disullation. add an 111crement of cyanide 
from either the intermediate standard (7.8) or the working standard (7.9) to 

500 ml of sample to insure a level of 20 µgll. Proceed with the analysis as m 
Procedure (8.1.l ). 

8.9 Standard curve for samples with sulfide. 
8.9. l It is imperative that all standards be distilled in the same manner as the sample!>. 

Standards distilled by this method will give J linear curve. hut :is the concen
tration increases. the recovery decrea!>es. It is recommended that at least 3 
standards be distilled. 

8.9.2 Prepare a standard curve by ploccing ahsorbance of standard vs. cyanide con· 
cencrations. 
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8.10 Titrimetric method. 
8.10.l If the sample contains more than l mg/I of CN, transfer the distillate or a 

suitable aliquot diluted to 250 ml, to a 500 ml Erlenmeyer flask. Add 10-12 drops 
of the benzalrhodanine indicator. 

8.10.2 Titrate with standard silver nitrate to the first change in color from yellow to 
brownish-pink. Titrate a distilled water blank using the same amount of sodium 
hydroxide and indicator as in the sample. 

8.10.3 The analyst should familiarize himself with the end point of the titration and the 
amount of indicator to be used before actually titrating the samples. 

9. Calculation 
9. l If the colorimetric procedure is used, calculate the cyanide, in ug/ 1, in the original 

sample as follows: 

where: 

CN,ug/I =Ax 1,000 x 50 
B C 

A = us CN read from standard curve 
B = ml of original sample for distillation 
C = ml taken for colorimetric analysis 
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9.2 Using the titrimetric procedure, calculate concentration of CN as follows: 

CN, m /l = (A -. 8)1.000 x 250 
g ml orig. sample ml of aliquot titrated 

where: 

A = volume of AgN03 for titration of sample. 
B = volume of AgN01 for titration of blank. 

10. Precision and Accuracy 
10. l In a single laboratory (EMSL), using mixed industrial and domestic waste samples at 

concentrations of 0.06, 0.13, 0.28 and 0.62 mg/1 CN, the standard deviations were 
!0.005, .:0.007. .:0.031 and t0.094, respectively. 

10.2 In a single laboratory (EMSL), using mixed industrial and domestic waste samples at 
concentrations of0.28 and 0.62 mg/1 CN, recoveries were 85% and 102%, respectively. 
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FLUORIDE, TOTAL 

Method 340.1 (Colorimetric, SP ADNS with Bellack Distillation) 

1. Scope and Application 

STORET NO. Total 00951 
Dissolved 00950 

1.1 This method is applicable to the measurement of fluoride in drinking, surface, and saline 
waters, domestic and industrial wastes. 

1.2 The method covers the range from 0.1 to about 2.5 mg/1 F. This range may be extended 
to 1000 mg/1 using the Fluoride Ion Selective Electrode Method (340.2) after 
distillation. 

2. Summary of Method 
2.1 Following distillation to remove interferences, the sample is treated with the SP ADNS 

reagent. The loss of color resulting from the reaction of fluoride with the zirconyl
SP ADNS dye is a function of the fluoride concentration. 

3. Comments 
3.1 The SP ADNS reagent is more tolerant of interfering materials than other accepted 

fluoride reagents. Reference to Table 414:1, p 388, Standard Methods for the 
Examination of Waters and Wastewaters, 14th Edition, will help the analyst decide if 
distillation is required. The addition of the highly colored SP ADNS reagent must be 
done with utmost accuracy because the fluoride concentration is measured as a difference 
of absorbance in the blank and the sample. A small error in reagent additon is the most 
prominent source of error in this test. 

3.2 Care must be taken to avoid overheating the,flask above the level of the solution. This is 
done by maintaining an even flame entirely under the boiling flask. 

4. Apparatus 
4.1 Distillation apparatus: A 1-liter round-bottom, long-necked pyrex boiling flask, 

connecting tube, efficient condenser, thermometer adapter and thermometer reading to 
200-C. All connections should be ground glass. Any apparatus equivalent to that shown 
in Figure 1 is acceptable. 

4.2 Colorimeter: One of the following 
4.2.1 Spectrophotometer for use at 570 nm providing a light path of at least 1 cm. 
4.2.2 F'tlter photometer equipped with a greenish yellow tilter having maximum 

transmittance at 550 to 580 nm and a light path of at least 1 cm. 
S. Reagents 

5.1 Sulfuric acid, H2SO~, cone. 
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5.2 Silver sulfate, Ag2S04 crystals. 
5.3 Stock fluoride solution: Dissolve 0.221 g anhydrous sodium fluoride, NaF, in distilled 

water in a 1-liter volumetric flask and dilute to the mark with distilled water; 1.00 ml = 
0.1 mgF. 

5.4 Standard fluoride solution: Place 100 ml stock fluoride solution (5.3) in a 1 liter 
volumetric flask and dilute to the mark with distilled water; 1.00 ml = 0.010 mg F. 

5.5 SPADNS solution: Dissolve 0.958 g SPADNS, sodium 2-(parasulfophenylazo)-1,8-
dihydroxy-3,6-naphthalene disulfonate, in distilled water in a 500 ml volumetric flask 
and dilute to the mark. Stable indefinitely if protected from direct sunlight. 

5.6 Zirconyl-acid reagent: Dissolve 0.133 g zirconyl chloride octahydrate, Zr0Cl2•8H20 in 
approximately 25 ml distilled water in a 500 ml volumetric flask. Add 350 ml cone HCl 
and dilute to the mark with distilled water. 

5.7 Acid-zirconyl-SPADNS reagent: Mix equal volumes of SPADNS solution (5.5) and 
zirconyl-acid reagent (5.6). The combined reagent is stable for at least 2 years. 

5.8 Reference solution: Add 10 ml SP ADNS solution (5.5) to 100 ml distilled water. Dilute 7 
ml cone HCl to 10 ml and add to the dilute SPADNS solution. This solution is used for 
zeroing the spectrophotometer or photometer. It is stable and may be used indefinitely. 

5.9 Sodium arsenite solution: Dissolve 5.0 g NaAs02 in distilled water in a I-liter volumetric 
flask and dilute to the mark with distilled water (CAUTION: Toxic-avoid ingestion). 

6. Procedure 
6.1 Preliminary distillation • 

6.1. l Place 400 ml distilled water in the distilling flask. 
6.1.2 Carefully add 200 ml cone. H2SO 4 and swirl until contents are homogeneous. 
6.1.3 Add 25 to 35 glass beads, connect the apparatus (Figure 1) making sure all joints 

are tight. 
6.1.4 Heat slowly at first, then as rapidly as the efficiency of the condenser will permit 

(distillate must be cool) until the temperature of the flask contents reaches exactly 
l 80°C. Discard the distillate. This process removes fluoride contamination and 
adjusts the acid-water ratio for subsequent distillations. 

6.1.5 Cool to 120-C or below. 
6.1.6 Add 300 ml sample, mix thoroughly, distill as in 6.1.4 until temperature reaches 

180-C. Do not heat above 180-C to prevent sulfate carryover. 
6.1. 7 Add Ag2S04 (5.2) at a rate of 5 mg/mg Cl when high chloride samples are distilled. 
6.1.8 Use the sulfuric acid solution in the flask repeatedly until the contaminants from 

the samples accumulate to such an extent that recovery is affected or interferences 
appear in the distillate. Check periodically by distilling standard fluoride samples. 

6.1.9 High fluoride samples may require that the still be flushed by using distilled water 
and combining distillates. 

6.2 Colorimetric Determination: 
6.2.1 Prepare fluoride standards in the range 0 to 1.40 mg/1 by diluting appropriate 

quantities of standard fluoride solution (5.4) to 50 ml with distilled water. 
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6.2.2 Pipct 5.00 ml each of SPADNS solution (5.5) and zirconyl-acid reagent (5.6) or 
10.00 ml of the mixed acid-zirconyl-SPADNS reagent (5.7) to each standard and 
mix well. 

6.2.3 Set photometer to zero with reference solution (5.8) and immediately obtain 
absorbance readings of standards. 

6.2.4 Plot absorbance ~concentration. Prepare a new standard curve whenever 
fresh reagent is made. 

6.2.5 If residual chlorine is present pretreat the sample with 1 drop (0.05 ml) NaAs02 

solution (5.9) per 0.1 mg residual chlorine and mix. Sodium arsenite 
concentrations of 1300 mg/1 produce an error of 0.1 mg/1 at 1.0 mg/1 F. 

6.2.6 Use a 50 ml sample or a portion diluted to 50 ml. Adjust the temperature of the 
sample to that used for the standard curve. 

6.2. 7 Perform step 6.2.2 and 6.2.3. 
7. Calculations 

7.1 Read the concentration in the 50 ml sample using the standard curve (6.2.4) 
7 .2 Calculate as follows: 

m /l F = mgF x l,000 
g ml sample 

7.3 When a sample (ml sample) is diluted to a volume (B) and then a portion (C) is analyzed, 
use: 

!l F _ m~ x 1,000 .!!_ 
mg - m sample x C 

8. Precision and Accuracy 
8.1 On a sample containing 0.83 mg/1 F with no interferences, 53 analysts using the Bellack 

distillation and the SPADNS reagent obtained a mean of 0.81 mg/1 F with a standard 
deviation of ±0.089 mg/1. 

8.2 On a sample containing 0.57 mg/1 F (with 200 mg/1 S04 and 10 mg/1 Al as 
interferences) 53 analysts using the Bellack distillation obtained a mean of 0.60 mg/IF 
with a standard deviation of ±0.103 mg/l. 

8.3 On a sample containing 0.68 mg/l F (with 200 mg/1 S04, 2 mg/l Al and 2 . .5 mg/l 
[Na(P03) 6] as interferences), S3 analysts using the Bellack distillation obtained a mean of 
0.72 mg/1 F with a standard deviation of ±0.092 mg/l. (Analytical Reference Service, 
Sample 111-B water, Fluoride, August, 1961.) 
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oH 

Liquid and sludge samoles were tested for oH in the fielo orior to tne 
add it i •:in •:if any oreservat i ves. Val •.ies of cH were meas•.ired •.1s i nq "A 11-' ac i o 
Test Ribbor1" man•.1fact•.1red by Fiscner Scientific Cc1moar1y. Tn1s oH pacer 
orovides 5 distinct color changes ranqing from violet CoH = 2> to dark clue 
<pH= 10>. A color comparison chart is included with the oaoer. T~e cnart 
indicates the colors for pH values of 2. 4, 6, a. and 10. Intermediate oH 
values can be estimated. 

To determine the pH a liquid sample, a section of the oH ribbon is 
removed from the dispenser and a small amount of licuid Id few droos> is 
aoplied to the pacer. Any color change will occur immediately and is com
pared to the color chart while the paper is still wet. To determine the oH 
of a sludge sample, a small amount of sludge is acclied to the caper. Time 
is allowed for the fluid content of the sludge to absorb into tne oH r1b
bc•'l"I. Once this has •:iccurred, any colc•r change is compared t•:i the cnart. 
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1. Scope and Application 

pH 

Method 150.1 (Electrometric) 

STORET NO. 
Determined on site 00400 

Laboratory 00403 

1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 
wastes. 

2. Summary of Method 
2.1 The pH of a sample is determined electrometrically using either a glass electrode in 

combination with a reference potential or a combination electrode. 
3. Sample Handling and Preservation 

3.1 SampJc:s should be analyzed as soon as possible preferably in the field at the time of 
sampling. 

3.2 High-purity waters and waters not at equilibrium with the atmosphere are subject to 
changes when exposed to the atmosphere, therefore the sample containers should be 
filled completely and kept sealed prior to analysis. 

4. Interferences .. 
4.1 The glass electrode, in general, is not subject to solution interferences from color, 

turbidity, colloidal matter, oxidants, reductants or high salinity. 
4.2 Sodium error at pH levels greater than 10 can be reduced or eliminated by using a "low 

sodium error" electrode. 
4.3 Coatings of oily material or particulate matter can impair electrode response. These 

coatings can usually be removed by gentle wiping or detergent washing, followed by 
distilled water rinsing. An additional treatment with hydrochloric acid ( 1 + 9) may be 
necessary to remove any remaining film. 

4.4 Temperature effects on the electrometric measurement of pH arise from two sources. 
The first is caused by the change in electrode output at various temperatures. This 
interference can be controlled with instruments having temperature compensation or by 
calibrating the electrode-instrument system at the temperature of the samples. The 
second source is the change of pH inherent in the sample at various temperatures. This 
error is sample dependent and cannot be controlled, it should therefore be noted by 
reporting both the pH and temperature at the time of analysis. 

5. Apparatus 
5.1 pH Meter-laboratory or field model. A wide variety of instruments are commerdally 

available with various specifications and optional equipment. 
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5.2 Glass electrode. 
5.3 Reference electrode-a calomel, silver-silver chloride or other reference electrode of 

constant potential may be used. 
NOTE 1: Combination electrodes incorporating both measuring and reference 
functions are convenient to use and are available with solid, gel type filling materials that 
require minimal maintenance. 

5.4 Magnetic stirrer and Teflon-coated stirring bar. 
5.5 Thermometer or temperature sensor for automatic compensation. 

6. Reagents 
6.1 Primary standard buffer salts are available from the National Bureau of Standards and 

should be used in situations where extreme accuracy is necessary. 
6.1.1 Preparation of reference solutions from these salts require some special precautions 

and handling(I> such as low conductivity dilution water, drying ovens, and carbon 
dioxide free purge gas. These solutions should be replaced at least once each 
month. 

