4.3 DETERMINATION OF ORGANIC ANALYTES
o 4.3.1 GAS CHROMATOGRAPHIC METHODS

The following methods are included in this section:

Method 8000A:
Method 8010B:

Method 8011:

Method 8015A:

Method 8020A:
Method 8021A:

Method 8030A:

Method 8031:
Method 8032:

Method 8040A:

Method 8060:
Method 8061:

Method 8070:

Method 8080A:

- Method 8081:

Method 8090:
Method 8100:
Method 8110:

Method 8120A:

Method 8121:
Method 8140:

Method 8141A:
Method 8150B:

Method 8151:

()

Gas Chromatography

Halogenated Volatile Organics by Gas
Chromatography ,

1,2-Dibromoethane and 1,2-Dibromo-3-chloroprepane
by Microextraction and Gas Chromatography
Nonhalogenated Volatile Organics by  Gas
Chromatography

Aromatic Volatile Organics by Gas Chromatography
Halogenated Volatiles by Gas Chromatagraphy Using
Photoionization and Electrolytic Conductivity
Detectors in Series: Capillary Colum Technique
Acrolein and Acrylonitrile by Gas Chrematography
Acrylonitrile by Gas Chromatography

Acrylamide by Gas Chromatography

Phenols by Gas Chromatography

Phthalate Esters

Phthalate Esters by Capillary Gas Chromatography
with Electron Capture Detection (GC/ECD)
Nitrosamines by Gas Chromatography
Organochlorine Pesticides and Polychlorinated
Biphenyls by Gas Chromatography

Organochlorine Pesticides and PCBs as Aroclors by
Gas Chromatography: Capillary Column Techrique
Nitroaromatics and Cyclic Ketones

Polynuclear Aromatic Hydrocarbons

Haloethers by Gas Chromatography

Chlorinated Hydrocarbons by Gas Chromatography
Chlorinated Hydrocarbons by Gas Chromategraphy:
Capillary Column Technique

Organophosphorus Pesticides

Organophosphorus Compounds by Gas Chrematography:
Capillary Column Technique

Chlorinated Herbicides by Gas Chromatography
Chlorinated Herbicides by GC Using Methylation or
Pentafluorobenzylation Derivatization: Capillary
Column Technique
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METHOD 8000A
GAS_CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Gas chromatography is a quantitative technique useful for the

analysis of organic compounds capable of being volatilized without being

decomposed or chemically rearranged. Gas chromatography (GC), also known as
vapor phase chromatography (VPC), has two subcategories distinguished by: gas-
solid chromatography (GSC), and gas-liquid chromatography (GLC) or gas-liquid
partition chromatography (GLPC). This last group is the most commonly used,
distinguished by type of column adsorbent or packing.

1.2 The chromatographic methods are recommended for use only by, or under
the close supervision of, experienced residue analysts.

2.0 SUMMARY OF METHOD

2.1 Each organic analytical method that follows provides a recommended
technique for extraction, cleanup, and occasionally, derivatization of the
samples to be analyzed. Before the prepared sample is introduced into the GC,
a procedure for standardization must be followed to determine the recovery and
the 1limits of detection for the analytes of interest. Following sample
introduction into the GC, analysis proceeds with a comparison of sample values
with standard values. Quantitative analysis is achieved through integration of
peak area or measurement of peak height.

3.0  INTERFERENCES

3.1 Contamination by carryover can occur whenever high-concentration and
low-concentration samples are sequentially analyzed. To reduce carryover, the
sample syringe or purging device must be rinsed out between samples with water
or solvent. Whenever an unusually concentrated sample is encountered, it should
be followed by an analysis of a solvent blank or of water to check for cross
contamination. For volatile samples containing Targe amounts of water-soluble
materials, suspended solids, high boiling compounds or high organohalide
concentrations, it may be necessary to wash out the syringe or purging device
with a detergent solution, rinse it with distilled water, and then dry it in a
105°C oven between analyses.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph - Analytical system complete with gas chromatograph
suitable for on-column injections and all required accessories, including
detectors, column supplies, recorder, gases, and syringes. A data system for
measuring peak height and/or peak areas is recommended.

4.2 Gas chromatographic columns - See the specific determinative method.
Other packed or capillary (open-tubular) columns may be used if the requirements
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of Section 8.6 are met.

5.0  REAGENTS

5.1 See the specific determinative method for the reagents needed.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

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

7.0  PROCEDURE

7.1 Extraction - Adhere to those procedures specified in the referring
determinative method. :

7.2 Cleanup and separation - Adhere to those procedures specified in the
referring determinative method.

7.3  The recommended gas chromatographic columns and operating conditions
for the instrument are specified in the referring determinative method.

7.4 Calibration

7.4.1 Establish gas chromatographic operating parameters equivalent
to those indicated in Section 7.0 of the determinative method of interest.
Prepare calibration standards using the procedures indicated in
Section 5.0 of the determinative method of interest. Calibrate the
chromatographic system using either the external standard technique
(Section 7.4.2) or the internal standard technique (Section 7.4.3).

7.4.2 External standard calibration procedure

7.4.2.1 For each analyte of interest, prepare calibration
standards at a minimum of five concentrations by adding volumes of
one or more stock standards to a volumetric flask and diluting to
volume with an appropriate solvent. One of the external standards
should be at a concentration near, but above, the method detection
Timit. The other concentrations should correspond to the expected
range of concentrations found in real samples or should define the
working range of the detector.

7.4.2.2 Inject each calibration standard wusing the
technique that will be used to introduce the actual samples into the
gas chromatograph (e.g. 2-5 ulL injections, purge-and-trap, etc.).
Tabulate peak height or area responses against the mass injected.
The results can be used to prepare a calibration curve for each
analyte. Alternatively, for samples that are introduced into the
gas chromatograph using a syringe, the ratio of the response to the
amount injected, defined as the calibration factor (CF), can be
calculated for each analyte at each standard concentration. If the
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percent relative standard deviation (%RSD) of the calibration factor
is less than 20% over the working range, linearity through the
origin can be assumed, and the average calibration factor can be
used in place of a calibration curve.

*
Total Area of Peak
Mass injected (in nanograms)

* For multiresponse pesticides/PCBs, use the total area of
all peaks used for quantitation.

Calibration factor =

7.4.2.3 The working calibration curve or calibration
factor must be verified on each working day by the injection of one
or more calibration standards. The frequency of verification is
dependent on the detector. Detectors, such as the electron capture
detector, that operate in the sub-nanogram range are more
susceptible to changes in detector response caused by GC column and
sample effects. Therefore, more frequent verification of
calibration is necessary. The flame ionization detector is much .
less sensitive and requires less frequent verification. If the
response for any analyte varies from the predicted response by more
than + 15%, a new calibration curve must be prepared for that
analyte. For methods 8010, 8020, and 8030, see Table 3 in each
method for calibration and quality control acceptance criteria.

R1 - Rz
Percent Difference = x 100
R,
where:
R1 = Calibration Factor from first analysis.
R = Calibration Factor from succeeding analyses.

2
7.4.3 Internal standard calibration procedure

7.4.3.1 To use this approach, the analyst must select one
or more internal standards that are similar in analytical behavior
to the compounds of interest. The analyst must further demonstrate
that the measurement of the internal standard is not affected by
method or matrix interferences. Due to these limitations, no
internal standard applicable to all samples can be suggested.

7.4.3.2 Prepare calibration standards at a minimum of five
concentrations for each analyte of interest by adding volumes of one
or more stock standards to a volumetric flask. To each calibration
standard, add a known constant amount of one or more internal
standards and dilute to volume with an appropriate solvent. One of
the standards should be at a concentration near, but above, the
method detection 1imit. The other concentrations should correspond
to the expected range of concentrations found in real samplies or
should define the working range of the detector.
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7.4.3.3 Inject each calibration standard using the same
introduction technique that will be applied to the actual samples
(e.g. 2 to 5 ulL injection, purge-and-trap, etc.). Tabulate the peak
height or area responses against the concentration of each compound
and internal standard. Calculate response factors (RF) for each
compound as follows:

RF = (AC;.)/ (A, C.)

where:
A = Response for the analyte to be measured.
A, = Response for the internal standard.
Ce = Concentration of the internal standard, ug/L.
C, = Concentration of the analyte to be measured,

Ba/L.

If the RF value over the working range is constant (< 20%

RSD), the RF can be assumed to be invariant, and the average RF can
be used for calculations. Alternatively, the results can be used to
plot a calibration curve of response ratios, A/A, versus RF.

7.4.3.4 The working calibration curve or RF must be
verified on each working day by the measurement of one or more
calibration standards. The frequency of verification is dependent

on the detector. Detectors, such as the electron capture detector,.

that operate in the sub-nanogram range are more susceptible to
changes in detector response caused by GC column and sample effects.
Therefore, more frequent verification of calibration is necessary.
The flame ionization detector is much less sensitive and requires
less frequent verification. If the response for any analyte varies
from the predicted response by more than + 15%, a new calibration
curve must be prepared for that compound. For methods 8010, 8020,
and 8030, see Table 3 in each method for calibration and quality
control acceptance criteria.

7.5 Retention time windows

7.5.1 Before establishing windows, make sure the GC system is within
optimum operating conditions. Make three injections of all single
component standard mixtures and multiresponse products (i.e. PCBs)
throughout the course of a 72 hour period. Serial injections over less
than a 72 hour period result in retention time windows that are too tight.

7.5.2 Calculate the standard deviation of the three retention times
(use any function of retention time; including absolute retention time, or
relative retention time) for each single component standard. Fer
multiresponse products, choose one major peak from the envelope and
calculate the standard deviation of the three retention times for that

peak. The peak chosen should be fairly immune to Tlosses due to
degradation and weathering in samples.
8000A - 4 , Revision 1

July 1992

N

el



P

7.5.2.1 Plus or minus three times the standard deviation
of the retention times for each standard will be used to define the
retention time window; however, the experience of the analyst should
weigh heavily in the interpretation of chromatograms. For
multiresponse analytes (i.e. PCBs), the analyst should use the
retention time window, but should primarily rely on pattern
recognition.

7.5.2.2 In those cases where the standard deviation for a
particular standard is zero, the laboratory must substitute the
standard deviation of a close eluting, similar compound to develop
a valid retention time window.

7.5.3 The Taboratory must calculate retention time windows for each
standard on each GC column and whenever a new GC column is installed. The
data must be retained by the laboratory.

7.6 Gas chromatographic analysis

7.6.1 Introduction of organic compounds into the gas chromatograph
varies depending on the volatility of the compound. Volatile organics are
primarily introduced by purge-and-trap (Method 5030). However, there are
limited applications (in Method 5030) where direct injection is
acceptable. Use of Method 3810 or 3820 as a screening technique for
volatile organic analysis may be valuable with some sample matrices to
prevent overloading and contamination of the GC systems. Semivolatile
organics are introduced by direct injection.

7.6.2 The appropriate detector(s) is given in the specific method.

7.6.3 Samples are analyzed in a set referred to as an analysis
sequence. The sequence begins with instrument calibration followed by
sample extracts interspersed with multi-concentration calibration
standards. The sequence ends when the set of samples has been injected or
when qualitative and/or quantitative QC criteria are exceeded.

7.6.4 Direct Injection - Inject 2-5 ul of the sample extract using
the solvent flush technique, if the extract is manually injected. Smaller
volumes (1.0 ul) can be injected, and the solvent flush technique is not
required, if automatic devices are employed. Record the volume injected
Eo tze nearest 0.05 ul and the resulting peak size in area units or peak

eight.

7.6.5 If the responses exceed the linear range of the system, dilute
the extract and reanalyze. It is recommended that extracts be diluted so
that all peaks are on scale. Overlapping peaks are not always evident
when peaks are off scale. Computer reproduction of chromatograms,
manipulated to ensure all peaks are on scale over a 100-fold range, are
acceptable if linearity is demonstrated. Peak height measurements are
recommended over peak area integration when overlapping peaks cause errors
in area integration.

7.6.6 If peak detection is prevented by the presence of
interferences, further cleanup is required.
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7.6.7 Examples of chromatograms for the compounds of interest are
frequently available in the referring analytical method.

7.6.8 Calibrate the system immediately prior to conducting any
analyses (see Section 7.4). A mid-concentration standard must also be
injected at intervals specified in the method and at the end of the
analysis sequence. The calibration factor for each analyte to be
quantitated, must not exceed a 15% difference when compared to the initial
standard of the analysis sequence. When this criterion is exceeded,
inspect the GC system to determine the cause and perform whatever
maintenance is necessary (see Section 7.7) before recalibrating and
proceeding with sample analysis. All samples that were injected after the
standard exceeding the criterion must be reinjected to avoid errors in
quantitation, if the initial analysis indicated the presence of the
specific target analytes that exceeded the criterion.

7.6.9 Establish daily retention time windows for each analyte. Use
the retention time for each analyte from Section 7.6.8 as the midpoint of

the window for that day. The daily retention time window equals the

midpoint + three times the standard deviation determined in Section 7.5.

7.6.9.1 Tentative identification of an analyte occurs when
a peak from a sample extract falls within the daily retention time
window. Normally, confirmation is required: on a second GC column,
by GC/MS if concentration permits, or by other recognized
confirmation techniques. Confirmation may not be necessary if the
composition of the sample matrix is well established by prior
analyses.

7.6.9.2 Validation of GC system qualitative performance:
Use the mid-concentration standards interspersed throughout the
analysis sequence (Section 7.6.8) to evaluate this criterion. If
any of the standards fall outside their daily retention time window,
the system is out of control. Determine the cause of the problem
and correct it (see Section 7.7). All samples that were injected
after the standard exceeding the criteria must be reinjected to
avoid false negatives and possibly false positives.

7.7 Suggested chromatography system maintenance - Corrective measures may

require any one or more of the following remedial actions.

7.7.1 Packed columns - For instruments with injection port traps,
replace the demister trap. clean, and deactivate the glass injection port
insert or replace with a cleaned and deactivated insert. Inspect the
injection end of the column and remove any foreign material (broken glass
from the rim of the column or pieces of septa). Replace the glass wool
with fresh deactivated glass wool. Also, it may be necessary to remove
the first few millimeters of the packing material if any discoloration is
noted, also swab out the inside walls of the column if any residue is
noted. If these procedures fail to eliminate the degradation probiem, it
may be necessary to deactivate the metal injector body (described in
Section 7.7.3) and/or repack/replace the column.
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7.7.2 Capillary columns - Clean and deactivate the glass injection
port insert or replace with a cleariéd and deactivated insert. Break off
the first few inches, up to one foot, of the injection port side of the
column. Remove the column and solvent backflush according to the
manufacturer’s instructions. If these procedures fail to eliminate the
degradation problem, it may be necessary to deactivate the metal injector
body and/or replace the column.

7.7.3 Metal injector body - Turn off the oven and remove the
analytical column when the oven has cooled. Remove the glass injection
port insert (instruments with off-column injection or Grob). Lower the
injection port temperature to room temperature. Inspect the injection
port and remove any noticeable foreign material.

7.7.3.1 Place a beaker beneath the injector port inside
the GC oven. Using a wash bottle, serially rinse the entire inside
of the injector port with acetone and then toluene; catching the
rinsate in the beaker.

7.7.3.2 Prepare a solution of deactivating agent (Sylon-CT
or equivalent) following manufacturer’s directions. After all metal
surfaces inside the injector body have been thoroughly coated with
the deactivation solution, serially rinse the injector body with
toluene, methanol, acetone, and hexane. Reassemble the injector and
replace the GC column.

7.8 Calculations

7.8.1 External standard calibration - The concentration of each
analyte in the sample may be determined by calculating the amount of
standard purged or injected, from the peak response, using the calibration
curve or the calibration factor determined in Section 7.4.2. The
concentration of a specific analyte is calculated as follows:

Aqueous samples
Concentration (ug/L) = [(A)(A)(V.)(D)1/L(A)(V;)(V,)]

where:

A, = Response for the analyte in the sample, units may be in
area counts or peak height.

A = Amount of standard injected or purged, ng.

A = Response for the external standard, units same as for

"

v = Volume of extract injected, ul. For purge-and-trap
analysis, V, is not applicable and therefore = 1.

D = Dilution factor, if dilution was made on the sample
prior to analysis. If no dilution was made, D = 1,
dimensionless.
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v, = Volume of total extract, ul. For purge-and-trap
analysis, V. is not applicable and therefore = 1.

Vv = Volume of sample extracted or purged, mL.

Nonaqueous samples
Concentration (ug/kg) = [(A,)(A)(V,.)(D)1/[(A;)(V,)(W)]

where:

W = Weight of sample extracted or pdfged, g. The wet weight
or dry weight may be used, depending upon the specific
applications of the data.

A, A A, Vt, D, and V, have the same definition as for aqueous
samples when a solid sample is purged (e.g., low concentration soil) for
volatile organic analysis or for semivolatile organic and pesticide
extracts. When the nonaqueous sample is extracted for purge and trap
analysis, V, = volume of methanol extract added to reagent water for purge
and trap analysis.

7.8.2 Internal standard calibration - For each analyte of interest,
the concentration of that analyte in the sample is calculated as follows:

Aqueous samples
Concentration (ug/L) = [(A,)(C,.)(D)1/[(A,)(RF)(V,)]

where:

A, = Response of the analyte being measured, units may be in
area counts or peak height.

Ce = Amount of internal standard added to extract or volume
purged, ng.

D = Dilution factor, if a dilution was made on the sample
prior to analysis. If no dilution was made, D = 1,
dimensionless.

A, = Response of the internal standard, units same as A,.

RF = Response factor for analyte, as determined in Section
7.4.3.3.

v, = Volume of water extracted or purged, mL.

Nonagueous samples
Concentration (ug/kg) = [(A,)(C;,)(D)1/T(A;.) (RF)(W,)]
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W = Weight of sample extracted, g. Either a dry weight or
wet weight may be used, depending upon the specific
application of the data.

A, C.

s is» D» Aj» and RF have the same definition as for aqueous
samples.

8.0  QUALITY CONTROL

8.1 Each laboratory that uses these methods is required 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 quality data. The laboratory should
maintain records to document the quality of the data generated. Ongoing data
quality checks are compared with established performance criteria to determine
if the results of analyses meet the performance characteristics of the method.
When results of sample spikes indicate atypical method performance, a quality
control check standard should be analyzed to confirm that the measurements were
performed in an in-control mode of operation.

8.2 Before processing any samples, the analyst should demonstrate,
through the analysis of a reagent blank, that interferences from the analytical
system, glassware, and reagents are under control. Each time a set of samples
is extracted or there is a change in reagents, an organic-free reagent water
blank should be processed as a safeguard against chronic laboratory
contamination. The blank samples should be carried through all stages of the
sample preparation and measurement steps.

8.3 For each analytical batch (up to 20 samples), a reagent blank, matrix
spike, and duplicate or matrix spike duplicate should be analyzed (the frequency
of the spikes may be different for different monitoring programs). The blank and
spiked samples should be carried through all stages of the sample preparation and
measurement steps.

8.4 The experience of the analyst performing gas chromatography is
invaluable to the success of the methods. Each day that analysis is performed,
the daily calibration sample should be evaluated to determine if the
chromatographic system is operating properly. Questions that should be asked
are: Do the peaks look normal?; Is the response obtained comparable to the
response from previous calibrations? Careful examination of the standard
chromatogram can indicate whether the column is still good, the injector is
leaking, the injector septum needs replacing, etc. If any changes are made to
the system (e.g. column changed), recalibration of the system should take place.

8.5 Required instrument QC

8.5.1 Step 7.4 requires that the %RSD vary by < 20% when comparing
calibration factors to determine if a five point calibration curve is
linear.
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8.5.2 Section 7.4 sets a limit of + 15% difference when comparing
daily response of a given analyte versus the initial response. For
“Methods 8010, 8020, and 8030, follow the guidance on limits specified in
Section 7.4.3.4. If the limit is exceeded, a new standard curve should be
prepared unless instrument maintenance corrects the problem for that
particular analyte.

8.5.3 Step 7.5 requires the establishment of‘reténtion time windows.

8.5.4 Section 7.6.8 sets a 1imit of + 15% difference when comparing
the response from the continuing calibration standard of a given analyte
versus any succeeding standards analyzed during an analysis sequence.

8.5.5 Step 7.6.9.2 requires that all succeeding standards in an
analysis sequence should fall within the daily retention time window
established by the first standard of the sequence.

8.6 To establish the ability to generate acceptable accuracy and

precision, the analyst should perform the following operations.

8.6.1 A quality control (QC) check sample concentrate is required
containing each analyte of interest. The QC check sample concentrate may
be prepared from pure standard materials, or purchased as certified
solutions. If prepared by the laboratory, the QC check sample concentrate
should be made using stock standards prepared independently from those
used for calibration.

8.6.1.1 The concentration of the QC check sample
concentrate is highly dependent wupon the analytes being
investigated. Therefore, refer to Method 3500, Section 8.0 for the
required concentration of the QC check sample concentrate.

8.6.2 Preparation of QC check samples

8.6.2.1 Volatile organic analytes (Methods 8010, 8020, and
8030) - The QC check sample is prepared by adding 200 ul of the QC
check sample concentrate (Step 8.6.1) to 100 mL of water.

8.6.2.2 Semivolatile organic analytes (Methods 8040, 8060,
8070, 8080, 8090, 8100, 8110, and 8120) - The QC check sample is
prepared by adding 1.0 mL of the QC check sample concentrate (Step
8.6.1) to each of four 1-L aliquots of water.

8.6.3 Four aliquots of the well-mixed QC check sample are analyzed
by the same procedures used to analyze actual samples (Section 7.0 of each
of the methods). For volatile organics, the preparation/analysis process
is purge-and-trap/gas chromatography. For semivolatile organics, the QC
check sampies should undergo solvent extraction (see Method 3500) prior to
chromatographic analysis.

8.6.4 Calculate the average recovery (x) in ug/L, and the standard
deviation of the recovery (s) in ug/L, for each analyte of interest using
the four results.
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8.6.5 For each analyte compare s and X with the corresponding
acceptance criteria for precision and accuracy, respectively, given the QC
Acceptance Criteria Table at the end of each of the determinative methods.
If s and x for all analytes of interest meet the acceptance criteria, the
system performance is acceptable and analysis of actual samples can begin.
If any individual s exceeds the precision 1imit or any individual x falls
outside the range for accuracy, then the system performance is
unacceptable for that analyte.

NOTE: The large number of analytes in each of the QC Acceptance
Criteria Tables present a substantial probability that one or
more will fail at least one of the acceptance criteria when
all analytes of a given method are determined.

8.6.6 When one or more of the analytes tested fail at least one of
the acceptance criteria, the analyst should proceed according to Step
8.6.6.1 or 8.6.6.2.

8.6.6.1 Locate and correct the source of the problem and
repeat the test for all analytes of interest beginning with
Step 8.6.2.

8.6.6.2 Beginning with Step 8.6.2, repeat the test only
for those analytes that failed to meet criteria. Repeated failure,
however, will confirm a general problem with the measurement system.
If this occurs, locate and correct the source of the problem and
repeat the test for all compounds of interest beginning with

Step 8.6.2.

8.7 The laboratory should, on an ongoing basis, analyze a reagent blank

and a matrix spiked duplicate for each analytical batch (up to a maximum of 20
samples/batch) to assess accuracy. For soil and waste samples where detectable
amounts of organics are present, replicate samples may be appropriate in place
of spiked duplicates. For laboratories analyzing one to ten samples per month,
at least one spiked sample per month is required.

8.7.1 The. concentration of the spike in the sample should be
determined as follows:

8.7.1.1 If, as in compliance monitoring, the concentration
of a specific analyte in the sample is being checked against a
regulatory concentration limit, the spike should be at that limit,
or 1 to 5 times higher than the background concentration determined
in Step 8.7.2, whichever concentration would be larger.

8.7.1.2 If the concentration of a specific analyte in a
water sample is not being checked against a limit specific to that
analyte, the spike should be at the same concentration as the QC
reference sample (Step 8.6.2) or 1 to 5 times higher than the
background concentration determined in Step 8.7.2, whichever
concentration would be larger. For other matrices, the recommended
spiking concentration is 20 times the EQL.
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8.7.1.3 For semivolatile organics, it may not be possible
to determine the background concentration levels prior to spiking
(e.g. maximum holding times will be exceeded). If this is the case,
the spike concentration should be (1) the regulatory concentration
limit, if any; or, if none (2) the larger of either 5 times higher
than the expected background concentration or the QC reference
sample concentration (Step 8.6.2). For other matrices, the
recommended spiking concentration is 20 times the EQL.

8.7.2 Analyze one unspiked and one spiked sample aliquot to
determine percent recovery of each of the spiked compounds.

8.7.2.1 Volatile organics - Analyze one 5-mL sample
aliquot to determine the background concentration (B) of each
analyte. If necessary, prepare a new QC reference sample

concentrate  (Step 8.6.1) appropriate for the background
concentration in the sample. Spike a second 5-mL sample aliquot
with 10 L of the QC reference sample concentrate and analyze it to
determine the concentration after spiking (A) of each analyte.
Calculate each percent recovery (p) as 100(A - B)%/T, where T is the
known true value of the spike.

8.7.2.2 Semivolatile organics - Analyze one sample aliquot
(extract of 1-L sample) to determine the background concentration
(B) of each analyte. If necessary, prepare a new QC reference
sample concentrate (Step 8.6.1) appropriate for the background
concentration in the sample. Spike a second 1-L sample aliquot with
1.0 mL of the QC reference sample concentrate and analyze it to
determine the concentration after spiking (A) of each analyte.
Calculate each percent recovery (p) as 100(A - B)%/T, where T is the
known true value of the spike.

8.7.3 Compare the percent recovery (p) for each analyte in a water
sample with the corresponding criteria presented in the QC Acceptance
Criteria Table found at the end of each of the determinative methods.
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. If spiking was performed at a concentration lower than the QC
reference sample concentration (Step 8.6.2), the analyst should use either
the QC acceptance criteria presented in the Tables, or optional QC
acceptance criteria calculated for the specific spike concentration. To
calculate optional acceptance criteria for the recovery of an analyte:
(1) Calculate accuracy (x’) using the equation found in the Method
Accuracy and Precision as a Function of Concentration Table (appears at
the end of each determinative method), substituting the spike
concentration (T) for C; (2) calculate overall precision (S’) using the
equation in the same Table, substituting x’ for x; (3) calculate the range
for recovery at the spike concentration as (100x’/T) + 2.44(100S'/T)%.

8.7.4 If any individual p falls outside the designated range for
recovery, that analyte has failed the acceptance criteria. A check
standard containing each analyte that failed the criteria should be
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analyzed as described in Step 8.8.

8.8 If any analyte in a water samp]e fails the acceptance criteria for
recovery in Step 8.7, a QC reference standard containing each analyte that failed
should be prepared and analyzed.

NOTE: The frequency for the required analysis of a QC reference standard
will depend upon the number of analytes being simultaneously tested,
the complexity of the sample matrix, and the performance of the
laboratory. If the entire 1ist of analytes given in a method should
be measured in the sample in Step 8.7, the probability that the
analysis of a QC check standard will be required is high. In this
case, the QC check standard should be routinely analyzed with the

spiked sample.

8.8.1 Preparation of the QC check sample - For volatile organics,
add 10 ulL of the QC check sample concentrate (Step 8.6.1 or 8.7.2) to 5
mL of water. For semivolatile organics, add 1.0 mL of the QC check sample
concentrate (Step 8.6.1 or 8.7.2) to 1 L of water. The QC check samp]e
needs only to contain the analytes that failed criteria in the test in
Step 8.7. Prepare the QC check sample for analysis following the
guidelines given in Method 3500 (e.g. purge-and-trap, extraction, etc.).

8.8.2 Analyze the QC check sample to determine the concentration
measured (A) of each analyte. Calculate each percent recovery (p,, as
100(A/T)%, where T is the true value of the standard concentration.

8.8.3 Compare the percent recovery (p, ) for each analyte with the
corresponding QC acceptance criteria found *in the appropr1ate Table in
each of the methods. Only analytes that failed the test in Step 8.7 need
to be compared with these criteria. If the recovery of any such analyte
falls outside the designated range, the laboratory performance for that
analyte is judged to be out of control, and the problem should be
immediately identified and corrected. The result for that analyte in the
unspiked sample is suspect and may not be reported for regulatory
compliance purposes.

8.9 As part of the QC program for the laboratory, method accuracy for
each matrix studied should be assessed and records should be maintained. After
the analysis of five spiked samples (of the same matrix type) as in Step 8.7,
calculate the average percent recovery (p) and the standard deviation of the
percent recovery (s ). Express the accuracy assessment as a percent recovery
interval fromp - Zs_to p + 2s,,. If p=290% and s, = 10%, for example, the
accuracy interval is expressed as 70-110%. Update the accuracy assessment for
each analyte on a regular basis (e.g. after each five to ten new accuracy

measurements).

8.10 Calculate surrogate control limits as follows:

8.10.1 For each sample analyzed, calculate the percent recovery
of each surrogate in the sample.

8.10.2 Calculate the average percent recovery (p) and standard
deviation of the percent recovery (s) for each of the surrogates when
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surrogate data from 25 to 30 samples for each matrix is available.

8.10.3 For a given matrix, calculate the upper and Tlower
control limit for method performance for each surrogate standard. This
should be done as follows:

Upper Control Limit (UCL) = p + 3s
Lower Control Limit (LCL) = p - 3s
8.10.4 For aqueous and soil matrices, these 1laboratory

established surrogate control limits should, if applicable, be compared
with the control 1limits in Tables A and B of Methods 8240 and 8270,
respectively. The limits given in these methods are multi-laboratory
performance based limits for soil and aqueous samples, and therefore, the
single-laboratory limits established in Step 8.10.3 should fall within
those given in Tables A and B for these matrices.

8.10.5 If recovery is not within limits, the following is
required.
) Check to be sure there are no errors in calculations,

surrogate solutions and internal standards. Also, check
instrument performance.

. Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

¢ Reextract and reanalyze the sample if none of the above are a
problem or flag the data as "estimated concentration."

8.10.6 At a minimum, each laboratory should update surrogate
recovery limits on a matrix-by-matrix basis, annually.

8.11 It is recommended that the Tlaboratory adopt additional quality
assurance practices for use with this method. The specific practices that are
most productive depend upon the needs of the laboratory and the nature of the
samples. Field duplicates may be analyzed to assess the precision of the
environmental measurements. When doubt exists over the identification of a peak
on the chromatogram, confirmatory techniques such as gas chromatography with a
dissimilar column, specific element detector, or mass spectrometer should be
used. Whenever possible, the laboratory should analyze standard reference
materials and participate in relevant performance evaluation studies.

9.0 METHOD PERFORMANCE

9.1 The method detection 1imit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. The MDL concentrations listed in the
referring analytical methods were obtained using water. Similar results were
achieved using representative wastewaters. The MDL actually achieved in a given
analysis will vary depending on instrument sensitivity and matrix effects.
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9.2 Refer to the determinative method for specific method performance
information.

\we'  10.0 REFERENCES

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

2. U.S. EPA Contract Léboratory Program, Statement of Work for Organic
Analysis, July 1985, Revision. -
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METHOD 8000A
GAS CHROMATOGRAPHY

Internal Standard

Start
7.1 Refer to 7.4.3.1 Select
determinative internal standards
procedure for having behavior
extraction similar to
procedure compounds of
recommendation. interest.

L

7.2 Refer to
determinative
procedure for
cleanup and
preparation
procedure
racommendations.

7.4.3.2 Prepare
calibration
standards.

7.4.1 Establish
chromatographic
conditions.

7.4.3.3 Inject
calibration
standards,
calculate RF

[+ ]

7.4.1
Calibration
technique?

External Standard

7.4.2.1 Prepare
calibration
standards for each
compound of
interest.

|

7.4.2.2 Inject

calibration
standards, prepare
calibration curve

or calculate
calibration factor.

il

7.4.2.3 Verify
working calibration
curve each day.

7.4.3.4 Verify
working calibration
curve or RF each
day.

——

7 5 Calculate
retention time
windows .
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Volatiles

7.6.1 1f
necessary,
screen samples
by Method 3810
or 3820.

7.6.1 Introduce
compounds into CC
by purge-and-trap

or direct injection

{Method 5030).

47

METHOD 8000A
continued

Semivolatiles

7.6.1 Type of
organic
compound?

7.6.1 Introduce
compounds into
CC by direct
injection.

h

7.6.4 Inject
samples using
solvent flush

[ = ]

7.6.8 Calibrate
system
immediately
praior to
analyses.

4

7.6.9 Establish
daily retention
time windows

8000A - 17

technique, for each
record volume. analyte.
7.6.5 7.7 Perform
Does response 7.6.5 Dilute chromatography
sxceed linear extract and =N system
range of reanalyze. maintenance, 1f
system? needed .
7 8 Calculate
Is peak concentration of
detection 7 6.6 Do each analyle, using
prevented by further - appropriate formula
interference? cleanup. or matrix and type
of standard.

Stop
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METHOD 8010B

HALOGENATED VOLATILE ORGANICS BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Method 8010 is used to determine the concentration of various
volatile halogenated organic compounds.

determined by this method:

The following compounds can be

Appropriate Technique

Direct
Compound Name CAS No.? Purge-and-Trap Injection
Allyl chloride 107-05-1 b b
Benzyl chloride 100-44-7 PP b
Bis(2-chloroethoxy)methane 111-91-1 pp pc
Bis(2-chloroisopropyl) ether 39638-32-9 b b
Bromoacetone 598-31-2 pp b
Bromobenzene 108-86-1 b b
Bromodichloromethane 75-27-4 b b
Bromoform 75-25-2 b b
Bromomethane 74-83-9 b b
Carbon tetrachloride 56-23-5 b b
Chlorobenzene 108-90-7 b b
Chloroethane 75-00-3 b b
2-Chloroethanol 107-07-03 pp b
2-Chloroethyl vinyl ether 110-75-8 b b
Chloroform 67-66-3 b b
1-Chlorohexane 544-10-5 pc pc
Chloromethane 74-87-3 b b
Chloromethyl methyl ether 107-30-2 pp pc
Chloroprene 126-99-8 b b
4-Chlorotoluene 106-43-4 b b
Dibromochloromethane 124-48-1 b b
1,2-Dibromo-3-chloropropane 96-12-8 b b
Dibromomethane 74-95-3 b b
1,2-Dichlorobenzene 95-50-1 b b
1,3-Dichlorobenzene 541-73-1 b b
1,4-Dichlorobenzene 106-46-7 b b
1,4-Dichloro-2-butene 764-41-0 b b
Dichlorodifluoromethane 75-71-8 b b
1,1-Dichloroethane 75-34-3 b b
1,2-Dichloroethane 107-06-2 b b
1,1-Dichloroethene 75-35-4 b b
trans-1,2-Dichloroethene 156-60-5 b b
Dichloromethane 75-09-2 b b
1,2-Dichloropropane 78-87-5 b b
1,3-Dichloro-2-propanol 96-23-1 pp b
cis-1,3-Dichloropropene 10061-01-5 b b
trans-1,3-Dichloropropene 10061-02-6 b b
Epichlorhydrin 106-89-8 pp b
80108 - 1 Revision 2
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Appropriate Technique

Direct
Compound Name ' CAS No.? Purge-and-Trap Injection
Ethylene dibromide 106-93-4 b b
Methyl iodide 74-88-4 pp b
1,1,2,2-Tetrachloroethane 79-34-5 b b
1,1,1,2-Tetrachloroethane 630-20-6 b b
Tetrachloroethene 127-18-4 b b
1,1,1-Trichloroethane 71-55-6 b b
1,1,2-Trichloroethane 79-00-5 b b
Trichloroethene 79-01-6 b b
Trichlorofluoromethane 75-69-4 b b
1,2,3-Trichloropropane 96-18-4 b b
Vinyl Chloride 75-01-4 b b

a Chemical Abstract Services Registry Number

b Adequate response using this technique

pp Poor purging efficiency, resulting in high EQLs
pc Poor chromatographic performance.

1.2 Table 1 indicates compounds that may be analyzed by this method and
lists the method detection 1imit for each compound in organic-free reagent water.
Table 2 Tists the estimated quantitation 1imit for other matrices.

2.0  SUMMARY OF METHOD

2.1 Method 8010 provides gas chromatographic conditions for the
detection of halogenated volatile organic compounds. Samples can be introduced
into the GC using direct injection or purge-and-trap (Method 5030). Ground water
samples must be analyzed using Method 5030. A temperature program is used in the
gas chromatograph to separate the organic compounds. Detection is achieved by
a electrolytic conductivity detector (HECD).

2.2 The method provides an optional gas chromatographic column that may
be helpful in resolving the analytes from co-eluting non-target compounds and for
analyte confirmation.

3.0 INTERFERENCES
3.1 Refer to Methods 5030 and 8000.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A trip blank prepared from
organic-free reagent water and carried through sampling and subsequent storage
and handling can serve as a check on such contamination.
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4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph

o
—’ 4.1.1 Gas chromatograph - analytical system complete with gas

chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, including detector, analytical
columns, recorder, gases, and syringes. A data system for measuring peak
heights and/or peak areas is recommended.

4.1.2 Columns

4.1.2.1 Column 1 - 8 ft x 0.1 in. ID stainless steel or
glass column packed with 1% SP-1000 on Carbopack-B 60/80 mesh or
equivalent.

4.1.2.2 Column 2 - 6 ft x 0.1 in. ID stainless steel or
glass column packed with chemically bonded n-octane on Porasil-C
100/120 mesh (Durapak) or eguivalent.

4.1.3 Detector - Electrolytic conductivity (HECD).

4.2 Sample introduction apparatus, refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4.3 Syringes, 5 mL Luerlok glass hypodermic and a 5 mL, gas-tight with
shutoff valve.

4.4 Volumetric flask, Class A, Appropriate sizes with ground glass

. stoppers.

4.5 Microsyringe, 10 and 25 ulL with a 0.006 in. ID needle (Hamilton 702N
or equivalent) and a 100 ul.

4.6 Analytical balance - 0.0001 g.

5.0  REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American Chemical
Society, where such specifications are available. Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.

5.2 Organic-free reagent water. All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Methanol, CH,0H. Pesticide quality or equivalent. Store away from
other solvents.

- 80108 - 3 Revision 2
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5.4 Stock standards - Stock solutions may be prepared from pure standard
materials or purchased as certified solutions. Prepare stock standards in
methanol using assayed liquids or gases, as appropriate. Because of the toxicity
of some of the organohalides, primary dilutions of these materials should be
prepared in a hood.

5.4.1 Place about 9.8 mL of methanol in a 10 mL tared ground glass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 minutes until all alcohol-wetted surfaces have dried. Weigh the
flask to the nearest 0.0001 g.

5.4.2 Add the assayed reference material, -as described below.

5.4.2.1 Liquids. Using a 100 ulL syringe, immediately add
two or more drops of assayed reference material to the flask; then
reweigh. The liquid must fall directly into the alcohol without
contacting the neck of the flask.

5.4.2.2 Gases.. To prepare standards for any compounds
that boil below 30°C (e.g. bromomethane, chloroethane,
chloromethane, dichlorodifluoromethane, trichlorofluoromethane,
vinyl chloride), fill a 5 mL valved gas-tight syringe with the
reference standard to the 5.0 mL mark. Lower the needle to 5 mm
above the methanol meniscus. Slowly - introduce the reference
standard above the surface of the liquid. The heavy gas rapidly
dissolves in the methanol. This may also be accomplished by using
a lecture bottle equipped with a Hamilton Lecture Bottle Septum
(#86600). Attach Teflon tubing to the side-arm relief valve and
direct a gentle stream of gas into the methanol meniscus.

5.4.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in milligrams per
liter (mg/L) from the net gain in weight. When compound purity is assayed
to be 96% or greater, the weight may be used without correction to
calculate the concentration of the stock standard. Commercially prepared
stock standards may be used at any concentration if they are certified by
the manufacturer or by an independent source.

5.4.4 Transfer the stock standard solution into a bottle with a
Teflon lined screw-cap. Store, with minimal headspace, at -10°C to -20°C
and protect from 1ight.

5.4.5 Prepare fresh stock standards for gases weekly or sooner if
comparison with check standards indicates a problem. Reactive compounds
such as 2-chloroethyl vinyl ether may need to be prepared more frequently.
A1l other standards must be replaced after six months. Both gas and
liquid standards must be monitored closely by comparison to the initial
calibration curve and by comparison to QC check standards. It may be
necessary to replace the standards more frequently if either check exceeds
a 20% drift.

5.4.6 Optionally calibration using a certified gaseous mixture can
be accomplished daily utilizing commercially available gaseous analyte

8010B - 4 Revision 2
September 1994




4

mixture of bromomethane, chloromethane, chloroethane, vinyl chloride,
dichlorodifluoromethane and trichlorofluoromethane in nitrogen. These
mixtures of documented quality are stable for as long as six months
without refrigeration. (VOA-CYL III, RESTEK Corporation, Cat. #20194 or

equivalent).

5.5 Secondary dilution standards. Using stock standard solutions,
prepare secondary dilution standards in methanol, as needed, containing the
compounds of interest, either singly or mixed together. The secondary dilution
standards should be prepared at concentrations such that the aqueous calibration
standards prepared in Sec. 5.6 will bracket the working range of the analytical
system. Secondary dilution standards should be stored with minimal headspace for
volatiles and should be checked frequently for signs of degradation or
evaporation, especially just prior to preparing calibration standards from them.

5.6 Calibration standards. Prepare calibration standards in
organic-free reagent water from the secondary dilution of the stock standards,
at a minimum of five concentrations. One of the concentrations should be at a
concentration near, but above, the method detection limit. The remaining
concentrations should correspond to the expected range of the concentrations
found in real samples or should define the working range of the GC. Each
standard should contain each analyte for detection by this method (e.g. some or
all of the compounds listed in Table 1 may be included). In order to prepare
accurate aqueous standard solutions, the following precautions must be observed.

5.6.1 Do not inject more than 20 ul of alcoholic standards into
100 mL of water.

5.6.2 Use a 25 ulL Hamilton 702N microsyringe or equivalent
(variations in needle geometry will adversely affect the ability to
deliver reproducible volumes of methanolic standards into water).

5.6.3 Rapidly inject the alcoholic standard into the filled
volumetric flask. Remove the needle as fast as possible after injection.

5.6.4 Mix aqueous standards by inverting the flask three times only.

5.6.5 Fill the sample syringe from the standard solution contained
in the expanded area of the flask (do not use any solution contained in
the neck of the flask).

5.6.6 Never use pipets to dilute or transfer samples or aqueous
standards.

5.6.7 Aqueous standards are not stable and should be discarded after
one hour, unless properly sealed and stored. The aqueous standards can
be stored up to 24 hours, if held in sealed vials with zero headspace.

5.7 Internal standards (if internal standard calibration is used) - To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these Timitations, no
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internal standard can be suggested that is applicable to all samples. The
compounds recommended for use as surrogate spikes (Sec. 5.8) have been used
successfully as internal standards, because of their generally unique retention
times.

5.7.1 Prepare calibration standards at a minimum of five
concentrations for each analyte of interest as described in Sec. 5.6.

5.7.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Secs. 5.4 and 5.5. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 ng/uL of each internal standard compound. The
addition of 10 ulL of this standard to 5.0 mL of sample or calibration
standard would be equivalent to 30 pg/L.

5.7.3 Analyze each calibration standard according to Sec. 7.0,
adding 10 ulL of internal standard spiking solution directly to the
syringe. :

5.8 Surrogate standards - The analyst should monitor both the
performance of the analytical system and the effectiveness of the method in
dealing with each sample matrix by spiking each sample, standard, and
organic-free reagent water blank with surrogate halocarbons. A combination of
bromochloromethane, bromochlorobenzene and bromofluorobenzene is recommended to
encompass the range of temperature program used in this method. From stock
standard solutions prepared as in Sec. 5.4, add a volume to give 750 ug of each
surrogate to 45 mL of organic-free reagent water contained in a 50 mL volumetric
flask, mix, and dilute to volume for a concentration of 15 ng/ul. Add 10 ulL of
this surrogate spiking solution directly into the 5 mL syringe with every sample
and reference standard analyzed. If the internal standard calibration procedure
is used, the surrogate compounds may be added directly to the internal standard
spiking solution (Sec. 5.7.2).

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6.1 See the introductory material to this Chapter, Organic Analytes,
Sec. 4.1.
7.0  PROCEDURE
7.1 Volatile compounds are introduced into the gas chromatograph using
either direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or low-concentration contaminated soils and
sediments. For medium-concentration soils or sediments, methanolic extraction,
as described in Method 5030, may be necessary prior to purge-and-trap analysis.
7.2 Gas chromatographic conditions (Recommended)
7.2.1 Column 1:
Helium flow rate = 40 mL/min
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Temperature program:

Initial temperature = 45°C, hold for 3 minutes
Program = 45°C to 220°C at 8°C/min
Final temperature = 220°C, hold for 15 minutes.

7.2.2 Column 2:

Helium flow rate = 40 mL/min
Temperature program:

Initial temperature = 50°C, hold for 3 minutes
Program = 50°C to 170°C at 6°C/min
Final temperature = 170°C, hold for 4 minutes.

7.3 Calibration. The procedure for internal or external calibration may

be used. Refer to Method 8000 for a description of each of these procedures. Use
Table 1 and Table 2 for guidance on selecting the lowest point on the calibration

7.3.1 Calibration must take place using the same sample introduction
method that will be used to analyze actual samples (see Sec. 7.4.1).

7.4 Gas chromatographic analysis

7.4.1 Introduce volatile compounds into the gas chromatograph using
either Method 5030 (purge-and-trap) or the direct injection method (see
Sec. 7.4.1.1). If the internal standard calibration technique is used,
add 10 ulL of internal standard to the samplie prior to purging.

7.4.1.1 In very Timited applications (e.g. aqueous process
wastes) direct injection of the sample onto the GC column with a
10 ul syringe may be appropriate. The detection limit is very high
(approximately 10,000 ug/L) therefore, it is only permitted where
concentrations in excess of 10,000 ug/L are expected or for water-
soluble compounds that do not purge. The system must be calibrated
by direct injection (bypassing the purge-and-trap device).

7.4.2 Method 8000 provides instructions on the analysis sequence,
appropriate dilutions, establishing daily retention time windows, and
identification criteria. Include a mid-concentration standard after each

group of 10 samples in the analysis sequence.

7.4.3 Table 1 summarizes the estimated retention times on the two
columns for a number of organic compounds analyzable using this method.
An example of the separation achieved by Column 1 is shown in Figure 1.

7.4.4 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.5 Refer to Method 8000 for guidance on calculation of
concentration.

7.4.6 If analytical interferences are suspected, or for the purpose
of confirmation, analysis using the second GC column is recommended.
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7.4.7 If the response for a peak is off-scale, i.e., beyond the
calibration range of the standards, prepare a dilution of the sample with
organic-free reagent water. The dilution must be performed on a second
aliquot of the sample which has been properly sealed and stored prior to
use.

8.0  QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 8000 for gas chromatographic procedures. Quality control to ensure the
proper operation of the purge-and-trap device is covered in Method 5030.

8.2 Quality control required to validate the GC system operation is
found in Method 8000.

8.2.1 The quality control check sample concentrate (Method 8000)
should contain each analyte of interest at a concentration of 10 mg/L in
methanol.

8.2.2 Table 3 indicates the calibration and QC acceptance criteria,
for water samples, for this method. Table 4 gives method accuracy and
precision as functions of concentration, for water samples, for the
analytes of interest. The contents of both Tables should be used to
evaluate a laboratory’s ability to perform and generate acceptable data
by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within 1imits (1imits established by performing
QC procedure outlined in Method 8000).

8.3.1 If recovery is not within limits, the following is required:

° Check to be sure that there ére no errors in
calculations, surrogate solutions and internal standards. Also,
check instrument performance.

