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S,C, STANDARD OPERATING PROCEDURE

SEMIVOLATILE ORGANIC COMPOUNDS BY GAS CHROMATOGRAPH /
MASS SPECTROMETRY (GC/MS) METHOD 8270C Modified

1.0 SCOPE AND APPLICATION

1.1 This modified version of Method 8270C is used taedwmine semi-volatile organic
compounds in a variety of matrices. The modifmadi from the standard method are as

1.2

13

14

15

follows:

DFTPP tune evaluations have been extended frora 22 hours;

Continuing calibration evaluations have been exdrfdom 12 to 24 hours;

Matrix spike/matrix spike duplicate (MS/MSD) sanplee analyzed at a frequency
of a least one per week per matrix. In the eveat tbw internal standard or
surrogate standard recoveries are observed, aulitimS/MSDs may be
analyzed at the desecration of the field analyst.

Estimated values (E values) defined as concentiatabove the linear working
range of the calibration curve will be diluted aeénalyzed at the discretion of
the project team;

Samples exhibiting internal standard or surrogat®veries outside criteria will be
re-analyzed at the discretion of the analyst.

Method 8270C Modified is used to determine the eotration of semivolatile organic
compounds in extracts prepared from many typeslaf siaste matrices, soils, air sampling
media and water samples. Direct injection of aamay be used in limited applications.

Sample preparation methods are: Accelerated SblkEgtraction 3545-002, Separatory
Funnel Liquid-Liquid Extraction S3510-001B, andrdionic Extraction S3550-001A.

Method 8270C Modified can be used to quantitatetmesitral, acidic, and basic organic
compounds that are soluble in methylene chloridg eapable of being eluted, without
derivatization, as sharp peaks from a gas chromapbhic fused-silica capillary column
coated with a slightly polar silicone. Such compds include polynuclear aromatic
hydrocarbons, chlorinated hydrocarbons and pessgidolychlorinated biphenyls, phthalate
esters, organophosphate esters, nitrosamines tinalsealdehydes, ethers, ketones, anilines,
pyridines, quinolines, aromatic nitro compounds] phenols, including nitrophenols.

The following compounds may require special treatmehen being determined by this
method:

151

152

Benzidine may be subject to oxidative losses dusiolyent concentration and its
chromatographic behavior is poor.

Under the alkaline conditions of the extractiorpste®m aqueous matricesBHC,
-BHC, Endosulfan | and Il, and Endrin are subjextdecomposition. Neutral
extraction should be performed if these compound®xzrpected.
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1.5.3 Hexachlorocyclopentadiene is subject to thermabogosition in the inlet of the
gas chromatograph, chemical reaction in acetonetisn] and photochemical
decomposition.

1.5.4 N-nitrosodimethylamine is difficult to separate rfrothe solvent under the
chromatographic conditions described.

1.5.5 N-nitrosodiphenylamine decomposes in the gas chiamgraphic inlet and cannot be
separated from diphenylamine.

1.5.6 Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenoénzoic acid, 4,6-dinitro-2-
methylphenol, 4-chloro-3-methylphenol, 2-nitroamdj 3-nitroaniline,
4-chloroaniline, and benzyl alcohol are subjectt@tic chromatographic behavior,
especially if the GC system is contaminated witfhtoiling material.

Reporting Limit - The estimated quantitation liflEQL) of Method 8270 for determining
an individual compound is approximately 660 ugMgt(weight) for soil/sediment samples,
1-200 mg/kg for wastes (dependent on matrix anchatedf preparation), and 10 ug/L for
ground water samples. EQLs will be proportionategher for sample extracts that require
dilution to avoid saturation of the detector.

SUMMARY OF METHOD

2.1

2.2

2.3

Samples are prepared for analysis by gas chronzgtbgimass spectrometry (GC/MS)
using the appropriate sample preparation and céseary, sample cleanup procedures.

The semivolatile compounds are introduced intoGI&FMS by injecting the sample extract
into a gas chromatograph (GC) with a narrow-bosedusilica capillary column. The GC

column is temperature-programmed to separate thigtas, which are then detected with a
mass spectrometer (MS) connected to the gas chognagih.

Analytes eluted from the capillary column are idwoed into the mass spectrometer via
direct connection. Identification of target analyis accomplished by comparing their mass
spectra with the electron impact spectra of knotamdards. Quantitation is accomplished
by comparing the response of a major (quantitatimmyelative to an internal standard using
a five-point calibration curve.

INTERFERENCES

3.1

3.2

Raw GC/MS data from all blanks, samples, and spikest be evaluated for interferences.
Determine if the source of interference is in theparation and/or cleanup of the samples
and take corrective action to eliminate the problem

Contamination by carryover can occur whenever lgigheentration and low-concentration
samples are sequentially analyzed. To reduce maarythe sample syringe must be rinsed
with solvent between sample injections. Whenevemausually concentrated sample is
encountered, it should be followed by the analysfssolvent to check for cross-
contamination.
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4.0 APPARATUS AND MATERIALS

4.1 Gas Chromatograph/Mass Spectrometer System

4.2

4.3

4.4

4.5

41.1

4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

Gas Chromatograph - An analytical system complei¢éh va temperature-
programmable gas chromatograph suitable for spditi@jection and all required
accessories, including syringes, analytical colymmsd gases. The capillary
column should be directly coupled to the source.

Large volume injector (Apex technologies or equevd) coupled directly to the GC
injection port capable of accepting 10 to 50 ukdatijons.

Column - 30 m x 0.25 mm ID (or 0.32 mm ID) 1 umnfithickness silicone-coated
fused-silica capillary column (J&W Scientific DB-6r equivalent) or 30 m X
0.25 mm UD 0.25 um film thickness (Restek RTX-5M&Squivalent).

