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DISCLAIMER

This report has been reviewed by the Environmental Monitoring and
Support Laboratery, U. S. Environmental Protaction Agency, and approved for
publication. Mention of trade names ar commercial products does. not
constitute endorsement or recommendation for use.
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FOREWORD

Environmental measurements are required to determine the quality of
ambient waters and the character of waste effluents. The Environmental
Monitoring and Support Laboratory - Cincinnati, conducts research to:

Q

Develop and evaluate tachniques to measuyre the presance and
concentration of physical, chemical, and radiological pollutants in
water, wastewater, bottom sediments, and solid waste.

Investigate methods for the concentration, recovery, and
identification of viruses, bacteria and other microbiological
organisms in watar; and to determine the responses of aquatic
organisms to water quality.

Develop and operate an Agency-wide quality assurance program to
assure standardization and quality control of systems for monitor-
ing water and wastewater.

Develop and operate a computerized system for instrument automation
leading to improved data collection, analysis, and quality control.

Under authority of the Safe Orinking Water Act and the National Interim
Primary Orinking Water Regulations, the U. S. Environmental Protection
Agency establishes tast procadures for monitoring contaminants {in public
water supplies. The test procedures i{n this document are designed to
measyre volatile organic compounds in such waters prior to or after final
treatment.

Robert L. Booth, Director
Environmental Monitoring and Support Laboratory
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ABSTRACT

The methods contained in this report describe the requirements for the
analysis of drinking water and raw source water for 58 volatile organic
compounds. The methods were prepared to be used for monitoring for volatile
synthetic organic compounds (VOC) at low concentrations inm such matrices, as
proposed in 40 CFR 141.24. The methods may also be used for the proposed
monitoring requirement for unregulated contaminants in 40 CFR 141.40.
Included are sample collection and preservation procedures, instructions for
preparation of standards, required operating conditions and quality control
requirements.
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PREFACE

On November 13, 1985, the U.S. Eavircenmental Protection Agency published
(SQ FR 46302) proposed National Orinking Water Requlations for aight vola-
tile synthetic organic chemicals (Y0Cs) and propased monitoring reguirements
for these eight VOCs, tetrachlorcethene and 51 other volatile compounds.
Three methods in this report (Methods 502.1, 503.1, and 524.1) were propesed
for use for the regulated contaminants and in conjunction with Method 504,
for the proposed monitoring requirement.

The Agency s commitfed to aveid the needless proliferation of methods,
however, the evolution of measurement technology and the timing of requia-
tory actions nave resulted in a number of similar methods. To avoid
confusion, the foilowing discussion of the relaticnship of these methods to
previous editions is provided.

Method 502.1 is the third generation method for volatile organchalides.
It was produced originally as Method 501.1 for the measurement of total
trihalomethanes as defined and required in 40 CFR Part 141.30. It was
incorporated into 40 CFR Part 141.30 on November 29, 1979. The method was
extended and formatted to its current broad scope as Method 502.1 fn April
1981 and made available by the Environmental Monitoring and Support
Laboratory - Cincinnati (EMSL-Cincinnati) to support the recommended maximum
contaminant levels {RMCLs) for VOCs proposed on June 12, 1984. This current
edition, which replaces the 1981 version of 502.1, focuses on the specific
analytes in the YOC MCL and the monitoring proposals. The major changes in
the method, reflectad in this version, include a strictly prescribed
preservation procedure and a maximum holding time for samples. The quality
control requirements were modified in 1986 to reflect public comments on the
November 1985 proposed rule, and two analytes were removed from the scope of
the method. Although the Agency has not at this time proposed the method
for approval in Part 141.30, such a proposal is under consideration.

Method 503.1 is a revision of the method prepared in April 1981 and made
avatlable by EMSL-Cincinnati to support the RMCL proposal for ¥0Cs. The
current revision, which replaces the 1981 version, focuses on the specific
analytes in the VOC MCL and monftoring proposals and establishes preserva-
tion procedure and maximum holding time for the samples. I[t, too, has been
revised to reflect public comments.

Method S04 was developed to measure low concentrations of
1,2-dibromoethane (EDB) and 1,2-dibromo-3—chloropropane (CBCP). Method
§24.1 is a version of the general GC/MS procedure for volatiles described in
Method 524 in February 1983, and subsequently approved for trihalomethane
measurements. The principal changes incorporated in this method include a
focus on the specific analytes in the YOC MCL and monitoring requirement and
establishes the preservation procedure and maximum holding time for
samples. The gquality control section of the method has been revised tg
reflect public comment and the scope of the method has been reduced to



reflect the limitations of packed—column gas chromatography as defined by
conventional practices. Although the Agency has not, at this time, proposed
the method for approval in Part 141.30, such a propesal is under
consideration.

Method 524.2 is introduced for the first time in this edition. It was
developed in direct response to comments on the proposed rules. By
approving capillary column techniques as described in this method, the
Agency will be recognizing recently achieved tachnological advances in
chromatography that permit separations to be achieved more completely and
more rapidly and, thus, at lower cost than those established at the time of
proposed rulemaking.
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METHOO 502.1. VOLATILE HALOGENATED ORGANIC COMPOUNDS
IN WATER BY PURGE AND TRAP GAS CHROMATOGRAPHY
(1985, Ed. Rev. 1986)

1. SCOPE AND APPLICATION

1.1 This method is applicable for the determination of various
halogenated volatile compounds in finished drinking water, raw
source water, or drinking water in any treatment stage. (1) The
following compounds can be determined by this method:

Analyte CAS Na.
8romobenzene 108-86-~1
Bremochloromethane 74=97-5
Bromodichloromethane 75=27-4
8romoform 75=25=2
8romomethane 74-83-9
Carbon tetrachloride 56=23=5
Chilorobenzene 108=90~7
Chloroethane 75=00-3
Chloroform 67-66-3
Chloromethane 74-87=3
2-Chlorotoluene 95-49-8
4-Chlorotoluene 106-43-4
Dibromochloromethane 124-48-1
1,2-0ibromoethane 106-93-4
Dibromomethane 74=95-3
1,2-Dichlorobenzene 95=50=~1
1,3-Dichlorobenzene 541-73-1
1,4-Dichlorobenzene 106=-46-7
Dichlorodifluoromethane 75=71-8
1,1-Dichloroethane 75=34-3
1,2-0ichlorvethane 107-06-2
1,1-Dichlorvethene 75=35-4
cis=1,2-Dichlorcethene 156=59-2
trans-1,2-Dichlorcethene 156-60-5
1,2-01ichloropropane 78=-87-5
1,3=0fichlorcpropane 142-28-9
2,2-Dichloropropane §90-20-7



Analyte CAS No.

1,1-01chloroprscpene £63-58-6
Methylene chloride 75=09-2
1,1,1,2-Tetrachlorcethane 630-20-6
1,1,2,2-Tetrachlorcethane 79-34-5
Tetrachlorvethene 127-18-4
1,1,1-Trichloroethane 71-55-8
1,1,2-Trichloroethane 79-00-5
Trichlorcethene 79-01-6
Trichlorofluoromethane 75=69-31
1,2,3=-Trichloropropane 96-18-4
Vinyl chloride 75=01-4

1.2 Single laboratory accuracy and precision data show that this
procedure is yseful for the detection and measurement of
multi-component mixtures spiked into carbon filtered finished water
and raw source water at concentrations between 0.20 and 0.40 ug/L
with method detection 1imits (MDL) (2) generally less than
0.01 ug/L. Method detection 1imits for several of the listed
analytas are presented in Table 1 (1). Some laboratories may not
be able to achieve these detaction 1imits since results are
dependent upon instrument sensitivity and matrix effacts.
Determination of complex mixtures containing partially resolved
compounds may be hampered by concentration differences larger than
a factor of 10. This problem commonly occurs when finished
drinking waters are analyzed because of the relatively high
trihalomethane content. When such samples are analyzed, chloroform
will affect the method detection 1imit for 1,2~dichlorvethane.

1.3 Based upon similarities in structure with other analytes in the
scope, 2,2-dichloropropane was included in the November 13, 1985
proposed monitoring regulation although supporting accuracy and
precision data are not yet avajlable for inclusion in this method.

1.4 This method {s recommended for use only by analysts experienced in
the measurement of purgeable organics at the low ug/L level or by
experienced technicians under the close supervision of a qualified
analyst. It {s also recommended for use only with a purge and trap
system devated to the analysis of low level samples.

2. SUMMARY QOF METHOO

2.1 Organchalides and other highly volatile organic compounds with low
water solubtility are extracted (purged) from the sample matrix by
bubbliing an inert gas through the aqueous sample. Purged sample
components are trapped in a tube containing suitable sorbent
materials. when purging s complete, the sorbent tube is heated
and backflushed with an inert gas to desord trapped samole
components onto a gas chromatography (GC) coclumn. The qas
c--omatograph is temperature orogrammed to separate the method
analytes which are then detected with a halogen specific detactor.



3.

4.

2.2 A second chromatographic column is described that can be uysad to

confirm 6C {dentifications and measurements., Alternatively,
confirmatory analyses may be performed by gas chromatography/mass-
spectrometry (GC/MS) according to Method 524.1 or Method 524.2 if
sufficient matarial is present.

INTERFERENCES

3.1 During analysis, major contaminant sources are volatile materials

3.2

3.3

in the laboratory and impurities in the inert purging gas and in
the sorbent trap. The use of non-polytetrafluorcethylene (PTFE)
piastic tubing, non-PTFE thread sealants, or flow controllers with
rubber components in the purging device should be avoided since
sych materiais out-gas organtic compounds which will be concentratad
in the trap during the purge operation. Analyses of laboratory
reagent blanks (Sect. 9.1.3) provide informatfon about the presence
of contaminants. When potential interfering peaks are notad in
laboratory reagent blanks, the analyst must eliminate the problem
before analyzing samples. Subtracting blank values from sample
results is not permitted.

Interfering contamination may occur when a sample containing low
concentrations of volatile organic compounds is analyzed
immediately after z sample containing relatively high
concentrations of volatile organic compounds. A praventive
technique is between-sample rinsing of the purging apparatuys and
sample syringes with two portions of reagent water. After analysis
of a sample containing high concentrations of volatile organic
compounds, laboratory reagent blanks must be analyzed until system
memory is reduced to an acceptable level.

Special precautions must be taken to anmalyze for methylene
chloride. The analytical and sample storage area should be
isolated from all atmospheric sources of methylene chloride,
otherwise random background levels will result. Since methylene
chloride will permeate through PTFE tubing, all gas chromatography
carrier gas lines and purge gas plumbing should be constructed from
stainless steel or copper tubing. Laboratory clothing worn by the
analyst should be clean since clothing previousiy exposad to
methylene chloride fumes during common liquid/liquid extraction
procedures can contribute to sample contamination.

SAFETY
4.1 The toxicity or carcinagenicity of chemfcals used in this method

has not been precisely defined; each chemical should be treated as



5.

4.2

a potential health hazard, and exposure to these chemicals should
be minimized. Each laboratory is responsible for maintaining -
awareness of OSHA requlations regarding safe handling of chemicals
used in this method. Additional references to laboratory safety
are available (3-5) for the information of the analyst.

The following method analytes have been tentatively classified as
known or suspected human or mammalian carcinagens: carbon
tetrachioride, l,2-dichlorcethane, 1,1,2,2-tetrachlorcethane,
1,1,2-trichloroethane, chloroform, 1,2-dibromoethane,
tetrachlorcethene, trichlorcethene, and vinyl chloride. Pure
standard matarials and stock standard solutions of these compounds
should be handled in a hood. A NIOSH/MESA approved toxic gas
respirator should be worn when the analyst handles high
concentrations of these toxic compounds.

APPARATUS AND EQUIPMENT

5.1

5.2

SAMPLE CONTAINERS - 40-m. to 120-mL screw cap vials (Pierce #1307S
or equivalent) each equipped with a PTFE-faced silicone septum
(Pierce #12722 or equivalent). Prior to use, wash vials and septa
with detergent and rinse with tap and distilled water. Allow the
vials and septa to air dry at room temperature, place in a 105°C
oven for one hour, then remove and allow to ccol in an area known
to be free of organics.

PURGE AND TRAP SYSTEM - The purge and trap system consists of three
separate pieces of equipment: purging device, trap, and desorber.
Systems are commercially available from several sources that meet
all of the following specifications.

§.2.1 The all glass purging device (Figure 1) must be designed to
accept S5-mi samples with a water column at least 3 cm deep.
Gaseous volumes above the sample must be kept to a minimum
(< 15 mL) to eliminate dead volume effects. A glass frit
should be installed at the base of the sample chamber so the
purge gas passes through the water column as finely divided
bubbles with a diameter of < 3 mm at the origin. Needle
spargers may be used, however, the purge gas must be
introduced at a point < § mm from the base of the water
column.

§.2.2 The trap must be at least 25 <m long and have an inside
diameter of at least 0.105 in. Starting from the inlet, the
trap must contain the following amounts of adsorbents: 1/3
of 2,6-diphenylene oxide polymer, 1/3 of silica gel, and 1/3
of coconut charcoal. It is recommended that 1.0 cm of
mathyl silicone coated packing be inserted at the inlet to
extend the life of the trap (see Figure 2). If it is not
necessary to analyze for dichloredifluorcmethane, the
charcoal can be eliminated and the polymer increased to fil1l
2/3 of the trap. If only compounds boiling above 35°C are



8.3

5.2.3

5.2‘4

to be analyzed, both the silica gel and charcoal can be
eliminated and the polymer increased to fill the entire
trap. Before initial use, the trap should be conditicned -
avernfght at 180°C by backflushing with an inert gas flow of
at least 20 mL./min Vent the trap effluent to the room, not
to the analytical column. Prior to daily use, the trap
should be conditicned for 10 minutes at 180°C with
backfiushing. The trap may be vented to the analytical
colum during daily conditioning; however, the column must
be r?n through the temperature program pricr to analysis of
samples.

The.desorber must be capable of rapidly heating the trap to
180°C. The polymer section of the trap should not be heated
rkigher than 200 C or the 1ifa expactancy of the trap will
decrease. Trap failure {s characterized by a prassure drop
in excess of 3 pounds per square inch across the trap during
purging or by poor bromoform sensitivities. The desorber
design 1llustrated in Figure 2 meets these criteria.

Figures 3 and 4 show typical flow patterns for the
purge-sord and desorb mode.

GAS CHROMATOGRAPHY SYSTEM

5.3.1

5.3.2

The GC must be capable of temperature programming and should
be equipped with variable—constant differentfal flow
controllers so that the column fiow rate will remain
constant throughout descrption and temperature program
operation. The column oven may need to be cooled to <30°C
(Sect. 10.3); therefore, a subambient oven controller may be
required.

Two gas chromatography columns are recommended. Column 1 is
a highly efficient column that provides outstanding
separations for a wide variety of organic compounds. Column
1 should be used as the primary analytical column uniess
routinely sccurring analytes are not adequataly resolved.
Column 2 {s recommended for use as a confirmatory column
when GC/MS confirmation is not available. Ratention times
for tn§ 1isted analytes on the two columns are pgresented in
Tahle 1. ;

5.3.2.1 Columnn 1 - 1.5 to 2.5 m x 0.1 in ID stainless stasl
or glass, packed with 12 SP-1000 on Z:irbcpack-8
(60/80 mesh) or equivalent, The flow rate of the
helium carrier gas is established at 40 m/min, The
column temperature is programmed tg hold at 45 C for
three min, increased to 220 C at 8 C/min, and held
at 220°C for 15 min or until all expected compounds
have eluted. Ouring handling, packing, and
programming, active sites can be exposed an the



Carbopack-3 packing which can result in tailing peak
geometry and poor resolution of many constituents.
To protect the analytical column, pack the first 35~
cm of the column with 3% SP-1000 on Chromosorb—w
(60/80 mesh) followed by the Carbopack-3 packing.
Condition the precolumn and the Carbopack columns
with carrier gas flow at 220 C overnight. Pneumatic
shocks and rough treatment of packed columms will
cause excessive fracturing of the Carbopack. If
pressure in excass of 60 psi {is required to obtain
40 mL/min carrier flow, the column should be
repacked. A sample chromatogram obtained with
Column 1 is presented in Figure S.

§.3.2.2 Colum 2 - 1.5 t0 2.5 m long x Q.1 in ID stainless
steel or glass, packed with n-octane chemically
bonded on Porisil-C (100/120 mesh) or equivalent.
The flow rate of the helium carrier gas is
established at 40 mL/min, The column tamperature is
programmed to hold at 50 C for three min, increased
to 170°C at 6°C/min, and held at 170°C for four min
or until all expected compounds have eluted.

5.3.3 An electrolytic conductivity or microcoulometric detector is
required. Thesa halogen-specific systems eliminate
misidentifications due to non-organchalides which are
coextracted during the purge step. A Tracor Hall Model
700-A detector was used to gather the single laboratory
accuracy and precision data shown in Tables 2 and 3. The
operating conditions used to collect these data are as

follow:
Reactor tube: Nickel 1/16 in QO
Reactor temperature: 810 C
Reactor base temperature: 250 C
Electrolyte: 100% n-propyl alcohol
Electrolyte flow rata: 0.8 mL/min
Reaction gas: Hydrogen at 40mi/min
Carrier gas: Helium at 40 mi/min

§.3.4 It is acceptable-to insert a photoionization detector
between the analytical column and the halide detector to
simultaneously analyze for the regulated volatile organic
compounds (VOC) that are arcmatic or unsaturated (6§). Most
of the analytes listed in the Scope of Method S03.1 can be
determined in this manner.

5.4 SYRINGE AND SYRINGE VALVES
5.4.1 Two S-m. glass hypodermic syringes with Luer-lok tip.

§.4.2 Three 2-way syringe valves with Luer ends.



5.5

5.4.3 One 25-yL micro syringe with a 2 in x 0.006 in ID, 22° beve!l
needle (Hamilton #702N cr equivalent).

5.4.4 Micro syringes - 10, 100 ul.
5.4.5 Syringes - 0.5, 1.0, and S5-mi, gas tight with shut-off valve.
MISCELLANEOUS

§.5.1 Standard solution storage containers - 1S-mL bottles with
PTFE=lined screw caps.

6. REAGENTS AND CONSUMABLE MATERIALS

§.1

6.2

6.3

TRAP PACKING MATERIALS

6.1.1 2,6-Diphenylene oxide polymer, 60/80 mesh, chromatographic
grade (Tenax GC or equivalent).

6.1.2 Methyl silicone packing - QV-1 (3%) on Chromosorb-W, 60/80
mesh or equivalent.

§.1.3 Silica gel - 35/60 mesh, Davison, grade 15 or equivalent.

6.1.4 Coconut charcoal - Prepare from Barnebey Cheney, CA-580-26
lot #M-2649 by crushing through 26 mesh screen.

COLUMN PACKING MATERIALS _
6.2.1 1% SP-1000 on 60/80 mesh Carbopack-8 or equivalent.

6.2.2 n=Octane chemically boended on Porasil-C, 100/120 mesh
(Durapak or equivalent).

6.2.3 3% SP-1000 on 60/80 mesh Chromosorb-W or equivalent.
REAGENTS
6.3.1 Methanol - demonstratad to be free of analytes.

6.3.2 Reagent water - Prepare reagent water by passing tap water
through a filter bed containing about 0.5 kg of activated
carbon, by using a water purification system, or by boiling
distilled water for 15 min followed by a l-h purge with
inert gas while the water temperature is held at 30 C.
Store in clean, narrow-mouth bottles with PTFE-l1ined septa
and screw caps.

§.3.3 Hydrochloric acid (1+l) - Carefully add measured volume of
conc. HC1 to equal volume of reagent water.



5.4

6.5

6.3.4 Vinyl chloride - 99.9% pure vinyl chloride is available from
Ideal &as Products, inc., Edison, New Jersey and from
Mathescn, East Ruthertford, New Jersay. Cartified mixtures
of vinyl chloride {in nitrogen at 1.0 and 10.0 ppm are
available from several sources.

STANDARD STOCX SOLUTIONS - These solutions may be purchasad as
certified solutions ar prepared from pure standard matarials using
the foliowing procedures:

6.4.1 Place about 9.8 m. of methanol {nto a l0-mi ground-glass
stoppered volumetric flask. Allow the flask to stand,
unstoppered, for about 10 min or until all alcohol-wetted
surfaces have dried and weigh to the nearest 0.1 mg.

6.4.2 1If the analyte is a 1iquid at room temperature, use 3 100-yl
syringe and immediately add two ar more drops of reference
standard to the flask. Be sure that the reference standard
falls directly into the alcohol without contacting the neck
of the flask. If the analyte {s a gas at room temperature,
111 a S-ml valved gas~-tight syringe with the standard to
the 5.0 mL mark, lower the needle to 5 mm above the methanol
meniscus, and slowly inject the standard {nto the neck arez
of the flask. The gas will rapidly dissolve {n the methanal.

6§.4.3 Reweigh, dilute to volume, stopper, then mix by inverting
the flask several times. Calculate the concentration in
micrograms per microliter from the net gain in weight. When
compound purity is certified at 36X or greater, the weight
can be used without correction to calculate the
concentration of the stock standard.

6.4.4 Store stock standard solutions in 15-ml bottles equipped
with PTFE-11ned screw caps. Methanol solutions prepared
from 1iquid_analytes are stable for at least four weeks when
stared at 4 C. Methanol solutions prepared from gaseous
analytas are not stable for more than one week when stored
at <«0°C; at room tamperature, they must be discarded afier
one day.

SECONDARY OILUTION STANDARDS - Use standard stock solutions to
prepare secondary dilution standard solutions that contain the
analytes in methanol. The secondary dilution standards shaquld de
pregared at concentrations that can he easily dilutad to prepare
aqueous calibration solutfons (Sect. 8.1) that will bracket the
working concentration range. Store the secondary diilution standard
solutions with minimal headspace and check frequently for signs of
deterioration or evaporation, especially just before preparing
calibration solutions for them. Storage times described for stock
standard solutions in Sect. 6.4.4 also apply to secondary dilution
standard solutions.



7.

SAMPLE COLLECTICN, PRESERVATION, AND STORAGE

7.1 SAMPLE COLLECTION

7.2

7.3

7.1.1

7.1.2

7.1.3

SAMPLE
7.2.1

7.2.2

SAMPLE
7.3.1

7.3.2

Collect all samples in duplicate. Fill sample bottles to
overflowing. No air bubbles should pass through the sample
as the bottle is filled, or be trapped in the sample when
the bottle is sealed.

When sampling from a water tap, open the tap and allow the
system to flush until the water temperature has stabilized
(usually about 10 min). Adjust the flow to about S00 mi/min
and collect duplicate samples from the flowing stream.

When sampling from an open body of water, fill a l-quart
wide-mouth bottlie or l-liter beaker with sample from a
representative area, and carefully fi11 duplicate sample
bottles from the l-quart container.

PRESERVATION

Adjust the pH of the duplicate samples <2 by carefully
adding one drop of 1l:1 HC1 for each 20 mL of sample
volume.(7) Seal the sample bottles, PFTE-face down, and
shake vigorously for one minute.

The samples must be chilled to 4°C on the day of collection
and maintajned at that temperature until analysis. Field
samples that will not be received at the laboratory on the
day of collection must be packaged for shipment with
sufficient ice to ensure that they will be at 4°C on arrival
at the laboratory.

STORAGE

Store samples at 4°C until analysis. The sample storage
area must be free of organic solvent vapors.

Analyze all samples within 14 days of collection. Samples
not analyzed within this period must be discarded and
replaced.



8.

CALIBRATICN AND STANODARDIZATION

8.1 CALIBRATION

8.1.1

8.1.2

8.1.3

8.1.4

8.1.5

8.1.6

A set of at least five calibration standards containing the
method analytas is needed. More than one set of calibration
standards may be required. One calibration standard should
contain each analyts at a concentration approaching but
greater than the method detection 1imit (Table 1) for that
compound; the other standards should contafn analytes at
concentrations that define the range of the method.

To prepare a calibration standard, add an appropriate valume
of a secondary dilution standard solution to an aliquot of
reagent water in a volumetric container or sample syringe.
Use a microsyringe and rapidly inject the alcoholic standard
into the water. Remove the needle as quickly as possible
after injection. Aqueous standards are not stable and
should be discarded after one hour unless sealed and stored
as described in Sect. 7.2.2.

Starting with the standard of lcowest concentration, analyze
each calibration standard according to Sect. 10 and tabulate
peak height or area response versus the concentration in the
standard. The results can be used to prepare a calibration
curve for each compound. Alternatively, if the ratio of
response to concentration (calibration factor) is a constant
over the working range (<10% relative standard deviatton),
linearity through the origin can be assumed and the average
ratio or calibration factor can be used in place of a
calibration curve.

The working calibration curve or calibration factor must be
verified on each working day by the measurement of one or
more calibration standards. If the response for any analyte
varies from the predicted response by more than 320%, the
test must be repeated using a fresh calibration standard.

