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COLUMN: 1% SP-1000 ON CARBOPACK-B
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PROGRAM: 45°C FOR 3 MIN, 8°C/MIN TO 220°C
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Figure 5. Gas chromatogram of volatile organics.

METHOD 625—BASE/NEUTRALS AND ACIDS

1. Scope and Application

1.1 This method covers the determination
of a number of organic compounds that are
partitioned into an organic solvent and are
amenable to gas chromatography. The pa-
rameters listed in Tables 1 and 2 may be
qualitatively and quantitatively determined
using this method.

1.2 The method may be extended to in-
clude the parameters listed in Table 3. Benzi-
dine can be subject to oxidative losses during
solvent concentration. Under the alkaline
conditions of the extraction step, o-BHC, y-
BHC, endosulfan I and II, and endrin are sub-
ject to decomposition.

Hexachlorocyclopentadiene 1is subject to
thermal decomposition in the inlet of the gas
chromatograph, chemical reaction in ace-
tone solution, and photochemical decomposi-
tion. N-nitrosodimethylamine is difficult to
separate from the solvent under the
chromatographic conditions described. N-
nitrosodiphenylamine decomposes in the gas
chromatographic inlet and cannot be sepa-
rated from diphenylamine. The preferred
method for each of these parameters is listed
in Table 3.

1.3 This is a gas chromatographic/mass
spectrometry (GC/MS) method214 applicable
to the determination of the compounds listed
in Tables 1, 2, and 3 in municipal and indus-
trial discharges as provided under 40 CFR
136.1.
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1.4 The method detection limit (MDL, de-
fined in Section 16.1)1 for each parameter is
listed in Tables 4 and 5. The MDL for a spe-
cific wastewater may differ from those list-
ed, depending upon the nature of inter-
ferences in the sample matrix.

1.5 Any modification to this method, be-
yond those expressly permitted, shall be con-
sidered as a major modification subject to
application and approval of alternate test
procedures under 40 CFR 136.4 and 136.5. De-
pending upon the nature of the modification
and the extent of intended use, the applicant
may be required to demonstrate that the
modifications will produce equivalent results
when applied to relevant wastewaters.

1.6 This method is restricted to use by or
under the supervision of analysts experi-
enced in the use of a gas chromatograph/
mass spectrometer and in the interpretation
of mass spectra. Each analyst must dem-
onstrate the ability to generate acceptable
results with this method using the procedure
described in Section 8.2.

2. Summary of Method

2.1 A measured volume of sample, approxi-
mately 1-L, is serially extracted with meth-
yvlene chloride at a pH greater than 11 and
again at a pH less than 2 using a separatory
funnel or a continuous extractor.2 The meth-
vlene chloride extract is dried, concentrated
to a volume of 1 mL, and analyzed by GC/MS.
Qualitative identification of the parameters
in the extract is performed using the reten-
tion time and the relative abundance of
three characteristic masses (m/z). Quan-
titative analysis is performed using internal
standard techniques with a single char-
acteristic m/z.

3. Interferences

3.1 Method interferences may be caused
by contaminants in solvents, reagents, glass-
ware, and other sample processing hardware
that lead to discrete artifacts and/or ele-
vated baselines in the total ion current pro-
files. All of these materials must be rou-
tinely demonstrated to be free from inter-
ferences under the conditions of the analysis
by running laboratory reagent blanks as de-
scribed in Section 8.1.3.

3.1.1 Glassware must be scrupulously
cleaned.® Clean all glassware as soon as pPOs-
sible after use by rinsing with the last sol-
vent used in it. Solvent rinsing should be fol-
lowed by detergent washing with hot water,
and rinses with tap water and distilled
water. The glassware should then be drained
dry, and heated in a muffle furnace at 400 °C
for 15 to 30 min. Some thermally stable ma-
terials, such as PCBs, may not be eliminated
by this treatment. Solvent rinses with ace-
tone and pesticide quality hexane may be
substituted for the muffle furnace heating.
Thmrough rinsing with such solvents usually
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eliminates PCB interference. Volumetric
ware should not be heated in a muffle fur-
nace. After drying and cooling, glassware
should be sealed and stored in a clean envi-
ronment to prevent any accumulation of
dust or other contaminants. Store inverted
or capped with aluminum foil.

3.1.2 The use of high purity reagents and
solvents helps to minimize interference prob-
lems. Purification of solvents by distillation
in all-glass systems may be required.

3.2 Matrix interferences may be caused by
contaminants that are co-extracted 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.

3.3 The base-neutral extraction may cause
significantly reduced recovery of phenol, 2-
methylphenol, and 2,4-dimethylphenol. The
analyst must recognize that results obtained
under these conditions are minimum con-
centrations.

3.4 The packed gas chromatographic col-
umns recommended for the basic fraction
may not exhibit sufficient resolution for cer-
tain isomeric pairs including the following:
anthracene and phenanthrene; chrysene and

benzo(a)anthracene; and
benzo(b)fluoranthene and
benzo(k)fluoranthene. The gas

chromatographic retention time and mass
spectra for these pairs of compounds are not
sufficiently different to make an unambig-
uous identification. Alternative techniques
should be used to identify and quantify these
specific compounds, such as Method 610.

3.5 In samples that contain an inordinate
number of interferences, the use of chemical
ionization (CI) mass spectrometry may make
identification easier. Tables 6 and 7 give
characteristic CI ions for most of the com-
pounds covered by this method. The use of CI
mass spectrometry to support electron ion-
ization (EI) mass spectrometry is encouraged
but not required.

4. Safety

4.1 The toxicity or carcinogenicity of
each reagent used in this method have not
been precisely defined; however, each chem-
ical compound should be treated as a poten-
tial health hazard. From this viewpoint, ex-
posure to these chemicals must be reduced to
the lowest possible level by whatever means
available. The laboratory is responsible for
maintaining a current awareness file of
OSHA regulations regarding the safe han-
dling of the chemicals specified in this meth-
od. A reference file of material data handling
sheets should also be made available to all
personnel involved in the chemical analysis.
Additional references to laboratory safety
are available and have been identified 46 for
the information of the analyst.
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4.2 The following parameters covered by
this method have been tentatively classified
as known or suspected, human or mamma-
lian carcinogens: benzo(a)anthracene, benzi-
dine, 3,3'-dichlorobenzidine, benzo(a)pyrene,
a-BHC, B-BHC, d-BHC, y-BHC,
dibenzo(a,h)anthracene, N-
nitrosodimethylamine, 4,4-DDT, and poly-
chlorinated biphenyls (PCBs). Primary
standards of these toxic compounds should
be prepared in a hood. A NIOSH/MESA ap-
proved toxic gas respirator should be worn
when the analyst handles high concentra-
tions of these toxic compounds.

5. Apparatus and Materials

5.1 Sampling equipment, for discrete or
composit sampling.

5.1.1 Grab sample bottle—1-L. or 1-gt,
amber glass, fitted with a screw cap lined
with Teflon. Foil may be substituted for Tef-
lon if the sample is not corrosive. If amber
bottles are not available, protect samples
from light. The bottle and cap liner must be
washed, rinsed with acetone or methylene
chloride, and dried before use to minimize
contamination.

5.1.2 Automatic sampler (optional)—The
sampler must incorporate glass sample con-
tainers for the collection of a minimum of
250 mL of sample. Sample containers must be
kept refrigerated at 4 °C and protected from
light during compositing. If the sampler uses
a peristaltic pump, a minimum length of
compressible silicone rubber tubing may be
used. before use, however, the compressible
tubing should be throughly rinsed with
methanol, followed by repeated rinsings with
distilled water to minimize the potential for
contamination of the sample. An integrating
flow meter is required to collect flow propor-
tional composites.

5.2 Glassware (All specifications are sug-
gested. Catalog numbers are included for il-
lustration only.):

5.2.1 Separatory funnel—2-L, with Teflon
stopcock.

5.2.2 Drying column—Chromatographic
column, 19 mm ID, with coarse frit

5.2.3 Concentrator tube, Kuderna-Dan-
ish—10-mL, graduated (Kontes K-570050-1025
or equivalent). Calibration must be checked
at the volumes employed in the test. Ground
glass stopper is used to prevent evaporation
of extracts.

5.2.4 Evaporative flask, Kuderna-Danish—
500-mL (Kontes K-57001-0500 or equivalent).
Attach to concentrator tube with springs.

5.2.5 Snyder column, Kuderna-Danish—
Three all macro (Kontes K-503000-0121 or
equivalent).

5.2.6 Snyder column, Kuderna-Danish—

Two-ball macro (Kontes K-569001-0219 or
equivalent).

5.2.7 Vials—10 to 15-mL, amber glass, with
Teflon-lined screw cap.
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5.2.8 Continuous liquid—liquid extractor—
Equipped with Teflon or glass connecting
joints and stopcocks requiring no lubrica-
tion. (Hershberg-Wolf Extractor, Ace Glass
Company, Vineland, N.J., P/N 6841-10 or
equivalent.)

5.3 Boiling chips—Approximately 10/40
mesh. Heat to 400 °C for 30 min of Soxhlet ex-
tract with methylene chloride.

5.4 Water bath—Heated, with concentric
ring cover, capable of temperature control
(2°C). The bath should be used in a hood.

5.5 Balance—Analytical, capable of accu-
rately weighing 0.0001 g.

5.6 GC/MS system:

5.6.1 Gas Chromatograph—An analytical
system complete with a temperature pro-
grammable gas chromatograph and all re-
quired accessores including syringes, analyt-
ical columns, and gases. The injection port
must be designed for on-column injection
when using packed columns and for splitless
injection when using capillary columns.

5.6.2 Column for base/neutrals—1.8 m long
x 2 mm ID glass, packed with 3% SP-2250 on
Supelcoport (100/120 mesh) or equivalent.
This column was used to develop the method
performance statements in Section 16.
Guidelines for the use of alternate column
packings are provided in Section 13.1.

5.6.3 Column for acids—1.8 m long x 2 mm
ID glass, packed with 1% SP-1240DA on
Supelcoport (100/120 mesh) or equivalent.
This column was used to develop the method
performance statements in Section 16.
Guidelines for the use of alternate column
packings are given in Section 13.1.

5.6.4 Mass spectrometer—Capable of scan-
ning from 35 to 450 amu every 7 s or less, uti-
lizing a 70 V (nominal) electron energy in the
electron impact ionization mode, and pro-
ducing a mass spectrum which meets all the
criteria in Table 9 when 50 ng of
decafluorotriphenyl phosphine (DFTPP;
bis(perfluorophenyl) phenyl phosphine) is in-
jected through the GC inlet.