Mass Spectrometer — (Hewlett Packard model 597069%2, or equivalent).
Capable of scanning from 35 to 500 amu every 1 aetess, using 70 volts
(nominal) electron energy in the electron impaatization mode. The mass
spectrometer must be capable of producing a massctrem for
decafluorotriphenylphosphine (DFTPP) which meetsdhiteria in Table 1 when 1
uL of the GC/MS tuning standard is injected throtighh GC (50 ng of DFTPP).

GC/MS Interface - Narrow-bore capillary column witlcapillary-direct interface to
the mass spectrometer source.

Data System - Hewlett Packard EnviroQuant. Theesysallows the continuous
acquisition and storage on machine-readable meidial anass spectra obtained
throughout the duration of the chromatographic pgog The computer has
software that can search any GC/MS data file fos iof a specific mass and that can
plot such ion abundances versus time or scan nunitfes type of plot is defined as
an Extracted lon Current Profile (EICP). The saftevalso allows integrating the
abundances in any EICP between specified time an-samber limits. The
software is equipped with the NBS 75K EPA/NIST MaSpectral Library
containing 75,000 mass spectra for purposes ddtigaly identifying unknowns.

Guard Column (optional) - J&W Deactivated Fusedc§jl0.25 mm ID x 6 m, or
equivalent between the injection port and the ditalcolumn joined with column
joiners (Hewlett-Packard Catalog No. 5062-3556Gaurivalent).

Syringes — 10 uL through 1000 uL in varying sizes

Volumetric Flasks , Class A - Appropriate sizeswgtound-glass stoppers.

Balance - Analytical, capable of weighing 0.01 g.

Bottles - glass with polytetrafluoroethylene (PTHiBgd screw caps or crimp tops.
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5.0 REAGENTS

51

5.2

53

54

55

Reagent grade inorganic chemicals shall be useadl itests. Other grades may be used,
provided it is first ascertained that the reagsrifisufficiently high purity to permit its use
without lessening the accuracy of the determination

5.1.1 Reagent Water - defined as water in which an iaetarft is not observed above the
Method Detection Limit (MDL) of the analyte(s) afterest.

5.1.2 Standards - solutions may be prepared from puredatd materials, purchased as
certified solutions or obtained from a client asita-specific standard.

5.1.3 Prepare standard solutions in pesticide qualityhgiehe chloride, acetone or other
suitable solvent using volumetric glassware. S#dretandards at 5°C or less when
not in use. Use amber containers whenever possible

5.1.4 Standards for compounds which are very reactiveubject to degradation, such as
benzidine should be made separately and combirtbdottier compounds as near as
possible to the time of use.

5.1.5 Prepared standard solutions must be replaced hfyear or sooner if comparison
with quality control check samples indicates a fEob

Internal Standard Solutions - The internal stanslardcommended are 1,4-dichloro-
benzene-g naphthalenegl acenaphthenerg]l phenanthrenesl chrysene-g, and
perylene-g,. Other compounds may be used as internal stamdasd long as the
requirements given in Section 7.3.2 are met. Peepapurchase a solution to containing
each standard at a concentration of 4,000 ng/uachEL mL sample extract undergoing
analysis should be spiked with 10 uL of the intérsiandard solution, resulting in a
concentration of 40 ng/uL of each internal stand&tbre at -10°C or less when not in use.

GC/MS Tuning Standard - A methylene chloride soluticontaining 50 ng/uL of
decafluorotriphenylphosphine (DFTPP) should be areg. The standard should also
contain 50 ng/uL of pentachlorophenol to verifyeictjion port inertness and GC column
performance. Store at -10°C or less when notén us

Calibration Standards - A minimum of five calibmatistandards should be prepared at five
different concentrations. At least one of the lraliion standards should correspond to a
sample concentration near, but above, the MDL. fEhgaining standards should correspond
to the range of concentrations found in actual $esnpnd should effectively define the
working range of the GC/MS system. Every analygi@ quantitated and reported should
be contained in the initial and continuing caliatstandards.

The laboratory shall not report a quantitative ltefew a target analyte that was not included
in the calibration standard(s).

5.5.1 Each 1 mL aliquot of calibration standard should dpéked with 10 uL of the
internal standard solution prior to analysis. #thndards should be stored at -10°C
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or less, and should be freshly prepared once a weasooner if check standards
indicate a problem.

5.5.2 Six calibration levels are recommended for eactiincalibration to generate five

acceptable points for all compounds. Suggestedesdration levels are 10, 20, 50,
80, 120 and 160 ng for standard 1-2 ul injectiom$ 2, 4, 8, 20, 32, and 40 ng for
large volume, 20 ul injections (see Attachmentridietailed standard preparation of
large volume injections). Some compounds such angl may be at higher
concentrations. When constructing the calibratiomves only the levels at the
upper and lower ends can be dropped to meet eiterid-range standard levels
cannot be discarded.

5.6 Surrogate Standards - The recommended surrogaisplenol-g, 2-fluorophenol,
2,4,6-tribromophenol, nitrobenzeng-®-fluorobiphenyl, and p-terphenyl:d Prepare a
spiking solution at a known concentration of 50-1&Jml. Acid surrogates may be at a
higher concentration than the base neutrals. A aliquot will be spiked into all samples,
blanks and QC samples.

5.7 Matrix Spike and Laboratory Control Standards: eBasutral and acid matrix spiking
solution - Prepare a spiking solution in methanolacetone that contains each of the
following base/neutral compounds at 100 mg/L arel dbid compounds at 150 mg/L for
water and sediment/soil samples. These conceantgathay be different based on project
requirements. The concentration of these composhdsld be five times higher for waste
samples. The same standard may be used as thattalgaontrol standard (LCS).