6.2 Secondary standard buffers may be prepared from NBS salts or purchased as a solution 
from commercial vendors. Use of these commercially available solutions, that have been 
validated by comparison to NBS standards, are recommended for routine use. 

7. Calibration 
7 .1 Because of the wide variety of pH meters and accessories, detailed operating procedures 

cannot be incorporated into this method. Each analyst must be acquainted with the 
operation of each system and familiar with all instrument functions. Special attention to 
care of the electrodes is recommended. 

7.2 Each instrument/electrode system must be calibrated at a minimum of two points that 
bracket the expected pH of the samples and are approximately three pH units or more 
apart. 
7 .2.1 Various instrument designs may involve use of a "balance" or "standardize" dial 

and/or a slope adjustment as outlined in the manufacturer's instructions. Repeat 
adjustments on successive portions of the two buffer solutions as outlined in 
procedure 8.2 until readings are within 0.05 pH units of the buffer solution value. 

8. Procedure 
8.1 Standardize the meter and electrode system as outlined in Section 7. 
8.2 Place the sample or buffer solution in a clean glass beaker using a sufficient volume to 

cover the sensing elements of the electrodes and to give adequate clearance for the 
magnetic stirring bar. 
8.2.1 If field measurements are being made the electrodes may be immersed directly in 

the sample stream to an adequate depth and moved in a manner to insure sufficient 
sample movement across the electrode sensing element as indicated by drift free 
( < 0.1 pH) readings. 

8.3 If the sample temperature differs by more than 2°C from the buffer solution the measured 
pH values must be corrected. Instruments are equipped with automatic or manual 

0 'National Bureau of Standards Special Publication 260. 
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compensators that electronically adjust for temperature differences. Refer to 
manufacturer's instructions. 

8.4 After rinsing and gently wiping the electrodes, if necessary, immerse them into the 
sample beaker or sample stream and stir at a constant rate to provide homogeneity and 
suspension of solids. Rate of stirring should minimize the air transfer rate at the air water 
interface of the sample. Note and record sample pH and temperature. Repeat 
measurement on successive volumes of sample until values differ by less than 0.1 pH 
units. Two or three volume changes arc usually sufficient. 

Calculation 
9.1 pH meters read directly in pH units. Report pH to the nearest 0.1 unit and temperature 

to the nearest •c. 
10. Precision and Accuracy 

10.1 Forty·four analysts in twenty laboratories analyzed six synthetic water samples 
containing exact increments of hydrogen-hydroxyl ions, with the following results: 

Accuracy as 
pH Units Standard Deviation Bias, Bias, 

~H Units % pH Units 

3.5 0.10 -0.29 -0.01 
3.5 0.11 -0.00 
7.1 0.20 +1.01 +0.07 
7.2 0.18 -0.03 -0.002 
8.0 0.13 -0.12 -0.01 
8.0 0.12 +0.16 +0.01 

(FWPCA Method Study l, Mineral and Physical Analyses) 

10.2 In a single laboratory (EMSL), using surface water samples at an average pH of 7.7, the 
standard deviation was ±0.1. 
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OIL AND GREASE, TOTAL, RECOVERABLE 

Method 413.1 (Gravimetric, Separatory Funnel Extraction) 

STORET NO. 00556 

1. Scope and Application 
1.1 This method includes the measurement of fluorocarbon-113 extractable matter from 

surface and saline waters, industrial and domestic wastes. It is applicable to the 
determination of relatively non-volatile hydrocarbons, vegetable oils. animal fats, waxes, 
soaps, greases and related matter. 

1.2 The method is not applicable to measurement of light hydrocarbons that volatilize at 
temperatures below 70"C. Petroleum fuels from gasoline through #2 fuel oils are 
completely or partially lost in the solvent removal operation. 

1.3 Some crude oiJs and heavy fuel oils contain a significant percentage of residue-type 
materials that are not soluble in fluorocarbon-113. Accordingly, recoveries of these 
materials will be low. 

1.4 The method covers the range from S to 1000 mg/ 1 of extractable material. 
2. SummaryofMethod 

2.1 The sample is acidified to a low pH ( < 2) and serially extracted with fluorocarbon-113 in 
a separatory funnel The solvent is evaporated from the extract and the residue weighed. 

3. Defmitions 
3.1 The definition of oil and grease is based on the procedure used. The nature of the oil 

and/or grease, and the presence of extractable non-oily matter will influence the material 
measured and interpretation of results. 

4. Sampling and Storage 
4. 1 A representative sample of 1 liter volume should be collected in a glass bottle. If analysis 

is to be delayed for more than a few hours, the sample is preserved by the addition of S ml 
HCl (6.1) at the time of collection and refrigerated at 4°C. 

4.2 Because losses of grease will occur on sampling equipment, the collection of a composite 
sample is impractical. Individual portions collected at prescribed time intervals must be 
analyzed separately to obtain the average concentration over an extended period. 

S. Apparatus 
S.1 Separatory funnel, 2000 ml, with Teflon stopcock. 
S.2 Vacuum pump, or other source of vacuum. 
S.3 Flask, boiling, 12S ml (Coming No. 4100 or equivalent). 
S.4 Distilling head, Claisen or equivalent. 
S.S Filter paper, Whatman No. 40, 11 cm. 

6. Reagents 
6.1 Hydrochloric acid, 1: 1. Mix equal volumes of cone. HCI and distilled water. 
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6.2 Flurocarbon-113,(1,l,2-trichloro-l,2,2-trifluoroethane), b. p. 48°C. 
6.3 Sodium sulfate, anhydrous crystal. 

7. Procedure 
7 .1 Mark the sample bottle at the water meniscus for later determination of sample volume. 

If the sample was not acidified at time of collection, add S ml hydrochloric acid ( 6. 1) to 
the sample bottle. After mixing the sample, check the pH by touching pH-sensitive paper 
to the cap to insure that the pH is 2 or lower. Add more acid if necessary. 

7.2 Pour the sample into a separatory funnel. 
7.3 Tare a boij..ing flask (pre-dried in an oven at 103°C and stored in a desiccator). 
7.4 Add 30 ml fluorocarbon-113 (6.2) to the sample bottle and rotate the bottle to rinse the 

sides. Transfer the solvent into the separatory funnel. Extract by shaking vigorously for 2 
minutes. Allow the layers to separate, and filter the solvent layer into the flask through a 
funnel containing solvent moistened filter paper. 
NOTE: An emulsion that fails to dissipate can be broken by pouring about I g sodium 
sulfate (6.3) into the filter paper cone and slowly draining the emulsion through the salt. 
Additional 1 g portions can be added to the cone as required. 

7.5 Repeat (7.4) twice more, with additional portions offresh solvent, combining all solvent 
in the boiling flask. 

7.6 Rinse the tip of the separatory funnel, the filter paper, and then the funnel with a total of 
10-20 ml solvent and collect the rinsings in the flask. 

7.7 Connect the boiling flask to the distilling head and evaporate the solvent by immersing 
the lower half of the flask in water at 70"C. Collect the solvent for reuse. A solvent blank 
should accompany each set of samples. 

7.8 When the temperature in the distilling head reaches SO"C or the flask appears dry remove 
the distilling head. Sweep out the flask for 1 S seconds with air to remove solvent vapor by 
inserting a glass tube connected to a vacuum source. Immediately remove the flask from 
the heat source and wipe the outside to remove excess moisture and fingerprints. 

7.9 Cool the boiling flask in a desiccator for 30 minutes and weigh. 
8. Calculation 

8.1 mg/1 total oil and grease = R y B 

where: 

R = residue, gross weight of extraction flask minus the tare weight, in milligrams. 
B = blank determination, residue of equivalent volume of extraction solvent, in 

milligrams. 
V = volume of sample, determined by refilling sample bottle to calibration line and 

correcting for acid addition if necessary, in liters. 
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9. Precision and Accuracy 
9.1 The two oil and grease methods in this manual were tested by a single laboratory (EMSL) 

on sewage. This method detennined the oil and grease level in the sewage to be 12. 6 
mg/l. When 1 liter portions of the sewage were dosed with 14.0 mg of a mixture of #2 
fuel oil and Wesson oil, the recovery was 93 % with a standard deviation of tO. 9 mg/ 1. 
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Oil and Grease Analys1s of Sludge SaMples 

A study was perforMed to deterMine a quick, reliable Method for 
the deterM1nation of 011 and grease in sludge saMples. 011 and 
Qrease 1s defined to Mean that Material which can be extracted 
froM the saMple by freon extraction and wh1ch lS deterMined by 
grav1Metry after evaporat1ng the freon froM sod1uM sulfate dried 

-extract. Three Methods were coMpared: the stra1ght freon 
extraction Method <A>; the son1cation ass1sted freon extraction 
Method <Bl and the freon extraction following retort <Cl. A 
brief descr1pt1on of each ~ethod will be Qlven below. 

Method A: A we1Qhed aliquot (approx1Mately 10 graMs> of 
well Mixed sludge is acidified to pH 2 by add1t1on a few 
drops of dilute HCl. The saMple is extracted by shak1ng 
with three successive portions <30 ML each) of Freon. The 
extracts are dried by pas~ing theM through anhydrous sod1uM 
sulfate contained in a filter tube plugged w1th glass wool. 
The sodiuM sulfate is rinsed with an additional aliquot of 
clean freon which is then coMbined with the extracts. The 
freon is then reMoved by evaporation over a steaM·bath and 
the 011 and grease residue is deterMined by grav1Metric 
analysis. 

Method 8: Method 9 is identical to Method A except that the 
extraction is assisted by son1cating the freon and sludge to 
atteMpt to get a better recovery of 011 and grease. 

Method C: A we1ghed ali~uot <approxiMately 20 graM~) of 
well Mtxed sludge is acidified to pH 2 by addition or a Pew 
drops of dilute HCl. The sa~ple is then placed in a retort 
apparatus. The sa~ple is heated fro~ a~bient to approx1M
ately 500 degrees centigrade over 30 Minutes. The 
distillate is condensed and collected in a side ar~ 
receiver. The 011 and grease is deterM1ned in the 
distillate by the procedure outlined in Method A. 

The results of this study suggest that the retort step <Method C> 
yields a higher 011 and grease result with considerably less 
variability than either Methods A or 8. The sonication step 
<Method B> actually yielded a lower oil and grease result than 
either Methods A or C. This was contrary to our expectations, 
however, there was no specific atteMpt to discover the reason For 
the lower results. 

The results oP this study are presented graphically in figures l 
and 2. Two actual Pield sa~ples were used. One was considered 
to have a Moderate oil and grease value and the other a high 
value. 
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RESIDUE, FILTERABLE 

Method 160.1 (Gravimetric, Dried at 180°C) 

STORET NO. 70300 

1. Scope and Application 
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes. 
1.2 The practical range of the determination is 10 mg/ 1 to 20,000 mg/ 1. 

2. Summary of Method 
2.1 A well-mixed sample is filtered through a standard glass fiber filter. The filtrate is 

evaporated and dried to constant weight at 180-C. 
2.2 If Residue, Non-Filterable is being determined, the filtrate from that method may be 

used for Residue, Filterable. 
3. Definitions 

3.1 Filterable residue is defined as those solids capable of passing through a glass fiber filter 
and dried to constant weight at 180-C. 

4. Sample Handling and Preservation 
4.1 Preservation of the sample is not practical; analysis should begin as soon as possible. 

Refrigeration or icing to 4°C, to minimize microbiological decomposition of solids, is 
recommended. 

S. Interferences 
5.1 Highly mineralized waters containing significant concentrations of calcium, magnesium, 

chloride :ind/or sulfate may be hygroscopic and will require prolonged drying, 
desiccation and rapid weighing. 

S.2 Samples containing high concentrations of bicarbonate will require careful and possibly 
prolonged drying at 180-C to insure that all the bicarbonate is converted to carbonate. 

5.3 Too much residue in the evaporating dish will crust over and entrap water that will not 
be driven off during drying. Total residue should be limited to about 200 mg. 

6. Apparatus 
6.1 Glass fiber filter discs, 4. 7 cm or 2.1 cm, without organic binder, Reeve Angel type 934-

AH, Gelman type AIE. or equivalent. 
6.2 Ftlter holder,. membrane filter funnel or Gooch crucible adapter. 
6.3 Suction flask. 500 ml. 
6.4 Gooch crucibles. 25 ml (if 2.1 cm filter is used). 
6.5 Evaporating dishes. porcelain, 100 ml volume. (Vycor or platinum dishes may be 

substituted). 
6.6 Steam bath. 
6. 7 Drying oven, l SO"C ±2°C. 
6.8 Desiccator. 
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6. 9 Analytical balance, capable of weighing to 0.1 mg. 
7. Procedure 

8. 

7. I Preparation of glass fiber filter disc: Place the disc on the membrane filter apparatus or 
insert into bottom of a suitable Gooch crucible. While vacuum is applied, wash the disc 
with three successive 20 ml volumes of distilled water. Remove all traces of water by 
continuing to apply vacuum after water has passed through. Discard washings. 

7.2 Preparation of evaporating dishes: If Volatile Residue is also to be measured heat the 
clean dish to 550 ±50°C for one hour in a muffle furnace. If only Filterable Residue is to 
be measured heat the clean dish to 180 ±2°C for one hour. Cool in desiccator and store 
until needed. Weigh immediately before use. 

7.3 Assemble the filtering apparatus and begin suction. Shake the sample vigorously and 
rapidly transfer 100 ml to the funnel by means of a 100 ml graduated cylinder. If total 
filterable residue is low, a larger volume may be filtered. 