] Recalculate the data and/or re-analyze the sample if
any of the above checks reveal a problem.

o Re-extract and re-analyze the sample if none of the
above are a problem or flag the data as "estimated concentration".

9.0 METHOD PERFORMANCE

9.1 This method was tested by 20 1aboratories using organic-free reagent
water, drinking water, surface water, and three industrial wastewaters spiked at
six concentrations over the range 8.0-500 pg/L. Single operator precision,
overall precision, and method accuracy were found to be directly related to the
concentration of the analyte, and essentially independent of the sample matrix.
Linear equations to describe these relationships are presented in Table 4.
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9.2 The accuracy and precision obtained will be determined by the sample

matrix, sample introduction technique, and by the calibration procedure used.

9.3 The method detection limits reported in Table 1 were generated under

optimum analytical conditions by an Agency contractor (Ref. 6) as guidance, and
may not be readily achievable by all Taboratories at all times.
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TABLE 1.
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS
FOR HALOGENATED VOLATILE ORGANICS

Method
CAS Retention Time Detection
Registry (minutes) Limit?®
Compound Number Column 1 Column 2  (umg/L)
Al1yl chloride 107-05-1 10.17 (b) (b)
Benzy] chloride®:© 100-44-7 30.29 (b) (b)
Bis(2-chloroethoxy)methane” 111-91-1 38.60 (b) (b)
Bis(2-chloroisopropyl) ether’” 39638-32-9 34.79 (b) (b)
Bromobenzene 108-86-1 29.05 (b) (b)
Bromod1ch1oromethane 75-27-4 15.44 14.62 0.002
Bromoform’ 75-25-2 21.12 19.17 0.020
Bromomethane" 74-83-9 2.90 7.05 0.030
Carbon tetrach10r1de 56-23-5 14.58 11.07 0.003
Ch]oroaceta]dehyde 107-20-0 (b) (b) (b)
Chlorobenzene” 108-90-7 25.49 18.83 0.001
Chloroethane 75-00-3 5.18 8.68 0.008
Chloroform 67-66-3 12.62 12.08 0.002
1-Chlorohexane 544-10-5 26.26 (b) (b)
2-Chloroethyl vinyl ether” 110-75-8 19.23 (b) 0.130
Chloromethane" 74-87-3 1.40 5.28 0.010
Chloromethyl methyl ether” 107-30-2 8.88 (b) (b)
4-Chlorotoluene 106-43-4 34.46 (b) (b)
Dibromochloromethane 124-48-1 18.22 16.62 (b)
1,2-Dibromo-3- ch]oropropane 96-12-8 28.09 (b) 0.030
D1bromomethane 74-95-3 13.83 14.92 (b)
1,2- D1ch10robenzene 95-50-1 37.96 23.52 (b)
1,3- D1ch1orobenzene 541-73-1 36.88 22.43 (b)
1,4-Dichlorobenzene” 106-46-7 38.64 22.33 (b)
1,4-Dichloro-2-butene” 764-41-0 23.45 (b) (b)
D1ch10r0d1f1uoromethane *d 75-71-8 3.68 (b) (b)
1,1- D1ch1oroethane 75-34-3 11.21 12.57 0.002
1,2- D1ch10roethane 107-06-2 13.14 15.35 0.002
1,1-Dichloroethene” 75-35-4 10.04 7.72 0.003
trans 1,2- D1ch10roethene 156-60-5 11.97 9.38 0.002
D1ch1oromethane . 75-09-2 7.56 10.12 (b)
1,2-Dichloropropane 78-87-5 16.69 16.62 (b)
trans 1,3- D1ch10ropropene 10061-02-5 16.97° 16.60 0.340
Ethylene dibromide 106-93-4 19.59 (b) (b)
1,1,2,2- Tetrach]oroethane 79-34-5 23.12 (b) 0.010
1,1,1,2- Tetrach]oroethane 630-20-6 21.10 21.70 (b)
Tetrach]oroethene 127-18-4 23.05 14.97 0.001
1,1,1-Trichloroethane, 71-55-6 14.48 13.10 0.003
1,1,2- Trichloroethane” 79-00-5 18.27 18.07 0.007
8010B - 10 Revision 2
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TABLE 1.

Continued
Method
CAS Retention Time Detection
Registry (minutes) Limit®
Compound Number - Column 1 Column 2 (ug/L)
Trichloroethene” 79-01-6 17.40 13.12 0.001
Tr1ch1orof1uoromethane 75-69-4 9.26 - (b) (b)
1,2,3- Tr1chloropropane 96-18-4 22.95 (b) (b)
V1ny1 Chloride” 75-01-4 3.25 5.28 0.006

Using purge-and-trap method (Method 5030). See Sec. 9.3.

Not determined

Appendix VIII compounds

Demonstrated very erratic results when tested by purge-and-trap

See Sec. 4.10.2 of Method 5030 for guidance on selection of trapping
material

= Estimated retention time

o0 *T

4+
1

TABLE 2.
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQL)
FOR VARIOUS MATRICES®

Matrix Factor
Ground water 10
Low-concentration soil 10
Water miscible liquid waste 500
High-concentration soil and sludge 1250
Non-water miscible waste 1250

# EQL = [Method detection 1imit (see Table 1)] X [Factor found in
this table]. For non-aqueous samples, the factor is on a wet-
weight basis. Sample EQLs are highly matrix-dependent. The EQLs
listed herein are prov1ded for guidance and may not always be

achievable.
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TABLE 3.
CALIBRATION AND QC ACCEPTANCE CRITERIA®

Range Limit Range Range

for Q for S for x P, P
Analyte (ua/L) (ng/L) (ng/L) (%)
Bromodichloromethane 15.2-24.8 4.3 10.7-32.0 42-172
Bromoform 14.7-25.3. 4.7 5.0-29.3 13-159
Bromomethane 11.7-28.3 7.6 3.4-24.5 D-144
Carbon tetrachloride 13.7-26.3 5.6 11.8-25.3 43-143
Chlorobenzene 14.4-25.6 5.0 10.2-27.4 38-150
Chloroethane 15.4-24.6 4.4 11.3-25.2 46-137
2-Chloroethylvinyl ether 12.0-28.0 8.3 4.5-35.5 14-186
Chloroform 15.0-25.0 4.5 12.4-24.0 49-133
Chloromethane 11.9-28.1 7.4 D-34.9 D-193
Dibromochloromethane 13.1-26.9 6.3 7.9-35.1 24-191
1,2-Dichlorobenzene 14.0-26.0 5.5 1.7-38.9 D-208
1,3-Dichlorobenzene 9.9-30.1 9.1 6.2-32.6 7-187
1,4-Dichlorobenzene 13.9-26.1 5.5 11.5-25.5 42-143
1,1-Dichloroethane 16.8-23.2 3.2 11.2-24.6 47-132
1,2-Dichloroethane 14.3-25.7 5.2 13.0-26.5 51-147
1,1-Dichloroethene 12.6-27.4 6.6 10.2-27.3 28-167
trans-1,2-Dichloroethene 12.8-27.2 6.4 11.4-27.1 38-155
Dichloromethane 15.5-24.5 4.0 7.0-27.6 25-162
1,2-Dichloropropane 14.8-25.2 5.2 10.1-29.9 44-156
cis-1,3-Dichloropropene 12.8-27.2 7.3 6.2-33.8 22-178
trans-1,3-Dichloropropene 12.8-27.2 7.3 6.2-33.8 22-178
1,1,2,2-Tetrachloroethane 9.8-30.2 9.2 6.6-31.8 8-184
Tetrachloroethene 14.0-26.0 5.4 8.1-29.6 26-162
1,1,1-Trichloroethane 14.2-25.8 4.9 10.8-24.8 4]1-138
1,1,2-Trichloroethane 15.7-24.3 3.9 9.6-25.4 39-136
Trichloroethene 15.4-24.6 4.2 9.2-26.6 35-146
Trichlorofluoromethane 13.3-26.7 6.0 7.4-28.1 21-156
Vinyl chloride 13.7-26.3 5.7 8.2-29.9 28-163
Q = Concentration measured in QC check sample, in ug/L.
S = Standard deviation of four recovery measurements, in ug/L.

= Average recovery for four recovery measurements, in ug/L.

P, P, = Percent recovery measured.
D = Detected; result must be greater than zero.

Criteria from 40 CFR Part 136 for Method 601 and were calculated assuming
a QC check sample concentration of 20 ug/L.
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TABLE 4.
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION®

Accuracy, as Single analyst Overall
recovery, x’  precision, s’ precision,

Analyte (ug/L) (ng/L) S’ (ug/L)
Bromodichloromethane 1.12C-1.02 0.11X+0.04 0.20X+1.00
Bromoform 0.96C-2.05 0.12X+40.58 0.21X+2.41
Bromomethane 0.76C-1.27 0.28%X+0.27 0.36X+0.94
Carbon tetrachloride 0.98C-1.04 0.15X+0.38 0.20X+0.39
Chlorobenzene 1.00C-1.23 0.15X-0.02 0.18X+1.21
Chloroethane 0.99C-1.53 0.14X-0.13 0.17X+0.63
2-Chloroethyl vinyl ether® 1.00C 0.20X 0.35X
Chloroform 0.93C-0.39 0.13X+0.15 0.19X-0.02
Chloromethane 0.77C+0.18 0.28X-0.31 0.52X+1.31
Dibromochloromethane 0.94C+2.72 0.11X+1.10 0.24%+1.68
1,2-Dichlorobenzene 0.93C+1.70 0.20X+0.97 0.13X+6.13
1,3-Dichlorobenzene 0.95C+0.43 0.14X+2.33 0.26X+2.34
1,4-Dichlorobenzene 0.93C-0.09 0.15X+0.29 0.20X+0.41
1,1-Dichloroethane 0.95C-1.08 0.08X+0.17 0.14X+0.94
1,2-Dichloroethane 1.04C-1.06 0.11X+40.70 0.15X+0.94
1,1-Dichloroethene 0.98C-0.87 0.21X-0.23 0.29%X-0.04
trans-1,2-Dichloroethene 0.97C-0.16 0.11X+1.46 0.17X+1.46
DichToromethane 0.91C-0.93 0.11X+0.33 0.21X+1.43
1,2-DichToropropane® 1.00C 0.13X 0.23X
cis-1,3-Dichloropropene 1.00C 0.18X 0.32X
trans-1,3-Dichloropropene®  1.00C 0.18X 0.32X
1,1,2,2-Tetrachloroethane 0.95C+0.19 0.14X+2.41 0.23X+2.79
Tetrachloroethene 0.94C+0.06 0.14%X+0.38 0.18x+2.21
1,1,1-Trichloroethane 0.90C-0.16 0.15X+0.04 0.20X+0.37
1,1,2-Trichloroethane 0.86C+0.30 0.13X-0.14 0.19X+0.67
Trichloroethene 0.87C+0.48 0.13X-0.03 0.23X+40.30
Trichlorofluoromethane 0.89C-0.07 0.15X+0.67 0.26X+0.91
Vinyl chloride 0.97C-0.36 0.13X+0.65 0.27X+0.40
x’ = Expected recovery for one or more measurements of a sample containing

a concentration of C, in ug/L.

s '= [Expected single analyst standard deviation of measurements at an
average concentration of x, in ug/L.

S’ = Expected interlaboratory standard deviation of measurements at an
average concentration found of x, in ug/L.

= True value for the concentration, in ug/L.

X = Average recovery found for measurements of samples containing a
concentration of C, in ug/L.

® From 40 CFR Part 136 for Method 601.
b Estimates based upon the performance in a single laboratory.
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METHOD 80108

HALOGENATED VOLATILE ORGANICS BY GAS CHROMATOGRAPHY

)

7.1 Introduce compounds
into gas chromatograph
by direct injection or
purge-and-trap
(Method 5030)

7.4.4 Record volume
purged or injected
and peak sizes.

7.2 Set ges
chromatograph
condition.

7.4.5 Calculate
conhcentration
(refer to Method 8000)

7.3 Calibrate
{refer to Method 8000)

v

. 7.4.1 Introduce
volatile compounds
into gas chromatograph
by purge-and-trap or
direct injection.

:

7.4.2 Foliow Method
8000 for analysis
sequence, etc.

7.4.6 Are
analytical
interferences
suspected?

7.4.7 e
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a peak
off-scale?

Yes
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METHOD 8011

1,2-DIBROMOETHANE AND 1,2-DIBROMO-3-CHILOROPROPANE
BY MICROEXTRACTION AND GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 This method is applicable to the determination of the following
compounds in drinking water and ground water:

Compound Name CAS No.®
1,2-Dibromoethane (EDB) 106-93-4
1,2-Dibromo-3-chloropropane (DBCP) 96-12-8

® Chemical Abstract Services Registry Number.

1.2 For compounds and matrices other than those listed in Section 1.1,
the laboratory must demonstrate the usefulness of the method by collecting
precision and accuracy data on actual samples and provide qualitative
confirmation of results by gas chromatography/mass spectrometry (GC/MS).

1.3  The experimentally determined method detection 1imits (MDL) for EDB
and DBCP were calculated to be 0.01 ug/L. The method has been shown to be
useful for these analytes over a concentration range of approximately 0.03 to 200
pg/L. Actual detection 1imits are highly dependent upon the characteristics of
the gas chromatographic system, sample matrix, and calibration.

1.4 This method is restricted to use by or under the Supervision of
analysts experienced in the use of gas chromatography and in the interpretation
of gas chromatograms. Each analyst must demonstrate the ability to generate
acceptable results with this method using the procedure described in Section 8.2.

1.5 1,2-Dibromoethane and 1,2-Dibromo-3-chloropropane have been
tentatively classified as known or suspected human or mammalian carcinogens.
Pure standard materials and stock standard solutions of these compounds should
be hand1éd in a hood. A NIOSH/MESA approved toxic gas respirator should be worn
when the analyst handles high concentrations of these toxic compounds.

2.0 SUMMARY OF METHOD

2.1 Thirty five mL of sample are extracted with 2 mL of hexane. Two ul
of the extract are then injected into a gas chromatograph equipped with a
linearized electron capture detector for separation and analysis. Aqueous matrix
spikes are extracted and analyzed in an identical manner as the samples in order
to compensate for possible extraction losses.

2.2 The extraction and analysis time is 30 to 50 minutes per sample

8011 - 1 Revision 0
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depending upon the analytical conditions chosen. See Table 1 and Figure 1.

2.3 Confirmatory evidence is obtained using a different column (Table 1).

3.0  INTERFERENCES

3.1 Impurities contained in the extracting solvent (hexane) usually
account for the majority of the analytical problems. Reagent blanks should be
analyzed for each new bottle of hexane before use. Indirect daily checks on the
hexane are obtained by monitoring the reagent blanks. Whenever an interference
is noted in the method or instrument blank, the laboratory should reanalyze the
hexane. Low level interferences generally can be removed by distillation or
column chromatography, however, it is generally more economical to obtain a new
source of hexane solvent. Interference-free hexane is defined as containing less
than 0.01 ug/L of the analytes. Protect interference-free hexane by storing it
in an area known to be free of organochlorine solvents.

3.2 Several instances of accidental sample contamination have been
attributed to diffusion of volatile organics through the septum seal into the
sample bottle during shipment and storage. Trip blanks must be used to monitor
for this problem.

3.3 This liquid/1iquid extraction technique extracts a wide boiling range
of non-polar organic compounds and, in addition, extracts some polar organic
compounds.

3.4 EDB at Tow concentrations may be masked by very high concentrations
of dibromochloromethane (DBCM), a common chlorinated drinking water contaminant,
when using the confirmation column.

4.0 APPARATUS AND MATERIALS

4,1 Microsyringe - 10, 25, and 100 ulL with a 2 in. x 0.006 in. needle
(HamiTlton 702N or equivalent).

4.2 Gas Chromatograph

4.2.1 The GC must be capable of temperature programming and should
be equipped with a linearized electron capture detector and a capillary
column splitless injector.

4.2.2 Columns

4.2.2.1 Column A - 0.32 mm ID x 30 m fused silica
capillary with dimethyl silicone mixed phase (Durawax-DX 3, 0.25 um
film, or equivalent).

4.2.2.2 Column B (confirmation column) - 0.32 mm ID x 30 m
fused silica capillary with methyl polysiloxane phase (DB-1, 0.25 um
film, or equivalent).

4.3 Volumetric flasks, Class A - 10 mL.
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4.4 Glass bottles - 15 mL, with Teflon 1ined screw caps or crimp tops.
4.5 Analytical balance - 0.0001 g.

4.6 Graduated cylinder - 50 mL.

4.7 Transfer pipet.

5.0  REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.

5.2 Organic-free reagent water - All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Hexane, CH,, - UV grade (Burdick and Jackson #216 or equivalent).
5.4 Methyl alcohol, CH,0H - Demonstrated to be free of analytes.

5.5 Sodium chloride, NaCl - Pulverize a batch of NaCl and place it in a
muffle furnace at room temperature. Increase the temperature to 400°C for
30 minutes. Store in a capped bottle.

5.6 1,2-Dibromoethane (99%), C,H_Br,, (Aldrich Chemical Company, or
equivalent).

5.7 1,2-Dibromo-3-chloropropane (99.4%), CH,Br,Cl1, (AMVAC Chemical
Corporation, Los Angeles, California, or equivalent).

5.8 Stock standards - These solutions may be purchased as certified
solutions or prepared from pure standards using the following procedures:

5.8.1 Place about 9.8 mL of methanol into a 10 mL ground glass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 minutes and weigh to the nearest 0.0001 g.

5.8.2 Use a 25 ul syringe and immediately add two or more drops
(= 10 uL) of standard to the flask. Be sure that the standard falls
directly into the alcohol without contacting the neck of the flask.

5.8.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in milligrams per
liter (mg/L) from the net gain in weight. When compound purity is assayed
to be 96% or greater, the weight may be used without correction to
calculate the concentration of the stock standard.

5.8.4 Store stock standards in 15 mL bottles equipped with Teflon
lined screw-caps or crimp tops. Stock standards are stable for at least
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four weeks when stored at 4°C and away from 1ight.

5.9 Intermediate standard - Use stock standards to prepare an
intermediate standard that contains both analytes in methanol. The intermediate
standard should be prepared at a concentration that can be easily diluted to
prepare aqueous calibration standards that will bracket the working concentration
range. Store the intermediate standard with minimal headspace and check
frequently for signs of deterioration or evaporation, especially just before
preparing calibration standards. The storage time described for stock standards
also applies to the intermediate standard.

5.10 Quality control (QC) reference sample - Prepare a QC reference sample
concentrate at 0.25 mg/L of both analytes from standards from a different source
than the standards used for the stock standard.

5.11 Check standard - Add an appropriate volume of the intermediate
standard to an aliquot of organic-free reagent water in a volumetric flask. Do
not add more than 20 uL of an alcoholic intermediate standard to the water or
poor precision will result. Use a 25 ulL microsyringe and rapidly inject the
alcoholic intermediate standard into the expanded area of the almost filled
volumetric flask. Remove the needle as quickly as possible after injection. Mix
by inverting the flask several times. Discard the contents contained in the neck
of the flask. Aqueous calibration standards should be prepared every 8 hours.

6.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

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

7.0  PROCEDURE
7.1 Recommended Chromatographic Conditions

Two gas chromatography columns are recommended. Column A is a highly
efficient column that provides separations for EDB and DBCP without interferences
from trihalomethanes. Column A should be used as the primary analytical column
unless routinely occurring analytes are not adequately resolved. Column B is
recommended for use as a confirmatory column when GC/MS confirmation is not
available. Retention times for EDB and DBCP on these columns are presented in
Table 1.

Column A:
Injector temperature: 200°C.
Detector temperature: 290°C.
Carrier gas (Helium) Linear velocity: 25 cm/sec.
Temperature program:
Initial temperature: 40°C, hold for 4 min.
Program: 40°C to 190°C at 8°C/min.
Final temperature: 190°C, hold for 25 min., or

until all expected analytes
have eluted.
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See Figure 1 for a sample chromatogram and Table 1 for retention data.

- Column B:

Injector temperature: 200°C.

Detector temperature: 290°C.

Carrier gas (Helium) Linear velocity: 25 cm/sec.

Temperature program:
Initial temperature: 40°C, hold for 4 min.
Program: 40°C to 270°C at 10°C/min.
Final temperature: 270°C, hold for 10 min., or

until all expected analytes
have eluted.

See Table 1 for retention data.

7.2 Calibration

7.2.1 Prepare at least five calibration standards. One should
contain EDB and DBCP at a concentration near, but greater than, the method
detection 1imit (Table 1) for each compound. The others should be at
concentrations that bracket the range expected in the samples. For
example, if the MDL is 0.01 ug/L, and a sample expected to contain
approximately 0.10 ug/L is to be analyzed, aqueous calibration standards
should be prepared at concentrations of 0.03 ug/L, 0.05 ug/L, 0.10 ug/L,
0.15 pg/L, and 0.20 ug/L.

7.2.2 Analyze each calibration standard and tabulate peak height or
area response versus the concentration in the standard. Prepare a.
calibration curve for each compound. Alternatively, if the ratio of
response to concentration (calibration factor) is a constant over the
working range (< 10% relative standard deviation), Tlinearity can be
assumed and the average ratio or calibration factor can be used in place
of a calibration curve.

7.3 Sample preparation

7.3.1 Remove samples and standards from storage and allow them to
reach room temperature.

7.3.2 For samples and field blanks contained in 40 mL bottles,
remove the container cap. Discard a 5 mL volume using a 5 mL transfer
pipet. Replace the container cap and weigh the container with contents to
the nearest 0.1 g and record this weight for subsequent sample volume
determination.

7.3.3 For calibration standards, check standards, QC reference
samples, and blanks, measure a 35 mL volume using a 50 mL graduated
cylinder and transfer it to a 40 mL sample container.

7.4 Extraction

7.4.1 Remove the container cap and add 7 g of NaCl to all samples.
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7.4.2 Recap the sample container and dissolve the NaCl by shaking by
hand for about 20 seconds.

7.4.3 Remove the cap and using a transfer pipet, add 2.0 mL of
hexane. Recap and shake vigorously by hand for 1 minute. Allow the water
and hexane phases to separate. If stored at this stage, keep the
container upside down.

7.4.4 Remove the cap and carefully transfer a sufficient amount
(0.5-1.0 mL) of the hexane layer into a vial using a disposable glass
pipet.

7.4.5 Transfer the remaining hexane phase,.being careful not to
include any of the water phase, into a second vial. Reserve this second
vial at 4°C for reanalysis if necessary.

7.5 Analysis

7.5.1 Transfer the first sample vial to an autosampler set up to '

inject 2.0 ulL portions into the gas chromatograph for analysis.
Alternately, 2 ulL portions of samples, blanks and standards may be
manually injected, using the solvent flush technique, although an auto
sampler is strongly recommended.

7.6 Determination of sample volume

7.6.1 For samples and field blanks, remove the cap from the sample
container. Discard the remaining sample/hexane mixture. Shake off the
remaining few drops using short, brisk wrist movements. Reweigh the empty
container with original cap and calculate the net weight of sample by
difference to the nearest 0.1 g. This net weight is equivalent to the
volume of water extracted.

7.7 Calculations

7.7.1 Identify EDB and DBCP in the sample chromatogram by comparing
the retention time of the suspect peak to retention times generated by the
calibration standards and the check standard.

7.7.2 Use the calibration curve or calibration factor to directly
calculate the uncorrected concentration (C;) of each analyte in the sample
(e.g. calibration factor x response).

7.7.3 Calculate the sample volume (V.) as equal to the net sample
weight:

V, (mL) = gross weight (grams) - bottle tare (grams)
7.7.4 Calculate the corrected sample concentration as:

Concentration (ug/L) =_C, x 35
v

7.7.5 Report the results for the unknown samples in ug/L. Round the
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results to the nearest 0.01 ug/L or two significant figures.

QUALITY CONTROL

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

quality control program.

8.1.1 The Taboratory must make an initial determination of the
method detection 1imits and demonstrate the ability to generate acceptable
accuracy and precision with this method. This is established as described
in Section 8.2. _

8.1.2 In recognition of Tlaboratory advances that are occurring in
chromatography, the laboratory is permitted certain options to improve the
separations or Tlower the cost of measurements. Each time such a
modification is made to the method, the analyst is required to repeat the
procedure in Section 7.1 and 8.2.

8.1.3 The laboratory must analyze a reagent and calibration blank to
demonstrate that interferences from the analytical system are under
control every twenty samples or per analytical batch, whichever is more
frequent.

8.1.4 The laboratory must, on an ongoing basis, demonstrate through
the analyses of QC reference samples and check standards that the
operation of the measurement system is in control. The frequency of the
check standard analyses is equivalent to 5% of all samples or every
analytical batch, whichever is more frequent. On a weekly basis, the QC
reference sample must be run.

8.2 To establish the ability to achieve Tow detection Timits and generate

acceptable accuracy and precision, the analyst must perform the following
operations:

8.2.1 Prepare seven samples each at a concentration of 0.03 pg/L.

8.2.2 Analyze the samples according to the method beginning in
Section 7.0.

8.2.3 Calculate the average concentration (X) in pg/L and the
standard deviation of the concentrations (s) in pg/L, for each analyte
using the seven results. Then calculate the MDL at 99% confidence level

for seven replicates as 3.143s,

8.2.4 For each analyte in an aqueous matrix sample, X must be
between 60% and 140% of the true value. Additionally, the MDL may not
exceed the 0.03 pg/L spiked concentration. If both analytes meet the
acceptance criteria, the system performance is acceptable and analysis of
actual samples can begin. If either analyte fails to meet a criterion,
repeat the test. It is recommended that the laboratory repeat the MDL

determination on a regular basis.
8.3 The laboratory must demonstrate on a frequency equivalent to 5% of
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the sample load or once per analytical batch, whichever is more frequent, that
the measurement system is in control by analyzing a check standard of both
analytes at 0.25 pg/L.

8.3.1 Prepare a check standard (0.25 pg/L) by diluting the
intermediate standard with water to 0.25 pg/L.

8.3.2 Analyze the sample according to Section 7.0 and calculate the
recovery for each analyte. The recovery must be between 60% and 140% of
the expected value for aqueous matrices. For non-aqueous matrices, the
U.S. EPA will set criteria after more interlaboratory data are gathered.

8.3.3 If the recovery for either analyte falls outside the
designated range, the analyte fails the acceptance criteria. A second
calibration verification standard containing each analyte that failed must
be analyzed. Repeated failure, however, will confirm a general problem
with the measurement system. If this occurs, locate and correct the
source of the problem and repeat the test.

8.4 On a weekly basis, the laboratory must demonstrate the ability to

analyze a QC reference sample.

8.4.1 Prepare a QC reference sample at 0.10 pg/L by diluting the QC
reference sample concentrate (Section 5.9).

8.4.2 For each analyte in an aqueous matrix, the recovery must be
between 60% and 140% of the expected value. When either analyte fails the
test, the analyst must repeat the test only for that analyte which failed

to meet the criteria. Repeated failure, however, will confirm a general.

problem with the measurement system or faulty samples and/or standards.
If this occurs, locate and correct the source of the problem and repeat
the test. For non-aqueous matrices, the U.S. EPA will set criteria after
more interlaboratory data are gathered.

8.5 Instrument performance - Check the performance of the entire

analytical system daily using data gathered from analyses of blanks, standards,
and replicate samples.

9.0

8.5.1 Peak tailing significantly in excess of that shown in the
chromatogram (Figure 1) must be corrected. Tailing problems are generally
traceable to active sites on the GC column or to the detector operation.

8.5.2 Check the precision between replicate analyses. A properly
operating system should perform with an average relative standard
deviation of less than 10%. Poor precision is generally traceable to
pneumatic leaks, especially at the injection port.

METHOD PERFORMANCE

9.1 Method detection 1imits are presented in Table 1. Single laboratory

accuracy and precision at several concentrations in tap water are presented in
Table 2.
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9.2 1Ina pfeservation study extending over a 4 week period, the average

percent recoveries and relative standard deviations presented in Table 3 were
observed for organic-free reagent water (acidified), tap water and ground water.
The results for acidified and non-acidified samples were not significantly
different.

10.0 REFERENCES

1.

Optimization of Liquid-Liquid Extraction Methods for Analysis of Organics
in Water, EPA-600/54-83-052, 1984. ‘

Henderson, J.E.; Peyton, G.R.; Glaze, W.H. Identification and Analysis of
Organic Pollutants in Water; Keith, L.H., Ed; Ann Arbor Sci.: Ann Arbor,
MI; 1976.

Richard J.J.; Junk, G.A. Journal AWWA 1977, 69, 62.

Budde, W.L.; Eichelberger, J.W. Organic Analyses Using Gas Chromatography-
Mass Spectrometry; Ann Arbor Science: Ann Arbor, MI; 1978,

Glaser, J.A.; et al. Environmental Science and Technology 1981, 15, 1426.

Methods for the Determination of Orqanic Compounds in Finished Drinking
Water and Raw Source Water; U.S. Environmental Protection Agency. Office
of Research and Development. Environmental Monitoring and Support
Laboratory. ORD Publication Offices of Center for Environmental Research
Information: Cincinnati, OH 1986.
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TABLE 1.
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION
LIMITS (MDL) FOR 1,2-DIBROMOETHANE (EDB) AND
1,2-DIBROMO-3-CHLOROPROPANE (DBCP)

Retention Time, Minutes
Analyte Column A Column B MDL (ug/L)
EDB 9.5 8.9 0.01
DBCP 17.3 15.0 0.01
Column A: Durawax-DX 3
Column B: DB-1
—t
TABLE 2.
SINGLE LABORATORY ACCURACY AND PRECISION
FOR EDB AND DBCP IN TAP WATER
Relative
Number Spike Average Standard
. of Concentration Recovery Deviation

Analyte Samples (ug/L) (%) (%)
EDB 7 0.03 114 9.5

7 0.24 98 11.8

7 50.0 95 4.7
DBCP 7 0.03 90 11.4

7 0.24 102 8.3

7 50.0 94 4.8
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TABLE 3.

ACCURACY AND PRECISION AT 2.0 ug/L
OVER A 4-WEEK STUDY PERIOD

Average Relative
Number Accuracy Std. Dev.
Analyte Matrix' of Samples (% Recovery) (%)
EDB RW-A 16 104 4.7
GW 15 101 2.5
GW-A 16 96 4.7
TW 16 93 6.3
TW-A 16 93 6.1
DBCP RW-A 16 105 8.2
GW 16 105 6.2
GW-A 16 101 8.4
TW 16 95 10.1
TW-A 16 94 6.9
! RW-A = Organic-free reagent water at pH 2
GW = Ground water, ambient pH
GW-A = Ground water at pH 2
™ = Tap water, ambient pH
TW-A = Tap water at pH 2
8011 - 11 Revision 0
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FIGURE 1.
SAMPLE CHROMATOGRAM FOR EXTRACT OF WATER SPIKED
AT 0.114 ug/L WITH EDB AND DBCP

)
COLUMN: Fused silica capillary
LIQUID PHASE: Durawax-DX3
- FILM THICKNESS: 0.25 um
COLUMN DIMENSIONS: 30 M x 0.317 mm ID
S
Q
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METHOD 8011
1,2-DIBROMOETHANE AND 1,2-DIBROMO-3-CHLOROPROPANE

BY MICROEXTRACTION AND GAS CHROMATOGRAPHY
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METHOD 8015A

NONHALOGENATED VOLATILE ORGANICS BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Method 8015 is used to determine the concentration of various
nonhalogenated volatile organic compounds. The following compounds can be
determined by this method:

Appropriate Technique

Direct
Compound Name CAS No.® Purge-and-Trap Injection
Diethyl ether 60-29-7 b b
Ethanol 64-17-5 i b
Methyl ethyl ketone (MEK) 78-93-3 PP b
Methyl isobutyl ketone {MIBK) 108-10-1 pPp b

Chemical Abstract Services Registry Number.
Adequate response using this technique
Inappropriate technique for this analyte

p Poor purging efficiency, resulting in high EQLs

T =T

2.0 SUMMARY OF METHOD

2.1 Method 8015 provides gas chromatographic conditions for the detection
of certain nonhalogenated volatile organic compounds. Samples may be introduced
into the GC using direct injection or purge-and-trap (Method 5030). Ground water
samples must be analyzed by Method 5030. A temperature program is used in the
gas chromatograph to separate the organic compounds. Detection is achieved by
a fiame ionization detector (FID).

2.2 The method provides an optional gas chromatographic column that may
be helpful in resolving the analytes from co-eluting non-target compounds and for
analyte confirmation.

3.0 INTERFERENCES
3.1 Refer to Method 5030 and 8000.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A trip blank prepared from
organic-free reagent water and carried through sampling and subsequent storage
and handling can serve as a check on such contamination.

8015A - 1 Revision 1
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4.0 APPARATUS AND MATERIALS
4.1 Gas chromatograph

4.1.1 Gas Chromatograph - Analytical system complete with gas
chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, including detectors, column
supplies, recorder, gases, and syringes. A data system for measuring peak
heights and/or peak areas is recommended.

4.1.2 Columns

4.1.2.1 Column 1 - 8 ft x 0.1 in. ID stainless steel or
glass column packed with 1% SP-1000 on Carbopack-B 60/80 mesh or
equivalent.

4.1.2.2 Column 2 - 6 ft x 0.1 in. ID stainless steel or
glass column packed with n-octane on Porasil-C 100/120 mesh
(Durapak) or equivalent.

4.1.3 Detector - Flame ionization (FID).

4.2 Sample introduction apparatus - Refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4.3 Syringes - A5 mL Luerlok glass hypodermic and a 5 mL, gas-tight with
shutoff valve.

4.4 Volumetric flasks, Class A - Appropriate sizes with ground glass
stoppers.

4.5 Microsyringes - 10 and 25 ulL with a 0.006 in. ID needle (Hamilton
702N or equivalent) and a 100 ul.

4.6 Analytical balance - 0.0001 g.

5.0  REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.

5.2 Organic-free reagent water - All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Methanol, CH,OH. Pesticide quality or equivalent. Store away from
other solvents.

5.4 Stock standards - Stock solutions may be prepared from pure standard
materials or purchased as certified solutions. Prepare stock standards in

8015A - 2 Revision 1
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methanol using assayed liquids.

5.4.1 Place about 9.8 mL of methanol in a 10 mL tared, ground-glass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 minutes or until all alcohol wetted surfaces have dried. Weigh
the flask to the nearest 0.0001 g.

5.4.2 Using a 100 ulL syringe, immediately add two or more drops of
assayed reference material to the flask; then reweigh. The liquid must
fall directly into the alcohol without contacting the neck of the flask.

5.4.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in milligrams per
liter (mg/L) from the net gain in weight. When compound purity is assayed
to be 96% or greater, the weight may be used without correction to
calculate the concentration of the stock standard. Commercially prepared
stock standards may be used at any concentration if they are certified by
the manufacturer or by an independent source.

5.4.4 Transfer the stock standard solution into a bottle with a
Teflon lined screw-cap. Store, with minimal headspace, at -10°C to -20°C
and protect from light.

5.4.5 Standards must be replaced after 6 months, or sooner if
comparison with check standards indicates a problem.

5.5 Secondary dilution standards - Using stock standard solutions, pre-
pare in methanol secondary dilution standards, as needed, that contain the
compounds of interest, either singly or mixed together. The secondary dilution
standards should be prepared at concentrations such that the aqueous calibration
standards prepared in Section 5.5 will bracket the working range of the
analytical system. Secondary dilution standards should be stored with minimal
headspace for volatiles and should be checked frequently for signs of degradation
g; evaporation, especially just prior to preparing calibration standards from

em.

5.6 Calibration standards - Calibration standards at a minimum of five
concentrations are prepared in water from the secondary dilution of the stock
standards. One of the concentrations should be at a concentration near, but
above, the method detection 1imit. The remaining concentrations should
correspond to the expected range of concentrations found in real samples or
should define the working range of the GC. Each standard should contain each
analyte for detection by this method (e.g. some or all of the compounds listed
in Section 1.1 may be included). In order to prepare accurate aqueous standard
solutions, the following precautions must be observed:

5.6.1 Do not inject more than 20 uL of alcoholic standards into
100 mL of water.

5.6.2 Use a 25 ulL Hamilton 702N microsyringe or equivalent
(variations in needle geometry will adversely affect the ability to
deliver reproducible volumes of methanolic standards into water).

5.6.3 Rapidly inject the alcoholic standard into the filled
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volumetric flask. Remove the needle as fast as possible after injection.
5.6.4 Mix aqueous standards by inverting the flask three times only.

5.6.5 Fill the sample syringe from the standard solution contained
in the expanded area of the flask (do not use any solution contained in
the neck of the flask).

5.6.6 Never use pipets to dilute or transfer samples or aqueous
standards.

5.6.7 Aqueous standards are not stable and should be discarded after
1 hour, unless properly sealed and stored. The aqueous standards can be
stored up to 24 hours, if held in sealed vials with zero headspace.

5.7 Internal standards (if internal standard calibration is used) - To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that is applicable to all samples.

5.7.1 Prepare calibration standards at a minimum of five
concentrations for each parameter of interest as described in Section 5.6.

5.7.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Sections 5.4 and 5.5. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 ng/ulL of each internal standard compound. The
addition of 10 ulL of this standard to 5.0 mL of sample or calibration
standard would be equivalent to 30 ug/L.

5.7.3 Analyze each calibration standard according to Section 7.0,
adding 10 uL of internal standard spiking solution directly to the
syringe.

5.8 Surrogate standards - The analyst should monitor both the performance
of the analytical system and the effectiveness of the method in dealing with each
sample matrix by spiking each sample, standard, and water blank with one or two
surrogate compounds recommended to encompass the range of temperature program
used in this method. From stock standard solutions prepared as in Section 5.4,
add a volume to give 750 ug of each surrogate to 45 mL of water contained in a
50 mL volumetric flask, mix, and dilute to volume for a concentration of
15 ng/ul. Add 10 ulL of this surrogate spiking solution directly into the 5 mL
syringe with every sample and reference standard analyzed. If the internal
standard calibration procedure is used, the surrogate compounds may be added
directly to the internal standard spiking solution (Section 5.7.2).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this Chapter, Organic Analytes,
Section 4.1.
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7.0  PROCEDURE

7.1 Volatile compounds are introduced into the gas chromatograph either
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or Tow-concentration contaminated soils and
sediments. For high-concentration soils or sediments, methanolic extraction, as
described in Method 5030, may be necessary prior to purge-and-trap analysis.
Method 5030 also provides guidance on the analysis of aqueous miscible and non-
aqueous miscible Tiquid wastes (see Section 7.4.1.1).

7.2 Chromatographic conditions (Recommended)

7.2.1 Column 1

Carrier gas (Helium) flow rate: 40 mL/min

Temperature program:
Initial temperature: 45°C, hold for 3 minutes
Program: 45°C to 220°C at 8°C/min
Final temperature: 220°C, hold for 15 minutes.

7.2.2 Column 2

Carrier gas (Helium) flow rate: 40 mL/min

Temperature program:
Initial temperature: 50°C, hold for 3 minutes
Program: 50°C to 170°C at 6°C/min
Final temperature: 170°C, hold for 4 minutes.

7.3 Calibration - Refer to Method 8000 for proper calibration techniques.

7.3.1 Calibration must take place using the same sample introduction
method that will be used to analyze actual samples (see Section 7.4.1).

7.3.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these procedures.

7.4 Gas chromatographic analysis

7.4.1 Introduce volatile compounds into the gas chromatograph using
either Method 5030 (purge-and-trap method) or the direct injection method.
If the internal standard calibration technique is used, add 10 ul of
internal standard to the sample prior to purging.

7.4.1.1 Direct injection - In very limited applications
(e.g. aqueous process wastes), direct injection of the sample into
the GC system with a 10 ul syringe may be appropriate. One such
application is for verification of the alcohol content of an aqueous
sample prior to determining if the sample is ignitable (Methods 1010
or 1020). In this case, it is suggested that direct injection be
used. The detection 1imit is very high (approximately 10,000 ug/L);
therefore, it is only permitted when concentrations in excess of
10,000 ug/L are expected or for water-soluble compounds that do not
purge. The system must be calibrated by direct injection (bypassing
the purge-and-trap device).
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Non-aqueous miscible wastes may also be analyzed by direct
injection if the concentration of target analytes in the sample
falls within the calibration range. If dilution of the sample is
necessary, follow the guidance for High Concentration samples in
Method 5030, Section 7.3.3.2.

7.4.2 Method 8000 provides instructions on the analysis sequence,
appropriate dilutions, establishing daily retention time windows, and
identification criteria. Include a mid-concentration standard after each
group of 10 samples in the analysis sequence.,

7.4.3 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.4 Calculation of concentration is covered in Method 8000,

7.4.5 If analytical interferences are suspected, or for the purpose
of confirmation, analysis using the second GC column is recommended.

7.4.6 If the response for a peak is off-scale, prepare a dilution of
the sample with water. The dilution must be performed on a second aliquot
of the sample which has been properly sealed and stored prior to use.

8.0  QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 8000 for gas chromatographic procedures. Quality control to ensure the
proper operation of the purge-and-trap device is covered in Method 5030.

8.2 Quality control required to validate the GC system operation is found
in Method 8000, Section 8.6.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within limits (1imits established by performing
QC procedure outlined in Method 8000, Section 8.10).

8.3.1 If recovery is not within limits, the following is required:

. Check to be sure that there are no errors in calculations,
surrogate solutions, and internal standards. Also, check
instrument performance.

Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

o Re-extract and re-analyze the sample if none of the above are
a problem or flag the data as "estimated concentration".
9.0 METHOD PERFORMANCE

9.1 The accuracy and precision obtained will be determined by the sample
matrix, sample introduction technique, and calibration procedures used.
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9.2 Specific method performance information will be provided as it

becomes available.

10.0 REFERENCES

1.

o

PN

Bellar, T.A., and J.J. Lichtenberg, Determining Volatile Organics at
Microgram-per-Liter Levels by Gas Chromatography, J. Amer. Water Works

Assoc., 66(12), pp. 739-744 (1974).

Bellar, T.A., and J.J. Lichtenberg, Semi-Automated Headspace Analysis of
Drinking Waters and Industrial Waters for Purgeable Volatile Organic
Compounds, in Van Hall, ed., Measurement of Organic Pollutants in Water
and Wastewater, ASTM STP 686, pp. 108-129, 1979.

Development and Application of Test Procedures for Specific Organic Toxic
Substances in Wastewaters: Category 11 - Purgeables and Category 12 -
Acrolein, Acrylonitrile, and Dichlorodifluoromethane, Report for EPA
Contract 68-03-2635 (in preparation).
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METHOD 8020A
AROMATIC VOLATILE ORGANICS BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Method 8020 is used to determine the concentration of various
aromatic volatile organic compounds. The following compounds can be determined

by this method:

Appropriate Technique

Direct
Compound Name : CAS No.® Purge-and-Trap Injection
Benzene 71-43-2 b b
Chlorobenzene 108-90-7 b b
1,2-Dichlorobenzene 95-50-1 b b
1,3-Dichlorobenzene 541-73-1 b b
1,4-Dichlorobenzene 106-46-7 b b
Ethylbenzene 100-41-4 b b
Toluene . 108-88-3 b b
Xylenes b b

a Chemical Abstract Services Registry Number.
b adequate response by this technique.

1.2 Table 1 lists the method detection 1imit for each target analyte in
organic-free reagent water. Table 2 Tists the estimated quantitation Timit (EQL)
for other matrices.

2.0 SUMMARY OF METHOD

2.1 Method 8020 provides chromatographic conditions for the detection of
aromatic volatile compounds. Samples can be introduced into the GC using direct
injection or purge-and-trap (Method 5030). Ground water samples must be
determined using Method 5030. A temperature program is used in the gas
chromatograph to separate the organic compounds. Detection is achieved by a
photo-ionization detector (PID).

2.2 If interferences are encountered, the method provides an optional gas

chromatographic column that may be helpful in resolving the analytes from the
interferences and for analyte confirmation.

3.0 INTERFERENCES
3.1 Refer to Method 5030 and 8000.
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3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A field sample blank prepared from
organic-free reagent water and carried through sampling and subsequent storage
and handling can serve as a check on such contamination.

4.0 APPARATUS AND MATERIALS
4.1 Gas chromatograph

4.1.1 Gas Chromatograph - Analytical system complete with gas
chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, including detectors, column
supplies, recorder, gases, and syringes. A data system for measuring peak
heights and/or peak areas is recommended.

4.1.2 Columns

4.1.2.1 Column 1: 6 ft x 0.082 in ID #304 stainless steel
or glass column packed with 5% SP-1200 and 1.75% Bentone-34 on
100/120 mesh Supelcoport, or equivalent.

4.1.2.2 Column 2: 8 ft x 0.1 in ID stainless steel or
glass column packed with 5% 1,2,3-Tris(2-cyanoethoxy)propane on
60/80 mesh Chromosorb W-AW, or equivalent.

4.1.3 Detector - Photoionization (PID) (h-Nu Systems, Inc. Model
PI-51-02 or equivalent).

4.2 Sample introduction apparatus - Refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4.3 Syringes - A 5 mL Luerlok glass hypoderm1c and a 5 mL, gas-tight with
shutoff valve.

4.4 Volumetric flask, Class A - Appropriate sizes with ground glass
stoppers.

4.5 Microsyringe - 10 and 25 ulL with a 0.006 in ID needle (Hamilton 702N
or equivalent) and a 100 ulL.

4.6 Analytical balance - 0.0001 g.

5.0  REAGENTS

5.1 Organic-free reagent water. All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.2 Methanol (CH,0H) - pesticide quality or equivalent. Store away from
other solvents.
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5.3 Stock standards - Stock solutions may be prepared from pure standard
materials or purchased as certified solutions. Prepare stock standards in
methanol using assayed 1liquids. Because of the toxicity of benzene and
1,4-dichlorobenzene, primary dilutions of these materials should be prepared in

a hood.

5.3.1 Place about 9.8 mL of methanol in a 10 mL tared ground glass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 min or until all alcohol wetted surfaces have dried. MWeigh the
flask to the nearest 0.0001 g.

5.3.2 Using a 100 ul syringe, immediately add two or more drops of
assayed reference material to the flask; then reweigh. The liquid must
fall directly into the alcohol without contacting the neck of the flask.

5.3.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in milligrams per
liter (mg/L) from the net gain in weight. When compound purity is assayed .
to be 96% or greater, the weight may be used without correction to
calculate the concentration of the stock standard. Commercially prepared
stock standards may be used at any concentration if they are certified by
the manufacturer or by an independent source.

5.3.4 Transfer the stock standard solution into a Teflon-sealed
screw-cap bottle. Store, with minimal headspace, at 4°C and protect from

light.

5.3.5 A1l standards must be replaced after 6 months, or sooner if
comparison with check standards indicates a problem.

5.4 Secondary dilution standards: Using stock standard solutions,
prepare in methanol secondary dilution standards, as needed, that contain the
compounds of interest, either singly or mixed together. The secondary dilution
standards should be prepared at concentrations such that the aqueous calibration
standards prepared in Section 5.5 will bracket the working range of the
analytical system. Secondary dilution standards should be stored with minimal
headspace for volatiles and should be checked frequently for signs of degradation
or evaporation, especially just prior to preparing calibration standards from
them, :

5.5 Calibration standards: Calibration standards at a minimum of five
concentrations are prepared in organic-free reagent water from the secondary
dilution of the stock standards. One of the concentrations should be at a
concentration near, but above, the method detection limit. The remaining
concentrations should correspond to the expected range of concentrations found
in real samples or should define the working range of the GC. Each standard
should contain each analyte for detection by this method (e.g., some or all of
the compounds listed in the target analyte list may be included). In order to
prepare accurate aqueous standard solutions, the following precautions must be

observed.
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5.5.1 Do not inject more than 20 ul of alcoholic standards into
100 mL of organic-free reagent water.