5.6.5 GC/MS interface—Any GC to MS
interface that gives acceptable calibration
points at 50 ng per injection for each of the
parameters of interest and achieves all ac-
ceptable performance criteria (Section 12)
may be used. GC to MS interfaces con-
structed of all glass or glass-lined materials
are recommended. Glass can be deactivated
by silanizing with dichlorodimethylsilane.

5.6.6 Data system—A computer system
must be interfaced to the mass spectrometer
that allows the contiluous acquisition and
storage on machine-readable media of all
mass spectra obtained throughout the dura-
tion of the chromatographic program. The
computer must have software that allows
searching any GC/MS data file for specific m/
z and plotting such m/z abundances versus
time or scan number. This type of plot is de-
fined as an Extracted Ion Current Profile
(EICP). Software must also be available that
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allows integrating the abundance in any
EICP between specified time or scan number
limits.

6. Reagents

6.1 Reagent water—Reagent water is de-
fined as a water in which an interferent is
not observed at the MDL of the parameters
of interest.

6.2 Sodium hydroxide solution (10 N)—
Dissolve 40 g of NaOH (ACS) in reagent water
and dilute to 100 mL.

6.3 Sodium thiosulfate—(ACS) Granular.

6.4 Sulfuric acid (1+1)—Slowly, add 50 mL
of H,SO,4 (ACS, sp. gr. 1.84) to 50 mL of rea-
gent water.

6.5 Acetone, methanol, methlylene chlo-
ride—Pesticide quality or equivalent.

6.6 Sodium sulfate—(ACS) Granular, an-
hydrous. Purify by heating at 400 °C for 4 h
in a shallow tray.

6.7 Stock standard solutions (1.00 pg/pL)—
standard solutions can be prepared from pure
standard materials or purchased as certified
solutions.

6.7.1 Prepare stock standard solutions by
accurately weighing about 0.0100 g of pure
material. Dissolve the material in pesticide
quality acetone or other suitable solvent and
dilute to volume in a 10-mL volumetric
flagk. Larger volumes can be used at the con-
venience of the analyst. When compound pu-
rity 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.

6.7.2 Transfer the stock standard solu-
tions into Teflon-sealed screw-cap bottles.
Store at 4 °C and protect from light. Stock
standard solutions should be checked fre-
quently for signs of degradation or evapo-
ration, especially just prior to preparing
calibration standards from them.

6.7.3 Stock standard solutions must be re-
placed after six months, or sooner if com-
parison with quality control check samples
indicate a problem.

6.8 Surrogate standard spiking solution—
Select a minimum of three surrogate com-
pounds from Table 8. Prepare a surrogate
standard spiking solution containing each
selected surrogate compound at a concentra-
tion of 100 pg/mL in acetone. Addition of 1.00
mL of this solution to 1000 mL of sample is
equivalent to a concentration of 100 pg/L of
each surrogate standard. Store the spiking
solution at 4 °C in Teflon-sealed glass con-
tainer. The solution should be checked fre-
quently for stability. The solution must be
replaced after six months, or sooner if com-
parison with quality control check standards
indicates a problem.

6.9 DFTPP standard—Prepare a 25 pg/mL
solution of DFTPP in acetone.
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6.10 Quality control check sample con-
centrate—See Section 8.2.1.

7. Calibration

7.1 Establish gas chromatographic oper-
ating parameters equivalent to those indi-
cated in Table 4 or 5.

7.2 Internal standard calibration proce-
dure—To use this approach, the analyst must
select three or more internal standards that
are similar in analytical behavior to the
compounds of interest. The analyst must fur-
ther demonstrate that the measurement of
the internal standards is not affected by
method or matrix interferences. Some rec-
ommended internal standards are listed in
Table 8. Use the base peak m/z as the pri-
mary m/z for quantification of the standards.
If interferences are noted, use one of the
next two most intense m/z quantities for
quantification.

7.2.1 Prepare calibration standards at a
minimum of three concentration levels for
each parameter of interest by adding appro-
priate volumes of one or more stock stand-
ards to a volumetric flask. To each calibra-
tion standard or standard mixture, add a
known constant amount of one or more in-
ternal standards, and and dilute to volume
with acetone. One of the calibration stand-
ards should be at a concentration near, but
above, the MDL and the other concentra-
tions should correspond to the expected
range of concentrations found in real sam-
ples or should define the working range of
the GC/MS system.

7.2.2 TUsing injections of 2 to 5 pL, analyze
each calibration standard according to Sec-
tion 13 and tabulate the area of the primary
characteristic m/z (Tables 4 and 5) against
concentration for each compound and inter-
nal standard. Calculate response factors (RF)
for each compound using Equation 1.

RF = (AS)(CiS)

(Ais)(Cs)

Equation 1
where:
As<=Area of the characteristic m/z for the pa-
rameter to be measured.
Ajs=Area of the characteristic m/z for the in-
ternal standard.
Cis=Concentration of the internal standard
(pg/Ly).
Cs=Concentration of the parameter to be
measured (pg/L).
If the RF value over the working range is a
constant (<35% RSD), the RF can be assumed
to be invariant and the average RF can be
used for calculations. Alternatively, the re-
sults can be used to plot a calibration curve
of response ratios, AJAis, vs. RF.
7.3 The working calibration curve or RF
must be verified on each working day by the
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measurement of one or more calibration
standards. If the response for any parameter
varies from the predicted response by more
than *20%, the test must be repeated uning
a fresh calibration standard. Alternatively, a
new calibration curve must be prepared for
that compound.

8. Quality Control

8.1 Each laboratory that uses this method
is required to operate a formal quality con-
trol program. The minimum requirements of
this program consist of an initial demonstra-
tion of laboratory capability and an ongoing
analysis of spiked samples to evaluate and
document data quality. The laboratory must
maintain records to document the quality of
data that is generated. Ongoing data quality
checks are compared with established per-
formance criteria to determine if the results
of analyses meet the performance character-
istics of the method. When results of sample
spikes indicate atypical method perform-
ance, a quality control check standard must
be analyzed to confirm that the measure-
ments were performed in an in-control mode
of operation.

8.1.1 The analyst must make an initial,
one-time, demonstration of the ability to
generate acceptable accuracy and precision
with this method. This ability is established
as described in Section 8.2.

8.1.2 In recognition of advances that are
occuring in chromatography, the analyst is
permitted certain options (detailed in Sec-
tions 10.6 and 13.1) to improve the separa-
tions or lower the cost of measurements.
Each time such a modification is made to
the method, the analyst is required to repeat
the procedure in Section 8.2.

8.1.3 Before processing any samples, the
analyst must analyze a reagent water blank
to demonstrate that interferences from the
analytical system and glassware are under
control. Each time a set of samples is ex-
tracted or reagents are changed, a reagent
water blank must be processed as a safe-
guard against laboratory contamination.

8.1.4 The laboratory must, on an ongoing
basis, spike and analyze a minimum of 5% of
all samples to monitor and evaluate labora-
tory data quality. This procedure is de-
scribed in Section 8.3.

8.1.5 The laboratory must, on an ongoing
basis, demonstrate through the analyses of
quality control check standards that the op-
eration of the measurement system is in con-
trol. This procedure is described in Section
8.4. The frequency of the check standard
analyses is equivalent to 5% of all samples
analyzed but may be reduced if spike recov-
eries from samples (Section 8.3) meet all
specified quality control criteria.

8.1.6 The laboratory must maintain per-
formance records to document the quality of
data that is generated. This procedure is de-
scribed in Section 8.5.
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8.2 To establish the ability to generate
acceptable accuracy and precision, the ana-
lyst must perform the following operations.

8.2.1 A quality control (QC) check sample
concentrate is required containing each pa-
rameter of interest at a concentration of 100
pg/mL in acetone. Multiple solutions may be
required. PCBs and multicomponent pes-
ticides may be omitted from this test. The
QC check sample concentrate must be ob-
tained from the U.S. Environmental Protec-
tion Agency, Environmental Monitoring and
Support Laboratory in Cincinnati, Ohio, if
available. If not available from that source,
the QC check sample concentrate must be
obtained from another external source. If not
available from either source above, the QC
check sample concentrate must be prepared
by the laboratory using stock standards pre-
pared independently from those used for cali-
bration.

8.2.2 Using a pipet, prepare QC check sam-
ples at a concentration of 100 pg/L by adding
1.00 mL of QC check sample concentrate to
each of four 1-L aliquots of reagent water.

8.2.3 Analyze the well-mixed QC check
samples according to the method beginning
in Section 10 or 11.

8.2.4 Calculate the average recovery (X) in
ug/L, and the standard deviation of the re-
covery (s) in pg/L, for each parameter using
the four results.

8.2.5 For each parameter compare s and X
with the corresponding acceptance criteria
for precision and accuracy, respectively,
found in Table 6. If s and X for all param-
eters of interest meet the acceptance cri-
teria, 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, the system performance is un-
acceptable for that parameter.

NoOTE: The large number of parameters in
Table 6 present a substantial probability
that one or more will fail at least one of the
acceptance criteria when all parameters are
analyzed.

8.2.6 When one or more of the parameters
tested fail at least one of the acceptance cri-
teria, the analyst must proceed according to
Section 8.2.6.1 or 8.2.6.2.

8.2.6.1 Locate and correct the source of
the problem and repeat the test for all pa-
rameters of interest beginning with Section
8.2.2.

8.2.6.2 Beginning with Section 8.2.2, repeat
the test only for those parameters 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 in-
terest beginning with Section 8.2.2.

8.3 The laboratory must, on an ongoing
basis, spike at least 5% of the samples from
each sample site being monitored to assess
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accuracy. For laboratories analyzing 1 to 20
samples per month, at least one spiked sam-
ple per month is required.

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

8.3.1 If, as in compliance monitoring, the
concentration of a specific parameter 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
Section 8.3.2, whichever concentration would
be larger.

8.3.1.2 If the concentration of a specific
parameter in the sample is not being
checked against a limit specific to that pa-
rameter, the spike should be at 100 pg/L or 1
to 5 times higher than the background con-
centration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.1.3 If it is impractical to determine
background levels before spiking (e.g., max-
imum holding times will be exceeded), the
spike concentration should be (1) the regu-
latory concentration limit, if any; or, if none
(2) the larger of either 5 times higher than
the expected background concentration or
100 pg/L.