[f the results still do not agree, generates a new
calibration curve or use a single point calibration standard
as described in Sect. 8.1.5.

Single point calibration 1s a viable altarnative to a
calibration curve. Prepare single point standards from the
secondary dilution standards in methanol. The single point
standards should be prepared at a concentration that
produces a response close (#20%) to that of the unknowns.

As a second altarmative to a calibration curve, intermal
standard calibration techniques may be used. The following
organchalides are recommended for this purposa:
2-bromo-l-chloropropane or 1,4—dichlorobutane. The internal



8.1.7

standard is added to the sample just before purging. Check
the validity of the internal standard calibration factors
daily by analyzing a calibration standard.

Calibration for vinyl chloride using a certified gaseous
mixture of vinyl chloride in nitrogen can be accomplished by
the following stess.

8.1.7.1 Fil1l the purging device with 5.0 mL of reagent water
or aqueous calibration standard.

8.1.7.2 Start to purge the aqueous mixture. Inject a known
volume (between 100 and 2000 ul) of the calibration
gas (at room temperature) directly into the purging
device with a gas tight syringe. Slowly inject the
gaseous sample through a septum -seal at the top of
the purging device at 2000 uyL/min. 0o not inject
the standard through the agqueous sample inlet
needle. Inject the gaseous standard before five min
of the ll-min purge time have elapsed.

8.1.7.3 Determine the aqueous equivalent concentration of
vinyl chloride standard injected with the equation:

S = 0.51 (C)(V)

where S = Aqueous equivalent concentration
of vinyl chloride standard in ug/L;
Ca= %oncintration of gaseous standard in ppm
viv);
Va Vqumé of standard injected in milli-
1iters.

8.2 INSTRUMENT PERFORMANCE - Check the performance of the entire
analytical system daily using data gathered from analyses of
reagent blanks, standards, duplicate samples, and the quality
control check standard (Sect. 9.3.1).

8.2.1

A1l of the peaks contained in the standard chromatograms
must be sharp and symmetrical. Peak tailing significantly
in excess of that shown in the method chromatogram

(Figure 5) must be corrected. Tailing problems are
generally traceable to active sites on the GC column or the
detector operation. If only the compounds eluting before
chloroform give random responses or unusually wide peak
widths, are poorly resolved, or are missing, the problem is
usually traceable to the trap/desorber. If only brominated
compounds show poor peak geometry or do not properly respond



at low concentrations, repack the trap. Excessive detactar
reactor tamperatures can also cause low bromoform responsa.
[f negative peaks appear in the chromatogram, renlace the
ion exchange column and replace the electralyte in the
detector.

8.2.2 Check the precision between replicate analyses. A properly
operating system should perform with an average relative
standard deviation of less than 10%. Poor precision is
generally traceable to pneumatic leaks, especially around
the sample purger and detector reactor inlet and exit,
electronic problems, or sampling and storage problems.
Monitor the retantion times for each organohalige using data
generated from calibration standards and the laboratory
control standard. I[f individual retention times vary by
more than 10% over an 8-h period or do not fall within 10%
of an established norm, the source of retention data
varifance must be corrected before acceptable data can be
generated.

9. QUALITY CONTROL

9.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this
program consist of an initial demonstration of laboratory cap-
ability and an ongeing analysis of spiked samples to evaluate and
document data quality. The laboratory must maintain ‘records to
decument the quality of data that 13 generated. Ongoing data
quality checks are compared with establisned performance criteria
to determine if the results of analysas meet the perfarmance
characteristics of the method. A quality control check standard
must be analyzed to confirm that the measurements were performed in
an in-control mode of operation.

9.1.1 The analyst must make an {nit{ial, one-time, demonstration of
the ability to generate acceptable accuracy and precision
with this method. This ability i{s established as described
in Section $8.2.

9.1.2 In recognition of advances that are occurring in chromato-
graphy, the analyst is permitted certain options (detailed
in Section 10.1.I) to improve the senmarations 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 9.2.

9.1.3 Each day, the analyst must analyze a reagent water blank to
demonstrate that interferences from the analytical system
are under control.



9.2

9.1.4 The laboratory must, on an ongoing basis, demonstrate

through the analyses of quality control check standards that

the operation of the measurement system is in control.

procedure is described in Section 9.3. The frequency of the
check standard analyses is equivalent to 10% of all samples

analyzed, but at least two samples per month.

9.1.5 On a weekly basis, the laboratory must demonstrata the

ability to analyze low level samples. A procedure for low

level check samples is described in Section 9.4.

9.1.6 The laboratory must maintain performance records to document

the quality of data that is generated.

To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

9.2.1 A quality control (QC) check sample concentrate is required

containing each regulated analyte, and any additional

analyte which is to be reported, at a concentration of 100

times the MCL or 1 ug/mL, whichever is smaller, in
methanol. The QC check sample must be prepared by the

laboratory using stock standards prepared independently from

those used for calibration.

9.2.2 Analyze seven S-ml. QC check samples at 1/5 MCL or 2 ug/L
according to the method beginning in Sect. 10. Each sample

is produced by injecting 10 ulL of QC check sample

concentrate into 5 ml. of reagent water in a glass syringe

through the syringe valve.

9.2.3 Calculate the average recovery (X) in ug/L, and the standard
deviation of the recovery (s) in ug/L for each analyte using
the seven results. Calculate the MOL for each analyte as
specified in Ref. 2. The calculated MDL must be less than

the spike level.

9.2.4 For each analyte, (X) must be between 90% and 110% of the
true value. Additionally, s must be < 35% of X. If s and X
for all analytes meet the c¢riteria, the system performance

{s acceptable and analysis of actual samples can begin.

any s exceeds the precision limit or any X falls outside the
range for accuracy, the system perfarmance 1s unacceptable

for that analyte.

NOTE: The large number of analytes present a substantial
probability that one or more will fail at least one of the

acceptance criteria when all analytes are analyzed.



9.3

9.4

9.5

9.2.5 hen gne or more of the analytes tasted fafl at least ogne of
the acceptance criteria, the analyst must proceed according
2o Section 9.2.2 only for the analytas wnich failed the test.

The labaratory must demonstrata on a reqular basis (See Section

"9.1.4) that the measurement systam {s in control by analyzing a

quality control sample for all analytes of interast at the MCL or
10 ug/L, whichever is smaller.

9.3.1 Prepare a QC check standard by adding 50 ul of QC check
sample concentrate (Section 9.2.1) to § mL of ragent water
in a glass syringe.

9.3.2 Analyze the QC check according to Section 10, and calculata
the recovery for each analyte. The recovery must be between
60% and 140% of the expected value.

9.3.3 If the recovery for any analyte falls cutside the designated
range, the analyte has failed the acceptance criteria. A
check standard containing each analyte that failed must be
re=-analyzed.

On 3 weekly basis, the laboratory must demonstrate the ability to
analyze low level samples.

9.4.1 Prepare 2 low lavel check sample by spiking 10 ul of QC
cneck sample concentrate to 5 mL of reagent water and
analyze according to the method in Sect. 10.

9.4.2 For each analyte, the recovery must be between 60% and 140%
of the axpected value.

9.4.3 When one or more analytes fail the test, the analyst must
repeat the test only for those analytas which failed to meet
the criteria. Repeated failure, however, will confirm a
general problem with the measurement system. If this
occurs, iocate and correct the scurce of the problem and
;epeit the tast for all compounds of interest beginning with
‘4. L

It {s recommended that the laboratory adopt additfonal quality
assyrance practices for use with this method. The specific
practicas that are most productive depend upon the needs of the
laboratory and the nature of the sampies. Field duplicates may be
analyzed to assess the precision of the environmental measurements.
Whenever possible, the laboratory should analyze standard reference
materials and participate in relevant performanca evaluation
studies.



10. PROCEDURE

10.1 INITIAL CONDITIONS

10.2

10.3

10.1.1 Recommended chromatographic conditions are summarized in
Section 5.3.2. tstimated retention times and MDL that can
be achieved under these conditions are given in Table 1.
Other packed columns may be used if the requirements of
Section 9.2 are met.

10.1.2 Calibrate the system daily as described in Section 8.1.4.

10.1.3 Adjust the purge gas (nitrogen or helium) flow rate to 40
mL/min. Attach the trap inlet to the purging device and
open the syringe valve on the purging device.

SAMPLE INTROOUCTION AND PURGING

10.2.1 Remove the plungers from two 5-m.L syringes and attach a
closed syringe valve to each. Warm the sample to room
temperature, open the sample (or standard) bottle, and
carefully pour the sample into one of the syringe barrels to
Just short of overflowing. Replace the syringe plunger,
invert the syringe, and compress the sample. Open the
syringe valve and vent any residual air while adjusting the
sample volume to 5.0 mL. If applicable, add the internal
calibration standard to the sample through the syringe
valve. Close the valve. F1i11 the second syringe in an
identical manner from the same sample bottle. Reserve this
second syringe for a reanalysis if necessary.

10.2.2 Attach the sample syringe valve to the syringe valve on the
purging device. Be sure that the trap is cooler than 25°C,
then open the sample syringe valve and inject the sample
into the purging chamber. Close both valves and initiate
purging. Purge the sample for 11.0 & 0.1 min at ambient
temperature (Figure 3).

SAMPLE DESORPTION - After the ll-min purge, attach the trap to the
chromatograph, adjust the purge and trap system to the desord mode
(Figure 4) and initiate the temperature program sequence of the gas
chromatograph. Introduce the trapped materials to the GC column by
rapidly heating the trap to 180°C while backflushing the trap with
an inert gas between 20 and 60 miL/min for 4.0 & 0.1 min.

If rapid heating cannot be achieved, the GC column must be used as
a secondary trap by cooling it to 30°C (subambient temperature if
poor peak geometry and random retention problems persist) instead
of the initial operat1ng temperature for analysis. While the
extracted sample is being introduced into the gas chromatagraph,
empty the purging device using the sample syringe and wash the
chamber with two S5-mL flushes of reagent water. After the purging
device has been emptied, leave the syringe valve open to allow the
purge gas to vent through the sample introduction needle.



10.4 TRAP RECONDITIONING - Aftar desorbing the sample fer four min,
recondition the trap by returning the purge and trap system to the
purge mode. Waft 15 s, then close the syringe valve on the purgiag
device to begin gas flow through the trap. Maintain the trap
tamperature at 180 C. After approximately seven min, turn off the
trap heater and open the syringe valve to stop the gas #low through
the trap. hen the trap is cool, the next sample can be analyzed.

11. CALCULATIONS

11.1 Identify each organohalide in the sample chromatogram by comparing
the retention time of the suspect peak to retention times generatad
?g the ga;1g;ation standards and the laboratory control standard
ect‘ - - -

11.2 Determine the concentration of the unknowns by using the

calibration curve or by comparing the peak height or area of the
unknowns to the peak height or area of the standards as follows.

Concentration of Peak height sample Concentration of
unknown (ug/L) = Peak heignt Stangaru X standard (ug/L)
11.3 Report the results for the unknown samples in ug/L. Round off the
results to the nearest 0.1 ug/L or two significant figures.
12. ACCURACY AND PRECISION

12.1 Single laboratory (EMSL-Cincinnati) accuracy and precision for the
organchalides spiked in Ohio River water and carbon-filtered tap
water are presented in Table 2.(1)

12.2 This method was tested by 20 laboratories using drinking water
spiked with various organohalides at six concentrations between 8
and 505 ug/L. Single operator precisfon, overall precision, and
method accuracy were found to be directly related to the
concentration of the analyte. Linear equations to describe these
relationships are presentad in Table 3.(8)
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Table 1. RETENTION TIMES AND METHOD OETECTION LIMITS
(MOL) FOR ORGANGCHALIDES

Retention Time (sec) MOL
Analyte Column | Column 2 (ug/L)
Chlorcmethane S0 317 0.01
8romomethane 130 423 0.03
0ichlorodifluoromethane 157 (a) (a)
Vinyl chloride 160 317 0.006
Chlorocethane 200 521 0.008
Methylene chloride 315 607 (a)
Trichlorofluorcmethane 431 (a) (a)
1,1-0ichloroethene 476 463 0.003
8romochloromethane 509 760 (a)
1,1-0ichlorocethane 558 754 0.002
trans-1,2-0ichloroethene 605 563 0.002
cis=1,2-0ichlorcethene 605 726 0.002
Chloroform 641 725 0.002
1,2-Dichlorcethane 684 921 0.002
0ibromomethane 698 895 (a)
1,1,1-Trichlorcethane 756 786 0.003
Carbon tetrachloride 781 664 0.003
Bromodichloromethane 819 877 0.002
Dichloroacetonitrile(b) 884 (a) 0.04
1,2-Dichloropropane 895 997 (a)
1,1-Dichloropropene 904 (a) (a)
Trichloroethene 948 787 0.001
1,3-0ichloropropane 973 (a) (a)
Dibromochloromethane 989 997 (a)
1,1,2-Trichloroethane 991 1084 0.007
1,2-Dibromoethane 1046 1131 Q.03
2-Chloroethylethyl ether(b) 1056 (a) 0.02
2-Chloroethylvinyl ether(b) 1080 (a) 0.02
Bromoform 1154 1150 0.02
1,1,1,2-Tetrachioroethane 1163 1302 (a)
1,2,3-Trichloropropane 1279 (a) (a)
Chlorocyclohexane(b) 1283 (a) (a)
1,1,2,2-Tetrachloroethane 1297 (a) 0.01
Tetrachloroethene 1300 898 0.001
Pentachloroethane(6) 1300 (a) (a)
1-Chlorocyclohexene(b) 1345 1186 (a)
Chlorobenzene 1451 1130 0.001
1,2-0ibromo-3-chloropropane 1560 (a) 0.03
Bromobenzene 1626 (a) (a)
2-Chlorotoluene 1927 1320 (a)
bis-2-Chloroisopropyl ether 1931 (a) (a)
1,3-0ichlorobenzene 2042 1346 (a)
1,2-0ichlorobenzene 2094 1411 (a)
1,4-0ichlorobenzene 2127 1340 (a)

(a) = Not determined.

(b) = Compound not a method analyte.

(c) = Pentachlorcethane apparently decomposes to tetrachlorcethene in the
analytical system.



Table 1. (CONTINUED)

Column 1 Conditions: Carbopack 8(860/80 mesh) coated with 1% SP-1000 packed
in an 8 ft x 0.1 in ID stainless steel or glass column with helium carrier
gas at 40 mi/min flow rate. Column temperature held at 40°C for 3 min then
programmed at 8°C/min to 220 *C and held for 15 min.

Column 2 conditions: Porisil-C (100/120 mesh) coatad with chemically bonded
n-octane packed in a 6 ft x 0.1 in ID stainless steel or glass column with
helium carrier gas at 40 mL/min flow rate. Co1umn temperature held at 50°C
for 3 min then programmed at 6§ C/min to 170°C and held for 4 min.



Table 2. SINGLE LABORATORY ACCURACY AND PRECISION FOR ORGANCHALIDES
IN OHIO RIVER WATER ANDO ORINKING WATER

Relative
Spike Average Number Standard Standard
Level Recovery or Qeviation Qeviatior
Analvta (ua/L) % Samo las (aq/L) (%)
8romobenzene 0.40 93 20 0.047 12
8romochlorcmethane 0.40 90 19 0.038 9.5
Srcmodichloromethane 0.20 100 17 0.013 6.5
3romotarm 0.20 95 17 0.030 15.0
Carbon tetrachloride 0.20 90 17 0.014 7.0
Chlorobenzene 0.40 88 18 0.037 9.3
Chlorocyclohexane(a) 0.40 93 21 0.033 8.3
1-Chlorocyclohexene(a) 0.40 93 21 0.051 12.8
Chlorvoethane 0.40 93 20 0.071 18
2-Chloroethylethyl ether(a) 0.40 95 18 0.030 7.5
Chloromethane 0.40 93 16 0.034 8.5
2-Chlorotaluene 0.40 85 20 0.037 9.3
0ibromochloromethane 0.20 95 17 0.014 7.0
1,2-0ibromoethane 0.40 93 18 0.0s80 12.5
Ot{bromomethane 0.40 100 5 0.032 8.0
1,2-0ichlorobenzene 0.40 95 21 0.083 13
1,3-Dichlorobenzene 0.40 95 21 0.033 8.3
1,4-0ichlorobenzene 0.40 S0 20 0.051 13
Dfchlorodifluoromethane 0.40 103 12 0.081 20
1,1-0ichloroethane 0.20 95 17 0.012 6.0
1,2-0ichloroethane 0.20 110 17 0.014 7.0
1,1-0ichlorcethene 0.40 88 18 0.027 9.3
1,2-0ichleroethene(b) 0.40 88 20 0.028 7.0
1,2-0ichloropropane 0.40 95 20 0.014 3.5
1,3-0ichloropropane 0.40 98 21 0.026 6.5
1,1-0ichloropropene 0.40 88 18 0.037 9.3
Methylene chloride 0.20 8s 17 0.024 12.0
1,1,1,2-Tetrachlorcethane 0.40 93 20 0.032 8.0
1,1,2,2-Tetrachlorcethane 0.40 95 18 0.036 9.0
Taetrachlorsethene 0.20 90 17 0.019 9.5
1,1,1-Trichloroethane 0.40 93 20 0.032 8.2
1,1,2-Trichlorocethane 0.40 95 15 0.024 6.0
Trichloroethene 0.20 94 17 0.012 §.0
Teichlorofluorcmethane 0.40 90 21 0.037 9.3
1.2,3=Trichloropropane 0.40 100 20 0.038 9.5
¥Yinyl Chloride 0.20 110 12 0.029 15

(3) = Compound not included in proposed monitoring requirement.
(3) = Includes cis- and trans- isomers.



Table 3.

|

SINGLE ANALYST PRECISION, OVERALL PRECISION,
AND ACCURACY FOR ORGANOHALIDES IN ORINKING WATER

Single Analyst

Analvte

Precision

Bromodichloromethane
8romoform

Carton Tetrachlaride
Chlorobenzane
Chlorvethane
Chloroform
Chloromethane
Dibromochlorcmethane
1,2-01chlorocbenzene
1,3=0ichlorobenzene
1,4=0ichlorobenzene
1,1-01chlorcethane
1,2-0ichlorcethane
1,1-Dichloroethene
trans-l,2-0ichlorcethene
1,2-0ichloropropane
Methylene Chloride
1,1,2,2-Tetrachlorcethane
Tetrachloroethene
1,1,1=-Trichlorcethane
1,1,2=-Trichlorocethane
Trichlorocethene
Trichloreflucromethane
Vinyl Chloride

0.13X + 1.41
0.10X + 0.20
0.10% + 1.57

0.07Y + 1.71
0.07% + 0.65
0.05Y + 5.58
0.28% + 0.27
0.10¥ + 1.53
0.12Y + 2.02
0.15X + 0.64
0.09Y + 0.39
0.09X + 0.47
0.06X + 1.69
0.12X + 0.13
0.16X + 0.29
0.191 - 0.61
0.08X + 1.04
0.09X - 1.42
0.17X + 0.96
0014r - 0.33
0.06X + 0.99
0.13Y + 0.23
0.22X + 0.03
0014! - 0017

Overall
Precision

0.18Y + 3.06
0.24X + 1.25
0.20¥ + 1.09

0.09X + 6.21
0.49% + 1.51
0.23X + 0.91
0.17% + 2.26
0.24Y + 1.48
0.15% + 0.39
0.18Y + 1.13
0.187 + 1.21
00311 - 0.71
0.24X + 0.95
0.27¥ - 0010
0.17X + 2.43
0.20% + 1.65
0.25% *+ 0.58
0027Y - 0076
0.19X + 0.69
00321' - 0057
0.30% + 0.64
0.32X + 0.07

Acsyracy
as Mean
Recavery(X)
1.00C + 0.96
1.02C - 1.21
1.00C - 2.20
1.00C - 1.39
1.08C - 1.97
0.80C + 3.44
0.91C - 0.99
0.98C + 2.89
0.91C + 1.12
0.91C - 0.13
0.91C + 0.28
0.93C - 2.04
1.03C - 0,41
1.03C - 1.16
0.98C - 1.02
0.98C + 1.19
0.97C - 1.50
0.92C - 0.32

0.96C + 0.35
0.92C + 0.02

0.84C + 0.83
0.92C - 0.10
0.92C + 1.21
1.06C - 1.86

—— m— ———
—— —

e ——

X = Mean recovery, in ug/L
C =

True value for the concentration, in ug/L



METHOO S03.1. VOLATILE AROMATIC AND UNSATURATED CRGANIC
COMPOUNDS [N WATER 3Y PURGE AND TRAP GAS CHAROMATOGRAPHY
(1981, £d. Rev. 1986)

1. SCCPE AND APPLICATION

1.1 This method is applicable for the determination of various volatile
arcmatic and unsaturated czmpounds in finished drinking watar, raw
sources watar, or drinking water in any treatment stage.(l) The
following compounds can be determined by this method:

Analyta CAS Nao.
Benzene 71-43=2
Bromobenzene 108-86-1
n-8utylbenzene 104-51-8
sec-3utylbenzene 135-98-8
tert-3utylbenzene 98=06-6
Chlorobenzeane 108-50-7
2=Chlorotoliuene 95-49-8
4=LChlorotoluene 106-43-4
1,2-0ichlorobenzane 95=50-1
1,3=0ichlorobenzene §541-73=1
1,4=Dichlorcbenzene 106-46-7
Ethylbenzene 100-41-4
Hexachlorobuytadiene 87-68-3
[sopreopylibenzene 98-82-8
4-[sopropyltoluene 9987 -6
Naphthalene 91-20-3
n-Propylbenzene 103-65-1
Styrene 100-42-5
Tetrachlorcethene 127-18-4
Toluene 108-88-3
1,2,3=-Trichlorcbenzane 87-61-8
1,2,4=Trichlorocbenzene 120-82-1
Trichlorvethene 79-01-6
1,2,4=Trimathylbenzene 958-63-3
1,3,5=-Trimethylbenzene 108-67-8
o=Xylene 95478
m=Xylene 108-38-3
p=Xylene 106=42-3

1.2 This methed is not applicable ta the determination of styrene in
chlorinated drinking waters. The rapid oxidation rate of this
cempound pravents the effective yse of a dechlorinating agent as a
prasarvation tachnique for {t.



2.

3.

1.3 Single Taboratory accuracy and precision data show that this

1.4

procedure is yseful for the detection and measurement of
multi-component mixtures spiked into finished water and raw ssurce:
water at concentrations between 0.05 and 0.5 ug/L. The method
detection limit (MOL) (2) for eacn analyte is presented in Table }
(1). Some laboratories may not be able to achieve these detection
Timits since resylts are deoendent upon instrument sensitivity and
matrix effects. Individual arcmatic compounds can be measured at
concantrations up to 1500 ug/L. Determination of complex mixtures
containing partially resolved compounds may be hampered by
concentration differences larger than a factor of 10.

This method is recommended for use only by analysts experiencad in
the measurement of purgeable organics at the low ug/L level or by
exp?r1enced technictans under the close supervision of a qualified
anaiyst.

SUMMARY OF METHOOD

2.1

2.2

Highly volatile organic compounds with low water solubility are
extracted (purged) from a S5-m. sample by bubbling an inert gas
through the aqueogus sample. Purged sample components are trapped
in a tube containing 2 suitable sorbent matarial. When purging is
complete, the sorbent tube is heated and backflushed with an i{nert
?as to desorb trapped sample components onto a gas chromatography
GC) column. The gas chromatograph is temperature programmed to
separata the method analytes which are then detected with a
photoicnization detector.

A second chromatographic column is described that can be used to
confirm GC identifications and measurements. Alternatively,
confimatory analyses may be performed by gas chromatography/mass
spectrometry (GC/MS) according to Method 524.1 or Method 524.2 if
sufficient material is present.

INTERFERENCES

3.1

Quring analysis, major contaminant soyrces are volatile materials
in the laboratory and impurities in the irert purging gas and in
the sorbent trap. The use of non-polytaetrafluorvethylene (PTFE)
plastic tubing, non-PTFE. thread sealants, or flow controllers with
rubber components in the purging device should be avaided since
such materials out-gas organic compounds which will be concentratad
in the trap during the purge operation. Analyses of laboratery
reagent blanks (Sect. 9.1.3) provide information about the presence
of contaminants. When potential interfering peaks are noted in
laboratory reagent blanks, the analyst should change the purge gas
source and regenerate the molecular sieve purge gas filter (Figure
1). Subtracting blank values from sample resuylts {s not permitted.
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Figure 1. Purging device



5.

3.2

3.3

4.1

4.2

[ntarfering contamination may occur when a sample contafning low
concentrations of volatile organic compounds is analyzed
immedtately after a sample containing relatively high
concentrations of volatile organic camoounds. A preventive
technique is between-sample rinsing of the purging apparatus and
sample syringes with two portions of reagent watar. After analysis
of a sample containing hign cancentrations of volatile arganic
compounds, one or more laboratgry reagent blanks should be analyzed
to check for cross contamination. For samples containing large
amounts of water soluble matarials, suspended solids, high boiling
compounds or high levels of campounds being cdatermined, it may be
necessary to wash out the purging device with a soap solution,
rinse it with distilled water, and then dry it in an oven at 105°C
between analyses.