Base/Neutrals Acids
1,2,4-Trichlorobenzene Pentachlorophenol
Acenaphthene Phenol
2,4-Dinitrotoluene 2-Chlorophenol

Pyrene 4-Chloro-3-methylphenol
N-Nitroso-di-n-propylamine 4-Nitrophenol

1,4-Dichlorobenzene

Some projects may require the spiking of specifimpounds of interest, since the spiking
compounds listed in Method 3500 would not be regmtedive of the compounds of interest
required for the project. When this occurs, thérixand LCS spiking standards should be
prepared in methanol, with each compound preseat @ncentration appropriate for the
project.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6.1 All samples collected by,8,will be collected in accordance withG'’s Quality Assurance
Manual (QAM) and/or project specific Quality Assnca Project Plan (QAPjP).S; cannot

control the collection procedures used by outsat&erns.

6.2 All anomalies will be documented at time of disagve
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6.3 Store the sample extracts at -10°C, protected figim, in sealed vialsg.g, screw-cap vials
or crimp-capped vials) equipped with unpierced P-TiR&d septa.

7.0 PROCEDURE
7.1 Sample Preparation

7.1.1 Samples are normally prepared by one of the follgwinethods prior to GC/MS

analysis.
Matrix Methods
Water 3510-001B
Soil/Sediment 3545-002, S3550-001A
Waste 3545-002, S3550-001A

7.1.2 In very limited applications, direct injection dig sample into the GC/MS system
with a 10 uL syringe may be appropriate. The d&tedimit for direct injection
(dilute and shoot) is very high (approximately T@Qug/L). Therefore, it is only
used for highly concentrated samples.

7.2 Extract Cleanup - Extracts may be cleaned up byafnthe following methods prior to
GC/MS analysis.

Analytes of Interest Methods

Aniline & aniline derivatives 3620

Phenols 3630, 3640
Phthalate esters 3610, 3620, 3640
Nitrosamines 3610, 3620, 3640
Organochlorine pesticides & PCBs 3610, 3620, 38860, 3665
Nitroaromatics and cyclic ketones 3620, 3640
Polynuclear aromatic hydrocarbons 3611, 3630, 3640
Haloethers 3620, 3640
Chlorinated hydrocarbons 3620, 3640
Organophosphorus pesticides 3620

Petroleum waste 3611, 3650

All base, neutral, and acid priority pollutants 486

7.3 Initial Calibration - Establish the GC/MS operatingpnditions, using the following
recommendations as guidance.

Mass range: 35-500 amu

Scan time: 1 sec/scan

Initial temperature: 40°C, hold for 4 minutes

Temperature program: 40-270°C at 10°C/min

Final temperature: 270°C, hold until benzo(g,leijiene elutes
Injector temperature: 250-300°C

Transfer line temperature: 250-300°C

Source temperature: According to manufacturegsifipations
Injector: Grob-type, splitless
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Injection volume: 1-2uL
Carrier gas: Helium at 30 cm/sec

Split injection is allowed if the sensitivity oféhmass spectrometer is sufficient.

7.3.1 Tuning - The GC/MS system must be hardware-tunéagus 50 ng injection of
DFTPP. Analyses must not begin until the tuniriteda are met.

7.3.1.1 In the absence of specific recommendations on lwactuire the mass
spectrum of DFTPP from the instrument manufactutiee, following
approach has been shown to be useful: Three ¢§ttenpeak apex scan
and the scans immediately preceding and followliregapex) are acquired
and averaged. Background subtraction is requireadd must be
accomplished using a single scan acquired no nhare 20 scans prior to
the elution of DFTPP. The background subtractiooutd be designed
only to eliminate column bleed or instrument backgrd ions. Do not
subtract part of the DFTPP peak.

7.3.1.2 Use the DFTPP mass intensity criteria in Table tuaing acceptance
criteria.

7.3.1.3 The GC/MS tuning standard solution should also eduo assess GC
column performance and injection port inertnessent&hlorophenol
should exhibit a normal response, and no peak¢gadhould be visible.

7.3.1.4 If degradation is excessive and/or poor chromafigrais noted, the
injection port may require cleaning. It may alsngcessary to break off
the first 6-12 inches of the capillary column. Tiee of a guard column
(Section 4.1.7) between the injection port andahalytical column may
help prolong analytical column performance.

7.3.2 The internal standards selected in Section 5.2Idipmrmit most of the components
of interest in a chromatogram to have retentioresiraf 0.80-1.20 relative to one of
the internal standards. Use the base peak ion tihenspecific internal standard as
the primary ion for quantitation. If interferenca® noted, use the next most intense
ion as the quantitation ioni.€. for 1,4-dichlorobenzene;d use 152 m/z for
guantitation).

7.3.3 Analysis - Inject 1-50 uL of each calibration stard (containing internal
standards) and tabulate the area of the primaryractexistic ion against
concentration for each target analyte. A set déast five calibration standards is
necessary. The injection volume must be the samelf standards and sample
extracts. The initial calibration must be followleg a method blank.

Calculate response factors (RFs) for each targaytnrelative to one of the internal
standards as follows:
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Peak area (or height) of the analyte or suteaga
Peak area (or height) of the internal standard.

Concentration of the analyte or surrogate gt.u
Concentration of the internal standard, in ug/L

7.3.4 System Performance Check Compounds (SPCCs)

7.3.4.1

7.3.4.2

7.3.4.3

A system performance check must be performed tarerthat minimum
average RFs are met before the calibration curveused. For
semivolatiles, the System Performance Check Conmgm8PCCs) are:
N-nitroso-di-n-propylamine, hexachlorocyclopentadie 2,4-dinitro-
phenol, and 4-nitrophenol.

The minimum acceptable average RF for these congsouism 0.050.