7.4 Filter the sample through the glass fiber filter, rinse with three 10 ml portions of distilled 
water and continue to apply vacuum for about 3 minutes after filtration is complete to 
remove as much water as possible. 

7.5 Transfer 100 ml (or a larger volume) of the filtrate to a weighed evaporating dish and 
evaporate to dryness on a steam bath. 

7.6 Dry the evaporated sample for at least one hour at 180 ±2°C. Cool in a desiccator and 
weigh. Repeat the drying cycle until a constant weight is obtained or until weight loss is 
less than 0.5 mg. 

Calculation 
8.1 Calculate filterable residue as follows: 

(A - B)x 1,000 
Filterable residue, mg! 1 = C 

where: 

A = weight of dried residue + dish in mg 
B = weight of dish in mg 
C = volume of sample used in ml 

9. Precision and Accuracy 
9.1 Precision and accuracy are not available at this time. 
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RESIDUE, NON-FILTERABLE 

Method 160.2 (Gravimetric, Dried at 103-105°0 

STORET NO. 00530 

1. Scope and Application 
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes. 
1.2 The practical range of the determination is 4 mg/I to 20,000 mg/I. 

2. Summary of Method 
2.1 A well-mixed sample is filtered through a glass fiber filter, and the residue retained on the 

filter is dried to constant weight at 103-10S°C. 
2.2 The filtrate from this method may be used for Residue, Filterable. 

3. Definitions 
3.1 Residue, non-filterable, is defined as those solids which are retained by a glass fiber filter 

and dried to constant weight at 103-1 os·c. 
4. Sample Handling and Preservation 

4.1 Non-representative particulates such as leaves, sticks, fish, and lumps of fecal matter 
should be excluded from the sample if it is determined that their inclusion is not desired 
in the final result. 

4.2 Preservation of the sample is not practical; analysis should begin as soon as possible. 
Refrigeration or icing to 4•c, to minimize microbiological decomposition of solids, is 
recommended. 

S. Interferences 
S. l Filtration apparatus, filter material, pre-washing, post-washing, and drying temperature 

are specified because these variables have been shown to affect the results. 
S.2 Samples high in Ftlterable Residue (dissolved solids), such as saline waters, brines and 

some wastes, may be subject to a positive interference. Care must be taken in selecting the 
filtering apparatus so that washing of the filter and any dissolved solids in the filter (7 .5) 
minimizes this potential interference. 

6. Apparatus 
6.1 Glass fiber filter discs, without organic binder, such as Millipore AP-40, Reeves Angel 

934-AH, Gelman type AIE. or equivalent. 
NOTE: Because of the physical nature of glass fiber filters, the absolute pore size cannot 
be controlled or measured. Terms such as .. pore size", collection efficiencies and effective 
retention are used to define this property in glass fiber filters. Values for these parameters 
vary for the filters listed above. 

6.2 Filter support: filtering apparatus with reservoir and a coarse (40-60 microns) fritted 
disc as a filter support. 
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NOTE: Many funnel designs are available in glass or porcelain. Some of the most 
common are Hirsch or Buchner funnels, membrane filter holders and Gooch crucibles. 
All are available with coarse fritted disc. 

6.3 Suction flask. 
6.4 Drying oven, 103-105°C. 
6.5 Desiccator. 
6.6 Analytical balance, capable of weighing to 0.1 mg. 

7. Procedure 
7.1 Preparation of glass fiber filter disc: Place the glass fiber filter on the membrane filter 

apparatus or insert into bottom of a suitable Gooch crucible with wrinkled surface up. 
While vacuum is applied, wash the disc with three successive 20 ml volumes of distilled 
water. Remove all traces of water by continuing to apply vacuum after water has passed 
through. Remove filter from membrane filter apparatus or both crucible and filter if 
Gooch crucible is used, and dry in an oven at 103-105°C for one hour. Remove to 
desiccator and store until needed. Repeat the drying cycle until a constant weight is 
obtained (weight loss is less than 0.5 mg). Weigh immediately before use. After weighing, 
handle the filter or crucible/filter with forceps or tongs only. 

7.2 Selection of Sample Volume 
For a 4. 7 cm diameter filter, filter 100 ml of sample. If weight of captured residue is less 
than 1.0 mg, the sample volume must be increased to provide at least 1.0 mg of residue. If 
other filter diameters are used, start with a sample volume equal to 7 ml/cm2 of filter area 
and collect at least a weight of residue proportional to the 1.0 mg stated above. 
NOTE: If during filtration of this initial volume the filtration rate drops rapidly, or if 
filtration time exceeds 5 to 10 minutes, the following scheme is recommended: Use an 
unweighed glass fiber filter of choice affixed in the filter assembly. Add a known volume 
of sample to the filter funnel and record the time elapsed after selected volumes have 
passed through the filter. Twenty-five ml increments for timing are suggested. Continue 
to record the time and volume increments until titration rate drops rapidly. Add 
additional sample if the filter funnel volume is inadequate to reach a reduced rate. Plot 
the observed time versus volume filtered. Select the proper filtration volume as that just 
short of the time a significant change in filtration rate occurred. 

7.3 Assemble the filtering apparatus and begin suction. Wet the filter with a small volume of 
distilled water to seat it against the fritted support. 

7.4 Shake the sample vigorously and quantitatively transfer the predetermined sample 
volume selected in 7.2 to the filter using a graduated cylinder. Remove all traces of water 
by continuing to apply vacuum after sample has passed through. 

7.5 With suction on, wash the graduated cylinder, filter, non-filterable residue and filter 
funnel wall with three portions of distilled water allowing complete drainage between 
washing. Remove all traces of water by continuing to apply vacuum after water has 
passed through. 
NOTE: Total volume of wash water used should equal approximately 2 ml per cm2

• For a 
4. 7 cm filter the total volume is 30 ml. 
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r 7.6 carefully remove the filter from the filter support. Alternatively, remove crucible and 
filter from cruc!ible adapter. Dry at least one hour at 103-105.C. Cool in a desiccator and 
weigh. Repeat the drying cycle until a constant weight is obtained (weight loss is less than 
0.5 mg). 

8. Calculations 
8.1 Calculate non-filterable residue as follows: 

. (A - B)xl 000 
Non-filterable residue, mg/I = C ' 

where: 

A = weight of filter (or filter and crucible) + residue in mg 
B =weight of filter (or filter and crucible) in mg 
C = ml of sample filtered 

9. Precision and Accuracy 
9.1 Precision data are not available at this time. 
9.2 Accuracy data on actual samples cannot be obtained. 

Bibliography 

1. NCASI Technical Bulletin No. 291, March 1977. National Council of the Paper Industry for 
Air and Stream Improvement, Inc., 260 Madison Ave., NY. 

D-406 



EPA METHOD 

NO. 160. 3 

D-407 



RESIDUE, TOTAL 

Method 160.3 (Gravimetric, Dried at 103-105°0 

STORET NO. 00500 

1. Scope and Application 
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes. 
1.2 The practical range of the determination is from 10 mg/l to 20,000 mg/l. 

2. Summary of Method 
2.1 A well mixed aliquot of the sample is quantitatively transferred to a pre-weighed 

evaporating dish and evaporated to dryness at 103-105°C. 
3. Definitions 

3.1 Total Residue is defined as the sum of the homogenous suspended and dissolved 
materials in a sample. 

4. Sample Handling and Preservation 
4.1 Preservation of the sample is not practical; analysis should begin as soon as possible. 

Refrigeration or icing to 4°C, to minimize microbiological decomposition of solids, is 
recommended. 

S. Interferences 
5.1 Non-representative particulates such as leaves, sticks, fish and lumps of fecal matter 

should be excluded from the sample if it is determined that their inclusion is not desired 
in the final result. 

5.2 Floating oil and grease, if present, should be included in the sample and dispersed by a 
blender device before aliquoting. 

6. Apparatus 
6.1 Evaporating dishes, porcelain, 90 mm, 100 ml capacity. (Vycor or platinum dishes may 

be substituted and smaller size dishes may be used if required.) 
7. Procedure 

7.1 Heat the clean evaporating dish to 103-105°C for one hour, if Volatile Residue is to be 
measured, heat at 550 ±50-C for one hour in a muffle furnace. Cool, desiccate, weigh and 
store in desiccator until ready for use. 

1.2 Transfer a measured aliquot of sample to the pre-weighed dish and evaporate to dryness 
on a steam bath or in a drying oven. 
7.2.1 Choose an aliquot of sample sufficient to contain a residue of at least 25 mg. To 

obtain a wcighable residue, successive aliquots of sample may be added to the same 
dish. 

7.2.2 If evaporation is performed in a drying oven, the temperature should be lowered to 
approximately 98°C to prevent boiling and splattering of the sample. 
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7.3 Dry the evaporated sample for at least 1 hour at 103-105°C. Cool in a desiccator and 
weigh. Repeat the cycle of drying at 103-105"C, cooling, desiccating and weighing until a 
constant weight is obtained or until loss of weight is less than 4% of the previous weight, 
or 0.5 mg, whichever is less. 

8. Calculation 
8.1 Calculate total residue as follows: 

. (A - B)xl 000 Total residue, mg/I = C ' 

where: 

A = weight of sample + dish in mg 
B = weight of dish in mg 
C = volume of sample in ml 

9. Precision and Accuracy 
9.1 Precision and accuracy data are not available at this time. 

Bibliography 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 91, Method 
208A, (1975). 
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CONDUCTANCE 

Method 120.1 (Specific Conductance, umhos at 25~0 

STORET NO. 00095 

1. Scope and Application 
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes. 
2. Summary of Method 

2.1 The specific conductance of a sample is measured by use of a self-contained conductivity 
meter, Wheatstone bridge-type, or equivalent. 

2.2 Samples are preferably analyzed at 2S°C. If not, temperature corrections are made and 
results reported at 2s·c. 

3. Comments 
3.1 Instrument must be standardized with KC! solution before daily use. 
3.2 Conductivity cdl must be kept clean. 
3.3 Field measurements with comparable instruments are reliable. 

4. Precision and Accuracy 
4.1 Forty-one analysts in 17 laboratories analyzed six synthetic water samples containing 

increments of inorganic salts, with the following results: 

Increment as 
Specific Conductance 

100 
106 
808 
848 

1640 
1710 

Precision as 
Standard Deviation 

7.SS 
8.14 
66.1 
79.6 

106 
119 

(FWPCA Method Study l, Mineral and Physical Analyses.) 

Bias, 
% 

-2.02 
-0.76 
-3.63 
-4.54 
-5.36 
-5.08 

Accuracy as 
Bias, 

1m1hos/cm 

-2.0 
-0.8 

-29.3 
-38.5 
-87.9 
-86.9 

4.2 In a single laboratory (EMSL) using surface water samples with an average conductivity 
of 536 umhos/cm at 2s•c, the standard deviation was ± 6. 

5. References 
5.1 The procedure to be used for this determination is found in: 

Annual Book<X ASTM Standards, Part 31, "Water", Standard Dl 125-64, p 120 (1976). 
Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 71, 

Method 205, (1975). 
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SULFIDE 

Method 376.2 (Colorimetric, Methylene Blue) 

1. Scope and Application 

STORET NO. Total 00745 
Dissolved 00746 

1.1 This method is applicable to the measurement of total and dissolved sulfides in drinking, 
surface and saline waters, domestic and industrial wastes. 

1.2 Acid insoluble sulfides are not measured by this method. Copper sulfide is the only 

common sulfide in this class. 

1.3 The method is suitable for the measurement of sulfide in concentrations up to 20 mg/1. 
2. Summary of Method 

2.1 Sulfide reacts with dimethyl-p-phenylenediamine (p-aminodimethyl aniline) in the 
presence of ferric chloride to produce methylene blue, a dye which is measured at a 
wavelength maximum of 625 nm. 

3. Comments 

3.1 Samples must be taken with a minimum of aeration. Sulfide may be volatilized by 
aeration and any oxygen inadvertently added to the sample may convert the sulfide to an 
unmeasurable form. Dissolved oxygen should not be present in any water used to dilute 

standards. 
3.2 The analysis must be started immediately. 

3.3 Color and turbidity may interfere with observations of color or with photometric 
readings. 

4. Apparatus 
4.1 ·Matched test tubes, approximately 125 mm long and IS mm O.D. 

4.2 Droppers, delivering 20 drops/ml. To obtain uniform drops, hold dropper in vertical 
position and allow drops to form slowly. 

4.3 Photometer, use either 4.3.1 or 4.3.2. 
4.3.1 Spectrophotometer, for use at 625 nm with cells of 1 cm and 10 cm light path. 
4.3.2 Filter photometer, with filter providing transmittance near 625 nm. 

S. Reagents 
5.1 Amino-sulfuric acid stock solution: Dissolve 27 g N,N-dimethyl-p-phenylenediamine 

oxalate (p-aminodimethylaniline) in a cold mixture of 50 ml cone. H 2S04 and 20 ml 
distilled water in a 100 ml volumetric flask. Cool and dilute to the mark. If dark discard 

and purchase fresh reagent. Store in dark glass bottle. 
5.2 Amino-sulfuric acid reagent: Dissolve 25 ml amino-sulfuric acid stock solution (S.1) with 

975 ml of l +I H 2S04 (S.4). Store in a dark glass bottle. This solution should be clear. 