Excass water will cause a negative baseline deflection in the.
chromatogram. The method provides for a dry purge period to
prevent this problem.

SAFETY

The toxicity or carcinegenicity of :-micals used in this method
has not been precisaly defined; each cnemical should be treated as
a potantial health hazard, and exposure to these chemicals should
be minimized. Each laboratory is responsible for maintaining
awareness of OSHA regulations regarding safe handling of chemicals
used in this method. Additicnal references to laboratory safety
are available (3-5) for the information of the analyst.

The following method analytes have been tentatively classified as
known or suspected human or mammalian carcinogens: benzene,
1,4=dichlorobenzene, hexachlorobutadiene, tatrachlorcethene, and
trichloroethene. Pure standard materials and stock standard
solutions of these compounds should be handled in a hoeod. A
NIQOSH/MESA approved toxic gas respirator should be worn when the
analyst handles high concentrations of these toxic compounds.

APPARATUS AND EQUIPMENT

5.1

5.2

SAMPLE CONTAINERS - 40-mi. to 120-m. screw cap vials (Pierce #13075
or equivalent) each equipped with a PTFE-facad silicone septum
(Pferce #12722 or equivalent). Prior to use, wash vials and septa
with detargent and rinse with tap and distilled water. Allow the
vials and septa to air dry at room temperature, place in a 105°C
oven for one hour, then remove and allow to cool in an area known
to be free of organics.

PURGE AND TRAP SYSTEM - The purge and trap system consists of thrae
saparate piecas of equipment: purging device, trap, and desorber.
Systams are commercially available from several sources that meet
all of the following specifications.



5.3

5.2.1

5.2‘2

$.2.3

5.2.4

The all glass purging device (Figure 1) must be designed to
accept S-ml samples with a water column at least 3 cn deen.
Gaseous volumes above the sampie must be kapt %9 2 ainimum
(< 1S m.) to eliminate dead volume effects. A glass fris
shouid be installed at the basa of the samole chamber so the
purge gas passas through the water column as finely divided
bubbles with a diametar of < 3 mm at the origin., Needle
spargers may be used, however, the purge gas must be
{n§rnduced at a point ¢ 5 mm from the base of the water
column.,

The trap (Figure 2) must be at least 25 c=m leng and have an
fnside diametar of at least 0.10S in. It is recommended
that 1.0 cn of methyl silicone coated packing be added at
the inlet end to prolong the 1ife of the trap. Add a suffi-
cient amount of 2,8-diphenylene oxide polymer to fi11 the
trap. Before initfal use, the trap should be conditioned
overnight at 180°C by backflushing with an inert gas flow of
at least 20 mt./min Vent the trap effluent to the rocm, not
to the analytical column. Prior to daily use, the trap
should be conditioned for 10 minutes at 180°C with back-
flushing. The trap may be ventad to the analytical column
during daily conditioning; however, the column muyst be run
through the temperature program prior to analysis of samples.

The desorber must be capable of rapidly heating the trap to
180°C. The trap should not be heated higher than 200°C or
the 1ife expectancy of the trap will decrease. Trap failure
is characterized by a pressure drop in excess of 3 pounds

per square inch across the trap during purging. The
desorber design illustratad in Figure 2 meets these criteria.

The purge and trap system may be assembled as a separate
unift or be coupled to a gas chromatograph as fllustrated in
Figures 3-5.

GAS CHROMATOGRAPHY SYSTEM

§.3.1

5.3.2

The GC must be capable of temperature programing and should
be equipped with variable-constant differantial flow
controllers so that the column flow rate will remain
constant throughout desorption and the tamperatyre program.

Two gas chromatograghy columns are reccmmended. Column 1 is
a highly efficient column that provides outstanding
separations for a wide variety of organic compounds. Column
1 should be used as the primary analytical column unless
routinely occurring analytes are not adequately resolved.
Colum 2 is recommended for use as a confirmatory column
when GC/MS confirmation 1s not available. Retention times
for the listad anmalytes on the two columns are presented in
Table 1.
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6.

5.4

5.5

5.3.3

5.4.1
5.4.2
§.4.3

S.4.4

MISCELLANEOUS

§.3.2.1 Columm 1 - 1.5 to 2.5 m x 0.085 in ID #304 stainless

5.3.2.2

steel or glass, packed with 5% SP-1200 and 1.75%
Bentane 34 on Supelcoport (80/100 mesh) or
equivalent. Tne flow rata of the helium carrier gas
must be established at 30 m./min. The column
temperature is held at 50°C far 2 min, then
programmed at 3°C/min to 110°C and held at 110°C
until ail compounds have eluted. When not in use,
maintain the column at 110°C. Congition new
SP-1200/8entone columns with carrier gas flow at
120°C for several days before connecting to the
detector. A sample chromatogram obtained with
Column 1 is presented in Figure 6.

Column 2 - 1.5 to 2.5 m long x 0.085 in ID # 304
stainless steel or glass, packed with 5%
1,2,3-tris{2-cyancethoxy) propane on Chromosord W
(60/80 mesh) or equivalent. The flow rate of the
helium carrier gas must be established at 30
m./min. The column temperature must be programmed
to hold at 40°C for 2 min, increase to l00°C at
2°C/min, and hold at 100°C until all expected
compounds have eluted. A sample chromatogram
obtained with Column 2 {s presented in Figure 7.

A high temperature photolonization detector esquipped with
a 10.2 eV lamp is required (HNU Systems, Inc., Model
P1-51-02 or equivalent).

SYRINGE AND SYRINGE VALVES

Two 5-m. glass hypodermic syringes with Luer-Lok tip.

Three 2-way syringe valves with Luer ends.

One 2S-uL micro syringe with a 2 in x 0.006 in 1D, 22° bevel
needle (Hamilton #702N or equivalent).

Micro syringes - 10, 100 ul.

£.5.1 Standard solution storage containers - 15-mL bottles with
PTFE=1{ned screw caps.

REAGENT ANO CONSUMABLE MATERIALS

§.1 TRAP PACKING MATERIALS

§.1.1 2,6=Diphenylene oxide polymer, 60/80 mesh, chromatographic
grade (Tenax GC or equivalent).



6.2

6.3

6.4

8.1.2

COLUMN
§.2.1

§.2.2

Methyl silicone packing - O0V=1 (3%) on Chromosorb-W, 60/80
mesh or equivalent. :

PACKING MATZRIALS

5% S$P-1200/1.73% 3entone 34 on 100/120 mesh Supelcoport or
equivalent.

5% 1,2,3-tris(2-cyancethoxy) propane on 60/80 mesh
Chromosorb W or eqguivalent.

REAGENTS

§.3.1
6.3.2

6.3.3

Methanol - demonstrated to be free of analytes.

Reagent water - Prepare reagent water by passing tap water
through a filter bed containing about 0.5 kg of activated
carbon, by using a water purificaticn system, or by boiling
distilled water for 15 min followed by a l-h purge with
inert gas while the water temperature is held at 90°C.
Store in clean, narrow-mouth bottles with PTFE-lined septa
and screw caps.

Hydrochloric acid (1*l) - Carefully add measured volume of
conc. HC1 to equal volume of reagent water.

STANDARD STOCK SOLUTIONS - These solutions may be purchasad as
certified solutions or prepared from pure standard materials using
the following procedures:

6.4.1

6.4.2

6.4.3

5.4.4

Place about 9.8 m. of methanol into a 10-mL ground-glass
stoppered volumetric flask. Allow the flask to stand,
unstoppered, for about 10 min or until all alcohol-wetted
surfaces have dried and weigh to the nearest 0.1 mg.

Using a 100-uL syringe, immediately add two or more drops of
reference standard to the flask. Be sure that the reference
standard falls directly into the alcshol without contacting
the neck of the flask.

Reweigh, dilute to volume, stopper, then mix by inverting
the flask several times. Calculate the concentration in
micrograms per microliter from the net gain in weight. When
compound purity is certified at 96X or greater, the weight
can be used without correction to calculate the
concentration of the stock standard.

Store stock standard solutions at 4°C in 15-mL bottles
equipped with PTFE-1ined screw caps. Methanol §olut10ns are
stable for at least four weeks when stored at 4 C.



6.5 SECONDARY DILUTICN STANDARDOS - Use standard stock solutions t3

prenare secandary dilution standard solutions that cantain the
analytas in methanol. The secondary dilution standards should he
prepared at concentrations that can ba easily diluted to presare
aqueous calibration solutions (Sect. 8.1) that will bracket the
working cencentration range. Store the secondary dilutfon standard
solutions with minimal headsoace and check frequently for signs of
detarforation or evapcration, especfally just before prasaring
calibration solutions frem them. Secondary dilution standard
solutions must be replaced aftar one month.

7. SAMPLE COLLECTION, PRESERVATION, AND STORAGE

7.1 SAMPLE COLLECTION

7.2

7.1.1 Collect all samples in duplicate. Fil1l sample bottles to
overflowing. No air bubbles shculd pass through the sample
as the bottle i{s filled, or be trapped in the sample when
the bottle {s sealéed.

7.1.2 When sampling from a water tap, open the tap and allew the
system to flush until the water temperature has stabilized
(usually about 10 min). Adjust the flow to about 500 mi/min
and collect duplicate samples from the flowing stream.

7.1.3 'hen sampiing from an open body of water, fi11 a l-quart
wide=mouyth bottle or l-l1iter beazker with sample from a
representative area, and carefully f111 dupliicate sample
bottles from the l-quart container.

SAMPLE PRESERVATION

7.2.1 Adjust the pH of the duplicate samples <2 by carefully
adding one drop of 1:1 HC1 for each 20 mL of sample volume.
Seal the sample bottles, PFTE-face down, and shake
vigorously for one minute.

7.2.2 The samples must be chilled ta 4°C on the day of callection
and maintained at that temperature until analysis. Fiald
samples that will not be recaived at the laboratory on the
day of collection must be packaged for shipment with
sufficient ica to ensure that they will be ¢ 4°C on arrival
at the labagratory.



8.

7.3 SAMPLI STQRAGE

7.3.1 Store samiles at 4°C until analysis. The sample starage

7.3.2

area must be free of agrganic solvent vapors.

Analyze all samples within 14 days of callection. Sampies
not analyzed within this period must be discarced and
replaced.

CALI3RATION AND STANDARDIZATION

8.1 CALISRATION

a.1.1

8.1.2

8.1.3

8.1.4

A sat of at Teast five calibration standards containing the
methad analytes i{s needed. More than one set of calibration
standards may be required. One calibration standard should
contain each analyte at a concentration approaching but
greater than the methad detection limit (Tanle 1) for that
compound; the other standards should contain analytes at
concentrations that define the range of the method,

To prepare a calibration standard, add an appropriate volume
of a secondary dilution standard solution to an aliquet of
reagent water in a volumetric container. Use a microsyringe
and rapidly inject the alcoholic standard into the watear.
Remcve the needle as quickly as possible after injection.
Aqueous standards are not stable and should be discarded
after cne hour unless preserved, sealed and stored as
descrited in Sect. 7.2.2.

Starting with the standard of lowest concentration, analyze
each calibration standard according to Sect. 10 and tabulate
peak height or area response varsus the cancentration in the
standard. The results can be used to prepare a calibration
curve for each compound. Altarnmatively, if the ratic of
respanse to concentration (calibration factor) {s a constant
over the working range (<10% relative standard deviation),
linearity through the origin can be assumed and the average
ratio or calibration factor can be used in place of a
calibration curve.

The warking calidbration curve or calibration factor must Je
verified on each working day by the measurement of one or
more calibration standards. [f the responsa far any analyte
varies from the predicted respanse by more than #20%, the
test must be repeated using a fresh calibraticon standard.

If the results still do not agree, generate a new
calibration curve or use a single point calibration standard
as described in Sect. 8.1.5.



8.1.5 Single point calibration is a viable altarnative tg 3
calibration curve. Prepare single point standards frem :the
secondary dilution standards in methanol. The single goint
standards shouid be prepared at a concantration that
produces a respconse close (#20%) to that of the unknowns.
0o not use less than 20 yl of the sacandary diluticn
standard to produca a single point calibration standard in
reagent watar.

8.1.6 As a secand altaernative to a calibration curve, internal
standard calibration techniques may be used. a,a,3~Tri-
fluoraotoluene is recommended as an intarnal standard for
this methed. The intarnal standard 1s added to the sample
Just before purging. Check the validity of the intarnal
standard calibration factors dafly by analyzing a
calibration standard.

8.2 INSTRUMENT PERFORMANCE - Check the performance of the entire
analytical systam daily using data gathered frem analyses of
reagent blanks, standards, duplicate samples, and the quality
control check standard (Sect. 9.3).

8.2.1 All of the peaks contained in the standard chrcmatograms
must be sharp and symmetrical. Peak tailing significantly
in excess of that shown in the method chromatograms (Figures
6§ and 7) must be corrected. [f only the compounds eluting
before ethylbenzene give random responses or unusually wide
peak widths, are poorly resolved, or are missing, the
prodlem is usually tracaable to the trap/desorber. [f
negative peaks appear early in the chromatogram, increase
the dry purge time to S min.

8.2.2 Check the precision between laboratory replicates. A
properly operating system should perform with an average
relative standard deviation of less than 10%. Poor
precision is generally traceable to pneumatic leaks,
especially around the sample purger or to an imorcperly
adjusted lamp intensity power. Monitor the retention times
for each method analyts using data generated from
calibration standards and the laboratory control standard.
[f individual retenticn times vary by more than 10% over an
8=h periocd or do not fall within 10% of an established norm,
the source of retention data vartance must be carrected
before accestable data can be generated.

9. QUALITY CONTROL

9.1 Each laboratsry that usas this method is required to operate a
formal qualizy contral program. The minimum requirements of this
program consist of an init{al demonstration of laboratery cap-
ability and an ongoing analysis of spiked samples to evaluate and
document data quality. The laboratory must maintain records 02



9.2

document the quality of data that 1s generatad. Ongoing data
quality checks are compared with established performanca critaria
ta determine 1f the results of analyses meet the perfgormance
characteristics of the method. A quality control check standard
must be analyzed to confirm that the measurements were performed 1n
an in-control mode of operation.

9.1.1 The anaiyst must make an initial, one-time, demonstraticn gf
the apility to generate acceotable accuracy and precision
with this method. This api1lity is established as described
1n Section 9.2.

3.1.2 In recognition of advances that are occurring in chraomate-
grapny, the analyst is permitted certain options (detailed
in Section 10.1.1) to improve the separations or lcwer :ne
cost of measurements. Each time such a modification is made
to the method, the analyst is required to repeat the
procadure in Section 9.2.

9.1.3 Each day, the analyst must analyze a reagent water blank to
demonstrate that interferences from the analytical system
are under contrel.

9.1.4 The laboratory must, on an ongoing basis, demonstrate
through the analyses of quality control check standards that
the operation of the measurement system is in control. This
procedure {s described in Section 9.3. The frequency of the
check standard analyses is equivalent to 10% of all samples
analyzed but may be reduced {f spike recoveries from samples
meet all specified quality control criteria.

9.1.5 On a weekly basis, the laboratory must demonstrate the
ability to analyze low level samples. A procedure for low
level check samples is described in Section 9.4.

9.1.6 The laboratory must maintain performance records to document
the quality of data that is generated. This procedure is
described in Section 9.5.

To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

9.2.1 A quality control (QC) check sample concentrate is required
containing each regulated analyte, and any additional
analyte which is to be reported, at a concentration of 100
times the MCL or 1 ug/mt, whichever is smaller, in
methanol. The QC check sample must be prepared by the
laboratory using stock standards prepared independently from
those used for calibration.

9.2.2 Analyze seven S5-mL QC check samples at 1/5 MCL or 2 ug/L
according to the method beginning in Sect. 10. Each sample



9.3

5.4

9.2.3

9.2.4

9‘2.5

is producad by injecting 10 ul of QC check sampla
concentrate into 5 mL of reagent water in a glass syringe
through the syringe valve.

Calculate the average recovery (1) in ug/L, and the standar<
deviation of the recovery (s) in ug/L for eich analyte using
the seven rasults. Calculate the MDL for each analyta as
specified in Ref. 2. The calculated MOL must ce less %han
the spike lavel,

For each analyte, (Y) must be between 90% and 110% of the
true value. Additionally, s must 2e < 35% of X. I[f s and X
for all analytes meet the criteria, the system performance
1s acceptable and analysis of actual samples can begin. I[f
any s exceeds the precision limit or any X falls outside the
range for accuracy, the system performance {s unacceptable
for that analyte.

NOTE: The large number of analytes present a substantial
probability that one or more will fafl at least one of the
acceptance critaria when all analytas are analyzed.

When one or more of the analytes tested fail at least one of
the acceptance criteria, the analyst must proceed according
to Section 9.2.2 only for the analytes which failed the tast.

The laboratory must demonstrate on a reqular basis that the
measyrement system is in control by analyzing a quality control
sample for all analytes of {nterest at the MCL or 10 ug/L,
whichever is smaller.

9.3.1

9.3.2

9.3.3

Prepare a QC check standard by adding 50 ul of QC check
sample concentrate to 5 m. of regent water in a glass

syringe.

Analyze the QC check according to Section 10, and calculate
the recovery for each analyte. The recovery must be between
60% and 140% of the expected value.

I[f the recavery for any analyte falls cutside the designated
range, the analyte has fafled the acceptance critaria. A
check standard containing each analyte that failed myst de
re-analyzed.

On a weekly basis, the laboratory must demenstrate the ability to
analyze low level samples.

9.4.1

Prepare a low level check sample by spiking 10 ul of QC
check sampole concantrate to S mh of reagent watar and
analyze according to the method in Sect. 10.



9.4.2

9.4.3

For each analyte, the recovery must be between 60% and 140%
of the expectad value.

When one or more analytes fail the test, the analyst must
reneat the test only for thosa analytas which failed $o meet
the critearia. Repeated failure, however, will confirm a
generil prsblem with the measyrement systam. If this
ocgcurs, locate and correct the source of the problem and
repeit the tast for all compounds of intarest beginning witn
9.4.1.

9.5 It is recommended that the laboratory adopt additional quality
assurance practices for use with this methed. The specific
practicas that are most productive desend upon the needs of the
Taboratory and the nature of the samples. Field duplicates may be
analyzed to assess the precision of the environmental measurements.
Whenever possible, the laboratory should analyze standard reference
materials and participate in relavant performance evaluation
studies.

. PROCEDURE

10.1 INITTAL CONDITIONS

10.1.1

10.1.2
10.1.3

10.2 SAMPLE
10.2.1

Recommended chromatographic conditions are summarized in
Sect. 5.3.2. Estimated retention times and MOL that can be
achieved under these conditions are given in Table 1. Other
packed columns may be used if the requirements of Sect. 9.2
are met,

Calibrate the system daily as described in Sect. 8.1.4.

Adjust the purge gas (nitrogen or helium) flow rate to 40
m./min., Attach the trap inlet to the purging device and
open the syringe valve on the purging device.

INTROOUCTION AND PURGING

Remove the plungers from two S5-m. syringes and attach a
closed syringe valve to each., Warm the sample to room
temperature, open the sample (or standard) bottle, and
carefully pour the sample into one of the syringe barrels to
Just short of overflowing. Replace the syringe plunger,
fnvert the syringe, and compress the sample. Open the
syringe valve and vent any residual air while adjusting the
sample volume to 5.0 mL. [f applicable, add the internal
calibration standard to the sample through the syringe
valve, Close the valve. Fill the second syringe in an
identical manner from the same sample bottle. Reserve this
second syringe for a reanalysis {f necessary.



10.2.2 Atzach the samole syringe valve to the syringe valve on the
purging device. QOpen the sample syringe valve and inject
the sample into the purging chamber. Close both valves and
initiate purging. Purge the sample for 12.0 = 0.l min at
ambient temperature (Figure 3).

10.3 TRAP ORY AND SAMPLZ QESQRPTIQN - After the l2-min purge, adjust :the
purge and trap systam to the dry purge pasition (Figure 4) for four
min. Empty the purging device using the sample syringe and wash
the chamber with two S—ml flushes of reagent watar., After :he
4-min dry purge, attach the trap to the chromatcgraph, adjust the
purge and trap system g the desorbd made (Figure 35) and initiata
the tamperature program sequence of the gas chromatagraph.
Introduce the trapped materials to the GC column by rapidly heating
the trap to L8Q C while backflushing the trap with an inert qas
between 20 and 60 mi/min for 4.0 & 0.1 min. The transfer is
complete after approximately four min and the column is then
rapidly heated to the initial operating temperature for analysis.

10.4 TRAP RECONDITIONING - Aftar desorbing the sample for four min,
recondition the trap by returning the purge and trap system to the
purge mode, Wait 15 s, then closa the syringe valve on the purging
davice to begin gas flow through the trap. Maintain the trap
temperature at 180°C. After approximately seven min, turn off the
trap heatar and open the syringe valve to stop the gas flow through
the trap. When the trap is cocl, the next sample can be analyzed.

11. CALCULATIONS

11.1 Identify each anaiyte in the sampie chromatogram by comparing the
retention tims of the suspect peak to retention times generated by
the calibration standards and the laboratory quality control check
standard (Sect. 9.3).

11.2 Deternine the concentration of the unknowns by using the

calibration curve or by comparing the peak height or area of the
unknowns to the peak height or area of the standards as follows.

Concentration of Peak hefght sample Concentration of
unknown (ug/L) = Peak neignt sctandard X standard (ug/L)}
11.3 Report the resylts for the unknown samples in ug/L. Round off the
resylts to the nearest Q.1 ug/L or two significant figures.

12. ACCURACY AND PRECISION

12.1 Single laboratory (EMSL-Cincinnati) accuracy and precision for most
of the analytes spiked in Ohio River water and cnlorinated drinking

water are presented in Table 2.(6)

12.2 This methed was tasted by 20 laborataries using drinking water
spiked with various method analytas at six conceatrations betaween



13.

12.3

2.2 and 600 ug/L. Single operatar precision, overall pracision,
and method accuracy were found to be directly related to the
concentration of tne analyte. Linear equations ts descride these-
relationships are presented in Table 3 (7).

Myitilaboratsry studies have been conducted by %he Quality
Assuyrance Branch of IMSL-Cincinnati to evaluate the performance of
various laboratories. Accuracy and precision data applicable to
this method for several purgeable arsmatics in reagent water are
presented in Table 4 (3).
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Table 1. RETINTION TIMES AND METHCD QETZCTION LIMITS (MDL)
FOR METHOO ANALYTES

Rentantion Time (sec)

MOL
Analyte Column 1 Column 2 uq/l
8enzene 189 165 0.Q2
Trichlorcethene 231 142 0.01
a,3,a=Trifluorotoluene(a) 296 168 0.02
Toluene 384 255 0.02
Tetrachlorcethene 406 168 0.01
Ethylbenzene 606 375 0.002
1-Chlarocyclchexene (b) 637 345 0.008
p=Xylene 653 403 0.002
Chlorobenzene 689 481 0.004
m=-Xylene 689 403 0.004
o-Xylene 738 518 0.004
[sopropylbenzene 768 455 0.00S
Styrene 834 690 0.008
1,4=-8romofluorcbenzene(b) 852 740 -
n-Propylbenzene 879 518 0.009
tert-8utylbenzene 975 S9S 0.006
2-Chlorotoluene 985 681 0.008
4&-Chlorotoluene 990 -— -—
8romobenzane 999 807 0.002
sec-8utylbenzene 1027 595 0.02
1,3,5=-Trimethylbenzene 1043 612 0.003
4-Tsopropyltoluene 1090 681 0.009
1,2,4=Trimethylbenzene 1090 750 0.006
1,4=01ichlorobenzene 1152 975 0.006
1,3=-01ichlorobenzene 1211 S0l 0.006
n-8utylbenzene 1211 765 0.02
Cyclopropylbenzene (b) 1211 -— -
2,3=8enzofuran (b) 1320 1460 0.03
1,2-01chlorobenzene 1425 1161 0.02
Hexachlorobutadiene 1630 1011 0.02
1,2,4=Trichlorobenzene 1928 153§ 0.03
Napnthalene 2545 2298 Q.04
1,2,3=-Trichlorobenzene 2831 1820 Q.03

——— ——
m—— ——

(a) = Racommended intarnal standard (Sect. 8.1.5).
(b) = Not a methed analyte.




Table 1. (CONTINUED)

Calumn 1 conditions: Supelcoport (100/120 mesh) coated with 5%
SP=1200/1.75% B8entone 34 packed in a 6 t x 0.085 in [D stainless stae] or
glass column with helium carrier at 30 m./min flowrate. Column temperatyre
is held at 30°C for 2 min then programmed at 3°C/min ¢o 110°C for a final

hold.