These SPCCs typically have very low RFs (0.1-0r®) tnd to decrease
in response as the chromatographic system beginletriorate or the
standard material begins to deteriorate. Thewaually the first to show
poor performance. Therefore, they must meet thenmim requirement

when the system is calibrated.

If the minimum response factors are not met, thstesy must be
evaluated, and corrective action must be takenrbefample analysis
begins.  Possible problems include standard mixtdegradation,
injection port inlet contamination, contaminationtle front end of the
analytical column, and active sites in the colummchromatographic
system. This check must be met before sample sindiggins.

7.3.5 Calibration Check Compounds (CCCs)

7351

7.3.5.2

C:\My Documents\MobileLab\SOPs

The purpose of the CCCs is to evaluate the caldrditom the standpoint
of the integrity of the system. High variabilitgrfthese compounds may
be indicative of system leaks or reactive sitethencolumn.

Calculate the mean response factor and the relatasedard deviation
(RSD) of the response factors for each target émalfhe RSD should be
less than or equal to 15% for each target analitewever, the RSD for
each individual CCC (see Table 2) must be less dnagual to 30%.

n

RF

meanRF= RF=-1%
n
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SD,
RSD=—"100
RD

7.3.5.3 If the RSD of any CCC is greater than 30%, then thernhtographic
system is too reactive for analysis to begin. Claareplace the injector
liner and/or capillary column, then repeat the hraliion procedure
beginning with Section 7.3.

7.3.6 Calibration Criteria

7.3.6.1 In the event that SPCC compounds do not meet theriariln section
7.3.4 instrument maintenance and or re-calibratialy required.

7.3.6.2 In the event that CCC compounds do not meet theieritesection 7.3.5
instrument maintenance and or re-calibration maseheired.

7.3.6.3 The average % RSD for all compounds in the calibnastandard should
be less than or equal to 15%. In the event tha ihinot achieved
instrument maintenance and or re-calibration maseleired. A separate
form is to be generated in Excel listing all compds, their % RSD and
the average % RSD for all compounds in the calibnagtandard. Any
individual compounds which exceed 15% must be #algg

7.3.7 Evaluation of Retention Times - The relative retemttime (RRT) of each target
analyte in each calibration standard should agrethinv 0.06 RRT units.
Late-eluting target analytes usually have muchebettjreement.

7.3.8 Linearity of Target Analytes - If the criteria ietion 7.3.6 are met, then the relative
response factor is assumed to be constant oveatteation range for the purposes
of this method, and the average relative respamdelrfis used for quantitation. It is
the responsibility of the end data user to deteentime reliability of the values
reported for compounds which exceed 15% RSD.

7.3.9 Abbreviated Target Lists - In some project-specifistances SPCC and CCC
compounds are not contained in the calibration dgteds. In these instances
minimum response factors must be closely monitofadthe event that target
compounds exceed the 15% RSD initial calibration 85% difference continuing
calibration criteria corrective action may be reqdi

7.4 GC/MS Calibration Verification

7.4.1 Prior to the analysis of samples or calibratiomdgads, inject 50 ng of the DFTPP
standard into the GC/MS system. The resultant rmpestrum for DFTPP must
meet the criteria given in Table 1 before sampkyaris begins. These criteria must
be demonstrated each 24-hour shift during whichpdesrare analyzed.

7.4.2 The initial calibration (Section 7.3) for each caymapd of interest should be verified

once every 24 hours prior to sample analysis, usiegintroduction technique and
conditions used for samples. This is accomplishgdanalyzing a calibration
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standard at a concentration near the midpoint aaretéon for the calibrating range
of the GC/MS.

NOTE: The DFTPP and calibration verification standardy be combined into a
single standard as long as both tuning and caidiraterification acceptance criteria
for the project can be met without interferences.

7.4.3 Calibration Verification Criteria

7.4.3.1 A system performance check must be made duringyedrhour

analytical shift. Each SPCC in the calibration fieation standard must
meet a minimum response factor of 0.050. Thikéssame check that is
applied during the initial calibration. If the nmimum response factors are
not met, the system must be evaluated, and coreeetition must be
taken before sample analysis begins. Possiblage include standard
mixture degradation, injection port inlet contantion, contamination at
the front end of the analytical column, and acsites in the column or
chromatographic system. This check must be metréefample analysis
begins.

7.4.3.2 Calibration Check Compounds (CCCs) - The percent diftaxrdor each

CCC should be less than or equal to 20%. If ther@itas not meti(e.,
greater than 20% difference) for any one CCC, therective action may
be required prior to the analysis of sampleshéf €CCCs are not included
in the list of analytes for a project, and therefarot included in the
calibration standards, then all analytes shouldtntiee 20% difference
criterion. Problems similar to those listed un&&YCCs could affect the
CCCs. If the problem cannot be corrected by othersuorea, a new
initial calibration may be required.

7.4.3.3 The average percent difference from the initialibration for all
compounds in the calibration standard should tetlen or equal to 15%
or instrument maintenance and or re-calibration rhayrequired. A
separate form is to be generated in Excel listihgc@mpounds, their
percent difference and the average percent difterdor all compounds
in the calibration standard. Any individual compds which exceed
15% must be flagged.

7.4.4 Internal Standard Retention Time - The retentioresirof the internal standards in
the calibration verification standard must be estdd immediately after or during
data acquisition. If the retention time for anyeimal standard changes by more
than 30 seconds from the last calibration veriiarat(24 hours), then the
chromatographic system must be inspected for metitums and corrections must be
made, as required. When corrections are madealysss of samples analyzed
while the system was malfunctioning is requiredhe# shifts are due to the cutting
off of the first portion of the analytical columatention times are to be adjusted to
match those of the continuing calibration standard.
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Internal Standard Response - If the EICP arearfgrofthe internal standards in the
calibration verification standard changes by adacf two (-50% to +100%) from
the last calibration verification (24 hours), thasa spectrometer must be inspected
for malfunctions and corrections must be made,pgsagriate. When corrections
are made, reanalysis of samples analyzed whilesyegEem was malfunctioning is
required.