5.3 Ferric chloride solution: Dissolve 100 g FeC13e6H20 in 40 ml distilled water. 
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5.4 Sulfuric acid solution, H 2S04, 1+1 
5.5 Diammonium hydrogen phosphate solution: Dissolve 400 g (NH4) 2HP04 in 800 ml 

distilled water. 
5.6 Methylene blue solution I: Dissolve 1.0 g of methylene blue in distilled water in a 1 liter 

volumetric flask and dilute to the mark. Use U.S.P. grade or one certified by the 
Biological Stain Commission. The dye content reported on the label should be 84% or 
more. Standardize (5.8) against sulfide solutions of known strength and adjust 
concentration so that 0.05 ml (1 drop) equals 1.0 mg/l sulfide. 

5. 7 Methylene blue solution II: Dilute 10.00 ml of adjusted methylene blue solution I (5.6) to 
100 ml with distilled water in a volumetric flask. 

5.8 Standardization of methylene blue I solution: 
5.8.1 Place several grams of clean, washed crystals of sodium sulfide Na2S-9H20 in a 

small beaker. 
5.8.2 Add somewhat less than enough water to cover the crystals. 
5.8.3 Stir occasionally for a few minutes. Pour the solution into another vessel. This 

reacts slowly with oxygen but the change is insignificnat over a few hours. Make 
the solution daily. 

5.8.4 To l liter of distilled water add 1 drop of solution and mix. 
5.8.5 Immediately determine the sulfide concentration by the methylene blue procedure 

(6) and by the titrimetric iodide procedure (Method 376.1, this manual). 
5.8.6 Repeat using more than one drop of sulfide solution or less water until at least five 

tests have been made in the range of 1 to 8 mg/l sulfide. 
5.8.7 Calculate the average percent error of the methylene blue procedure (6) as 

compared to the titrimetric iodide procedure (Method 376.1). 
5.8.8 Adjust by dilution or by adding more dye to methylene blue solution I (5.6). 

6. Procedure 
6.1 Color development 

6.1.1 Transfer 7.5 ml of sample to each of two matched test tubes using a special wide 
tipped pipet or filling to a mark on the test tubes. 

6.1.2 To tube A add 0.5 ml amine-sulfuric acid reagent (5.2) and 0.15 ml (3 drops) FeCl3 

solution (5.3). 
6.1.3 Mix immediately by inverting the tube only once. 
6.1.4 To tube B add 0.5 ml 1+1 H 2S04 (5.4) and 0.15 ml (3 drops) FeCl3 solution (5.3) 

and mix. 
6.1.5 Color will develop in tube A in the presence of sulfide. Color development is 

usually complete in about 1 minute, but a longer time is often required for the 
fading of the initial pink color. 

6.1.6 Wait 3 to 5 minutes. 
6.1. 7 Add 1.6 ml (NH4) 2HP04 solution (5.5) to each tube. 
6.1. 8 Wait 3 to 5 minutes and make color comparisons. If zinc acetate was used wait at 

least 10 minutes before making comparison. 
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6.2 Color comparison 

6.2.1 Visual 
6.2.1.1 Add methylene blue solution I (5.6) and/or II (5.7) (depending on 

sulfide concentration and accuracy desired) dropwise to tube B (6.1.4) 
until the color matches that developed in the first tube. 

6.2.1.2 If the concentration exceeds 20 mg/ 1, repeat 6.2.1.1 using a portion of 
the sample diluted to one tenth. 

6.2.2 Photometric 
6.2.2.1 Use a 1 cm cell for 0.1 to 2.0 mg/1. Use a 10 cm cell for up to 20 mg/l. 
6.2.2.2 Zero instrument with portion of sample from tube B (6.1.4). 
6.2.2.3 Prepare calibration curve from data obtained in methylene blue 

standardization (5.8), plotting concentraton obtained from titrimetric 
iodide procedure (Method 376.1) versus absorbance. A straight line 
relationship can be assumed from 0 to 1.0 mg/1. 

6.2.2.4 Read the sulfide concentration from the calibration curve. 
7. Calculations 

7.1 Visual comparison: With methylene blue solution I (5.6), adjusted so that 0.05 ml ( 1 
drop)= 1.0 mg/l sulfide and a 7.5 ml sample 

mg/l sulfide = number drops methylene blue solution I (5.6) + 0.1 x [number of drops 
methylene blue solution II (5. 7)]. 

7.2 Photometric: sec 6.2.2.4 
8. Precision and Accuracy: 

1. 

8.1 The precision has not been determined. The accuracy is about ± 10%. 

Bibliography 

Standard Methods for he Examination of Water and Wastewater, 14th edition, p. 503, Method 
428C (1975). 

D-416 



EPA METHOD 
NO. 415. 1 

D-417 



( 

( 

l 
' 

ORGANIC CARBON, TOTAL 

Method 415.1 (Combustion or Oxidation) 

STORET NO. Total 00680 
Dissolved 00681 

1. Scope and Application 

2. 

3. 

1.1 This method includes the measurement of organic carbon in drinking, surface and saline 
waters, domestic· and industrial wastes. Exclusions are noted under Definitions and 
Interferences. 

1.2 The method is most applicable to measurement of organic carbon above 1 mg/I. 
Summary of Method . 
2.1 Organic carbon in a sample is converted to carbon dioxide (C02) by catalytic combustion 

or wet chemical oxidation. The C02 formed can be measured directly by an infrared 
detector or converted to methane (CH,) and measured by a flame ionization detector. 
The amount of C02 or CH, is directly proportional to the concentration of carbonaceous 
material in the sample. 

Definitions 
3.1 The carbonaceous analyzer measures all of the carbon in a sample. Because of various 

properties of carbon-containing compounds in liquid samples, preliminary treatment of 
the sample prior to analysis dictates the definition of the carbon as it is measured. Forms 
of carbon that are measured by the method are: 
A) soluble, nonvolatile organic carbon; for instance, natural sugars. 
B) soluble. volatile organic carbon; for instance, mercaptans. 
C) insoluble, partially volatile carbon; for instance, oils. 
D) insoluble, particulate carbonaceous materials, for instance; cellulose fibers. 
E) soluble or insoluble carbonaceous materials adsorbed or entrapped on insoluble 

inorganic suspended matter; for instance, oily matter adsorbed on silt particles. 
3.2 The final usefulness of the carbon measurement is in assessing the potential oxygen

demanding load of organic material on a receiving stream. This statement applies 
whether the carbon measurement is made on a sewage plant effluent, industrial waste, or 
on water taken directly from the stream. In this light, carbonate and bicarbonate carbon 
are not a part of the oxygen demand in the stream and therefore should be discounted in 
the final calculation or removed prior to analysis. The manner of preliminary treatment 
of the sample and instrument settings defines the types of carbon which are measuref 
Instrument manufacturer's instructions should be followed. 
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4. Sample Handling and Preservation 
4.1 Sampling and storage of samples in glass bottles is preferable. Sampling and storage in 

plastic bottles such as conventional polyethylene and cubitainers is permissible if it is 
established that the containers do not contribute contaminating organics to the samples. 
NOTE 1: A brief study performed in the EPA Laboratory indicated that distilled water 
stored in new, one quart cubitainers did not show any increase in organic carbon after 
two weeks exposure. 

4.2 Because of the possibility of oxidation or bacterial decomposition of some components of 
aqueous samples, the lapse of time between collection of samples and start of analysis 
should be kept to a minimum. Also, samples should be kept cool (4°C) and protected 
from sunlight and atmospheric oxygen. 

4.3 In instances where analysis cannot be performed within two hours (2 hours) from time of 
sampling, the sample is acidified (pH:::;; 2) with HCl or H2S04. 

5. Interferences 
5.1 Carbonate and bicarbonate carbon represent an interference under the terms of this test 

and must be removed or accounted for in the final calculation. 
5.2 This procedure is applicable only to homogeneous samples which can be injected into the 

apparatus reproducibly by means of a microliter type syringe or pipette. The openings of 
the syringe or pipette limit the maximum size of particles which may be included in the 
sample. 

6. Apparatus 
6.1 Apparatus for blending or homogenizing samples: Generally, a Waring-type blender is 

satisfactory. 
6.2 Apparatus for total and dissolved organic carbon: 

6.2.1 A number of companies manufacture systems for measuring carbonaceous 
material in liquid samples. Considerations should be made as to the types of 
samples to be analyzed, the expected concentration range, and forms of carbon to 
be measured. 

6.2.2 No specific analyzer is recommended as superior. 
7. Reagents 

7 .1 Distilled water used in preparation of standards and for dilution of samples should be 
ultra pure to reduce the carbon concentration of the blank. Carbon dioxide-free, double 
distilled water is recommended. Ion exchanged waters are not recommended because of 
the possibilities of contamination with organic materials from the resins. 

7.2 Potassium hydrogen phthalate, stock solution, 1000 mg carbon/liter: Dissolve 0.2128 g 
of potassium hydrogen phthalate (Primary Standard Grade) in distilled water and dilute 
to 100.0ml. 
NOTE 2: Sodium oxalate and acetic acid are not recommended as stock solutions. 

7.3 Potassium hydrogen phthalate, standard solutions: Prepare standard solutions from the 
stock solution by dilution with distilled water. 

7 .4 Carbonate-bicarbonate, stock solution, 1000 mg carbon/liter: Weigh 0.3500 g of sodium 
bicarbonate and 0.4418 g of sodium carbonate and transfer both to the same 100 ml 
volumetric flask. Dissolve with distilled water. 
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7.5 Carbonate-bicarbonate, standard solution: Prepare a series of standards similar to step 
7.3. 
NOTE 3: This standard is not required by some instruments. 

7.6 Blank solution: Use the same distilled water (or similar quality water) used for the 
preparation of the standard solutions. 

8. Procedure 
8.1 Follow instrument manufacturer's instructions for calibration, procedure, and 

calculations. 
8.2 For calibration of the instrument, it is recommended that a series of standards 

encompassing the expected concentration range of the samples be used. 
9. Precision and Accuracy 

9.1 Twenty-eight analysts in twenty-one laboratories analyzed distilled water solutions 
containing exact increments of oxidizable organic compounds, with the following results: 

Increment as 
TOC 

mg/liter 

4.9 
107 

Precision as 
Standard Deviation 

TOC. mg/liter 

3.93 
8.32 

(FWPCA Method Study 3, Demand Analyses) 

Bibliography 

Bias, 
% 

+1.5.27 
+ 1.01 

Accuracy as 
Bias, 

mg/liter 

+0.7.5 
+ 1.08 

1. Annual Book of ASTM Standards, Part 31, "Water", Standard D 2574-79, p 469 (1976). 
2. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 532, 

Method SOS, (1975). 
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1.0 SCOPE ANO APPLICATION 

METHOD 9060 

TOTAL ORGANIC CARBON 

1.1 Method 9060 1s used to determine the concentration of organic carbon 
in ground water, surface and salfne waters, and domestic and industrial 
wastes. Some restrictions are noted f n Sections 2.0 and 3.0. 

1.2 Method 9060 is most applicable to measurement of organic carbon 
above 1 mg/L. 

2.0 SUMMARY OF METHOD 

2.1 Organic carbon is measured using a carbonaceous analyzer. This 
instrument converts the organic carbon 1n a sample to carbon dioxide (COz) by 
either catalytic combustion or wet chemical oxidation. The C02 formed is then 
either measured directly by an infrared detector or converted to methane (CH4) 
and measured by a flame ionizatioR detector. The amount of COz or CH4 in a 
sample is directly proportional to the concentration of carbonaceous material 
in the sample. 

2.2 Carbonaceous analyzers are capable of measuring all forms of carbon 
in a sample. However, because of various properties of carbon-containing 
compounds in lfquid samples, the manner of preliminary sample treatment as 
well as the instrument settings will determine which farms of carbon are 
actually measured. The forms of carbon that can be measured by Method 9060 
are: 

1. Soluble, nonvolatile organ1c carbon: e.g., natural sugars. 

2. Solubler volatile organic carbon: e.g .• mercaptans, alkanes, low 
molecular weight alcohols. 

3. Insoluble, partially volatile carbon: e.g., low molecular weight 
oils. 

4. Insoluble, particulate carbonaceous materials: 
fibers. 

e.g., cellulose 

5. Soluble or insoluble carbonaceous materials adsorbed or entrapped 
on insoluble inorganic suspended matter: e.g., oily matter adsorbed 
on silt particles. 

2.3 Carbonate and bicarbonate are inorganic forms of carbon and must be 
separated from the total organic carbon value. Depending on the instrument 
manufacturer's instructions, this separation can be accomplished by either a 
simple mathematical subtraction, or by removing the carbor.ate and bicarbonate 
by converting them ta COz with degassing prior to analysis. 
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3.0 INTERFERENCES 

3.1 Carbonate and bicarbonate carbon represent an interference under the 
terms of this test and must be removed or accounted for in the final calcula
tion. 

3.2 This procedure 1s·applicable only to homogeneous samples which can 
be injected into the apparatus reproducibly by means of a microliter-type 
syringe or pipet. The openings of the syringe or pipet limit the maximum size 
of particle which may be included in the sample. 

3.3 Removal of carbonate and bicarbonate by acidification and purging 
with nitrogen, or other inert gas, can result in the loss of volatile organic 
substances. 

4.0 APPARATUS AND MATERIALS 

4.1 Apparatus for blending or homogenizing samples: 
Waring-type blender is satisfactory. 

Generally, a 

4.2 Apparatus for total and dissolved organic carbon: 

4.2.l Several companies manufacture analyzers for measuring 
carbonaceous material in liquid samples. The most appropriate system 
should be selected based on consideration of the types of samples to be 
analyzed, the expected concentration range, and the forms of carbon to be 
measured. 