Column 2 conditions: Chromosord W(60/80 mesh) coatad with 5%
1,2,3=-tris(2-cyanocethoxy)propane packed in a § f£ x 0.085 in ID stainless
steel or glass column with helium carrier gas at 30 mi/min f1ow ratae.
Column temperature held at 40°C faor 2 min then programmed at 2°C/min to
100°C for a final hold.



Table 2. SINGLS LABORATORY ACCLRACY AND PRECISION 7OR

AROMATIC AND UNSATURATZO ANALYTES IN CHLORINATE)

ODRINKING WATZR AND RAW SCURCZI WATER

Spike Average  Relative
Matrix Level Samples Recovery tandard
Analvte Tvwoe (a) ug/L Analyzed (2)  Qleviation (%)
Benzene A8 0.40 13 100 2.8
8romobenzene A,8 0.50 19 93 6.2
n=-3ytylhbenzaene A 0.40 7 78 15.7
sec-3utylbenzene A 0.40 7 80 11.8
tert-8utylbenzene A 0.40 7 88 8.7
Chlerobenzene A,B g.50 19 96 5.8
1-Chlorocyclohexene (b) A,B 0.50 19 89 7.1
4-Chlorotoluene A,B 0.50 17 9l 5.0
1,2=-0ichlorcbenzene A,B 0.50 18 92 7.1
1,3=0ichlorobenzene A8 0.50 19 91 8.5
1,4=-01chlorcbenzene A8 0.50 19 95 6.4
Ethylbenzene A 0.40 7 93 8.5
Hexachlorobutadiene A 0.50 10 74 16.8
Isopropylbenzene A 0.40 7 88 8.7
Naphthalene A,B 0.50 16 92 14.8
n-Propylbenzene A 0.40 7 83 9.3
Tetrachloroethene A,B 0.50 19 97 7.8
Toluene A,B 0.40 13 94 6.5
1,2,3=Trichlorcbenzene A,8 0.50 18 8S 10.4
1,2,4&Trichlcrobenzene A,B 0.50 18 86 10.1
Trichloroethene A8 0.50 19 87 6.8
a,s,a=Trifluorctoluene(c) A,8 0.50 18 88 9.7
1,2,4=Trimethylbenzene A 0.40 7 75 8.7
1,3,5-Trimethylbenzene A 0.50 10 92 8.7
m=Xylene A 0.40 7 80 7.7
o-Xylene A 0.40 7 90 7.2
p=Xylene A 0.40 7 8s 8.7

(a) = Matrix A is drinking water,
(b) = Not & methed analyta.
(¢) = Recommended intarnal standard (Sect. 8.1.5).

Matrix 8 {s raw sourca watar,



Table 3.

SINGLE ANALYST PRECISION, OVERALL PRECISION,

AND ACCURACY FOR PURGEZABLEI AROMATICS IN DRINKING WATSR

N

Single Analyst Qverall Accuracy as
Precision Precision Mean Recovery(X)

Agalvte (wa/L) (sa/L) (4a/t)
Benzene 0.11X - 0.06 0.22¥ + 1.11 0.97C + 0.85
Chlorcbenzene 0.10Y + 0.12 0.16Y + 0.36 0.94C + Q.12
1,2-Dichlorobenzene 0.107 + 0.42 0.18Y + 0.2% 0.91C + 0.44
1,3-0ichlorobenzene 0.08X + 0.33 0.15X + 0.33 0.93C + 0.2
1,4-0ichlorobenzene 0.09Y + 0.39 0.15Y + 0.39 0.91C + 0.26
Ethylbenzene 0.10Y + 0.18 0.20X + 0.68 0.97C + 0.41
Toluene 0.10Y + 0.18 0.21X + 0.16 0.94C + 0.17

—

X = mean recoveryTuglL)j
C = true value for the concentration (ug/L)




Table 4, ACCURACY AND PRECISION DATA FCR PURGZABLE ARCMATICS
FROM WULTILABORATGRY PERFGRMANCI ZVALUATIGN STUDIES

—
S ——

H

Average
Measured Ralative
Soike Concen=- Standard Averica
Level Number of tractions Deviatien Recavery
Analyte (ug/L) Laboratories (ug/L) (%) (%)
Benzane %4.1 9 9l.9 18.5 98
47.0 10 47.0 11.8 100
18.8 8 18.7 16.4 ica
8.10 11 6.22 40.8 €8
Chlorobenzene 41.4 5 39.8 §.20 96
27.5 7 27.1 12.1 98
13.8 5 14.3 6.73 104
5.52 8 5.65 25.3 102
1,2-0ichlaoraobenzene 96.9 s 72.9 31.6 75
19.4 4 16.5 18.8 8s
1,4-Dichliorcbenzene 68.6 5 62.5 22.8 9l
13.7 5 14.6 29.1 107
1,2,4=Trichlorobenzene 80.8 8 77 .8 14.3 96
6.7 5 8.46 30.7 126
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2.

METHOO 304. 1,2-0IBRCMOETHANE (EDB) AND
1,2-DI3ROMO-3-CHLORCPROPANE (DBCP) IN WATER
8Y MICROEXTRACTION AND GAS CHROMATOGRAPHY
(1985, Ed. Rev. 198§)

SCOPE AND APPLICATION

ldl

1.2

1.3

This method (1,2,3) is applicable to the determination of the
following compounds in finished drinking water and unfinished
groundwatear:

Analyte CAS No.
1,2-Dibromoethane 106-93-4
1,2-Dibromo-3-Chioropropane 96-12-8

For compounds other than the above mentioned analytes, or for other
sample sources, the analyst must demonstrate the usefulness of the
method by collecting precision and accuracy data on actual samples
(4) and provide qualitative confirmation of results by Gas
Chromatography/Mass Spectrometry (GC/MS) (S).

The experimentally determined method detection limits (MOL) (6) for
EDB and DBCP were calculated to be 0.01 ug/L. The methed has been
shown to be useful for these analytes over a concentration range
from approximately 0.03 to 200 ug/L. Actual detection limits are
highly dependent upcn the characteristics of the gas chromato-
graphic system used.

SUMMARY QF METHOO

2.1 Thirty-five mL of sample are extractad with 2 mL of hexane. Two ul

2.2

2.3

of the extract are then injected into a gas chromatograph equipped
with a 1inearized electron capture detector for separation and
analysis. Aqueous calfibration standards are extracted and analyzed
in an identical manner as the samples in order to compensate for
possible extraction losses.

The extractfon and analysis time is 30 to 50 minutes per sample
depending upon the analytical conditions chosen. (See Table 1 and
Figure 1.)

Confirmatory evidence can be obtained using a dissimilar column
(see Table 1). When component concentrations are sufficiently high
(> 50 ug/L), Method 524.1 (7) may be employed for improved speci-
ficity.

INTERFERENCES

3.1

Impurities contained in the extracting solvent usually account for
the majority of the analytical problems. Solvent blanks should be



3.2

3.3

3.4

analyzed on each new bottle of solvent before use. Indirect daily
cnecks on the extracting sslvent are ob%ained by monitsring the
sample blanks (7.1.1). Whenever an interferencz is noted in “he -
sample blank, the analyst should reanalyze the extracting solvent.
Low Tevel interferences generally can be removed by distillation or
column cnromatagraohy (3); however, it is generally more econemical
to obtain a new source solvent. Intarference~free solvent is
defined as a solvent containing less than 0.1 ug/L individual
analyte intarference. Protect interference-free solvents by
storing in an area known to be free of organochlorine solvents.

Several instances of accidental sample contamination have been
attributed to diffusion of volatile organics through the sentum
seal into the sample bottle during shipment and storage. The
sample blank (7.1.1) is used to monitor for this problem.

This 1iquid/1iquid extraction technique efficiently extracts a wide
boiling range of non-polar organic compounds and, in addition,
extracts polar organic components of the sample with varying
efficiencies.

EDB at low concentrations may be masked by very high levels of
dibromochloromethane (DBCM), a common chlorinated drinking water
contaminant, when using the confirmation column (Sect. 5.8.2.2).

SAFETY

4.1

4.2

The toxicity and carcinogenicity of chemicals used in this method
has not been precisely defined; each chemical should be treated as
a potential health hazard, and exposure to these chemicals should
be minimized. Each laboratory is responsible for maintaining
awareness of OSHA regulations regarding safe handling of chemicals
used in this method. Additional references to laboratory safaty
are available (8-10) for the information of the analyst.

EDB and OBCP have been tentatively classified as known or suspected
human or mammalian carcinogens. Pure standard materials and stock
standard solutions of these compounds should be handled in a hood
or glovebox. A NIOSH/MESA approved toxic gas respirator should be
worn when the analyst handles high concentrations of these toxic
compounds. .

APPARATUS AND EQUIPMENT

5.1

SAMPLE CONTAINERS - 40-ml screw cap vials (Pierce #13075 or
equivalent) each equipped with a PTFE-faced silicone septum (Pierca
#12722 or equivalent). Prior to use, wash vials and septa with
detergent and rinse with tap and distilled water. Allow the vials
and septa to air dry at room temperature, place in a 108 C oven for
one hour, then remove and allow to cool in an area known to be free
of organics.



5.2 VIALS, auto sampler, screw cap with PTrE-faced septa, 1.8 miL,
Varian #96-000099-00 or equivalent.

§.3 MICRO SYRINGES - 10 and 100 ul.

5.4 MICRO SYRINGE - 25 ul with a 2-inch by 0.006-inch needle - Hamilton
702N or equivalent.

5.5 PIpPeTieS - 2.0 and 5.0 mL transfer,

5.6 VOLUMETRIC FLASKS - 10 and 100 mL, glass stoppered

5.7 STANDARD SOLUTION STORAGE CONTAINERS - 15-ml bottles with
PTFE-lined screw caps.

5.8 GAS CHROMATOGRAPHY SYSTEM

§.8.1

5.8.2

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

Two gas chromatography columns are recommended. Column A is
a highly efficient column that provides separations for EDB
and DBCP without interferences from trihalomethanes (Sect.
3.4). Column A should be used as the primary analytical
column unless routinely occurring analytes are not adequately
resolved. Column B {s recommended for use as a confirmatory
column when GC/MS confirmation is not available. Retention
%im$s ;or EDB and DBCP? on these columns are presented in

abie l.

5.8.2.1 Column A - 0.32 mm ID x 30M long fused silica
capillary with dimethyl silicone mixed phase
(Durawax-0X3, 0.25 um film, or equivalent). The
1inear velocity of the helium carrier gas is
established at 25 cm/sec; The column temperature is
programmed to hold at 40 C for 4 min, to increase to
190°C at 8°C/min, and hold at 190°C for 25 min or
until all expected compounds have eluted. Injector
temperature: 200°C. Detector temperature: 290 C.
(See Figure 1 for a sample chromatogram and Table 1
for retention data).

£.8.2.2 Column 8 (confirmation column) - 0.32mm ID x 30M
long fused silica capillary with methyl polysiioxane
phase (DB-1, 0.25 um film, or equivalent). The
linear velocity of the helium carrier gas is
established at 25 cm/sec, The column temperature is
programmed to hold at 40 C for 4 min, to increase to
270°C at 10°C/minute, and hold at 270°C for 10 min
or until all expected compgunds have eluted.
Injector temperature: 200 C. Detector temoera-
ture: 290°C. (See Table 1 for retention data).



6.

REAGENTS AND CONSUMABLE MATIXRIALS

6.1 REAGENTS

6.3

6.4

6.1.1 Hexane extraction solvent - UV Grade, 3urdick and Jackson
#2186 or equivalent.

6.1.2 Methyl alecchol - ACS Reagent Grade, demonstratad to hbe fres
of analytes.

6.1.3 Sodium chloride, NaCl - ACS Reagent Srade - For pretreatment
befaore use, pulverize a batch of NaCl and place in a muffle
furnace at room temperature. Increase the temperature to
400°C for 30 minutes. Place in a bottle and cap.

STANDARD MATERIALS

6.2.1 1,2-Dibromoethane - 99%, available from Aldrich Chemical
Company.

6§.2.2 1,2-0ibromo-3—chloropropane - 99.4%, available from AMVAC
Chemica1 Corporation, Los Angeles, California.

REAGENT WATER - Reagent water is defined as water free of inter-
ference when employed in the procedure described herein.

6...1 Reagent water can be generated by passing tap water through
a filter bed containing activated carbon. Change the
activated carbon whenever the criteria in Sect. 9.1.2 cannot
be met.

6.3.2 A Millipore Super-Q Water System or its equivalent may be
used to generate deifonized reagent water.

6.3.3 Reagent water may also be prepared by boiling water for 15
min. Subsequently, while maintaining the temperature at
90°C, bubble a contaminant-free inert gas through the water
at 100 mL/minute for 1 hour. While still hot, transfer the
water £o a narrow mouth screw cap bottle with a Teflon seal.

6.3.4 Test reagent water each day it is used by analyzing it
according to Sect. 10.

STANDARD STOCK SOLUTIONS - These s: utions may be purchased as
certified solutions or prepared from pure standard materials using
the following procedures:

6.4.1 Place about 9.8 ml of methanol into a 10-m. ground-glass
stoppered volumetric flask. Allow the flask to stand,
unstoppered, for about 10 min and weigh to the nearest
0.1 mg.



6.5

5.6

6.7

6.4.2 Use a 100-uL syringe and immediately add two or more drops
of standard material to the flask. BZe sure that the
standard material falls directly into the alcohol without
contacting the neck of the flask.

6.4.3 Reweigh, dilute to volume, stooper, then mix by inverting
the flask several times. Calculate the concentration in
micrograms per microliter from the net gain in weight.

6.4.4 Store stock standard solutions in 15-ml bottles equipped
with PTFE-lined screw caps. Methanol solutions prepared
from 1iquid_analytes are stable for at least four wesks when
stored at 4 C.

SECONDARY OILUTION STANDARDS — Use standard stock solutions to
prepare secondary dilution standard soluticns that contain both
analytes in methanol. The secondary dilution standards should be
prepared at concentrations that can be easily diluted to prepare
aqueous calibration standards (Sect. 8.1.1) that will bracket the
working concentration range. Store the secondary dilution standard
solutions with minimal headspace and check frequently for signs of
deterioration or evaporation, especially just before preparing
calibration standards. The storage time des¢ribed for stock
standard soluticns in Sect. 6§.4.4 also applies to secondary
dilution standard solutiens.

QUALITY CONTROL (QC) CHECX SAMPLE CONCENTRATE (0.25 ug/mi) —
Prepare a QC check sample concentrate of 0.25 ug/mbL of each analyte
from the standard stock solutions prepared in Sect. 6.4.

MOL CHECK SAMPLE CONCENTRATE (0.05 ug/mL) — D{lute 2 mL QC check
sample concentrate (Sect. 6.6) to 10 mlL with methanol.

SAMPLE COLLECTION, PRESERVATION, ANO STORAGE

7.1

SAMPLE COLLECTION

7.1.1 Replicate field blanks must be handled along with each
sample set, which is composed of the samples collected from
the same general sampling site at approximately the same
time. At the laboratory, fi1l a minimum of two sample
bottles with reagent water, seal, and ship to the sampling
site along with sample bottles. Wherever a set of samples
i{s shipped and stored, it must be accompanied by the field
blanks.

7.1.2 Collect all samples in duplicate. Fill sample bottles to
overflowing. No air bubbles should pass through the sample
as the bottle is filled, or be trapped in the sample when
the bottle is sealed.

7.1.3 When sampling from a water tap, open the tap and allow the
system to flush until the water temperature has stabilized



8.

7.1.4

7.2 SAMPLE
7.2.1

7.2.2

7.3 SAMPLE
7.3.1

7.3.2

CALIBRATION

(usually about 10 min). Adjust the flow to apout 500 mL/min
and callect dunlicate samples {rom the flowing stream.

When samoling frcm 3 well, fill 3 wide-mnouth bottle cor
beaker with sample, and carefully fill duplicata 2Q-mL
sample hottles.

PRESZRVATION

The samples must be chilled to 4°C on the day of collection
and maintained at that temperature until analysis. Field
samples that will not be received at the laboratory on the
day of collection must be packaged for shipment with suffi-
cient ice to insure that they will be beiow 4°C on arrival
at the laboratory.

The addition of sodium thicsulfate as a dechlorinating agent
and/or acidification to pH 2 with 1:1 HC1, common preserva-
tion procedures for purgeable compounds, have been shown to
have no effect on EDB and DBCP and, therefore, their use is
not recommended for samples to be analyzed for these
analytes.

STORAGE

Store samples and field blanks together at 4°C until
analysis. The sample storage area must be free of organic
solvent vapors.

Analyze all samples within 28 days of collection. Samples
not analyzed within this period must be discarded and
replaced.

ANO STANDARDIZATION

8.1 CALIBRATION

8.1.1

8.1.2

At least three calibration standards are needed. One should
contain EDB and 0BCP at a concentration near to but greater
than the method detection limit (Table 1) for each compound;
the other two should be at concentrations that bracket the
range expected in samples. For example, if the MOL is

0.01 ug/L, and a sample expected to contain approximataly
0.10 ug/L is to be analyzed, aqueous standards should be
prepared at concentrations of 0.02 ug/L, 0.10 ug/L, and
0.20 ug/L.

To prepare a calibration standard, add an approoriate volume
of a secondary dilution standard solution to an aliquot of
reagent wataer in a volumetric flask. 0Do not add less than
20 ul of an alcoholic standard toc the reagent watar or poor
precision will result. Use a 2%-ul micro syringe and



rapidly inject the alcoholic standard into the axpanded area
of the filled volumetric flask. Remove the needle as
quickly as possible after injection. Mix by inverting the
flask several times. Discard the contents contained in the
neck of the flask. Aqueous standards should be prepared
fresh daily unless sealed and stored without headspace as
described in Sect. 7.

8.1.3 Analyze each calibration standard according to Sect. 10 and
tabulate peak height or area response versus the
concentration in the standard. The results can be used to
prepare a calibration curve for each compound.
Alternatively, if the ratio of response to concentration
(calibration factor) is a constant over the working range
(<10% relative standard deviation), linearity through the
origin can be assumed and the average ratio or calibration
factor can be used in place of a calibration curve.

8.1.4 Single point calibration is a viable alternative to a
calibration curve. Prepare single point standards from the
secondary dilution standard solutions. The single point
calibration standard should be prepared at a concentration
that produces a response close (#20%) to that of the
unknowns.

8.2 INSTRUMENT PERFORMANCE - Check the performance of the entire
analytical system daily using data gathered from analyses of reagent
blanks, standards, duplicate samples, and the laboratory control
standard (Sect. 9.2.2).

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

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

9. QUALITY CONTROL

9.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this
program consist of an initial demonstration of laboratory detection
1imits capability and an ongoing analysis of spikea samoies to
evaluate and document data quality. Ongoing data quality checks
are compared with established performance criteria to determine if
the results of analyses meat the performance characteristics of the
method. When results of sample spikes indicate atypical method




9.2

performance, a quality control check standard must be analyzad g
confirm that the measurements were pervormed in an in-contral mege
of operation.

9.1.1.

9.1.2

9.1.3

9.1.4.

9.1.5

The analyst must make an initial determination of the methed
detaction limits and demonstrate the ability to generate
acceptable accuracy and precision with this methad. This is
established as described in Section 9.2.

In recognition of advances that are occurring in
chromatography, the analyst is permitted certain options to
improve the saparations 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 9.2.

Each day, the analyst must analyze a reagent water blank to
demonstrate that interferences from the analytical system
are under control.

The laboratory must, on an ongoing basis, demonstrate
through the analyses of quality control check standards that
the operation of the measurement system is in control. This
procedure is described in Section 9.3. The frequency of the
check standard analyses is equivalent ta 5% of all samples
analyzed.

On a weekly basis, the laboratory must demonstrate the
ability to analyze low level samples. The procedure for low
level check samples is described in Sect. 9.4.

To establish the ability to achieve low detection limits and
generate acceptable accuracy and precision, the analyst must
perform the following operations:

9.2.1

9.2.2

9.2.3

9.2.4

Prepare seven MOL check samples at 0.05 ug/L by spiking

35 ug/L of the MOL check sample concentrate (Sect. 6.7) into
35-mL aliquots of reagent water in 40-mi bottles. Cap and
mix well,

Analyze the well-mixed MOL check samples according to the
methad beginning in Section 10.

Calculate the average concantration found (X) in ug/L, and
the standard deviation of the concentrations (s) in ug/L,

. for each analyte using the seven results, Then calculata

the MOL at 99% confidence level for seven replicatss (8) as
3.143s.

For each analyta, X must be between 8Q0% and 120% of the true
value. Additionally, the MOL may not exceed the 0.05 ug/L
spiked concentration. [f both analytes meet the accentance
critertia, the system performance is accentable and analysis
of actual samples can begin. [f aither analyta fails t2



meet a criterian, repeat the test., [t 1s recommended that
the laboratory repeat the MDL detarmination on a regular
basis. '

9.3 The laboratory must demonstrate on a freguency equivalent to 10% of
the sample load that the measurement system is in control by
analyzing a QC check sample of bath analytes at 0.25 ug/L.

9.3.1 Prepare a QC check sample (0.25 ug/L) by adding 35 ulL of QC
check sample concentrate (Sect. 6.6) to 35 mL of reagent
water in a 40-mi bottle.

9.3.2 Analyze the QC check sample according to Sect. 10 and
calculate the recovery for each analyte. The recovery must
be between 60% and 140% of the expected value.

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

9.4 0On a weekly basis, the laboratory must demonstrate the ability to
analyze low level samples.

9.4.1 Prepare an MOL check sample (0.05 ug/L) as outlined in Sect.
9.2.1 and analyze according to the method in Sect. 10.

9.4.2 The instrument response must indicate that the laboratory's
MDL is distinguishable from instrument background signal.
If not, repeat the MDL test in Sect. 9.2.1. For each
analyte, the recovery must be between 60% and 140% of the
expected value. When either analyte fails the test, the
analyst must repeat the test only for that analyte which
fafiled to meet the criteria. Repeated failure, however,
will confirm 2 general problem with the measurement system
or faulty samples and/or standards. [f this occurs, locate
and correct the source of the problem and repeat the test.

9.5 It is recommended that the laboratory adopt additional qualfity
assurance practices for use with this method. The specific
practices that are most productive depend upon the needs of the
laboratory and the nature of the samples., Field duplicates may be
analyzed to assess the precision of the environmental
measurements. Whenever possible, the laboratory should analyze
standard reference materials and participate in relevant
performance evaluation studies.

10. PROCEDURE
10.1 SAMPLE PREPARATION



10.2

10.3

10.1.1 Remove samples and standards from storage and allow them &o
reach room temperature.

10.1.2 For samples and field blanks, contained in 40-mi hottles,
remove the container cap. ODiscard a 5-m. volume using a
S-mi transfer pipette. Replace the container cap and weigh
the container with contents to the nearest 0.lg and record
this weight for subsequent sample volume determination
(Sect. 10.3).

10.1.3 For calibration standards, QC check standards and reagent
blank, measyre a 3S-m. volume using a 50-m. graduated
cylinder and transfer it to a 40-m. sample container.

MICROEXTRACTION AND ANALYSIS

10.2.1 Remove the contatner cap and add 79 NaCl (Sect. 6.1.3) to
the sample.

10.2.2 Recap the sample container and dissolve the NaCl by shaking
by hand for about 20 sec.

10.2.3 Remove the cap and, using a transfer pipette, add 2.0 mi of
hexane. Recap and shake vigorously by hand for 1 min.
Allow the water and hexane phases to separate. (If stored
at this stage, keep the container upside down.)

10.2.4 Remove the cap and carefully transfer 0.5 mL of the hexane
layer into an autosampler using a disposable glass pipetta.

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

10.2.6 Transfer the first sample vial to an autosampler set up to
inject 2.0 ul portions into the gas chromatograph for
analysis. Alternately, 2 ul portions of samples, blanks and
standards may be manually injected, although an auteo-
sampler is strongly recommended.

OETERMINATION OF SAMPLE VOLUME

10.3.1 For samples and field blanks, remove the cap from the samole
container.

10.3.2 Oiscard the remaining sample/hexane mixture. Shake off the
remaining few drops using short, drisk wrist movements.

10.3.3 Reweigh the empty container with original cap and ca::ulata
the net weight of sample by dffference to the nearest
0.1 g. Tnis net weight is equivalent to the velume of watar
(in m.) extracted. (Sect. 11.3)



1l.

12.

13.
1.

CALCULATIONS

11.1 Identify EDB and OBCP in the sample chromatogram by comparing the
retention time of the suspect peak to retention times generatad by
the calibration standards and the laboratory control standard.

11.2 Use the calibration curve or calibration factor (Sect. 8.1.3) to
directly.calcuiate the uncorrected concentration (C;j) of each
analyte in the sample (e.g., calibration factor x response).

11.3 Ca}c:]ate the sample volume (Vg) as equal to the net sample
weight:

V¢ = gross weight (Sect. 10.1.2) - bottle tare (Sect. 10.3.3).