8.3.2 Analyze one sample aliquot to deter-
mine the background concentration (B) of
each parameter. If necessary, prepare a new
QC check sample concentrate (Section 8.2.1)
appropriate for the background concentra-
tions in the sample. Spike a second sample
aliquot with 1.0 mL of the QC check sample
concentrate and analyze it to determine the
concentration after spiking (A) of each pa-
rameter. Calculate each percent recovery (P)
as 100(A-B)%/T, where T is the known true
value of the spike.

8.3.3 Compare the percent recovery (P) for
each parameter with the corresponding QC
acceptance criteria found in Table 6. These
acceptance criteria were calculated to in-
clude an allowance for error in measurement
of both the background and spike concentra-
tions, assuming a spike to background ratio
of 5:1. This error will be accounted for to the
extent that the analyst’s spike to back-
ground ratio approaches 5:1.7 If spiking was
performed at a concentration lower than 100
ug/L, the analyst must use either the QC ac-
ceptance criteria in Table 6, or optional QC
acceptance criteria calculated for the spe-
cific spike concentration. To calculate op-
tional acceptance criteria for the recovery of
a parameter: (1) Calculate accuracy (X')
using the equation in Table 7, substituting
the spike concentration (T) for C; (2) cal-
culate overall precision (8') using the equa-
tion in Table 7, substituting X' for X; (3) cal-
culate the range for recovery at the spike
concentration as (100 X'/T)+2.44(100 S'/T) %7

8.3.4 If any individual P falls outside the
designated range for recovery, that param-
eter has failed the acceptance criteria. A
check standard containing each parameter

Pt. 136, App. A, Meth. 625

that failed the criteria must be analyzed as
described in Section 8.4.

8.4 If any parameter fails the acceptance
criteria for recovery in Section 8.3, a QC
check standard containing each parameter
that failed must be prepared and analyzed.

NOTE: The frequency for the required anal-
ysis of a QC check standard will depend upon
the number of parameters being simulta-
neously tested, the complexity of the sample
matrix, and the performance of the labora-
tory. If the entire list of single-component
parameters in Table 6 must be measured in
the sample in Section 8.3, 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 spike sample.

8.4.1 Prepare the QC check standard by
adding 1.0 mL of QC check sample con-
centrate (Section 8.2.1 or 8.3.2) to 1 L of rea-
gent water. The QC check standard needs
only to contain the parameters that failed
criteria in the test in Section 8.3.

8.4.2 Analyze the QC check standard to
determine the concentration measured (A) of
each parameter. Calculate each percent re-
covery (Ps) as 100 (A/T)%, where T is the true
value of the standard concentration.

8.4.3 Compare the percent recovery (Ps)
for each parameter with the corresponding
QC acceptance criteria found in Table 6. Only
parameters that failed the test in Section 8.3
need to be compared with these criteria. If
the recovery of any such parameter falls out-
side the designated range, the laboratory
performance for that parameter is judged to
be out of control, and the problem must be
immediately identified and corrected. The
analytical result for that parameter in the
unspiked sample is suspect and may not be
reported for regulatory compliance purposes.

8.5 As part of the QC program for the lab-
oratory, method accuracy for wastewater
samples must be assessed and records must
be maintained. After the analysis of five
spiked wastewater samples as in Section 8.3,
calculate the average percent recovery (P)
and the standard deviation of the percent re-
covery (sp). Express the accuracy assessment
as a percent interval from P—2s, to P+2s,. If
P=90% and s,=10%, for example, the accuracy
interval is expressed as 70—110%. Update the
accuracy assessment for each parameter on a
regular basis (e.g. after each five to ten new
accuracy measurements).

8.6 As a quality control check, the labora-
tory must spike all samples with the surro-
gate standard spiking solution as described
in Section 10.2, and calculate the percent re-
covery of each surrogate compound.

8.7 It is recommended that the laboratory
adopt additional quality assurance practices
for use with this method. The specific prac-
tices that are most productive depend upon
the needs of the laboratory and the nature of
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the samples. Field duplicates may be ana-
lyzed to assess the precision of the environ-
mental measurements. Whenever possible,
the laboratory should analyze standard ref-
erence materials and participate in relevant
performance evaluation studies.

9. Sample Collection, Preservation, and
Handling

9.1 Grab samples must be collected in
glass containers. Conventional sampling
practices® should be followed, except that
the bottle must not be prerinsed with sample
before collection. Composite samples should
be collected in refrigerated glass containers
in accordance with the requirements of the
program. Automatic sampling equipment
must be as free as possible of Tygon tubing
and other potential sources of contamina-
tion.

9.2 All sampling must be iced or refrig-
erated at 4 °C from the time of collection
until extraction. Fill the sample bottles and,
if residual chlorine is present, add 80 mg of
sodium thiosulfate per liter of sample and
mix well. EPA Methods 330.4 and 330.5 may
be used for measurement of residual chlo-
rine.® Field test kits are available for this
purpose.

9.3 All samples must be extracted within 7
days of collection and completely analyzed
within 40 days of extraction.

10. Separatory Funnel Extraction

10.1 Samples are usually extracted using
separatory funnel techniques. If emulsions
will prevent achieving acceptable solvent re-
covery with separatory funnel extractions,
continuous extraction (Section 11) may be
used. The separatory funnel extraction
scheme described below assumes a sample
volume of 1 L.. When sample volumes of 2 L
are to be extracted, use 250, 100, and 100-mL
volumes of methylene chloride for the serial
extraction of the base/neutrals and 200, 100,
and 100-mL volumes of methylene chloride
for the acids.

10.2 Mark the water meniscus on the side
of the sample bottle for later determination
of sample volume. Pour the entire sample
into a 2-L separatory funnel. Pipet 1.00 mL
of the surrogate standard spiking solution
into the separatory funnel and mix well.
Check the pH of the sample with wide-range
pH paper and adjust to pH>11 with sodium
hydroxide solution.

10.3 Add 60 mL of methylene chloride to
the sample bottle, seal, and shake for 30 s to
rinse the inner surface. Transfer the solvent
to the separatory funnel and extract the
sample by shaking the funnel for 2 min. with
periodic venting to release excess pressure.
Allow the organic layer to separate from the
water phase for a minimum of 10 min. If the
emulsion interface between layers is more
than one-third the volume of the solvent
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layer, the analyst must employ mechanical
techniques to complete the phase separation.
The optimum technique depends upon the
sample, but may include stirring, filtration
of the emulsion through glass wool, cen-
trifugation, or other physical methods. Col-
lect the methylene chloride extract in a 250-
mL Erlenmeyer flagk. If the emulsion cannot
be broken (recovery of less than 80% of the
methylene chloride, corrected for the water
solubility of methylene chloride), transfer
the sample, solvent, and emulsion into the
extraction chamber of a continuous extrac-
tor and proceed as described in Section 11.3.

10.4 Add a second 60-mL volume of meth-
ylene chloride to the sample bottle and re-
peat the extraction procedure a second time,
combining the extracts in the Erlenmeyer
flask. Perform a third extraction in the same
manner. Label the combined extract as the
base/neutral fraction.

10.5 Adjust the pH of the aqueous phase to
less than 2 using sulfuric acid. Serially ex-
tract the acidified aqueous phase three times
with 60-mL aliquots of methylene chloride.
Collect and combine the extracts in a 250-mL
Erlenmeyer flask and label the combined ex-
tracts as the acid fraction.

10.6 For each fraction, assemble a
Kuderna-Danish (K-D) concentrator by at-
taching a 10-mL concentrator tube to a 500-
mL evaporative flask. Other concentration
devices or techniques may be used in place of
the K-D concentrator if the requirements of
Section 8.2 are met.

10.7 For each fraction, pour the combined
extract through a solvent-rinsed drying col-
umn containing about 10 cm of anhydrous so-
dium sulfate, and collect the extract in the
K-D concentrator. Rinse the Erlenmeyer
flask and column with 20 to 30 mL of meth-
vlene chloride to complete the quantitative
transfer.

10.8 Add one or two clean boiling chips
and attach a three-ball Snyder column to the
evaporative flask for each fraction. Prewet
each Snyder column by adding about 1 mL of
methylene chloride to the top. Place the K-
D apparatus on a hot water bath (60 to 65 °C)
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
15 to 20 min. At the proper rate of distilla-
tion the balls of the column will actively
chatter but the chambers will not flood with
condensed solvent. When the apparent vol-
ume of liquid reaches 1 mL, remove the K-D
apparatus from the water bath and allow it
to drain and cool for at least 10 min. Remove
the Snyder column and rinse the flask and
its lower joint into the concentrator tube
with 1 to 2 mL of methylene chloride. A 5-
mL syringe is recommended for this oper-
ation.
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10.9 Add another one or two clean boiling
chips to the concentrator tube for each frac-
tion and attach a two-ball micro-Snyder col-
umn. Prewet the Snyder column by adding
about 0.5 mL of methylene chloride to the
top. Place the K-D apparatus on a hot water
bath (60 to 65 °C) so that the concentrator
tube is partially immersed in hot water. Ad-
just the vertical position of the apparatus
and the water temperature as required to
complete the concentration in 5 to 10 min.
At the proper rate of distillation the balls of
the column will actively chatter but the
chambers will not flood with condensed sol-
vent. When the apparent volume of liquid
reaches about 0.5 mL, remove the K-D appa-
ratus from the water bath and allow it to
drain and cool for at least 10 min. Remove
the Snyder column and rinse the flask and
its lower joint into the concentrator tube
with approximately 0.2 mL of acetone or
methylene chloride. Adjust the final volume
to 1.0 mL with the solvent. Stopper the con-
centrator tube and store refrigerated if fur-
ther processing will not be performed imme-
diately. If the extracts will be stored longer
than two days, they should be transferred to
Teflon-sealed screw-cap vials and labeled
base/neutral or acid fraction as appropriate.

10.10 Determine the original sample vol-
ume by refilling the sample bottle to the
mark and transferring the liquid to a 1000-
mL graduated cylinder. Record the sample
volume to the nearest 5 mL.

11. Continuous Extraction

11.1 When experience with a sample from
a given source indicates that a serious emul-
sion problem will result or an emulsion is en-
countered using a separatory funnel in Sec-
tion 10.3, a continuous extractor should be
used.

11.2 Mark the water meniscus on the side
of the sample bottle for later determination
of sample volume. Check the pH of the sam-
ple with wide-range pH paper and adjust to
pH >11 with sodium hydroxide solution.
Transfer the sample to the continuous ex-
tractor and using a pipet, add 1.00 mL of sur-
rogate standard spiking solution and mix
well. Add 60 mL of methylene chloride to the
sample bottle, seal, and shake for 30 s to
rinse the inner surface. Transfer the solvent
to the extractor.