Method Blank - A method blank should be analyzedrahe calibration standard, or
at any other time during the analytical shift, tosere that the total system
(introduction device, transfer lines, and GC/MS egsgtis free of contaminants. If
the method blank indicates contamination aboveof/the low point in the initial
calibration, then it may be appropriate to analgz®lvent blank to demonstrate that
the contamination is not a result of carryover fretlandards or samples.

7.5 GC/MS Analysis of Samples

7.5.1

7.5.2

7.5.3

7.5.4

7.5.5

It is highly recommended that sample extracts beesed on a GC/FID or GC/PID
using the same type of capillary column used in B@MS system. This will
minimize contamination of the GC/MS system from eptedly high
concentrations of organic compounds.

Allow the sample extract to warm to room tempemtudust prior to analysis, add
10 uL of the internal standard solution to the 1 pdncentrated sample extract
obtained from sample preparation.

Inject a 1-50 uL aliquot of the sample extract itive GC/MS system, using the
same operating conditions that were used for thibration (Section 7.3). The
volume to be injected should contain 100 ng of beséral and 200 ng of acid
surrogates (assuming 100% recovery), unless a smmsitive GC/MS system is
being used and the surrogate solution is less ctrated then that listed in Section
5.6. The injection volume must be the same volumed for the calibration
standards.

If the response for any quantitation ion exceedsitiitial calibration range of the
GC/MS system, the sample extract may be diluted r@adalyzed. This will be
determined by the project team. Additional inters@ndard must be added to the
diluted extract to maintain the same concentragi®in the calibration standards (40
ng/uL, unless a more sensitive GC/MS system isgoeged).

The use of selected ion monitoring (SIM) is accelgdor applications requiring
detection limits below the normal range of electiolpact mass spectrometry.
However, SIM may provide a lesser degree of confidein the compound
identification unless multiple ions are monitored €éach compound.

7.6 Qualitative Analysis

7.6.1

The qualitative identification of compounds detared by this method is based on
retention time and on comparison of the sample rspsstrum, after background
correction, with characteristic ions in a referemoass spectrum. The reference
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mass spectrum must be generated by the laborasing whe conditions of this
method. The characteristic ions from the referanass spectrum are defined as the
three ions of greatest relative intensity, or amysi over 30% relative intensity, if
less than three such ions occur in the refereneetispn. Compounds are identified
when the following criteria are met.

7.6.1.1 The intensities of the characteristic ions of a poond must maximize in
the same scan or within one scan of each othelect®m of a peak by a
data system target compound search routine whersdrch is based on
the presence of a target chromatographic peak icémjaons specific for
the target compound at a compound-specific retentime will be
accepted as meeting this criterion.

7.6.1.2 The RRT of the sample component is within + 0.06 RIRits of the RRT
of the standard component.

7.6.1.3 The relative intensities of the characteristic ishsuld agree within 30%
of the relative intensities of these ions in thdemence spectrum
(Example: For an ion with an abundance of 50% ha teference
spectrum, the corresponding abundance in a sarppletram can range
between 20% and 80%.). Analyst judgment may albese values to
vary to a greater degree when matrix interfereace®bserved.

7.6.1.4 Structural isomers that produce very similar masscsa should be
identified as individual isomers if they have stiffintly different GC
retention times. Sufficient GC resolution is aclei@vf the height of the
valley between two isomer peaks is less than 25%hetum of the two
peak heights. Otherwise, structural isomers aemtiflied as isomeric
pairs. Diastereomeric pairg.¢, Aramite and Isosafrol) that may be
separable by the GC should be identified, quantitated reported as the
sum of both compounds.

7.6.1.5 Identification is hampered when sample componengs rot resolved
chromatographically and produce mass spectra conggi ions
contributed by more than one analyte. When gasncatographic peaks
obviously represent more than one sample compdienta broadened
peak with shoulder(s) or a valley between two orranonaxima),
appropriate selection of analyte spectra and backgt spectra is
important.

7.6.1.6 Examination of extracted ion current profiles opagpriate ions can aid
in the selection of spectra and in qualitative tdf@ation of compounds.
When analytes coelutéd., only one chromatographic peak is apparent),
the identification criteria may be met, but eaclalgie spectrum will
contain extraneous ions contributed by the coejutmmpound.

7.6.2 For samples containing components not associatddtixé calibration standards, a

library search may be made for the purpose of tieet&dentification. The necessity
to perform this type of identification will be deteined by the purpose of the
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analyses being conducted. Data system libraryckesoutines should not use
normalization routines that would misrepresentlifii@ry or unknown spectra when
compared to each other.

For example, the RCRA permit or waste delisting resnénts may require the
reporting of non-target analytes. Only after viscamparison of sample spectra
with the nearest library searches may the analysiga a tentative identification.
Guidelines for tentative identification are:

(1) Relative intensities of major ions in the refere spectrum (ions > 10%
of the most abundant ion) should be present irséineple spectrum.

(2) The relative intensities of the major ions ddoagree within + 20%.
(Example: For an ion with an abundance of 50% lia standard
spectrum, the corresponding sample ion abundanst beubetween 30
and 70%.)

(3) Molecular ions present in the reference spettshould be present in the
sample spectrum.

(4) lons present in the sample spectrum but nahénreference spectrum
should be reviewed for possible background contati@n or presence of
coeluting compounds.

(5) lons present in the reference spectrum butimahe sample spectrum
should be reviewed for possible subtraction from gample spectrum
because of background contamination or coelutirak@pe Data system
library reduction programs can sometimes creatgethéscrepancies.