4.2.2 No specific analyzer is recommended as superior. If the 
technique of chemical o~idation is used, the laboratory must be certain 
that the instrument is capable of achieving good carbon recoveries in 
samples containing particulates. 

5.0 REAGENTS 

5.1 ASTM Type II water (ASTM 01193): Water should be monitored for 
impurities, and should be boiled and cooled to remove C02. 

5.2 Potassium h dro en hthalate stock solution, 1,000 mg/L carbon: 
Dissolve 0.2128 go potassium hydrogen phtha ate primary standard grade) in 
Type II water and dilute to 100.0 ml. 

NOTE: Sodium oxalate and acetic acid are not recommended as stock 
solutions. 

5.3 Potassium hydrogen phthalate, standard solutions: Prepare standard 
solutions from the stock solution by dilution with Type II water. 
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5.4 Carbonate-bicarbonate, stock solution, 1,000 mg/L carbon: Weigh 
0.3500 g of sodium bicarbonate and 0.4418 g of sodium ca~bonate and transfer 
both to the same 100-ml volumetric flask. Dissolve with Type II water. 

5.5 Carbonate-bicarbonate, standard solution: Prepare a series of 
standards similar to Step 5.3. 

~: This standard 1s not required by some instruments. 

5.6 Blank solution: Use the same Type II water as was used to prepare 
the standard solutions. 

6.0 SAMPLE COLLECTION, PRESERVATION, ANO HANDLING 

6.1 All samples must be collected using a sampling plan that addresses 
the considerations discussed in Chapter Nine of this manual. 

6.2 Sampling and storage of samples in glass bottles is preferable. 
Sampling and storage in plastic bottles such as conventional polyethylene and 
cubitainers fs permissible ff ft is established that the containers do not 
contribute contaminating organics to the samples. 

NOTE: A brief study performed in the EPA Laboratory indicated that Type 
~ II water stored in new, 1-qt cubitainers did not show any increase 

in organic carbon after 2 weeks' exposure. 

6.3 Because of the possfbtlity of oxidation or bacterial decomposition 
o~ some components of aqueous samples, the time between sample collection and 
the start of analysis should be minimized. AlsoJ samples should be kept cool 
(4•c) and protected from sunlight and atmospheric oxygen. 

6.4 In instances where analysis cannot be performed within 2 hr from 
time of sampling, the sample ts acidified (pH~ 2) with HCl or HzS04. 

7.0 PROCEDURE 

7.1 Homogenize the sample in a blender. 
NOTE: To avoid erroneously high results, inorganic carbon must be 

accounted for. The preferred method is to measure total carbon and 
inorganic carbon and to obtain the organic carbon by subtraction. 
If this is not possible, follow Steps 7.2 and 7.3 prior to analysis; 
however, volatile organic carbon may be lost. 

7.2 Lower the pH of the sample to 2. 

7.3 Purge the sample with nitrogen for 10 min. 

7.4 Follow instrument manufacturer·~ instructions for calibration, 
procedure, and calculations. 

7.5 Far calibration of'the instrument, a series of standards should be 
used that encompasses the expected concentration range of the samples. 
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7.6 Quadruplicate analysis is required. Report both the average and the 
range. 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for easy 
reference or inspection. 

8.2 Employ a minimum of one blank per sample batch to determine if 
contamination or any memory effects are occurring. 

8.3 Verify calibration with an independently prepared check standard 
every 15 samples. 

8.4 Run one spike duplicate sample for every 10 samples. A duplicate 
sample is a sample brought through the whole sample preparation and analytical 
process. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are available in Method 415.1 of Methods 
for Chemical Analysis of Water and Wastes. 

10.0 REFERENCES 

1. Annual Book of ASTM Standards, Part 31, "Water," Standard D 2574-79, 
p. 469 (1976). 

2. Standard Methods for the E~am1nation of Water and Wastewater, 14th ed., 
p. 532, Method 505 (1975}. 
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ORGANIC CARBON, TOTAL 

Method 415.1 (Combustion or Oxidation) 

STORET NO. Total 00680 
Dissolved 00681 

1. Scope and Application 

2. 

3. 

l. l This method includes the measurement of organic carbon in drinking, surface and saline 
waters, domestic ·and industrial wastes. Exclusions arc noted under Definitions and 
Interferences. 

1.2 The method is most applicable to measurement of organic carbon above l mg/ l. 
Summary of Method 
2.1 Organic carbon in a sample is converted to carbon dioxide (C02) by catalytic combustion 

or wet chemiC31 oxidation. The C02 formed can be measured directly by an infrared 
detector or converted to methane (CH4) and measured by a flame ionization detector. 
The amount of C02 or CH4 is directly proportional to the concentration of carbonaceous 
material in the sample. 

Definitions 
3.1 The carbonaceous analyzer measures all of the carbon in a sample. Because of various 

properties of carbon-<:ontaining compounds in liquid samples, preliminary treatment of 
the sample prior to analysis dictates the definition of the carbon as it is measured. Forms 
of carbon that are measured by the method are:· 
A) soluble, nonvolatile organic carbon; for instance, natural sugars. 
B) soluble, volatile organic carbon; for instance, mercaptans. 
C) insoluble, partially volatile carbon; fo.- instance, oils. 
D) insoluble, particulate carbonaceous materials, for instance; cellulose fibers. 
E) soluble or insoluble carbonaceous materials adsorbed or entrapped on insoluble 

inorganic suspended matter, for instance, oily matter adsorbed on silt particles. 
3.2 The final usefulness of the carbon measurement is in assessing the potential oxygen

dernanding load of organic material on ~ receiving stream. This statement applies 
whether the carbon measurement is made on a sewage plant effluent, industnal waste. or 
on water taken directly from the stream. In this light, carbonate and bicarbonate carbon 
are not a part of the oxygen demand in the stream and therefore should be discounted in 
the final calculation or removed prior to analysis. The manner of preliminary treatment 
of the sample and instrument settings defines the types of carbon which are measure.d 
Instrument manufacturer's instructions should be followed. 

Approved for NPDES 
Issued 1971 
Edi to rial revision 197 4 
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4. 

5. 

6. 

Sample Handling and Preservation 
4.1 Sampling and storage of samples in glass bottles is preferable. Sampling and storage in 

plastic bottles such as conventional polyethylene and cubitainers is permissible if it is 
established that the containers do not contribute contaminating organics to the samples. 
NOTE 1: A brief study performed in the EPA Laboratory indicated that distilled water 
stored in new, one quart cubitainers did not show any increase in organic carbon after 
two weeks exposure. 

4.2 Because of the possibility of oxidation or bacterial decomposition of some components of 
aqueous samples, the lapse of time between collection of samples and start of analysis 
should be kept to a mjnimum. Also, samples should be kept cool ( 4°C) and protected 
from sunlight and atmospheric oxygen. 

4.3 In instances where analysis cannot be performed within two hours (2 hours) from time of 
sampling, the sample is acidified (pH:$; 2) with HCl or H2SO,. 

Interferences 
5.1 Carbonate and bicarbonate carbon represent an interference under the terms of this test 

and must be removed or accounted for in the final calculation. 
5.2 This procedure is applicable only to homogeneous samples which can be injected into the 

apparatus reproducibly by means of a microliter type syringe or pipette. The openings of 
the syringe or pipette limit the maximum size of particles which may be included in the 
sample. 

Apparatus 
6.1 Apparatus for blending or homogenizing samples: Generally, a Waring-type blender is 

satisfactory. 
6.2 Apparatus for total and dissolved orsanic carbon: 

6.2. l A number of companies manufacture systems for measuring carbonaceous 
material in liquid samples. Considerations should be made as to the types of 
samples to be analyzed, the expected concentration range, and forms of carbon to 
be measured. 

6.2.2 No specific analyzer is recommended as superior. 
7. Reagents 

7 .1 Distilled water used in preparation of standards and for dilution of samples should be 
ultra pure to reduce the carbon concentration of the blank. Carbon dioxide-free, double 
distilled water is recommended. Ion exchanged waters are not recommended because of 
the possibilities of contamination with organic materials from the resins. 

7.2 Potassium hydrogen phthalate, stock solution, 1000 mg carbon/liter: Dissolve 0.2128 g 
of potassium hydrogen phthalate (Primary Standard Grade) in distilled water and dilute 
to 100.0 ml. 
NOTE 2: Sodium oxalate and acetic acid are not recommended as stock solutions. 

7.3 Potassium hydrogen phthalate, standard solutions: Prepare standard solutions from the 
stock solution by dilution with distilled water. 

7.4 Carbonate-bicarbonate, stock solution, 1000 mg carbon/liter: Weigh 0.3500 g of sodium 
bicarbonate and 0.4418 g of sodium carbonate and transfer both to the same 100 ml 
volumetric flask. Dissolve with distilled water. 
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7.S Carbonate-bicarbonate, standard solution: Prepare a series of standards similar to step 
7.3. 
NOTE 3: This standard is not required by some instruments. 

7.6 Blank solution: Use the same distilled water (or similar quality water) used for the 
preparation of the standard solutions. 

8. Procedure 
8.1 Follow instrument manufacturer's instructions for calibration, procedure, and 

calculations. 
8.2 For calibration of the instrument, it is recommended that a series of standards 

encompassing the expected concentration range of the samples be used. 
9. Precision and Accuracy 

9.1 Twenty-eight analysts in twenty-one laboratories analyzed distilled water solutions 
containing exact increments of oxidizable organic compounds, with the following results: 

Increment as 
TOC 

mg/liter 

4.9 
107 

Precision as 
Standard Deviation 

TOC, mg/liter 

3.93 
8.32 

(FWPCA Method Study 3, Demand Analyses) 

Bias, 
% 

+ 15.27 
+ 1.01 

Accuracy as 
Bias, 

mg/liter. 

+0.75 
+ 1.08 

l. Annual Book of ASTM Standards, Part 31, "Water", Standard D 2574-79, p469 (1976). 
2. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 532, 

Method 505, (1975). 

D-430 



( 

( 

Tek!JJ.ar Company 
Tek_mar Company 
Te.k__mar C on:._o a_:.'JJ,.... 

LIQU'lJ:) SAMPLE CONCENTRATOR 

MODEL LSC-l 

Instruction Manual 

SECTJ:ON I 

SECTION II 

SECTION III 

SECTJ:ON rt/ 

SECTION V 

TABLE OF CON'IZN'I'S 

IN'l'RCOUCTION 

INS~TION 

l. 

2. 

3. 

4. 

s. 

utilities Required 

Assembly 

Interfacing wit..~ a G.C. 

Interfacing with a 'lbtals Detector 

Conditioning Trap.Column 

OPERATION 

l. 

2. 

3. 

4. 

Description of Controls 

Operation 

calibration 

'?rap Column 

ILLUS 'l'RA TIONS 

l.. 

2. 

3. 

4. 

s. 
6. 

LSC-l 

Purge Mode Schematic 

Oesorb Mode Schematic 

Direct Interface- to G.c. 
'l\ibe-need1e Interface to G. c. 
'l\Jl:xa-need1e Interface to 'lbtals Detector 

REPlUN'I'S AND COMPONENT PARTS INFORMATION 

D-431 

P.O.Box 37202 • Cincinnati. Ohio 45222 • (513) 761.0633 • TELEX NO. 21-4221 

l 

2 

2 

2 

2 

3 

3 

5 

5 

6 

7 

8 

9 

lO 

10 

ll 

ll 

ll 



Procedure for Purg•at:lle Org•nic C•rbon <POC> of water 
s.mples <1944HQ) <Mod•led a~ter M•thod 624>. 

Water S•mple5 will be analyzed for POC using a Tekmar Model LCS-1 
Liquid S~l• Concentrator coupled to & Dohrmann Modal DC-90 
Organic C•rbon Analyzer. 

Th• LCS-1 is desi;nttd to concantrate volatile organic 
contaminants ~ound in water sa~les. By 9'3argin; an aliquot o~ 
the water s~l• with an inert purge gas <Zero Grad• Nitro9en>, 
th• volatile organic contaminants exhibitin; low solubility in 
w.ter will b• quantitatively partitiontld into the gas phase. Th• 
organics ~ram the gas pha .. will be absorbed on a trap column in 
the LCS-1 completing the conc1mtration step. 

Fallowing th• conc•ntratian step, the sampl• is thermally 
desorb•d from th• trap column and transferr9d to th• oc-eo by 
b~c~~lu~hi~g ~i~h Z~r~ Sr~d• N\~r~~~~. Th• tr~ns~~r tin•~ 
between the trap column and the DC-SO are heated and maintained 
at ao dt11;rees to ensure quantitative trans~er o~ th• s.mple. 

Operational Parameters o~ LCS-1 

F!Y!:sl• P"lod• 
Purge Sasa Z.ra &rad• Nitroc;tm <prepuri~illd through a hydrocar-

bon trap> 
Purg• S.a Fla"' ltO +/- 4 al/•in. 
S....,l• Siz•: ~.o al 
P\lrg• Tl .. a 11.0 +/- 0.1 ai1'1Ll1:es 
Purge Taiperatw-.1 20 - ~ dmc;r... c:elciua 

Dttsorbttd '1ad!! 
Dtt!IOrb S.•1 z.ra &rad• Nitrac;tm 
Dttsorb S.• Fla•n 20 - 60 al/ain. 
Trap T~ttraturwa 170 - 180 dmc;r- c•lcius 
Dttsorb Tl-• It ai1'1Ll1: .. 