5.5.2 Use a 25 ul Hamilton 702N microsyringe or equivalent
(variations 1in needle geometry will adversely affect the ability to
deliver reproducible volumes of methanolic standards into water).

5.5.3 Rapidly inject the alcoholic standard into the filled
volumetric flask. Remove the needle as fast as possible after injection.

5.5.4 Mix aqueous standards by inverting the flask three times only.

5.5.5 Fill the sample syringe from the standard solution contained
in the expanded area of the flask (do not use any solution contained in
the neck of the flask).

5.5.6 Never use pipets to dilute or transfer samples or aqueous
standards.

5.5.7 Aqueous standards are not stable and should be discarded after
1 hr, unless properly sealed and stored. The aqueous standards can be
stored up to 24 hr, if held in sealed vials with zero headspace.

5.6 Internal standards (if internal standard calibration is used): To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no

internal standard can be suggested that is applicable to all samples.-

Alpha,alpha,alpha-trifluorotoluene has been used successfully as an internal
standard.

5.6.1 Prepare calibration standards at a minimum of five
concentrations for each parameter of interest as described in Section 5.5.

5.6.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Sections 5.3 and 5.4. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 mg/L of each internal standard compound. The addition
of 10 ul of this standard to 5.0 mL of sample or calibration standard
would be equivalent to 30 ug/L.

5.6.3 Analyze each calibration standard according to Section 7.0;
adding 10 ulL of internal standard spiking solution directly to the
syringe.

5.7 Surrogate standards: The analyst should monitor both the performance
of the analytical system and the effectiveness of the method in dealing with each
sample matrix by spiking each sample, standard, and organic-free reagent water
blank with surrogate compounds (bromochlorobenzene, bromofluorobenzene, 1,1,1-
trifluorotoluene, fluorobenzene, and difluorobenzene are recommended) which
encompass the range of the temperature program used in this method. From stock
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standard solutions prepared as in Section 5.3, add a volume to give 750 ug of
each surrogate to 45 mL of organic-free reagent water contained in a 50 mL
volumetric flask, mix, and dilute to volume for a concentration of 15 ng/ul.
Add 10 ul of this surrogate spiking solution directly into the 5 mL syringe with
every sample and reference standard analyzed. If the internal standard
calibration procedure is used, the surrogate compounds may be added directly to
the internal standard spiking solution {Section 5.6.2).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

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

7.0  PROCEDURE

7.1 Volatile compounds are introduced into the gas chromatograph either
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or low-concentration contaminated soils and
sediments. For medium-concentration soils or sediments, methanolic extraction,
as described in Method 5030, may be necessary prior to purge-and-trap analysis.
Method 5030 also provides guidance on the analysis of aqueous miscible and non-
aqueous miscible liquid wastes (see Section 7.4.1.1 below).

7.2 Gas chromatography conditions (Recommended):
7.2.1 Column I:

Carrier gas (He) flow rate: 36 mL/min
For Tower boiling compounds:
Initial temperature: 50°C, hold for 2 min;
Temperature program: 50°C to 90°C at 6°C/min, hold until
all compounds have eluted.
For higher boiling range of compounds:
Initial temperature: 50°C, hold for 2 min;
Temperature program: 50°C to 110°C at 3°C/min, hold until
all compounds have eluted.

Column 1 provides outstanding separations for a wide variety of
aromatic hydrocarbons. Column 1 should be used as the primary analytical
column because of its unique ability to resolve para-, meta-, and ortho-
aromatic isomers.

7.2.2 Column 2:

Carrier gas (He) flow rate: 30 mL/min

Initial temperature: 40°C, hold for 2 min;

Temperature program: 40°C to 100°C at 2°C/min, hold until
all compounds have eluted.
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Column 2, an extremely high polarity column, has been used for a
number of years to resolve aromatic hydrocarbons from alkanes in complex
samples. However, because resolution between some of the aromatics is not
as efficient as with Column 1, Column 2 should be used as a confirmatory
column.

7.3 Calibration: Refer to Method 8000 for proper calibration techniques.

Use Table 1 and especially Table 2 for guidance on selecting the Towest point on
the calibration curve.

7.3.1 Calibration must take place using the same sample introduction
method that will be used to analyze actual samples (see Section 7.4.1).

7.3.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these procedures.

7.4 Gas chromatographic analysis:

7.4.1 Introduce volatile compounds into the gas chromatograph using
either Method 5030 (purge-and-trap method) or the direct injection method.
If the internal standard calibration technique is used, add 10 ul of
internal standard to the sample prior to purging.

7.4.1.1 Direct injection: In very Timited applications
(e.g., aqueous process wastes), direct injection of the sample into
the GC system with a 10 ul syringe may be appropriate. The
detection 1imit is very high (approximately 10,000 ug/L); therefore,
it is only permitted when concentrations in excess of 10,000 ug/L
are expected or for water soluble compounds that do not purge. The
system must be calibrated by direct injection (bypassing the purge-
and-trap device).

Non-aqueous miscible wastes may also be analyzed by direct
injection if the concentration of target analytes in the sample
falls within the calibration range. If dilution of the sample is
necessary, follow the guidance for High Concentration samples in
Method 5030, Section 7.3.3.2.

7.4.2 Method 8000 provides instructions on the analysis sequence,
appropriate dilutions, establishing daily retention time windows, and
identification criteria. Include a mid-concentration standard after each
group of 10 samples in the analysis sequence.

7.4.3 Table 1 summarizes the estimated retention times and detection
limits for a number of organic compounds analyzable using this method. An
example of the separation achieved by Column 1 is shown in Figure 1.
Figure 2 shows an example of the separation achieved using Column 2.

7.4.4 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.5 Calculation of concentration is covered in Method 8000.
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8.0

7.4.6 If analytical interferences are suspected, or for the purpose
of confirmation, analysis using the second GC column is recommended.

7.4.7 If the response for a peak is off scale, i.e., beyond the
calibration range of the standards, prepare a dilution of the sample with
organic-free reagent water. The dilution must be performed on a second
aliquot of the sample which has been properly sealed and stored prior to

use.

QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and

Method 8000 for gas chromatographic procedures. Quality control to ensure the
proper operation of the purge-and-trap device is covered in Method 5030.

8.2 Quality control required to validate the GC system operation is found

in Method 8000.

8.2.1 The quality control check sample concentrate (Method 8000)
should contain each parameter of interest at a concentration of 10 mg/L

in methanol.

8.2.2 Table 3 indicates the calibration and QC acceptance criteria
for this method. Table 4 gives method accuracy and precision as functions
of concentration for the analytes of interest. The contents of both
tables should be used to evaluate a laboratory’s ability to perform and
generate acceptable data by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and

spikes. Determine if recovery is within limits (1imits established by performing
QC procedure outlined in Method 8000).

8.3.1 If recovery is not within Timits, the following is required.

o Check to be sure that there are no errors in
calculations, surrogate solutions and internal
standards. Also, check instrument performance.

o Recalculate the data and/or reanalyze the extract if any
of the above checks reveal a problem.

. Reextract and reanalyze the sample if none of the above
are a problem or flag the data as ‘"estimated

concentration".
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9.0 METHOD PERFORMANCE

9.1 This method was tested by 20 1aboratories using organic-free reagent
water, drinking water, surface water, and three industrial wastewaters spiked at
six concentrations over the range 2.1 - 500 ug/L. 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 4.

9.2 The accuracy and precision obtained will be determined by the sample
matrix, sample introduction technique, and by the calibration procedure used.

9.3 The method detection 1imits reported in Table 1 were generated under
optimum analytical conditions by an Agency contractor (Ref. 7) as guidance, and
may not be readily achievable by all laboratories at all times.
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TABLE 1.
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS
FOR AROMATIC VOLATILE ORGANICS

Retention time Method
(min) detection
limit®
Compound Col. 1 Col. 2 (ug/L)
Benzene 3.33 2.75 0.2
Chlorobenzene® 9.17 8.02 0.2
1,4-Dichlorobenzene 16.8 16.2 0.3
1,3-Dichlorobenzene 18.2 15.0 0.4
1,2-Dichlorobenzene 25.9 19.4 0.4
Ethyl Benzene 8.25 6.25 0.2
Toluene 5.75 4.25 0.2
Xylenes

a Using purge-and-trap method (Method 5030). See Sec. 9.3.
b Chlorobenzene and m-xylene may co-elute on some columns.

TABLE 2.
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQLs)
FOR VARIOUS MATRICES®

Matrix Factor
Ground water 10
Low-concentration soil 10
Water miscible liquid waste 500
High-concentration soil and sludge 1250
Non-water miscible waste 1250

a EQL = [Method detection 1imit (see Table 1)] X [Factor found in this
table]. For non-aqueous samples, the factor is on a wet-weight basis.
Sample EQLs are highly matrix-dependent. The EQLs determined herein are
provided for guidance and may not always be achievable.
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TABLE 3.
QC ACCEPTANCE CRITERIA®

Range Limit Range Range
for Q for s for x P, P,
Parameter (ug/L) (ug/L) (ug/L) (%)
Benzene 15.4-24.6 4.1 10.0-27.9 39-150
Chlorobenzene 16.1-23.9 3.5 12.7-25.4 55-135
1,2-Dichlorobenzene 13.6-26.4 5.8 10.6-27.6 37-154
1,3-Dichlorobenzene 14.5-25.5 5.0 12.8-25.5 50-141
1,4-Dichlorobenzene 13.9-26.1 5.5 11.6-25.5 42-143
Ethylbenzene 12.6-27.4 6.7 10.0-28.2 32-160
Toluene 15.5-24.5 4.0 11.2-27.7 46-148
Q = Concentration measured in QC check sample, in ug/L.
s = Standard deviation of four recovery measurements, in ug/L.
X = Average recovery for four recovery measurements, in ug/L.
P, P, = Percent recovery measured.

a Criteria from 40 CFR Part 136 for Method 602, using packed columns, and
were calculated assuming a check sample concentration of 20 ug/L. These
criteria are based directly upon the method performance data in Table 4.
Where necessary, the limits for recovery have been broadened to assure
applicability of the limits to concentrations below those used to develop
Table 1. When capillary columns are used, see Method 8021 for performance
data.
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TABLE 4.

METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION

Accuracy, as Single analyst Overall

recovery, X’ precision, s,’ precision,
Parameter (no/L) (ug/L) S’ (ug/L)
Benzene 0.92C+0.57 0.09x+0.59 0.21x+0.56
Chlorobenzene 0.95C+0.02 0.09x+0.23 0.17x+0.10
1,2-Dichlorobenzene 0.93C+0.52 0.17x-0.04 0.22x+0.53
1,3-Dichlorobenzene 0.96C-0.04 0.15x-0.10 0.19x+0.09
1,4-Dichlorobenzene 0.93C-0.09 0.15x+0.28 0.20x+0.41
Ethylbenzene 0.94C+0.31 0.17x+0.46 0.26x+0.23
Toluene 0.94C+0.65 0.09x+0.48 0.18x+0.71

x' =
containing concentration C, in ug/L.

s,’ = Expected single analyst standard deviation of measurements at an
average concentration of x, in ug/L.

S’ = Expected interlaboratory standard deviation of measurements at an
average concentration found of x, in ug/L.

o = True value for the concentration, in pg/L.

X = Average recovery found for measurements of samples containing a

concentration of C, in ug/L.
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Figure 1
Chromatogram of Aromatic Volatile Organics
(column 1 conditions)
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Figure 2.
Chromatogram of Aromatic Volatile Organics
(column 2 conditions)

Column: 5% 1,2,3-Tris(2-Cyanoethoxy)Propane on Chromosorb-w
Program: 40°C-2 Minutes, 2°C/Min. to 100°C
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METHOD 8020A

AROMATIC VOLATILE ORGANICS BY GAS CHROMATOGRAPHY

=D

0

7.1 Introduce compounds
into gas chromatograph
by direct injection or -
purge-and-trap
{Method 5030)

I

7.4.4 Record volume
purged or injected
and peak sizes.

:

7.2 Set gas
chromatograph
condition.

7.4.5 Caiculate
concentration
(refer to Method 8000)

I

7.3 Calibrate
{refar to Method 8000)

I

7.4.1 Introduce
volatile compounds
into gas chromatograph
by purge-and-trap or
direct injection.

:

7.4.2 Follow Method
8000 for analysis
sequence, etc.

7.4.6 Are
analytical
interferences
suspected?

7.4.7 s
responee for
a psak
off-scale?
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METHOD -8021A

HALOGENATED VOLATILES BY GAS CHROMATOGRAPHY USING
PHOTOIONIZATION AND ELECTROLYTIC CONDUCTIVITY DETECTORS
IN SERIES: CAPILLARY COLUMN TECHNIQUE

1.0 SCOPE AND APPLICATION

1.1 Method 8021 is used to determine volatile organic compounds in a
variety of solid waste matrices. This method is applicable to nearly all types
of sampies, regardless of water content, including ground water, aqueous sludges,
caustic liquors, acid liquors, waste solvents, oily wastes, mousses, tars,
fibrous wastes, polymeric emulsions, filter cakes, spent carbons, spent
catalysts, soils, and sediments. The following compounds can be determined by

this method:

Appropriate Technique

Direct
Analyte CAS No.®  Purge-and-Trap Injection
Benzene 71-43-2 b b
Bromobenzene 108-86-1 b b
Bromochloromethane 74-97-5 b b
Bromodichloromethane 75-27-4 b b
Bromoform 75-25-2 b b
Bromomethane 74-83-9 b b
n-Butylbenzene 104-51-8 b b
sec-Butylbenzene 135-98-8 b b
tert-Butylbenzene 98-06-6 b b
Carbon tetrachloride 56-23-5 b b
Chlorobenzene 108-90-7 b b
Chlorodibromomethane 124-48-1 b b
Chloroethane 75-00-3 b b
Chloroform 67-66-3 b b
Chloromethane 74-87-3 b b
2-Chlorotoluene 95-49-8 b b
4-Chlorotoluene 106-43-4 b b
1,2-Dibromo-3-chloropropane 96-12-8 Pp b
1,2-Dibromoethane 106-93-4 b b
Dibromomethane 74-95-3 b b
1,2-Dichlorobenzene 95-50-1 b b
1,3-Dichlorobenzene 541-73-1 b b
1,4-Dichlorobenzene 106-46-7 b b
Dichlorodifluoromethane 75-71-8 b b
1,1-Dichloroethane 75-34-3 b b
1,2-Dichloroethane 107-06-2 b b
1,1-Dichloroethene 75-35-4 b b
cis-1,2-Dichloroethene 156-59-4 b b
trans-1,2-Dichloroethene '156-60-5 b b
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Appropriate lechnique

Direct
Analyte CAS No.*  Purge-and-Trap Injection
1,2-Dichloropropane 78-87-
1,3-Dichloropropane 142-28-
2,2-Dichloropropane 590-20-
1,1-Dichloropropene 563-58-
cis-1,3-dichloropropene 10061-01-
trans-1,3-dichloropropene 10061-02-
Ethylbenzene 100-41-
Hexachlorobutadiene 87-68-
Isopropylbenzene 98-82-
p-Isopropyltoluene 99-87-
Methylene chloride 75-09-
Naphthalene 91-20-
n-Propylbenzene 103-65-
Styrene 100-42-
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Tetrachloroethene 127-18-
Toluene 108-88-
1,2,3-Trichlorobenzene 87-61-
1,2,4-Trichlorobenzene 120-82-
1,1,1-Trichloroethane 71-55-
1,1,2-Trichloroethane 79-00-
Trichloroethene 79-01-
Trichlorofluoromethane 75-69-
1,2,3-Trichloropropane 96-18-
1,2,4-Trimethylbenzene 95-63-
1,3,5-Trimethylbenzene 108-67-
Vinyl chloride 75-01-
o-Xylene 95-47-
m-Xylene 108-38-
p-Xylene 106-42-
a Chemical Abstract Services Registry Number.
b Adequate response by this technique.

pp Poor purging efficiency resulting in high EQLs.

1.2 Method detection Timits (MDLs) are compound dependent and vary with
purging efficiency and concentration. The MDLs for selected analytes are
presented in Table 1. The applicable concentration range of this method is
compound and instrument dependent but is approximately 0.1 to 200 ug/L.
Analytes that are inefficiently purged from water will not be detected when
present at low concentrations, but they can be measured with acceptable accuracy
and precision when present in sufficient amounts. Determination of some
structural isomers (i.e. xylenes) may be hampered by coelution.
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1.3 The estimated quantitation 1imit (EQL) of Method 8021A for an
individual compound is approximately 1 ug/kg {(wet weight) for soil/sediment
samples, 0.1 mg/kg (wet weight) for wastes, and 1 pg/L for ground water (see
Table 3). EQLs will be proportionately higher for sample extracts and samples
that require dilution or reduced sampie size to avoid saturation of the detector.

1.4 This method is recommended for use only by analysts experienced in
the measurement of purgeable organics at the Tow ug/L Tevel or by experienced
technicians under the close supervision of a qualified analyst.

1.5 The toxicity or carcinogenicity of chemicals used in this method has
not been precisely defined. Each chemical should be treated as a potential
health hazard, and exposure to these chemicals should be minimized. Each
Taboratory is responsible for maintaining awareness of OSHA regulations regarding
safe handling of chemicals used in this method. Additional references to
laboratory safety are available for the information of the analyst (references

4 and 6).

1.6 The following method analytes have been tentatively classified as
known or suspected human or mammalian carcinogens: benzene, carbon tetrachioride,
1,4-dichlorobenzene, 1,2-dichloroethane, hexachloro-butadiene, 1,1,2,2-
tetrachloroethane, 1,1,2-trichloroethane, chloroform, 1,2-dibromoethane,
tetrachloroethene, trichloroethene, and vinyl chloride. Pure standard materials
and stock standard solutions of these compounds should be handled in a hood. A
NIOSH/MESA approved toxic gas respirator should be worn when the analyst handles
high concentrations of these toxic compounds.

2.0 SUMMARY OF METHOD

2.1 Method 8021 provides gas chromatographic conditions for the
detection of halogenated and aromatic volatile organic compounds. Samples can
be analyzed using direct injection or purge-and-trap (Method 5030). Ground water
samples must be analyzed using Method 5030 (where applicable). A temperature
program is used in the gas chromatograph to separate the organic compounds.
Detection is achieved by a photoionization detector (PID) and an electrolytic
conductivity detector (HECD) in series.

2.2 Tentative identifications are obtained by analyzing standards under
the same conditions used for samples and comparing resultant GC retention times.
Confirmatory information can be gained by comparing the relative response from
the two detectors. Concentrations of the identified components are measured by
relating the response produced for that compound to the response produced by a
compound that is used as an internal standard.

3.0 INTERFERENCES
3.1 Refer to Methods 5030 and 8000.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A trip blank prepared from
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organic-free reagent water and carried through sampling and subsequent storage
and handling can serve as a check on such contamination.

3.3 Sulfur dioxide is a potential interferant in the analysis for vinyl
chloride.
4.0 APPARATUS AND MATERIALS

4.1 Sample introduction apparatus - Refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4.2 Gas Chromatograph - capable of temperature programming; equipped
with variable-constant differential flow controllers, subambient oven controller,
photoionization and electrolytic conductivity detectors connected with a short
piece of uncoated capillary tubing, 0.32-0.5 mm ID, and data system.

4.2.1 Column - 60 m x 0.75 mm ID VOCOL wide-bore capillary column
with 1.5 um film thickness (Supelco Inc., or equivalent).

4.2.2 Photoionization detector (PID) (Tracor Model 703, or
equivalent).

4.2.3 Electrolytic conductivity detector (HECD) (Tracor Hall Model
700-A, or equivalent).

4.3 Syringes - 5 mL glass hypodermic with Luer-Lok tips.
4.4 Syringe valves - 2-way with Luer ends (Teflon or Kel-F).

4.5 Microsyringe - 25 ulL with a 2 in. x 0.006 in. ID, 22° bevel needle
(Hamilton #702N or equivalent).

4.6 Microsyringes - 10, 100 ul.

4.7 Syringes - 0.5, 1.0, and 5 mL, gas-tight with shut-off valve.

4.8 Bottles - 15 mL, Teflon lined w: h screw-cap or crimp top.

4.9 Analytical balance - 0.0001 g.

4.10 Refrigerator.

4.11 Volumetric flasks, Class A - Appropriate sizes with ground glass
stoppers.
5.0  REAGENTS

5.1 Reagent grade inorganic chemicals shall be .used in all tests.
Unless otherwise indicated, it is intended that all inorganic reagents shall

conform to the specifications of the Committee on Analytical Reagents of the
American Chemical Society, where such specifications are available. Other grades
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may be used, provided it is first ascertained that the reagent is of sufficiently
high purity to permit its wuse without lessening the accuracy of the

determination.

5.2 Organic-free reagent water. All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3  Methanol, CH,0H - Pesticide quality or equivalent, demonstrated to
be free of analytes. Store away from other solvents.

5.4  Vinyl chloride, (99.9% pure), CH,=CHC1. Vinyl chloride is available
from Ideal Gas Products, Inc., Edison, New Jersey and from Matheson, East
Rutherford, New Jersey, as well as from other sources. Certified mixtures of
vinyl chloride in nitrogen at 1.0 and 10.0 ppm (v/v) are available from several

sources.

5.5 Stock standards - Stock solutions may either be prepared from pure
standard materials or purchased as certified solutions. Prepare stock standards
in methanol using assayed liquids or gases, as appropriate. Because of the
toxicity of some of the organohalides, primary dilutions of these materials of

the toxicity should be prepared in a hood.

NOTE: If direct injection is used, the solvent system of standards must
match that of the sample. It is not necessary to prepare high
concentration aqueous mixed standards when using direct injection.

5.5.1 Place about 9.8 mL of methanol in a 10 mL tared ground glass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 minutes until all alcohol-wetted surfaces have dried. Weigh the
flask to the nearest 0.1 mg.

5.5.2 Add the assayed reference material, as described below.

5.5.2.1 Liquids: Using a 100 ul syringe, immediately add
two or more drops of assayed reference material to the flask; then
reweigh. The liquid must fall directly into the alcohol without
contacting the neck of the flask.

5.5.2.2 Gases: To prepare standards for any compounds
that boil below 30°C (e.g. bromomethane, chloroethane,
chloromethane, dichlorodifluoromethane, trichlorofluoromethane,
vinyl chloride), fill a 5 mL valved gas-tight syringe with the
reference standard to the 5.0 mL mark. Lower the needle to 5 mm
above the methanol meniscus. Slowly introduce the reference
standard above the surface of the liquid. The heavy gas rapidly
dissolves in the methanol. This may also be accomplished by using
a lecture bottle equipped with a Hamilton Lecture Bottle Septum
(#86600). Attach Teflon tubing to the side-arm relief valve and
direct a gentle stream of gas into the methanol meniscus.

5.5.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in milligrams per
liter (mg/L) from the net gain in weight. When compound purity is assayed
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to be 96% or greater, the weight may be used without correction to
calculate the concentration of the stock standard. Commercially prepared
stock standards may be used at any concentration if they are certified by
the manufacturer or by an independent source.

5.5.4 Transfer the stock standard solution into a bottle with a
Teflon lined screw-cap .or crimp top. Store, with minimal headspace, at
-10°C to -20°C and protect from light.

5.5.5 Prepare fresh stock standards for gases weekly or sooner if
comparison with check standards indicates a problem. Reactive compounds
such as 2-chloroethyl vinyl ether and styrene may need to be prepared more
frequently. A1l other standards must be replaced after six months. Both
gas and liquid standards must be monitored closely by comparison to the
initial calibration curve and by comparison to QC check standards. It may
be necessary to replace the standards more frequently if either check
exceeds a 20% drift.

5.6 Prepare secondary dilution standards, using stock standard
solutions, in methanol, as needed, that contain the compounds of interest, either

singly or mixed together. The secondary dilution standards should be prepared

at concentrations such that the aqueous calibration standards prepared in Sec.
5.7 will bracket the working range of the analytical system. Secondary dilution
standards should be stored with minimal headspace for volatiles and should be
checked frequently for signs of degradation or evaporation, especially just prior
to preparing calibration standards from them.

5.7 Calibration standards, at a minimum of five concentration levels are

prepared in organic-free reagent water from the secondary dilution of the stock

standards. One of the concentration levels should be at a concentration near,
but above, the method detection 1imit. The remaining concentration levels should
correspond to the expected range of the concentrations found in real samples or
should define the working range of the GC. Standards (one or more) should
contain each analyte for detection by this method. In order to prepare accurate
aqueous standard solutions, the following precautions must be observed.

NOTE: Prepare calibration solutions for use with direct injection analyses
in water at the concentrations required.

5.7.1 Do not inject more than 20 ulL of alcoholic standards into
100 mL of water.

5.7.2 Use a 25 pul Hamilton 702N microsyringe or equivalent
(variations in needle geometry will adversely affect the ability to
deliver reproducible volumes of methanolic standards into water).

5.7.3 Rapidly inject the alcoholic standard into the filled
volumetric flask. Remove the needle as fast as possible after injection.

5.7.4 Mix aqueous standards by inverting the flask three times.

8021A - 6 Revision 1
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5.7.5 Fill the sample syringe from the standard solution contained
in the expanded area of the flask (do not use any solution contained in
the neck of the flask).

5.7.6 Never use pipets to dilute or transfer samples or agueous
standards.

5.7.7 Aqueous standards are not stable and should be discarded after
one hour, unless properly sealed and stored. The aqueous standards can
be stored up to 12 hours, if held in sealed vials with zero headspace.

5.7.8 Optionally calibration using a certified gaseous mixture can
be accomplished daily utilizing commercially available gaseous analyte
mixture of bromomethane, chloromethane, chioroethane, vinyl chloride,
dichlorodifluoromethane and trichlorofluoromethane in nitrogen. These
mixtures of documented quality are stable for as long as six months
without refrigeration. (VOA-CYL III, RESTEK Corporation, Cat. #20194 or

equivalent).

5.8 Internal standards - Prepare a spiking solution containing
fluorobenzene and 2-bromo-1-chloropropane in methanol, using the procedures
described in Secs. 5.5 and 5.6. It is recommended that the secondary dilution
standard be prepared at a concentration of 5 mg/L of each internal standard
compound. The addition of 10 ul of such a standard to 5.0 mL of sample or
calibration standard would be equivalent to 10 ug/L.

5.9 Surrogate standards - The analyst should monitor both the
performance of the analytical system and the effectiveness of the method in
dealing with each sample matrix by spiking each sample, standard, and reagent
blank with two or more surrogate compounds. A combination of 1,4-dichlorobutane
and bromochlorobenzene is recommended to encompass the range of the temperature
program used in this method. From stock standard solutions prepared as in Sec.
5.5, add a volume to give 750 ug of each surrogate to 45 mL of organic-free
reagent water contained in a 50 mL volumetric flask, mix, and dilute to volume
for a concentration of 15 ng/ul. Add 10 ul of this surrogate spiking solution
directly into the 5 mL syringe with every sample and reference standard analyzed.
If the internal standard calibration procedure is used, the surrogate compounds
may be added directly to the internal standard spiking solution (Sec. 5.8).

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

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

7.0  PROCEDURE

7.1 Volatile compounds are introduced into the gas chromatograph either
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or low-concentration contaminated soils and
sediments. For medium-concentration soils or sediments, methanolic extraction,
as described in Method 5030, may be necessary prior to purge-and-trap analysis.
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7.2 Gas chromatography conditions (Recommended)

7.2.1 Set up the gas chromatograph system so that the
photoionization detector (PID) is in series with the electrolytic -
conductivity detector (HECD). o

7.2.2 Oven settings:

Carrier gas (Helium) Flow rate: 6 mL/min.
Temperature program
Initial temperature: 10°C, hold for 8 minutes at
Program: 10°C to 180°C at 4°C/min
Final temperature: 180°C, hold wuntil all expected

compounds have eluted.

7.2.3 The carrier gas flow is augmented with an additional 24 mL of
helium flow before entering the photoionization detector. This make-up
gas is necessary to ensure optimal response from both detectors.

7.2.4 These halogen-specific systems eliminate misidentifications
due to non-organohalides which are coextracted during the purge step. A
Tracor Hall Model 700-A detector was used to gather the single laboratory
accuracy and precision data presented in Table 2. The operating
conditions used to collect these data are:

Reactor tube: Nickel, 1/16 in OD
Reactor temperature: 810°C

Reactor base temperature: 250°C

Electrolyte: 100% n-Propyl alcohol
Electrolyte flow rate: 0.8 mL/min

Reaction gas: Hydrogen at 40 mL/min
Carrier gas plus make-up gas: Helium at 30 mL/min

7.2.5 A sample chromatogram obtained with this column is presented
in Figure 5. This column was used to develop the method performance
statements in Sec. 9.0. Estimated retention times and MDLs that can be
achieved under these conditions are given in Table 1. Other columns or
element specific detectors may be used if the requirements of Sec. 8.0 are
met.

7.3 Calibration - Refer to Method 8000 for proper calibration
techniques. Use Table 1 and especially Table 2 for guidance on selecting the
lowest point on the calibration curve.

7.3.1 Calibration must take place using the same sample introduction
method that will be used to analyze actual samples (see Sec. 7.4.1).

7.3.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these procedures.

7.4 Gas chromatographic analysis

3
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8.0

7.4.1 Introduce volatile compounds into the gas chromatograph using
either Method 5030 (purge-and-trap method) or the direct injection method
(see Sec. 7.4.1.1). If the internal standard calibration technique is
used, add 10 ul of internal standard to the sample prior to purging.

7.4.1.1 Direct injection - In very limited applications
(e.g. aqueous process wastes) direct injection of the sample into
the GC system with a 10 pul syringe may be appropriate. The
detection 1imit is very high (approximately 10,000 ug/L), therefore,
it is only permitted where concentrations in excess of 10,000 ug/L
are expected or for water-soluble compounds that do not purge. The
system must be calibrated by direct injection (bypassing the purge-
and-trap device).

7.4.2 Follow Sec. 7.6 in Method 8000 for instructions on the
analysis sequence, appropriate dilutions, establishing daily retention
time windows, and identification criteria. Include a mid-concentration
standard after each group of 10 samples in the analysis sequence.

7.4.3 Table 1 summarizes the estimated retention times on the two
detectors for a number of organic compounds analyzable using this method.

7.4.4 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.5 Calculation of concentration is covered in Method 8000.

7.4.6 If analytical interferences are suspected, or for the purpose
of confirmation, analysis using a second GC column is recommended.

7.4.7 If the response for a peak is off-scale, i.e., beyond the
calibration range of the standards, prepare a dilution of the sample with
organic-free reagent water. The dilution must be performed on a second
aliquot of the sample which has been properly sealed and stored prior to

use.

QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and

Method 8000 for gas chromatographic procedures. Quality control to ensure the
proper operation of the purge-and-trap device is covered in Method 5030.

8.2 Quality control required to validate the GC system operation is

found in Method 8000.

8.2.1 The quality control reference sample (Method 8000) should
contain each parameter of interest at a concentration of 10 mg/L in

methanol.

8.2.2 Table 2 gives method accuracy and precision as functions of
concentration for the analytes of interest.
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8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within limits (1imits established by performing
QC procedure outlined in Method 8000).

8.3.1 If recovery is not within limits, the following is required.
. Check to be sure there are no errors in calculations,
surrogate solutions and internal standards. Also check

instrument performance.

. Recalculate the data and/or reanalyze the extract if any
of the above checks reveal a problem.

. Reextract and reanalyze the sample if none of the above
are a problem or flag the data as "estimated
concentration".

9.0 METHOD PERFORMANCE

9.1 Method detection Timits for these analytes have been calculated from
data collected by spiking organic-free reagent water at 0.1 pg/L. These data
are presented in Table 1.

9.2 This method was tested in a single laboratory using organic-free
reagent water spiked at 10 pg/L. Single laboratory precision and accuracy data
for each detector are presented for the method analytes in Table 2.

10.0 REFERENCES

1. Volatile Organic Compounds in Water by Purqe-and-Trap Capillary Column Gas
Chromatography with Photoionization and Electrolytic Conductivity
Detectors in_ Series, Method 502.2, Rev. 2.0 (1989); Methods for the
Determination of Organic Compounds in Drinking Water", Environmental
Monitoring Systems Laboratory, Cincinnati, OH, EPA/600/4-88/039, December,
1988

2. The Determination of Halogenated Chemicals in Water by the Purge and Trap
Method, Method 502.1; Environmental Protection Agency, Environmental
Monitoring and Support Laboratory: Cincinnati, Ohio 45268, September,
1986.

3. Volatile Aromatic and Unsaturated Organic Compounds in Water by Purge and
Trap Gas Chromatography, Method 503.1; Environmental Protection Agency,
Environmental Monitoring and Support Laboratory: Cincinnati, Ohio,
September, 1986.

4. Glaser, J.A.; Forest, D.L.; McKee, G.D.; Quave, S.A.; Budde, W.L. "Trace
Analyses for Wastewaters"; Environ. Sci. Technol. 1981, 15, 1426.
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Bellar, T.A.; Lichtenberg, J.J. Ihe Determination of Synthetic Organic
Compounds in Water by Purge and Sequential Trapping Capillary Column Gas
Chromatography; U.S. Environmental Protection Agency, Environmental
Monitoring and Support Laboratory: Cincinnati, Ohio, 45268.
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TABLE 1.

CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS (MDL) FOR
VOLATILE ORGANIC COMPOUNDS ON PHOTOIONIZATION DETECTION (PID) AND
HALL ELECTROLYTIC CONDUCTIVITY DETECTOR (HECD) DETECTORS

PID HECD PID HECD

Ret. Time® Ret. Time MDL MDL
Analyte minute minute ug/L ug/L
Dichlorodifluoromethane -b 8.47 0.05
Chloromethane - 9.47 0.03
Vinyl Chloride 9.88 9.93 0.02 0.04
Bromomethane - 11.95 1.1
Chloroethane - 12.37 0.1
Trichlorofluoromethane - 13.49 0.03
1,1-Dichloroethene 16.14 16.18 ND°® 0.07
Methylene Chloride - 18.39 0.02
trans-1,2-Dichloroethene 19.30 19.33 0.05 0.06
1,1-Dichloroethane - 20.99 0.07
2,2-Dichloropropane - 22.88 0.05
cis-1,2-Dichloroethane 23.11 23.14 0.02 0.01
Chloroform - 23.64 0.02
Bromochloromethane - 24.16 0.01
1,1,1-Trichloroethane - 24.77 0.03
1,1-Dichloropropene 25.21 25.24 0.02 0.02
Carbon Tetrachloride - 25.47 0.01
Benzene 26.10 - 0.009
1,2-Dichloroethane - 26.27 0.03
Trichloroethene 27.99 28.02 0.02 0.01
1,2-Dichloropropane - 28.66 0.006
Bromodichloromethane - 29.43 0.02
Dibromomethane - 29.59 2.2
Toluene 31.95 - 0.01
1,1,2-Trichloroethane - 33.21 ND
Tetrachloroethene 33.88 33.90 0.05 0.04
1,3-Dichloropropane - 34.00 0.03
Dibromochloromethane - 34.73 0.03
1,2-Dibromoethane - 35.34 0.8
Chlorobenzene 36.56 36.59 0.003 0.01
Ethylbenzene 36.72 - 0.005
1,1,1,2-Tetrachloroethane - 36.80 0.005
m-Xylene 36.98 - 0.01
p-Xylene 36.98 - 0.01
o-Xylene 38.39 - 0.02
Styrene 38.57 - 0.01
Isopropylbenzene 39.58 - 0.05
Bromoform - 39.75 1.6
1,1,2,2-Tetrachloroethane - 40.35 0.01
1,2,3-Trichloropropane - 40.81 0.4
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TABLE 1.

(Continued)
PID HECD PID HECD

Ret. Time® Ret. Time MDL MDL
Analyte minute minute ua/L ug/L
n-Propylbenzene 40.87 - 0.004
Bromobenzene 40.99 41.03 . 0.006 0.03
1,3,5-Trimethylbenzene 4] .41 - 0.004
2-Chlorotoluene 4].41 41.45 ND 0.01
4-Chlorotoluene 41.60 41.63 0.02 0.01
tert-Butylbenzene 42.92 - 0.06
1,2,4-Trimethylbenzene 42.71 - 0.05
sec-Butylbenzene 43.31 - 0.02
p-Isopropyltoluene 43.81 - 0.01
1,3-Dichlorobenzene 44.08 44.11 0.02 0.02
1,4-Dichlorobenzene 44 .43 44 .47 0.007 0.01
n-Butylbenzene 45.20 - 0.02
1,2-Dichlorobenzene 45.71 45.74 0.05 0.02
1,2-Dibromo-3-Chloropropane 48.57 3.0
1,2,4-Trichlorobenzene 51.43 51.46 0.02 0.03
Hexachlorobutadiene 51.92 51.96 0.06 0.02
Naphthalene 52.38 - 0.06
1,2,3-Trichlorobenzene 53.34 53.37 ND 0.03
Internal Standards

Fluorobenzene 26.84 -
2-Bromo-1-chloropropane - 33.08

® Retention times determined on 60 m x 0.75 mm ID VOCOL capillary column.
Program: Hold at 10°C for 8 minutes, then program at 4°C/min to 180°C, and
hold until all expected compounds have eluted.

® Dash (-) indicates detector does not respond.

¢ ND = Not determined.
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TABLE 2.
SINGLE LABORATORY ACCURACY AND PRECISION DATA
FOR VOLATILE ORGANIC COMPOUNDS IN WATER?

o~
R
Photoionization Hall Electrolytic
Detector Conductivity Detector
Standard Standard
Recovery,® Deviation Recovery,® Deviation
Analyte % of Recovery % - of Recovery
Benzene 99 1.2 -b -
Bromobenzene 99 1.7 97 2.7
Bromochloromethane - - 96 3.0
Bromodichloromethane - - 97 2.9
Bromoform - - 106 5.5
Bromomethane - - 97 3.7
n-Butylbenzene 100 4.4 - -
sec-Butylbenzene 97 2.6 - -
tert-Butylbenzene 98 2.3 - -
Carbon tetrachloride - - 92 3.3
Chlorobenzene 100 1.0 103 3.7
Chloroethane - - 96 3.8
Chloroform - - 98 2.5
Chloromethane ‘ - - 96 8.9
2-Chlorotoluene ND¢ ND 97 2.6
4-Chlorotoluene 101 1.0 97 3.1
1,2-Dibromo-3-chloropropane - - 86 9.9 _—,
Dibromochloromethane - - 102 3.3 (-
1,2-Dibromoethane - - 97 2.7
Dibromomethane ‘ - - 109 7.4
1,2-Dichlorobenzene 102 2.1 100 1.5
1,3-Dichlorobenzene 104 1.7 106 4.3
1,4-Dichlorobenzene 103 2.2 98 2.3
Dichlorodifluoromethane - - 89 5.9
1,1-Dichloroethane - - 100 5.7
1,2-Dichloroethane - - 100 3.8
1,1-Dichloroethene 100 2.4 103 2.9
cis-1,2 Dichloroethene ND ND 105 3.5
trans-1,2-Dichloroethene 93 3.7 99 3.7
1,2-Dichloropropane - - 103 3.8
1,3-Dichloropropane - - 100 3.4
2,2-Dichloropropane - - 105 3.6
1,1-Dichloropropene 103 3.6 103 3.4
Ethylbenzene 101 1.4 - -
Hexachlorobutadiene 99 9.5 98 8.3
Isopropylbenzene 98 0.9 - -
p-Isopropyltoluene 98 2.4 - -
8021A - 14 Revision 1 .
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TABLE 2.

(Continued)
m‘ém\‘
g@w; Photoionization Hall Electrolytic
Detector Conductivity Detector
Standard Standard
Recovery,® Deviation Recovery,® Deviation

Analyte % of Recovery % of Recovery
Methylene chloride - - 97 2.8
Naphthalene 102 6.3 - -
n-Propylbenzene 103 2.0 - -
Styrene 104 1.4 - -
1,1,1,2-Tetrachloroethane - - 99 2.3
1,1,2,2-Tetrachloroethane - - 99 6.8
Tetrachloroethene 101 1.8 97 2.4
Toluene 99 0.8 - -
1,2,3-Trichlorobenzene 106 1.9 98 3.1
1,2,4-Trichlorobenzene 104 2.2 102 2.1
1,1,1-Trichloroethane - - 104 3.4
1,1,2-Trichloroethane - - 109 6.2
Trichloroethene 100 0.78 96 3.5
Trichlorofluoromethane - - 96 3.4
1,2,3-Trichloropropane - - 99 2.3
1,2,4-Trimethylbenzene 99 1.2 - -

o 1,3,5-Trimethylbenzene 101 1.4 - -

(" Vinyl chloride 109 5.4 95 5.6

% 0-Xylene 99 0.8 -
m-Xylene 100 1.4 - -
p-Xylene 99 0.9 - -

? Recoveries and standard deviations were determined from seven samples and spiked at
10 ug/L of each analyte. Recoveries were determined by internal standard method. Internal
standards were: Fluorobenzene for PID, 2-Bromo-1-chloropropane for HECD.

®  Detector does not respond.

© ND = Not determined.

4 This method was tested in a single laboratory using water spiked at 10 ug/L (see

reference 5).
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TABLE 3.
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQL)
FOR VARIOUS MATRICES®

Matrix Factor
Ground water 10
Low-concentration soil 10
Water miscible liquid waste 500
High-concentration soil and sludge 1250
Non-water miscible waste 1250

EQL = [Method detection limit (see Table 1)] X [Factor found in
this table]. For non-aqueous samples, the factor is on a wet-
weight basis. Sample EQLs are highly matrix-dependent. The EQLs
listed herein are provided for guidance and may not always be
achievable.
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FIGURE 1.
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FIGURE 2.

TRAP PACKINGS AND CONSTRUCTION TO INCLUDE DESORB CAPABILITY
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FIGURE 3.
PURGE-AND-TRAP SYSTEM - PURGE MODE

/ﬁm
s

CARRIER GAS U0 INJECTION PORTS

FLOW CONTROL r COLUMN OVEN

PRESSURE y |~ CONFIRMATORY COLMN

REGULATOR = FLJ‘UUUU"

n TO DETECTOR
- U U
N— ANALYTICAL COLUMN
- OPTIONAL ¢PORT COLUMN
) SELECTION VALVE

Y \ TRAP INLET
L PURGE GAS g -

FLOW CONTROL

TRAP
2
13X MOLECULAR & PORT
SIEVE FILTER VALVE
VENT
' PURGING NOTE
DEVICE ALL UNES BETWEEN TRAP
AMND GC SHOULD BE HEATED
TO &0°C.
!/m\ .
’ 8021A - 19 Revision 1

i September 1994



FIGURE 4.

SCHEMATIC OF PURGE-AND-TRAP DEVICE - DESORB MODE
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FIGURE 5.
GAS CHROMATOGRAM OF VOLATILE ORGANICS
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METHOD 8021A
HALOGENATED VOLATILES BY GAS CHROMATOGRAPHY USING PHOTOIONIZATION

AND ELECTROLYTIC CONDUCTIVITY DETECTORS IN SERIES:

CAPILLARY COLUMN TECHNIQUE

7.2 Set
chromatographic
conditions.

l

7.4.5 Refer
to Method 8000 for
calculations,

7.3 Refer to
Method 8000 for

calibration techniques.

l

7.4.1 Introduce
sample into GC using
direct injection or
purge-and-trap.

l

7.4.4 Record
sample volume
introduced into GC
and peak sizes.

7.4.6 Are
analytical
interferences
suspected?

7.4.7 is peak
response off
scale?

8021A - 22
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Reanalyze sample
using second GC
column.

Dilute and reanalyze
second aliquot of
sample.
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METHOD 8030A
ACROLEIN AND ACRYLONITRILE BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Method 8030 is used to determine the concentration of the following
volatile organic compounds:

Compound Name ~ CAS No.®
Acrolein (Propenal) 107-02-8
Acrylonitrile 107-13-1

® Chemical Abstract Services Registry Number.

1.2 Table 1 lists chromatographic conditions and method detection 1imits
for acrolein and acrylonitrile in organic-free reagent water. Table 2 lists the
estimated quantitation 1limit (EQL) for other matrices.

2.0 SUMMARY OF METHOD

2.1 Method 8030 provides gas chromatographic conditions for the detection
of the target analytes. Samples can be analyzed using direct injection or purge-
and-trap (Method 5030). Tenax should be used as the trap packing material.
Ground water samples must be analyzed using Method 5030. A temperature program
is used in the gas chromatograph to separate the organic compounds. Detection
is achieved by a flame ionization detector (FID).

2.2 The method provides an optional gas chromatographic column that may
be helpful in resolving the analytes from co-eluting non-target compounds and for
analyte confirmation.

3.0 INTERFERENCES
3.1 Refer to Methods 5030 and 8000.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A trip blank prepared from
organic-free reagent water and carried through sampling and subsequent storage
and handling can serve as a check on such contamination.

8030A - 1 Revision 1
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4.0 APPARATUS AND MATERIALS
4.1 Gas chromatograph

4.1.1 Gas Chromatograph - Analytical system complete with gas
chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, including detectors, column
supplies, recorder, gases, and syringes. A data system for measuring peak
height and/or peak area is recommended. '

4.1.2 Columns

4.1.2.1 Column 1 - 10 ft x 2 mm ID stainless steel or
glass packed with Porapak-QS (80/100 mesh) or equivalent.

4.1.2.2 Column 2 - 6 ft x 0.1 in. ID stainless steel or
glass packed with Chromosorb 101 (60/80 mesh) or equivalent.

4.1.3 Detector - Flame ionization (FID).

4.2 Sample introduction apparatus - Refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4.3 Syringes - A 5 mL Luer-lok glass hypodermic and a 5 mL, gas-tight
with shutoff valve.

4.4 Volumetric flasks, Class A - Appropriate sizes with ground glass
stoppers.

4.5 Microsyringes - 10 and 25 ul with a 0.006 in. ID needle
(Hamilton 702N, or equivalent) and a 100 ulL.

4.6 Analytical balance - 0.0001 g.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.

5.2 Organic-free reagent water: All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Hydrochloric acid, HC1 - 1:1 (v/v).

5.4 Sodium hydroxide, NaOH - 10N solution. Dissolve 40 g NaOH in
organic-free reagent water and dilute to 100 mL.

5.5 Stock standards - Stock solutions may be prepared from'pure standard
materials or purchased as certified solutions. Prepare stock standards in

8030A - 2 Revision 1
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organic-free reagent water using assayed liquids. Because acrolein and
acrylonitrile are lachrymators, primary dilutions of these compounds should be

prepared in a hood.

5.5.1 Place about 9.8 mL of organic-free reagent water in a 10
mL tared ground-glass stoppered volumetric flask. For acrolein standards
the water must be adjusted to pH 4-5 using hydrochloric acid (1:1 v/v) or
sodium hydroxide (10N), if necessary. Weigh the flask to the nearest

0.0001 g.

5.5.2 Using a 100 ul syringe, immediately add two or more drops
of assayed reference material to the flask, then reweigh. The 1liquid must
fall directly into the water without contacting the neck of the flask.

5.5.3 Reweigh, dilute to volume, stopper, and then mix by
inverting the flask several times. Calculate the concentration in
milligrams per liter (mg/L) from the net gain in weight. When compound
purity is assayed to be 96% or greater, the weight may be used without
correction to calculate the concentration of the stock standard.
Commercially prepared stock standards may be used at any concentration, if
they are certified by the manufacturer or by an independent source.

5.5.4 Transfer the stock standard solution into a bottle with
a Teflon lined screw-cap. Store, with minimal headspace, at 4°C and
protect from 1light.