11.4 Calculate the corrected sample concentration as:
Concentration, ug/L = C1 X %5
s
11.5 Report the results for the unknown samples in ug/L. Round off the
resylts to the nearest 0.01 ug/L or two significant figures.

ACCURACY AND PRECISION

12.1 Single laboratory (EMSL-Cincinnati) accuracy and precision at
several concentrations in tap water are presented in.Table 2 (11).
The method detection 1limits are presented in Table l.

12.2 In a preservation study extending over a 4-week period, the average
percent recoveries and relative standard deviations presented in
Table 3 were observed for reagent water (acidified), tap water and
groundwater. The results for acidified and non-acidified samples
were not significantly different.
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Table 1. CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION
LIMITS FOR 1,2-DIBROMOETHANE (EDB) AND
1,2-01BRCMO-3-CHLORCPROPANE (DBCP}

Analvte Retention Time, Min MDL, uq/l

Column A Colum 8
ED8 9.5 8.9 0.01
0BCP 17.3 15.0 0.01

Column A conditions: OQurawax-DX 3 (0.25 um film thickness) in a 30 m long x
0.32 mm [D fused silica capillary column with helium carrier gas at

25 cm/sec. Column temperature ‘held isothermal at 40°C for 4 min, then
programmed at 8°C/min to 180°C for final hold.

Column B conditions: 08-1 (0.25 um f{im thickness) in a 30 m long x 0.32 mm
ID fused silica capillary column with he11um carrier gas at 25 cm/sec.
Column temperature held isothermal at 40°C for 4 min, then programmed at
10°C/min to 270°C for final hold.

Table 2. SINGLE LABORATORY ACCURACY AND PRECISION
FOR EDB AND OBCP IN TAP WATER

Relative

Number Spike Average Standard

of Level Accuracy Deviation
Analyte Samoles (ug/L) (%) (%)
EDB 7 0.03 114 9.5
7 0.24 g8 11.8
7 50.0 95 4,7
o8CP 7 0.03 90 11.4
7 0.24 102 8.3
7 50.0 94 4.8




Table 3.

Analyte
ED8

o8cpP

Matrixl

R'A=A
GW
GW=A
™
TW=-A

Ri-A
GW
Gi=A
™
TW-A

ACCURACY AND PRECISION AT 2.0 ug/L

OVER A 4-+EZX STUDY PERIQO

ldatrix ldentities
RW-A = Reagant water at pH 2
64 = Groundwater, ambient pH
GW-A = Groundwater at pH 2
™ = Tap water, ambient pH
TW~A = Tap water at pH 2.

Number

of Samoles

16
15
16
16
16

16
16
16
16
16

Average
Accuracy
(% Recovery)

104
101
96
93
93

105
105
101
95
94

Relative
Std. Dev.

(%)

»
*
~

r—
O oo cnan;hN
L L -
W ENN W,




COLUMN: Fused silica caplllary
LIQUID PHASE: Durawax-DX3

FILM THICKNESS: 0.25 um

COLUMN DIMENSIONS: 30 M x 0.317 om ID

DBCP

EDB

e

—
p—
=
s

1 1 | | 1 | 1 | 1 | | 1
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
TIME (MIN)

Figure 1. Extract of Reagent Water Spiked at 0.114 ug/L with EDB and DBCP




METHOD 524.1. VOLATILE ORGANIC CCMPOUNDS IN WATER 8Y
PURGE AND TRAP GAS CHROMATOGRAPHY/MASS SPECTROMETRY
(Revised 1989)

1. SCCPE ANO APPLICATION

1.1 This method is applicable for the determination of various volatile
organic compounds in finished drinking water, raw source water, or

drinking water in any treatment stage. (1) The following
compounds can be determined by this method:

Chemical Abstract Services

Analyte Registry Number
Benzene 71-43-2
Bromobenzene 108-86-1
Bromochloromethane 74=97-5
Bromodichliorcmethane 75=27-4
8romoform 75=25=2
Bromomethane 74-83-9
sec-Butylbenzene 135-98-8
tert-Butylbenzene 98-06-6
Carbon tetrachloride §6-23-5
Chlorobenzene 108-90-7
Chloroethane 75=00-3
Chloroform 67-66=3
Chloromethane 74-87=3
2-Chlorotoluene 95-49-8
4-Chlorotoluene 106=43-4
Dibromochloromethane 124-48-1
1,2-01bromo-3-chloropropane 96-12-8
1,2-0ibromoethane 106-93-4
Oibromomethane 74-95=3
1,2-0ichlorobenzene 95-50-1
1,3-0ichlorobenzene 541-73-1
1,4-01ichlorobenzene . 106-46-7
Dichlorodifluorcmethane 75-71-8
1,1-0ichlorocethane 75-34-3
1,2-0ichlorcethane 107-06-2
1,1-01ichloroethene 75=-35-4
cis-1,2-0ichliorcethene 156=-59-4"



Chemical Abstract Servicgs

Analyte Reqistry Number
trans-1,2-0ichloroethene 156-60-5
1,2-0ichioropropane 78-87-5
1,3-Dichloropropane 142-28-9.
2,2-0ichlcropropane 580=-20-7
1,1-Dichloropropene 563-58-6
Ethylbenzene 100-41-4
Hexachlorobutadiene 87-68-3
Isopropylbenzene 98-82-8
Methylene chloride 75-09=2
n=-Propylbenzene 103-65-1
Styrene 100-42-5
1,1,1,2-Tetrachloroethane 630-20-6
1,1,2,2-Tetrachlorocethane 79=34-5
Tetrachloroethene 127-18-4
Toluene 108-88-3
1,1,1-Trichloroethane 71-55-6
1,1,2-Trichlorcethane 79-00-5
Trichlorcethene 79=-01-6
Trichlorofluoromethane 75-69-4
1,2,3=-Trichloropropane 96-18-4
Vinyl chloride 75-01-4
o-Xylene 95-47-6
m-Xylene 108-38-3
p~Xylene 106-42-3

1.2 Method detection limits (MDLs) (2) are compound dependent and vary
with purging efficiency and concentration. The MOLs for selected
analytes are presented in Table 1. The applicable concentration
range of this method is compound and instrument dependent but is
approximately 0.2 to 200 ug/L. Analytes that are inefficiently
purged from water will not be detected when present at low
concentrations, but they can be measured with acceptable accuracy
and precision when present in sufficient amounts. Oetermination of
some geometrical fsomers (i.e., xylenes) may be hampered by
coelution.

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

SUMMARY OF METHOD

2.1 Highly volatile organic compounds with low water solubility are
extracted (purged) from the sample matrix by bubbling an inert gas
through the aqueous sample. Purged sample components are trapped
in a tube containing suitable sorbent materials. When purging is



2.2

complete, the sorbent tube is heatad and backflushed with helium to
desorb trapped samie comoonents onto a gas chromatography (GC)
colum, The column is tamperature programmed to separata the
method analytes which are then detacted with a mass spectrometar
(MS) intaerfaced to the gas chromatograph.

Tentative identifications are confirmed by analyzing standards
under the same conditions used for samples and ccmparing resultant
mass spectra and GC retention times. Each identified component is
measured by relating the MS response for an appropriate selected
fon producad by that compound to the MS response for another icn
produced by a ccmpound that is used as an internal standard.

3. INTERFERENCES

3.1

3.2

3.4

Ouring analysis, major contaminant sources are volatile materials
in the laboratory and impurities in the inert purging gas and in
the sorbent trap. The use of non-polytetrafluoroethylene (PTFE)
plastic tubing, non-PTFE thread sealants, or flow controllers with
rubber cocmponents in the purging device should be avoided since
such matarials out-gas organic compounds which will be concentrated
in the trap during the purge operation. Analyses of laboratory
reagent blanks (Sect. 9.1.3) provide  information zbout the presence
of contaminants. When potential {nterfering peaks are noted in
laboratory reagent blanks, the analyst should change the purge gas
source and regenerate the molecular sieve purge gas filter (Fig.
1). Subtracting blank values from sample results is not permitied.

Interfering contamination may occur when a sample containing low
concentrations of volatile organic compounds is analyzed
immediately after a sample containing relatively high
concentrations of volatile organic compounds. A preventive
technique {s between-sample rinsing of the purging apparatus and
sample syringes with two portions of reagent water. After analysis
of a sample containing high concentrations of volatile organic
compounds, one or more laboratory reagent blanks should be analyzed
to check for cross contamination. For samples containing large
amounts of water soluble materials, suspended solids, high boiling
compounds or high levels of compounds being detarmined, it may be
necessary to wash out the purging device with a soap solutien,
rinse it with reagent water, and then dry it in an oven at 105°C
between analyses.

Special precautions must be taken to analyze for methylene
chloride. The analytical and sample storage area should be
isolated from all atmospheric sources of methylene chleride,
otherwise random background lavels will resylt. Since methylene
chloride will permeate through PTFE tubing, all gas chromatograohy
carrier gas lines and purge gas plumbing should be constructed from



stainless steel or copper tubing. Laboratory clothing worn by the
analyst should be ciean since clothing previously exposed to
methylene chloride fumes during common liquid/liquid extraction
procedures can contribute to sample contamination.

4. SAFETY

4.1

4.2

The toxicity or carcinaogenicity of chemicals used in this method
has not been precisely defined; each chemical should be treated as
a potential health hazard, and exposure to these chemicals should
be minimized. Each laboratory is responsible for maintaining
awareness of OSHA regulations regarding safe handling of chemicals
used in this method. Additional references to laboratory safety
are available (3-5) for the information of the analyst.

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

5. APPARATUS ANO EQUIPMENT

5.1

5.2

SAMPLE CONTAINERS - 60-mi to 120-mL screw cap vials (Pierce #19832
or equivalent) each equipped with a PTFE-faced silicone septum
(Pierce #12718 or equivalent). Prior to use, wash vials and septa
with detergent and rinse with tap and distilled water. Allow Ehe
vials and septa to air dry at room temperature, place in a 105 °C
oven for one hour, then remove and allow to cool in an area known
to be free of organics.

PURGE AND TRAP SYSTEM - The purge and trap system consists of three
separate pieces of equipment: purging device, trap, and desorber.
Systems are commercially available from several sources that meet
all of the following specifications.

5.2.1 The all glass purging device (Fig. 1) must be designed to
accept 25-mL samples with a water column at least 5 cm
deen. Gaseous volumes above the sample must be kept to a
minimum (< 15 m.) to eliminate dead volume effects. A glass
frit should be installed at the base of the sample chamber
so the purge gas passes through the water column as finely
divided bubbles with a diameter of < 3 mm at the origin.
Needle spargers may be used, however, the purge gas must be
introduced at a point < 5 mm from the base of the water
column.



5.3

§.2.2 Tne trap (Fig. 2) must be at least 25 cm long and have an

5.2.3

5.2.4

5.2.5

inside diameter of at least 0.105 in. Starting from the
inlet, the trap should contain 1.0 cm of methyl silicone
coatad packing and the following amounts of adsorbents: 1/3
of 2,6-diphenylene oxide polymer, 1/3 of silica gel, and 1/3
of coconut charcosal. I[f it {s not necessary to analyze for
dichlorodifluoromethane, the charcoal can be eliminated and
the polymer increased to fill 2/3 of the trap. Before
inigial use, the trap should be conditioned overnight at
180°C by backflushing with an inert gas flow of at least 29
mL/min. Vent the trap effluent to the room, not to the
analytical colum. Prior to daily use, the trap should be
conditioned for 10 minutes at 180 C with backflushing. The
trap may be vented to the analytical column during daily
conditioning; however, the column must be run through the
temperature program pricr to analysis of samples.

The use of the methyl silicone coated packing is
recommended, but not mandatory. The packing serves a dual
purpose of protecting the Tenax adsorbant from aerssols, and
also of insuring that the Tenax is fully enclosed within the
heated zone of the trap thus eliminating potential cold
spots. Alternatively, silanized glass wool may be used as a
spacer at the trap inlet.

The.desorber must be capable of rapidly heating the trap to
180 °C. The polymer section of the trap should not be heated
higher than 200 C or the life expectancy of the trap will
decrease. Trap failure is characterized by a pressure drop
in excess of 3 pounds per square inch across the trap during
purging or by pcor bromoform sensitivities. The desorber
design fllustrated in Fig. 2 meets these criteria.

Figures 3 and 4 show typical flow patterns for the
purge-sorb and desorb mode.

GAS CHROMATOGRAPHY/MASS SPECTROMETER/DATA SYSTEM (GC/MS/0S)

§.3.1

The GC must be capable of temperature programming and should
be equipped with variable-constant differential flow
controllers so that the column flow rate will remain
constant throughout desorpticn and temperature program .
operation. The column aoven may need to be cooled to <30 C
(Sect. 10.3); therefore, a subambient oven controller may be
required. The GC usually i{s interfaced to the MS with an
all-glass enrichment device and an all-glass transfer line,
but any enrichment device or transfer line can be used if
the performance specifications described in Sect. 9.1 can be
achieved.



5.4

5.3.2

5.3.3

5.3.4

Gas Chromatographic Column - 1.5 to 2.5 m x 0.1 in ID
stainless steel or glass, packed with 1% SP-1000 on
Carbopack-8 (60/80 mesh) or equivalent. The flow rate of
the helium carrier gas is estadbiished at 40 m_/min. The
column temperature 1s programmed to hold at 45°C for three
min, increase to 220°C at 8°C/min, and hold at 220°C for 15
min or until all expected compounds have eluted. Ouring
handling, packing, and programming, active sites can be
exposed on the Carbopack-8 packing which can result in
tailing peak geometry and poor resolution of many
constituents. Pneumatic shocks and rough treatment of
packed colums will cause excessive fracturing of the
Carbopack. I[f pressure in excess of 60 psi is required to
obtain 40 mL/min carrier flow, the column should be
repacked. A sample chromatogram obtained with this column
fs presented in Fig. S.

Mass spectral data are obtained with electron-impact
fonization at a nominal electron energy of 70 eV. The mass
spectrometer must be capable of scanning from 35 to 450 amu
every 7s or less and must produce a mass spectrum that meets
all criteria in Table 2 when S0 ng or less of
4-bromofluorobenzene is introduced into the GC. To ensure
sufficient precision of mass spectral data, the desirable MS
scan rate allows acquisition of at least five spectra while
a sample component elutes from the GC.

An interfaced data system (DS) is required to acquire,
store, reduce and output mass spectral data. The computer
software must allow searching any GC/MS data file for ions
of a specific mass and plotting fon abundances versus time
or scan number. This type of plot is defined as an
extracted ion current profile (EICP). Software must also
allow integrating the abundance in any EICP between
specified time or scan number limits.

SYRINGE AND SYRINGE VALVES

5.4.1
5.4.2
5.4.3

5.4.4
§.4.5

Two 25-ml. glass hypodermic syringes with Luer-lLok tip.
Three 2-way syringe valves with Luer ends.

One 25—yl micro syringe with a 2 in x 0.006 in ID, 22° bevel
needle (Hamilton #702N or equivalent).

Micro syringes - 10, 100 ul.
Syringes - 0.5, 1.0, and S5-mi, gas tight with shut-off valve.



5.5 MISCSLLANEQUS

5.5.1 Standard solution storage containers - lS—mL bottles with
PTrz-lined screw caps.

6. REAGENTS AND CONSUMABLE MATERIALS
6.1 TRAP PACKING MATEZRIALS

6.1.1 2,6-0iphenylene oxide polymer, 60/80 mesh, chrcmatographic
grade (Tenax GC or equivalent).

6.1.2 Methyl silicone packing (optional) = Qv-l (3%) on Chromo-
sorb W, 60/80 mesh, or equivalent.

6.1.3 Silica gel - 35/60 mesh, Davison, grade 15 or equivalent.

6.1.4 Coconut charcoal - Prepare from Barnebey Cheney, CA-580-26
lot #M-2649 by crushing through 26 mesh sgreen,

6.2 COLUMN PACKING MATERIALS

6.2.1 1% SP-1000 on 60/80 mesh Carbopack-8 or equivalent.
6.3 REAGENTS

6.3.1f Methanol - Demonstrated to be free of analytes.

6.3.2 Reagent water - Prepare reagent water by passing tap water
through a filter bed containing about 0.5 kg of activated
carbon, by using a water purification system, or by boiling
distilled water for 15 min followed by a l-h purge with
inert gas while the water temperature is held at 90°C.
Store in clean, narrow-mouth bottles with PTFE-1ined septa
and screw caps.

6.3.3 Hydrochloric acid (1+l) - Carefully add measured volume of
conc. HC1 to equal volume of reagent water.

6§.3.4 Vinyl chloride - 99.9% pure vinyl chloride is available from
Ideal Gas Products, Inc., Edison, New Jersey and from
Matheson, East Rutherford, New Jersey. Certified mixtures
of vinyl chloride in nitrogen at 1.0 and 10.0 ppm are
available from several sources.

6.4 STANDARD STOCX SOLUTIONS - These solutions may be purchased as
certified solutions or prepared from pure standard materials using
the following procedures:



6.5

6.6

6.4.1 Place about 9.8 mL of methanol into a 10-mL ground-glass
stoppered volumetric flask. Allow the flask to stand,
unstopperaed, for about 10 min or until all alecohol-wettad
surfaces have dried and weigh to the nearest 0.1 mg.

6.4.2 If the analyte is a Tiquid at room temperature, use a 100-uL
syringe and immediately add two or more drops of reference
standard to the flask. Be sure that the referance standard
falls directly into the alcohol without contacting the neck
of the flask. I[f the analyte is a gas at room temperature,
fi1l a S-mL valved gas-tight syringe with the standard to
the 5.0-ml mark, lower the needle to 5 mm above the methanol
meniscus, and slowly inject the standard into the neck area
of the flask. The gas will rapidly dissolve in the methanol.

6.4.3 Reweigh, dilute to volume, stopper, then mix by inverting
the flask several times. Calculate the concentration in
micrograms per microliter from the net gain in weight. When
compound purity is certiffed at 96% or greater, the weight
can be used without correction to calculate the
concentration of the stock standard.

6.4.4 Store stock standard solutions in 15-mL bottles equipped
with PTFE-~lined screw caps. Methanol solutions prepared
from liquid analytes are stable for at least four weeks when
stored at 4 C. Methanol solutions prepared from gaseous
analytes are not stable for more than one week when stored
at <0 C; at room temperature, they must be discarded after
one day.

SECONDARY DILUTION STANDARDS - Use standard stock solutions to
prepare secondary dilution standard solutions that contain the
analytes in methanol. The secondary dilution standards should be
prepared at concentrations that can be easily diluted to prepare
aqueous calibration solutions (Sect. 8.1) that will bracket the
working concentration range. Store the secondary dilution standard
solutions with minimal headspace and check frequently for signs of
deterioration or evaporation, especially just before preparing
calibration solutions for them. Storage times described for stock
standard solutions in Sect. 6.4.4 also apply to secondary dilution
standard solutions.

INTERNAL STANDARD SPIKING SOLUTION — Prepare a spiking solution
containing fluorcbenzene, and 1,2-dichlorobenzene-ds in methanol
using the procedures described in Sect. 6.4 and 6.5. It is
recommended that the secondary dilution standard be prepared at a
concentration of 25 ug/m. of each internal standard comoound. The
addition of 10 ul of such a standard to 25.0 mL of sample or
calibration standard would be equivalent to 10 ug/L.



6.7 B8F8 STANDARD — Prepare a 25-ug/ml solution of bromofluarasocenzene
in methanol.

6.8

LABORATORY QUALITY CONTROL STANOARD CONCENTRATE - Using standard
stock solutions, prepare a solution containing each analyta of
intarest of a concentration of S0Q times the MCL in methanol.

SAMPLE COLLECTION, PRESERVATICN, AND STORAGE

7.1 SAMPLE COLLECTION

7.2

7.3

7.1.1

7.1.2

7.1.3

SAMPLE
7.2.1

7.2.2

SAMPLE
7.3.1

7.3.2

Collect all samples in duplicate. Fill sample bottles to
overflowing. No air bubbles should pass through the sample
as the hottle is filled, or be trapped in the sample when
the bottle is sealed.

When sampling from a water tap, open the tap and allow the
system to flush until the water temperature has stabilized
(usually about 10 min). Adjust the flow to about 500 mi/min
and collect duplicate samples from the flowing stream.

When sampling from an open body of water, fil1l a l-quart
wide-mouth bottle or l-liter beaker with sample from a
representative area, and carefully fill duplicate sample
bottles from the l-quart container.

PRESERVATION

Adjust the pH of the duplicate samples to <2 by carefully
adding one drop of 1:1 HCl1 for each 20 mL of sample
volume.(6) Seal the sample bottles, PFTE-face down, and
shake vigorously for one minute.

The samples must be chilled to 4°C on the day of collection
and maintained at that temperature until analysis. Field
samples that will not be received at the laboratory on the
day of collection must be packaged for shipment with
sufficient ice to ensure that they will be at 4°C on arrival
at the laboratory.

STORAGE

Store samples at 4°C until analysis. The sample storage
area must be free of organic solvent vapors.

Analyze all samples within 14 days of collection. Samples
not analyzed within this period must be discarded and
replaced.
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CALIBRATION AND STANDARDIZATION

8.1 PREPARATION OF CALIBRATION STANDARDS

8.1.1 A set of at least five calibration standards containing the

8.1.2

8.2.1

method analytes is needed. One calibratfion standard should
contain each analyte at a concentration approaching but
greater than the method detection 1imit (Table 1) for that
compound; the other calibration standards should contain
analytes at concentrations that define the range of the
method.

To prepare a calibration standard, add an appropriate volume
of a secondary dilution standard solution to an aliquot of
reagent water in a volumetric flask. Use a microsyringe and
rapidly inject the alcoholic standard into the expanded area
of the filled volumetric flask. Remove the needle as
quickly as possible after injection. Mix by inverting the
flask three times only. Oiscard the contents contained in
the neck of the flask. Aqueous standards are not stable and
should be discarded after one hour unless sealed and stored
as described in Sect. 7.2.2.

8.2 CALIBRATION

After meeting the BFB criteria in Sect. 10.1, analyze each
calibration standard according to Sect. 10, adding 10 ul of
internal standard spiking solution directly to the syringe.
Tabulate area response of the characteristic m/z versus the
concentration for each analyte and internal standard.
Calculate response factors (RF) for each analyte using
Equation 1:

RF = (As)(c1s) Equation 1
where: 1s777s

Ag = Area of the characteristic m/z for the
analyte to be measured.

Aqyg = Area of the characteristic m/z for the
internal standard.

Cig = Concentration of the internal standard, in
ug/L.

Cs = Concentration of the analyte to be

measured, in ug/L.

The choice of which internal standard is used for an analyte
is left to the analyst. Normally all aromatics are compared
to 1,2-dichlorobenzene—d4 and all other analytes are



compared to the intarnal standard having the closast
relative retention time.

8.2.2 The rasults are used to prepare a calibration curve for each
analyte, Alternatively, if the RF for an analyts is
constant (less than 10% RSD) over the working range, the
average RF can be used for that analytas.

8.2.3 The working calibration curve or average responsa factor
must be verified on each working day by the measurement of
one or more calibration standards. If the quantitation ion
area for any analyta varies from the response determined for
that standard concentration from the calibration curve or
average RF established in Sect. 8.2.2 by more than =20%,
repeat steps 8.2.1 and 8.2.2.

8.2.4 Calibration for vinyl chloride using a cartif: -- ..KS
mixture of vinyl chloride in nitrogen can be accomplished by
the following steps.

8.2.4.1 Fill the purging device with 25.0 mL of reagent
water or aqueous calibration standard.

8.2.4.2 Start to purge the aqueous mixture. Inject a known
volume (between 100 and 2000 uL) of the calibration
gas (at room temperature) directly into the purging
device with a gas tight syringe. Slowly inject the
gaseous sample through a septum seal at the top of
the purging device at 2000 yl/min. Oc not inject
the standard through the aqueous sampia inlet
needle. Inject the gaseous standard before five min
of the ll-min purge time have elapsed.

8.2.4.3 Determine the aqueous equivalent concentration of
vinyl chloride standard, in ug/L, injected with the
equation:

S = 0.102 (C)(V)

where S = Aqueous equivalent concentration
- of vinyl chloride standard in ug/L;
C = Concentration of gaseous standard in ppm
(v/v);
V = Volume of standard injected in milli-
litars.

9. QUALITY CONTROL

9.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this




9.2

program consist of an initial demonstration of laboratory cap-
ability and an ongoing analysis of spiked samples to evaluate and
document data quality. The laboratory must maintain records to
document the quality of data that is generated. Ongoing data
quality checks are compared with established performance criteria
to determine if the results of analyses meet the performance
characteristics of the method. A quality control check standard
must be analyzed to confirm that the measurements were performed in
an in-control mode of operation.

9.1.1 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 9.2.

9.1.2 In recognition of advances that are occurring in chromato-
graphy, the analyst is permitted certain options (detailed
in Section 10.2.2) to improve the separations or lower the
cost of measurements. Each time such a modification is made
to the method, the analyst {s required to repeat the
procedure in Section 9.2.