Ic!R 
~ ca lenc;th 
0.12 in ID 
Inlet .nda 1 ca 3X OV-1 on Chromosarb-W <60190 rltnh> 
~iddlea 1~ c• a~ T9"Ax <60190 "'-sh) 
Bac:k Enda 8 ca o'f Silica S.l <3:5160 rt.sh> grade - 1~ 
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SECTION I INTRODUCTION 

'lhe LSC-1 is designed to concentrate volatile organic 

contaminants found in fresh and waste water. By 

bubbling an inert gas through the aqueous sample, 

the volatile organic contaminants exhibiting low 

solubility in water will be quantitatively 

partitioned into the gas phase. A trap column in 

the LSC-1 concentrates the organics from the gas 

phase to complete the concentration step. Following 

the concentration step {Purge Mode, Figure 2) the 

sample is thermally desorbed from the trap column 

{Desorb Mode, Figure 3) and transferred via connect

ing tubinq to your measurement device. 

'lhe technique will quantitatively remove those 

organics exhibiting high volatility (less than 

l5o0 c Boiling Point) and low solubility (less than 

5%) in water. At solubi.lities greater than 5% {apx.) 

partitioning of the organic compound is not quantita

tive. In the latter case, quantitative ana.lysis is 

possible by re.lating the amount of sample partitioned 

from the aqueous phase to the volume of purge gas 

used. 
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SECTION II INS TAU.A TION 

l. Utilities Required: 

Power: 

Gases: 

2.. Assembly 

llOV, 60 E:, 2A 

Pw:'ge gas should be :ero grade Helium 

or Nitroc;en. Connect to Purqe Gas on 

rear of L.SC-l. Set de.livery pressure 

to 20 psi. A hydrocarbon trap should 

be used to scr.lb the pu:rqe gas before 

enter inq the LSC-l. 

Oesorb gas should be pre-purified grade 

Eel.ium or Nit:oqen. Connect to Oesorb 

Gas on rear of LSC-l. Delivery pressure 

wilJ. be determined by type of interfac:

inq ased. (See Sectlon ll, 3 for 

further details on desorb gas. ) 

Except for the sampler, the LSC-l is completely 

assembled.. Remove the sampler from its packing 

and install as pictured in Pigure l. 'nle sampJ.er 

is supported by the l/411 compression fittinq 

attached to the :front panel bracket. Connect the 

purqe gas tube (left side of bracket} to the 

sampler a%m running to the bottom of the fri t. 

Connect the exit tube (ric;ht side of cracket) 

to the riqht al:m of the sampler. Reasonable care 

shcu.ld be exercised. in attach.inq the fittinqs to 

avoid breakage of the sampler. 

3. Interfacillq with a-Gas Chromatoqraph 

Interfacing to a G.C. is cest done by usinq the 

G.C. carrier gas as the desorb gas for t.~e LSC-l 

(see Figure 4). 'Ihe output of the G. c. flow 

control.ler is connected directly to the desorb 
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gas input of the LSC-l. 'Ihe trap effluent port on 

the LSC-l is connected directly .to the carrier input 

of the G.C. injection port using the 1/8" o.o. 
teflon tubing supplied. tJsing this type of inter

facing, the G.C. carrier backflushes the LSC-1 

trap directly to the G. c. column in Desor'b Mode. 

In Purqe Mede, operation of the G. c. is unaffected. 

An alternate means of interfacing to a G. c. is the 

tube-needle coupling (see Figure 5}. In this case 

the trap effluent port of the LSC-l is connected 

to the septa injector of the G. c. with teflon tubing 

and needle adaptor (supplied with LSC-1.} Desor'b 

gas for the LSC-l must be supplied at a pressure 

greater than the pressure of the carrier gas going 

to the G. c. (to prevent G. c. carrier from back

streaming to the LSC-l during Desorb Mode.) A flow 

rate of 20 cc/min. for the desor'b gas is sufficient. 

An auxiliary flow controller is required between the 

desor'b gas tank and the LSC-l to regulate the desor'b 

flow. 

4. Interfacing with a Totals Detector 

Interfacing to a totals detector (specific chl.orine, 

'l'OC ana.lyzer, total. hydrocarbon anal.yzer, etc.) is 

usual.ly accomplished using the tube-needle coupling 

(Figure 6). However, if the totals detector uses a 

carrier gas, that carrier could be used as the desorb 

gas for the LSC-l (Figure 4). 

5. Conditioning Trap Column 

'lhe trap column :in your LSC-l was baked out prior to 

shipnent but should be baked again prior to operation. 

'I\irn on the LSC-1, set the Purqe/Desorb valve to 

Purge, set the Trap Bake/Operate switch to Trap Bake, 
0 and set the Trap Temperature Control to 250 c. 
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Leave the LSC-l in this condition overnight for 

a thorough cleaning of the trap. This procedure 

can be repeated whenever trap contamination is 

suspected. 
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SECTION III OPERATION 

l. Description of Controls 

Trap Bake/Operate 

Operate: 

Trap Bake: 

T.rap Temperature 
Control: 

Purqe Timer: 

Trap oven and fan are controlled by 

position of purqe/desorb valve. 

Purge timer can be set for desired 

purge time. 

Used for conditioning trapping 

column. Fan is off and the oven is 

on independent of purqe/desorb valve 

position. ('Ihe purge/desorb valve 

should be set in the purqe position 

during trap bake mode to avoid con

tamination of the measurement device. 

'Ihis is a direct set proportional 

temperature controller. 'Ihe red 

light below the control blinks when 

the controller is proportioning at 

the set temperature. 'Ihe control is 

off in purqe mode. For all other 

instrument settings, the controller 

is on. ~e range is room temperature 

to 3S0°c. 

'Ihe timer controls a three-way valve 

supplying purge gas to t."'le sampler. 

'!he timer can be set from z:ero to 

thirty minutes and is continuously 

adjustable. After setting the time, 

the timer is started by pressing the 

white button in the center of the 
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timer knob. At the end of the pre-set 

time the purge valve closes and the timer 

re-sets itself. 'lb tel:minate a run, 

rotate the timer knob counter-clockwise 

to zero. 

Purge/Oesorb : 

Purge: 'lhe flow of purge qas {controlled by 

rotameter and purge timer) is directed 

to the trap column and to vent. 'nle 

desorb qas passes through the valve, by

passing the trap c'olumn enroute to the 

measurement device {Figure 2). 

Oesorb: 'lhe sampler is connected to v-ent and the 

desorb qas backflushes the heated trap 

column en.route to the measurement device 

(!'iqure 3) • 

Purge Flow: Pl~eter used to establish the flow of 

parqe qas ·to the sampler. 

Trap 
Effluent: 

Injection 
Port: 

2. Operation 

Por connection to measurement unit. 

Located on top of front panel. bracket 

and uses standard G.C. septa. 

Set main power switch to On (no warm-up required) and 

set Trap Bake/Operate switc:h to Operate. Establish 

a 40 cc/min. flow rate of purge qas with the fl0'1lllleter 

(approximately 45 on the flO\lllleter, but this must be 

checked against a bubble type flo'Wlleter or similar 

calibrating device. ) Set the Trap Temperature Control 

to lao0 c. Fill the S ml syrinqe with sample by remov

ing the pllltlger and pouring' sample into the barrel to 

D-438 



' ( 

Te)Qnar Company-

overflowing. Ope."l the valve on the bottom of the 

syringe and reinsert the plunger into the syringe 

barrel (avoid air bubbles between the liquid and 

plunger.) Using the long needle, the sample is 

injected into the purge unit. (If the sample is 

not injected immediately, close the syringe valve 

to avoid loss of volatiles.) 

Set the purge timer to the required purge time 

(typically 11 minutes), and press the white button 

in the center of the timer knob. Purge gas will 

now be bubbling through the sample and will stop 

automaticallv at the end of the ore-set our~e tL~e. 
- - - J 

During this interval, prepare your measurement 

device to receive the sample. 'Ihe concentrated 

sample is transferred to your measurement unit by 

turning the Oesorb/Purqe valve to Oesorb. This 

backflushes the trap eolumn and turns on the 

Tanperature Controller, causing a rapid temperature 

rise in the trap and thermal desorption. After 

three or four minutes, return the system to purge 

mode and the LSC-l is ready to accept a new sample. 

As mentioned above, the LSC-l needs no warm-up. 

Indeed, if lonq delays occur between sample runs, 

it '#Ould be best to turn off the L.SC-1 to c."cid 

needless running of the trap column cooling fan. 

3. Calibration 

Prepare a solution of your standards in methanol at 

a concentration of 1000 times the desired calibration 

level. Inject 5 ul of the methanol solution directly 
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into the S m.l sample syringe containing organic free 

water using the 10 ul syringe supplied with the t.SC-l. 

'Ihe 10 ul syringe needle is run through the valve 

attached to the S m.l sample syringe with the valve in 

the open position. After injecting the standard into 

the organic free water, withdraw the 10 ul syringe, 

close the valve, attach the lone; needle to the valve 

and inject the 5 ml into the purge unit. 

4. ~ap column 

'!he trap installed in your LSC-l contains 2/3 Tenax 

and l/3 Silica Gel. Davisson Grade 15. This is 

optimized for trappillg organohalides but will also 

trap a bread range of organic compounds. A blank 

trap is supplied for making your own trap column if 

it is desired to optimize for a particular compound. 

'lhe top of the column is identified by 'b.'c qrooves 

cut near the top end. An all ten.ax trap is available 

and is identified by one groove c:ut near t.1le top end. 

'I'!le trap column is accessible through the rear panel. 

CAUTION: tJhplug power cord before 

removing the back panel 

or chassis. 

'lhe fittings at the top of the trap are finger tight 

and utilize teflon ferrules. Remove the l/16" tu.Ce 

and fitting from the top of the trap and loosen the 

f ittinq at the base. Lift the trap vertically about 

one inch. Swing the bottom of the trap to the rear 

of the LSC-l and the trap and furnace can be removed 

through the opening in the rear of the fw::nace housing. 
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Purge gas (He or N2) is bubbled through the 
sample, partitioning volatile organics into the gas 
pha~e for concentration by the trap column. 

Oesorb Gas In 

= e· 
ParpMode 

(Trap Column 25°C) 
:= 

8 

Desorb Mode 
The trap column is heated and backflushed with 
carrier gas (He or N2 ) to transfer the concentrated 
sample to the· measurement device. 

Cesa,., Ga and s.m,,1e Out 

Oesor0Galn 

DeoritMode 
(Trap Column 125'C) 

Bake Mode 

Q, • .. ... 

This is a service mode for cleaning the trap column 
at elevated temperature while venting the effluent 
to atmosphere. 
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LSC·l Typical Detector Interfac.ings 
LSC·llGC 

Carrier From Flow Controller 
Direct couple to GC using GC Purge l j carrier as LSC-1 input. JI 

He or N, 

l.SC·1 GC 

I r 
Figure 4 Effluent Out Carner Input of Injection Port 

d F1ow l LSC·11GC I Purge Controller 

Tube-needle coupling to GC 
\U r1er 

I I 
using alternate source of He or He orN1 

N2 as LSC-1 carrier input. 
!.SC·1 GC 

. I 1' 
ripre s Effluent Out 

1n1ec:t1on Port 

d Flow 1 LSC-1/Speciffc Totals Detector · 1 Purge Controller 

~ 1er 
Tube-needle coupling to totals 
detector using alternate source He or N1 

of He or N2 as LSC-1 carrier Total Organic Carbon Analyzer 

input. l.SC·1 
Specific Chlorine Detector 

ripre & 
I 1's . 

Effluent Out 
ample Input 

Tek!;nar Company 
P. 0. Box 37202 • Cincinnati, Obio 45222 • T,lephone: 513/781-0633 
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METHOD 10101 

PENSKY-MARTENS CLOSED-CUP METHOD 

1.0 Scope and Application 

1.1 Method 1010 uses the Pensky-Martens closed-cup tester to determine 
the flash point of fuel oils, lube oils, suspensions of solids, liquids that 
tend to form a surface film under test conditions, and other liquids. 

2.0 Summary of Method 

2.1 The sample is heated at a s1ow, constant rate with continual 
stirring. A small flame is directed into the cup at regular intervals with 
simultaneous interruption of stirring. The flash point is the lowest temper
ature at which application of the test flame ignites the vapor above the 
sample. 

3.0 Interferences 

3.1 Ambient pressure, sample homogeneity, drafts, and operator bias can 
affect flash point values. 

4.0 Apparatus 

4.1 Pensky-Martens Closed Flash Tester, as described in Annex Al of ASTM 
Method D93-77. (Automatic flash point testers are available and may be 
advantageous since they save testing time, permit the use of smaller samples, 
and exhibit other advantages. If automatic testers are used, the user must be 
sure to follow all the manufacturer's instructions for calibrating, adjusting, 
and operating the instrument. In any cases of dispute, the flash point as 
determined manually shall be considered the referee test.) 