5.5.5 Prepare fresh standards daily.

5.6 Secondary dilution standards - Prepare secondary dilution standards
as needed, in organic-free reagent water, from the stock standard solutions. The
secondary dilution standards must contain the compounds of interest, either
singly or mixed together. The secondary dilution standards should be prepared
at concentrations such that the aqueous calibration standards prepared in Section
5.7 will bracket the working range of the analytical system. Secondary dilution
standards should be stored with minimal headspace, and should be checked
frequently for signs of degradation or evaporation, especially just prior to
preparing calibration standards from them.

5.7 Calibration standards - Prepare calibration standards in organic-free
reagent water from the secondary dilution standards at a minimum of five
concentrations. One of the concentrations should be at a concentration near, but
above, the method detection Tlimit. The remaining concentrations should
correspond to the expected range of concentrations found in real samples, or
should define the working range of the GC. Each standard should contain each
analyte for detection by this method. In order to prepare accurate aqueous
standard solutions, the following precautions must be observed.

5.7.1 Use a 25 ulL Hamilton 702N microsyringe, or equivalent,
(variations in needie geometry will adversely affect the ability to
deliver reproducible volumes of standards into water).

5.7.2 Never use pipets to dilute or transfer samples or aqueous
standards.
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5.7.3 Standards must be prepared daily.

5.8 Internal standards (if internal standard calibration is used) - To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The ana]yst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these lTimitations, no
internal standard can be suggested that is applicable to all samples.

5.8.1 Prepare calibration standards at a minimum of five
concentrations for each parameter of interest, as described in Section
5.7.

5.8.2 Prepare a spiking solution containing each of the internal

standards, using the procedures described in Sections 5.5 and 5.6. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 mg/L of each internal standard compound. The addition
of 10 ul of this standard to 5.0 mL of sample or calibration standard
would be equivalent to 30 ug/L.

5.8.3 Analyze each calibration standard according to Section
7.0, adding 10 uL of internal standard spiking solution directly to the
syringe.

5.9 Surrogate standards - The analyst should monitor both the performance
of the analytical system and the effectiveness of the method in dealing with each
sample matrix by spiking each sample, standard, and organic-free reagent water
blank with one or two surrogate compounds (e.g. compounds similar in analytical
behavior to the analytes of interest but which are not expected to be present in
the sample) recommended to encompass the range of the temperature program used
in this method. From stock standard solutions prepared as in Section 5.5, add
a volume to give 750 ug of each surrogate to 45 mL of organic-free reagent water
contained in a 50 mL volumetric flask, mix, and dilute to volume for a
concentration of 15 ng/uL. Add 10 ulL of this surrogate spiking solution
directly into the 5 mL syringe with every sample and reference standard analyzed.
If the internal standard calibration procedure is used, the surrogate compounds
may be added directly to the internal standard spiking solution (Section 5.8.2).

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

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

7.0  PROCEDURE

7.1 Volatile compounds are introduced into the gas chromatograph either
by direct injection or heated purge-and-trap (Method 5030). Method 5030 may be
used directly on ground water samples or lTow-concentration contaminated soils and
sediments. For high-concentration soils or sediments, methanolic extraction, as
described in Method 5030, may be necessary prior to purge-and-trap analysis.

8030A - 4 Revision 1
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7.2 Gas chromatographic conditions (Recommended)
7.2.1 Column 1:

Helium flow rate = 30 mL/min

Temperature program:
Initial temperature = 110°C, hold for 1.5 minutes

Program = 110°C to 150°C, heating as
rapidly as poss1b1e
Final temperature = 150°C, hold for 20 minutes.

7.2.2 Column 2:

Helium flow rate = 40 mL/min

Temperature program:
Initial temperature = 80°C, hold for 4 minutes
Program = 80°C to 120°C at 50°C/min
Final temperature = 120°C, hold for 12 minutes.

7.3 Calibration - Refer to Method 8000 for proper calibration techniques.

Use Table 1 and especially Table 2 for guidance on selecting the lowest point on
the calibration curve.

7.3.1 Calibration must take place using the same sample
introduction method that will be used to analyze actual samples (see
Saction 7.4.1).

7.3.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these procedures.

7.4 Gas chromatographic analysis

7.4.1 Introduce volatile compounds into the gas chromatograph
using either Method 5030 (heated purge-and-trap method using Tenax as the
trap packing material) or the direct injection method. If the internal
standard calibration technique is used, add 10 uL of the internal standard
to the samplie prior to purging.

7.4.1.1 Direct injection - In very Timited applications
(e.g. aqueous process wastes), direct injection of the sample into
the GC system with a 10 ul syringe may be appropriate. The
detection limit is very high (approximately 10,000 ug/L); therefore,
it is only permitted when concentrations in excess of 10,000 ug/L
are expected or for water-soluble compounds that do not purge. The
system must be calibrated by direct injection (bypassing the purge-
and-trap device).

7.4.2 Follow Method 8000 for instructions on the analysis
sequence, appropriate dilutions, establishing daily retention time
windows, and identification criteria. Include a mid-concentration
standard after each group of 10 samples in the analysis sequence.

7.4.3 Table 1 summarizes the estimated retention times and
detection Timits for a number of organic compounds analyzable using this
8030A - 5 Revision 1
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method. Figure 1 illustrates the chromatographic separation of acrolein
and of acrylonitrile using Column 1.

7.4.4 Record the sample volume purged or injected and the
resulting peak sizes (in area units or peak heights).

7.4.5 Calculation of concentration is covered in Method 8000.

7.4.6 If analytical interferences are suspected, or for the
purpose of confirmation, analysis using the second GC column is
recommended.

7.4.7 If the response for a peak 15 off-scale, prepare a

dilution of the sample with organic-free reagent water. The dilution must
be performed on a second aliquot of the sample which has been properly
sealed and stored prior to use.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 8000 for gas chromatographic procedures. Quality control to ensure the
proper operation of the purge-and-trap device is covered in Method 5030.

8.2 Procedures to check the GC system operation are found in Method 8000,
Section 8.6. :

8.2.1 The quality control check sample concentrate (Method 8000,
Section 8.6) should contain each parameter of interest at a concentration
of 25 mg/L in water.

8.2.2 Table 3 indicates the calibration and QC acceptance
criteria for this method. Table 4 gives single laboratory accuracy and
precision for the analytes of interest. The contents of both Tables
should be used to evaluate a laboratory’s ability to perform and generate
acceptable data by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within limits (limits established by performing
QC procedure outlined in Method 8000, Section 8.10).

8.3.1 If recovery is not within Tlimits, the following is
required.

o Check to be sure that there are no errors in calculations,
surrogate solutions and internal standards. Also, check
instrument performance.

] Recalculate the data and/or reanalyze the extract if any of the
above checks reveal a problem.

] Reextract and reanalyze the sample if none of the above are a
problem or flag the data as "estimated concentration".
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9.0

METHOD PERFORMANCE

9.1 In a single Tlaboratory, the average recoveries and standard

deviations presented in Table 4 were obtained using Method 5030. Seven replicate
samples were analyzed at each spike concentration.

9.2 The accuracy and precision obtained will be determined by the sample

matrix, sample introduction technique, and by the calibration procedure used.

10.0 REFERENCES

1.

Bellar, T.A. and J.J. Lichtenberg, J. Amer. Water Works Assoc., 66(12),
pp. 739-744, 1974.

Bellar, T.A. and J.J. Lichtenberg, "Semi-Automated Headspace Analysis of
Drinking Waters and Industrial Waters for Purgeable Volatile Organic
Compounds,” in Van Hall, ed., Measurement of Organic Pollutants in Water
and Wastewater, ASTM STP 686, pp. 108-129, 1979.

Development and Application of Test Procedures for Specific Organic Toxic
Substances in Wastewaters, Category 11: Purgeables and Category 12:
Acrolein, Acrylonitrile, and Dichlorodifluoromethane, Report for EPA
Contract 68-03-2635 (in preparation).

Going, J., et al., Environmental Monitoring Near Industrial Sites -
Acrylonitrile, Office of Toxic Substances, U.S. EPA, Washington, DC, EPA
560/6-79-003, 1979.

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

Kerns, E.H., et al. "Determination of Acrolein and Acrylonitrile in Water
by Heated Purge and Trap Technique," U.S. Environmental Protection Agency,
Environmental Monitoring and Support Laboratory, Cincinnati, Ohio 45268,

1980.

"Evaluation of Method 603," Final Report for EPA Contract 68-03-1760 (in
preparation).
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TABLE 1.
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS

Retention time (min) Method detection
Compound Col. 1 Col. 2 Timit® (ug/L)
Acrolein 10.6 8.2 0.7
Acrylonitrile 12.7 9.8 0.5

Based on using purge-and-trap, Method 5030.

TABLE 2.
DETERMINATION OF ESTIMATED QUANTITATION
LIMITS (EQLs) FOR VARIOUS MATRICES® -

Matrix Factor®
N
Ground water 10 -
Low-concentration soil 10
Water miscible liquid waste 500
High-concentration soil and siudge 1250
Non-water miscible waste 1250
® Sample EQLs are highly matrix dependent. The EQLs listzd herein
are provided for guidance and may not always be achievable.
b EQL = [Method detection limit (Table 1)] X [Factor (Table 2)].
For non-aqueous samples, the factor is on a wet-weight basis.
8030 - 8 Revision1
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TABLE 3.
CALIBRATION AND QC ACCEPTANCE CRITERIA®

Range Limit Range Range
for Q for § for x P, P,
Analyte (ug/L) (ug/L) (ug/L) _ (%)
Acrolein 45.9 - 54.1 4.6 42.9 - 60.1 88-118
Acrylonitrile 41.2 - 58.8 9.9 33.1 - 69.9 71-135
Q = Concentration measured in QC check sample, in ug/L.
N = Standard deviation of four recovery measurements, in ug/L.
R = Average recovery for four recovery measurements, in ug/L.
P, P, = Percent recovery measured.

o

Criteria from 40 CFR Part 136 for Method 603 and were calculated

assuming a QC check sample concentration of 50 ug/L.

TABLE 4.
SINGLE LABORATORY ACCURACY AND PRECISION

Spike Average Standard Average
conc. recovery deviation percent Sample
Parameter {ug/L) (ug/L) (ug/L) recovery matrix
Acrolein 5.0 5.2 0.2 104 AW
50.0 51.4 0.7 103 AW
5.0 4.0 0.2 80 POTW
50.0 44 .4 0.8 89 POTW
5.0 0.1 0.1 2 W
100.0 9.3 1.1 9 IW
Acrylonitrile 5.0 4.2 0.2 84 AW
50.0 51.4 1.5 103 AW
20.0 20.1 0.8 100 POTW
100.0 101.3 1.5 101 POTW
10. 9.1 0.8 91 W
100.0 104.0 3.2 104 W
AW = ASTM Type Il water.
- POTW = Prechlorination secondary effluent from a municipal sewage
treatment plant.
IW = Industrial wastewater containing an unidentified acrolein

reactant.

8030A - 9 Revision 1
July 1992



Figure 1

Gas Chromatogram of Acrolein and Acrylonitrile

Column: Porapak-QS

Program: 110°C for 1.5 mun, repidly
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METHOD 8030A

ACROLEIN AND ACRYLONITRILE BY GAS CHROMATOGRAPHY
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METHOD 8031
ACRYLONITRILE BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Method 8031 is used to determine the concentration of acrylonitrile
in water. This method may also be applicable to other matrices. The following
compound can be determined by this method:

Compound Name CAS No.®

Acrylonitrile 107-13-1

? Chemical Abstract Services Registry Number.

1.2 The estimated quantitation 1imit of Method 8031 for determining the
concentration of acrylonitrile in water is approximately 10 ug/L.

1.3 This method is restricted to use by or under the supervision of
analysts experienced in the use of gas chromatographs and skilled in the
interpretation of gas chromatograms. Each analyst must demonstrate the ability
to generate acceptable results with this method. '

2.0  SUMMARY OF METHOD

2.1 A measured sample volume is micro-extracted with methyl tert-butyl
ether. The extract is separated by gas chromatography and measured with a
Nitrogen/Phosphorus detector.

3.0 INTERFERENCES

3.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that leads to discrete
artifacts and/or elevated baselines in gas chromatograms. All of these materials
must be routinely demonstrated to be free from interferences under the conditions
of the analysis by running laboratory reagent blanks.

3.2 Samples can be contaminated by diffusion of volatile organics around
the septum seal into the sample during handling and storage. A field blank
should be prepared from organic-free reagent water and carried through the
sampling and sample handling protocol to serve as a check on such contamination.

3.3 Contamination by carryover can occur whenever high-concentration and
low-concentration samples are sequentially analyzed. To reduce carryover, the

8031 -1 Revision 0
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sample syringe must be rinsed out between samples with solvent. Whenever an
unusually concentrated sample is encountered, it should be followed by the
analysis of solvent to check for cross contamination.
4.0 APPARATUS AND MATERIALS
4.1 Gas chromatograph system
4.1.1 Gas chromatograph, analytical system complete with gas
chromatograph suitable for on-column injections and all required
accessories, including detector, analytical columns, recorder, gases, and
syringes. A data system for measuring peak heights and/or peak areas is
recommended.

4.1.2 Column: Porapak Q@ - 6 ft., 80/10 Mesh, glass column, or
equivalent.

4.1.3 Nitrogen/Phosphorus detector.
4.2 Materials
4.2.1 Grab sample botties - 40 mL VOA bottles.
4.2.2 Mixing bott]es - 90 mL bottle with a Teflon lined cap.
4.2.3 Syringes - 10 ul and 50 ul.
.2.4 Volumetric flask (Class A) - 100 mL.
.2.5 Graduated cylinder - 50 mL.
.2.6 Pipet (Class A) - 5, 15, and 50 mL.

S~ 2 s e

.2.7 Vials - 10 mL.
4.3 Preparation

4.3.1 Prepare all materials to be used as described in Chapter 4 for
volatile organics.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without Tessening the accuracy of the determination.

8031 - 2 Revision 0
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5.2 General

5.2.1 Methanol, CH,0H - Pesticide quality, or equivalent.

5.2.2 Organic-free reagent water. All references to water in this
method refer to organic-free reagent water, as defined in Chapter One.

5.2.3 Methyl tert-butyl ether, CH,0t-C,Hy - Pesticide quality, or
equivalent.

5.2.4 Acrylonitrile, H,C:CHCN, 98%.

5.3 Stock standard solution

5.3.1 Stock standard solutions - Can be prepared from pure standard
materials or can be purchased as certified solutions. Prepare stock
standards in organic-free reagent water using assayed liquids.

5.3.2 The stock standard solution may be prepared by volume or by
weight. Stock solutions must be replaced after one year, or sooner if
comparison with the check standards indicates a problem.

CAUTION: Acrylonitrile is toxic. Standard preparation should be
performed in a laboratory fume hood.

5.3.2.1 To prepare the stock standard solution by volume:
inject 10 ul of acrylonitrile (98%) into a 100 mL volumetric flask
with a syringe. Make up to volume with methanol.

5.3.2.2 To prepare the stock standard solution by weight:
Place about 9.8 mL of organic-free reagent water into a 10 mL
volumetric flask before weighing the flask and stopper. Weigh the
flask and record the weight to the nearest 0.0001 g. Add two drops
of pure acrylonitrile, using a 50 ul syringe, to the flask. The
liquid must fall directly into the water, without contacting the
inside wall of the flask. Stopper the flask and then reweigh.
Dilute to volume with organic-free reagent water. Caiculate the
concentration from the net gain in weight.

5.4 Working standard solutions

5.4.1 Prepare a minimum of 5 working standard solutions that cover
the range of analyte concentrations expected in the samples. Working
standards of 20, 40, 60, 80, and 100 ug/L may be prepared by injecting 10,
20, 30, 40, and 50 ulL of the stock standard solution prepared in Sec.
5. 3 2. 1 1nto 5 separate 90 mL m1x1ng bottles containing 40 mL of organic-

free reagent water.

5.4.2 Inject 15 mL of methy] tert-butyl ether into each mixing
bottle, shake vigorously, and 1et stand 5 minutes, or until Tayers have

separated.
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5.4.3 Remove 5 mL of top layer by pipet, and place in a 10 mL vial.

5.4.4 Keep all standard solutions below 4°C until used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Sec. 4.1.
7.0  PROCEDURE

7.1 Sample Extraction

7.1.1 Pour 40 mL of the sample into a 90 mL mixing bottle. Pipet 15
mL of Methyl tert-butyl ether into the mixing bottle. Shake vigorously
for about 2 min. and let stand for about 5 min. Remove about 5 mL of the
top layer and store in a 10 mL vial.
7.2 Chromatographic Conditions (Recommended)

Carrier Gas (He) flow rate: 35 mlL/min.

Column Temperature: 180° C, Isothermal

Injection port temperature: 250° C

Detector temperature: 250° C

Detector Current (DC): 18 volts

Gases: Hydrogen, 3 mL/min; Air, 290 mL/min.

7.3 Calibration of GC

7.3.1 On a daily basis, inject 3 ul of methyl tert-butyl ether
directly into the GC to flush the system. Also purge the system with
methyl tert-butyl ether injections between injections of standards and
samples.

7.3.2 Inject 3 ulL of a sample blank (organic-free reagent water
carried through the sample storage procedures and extracted with methyl
tert-butyl ether).

7.3.3 Inject 3 ul of at least five standard solutions: one should
be near the detection 1imit; one should be near, but below, the expected
concentrations of the analyte; one should be near, but above, the expected
concentrations of the analyte. The range of standard solution
concentrations used should not exceed the working range of the GC system.

7.3.4 Prepare a calibration curve using the peak areas of the
standards (retention time of acrylonitrile under the conditions of Sec.
7.2 is approximately 2.3 minutes). If the calibration curve deviates
significantly from a straight line, prepare a new calibration curve with
the existing standards, or, prepare new standards and a new calibration

" curve. See Method 8000, Sec. 7.4.2, for additional guidance on

calibration by the external standard method.
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7.4 Sample Analysis

7.4.1 Inject 3 ubL of the sample extract, using the same
chromatographic conditions used to prepare the standard curve. Calculate
the concentration of acrylonitrile in the extract, using the area of the
peak, against the calibration curve prepared in Sec. 7.3.4.

8.0  QUALITY CONTROL

8.1 Refer to Chapter One and Method 8000 for specific quality control
procedures. :

8.2 Prior to preparation of stock solutions, methanol and methy]l
tert-butyl ether reagents should be analyzed gas chromatographically under the
conditions described in Sec. 7.2, to determine possible interferences with the
acrylonitrile peak. If the solvent blanks show contamination, a different batch

of solvents should be used.

9.0 METHOD PERFORMANCE

9.1 Method 8031 was tested in a single laboratory over a period of days.
Duplicate samples and one spiked sample were run for each calculation. The GC
was calibrated daily. Results are presented in Table 1.

10.0 REFERENCES

1. K.L. Anderson, "The Determination of Trace Amounts of Acrylonitrile in
Water by Specific Nitrogen Detector Gas Chromatograph”, American Cynamid
Report No. WI-88-13, 1988.
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TABLE 1

SINGLE LABORATORY METHOD PERFORMANCE

CONCENTRATION
SAMPLE SPIKE (ug/L) % RECOVERY

A 60 100

B 60 105

C 40 86

D 40 100

E 40 88

F 60 94

Average 96
8031 - 6
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METHOD 8031
ACRYLONITRILE BY GAS CHROMATOGRAPHY

=
:

7.1.1 Extract 40 mL
of sample with methyl
t-butyl ether in 90 mL

bottle.

l

7.2 Set
Chromatographic
conditions.
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7.3.1 Flush GC
system with 30 ulL
methy! t-buty! ether.
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l
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METHOD 8032
ACRYLAMIDE BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Method 8032 is used to determine trace amounts of acrylamide monomer
in aqueous matrices. This method may be applicable to other matrices. The
following compound can be determined by this method:

Compound Name CAS No.*®

Acrylamide 79-06-01

® Chemical Abstract Services Registry Number.
1.2 The method detection 1imit (MDL) in clean water is 0.032 ug/L.

1.3  This method is restricted to use by, or under the supervision of,
analysts experienced in the use of gas chromatographs and skilled in the
interpretation of gas chromatograms. Each analyst must demonstrate the ability
to generate acceptable results with this method.

2.0 SUMMARY OF METHOD

2.1 "~ Method 8032 is based on bromination of the acrylamide double bond.
The reaction product (2,3-dibromopropionamide) is extracted from the reaction
mixture with ethyl acetate, after salting out with sodium sulfate. The extract
is cleaned up using a Florisil column, and analyzed by gas chromatography with
electron capture detection (GC/ECD).

2.2 Compound identification should be supported by at Jleast one
additional qualitative technique. Analysis using a second gas chromatographic
column or gas chromatography/mass spectrometry may be used for compound
confirmation.

3.0  INTERFERENCES

3.1 No interference is observed from sea water or in the presence of 8.0%
of ammonium ions derived from ammonium bromide. Impurities from potassium
bromide are removed by the Florisil clean up procedure.

8032 - 1 Revision O
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4.0 APPARATUS AND MATERIALS

- 4.1 Gas chromatographic System

4.1.1 Gas chromatograph suitable for on-column injections with all ”mm%
required accessories, including detector, analytical columns, recorder, Nt
gases, and syringes. A data system for measuring peak heights and/or peak

areas is recommended.

4.1.2 Column: 2 m x 3 mm glass column, 5% FFAP (free fatty acid
polyester) on 60-80 mesh acid washed Chromosorb W, or equivalent.

4.1.3 Detector: electron capture detector.
4.2 Kuderna-Danish (K-D) apparatus.

4.2.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 or
equivalent). A ground glass stopper is used to prevent evaporation of

extracts.

4.2.2 Evaporation flask - 500 mL (Kontes  K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent.

4.2.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.2.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.2.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).
4.3 Separatory funnel - 150 mL.

4.4 Volumetric flask (Class A) - 100 mL, with ground glass stopper;
25 mL, amber, with ground glass stopper.

4.5 Syringe - 5 mL.
4.6 Microsyringes - 5 ul, 100 ul.
4.7 Pipets (Class A).

4.8 Glass column (30 cm x 2 cm).

4,9 Mechanical shaker.

5.0  REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
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such specifications are available. Other grades may be used, provided it is
first ascertained that the reagent is of sufficiently high purity to permit its
use without lessening the accuracy of the determination.

5.2 Organic-free reagent water. All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Solvents
5.3.1 Ethyl acetate, C,HgCO,C,H;. Pesticide quality, or equivalent.

5.3.2 Diethyl ether, C,H,0C,H;. Pesticide quality, or equivalent.
Must be free of peroxides as indicated by test strips (EM Quant, or
equivalent). Procedures for removal of peroxides are provided with the
test strips. After cleanup, 20 mL of ethyl alcohol preservative must be
added to each liter of ether.

5.3.3 Methanol, CH,OH. Pesticide quality, or equivalent.
5.3.4 Benzene, C,H,. Pesticide quality, or equivalent.
5.3.5 Acetone, CH,COCH,. Pesticide quality, or equivalent.

5.4 Saturated bromine water. Prepare by shaking organic-free reagent
water with bromine and allowing to stand for 1 hour, in the dark, at 4°C. Use

the aqueous phase.

5.5 Sodium sulfate (anhydrous, granular), Na,S0,. Purify by heating at
400°C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with
methylene chloride. If the sodium sulfate is precleaned with methylene chloride,
a method blank must be analyzed, demonstrating that there is no interference from
the sodium sulfate.

5.6 Sodium thiosulfate, Na,S,0,, 1 M aqueous solution.
5.7 Potassium bromide, KBr, prepared for infrared analysis.
5.8 Concentrated hydrobromic acid, HBr, specific gravity 1.48.

5.9 Acrylamide monomer, H,C:CHCONH,, electrophoresis reagent grade,
minimum 95% purity.

5.10 Dimethyl phthalate, CzH,(COOCH;),, 99.0% purity.

5.11 Florisil (60/100 mesh): Prepare Florisil by activating at 130°C for
at least 16 hours. Alternatively, store Florisil in an oven at 130°C. Before
use, cool the Florisil in a desiccator. Pack 5 g of the Florisil, suspended in
benzene, in a glass column (Sec. 4.8).

5.12 Stock standard solutions

5.12.1 Prepare a stock standard solution of acrylamide monomer
as specified in Sec. 5.12.1.1. When compound purity is assayed to be 96%
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or greater, the weight can be used without correction to calculate the
concentration of the stock standard. Commercially prepared standards can
be used at any concentration if they are certified by the manufacturer or
by an independent source.

5.12.1.1 Dissolve 105.3 mg of acrylamide monomer in
organic-free reagent water in a 100 mL volumetric flask, and dilute
to the mark with organic-free reagent water. Dilute the solution of
acrylamide monomer so as to obtain standard solutions containing
0.1 - 10 mg/L of acrylamide monomer.

5.13 Calibration standards

5.13.1 Dilute the acrylamide stock solution with organic-free
reagent water to produce standard solutions containing 0.1 - 5 mg/L of
acrylamide. Prior to injection the calibration standards are reacted and
extracted in the same manner as environmental samples (Sec. 7).

5.14 Internal standards

5.14.1 The suggested internal standard is dimethyl phthalate.
Prepare a solution containing 100 mg/L of dimethyl phthalate in ethyl
acetate. The concentration of dimethyl phthalate in the sample extracts
and calibration standards should be 4 mg/L.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Sec. 4.1.
7.0 PROCEDURE

7.1 Bromination

7.1.1 Pipet 50 mL of sample into a 100 mL glass stoppered flask.
Dissolve 7.5 g of potassium bromide into the sample, with stirring.

7.1.2 Adjust the pH of the solution with concentrated hydrobromic
acid until the pH is between 1 and 3.

7.1.3 Wrap the flask with aluminum foil in order to exclude light.
Add 2.5 mL of saturated bromine water, with stirring. Store the flask and
contents in the dark, at 0°C, for at least 1 hour.

7.1.4 After reacting the solution for at least an hour, decompose
the excess of bromine by adding 1 M sodium thiosulfate solution, dropwise,
until the color of the solution is discharged.

7.1.5 Add 15 g of sodium sulfate, using a magnetic stirrer to effect
vigorous stirring.
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7.2 Extraction

7.2.1 Transfer the solution into a 150 mL separatory funnel. Rinse
the reaction flask three times with 1 mL aliquots of organic-free reagent
water. Transfer the rinsings into the separatory funnel.

7.2.2 Extract the aqueous solution with two 10 mL portions of ethyl
acetate for 2 min each, using a mechanical shaker (240 strokes per min).
Dry the organic phase with 1-g of sodium sulfate.

7.2.3 Transfer the organic phase into a 25 mL amber volumetric
flask. Rinse the sodium sulfate with three 1.5 mL portions of ethyl
acetate and combine the rinsings with the organic phase.

7.2.4 Add exactly 100 ug of dimethyl phthalate to the flask and make
the solution up to the 25 mL mark with ethyl acetate. Inject 5 ulL
portions of this solution into the gas chromatograph.

7.3 Florisil cleanup: Whenever interferences are observed, the samples

should be cleaned up as follows.

7.3.1 Transfer the dried extract into a Kuderna-Danish evaporator
with 15 mL of benzene. Evaporate the solvent at 70°C under reduced

pressure, and concentrate the solution to about 3 mL.

7.3.2 Add 50 mL of benzene and subject the solution to Florisil
column chromatography at a flow rate of 3 mL/min. Elute the column first
with 50 mL of diethyl ether/benzene (1:4) at a flow rate of 5 mL/min, and
then with 25 mL of acetone/benzene (2:1) at a flow rate of 2 mlL/min.
Discard all of the first eluate and the initial 9 mL portion of the second
eluate, and use the remainder for the determination, using dimethy]l
phthalate (4 mg/L) as an internal standard.

NOTE: Benzene 1is toxic, and should be only be used under a
ventilated laboratory hood.

7.4 Gas chromatographic conditions:

Nitrogen carrier gas flow rate: 40 mL/min
Column temperature: 165°C.
Injector temperature: 180°C
Detector temperature: 185°C.
Injection volume: 5 ulL

7.5 Calibration:

7.5.1 Inject 5 ul of a sample blank (organic-free reagent water
carried through all sample storage, handling, bromination and extraction
procedures).

7.5.2 Prepare standard solutions of acrylamide as described in Sec.
5.13.1. Brominate and extract each standard solution as described in

Secs. 7.1 and 7.2.
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7.5.2.1 Inject 5 uL of each of a minimum of five standard

solutions: one should be near the detection 1imit; one should be

near, but below, the expected concentrations of the analyte; one
should be near, but above, the expected concentrations of the
analyte. -~
7.5.2.2 Prepare a calibration curve using the peak areas
of the standards. If the calibration curve deviates significantly
from a straight line, prepare a new calibration curve with the
existing standards, or, prepare new standards and a new calibration
curve. See Method 8000, Sec. 7.4.3, for additional guidance on
calibration by the internal standard method.
7.5.2.3 Calculate the response factor for each standard
according to Equation 1.
RF = ——— Equation 1
(Ps) (Ma)
RF = Response factor
P, = Peak height of acrylamide
M = Amount of internal standard injected (ng)
Pis = Peak height of internal standard
M, = Amount of acrylamide injected (ng)
7.5.3 Calculate the mean response factor according to Equation 2.
n
L RF ™
i=1 Ry
RF = — Equation 2
n
RF = Mean response factor
RF = Response  factors  from standard analyses
(calculated in Equation 1)
n = Number of analyses
Gas chromatographic analysis:
7.6.1 Inject 5 ul portions of each sample (containing 4 mg/L
internal standard) into the gas chromatograph. An example GC/ECD
chromatogram is shown in Figure 1.
7.6.2 The concentration of acrylamide monomer in the sample is given
by Equation 3.
(Pa) (My)
[A] = — Equation 3
(Pis) (RF) (Vu) (Vs)
[A] = Concentration of acrylamide monomer in sample (mg/L)
8032 - 6 Revision 0 '
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Peak height of acrylamide monomer

Amount of internal standard injected (ng)
Total volume of sample (mlL)

Peak height of internal standard

Mean response factor from Equation 2
Injection volume (ul)
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8.0 QUALITY CONTROL

8.1 Refer to Chapter One and Method 8000 for specific quality control
procedures. :

9.0 METHOD PERFORMANCE

9.1 The following performance data have been generated under the
conditions described in this method:

9.1.1 The calibration curvé for Method 8032 is linear over the range
0-5 ug/L of acrylamide monomer.

9.1.2 The Timit of detection for an aqueous solution is 0.032 ug/L.

9.1.3 The yields of the brominated compound are 85.2 + 3.3% and 83.3
+ 0.9%, at fortification concentrations of 1.0 and 5.0 ug/L, respectively.

9.2 Table 1 provides the recoveries of acrylamide monomer from river
water, sewage effluent, and sea water.

9.3 The recovery of the bromination product as a function of the amount
of potassium bromide and hydrobromic acid added to the sample is shown in

Figure 2.

9.4 The effect of the reaction time on the recovery of the bromination
product is shown in Figure 3. The yield was constant when the reaction time was
more than 1 hour.

9.5 Figure 4 shows the recovery of the bromination product as a function
of the initial pH from 1 to 7.35. The yield was constant within this pH range.
The use of conventional buffer solutions, such as sodium acetate - acetic acid
solution or phosphate solution, caused a significant decrease in yield.

10.0 REFERENCES

1. Hashimoto, A., "Improved Method for the Determination of Acrylamide
Monomer in Water by Means of Gas-Liquid Chromatography with an Electron-
capture Detector,” Analyst, 101:932-938, 1976.
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TABLE 1

RECOVERY OF ACRYLAMIDE FROM WATER SAMPLES AS
2,3-DIBROMOPROPIONAMIDE

Overall
Acrylamide Amount of 2,3-DBPA®/ug Bromination Recovery of Coefficient

Sample Monomer Recovery Acrylamide of
Matrix Spiked/ug Calculated  Found® %° Monomer, %° Variation
Standard 0.05 0.162 0.138 85.2 --- 3.3

0.20 0.649 0.535 82.4 --- 1.0

0.25 0.812 0.677 83.3 --- 0.9
River Water 0.20 0.649 0.531 81.8 99.4 2.5
Sewage
Effluent 0.20 0.649 0.542 83.5 101.3 3.0
Sea Water 0.20 0.649 0.524 80.7 98.8 3.5
® 2,3-Dibromopropionamide
®  Mean of five replicate determinations
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Figure 1
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Typical gas chromatograms of the bromination product obtained from aqueous
acrylamide monomer solution:

A. Untreated
B. With Florisil cleanup
BL. Chromatogram of blank, concentrated five-fold before gas chromatographic

analysis.
Peaks:
1. 2,3-Dibromopropionamide
2. Dimethyl phthalate
4-7. Impurities from potassium bromide

Sample size = 100 mL; acrylamide monomer = 0.1 ug
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Figure 2
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Effect of (A) potassium bromide and (B) hydrobromic acid on the yield of
bromination. Sample size = 50 mL; acrylamide monomer = 0.25 ug
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Figure 3
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Effect of reaction time on the bromination. Reaction conditions:

50 mL of sample;

0.25 ug of acrylamide monomer;
7.5 g of potassium bromide;

2.5 mL of saturated bromine water

Extraction conditions:
15 g of sodium sulfate;

extraction at pH 2;
solvent = 10 mL of ethyl acetate (X2)
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Figure 4
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Effect of initial pH on the bromination. Reaction and extraction conditions as
in Figure 3. The pH was adjusted to below 3 with concentrated hydrobromic acid,
and to 4-5 with dilute hydrobromic acid. Reaction at pH 6 was in distilled
water. pH 7.35 was achieved by careful addition of dilute sodium hydroxide
solution. The broken 1ine shows the result obtained by the use of sodium acetate
- acetic acid buffer solution.
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METHOD 8032

ACRYLAMIDE BY GAS CHROMATOGRAPHY

r 7.1 Bromination ]

7.1.1 Dissolve 7.5 g KBr into
50 mL sample in flask.

!

7.1.2 Adjust soln. pH with
concentrated HBr to betwseen

1and 3.

7.1.3 Wrap soln. flask with
aluminum. Add 2.5 mL satd.
bromine water, stir, store at
0 Ctor1hr.

!

7.1.4 Add 1 M sodium
thiosulfats dropwise to flask to
decompose axcass bromine.

!

7.1.5 Add 15 g sodium

sulfate, and stir.

8032 - 13

|
r 7.2 Extraction —l
v

7.2.1 Transfer flask soln. to
sep. funnel along with rinses.

7.2.2 Extract soln. twice w/ethy!
acetate. Dry organic phase
using sodium sulfate.

!

7.2.3 Transfer organic phase
and rinses into amber
glass flask.

¥

7.2.4 Add 100 ug dimethyl
phthalate to flask, dilute to
mark. Inject 5 uL into GC.

[ 73Forsicleanup |

7.3.1 Transfer dried extract to
K-D assembly w/benzense.
Concentrateto3mL at 70 C
under reduced pressure.

I

7.3.2 Add 50 mL benzene to
solution. Pass soin. through
Florisil column. Elute with
diethyl ether/benzene, then
acetone/benzene. Collect
the second elution train (less
initiat 9 mL) for analysis.

&
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METHOD 8032
continued

7.4 GC Conditions

'

7.5 Calibration

!

7.5.1 inject 5 ul sample blank.

!

7.5.2 Brominate and extract std.

solns. similar to the samples.

.1 Inject 5 uL of each of the
minimum 5 stds.

.2 Plotpeak are vs. ).

.3 Calculate response factor
(RF) foreach [].

!

7.5.3 Calculate mean RF from

eqn. 2.

7.6 GC Analysis

'

7.6.1 Inject 5 uL sample containing
internal std. into GC.

!

7.6.2 Calculate acrylamide monomer
concentration in sample using

eqn. 3.
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METHOD 8040A
PHENOLS BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Method 8040 is used to determine the concentration of various
phenolic compounds. The following compounds can be determined by this method:

Appropriate Technique

Compound Name CAS No.® 3510 3520 3540 3550 3580
2-sec-Butyl-4,6-dinitrophenol 88-85-7 X ND ND ND X
(DNBP, Dinoseb)
4-Chloro-3-methylphenol 59-50-7 X X X X X
2-Chlorophenol 95-57-8 X X X X X
Cresols (methyl phenols) 1319-77-3 X ND ND ND X
2-Cyclohexyl-4,6-dinitrophenol 131-89-5 X ND ND ND LR
2,4-Dichlorophenol 120-83-2 X X X X X
2,6-Dichlorophenol 87-65-0 X ND ND ND X
2,4-Dimethylphenol 105-67-9 X X X X X
2,4-Dinitrophenol 51-28-5 X X X X X
2-Methy1-4,6-dinitrophenol 534-52-1 X X X X X
2-Nitrophenol 88-75-5 X X X X X
4-Nitrophenol 100-02-7 X X X X X
Pentachlorophenol 87-86-5 X X X X X
Phenol 108-95-2 DC(28) X X X X
Tetrachlorophenols 25167-83-3 X ND ND ND X
Trichlorophenols 25167-82-2 X X X X X
2,4,6-Trichlorophenol 88-06-2 X X X X X
a Chemical Abstract Services Registry Number.
DC = Unfavorable distribution coefficient (number in parenthesis is percent
recovery).
LR = Low response.
ND = Not determined.
X = Greater than 70 percent recovery by this technique.

1.2 Table 1 1ists the method detection 1imit for the target analytes in
water. Table 2 lists the estimated quantitation 1imit (EQL) for all matrices.

2.0 SUMMARY OF METHOD

2.1 Method 8040 provides gas chromatographic conditions for the detection
of phenolic compounds. Prior to analysis, samples must be extracted using
appropriate techniques (see Chapter Two for guidance). Both neat and diluted
organic Tliquids (Method 3580, Waste Dilution) may be analyzed by direct
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injection. A 2 to 5 ulL sample is injected into a gas chromatograph using the
solvent flush technique, and compounds in the GC effluent are detected by a flame
ionization detector (FID).

2.2 Method 8040 also provides for the preparation of pentafluorobenzyl-
bromide (PFB) derivatives, with additional cleanup procedures for electron
capture gas chromatography. This is to lower the detection limits of some
phenols and to aid the analyst in the elimination of interferences.

3.0 INTERFERENCES
3.1 Refer to Methods 3500, 3600, and 8000.

3.2 Solvents, reagents, glassware, and other sample processing hardware
may yield discrete artifacts and/or elevated baselines causing misinterpretation
of gas chromatograms. A1l of these materials must be demonstrated to be free
from interferences, under the conditions of the analysis, by analyzing reagent
blanks. Specific selection of reagents and purification of solvents by
distillation in all-glass systems may be required.

3.3 Interferences coextracted from samples will vary considerably from
source to source, depending upon the waste being sampled. Although general
cleanup techniques are recommended as part of this method, unique samples may
require additional cleanup.

3.4 The decomposition of some analytes under basic extraction conditions
has been demonstrated. Specifically, phenols may react to form tannates. These
reactions increase with increasing pH, and are decreased by the shorter reaction
times available in Method 3510.

3.5 The flame ionization detector (FID) is very susceptible to false
positives caused by the presence of hydrocarbons commonly found in samples from
waste sites. The problem may be minimized by applying acid-base cleanup (Method
3650) and/or alumina column chromatography (Method 3611) prior to GC/FID analysis
or using the derivatization technique and analyzing by GC/electron capture
detector. Initial site investigation should always be performed utilizing GC/MS
analysis to characterize the site and determine the feasibility of utilizing
Method 8040 with a GC/FID.

4.0 APPARATUS AND MATERIALS
4.1 Gas chromatograph
4.1.1 Gas Chromatograph - Analytical system complete with gas
chromatograph suitable for on-column injections and all required
accessories, including detectors, column supplies, recorder, gases, and
syringes. A data system for measuring peak areas and/or peak heights is
recommended.
4.1.2 Columns
4.1.2.1 Column for underivatized phenols - 1.8 m x 2.0 mm
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ID glass column packed with 1% SP-1240DA on Supelcoport 80/100 mesh,
or equivalent.

4.1.2.2 Column for derivatized phenols - 1.8 m x 2 mm ID
glass column packed with 5% OV-17 on Chromosorb W-AW-DMCS 80/100
mesh, or equivalent.

4.1.3 Detectors - Flame ionization (FID) and electron capture (ECD).
4.2 Reaction vial - 20 mL, with Teflon Tined screw-cap or crimp top.

4.3 Volumetric flask, Class A - Appropriate sizes with ground-glass
stoppers.

4.4 Kuderna-Danish (K-D) apparatus

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

extracts.

4.4.2 Evaporation flask - 500 mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps or
equivalent.

4.4.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.4.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.4.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.5 Boiling chips - Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.6 MWater bath - Heated, with concentric ring cover, capable of
temperature control (+ 5°C). The bath should be used in a hood.

4.7 Microsyringe - 10 ul.
4.8 Syringe - 5 mL.
4.9 Balance - analytical, 0.0001 g.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.
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5.2 Organic-free reagent water - All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Hexane, CH;(CH,),CH; - Pesticide quality or equivalent.
5.4 2-Propanol, (CH;),CHOH - Pesticide quality or equivalent.
5.5 Toluene, CHCH; - Pesticide quality or equivalent.

5.6 Derivatization reagent - Add 1 mL pentafluorobenzyl bromide and 1 g
18-crown-6-ether to a 50 mL volumetric flask and dilute to volume with
2-propanol. Prepare fresh weekly. This operation should be carried out in a
hood. Store at 4°C and protect from 1light.

5.6.1 Pentafluorobenzyl bromide (alpha-Bromopentafliuorotoluene),
C¢FsCH,Br. 97% minimum purity.

NOTE: This chemical is a lachrymator.

5.6.2 18-crown-6-ether (1,4,7,10,13,16-Hexaoxacyclooctadecane) -
98% minimum purity.

NOTE: This chemical is highly toxic.
5.7 Potassium carbonate (Powdered), K,CO;.
5.8 Stock standard solutions

5.8.1 Prepare stock standard solution at a concentration of
1000 mg/L by dissolving 0.0100 g of assayed reference material in
2-propanol and diluting to volume in a 10 mL volumetric flask. Larger
volumes can be used at the convenience of the analyst. When compound
purity is assayed to be 96% or greater, the weight can be used without
correction to calculate the concentration of the stock standard.
Commercially prepared stock standards can be used at any concentration if
they are certified by the manufacturer or by an independent source.

5.8.2 Transfer the stock standard solutions into bottles with Teflon
lined screw-caps or crimp tops. Store at 4°C and protect from 1ight.
Stock standards should be checked frequently for signs of degradation or
ivaporation, especially just prior to preparing calibration standards

rom them.

5.8.3 Stock standard solutions must be replaced after one year, or
sooner if comparison with check standards indicates a problem.

5.9 Calibration standards - Prepare calibration standards at a minimum
of five concentrations through dilution of the stock standards with 2-propanol.
One of the concentrations should be at a concentration near, but above, the
method detection limit. The remaining concentrations should correspond to the
expected range of concentrations found in real samples or should define the
working range of the GC. Calibration solutions must be replaced after six
months, or sooner, if comparison with check standards indicates a problem.
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5.10 Internal standards (if internal standard calibration is used) - To
use this approach, the analyst must selett one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that is applicable to all samples.

5.10.1 Prepare calibration standards at a minimum of five
concentrations for each analyte as described in Section 5.9.

5.10.2 To each calibration standard, add a known constant
amount of one or more internal standards, and dilute to volume with 2-
propano]l.

5.10.3 Analyze each calibration standard according to Section

7.0.

5.11 Surrogate standards - The analyst should monitor the performance of
the extraction, cleanup (if necessary), and analytical system and the
effectiveness of the method in dealing with each sample matrix by spiking each
sample, standard, and organic-free reagent water blank with phenolic surrogates
(e.g. 2-fluorophenol and 2,4,6-tribromophenol) recommended to encompass the range
of the temperature program used in this method. Method 3500 details instructions
on the preparation of acid surrogates. Deuterated analogs of analytes should not
be used as surrogates for gas chromatographic analysis due to coelution problems.

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1. Extracts must be stored under refrigeration and analyzed within 40
days of extraction.

7.0 PROCEDURE
7.1 Extraction

7.1.1 Refer to Chapter Two for guidance on choosing the appropriate
extraction procedure. In general, water samples are extracted at a pH of
less than or equal to 2 with methylene chloride, using either Method 3510
or 3520. Solid samples are extracted using either Method 3540 or 3550,
and non-aqueous samples using Method 3580. Extracts obtained from
application of either Method 3540 or 3550 should undergo Acid-Base
Partition Cleanup, using Method 3650.

7.1.2 Prior to gas chromatographic analysis, the extraction solvent
must be exchanged to 2-propanol. The exchange is performed as follows:

7.1.2.1 Following concentration of the extract to 1 mL
using the macro-Snyder column, allow the apparatus to cool and drain
for at least 10 minutes.
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7.1.2.2 Remove the micro-Snyder column and rinse its lower
joint into the concentrator tube with a minimum amount of 2-
propanol. Adjust the extract volume to 1.0 mL. Stopper the
concentrator tube and store refrigerated at 4°C if further
processing will not be performed immediately. If the extract will f‘“ﬁ
be stored longer than two days, it should be transferred to a vial e
with a Teflon Tined screw-cap or crimp top. If the extract requires
no further derivatization or cleanup, proceed with gas
chromatographic analysis. '

7.2 Gas chromatographic conditions (Recommended)
7.2.1 Column for underivatized phenols - ‘

Carrier gas (N,) flow rate: 30 mL/min

Initial temperature: 80°C
Temperature program: 80°C to 150°C at 8°C/min
- Final Temperature: 150°C, hold until all compounds have
eluted.

7.2.2 Column for derivatized phenols -

Carrier gas (5% methane/95% argon)

flow rate: 30 mL/min
Initial temperature: 200°C
Temperature program: isothermal, hold until all

compounds have eluted.

7.3 Calibration - Refer to Method 8000 for proper calibration techniques.
Use Table 1 and especially Table 2 for guidance on selecting the Towest point on
the calibration curve.

7.3.1 The procedure for internal or external calibration may be used
for the underivatized phenols. Refer to Method 8000 for a description of
each of these procedures. If derivatization of the phenols is required,
the method of external calibration should be used by injecting five or
more concentrations of calibration standards that have also undergone
derivatization and cleanup prior to instrument calibration.

7.4 Gas chromatographic analysis

7.4.1 Refer to Method 8000. If the internal standard calibration
technique is used, add 10 uL of internal standard to the sample prior to
injection.

7.4.2 Phenols are to be determined on a gas chromatograph equipped
with a flame ionization detector according to the conditions listed for
the 1% SP-1240DA column (Section 7.2.1). Table 1 summarizes estimated
retention times and sensitivities that should be achieved by this method
for clean water samples. Estimated quantitation 1limits for other
matrices are list in Table 2.

7.4.3 Method 8000 provides instructions on the analysis sequence,
appropriate dilutions, establishing daily retention time windows, and
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identification criteria. Include a mid-concentration standard after each
group of 10 samples in the analysis sequence.

7.4.4 An example of a GC/FID chromatogram for certain phenols is
shown in Figure 1. Other packed or capillary (open-tubular) columns,
chromatographic conditions, or detectors may be used if the requirements
of Section 8.2 are met.

7.4.5 Record the sample volume injected and the resulting peak sizes
(in area units or peak heights).

7.4.6 Using either the internal or external calibration procedure
(Method 8000), determine the identity and quantity of each component peak
in the sample chromatogram which corresponds to the compounds used for
calibration purposes. See Method 8000 for calculation equations.

7.4.7 If peak detection using the SP-1240DA column with the flame
ionization detector is prevented by interferences, PFB derivatives of the
phenols should be analyzed on a gas chromatograph equipped with an
electron capture detector according to the conditions listed for the 5%
0V-17 column (Section 7.2.2). The derivatization and cleanup procedure
is outlined in Sections 7.5 through 7.6. Table 3 summarizes estimated
retention times for derivatives of some phenols using the conditions of
this method.