7.7 Quantitative Analysis

7.7.1 Once a compound has been identified, the quantitaif that compound will be
based on the integrated abundance of the primamacteristic ion from the EICP.

7.7.2 All quantitations will be determined using the aage response factor (RF) from
initial calibration data (Section 7.3.5). The % RSbould be 15% or less.
Deviations will be clearly stated in the projecseaarrative.

7.7.3 Where applicable, the concentration of any nonelm@nalytes identified in the
sample (Section 7.6.2) should be estimated. Time $armulae should be used with
the following modifications: The areas, Aand As should be from the total ion
chromatograms, and the RF for the compound shaulsbumed to be 1.

7.7.4 The resulting concentration should be reportedcatitig that the value is an

estimate, and which internal standard was useeterighine the concentration. Use
the nearest internal standard free of interferences
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8.0 QUALITY CONTROL

8.1 The laboratory maintains a formal quality assurgmrogram. The laboratory also maintains
records to document the quality of the data geadrat

8.2 The following are quality control procedures neeegsto evaluate GC/MS system
performance.

8.2.1 The GC/MS system must be tuned to meet the DFTRErierilisted in Sections
7.3.1and 7.4.1.

8.2.2 There must be an initial calibration of the GC/MSsteyn as described in
Section 7.3.

8.2.3 The GC/MS system must meet the calibration verificatacceptance criteria in
Section 8.4 every 24 hours.

8.2.4 The RRT of the sample component must fall withinRiT window of the standard
component provided in Section 7.6.1.2.

8.3 Precision and Accuracy - Each laboratory must destmate initial proficiency with each
sample preparation and determinative method cortibm# utilizes, by generating data of
acceptable accuracy and precision for target agmlyt a clean matrix. The laboratory must
also repeat the following operations whenever n@fi are trained or significant changes in
instrumentation are made. Once the initial denratien has been performed it will not be
necessary to incur the extra expense of procuregpred source standards for training
purposes.

8.3.1 The reference samples are prepared from a spikilugien containing each analyte
of interest. The reference sample concentrat&ifgpisolution) may be prepared
from pure standard materials, or purchased adiedrsolutions. If prepared by the
laboratory, the reference sample concentrate meishlde using stock standards
prepared independently from those used for caldmatPrepare a reference sample
concentrate in methanol (or any water miscible esafvat a concentration such that
the spike will provide a concentration in the cleaatrix that is 10 - 50 times the
MDL for each analyte in that matrix. The concetitia of target analytes in the
reference sample may be adjusted to more accunaidyet the concentrations that
will be analyzed by the laboratory.

8.3.2 To evaluate the performance of the total analytirakess, the reference samples
must be handled in exactly the same manner aslazogles. Use a clean matrix
for spiking purposes (one that does not have amgtar interference compounds),
e.g, organic-free reagent water for the aqueous matitk organic-free sand or soil
for the solid matrix.

8.3.3 Prepare the reference sample by adding 1.0 mLeofdference sample concentrate

(Section 8.3.1) to each of four 1-L aliquots of amig-free reagent water or Ottawa
sand. The concentration of the reference shouldBeug/ml.
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8.3.4 Analyze at least four replicate aliquots of thelwmixed reference samples by the
same procedures used to analyze actual samples.willinclude a combination of
the sample preparation method and the determinatétbod.

8.3.5 Calculate the average recovery (x) in ug/L, angl standard deviation of the
recovery (s) in ug/L, for each analyte of intengsing the four results.

8.3.6 Compare (s) and the average recovery (x) for eaalytanwith the corresponding
performance data for precision and accuracy gimdHA method 8000B. If (s) and
the average recovery (x) for all analytes of irderaeet the appropriate acceptance
criteria, then the system performance is acceptabte analysis of actual samples
can begin. If any individual (s) value exceeds gihecision limit or any individual
average recovery (x) value falls outside the raftgeaccuracy, then the system
performance may be unacceptable for that analyte.

NOTE: The large number of analytes in each of the oudtpresents a substantial
probability that one or more analyte will fail &galst one of the performance criteria
when all analytes of a given method are determined.

When one or more of the analytes fail at least @finthe performance criteria, the
analyst should proceed according to Section 8.268L3.6.2.

8.3.6.1 Locate and correct the source of the problem apdatethe test for all
analytes of interest, beginning at Section 8.3.2.

8.3.6.2 Beginning at Section 8.3.2, repeat the test fos¢hanalytes that failed to
meet criteria. Repeated failure, however, will @onfa general problem
with the measurement system. |If this occurs, ead correct the source
of the problem and repeat the test for all compsuwfdnterest beginning
at Section 8.3.2.

8.3.7 The determinative method contains performance @ather multiple-laboratory or
single-laboratory). These acceptance limits wiluised by 8C; Inc.

8.3.8 In the absence of recommended acceptance critarithé initial demonstration of
proficiency, the laboratory should use recoveriesimilarly behaving compounds
as guidance in evaluating the results. Given that initial demonstration is
performed in a clean matrix, the average recoveoksnalyte from the four
replicates should generally fall near these randasaddition, since the laboratory
will repeat the initial demonstration of proficignwhenever new staff are trained or
significant changes in instrumentation are made,résulting data will be used to
develop in-house acceptance criteria.

8.4 Sample Quality Control for Preparation and Analysi$he laboratory must also have
procedures for documenting the effect of the matnix method performance (precision,
accuracy, and detection limit). At a minimum, timgludes the analysis of QC samples
including a method blank, matrix spike, a duplicated a laboratory control sample (LCS)
in each analytical batch and the addition of suateg to each field sample and QC sample.
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8.4.1 Control Limits - The laboratory will generate contliits for surrogate and spike
compounds for different routine matrices to be usedyuidance purposes. For the
purposes of controlling laboratory performanceliimits published in the CLP-3/90
Statement of Work will be utilized.