4.2 Thermometers: Two standard thermometers shall be used with the 
ASTM Pensky-Martens tester. 

4.2.1 For tests in which the indicatec reading falls within -7" to 
+110" C (20" to 230· F), inclusive: either (1) an ASTM Pensky-Martens 
Low Range or Tag Closed Tester Thermom2ter having a range from -7· to 
+110· C (20" to 230· F) and conforming to the requirements for Thermometers 
9C (9F) and as prescribed in ASTM Specification El, or (2) an IP Thermo
meter lSC (lSF) conforming to s~ec:fications given in Annex A3 of ASTM 
093-77. 

lThis method is based on ASTM Method 093-77. Refer to D93-77 or D93-80 
for more information. 
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2 /CHARACTERISTICS - Ignitability 

4.2.2 For tests in which the indicated reading falls within 110° 
to 370· C (230° to 100· F): either (1) an ASTM Pensky-Martens High 
Range Thermometer having a range from go· to 370· C (200· to 100· F) and 
conforming to the requirements for Thermometers lOC (lOF) as prescribed 
in Specification El, or (2) IP Thermometer 16C (16F) conforming to 
specifications given in Annex A3 of ASTM 093-77. 

5.0 Reagents 

5.1 Calcium chloride. 

5.2 p-Xylene reference standard. 

6.0 Sa1nole Collection, Preservation, and Handling 

6.1 All samples must be collected using a sampling plan that addresses 
the considerations discussed in Section One of this manual. 

6.2 Samples shall not be stored in plastic bottles since volatile 
materials may diffuse through the walls of the bottle. 

7.0 Procedure 

7.1 Preparation of samples: Samples that do not contain volatile 
contaminants shall be prepared in the following manner. NOTE: If the sample 
is suspected of containing volatile contaminants, the treatment described in 
7.1.1 and 7.1.2 should be omitted. 

7.1.1 Samples of very viscous materials may be warmed until they 
are reasonably fluid before they are tested. However, no sample should 
be heated more than is absolutely necessary, and no sample should ever 
be heated to a temperature that exceeds 17· C (3o· F) below the sample's 
expected flash point. 

7.1.2 Samples containing dissolved or free water may be dehydrated 
with calcium chloride or by filtering through a qualitative filter paper 
or a loose plug or dry absorbent cotton. Warming the sample is permitted, 
but it shall not be heat2d for prolonged periods or above a temperature 
of 17° C (3o· F) below the sample's expected flash point. 

7.2 Rcutine procedure 

7.2.l Thoro~ghly clean and dry all parts of the cup and its 
accessories before starting the test. Be sure to remove any solvent 
that was used to clean the apparatus. Fill the cup with the sample to 
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be tested to the level indicated by the filling mark. Place the lid on 
the cup and set the latter in the stove. Be sure to properly engage the 
locating or locking device. Insert the thermometer. Light the test 
flame and adjust it to a diameter of 5/32 in. (4 mm). Supply the heat 
at such a rate that the temperature as indicated by the thermometer 
increases s· to 6° C (9" to 11" F)/min. Turn the stirrer 90 to 120 rpm, 
stirring in a downward direction. 

7.2.2 If the sample is expected to have a flash point of 110" C 
(230" F) or below, apply the test flame when the temperature of the 
sample is from 17" C {30" F) to 28" C (SO" F) below the expected 
flash point and thereafter at a temperature reading that is a multiple 
of 1° C (2° F). Apply the test flame by operating the mechanism on the 
cover which controls the shutter and test flame burner so. that the flame 
is lowered into the vapor space of the cup in 0.5 sec, left in its 
lowered position for 1 sec, and quickly raised to its high position. 
Do not stir the sample while applying the test flame. 

7.2.3 If the sample is expected to have a flash point above 110" C 
{230" F), apply the test flame in the manner just described at each 
temperature that is a multiple of 2· C (5" F), beginning at a temperature 
of 17" C (30" F) to 2a· C (50" F) below the expected flash point. 
NOTE: When testing materials to determine if volatile contaminants are 
present, it is not necessary to adhere to the temperature limits for 
initial flame application as stated in 7.2.2 and 7.2.3. 

7.2.4 Record as the flash point the temperature read on the 
thermometer at the time the test flame application causes a distinct 
flash in the interior of the cup. Do not confuse the true flash point 
with the bluish halo that sometimes surrounds the test flame at applica
tions preceding the one that causes the actual flash. The actual flash 
will have occurred when a large flame propagates itself over the surface 
of the sample. 

7.3 Determination of flash point of suspensions of solids and highly 
viscous materials 

7.3.1 Bring the material to be tested and the tester to a tempera
ture of 15" + 5• C {60" + 10" F) or 11" C (20" F) lower than the estimated 
flash point,-whichever is lower. Turn the stirrer 250 + 10 rpm, stirring 
in a downward direction. Raise the temperature throughout the duration 
of the test at a rate of not less than l" nor more than 1.5" F (2 to 3• F)/ 
min. With the exception of these requirements for rates of stirring 
and heating, proceed as prescribed in Section 7.2. 

7.4 Calculation and report 

7.4.1 Observe and record the ambient barometric pressure at the 
time of the test. When the pressure differs from 760 mm Hg (101.3 kPa), 
correct the flash point as follows: 
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(A) Corrected flash point= C + 0.25 (101.3 - p) 

(B) Corrected flash point = F + 0.06 (760 - P) 

(C) Corrected flash point = C + 0.033 (760 - P) 

where: 

F = observed flash point, ·F 

C = observed flash point, ·c 
P = ambient barometric pressure, mm Hg 

p = ambient barometric pressure, kPa. 

NOTE: The barometric pressure used in this calculation must be the 
ambient pr'essure for the 1 aboratory at the time of t.::st. i·tany aneroid 
barometers, such as those used at weather stations and airports, are 
precorrected to give sea level readings. These must not be used. 

7.4.2 Record the correc:ed flash point to the nearest 
o.s· c (or l' F). 

7.4.3 Report the recorded flash point as the Pensky-Martens Closed 
Cup Flash Point ASTM 093 - IP 34, of the sample tested. 

7.5 Refer to Method ASTM 093 77 for more details and background 
on the Pensky-Marten method. 

8.0 Quality Control 

8.1 All quality control data should be available for review. 

8.2 Duplicates and standard reference materials should be routinely 
analyzed. 

8.3 The flash point cf the p-xylene reference standard must be deter
mined in duplicate at least once·per sample batch. The average of the two 
analyses should be 21· + o.s· C (81' ..!. 1.5' F). 
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1.0 Introduction 

METHOD 1110 

CORROSIVITY TOWARD STEEL 

1.1 Method 11101 is used to measure the corrosivity toward steel of 
both aqueous and nonaqueous liquid wastes. 

2.0 Summary of Method 

2.1 This test exposes coupons of SAE Type 1020 steel to the liquid 
waste to be evaluated and, by measuring the degree to which the coupon has 
been dissolved, determines the corrosivity of the waste. 

3.0 Interferences 

3.1 In laboratory tests, such as this one, corrosion of duplicate 
coupons is usually reproducible to within+ 10%. However, large differences 
in corrosion rates may occasionally occur under conditions wher~ the metal 
surfaces become passivated. Therefore, at least duplicate determinations of 
corrosion rate should be made. 

4.0 Apparatus and Materials 

4.1 A versatile and convenient apparatus should be used, consisting of 
a kettle or flask of suitable size (usually 500 to 5000 milliliters), 
a reflux condenser, a thennowell and temperature regulating device, a heating 
device (mantle, hot plate, or bath), and a specimen support system. A 
typical resin flask set up for this type test is shown in Figure 1. 

4.2 The supporting device and container should not be affected by or 
cause contamination of the waste under test. 

4.3 The method of supporting the coupons will vary with the apparatus 
used for conducting the test but should be designed to insulate the coupons 
from each other physically and electrically and to insulate the coupons from 
any metallic container or other device used in the test. Some common support 
rnaterials include glass, fluorocarbon or coated metal. 

~ffhiS-method is based on NACE Standard TM-01-69 {1972 Revision), 
"Laboratory Corrosion Testing of Metals for the Process Industries, 11 National 
Association of Corrosion Engineers, 3400 West Loop South, Houston, TX 
77027. 
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P4----H 

Figure 1. Typical resin flask that can be used as a versatile and convenient apparatus to 
conduct simple immersion tests. Configuration of the flask top is such that more sophisticated 
apparatus can be added as required by the specific test being conducted. A= thermowell, B = 
resin flask, C = specimens hung on supporting device, D •gas inlet, E =heating mantle, F = liquid 
interface, G =opening in flask for additional apparatus that may be required, and H =reflux 
condenser. 
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4.4 The shape and form of the coupon support should ensure free contact 
with the waste. 

4.5 A circular specimen of SAE 1020 steel of about 3.75 cm (1.5 inch) 
diameter is a convenient shape for a coupon. With a thickness of approxi
inately 0.32 cm (0.125 inch) and a 0.80-cm (0.4-in.) diameter hold for 
mounting, these specimens will readily pass through a 45/50 ground glass 
joint of a distillation kettle. The total surface area of a circular speci
men is given by the following equation: 

A • 3.14/2(D2-d2) + (t)(J.14)(0) + (t)(3.l4)(d) 

where t • thickness, D • diameter of the specimen, and d • diameter of the 
mounting hole. If the hole is completely covered by the mounting support, 
the last term (t)(3.14)(d) fn the equation is omitted. 

5.0 

4.5.1 All coupons should be measured carefully to permit accurate 
calculation of the exposed areas. An area calculation accurate to.!. 1% 
is usually adequate. 

4.5.2 More uniform results may be expected if a substantial layer 
of metal is removed from the coupons prior to testing the corrosivity of 
the waste. This can be accomplished either by chemical treatment 
(pickling), electrolytic removal, or by grinding with a coarse abrasive. 
At least 0.254 mm (0.0001 inch) or 2 to 3 mg/cmZ should be removed. 
Final surface treatment should include finishing with #120 abrasive 
paper or cloth. Final cleaning consists of scrubbing with bleachfree 
scouring powder, followed by rinsing in distilled water, then acetone or 
methanol, and finally air drying. After final cleaning, the coupon 
should be stored in a desiccator until used. 

4.5.3 The minimum ratio of volume of waste to area of the metal 
coupon to be used in this test is 40 m1/cm2. 

Reagents 

5.1 Sodium hydroxide (2oi). 

5.2 Zinc dust. 

5.3 Concentrated hydrochloric acid. 

5.4 Stannous chloride. 

5.5 Antimony chloride. 
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6.0 Sample Collection, Presentation, and Handling 

6.1 All samples should be collected using a sampling plan that addresses 
the considerations discussed in Section One of this manual. 

7.0 Procedure 

7.1 Assemble the test apparatus as described in Section 4.0 above. 

7.2 Fill the container with the appropriate amount of waste. 

7.3 Begin agitation at a rate sufficient to ensure that the liquid is 
kept well mixed and homogeneous. 

7.4 Using the heating device bring the temperature of the waste to 
55• C {130° F). 

7.5 An accurate rate of corrosion is not required but only a 
determination as to whether the rate of corrosion is less than or greater 
than 6.35 mm per 1ear. A 24-hour test period should be ample to determine 
whether or not the rate of corrosion is greater than 6.35 mm per year • .. 

7.6 In order to accurately determine the amount of material lost to 
corrosion, the coupons have to be cleaned after invnersion and prior to 
weighing. The cleaning procedure should remove all products of corrosion 
while removing a minimum of sound metal. Cleaning methods can be divided 
into three general categories: mechanical, chemical and electrolytic. 

7.6.1 Mechanical cleaning includes scrubbing, scraping, brushing 
and ultrasonic procedures. Scrubbing with a bristle brush and mild 
abrasive is the most popular of these methods. The others are used in 
cases of heavy corrosion as a first step in removing heavilt encrusted 
corrosion products. prior to scrubbing. Care should be taken to avoid 
removing sound metal. 

7.6.2 Chemical cleaning implies the removal of material from the 
surface of the coupon by dissolution in an appropriate solvent. Solvents 
such as acetone, dichloromethane, and alcohol are used to remove oil, 
grease or ~esinous materials, and are used prior to immersion to remove 
the products of corrosion. Solutions suitable for removing corrosion 
from the steel coupon are: 

Soaking Time Temperature 

20% NaOH + 200 g/l zinc dust 5 ~in Boiling 

or 

Cone. HCl + 50 g/l SnCl2 + 20 g/l SbCl3 Until clean Cold 
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7.6.3 Electrolytic cleaning shoi. 1 ·be preceded by scrubbing to 
remove loosely adhering corrosion pro~~cts. One method of electrolytic 
cleaning that can be employed is: 

Solution 

Anode 

Cathode 

Cathode current density 

Inhibitor 

Temperature 

Exposure Period 

~) g/l H2S04 

·~~t>on or lead 

:~eel coupon 

_) amp/cm2 (129 amp/in.2) 

i :c organic inhibitor/liter 

.,. c (lss· F) 

j :11i nutes 

NOTE: Precautions must be taken to en;~re good electrical contact with 
the coupon, to avoid contamination of th.! cleaning solution with easily 
reducible metal ions, and to ensure that inhibitor decomposition has not 
occurred. Instead of using a proprieta~y inhibitor, 0.5 g/l or either 
diorthotoly1 thiourea or quinolin ethtodide can be used. 

7.7 Whatever treatment is employed to clean the coupons, its effect fn 
removing sound metal should be determined us1ng a blank (i.e., a coupon that 
has not been exposed to the waste). The b~ank should be cleaned along with 
the test coupon and its waste loss subtracted from that calculated for the 
test coupons. 

7.8 After corroded specimens have been cleaned and dried, they are 
reweighed. The weight loss is employed as ~he principal measure of corrosfon. 
Use of weight loss as a measure of corrosion requires making the assumption 
that all weight loss has been due to generalized corrosion and not localized 
pitting. In order to determine the corrosio~ rate for the purpose of this 
regulation, the following formula is used: 

Corrosion Rate (mmpy) =weight l~ss x 11.145 
-area x time -

where weight loss is in milligrams, area in square centimeters, 
time in hours, and corrosion rate in millimeters per year 
(mmpy). 