7.4.8 Figure 2 shows a GC/ECD chromatogram of PFB derivatives of
certain phenols.

7.4.9 Record the sample volume injected and the resulting peak sizes
(in area units or peak heights).

7.4.10 Determine the identity and quantity of each component
peak in the sample chromatogram which corresponds to the compounds used
for calibration purposes. The method of external calibration should be
used (see Method 8000 for guidance). The concentration of the individual
compounds in the sample is calculated as follows:

[(A)(V,)(B)(D)]

Concentration (ug/L) =

[(V;)(X)(C)(E)]
where:

A = Mass of underivatized phenol represented by area of peak
in sample chromatogram, determined from ca11bratlon
curve (see Method 8000), ng.

v, = Total amount of column eluate or combined fractions from
which V. was taken, ul.

B = Total volume of hexane added in Section 7.5.5, mL.

D = Total volume of 2-propanol extract prior to

derivatization, mL.
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V. = Volume injected, pul.

X = Volume of water extracted, mL, or weight of nonaqueous
sample extracted, g, from Section 7.1. Either the dry
or wet weight of the nonaqueous sample may be used,
depending upon the specific application of the data.

C = Volume of hexane sample solution added to cleanup column
(Method 3630), mL.

E = Volume of 2-propanol extract carried through
derivatization in Section 7.5.1, mL.

7.5 Derivatization - If interferences prevent measurement of peak area

during analysis of the extract by flame ionization gas chromatography, the
phenols must be derivatized and analyzed by electron capture gas chromatography.

8.0

7.5.1 Pipet a 1.0 mL aliquot of the 2-propanol stock standard
solution or of the sample extract into a glass reaction vial. Add 1.0 mL
derivatization reagent (Section 5.3). This amount of reagent is
sufficient to derivatize a solution whose total phenolic content does not
exceed 300 mg/L.

7.5.2 Add approximately 0.003 g of potassium carbonate to the
solution and shake gently.

7.5.3 Cap the mixture and heat it for 4 hours at 80°C in a hot water
bath.

7.5.4 Remove the solution from the hot water bath and allow it to
cool.

7.5.5 Add 10 mL hexane to the reaction vial and shake vigorously for
1 minute. Add 3.0 mL organic-free reagent water to the reaction vial and
shake for 2 minutes.

7.5.6 Decant the organic layer into a concentrator tube and cap with
a glass stopper. Proceed with cleanup procedure.

7.6 Cleanup

7.6.1 Cleanup of the derivatized extracts takes place using Method
3630 (Silica Gel Cleanup), in which specific instructions for cleanup of
the derivatized phenols appear.

7.6.2 Following column cleanup, analyze the samples using GC/ECD, as
described starting in Section 7.4.7.
QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures.

Quality control to validate sample extraction is covered in Method 3500 and in
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the extraction method used. If extract cleanup was performed, follow the QC in
Method 3600 and in the specific cleanup method.

8.2 Procedures to check the GC system operation are found in Method 8000,
Section 8.6.

8.2.1 The quality control check sample concentrate (Method 8000,
Section 8.6) should contain each analyte of interest at a concentration
of 100 mg/L in 2-propanol.

8.2.2 Table 4 indicates the calibration and QC acceptance criteria
for this method. Table 5 gives method accuracy and precision as
functions of concentration for the analytes. The contents of both tables
should be used to evaluate a laboratory’s ability to perform and generate
acceptable data by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if the recovery is within limits (limits established by
performing QC procedures outlined in Method 8000, Section 8.10).

8.3.1 If recovery is not within limits, the following is required.

J Check to be sure that there are no errors in calculations,
surrogate solutions and internal standards. Also, check
instrument performance.

o Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

J Reextract and reanalyze the sample if none of the above are a
problem or flag the data as "estimated concentration.”

9.0 METHOD PERFORMANCE

9.1 The method was tested by 20 laboratories using organic-free reagent
water, drinking water, surface water, and three industrial wastewaters spiked at
six concentrations over the range 12 to 450 pg/L. Single operator precision,
overall precision, and method accuracy were found to be directly related to the
concentration of the analyte and essentially independent of the sample matrix.
Linear equations to describe these relationships for a flame ionization detector
are presented in Table 5.

9.2 The accuracy and precision obtained will be affected by the sample
matrix, sample-preparation technique, and calibration procedures used.

10.0 REFERENCES

1. Development and Application of Test Procedures for Specific Organic Toxic
Substances in Wastewaters. Category 3 - Chlorinated Hydrocarbons and
Category 8 - Phenols. Report for EPA Contract 68-03-2625 (in

preparation).
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TABLE 1.
FLAME IONIZATION GAS CHROMATOGRAPHY OF PHENOLS®

Method
Retention time Detection
Analyte (minutes) Timit (ug/L)
2-sec-Butyl1-4,6-dinitrophenol (DNBP)
4-Chloro-3-methylphenol 7.50 0.36
2-Chlorophenol 1.70 0.31
Cresols (methyl phenols)
2-Cyclohexyl-4,6-dinitrophenol
2,4-Dichlorophenol 4.30 0.39
2,6-Dichlorophenol
2,4-Dimethylphenol 4.03 0.32
2,4-Dinitrophenol _ 10.00 13.0
2-Methyl1-4,6-dinitrophenol 10.24 16.0
2-Nitrophenol 2.00 0.45
4-Nitrophenol 24.25 2.8
Pentachlorophenol 12.42 7.4
Phenol 3.01 0.14
Tetrachlorophenols
Trichlorophenols
2,4,6-Trichlorophenol 6.05 0.64
® - 1% SP-1240DA on Supelcoport 80/100 mesh column.
TABLE 2.
DETERMINATION OF ESTIMATED QUANTITATION
LIMITS (EQLs) FOR VARIOUS MATRICES®

Matrix Factor®
Ground water 10
Low-concentration soil by sonication with GPC cleanup 670
High-concentration soil and sludges by sonication 10,000
Non-water miscible waste 100,000

a Sample EQLs are highly matrix-dependent. The EQLs listed herein are provided
for guidance and may not always be achievable.

b EQL = [Method detection limit (Table 1)] X [Factor (Table 2)]. For non-
aqueous samples, the factor is on a wet-weight basis.
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TABLE 3.

ELECTRON CAPTURE GAS CHROMATOGRAPHY OF PFB DERIVATIVES®

Retention Method
time detection
Parent compound (min) limit (ug/L)
4-Chloro-2-methylphenol 4.8 1.8
2-Chlorophenol 3.3 0.58
2,4-Dichlorophenol 5.8 0.68
2,4-Dimethy1phenol 2.9 0.63
2,4-Dinitrophenol 46.9
2-Methyl-4,6-dinitrophenol 36.6
2-Nitrophenol 9.1 0.77
4-Nitrophenol 14.0 0.70
Pentachlorophenol 28.8 0.59
Phenol 1.8 2.2
2,4,6-Trichlorophenol 7.0 0.58
® - 5% OV-17 on Chromosorb W-AW-DMCS 80/100 mesh column.
8040A - 12 Revision 1
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TABLE 4.
QC ACCEPTANCE CRITERIA®

Test Limit Range Recovery

conc. for s for x Range
Analyte (ug/L)  (wg/L) (ug/L) (%)
4-Chloro-3-methylphenol 100 16.6 56.7-113.4 99-122
2-Chlorophenol 100 27.0 54.1-110.2 38-126
2,4-Dichlorophenol 100 25.1 59.7-103.3 44-119
2,4-Dimethylphenol 100 33.3 50.4-100.0 24-118
4,6-Dinitro-2-methylphenol 100 25.0 42.4-123.6 30-136
2,4-Dinitrophenol 100 36.0 31.7-125.1 12-145
2-Nitrophenol 100 22.5 56.6-103.8 43-117
4-Nitrophenol 100 19.0 22.7-100.0 13-110
Pentachlorophenol 100 32.4 56.7-113.5 36-134
Phenol 100 14.1 32.4-100.0 23-108
2,4,6-Trichlorophenol 100 16.6 60.8-110.4 53-119

Standard deviation of four recovery measurements, in ug/L.

wv
]

Average recovery for four recovery measurements, in ug/L.

x|
1

a Criteria from 40 CFR Part 136 for Method 604. These criteria are based
directly upon the method performance data in Table 5. Where necessary, the -
limits for recovery have been broadened to assure applicability of the
limits to concentrations below those used to develop Table 5.
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TABLE 5.
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION®

Accuracy, as Single analyst Overall
recovery, x’ precision, sr’ precision,
Analyte (ug/L) (ug/L) S’ (ug/L)
4-Chloro-3-methylphenol . 0.87C-1.97 0.11x-0.21 0.16x+1.41
2-Chlorophenol 0.83C-0.84 0.18x+0.20 0.21x+0.75
2,4-Dichlorophenol 0.81C+0.48 0.17x-0.02 0.18x+0.62
2,4-Dimethy1phenol 0.62C-1.64 0.30x-0.89 0.25x+0.48
4,6-Dinitro-2-methylphenol 0.84C-1.01 0.15x+1.25 0.19x+5.85
2,4-Dinitrophenol 0.80C-1.58 0.27x-1.15 0.29x+4.51
2-Nitrophenol 0.81C-0.76 0.15x+0.44 0.14x+3.84
4-Nitrophenol 0.46C+0.18 0.17x+2.43 0.19x+4.79
Pentachlorophenol 0.83C+2.07 0.22x-0.58 0.23x+0.57
Phenol 0.43C+0.11 0.20x-0.88 0.17x+0.77
2,4,6-Trichlorophenol 0.86C-0.40 0.10x+0.53 0.13x+2.40
x’ = Expected recovery for one or more measurements of a sample

x|

®From

containing a concentration of C, in ug/L.

= Expected single analyst standard deviation of measurements at an
average concentration of x, in ug/L.

= Expected interlaboratory standard deviation of measurements at an
average concentration found of x, in ug/L.

= True value for the concentration, in ug/L.

= Average recovery found for measurements of samples containing a
concentration of C, in ug/L.

40 CFR Part 136 for Method 604.
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Figure 1
Gas Chromatogram of Phenols
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Figure 2
Gas Chromatogram of PFB Derivatives of Phenols
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METHOD 8040A

PHENOLS BY GAS CHROMATOGRAPHY

7 1.1 Choose
appropriate
extraction

method (refer

to Chapter 2)

7 1.2
Exchange
extraction
solvent to
2-prapanol

7.2 Set gas
chromatography
conditions

7.3 Refer to
Method 8000
for proper
calibrataion
techniques

731 1s
deraivatization
of phenols
required?

7.3.1 Inject at
least S
concentrations
of calibration
standards

B

7 4 Perform

GC analysis

(see Method
8000)
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METHOD 8040A

(Continued)

7.4.7 Do
interferences
prevent peak
detection?

7.5 Prepare
derivatives
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sample volume
injected and
peak sizes
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using Method
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METHOD 8060
PHTHALATE ESTERS

1.0 SCOPE AND APPLICATION

1.1 Method 8060 1is used to determine the concentration of various
phthalate esters. Table 1 indicates compounds that may be determined by this
method and 1ists the method detection 1imit for each compound in reagent
water. Table 2 1lists the practical quantitation 1imit (PQL) for other
matrices. _

2.0 SUMMARY OF METHOD

2.1 Method 8060 provides gas chromatographic conditions for the
detection of ppb levels of phthalate esters. Prior to use of this method,
appropriate sample extraction techniques must be used. Both neat and diluted
organic liquids (Method 3580, Waste Dilution) may be analyzed by direct
injection. A 2- to 5-uL aliquot of the extract is 1injected into a gas
chromatograph (GC) using the solvent flush technique, and compounds in the GC
effluent are detected by an electron capture detector (ECD) or a flame
ifonization detector (FID). Ground water samples should be determined by ECD.

2.2 The method provides a second gas chromatographic column that may be
helpful in resolving the analytes from interferences that may occur and for
analyte confirmation.

3.0 INTERFERENCES
3.1 Refer to Methods 3500, 3600, and 8000.

3.2 Phthalate esters contaminate many types of products commonly found
in the laboratory. The analyst must demonstrate that no phthalate residues
contaminate the sample or solvent extract under the conditions of analysis.
Plastics, in particular, must be avoided because phthalates are commonly used
as plasticizers and are easily extracted from plastic materials. Serious
phthalate contamination may result at any time if consistent quality control
is not practiced.

3.3 Solvents, reagents, glassware, and other sample processing hardware
may yield discrete artifacts and/or elevated Dbaselines causing
misinterpretation of gas chromatograms. A1l these materials must be
demonstrated to be free from interferences, under the conditions of the
analysis, by analyzing method blanks. Specific selection of reagents and
purification of solvents by distillation in all-glass systems may be required.

3.4 Interferences coextracted from samples will vary considerably from
source to source, depending upon the waste being sampled. Although general
cleanup techniques are recommended as part of this method, unique samples may
require additional cleanup.

8060 - 1
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TABLE 1. RETENTION TIME AND DETECTION LIMIT INFORMATION FOR PHTHALATE ESTERS

Retention time (min) Method detection —
1imit (ug/L L /)
Compound Col. 12 (Col. 2P ‘E—u—)_cn FID
Benzyl butyl phthalate *6.94 **5.11 0.34 15
Bis(2-ethylhexyl)phthalate *8.92 **10.5 2.0 20
Di-n-butyl phthalate 8.65 3.50 0.36 14
Diethyl phthalate 2.82 1.27 - 0.49 31
Dimethyl phthalate 2.03 0.95 0.29 19
Di-n-octyl phthalate *16.2 **8.0 3.0 31

aColumn 1: Supelcoport 100/120 mesh coated with 1.5% SP-2250/1.95% SP-
2401 packed in a 180-cm x 4-mm I.D. glass column with carrier gas at 60
mL/min flow rate. Column temperature i{s 180°C, except where * indicates
220°C. Under these conditions the retention time of Aldrin is 5.49 min
at 180°C and 1.84 min at 220°C.

bcolumn 2: Supelcoport 100/120 mesh with 3% OV-1 in a 180-cm x 4-mm I.D.
glass column with carrier gas at 60 mL/min flow rate. Column temperature
is 200°C, except where ** indicates 220°C. Under these conditions the
“~tention time of Aldrin is 3.18 min at 200°C and 1.46 min at 220°C.

s
N
TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS
MATRICESA
Matrix Factorb
Ground water 10
Low-level soil by sonication with GPC cleanup 670
High-level soil and sludges by sonication 10,000
Non-water miscible waste 100, 000
asample PQLs are highly wmatrix-dependent. The PQLs listed herein are
provided for guidance and may not always be achievable.
bpqL = [Method detection 1imit (Table 1)] X [Factor (Table 2)]. For non-
aqueous samples, the factor is on a wet-weight basis.
-~
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4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph:

o~

e 4.1.1 Gas chromatograph: Analytical system complete with gas
chromatograph suitable for on-column 1injections and all required
accessories, including detectors, column supplies, recorder, gases, and
syringes. A data system for measuring peak areas and/or peak heights is
recommended.

4,1.,2 Columns:

4,1.,2.1 Column 1: 1.8-m x 4-mm I.D. glass column packed with
1.5% SP-2250/1.95% SP-2401 on Supelcoport 100/120 mesh or
equivalent. '

4,1.2.2 Column 2: 1.8-m x 4-mm I.D. glass column packed with
3% OV-1 on Supelcoport 100/120 mesh or equivalent.

4.1.3 Detectors: Flame fonization (FID) or electron capture (ECD).

4,2 Volumetric flask: 10-, 50-, and 100-mL, ground-glass stopper.
4.3 Kuderna-Danish (K-D) apparatus: |

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

4,3.2 Evaporation flask: 500-mL  (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs.

O

4,3.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or
equivalent).

4,3.4 Snyder column: Two-ball micro (Kontes K-569001-0219 or
equivalent).

4.4 Bo111ng1ch1ps: Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.5 Water bath: Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4.6 Microsyringe: 10-uL.
4.7 Syringe: 5-mL.
4.8 Vials: Glass, 2- and 20-mL capacity with Teflon-1ined screw cap.

oo 8060 - 3
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5.0 REAGENTS

5.1 Solvents: Hexane, acetone, {isooctane (2,2,4-trimethylpentane)
(pesticide quality or equivalent).

5.2 Stock standard solutions:

5.2.1 Prepare stock standard solutions at a concentration of 1.00
ug/uL by dissolving 0.0100 g of assayed reference material in isooctane
and diluting to volume in a 10-mL volumetric flask. Larger volumes can
be used at the convenience of the analyst. When compound purity is
assayed to be 96% or greater, the weight can be used without correction
to calculate the concentration of the stock standard. Commercially
prepared stock standards can be used at any concentration if they are
certified by the manufacturer or by an independent source.

5.2.2 Transfer the stock standard solutions 1into Teflon-sealed
screw-cap bottles. Store at 4°C and protect from 1ight. Stock standards
should be checked frequently for signs of degradation or evaporation,
especially just prior to preparing calibration standards from them.

5.2.3 Stock standard solutions must be replaced after one year, or
sooner if comparison with check standards indicates a problem.

5.3 Calibration standards: Calibration standards at a minimum of five
concentration levels should be prepared through dilution of the stock
standards with isooctane. One of the concentration 1levels should be at a
concentration near, but above, the method detection 1imit. The remaining
concentration levels should correspond to the expected range of concentrations
found in real samples or should define the working range of the GC.
Calibration solutions must be replaced after six months, or sooner if
comparison with check standards indicates a problem.

5.4 Internal standards (if internal standard calibration is used): To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that is applicable to all samples.

5.4.1 Prepare calibration standards at a minimum of five
concentration levels for each analyte of interest as described in
Paragraph 5.3.

5.4.2 To each calibration standard, add a known constant amount of
one or more internal standards, and dilute to volume with isooctane.

5.4.3 Analyze each calibration standard according to Section 7.0.

5.5 Surrogate standards: The analyst should monitor the performance of
the extraction, cleanup (when used), and analytical system and the effec-
tiveness of the method in dealing with each sample matrix by spiking each
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sample, standard, and reagent water blank with one or two surrogates (e.g.,
phthalates that are not expected to be in the sample) recommended to encompass
the range of the temperature program used 1in this method. Method 3500,
Section 5.3.1.1, details instructions on the preparation of base/neutral
surrogates. Deuterated analogs of analytes should not be used as surrogates
for gas chromatographic analysis due to coelution problems.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1. Extracts must be stored under refrigeration and analyzed within
40 days of extraction.

7.0 PROCEDURE
7.1 Extraction:

7.1.1 Refer to Chapter Two for guidance on choosing the appropriate
extraction procedure. In general, water samples are extracted at a
neutral, or as is, pH with methylene chloride, using either Method 3510
or 3520. Solid samples are extracted using either Method 3540 or 3550.

7.1.2 Prior to gas chromatographic analysis, the extraction solvent
must be exchanged to hexane. The exchange is performed during the K-D
procedures listed in all of the extraction methods. The exchange is
performed as follows.

7.1.2.1 Fo]]owingAK-D of the methylene chloride extract to
1 mL using the macro-Snyder column, allow the apparatus to cool and
drain for at least 10 min.

7.1.2.2 Momentarily remove the Snyder column, add 50 mL of
hexane, a new boiling chip, and reattach the macro-Snyder column.
Concentrate the extract using 1 mL of hexane to prewet the Snyder
column. Place the K-D 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 concentration in 5-10 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 1liquid
reaches 1 mL, remove the K-D apparatus and allow it to drain and
cool for at least 10 min. The extract will be handled differently
at this point, depending on whether or not cleanup is needed. If
cleanup is not required, proceed to Paragraph 7.1.2.3. If cleanup
is needed, proceed to Paragraph 7.1.2.4.

7.1.2.3 If cleanup of the extract is not required, remove the
Snyder column and rinse the flask and {its Tlower joint into the
concentrator tube with 1-2 mL of hexane. A 5-mL syringe is
recommended for this operation. Adjust the extract volume to
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10.0 mL. Stopper the concentrator tube and store refrigerated at
4°C 1f further processing will not be performed immediately. If the
extract will be stored longer than two days, it should be
transferred to a Teflon-sealed screw-cap vial. Proceed with gas
chromatographic analysis. ‘

7.1.2.4 1If cleanup of the extract 1is required, remove the
Snyder column and rinse the flask and its Tlower joint into the
concentrator tube with a minimum amount of hexane. A 5-mL syringe
is recommended for this operation. Add a clean boiling chip to the
concentrator tube and attach a two-ball micro-Snyder column. Prewet
the column by adding about 0.5 mL of hexane to the top. Place the
micro-K-D apparatus on the water bath (80°C) 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 concentration in 5-10 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 1iquid
reaches 0.5 mL, remove the K-D apparatus and allow it to drain and
cool for at least 10 min.

7.1.2.5 Remove the micro-Snyder column and rinse the flask and
its lower joint into the concentrator tube with 0.2 mL of hexane.

Adjust the extract volume to 2.0 mL and proceed with either Method
3610 or 3620.

7.2 Gas _chromatography conditions (Reéommended): The analysis for
phthalate esters may be conducted using either a flame ionization or an

electron capture detector. The ECD may, however, provide substantially better
sensitivity.

7.2.1 Column 1: Set 5% methane/95% argon carrier gas flow at 60
mL/min flow rate. Set column temperature at 180°C isothermal.

7.2.2 Column 2: Set 5% methane/95% argon carrier gas flow at 60
mL/min flow rate. Set column temperature at 200°C isothermal.

7.3 Calibration: Refer to Method 8000 for proper calibration
techniques. Use Table 1 and especially Table 2 for guidance on selecting the
lowest point on the calibration curve.

7.3.1 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these
procedures.

7.3.2 If cleanup is performed on the samples, the analyst should
process a series of standards through the cleanup procedure and then

analyze the samples by GC. This will confirm elution patterns and the
absence of interferents from the reagents.
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7.4 Gas chromatographic analysis:

7.4.1 Refer to Method 8000. If the internal standard calibration
technique 1s used, add 10 ulL of 1internal standard to the sample prior to
injection.

7.4.2 Follow Section 7.6 1in Method 8000 for instructions on the
analysis sequence, appropriate dilutions, establishing daily retention
time windows, and identification criteria. Include a mid-level standard
after each group of 10 samples in the analysis sequence.

7.4.3 Examples of GC/ECD chromatograms for phthalate esters are
shown 1n Figures 1 and 2.

7.4.4 Record the sample volume 1injected and the resulting peak
sizes (in area units or peak heights).

7.4.5 Using either the 1internal or external calibration procedure
(Method 8000), determine the identity and quantity of each analyte peak
in the sample chromatogram. See Section 7.8 of Method 8000 for
calculation equations.

7.4.6 If peak detection and identification are prevented due to

interferences, the hexane extract may undergo cleanup using either Method
3610 or 3620.

7.5 Cleanup:

7.5.1 Proceed with either Method 3610 or 3620, using the 2-mL
hexane extracts obtained from Paragraph 7.1.2.5.

7.5.2 Following cleanup, the extracts should be analyzed by GC, as
described in the previous paragraphs and in Method 8000.

QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures.

Quality control to validate sample extraction is covered in Method 3500 and in
the extraction method utilized. If extract cleanup was performed, follow the
QC in Method 3600 and in the specific cleanup method.

8.2 Procedures to check the GC system operation are found in Method

8000, Section 8.6.

8.2.1 The quality control check sample concentrate (Method 8000,
Section 8.6) should contain each analyte of 1interest at the following
concentrations in acetone: butyl benzyl phthalate, 10 ug/mL; bis(2-
ethylhexyl) phthalate, 50 ug/mL; di-n-octyl phthalate, 50 ug/mL; and any
other phthalate, 25 ug/mL.
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Column: 1.5% SP-2250+

1.95% SP-2401 on Supsicoport
Tempersture: 1809C
Detector: Electron Capture
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Figure 1. Gas chromatogram of phthalates (example 1).
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Figure 2. Gas chromatogram of phthalates (example 2).
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8.2.2 Table 3 indicates the calibration and QC acceptance criteria
for this method. Table 4 gives method accuracy and precision as
functions of concentration for the analytes of interest. The contents of
both Tables should be used to evaluate a laboratory's ability to perform
and generate acceptable data by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if the recovery is within limits (1imits estab]ished by
performing QC procedures outlined in Method 8000, Section 8.10).

8.3.1 If recovery is not within 1imits, the following is required.

~+ Check to be sure there are no errors 1in calculations,
surrogate solutions and 1internal standards. Also, check
instrument performance.

« Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

- Reextract and reanalyze the sample 1f none of the above are
a problem or flag the data as "estimated concentration."

9.0 METHOD PERFORMANCE

9.1 The method was tested by 16 laboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked at six
concentrations over the range 0.7 to 106 ug/L. Single operator precision,
overall precision, and method accuracy were found to be directly related to
the concentration of the analyte and essentially independent of the sample

matrix. Linear equations to describe these re]ationsh1ps for a flame
jonization detector are presented in Table 4.

9.2 The accuracy and precision obtained will be determined by the sample
matrix, sample-preparation technique, and calibration procedures used.

10.0 REFERENCES

1. Development and Application of Test Procedures for Specific Organic Toxic

Substances in Wastewaters. Category 1 - Phthalates. Report for EPA Contract
68-03-2606 (in preparation).

2. "Determination of Phthalates in Industrial and Municipal Wastewaters,*
EPA-600/4-81-063, U.S. Environmental Protection Agency, Environmental
Monitoring and Support Laboratory, Cincinnati, Ohio 45268, October 1981.

3. Burke, J.A. "Gas Chromatography for Pesticide Residue Analysis; Some

Practical Aspects,” Journal of the Association of Official Analytical
Chemists, 48, 1037, 1965.
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4. “EPA Method validation Study 16, Method 606 (Phthalate Esters),® Report
for EPA Contract 68-03-2606 (in preparation).

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

6. Provost, L.P..and R.S. Elder, "Interpretation of Percent Recovery Data,”
American Laboratory, 15, pp. 58-63, 1983.
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TABLE 3. QC ACCEPTANCE CRITERIA3

Test Limit Range Range
conc. for s for X P, Ps
Parameter (ug/L) (ug/L) (ug/L) (%)
Bis(2-ethylhexyl)phthalate 50 38.4 1.2-55.9 D-158
Butyl benzyl phthalate 10 4,2 5.7-11.0 30-136
Di-n-butyl phthalate 25 8.9 10.3-29.6 23-136
Diethyl phthalate 25 9.0 - 1.9-33.4 D-149
Dimethyl phthalate 25 9.5 1.3-35.5 D-156
Di-n-octyl phthalate 50 13.4 D-50.0 D-114

= Standard deviation of four recovery measurements, in ug/L.

X = Average recovery for four recovery measurements, in ug/L.

P, Pg = Percent recovery measured.

D = Detected; result must be greater than zero.

aCriteria from 40 CFR Part 136 for Method 606. These criterta are based

directly upon the method performance data 1in Table 4.

Where necessary, the

1imits for recovery have been broadened to assure applicability of the limits

to concentrations below those used to develop Table 4.
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TABLE 4. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONA

Accuracy, as Single analyst Overall

recovery, Xx' precision, sp' precision,

Parameter (ug/L) (ug/L) S' (ug/L)
Bis(2-ethylhexyl) phthalate 0.53C+2,02 0.80%-2.56 0.73%X-0.17
Butyl benzyl phthalate 0.82C+0.13 0.26%X+0.04 0.25%+0.07
Di-n-butyl phthalate 0.79C+0.17 0.23%+0.20 0.29%X+0.06
Diethyl phthalate 0.70C+0.13 0.27%+0.05 0.45%+0.11
Dimethyl phthalate 0.73C+0.17 0.26%X+0.14 0.44%+0.31
Di-n-octyl phthalate 0.35C-0.71 0.38%X+0.71 0.62%X+0.34

x' = Expected recovery for one or more measurements of a sample

containing a concentration of C, in ug/L.

sp' = Expected single analyst standard deviation of measurements at an
average concentration of X, in ug/L.

S' = Expected interlaboratory standard deviation of measurements at an
average concentration found of X, in ug/L.

C = True value for the concentration, in ug/L.

X = Average recovery found for measurements of samples containing a

concentration of C, in ug/L.

acriteria from 40 CFR Part 136 for Method 606.

8060 - 13
Revision 0

Date September 1986




Stert

7.1.1

Choose

appropriste
extraction
procedure
(see Chapter 2)

h

7.1.2]| Exchange
extract-

ion solvent to
hexane

during micro

K~D procsgures

7.2

Set gas
chromatography
conditions

Refer to

Method 8000
for proper
celibration
techniquas

7.3.2

1s
cleanup
necessary?

Yos

METHOD 8060
PHTHALATE ESTERS

7.4

Perform GC
analysis (see
Methoo 8000)

7.4.6

Is identifice-

prevented by
interfer-
.ﬂgll

tion £ detection

Yes 7.5.1

Clsanup
using Maethod
3610 or 3620)

]

7.5.2]| Process
e seriss

of atasndargs

through claenup
procedure;

snslyze by GC

8060 - 14
Revision 0
Date September 1986




-
-

O

y ﬁ;'ﬁ'.ﬁﬂb'\‘

I

METHOD 8061

PHTHALATE ESTERS BY CAPILLARY GAS CHROMATOGRAPHY
WITH ELECTRON CAPTURE DETECTION (GC/ECD)

1.0 SCOPE AND APPLICATION

1.1 Method 8061 is used to determine the identities and concentrations
of various phthalate esters in 1iquid, solid and sludge matrices. The following
compounds can be determined by this method:

Compound Name CAS No.®
Benzyl benzoate (I.S.) 120-51-4
Bis(2-ethylhexyl) phthalate 117-81-7
Butyl benzyl phthalate 85-68-7
Di-n-butyl phthalate 84-74-2
Diethyl phthalate 84-66-2
Dimethyl phthalate 131-11-3

4-0

Di-n-octyl phthalate 117-84-

2 Chemical Abstract Services Registry Number.

1.2 Table 1 Tlists the method detection 1limits (MDL) for the target
analytes in a water matrix. The MDLs for the components of a specific sample may
differ from those listed in Table 1 because MDLs depend on the nature of
interferences in the sample matrix. Table 2 lists the estimated quantitation

limits (EQL) for other matrices.

1.3 When this method is used to analyze for any or all of the target
analytes, compound identification should be supported by at least one additional
qualitative technique. This method describes conditions for parallel column,
dual electron capture detector analysis which fulfills the above requirement.
Retention time information obtained on two megabore fused-silica open tubular
columns is given in Table 1. Alternatively, gas chromatography/mass spectrometry
could be used for compound confirmation.

1.4 The following compounds, bis(2-n-butoxyethyl) phthalate, bis(2-
ethoxyethyl) phthalate, bis(2-methoxyethyl) phthalate, bis(4-methyl-2-pentyl)
phthalate, diamyl phthalate, dicyclohexyl phthalate, dihexyl phthalate,
diisobutyl phthalate, dinonyl phthalate, and hexyl 2-ethylhexyl phthalate can
also be analyzed by this method and may be used as surrogates.

1.5 This method is restricted to use by or under the supervision of
analysts experienced in the use of gas chromatographs and skilled in the
interpretation of gas chromatograms. Each analyst must demonstrate the ability
to generate acceptable results with this method.
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2.0 SUMMARY OF METHOD

2.1 A measured volume or weight of sample (approximately 1 liter for
liquids, 10 to 30 grams for solids and sludges) is extracted by using the
appropriate sample extraction technique specified in Methods 3510, 3540, 3541(:;3
and 3550. Method 3520 is not recommended for the extraction of aqueous samples*
because the longer chain esters (dihexyl phthalate, bis(2-ethylhexyl) phthalate,
di-n-octyl phthalate, and dinonyl phthalate) tend to adsorb to the glassware and
consequently, their extraction recoveries are <40 percent. Aqueous samples are
extracted at a pH of 5 to 7, with methylene chloride, in a separatory funnel
(Method 3510). Alternatively, particulate-free aqueous samples could be filtered
through membrane disks that contain C,g-bonded silica. The phthalate esters are
retained by the silica and, later eluted with acetonitrile. Solid samples are
extracted with hexane/acetone (1:1) or methylene chloride/acetone (1:1) in a
Soxhlet extractor (Methods 3540/3541) or with an ultrasonic extractor (Method
3550). After cleanup, the extract is analyzed by gas chromatography with
electron capture detection (GC/ECD).

2.2 The sensitivity of Method 8061 usually depends on the level of
interferences rather than on instrumental Timitations. If interferences prevent
detection of the analytes, cleanup of the sample extracts is necessary. Either
Method 3610 or 3620 alone or followed by Method 3660, Sulfur Cleanup, may be used
to eliminate interferences in the analysis. Method 3640, Gel Permeation Cleanup,
is applicable for samples that contain high amounts of lipids and waxes.

3.0 INTERFERENCES
3.1 Refer to Methods 3500, 3600, and 8000.

3.2 Interferences coextracted from the samples will vary considerab1§::§
from waste to waste. While general cleanup techniques are referenced or provided
as part of this method, unique samples may require additional cleanup approaches
to achieve desired sensitivities for the target analytes.

3.3 Glassware must be scrupulously clean. A1l glassware require
treatment in a muffle furnace at 400 °C for 2 to 4 hrs, or thorough rinsing with
pesticide-grade solvent, prior to use. Refer to Chapter 4, Sec. 4.1.4, for
further details regarding the cleaning of glassware. Volumetric glassware should
not be heated in a muffle furnace.

If Soxhlet extractors are baked in the muffle furnace, care must be taken
to ensure that they are dry (breakage may result if any water is left in the
side-arm). Thorough rinsing with hot tap water, followed by deionized water and
acetone is not an adequate decontamination procedure. Even after a Soxhlet
extractor was refluxed with acetone for three days, with daily solvent changes,
the concentrations of bis(2-ethylhexyl) phthalate were as high as 500 ng per
washing. Storage of glassware in the laboratory introduces contamination, even
if the glassware is wrapped in aluminum foil. Therefore, any glassware used in
Method 8061 should be cleaned immediately prior to use. .

3.4 Florisil and alumina may be contaminated with phthalate esters and,
therefore, use of these materials in sample cleanup should be employed
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cautiously. If these materials are used, they must be obtained packaged in glass
(plastic packaging will contribute to contamination with phthalate esters).
Washing of these materials prior to use with the solvent(s) used for elution
during extract cleanup was found helpful, however, heating at 320 °C for Florisil
and 210 °C for alumina is recommended. Phthalate esters were detected in
Florisil cartridge method blanks at concentrations ranging from 10 to 460 ng,
with 5 phthalate esters in the 105 to 460 ng range. Compiete removal of the
phthalate esters from Florisil cartridges does not seem possible, and it is
therefore desirable to keep the steps involved in sample preparation to a

minimum.

3.5 Paper thimbles and filter paper must be exhaustively washed with the
solvent that will be used in the sample extraction. Soxhlet extraction of paper
thimbles and filter paper for 12 hrs with fresh solvent should be repeated for
a minimum of three times. Method blanks should be obtained before any of the
precleaned thimbles or filter papers are used. Storage of precleaned thimbles
and filter paper in precleaned glass Jjars covered with aluminum foil is

recommended.

3.6 Glass wool used in any step of sample preparation should be a
specially treated pyrex wool, pesticide grade, and must be baked at 400°C for
4 hrs. immediately prior to use.

3.7 Sodium sulfate must be obtained packaged in glass (plastic packaging
will contribute to contamination with phthalate esters), and must be purified by
heating at 400 °C for 4 hrs. in a shallow tray, or by precleaning with methylene
chloride (Sec. 5.3). To avoid recontamination, the precleaned material must be
stored in glass-stoppered glass bottles, or glass bottles covered with precleaned
aluminum foil. The storage period should not exceed two weeks. To minimize
contamination, extracts should be dried directly in the glassware in which they
are collected by adding small amounts of precleaned sodium sulfate until an
excess of free flowing material is noted.

3.8 The presence of elemental sulfur will result in large peaks which
often mask the region of the compounds eluting before dicyclohexyl phthalate
(Compound No. 14) in the gas chromatograms shown in Figure 1. Method 3660 is
suggested for removal of sulfur.

3.9 Waxes and lipids can be removed by Gel Permeation Chromatography
(Method 3640). Extracts containing high concentrations of 1lipids are viscous,
and may even solidify at room temperature.

4.0 APPARATUS AND MATERIALS
4.1 Gas chromatography

4.1.1 Gas chromatograph, analytical system complete with gas
chromatograph suitable for on-column and split/splitless injections and
all required accessories, including detector, analytical columns,
recorder, gases, and syringes. A data system for measuring peak heights
and/or peak areas is recommended.
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4.1.1.1 Eight inch injection tee (Supelco, Inc., Catalog
No. 2-3665, or equivalent) or glass Y splitter for megabore columns
(J8W Scientific, -"press-fit", Catalog No. 705-0733, or equivalent).

4.1.2 Columns

4.1.2.1 Column 1, 30 m x 0.53 mm ID, 5% pheny1/95% methy]l
silicone fused-silica open tubular column (DB-5, J&W Scientific, or
equivalent), 1.5 um film thickness.

4.1.2.2 Column 2, 30 m x 0.53 mm ID, 14% cyanopropy]
phenyl silicone fused-silica open tubular column (DB-1701, J&W
Scientific, or equivalent), 1.0 um film thickness.

4.1.3 Detector - Dual electron capture detector (ECD)

4,2 Glassware, see Methods 3510, 3540, 3541, 3550, 3610, 3620, 3640, and
3660 for specifications.

4.3 Kuderna-Danish (K-D) apparatus.

4.3.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 or
equivalent). A ground glass stopper is used to prevent evaporation of
extracts.

4.3.2 Evaporation flask - 500 mL (Kontes K-570001-500 or equiva-
lent). Attach to concentrator tube with springs, clamps, or equivalent.

4.3.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.3.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.3.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.4 Boiling chips, approximately 10/40 mesh. Heat to 400 °C for 30 min,
or Soxhlet-extract with methylene chloride prior to use.

4.5 Water bath, heated, with concentric ring cover, capable of
temperature control (+ 2°C).

5.0  REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is
first ascertained that the reagent is of sufficiently high purity to permit its
use without lessening the accuracy of the determination.
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5.2 Organic-free reagent water. All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Sodium sulfate (granular, anhydrous), Na,SO,. Purify by heating at
400 °C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with
methylene chloride. If the sodium sulfate is precleaned with methylene chloride,
a method blank must be analyzed, demonstrating that there is no interference from

the sodium sulfate.

5.4 Solvents:

5.4.1 Hexane, CcH,, - Pesticide quality, or equivalent.

5.4.2 Methylene chloride, CH,C1, - Pesticide quality, or equivalent.
5.4.3 Acetone, CH,COCH, - Pesticide quality, or equivalent.

5.4.4 Acetonitrile, CH,CN - HPLC grade.

5.4.5 Methanol, CH,0H - HPLC grade.

5.4.6 Diethyl Ether, C,H;0C,H; - Pesticide quality, or equivalent.
Must be free of peroxides, as indicated by test strips (EM Quant, or
equivalent). Procedures for removal of peroxides are provided with the
test strips. After cleanup, 20 mL of ethyl alcohol preservative must be
added to each liter of ether.

5.5 Stock standard solutions:

5.5.1 Prepare stock standard solutions at a concentration of
1000 mg/L by dissolving 0.0100 g of assayed reference material in hexane,
and diluting to volume in a 10 mL volumetric flask. When compound purity
is assayed to be 96 percent or greater, the weight can be used without
correction to calculate the concentration of the stock standard.
Commercially prepared stock standard solutions can be used at any
concentration if they are certified by the manufacturer or by an
independent source.

5.5.2 Transfer the stock standard solutions into glass vials with
Teflon Tined screw-caps or crimp tops. Store at 4 °C and protect from
light. Stock standard solutions should be checked periodically by gas
chromatography for signs of degradation or evaporation, especially just
prior to preparation of calibration standards.

5.5.3 Stock standard solutions must be replaced after 6 months, or
sooner if comparison with check standards indicates a problem.

5.6 Calibration standards: Calibration standards are prepared at a
minimum of five concentrations for each parameter of interest through dilution
of the stock standard solutions with hexane. One of the concentrations should
be at a concentration near, but above, the method detection 1imit. The remaining
concentrations should correspond to the expected range of concentrations found
in real samples, or should define the working range of the GC. Calibration
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solutions must be replaced after 1 to 2 months, or sooner if comparison with
calibration verification standards indicates a problem.

5.7 Internal standards (if internal standard calibration is used): To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Benzyl benzoate has been tested and
found appropriate for Method 8061.

5.7.1 Prepare a spiking solution of benzyl benzoate in hexane at
5000 mg/L. Addition of 10 uL of this solution to 1 mL of sample extract
is recommended. The spiking concentration of the internal standard should
be kept constant for all samples and calibration standards. Store the
internal standard spiking solution at 4 °C in glass vials with Teflon
lined screw-caps or crimp tops. Standard solutions should be replaced
when ongoing QC (Sec. 8) indicates a problem.

5.8 Surrogate standards: The analyst should monitor the performance of
the extraction, cleanup (when used), analytical system, and the effectiveness of
the method in dealing with each sample matrix by spiking each sample, standard,
and blank with surrogate compounds. Three surrogates may be used for Method 8061
in addition to those 1listed in Sec. 1.4: diphenyl phthalate, diphenyl
isophthalate, and dibenzyl phthalate. However, the compounds listed in Sec. 1.4
are recommended. :

5.8.1 Prepare a surrogate standard spiking solution, in acetone,
which contains 50 ng/uL of each compound. Addition of 500 uL of this
solution to 1 L of water or 30 g solid sample is equivalent to 25 ug/L of
water or 830 ug/kg of solid sample. The spiking concentration of the
surrogate standards may be adjusted accordingly, if the final volume of
extract is reduced below 2 mL for water samples or 10 mL for solid
samples. Store the surrogate spiking solution at 4 °C in glass vials with
Teflon lined screw-caps or crimp tops. The solution must be replaced
after 6 months, or sooner if ongoing QC (Sec. 8) indicates problems.

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

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

7.0 PROCEDURE
7.1 Extraction:

7.1.1 Refer to Chapter Two for guidance on choosing the appropriate
extraction procedure. In general, water samples are extracted at a pH of
5 to 7 with methylene chloride in a separatory funnel (Method 3510).
Method 3520 is not recommended for the extraction of aqueous samples
because the longer chain esters (dihexyl phthalate bis(2-ethylhexyl)
phthalate, di-n-octyl phthalate, and dinonyl phthalate) tend to adsorb to
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the glassware and consequently, their extraction recoveries are
<40 percent. Solid samples are extracted with hexane/acetone (1:1) or
methylene chloride/acetone (1:1) in a Soxhlet extractor (Methods
3540/3541) or with an ultrasonic extractor (Method 3550). Immediately
prior to extraction, spike 500 ul of the surrogate standard spiking
solution (concentration = 50 ng/ul) into 1 L aqueous sample or 30 g solid

sample.

7.1.2 Extraction of particulate-free aqueous samples using
C,g-extraction disks (optional):

7.1.2.1 Disk preconditioning: Place the C,g-extraction disk
into the filtration apparatus and prewash the disk with 10 to 20 mL
of acetonitrile. Apply vacuum to pull the solvent through the disk.
Maintain vacuum to pull air through for 5 min. Follow with 10 mL of
methanol. Apply vacuum and pull most of the methanol through the
disk. Release vacuum before the disk gets dry. Follow with 10 mL
organic-free reagent water. Apply vacuum and pull most of the water
through the disk. Release the vacuum before the disk gets dry.

7.1.2.2 Sample preconcentration: Add 2.5 mL of methanol to
the 500 mL aqueous sample in order to get reproducible results.
Pour the sample into the filtration apparatus. Adjust vacuum so
that it takes approximately 20 min to process the entire sample.
After all of the sample has passed through the membrane disk, pull
air through the disk for 5 to 10 min. to remove any residual water.

7.1.2.3 Sample elution: Break the vacuum and place the tip
of the filter base into the test tube that is contained inside the
suction flask. Add 10 mL of acetonitrile to the graduated funnel,
making sure to rinse the walls of the graduated funnel with the
solvent. Apply vacuum to pass the acetonitrile through the membrane

disk.

7.1.2.4 Extract concentration (if necessary): Concentrate
the extract to 2 mL or less, using either the micro Snyder column
technique (Sec. 7.1.2.4.1) or nitrogen blowdown technique (Sec.
7.1.2.4.2).

7.1.2.4.1 Micro Snyder Column Technique

7.1.2.4.1.1 Add one or two clean boiling chips to
the concentrator tube and attach a two ball micro Snyder
column. Prewet the column by adding about 0.5 mL of
acetonitrile to the top of the column. Place the K-D
apparatus in a hot water bath (15-20°C above the boiling
point of the solvent) so that the concentrator tube is
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 5-10 minutes. At the proper rate of
distillation the balls of .the column will actively
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chatter, but the chambers will not flood. When the
apparent volume of Tiquid reaches 0.5 mL, remove the K-D
apparatus from the water bath and allow it to drain and
cool for at least 10 minutes. Remove the Snyder column
and rinse the flask and its lower joints with about
0.2 mL of solvent and add to the concentrator tube.
Adjust the final volume to 1.0-2.0 mL with solvent.

7.1.2.4.2 Nitrogen Blowdown Technique

7.1.2.4.2.1 Place the concentrator tube in a warm
water bath (approximately 35°C) and evaporate the
solvent volume to the required level using a gentle
stream of clean, dry nitrogen (filtered through a column
of activated carbon).

CAUTION: Do not use plasticized tubing between
the carbon trap and the sample.

7.1.2.4.2.2 The internal wall of the tube must be
rinsed down several times with acetonitrile during the
operation. During evaporation, the solvent level in the
tube must be positioned to prevent water from condensing
into the sample (i.e., the solvent level should be below
the level of the water bath). Under normal operating
conditions, the extract should not be allowed to become
dry.

7.2 Solvent Exchange: Prior to Florisil cleanup or gas chromatographic
analysis, the methylene chloride and methylene chloride/acetone extracts obtained
in Sec. 7.1.1 must be exchanged to hexane, as described in Secs. 7.2.1 through
7.2.3. Exchange is not required for the acetonitrile extracts obtained in
Sec. 7.1.2.4.

7.2.1 Add one or two clean boiling chips to the flask and attach a
three ball Snyder column. Concentrate the extract as described in Sec.
7.1.2.4.1, using 1 mL of methylene chloride to prewet the column, and
completing the concentration in 10-20 minutes. When the apparent volume
of 1iquid reaches 1-2 mL, remove the K-D apparatus from the water bath and
allow it to drain and cool for at Teast 10 minutes.

7.2.2 Momentarily remove the Snyder column, add 50 mL of hexane, a
new boiling chip, and attach the macro Snyder column. Concentrate the
extract as described in Sec. 7.1.2.4.1, using 1 mL of hexane to prewet the
Snyder column, raising the temperature of the water bath, if necessary, to
maintain proper distillation, and completing the concentration in 10-20
minutes. When the apparent volume of liquid reaches 1-2 mL, remove the
K-D apparatus and allow it to drain and cool for at least 10 min.

7.2.3 Remove the Snyder column and rinse the flask and its lower
Joint into the concentrator tube with 1 to 2 mL hexane. A 5 mL syringe is
recommended for this operation. Adjust the extract volume to 2 mL for
water samples, using either the micro Snyder column technique (Sec.