11.3 Repeat the sample bottle rinse with
an additional 50 to 100-mL portion of meth-
yvlene chloride and add the rinse to the ex-
tractor.

11.4 Add 200 to 500 mL of methylene chlo-
ride to the distilling flask, add sufficient re-
agent water to ensure proper operation, and
extract for 24 h. Allow to cool, then detach
the distilling flask. Dry, concentrate, and
seal the extract as in Sections 10.6 through
10.9.

11.5 Charge a clean distilling flask with
500 mL of methylene chloride and attach it
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to the continuous extractor. Carefully, while
stirring, adjust the pH of the aqueous phase
to less than 2 using sulfuric acid. Extract for
24 h. Dry, concentrate, and seal the extract
as in Sections 10.6 through 10.9.

12. Daily GC/MS Performance Tests

12.1 At the beginning of each day that
analyses are to be performed, the GC/MS sys-
tem must be checked to see if acceptable
performance criteria are achieved for
DFTPP.10 Each day that benzidine is to be
determined, the tailing factor criterion de-
scribed in Section 12.4 must be achieved.
Each day that the acids are to be deter-
mined, the tailing factor criterion in Section
12.5 must be achieved.

12.2 These performance tests require the
following instrumental parameters:

Electron Energy: 70 V (nominal)

Mass Range: 35 to 450 amu

Scan Time: To give at least 5 scans per peak
but not to exceed 7 s per scan.

12.3 DFTPP performance test—At the be-
ginning of each day, inject 2 pL (50 ng) of
DFTPP standard solution. Obtain a back-
ground-corrected mass spectra of DFTPP
and confirm that all the key m/z criteria in
Table 9 are achieved. If all the criteria are
not achieved, the analyst must retune the
mass spectrometer and repeat the test until
all criteria are achieved. The performance
criteria must be achieved before any sam-
ples, blanks, or standards are analyzed. The
taililg factor tests in Sections 12.4 and 12.5
may be performed simultaneously with the
DFTPP test.

12.4 Column performance test for base/
neutrals—At the beginning of each day that
the base/neutral fraction is to be analyzed
for benzidine, the benzidine tailing factor
must be calculated. Inject 100 ng of benzidine
either separately or as a part of a standard
mixture that may contain DFTPP and cal-
culate the tailing factor. The benzidine tail-
ing factor must be less than 3.0. Calculation
of the tailing factor is illustrated in Figure
13.11 Replace the column packing if the tail-
ing factor criterion cannot be achieved.

12.5 Column performance test for acids—
At the beginning of each day that the acids
are to be determined, inject 50 ng of
pentachlorophenol either separately or as a
part of a standard mix that may contain
DFTPP. The tailing factor for
pentachlorophenol must be less than 5. Cal-
culation of the tailing factor is illustrated in
Figure 13.11 Replace the column packing if
the tailing factor criterion cannot be
achieved.

13. Gas Chromatography/Mass Spectrometry

13.1 Table 4 summarizes the recommended
gas chromatographic operating conditions
for the base/neutral fraction. Table 5 summa-
rizes the recommended gas chromatographic
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operating conditions for the acid fraction.
Included in these tables are retention times
and MDL that can be achieved under these
conditions. Examples of the separations
achieved by these columns are shown in Fig-
ures 1 through 12. Other packed or capillary
(open-tubular) columns or chromatographic
conditions may be used if the requirements
of Section 8.2 are met.

13.2 After conducting the GC/MS perform-
ance tests in Section 12, calibrate the system
daily as described in Section 7.

13.3 The internal standard must be added
to sample extract and mixed thoroughly im-
mediately before it is injected into the in-
strument. This procedure minimizes losses
due to adsorption, chemical reaction or
evaporation.

13.4 Inject 2 to 5 pL of the sample extract
or standard into the GC/MS system using the
solvent-flush technique.’2 Smaller (1.0 pL)
volumes may be injected if automatic de-
vices are employed. Record the volume in-
jected to the nearest 0.05 pL.

13.5 If the response for any m/z exceeds
the working range of the GC/MS system, di-
lute the extract and reanalyze.

13.6 Perform all qualitative and quan-
titative measurements as described in Sec-
tions 14 and 15. When the extracts are not
being used for analyses, store them refrig-
erated at 4°C, protected from light in screw-
cap vials equipped with unpierced Teflon-
lined septa.

14. Qualitative Identification

14.1 Obtain EICPs for the primary m/z and
the two other masses listed in Tables 4 and
5. See Section 7.3 for masses to be used with
internal and surrogate standards. The fol-
lowing criteria must be met to make a quali-
tative identification:

14.1.1 The characteristic masses of each
parameter of interest must maximize in the
same or within one scan of each other.

14.1.2 The retention time must fall within
+30 s of the retention time of the authentic
compound.

14.1.3 The relative peak heights of the
three characteristic masses in the EICPs
must fall within +20% of the relative inten-
sities of these masses in a reference mass
spectrum. The reference mass spectrum can
be obtained from a standard analyzed in the
GC/MS system or from a reference library.

14.2 Structural isomers that have very
similar mass spectra and less than 30 s dif-
ference in retention time, can be explicitly
identified only if the resolution between au-
thentic isomers in a standard mix is accept-
able. Acceptable resolution is achieved if the
baseline to valley height between the iso-
mers is less than 25% of the sum of the two
peak heights. Otherwise, structural isomers
are identified as isomeric pairs.
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15. Calculations

15.1 When a parameter has been identi-
fied, the quantitation of that parameter will
be based on the integrated abundance from
the EICP of the primary characteristic m/z
in Tables 4 and 5. Use the base peak m/z for
internal and surrogate standards. If the sam-
ple produces an interference for the primary
m/z, use a secondary characteristic m/z to
quantitate.

Calculate the concentration in the sample
using the response factor (RF) determined in
Section 7.2.2 and Equation 3.

(A)(15)
(Ais)(RF)(Vo)

Equation 3

Concentration (pg/L) =

where:

As=Area of the characteristic m/z for the pa-
rameter or surrogate standard to be meas-
ured.

Aijs=Area of the characteristic m/z for the in-
ternal standard.

Is=Amount of internal standard added to
each extract (pg).

Vo=Volume of water extracted (L).

15.2 Report results in pg/L without correc-
tion for recovery data. All QC data obtained
should be reported with the sample results.

16. Method Performance

16.1 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.r! The MDL concentrations listed in Ta-
bles 4 and 5 were obtained using reagent
water.l3 The MDL actually achieved in a
given analysis will vary depending on instru-
ment sensitivity and matrix effects.

16.2 This method was tested by 15 labora-
tories using reagent water, drinking water,
surface water, and industrial wastewaters
spiked at six concentrations over the range 5
to 1300 pg/L.4 Single operator precision,
overall precision, and method accuracy were
found to be directly related to the concentra-
tion of the parameter and essentially inde-
pendent of the sample matrix. Linear equa-
tions to describe these relationships are pre-
sented in Table 7.

17. Screening Procedure for 2,3,7,8-
Tetrachlorodibenzo-p-dioxin (2,3,7,6-TCDD)

17.1 If the sample must be screened for
the presence of 2,3,7,8-TCDD, it is rec-
ommended that the reference material not
be handled in the laboratory unless extensive
safety precautions are employed. It is suffi-
cient to analyze the base/mneutral extract by
selected ion monitoring (SIM) GC/MS tech-
niques, as follows:

17.1.1 Concentrate the Dbase/neutral ex-
tract to a final volume of 0.2 ml.
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17.1.2 Adjust the temperature of the base/
neutral column (Section 5.6.2) to 220 °C.

17.1.3 Operate the mass spectrometer to
acquire data in the SIM mode using the ions
at m/z 257, 320 and 322 and a dwell time no
greater than 333 milliseconds per mass.

17.1.4 Inject 5 to 7 pL of the base/neutral
extract. Collect SIM data for a total of 10
min.

17.1.56 The possible presence of 2,3,7,8-
TCDD is indicated if all three masses exhibit
simultaneous peaks at any point in the se-
lected ion current profiles.

17.1.6 For each occurrence where the pos-
sible presence of 2,3,7,8-TCDD is indicated,
calculate and retain the relative abundances
of each of the three masses.

17.2 False positives to this test may be
caused by the presence of single or coeluting
combinations of compounds whose mass
spectra contain all of these masses.

17.3 Conclusive results of the presence and
concentration level of 2,3,7,8-TCDD can be
obtained only from a properly equipped lab-
oratory through the use of EPA Method 613
or other approved alternate test procedures.
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TABLE 1—BASE/NEUTRAL EXTRACTABLES

Parameter STSEET CAS No.
Acenaphthene 34205 83-32-9
Acenaphthylene 34200 208-96-8
Anthracene ... 34220 120-12-7
Aldrin ........... 39330 309-00-2
Benzo(a)anthracene 34526 56-55-3
Benzo(b)fluoranthene . 34230 205-99-2
Benzo(k)fluoranthene . 34242 207-08-9
Benzo(a)pyrene ....... 34247 50-32-8
Benzo(ghi)perylene . 34521 191-24-2
Benzyl butyl phthalate 34292 85-68-7
B-BHC .. 39338 319-85-7
3-BHC ... 34259 319-86-8
Bis(2-chloroethyl) ether .. 34273 111-44-4
Bis(2-chloroethoxy)methane .. 34278 111-91-1
Bis(2-ethylhexyl) phthalate . 39100 117-81-7
Bis(2-chloroisopropyl) ethera . 34283 108-60-1
4-Bromophenyl phenyl ethera 34636 101-55-3
Chlordane ................... 39350 57-74-9
2-Chloronaphthalele 34581 91-58-7
4-Chlorophenyl phenyl 34641 | 7005-72-3
Chrysene .. 34320 218-01-9
4,4'-DDD .. 39310 72-54-8
4,4'-DDE 39320 72-55-9
4,4'-DDT ... 39300 50-29-3
Dibenzo(a,h)anthracene . 34556 53-70-3
Di-n-butylphthalate ..... 39110 84-74-2
1,3-Dichlorobenzene 34566 541-73-1
1,2-Dichlorobenzene 34536 95-50-1
1,4-Dichlorobenzene .. 34571 106-46-7
3,3'-Dichlorobenzidine 34631 91-94-1
Dieldrin ......c....... 39380 60-57-1
Diethyl phthalate . 34336 84-66-2
Dimethyl phthalate .. 34341 131-11-3
2,4-Dinitrotoluene 34611 121-14-2
2,6-Dinitrotoluene 34626 606—-20-2
Di-n-octylphthalate .. 34596 117-84-0
Endosulfan sulfate .. 34351 | 1031-07-8
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TABLE 1—BASE/NEUTRAL EXTRACTABLES—
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TABLE 2—ACID EXTRACTABLES