9.1.3 Each day, the analyst must analyze a reagent water blank to
demonstrate that interferences from the analytical system
are under control.

9.1.4 The laboratory must, on an ongoing basis, demonstrate
through the analyses of quality control check standards that
the operation of the measurement system is in control. This
procedure is described in Section 9.3. The frequency of the
check standard analyses is equivalent to 10% of all samples
analyzed but at least two samples per month.

9.1.5 On a weekly basis, the laboratory must demonstrate the
ability to analyze low level samples. A procedure for low
level check samples is described in Section 9.4.

9.1.6 The laboratory must maintain performance records to document
the quality of data that is generated. This procedure is
described in Section 9.5.

To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

9.2.1 A quality control (QC) check sample concentrate is required
containing each regulated analyte, and any additional
analyte which is to be reported, at a concentration of 500
times the MCL or S ug/mL, whichever is smaller, in
methanol. The QC check sample must be prepared by the
laboratory using stock standards prepared independently from
those used for calibration.



9.3

9.4

9.2.2

9.2.3

9.2.4

9.2.5

Analyze seven 25-ul QC check samoles at 1/5 MCL or 2 zg/L
according to the method teginning in Sect. 10. Each samie
is produced by injecting 10 ul of QC check sample
concentrate into 25 mL of reagent water in a glass syringe
througn the syringe valve.

Calculate the average recovery (X) in ug/L, and the standard
deviation of the recovery (s) in ug/L for each analyta using
the seven results. Calculate the MDL for each analyte as

.specified in Ref. 2. The calculated MOL must be less than

the spike level.

For each analyte, (X) must be between 90% and 110% of the
true value. Additionally, s must be < 35% of X. If s and X
for all analytes meet the criteria, the system performance
is acceptable and analysis of actual samples can begin. If
any s exceeds the precisifon 1imit or any X falls outside the
range for accuracy, the system performance is unacceptable
for that analyte.

NOTE: The large number of analytes prasent a substantial
probability that one or more will fail at least one of the
acceptance criteria when all analytes are analyzed.

When aone or more of the analytes tested fail at least one of
the acceptance criteria, the analyst must proceed according
to Section 9.2.2 only for the analytes which failed the test.

The laboratory must demonstrate on a reqular basis as outlined in
Sect. 9.1.4 that the measurement system is in control by analyzing
a quality control check sample for all analytes of intarest at the
MCL or 10 ug/L, whichever {s smaller.

9.3.1

9.3.2

9.3.3

Prepare a QC check standard by adding 50 ul of QC check
sample concentrate to 25 mlL of regent water in a glass

syringe.

Analyze the QC check according to Section 10, and calculate
the recovery for each analyte. The recovery must be between
60% and 140% of the expected value.

If the recovery for any analyte falls outside the designated
range, the analyte has failed the acceptance criteria. A
check standard containing each analyte that failed must be
re-analyzed.

On a weekly basis, the laboratory must demonstrate the ability to
analyze low level samples.



9.4.1 Prepare 2 Tow level check sample by spiking 10 uL of QC
check sample concentrate to 25 m. of reagent water and
analyze according to the method in Sect. 10.

3.4.2 Fcor each analyta, the recovery must be between 60% and 140%
of the expected value.

8.4.3 When one or more analytes fail the test, the analyst must
repeat the test only for those analytes which failed to meet
the 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
repeit the test for all compounds of interest beginning with
9.4. *

9.5 It is recommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific
practices that are most productive depend upon the needs of the
laboratory and the nature of the samples. Field duplicates may be
analyzed to assess the precision of the environmental measurements,
Whenever possible, the laboratory should analyze standard reference
materials and participate in relevant performance evaluation
studies.

10. PROCEDURE
10.1 DAILY GC/MS PERFORMANCE TESTS

10.1.1 At the beginning of each day that analyses are to be
performed, the GC/MS system must be checked to see if
acceptable performance criteria are achieved for BFB (7).
The performance test must be passed before any samples,
blanks, or standards are analyzed.

10.1.2 At the beginning of each day, inject 2 ul (50 ng) of BFB
solution directly on the column. Alternatively, add 2 ul of
BFB solution to 25.0 mL of reagent water or calibration
standard and analyze the solution according to Sect. 10.
Obtain a background-corrected mass spectrum of BFB and
confirm that all the key m/z criteria in Table 2 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.

10.2 INITIAL CONDITIONS

10.2.1 Acquire GC/MS data for performance tests, standards and
samples using the following instrumental analytes:



10.3

10.4

Electron Energy: 70 YV (nominal)

Mass Range: 35 to 300 amu

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

10.2.2 The operating conditions for the gas chromatograph are

SAMPLE
10.3.1

10.3.2

10.3.3

summarized under Section 5.3.2. Table 1 lists the retantion
times and MOL that can be achieved under these canditions.
Examples of separations achieved with this method are shown
in Figures 5. Other columms or chromatographic conditions
may be used if the requirements of Section 9 are met.

INTRODUCTION AND PURGING

Adjust the purge gas (nitrogen or helium) flow rate to 49
mL/min, Attach the trap inlet to the purging device and
open the syringe valve on the purging device.

Remove the plungers from two 25-m. syringes and attach a
closed syringe valve to each. Warm the sample to room
temperature, open the sample (or standard) bottle, and
carefully pour the sample into one of the syringe barrels to
Just short of overflawing. Replace the syringe plunger,
invert the syringe, and compress the sample. Open the
syringe valve and vent any residual air while adjusting the
sample volume to 25.0 m.. Add 10 ul of the internal
standard ‘spiking solution (Section 6.5) to the sample
through the syringe valve. Close the valve. Fill the
second syringe in an identical manner from the same sample
bottle. Reserve this second syringe for 2 -eanalysis if
necessary.

Attach the sample syringe valve ts the syringe valve on the
purging device. B8e sure that the trap is cooler than 25°C,
then open the sample syringe valve and inject the sample
into the purging chamber. Close both valves and i{nitiate
purging. Purge the sample for 11.0 = 0.1 min at ambient
temperature (Fig. 3).

SAMPLE DESORPTION - After the ll-min purge, attach the trap to the
chromatogragh, adjust the purge and trap system to the desorb mode
(Fig. 4) and initfate the temperature program sequence of the gas
chromatograph and start data acquisition. Introduce the trapged
materials to the 6C column by rapidly heating the trap to 180 C
while backflushing the trap with an inert gas at 15 mlL/min for 4.0
= 0.1 min. While the extracted sample is being introduced into the
gas chromatograph, empty the purging device using the sample
syringe and wash the chamber with two 25-mL flushes of reagent



water. After the purging device has been emptied, leave the
syringe valve open to allow the purge gas to vent through the
sample introduction needle.

10.5 GAS CHROMATOGRAPHY - Hold the column temperature at 45°C for 3 min,
then program at 8 C/min to 220 C and hold unmtil all analytes
elute.

10.6 TRAP RECONDITIONING - After desorbing the sample for &4 min,
recondition the trap by returning the purge and trap system to the
purge mode. Wait 15 s, then close the syringe valve on the purging
.device to begin gas flow through the trap. Maintain the trap
temperature at 180 C. After approximately 7 min, turn off the trap
heater and open the syringe valve to stop the gas flow through the
trap. When the trap is cool, the next sample can be analyzed.

10.7 TERMINATION OF DATA ACQUISITION - When sample components have
eluted from the GC, terminate MS data acquisition and store data
files on the data system storage device. Use appropriate data
output software to display full range mass spectra and appropriate
€ICPs. If any ion abundance exceeds the system working range,
dilute the sample aliquot in the second syringe with reagent water
and analyze the diluted aliquot.

11. QUALITATIVE IDENTIFICATION

11.1 IDENTIFICATION PROCEDURES CRITERIA — Tentatively identify a sample
componant by comparison of its mass spectrum (after background
subtraction) to a reference spectrum in a coilection., Use the
following criteria to confirm a tentative identification:

11.1.1 The GC retention time of the sample component must be within
30 s of the time observed for that same compound when a
calibration solution was analyzed.

11.1.2 A1 ions that are present above 10% relative abundance in
the mass spectrum of the standard must be present i{n the
mass spectrum of the sample component and should agree
within absolute 10%. For example, if an ifon has a relative
abundance of 30% in the standard spectrum, fts abundance in
the sample spectrum should be in the range of 20 to 40%.

11.1.3 Ildentification is hampered when sample components are not
resolved chromatographicalliy and produce mass spectra
containing ifons contributed by more than one analyte.
Because purgeable organic compounds are relatively small
molecules and produce comparatively simple mass spectra,
this fs not a signiffcant problem for most method aznalytes.
When GC peaks obvicusly represent more than one sample com-
ponent (i.e., broadened peak with shoulder{s) or valley



between two or more maxima), appraooriate analyte sgectra and
background spectra can be salected by examining EICPs of
characteristic ions for tentatively identified components. .
When analytes coelute (i.e., only one GT peak is apparent),
the identification criteria described in Section 11.1.2 can
be met but each analyte spectrum will contain extraneous
ions contributed by the coeluting ccmpound.

11.1.4 Structural i{somers that producs very similar mass spectra
can be explicitly identified only if they have sufficiently
different GC retantion times. Acceptable resolution is
achieved iT the height of the valley between two isomer
peaks is less than 25X of the sum of the two peak heights.
Ot?erwise, structural {scmers are identified as isomeric
pairs.

12. CALCULATIONS

12.1

12.2

When an analyte has been identiffed, the quantitation of that
analyte should be based on the integrated abundance from the EICP
of the primary characteristic m/z given in Table 4. 1If the sample
produces an interference for the primary m/z, use a secondary
characteristic m/z to quantitate. Instrument calibration for
secondary ions is performed, as necessary, using the data and
procedures described in Sect. 8.2.

Calculate the concentration in the sample using the calibration
curve or average response factor (RF) determined in Sect. 8.2.2 and
Equation 2:

Concentration (ug/L) = (As)(cis) Equation 2.
is

where:
Ag = Area of the characteristic m/z for the analyte
to be measured.
Aqgw Area of the characteristic m/2 for the internal
standard.
Cige Concentration of the internal standard, in ug/L.

12.3 Report results in ug/L. A1l QC data obtained should be reported

with the sample results.

13. ACCURACY AND PRECISION

13.1 This method was tasted in a single laboratory using reagent watar

spiked at concentrations between 1 and 5 ug/L. (8) Single operator
precision and accuracy data are presentad for some selected
analytas in Table 3.
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13.2 Method detection limits have been calculated for some analytes from
data collected in three laboratories. (1,8,9) These data are
summarized in Table 1.
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Table 1. CHROMATOGRAPHIC RETENTION TIMES AND METHQO OETZCTION

LIMITS (MOL) FOR VOLATILE QRGANIC CTMPOUNDS ON

WAIDE BORE CAPILLARY COLUMNS

ANALYTE

— — —
— — ———

Dichlorodifluorcomethane
Chloromethane

Vinyl chloride
Bromomethane
Chloroethane
Trichlorofluoromethane
1,1-0fchloroethene
Methylene Chloride
trans-l,2-0ichloroethene
1,1-Dichloroethane
2,2=-0ichloropropane
cis=1,2-0ichloroethene
Chloroform
Bromochlorcmethane
1,1,1-Trichloroethane
Carbon Tetrachloride
1,1-0ichloropropene
Benzene
1,2-Dichlorcethane
Trichlorocethene
1,2-Dichloropropane
Bromodichloromethane
0ibromomethane

Toluene
1,1,2-Trichloroethane
Tetrachloroethene
1,3-0ichloropropane
ODibromochlorcmethane
1,2-0ibromoethane
1-Chlorohexane
Chlorobenzene
1,1,1,2-Tetrachlorcethane
Ethylbenzene

p=-Xylene

m=-Xylene

o=-Xylene

Styrene

8romoform
[sopropylbenzene
1,1,2,2-Tetrachloroethane
Sromobenzene
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(mins)

Column 13  Column 20

MOL
(ug/L)
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Table 1. CHROMATOGRAPHIC CONDITICNS AND METHOO OETECTION LIMITS (MDL)
FOR VOLATILE ORGANIC COMPQUNOS

Retention Timel Method Detaction Limits (ug/L)

Analyte (min) Ref. 1 Ref. 8 Ref. 8§
Vinyl chleride 3.8 -2 0.31 -—
Dichlorodiflucromethane 3.8 -_— 0.33 —
Methylene chioride 6.4 0.25 0.13 —_—
Trichlorofluoromethane 8.3 -— 0.21 -—
1,1-Dichloroethene 9.0 0.27 Q.19 —_—
8romochloromethane 9.3 -_— -— -—
1,1-Dichloroethane 10.1 -— 0.17 —
trans-1,2-Dichlorcethene 10.8 1.7 0.19 0.2
Chloroform 11.4 0.20 0.24 0.1
Dibromomethane 12.1 -— 0.30 -—
1,2-Dichlorcethane 12.1 0.35 0.22 0.2
2,2-Dichloropropane 12.7 -— -— -—
1,1,1-Trichlorcethane 13.4 0.13 0.26 0.2
Carbon tetrachloride 13.7 0.13 0.28 0.2
Bromodichloromethane 14.3 0.29 0.28 0.2
1,2-Dichloropropane 15.7 -— 0.17 -—
1,1-Dichloropropene 16.0 -— -— —
Trichloroethene 16.5 0.18 0.36 0.2
8enzene 17.0 0.21 Q.10 0.2
Dibromochloromethane 17.1 0.34 0.30 0.2
1,2-0Dibromoethane 17.9 -— 0.36 -—
1,3-Dichloropropane 18.4 -_— 0.10 -_—
Bromoform 19.8 0.34 0.66 0.5
1,1,2,2-Tetrachloroethane 22.1 0.28 0.41 —_
Tetrachloroethene 22.2 0.07 0.29 0.2
Toluene 23.5 Q.08 0.12 0.2
Chlorobenzene 24.6 0.09 0.14 0.2
1,2-Dibromo-3=chloropropane 25.8 -— 1.8 -—
Bromobenzene 26.7 — 0.12 —_—
[sopropylbenzene 28.5 -— -— -—
m=Xylene 29.5 — — -—
Styrene 29.7 1.3 0.20 -—
n-Propylbenzene 30.7 -_— —_ -
o-Xylene 30.9 —_ 0.20 —
p-Xylene 30.9 0.12 0.13 -—

t-8utylbenzene 31.5



Table 1. (Continued)

RETENTION TIME 0L
ANALYTE (mins) (ug/L)

Columm 13 Columm 20

——— ———

A ————————— —— ———

1,2,3-Trichloropropane 19.02 16.23 0.32
n-Propylbenzene 19.06 16.41 0.04
2-Chlorctoliuene 19.34 16.42 0.04
1,3,5-Trimethylbenzene 19.47 16.90 0.05
4-Chlorotoluene 19.50 16.72 0.06
tert-8utylbenzene 20.28 17.57 0.14
1,2,4~Trimethylbenzene 20.34 17.70 0.13
sec-8utylbenzene 20.79 18.09 0.13
p-Isopropyltoluene 21.20 18.82 0.12
1,3-0ichloraobenzene 21.22 18.14 0.12
1,4=01chlorobenzene 21.55 18.39 0.03
n-8utylbenzene 22.22 19.49 0.11
1,2-0ichlorobenzene 22.52 18.17 0.03
1,2-0ibromo-3-Chioropropane 24.53 21.08 0.26
1,2,4=Trichlorobenzene 26.55 23.08 0.04
Hexachlorobutadiene 26.99 23.58 0.11
Naphthalene 27.17 23.52 0.04
1,2,3-Trichlorcbenzene 27.78 24.18 0.03

INTERNAL STANDARDS/SURROGATES

Fluorobenzene 8.81 6.45
p-8romofluorobenzene 18.63 15.71
1,2-0ichlorobenzene-dq 22.26 19.14

3cslumn 1 - 60 meter x 0.75mm ID VOCOL capillary. Hold at 10°C for 5 min,
then program to 160 C at 6 /min.

BColumn 2 - 30 meter x 0.53mm D 08-624 mega-bore capillary. Hold at 10°¢
for 5 min, then program to 160 C at 6 /min.



Table 1. (Continued)

Retention Timel Method Detection Limits (ug/L) -

Analvte _ (min) _ Ref. 1 Ref. 8  Ref. §
2-Chlorotoluene 31.5 -— -— —
Hexachlorobutadiene 32.0 -— -— —_—
4-Chlorotoluene 32.5 - — —_—
sec-Butylbenzene 32.5 -— —_— -—
1,2-0ichlorobenzene 35.0 —_— 1.0 —
1,4-0ichlorobenzene 35.3 0.3 2.0 0.1

1 Column Conditions: 2 m x 2 mm ID glass column packed with Carbopack B8
(60-80 mesh) coated with 1% SP-1000. Carrier gas - Helium at flow of
30 m./min. Column temperature held at 45°C for 3 min, then programmed at
8°C/min to 220°C and held until all analytes elute.

2 Not Determined



Table 2. CHROMATOGRAPHIC RETENTION TIMES AND METHOO OETECTION
LIMITS (MOL) FOR VOLATILZ ORGANIC CCMPQUNDS ON
NARROW 8CRE CAPILLARY COLUMN

RETENTION TIME MOL
ANALYTE (mins) (ug/L)
Column 3
Dichlorodifluoromethane 0.88 0.11
Chloromethane 0.97 0.05
VYinyl chloride 1.04 0.04
Bromomethane 1.29 0.06
Chloroethane 1.45 0.02
Trichlorofluorcmethane 1.77 0.07
1,1-Dichlorocethene 2.33 0.08
Methylene Chloride 2.66 0.09
trans-1,2-0ichloroethene 3.54 0.03
1,1-Dichloroethane 4.03 0.03
cis-1,2-0ichloroethene 5.07 0.06
2,2-01chloropraopane 5.31 0.08
Chloroform 5.55 0.04
Bromochloromethane 5.683 0.09
1,1,1-Trichlorcethane 6.76 0.04
1,2-0ichlorcethane 7.00 0.02
1,1-0ichloropropene 7.16 0.12
Carbon Tetrachloride 7.41 0.02
8enzene 7.41 0.03
1,2-Dichloropropane 8.94 0.02
Trichloroethene 9.02 0.02
Dibromomethane 9.09 0.10
B8romodichlorcmethane 9.34 0.03
Toluene 11.51 0.08
1,1,2-Trichlorcethane 11.99 0.08
1,3=-Dfichloropropane 12.48 0.08
Oibromochloromethane 12.80 0.07
Tetrachloroethene 13.20 0.08
1,2-D1bromocethane 13.60 0.10
Chlorobenzene 14.33 0.03
1,1,1,2-Tetrachloroethane 14,73 0.07
Ethylbenzene 14.73 0.03
p-Xylene 15.30 0.06
m=-Xylene 15.30 0.03
8romoform 15.70 0.20
o=Xylene 15.78 0.08
Styrene 15.78 0.27
1,1,2,2-Tetrachloroethane 15.78 0.20
1,2,3=Trichloropropane 16.26 0.09
[sopropylbenzene 16.42 0.10



Table 2. {Continued)
RETENTION TIME MDL

ANALYTE (mins) (ug/L)
8romobenzene 16.42 0.11
2-Chlorotoluene 16.74 0.08
n-Propylbenzene 16.82 0.10
4-Chlorotoluene 16.82 0.06
1,3,5~Trimethylbenzene 16.99 0.06
tert-8utylbenzene 17.31 0.33
1,2,4=-Trimethylbenzene 17.31 0.09
sec-8utylbenzene 17.47 0.12
1,3-01ichlorcbenzene 17.47 0.08
p—-Isopropyltoluene 17.63 0.26
1,4-Dichlorobenzene 17.63 0.04
1,2-0ichlorobenzene 17.79 0.05
n-8utylbenzene 17.95 0.10
1,2-Dibromo-3-Chloropropane 18.03 0.50
1,2,4-Trichlorobenzene 18.84 0.20
Naphthalene 19.07 0.10
Hexachlaorobutadiene 19.24 0.10
1,2,3=Trichlorobenzene 19.24 0.14
INTERNAL STANDARD

Fluorobenzene 8.81 6.45

Column -~ 30 meter x 0.32m ID 08-5 capillary with um film thickness



Table 2. BF3 KEY m/z ABUNDANCE CRITERIA

Mass m/z Abundance Critaria
50 15 to 40% of mass 95
75 30 to 60% of mass 95
95 B8ase Peak, 100% Relative Abundance
96 S to 9% of mass 95
173 < 2% of mass 174
174 > 50% of mass 95
175 § to 9% of mass 174
178 > 95% but < 101% of mass 174

177 5 to 9% of mass 176




Table 3. SINGLE LABORATORY ACCURACY AND PRECISION DATA FOR
VOLATILE ORGANIC COMPOUNDS IN REAGENT WATZR

Average
Conc. Number Conc. Standard Percent
Tested of Measured Deviation Rel., Std.
Analyte ug/L Samoles ugq/L ugq/L Dev.
8enzene 1.0 8 0.97 0.036 3.6
Bromobenzene 1.0 8 0.92 0.042 4.6
Bromodichloromethane 1.5 8 1.43 0.096 5.7
B8romoform 2.5 8 2.36 0.23 9.7
Carbon tetrachloride 1.0 8 0.88 0.098 11.1
Chlorobenzene 1.0 8 1.02 0.047 4.6
Chloroform 1.0 8 1.03 0.086 8.4
Dibromochloromethane 1.5 8 1.49 0.10 7.0
1,2-Dibromo-3-chloropropane 3.0 8 3.4 0.63 18.2
1,2-0Dibromoethane 1.0 8 0.93 0.13 13.6
Dibromomethane 1.0 8 0.94 0.11 11.4
1,2-0ichlorobenzene 5.0 8 4,95 0.35 7.1
1,4-Dichlorobenzene 5.0 8 §.27 0.72 13.6
Dichlorodifluoromethane 1.0 8 0.96 0.11 11.9
1,1-Dichloroethane 1.0 8 1.05 0.060 5.9
1,2-0ichlorcethane 1.0 8 0.97 0.077 7.9
1,1-Dichloroethene 1.0 8 1.09 0.066 5.1
trans-1,2-0ichloroethene 1.0 8 0.98 0.066 6.8
1,2-0ichloropropane 1.0 8 1.01 0.060 5.9
1,3-Dichloropropane 1.0 8 1.00 0.033 3.4
Methylene chloride 1.0 7 0.99 0.045 4.5
Styrene 1.0 8 1.06 0.066 6.2
1,1,2,2-Tetrachloroethane 1.0 8 1.11 0.14 .12.8
Tetrachloroethene 1.0 8 0.93 0.10 10.9
Toluene 1.0 8 1.05 0.043 4.1
1,1,1-Trichlorvethane 1.0 8 1.05 0.093 8.8
Trichloroethene 1.0 8 0.90 0.12 13.6
Trichlorofluorcmethane 1.0 7 1.09 0.072 6.6
Vinyl chloride 1.0 8 0.98 0.11 10.8
o-Xylene 1.0 8 1.02 0.068 6.7
p=Xylene 1.0 8 1.11 0.047 4.2




Table 3. BFB XEY m/z ABUNDANCZ CRITERIA

Mass m/2 Abundance Critaria
S0 15 to 40% of mass 95
75 30 to 60% of mass 95
95 Base Peak, 100% Relative Abundance
96 5 to 9% of mass 95
173 < 2% of mass 174
174 > 50% of mass 95
175 S to 9% of mass 174
176 > 95% but < 101% of mass 174

177 5 to 9% of mass 176



Table 4. SINGLE LABORATORY ACCURACY AND PRECISION DATA FOR
VOLATILE ORGANIC COMPOUNDS IN REAGENT WATER
DETERMINED WITH A WIDE BORE CAPILLARY COLUMN