8.0 Quality Control 

8.1 All quality control data should bP. filed and available for 
auditing. 

8.2 Duplicate samples should be analyzed on a routine basis. 
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• 

2.1.3 Reactivity 

Introduction 

The regulation in 40 CFR 261.23 defines reactive wastes to include 
wastes which have any of the following properties: (l) readily undergo 
violent chenical change; (2) react violently or form potentially explosive 
mixtures with water; (3) generate toxic fumes when mixed with water or, in 
the case of cyanide or sulfide-bearing wastes, when exposed to mild acidic 
or basic conditions; (4) explode when subjected to a strong initiating force; 
(5) explode at normal t~~peratures and pressures; or (6) fit within the 
Department of Transportation's forbidden explosives, Class A explosives, or 
Class B explosives classifications. 

This definition is intended to identify wastes which, because of 
their extreme instability and tendency to react violently or explode, pose 
a problem at all stages of the waste management process. The definition is 
to a large extent a paraphrase of the narrative definition employed by the 
National Fire Protection Association. The Agency chose to rely on a 
descriptive, prose definition of reactivity because the available tests 
for measuring the variegated class of effects embraced by the reactivity 
definition suffer from a number of deficiencies. 

Regulatory Definition 

Chdracteristic of Reactivity Regulation 

A solid waste exhibits the characteristic of reactivity if a representa
tive sample of the waste has !!!it of the following properties: 

1. It is normally unstable and readily undergoes violent change 
without detonating. 

2. It reacts violently with water. 

3. It forms potentially explosive mixtures with water. 

4. When mixed with water, it generates toxic gases, vapors or fumes 
in a quantity sufficient to present a danger to human health or 
the environment. 

S. It is a cyanide- or sulfide-bearing waste which, when exposed to pH 
conditions between 2 and 12.5, can generate toxic gases, vapors, 
or fumes in a quantity sufficient to present a danger to human 
health or the environment. (Methods 9010 and 9030 can be used to 
detect the presence of cyanide and sulfide in wastes.) 

6. It is capable of detonation or explosive reaction if it is 
subjected to a strong initiating source or if heated under 
confinement. 
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7. It is readily capable of detonation or explosive decomposition or 
reaction at standard temperature dnd pressure. 

8. It is a forbidden explosive as defined in 49 CFR 173.51, or a 
Class A explosive as defined in 49 CFR 173.53, or a Class B 
explosive as defined in 49 CFR 173.88. 

9. A solid waste that exhibits the characteristic of reactivity, but 
is not listed as a hazardous waste in Subpart 0, has the EPA 
Hazardous Waste Number of 0003. 

Definition of Explosive Materials 

For purposes of this regulation, a waste is a reactive waste.by reason 
of explosivity if it meets one or more of the following descriptions: 

1. Is explosive and ignites spontaneously or undergoes marked 
decomposition when subjected for 48 consecutive hours to a 
temperature of 75• C (167. F). 

2. Firecrackers, flash crackers, sa 1 utes, or similar commerci a 1 
devices which produce or are intended to produce an audible 
effect, the explosive content of which exceeds 12 grains each in ( 
weight; pest control bombs, the explosive content of which exceeds 
18 grains each in weight; and any such devices, without respect to 
explosive content, which on functioning are liable to project or 
disperse metal, glass or brittle plastic fragments. 

3. Fireworks that combine an explosive and a detonator or bldsting 
cap. 

4. Fireworks containing an ammonium salt and a chlorate. 

5. Fireworks containing yellow or white phosphorus. 

6. Fireworks or firework compositions that ignite spontaneously or 
undergo marked decomposition when subjected for 48 consecutive 

. hours to a teinperature of 75 • C ( 167 • F). 

7. Toy torpedoes, the maximum outside dimension of which exceeds 
7/8 inch, or toy torpedoes containing a mixture of potassium 
chlorate, black antimony and sulfur with an average weight of 
explosive composition in each torpedo exceeding four grains. 

8. Toy torpedoes containing a cap composed of a mixture of red 
phosphorus and potassium chlorate exceeding an average of one-half 
(0.5) grain per cap. 

9. Fireworks containing copper sulfate and a chlorate. 
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10. Explosives containing an ammonium salt and a chlorate. 

11. Liquid nitroglycerin, diethylene glycol dinitrate or other liquid 
explosives not authorized. 

12. Explosives condemned by the Bureau of Explosives {except properly 
packed samples for laboratory examinations). 

13. Leaking or damaged packages of explosives. 

14. Solid materials which can be caused to deflagrate by contact with 
sparks or flame such as produced by safety fuse or an electric 
squib. but cannot be detonated (see Note 1) by means of a No. 8 
test blasting cap (see Note 2). Example: Black powder and low 
explosives. 

15. Solid materials which contain a liquid ingredient, and which, when 
unconfined (see Note 3), can be detonated by means of a No. 8 test 
blasting cap {see Note 2); or which can be exploded in at least 
SO percent of the trials in the Bureau of Explosives' Impact 
Apparatus (see Note 4) under a drop of 4 inches or more, but 
cannot be exploded in more than SO percent of the trials under a 
drop of less than 4 inches. Example: High explosives, commercial 
dynamite containing a liquid explosive ingredient. 

16. Solid materials which contain no liquid ingredient and which can 
be detonated, when unconfined (see Note 3}, by means of No. 8 test 
blasting cap {see Note 2); or which can be exploded in at least 
SO percent of the trials in the Bureau of Explosives' Impact 
Apparatus {see Note 4) under a drop of 4 inches or more, but 
cannot be exploded in more than 50 percent of the trials under a 
drop of less than 4 inches. Example: high explosives, commercial 
dynamite containing no liquid explosive ingredient, trinitrotoluene, 
amatol, tetryl. picric acid. ureanitrate, pentol1te, commercial 
boosters. 

17. Solid materials which can be caused to detonate when unconfined 
(see Note 3}, by contact ·with sparks or flame such as produced by 
safety fuse or an electric squib; or which can be exploded in the 
Bureau of Explosives' Impact Apparatus (see Note 4), in more than 
50 percent of the trials under a drop of less than 4 inches. 
Example: initiating and priming explosives, lead azide, fulminate 
of mercury, high explosives. 

18. Liquids which may be detonated separately or when absorbed in 
sterile absorbent cotton, by a No. 8 test blasting cap (see Note 
2); but which cannot be exploded in the Bureau of Explosives' 
Impact Apparatus (see Note 4), by a drop of less than 10 inches. 
The liquid must not be significantly more volatile than nitro
glycerine and must not freeze at temperatures above minus 10" F. 
Example: hiyh explosives, desensitized nitroglycerine. 
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19. Liquids that can be exploded in the Bureau of Explosives' Impact 
Apparatus (see Note 4) under a drop of less than 10 inches. 
Example: nitroglycerine. 

20. Blasting caps. these are small tubes, usually made of an alloy of 
either copper or aluminum, or of molded plastic closed at one end 
and loaded with a charge of initiating or priming explosives. 
Blasting caps (see Note 5} which have been provided with a means 
for firing by an electric current, and sealed, are known as 
electric blasting caps. 

21. Detonating primers which contain a detonator and an additional 
charge of explosives, all assembled in a suitable envelope. 

22. Detonating fuses, which are used in the military service to 
detonate the high explosive bursting charges of projectiles, 
mines, bombs, torpedoes, and grenades. In addition to a powerful 
detonator, they may contain several ounces of a high explosive, 
such as tetryl or dry nitrocellulose, all assembled in a heavy 
steel envelope. They may also contain a small amount of radio
active component. Those that will not cause functioning of other 
fuses, explosives, or explosive devices in the same or adjacent 
containers are classes as class C explosives and are not reactive 
waste. ( 

23. A shaped charge, consisting of a plastic, paper, or other suitable 
container comprising a charge of not to exceed 8 ounces of a high 
explosive containing no liquid explosive ingredient and with a 
hollowed-out portion (cavity) lined with a rigid material. 

24. Ammunition or explosive projectiles, either fixed, semi-fixed or 
separate components which are made for use in cannon, mortar, 
howitzer, recoilless rifle, rocket, or other launching device with 
a caltber of 2011111 or larger. 

25. Grenades. Grenades, hand or rifle, are small metal or other 
containers designed to be thrown by hand or projected from a 
rifle. They are filled with an explosive or a liquid, gas, or 
solid material such as a tear gas or an incendiary or smoke 
producing material and a bursting charge. 

26. Explosive bombs. Explosive bombs are metal or other containers 
filled with explosives. They are used in warfare and include 
airplane bombs and depth bombs. 

27. Explosive mines. Explosive mines are metal or composition 
containers filled with a high explosive. 

28. Explosive torpedoes. Explosive torpedoes, such as those used in 
warfare, are metal devices containing a means of propulsion and a 
quantity of high explosives. 
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29. Rocket ammunition. Rocket ammunition (including guided missiles) 
is ammunition designed for launching from a tube, launcher, rails, 
trough, or other launching device, in which the propellant 
material is a solid propellant explosive. It consists of an 
igniter, rocket motor, and projectile (warhead) either fused or 
unfused, containing high explosives or chemicals. 

30. Chemical a1t111Unition. Chemical ammunition used in warfare is all 
kinds of explosive chemical projectiles, shells, bombs, grenades, 
etc., loaded with tear, or other gas, smoke or incendiary agent, 
also such miscellaneous apparatus as cloud-gas cylinders, smoke 
generators, etc.,.that may be utilized to project chemicals. 

31. Boosters, bursters, and supplementary charges. Boosters and 
supplementary charges consist of a casing containing a high 
explosive and are used to increase the intensity of explosion of 
the detonator of a detonating fuse. Bursters consist of a casing 
containing a high explosive and are used to rupture a proJectile 
or bomb to permit release of its contents. 

32. Jet thrust units or other rocket motors containing a mixture of 
chemicals capable of burning rapidly and producing considerable 
pressure. 

33. Propellant mixtures (i.e., any chemical mixtures which are 
designed to function by rapid combustion with little or no smoke). 

NOTE 1: The detonation test is performed by placing the sample in an open-end 
fiber tube which is set on the end of a lead block approximately 1-1/2 in. 
in diameter and 4 in. high which, in turn, is placed on a solid base. A 
steel plate may be placed between the fiber tube and the lead block. 

NOTE 2: A No. 8 test blasting cap is one containing two grams of a mixture 
of 80% mercury fulminate and 20% potassium chlorate, or a cap of equivalent 
strength. 

NOTE 3: "Unconfined• as used in this section does not exclude the use of a 
paper or soft fiber tube wrapping to facilitate tests. 

NOTE 4: The Bureau of Explosives' Impact Apparatus is a testing device 
designed so that a guided 8-lb weight may be dropped from predetermined 
heights so as to impact specific quantities of liquid or solid materials 
under fixed conditions. Detailed prints of the apparatus may be obtained 
from the Bureau of Explosives, Association of .American Railroads, Uperations 
and Maintenance Dept., Bureau of Explosives, American Railroad Building, 
Washington, D.C. 20036; 202-293-4048. The procedures for operating this 
apparatus are described in the following paragraphs. 

Method for Testing Liquids. The anvil is inserted in the receptab1e in 
the anvil housing. A new cup is dropped into the cup-positioning block. 
One drop of the sample liquid (about 0.01 g) is dropped into the cup 
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from a pipette and the cup is revolved until an even film forms on base. 
The top striker and the main striker are inserted as far as possible 
into the upper housing. The upper housing is then placed over the 
cup-positioning block so that the end of the main striker goes into the 
brass cup. When the upper housing is removed from the cup-positioning 
block, the brass cup is picked up on the end of the main striker. When 
the two housings are screwed together, the brass cup automatically rests 
firmly on the anvil. 

An 8-lb drop weight is dropped from predetermined heights until consistent 
failure results using the new sample portion and cup each time. An 
explosion is evidenced by flame or flame and noise, but in either event 
the brass cup will be belled out or bulged. 

After making the drop, the drop weight is raised, the test assembly 
removed, and appropriate solvent is poured into the top end. The two 
housings are then separated, the striker removed, and the brass cup 
removed from the striker end. 

All solvent is removed carefully and thoroughly before preparations are 
started for next drop and the apparatus cooled and cleaned. The test is 
then repeated in the same manner, but with a filter paper disc in the 
base of the cup under the composition being tested. 

Method for Testing Solids. The die is placed in the anvil assembly and 
a sma 11 amount (about 0.01 g) 1 to make a thin film is placed into the 
die assembly. The steel striker pellet (plug) is inserted carefully and 
then the striker (plunger). The assembly is then placed in the apparatus 
and the drop weight allowed to rest on the striker top to effect even 
distribution of the explosive. 

The 8-lb drop weight is then dropped on the striker from predetermined 
heights until consistent failure results (i.e., explosion, etc.) using a 
new sample portion each time. 

The die assembly is removed carefully and the striker removed. A few 
drops of appropriate solvent are poured into the die assembly before it 
is disassembled. 

All parts are cleaned and dried carefully before each test. 

NOTE 5: Blasting caps, blasting caps with safety fuse, or electric blasting 
caps in quantities of 1,000 or less are classified as class 0 explosives and 
not subject to regulation as a reactive waste. 

---fit is suggested that a tiny spoon be devised to measure the proper 
amount of test sample, since this is much more convenient and safer than 
other methods of measuring the sample. 
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