Continued
Parameter STSEET CAS No.
Parameter STSEET CAS No.
. 4-Chloro-3-methylphenol ................. 34452 59-50-7
Endrin aldehyde .. 34366 | 7421-93-4  2-Chlorophenol 84586 |  95-57-8
2,4-Dichlorophenol 34601 120-83-2
Fluoranthene 34376 206-44-0 "
2,4-Dimethylphenol 34606 105-67-9
Fluorene ... 34381 86-73-7 3 4 Dinitrophenol .. 34616 51-28-5
Heptachlor . 39410 76-44-8  2_Methyl-4,6-dinitrophenol . 34657 | 534-52-1
Heptchlor epoxide .. 39420 | 1024-57-3 2-Nitrophenol ..... 34591 88-75-5
Hexachlorobenzene 39700 118-74-1 4-Nitrophenol ..... 34646 100-02-7
Hexachlorobutadiene . 34391 87-68-3  Pentachlorophenol 39032 87-86-5
Hexachloroethane .. 34396 67-72-1 Phenol s 34694 108-95-2
Indeno(,2,3-cd)pyrene . 34403 193-39-5 2,4,6-Trichlorophenol .. 34621 88-06-2
Isophorone ... 34408 78-59-1
mph;ha'e“e - ijﬁig gé—gg-i TABLE 3—ADDITIONAL EXTRACTABLE
itrobenzene 95— a
N-Nitrosodi-n-propylamine 34428 621-64-7 PARAMETERS
PCB-1016 34671 | 12674-11-2 TORET Meth-
PCB-1221 39488 | 11104-28-2 Parameter Y cas No. | MEd
PCB-1232 .. 39492 | 11141-16-5
PCB-1242 .. 39496 | 53469-21-9 Benzidine ........cccoceiinene 39120 92-87-5 605
PCB-1248 39500 | 12672-29-6  £-BHC .. 39337 | 319-84-6) 608
PCB-1254 39504 | 11097-69-1 ~ OBHC - 39340 | 58-89-8) 608
PCB-1260 .. 39508 | 11096-82-5 Endosulfan | 34361 959-98-8 608
Endosulfan Il .. 34356 | 33213-65-9 608
Phenanthrene .. 34461 85-01-8 Endrin 39390 72-20-8 608
Pyrene 34469 |  129-00-0  Hexachlorocylopentadiene 34386 77-47-4 | 612
Toxaphene 39400 | 8001-35-2  N-Nitrosodimethylamine ... 34438 62-75-9 607
1,2,4-Trichlorobenzene ... 34551 120-82-1 N-Nitrosodiphenylamine ... 34433 86-30-6 607
aThe proper chemical name is 2,2'-oxybis(1-chloropropane). aSee Section 1.2.
TABLE 4—CHROMATOGRAPHIC CONDITIONS, METHOD DETECTION LIMITS, AND CHARACTERISTIC
MASSES FOR BASE/NEUTRAL EXTRACTABLES
hod Characteristic masses
Metho
Reten- ;
Parameter tion time tigﬁlﬁcm-it Electron impact Chemical ionization
(min) (ng/L) Primary Sec- Sec-
ondary ondary | Methane | Methane | Methane
1,3-Dichlorobenzene .. 7.4 1.9 146 148 113 146 148 150
1,4-Dichlorobenzene 7.8 4.4 146 148 113 146 148 150
Hexachloroethane ...... 8.4 1.6 117 201 199 199 201 203
Bis(2-chloroethyl) ethera 8.4 5.7 93 63 95 63 107 109
1,2-Dichlorobenzene ..... 8.4 1.9 146 148 113 146 148 150
Bis(2-chloroisopropyl) ethera 9.3 5.7 45 7 79 7 135 137
N-Nitrosodi-n-propylamine .........ccccoceee | woevvvinnens 130 42 101
Nitrobenzene .............. 11.1 7 123 65
Hexachlorobutadiene . 11.4 225 223 227
1,2,4-Trichlorobenzene . 11.6 180 182 145
Isophorone ... 11.9 82 95 138
Naphthalene . 12.1 128 129 127
Bis(2-chloroethoxy) methane 12.2 93 95 123
Hexachlorocyclopentadienea .. 13.9 237 235 272
2-Chloronaphthalene .. 15.9 162 164 127
Acenaphthylene .. 17.4 152 151 153
Acenaphthene ..... 17.8 154 153 152
Dimethyl phthalate . 18.3 163 194 164
2,6-Dinitrotoluene 18.7 165 89 121
Fluorene .............. 19.5 166 165 167
4-Chlorophenyl! phenyl ether 19.5 204 206 141
2,4-Dinitrotoluene ... 19.8 165 63 182
Diethyl phthalate .... 20.1 149 177 150
N-Nitrosodiphenylamine® . 20.5 169 168 167
Hexachlorobenzene 21.0 284 142 249
B-BHCb .. 211 183 181 109
4-Bromopheny! phenyl ether 21.2 248 250 141
3-BHCb ......... 224 | s 183 181 109 | i | i | e
Phenanthrene 22.8 5.4 178 179 176 178 179 207
Anthracene 22.8 19 178 179 176 178 179 207
B-BHC 23.4 4.2 181 183 109 | e | |
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TABLE 4—CHROMATOGRAPHIC CONDITIONS, METHOD DETECTION LIMITS, AND CHARACTERISTIC
MASSES FOR BASE/NEUTRAL EXTRACTABLES—Continued

Method Characteristic masses
Reten- etho :
Parameter tion time tigﬁtﬁ%it Electron impact Chemical ionization
(min) (nalL) Primay Sec- Sec-

y ondary ondary | Methane | Methane | Methane
Heptachlor ... 100 272 274
&BHC 183 109 181
Aldrin 66 263 220 | e | e | s
Dibutyl phthalate 149 150 104 149 205 279
Heptachlor epoxide 353 355 351 | oo | e | e
Endosulfan 1° . 237 339 341
Fluoranthene 202 101 100
Dieldrin .. 79 263 279
4,4'-DDE 246 248 176
Pyrene ... 202 101 100
Endrinb .. 81 263 82
Endosulfan Il 237 339 341
4,4'-DDD 235 237 165
Benzidineb .. 184 92 185
4,4'-DDT 235 237 165
Endosulfan sulfate 272 387 422
Endrin aldehyde ..........ccooeviiinininins | v | e 67 345 250
Butyl benzyl phthalate . 29.9 25 149 91 206
Bis(2-ethylhexyl) phthalate 30.6 25 149 167 279
Chrysene .............. 228 226 229
Benzo(a)anthracene . 228 229 226
3,3'-Dichlorobenzidine . 252 254 126
Di-n-octyl phthalate .. 149 | oo | e
Benzo(b)fluoranthene .. 252 253 125
Benzo(k)fluoranthene .. 252 253 125
Benzo(a)pyrene 252 253 125
Indeno(1,2,3-cd) pyrene . 276 138 277
Dibenzo(a,h)anthracene . 278 139 279
Benzo(ghi)perylene ..... 276 138 277
N-Nitrosodimethylamine b 42 74 44
Chlordanec .. 373 375 377
Toxaphene ¢ 159 231 233
PCB 1016¢ .. 224 260 294
PCB 1221¢ .. 190 224 260
PCB 1232¢ .. 190 224 260
PCB 1242¢ .. 224 260 294
PCB 1248¢ .. 294 330 262
PCB 1254¢ .. 294 330 362
PCB 1260¢ 330 362 394 | i | v | e

aThe proper chemical name is 2,
bSee Section 1.2.

-bisoxy(1-chloropropane).

cThese compounds are mixtures of various isomers (See Figures 2 through 12). Column conditions: Supelcoport (100/120
mesh) coated with 3% SP—2250 packed in a 1.8 m long x 2 mm ID glass column with helium carrier gas at 30 mL/min. flow rate.
Column temperature held isothermal at 50 °C for 4 min., then programmed at 8 °C/min. to 270 °C and held for 30 min.

TABLE 5—CHROMATOGRAPHIC CONDITIONS, METHOD DETECTION LIMITS, AND CHARACTERISTIC
MASSES FOR ACID EXTRACTABLES

hod Characteristic masses
Reten- Metho
Parameter tion time tigﬁtﬁcm-it Electron Impact Chemical ionization
(min) (na/L) Primai Sec- Sec-

y ondary ondary | Methane | Methane | Methane
2-Chlorophenol 5.9 3.3 128 64 130 129 131 157
2-Nitrophenol .. 6.5 3.6 139 65 109 140 168 122
Phenol 8.0 15 94 65 66 95 123 135
2,4-Dimethylphenol 9.4 2.7 122 107 121 123 151 163
2,4-Dichlorophenal ... 9.8 2.7 162 164 98 163 165 167
2,4,6-Trichlorophenol 11.8 2.7 196 198 200 197 199 201
4-Chloro-3-methylphenol 13.2 3.0 142 107 144 143 171 183
2,4-Dinitrophenol 15.9 42 184 63 154 185 213 225
2-Methyl-4,6-dinitrophenol 16.2 24 198 182 77 199 227 239
Pentachlorophenol 17.5 3.6 266 264 268 267 265 269
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TABLE 5—CHROMATOGRAPHIC CONDITIONS, METHOD DETECTION LIMITS, AND CHARACTERISTIC
MASSES FOR ACID EXTRACTABLES—Continued

Characteristic masses
Method
Reten-
Parameter tion time tigﬁtﬁﬁ’;it Electron Impact Chemical ionization
@i o) | primary | Sec- | Sec-
y ondary ondary | Methane | Methane | Methane
4-Nitrophenol .........ccccooviviicciiiiine 20.3 24 65 139 109 140 168 122

Column conditions: Supelcoport (100/120 mesh) coated with 1% SP-1240DA packed in a 1.8 m long x 2mm ID glass column
with helium carrier gas at 30 mL/min. flow rate. Column temperature held isothermal at 70 °C for 2 min. then programmed at 8

°C/min. to 200 °C.