8061 - 8 Revision 0
September 1994

O



)

/T

)

(

7.1.2.4.1) or nitrogen blowdown technique (Sec. 7.1.2.4.2), or 10 mL for
solid samples. Stopper the concentrator tube and store at 4 °C if further
processing will be performed immediately. If the extract will be stored
for two days or longer, it should be transferred to a glass vial with a
Teflon lined screw-cap or crimp top. Proceed with the gas chromatographic

analysis.
7.3 Cleanup/Fractionation:

7.3.1 Cleanup may not be necessary for extracts from a relatively
clean sample matrix. If polychlorinated biphenyls (PCBs) and
organochlorine pesticides are known to be present in the sample, use the
procedure outlined in Methods 3610 or 3620. When using column cleanup,
collect Fraction 1 by eluting with 140 mL (Method 3610) or 100 mL
(Method 3620) of 20-percent diethyl ether in hexane. Note that, under
these conditions, bis(2-methoxyethyl) phthalate, bis(2-ethoxyethyl)
phthalate, and bis(2-n-butoxyethyl) phthalate are not recovered from the
Florisil column. The elution patterns and compound recoveries are given

in Table 3.

7.3.2 Methods 3610 and 3620 also describe procedures for sample
cleanup using Alumina and Florisil Cartridges. With this method,
bis(2-methoxyethyl) phthalate, bis(2-ethoxyethyl) phthalate, and
bis(2-n-butoxyethyl) phthalate are recovered quantitatively.

7.4 Gas chromatographic conditions (recommended):

7.4.1 Column 1 and Column 2 (Sec. 4.1.2):

Carrier gas (He) = 6 mL/min.
Injector temperature = - 250 °C.
Detector temperature = 320 °C.

Column temperature:
Initial temperature
Temperature program

150 °C, hold for 0.5 min.

150 °C to 220 °C at 5 °C/min.,
followed by 220 °C to 275 °C at 3
°C/min.

Final temperature = 275 °C hold for 13 min.

7.4.2 Table 1 gives the retention times and MDLs that can be
achieved by this method for the 16 phthalate esters. An example of the
separations achieved with the DB-5 and DB-1701 fused-silica open tubular
columns is shown in Figure 1.

7.5 Calibration:

7.5.1 Refer to Method 8000 for proper calibration techniques. Use
Tables 1 and 2 for guidance on selecting the lowest point on the
calibration curve.

7.5.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for the description of each of these
procedures.

8061 - 9 Revision 0
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7.6 Gas chromatographic analysis:

7.6.1 Refer to Method 8000. If the internal standard calibration
technique is used, add 10 ul of 1nterna1 standard solution at 5000 mg/L
to the sample prior to injection.

7.6.2 Follow Method 8000 for instructions on the analysis sequence,
appropriate dilutions, establishing daily retention time windows, and
jdentification criteria.

7.6.3 Record the sample volume injected and the resulting peak
areas.

7.6.4 Using either the internal or the external calibration
procedure (Method 8000), determine the identity and the quantity of each
component peak in the sample chromatogram which corresponds to the
compounds used for calibration purposes.

7.6.5 If the response of a peak exceeds the working range of the
system, dilute the extract and reanalyze.

7.6.6 Identify compounds in the sample by comparing the retention
times of the peaks in the sample chromatogram with those of the peaks in
standard chromatograms. The retention time window used to make
identifications 1is based upon measurements of actual retention time
variations over the course of 10 consecutive injections. Three times the
standard deviation of the retention time can be used to calculate a
suggested window size.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures.
Quality control to validate sample extraction is covered in Method 3500 and in
the extraction method utilized. If extract cleanup was performed, follow the QC
specified in Method 3600 and in the specific cleanup method.

8.2 Quality control required to evaluate the GC system operation is found
in Method 8000.

8.2.1 The quality control check sample concentrate (Method 8000)
should contain the test compounds at 5 to 10 ng/ul.

8.3 Calculate the recoveries of the surrogate compounds for all samples,
method blanks, and method spikes. Determine if the recoveries are within limits
established by performing QC procedures outlined in Method 8000.

8.3.1 If the recoveries are not within limits, the following are

required:
8.3.1.1 Make sure there are no errors in calculations,
surrogate solutions and internal standards. Also check instrument
performance.
8061 - 10 Revision 0
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8.3.1.2 Recalculate the data and/or reanalyze the extract
if any of the above checks reveal a problem.

8.3.1.3 Reextract and reanalyze the sample if none of the
above are a problem, or flag the data as "estimated concentration."

8.4 An internal standard peak area check must be performed on all
samples. The internal standard must be evaluated for acceptance by determining
whether the measured area for the internal standard deviates by more than 30
percent from the average area for the internal standard in the calibration
standards. When the internal standard peak area is outside that limit, all
samples that fall outside the QC criteria must be reanalyzed.

8.5 GC/MS confirmation: Any compounds confirmed by two columns may also
be confirmed by GC/MS if the concentration is sufficient for detection by GC/MS
as determined by the laboratory-generated detection limits.

8.5.1 The GC/MS would normally require a minimum concentration of 10
ng/ul in the final extract for each single-component compound.

8.5.2 The sample extract and associated blank should be analyzed by
GC/MS as per Sec. 7.0 of Method 8270. Normally, analysis of a blank is
not required for confirmation analysis, however, analysis for phthalates
is a special case because of the possibility for sample contamination
through septum punctures, etc.

8.5.3 A reference standard of the compound must also be analyzed by
GC/MS. The concentration of the reference standard must be at a
concentration that would demonstrate the ability to confirm the phthalate

esters identified by GC/ECD.

8.6 Include a mid-concentration calibration standard after each group of
20 samples in the analysis sequence. The response factors for the
mid-concentration calibration must be within + 15 percent of the average values
for the multiconcentration calibration.

8.7 Demonstrate through the analyses of standards that the Florisil
fractionation scheme is reproducible. When using the fractionation schemes given
in Methods 3610 or 3620, batch-to-batch variations in the composition of the
alumina or Florisil material may cause variations in the recoveries of the
phthalate esters.

9.0 METHOD PERFORMANCE

9.1 The MDL is defined in Chapter One. The MDL concentrations listed in
Table 1 were obtained using organic-free reagent water. Details on how to
determine MDLs are given in Chapter One. The MDL actually achieved in a given
a?:lysis will vary, as it is dependent on instrument sensitivity and matrix
effects.

9.2 This method has been tested in a single laboratory by using different
types of aqueous samples and solid samples which were fortified with the test

8061 - 11 Revision 0
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compounds at two concentrations. Single-operator precision, overall precision,
and method accuracy were found to be related to the concentration of the
compounds and the type of matrix. Results of the single-laboratory method
evaluation are presented in Tables 4 and 5.

9.3 The accuracy and precision obtained is determined by the sample
matrix, sample preparation technique, cleanup techniques, and calibration
procedures used.
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TABLE 1.
GAS CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS FOR THE PHTHALATE ESTERS®
Retention time®
Chemical (min) MDL®
Abstract
Compound Registry Liquid
No. Compound name No. Column 1  Column 2  (ng/L)
1 Dimethyl phthalate 131-11-3 7.06 6.37 640
2 Diethyl phthalate 84-66-2 9.30 8.45 250
3 Diisobutyl phthalate 84-69-5 14.44 12.91 120.
4 Di-n-butyl phthalate 84-74-2 16.26 14.66 330
5 Bis(4-methyl-2-pentyl) phthalate 146-50-9 18.77 16.27 370
6 Bis(2-methoxyethyl) phthalate 117-82-8 17.02 16.41 510
7 Diamyl phthalate 131-18-0 20.25 18.08 110
8 Bis(2-ethoxyethyl) phthalate 605-54-9 19.43 18.21 270
9 Hexyl 2-ethylhexyl phthalate 75673-16-4 21.07 18.97 130
10 Dihexyl phthalate 84-75-3 24 .57 21.85 68
11 Butyl benzyl phthalate 85-68-7 24.86 23.08 42
12 Bis(2-n-butoxyethyl) phthalate 117-83-9 27.56 25.24 84
13 Bis(2-ethylhexyl) phthalate 117-81-7 29.23 25.67 270
14 Dicyclohexyl phthalate 84-61-7 28.88 26.35 22
15 Di-n-octyl phthalate 117-84-0 33.33 29.83 49
16 Dinonyl phthalate 84-76-4 38.80 33.84 22
IS Benzyl benzoate 120-51-4 12.71 11.07 €
SU-1 Diphenyl phthalate 84-62-8 29.46 28.32 ¢
SU-2 Diphenyl isophthalate 744-45-6 32.99 31.37 ¢
SU-3 Dibenzyl phthalate 523-31-9 34.40 32.65 ¢
8061 - 13 Revision O
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TABLE 2.

ESTIMATED QUANTITATION LIMITS (EQL) FOR VARIOUS MATRICES®

Matrix Factor

Groundwater 10

Low-concentration soil by ultrasonic extraction 670
with GPC cleanup

High-concentration soil and sludges by ultrasonic 10,000
extraction

Non-water miscible waste 100,000

EQL = [Method detection limit (see Table 1)] X [Factor found in this
table]. For non-aqueous samples, the factor is on a wet-weight basis.

Sample EQLs are highly matrix-dependent.

The EQLs determined herein are

provided for guidance and may not always be achievable.
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TABLE 3.

AVERAGE RECOVERIES OF METHOD 8061 COMPOUNDS USING METHODS 3610 AND 3620

Compound

Alumina Florisil
column® column®

Alumina

Florisil

cartridge® cartridge?

Dimethyl phthalate

Diethyl phthalate

Diisobutyl phthalate
Di-n-butyl phthalate
Bis(4-methyl-2-pentyl) phthalate
Bis(2-methoxyethyl) phthalate
Diamyl phthalate
Bis(2-ethoxyethyl) phthalate
Hexyl 2-ethylhexyl phthalate
Dihexyl phthalate

Benzyl butyl phthalate
Bis(2-n-butoxyethyl) phthalate
Bis(2-ethylhexyl) phthalate
Dicyclohexyl phthalate
Di-n-octyl phthalate

Dinonyl phthalate

64.5 40.
62.5 57.
77.0 80.
76.5 85.
89.5 84.
70.5 0
75.0 81l.
67.0 0
90.5 105
73.0 74.
87.0 90.
62.5 0
91.0 82.
84.5 83.
108 115
71.0 72.

O OOOoO

oo oou:

101
103
104
108
103
64.1°
103
111
101
108
103
108
97.6
97.5
112
97.3

89.
97.
91.
102
105
78.
94.
93.
96.
96.
98.
91.
97.
90.
97.
105

00w~
®

— OO OO W

2 determinations; alumina and Florisil

to Methods 3610 and 3620, respectively.

per cartridge.

20-percent acetone in hexane.

spiked per cartridge.

10-percent acetone in hexane.

8061 - 16

chromatography performed according

2 determinations, using 1 g alumina cartridges; Fraction 1 was eluted with \ww}
5 mL of 20-percent acetone in hexane.

40 g of each component was spiked
36.8 percent was recovered by elution with an additional 5 mL of

2 determinations, using 1 g Florisil cartridges; Fraction 1 was eluted

with 5 mL of 10-percent acetone in hexane. 40 ug of each component was

14.4 percent was recovered by elution with an additional 5 mL of
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TABLE 4.

ACCURACY AND PRECISION DATA FOR METHOD 3510 AND METHOD 8061°

O

Spike Concentration

Spike Concentration

(20 pa/l) (60 ma/L)

Estuarine Estuarine '

Compound water Leachate Groundwater water Leachate Groundwater
Dimethyl phthalate 84.0 (4.1) 98.9 (19.6) 87.1 (8.1) 87.1 (7.5) 112 (17.5) 90.9 (4.5)
Diethyl phthalate 71.2 (3.8) 82.8 (19.3) 88.5 (15.3) 71.0 (7.7) 88.5 (17.9) 75.3 (3.5)
Diisobutyl phthalate 76.0 (6.5) 95.3 (16.9) 92.7 (17.1) 99.1 (19.0) 100 (9.6) 83.2 (3.3)
Di-n-butyl phthalate 83.2 (6.5) 97.5 (22.3) 91.0 (10.7) 87.0 (8.0) 106 (17.4) 87.7 (2.7)
Bis(4-methyl-2-pentyl) phthalate 78.6 (2.6) 87.3 (18.2) 92.6 (13.7) 97.4 (15.0) 107 (13.3) 87.6 (2.9)
Bis(2-methoxyethyl) phthalate 73.8 (1.0) 87.2 (21.7) 82.4 (4.4) 82.5 (5.5) 99.0 (13.7) 76.9 (6.6)
Diamyl phthalate 78.2 (7.3) 92.1 (21.5) 88.8 (7.5) 89.2 (2.8) 112 (14.2) 92.5 (1.8)
Bis(2-ethoxyethyl) phthalate 75.6 (3.3) 90.8 (22.4) 86.4 (5.8) 88.7 (4.9) 109 (l4a.6) 84.8 (5.9)
Hexyl 2-ethylhexyl phthalate 84.7 (5.3) 91.1 (27.5) 81.4 (17.6) 107 (16.8) 117 (11.4) 80.1 (4.1)
Dihexyl phthalate 79.8 (7.2) 102 (21.5) 90.9 (7.6) 90.1 (2.4) 109 (20.7) 88.9 (2.4)
Benzyl butyi phthalate 84.1 (6.4) 105 (20.5) 89.6 (6.1) 92.7 (5.6) 117 (24.7) 93.0 (2.0)
Bis(2-n-butoxyethyl) phthalate 78.5 (3.5) 92.3 (16.1) 89.3 (3.6) 86.1 (6.2) 107 (15.3) 92.4 (0.6)
Bis(2-ethkylhexyl) phthalate 81.4 (4.1) 93.0 (15.0) 90.5 (4.9) 86.5 (6.9) 108 (15.1) 91.1 (3.0)
Dicyclohexyl phthalate 77.4 (6.5) 88.2 (13.2) 91.7 (15.2) 87.7 (9.6) 102 (14.3) 71.9 (2.4)
Di-n-octyl phthalate 74.9 (4.9) 87.5 (18.7) 87.2 (3.7) 85.1 (8.3) 105 (17.7) 90.4 (2.0)
Dinonyl phthalate 59.5 (6.1) 77.3 (4.2) 67.2 (8.0) 97.2 (7.0) 108 (17.9) 90.1 (1.1)
Surrogates:
Diphenyl phthalate 98.5 (2.6) 113 (14.9) 110 (3.3) 110 (12.4) 95.1 (7.2) 107 (2.4)
Diphenyl isophthalate 95.8 (1.9) 112 (11.7) 109 (3.3) 104 (5.9) 97.1 (7.1) 106 (2.8)
Dibenzyl phthalate 93.9 (4.4) 112 (14.0) 106 (3.8) 111 (5.9) 93.3 (9.5) 105 (2.4)

The number of determinations was 3.
the average recoveries.

The values given in parentheses are the percent relative standard deviations of
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Figure 1
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GC/ECD chromatograms of a composite phthalate esters standard (concentration
10 ng/ul per compound) analyzed on a DB-5 and a DB-1701 fused-silica open
tubular column. Temperature program: 150°C (0.5 min hold) to 220°C at
5°C/min, then to 275°C (13 min hold) at 3°C/min.
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METHOD 8061
PHTHALATE ESTERS BY CAPILLARY GAS CHROMATOGRAPHY
WITH ELECTRON CAPTURE DETECTION (GC/ECD)

Start

7.1 Extraction

7.3 CleanupvFractionation J

7.1.1 Reter to Chapter 2 for
guidance on choasing 7.3.1 Cleanup may not be
an extraction procedure. n fy for extracts with
Recommendations given. clean sample mavices
Fraction collecton and

Y methods outlined for other
compd. groups of interest.
7.1.2 Determine spike sample
recovery and detection limit l
for each new sampile matix

and a given extraction 7.3.2 Flonsil Cartriage Cleanup
procedure.

.1 Check sach lot of Florisil
cartridges for analyte
recovery by eiuting and

analyzing a composite std

7.1.3 Aqueous sampie extrraction .2 Wash and adjust soivent

with C18 disks: fiow through cartridges.
.1 Precondition disks using .3 Place culture tubes or S mL

solvent train. vol. flasks for eiuate
.2 Concentrate sample collection.

analytes on disk.
.3 Elute sample analytes
with acstonitrile.

4 Transfer appropriate extract
volume on cartridge
.5 Elute the cartridges and

-4 Concentrate extract: dilute to mark on flask Pae.
i Transfer eluate to glass : 3
1 Micro-Snyder Column g g
Technique vials for concentraton. \u@*‘/
2 Nitrogen Blowdown
Technique
1 Evaporate solvent to
desired level 7.3.3 Collect 2 tracvons if PCBs
2 Rinse tube walls and organochiorine pastcides
frequently and avoid are known to be present.
avaporating to dryness.
[ 7 4 Gas Chromatograph ]
7.2 Soilvent Exchange to Hexane
_Y
[ 7 4 1 Set GC operating parameters
7.2.1 Evaporate extract volume to
1-2 mL using K-D assembly.

7.4.2 Table 1 and Figure 1 show
MOLs and analyte retention
times.

7.2.2 Add hexane to K-D assembly
and evaporate to 1-2 mL

7 2.3 Rinse K-D components and
adjust volume to desired level.
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METHOD 8061
(CONTINUED)

[ 7scaibvaton ]

i

7.5.1 See Method 8000 for
calibration technique.

7.5.2 Refer to Method 8000 tor
intamat/external std.

procedure.

i
’ 76 GC Analysis |

y
I 7.6 1 Refer to Mathod 8000. |

7.6.2 Follow Section 7.6 in
Method 8000 for
instructions on analysis
sequence, dilutions,
retention tme windows,
and identification cnteria.

'

7.6.3 Record injection voiume
and sample paak areas.

7.6.4 |dentity and quantfy each
component peak using the
internal or externat std.
procedure.

'

7.6.5 Dilute extracts which
show analyte leveis
outside of the calibration
range.

7.6.6 ldentfy compounds in the
sample by comparing
retention tmes in the .
sample and the standard
chromatograms

Stop
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METHOD 8070
NITROSAMINES BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 This method covers the determination of certain nitrosamines. The
following compounds can be determined by this method:

Appropriate Technique

Compound Name CAS No.? 3510 3520 3540 3550 3580
N-Nitrosodimethylamine 62-75-9 X X X X X
N-Nitrosodiphenylamine 86-30-6 X X X X X
N-Nitrosodi-n-propylamine  621-64-7 X X X X X

a Chemical Abstract Services Registry Number.
X Greater than 70 percent recovery by this preparation technique.

1.2 This is a gas chromatographic (GC) method applicable to the
determination of the parameters listed above in municipal and industrial
discharges. When this method is used to analyze unfamiliar samples for any or
all of the compounds above, compound identifications should be supported by at
least one additional qualitative technique. This method describes analytical
conditions for a second gas chromatographic column that can be used to confirm
measurements made with the primary column. Method 8270 provides gas
chromatograph/mass spectrometer (GC/MS) conditions appropriate for the
qualitative and quantitative confirmation of results for
N-nitrosodi-n-propylamine. In order to confirm the presence of
N-nitrosodiphenylamine, the cleanup procedure specified in Section 7.3.3 0or 7.3.4
must be used. In order to confirm the presence of N-nitrosodimethylamine by
GC/MS, chromatographic column 1 of this method must be substituted for the column
recommended in Method 8270. Confirmation of these parameters using GC-high
resolution mass spectrometry or a Thermal Energy Analyzer is also recommended

practice.

1.3 The method detection Timit (MDL) for each parameter is Tlisted in
Table 1.  The MDL for a specific wastewater may differ from those listed,
depending upon the nature of interferences in the sample matrix. Table 2 lists
the Estimated Quantitation Limits (EQLs) for various matrices.

1.4 The toxicity or carcinogenicity of each reagent used in this method
has not heen precisely defined. However, each chemical compound should be
treated as a potential health hazard. From this viewpoint, exposure to these
chemicals must be reduced to the Towest possible concentration by whatever means
available. The laboratory is responsible for maintaining a current awareness
file of OSHA regulations regarding the safe handling of the chemicals specified
in this method. -A reference file of material data handling sheets should also

8070 - 1 Revision 0
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be made available to all personnel involved in the chemical analysis.

1.5 These nitrosamines are known carcinogens. Therefore, utmost care
must be exercised in the handling of these materials. Nitrosamine reference
standards and standard solutions should be handled and prepared in a ventilated
glove box within a properly ventilated room.

1.6 N-Nitrosodiphenylamine 1is reported to undergo transnitrosation
reactions. Care must be exercised in the heating or concentrating of solutions
containing this compound in the presence of reactive amines.

2.0 SUMMARY OF METHOD

2.1 A measured volume of aqueous sample, approximately one liter, is
solvent extracted with methylene chloride using a separatory funnel. The
methylene chloride extract is washed with dilute HC1 to remove free amines,
dried, and concentrated to a volume of 10 mL or less. Gas chromatographic
conditions are described which permit the separation and measurement of the
compounds in the extract after it has been exchanged to methanol.

2.2 Method 8070 provides gas chromatographic conditions for the detection
of ppb concentrations of nitrosamines. Prior to use of this method, appropriate
sample extraction techniques must be used. Both neat and diluted organic liquids
(Method 3580, Waste Dilution) may be analyzed by direct injection. A 2 to 5 ulL
aliquot of the extract is injected into a gas chromatograph (GC) using the
solvent flush technique, and compounds in the GC effluent are detected by a
nitrogen-phosphorus detector (NPD) or a Thermal Energy Analyzer and the reductive
Hall detector.

3.0 INTERFERENCES
3.1 Refer to Methods 3500, 3600, and 8000.

3.2 Matrix interferences may be caused by contaminants that are
coextracted from the sample. The extent of matrix interferences will vary
considerably from source to source, depending upon the nature and diversity of
the industrial complex or municipality being sampled. The cleanup procedures
(Methods 3610 or 3620) can be used to overcome many of these interferences, but
unique samples may require additional cleanup approaches to achieve the MDL
listed in Table 1.

3.3 Nitrosamines contaminate many types of products commonly found in the
laboratory. The analyst must demonstrate that no nitrosamine residues
contaminate the sample or solvent extract under the conditions of analysis.
Plastics, in particular, must be avoided because nitrosamines are commonly used
as plasticizers and are easily extracted from plastic materials. Serious
nitrosamine contamination may result at any time if consistent quality control
is not practiced.

3.4 The sensitive and selective Thermal Energy Analyzer and the reductive
Hall detector may be used in place of the nitrogen-phusphorus detector when
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interferences are encountered. The Thérmal Energy Analyzer offers the highest
selectivity of the non-mass spectrometric detectors.

3.5 Solvents, reagents, glassware, and other sample processing hardware
may yield discrete artifacts and/or elevated baselines causing misinterpretation
of gas chromatograms. A1l these materials must be demonstrated to be free from
interferences, under the conditions of the analysis, by analyzing reagent blanks.
Specific selection of reagents and purification of solvents by distillation in
all-glass systems may be required.

3.6 Interferences coextracted from samples will vary considerably from
source to source, depending upon the waste being sampled. Although general
cleanup techniques are recommended as part of this method, unique samples may
require additional cleanup.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph - An analytical system complete with temperature
programmable gas chromatograph suitable for on-column injection and all required
accessories including syringes, analytical columns, gases, detector, and strip-
chart recorder. A data system is recommended for measuring peak areas.

4.1.1 Column 1 - 1.8 m x 4 mm ID Pyrex glass, packed with Chromosorb
W AW, (80/100 mesh) coated with 10% Carbowax 20 M/2% KOH or equivalent.
This column was used to develop the method performance statements in
Section 9.0. Guidelines for the use of alternate column packings are
provided in Section 7.3.2.

4.1.2 Column 2 - 1.8 m x 4 mm ID Pyrex glass, packed with
Supelcoport (100/120 mesh) coated with 10% SP-2250, or equivalent.

4.1.3 Detector - Nitrogen-Phosphorus, reductive Hall or Thermal
Energy Analyzer. These detectors have proven effective in the analysis of
wastewaters for the parameters listed in the scope. A nitrogen-phosphorus
detector was used to develop the method performance statements in Section
9.0. Guidelines for the use of alternate detectors are provided in

Section 7.3.2. -
4.2 Kuderna-Danish (K-D) apparatus

4.2.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 or
equivalent). Calibration must be checked at the volumes employed in the
test. A ground glass stopper is used to prevent evaporation of extracts.

4.2.2 Evaporation flask - 500 mL (Kontes K-570001-0500 or
equivalent).  Attach to concentrator tube with springs, clamps, or
equivalent.

4.2.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.2.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
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equivalent).
4.2.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.3 Boiling chips - Approximately 10/40 mesh. Heat to 400°C for
30 minutes or Soxhlet extract with methylene chloride.

4.4 MWater bath - Heated, with concentric ring cover, capable of
temperature control (+ 2°C). The bath should be used in a hood.

4.5 Balance - Analytical, 0.0001 g.

4.6 Vials - 10 to 15 mL, amber glass with Teflon 1ined screw-cap or crimp
top.

4.7 Volumetric flasks, Class A, Appropriate sizes with ground glass
stoppers.

5.0  REAGENTS

5.1 Reagent grade inorganic chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all inorganic reagents shall conform to
the specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available. Other grades may be
used, provided it is first ascertained that the reagent is of sufficiently high
purity to permit its use without lessening the accuracy of the determination.

5.2 Organic-free reagent water - All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Methanol, CH,0H - Pesticide quality or equivalent.
5.4 Isooctane, (CH;),CCH,CH(CH;), - Pesticide quality or equivalent.
5.5 Methylene chloride, CH,C1, - Pesticide quality or équiva]ent.

5.6 Stock standard solutions (1000 mg/L) - Stock standard solutions can
be prepared from pure standard materials or purchased as certified solutions.

5.6.1 Prepare stock standard solutions by accurately weighing
0.1000 + 0.0010 g of pure material. Dissolve the material in pesticide
quality methanol and dilute to volume in a 100 mL volumetric flask.
Larger volumes can be used at the convenience of the analyst. If compound
purity is certified at 96% or greater, the weight can be used without
correction to calculate the concentration of the stock standard.
Commercially prepared stock standards can be used at any concentration if
they are certified by the manufacturer or by an independent source.

5.6.2 Transfer the stock standard solutions into bottles with Teflon
lined screw-caps or crimp tops. Store at 4°C and protect from light.
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Stock standard solutions shou]d be checked frequently for signs of
degradation or evaporation, especially just prior to preparing calibration
standards from thenm.

5.6.3 Stock standard solutions must be replaced after six months, or
sooner if comparison with check standards indicates a problem.

5.7 Calibration standards - A minimum of five concentrations should be
prepared through dilution of the stock standards with isooctane. One of the
concentrations should be at a concentration near, but above, the method detection
1imit. The remaining concentrations should correspond to the expected range of
concentrations found in real samples or should define the working range of the
GC. Calibration solutions must be replaced after six months, or sooner if
comparison with check standards indicates a problem.

5.8 Internal standards (if internal standard calibration is used) - To
use this approach, the analyst must select one or more internal standards that
are similar -in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that is applicable to all samples.

5.8.1 Prepare calibration standards at a minimum of five
concentrations for each analyte of interest, as described in Section 5.7.

5.8.2 To each calibration standard, add a known constant amount of
one or more internal standards, and dilute to volume with isooctane.

5.8.3 Analyze each calibration standard according to Section 7.0.

5.9 Surrogate standards - The analyst should monitor the performance of
the extraction, cleanup (when used), and analytical system and the effectiveness
of the method in dealing with each sample matrix by spiking each sample,
standard, and reagent blank with one or two surrogates (e.g. nitrosamines that
are not expected to be in the sample) recommended to encompass the range of the
temperature program used in this method. Method 3500 details instructions on the
preparation of base/neutral surrogates. Deuterated analogs of analytes should
notbFe used as surrogates for gas chromatographic analysis due to coelution
problems.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6.1 See the introductory material to this chapter, Organic Analytes,

Section 4.1. Extracts must be stored at 4°C and analyzed within 40 days of
extraction.
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7.0

PROCEDURE
7.1 Extraction .

7.1.1 Refer to Chapter Two for guidance on choosing the appropriate
extraction procedure. In general, water samples are extracted at a
neutral, or as is, pH with methylene chloride, using either Method 3510 or
3520. Solid samples are extracted using either Method 3540 or 3550.

7.1.2 Prior to gas chromatographic analysis, the extraction solvent
must be exchanged to methanol. The exchange is performed during the K-D
procedures listed in all of the extraction methods. The exchange is
performed as follows.

7.1.2.1 Following K-D of the methylene chloride extract to
1 mL using the macro-Snyder column, allow the apparatus to cool and drain
for at least 10 minutes.

7.1.2.2 Momentarily remove the Snyder column, add 50 mL of
methanol, a new boiling chip, and reattach the macro-Snyder column.
Concentrate the extract using 1 mL of methanol to prewet the Snyder
column. Place the K-D 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 concentration 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 apparent volume of 1iquid
reaches 1 mL, remove the K-D apparatus and allow it to drain and
cool for at Tleast 10 minutes. The extract will be handled
differently at this point, depending on whether or not cleanup is
needed. If cleanup is not required, proceed to Section 7.1.2.3. If
cleanup is needed, proceed to Section 7.1.2.4.

7.1.2.3 If cleanup of the extract is not required, remove
the Snyder column and rinse the flask and its lower joint into the
concentrator tube with 1-2 mL of methanol. A 5 mL syringe is
recommended for this operation. Adjust the extract volume to
10.0 mL. Stopper the concentrator tube and store refrigerated at
4°C if further processing will not be performed immediately. If the
extract will be stored longer than two days, it should be
transferred to a vial with a Teflon lined screw-cap or crimp top.
Proceed with gas chromatographic analysis.

7.1.2.4 If cleanup of the extract is required, remove the
Snyder column and rinse the flask and its lower joint into the
concentrator tube with a minimum amount of methylene chloride. A 5
mL syringe is recommended for this operation. Add a clean boiling
chip to the concentrator tube and attach a two ball micro-Snyder
column. Prewet the column by adding about 0.5 mL of methylene
chloride to the top. Place the micro K-D apparatus on the water
bath (80°C) 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 concentration in 5-
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10 minutes. 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 1liquid reaches 0.5 mL, remove the K-D
apparatus and allow it to drain and cool for at least 10 minutes.

7.1.2.5 Remove the micro-Snyder column and rinse the flask
and its lower joint into the concentrator tube with 0.2 mL of
methylene chloride. Adjust the extract volume to 2.0 mL and proceed
with either Method 3610, 3620, or 3640.

7.1.3 If N-nitrosodiphenylamine 1is to be measured by gas
chromatography, the analyst must first use a cleanup column to eliminate
diphenylamine interference (Methods 3610 or 3620). If N-
nitrosodiphenylamine is of no interest, the analyst may proceed directly
with gas chromatographic analysis (Section 7.3).

7.2 Cleanup

7.2.1 Cleanup procedures may not be necessary for a relatively clean
sample matrix. The cleanup procedure recommended in this method has been
used for the analysis of various clean waters and industrial effluents. If
particular circumstances demand the use of an alternative cleanup
procedure, the analyst must determine the elution profile and demonstrate
that the recovery of each compound of interest is no less than 85%.
Diphenylamine, if present in the original sample extract must be separate
from the nitrosamines if N-nitrosodiphenylamine is to be determined by
this method.

7.2.2 Proceed with either Method 3610 or 3620, using the 2 mL
methylene chloride extracts obtained from Section 7.1.2.5.

7.2.3 Following cleanup, the extracts should be analyzed by GC, as
described in the previous paragraphs and in Method 8000.

7.3 Gas Chromatography

7.3.1 N-nitrosodiphenylamine completely reacts to form diphenylamine
at the normal operating temperatures of a GC injection port (200 to 250°C).
Thus, N-nitrosodiphenylamine is chromatographed and detected as
diphenylamine. Accurate determination depends on removal of diphenylamine
;hTtsyay be present in the original extract prior to GC (see Section

7.3.2 Table 1 summarizes the recommended operating conditions for
the gas chromatograph. This table includes retention times and MDLs that
were obtained under these conditions. Examples of the parameter
separations achieved by these columns are shown in Figures 1 and 2. Other
packed columns, chromatographic conditions, or detectors may be used if
the requirements of Section 8.2 are met. Capillary (open-tubular) columns
may also be used if the relative standard deviations of responses for
replicate injections are demonstrated to be less than 6% and the
requirements of Section 8.2 are met.
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7.4 Calibration - Refer to Method 8000 for proper calibration techniques.

Use Table 1 and especially Table 2 for guidance on selecting the lowest point on
the calibration curve. '

8.0

7.4.1 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these procedures.

7.4.2 If cleanup is performed on the samples, the analyst should
process a series of standards through the cleanup procedure and then
analyze the samples by GC. This will confirm elution patterns and the
absence of interferents from the reagents.

7.5 Gas chromatographic analysis

7.5.1 Refer to Method 8000. If the internal standard calibration
technique is used, add 10 ul of internal standard to the sample prior to
injection.

7.5.2 Method 8000 provides instructions on the analysis sequence,
appropriate dilutions, establishing daily retention time windows, and
identification criteria. Include a mid-concentration check standard after
each group of 10 samples in the analysis sequence.

7.5.3 Examples of GC/NPD chromatograms for nitrosamines are shown in
Figures 1 and 2.

7.5.4 Record the sample volume injected and the resulting peak sizes
(in area units or peak heights).

7.5.5 Using either the internal or external calibration procedure
(Method 8000), determine the identity and quantity of each analyte peak in
the sample chromatogram. See Method 8000 for calculation equations.

7.5.6 If peak detection and identification are prevented due to
interferences, the hexane extract may undergo cleanup using either Method
3610 or 3620.

QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures.

Quality control to validate sample extraction is covered in Method 3500 and in
the extraction method utilized. If extract cleanup was performed, follow the QC
in Method 3600 and in the specific cleanup method.

8.2 Procedures to check the GC system operation are found in Method 8000,

Section 8.6.

8.2.1 The quality control (QC) reference sample concentrate (Method
8000, Section 8.6) should contain each analyte of interest at 20 mg/L.

8.2.2 Table 3 indicates the calibration and QC acceptance criteria
for this method. Table 4 gives method accuracy and precision as functions
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of concentration for the analytes of interest. The contents of both
Tables should be used to evaluate a laboratory’s ability to perform and
generate acceptable data by this method.

8.3 Calculate surrogate standardvrecovery on all samples, b]apks, and
spikes. Determine if the recovery is within limits (limits established by
performing QC procedures outlined in Method 8000, Section 8.10).

8.3.1 If recovery is not within limits, the following is required.

) Check to be sure that there are no errors in calculations,
surrogate solutions and internal standards. Also, check

instrument performance.

) Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

) Reextract and reanalyze the sample if none of the above are a
problem or flag the data as "estimated concentration.

9.0 METHOD PERFORMANCE

9.1 This method has been tested for linearity of recovery from spiked
organic-free reagent water and has been demonstrated to be applicable for the
concentration range from 4 x MDL to 1000 x MDL.

9.2 In a single laboratory (Southwest Research Institute), using spiked
wastewater samples, the average recoveries presented in Table 2 were obtained.

Each spiked sample was analyzed in triplicate on three separate occasions. The
standard deviation of the percent recovery is also included in Table 2.

10.0 REFERENCES

1. Fed. Regist. 1984, 49, 43234; October 26.

2. "Determination of Nitrosamines in Industrial and Municipal Wastewaters";
Report for EPA Contract 68-03-2606, in preparation.

3. Burgess, E.M.; Lavanish, J.M. "Photochemical Decomposition of N-
nitrosamines"; Tetrahedron Letters 1964, 1221.

4. Methods for Chemical Analysis of Water and Wastes; U.S. Environmental
Protection Agency. Office of Research and Development. Environmental
Monitoring and Support Laboratory. ORD Publication Offices of Center for
g;vironmenta1 Research Information: Cincinnati, OH, 1979; EPA-600/4-79-

0.

5. "Method Detection Limit and Analytical Curve Studies EPA Methods 606, 607,
608"; U.S. Environmental Protection Agency. Environmental Monitoring and
Support Laboratory, Cincinnati, OH, special letter report for EPA Contract
68-03-2606. ‘
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TABLE 1.

CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS

~—~—
s’
Retention Time Method
(minutes) Detection Limit
Analyte Column 1 Column 2 (ug/L)
N-Nitrosodimethylamine 4.1 0.88 0.15
N-Nitrosodi-n-propylamine 12.1b 4.2 0.46
N-Nitrosodiphenylamine® 12.8 6.4° 0.81
Column 1 conditions:
Carrier gas (He) flow rate: 40 mL/min
Column temperature: Isothermal, at 110°C, except as otherwise
indicated.
Column 2 conditions:
Carrier gas (He) flow rate: 40 mL/min
Column temperature: Isothermal, at 120°C, except as otherwise
indicated.
a Measured as diphenylamine.
b Determined isothermally at 220°C.
¢ Determined isothermally at 210°. o~
- TABLE 2.

SINGLE OPERATOR ACCURACY AND PRECISION

Average Standard Spike Number

Percent Deviation Range of Matrix
Analyte Recovery % (ng/L) Analyses
Types
N-Nitrosodimethylamine 32 3.7 0.8 29 5
N-Nitrosodiphenylamine 79 7.1 1.2 29 5
N-Nitrosodi-n-propylamine 61 4.1 9.0 29 5
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TABLE 3.

- QC ACCEPTANCE CRITERIA

’\‘Qigw’)
Test Limit Range Recovery
Conc. for s for X Range
Analyte (wg/L) (wa/L) (na/L) (%)
N-Nitrosodimethylamine 20 3.4 4.6-20.0 13-109
N-Nitrosodiphenylamine 20 6.1 2.1-24.5 D-139
N-Nitrosodi-n-propylamine 20 5.7 11.5-26.8 45-146
s = Standard deviation for four recovery measurements, in pg/L.
X = Average recovery for four recovery measurements, in pg/L.
D = Detected, result must be greater than zero.
\\‘&u/
;/(4 )
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TABLE 4.

METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION

Accuracy, as Single
recovery, X’ analyst Overall
Analyte (pg/L) precision, precision,
s.” (»g/L) S’ (ng/L)
N-Nitrosodimethylamine 0.37C+0.06 0.25X-0.04 0.25X+0.11
N-Nitrosodiphenylamine 0.64C+0.52 0.36X-1.53 0.46X-0.47
N-Nitroso-n-propylamine 0.96C-0.07 0.15%+0.13 0.21%+0.15
X’ = Expected recovery for one or more measurements of a sample
containing a concentration of C, in pg/L.
s, = Expected single analyst standard deviation of measurements at an
average concentration found of X, in pg/L.
C = True value for the concentration, in pg/L.
X = Average recovery found for measurements of samples containing a
concentration of C, in pg/L.
8070 - 12 Revision 0
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FIGURE 1.
GAS CHROMATOGRAM OF NITROSAMINES
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FIGURE 2.
GAS CHROMATOGRAM OF N-NITROSODIPHENYLAMINE AS DIPHENYLAMINE
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METHOD 8070
NITROSAMINES BY GAS CHROMATOGRAPHY
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METHOD 8080A

ORGANOCHLORINE PESTICIDES AND POLYCHLORINATED BIPHENYLS
BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Method 8080 is used to determine the concentration of various
organochlorine pesticides and polychlorinated biphenyls (PCBs). The following
compounds can be determined by this method:

Compound Name CAS No.®

Aldrin 309-00-2

a-BHC 319-84-6

B-BHC 319-85-7

§-BHC 319-86-8

v-BHC (Lindane) 58-89-9

Chlordane (technical) 12789-03-6

4,4’ -DDD 72-54-8

4,4’ -DDE 72-55-9

4,4’ -DDT 50-29-3

Dieldrin 60-57-1

Endosulfan 1 959-98-8

o Endosulfan II 33212-65-9
A Endosulfan sulfate 1031-07-8
-’ Endrin 72-20-8

Endrin aldehyde 7421-93-4

Heptachlor 76-44-8

Heptachlor epoxide 1024-57-3

4,4’ -Methoxychlor 72-43-5

Toxaphene 8001-35-2

Aroclor-1016 12674-11-2

Aroclor-1221 1104-28-2

Aroclor-1232 11141-16-5

Aroclor-1242 53469-21-9

Aroclor-1248 12672-29-6

Aroclor-1254 11097-69-1

Aroclor-1260 11096-82-5
a Chemical Abstract Services Registry Number.

1.2 Table 1 Tists the method detection limit for each compound in
organic-free reagent water. Table 2 1ists the estimated quantitation Timit (EQL)
for other matrices.

-
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2.0  SUMMARY OF METHOD

2.1 Method 8080 provides gas chromatographic conditions for the detection
of ppb concentrations of certain organochlorine pesticides and PCBs. Prior
the use of this method, appropriate sample extraction techniques must be use¢
Both neat and diluted organic liquids (Method 3580, Waste Dilution) may be
analyzed by direct injection. A 2 to 5 ulL sample is injected into a gas
chromatograph (GC) using the solvent flush technique, and compounds in the GC
effluent are detected by an electron capture detector (ECD) or an electrolytic
conductivity detector (HECD).

2.2 The sensitivity of Method 8080 usually depends on the concentration
of interferences rather than on instrumental limitations. If interferences
prevent detection of the analytes, Method 8080 may also be performed on samples
that have undergone cleanup. Method 3620, Florisil Column Cleanup, by itself or
followed by Method 3660, Sulfur Cleanup, may be used to eliminate interferences
in the analysis.

3.0 INTERFERENCES
3.1 Refer to Methods 3500, 3600, and 8000.

3.2 Interferences by phthalate esters can pose a major problem in
pesticide determinations when using the electron capture detector. These
compounds generally appear in the chromatogram as large late-eluting peaks,
especially in the 15% and 50% fractions from the Florisil cleanup. Common
fiexible plastics contain varying amounts of phthalates. These phthalates are
easily extracted or leached from such materials during laboratory operations.
Cross contamination of clean glassware routinely occurs when plastics are handl¢™™
during extraction steps, especially when solvent-wetted surfaces are handletus”
Interferences from phthalates can best be minimized by avoiding contact with any
plastic materials. Exhaustive cleanup of reagents and glassware may be required
to eliminate background phthalate contamination. The contamination from
phthalate esters can be completely eliminated with a microcoulometric or
electrolytic conductivity detector.

4.0 APPARATUS AND MATERIALS
4.1 Gas chromatograph

4.1.1 Gas Chromatograph: Analytical system complete with gas
chromatograph suitable for on-column injections and all required
accessories, including detectors, column supplies, recorder, gases, and
syringes. A data system for measuring peak heights and/or peak areas is
recommended.

4.1.2 Columns
4.1.2.1 Column 1: Supelcoport (100/120 mesh) coated with

1.5% SP-2250/1.95% SP-2401 packed in a 1.8 m x 4 mm ID glass column
or equivalent.
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4.1.2.2 Column 2: Supelcoport (100/120 mesh) coated with
3% 0OV-1 in a 1.8 m x 4 mm ID glass column or equivalent.

4.1.3 Detectors: =~ Electron capture (ECD) or electrolytic
conductivity detector (HECD).

4.2 Kuderna-Danish (K-D) apparatus:

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

extracts.

4.2.2 Evaporation flask: 500 mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent.

4.2.3 Snyder column: Three ball macro (Kontes K-503000-0121 or
equivalent).

4.2.4 Snyder column: Two ball micro (Kontes K-569001-0219 or
equivalent).

4.2.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.3 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.4 MWater bath: Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4.5 Volumetric flasks, Class A: sizes as appropriate with ground-glass
stoppers.

4.6 Microsyringe: 10 pul.
4.7 Syringe: 5 mL.

4.8 Vials: Glass, 2, 10, and 20 mL capacity with Teflon-Tined screw caps
or crimp tops.

4.9 Balances: Analytical, 0.0001 g and Top loading, 0.01 g.

5.0  REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.
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5.2 Organic-free reagent water - All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Solvents

5.3.1 Hexane, CgH,, - Pesticide quality or equivalent.

5.3.2 Acetone, CH,COCH; - Pesticide quality or equivalent.

5.3.3 Toluene, C4HsCH, - Pesticide quality or equivalent.

5.3.4 Isooctane, (CH,),CCH,CH(CH,), - Pesticide quality or equivalent.
5.4 Stock standard solutions:

5.4.1 Prepare stock standard solutions at a concentration of
1000 mg/L by dissolving 0.0100 g of assayed reference material in
isooctane and diluting to volume in a 10 mL volumetric flask. A small
volume of toluene may be necessary to put some pesticides in solution.
Larger volumes can be used at the convenience of the analyst. When
compound purity is assayed to be 96% or greater, the weight can be used
without correction to calculate the concentration of the stock standard.
Commercially prepared stock standards can be used at any concentration if
they are certified by the manufacturer or by an independent source.

5.4.2 Transfer the stock standard solutions into vials with Teflon-
lined screw caps or crimp tops. Store at 4°C and protect from light.
Stock standards should be checked frequently for signs of degradation or
evaporation, especially just prior to preparing calibration standards from
them.

5.4.3 Stock standard solutions must be replaced after one year, or
sooner if comparison with check standards indicates a problem.

5.5 Calibration standards: Calibration standards at a minimum of five
concentrations for each parameter of interest are prepared through dilution of
the stock standards with isooctane. One of the concentrations should be at a
concentration near, but above, the method detection 1limit. The remaining
concentrations should correspond to the expected range of concentrations found
in real samples or should define the working range of the GC. Calibration
solutions must be replaced after six months, or sooner, if comparison with check
standards indicates a problem.

5.6 Internal standards (if internal standard calibration is used): To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these Timitations, no
internal standard can be suggested that is applicable to all samples.

5.6.1 Prepare calibration standards at a minimum of five
concentrations for each analyte of interest as described in Sec. 5.5.
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5.6.2 To each calibration standard, add a known constant amount of
one or more internal standards, and dilute to volume with isooctane.

5.6.3 Analyze each calibration standard according to Sec. 7.0.

5.7 Surrogate standards: The analyst should monitor the performance of
the extraction, cleanup (when used), and analytical system and the effectiveness
of the method in dealing with each sample matrix by spiking each sample,
standard, and organic-free reagent water blank with pesticide surrogates.
Because GC/ECD data are much more subject to interference than GC/MS, a secondary
surrogate is to be used when sample interference is apparent. Two surrogate
standards (tetrachloro-m-xylene (TCMX) and decachlorobiphenyl) are added to each
sample; however, only one need be calculated for recovery. Proceed with
corrective action when both surrogates are out of limits for a sample (Sec. 8.3).
Method 3500 indicates the proper procedure for preparing these surrogates.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes, Sec.
4.1. Extracts must be stored under refrigeration and analyzed within 40 days of

extraction.

7.0  PROCEDURE
7.1 Extraction:

7.1.1 Refer to Chapter Two for guidance on choosing the appropriate
extraction procedure. In general, water samples are extracted at a
neutral, or as is, pH with methylene chloride, using either Method 3510 or
3520. Solid samples are extracted using Method 3540, 3541, or 3550.

7.1.2 Prior to gas chromatographic analysis, the extraction solvent
must be exchanged to hexane. The exchange is performed during the K-D
procedures listed in all of the extraction methods. The exchange is

performed as follows.

7.1.2.1 Following K-D of the methylene chloride extract to
1 mL using the macro-Snyder column, allow the apparatus to cool and
drain for at least 10 min.

7.1.2.2 Increase the temperature of the hot water bath to
about 90°C. - Momentarily remove the Snyder column, add 50 mL of
hexane, a new boiling chip, and reattach the macro-Snyder column.
Concentrate the extract using 1 mL of hexane to prewet the Snyder
column. Place the K-D 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 concentration in 5-10 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
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reaches 1 mL, remove the K-D apparatus and allow it to drain and
cool for at least 10 min.

7.1.2.3 Remove the Snyder column and rinse the flask and
its Tower joint into the concentrator tube with 1-2 mL of hexane.
A 5 mL syringe is recommended for this operation. Adjust the
extract volume to 10.0 mL. Stopper the concentrator tube and store
refrigerated at 4°C, if further processing will not be performed
immediately. If the extract will be stored longer than two days, it
should be transferred to a vial with a Teflon-lined screw cap or
crimp top. Proceed with gas chromatographic analysis if further
cleanup is not required.