Conc. Number Standard Percent
Range, of Recovery,? QDeviation Rel. Std.
Analyte ug/L Samples < of Recoveryd ey,
8enzene 0.1 - 10 31 97 5.5 5.7
Bromobenzene 0.1 - 10 30 100 5.5 5.5
8romochloromethane 0.5 - 10 24 S0 5.7 6.4
Bromodichloromethane 6.1 - 10 30 95 5.7 6.1
Bromoform 0.5 - 10 18 101 6.4 6.3
8romomethane 0.5 - 10 18 95 7.8 8.2
n-8utylbenzene 0.5 - 10 18 100 7.6 7.6
sec-Butylbenzene 0.5 - 10 16 100 7.6 7.6
tert-8utylbenzene 0.5- 10 18 102 7.4 7.3
Carbon tetrachloride 0.5 - 10 24 84 7.4 8.8
Chlorobenzene 0.1 - 10 31 98 5.8 5.9
Chloroethane 0.5 - 10 24 89 8.0 9.0
Chloroform 0.5~ 10 24 90 5.5 6.1
Chloromethane 0.5 - 10 23 93 8.3 8.9
2=Chlorotoluene 0.1 - 10 31 90 5.6 6.2
4-Chlorotoluene 0.1 - 10 31 99 8.2 8.3
1,2-Dibromo-3-chloropropane 0.5 - 10 24 83 16.6 19.9
Dibromochloromethane 0.1 - 10 31 92 6.5 7.0
1,2-Dibromoethane 0.5 - 10 24 102 4.0 3.9
Dibromomethane 0.5 - 10 24 100 5.6 5.6
1,2-Dichlorobenzene 0.1 - 10 k) 93 5.8 6.2
1,3-0ichlorobenzene 0.5 - 10 24 99 6.8 6.9
1,4=0ichlorobenzene 0.2 - 20 31 103 6.6 6.4
Dichlorodifluoromethane 0.5 - 10 18 90 6.9 7.7
1,1-Dichloroethane 0.5 - 10 24 96 5.1 5.3
1,2-0ichloroethane 0.1 - 10 31 95 5.1 5.4
1,1-0ichloroethene 0.1 - 10 334 94 6.3 6.7
cis=1,2 Dichloroethene 0.5 - 10 18 101 6.7 6.7
trans-1,2-0ichlorcethene 0.1 - 10 30 93 5.2 5.6
1,2-Dichloropropane 0.l - 10 30 97 5.9 6.1
1,3=-Dichloropropane 0.T - 10 31 96 5.7 6.0
2,2=-0ichloropropane 0.5 - 10 12 86 14.6 16.9
1,1-Dichloropropene 0.5 - 10 18 98 8.7 8.9
Ethylbenzene 0.1l - 10 31 99 8.4 8.5
Hexachlorobutadiene 0.5 - 10 18 100 6.3 §.8
Isopropylbenzene 0.5 - 10 16 101 7.7 7.5
p-Isopropyltoluene 0.1 - 10 23 99 6.7 5.7



Table 4. CHARACTERISTIC MASSES (m/z) FOR PURGEABLZ ORGANICS COMPCUNOS

Primary Seccndary

Characteristic Charactaristic
Analyta lon lons
Benzene 78 -
Bromobenzene 156 77,158
Bromochlaoromethane 128 49,130
8romodichlorcmethane 83 85,127
Bromoform 173 175,254
8romomethane 94 96
n-Butylbenzene 91 92,134
sec-8utylbenzene 105 134
tert-8utylbenzene 119 91,134
Carbon tetrachloride 117 119
Chlorobenzene 112 77,114
Chlorvethane 64 66
Chloroform 83 8s
Chloromethane 50 g2
2-Chlorotoluene 91 126
4_Chlorotoluene 91 126
1,2-01bromo-3-Chloropropane 75 155,157
Dibromochloromethane 129 127
1,2-0ibromoethane 107 109,188
Dibromomethane 93 95,174
1,2-0ichlorobenzene 146 111,148
1, 3=-0ichiorcbenzene 146 111,148
1,4-Dichlorcbenzene 146 111,148
Dichloraedifliuoromethane 8§ 87
1,1-Dichlorcethane 63 65,83
1,2-01chloroethane 62 98
1,1-0ichlorcethene 96 61,63
¢is-1,2-0ichlorcethene 96 61,98
trans-1,2-0Dichlorvethene 96 61,98
1,2-0ichloropropane 63 112
1,3=-0ichloropropane 76 78
2,2=-Dichloroprapane 77 97
1,1-0{ichloropropene 75 110,77
Ethyibenzene 91 106
Hexachlorabutadiene 225 223,227
[sopropylbenzene 108 120
p=1sopropyltoluene 119 134,91
Methylene chlaride 84 86,49
Naphthalene 128 -
n=-Propylbenzene 91 120
Styrene 104 78
1,1,1,2-Tetrachlorgethane 131 133,119



Table 4. (Continued)

Conc. Number Standard Percent
Range, of Recovery,d Deviation Rel. Std.
Analyte ug/L Samples % of Recoveryd pav.
Methylene chloride c.l1 - 10 30 95 §.0 5.3
Naphthalene 0.1 - 100 31 104 8.6 8.2
n-Propylbenzene 0.1 - 10 31 100 5.8 5.8
Styrene 0.1 - 100 39 102 7.3 7.2
1,1,1,2-Tetrachloroethane 0.5 - 10 24 90 6.1 6.8
1,1,2,2-Tetrachloroethane 0.1 - 10 30 91 5.7 6.3
Tetrachloroethene 0.5 - 10 24 89 6.0 6.8
Toluene 0.5 - 10 18 102 8.1 8.0
1,2,3=-Trichlorobenzene 0.5 - 10 18 109 9.4 8.6
1,2,4=Trichlorobenzene 0.5 - 10 18 108 9.0 8.3
1,1,1-Trichlorocethane 0.5 - 10 18 98 7.9 8.1
1,1,2-Trichloroethane 0.5 - 10 18 104 7.6 7.3
Trichloroethene 0.5 - 10 24 0] 6.5 7.3
Trichlorofluoraomethane 0.5 - 10 24 89 7.2 8.1
1,2,3=Trichloropropane 0.5 - 10 16 108 15.6 14.4
1,2,4-Trimethylbenzene 0.5 - 10 18 99 8.0 8.1
1,3,5=-Trimethylbenzene 0.5 - 10 23 92 6.8 7.4
Vinyl chloride 0.5 - 10 18 98 6.5 6.7
o-Xylene 0.1 - 31 18 103 7.4 7.2
m=-Xylene 0.1 - 10 31 97 6.3 6.5
p=-Xylene 0.5 - 10 18 104 8.0 7.7

|

a. Recoveries were calculated using internal standard method. Internal
standard was fluorcbenzene.

b. Standard deviation was calculated by pooling data from three levels.



Table 4. (Continuedq)

Primary Secondary
Analvte Ion lons
——__—_:—_—______—“‘__*—_
1,1,2,2-Tetrachliorcethane 83 131,85
Tetrachloroethene 166 183,129
Toluene 92 .
1,1,1-Trichloroethane 97 :9,61
1,1,2-Trichloroethane 83 97,85
Trichloroethene 95 130,132
Trichlorofluoromethane 101 103
1,2,3=-Trichloropropane 75 77
Vinyl Chloride 62 64
o-Xylene 106 91
m=-Xylene 106 91
p=-Xylene 106 91
INTERNAL STANDAROS/SURRGCGATES
Fluorobenzene 96 70
1,2-0ichlorobenzene-dg 150 115,152

p=-8romofluorobenzene 95 174,176



Table 5. SINGLE LABORATORY ACCURACY AND PRECISION DATA FQR
YOLATILE ORGANIC COMPOUNDS IN REAGENT WATER
DETERMINED ON A NARROW BORE CAPILLARY COLUMN

Number a Percent
Cone, of Recovery, Standard Rel. Std.
Analyte ug/L Samples % Deviation Dev.
Benzene 0.1 7 99 6.2 6.3
8romobenzene 0.5 7 97 7.4 7.6
Bromochloromethane 0.5 7 97 5.8 6.0
Bromodichloromethane 0.1 7 100 4.6 4.5
Bromoform 0.5 7 101 5.4 5.3
Bromomethane 0.5 7 99 7.1 7.2
n-8utylbenzene 0.5 7 94 6.0 6.4
sac-8utylbenzene 0.5 7 110 7.1 6.5
tert-Butylbenzene 6.5 7 110 2.5 2.3
Carbon tetrachloride 0.1 7 108 6.8 6.3
Chlorobenzene 0.1 7 91 5.8 6.4
Chlorcethane 0.1 7 100 5.8 5.8
Chloroform 0.1 7 105 3.2 3.0
Chloromethane 0.5 7 101 4.7 4.7
2-Chlorotoluene 0.5 7 99 4.6 4.6
4-Chlorotoluene 0.5 7 96 7.0 7.3
1,2-0tbromo-3-chioropropane 0.5 7 92 10.0 10.9
Dibromochloromethane 0.1 7 99 5.6 5.7
1,2-0ibromoethane 0.5 7 97 5.6 5.8
.Dibromomethane 0.5 7 93 5.6 6.0
1,2-0ichlorobenzene 0.1 7 97 3.5 3.6
1,3-Dichlorobenzene 0.1 7 101 6.0 5.9
1,4-0ichlorobenzene 0.1 7 106 6.5 6.1
Dichlorodifluoromethane 0.1 7 99 8.8 8.9
1,1-0ichloroethane 0.5 7 98 6.2 6.3
1,2-0ichloroethane 0.1 7 100 6.3 6.3
1,1-Dichloroethene 0.1 7 95 9.0 9.5
cis-1,2 Oichloroethene 0.1 7 100 3.7 3.7
trans-1,2-0ichloroethene 0.1 7 98 7.2 7.3
1,2-0ichloropropane Q.5 7 96 6.0 §.3
1,3-01ichloropropane g.5 7 99 5.8 5.9
2,2-0ichlorapropane 0.5 7 9s 4.9 4.9
1,1-Dichloropropene 0.5 7 102 7.4 7.3
Ethylibenzene 0.5 7 99 5.2 5.3
Hexachlorobutadiene 0.5 7 100 6.7 6.7
Isopropylibenzene 0.5 7 102 6.4 6.3
p-Isopropylitoluene 0.5 7 113 13.0 11.5



Table 5. (Continued)

Number a Percent
Conc, of Recovery, Standard Rel. Std.
Analyte ug/L Samples 4 Devyiation Dev.
Methylene chloride 0.5 7 97 13.0 13.4
Naphthalene 0.5 7 98 7.2 7.3
n-Propylbenzene 0.5 7 99 6.6 6.7
Styrene 0.5 7 96 19.0 19.8
1,1,1,2-Tetrachlioroethane Q.5 7 100 4.7 4.7
1,1,2,2-Tetrachloroethane 0.5 7 100 12.0 12.0
Tetrachloroethene 0.1 7 96 5.0 5.2
Toluene 0.5 7 100 5.9 5.9
1,2,3=-Trichlorcbenzene 0.5 7. 102 8.9 8.7
1,2,4=Trichlorcbenzene 0.5 7 91 16.0 17.6
1,1,1-Trichloroethane 0.5 7 100 4.0 4.0
1,1,2=-Trichloroethane 0.5 7 102 4.9 4.8
Trichloroethene 0.1 7 104 2.0 1.9
Trichlorofluoromethane 0.1 7 97 4.6 4.7
1,2,3=Trichloropropane 0.5 7 96 6.5 6.8
1,2,4=Trimethylbenzene 0.5 7 96 6.5 6.8
1,3,5~Trimethylbenzene 0.5 7 101 4.2 4.2
Vinyl chloride 0.1 7 104 0.2 0.2
o=Xylene 0.5 7 106 7.5 7.1
m=-Xylene 0.5 7 106 4.8 4.3
p=-Xylene 0.5 7 97 6.1 8.3

a. Recoveries were calculated using intarnal standard method. Internal
standard was fluorobenzene.



Table 6. CHARACTERISTIC MASSES (m/z) FOR PURGEABLE ORGANICS COMPOUNDS

Primary Secondary -
Characteristic Characteristic

Analvte Ion __lons
Benzene 78 -
Bromobenzene 156 77,158
8romochloromethane 128 49,130
Bromodichloromethane 83 85,127
Bromoform 173 175,254
B8romomethane 94 96
n-Butylbenzene 91 92,134
sec-Butylbenzene 108 134
tert-8utylibenzene 119 91,134
Carbon tetrachloride 117 119
Chlorobenzene 112 77,114
Chloroethane 64 66
Chloroform 83 85
Chloromethane 50 52
2-Chlorotoluene 91 126
4-Chlorotoluene 91 126
1,2-01bromo~3-Chloropropane 75 155,157
Dibromochicromethane 129 127
1,2-0ibromoethane 107 109,188
Dibromomathane 93 85,174
1,2-Dichlorobenzene - 146 111,148
1,3-0ichlorobenzene 146 111,148
1,4-0ichlorobenzene 146 111,148
Oichloredifluoromethane 85 87 .
1,1-Dichloroethane 63 65,83
1,2-Dichloroethane 62 98
1,1-0ichlorcethene 96 61,63
cis=1,2-Dichlorcethene 96 61,98
trans-1,2-0ichloroethene 96 61,98
1,2-0ichloropropane 63 112
1,3-0Dichloropropane 76 78
2,2-0ichloropropane 77 97
1,1-0ichloropropene 75 110,77
Ethylbenzene 91 106
Hexachlorobutadiene 225 223,227
Isopropylbenzene 108 120
p~-Isopropyltoluene 119 134,91
Methylene chloride 84 86,49
Naphthalene 128 -
n-Propylbenzene 91 120
Styrene 104 78

1,1,1,2-Tetrachlorocethans 131 133,119



Table 6. (Continued)

Primary Secondary
Analyte lon lons
1,1,2,2-Tetrachlorvethane 83 131,85
Tetrachloroethene 166 168,129
Toluene 92 91
1,2,3=-Trichlorcbenzene 180 182,145
1,2,4=Trichlorobenzene 180 182,145
1,1,1-Trichloroethane 97 99,61
1,1,2-Trichlorocethane a3 97,85
Trichloroethene 95 130,132
Trichlorofluoromethane 101 103
1,2,3=Trichloropropane 75 - 77
1,2,4=Trimethylbenzene 105 120
1,3,5=-Trimethylbenzene 105 120
Vinyl Chloride 62 64
o-Xylene 106 91
m=Xylene 106 91
p-Xylene 106 91
INTERNAL STANDARDS/SURRQGATES
Fluorobenzene 96 70
1,2-0ichlorcbenzene-dg 150 115,152
p-8romofluorobenzene 95 174,176



METHOD 524.2. VOLATILE ORGANIC COMPQUNDS IN WATER B8Y
PURGE AND TRAP CAPILLARY COLUMN GAS CHROMATOGRAPHY/MASS SPECTROMETRY
(August, 1986)

1. SCOPE AND APPLICATION

1.1 This method is applicable for the determination of various volatile
organic compounds in finished drinking water, raw source water, or
drinking water in any treatment stage. (1) The following compounds
can be determined by this methed:

Chemical Abstract Services

Analyte Registry Number
Benzene 71-43-2
Bromobenzene 108-86-1
Bromochloromethane 74-97-5
Bromodichloromethane 75=27-4
Bromoform’ 75=-25=2
Bromomethane 74-83-9
n-Butylbenzene 104-51-8
sec-8utylbenzene 135-98-8
tert-Butylbenzene 98-06-6
Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroethane 75=00-3
Chloroform 67-66-3
Chloromethane 74-87-3
2-Chlorotoluene 95-49-8
4-Chlorotoluene 106-43-4
Dibromochloromethane 124-48-1
1,2-0Dibromo-3-chloropropane 96-12-8
1,2-0ibromoethane 106-33-4
Dibromomethane 74-95-3
1,2-Dichlorobenzene 95-50-1
1,3=-0ichlorobenzene 541-73-1
1,4=01ichlorobenzene 106-46-7
Dichlorodifiuoromethane 75-71-8
1,1-Dichloroethane 75-34-3
1,2-0ichlorcethane 107-06<2
1,1-Dichloroethene 75-35-4
cis=1,2-0ichlorcethene 156-59-4



1.2

Chemical Abstract Services

Analyte Registry Numter
trans-1,2-0ichloroethene 156=60-5
1,2-0ichloropropane 78-37-5
1,3-01chloropropane 142-28-9
2,2-0ichlcropropane 590-20-7
1,1-0ichloropropene 563-58-6
Ethylbenzene 100-41-4
Hexachlorobutadiene 87-68-3
Isopropylbenzene 98-32-8
p=Iscpropylitoluene 99-87-6
Methylene chloride 75=-09-2
Naphthalene 91-20-3
n-Propylbenzene 103-65-1
Styrene 100-42-5
1,1,1,2-Tetrachloroethane 630-20-6
1,1,2,2-Tetrachiorocethane 79=34-5
Tetrachlorcethene 127-18-4
Toluene 108-88-3
1,2,3=-Trichlorobenzene 87-61-6
1,2,4=Trichlorobenzene 120-82-1
1,1,1-Trichloroethane 71-55-6
1,1,2-Trichloroethane 79-00-5
Trichlorcethene 79-01-6
Trichlorofluoromethane 75-69-4
1,2,3=-Trichloropropane 96-18-4
1,2,4=Trimethylbenzene 95-63-6
1,3,5~Trimethylibenzene 108-67-3
Vinyl chloride 75=01-4
o=Xylene 95-47-5
m=-Xylene 108-38-3
p-Xylene 106-42-3

Method detection limits (MOLs) (2) are compound dependent and vary

with purging efficiency and concentration. The MOLs for selected
analytes are presented in Table 1. The applicable concentration
range of this method i{s compound and instrument dependent but is
approximately 0.1 to 200 ug/L. Analytes that are inefficiently
purged from water will not be detected when present at low
concentrations, but they can be measured with acceptable accuracy
and precision when present in sufficient amounts. Oetermination of
some geometrical isomers (i.e., xylenes) may be hampered by
coelution.



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

2. SUMMARY OF METHOD

2.1 Highly volatile organic compounds with low water solubility are
extracted (purged) from the sample matrix by bubbling an {nert gas
through a 25 mL aqueous sample. Purged sample components are
trapped in a tube containing suitable sorbent materials. When
purging is complete, the sorbent tube {s heated and backflushed
with helium to desorb trapped sample components. The analytes are
desorbed directly to a large bore capillary or cryofocussed on a
capillary precolumn before being flash evaporated to a narrow bore
capillary for analysis. The column is temperature programmed to
separate the method analytes which are then detected with a mass
spectrometer (MS) interfaced to the gas chromatograph.

Wide-bore capillary columns generally require a jet separator,
whereas narrow=bore capillaries can be directly interfaced to the
fon source.

2.2 Tentative identifications are confirmed by analyzing standards
under the same conditions used for samples and comparing resultant
mass spectra and GC retention times. Each identified component is
measured by relating the MS response for an appropriate selected
ion produced by that compound to the MS response for another ion
produced by a compound that is used as an intermal standard.

3. INTERFERENCES

3.1 Ouring analysis, major contaminant sources are volatile materials
in the laboratory and impurities in the inert purging gas and in
the sorbent trap. The use of non-polytetrafluorcethylene (PTFE)
plastic tubing, non-PTFE thread sealants, or flow controllers with
rubber components in the purging device should be avoided since
such materials out-gas organic compounds which will be concentrated
in the trap during the purge operation. Analyses of labcratory
reagent blanks (Sect. 9.1.3) provide information about tne presence
of contaminants. When potential intarfaring peaks are noted in
laborataory reagent blanks, the analyst should change the ourge gas
source and regenerate the molecular sfeve ourge gas filter {(Fig.
1). Subtracting tlank values from samole =esuyisc is nct permitted.



3.2

3.3

Interfering contamination may occur when a sample containing low
concentrations of volatile organic ccmpounds is analyzed
immediataly after a samole containing relatively high
concentrations of volatile organic compounds. A preventive
technique is between-sample rinsing of the purging apparatus and
sample syringes with two portions of reagent water. After analysis
of a sample containing high concentrations of volatile organic
compounds, one or more laboratory reagent blanks should be analyzed
to check for cross contamination. For samples containing large
amounts of water soluble materials, suspended solids, high boiling
compounds or high levels of compounds being determined, it may be
necessary to wash out the purging device with a soap solution,
rinse it with reagent water, and then dry it in an oven at 105°C
between analyses.

Special precautions must be taken to analyze for methylene
chloride. The analytical and sample storage area should be
fsolated from all atmospheric sources of methylene chloride,
otherwise random background levels will result. Since methylene
chloride will permeate through PTFE tubing, all gas chromatography
carrier gas lines and purge gas plumbing should be constructed from
stainless steel or copper tubing. Laboratory clothing worn by the
analyst should be clean since clothing previously exposed to
methylene chloride fumes during common liquid/1iquid extraction
procedures can contribute to sample contamination.

4. SAFETY

4.1

4.2

The toxicity or carcinogenicity of chemicals used in this method
has not been precisely defined; each chemical should be treated as
a potential health hazard, and exposure to these chemicals should
be minimized. Each laboratory is responsible for maintaining
awareness of OSHA regulations regarding safe handling of chemicals
used in this mathod. Additional references to laboratory safety
are avaijlable (3-5) for the information of the analyst,

The following method analytes have been tentativaelv classified as
known or suspected human or mammalian carcinc-.-~:: -enZene, carbon
tetrachloride, 1,4=dichlorobenzene, 1,2-dichlcr2:nane, hexachloro-
butadiene, 1,1,2,2-tetrachloreethane, 1,1,2-trichlorcethane,
chloroform, 1,2-dibromoethane, tetrachlorcetnene, trichloroethene,
and vinyl chloride. Pure standard matarials and stock standard
solytions of these compounds should be handled in a hood. A
NIOSH/MESA approved toxic gas respirator should be worn when the
analyst handles high concentrations of these toxic compounds.
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APPARATUS AND EQUIPMENT

S.1 SAMPLE CONTAINERS - 60-ml to 120-ml screw cap vials (Pierce #19832

5.2

or equivalent) each equipped with a PTFE-faced silicone septum
(Pierce #12718 or equivalent). Prior to use, wash vials and septa
with detergent and rinse with tap and distilled water. Allow the
vials and septa to air dry at room temperature, place in a 105°C
oven for one hour, then remove and allow %0 cool in an area known
to be free of organics.

PURGE AND TRAP SYSTEM - The purge and trap system consists of three
separate pieces of equipment: purging device, trap, and desorber.
Systems are commercially available from several sources that meet
all of the following specifications.

§.2.1 The all glass purging device (Fig. 1) must be designed to
accept 25-m. samples with a water column at least S cm
deep. Gaseous volumes above the sample must be kept to a
minimum (< 15 m.) to eliminate dead volume effects. A glass
frit should be installed at the base of the sample chamber
so the purge gas passes through the water column as finely
divided bubbles with a diameter of < 3 mm at the origin.
Needle spargers may be used, however, the purge gas must be
introduced at a point < S mm from the base of the water
column.

§.2.2 The trap (Fig. 2) must be at least 25 cm long and have an
inside diameter of at least 0.105 in. Starting from the
inlet, the trap should contain 1.0 c¢cm of methyl silicone
coated packing and the following amounts of adsorbents: 1/3
of 2,6-diphenylene oxide polymer, 1/3 of silica gel, and 1/3
of coconut charcoal. Before initial use, the trap should be
conditioned overnight at 180 C by backflushing with an inert
gas flow of at least 20 mL/min. Vent the trap effluent to
the room, not to the analytical column. Prior to dajly use,
the trap should be conditioned for 10 minutes at 180°C with
backflushing. The trap may be vented to the analytical
column during daily conditioning; however, the column must
be run through the temperature program prior to analysis of

samples.

§.2.3 The use of the methyl silicone coated packing is
recommended, but not mandatory. The packing serves a dual
purpose of protecting the adsorbent from aerosols, and also
of insuring that the adsorbent is fully enclosed within the
heated zone of the trap thus eliminating potential cold
spots. Alternatively, silanized glass wool may be used as a
spacer at the trap inlet.



5.3

5.2.4 The desorber must te capable of rapidly heating the trap ts
180°C. The polymer section of the trap should not be heatad
higher than 200 C or the life expectancy of the trap will
decrease. Trap failure is charactarized by a pressure drop
in excass of 3 pounds per square inch across the trap during
purging or by poor bromoform sensitivities. The desorber
design illustrated in Fig. 2 meets these criteria.

§.2.5 Figures 3 and 4 show typical flow pattarns for the
purge-sorb and desorb modes. '

GAS CHROMATOGRAPHY/MASS SPECTROMETER/DATA SYSTEM (GC/MS/DS)

§.3.1 T-2 GC must be capable of temperature programming and should
be equipped with variable—constant differential flow
controllers so that the column flow rate will remain
constant throughout desorption and temperature program
operation. The column oven must be cooled to <30°C,
therefore, 2 subambient oven controller is required. The GC
usually is interfaced to the MS with an all-glass enrichment
device and an all-glass transfer line, but any enrichment
device or transfer line can be used if the performance
specifications described in Sect. 9.2.5 can be achieved.

§.3.2 Gas Chromatographic Column 1 - 60m long x 0.7Smm [D VOCOL
(Supelco, Inc.) wide-bore capillary column with 1.5 um film
thickness. The flow rate of helium carrier gas is
established at 15 mL/min. The column temperature is held
for 5 minutes at 10°C, then programmed to 160°C at 6 C/min,
and held until all expected compounds have eluted. A sample
chromatogram obtained with this column i{s presented in Figq.
5. This column was used to develop the method performance
statements in Section 13.

§.3.3 Gas Chromatographic Column 2 - 30m long x 0.53mm ID 0B-624
Mega-Bore (J& Scientific, Inc.) column with 3 um film
thickness. Helium carrier gas flow is 15 m./min. The
column temperature is held for S minutes at 10 C, then
programmed to 160°C at 6°C/min. A sample chromatogram
obtained with this column is presented in Fig. 6.