TABLE 6—QC ACCEPTANCE CRITERIA—METHOD 625

- Range for
Test conclu- | Limits for s Range for

Parameter sion (1giL) (ML) X(Hg/L) P, E;n(ger-

Acenaphthene ... 100 27.6 | 60.1-132.3 47-145
Acenaphthylene 100 40.2 | 53.5-126.0 33-145
Aldrin ........ 100 39.0 7.2-152.2 D-166
Anthracene . 100 32.0 | 43.4-118.0 27-133
Benzo(a)anthracene .... 100 27.6 | 41.8-133.0 33-143
Benzo(b)fluoranthene ... 100 38.8 | 42.0-140.4 24-159
Benzo(k)fluoranthene .. 100 32.3| 25.2-145.7 11-162
Benzo(a)pyrene ........... 100 39.0 | 31.7-148.0 17-163
Benzo(ghi)perylene ..... 100 58.9 D-195.0 D-219
Benzyl butyl phthalate .. 100 23.4 D-139.9 D-152
B-BHC ....... e 100 315 41.5-130.6 24-149
OBHC ..o 100 216 D-100.0 D-110
Bis(2-chloroethyl) ether 100 55.0 | 42.9-126.0 12-158
Bis(2-chloroethoxy)methane ... 100 345 | 49.2-164.7 33-184
Bis(2-chloroisopropyl) ethera 100 46.3 | 62.8-138.6 36-166
Bis(2-ethylhexyl) phthalate ............cccoceeviiincnnnee 100 41.1| 28.9-136.8 8-158
4-Bromopheny! phenyl ether ...........cccccceveiinnns 100 23.0| 64.9-114.4 53-127
2-Chloronaphthalene ... 100 13.0 | 64.5-113.5 60-118
4-Chlorophenyl phenyl ether ... 100 33.4 | 38.4-144.7 25-158
Chrysene .......cccoeee 100 48.3 44.1-139.9 17-168
4,4'-DDD ....cocociirne 100 31.0 D-134.5 D-145
4,4'-DDE ... 100 32.0 | 19.2-119.7 4-136
4,4'-DDT ... 100 61.6 D-170.6 D-203
Dibenzo(a,h)anthracene ... 100 70.0 D-199.7 D-227
Di-n-butyl phthalate .... 100 16.7 8.4-111.0 1-118
1,2-Dichlorobenzene ..... 100 30.9 | 48.6-112.0 32-129
1,3-Dichlorobenzene ..... 100 41.7 | 16.7-153.9 D-172
1,4,-Dichlorobenzene .. 100 32.1| 37.3-105.7 20-124
3,3'-Dhlorobenzidine ..... 100 71.4 8.2-2125 D-262
Dieldrin ..... . 100 30.7 44.3-119.3 29-136
Diethyl phthalate .... 100 26.5 D-100.0 D-114
Dimethyl phthalate 100 23.2 D-100.0 D-112
2,4-Dinitrotoluene ... 100 21.8 | 47.5-126.9 39-139
2,6-Dinitrotoluene ... 100 29.6 | 68.1-136.7 50-158
Di-n-octyl phthalate ...... 100 31.4| 18.6-131.8 4-146
Endosulfan sulfate .. 100 16.7 D-103.5 D-107
Endrin aldehyde 100 325 D-188.8 D-209
Fluoranthene ... 100 32.8 | 42.9-121.3 26-137
Fluorene ... 100 20.7 | 71.6-108.4 59-121
Heptachlor . 100 37.2 D-172.2 D-192
Heptachlor epoxide 100 54.7 | 70.9-109.4 26-155
Hexachlorobenzene ..... 100 24.9 7.8-141.5 D-152
Hexachlorobutadiene ... 100 26.3 | 37.8-102.2 24-116
Hexachloroethane ........ 100 245 | 55.2-100.0 40-113
Indeno(1,2,3-cd)pyrene 100 44.6 D-150.9 D-171
ISOPROIONE ... 100 63.3 | 46.6-180.2 21-196
Naphthalene . 100 30.1| 35.6-119.6 21-133
Nitrobenzene 100 39.3 | 54.3-157.6 35-180
N-Nitrosodi-n-propylamine .. 100 55.4 | 13.6-197.9 D-230
PCB-1260 ......ccceevvenen 100 54.2 19.3-121.0 D-164
Phenanthrene 100 20.6 | 65.2-108.7 54-120
Pyrene ... . 100 252 | 69.6-100.0 52-115
1,2,4-Trichlorobenzene 100 28.1 | 57.3-129.2 44-142
4-Chloro-3-methylphenol .. 100 37.2 | 40.8-127.9 22-147
2-Chlorophenol ............. 100 28.7 36.2-120.4 23-134
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TABLE 6—QC ACCEPTANCE CRITERIA—METHOD 625—Continued

f Range for

Test conclu- | Limits for s Range for g

Parameter sion (ug/L) (ug/L) X(Hg/L) P, (F:’;rfger
2,4-Dichlorophenol ..........cceeiiiiiiiiiinieeeee e 100 26.4 52.5-121.7 39-135
2,4-Dimethylphenol .........c.cccooiiiiiiiiiicins 100 26.1 41.8-109.0 32-119
2,4-Dinitrophenol ......... 100 49.8 D-172.9 D-191
2-Methyl-4,6-dinitrophenol 100 93.2 | 53.0-100.0 D-181
2-Nitrophenol ..........ccoccviviiiiiiiccee 100 35.2 45.0-166.7 29-182
4-Nitrophenol ........ccccvviiiiiiiiiccce 100 47.2 | 13.0-106.5 D-132
Pentachlorophenol . 100 48.9 | 38.1-151.8 14-176
Phenol ....... . 100 22.6 | 16.6-100.0 5-112
2,4,6-Trichloropheno 100 31.7 52.4-129.2 37-144

s=Standard deviation for four recovery measurements, in pg/L (Section 8.2.4).
X=Average recovery for four recovery measurements, in pug/L (Section 8.2.4).
P, Ps=Percent recovery measured (Section 8.3.2, Section 8.4.2).

D=Detected; result must be greater than zero.

NoTE: These criteria are based directly upon the method performance data in Table 7. Where necessary, the limits for recov-
ery have been broadened to assure applicability of the limts to concentrations below those used to develop Table 7.

aThe proper chemical name is 2,2'oxybis(1-chloropropane).

TABLE 7—METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION—METHOD 625

Accuracy, as Single analyst .
Parameter recover})/,, X' pregcision, gr' sCi)c\,/r?raél! ?I;g%—)
(Hg/L) (Hg/L) '

Acenaphthene ...........ccceceeeie 0.96C=0.19 0.15X-0.12 0.21X-0.67
Acenaphthylene 0.89C=0.74 0.24X—-1.06 0.26X—0.54
Aldrin .. . 0.78C=1.66 0.27X-1.28 0.43X=1.13
Anthracene . 0.80C=0.68 0.21X-0.32 0.27X—-0.64
Benzo(a)anthracene .. 0.88C—0.60 0.15X=0.93 0.26X—-0.28
Benzo(b)fluoranthene 0.93C—-1.80 0.22X=0.43 0.29X=0.96
Benzo(k)fluoranthene ... 0.87C—-1.56 0.19X=1.03 0.35X=0.40
Benzo(a)pyrene ... 0.90C-0.13 0.22X=0.48 0.32X=1.35
Benzo(ghi)perylene ... 0.98C-0.86 0.29X=2.40 0.51X-0.44
Benzyl butyl phthalate 0.66C —1.68 0.18X=0.94 0.53X=0.92
B-BHC ..o 0.87C—-0.94 0.20X-0.58 0.30X—-1.94
O-BHC oot 0.29C—1.09 0.34X=0.86 0.93X-0.17
Bis(2-chloroethyl) ether 0.86C—1.54 0.35X—0.99 0.35X=0.10
Bis(2-chloroethoxy)methane 1.12C-5.04 0.16X=1.34 0.26X=2.01
Bis(2-chloroisopropyl) ethera 1.03C-2.31 0.24X=0.28 0.25X=1.04
Bis(2-ethylhexyl) phthalate .. 0.84C-1.18 0.26X=0.73 0.36X=0.67
4-Bromopheny! phenyl ether 0.91C-1.34 0.13X=0.66 0.16X=0.66
2-Chloronaphthalene ........ 0.89C=0.01 0.07X=0.52 0.13X=0.34
4-Chlorophenyl phenyl ether 0.91C=0.53 0.20X—0.94 0.30X—0.46
Chrysene 0.93C-1.00 0.28X=0.13 0.33X—-0.09
4,4'-DDD 0.56C—0.40 0.29X-0.32 0.66X—0.96
4,4'-DDE 0.70C—-0.54 0.26X—-1.17 0.39X—-1.04
4,4'-DDT BT OO PO RPN 0.79C-3.28 0.42X=0.19 0.65X—0.58
Dibenzo(a,h)anthraCene ...........ccccccviviiiiiiiiiiiii e 0.88C=4.72 0.30X=8.51 0.59X=0.25
Di-n-butyl phthalate ... 0.59C=0.71 0.13X=1.16 0.39X=0.60
1,2-Dichlorobenzene . 0.80C=0.28 0.20X=0.47 0.24X=0.39
1,3-Dichlorobenzene . 0.86C—-0.70 0.25X=0.68 0.41X=0.11
1,4-Dichlorobenzene 0.73C—-1.47 0.24X=0.23 0.29X=0.36
3,3'-Dichlorobenzidine 1.23C-12.65 0.28X=7.33 0.47X=3.45
Dieldrin ......cccoeveeeene 0.82C—-0.16 0.20X—0.16 0.26X—0.07
Diethyl phthalate ... 0.43C=1.00 0.28X=1.44 0.52X=0.22
Dimethyl phthalate . 0.20C=1.03 0.54X=0.19 1.05X-0.92
2,4-Dinitrotoluene . 0.92C-4.81 0.12X=1.06 0.21X=1.50
2,6-Dinitrotoluene . 1.06C—3.60 0.14X=1.26 0.19X=0.35
Di-n-octyl phthalate 0.76C—0.79 0.21X=1.19 0.37X=1.19
Endosulfan sulfate . 0.39C=0.41 0.12X=2.47 0.63X—1.03
Endrin aldehyde 0.76C —3.86 0.18X=3.91 0.73X-0.62
Fluoranthene ... 0.81C=1.10 0.22X-0.73 0.28X—0.60
Fluorene ... 0.90C —-0.00 0.12X=0.26 0.13X=0.61
Heptachlor . 0.87C—2.97 0.24X—0.56 0.50X—0.23
Heptachlor epoxide 0.92C-1.87 0.33X—-0.46 0.28X=0.64
Hexachlorobenzene 0.74C=0.66 0.18X-0.10 0.43X-0.52
Hexachlorobutadiene 0.71C-1.01 0.19X=0.92 0.26X=0.49
Hexachloroethane . . 0.73C-0.83 0.17X=0.67 0.17X=0.80
Indeno(1,2,3-cd)pyrene ... 0.78C-3.10 0.29X=1.46 0.50X=0.44
Isophorone . 1.12C=1.41 0.27X=0.77 0.33X=0.26
Naphthalene . 0.76C=1.58 0.21X-0.41 0.30X—-0.68
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TABLE 7—METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION—METHOD 625—