7.2 Gas chromatography conditions (Recommended):
7.2.1 Column 1:

Carrier gas (5% methane/95% argon) flow rate: 60 mL/min
Column temperature: 200°C isothermal

When analyzing for the low molecular weight PCBs (PCB 1221-PCB
1248), it is advisable to set the oven temperature to 160°C.

7.2.2 Column 2:

Carrier gas (5% methane/95% argon) flow rate: 60 mL/min
Column temperature: 200°C isothermal

When analyzing for the low molecular weight PCBs (PCB 1221-PCB
1248), it is advisable to set the oven temperature to 140°C.

7.2.3 When analyzing for most or all of the analytes in this method,
adjust the oven temperature and column gas flow to provide sufficient
resolution for accurate quantitation of the analytes. This will normally
result in a retention time of 10 to 12 minutes for 4,4'-DDT, depending on
the packed column used.

7.3 Calibration: Refer to Method 8000 for proper calibration techniques.

Use Table 1 and especially Table 2 for guidance on selecting the Towest point on
the calibration curve.

7.3.1 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these procedures.

7.3.2 Because of the low concentration of pesticide standards
injected on a GC/ECD, column adsorption may be a problem when the GC has
not been used for a day. Therefore, the GC column should be primed or
deactivated by injecting a PCB or pesticide standard mixture approximately
20 times more concentrated than the mid-concentration standard. Inject
this prior to beginning initial or daily calibration.
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7.4 Gas chromatographic analysis:

7.4.1 Refer to Method 8000. If the internal standard calibration
technique is used, add 10 ulL of internal standard to the sample prior to

injection.

7.4.2 Method 8000 provides instructions on the analysis sequence,
appropriate dilutions, establishing daily retention time windows, and
identification criteria. Include a mid-concentration standard after each
group of 10 samples in the analysis sequence.

NOTE: A 72 hour sequence is not required with this method.

7.4.3 Examples of GC/ECD chromatograms for various pesticides and
PCBs are shown in Figures 1 through 5.

7.4.4 Prime the column as per Sec. 7.3.2.

7.4.5 DDT and endrin are easily degraded in the injection port if
the injection port or front of the column is dirty. This is the result of
buildup of high boiling residue from sample injection. Check for
degradation problems by injecting a mid-concentration standard containing
only 4,4’ -DDT and endrin. Look for the degradation products of 4,4’ -DDT
(4,4’ -DDE and 4,4’-DDD) and endrin (endrin ketone and endrin aldehyde).
If degradation of either DDT or endrin exceeds 20%, take corrective action
before proceeding with calibration, by following the GC system maintenance
outlined in of Method 8000. Calculate percent breakdown as follows:

Total DDT degradation peak area (DDE + DDD)

% breakdown = x 100
for 4,4'-DDT Total DDT peak area (DDT + DDE + DDD)

Total endrin degradation peak area
(endrin aldehyde + endrin ketone)
x 100

% breakdown
for Endrin Total endrin peak area (endrin +
endrin aldehyde + endrin ketone)

7.4.6 Record the sample volume injected and the resulting peak sizes
(in area units or peak heights).

7.4.7 Using either the internal or external calibration procedure
(Method 8000), determine the identity and quantity of each component peak
in the sample chromatogram which corresponds to the compounds used for
calibration purposes.

7.4.8 If peak detection and identification are prevented due to
interferences, the hexane extract may need to undergo cleanup using Method
3620. The resultant extract(s) may be analyzed by GC directly or may
undergo further cleanup to remove sulfur using Method 3660.
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7.5 Cleanup:

7.5.1 Proceed with Method 3620, followed by, if necessary, Method
3660, using the 10 mL hexane extracts obtained from Sec. 7.1.2.3.

7.5.2 Following cleanup, the extracts should be analyzed by GC, éym#;
described in the previous sections and in Method 8000.

7.5.3 If only PCBs are to be measured in a sample, the sulfuric
acid/permanganate cleanup (Method 3665), followed by Silica Cleanup
(Method 3630) or Florisil Cleanup (Method 3620), is recommended.

7.6 Calculations (excerpted from U.S. FDA, PAM):

7.6.1 Calculation of Certain Residues: Residues which are mixtures
of two or more components present problems in measurement. When they are
found together, e.g., toxaphene and DDT, the problem of quantitation
becomes even more difficult. In the following sections suggestions are
offered for handling toxaphene, chlordane, PCB, DDT, and BHC. A 10%
DC-200 stationary phase column was used to obtain the chromatograms in
Figures 6-9.

7.6.2 Toxaphene: Quantitative calculation of toxaphene or Strobane
is difficult, but reasonable accuracy can be obtained. To calculate
toxaphene on GC/ECD: (a) adjust sample size so that toxaphene major peaks
are 10-30% full-scale deflection (FSD); (b) inject a toxaphene standard
that is estimated to be within +10 ng of the sample; (c) construct the
baseline of standard toxaphene between its extremities; and (d) construct
the baseline under the sample, using the distances of the peak troughs to
baseline on the standard as a guide (Figures 7, 8, and 9). This procedur
is made difficult by the fact that the relative heights and widths of tk
peaks in the sample will probably not be identical to the standard. ﬁmy
toxaphene standard that has been passed through a Florisil column will
show a shorter retention time for peak X and an enlargement of peak Y.

7.6.3 Toxaphene and DDT: If DDT is present, it will superimpose
itself on toxaphene peak V. To determine the approximate baseline of the
DDT, draw a line connecting the trough of peaks U and V with the trough of
peaks W and X and construct another line parallel to this line which will
just cut the top of peak W (Figure 61). This procedure was tested with
ratios of standard toxaphene-DDT mixtures from 1:10 to 2:1 and the results
of added and calculated DDT and toxaphene by the "parallel lines" method
of baseline construction were within 10% of the actual values in all
cases.

7.6.3.1 A series of toxaphene residues have been
calculated using total peak area for comparison to the standard and
also using area of the last four peaks only in both sample and
standard. The agreement between the results obtained by the two
methods justifies the use of the Tatter method for calculating
toxaphene in a sample where the early eluting portion of the
toxaphene chromatogram is interfered with by other substances.
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7.6.3.2 The baseline for methoxychlor superimposed on
toxaphene (Figure 8b) was constructed by overlaying the samples on
a toxaphene standard of approximately the same concentration (Figure
8a) and viewing the charts against a lighted background.

7.6.4 Chlordane is a technical mixture of at least 11 major
components and 30 or more minor ones. Gas chromatography-mass
spectrometry and nuclear magnetic resonance analytical techniques have
been applied to the elucidation of the chemical structures of the many
chlordane constituents. Figure 9a is a chromatogram of standard chlor-
dane. Peaks E and F are responses to trans- and cis-chlordane, respec-
tively. These are the two major components of technical chlordane, but
the exact percentage of each in the technical material is not completely
defined and is not consistent from batch to batch. Other labelled peaks
in Figure 9a are thought to represent: A, monochlorinated adduct of
pentachlorocyclopentadiene with cyclopentadiene; B, coelution of
heptachlor and a-chlordene; C, coelution of 8-chlordene and y-chlordene;
D, a chlordane analog; G, coelution of cis-nonachlor and “Compound K," a
chlordane isomer. The right "shoulder" of peak F is caused by trans-

nonachlor.

7.6.4.1 The GC pattern of a chlordane residue may differ
considerably from that of the technical standard. Depending on the
sample substrate and its history, residues of chlordane can consist
of almost any combination of constituents from the technical
chlordane, plant and/or animal metabolites, and products of
degradation caused by exposure to environmental factors such as
water and sunlight. Only limited information is available on which
residue GC patterns are likely to occur in which samples types, and
even this information may not be applicable to a situation where the
route of exposure is unusual. For example, fish exposed to a recent
spill of technical chlordane will contain a residue drastically
different from a fish whose chlordane residue was accumulated by
ingestion of smaller fish or of vegetation, which in turn had
accumulated residues because chlordane was in the water from
agricultural runoff.

7.6.4.2 Because of this inability to predict a chlordane
residue GC pattern, it is not possible to prescribe a single method
for the quantitation of chlordane residues. The analyst must judge
whether or not the residue’s GC pattern is sufficiently similar to
that of a technical chlordane reference material to use the latter
as a reference standard for quantitation.

7.6.4.3 When the chlordane residue does not resemble
technical chlordane, but instead consists primarily of individual,
identifiable peaks, quantitate each peak separately against the
appropriate reference materials and report the individual residues.
(Reference materials are available for at 1least 11 chlordane
constituents, metabolites or degradation products which may occur in
the residue.)

Cud0A - 9 Revision 1
September 1994



7.6.4.4 When the GC pattern of the residue resembles that
of technical chlordane, quantitate chlordane residues by comparing
the total area of the chlordane chromatogram from peaks A through F
(Figure 9a) in the sample versus the same part of the standard
chromatogram. Peak G may be obscured in a sample by the presence of
other pesticides. If G is not obscured, include it in the
measurement for both standard and sample. If the heptachlor epoxide
peak is relatively small, include it as part of the total chlordane
area for calculation of the residue. If heptachlor and/or
heptachlor epoxide are much out of proportion as in Figure 6j,
calculate these separately and subtract their areas from total area
to give a corrected chlordane area. (Note that octachlor epoxide,
a metabolite of chlordane, can easily be mistaken for heptachlor
epoxide on a nonpolar GC column.)

7.6.4.5 To measure the total area of the chlordane
chromatogram, proceed as in Sec. 7.6.2 on toxaphene. Inject an
amount of technical chlordane standard which will produce a
chromatogram in which peaks E and F are approximately the same size
as those in the sample chromatograms. Construct the baseline
beneath the standard from the beginning of peak A to the end of peak
F as shown in Figure 9a. Use the distance from the trough between
peaks E and F to the baseline in the chromatogram of the standard to
construct the baseline in the chromatogram of the sample. Figure 9b
shows how the presence of toxaphene causes the baseline under
chlordane to take an upward angle. When the size of peaks E and F
in standard and sample chromatograms are the same, the distance from
the trough of the peaks to the baselines should be the same.
Measurement of chlordane area should be done by total peak area if
possible.

NOTE: A comparison has been made of the total peak area
integration method and the addition of peak heights
method for several samples containing chlordane. The
peak heights A, B, C, D, E, and F were measured in
millimeters from peak maximum of each to the baseline
constructed under the total chlordane area and were then
added together. These results obtained by the two
techniques are too close to ignore this method of "peak
height addition" as a means of calculating chlordane.
The technique has inherent difficulties because not all
the peaks are symmetrical and not all are present in the
same ratio in standard and in sample. This method does
offer a means of calculating results if no means of
measuring total area is practical. '

7.6.5 Polychlorinated biphenyls (PCBs): Quantitation of residues of

PCB involves problems similar to those encountered in the quantitation of
toxaphene, Strobane, and chlordane. In each case, the chemical is made up
of numerous compounds. So the chromatograms are multi-peak. Also in each
case, the chromatogram of the residue may not match that of the standard.

7.6.5.1 Mixtures of PCBs of various chlorine contents were
sold for many years in the U.S. by the Monsanto Co. under the
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tradename Aroclor (1200 series and 1016). Though these Aroclors are
no longer marketed, the PCBs remain in the environment and are
sometimes found as residues in foods, especially fish.

7.6.5.2 PCB residues are quantitated by comparison to one
or more of the Aroclor materials, depending on the chromatographic
pattern of the residue. A choice must be made as to which Aroclor
or mixture of Aroclors will produce a chromatogram most similar to
that of the residue. This may also involve a judgment about what
proportion of the different Aroclors to combine to produce the
appropriate reference material.

7.6.5.3 Quantitate PCB residues by comparing total area or
height of residue peaks to total area of height of peaks from
appropriate Aroclor(s) reference materials. Measure total area or
height response from common baseline under all peaks. Use only
those peaks from the sample that can be attributed to
chlorobiphenyls. These peaks must also be present in the
chromatogram of the reference materials. Mixtures of Aroclors may
be required to provide the best match of GC patterns of sample and

reference.

7.6.6 DDT: DDT found in samples often consists of both o,p’- and
p,p'-DDT. Residues of DDE and DDD are also frequently present. Each
isomer of DDT and its metabolites should be quantitated using the pure
standard of that compound and reported as such.

7.6.7 Hexachlorocyclohexane (BHC, from the former name, benzene
hexachloride): Technical grade BHC is a cream-colored amorphous solid
with a very characteristic musty odor; it consists of a mixture of six
chemically distinct isomers and one or more heptachloro-cyclohexanes and
octachloro-cyclohexanes.

7.6.7.1 Commercial BHC preparations may show a wide
variance in the percentage of individual isomers present. The
elimination rate of the isomers fed to rats was 3 weeks for the a-,
v-, and &-isomers and 14 weeks for the B-isomer. Thus it may be
possible to have any combination of the various isomers in different
food commodities. BHC found in dairy products usually has a large
percentage of SB-isomer.

7.6.7.2 Individual isomers (a, 8, v, and §) were injected
into gas chromatographs equipped with flame ionization,
microcoulometric, and electron capture detectors. Response for the
four isomers is very nearly the same whether flame ionization or
microcoulometric GLC is used. The a-, -, and &§-isomers show equal
electron affinity. B-BHC shows a much weaker electron affinity
compared to the other isomers.

7.6.7.3 Quantitate each isomer (a, B, v, and §)
separately against a standard of the respective pure isomer, using
a GC column which separates all the isomers from one another.
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8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures.
Quality control to validate sample extraction is covered in Method 3500 and in
the extraction method utilized. If extract cleanup was performed, follow the QC
in Method 3600 and in the specific cleanup method.

8.2 Quality control required to evaluate the GC system operation is found
in Method 8000.

8.2.1 The quality control check sample concentrate (Method 8000)
should contain each single-component parameter of interest at the
following concentrations in acetone or other water miscible solvent:
4,4’ -DDD, 10 mg/L; 4,4’ -DDT, 10 mg/L; endosulfan II, 10 mg/L; endosulfan
sulfate, 10 mg/L; endrin, 10 mg/L; and any other single-component
pesticide, 2 mg/L. If this method is only to be used to analyze for PCBs,
chlordane, or toxaphene, the QC check sample concentrate should contain
the most representative multi-component parameter at a concentration of 50
mg/L in acetone.

8.2.2 Table 3 indicates the QC acceptance criteria for this method.
Table 4 gives method accuracy and precision as functions of concentration
for the analytes of interest. The contents of both Tables should be used
to evaluate a laboratory’s ability to perform and generate acceptable data
by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if the recovery is within limits (limits established by
performing QC procedures outlined in Method 8000).

8.3.1 If recovery is not within Timits, the following is required.
. Check to be sure there are no efrors in calculations,

surrogate solutions and internal standards. Also, check
instrument performance.

. Recalculate the data and/or reanalyze the extract if any
of the above checks reveal a problem.

. Reextract and reanalyze the sample if none of the above
are a problem or flag the data as "estimated
concentration".

8.4 GC/MS confirmation: Any compounds confirmed by two columns may also
be confirmed by GC/MS if the concentration is sufficient for detection by GC/MS
as determined by the laboratory generated detection limits.

8.4.1 The GC/MS would normally require a minimum concentration of 10
ng/ul in the final extract, for each single-component compound.

8.4.2 The pesticide extract and associated blank should be analyzed
by GC/MS as per Sec. 7.0 of Method 8270.

8080A - 12 Revision 1
September 1994

W

Q)



J

O

8.4.3 The confirmation may be from the GC/MS analysis of the
base/neutral-acid extractables extracts (sample and blank). However, if
the compounds are not detected in the base/neutral-acid extract even

- though the concentration is high enough, a GC/MS analysis of the pesticide
extract should be performed.

8.4.4 A reference standard of the compound must also be analyzed by
GC/MS. The concentration of the reference standard must be at a level
that would demonstrate the ability to confirm the pesticides/PCBs

jdentified by GC/ECD.

9.0 METHOD PERFORMANCE

9.1 The method was tested by 20 laboratories using organic-free reagent
water, drinking water, surface water, and three industrial wastewaters spiked at
six concentrations. Concentrations used in the study ranged from 0.5 to 30 ug/L
for single-component pesticides and from 8.5 to 400 ug/L for multi-component
parameters. 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 for an electron capture detector are presented in Table 4.

9.2 The accuracy and precision obtained will be determined by the sample
matrix, sample-preparation technique, optional cleanup techniques, and
calibration procedures used. :
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TABLE 1.
GAS CHROMATOGRAPHY OF PESTICIDES AND PCBs®

Retention time (min) Method
Detection
Analyte Col. 1 Col. 2 limit (ug/L)
Aldrin 2.40 4.10 0.004
a-BHC 1.35 1.82 0.003
B-BHC 1.90 1.97 0.006
§-BHC 2.15 2.20 0.009
v-BHC (Lindane) 1.70 2.13 0.004
Chlordane (technical) e e 0.014
4,4’ -DDD 7.83 9.08 0.011
4,4’ -DDE 5.13 7.15 0.004
4,4’ -DDT 9.40 11.75 0.012
Dieldrin 5.45 7.23 0.002
Endosulfan I 4.50 6.20 0.014
Endosulfan II 8.00 8.28 0.004
Endosulfan sulfate 14.22 10.70 0.066
Endrin 6.55 8.10 0.006
Endrin aldehyde 11.82 9.30 0.023
Heptachlor 2.00 3.35 0.003
Heptachlor epoxide 3.50 5.00 0.083
Methoxychlor 18.20 26.60 0.176
Toxaphene e e 0.24
PCB-1016 e e nd
PCB-1221 e e nd
PCB-1232 e e nd
PCB-1242 e e 0.065
PCB-1248 e e nd
PCB-1254 e e nd
PCB-1260 e e nd

°U.S. EPA. Method 617. Organochlorine Pesticides and PCBs.

Monitoring and Support Laboratory, Cincinnati, Ohio 45268.
e = Multiple peak response.

nd = not determined.
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TABLE 2.
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQLs) FOR VARIOUS MATRICES®

Matrix Factor Ry
Ground water 10
Low-concentration soil by sonication with GPC cleanup 670
High-concentration soil and sludges by sonication 10,000
Non-water miscible waste 100,000
a EQL = [Method detection 1imit (see Table 1)] X [Factor found in this
table]. For non-aqueocus samples, the factor is on a wet-weight
basis. Sample EQLs are highly matrix-dependent. The EQLs listed
herein are provided for guidance and may not always be achievable.
~
e
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TABLE 3.
QC ACCEPTANCE CRITERIA®

Test Limit Range Range

conc. for s for x P, P,
Analyte (ug/L) (ng/L) (ug/L) (%)
Aldrin 2.0 0.42 1.08-2.24 42-122
a-BHC 2.0 0.48 0.98-2.44 37-134
3-BHC 2.0 0.64 0.78-2.60 17-147
§-BHC 2.0 0.72 1.01-2.37 19-140
v-BHC 2.0 0.46 0.86-2.32 32-127
Chlordane 50 10.0 27.6-54.3 45-119
4,4’ -DDD 10 2.8 4.8-12.6 31-141
4,4’ -DDE 2.0 0.55 1.08-2.60 30-145
4,4’ -DDT 10 3.6 4.6-13.7 25-160
Dieldrin 2.0 0.76 1.15-2.49 36-146
Endosulfan I 2.0 0.49 1.14-2.82 45-153
Endosulfan II 10 6.1 2.2-17.1 D-202
Endosulfan Sulfate 10 2.7 3.8-13.2 26-144
Endrin 10 3.7 5.1-12.6 30-147
Heptachlor 2.0 0.40 0.86-2.00 34-111
Heptachlor epoxide 2.0 0.41 1.13-2.63 37-142
Toxaphene 50 12.7 27.8-55.6 41-126
PCB-1016 50 10.0 30.5-51.5 50-114
PCB-1221 50 24.4 22.1-75.2 15-178
PCB-1232 50 17.9 14.0-98.5 10-215
PCB-1242 50 12.2 24.8-69.6 39-150
PCB-1248 50 15.9 29.0-70.2 38-158
PCB-1254 50 13.8 22.2-57.9 29-131
PCB-1260 50 10.4 18.7-54.9 8-127
s = Standard deviation of four recovery measurements, in ug/L.
X = Average recovery for four recovery measurements, in ug/L.
P, P, = Percent recovery measured.
D = Detected; result must be greater than zero.

Criteria from 40 CFR Part 136 for Method 608. These criteria are based directly
upon the method performance data in Table 4. Where necessary, the limits for
recovery have been broadened to assure applicability of the Timits to
concentrations below those used to develop Table 4.
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TABLE 4.
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION®

Accuracy, as Single analyst Overall
recovery, x’ precision, s /' precision,
Analyte (kg/L) (rg/L) $" (png/L)
Aldrin 0.81C+0.04 0.16x-0.04 0.20x-0.01
a-BHC 0.84C+0.03 0.13x+0.04 0.23x-0.00
B-BHC 0.81C+0.07 0.22x+0.02 0.33x-0.95
§-BHC 0.81C+0.07 0.18x+0.09 0.25x+0.03
v-BHC 0.82C-0.05 0.12x+0.06 0.22x+0.04
Chlordane 0.82C-0.04 0.13x+0.13 0.18x+0.18
4,4’ -DDD 0.84C+0.30 0.20x-0.18 0.27x-0.14
4,4’ -DDE 0.85C+0.14 0.13x+0.06 0.28x-0.09
4,4’ -DDT 0.93C-0.13 0.17x+0.39 0.31x-0.21
Dieldrin 0.90C+0.02 0.12x+0.19 0.16x+0.16
Endosulfan I 0.97C+0.04 0.10x+0.07 0.18x+0.08
Endosulfan II 0.93C+0.34 0.41x-0.65 0.47x-0.20
Endosulfan Sulfate 0.89C-0.37 0.13x+0.33 0.24x+0.35
Endrin 0.89C-0.04 0.20x+0.25 0.24x+0.25
Heptachlor 0.69C+0.04 0.06x+0.13 0.16x+0.08
Heptachlor epoxide 0.89C+0.10 0.18x-0.11 0.25x-0.08
Toxaphene 0.80C+1.74 0.09x+3.20 0.20x+0.22
PCB-1016 0.81C+40.50 0.13x+0.15 0.15x+0.45
PCB-1221 0.96C+0.65 0.29x-0.76 0.35x-0.62
PCB-1232 0.91C+10.79 0.21x-1.93 0.31x+3.50
PCB-1242 0.91C+10.79 0.21x-1.93 0.31x+3.50
PCB-1248 0.91C+10.79 0.21x-1.93 0.31x+3.50
PCB-1254 0.91C+10.79 0.21x-1.93 0.31x+3.50
PCB-1260 0.91C+10.79 0.21x-1.93 0.31x43.50
x’ = Expected recovery for one or more measurements of a sample.
containing concentration C, in ug/L.
s,/ = Expected single analyst standard deviation of measurements at an
average concentration of x, in ug/L.
S’ = Expected interlaboratory standard deviation of measurements at an
average concentration found of x, in ug/L.
c = True value for the concentration, in ug/L.
X = Average recovery found for measurements of samples containing a

concentration of C, in ug/L.
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Figure 1
Gas Chromatogram of Pesticides
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Figure 2
Gas Chromatogram of Chlordane
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Figure 3
Gas Chromatogram of Toxaphene
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Figure 4
Gas Chromatogram of Aroclor 1254
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Figure 5
Gas Chromatogram of Aroclor 1260
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Figure 6

S [ s

Fig.6--Baseline construction for some typical gas chromotagraphic peaks.
a: symmetrical separated flat baseline; b and c: overlapp flat baseline;
d: separated (pen does not return to baseline between peaks); e: separated
sloping baseline; f: separated (pen goes below baseline between peaks);

g: a- and v-BHC sloping baseline; h: a-,8- and v-BHC sloping baseline;

i: chlordane flat baseline; j: heptachlor and heptachlor epoxide super-
imposed on chlordane; k: chair-shaped peaks, unsymmetrical peak;

1l: p,p'-DDT superimposed on toxaphene.
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Figure 7
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Fig.- 7a -- Baseline construction for multiple residues with standard
toxaphene.
T
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Fig.- 7b -- Baseline construction for multiple residues with toxaphene,
DDE and o,p'-, and p,p'-DDT
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Figure 8
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Fig.- 8a -- Baseline construction for multiple residues: standard toxaphene.
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Fig.- 8b -- Baseline comstruction for multiple residues: rice bran with BHC,
toxaphene, DDT, and methoxychlor.
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Figure 9
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Fig.- 9a -- Baseline construction for multiple residues: standard chlordane.
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Fig.- 9b -- Baseline construction for multiple residues: rice bran with
chlordane, toxaphene, and DDT.
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METHOD 8080A

ORGANOCHLORINE PESTICIDES AND POLYCHLORINATED BIPHENYLS

=
1

7.1.1 Choose
appropriate extraction
procedure.

l

7.1.2 Exchange
extraction solvent
to hexane.

:

7.2 Set
chromatographic
conditions.

L

7.3 Refer to
Method 8000 for
proper calibration

techniques.

BY GAS CHROMATOGRAPHY

7.3.2 Prime or
deactivate the GC
column prior to
daily calibration.

L

7.4 Perform
GC analysis.

7.4.8
is peak
detection and

identification
prevented?

7.6.1 Do
residues have
two or more
components?

Yes

=
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7.5.1 Cleanup
using Method 3620
or 3660 if necessary.

7.6 Calculate
concentrations.
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METHOD 8081

ORGANOCHLORINE PESTICIDES AND PCBs AS AROCLORS BY GAS
CHROMATOGRAPHY: CAPILLARY COLUMN TECHNIQUE

1.0 SCOPE AND APPLICATION

1.1 Method 8081 is used to determine the concentrations of various
organochlorine pesticides and polychlorinated biphenyls (PCBs) as Aroclors, in
extracts from solid and liquid matrices. Open-tubular, capillary columns were
employed with electron capture detectors (ECD) or electrolytic conductivity
detectors (ELCD). When compared to the packed columns, these fused-silica, open-
tubular columns offer improved resolution, better selectivity, increased
sensitivity, and faster analysis. The 1ist below is annotated to show whether a
single- or dual-column analysis system was used to identify each target analyte.

Compound Name CAS Registry No.
Aldrin®® 309-00-2
Aroclor-1016** 12674-11-2
Aroclor-1221*F 1104-28-2
Aroclor-1232>F 11141-16-5
Aroclor-1242>° 53469-21-9
Aroclor-1248** 12672-29-6
Aroclor-1254>F 11097-69-1
Aroclor-1260°° 11096-82-5
a-BHC*® 319-84-6
B-BHC*® 319-85-7
~-BHC (Lindane)>® 58-89-9
§-BHC*P 319-86-8
Chlorobenzilate® 510-15-6
a-Chlordane® 5103-71-9
~-Chlordane™® 5103-74-2
DBCP® 96-12-8
4,4’ -pDD*® 72-54-8
4,4’ -DDE*® 72-55-9
4,4’ -DDT*® 50-29-3
Diallate® 2303-16-4
Dieldrin®® 60-57-1
Endosulfan I°** 959-98-8
Endosulfan II*P 33213-65-9
Endosulfan sulfate*® 1031-07-8
Endrin®P 72-20-8
Endrin aldehyde®? 7421-93-4
Endrin ketone® 53494-70-5

8081 -1 Revision 0
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Compound Name CAS Registry No.
Heptachlor®® 76-44-8
Heptachlor epoxide®® 1024-57-3
Hexachlorobenzene® 118-74-1
Hexachlorocyclopentadiene® 77-47-4
Isodrin® 465-73-6
Kepone® 143-50-0
Methoxychlor®® 72-43-5
Toxaphene®® 8001-35-2

Single-column analysis
Dual-column analysis

1.2 The analyst must select columns, detectors and calibration procedures
most appropriate for the specific analytes of interest in a study. Matrix-
specific performance data must be established and the stability of the analytical
system and instrument calibration must be established for each analytical matrix
(e.g., hexane solutions from sample extractions, diluted oil samples, etc.).

1.3 Although performance data are presented for many of the listed
chemicals, it is unlikely that all of them could be determined in a single
analysis. This limitation results because the chemical and chromatographic
behavior of many of these chemicals can result in co-elution. Several
cleanup/fractionation schemes are provided in this method and in Method 3600.
Any chemical is a potential method interference when it is not a target analyte.

1.4 Several multi-component mixtures (i.e., Aroclors and Toxaphene) are
listed as target compounds. When samples contain more than one multi-component
analyte, a higher Tevel of analyst exrertise is required to attain acceptable
levels of qualitative and quantitative analysis. The same is true of multi-
component analytes that have been subjected to environmental degradation or
degradation by treatment technologies. These result in "weathered" Aroclors (or
any other multi-component mixtures) that may have significant differences in peak
patterns than those of standards. In these cases, individual congener analyses
may be preferred over total mixture analyses.

1.5 Compound identification based on single column analysis should be
confirmed on a second column, or should be supported by at least one other
qualitative technique. This method describes analytical conditions for a second
gas chromatographic column that can be used to confirm the measurements made with
the primary column. GC/MS Method 8270 is also recommended as a confirmation
technique if sensitivity permits (Sec. 8).

1.6 This method describes a dual column option. The option allows a
hardware configuration of two analytical columns joined to a single injection
port. The option allows one injection to be used for dual column analysis.

8081 - 2 Revision 0
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Analysts are cautioned that the dual coTumn option may not be appropriate when
the instrument is subject to mechanical stress, many samples are to be run in a
short period, or when contaminated samples are analyzed.

1.7 This method is restricted to use by or under the supervision of
analysts experienced in the use of a gas chromatograph (GC) and in the
interpretation of gas chromatograms. Each analyst must demonstrate the ability
to generate acceptable results with this method.

1.8 Extracts suitable for analysis by this method may also be analyzed
for organophosphorus pesticides (Method 8141). Some extracts may also be
suitable for triazine herbicide analysis, if low recoveries (normally samples
taken for triazine analysis must be preserved) are not a problem.

1.9 The following compounds may also be determined using this method:

Compound Name CAS Registry No.

Alachlor®® 15972-60-8
Captafol® 2425-06-1
Captan® 133-06-2
Chloroneb® 2675-77-6
Chloropropylate® 99516-95-7
Chlorothalonil® 1897-45-6
DCPA® 1861-32-1
Dichlone® 117-80-6
Dicofol® 115-32-2
Etridiazole® 2593-15-9
Halowax-1000° 58718-66-4
Halowax-1001° 58718-67-5
Halowax-1013° 12616-35-2
Halowax-1014° 12616-36-3
Halowax-1051° 2234-13-1
Halowax-1099" 39450-05-0
Mirex® 2385-85-5
Nitrofen® 1836-75-5
PCNB® 82-68-8
Perthane® 72-56-0
Propachlor® 1918-16-17
Strobane® 8001-50-1
trans-Nonachlor® 39765-80-5
trans-Permethrin® 51877-74-8
Trifluralin® 1582-09-8

Single-column analysis

® Dual-column analysis
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2.0 SUMMARY OF METHGD

2.1 A measured volume or weight of sample (approximately 1 L for liquids,
2 g to 30 g for solids) is extracted using the appropriate sample extraction
technique. Liquid samples are extracted at neutral pH with methylene chloride
using either a separatory funnel (Method 3510) or a continuous liquid-liquid
extractor (Method 3520). Solid samples are extracted with hexane-acetone (1:1)
or methylene chloride-acetone (1:1) using either Soxhlet extraction (Method
3540), Automated Soxhlet (Method 3541), or Ultrasonic Extraction (Method 3550).
A variety of cleanup steps may be applied to the extract, depending on (1) the
nature of the coextracted matrix interferences and (2) the target analytes.
After cleanup, the extract is analyzed by injecting a 1-ul sample into a gas
chromatograph with a narrow- or wide-bore fused silica capillary column and
electron capture detector (GC/ECD) or an electrolytic conductivity detector
(GC/ELCD).

3.0 INTERFERENCES
3.1 Refer to Methods 3500 (Sec. 3, in particular), 3600, and 8000.

3.2 Sources of interference in this method can be grouped into three
broad categories: contaminated solvents, reagents or sample processing hardware;
contaminated GC carrier gas, parts, column surfaces or detector surfaces; and the
presence of coeluting compounds in the sample matrix to which the ECD will
respond. Interferences coextracted from the samples will vary considerably from
waste to waste. While general cleanup techniques are referenced or provided as
part of this method, unique samples may require additional cleanup approaches to
achieve desired degrees of discrimination and quantitation.

3.3 Interferences by " phthalate esters introduced during sample
preparation can pose a major problem in pesticide determinations. These
materials may be removed prior to analysis using Gel Permeation Cleanup -
pesticide option (Method 3640) or as Fraction III of the silica gel cleanup
procedure (Method 3630). Common flexible plastics contain varying amounts of
phthalate esters which are easily extracted or leached from such materials during
laboratory operations. Cross-contamination of clean glassware routinely occurs
when plastics are handled during extraction steps, especially when solvent-wetted
surfaces are handled. Interferences from phthalate esters can best be minimized
by avoiding contact with any plastic materials and checking all solvents and
reagents for phthalate contamination. Exhaustive cleanup of solvents, reagents
and glassware may be required to eliminate background phthalate ester
contamination.

3.4 Glassware must be scrupulously cleaned. Clean all glassware as soon
as possible after use by rinsing with the last solvent used. This should be
followed by detergent washing with hot water, and rinses with tap water and
organic-free reagent water. Drain the glassware and dry in an oven at 130°C for
several hours or rinse with methanol and drain. Store dry glassware in a clean
environment.

3.5 The presence of elemental sulfur will result in broad peaks that
interfere with the detection of early-eluting organochlorine pesticides. Sulfur
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contamination should be expected with sediment samples. Method 3660 is suggested
for removal of sulfur. Since the recovery of Endrin aldehyde (using the TBA
procedure) is drastically reduced, this compound must be determined prior to

L e sulfur cleanup.

hagl 3.6 Waxes, lipids, and other high molecular weight co-extractables can
be removed by Gel-Permeation Cleanup (Method 3640).

3.7 It may be difficult to quantitate Aroclor patterns and single
component pesticides together. Some pesticides can be removed by sulfuric
acid/permanganate cleanup (Method 3665) and silica fractionation (Method 3630).
Guidance on the identification of PCBs is given in Sec. 7.

3.8 The following target analytes coelute using single column analysis:

DB 608 Trifluralin/Diallate isomers
PCNP/Dichlone/Isodrin
DDD/Endosulfan II

DB 1701 Captan/Chlorobenzilate
Captafol/Mirex
DDD/Endosulfan II
Methoxychlor/Endosulfan sulfate

3.8.1 Other halogenated pesticides or industrial chemicals may
interfere with the analysis of pesticides. Certain co-eluting
organophosphorus pesticides are eliminated by the Gel Permeation
Chromatography cleanup - pesticide option (Method 3640). Co-eluting

) chlorophenols are eliminated by Silica gel (Method 3630), Florisil (Method
7 3620), or Alumina (Method 3610) cleanup.
s’
3.9 The following compounds coelute using the dual column analysis. Two
temperature programs are provided for the same pair of columns as option 1 and
option 2 for dual column analysis. In general, the DB-5 column resolves fewer

compounds that the DB-1701:
3.9.1 DB-5/DB-1701, thin film, slow ramp: See Sec. 7 and Table 6.

DB-5 trans-Permethrin/Heptachlor epoxide
Endosulfan I/a-Chlordane
Perthane/Endrin
Endosulfan II/Chloropropylate/Chlorobenzilate
4,4' -DDT/Endosulfan sulfate
Methoxychlor/Dicofol

Perthane/Endrin and Chlorobenzilate/Endosulfan II/Chloropropylate
will also co-elute on DB-5 after moderate deterioration in column

performance.

/ﬁ/,:"—iﬂ\\
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DB-1701 Chlorothalonil/B-BHC
6-BHC/DCPA/trans-Permethrin
a-Chlordane/trans-Nonachlor
Captan/Dieldrin
Chlorobenzilate/Chloropropylate

Chlorothalonil/B-BHC and a-Chlordane/trans-Nonachlor will co-elute
on the DB-1701 column after moderate deterioration in column performance.

Nitrofen, Dichlone, Carbophenothion, Dichloran and Kepone were
removed from the composite mixture because of extensive peak tailing on
both columns. Simazine and Atrazine give poor responses on the ECD
detector. Triazine compounds should be analyzed using Method 8141 (NPD
option).

3.9.2 DB-5/DB-1701, thick film, fast ramp: See Sec. 7 and Table 7.

DB-5 Diallate/a-BHC
Perthane/Endosulfan 11
Chlorobenzilate/Chloropropylate
Endrin/Nitrofen
4,4’ -DDT/Endosulfan sulfate
Methoxychlor/Dicolfol

DB-1701 a-Chlordane/trans-Nonachlor (partially resolved)
4,4’ -DDD/Endosulfan II (partially resolved)

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph: an analytical system complete with gas
chromatograph suitabie for on-column and split-splitiess injection and all
required accessories including syringes, analytical columns, gases, electron
capture detectors (ECD), and recorder/integrator or data system.

The columns listed in this section were used to develop the method
performance data. Their specification is not intended to prevent laboratories
from using columns that are developed after promulgation of the method.
Laboratories may use other capillary columns if they document method performance
data (e.g. chromatographic resolution, analyte breakdown, and MDLs) equal to or
better than those provided with the method.

4.1.1 Single-column Analysis:
4.1.1.1 Narrow-bore columns:
4.1.1.1.1 Column 1 - 30 m x 0.25 or 0.32 mm internal
diameter (ID) fused silica capillary column chemically bonded
with SE-54 (DB 5 or equivalent), 1 um film thickness.

4.1.1.1.2 Column 2 - 30 m x 0.25 mm ID fused silica
capillary column chemically bonded with 35 percent phenyl
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4.1.2

methylpolysiloxane (DB 608, SPB 608, or equivalent), 25 um
coating thickness, 1 um film thickness.

4.1.1.1.3 Narrow bore columns should be installed in
split/splitless (Grob-type) injectors.

4,1.1.2 Wide-bore columns

4,1.1.2.1 Column 1 - 30 m x 0.53 mm ID fused silica
capillary column chemically bonded with 35 percent phenyl
methylpolysiloxane (DB 608, SPB 608, RTx-35, or equivalent),
0.5 um or 0.83 um film thickness. :

4,1.1.2.2 Column 2 - 30 m x 0.53 mm ID fused silica
capillary column chemically bonded with 50 percent phenyl
methylpolysiloxane (DB 1701, or equivalent), 1.0 um film
thickness.

4.1.1.2.3 Column 3 - 30 m x 0.53 mm ID fused silica
capillary column chemically bonded with SE-54 (DB 5, SPB 5,
RTx5, or equivalent), 1.5 um film thickness.

4.1.1.2.4 Wide-bore columns should be instalied in 1/4
inch injectors, with deactivated Tiners designed specifically
for use with these columns.

Dual Column Analysis:
4.1.2.1 Column pair 1:

4.1.2.1.1 J&W Scientific press-fit Y-shaped glass 3-
way union splitter (J&W Scientific, Catalog no. 705-0733) or
Restek Y-shaped fused-silica connector (Restek, Catalog no.
20405), or equivalent.

4,1.2.1.2 30 m x 0.53 m ID DB-5 (J&W Scientific),
1.5 um film thickness, or equivalent.

4.1.2.1.3 30 mx 0.53 mm ID DB-1701 (J&W Scientific),
1.0 um film thickness, or equivalent.

4.1.2.2 Column pair 2:

4.1.2.2.1 Splitter 2 - Supelco 8 in. glass injection
tee, deactivated (Supelco, Catalog no. 2-3665M), or
equivalent.

4.1.2.2.2 30 m x 0.53 m ID DB-5 (J&W Scientific),
0.83 um film thickness, or equivalent.

4.1.2.2.3 30 mx 0.53 mm ID DB-1701 (J&W Scientific),
1.0 um film thickness, or equivalent.
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4.1.3 Column rinsing kit: Bonded-phase column rinse kit (J&W
Scientific, Catalog no. 430-3000 or equivalent).

4.2 Glassware (see Methods 3510, 3520, 3540, 3541, 3550, 3630, 3640,
3660, and 3665 for specifications).

4.3 Kuderna-Danish (K-D) apparatus. See extraction methods for specifics.

5.0  REAGENTS

5.1 Reagent or pesticide grade chemicals shall be used in all tests.
Unless otherwise indicated, it is intended that all reagents shall conform to
specifications of the Committee on Analytical Reagents of the American Chemical
Society, where such specifications are available. Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.

NOTE: Store the standard solutions (stock, composite, calibration,
internal, and surrogate) at 4°C in Teflon-sealed containers in the
dark. When a lot of standards is prepared, it is recommended that
aliquots of that 1ot be stored in individual small vials. Al1 stock
standard solutions must be replaced after one year or sooner if
routine QC (Sec. 8) indicates a problem. A1l other standard
solutions must be replaced after six months or sooner if routine QC
(Sec. 8) indicates a problem.

5.2 Solvents and reagents: As appropriate for Method 3510, 3520, 3540,
3541, 3550, 3630, 3640, 3660, or 3665: n-hexane, diethyl ether, methylene
chloride, acetone, ethyl acetate, and isooctane (2,2,4-trimethylpentane). A1l
solvents should be pesticide quality or equivalent, and each lot of solvent
should be determined to be phthalate free. Solvents must be exchanged to hexane
or isooctane prior to analysis.

5.2.1 Organic-free reagent water: All references to water in this
method refer to organic-free reagent water as defined in Chapter One.

5.3 Stock standard solutions (1000 mg/L): Can be prepared from pure
standard materials or can be purchased as certified solutions.

5.3.1 Prepare stock standard solutions by accurately weighing about
0.0100 g of pure compound. Dissolve the compound in isooctane or hexane
and dilute to volume in a 10-mL volumetric flask. If compound purity is
96 percent or greater, the weight can be used without correction to
calculate the concentration of the stock standard solution. Commercially
prepared stock standard solutions can be used at any concentration if they
are certified by the manufacturer or by an independent source.

5.3.2 B-BHC, Dieldrin, and some other standards may not be
adequately soluble in isooctane. A small amount of acetone or toluene
should be used to dissolve these compounds during the preparation of the
stock standard solutions.
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5.4 Composite stock standard: Can be prepared from individual stock
solutions. For composite stock standards containing less than 25 components,
take exactly 1 mL of each individual stock solution at 1000 mg/L, add solvent,
and mix the solutions in a 25-mL volumetric flask. For example, for a composite
containing 20 individual standards, the resulting concentration of each component
in the mixture, after the volume is adjusted to 25 mL, will be 1 mg/25 mL. This
composite solution can be further diluted to obtain the desired concentrations.
For composite stock standards containing more than 25 components, use volumetric
flasks of the appropriate volume (e.g., 50 mL, 100 mlL).

5.5 Calibration standards should be prepared at a minimum of five
concentrations by dilution of the composite stock standard with isooctane or
hexane. The concentrations should correspond to the expected range of
concentrations found in real samples and should bracket the linear range of the

detector.

5.5.1 Although all single component analytes can be resolved on a
new 35 percent phenyl methyl silicone column (e.g., DB-608), two
calibration mixtures should be prepared for the single component analytes
of this method.

5.5.2 This procedure is established to (1) minimize potential
resolution and quantitation problems on confirmation columns or on older
35 percent phenyl methyl silicone (e.g. DB-608) columns and (2) allow
determination of Endrin and DDT breakdown for method QC (Sec. 8).

5.5.3 Separate calibration standards are required for each multi-
component target analyte, with the exception of Aroclors 1016 and 1260,
which can be run as a mixture.

5.6 Internal standard (optional):

5.6.1 Pentachloronitrobenzene is suggested as an internal standard
for the single column analysis, when it is not considered to be a target
analyte. 1-Bromo-2-nitrobenzene is a suggested option. Prepare the
standard to complement the concentrations found in Sec. 5.5.

5.6.2 Make a solution of 1000 mg/L of 1-bromo-2-nitrobenzene for
dual-column analysis. Dilute it to 500 ng/ulL for spiking, then use a
spiking volume of 10 ul/mL of extract.

5.7 Surrogate standards: The performance of the method should be
monitored using surrogate compounds. Surrogate standards are added to all
samples, method blanks, matrix spikes, and calibration standards.

5.7.1 For the single column analysis, use decachlorobiphenyl as the
primary surrogate. However, if recovery is low, or late-eluting compounds
interfere with decachlorobiphenyl, then tetrachloro-m-xylene should be
evaluated as a surrogate. Proceed with corrective action when both
surrogates are out of limits for a sample (Sec. 8.2). Method 3500, Sec.
5, indicates the proper procedure for preparing these surrogates.
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5.7.2 For the dual column analysis make a solution of 1000 mg/L of
4-chloro-3-nitrobenzotrifluoride and dilute to 500 ng/uL. Use a spiking
volume of 100 uL for a 1 L aqueous sample. Store the spiking solutions
at 4°C in Teflon-sealed containers in the dark.

SAMPLE COLLECTION, PRESERVATION AND HANDLING
6.1 See Chapter 4, Organic Analytes, Sec. 4.

6.2 Extracts must be stored under refr1gerat1on in the dark and analyzed

within 40 days of extraction.

7.0

PROCEDURE
7.1 Extraction:

7.1.1 Refer to Chapter Two and Method 3500 for guidance in choosing
the appropriate extraction procedure. In general, water samples are
extracted at a neutral pH with methylene chloride as a solvent using a
separatory funnel (Method 3510) or a continuous liquid-liquid extractor
(Method 3520). Extract solid samples with hexane-acetone (1:1) using one
of the Soxhlet extraction (Method 3540 or 3541) or ultrasonic extraction
(Method 3550) procedures.

NOTE: Hexane/acetone (1:1) may be more effective as an extraction
solvent for organochlorine pesticides and PCBs in some
environmental and waste matrices than is methylene

chloride/acetone (1:1). Use of hexane/acetone generally
reduces the amount of co-extracted interferences and improves
signal/noise.

7.1.2 Spiked samples are used to verify the applicability of the
chosen extraction technique to each new sample type. Each sample type
must be spiked with the compounds of interest to determine the percent
recovery and the 1imit of detection for that sample (Sec. 5). See Method
8000 for guidance on demonstration of initial method proficiency as well
as guidance on matrix spikes for routine sample analysis.

7.2 Cleanup/Fractionation:

7.2.1 Cleanup procedures may not be necessary for a relatively clean
sample matrix, but most extracts from environmental and waste samples will
require additional preparation before analysis. The specific cleanup
procedure used will depend on the nature of the sample to be analyzed and
the data quality objectives for the measurements. General guidance for
sample extract cleanup is provided in this section and in Method 3600.

7.2.1.1 If a sample is of biological origin, or contains
high molecular weight materials, the use of GPC cleanup/pesticide
option (Method 3640) 1is recommended. Frequently, one of the
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adsorption chromatographic cleanups may also be required following
the GPC cleanup.

7.2.1.2 If only PCBs are to be measured in a sample, the
sul furic acid/permanganate cleanup (Method 3665) is recommended.
Additional cleanup/fractionation by Alumina Cleanup (Method 3610),
Silica-Gel Cleanup (Method 3630), or Florisil Cleanup (Method 3620),
may be necessary.

7.2.1.3 If both PCBs and pesticides are to be measured in
the sample, isolation of the PCB fraction by Silica Cleanup (Method
3630) is recommended.

7.2.1.4 If only pesticides are to be measured, cleanup by
Method 3620 or Method 3630 is recommended.

7.2.1.5 Elemental sulfur, which may appear in certain
sediments and industrial wastes, interferes with the electron
capture gas chromatography. of certain pesticides. Sulfur should be
removed by the technique described in Method 3660, Sulfur Cleanup.

GC Conditions: This method allows the analyst to choose between

a single column or a dual column configuration in the injector port. Either
wide- or narrow-bore columns may be used. Identifications based on retention
times from a single column must be confirmed on a second column or with an

alternative qualitative technique.

