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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 limits 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 large 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.o

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.
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Other packed or capillary (open-tubular) columns may be used if the requirements
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
limit.  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 using the
technique that will be used to introduce the actual samples into the
gas chromatograph (e.g. 2-5 µL 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
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calculated for each analyte at each standard concentration.  If the
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             Calibration factor =      
                                          Mass injected (in nanograms) 

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

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.

   R  - R1 2

Percent Difference =   x 100 
     R  1

where:

R = Calibration Factor from first analysis.1

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 limit.  The other concentrations should correspond
to the expected range of concentrations found in real samples 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 µL 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 = (A C )/(A C )s is is s

where:

A = Response for the analyte to be measured.s

A = Response for the internal standard.is

C = Concentration of the internal standard, µg/L.is

C = Concentration of the analyte to be measured,s

µg/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.s is

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.  For
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 losses due to
degradation and weathering in samples.
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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 laboratory 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 µL of the sample extract using
the solvent flush technique, if the extract is manually injected.  Smaller
volumes (1.0 µL) can be injected, and the solvent flush technique is not
required, if automatic devices are employed.  Record the volume injected
to the nearest 0.05 µL and the resulting peak size in area units or peak
height.

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 problem, 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 cleaned 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 (µg/L) = [(A )(A)(V )(D)]/[(A )(V )(V )]x t s i s

where:

A = Response for the analyte in the sample, units may be inx

area counts or peak height.

A = Amount of standard injected or purged, ng.

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

A .x

V = Volume of extract injected, µL.  For purge-and-trapi

analysis, V  is not applicable and therefore = 1.i

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, µL.  For purge-and-trapt

analysis, V  is not applicable and therefore = 1.t

V = Volume of sample extracted or purged, mL.s

Nonaqueous samples

Concentration (µg/kg) = [(A )(A)(V )(D)]/[(A )(V )(W)]x t s i

where:

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

    A , A , A, V , D, and V  have the same definition as for aqueous samplesx s t i

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  = volumei

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 (µg/L) = [(A )(C )(D)]/[(A )(RF)(V )]x is is s

where:

A = Response of the analyte being measured, units may be inx

area counts or peak height.

C = Amount of internal standard added to extract or volumeis

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 .is x

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

V = Volume of water extracted or purged, mL.s

Nonaqueous samples

Concentration (µg/kg) = [(A )(C )(D)]/[(A )(RF)(W )]s is is s

where:
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W = Weight of sample extracted, g.  Either a dry weight ors

wet weight may be used, depending upon the specific
application of the data.

            A , C , D, A , and RF have the same definition as for aqueous     s is is

      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.

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
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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 retention time windows.

8.5.4 Section 7.6.8 sets a limit 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 upon 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 µL 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 samples should undergo solvent extraction (see Method 3500) prior to
chromatographic analysis. 

8.6.4 Calculate the average recovery (x) in µg/L, and the standard
deviation of the recovery (s) in µg/L, for each analyte of interest using
the four results.

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.
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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 limit 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.

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
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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 µL 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
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standard containing each analyte that failed the criteria should be
analyzed as described in Step 8.8.

8.8 If any analyte in a water sample 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 list 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 µL 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 sample
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  ass)

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 thes

corresponding QC acceptance criteria found in the appropriate 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 recoveryp

interval from p - 2s  to p + 2s .  If p = 90% and s  = 10%, for example, the
_

p p p

_ _

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

8.10.3 For a given matrix, calculate the upper and lower
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 laboratory
established surrogate control limits should, if applicable, be compared
with the control limits 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 laboratory 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 limit (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.

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 Laboratory Program, Statement of Work for Organic
Analysis, July 1985, Revision.
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