Continued
Accuracy, as Single analyst :
Parameter recover))/,, X prgcision, g,‘ soi(\)’r?raél! a:g;:ll-)
(ng/L) (Hg/L) '

Nitrobenzene ......... . 1.09C-3.05 0.19X=0.92 0.27X=0.21
N-Nitrosodi-n-propylamine ... 1.12C-6.22 0.27X=0.68 0.44X=0.47
PCB-1260 .... . 0.81C—-10.86 0.35X=3.61 0.43X=1.82
Phenanthrene 0.87C-0.06 0.12X=0.57 0.15X=0.25
Pyrene o 0.84C—0.16 0.16X=0.06 0.15X=0.31
1,2,4-Trichlorobenzene 0.94C—-0.79 0.15X=0.85 0.21X=0.39
4-Chloro-3-methylphenol 0.84C=0.35 0.23X=0.75 0.29X=1.31
2-Chlorophenol ....... 0.78C=0.29 0.18X=1.46 0.28X=0.97
2,4-Dichlorophenol .. 0.87C=0.13 0.15X=1.25 0.21X=1.28
2,4-Dimethylphenol . 0.71C=4.41 0.16X=1.21 0.22X=1.31
2,4-Dinitrophenol ... 0.81C—18.04 0.38X=2.36 | 0.42X=26.29
2-Methyl-4,6-Dinitrophenol 1.04C —-28.04 0.05X=42.29 0.26X=23.10
2-Nitrophenol .........cccccciviiiiiiiiii e 1.07C-1.15 0.16X=1.94 0.27X=2.60
4-Nitrophenol ... 0.61C—-1.22 0.38X=2.57 0.44X=3.24
Pentachlorophenol . 0.93C=1.99 0.24X=3.03 0.30X=4.33
Phenol .......c........ 0.43C=1.26 0.26X=0.73 0.35X=0.58
2,4,6-Trichlorophenol ..........cccooiiiiiiiiiceee e 0.91C-0.18 0.16X=2.22 0.22X=1.81

X'=Expected recovery for one or more measurements of a sample containing a concentration of C, in pg/L.
sr'=Expected single analyst standard deviation of measurements at an average concentration found of X,_in ug/L.
S'= Expected interlaboratory 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.

aThe proper chemical name is 2,2'oxybis(1-chloropropane).

TABLE 8—SUGGESTED INTERNAL AND
SURROGATE STANDARDS

Base/neutral fraction Acid fraction

TABLE 9—DFTPP KEY MASSES AND
ABUNDANCE CRITERIA

Aniline-ds
Anthracene-dio
Benzo(a)anthracene-di>
4,4'-Dibromobiphenyl
4.4
Dibromooctafluorobiphenyl.
Decafluorobiphenyl!
2,2 1-Difluorobiphenyl .
4-Fluoroaniline
1-Fluoronaphthalene
2-Fluoronaphthalene ..
Naphthalene-ds ...
Nitrobenzene-ds ..
2,3,4,5,6-Pentafluorobiphenyl
Phenanthrene-dio
Pyridine-ds

2-Fluorophenol.
Pentafluorophenol.
Phenol-ds
2-Perfluoromethyl phenol.

Mass

m/z Abundance criteria

51

6

70
127
197
198
199
275
365
441
442
443

o]

30-60 percent of mass 198.

Less than 2 percent of mass 69.
Less than 2 percent of mass 69.
40-60 percent of mass 198.

Less than 1 percent of mass 198.
Base peak, 100 percent relative abundance.
5-9 percent of mass 198.

10-30 percent of mass 198.

Greater than 1 percent of mass 198.
Present but less than mass 443.
Greater than 40 percent of mass 198.
17-23 percent of mass 442.
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PROGRAM: 50°C FOR 4 MIN. 8°PER MIN TO 270°C

COLUMN: 3% 5P-2250 ON SUPELCOPORT
DETECTOR: MASS SPECTROMETER
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Figure 1. Gas chromatogram of base/neutral fraction.
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PROGRAM: 70°C FOR 2 MIN, 8°C/MIN TG 200°C

COLUMN: 1% SP-124CDA ON SUPELCOPORT
DETECTOR: MASS SPECTROMETER.

Figure 2. Gas chromatogram of acid fraction.
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Figure 3. Gas chromatogram of pesticide fraction.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

=

%35 TO 450

S G

U l m/z=377
JL m/z=375
\j\/\‘—/— m/z 373 ] ]
I 1
18 20 2 34 36

RETENTION TIME, MIN.
Figure 4. Gas chromatogram of chlordane.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

m/z=35 TO 450

m/z=233 MN/W\J\J\M/\ %’W&A

m/z=231 N

m/2=159 :/NJ\}MW
i 1 A mf"\

RETENTION TIME, MIN.
Figure 5. Gas chromatogram of toxaphene.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FGR 4 MIN, 8°C/MIN T0 270°C
DETECTOR: MASS SPECTROMETER

-

f\ / N kﬂ m/z=35 TO 450

4/\/\}‘[\/\_\ m/z =294
J\/% m/z=260
18 20 22 24 26 218 :;0 3:2

RETENTION TIME, MIN.
Figure 6. Gas chromatogram of PCB-1016.
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N COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
F DETECTOR: MASS SPECTROMETER

|
LJMJ\/

) m/z =35 to 450
Jf\fl\/\b m/ z=260
ﬁj\[ \\j\\ m/z =224
N\\ [ 1 m/z=190
4 26 28 30 32

RETENTION TIME, MIN .
Figure 7. Gas chromatogram of PCB-1221.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

b b m/z=36 TO 450

m/z=260

m/z=224

m/z=190
1I8 2l0 2'2 214 2|6 218 3‘0 312
RETENTION TIME, MIN.
Figure 8. Gas chromatogram of PCB-1232.
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COLUMN: 3% SP.2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, B°C/MIN TD 270°C

DETECTOR: MASE SPECTROMETER
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Figure 9. Gas chromatogram of PCB-1242.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

m/z=35 TO 450

m/z2=362
m/z=330 ]\/ \\ 1 \
m/z=294
! ! 1 i
18 20 22 24 26 28 30 32

RETENTION TIME, MIN.
Figure 10. Gas chromatogram of PCB-1248.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

m/z=35 TO 450 A N\J

m/2=362
m/2=330 L
m/z=294

18 20 22 24 26 28 30 32 34 36 38

RETENTION TIME, MIN.
Figure 11. Gas chromatogram of PCB-1254.
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COLUMN: 3% SP-2250 ON SUPELCOPORT
PROGRAM: 50°C FOR 4 MIN, 8°C/MIN TO 270°C
DETECTOR: MASS SPECTROMETER

pm——

m/z=35 TO 450

m/z2=394 N U \ /\

m/2 =362

m/z=330 [‘/\AM
. ) ) . . N DL _A . : .
18 20 22 24 26 28 30 32 34 36 38

RETENTION TIME, MIN.
Figure 12. Gas chromatogram of PCB-1260.
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D
BC
TAILING FACTOR= =—
AB

Example calculation: Peak Height = DE =100 mm
10% Peak Height=BD =10mm
Peak Width at 10% Peak Height =AC =23 mm
AB=11 mm
BC=12 mm

Therefore: Tailing Factor:% =1.1

Figure 13. Tailing factor calculation.

ATTACHMENT 1 TO METHOD 625 this attachment to EPA Method 625.!1 The
INTRODUCTION
To support measurement of several 1EPA Method 625: Base/Neutrals and Acids,

semivolatile pollutants, EPA has developed 40 CFR Part 136, Appendix A.
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modifications listed in this attachment are
approved only for monitoring wastestreams
from the Centralized Waste Treatment Point
Source Category (40 CFR Part 437) and the
Landfills Point Source Category (40 CFR
Part 445). EPA Method 625 (the Method) in-
volves sample extraction with methylene
chloride followed by analysis of the extract
using either packed or capillary column gas
chromatography/mass spectrometry (GC/
MS). This attachment addresses the addition
of the semivolatile pollutants listed in Ta-
bles 1 and 2, to all applicable standard,
stock, and spiking solutions utilized for the
determination of semivolatile organic com-
pounds by EPA Method 625.

1.0 EPA METHOD 625 MODIFICATION
SUMMARY

The additional semivolatile organic com-
pounds listed in Tables 1 and 2 are added to
all applicable calibration, spiking, and other
solutions utilized in the determination of
base/neutral and acid compounds by EPA
Method 625. The instrument is to be cali-
brated with these compounds, using a cap-
illary column, and all procedures and quality
control tests stated in the Method must be
performed.

2.0 SECTION MODIFICATIONS

NoOTE: All section and figure numbers in
this Attachment reference section and figure
numbers in EPA Method 625 unless noted
otherwise. Sections not listed here remain
unchanged.

Section 6.7 The stock standard solutions de-
scribed in this section are modified such
that the analytes in Tables 1 and 2 of this
attachment are required in addition to
those specified in the Method.

Section 7.2 The calibration standards de-
scribed in this section are modified to in-
clude the analytes in Tables 1 and 2 of
this attachment.

Pt. 136, App. A, Meth. 625

Section 8.2 The precision and accuracy re-
quirements are modified to include the
analytes listed in Tables 1 and 2 of this
attachment. Additional performance cri-
teria are supplied in Table 5 of this at-
tachment.

Section 8.3 The matrix spike is modified to
include the analytes listed in Tables 1
and 2 of this attachment.

Section 8.4 The QC check standard is modi-
fied to include the analytes listed in Ta-
bles 1 and 2 of this attachment. Addi-
tional performance criteria are supplied
in Table 5 of this attachment.

Section 16.0 Additional method perform-
ance information is supplied with this at-
tachment.

TABLE 1.—BASE/NEUTRAL EXTRACTABLES

Parameter CAS No.
acetophenone * 98-86-2
alpha-terpineol3 . 98-55-5
aniline2 ... 62-53-3
carbazole? . 86-74-8
o-cresol? ... 95-48-7
n-decane® . 124-18-5
2,3-dichloroaniline * 608-27-5
n-octadecane? ....... 593-45-3
pyridine2 ... 110-86-1

CAS = Chemical Abstracts Registry.

1Analysis of this pollutant is approved only for the Central-
ized Waste Treatment industry.