7.3.1 Single Column Analysis:

7.3.1.1 This capillary GC/ECD method allows the analyst
the option of using 0.25-0.32 mm ID capillary columns (narrow-bore)
or 0.53 mm ID capillary columns (wide-bore). Performance data are

provided for both options. Figures 1-6 provide example
chromatograms.
7.3.1.2 The use of narrow-bore columns is recommended when

the analyst requires greater chromatographic resolution. Use of
narrow-bore columns is suitable for relatively clean samples or for
extracts that have been prepared with one or more of the clean-up
options referenced in the method. Wide-bore columns (0.53 mm) are
suitable for more complex environmental and waste matrices.

7.3.1.3 For the single column method of analysis, using
wide-bore capillary columns, Table 1 lists average retention times
and method detection Timits (MDLs) for the target analytes in water
and soil matrices. For the single column method of analysis, using
narrow-bore capillary columns, Table 2 1ists average retention times
and method detection Timits (MDLs) for the target analytes in water
and soil matrices. The MDLs for the components of a specific sample
may differ from those listed in Tables 1 and 2 because they are
dependent upon the nature of interferences in the sample matrix.
Table 3 lists the Estimated Quantitation Limits (EQLs) for other
matrices. Table 4 lists the GC operating conditions for the single

column method of analysis.
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7.3.2 Dual Column Analysis:

7.3.2.1 The dual-column/dual-detector approach involves
the use of two 30 m x 0.53 mm ID fused-silica open-tubular columns
of different polarities, thus different selectivities towards the
target compounds. The columns are connected to an injection tee and
ECD detectors. Retention times for the organochlorine analytes on
dual columns are in Table 5. The GC operating conditions for the
compounds in Table 5 are in Table 6. Multicomponent mixtures of
Toxaphene and Strobane were analyzed separately (Figures 7 and 8)
using the GC operating conditions found in Table 7. Seven Aroclor
mixtures and six Halowax mixtures were analyzed under the conditions
outlined in Table 7 (Figures 9 through 21). Figure 22 is a sample
chromatogram for a mixture of organochlorine pesticides. The
retention times of the individual components detected in these
mixtures are given in Tables 8 and 9.

7.3.2.1.1 Operating conditions for a more heavily
loaded DB-5/DB-1701 pair are given in Table 7. This column
pair was used for the detection of multicomponent
organochlorine compounds.

7.3.2.1.2 Operating conditions for a DB-5/DB-1701
column pair with thinner films, a different type of splitter,
and a slower temperature programming rate are provided in
Table 6. These conditions gave better peak shapes for
compounds such as Nitrofen and Dicofol. Table 5 1ists the
retention times for the compounds detected on this column
pair.

7.4 Calibration:

7.4.1 Prepare calibration standards using the procedures in Sec. 5.
Refer to Method 8000 (Sec. 7) for proper calibration techniques for both
initial calibration and calibration verification. The procedure for
either internal or external calibration may be used, however, in most
cases external standard calibration is used with Method 8081. This is
because of the sensitivity of the electron capture detector and the
probability of the internal standard being affected by interferences.
Because several of the pesticides may co-elute on any single column,
analysts should use two calibration mixtures (see Sec. 3.8). The specific
mixture should be selected to minimize the problem of peak overlap.

NOTE: Because of the sensitivity of the electron capture detector,
the injection port and column should always be cleaned prior
to performing the initial calibration.

7.4.1.1 Method 8081 has many multi-component target
analytes. For this reason, the target analytes chosen for
calibration should be limited to those specified in the project
plan. For instance, some sites may require analysis for the
organochlorine pesticides only or the PCBs only. Toxaphene and/or
technical Chlordane may not be specified at certain sites. In
addition, where PCBs are specified in the project plan, a mixture of
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Aroclors 1016 and 1260 will suffice for the initial calibration of
all Aroclors, since they include all congeners present in the
different regulated Aroclors. A mid-point calibration standard of
all Aroclors (for Aroclor pattern recognition) must be included with
the initial calibration so that the analyst is familiar with each
Aroclor pattern and retention times on each column.

7.4.1.2 For calibration-verification (each 12 hr shift)
all target analytes required in the project plan must be injected
with the following exception for the Aroclors. For sites that
require PCB analysis, include only the Aroclors that are expected to
be found at the site. If PCBs are required, but it is unknown which
Aroclors may be present, the mid-concentration Aroclors 1016/1260
mixture only, may be injected. However, if specific Aroclors are
found at the site during the initial screening, it is required that
the samples containing Aroclors be reinjected with the proper mid-
concentration Aroclor standards.

7.4.2 Because of the low concentration of pesticide standards
injected on a GC/ECD, column adsorption may be a problem when the GC has
not been used for a day or more. Therefore, the GC column should be
primed or deactivated by injecting a PCB or pesticide standard mixture
approximately 20 times more concentrated than the mid-concentration
standard. Inject this standard mixture prior to beginning the initial
calibration or calibration verification.

CAUTION: Several analytes, including Aldrin, may be observed in
the injection Jjust following this system priming.
Always run an acceptable blank prior to running any
standards or samples.

7.4.3 Retention time windows:

7.4.3.1 Before establishing the retention time windows,
make sure the gas chromatographic system is within optimum operating
conditions. The width of the retention time window should be based
upon actual retention times of standards measured over the course of
72 hours. See Method 8000 for details.

7.4.3.2 Retention time windows shall be defined as plus or
minus three times the standard deviation of the absolute retention
times for each standard. However, the experience of the analyst
should weigh heavily in the interpretation of the chromatograms.
For multicomponent standards (i.e., PCBs), the analyst should use
the retention time window but should primarily rely on pattern
recognition. Sec. 7.5.4 provides guidance on the establishment of
absolute retention time windows.

7.4.3.3 Certain analytes, particularly Kepone, are subject
to changes in retention times. ODry Kepone standards prepared in
hexane or isooctane can produce gaussian peaks. However, Kepone
extracted from samples or standards exposed to water or methanol may
produce peaks with broad tails that elute later than the standard
(0-1 minute). This shift is presumably the result of the formation
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of a hemi-acetal from the ketone functionality. Method 8270 is
recommended for Kepone.

7.5 Gas chromatographic analysis:

7.5.1 Set up the GC system using the conditions described in Tables
4, 6, or 7. An initial oven temperature at or below 140-150°C is required
to resolve the four BHC isomers. A final temperature of 240-270°C is
required to elute decachlorobiphenyl. Use of 1injector pressure
programming will improve the chromatography of late eluting peaks.

7.5.2 Verify calibration each 12 hour shift by injecting calibration
verification standards prior to conducting any analyses. See Sec. 7.4.1.2
for special guidance on calibration verification of PCBs. A calibration
standard must also be injected at intervals of not less than once every
twenty samples (after every 10 samples is recommended to minimize the
number of samples requiring re-injection when QC 1imits are exceeded) and
at the end of the analysis sequence. The calibration factor for each
analyte to be quantitated must not exceed a +15 percent difference when
compared to the initial calibration curve. When this criterion is
exceeded, inspect the gas chromatographic system to determine the cause
and perform whatever maintenance is necessary before verifying calibration
and proceeding with sample analysis. If routine maintenance does not
return the instrument performance to meet the QC requirements (Sec. 8.2)
based on the last initial calibration, then a new initial calibration must
be performed.

7.5.2.1 Analysts should use high and low concentrations of
mixtures of single-component analytes and multi-component analytes
for calibration verification.

7.5.3 Sample injection may continue for as long as the calibration
verification standards and standards interspersed with the samples meet
instrument QC requirements. It is recommended that standards be analyzed
after every 10 (required after every 20 samples), and at the end of a set.
The sequence ends when the set of samples has been injected or when
qualitative and/or quantitative QC criteria are exceeded.

7.5.3.1 Each sample analysis must be bracketed with an
acceptable initial calibration, calibration verification standard(s)
(each 12 hr shift), or calibration standards interspersed within the
samples. All samples that were injected after the standard that
Tast met the QC criteria must be reinjected.

7.5.3.2 Although analysis of a single mid-concentration
standard (standard mixture or multi-component analyte) will satisfy
the minimum requirements, analysts are urged to use different
calibration verification standards during organochlorine
pesticide/PCB analyses. Also, multi-level standards (mixtures or
multi-component analytes) are highly recommended to ensure that
detector response remains stable for all analytes over the
calibration range.
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7.5.4 Establish absolute retention time windows for each analyte.
Use the absolute retention time for each analyte from standards analyzed
during that 12 hour shift as the midpoint of the window. The daily
retention time window equals the midpoint + three times the standard

deviations.

7.5.4.1 Tentative identification of an analyte occurs when
a peak from a sample extract falls within the daily retention time

window.

7.5.4.2 Validation of gas chromatographic system
qualitative performance: Use the calibration standards analyzed
during the sequence to evaluate retention time stability. If any of
the standards fall outside their daily retention time windows, the
system is out of control. Determine the cause of the problem and

correct it.

7.5.5 Record the volume injected to the nearest 0.05 ul and the
resuliting peak size in area units. Using either the internal or the
external calibration procedure (Method 8000), determine the identity and
the quantity of each component peak in the sample chromatogram which
corresponds to the compounds used for calibration purposes.

7.5.5.1 If the responses exceed the calibration range of
the system, dilute the extract and reanalyze. Peak height
measurements are recommended over peak area integration when
overlapping peaks cause errors in area integration.

7.5.5.2 If partially overlapping or coeluting peaks are
found, change columns or try GC/MS quantitation, see Sec. 8 and
Method 8270.

7.5.5.3 If the peak response is less than 2.5 times the
baseline noise level, the validity of the quantitative result may be
questionable. The analyst shouid consuit with the source of the
sampie to determine whether further concentration of the sample is

warranted.

7.5.6 Identification of mixtures (i.e. PCBs and Toxaphene) is based
on the characteristic "fingerprint" retention time and shape of the
indicator peak(s); and quantitation is based on the area under the
characteristic peaks as compared to the area under the corresponding
calibration peak(s) of the same retention time and shape generated using
either internal or external calibration procedures.

7.5.7 Quantitation of the target compounds is based on: 1) a
reproducible response of the ECD or ELCD within the calibration range; and
2) a direct proportionality between the magnitude of response of the
detector to peaks in the sample extract and the calibration standards.
Proper quantitation requires the appropriate selection of a baseline from
which the area or height of the characteristic peak(s) can be determined.
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7.5.8 If compound identification or quantitation is precluded due to
interference (e.g., broad, rounded peaks or ill-defined baselines are
present) cleanup of the extract or replacement of the capillary column or
detector is warranted. Rerun the sample on another instrument to
determine if the problem results from analytical hardware or the sample
matrix. Refer to Method 3600 for the procedures to be followed in sample
cleanup.

7.6 Quantitation of Multiple Component Analytes:

7.6.1 Multi-component analytes present problems in measurement.
Suggestions are offered in the following sections.for handing Toxaphene,
Chlordane, PCBs, DDT, and BHC.

7.6.2 Toxaphene: Toxaphene is manufactured by the chlorination of
camphenes, whereas Strobane results from the chlorination of a mixture of
camphenes and pinenes. Quantitative calculation of Toxaphene or Strobane
is difficult, but reasonable accuracy can be obtained. To calculate
Toxaphene on GC/ECD: (a) adjust the sample size so that the major
Toxaphene peaks are 10-70% of full-scale deflection (FSD); (b) inject a
Toxaphene standard that is estimated to be within +10 ng of the sample;
(c) quantitate using the five major peaks or the total area of the
Toxaphene pattern.

7.6.2.1 To measure total area, construct the baseline of
standard Toxaphene between its extremities; and construct the
baseline under the sample, using the distances of the peak troughs
to baseline on the standard as a guide. This procedure is made
difficult by the fact that the relative heights and widths of the
peaks in the sample will probably not be identical to the standard.

7.6.2.2 A series of Toxaphene vresidues have been
calculated using the total peak area for comparison to the standard
and also using the area of the last four peaks only, in both sample
and standard. The agreement between the results obtained by the two
methods justifies the use of the Tatter method for calculating
Toxaphene in a sample where the early eluting portion of the
Toxaphene chromatogram shows interferences from other substances
such as DDT.

7.6.3 Chlordane 1is a technical mixture of at Jeast 11 major
components and 30 or more minor components. Trans- and cis-Chlordane (a
and v, respectively), are the two major components of technical Chlordane.
However, the exact percentage of each in the technical material is not
completely defined, and is not consistent from batch to batch.

7.6.3.1 The GC pattern of a Chlordane residue may differ
considerably from that of the technical standard. Depending on the
sample substrate and its history, residues of Chlordane can consist
of almost any combination of: constituents from the technical
Chlordane, plant and/or animal metabolites, and products of
degradation caused by exposure to environmental factors such as
water and sunlight.
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7.6.3.2 Whenever possible, when a Chlordane residue does

not resemble technical Chlordane, the analyst should quantitate the

peaks of a-Chlordane, y-Chlordane, and Heptachlor separately against

- the appropriate reference materials, and report the individual
residues.

7.6.3.3 When the GC pattern of the residue resembles that
of technical Chlordane, the analyst may quantitate Chlordane
residues by comparing the total area of the Chlordane chromatogram
using the five major peaks or the total area. If the Heptachlor
epoxide peak is relatively small, include it as part of the total
Chlordane area for calculation of the residue. If Heptachlor and/or
Heptachlor epoxide are much out of proportion, calculate these
separately and subtract their areas from the total area to give a
corrected Chlordane area. (Note that octachloro epoxide, a
metabolite of Chlordane, can easily be mistaken for Heptachlor
epoxide on a nonpolar GC column.)

7.6.3.4 To measure the total area of the Chlordane
chromatogram, inject an amount of technical Chlordane standard which
will produce a chromatogram in which the major peaks are
approximately the same size as those in the sample chromatograms.

7.6.4 Polychlorinated biphenyls (PCBs): Quantitation of residues of
PCBs involves problems similar to those encountered in the quantitation of
Toxaphene, Strobane, and Chlordane. In each case, the material is made up
of numerous compounds which generate multi-peak chromatograms. Also, in
each case, the chromatogram of the residue may not match that of the
standard.

ﬂ W”’\\

g/ 7.6.4.1 Mixtures of PCBs of various chlorine contents were
sold for many years in the U.S. by the Monsanto Co. under the trade
name Aroclor (1200 series and 1016). Although these Aroclors are no
longer marketed, the PCBs remain in the environment and are
sometimes found as residues in foods, especially fish. The Aroclors
most commonly found in the environment are 1242, 1254, and 1260.

7.6.4.2 PCB residues are generally quantitated by
comparison to the most similar Aroclor standard. A choice must be
made as to which Aroclor is most similar to that of the residue and
whether that standard is truly representative of the PCBs in the

sample.

7.6.4.3 PCB Quantitation option #1- Quantitate the PCB
residues by comparing the total area of the chlorinated biphenyl
peaks to the total area of peaks from the appropriate Arocior
reference material. Measure the total area or height response from
the common baseline under all the peaks. Use only those peaks from
the sample that can be attributed to chlorobiphenyls. These peaks
must also be present in the chromatogram of the reference materials.
Option #1 should not be used if there are interference peaks within
the Aroclor pattern, especially if they overlap PCB congeners.
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7.6.4.4 PCB Quantitation option #2- Quantitate the PCB
residues by comparing the responses of 3 to 5 major peaks in each
appropriate Aroclor standard with the peaks obtained from the
chlorinated biphenyls in the sample extract. The amount of Aroclor
is calculated using an individual response factor for each of the CZZD
major peaks. The results of the 3 to 5 determinations are averaged. s
Major peaks are defined as those peaks in the Aroclor standards that
are at least 25% of the height of the largest Aroclor peak. Late-
eluting Aroclor peaks are generally the most stable in the
environment.

7.6.4.5 When samples appear to contain weathered PCBs,
treated PCBs, or mixtures of Aroclors, the use of Aroclor standards
is not appropriate. -Several diagnostic peaks useful for identifying
non-Aroclor PCBs are given in Table 10. Analysts should examine
chromatograms containing these peaks carefully, as these samples may
contain PCBs. PCB concentrations may be estimated from specific
congeners by adding the concentration of the congener peaks listed
in Table 11. The congeners are analyzed as single components. This
approach will provide reasonable accuracy for Aroclors 1016, 1232,
1242 and 1248 but will underestimate the concentrations of Aroclors
1254, 1260 and 1221. It is highly recommended that heavily
weathered, treated, or mixed Aroclors be analyzed using GC/MS if
concentration permits.

7.6.5 Hexachlorocycliohexane (BHC, from the former name, benzene
hexachloride): Technical grade BHC is a cream-colored amorphous solid
with a very characteristic musty odor; it consists of a mixture of six
chemically distinct isomers and one or more heptachlorocyclohexanes and
octachlorocyclohexanes. Commercial BHC preparations may show a wide N
variance in the percentage of individual isomers present. Quantitate
each isomer (a, B, v, and &) separately against a standard of the
respective pure isomer.

7.6.6 DDT: Technical DDT consists primarily of a mixture of 4,4'-
DDT (approximately 75%) and 2,4’-DDT (approximately 25%). As DDT
weathers, 4,4’-DDE, 2,4’-DDE, 4,4’-DDD, and 2,4’'-DDD are formed. Since
the 4,4’-isomers of DDT, DDE, and DDD predominate in the environment,
these are the isomers normally regulated by US EPA and should be
quantitated against standards of the respective pure isomer.

7.7 Suggested chromatography maintenance: Corrective measures may require
any one or more of the following remedial actions.

7.7.1 Splitter connections: For dual columns which are connected
using a press-fit Y-shaped glass splitter or a Y-shaped fused-silica
connector (J&W Scientific or Restek), clean and deactivate the splitter
port insert or replace with a cleaned and deactivated splitter. Break off
the first few inches (up to one foot) of the injection port side of the
column. Remove the columns and solvent backflush according to the
manufacturer’s instructions. If these procedures fail to eliminate the
degradation problem, it may be necessary to deactivate the metal injector
body and/or replace the columns.
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7.7.1.1 'GC injector ports can be of critical concern,
especially in the analysis of DDT and Endrin. Injectors that are
contaminated, chemically active, or too hot can cause the
degradation ("breakdown") of the analytes. Endrin and DDT breakdown
to Endrin aldehyde, Endrin ketone, DDD, or DDE. When such breakdown
is observed, clean and deactivate the injector port, break off at
least 0.5 M of the column and remount it. Check the injector
temperature and Tower it to 205°C, if required. Endrin and DDT
breakdown is less of a problem when ambient on-column injectors are

used.

7.7.2 Metal injector body: Turn off the oven and remove the
analytical columns when the oven has cooled. Remove the glass injection
port insert (instruments with on-column injection). Lower the injection
port temperature to room temperature. Inspect the injection port and
remove any noticeable foreign material.

7.7.2.1 Place a beaker beneath the injector port inside
the oven. Using a wash bottle, serially rinse the entire inside of
the injector port with acetone and then toluene; catch the rinsate
in the beaker.

7.7.2.2 Prepare a solution of a deactivating agent (Sylon-
CT or equivalent) following manufacturer’s directions. After all
metal surfaces inside the injector body have been thoroughly coated
with the deactivation solution, rinse the injector body with
toluene, methanol, acetone, then hexane. Reassemble the injector
and replace the columns.

7.7.3 Column rinsing: The column should be rinsed with several
column volumes of an appropriate solvent. Both polar and nonpolar
solvents are recommended. Depending on the nature of the sample residues
expected, the first rinse might be water, followed by methanol and
acetone; methylene chloride is a good final rinse and in some cases may be
the only solvent required. The column should then be filled with
methylene chloride and allowed to stand flooded overnight to allow
materials within the stationary phase to migrate into the solvent. The
column is then flushed with fresh methylene chloride, drained, and dried
at room temperature with a stream of ultrapure nitrogen.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control (QC) procedures
including matrix spikes, duplicates and blanks. Quality control to validate
sample extraction 1is covered in Method 3500 and in the extraction method
utilized. If an extract cleanup was performed, follow the QC in Method 3600 and
in the specific cleanup method.

8.2 Quality control requirements for the GC system, including calibration
and corrective actions, are found in Method 8000. The following steps are
recommended as additional method QC.
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8.2.1 The QC Reference Sample concentrate (Method 3500) should
contain the organochlorine pesticides at 10 mg/L for water samples. If
this method is to be used for analysis of Aroclors, Chlordane, or
Toxaphene only, the QC Reference Sample should contain the most
representative multi-component mixture at a concentration of 50 mg/L in
acetone. The frequency of analysis of the QC reference sample analysis is

equivalent to a minimum of 1 per 20 samples or 1 per batch if less than 20

samples. If the recovery of any compound found in the QC reference sample
is less than 80 percent or greater than 120 percent of the certified
value, the Taboratory performance is judged to be out of control, and the
problem must be corrected. A new set of calibration standards should be
prepared and analyzed.

8.2.2 Calculate surrogate standard recovery on all samples, blanks,
and spikes. Determine if the recovery is within Timits (limits
established by performing QC procedures outlined in Method 8000).

If recovery is not within limits, the following are required:

8.2.2.1 Confirm that there are no errors in calculations,
surrogate solutions and internal standards. Also, check instrument
performance.

8.2.2.2 Examine chromatograms for interfering peaks and

for integrated areas.

8.2.2.3 Recalculate the data and/or reana]yzé the extract
if any of the above checks reveal a problem.

8.2.2.4 Reextract and reanalyze the sample if none of the
above are a problem or flag the data as "estimated concentration."

8.2.3 Include a calibration standard after each group of 20 samples
(it is recommended that a calibration standard be included after every 10
samples to minimize the number of repeat injections) in the analysis
sequence as a calibration check. The response factors for the calibration
should be within 15 percent of the initial calibration. When this
continuing calibration is out of this acceptance window, the laboratory
should stop analyses and take corrective action.

8.2.4 Whenever quantitation is accomplished using an internal
standard, internal standards must be evaluated for acceptance. The
measured area of the internal standard must be no more than 50 percent
different from the average area calculated during calibration. When the
internal standard peak area is outside the limit, all samples that fall
outside the QC criteria must be reanalyzed.

8.3 DDT and Endrin are easily degraded in the injection port. Breakdown

occurs when the injection port liner is contaminated high boiling residue from
sample injection or when the injector contains metal fittings. Check for
degradation problems by injecting a standard containing only 4,4’ -DDT and Endrin.
Presence of 4,4'-DDE, 4,4’ -DDD, Endrin ketone or Endrin indicates breakdown. If
degradation of either DDT or Endrin exceeds 15%, take corrective action before
proceeding with calibration.
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8.3.1 Calculate percent breakdown as follows:

% breakdown Total DDT degradation peak area (DDE + DDD)

for 4,4’ -DDT = x 100
peak areas (DDT + DDE + DDD)
Total endrin degradation peak area
% breakdown (Endrin aldehyde + Endrin ketone)
for Endrin = x 100

peak areas (Endrin + aldehyde + ketone)

8.3.2 The breakdown of DDT and Endrin should be measured before
samples are analyzed and at the beginning of each 12 hour shift. Injector
maintenance and recalibration should be completed if the breakdown is
greater than 15% for either compound (Sec. 8.2.3).

8.4 GC/MS confirmation may be used for single column analysis. In
addition, any compounds confirmed by two columns should also be confirmed by
GC/MS if the concentration is sufficient for detection by GC/MS.

8.4.1 Full-scan GC/MS will normally require a minimum concentration
near 10 ng/ulL in the final extract for each single-component compound.
Ion trap or selected ion monitoring will normally require a minimum

concentration near 1 ng/ul.

8.4.2 The GC/MS must be calibrated for the specific target
pesticides when it is used for quantitative analysis.

8.4.3 GC/MS may not be used for single column confirmation when
concentrations are below 1 ng/ul.

8.4.4 GC/MS confirmation should be accomplished by analyzing the
same extract used for GC/ECD analysis and the associated blank.

8.4.5 Use of the base/neutral-acid extract and associated blank may
be used if the surrogates and internal standards do not interfere and it
is demonstrated that the analyte is stable during acid/base partitioning.
However, if the compounds are not detected in the base/neutral-acid
extract even though the concentrations are high enough, a GC/MS analysis
of the pesticide extract should be performed.

8.4.6 A QC reference sample of the compound must also be analyzed by
GC/MS. The concentration of the QC reference standard must demonstrate
the ability to confirm the pesticides/Aroclors identified by GC/ECD.

8.5 Whenever silica gel (Method 3630) or Florisil (Method 3620) cleanup
is used, the analyst must demonstrate that the fractionation scheme is
reproducible. Batch to batch variation in the composition of the silica gel
material or overloading the column may cause a change in the distribution
patterns of the organochlorine pesticides and PCBs. When compounds are found in
two fractions, add the concentrations in the fractions, and corrections for any

additional dilution.
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9.0 METHOD PERFORMANCE

9.1 The MDL is defined in Chapter One. The MDL concentrations listed in
Tables 1 and 2 were obtained using organic-free reagent water and sandy Toam
soil.

9.2 The chromatographic separations in this method have been tested in
a single laboratory by using clean hexane and liquid and solid waste extracts
that were spiked with the test compounds at three concentrations. Single-
operator precision, overall precision, and method accuracy were found to be
related to the concentration of the compound and the type of matrix.

9.3 This method has been applied in a variety of commercial laboratories
for environmental and waste matrices. Performance data were obtained for a
limited number of target analytes spiked into sewage sludge and dichloroethene
still bottoms at high concentration levels. These data are provided in Tables
12 and 13.

9.4 The accuracy and precision obtainable with this method depend on the
sample matrix, sample preparation technique, optional cleanup techniques, and
calibration procedures used.

9.5 Single laboratory accuracy data were obtained for organochlorine
pesticides in a clay soil. The spiking concentration was 500 ug/kg. The
spiking solution was mixed into the soil and then immediately transferred to the
extraction device and immersed in the extraction solvent. The spiked sample was
then extracted by Method 3541 (Automated Soxhlet). The data represent a single
determination. Analysis was by capillary column gas chromatography/electron

capture detector following Method 8081 for the organochlorine pesticides. These .

data are listed in Table 14 and were taken from Reference 14.

9.6 Single laboratory recovery data were obtained for PCBs in clay and
soil. O0ak Ridge National Laboratory spiked Aroclors 1254 and 1260 at
concentrations of 5 and 50 ppm into portions of clay and soil samples and
extracted these spiked samples using the procedure outlined in Method 3541.
Multiple extractions using two different extractors were performed. The extracts
were analyzed by Method 8081. The data are listed in Table 15 and were taken
from Reference 15.

9.7 Multi-laboratory accuracy and precision data were obtained for PCBs
in soil. Eight laboratories spiked Aroclors 1254 and 1260 into three portions
of 10 g of Fuller’s Earth on three non-consecutive days, followed by immediate
extraction using Method 3541. Six of the laboratories spiked each Aroclor at 5
and 50 mg/kg and two laboratories spiked each Aroclor at 50 and 500 mg/kg. All
extracts were analyzed by Oak Ridge National Laboratory, Oak Ridge, TN, using
Method 8081. These data are listed in Table 16 and were taken from Reference 13.
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TABLE 1

GAS CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION
LIMITS FOR THE ORGANOCHLORINE PESTICIDES AND PCBs AS AROCLORS
USING WIDE-BORE CAPILLARY COLUMNS
SINGLE COLUMN METHOD OF ANALYSIS

Retention Time (min) MDL® Water MDL® Soil

Compound DB 608" DB 1701° (ung/L) (g/kg)
Aldrin 11.84 12.50 0.034 2.2
a-BHC 8.14 9.46 0.035 1.9
B-BHC 9.86 13.58 0.023 3.3
é-BHC 11.20 14.39 0.024 1.1
v-BHC (Lindane) 9.52 10.84 0.025 2.0
a-Chlordane 15.24 16.48 0.008
v-Chlordane 14.63 16.20 0.037 1.5
4,4'-DDD 18.43 19.56 0.050 4.2
4,4’ -DDE 16.34 16.76 0.058 2.5
4,4’ -DDT 19.48 20.10 0.081 3.6
Dieldrin 16.41 17.32 0.044 NA
Endosulfan I 15.25 15.96 0.030 2.1
Endosulfan II 18.45 19.72 0.040 2.4
Endosulfan Sulfate 20.21 22.36 0.035 3.6
Endrin 17.80 18.06 0.039 3.6
Endrin aldehyde 19.72 21.18 0.050 1.6
Heptachlor 10.66 11.56 0.040 2.0
Heptachlor epoxide 13.97 15.03 0.032 2.1
Methoxychlor 22.80 22.34 0.086 5.7
Toxaphene MR MR NA NA
Aroclor-1016 MR ‘MR 0.054 57.0
Aroclor-1221 MR MR NA NA
Aroclor-1232 MR MR NA NA
Aroclor-1242 MR MR NA NA
Aroclor-1248 MR MR NA NA
Aroclor-1254 MR MR NA NA
Aroclor-1260 MR MR 0.90 70.0
Water = Organic-free reagent water.

Soil = Sandy loam soil.

MR = Multiple peak responses.

NA = Data not available.

MDL is the method detection limit. MDL was determined from the
analysis of seven replicate aliquots of each matrix processed
through the entire analytical method (extraction, silica gel
cleanup, and GC/ECD analysis). MDL = t(n-1, 0.99) x SD, where t(n-
1, 0.99) is the Student’s t value appropriate for a 99% confidence
interval and a standard deviation with n-1 degrees of freedom, and
SD is the standard deviation of the seven replicate measurements.
See Table 4 for GC operating conditions.
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TABLE 2

GAS CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION
-LIMITS FOR THE ORGANOCHLORINE PESTICIDES AND PCBs AS AROCLORS
USING NARROW-BORE CAPILLARY COLUMNS

SINGLE COLUMN METHOD OF ANALYSIS

Retention Time (min)

MDL® Water MDL® Soil

Compound DB 608° DB 5° (rg/L) (ng/kg)
Aldrin 14.51 14.70 - 0.034 2.2
a-BHC 11.43 10.94 0.035 1.9
B-BHC 12.59 11.51 0.023 3.3
J-BHC 13.69 12.20 0.024 1.1
y-BHC (Lindane) 12.46 11.71 0.025 2.0
a-Chlordane
y-Chlordane 17.34 17.02 0.037 1.5
4,4’ -DDD 21.67 20.11 0.050 4.2
4,4’ -DDE 19.09 18.30 0.058 2.5
4,4’ -DDT 23.13 21.84 0.081 3.6
Dieldrin 19.67 18.74 0.044 NA
Endosulfan I 18.27 17.62 0.030 2.1
Endosulfan II 22.17 20.11 0.040 2.4
Endosulfan sulfate 24 .45 21.84 0.035 3.6
Endrin 21.37 19.73 0.039 3.6
Endrin aldehyde 23.78 20.85 0.050 1.6
Heptachlor 13.41 13.59 0.040 2.0
Heptachlor epoxide 16.62 16.05 0.032 2.1
Methoxychlor 28.65 24.43 NA NA
Toxaphene MR MR 0.086 5.7
Aroclor-1016 MR MR NA NA
Aroclor-1221 MR MR 0.054 57.0
Aroclor-1232 MR MR NA NA
Aroclor-1242 MR MR NA NA
Aroclor-1248 MR MR NA NA
Aroclor-1254 MR MR NA NA
Aroclor-1260 MR MR 0.90 70.0
Water = Organic-free reagent water.
Soil = Sandy loam soil.
MR = Multiple peak responses.
NA = Data not available.
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"TABLE 2
(Continued)

MDL is the method detection 1imit. MDL was determined from the
analysis of seven replicate aliquots of each matrix processed
through the entire analytical method (extraction, cleanup, and
GC/ECD analysis). MDL = t(n-1, 0.99) x SD, where t(n-1, 0.99) is
the Student’s t value appropriate for a 99% confidence interval and
a standard deviation with n-1 degrees of freedom, and SD is the
standard deviation of the seven replicate measurements.

30 mx 0.25 mm ID DB-608 1 um film thickness, see Table 4 for GC
operating conditions.

30m x 0.25 mm ID DB-5 1 um film thickness, see Table 4 for GC
operating conditions.
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TABLE 3
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQLs) FOR VARIOUS MATRICES®

~
e’

Matrix Factor.

Ground water 10

Low-concentration soil by sonication with GPC cleanup 670

High-concentration soil and sludges by sonication 10,000

Non-water miscible waste 100,000

EQL = [Method detection 1limit for water (see Table 1 or Table 2) wide-

bore or narrow-bore options] x [Factor found in this table]. For

nonaqueous samples, the factor is on a wet-weight basis. Sample EQLs

are highly matrix-dependent. The EQLs to be determined herein are

provided for guidance and may not always be achievable.
/”“3
N’
=,
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TABLE 4
GC OPERATING CONDITIONS FOR ORGANOCHLORINE COMPOUNDS
SINGLE COLUMN ANALYSIS

Narrow-bore columns:

Narrow-bore Column 1 - 30 m x 0.25 or 0.32 mm internal diameter (ID) fused
silica capillary column chemically bonded with SE-54 (DB-5 or equivalent), 1
um film thickness.

Carrier gas (He) 16 psi
Injector temperature 225°C
Detector temperature 300°C

100°C, hold 2 minutes

100°C to 160°C at 15°C/min, followed
by 160°C to 270°C at 5°C/min

Final temperature 270°C

Initial temperature
Temperature program

Narrow-bore Column 2 - 30 m x 0.25 mm ID fused silica capillary column
chemically bonded with 35 percent phenyl methylpolysiloxane (DB-608, SPB-608,
or equivalent), 25 um coating thickness, 1 um film thickness

Carrier gas (N,) 20 psi
Injector temperature 225°C
Detector temperature 300°C

Initial temperature
Temperature program
Final temperature

160°C, hold 2 minutes
160°C to 290°C at 5°C/min
290°C, hold 1 min

Wide-bore columns:

Wide-bore Column 1 - 30 m x 0.53 mm ID fused silica capillary column
chemically bonded with 35 percent phenyl methylpolysiloxane (DB-608, SPB-608,
RTx-35, or equivalent), 0.5 um or 0.83 um film thickness.

Wide-bore Column 2 - 30 m x 0.53 mm ID fused silica capillary column
chemically bonded with 50 percent phenyl methylpolysiloxane (DB-1701, or
equivalent), 1.0 um film thickness.

Carrier gas (He)

Makeup gas

argon/methane (P-5 or P-10) or N,
Injector temperature

Detector temperature

Initial temperature

Temperature program

Final temperature

8081 - 29

5-7 mL/minute

30 mL/min

250°C

290°C

150°C, hold 0.5 minute
150°C to 270°C at 5°C/min
270°C, hold 10 min

(continued)
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TABLE 4 (Continued)
GC OPERATING CONDITIONS FOR ORGANOCHLORINE COMPOUNDS
SINGLE COLUMN ANALYSIS

Wide-bore Columns (continued)

Wide-bore Column 3 - 30 m x 0.53 mm ID fused silica capillary column

chemically bonded with SE-54 (DB-5, SPB-5, RTx-5, or equivalent), 1.5 um film
thickness.

Carrier gas (He) 6 mL/minute

Makeup gas

argon/methane (P-5 or P-10) or N, 30 mL/min

Injector temperature 205°C

Detector temperature 290°C

Initial temperature 140°C, hold 2 min
Temperature program : 140°C to 240°C at 10°C/min,

hold 5 minutes at 240°C,
240°C to 265°C at 5°C/min
Final temperature 265°C, hold 18 min
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RETENTION TIMES OF THE ORGANOCHLORINE PESTICIDES®
DUAL COLUMN METHOD OF ANALYSIS

TABLE 5

DB-5 DB-1701
Compound CAS No RT(min) RT(min)
DBCP 96-12-8 2.14 2.84
Hexachlorocyclopentadiene 77-47-4 4.49 4.88
Etridiazole 2593-15-9 6.38 8.42
Chloroneb 2675-77-6 7.46 10.60
Hexachlorobenzene 118-74-1 12.79 14.58
Diallate 2303-16-4 12.35 15.07
Propachlor 1918-16-17 9.96 15.43
Trifluralin 1582-09-8 11.87 16.26
a-BHC 319-84-6 12.35 17.42
PCNB 82-68-8 14.47 18.20
~v-BHC 58-89-9 14.14 20.00
Heptachlor 76-44-8 18.34 21.16
Aldrin 309-00-2 20.37 22.78
Alachlor 15972-60-8 18.58 24.18
Chlorothalonil 1897-45-6 15.81 24.42
Alachlor 15972-60-8 18.58 24.18
B-BHC 319-85-7 13.80 25.04
Isodrin 465-73-6 22.08 25.29
DCPA 1861-32-1 21.38 26.11
§-BHC 319-86-8 15.49 26.37
Heptachlor epoxide 1024-57-3 22.83 27.31
Endosulfan-1I 959-98-8 25.00 28.88
v-Chlordane 5103-74-2 24.29 29.32
a-Chlordane 5103-71-9 25.25 29.82
trans-Nonachlor 39765-80-5 25.58 30.01
4,4’ -DDE 72-55-9 26.80 30.40
Dieldrin 60-57-1 26.60 31.20
Captan 133-06-2 23.29 31.47
Perthane 72-56-0 28.45 32.18
Endrin 72-20-8 27.86 32.44
Chloropropylate 99516-95-7 28.92 34.14
Chlorobenzilate 510-15-6 28.92 34.42
Nitrofen 1836-75-5 27.86 34.42
4,4’ -pDD 72-54-8 29.32 35.32
Endosulfan II 33213-65-9 28.45 35.51
4,4’ -DDT 50-29-3 31.62 36.30
Endrin aldehyde 7421-93-4 29.63 38.08
Mirex 2385-85-5 37.15 38.79
Endosulfan sulfate 1031-07-8 31.62 40.05
continued
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TABLE 5
(Continued)

DB-5 DB-1701
Compound CAS No. RT(min) RT(min)
Methoxychlor 72-43-5 35.33 40.31
Captafol 2425-06-1 32.65 41.42
Endrin ketone 53494-70-5 33.79 42.26
trans-Permethrin 51877-74-8 41.50 45 .81
Kepone 143-50-0 31.10 b
Dicofol 115-32-2 35.33 b
Dichlone 117-80-6 15.17 b
a,a -Dibromo-m-xylene 9.17 11.51
2-Bromobiphenyl 8.54 12.49

aThe GC operating conditions were as follows:

30-m x 0.53-mm ID DB-5

(0.83-um film thickness) and 30-m x 0.53-mm ID DB-1701 (1.0-um film
thickness) connected to an 8-in injection tee (Supelco Inc.).
program: 140°C (2-min hold) to 270°C (1-min hold) at 2.8°C/min; injector

temperature 250°C; detector temperature 320°C; helium carrier gas 6 mL/min;

nitrogen makeup gas 20 mL/min.

bNot detected at 2 ng per injection.
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TABLE 6
GC OPERATING CONDITIONS FOR ORGANOCHLORINE PESTICIDES
FOR DUAL COLUMN METHOD OF ANALYSIS
LOW TEMPERATURE, THIN FILM

Column 1:

Column 2:

Carrier gas

Type: DB-1701 (J&W) or equivalent
Dimensions: 30 m x 0.53 mm ID
Film Thickness (um): 1.0

Type: DB-5 (J&NW) or equivalent
Dimensions: 30 m x 0.53 mm ID
Film Thickness (um): 0.83

flowrate (mL/min): 6 (Helium)

Makeup gas flowrate (mL/min): 20 (Nitrogen)

Temperature

program: 140°C (2 min hold) to 270°C (1 min hold) at 2.8°C/min

Injector temperature: 250°C

Detector temperature: 320°C

Injection volume: 2 ul

Solvent: Hexane

Type of injector: Flash vaporization

Detector type: Dual ECD

Range: 10
Attenuation:

Type of spli

64 (DB-1701)/32 (DB-5)

tter: Supelco 8 in injection tee
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TABLE 7
GC OPERATING CONDITIONS FOR ORGANOCHLORINE PESTICIDES
FOR THE DUAL COLUMN METHOD OF ANALYSIS

HIGH TEMPERATURE, THICK FILM gﬂhﬁ
\\wﬂz
Column 1:
Type: DB-1701 (J&W) or equivalent
Dimensions: 30 m x 0.53 mm ID
Film Thickness: 1.0 um
Column 2:

Type: DB-5 (J&W) or equivalent
Dimensions: 30 m x 0.53 mm ID
Film Thickness: 1.5 um
Carrier gas flowrate (mL/min): 6 (Helium)
Makeup gas flowrate (mL/min): 20 (Nitrogen)

Temperature program: 150°C (0.5 min hold) to 190°C (2 min hold) at 12°C/min
then to 275°C (10 min hold) at 4°C/min.

Injector temperature: 250°C

Detector temperature: 320°C

Injection volume: 2 ul i@ﬁj
Solvent: Hexane

Type of injector: Flash vaporization

Detector type: Dual ECD

Range: 10

Attenuation: 64 (DB-1701)/64 (DB-5)

Type of splitter: J&W Scientific press-fit Y-shaped inlet splitter
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TABLE 8 SUMMARY OF RETENTION TIMES (MIN) OF AROCLORS

ON THE DB-5 COLUMN®

DUAL SYSTEM OF ANALYSIS

f’ﬁm&t\
Peak Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Pesticide eluting at same
No., 1016 1221 1232 1242 1248 1254 1260 retention time
1 5.85 5.85
2 7.63 7.64 7.57
3 8.41 8.43 8.43 8.37
4 8.77 8.77 8.78 8.73
5 8.98 8.99 9.00 8.94 8.95
6 9.71 9.66
7 10.49 10.50 10.50 10.44 10.45
8 10.58 10.59 10.59 10.53
9 10.90 10.91 10.86 10.85
10 1.3 11.24 11,24 11.18 11.18 Chlorothalonil (11.18)
1 11.88 11.90 11.84 11.85
12 11.99 12.00 11.95
13 12.27 12.29 12.29 12.24 12.26
14 12.66 12.68 12.69 12.64 12.64
15 12.98 12.99 13.00 12.95 12.95
16 13.18 13.19 13.14 13.15
17 13.61 13.63 13.58 13.58 13.59 13.59
18 13.80 13.82 13.77 13.77 13.78
19 13.96 13.97 13.93 13.93 13.90
20 14.48 14.50 14.46 14.45 14.46
21 14.63 14.64 14.60 14.60
22 14.99 15.02 14.98 14.97 14.98
23 15.35 15.36 15.32 15.31 15.32
24 16.01 15.96
25 16.14 16.08 16.08 16.10
26 16.27 16.29 16.26 16.24 16.25 16.26 Captan (16.21) '
P 27 16.53
e 28 17.04 16.99 16.96 16,97 gamma-Chlordane (16.95)
29 17.22 17.19 17.19 17.19 17.21
30 17.46 17.43 17.43 17.44
31 17.69 17.69
32 17.92 17.91 17.91
33 18.16 18.14 18.14
34 18.41 18.37 18.36 18.36 18.37 4,4'-DDE (18.38)
35 18.58 18.56 18.55 18.55 Dieldrin (18.59)
36 18.68
37 18.83 18.80 18.78 18.78 18.79
38 19.33 19.30 19.29 19.29 19.29
39 19.48 19.48
40 19.81 19.80
41 20.03 19.97 19.92 19.92 Chloropropylate (19.91)
Endosul fan 11 (19.91)
42 20.28 20.28
43 20.46 20.45
46 20.57 20,57
45 20.85 20.83 20.83 20.83
46 21.18 21.14 21.12 20.98 Kepone (20.99)
47 21.36 21.38 21.38
48 21.78 21.78  4,4'-DDT (21.75)
Endosul fan sulfate (21.75)
49 22.08 22.05 22.04 22.03
50 22.38 22.37
51 22.74 22.73 Captafol (22.71)
52 22.96 22.95
53 23.23 23.23
54 23.42
55 23.75 23.73 Endrin ketone (23.73)
(continued)
°The GC operating conditions are given in Table 7.
'r‘/ﬂ:%'\
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TABLE 8 CONTINUED

- 63

Peak Aroctor Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Pesticide eluting at same
No. 1016 1221 1232 1242 1248 1254 1260 retention time
56 23.99 23.97

57 24.16

58 24.27 Methoxychlor (24.29)

Dicofol (24.29)

59 24 .45

60 24.61 24.62

61 24.93 24.91

62 25.44

26.22 26.19 Mirex (26.19)

64 26.52

65 26.75

66 27.41

867 28.07

68 28.35

69 29.00

“The GC operating conditions are given in Table 7.

*These are sequentially numbered from elution order and are not isomer numbers
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TABLE 9 SUMMARY OF RETENTION TIMES (MIN) OF AROCLORS
ON THE DB-1701 COLUMN®
DUAL SYSTEM OF ANALYSIS

Peak Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Pesticide eluting at same
No., 1016 1221 1232 1262 1248 1254 1260 retention time
1 4.45 4.45
2 5.38
3 5.78
4 5.86 5.86
5 6.33 6.34 6.34 6.28
6 6.78 6.78 6.79 6.72
7 6.96 6.96 6.96 6.90 6.9 Trifluralin (6.96)
8 7.64 7.59
9 8.23 8.23 8.23 8.15 8.16
10 8.62 8.63 8.63 8.57
" 8.88 8.89 8.83 8.83
12 9.05 9.06 9.06 8.99 8.99
13 9.46 9.47 9.40 9.41
14 9.77 9.79 9.78 9.71 9.71
15 10.27 10.29 10.29 10.21 10.21
16 10.64 10.65 10.66 10.59 10.59
17 10.96 10.95 10.95
18 11.01 11.02 11.02 11.03
19 11.09 11.10
20 11.98 11.99 11.94 11.93 11.93
21 12.39 12.39 12.33 12.33 12.33
22 12.77 12.7M 12.69
23 12.92 12.94 12.93
24 12.99 13.00 13.09 13.09 13.10
25 13.14 13.16
26 13.24
] 27 13.49 13.49 13.44 13.44
f‘”’"\ 28 13.58 13.61 13.54 13.54 13.51 13.52
\ / 29 13.67 13.68
30 14.08 14.03 14.03 14.03 14.02
3 14.30 14.26 146.24 14.26 14.25
32 14.39 14.36
33 14.49 14.46 14.46
36 14.56 14.56
35 15.10 15.10
36 15.38 15.33 15.32 15.32 Chlordane (15.32)
37 15.65 15.62 15.62 15.61 16.61  4,4’-DDE (15.67)
38 15.78 15.74 15.74 15.74 15.79
39 16.13 16.10 16.10 16.08
40 16.19
41 16.34 16.34
42 16.44 16.45
43 16.55
44 16.77 16.73 16.74 16.77 16.77  Perthane (16.71)
45 17.13 17.09 17.07 17.07 17.08
46 17.29 17.31
47 17.46 17.464 17.43 17.43
48 17.69 17.69 17.68 17.68
49 18.19 18.17 18.18
S0 18.48 18.49 18.42 18.40
51 18.59
52 18.86 18.86
53 19.13 19.13 19.10 19.09  Endosulfan 11 (19.05)
54 19.42 19.43
(continued)
°The GC operating conditions are given in Table 7.
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TABLE 9 CONTINUED

Peak Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Pesticide eluting at same y
No. 1016 1221 1232 1242 1248 1254 1260 retention time ‘w@ﬁ/
55 19.55 19.59 4,4'-DDT (19.54)
56 ' 20.20 20.21
57 20.34
58 20.43
59 20.57 20.55
60 20.62 20.66 Endrin aldehyde (20.69)
61 20.88 20.87
62 21.03
63 21.53 21.53
64 21.83 21.81
65 23.31 23.27
66 23.85
67 24.11
68 24.46
69 24.59
70 24.87
7 25.85
72 27.05
3 27.72
“The GC operating conditions are given in Table 7.
"These are sequentially numbered from elution order and are not i