8.4.2 Method Blank - Before processing any samples, thelyat should demonstrate,
through the analysis of a method blank that interfees from the analytical system,
glassware, and reagents are under control. Eaehaiset of samples is analyzed or
there is a change in reagents, a method blank gHmilanalyzed as a safeguard
against chronic laboratory contamination. The kdashould be carried through all
stages of sample preparation and measurement.céaptable method blank should
not have any target compound present above thetirggpdimit except for common
laboratory contaminants such as phthalates whiohldhmot exceed five times the
reporting limit.

8.4.3 Matrix Spikes - Documenting the effect of the mashould include the analysis of
at least one matrix spike and one duplicate unspigample or one matrix
spike/matrix spike duplicate pair. The decisionvdmether to prepare and analyze
duplicate samples or a matrix spike/matrix spikeplidate must be based on
knowledge of the samples in the sample batch.atipdes are expected to contain
target analytes, the laboratory may use one mafriike and a duplicate analysis of
an unspiked field sample. If samples are not egeto contain target analytes, the
laboratory should use a matrix spike and matrikespiuplicate pair.

8.4.4 Laboratory Control Sample (LCS) - A Laboratory Contgample may be included
with each analytical batch. The LCS consists ofaliquot of a clean (control)
matrix similar to the sample matrix and of the samegght or volume. The LCS is
spiked with the same analytes at the same contiensas the matrix spike. When
the results of the matrix spike analysis indicat@agential problem due to the
sample matrix itself, the LCS results are used ddfy that the laboratory can
perform the analysis in a clean matrix. Recovetieaik be from 60% to 140%.

8.5 Surrogate Recoveries - The laboratory must evakiat®gate recovery data from individual
samples versus the surrogate control limits deesldyy the laboratory and those published
in the CLP-3/90 SOW. In the absence of laborat@yegated control limits a recovery
range of 60-140 % will be used for guidance.

8.6 Analytical Batch - An analytical batch consists agfproximately 20 client samples of a
similar matrix (.e. water, soil or waste). Each batch of samples mastain a method
blank and may contain a Laboratory Control SampleS}, a matrix spike and a matrix
spike and matrix spike duplicate.

8.7 Visual Inspection - The experience of the anghgstforming GC/MS analyses is invaluable
to the success of the methods. Each day that simaly performed, the calibration
verification standard should be evaluated to ddteenif the chromatographic system is
operating properly. Questions that should be asked Do the peaks look normal? Is the
response obtained comparable to the response fraamiops calibrations? Careful
examination of the standard chromatogram can itelieshether the column is still
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performing acceptably, the injector is leaking, thector septum needs replacing, etc. If
any changes are made to the systemy,(the column has been changed or a septum is
changed, etc.), see the guidance in Sec 8.2 of &\VMethod 8000B regarding whether
recalibration of the system must take place.

9.0 REFERENCES
(1) USEPA SW-846 Update Il version 2 January 1998.

(2) USEPA Method 625.
(3) USEPA CLP-3/90 Statement of Work.
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TABLE 1: DFTPP KEY IONS AND ION ABUNDANCE CRITERIA

Mass lon Abundance Criteria
51 30-60% of mass 198
68 < 2% of mass 69
70 < 2% of mass 69
127 40-60% of mass 198
197 < 1% of mass 198
198 Base peak, 100% relative abundance
199 5-9% of mass 198
275 10-30% of mass 198
365 > 1% of mass 198
441 Present but less than mass 443
442 > 40% of mass 198
443 17-23% of mass 442

a Alternate tuning criteria may be useelg( CLP, Method 525, or
manufacturers’ instructions), provided that metpedormance is not
adversely affected.

TABLE 2: CALIBRATION CHECK COMPOUNDS (CCC)

Base/Neutral Fraction Acid Fraction
Acenaphthene 4-Chloro-3-methylphenol
1,4-Dichlorobenzene 2,4-Dichlorophenol
Hexachlorobutadiene 2-Nitrophenol
Diphenylamine Phenol

Di-n-octyl phthalate Pentachlorophenol
Fluoranthene 2,4,6-Trichlorophenol
Benzo(a)pyrene

TABLE 3: SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPNDING ANALYTES
ASSIGNED FOR QUANTITATION

1,4-Dichlorobenzenezd Naphthalene Acenaphtheneqd
Aniline Acetophenone Acenaphthene
Benzyl alcohol Benzoic acid Acenaphthylene
Bis(2-chloroethyl) ether Bis(2-chloroethoxy)methane 1-Chloronaphthalene
Bis(2-chloroisopropyl)ether 4-Chloroaniline 2-Chloaphthalene
2-Chlorophenol 4-Chloro-3-methylphenol 4-Chloropheptyenyl ether
1,3-Dichlorobenzene 2,4-Dichlorophenol Dibenzofuran
1,4-Dichlorobenzene 2,6-Dichlorophenol Diethyl @ittie
1,2-Dichlorobenzene a,a-Dimtheylphenethylamine ~ Dimethyl phthalate
Ethyl methanesulfonate 2,4-Dimethylphenol 2,4-Dophenol
2-Fluorophenol (surr) Hexachlorobutadiene 2,4-Dindgluene
Hexachloroethane Isophorone 2,6-Dinitrotoluene
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1,4-Dichlorobenzene,d Naphthalenel Acenaphthene.d

Methyl methanesulfonate 2-Methylnaphthalene Flueren
2-Methylphenol Naphthalene 2-Fluorobiphenyl (surr)
4-Methylphenol Nitrobenzene Hexachlorocyclopentadie
N-Nitrosodimethylamine Nitrobenzeng-urr) 1-Naphthylamine

N-Nitroso-di-n-propylamine
Phenol
Phenol-d (surr)