2Analysis of this pollutant is approved only for the Central-
ized Waste Treatment and Landfills industries.

3Analysis of this pollutant is approved only for the Landfills
industry.

TABLE 2.—ACID EXTRACTABLES

Parameter CAS No.

p-cresol 106-44-5

CAS = Chemical Abstracts Registry.
1Analysis of this pollutant is approved only for the Central-
ized Waste Treatment and Landfills industries.

TABLE 3.—CHROMATOGRAPHIC CONDITIONS,® METHOD DETECTION LIMITS (MDLS), AND
CHARACTERISTIC M/Z'S FOR BASE/NEUTRAL EXTRACTABLES

Characteristic m/z’s
Retention MDL -
Analyte time L Electron impact
(min)2 (Hg/lL)

Primary Secondary Secondary
pyridine3 ... 4.93 4.6 79 52 51
N-Nitro sodimethylamine 4.95 | e 42 74 44
anilines ........ 10.82 33 93 66 65
Bis(2-chloroethyl)ether 10.94 93 63 95
n-decane .........ccoeeenn 11.11 57 | o | e
1,3-Dichlorobenzene . 11.47 146 148 113
1,4-Dichlorobenzene . 11.62 146 148 113
1,2-Dichlorobenzene . 12.17 146 148 113
o-cresol ... . 12.48 108 107 79
Bis(2-chloro- isopropyl)ether 12.51 45 77 79
acetophenone4 .. 12.88 105 7 51
N-Nitrosodi-n-propy! 12.97 130 42 101
Hexachloroethane ........ 13.08 117 201 199
Nitrobenzene ...... 13.40 77 123 65
ISOPNOTONE ..o 14.11 82 95 138
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TABLE 3.—CHROMATOGRAPHIC CONDITIONS,* METHOD DETECTION LIMITS (MDLS), AND
CHARACTERISTIC M/Z'S FOR BASE/NEUTRAL EXTRACTABLES—Continued

Characteristic m/z’s
Retention MDL -
Analyte time L Electron impact
(min) 2 (Hg/L)

Primary Secondary Secondary
Bis (2-chloro ethoxy)methane . 14.82 93 95 123
1,2,4-Trichlorobenzene .... 15.37 180 182 145
alpha-terpineol ... 15.55 59 | s | s
Naphthalene ...... 15.56 128 129 127
Hexachlorobutadiene .... 16.12 225 223 227
Hexachlorocyclopentadiene . 18.47 237 235 272
2,3-dichloroaniline# ... . 18.82 161 163 90
2-Chloronaphthalene . 19.35 162 164 127
Dimethyl phthalate .... 20.48 163 194 164
Acenaphthylene . 20.69 152 151 153
2,6-Dinitrotoluene 20.73 165 89 121
Acenaphthene ... 21.30 154 153 152
2,4-Dinitrotoluene 22.00 165 63 182
Diethylphthalate . R 22.74 149 177 150
4-Chlorophenyl! phenyl ether 22.90 204 206 141
Fluorene .............. . 22.92 166 165 167
N-Nitro sodiphenylamine .. 23.35 169 168 167
4-Bromopheny! phenyl ether 24.44 248 250 141
Hexachlorobenzene 24.93 284 142 249
n-octadecane 4 25.39 57 | o | e
Phenanthrene ... 25.98 178 179 176
Anthracene ........ 26.12 178 179 176
Carbazole4 ... 26.66 167 | oo | e
Dibutyl phthalate 27.84 149 150 104
Fluoranthene ....... 29.82 202 101 100
Benzidine . 30.26 184 92 185
Pyrene ............... 30.56 202 101 100
Butyl benzyl phthalate 32.63 149 91 206
3,3-Dichlorobenzidine 34.28 252 254 126
Benzo(a)anthracene .. 34.33 228 229 226
Bis(2-ethyl hexyl)phthalate 34.36 149 167 279
Chrysene ............ 34.44 228 226 229
Di-n-octyl-phthalate ... 36.17 149 | e | e
Benzo(b)fluoranthene 37.90 252 253 125
Benzo(k)fluoranthene 37.97 252 253 125
Benzo(a)pyrene . 39.17 252 253 125
Dibenzo(a,h) anthracene 4491 278 139 279
Indeno(1,2,3-c,d)pyrene ... . 45.01 | ... 276 138 277
Benzo(ghi)perylene ..........ccooeviieiieniniiieieeeeee 46.56 | oo 276 138 277

1The data presented in this table were obtained under the following conditions:

Column—30 5 meters x 0.25 +.02 mm i.d., 94% methyl, 5% phenyl, 1% vinyl, bonded phase fused silica capillary column
(DB-5).
Temperature program—Five minutes at 30 °C; 30-280 °C at 8 °C per minute; isothermal at 280 °C until benzo(ghi)perylene
elutes.

Gas velocity—30+5 cm/sec at 30 °C.

2Retention times are from Method 1625, Revision C, using a capillary column, and are intended to be consistent for all
analytes in Tables 4 and 5 of this attachment.

3 Analysis of this pollutant is approved only for the Centralized Waste Treatment and Landfills industries.

4 Analysis of this pollutant is approved only for the Centralized Waste Treatment industry.

TABLE 4.—CHROMATOGRAPHIC CONDITIONS,® METHOD DETECTION LIMITS (MDLS), AND
CHARACTERISTIC M/Z'S FOR ACID EXTRACTABLES

Characteristic m/z's
Retention MDL -
Analyte time 2 L Electron impact
(min) (Hg/L)

Primary Secondary Secondary
PhENOL ..o 10.76 94 65 66
2-Chlorophenol .. 11.08 128 64 130
p-cresol3 ........ 12.92 108 107 7
2-Nitrophenol ..... 14.38 139 65 109
2,4-Dimethylphenol 14.54 122 107 121
2,4-Dichlorophenol . 15.12 162 164 98
4-Chloro-3-methylphenol 16.83 142 107 144
2,4,6-Trichlorophenol 18.80 196 198 200
2,4-Dinitrophenol 21.51 184 63 154

228



Environmental Protection Agency

Pt. 136, App. A, Meth. 1613

TABLE 4.—CHROMATOGRAPHIC CONDITIONS,* METHOD DETECTION LIMITS (MDLS), AND
CHARACTERISTIC M/Z'S FOR ACID EXTRACTABLES—Continued

Characteristic m/z’s
Retention MDL
Analyte time 2 L Electron impact
(min) (Hg/lL)
Primary Secondary Secondary
4-Nitrophenol ... 2177 | s 65 139 109
2-Methyl-4,6-dinitrophenol .. 22.83 198 182 77
Pentachlorophenol 25.52 266 264 268

1The data presented in this table were obtained under the following conditions:
Column—30 +/—5 meters x 0.25 +/—.02 mm i.d., 94% methyl, 5% phenyl, 1% vinyl silicone bonded phase fused silica cap-

illary column (DB-5).

Temperature program—rFive minutes at 30 °C; 30-280 °C at 8 °C per minute; isothermal at 280 °C until benzo(ghi)perylene

elutes.
Gas velocity—30+/—5 cm/sec at 30 °C

2Retention times are from EPA Method 1625, Revision C, using a capillary column, and are intended to be consistent for all

analytes in Tables 3 and 4 of this attachment.

3 Analysis of this pollutant is approved only for the Centralized Waste Treatment and Landfills industries.

TABLE 5.—QC ACCEPTANCE CRITERIA

Test conclu- L
: Limits for s | Range for X Range for
Analyte sion
/L /L) P, Py(%
(ng/L) (HglL) (uglL) (%)

ACELOPNENONE L L. 100 51 23-254 61-144
alpha-terpineol .... 100 47 46-163 58-156
aniline2 .......... 100 71 15-278 46-134
carbazole? ...... 100 17 79-111 73-131
0-CTESO0I L . 100 23 30-146 55-126
p-cresol2 . 100 22 11-617 76-107
n-decane? ........ 100 70 D-651 D-ns
2,3-dichloroaniline . 100 13 40-160 68-134
N-0CtAdECANE T ...ttt 100 10 52-147 65-123
PYHAINE 2 Lo 100 ns 7-392 33-158

s = Standard deviation for four recovery measurements, in pg/L (Section 8.2)

X = Average recovery for four recovery measurements in pg/L (Section 8.2)

P,Ps = Percent recovery measured (Section 8.3, Section 8.4)

D = Detected; result must be greater than zero.

ns = no specification; limit is outside the range that can be measured reliably.

1 Analysis of this pollutant is approved only for the Centralized Waste Treatment industry.

2 Analysis of this pollutant is approved only for the Centralized Waste Treatment and Landfills industries.

METHOD 1613, REVISION B 2,3,7,8-tetrachloro-dibenzo-p-dioxin  (2,3,7,8-

Tetra- Through Octa-Chlorinated Dioxins and
Furans by Isotope Dilution HRGC/HRMS

1.0 Scope and Application

1.1 This method is for determination of
tetra- through octa-chlorinated dibenzo-p-
dioxins (CDDs) and dibenzofurans (CDFs) in
water, soil, sediment, sludge, tissue, and
other sample matrices by high resolution gas
chromatography/high resolution mass spec-
trometry (HRGC/HRMS). The method is for
use in EPA’s data gathering and monitoring
programs associated with the Clean Water
Act, the Resource Conservation and Recov-
ery Act, the Comprehensive Environmental
Response, Compensation and Liability Act,
and the Safe Drinking Water Act. The meth-
od is based on a compilation of EPA, indus-
try, commercial laboratory, and academic
methods (References 1-6).

1.2 The seventeen 2,3,7,8-substituted
CDDs/CDFs listed in Table 1 may be deter-
mined by this method. Specifications are
also provided for separate determination of

TCDD) and 2,3,7,8-tetrachloro-dibenzofuran
(2,3,7,8-TCDF).

1.3 The detection limits and quantitation
levels in this method are usually dependent
on the level of interferences rather than in-
strumental limitations. The minimum levels
(MLs) in Table 2 are the levels at which the
CDDs/CDF's can be determined with no inter-
ferences present. The Method Detection
Limit (MDL) for 2,3,7,8-TCDD has been deter-
mined as 4.4 pg/L (parts-per-quadrillion)
using this method.

1.4 The GC/MS portions of this method
are for use only by analysts experienced with
HRGC/HRMS or under the close supervision
of such qualified persons. Each laboratory
that uses this method must demonstrate the
ability to generate acceptable results using
the procedure in Section 9.2.

1.5 This method is ‘‘performance-based’.
The analyst is permitted to modify the
method to overcome interferences or lower
the cost of measurements, provided that all
performance criteria in this method are met.
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