5§.3.4 Gas Chromatographic Column 3 - 30 meter long x 0.32m [D
fused silica capillary column coated with Ourabond 08-5 (J&
Scientific, Inc.) with a lum film thickness. Helium carrier
gas flow 1s 4.0 mL/min. The column is maintained at 10 C
for 5 mins, then programmed at 6°/min for 10 min than
15°/min for S min to 145°C. A sample chrumatogram cbtained
with this column is presanted in Fig. 7.



5.4

505

S.6

§.3.5 Mass spectral data are obtained with electron-impac:
jonizaticn at 2 nominal electron energy of 70 eV. The mass
spectrometer must be capable of scann1ng from 35 to 300 amu
every 2s or less and must produce a mass spectrum that meets
all criteria in Table 3 when 50 ng or less of
4-bromoflucrobenzene is introduced into the GC. - To ensure
sufficient precision of mass spectral data, the desirable MS
scan rate allows acquisition of at least five spectra while
a sample compaonent elutes from the GC.

5.3.6 An interfaced data system (DS) is required to acguire,
store, reduce and output mass spectral data. The computer
software must allow searching any GC/MS data file for ions
of a specific mass and plotting ion abundances versus time
or scan number. This type of plot is defined as an
extracted ion current profile (EICP). Software must also
allow integrating the abundance in any EICP between
specified time or scan number limits.

CAPILLARY INTERFACE - The device interfaces the purge and trap
concentrator to the capillary gas chromatograph. The interface
condenses the desorbed sample components and focuses them into a
narrow band on an uncoated fused silica capillary pre-column. When
the fnterface is flash heated the sample is transferred to the
analytical capillary column,

5.4.1 Under a stream of 1iquid nitrogen, the temperature of the
fused silica in the interface is maintained at -150°C during
the cryofocusing step. After the desorption period, the
interface must be capable of rapid heating to +250°C in 15
sec. or less to complete the transfer of analytes.

SYRINGE AND SYRINGE VALVES

5.5.1 Two 25-mL glass hypodermic syringes with Luer-lLok tig.

5.5.2 Three 2-way syringe valves with Luer ends.

§.5.3 Micro syringes - 10, 25, 100 ul.

§.5.4 Syringes - 0.5, 1.0, and 3-mL, gas tight with shut-off valve.

MISCELLANEQUS

§.6.1 Standard solution storage containers - 15-rl botzies with
PTFE-1ined screw caps.



8.

REAGENTS AND CONSUMABLE MATERIALS

6.1 TRAP PACKING MATZRIALS

6.2

6.3

6.1.1

6.1.2

6.1.3
6.1.4

2,6-0ipnenylene oxide poliymer, 5§0/20 .mesh, chromatographic
grade (Tenax GC or eguivalent).

Methyl silicone packing (optional) - QV-1 (3%) on Chromo-
sorb W, 60/80 mesh, or equivalent.

Silica gel - 35/60 mesh, Davison, grade 15 or equivalent.

Coconut charcoal - Prepare from Barnebey Cheney, CA-580-26
lot #M-2649 by crushing through 26 mesh screen.

REAGENTS

6.2.1
6.2.2

6.2.3

6.2.4

Methanol - Demonstrated to be free of analytes.

Reagent water - Prepare reagent water by passing tap water
through a filter bed containing about 0.5 kg of activated
carbon, by using a water purificatton system, or by boiling
distilled water for 15 min followed by a 1-h purge with
fnert gas while the water temperature is held at 90°C.
Store in clean, narrow-mouth bottles with PTFE-l1ined septa
and screw caps.

Hydrochloric acid (1+1) - Carefully add measured volume of
conc. HCl1 to equal volume of reagent water.

Vinyl chloride - 99.9% pure vinyl chloride {s available from
[deal Gas Products, Inc., Edison, New Jersey and from
Matheson, East Rutherford, New Jersey. Certified mixtures
of vinyl chloride in nitrogen at 1.0 and 10.0 ppm (v/v) are
available from several sources.

STANDARD STOCK SOLUTIONS - These solutions may be purchased as
certified solutions or prepared from pure standard materials using
the following procedures:

6.3.1

Place about 9.8 m. of methanol into a 10-mlL ground-glass
stoppered volumetric flask. Allow the flask to stand,
unstoppered, for about 10 min or until all alcohol-wetted
surfacas have dried and weigh to the nearest 0.1 mg.



6.4

6.5

6.6

6.3.2 If the analyte is a liquid at room temperature, use a 100-uL
syringe and immediately add two or more drops of reference
standard to the flask. Be sure that the reference standarg
falls directly into the alcohol without contacting the neck
of the flask. If the analyte is a gas at room temperature,
fill a 5-mL valved gas-tight syringe with the standard to
the 5.0-mL mark, lower the needle to S mm above the methanol
meniscus, and slowly inject the standard into the neck area
of the flask. The gas will rapidly dissolve in the methanol.

6.3.3 Reweigh, dilute to volume, stopper, then mix by inverting
the flask several times. Calculate the concentration in
micrograms per microliter from the net gain in weight. When
compound purity is certified at 96X or greater, the weight
can be used without correction to calculate the
concentration of the stock standard.

6.3.4 Store stock standard solutions in 15-ml bottles equipped
with PTFE-1ined screw caps. Methanol solutions prepared
from 1iquid analytes are stable for at least four weeks when
stored at 4°C. Methanol solutions prepared from gaseous
analytes are not stable for more than one week when stored
at <0 C; at room temperature, they must be discarded after
one day.

SECONDARY OILUTION STANDARDS - Use standard stock solutions to
prepare secondary dilution standard solutions that contain the
analytes in methanol. The secondary dilution standards should be
prepared at concentrations that can be easily diluted to prepare
aqueous calibration solutions (Sect. 8.1) that will bracket the
working concentration range. Store the secondary dilution standard
solutions with minimal headspace and check frequently for signs of
deterioration or evaporation, especially just before preparing
calibration solutions from them. Storage times described for stock
standard solutions in Sect. 6.3.4 also apply to secondary dilution
standard solutions.

INTERNAL STANDARD SPIKING SOLUTION — Prepare a spiking solution
containing fluorobenzene, and 1,2-dichloropenzene-d4 in methanol
using the procedures described in Sect. 6.3 and 6.4. It is
recommended that the secondary dilution standard be prepared at a
concentration of 25 ug/mL of each intermal standard compound. The
addition of 10 ul of such a standard t3 25.0 m. of sample or
calibration standard ~cu'a Se ecuivaient to 10 ug/L.

BF3 STANDARD — Presare 1 S-yg/mL soiutisn ¢f brcmofluorcbenzene
in methanol.



6.7 LABORATORY QUALITY CONTROL STANDARD CONCEINTRATE - Using standard
stock solutions, prepare a solution containing each analyta of
interest at a concentration of 500 times the MCL in methanol.

7. SAMPLE COLLECTION, PRESZRVATION, AND STORAGE

7.1 SAMPLE COLLECTION

7.2

7.3

7.1.1

7.1.2

7.1.3

SAMPLE
7.2.1

7.2.2

SAMPLE
7.3.1

7.3.2

Collect all samples in duplicate. Fill sample bottles to
overflowing. No air bubbles should pass through the sample
as the bottle fs filled, or be trapped in the sample when
the bottle is sealed.

When sampling from a water tap, open the tap and allow the
system to flush until the water temperature has stabilized
(usually about 10 min). Adjust the flow to about 500 mL/min
and collect duplicate samples from the flowing stream.

When sampling from an open body of water, fi11 a l-quart
wide-mouth bottle or l-liter beaker with sample from a
representative area, and carefully f111 duplicate sample
bottles from the container.

PRESERYATION

Adjust the pH of the duplicate samples to <2 by carefully
adding one drop of 1:1 HC1 for each 20 mL of sample
volume.(6) Seal the sample bhottles, PFTE-face down, and
shake vigorously for one minute.

The samples must be chilled to 4°C on the day of collection
and maintained at that temperature until analysis. Field
samples that will not be received at the laboratory on the
day of collection must be packaged for shipment with
sufficient fce to ensure that they will be at 4°C on arrival
at the labecratory.

STORAGE

Store samples at 4°C until analysis. The sample storage
area must be free of organic solvent vapors.

Analyze all samples within 14 days of collection. Samples
not analyzed within this period must be discarded and
replacad.



8.

CALIBRATION AND STANDARDIZATIGN

8.1 PREPARATION OF CALISRATION STANDARDS

8.1.1 A set of at least five calibration standards containing the

8.1.2

8.2.1

method analytes is needed. One calibration standard should
contain each analyte at a concentration approaching but
greater than the method detection limit (Table 1) for that
compound; the other calibration standards should contain
analytes at concentrations that define the range of the
method.

To prepare a calibration standard, add an appropriate volume
of a secondary diiution standard solution to an aliquot of
reagent water in a volumetric flask. Use a microsyringe and
rapidly inject the alccholic standard {nto the expanded area
of the filled volumetric flask. Remove the needle as
quickly as possible after injection. Mix by inverting the
flask three times only. 0Oiscard the contents contained in
the neck of the flask. Aqueous standards are not stable and
should be discarded after one hour unless sealed and stored
as described in Sect. 7.2.

8.2 CALIBRATION

After meeting the BFB criteria in Sect. 10.1, analyze each
calibration standard according to Sect. 10, adding 10 L of
internal standard spiking solution directly to the syringe.
For each analyte, select a significant characteristic ion.
When feasible, use the most intense ion in the mass
spectrum; when a2 less intense fon is more characteristic and
sufficiently intense to provide necessary sensitivity, use
that fon to avoid possible interferences. Tabulate area
response of the characteristic m/z versus the concentration
for each analyte and internal standard. Calculate response
factors (RF) for each analyte using Equation l:

Re - (Ag)(C4o)

is’ s

Equation 1

where:

A = Area of the charactaristic m/z for the analyt2 to be
measured;

Ay = Area of the characteristic m/z for the intarnal
standard;



8.2.2

8.2.3

8.2.4

Cig = Concantration of the internal standard, in yg/L.
Cg = Concentration of the analyte to be measured, in ug/L.

The choice of which internal standard to use for an analyts
is left to the analyst.

Prepare a calibration curve for each analyte.
Alternatively, if the RF for an analyte is :astant (less
than 10% RSD) over the working range, the average RF can be
used for that analyte.

The working calibration curve or average response factor
must be verified on each working day by the measurement of
one or more calibration standards. I[f the gquantitation icon
area for any analyte varies from the response determined for
that standard concentration from the calibration curve or
average RF established in Sect. 8.2.2 by more than *20%,
repeat steps 8.2.1 and 8.2.2.

Calibration for vinyl chloride using a =2~ “fad gaseous
mixture of vinyl chloride in nitrogen can oe <ccomplished by
the following steps.

8.2.4.1 Fi11 the purging device with 25.0 mL of reagent
water or aqueous calibration standard.

8.2.4.2 Start to purge the agqueous mixture. Inject 2 known
volune (between 100 and 2000 uL) of the calibration
gas (at room temperature) directly into the purging
device with a gas tight syringe. Slowly inject the
gaseous sample through a septum seal at the top of
the purging device at 2000 ul/min. 0o not inject
the standard through the aqueous sample inlet
needle. Inject the gaseous standard tefore five min
of the ll-min purge time have eiagsed.

8.2.4.3 Determine the aqueous equivalent concentration of
vinyl chloride standard, in ug/L, injected with the
equation:

S-= 0.102 (C)(V) Equation 2

where S = Aqueous equivalent concentration
of vinyl chloride standard in ug/L;
C = Concentration of gaseous standard in ppm;
Y = Yolume of standard {njectad in milli-
Titers.



9.

QUALITY CONTROL

9.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this
program consist of an init{fal demonstration of laboratory cap-
ability and an ongoing analysis of spiked samples to evaluate and
document data guality. The laboratory must maintain records to
document the quality of data that is generated. Ongoing data
quality checks are compared with established performance criteria
to determine if the results of analyses meet the performance
characteristics of the method. A quality control check standard
must be analyzed to confirm that the measurements were performed in
an in-control mode of operation.

9.2

9.1.1

9.1.2

9.1.3

9.1.4

9.1.5

9.1.6

The analyst must make an initifal, 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.

In recognition of advances that are occurring in chromato-
graphy, the analyst is permittad certain options (detailed
in Section 10.2.2) to improve the separations 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 9.2.

tach day, the analyst must analyze a reagent water blank to
demonstrate that interferences from the analytical system
are under contral.

The laboratory must, on an ongoing basis, demonstrate
through the analyses of quality control check standards that
the operation of the measurement system is in control. This
procadure {s described in Section 9.3. The frequency of the
check standard analyses is equivalent to 10% of all samples
analyzed but at least two samples per month.

On a weekly basis, the laboratory must demonstrate the
ability to analyze low level samples. A procedure for low
level check samples is described in Section 9.4.

The laboratory ﬁﬁst maintain performance records to document
the quality of data that is generated. This procedure is
described in Section 9.5,

To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operatiens.



9.3

g.2.1

9-2.2

9.2.3

9.2.4

9.2.5

A quality csntrol (QC) check sample concentrata is required
containing each regulated analyta, and any additicnal
analyte wnich is to be reported, at a concentration of 5Q0
times the MCL or § ug/mi, whichever is smaller, in

methanol. The QC check sample must be prepared by the
laboratory using stock standards prepared independently from
those used for calibration.

Analyze seven 25-ml QC check samples at 1/5 MCL or 2 ug/L
according to the method beginning in Sect. 10. Each sample
is produced by injecting 10 uL of QC check sample
concentrate into 25 mL of reagent water in a glass syringe
through the syringe valve.

Calculate the average recavery (X) in ug/L, and the standard
deviation of the recovery (s) in ug/L for each analyte using
the seven results. Calculate the MOL for each analyte as
specified in Ref. 2. The calculated MDL must be less than
the spike level.

For each analyte, (X) must be between 90% and 110% of the
true value. Additionally, s must be < 35% of X. If s and X
for all analytes meet the criteria, the system performance
is acceptable and analysis of actual samples can begin. If
any s exceeds the precision 1imit or any X falls outside the
range for accuracy, the system performance is unacceptable
for that analyte.

NOTE: The large number of analytes present a substantial
probability that one or more will fail at least one of the
acceptance criteria when all analytes are analyzed.

When one or more of the analytes tested fail at least one of
the acceptance criteria, the analyst must proceed according
to Section 9.2.2 only for the analytes which failed the test.

The laboratory must demonstrate on a regular basis as outlined in
Section 9.1.4 that the measurement system is in control by
analyzing a quality control check sample for all analytes of
interest at the MCL or 10 ug/L, whichever is smaller.

9.3.1

9.3.2

Prepare a QC check standard by adding 50 ul of QC check
sample concentrate to 25 m. of ragent water in a glass

syringe.

Analyze the QC check according to Section 10, and calculate
the recovery for each analyte. The recovery must be betwesn
60% and 140% of the expected value.



9.4

9.5

9.2.3 If the recovery for any analyte falls ocutside the desigmated
range, the analyte has fajled the acceptance criteria. A
check standard containing each analyte that failed must be-
re-analyzed.

On a weekly basis, the laboratory must demonstrate the ability to
analyze Tow level samples.

9.4.1 Prepare a low level check sample by spiking 10 ulL of QC
check sample concentrate to 25 ml of reagent water and
analyze according to the method in Sect. 10.

9.4.2 For each analyte, the recovery must be between 60% and 140%
of the expected value.

9.4.3 When one or more analytes fail the test, the analyst must
repeat the test only for those analytes which fafled to meet
the criteria. - Repeated failure, however, will confirm a
general problem with the measurement system. [f this
occurs, locate and correct the source of the problem and
repe;t the test for all compounds of interest beginning with
9.4. [ ]

It is recommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific
practices that are most productive depend upon the needs of the
laboratory and the nature of the samples. Field duplicates may be
analyzed to assess the precision of the environmental measurements.
Whenever possible, the laboratory should analyze standard reference
materials and participate in relevant performance evaluation
studies.

10. PROCEDURE
10.1 DAILY GC/MS PERFORMANCE TESTS

10.1.1 At the beginning of each day that analyses are to be
performed, the GC/MS system must be checked to see if
acceptable performance criteria are achieved for BF3 (7).
The performance test must be passed before any samples,
blanks, or standards are analyzed.

10.1.2 At the beginning of each day, inject 2 ul (50 ng) of BFB
solution directly on the column. Alternatively, add 2 ul of
8FB solution to 25.0 m. of reagent water or calibration
standard and analyze the solution according to Sect. 10.
Obtain a background-correctad mass spectrum of 8F8 and
confirm that all the key m/z criteria in Table 3 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.



10.2 INITIAL CONDITIONS

10.3

10.4

10.2.1 Acquire GC/MS data for performance tests, standards and
samples using the following instrumental analytes:

Electron Energy: 70 V (nominal)

Mass Range: 35 to 300 amu

Scan Time: To give at least 5 scans per peak but
not to exceed 2 s per scan.

10.2.2 The operating conditions for the gas chromatograph are
summarized under Sections $.3.2 through 5.3.4.. Tables 1
and 2 list the retention times and MDL that can be achieved
under these conditions. Examples of separations achieved
with this method are shown in Figures 5-7. Qther columns or
chromatographic conditions may be used if the requirements
of Section 9 are met.

SAMPLE INTROOUCTION AND PURGING

10.3.1 Adjust the purge gas (nitrogen or helium) flow rate to 40
mL/min, Attach the trap inlet to the purging device and
open the syringe valve on the purging device.

10.3.2 Remove the plungers from two 25-mL syringes and attach a
closed syringe valve to each. Warm the sample to room
temperature, open the sample (or standard) bottle, and
carefully pour the sample into one of the syringe barrels to
Just short of overflowing. Replace the syringe plunger,
invert the syringe, and compress the sample. “ren the
syringe valve and vent any residual air whiic .zing the
sample volume to 25.0 mL.. Add 10 ul of the in
standard spiking solution (Section 6.5) to the ._ .
through the syringe valve. Close the valve. Fill tne
second syringe in an identical manner from the same sample
bottle. Reserve this second syringe for a reanalysis if
necessary.

10.3.3 Attach the sample syringe valve to the syringe valve on the
purging device. B8e sure that the trap is cooler than 25°C,
then open the sample syringe valve and inject the sample
into the purging chamber. Close both valves and initiate
purging. Purge the sample for 11.0 = 0.1 min at ambient
temperature (Fig. 3).

SAMPLE DESORPTION - The mode of sample desorption is determined by
the type of capillary column employed for the analysis. When using
a wide-bore capillary column, follow the desarption conditions of
Sect. 10.4.1. The conditions for using narrow bore columns is
described in Sect. 10.4.2.



10.4.1 Sampie Desorption for Wide-Bore Capiiiary Coiumn

Under most conditions, this type of column must be
interfacaed to the MS through an all-glass jet separator.

10.4.1.1 After the ll-min purge, attach the trap to the
chromatograph, adjust the purge and trap system to
the desorb mode (Fig. 4) and {nitiate the
temperature program sequence of the gas
chromatograph and start data acguisition.
Introduce the trapped materials to the GC column by
rapidly heating the trap to 180°C while
backflushing the trap with an inert gas at 15
mL/min for 4.0 % 0.1 min. While the extracted
sample {s being introduced {nto the gas
chromatograph, empty the purging device using the
sample syringe and wash the chamber with two 25-mL
flushes of reagent water. After the purging device
has been emptied, leave the syringe valve open to
allow the purge gas to vent through the sample
introduction needle.

10.4.1.2 Gas Chromatography - Hold the column temperature at
10°C for S min, then program at 6°C/min to 160°C
and hold until all analytes elute.

10.4.1.3 Trap Reconditioning - After desorbing the sample
for 4 min, recondition the trap by returning the
purge and trap system to the purge mode. Wait 15
s, then close the syringe valve on the purging
device to begin gas flow through the trap.
Maintain the trap temperature at 180°C. After
approximately 7 min, turn off the trap heater and
open the syringe valve to stop the gas flow through
the trap. When the trap is cool, the next sample
can be analyzed.

10.4.2 Sample Desorption for Narrow-8ore Capillary Column

Under normal! operating conditions, most narrow=bore
capillary columns can be interfaced directly to the MS
without a jet separator.

10.4.2.1 Sample Desorption - After the 11 min purge, attach
the trap to the cryogenically cooled interface at
-150°C and adjust the purge and trap system to the
desorb mode (Fig. 4). Introduce the trapped
materials to the interface by rapidiy heating the
trap to 180°C while backflushing the trap with an



inert gas at 4 mL/min for 5.0 & Q.1 min. While the
extracted sample is being introduced into the
intarface, empty the purging device using the
sample syringe and rinse the chamber witn two 25-mi
flushes of reagent water. Aftar the purging devics
has been emptied, leave the syringa valve open to
allow the purge gas to vent through the sample
introduction needle. Aftar desgrbing for S min,
flash heat the interface to 250°C and quickly
introduce the sample on the chromatographic

column. Start the temperature program saquence,
and inftiate data acquisition.

10.4.2.2 Gag Chromatography - Hold the column temperature at
10°C for 5 min, then program at 6°C/min to 70°C and
then at 15 /min to 145°C.

10.3.2.3 Trap Reconditicning - After desorbing the sample
for 5 min, recondition the trap by returning the
purge and trap system to the purge mode. Wait 15
s, then close the syringe valve on the purging
device to begin gas flow through the trap.
Maintain the trap temperature at 180 C. After
approximately 15 min, turn off the trap heater and
open the syringe valve to stop the gas flow through
the trap. When the trap 1s coel, the next sample
can be analyzed.

10.5 TERMINATION OF DATA ACQUISITION - When sample components have
eluted from the GC, terminate MS data acquisition and store data
files on the data system storage device. Use appropriate data
output software to display full range mass spectra and appropriate
EICPs. If any ion abundance exceeds the system working range,
dilute the sample aliquot in the second syringe with reagent water
and analyze the dfiluted aliquat.

11. QUALITATIVE [DENTIFICATION

11.1 IDENTIFICATION PROCEDURES CRITERIA — Tentatively identify a sample
component by comparison of its mass spectrum (after background
subtraction) to a reference spectrum in a collection. Use the
following criteria to confirm a tentative identification:

11.1.1 The GC retention time of the sample component must be within
10 s of the time obsarved for that same compound when a
calibration solution was analyzed.

11.1.2 A1l ions that are present above 10% relative abundance in
the mass spectrum of the standard must be present in the



12. CALCULATIONS

11.1.3

11.1.4

mass spectrum of the sample ccmponent and should agree
within absolute 10%. For example, if an icn has a relative
abundance of 30% in the standard spectrum, its abundance in
the sample spectrum should be in the range of 2C o 40%.

Identification is hampered when sample components are not
resolved chromatographically and produce mass spectra
containing {fons contributed by more than one analyte.
Because purgeable organic compounds are relatively small
molecules and produce comparatively simple mass spectra,
this is not a significant problem for most method analytes.
When GC peaks obviously represent more than one sample com-
ponent (i.e., broadened peak with shoulder(s) or valley
between two or more maxima), appropriate analyte spectra and
background spectra can be selected by examining EICPs of
characteristic ions for tentatively identified components.
When analytes coelute (f.e., only one GC peak is apparent),
the ifdentification criteria described in Section 11.1.2 can
be met but each analyte spectrum will contain extraneous
{fons contributed by the coeluting compound.

Structural {somers that produce very similar mass spectra
can be explicitly {dentified only {f they have sufficiently
different GC retention times. Acceptable resolution is
achieved i{f the height of the valley between two {somer
peaks is less than 25% of the sum of the two peak heights.
Otherwise, structural {somers are identified as {someric
pairs.

12.1 when an analyte has been identified, the quantitation of that
analyte should be based on the integrated abundance from the EICP
of the primary characteristic m/z given in Table 6. If the sample
produces an interference for the primary m/z, use a secondary
characteristic m/z to quantitate. Instrument calibration for
secondary ions is performed, as necessary, using the data and
procedures described in Sect. 8.2.

1252

Calculate the concentration in the sample using the calibration
curve or average response factor (RF) determined in Sect. 8.2.2 and
Equation 3:

Concentration (ug/L) = (As)(c1s) Equation 3.

is



13.

14,
1.

2.

5.

whera:

Ag = Area of the characteristic m/z for the analyta
to be measured;

Ajge Area of the characteristic m/z for the internal
standard; :

Cjg= Concentration of the internal standard, in ug/L.

12.3 Report results in ug/L. A1l QC data obtained should be resorted
with the sample results.

ACCURACY AND PRECISION

13.1 This method has been tested in a single laboratory using spiked
reagent water. Using a wide-bore capillary column, water was
spiked at concentrations between 0.5 and 10 ug/L (8). Single
laboratory accuracy and precision data are presented for the method
analytes in Table 4, Calculated MOLs are presented in Table 1.

13.2 The method was tested using reagent water spike at 0.1 to 0.5 ug/L
and analyzed on a cryofocused narrow-bore column. The accuracy and
precision data for these compounds are presented in Table 5 (9).
MDLTvalues were also calculated from these data ana are presanted
in Table 2.
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