2-Nitrophenol
N-Nitrosodi-n-butylamine
N-Nitrosopiperidine

2-Naphtayhine
2-Nitroaniline
3-Nitroaniline

2-Picoline 1,2,4-Trichlorobenzene 4-Nitroaniline
4-Nitrophenol
Pentachlorobenzene
1,2,4,5-Tetrachlorobenzene
2,3,4,6-Tetrachlorophenol
2,4,6-Tribromophenol (surr)
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
Phenanthrenegl Chrysene-¢ Perylene-g
4-Aminobiphenyl Benzidine Benzo(b)fluoranthene
Anthracene Benzo(a)anthracene Benzo(k)fluoranthene
4-Bromophenyl phenyl ether Bis(2-ethylhexyl)phthalat Benzo(g,h,i)perylene
Di-n-butyl phthalate Butyl benzyl phthalate Benlpfaene
4,6-Dinitro-2-methylphenol Chrysene Dibenz(a,j)aicral

Diphenylamine
Fluoranthene
Hexachlorobenzene
N-Nitrosodiphenylamine
Pentachlorophenol
Pentachloronitrobenzene
Phenacetin
Phenanthrene
Pronamide

3,3'-Dichlorobenzidine

p-Dimethylaminoazobenzene

Pyrene
Terphenyld(surr)

Dibenz(a,hmatene

7,12-Dimethylbenz-(a)anthracene

Di-n-octyl phthalate
Indeno(1,2,3-cd)pyrene
3-Methylcholanthrene

(surr) = surrogate
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ATTACHMENT |
Apex Prosep 800

Standard Preparation
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1. From certified chemical standard stock solutiomeppre a combined solution with all compounds

at 2 ug/mL.

2.From the 2 ug/mL standard, prepare five lessereatnations standards of 0.1, 0.2, 0.4, 1.0, and
1.6 ug/mL. These standards should be broughfitmbvolume of 1.0 mL. Take a 1.0 mL
aliquot of the 2.0 ug/mL working standard for thghlevel of the calibration. All standards
should be put in 1.8 mL crimp cap vials. THESE SIDMRDS MUST CONTAIN
SURROGATES AS WELL AS TARGET ANALYTES.

3.To each standard solution at 1.0 mL, add 10 ulnd8@ug/mL internal standard (IS) solution for a

final IS concentration of 0.8 ug/mL.

4. An injection volume of 20 uL will result in the folwing nanograms being delivered on the column

for the six levels;

Calibration Concentration

0.1 ug/mL
0.2 ug/mL
0.4 ug/mL
1.0 ug/mL
1.6 ug/mL
2.0 ug/mL

Mass on Column

2ng
4 ng
8 ng
20 ng
32 ng
40 ng

A 20 uL injection of IS at 0.8 ug/mL equals 16amgcolumn.
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ATTACHMENT II
Apex Prosep 800

General Operation and Troubleshooting
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Prosep 800 Rules for Operation

Always keep the following consistent throughout éimalysis; solvent and solvent ratios for standaras
extracts, and injection volumes for all injectionsluding tunes, standards, and environmental etdra

When using methylene chloride as a solvent, dtartuns at 50°C.
When using a mixture of methylene chloride:aceta®®0 as a solvent, start the runs at 60°C.

Using large volume injections will result in greateoise” with baseline. The reagents used musiftae
high purity grade.

Liner capacities;

>25 uL injections for mega 4 mL liner

1-25 uL injections for 2 mL liner

1-2 uL injections for micro liner

Graphite ferrules should be used for the columngaidg to the base of the Prosep 800.

Reduce wear on the air compressor by turning ofleetronic Control Module when the system is idle.

Prosep 800 Troubleshooting

What to do with low response on the front erfjust Initial Split Mode time. A good rule tolfow is
0.01 minutes for every microliter injected.

What to do with low response on the back efiX®end time for the GC Split Mode, especially beyo
the maximum temperature of the precolumn tempezgitogram.

A key to getting good response on the heavier camg® is getting the GC split time (following the
splitless step) correct.

When to change the Prosep line€hange the liner when encountering similar proklesiseen with a

standard inlet (i.e., low internal standards, oleesponse dropping off or being erratic, contimui
calibration keeps failing).

Prosep 800 Leak Testing (from the Prosep back to ¢éhinjector)
Cap the bottom of the Prosep inlet and both the/splitless and septum vents. EPC pressure should

match the low pressure side of the regulator orighk or the delivery regulator inside the GC betbes
detector. Once equalized, turn off the total flolhe EPC pressure should remain constant.
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Precolumn Mode Program — Flows/Vents
GC must be in split mode for the entire run.

Inlet Purge A/B
A ON OFF
B ON OFF

Initial Split Mode: This is the first mode in precolumn program usedent off solvent peak and other
undesired responses of lighter parameters.

Splitless Mode: This mode is in the precolumn mode program thiéds the GC Spilt mode. The
amount of time at the beginning of the run usedcctonplete flow to go onto the head of the column.
Flow should be around 1 mL/min during splitless mod his mode is used to deliver the maximum
amount of mass on column. No split should go tpwant. Purge Out Lighbn ECM is in splitless
mode. GC should be isothermal during the splitless mode.

GC Split Mode: The mode that follows the splitless mode usedrextflow to the vent. For initial
install, the system was set up to run PAH. Thé 8plv should be set at 30 mL/min. While in th€G
Split Mode, it should read approximately 30 mL/rout of the vent on the front of the GC.

0.4 mm ID column should have 40-60 mL/min of flowrithg GC Split Mode.
0.2 mm ID column should have 20-30 mL/min of flourithg GC Split Mode.

Prosep Split Mode: This mode is used to flush the Prosep inlet tow#neé bake phase of the GC
temperature program. This step is necessary $b fieavy molecular weight compounds from the inlet.
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