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felAllen & Hoshall . . i o .
:h Offices: RE: Clarification of "Focused Field Investigation" Information,
ston
wuston Northcutt Blwd. Dear Mr_ Hunt:
13
rasant, SC 29464
!(38)0;52 53131;129 Subsequent to submittal of the Draft Final-Focused Field Investigation Report as an
i appendix to the Drafi-Final Zone H RFI Report, questions were raised by USEPA
matt with regard as to whether or not the objective of the Focused Field Investigation has
St been met. During the meeting held on 8 August 55, it was apparent that answers (o
4, OH 45150 USEPA’s questions were available, but that some additional effort would be required
o R to consolidate the information to assist with the review process. Since the Base
Exchange, Building 656, is the focal point of the investigation, the majority of the
:fr?mt Bvd. issues raised relate to the exchange. Each of the identified concerns are listed below
150 along with additional information or references to information intended to address the
ola, FL 32504
(904) 479-4595 concern.
M} 479-9120
13 . f . . - " e n
W Farm Road . Concern - The air monitoring performed did not comply with the "spirit” of
:3 VA 1366 the sampling plan as outlined in the Drafi-Final Focused Field Investigation
{;’5;) 766-9556 Strategy included as Appendix G of the Final Zone H RFI Work Plan.
M) 766-9558 Specifically the concern was that no air samples were collected from the
n "dead air" pockets beneath the buildings identified for sampling.
enterview Drive
f,sNC 17606 Response - The strategy listed three goals that needed to be met in order to
(919) 851-1886 satisfy the objective of the FFI. One of the goals was to determine whether
19) 8o1-4043 or not the source of indoor air contaminants was internal or external. To
ille facilitate the evaluation, the strategy proposed to include the collection of air
e samples between the ground surface and the building sub-floor "at points
ilie, TN 37217 immediately below the floor separations/penetrations to provide the most
12‘;’35;;973:_8“0 representative evaluation of an external source for COPCs". Pages 5 and 15
‘ of the strategy which identify this goal are included as Attachment 1. The
s D void space was created when the ground subsided under structures that
uller Drive . . . .
26 remained stationary because they are pile supported. Uneven subsidence of
-zﬁg’il;?fuzz the ground surface around and underneath building foundations has the
1(4) 2910405 potential to create "dead air" pockets where there is little or no exchange of

trapped air with ambient air. If present, gases could accumulate in these



Matthew A. Hunt
24 August 95

Page 2

pockets. At Building 656 however, the subsidence underneath the building
is generally uniform which increases the potential for the exchange of ambient
air with air under the building thereby decreasing the potential for dead air
pockets. In either case, samples were collected from these void spaces at
points below the floor separations and penetrations where possible. The
samples were collected during Phase II of the FFI in all buildings (which
included Building 656) where a crack existed of sufficient width to allow
sampie tubing to exiend through the crack into the void space below. The
samples were defined as "Sub-slab interior (SS,,)" on pages 3-1, 3-2, and 3-3
of the FFI report. Field notes and discussions with sampling personnel
indicate that SS;, samples were collected by extending the sample tubing
approximately .5 to 1.5 feet below the building floor. The distance the fubing
was extended through the cracks was dependent upon the distance to the
ground surface below the building. Figures depicting locations of these
sampling points were also included in the report. The text and figures are
included as Attachment 2.

Concern - Analytical results are subject to question because samples of a
"standard"” were not drawn into a decontaminated SUMMA canister through
a length of decontaminated sample tubing and the contents subsequently
analyzed to calculate a percent recovery. It was stated that this was standard
operating procedure and should have been done.

Response - Sections 11.2 and 12.2 of EPA Method TO-14 describe a process
similar 0 the concern raised abov=  Prior to use, sample collection systems
must meet certification requirements outlined in the sections listed above.
The certification includes a process by which humid "zero air" and humid
calibration gases are allowed to pass through all active components of a
sampling system into a canister and the contents subsequently analyzed. The
relative percent difference between the standard concentrations and the actual
results must fall within an acceptable range. The method, which is included
as Attachment 3, is somewhat ambiguous with respect to exactly what
comprises a sampling system. For this project, calibration gases where
allowed to pass through stainless steel sampling inlet line, a flow controller,
and into a SUMMA canister. The lengths of sampling inlet line used during
the certification process ranged from 2 to 6 feet in length. Certification that
all systems met the method requirements was performed by the subcontract
laboratory and the results maintained by the laboratory as part of the project
file. If necessary these results can be obtained.
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Concern - The statement was made that the data quality section of the
baseline risk assessment (Section 5.6.4, page 5-63) discussed the presence of
blank contamination and subsequent elimination of a large number compounds
as a potential source of considerable uncertainty. Furthermore, it was stated
by USEPA that since blank contamination was detected, the source of the
contamination should have been mitigated and the sites resampled.

Response - The accuracy of an entire mcasurcment system, which is an
indication of any bias, is difficult to measure in environmental measurement
systems. Sources of error are the sampling process, field and laboratory
contamination, handling, sample matrix, and analysis. The accuracy of a
method is an estimate of the difference between the true value and the
determined mean value. To either eliminate or at the very least detect
measurement errors, the following procedures were utilized. Prior to use, all
SUMMA canisters were certified by the supply vendor as "clean" in
accordance with the TO-14 method. Field blanks consisting of "zero air"
were collected and submitted blind to the laboratory. All laboratory
instrument tunings and calibrations were performed in accordance with the
TO-14 method. Also in the laboratory, each sample canister was spiked with
a surrogate compound and a percent recovery calculated as part of a system
monitoring performance to detect positive and negative bias. Pages 3-35
through 3-41 of the FFI report describe this process and have been included
as Attachment 4.

The data quality section in the baseline risk assessment appears to have been
misinterpreted as stating that maybe too many comnnnnds (potential COPCs)
were elimimnated during the data validation process based on the presence of
blank contamination. The authors of the risk assessment section clarified the
intent of the uncertainty discussion as follows. Several compounds had a very
high frequency of detection in both site samples and blanks. According to the
Functional Guidelines, a sample result should not be considered positive
unless the concentration of the compound in the sample exceeds 10 times the
amount in any blank for common laboratory contaminants or 5 times the
amount for other constituents. Methylene chloride was used as an example
of a common laboratory contaminant that had a high frequency of detection.
Methylene chloride results were flagged as non-detected at concentrations
which equaled 10 times the associated blank concentration. All positive
results that exceeded 10 times the blank results were retained in the risk
assessment. Because the frequency of detection was so high, the risk
assessment authors contended that there is uncertainty as to whether or not the
values that exceeded the blank action level were legitimate positive results.
However, a conservative approach was maintained and methylene chloride
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was retained in the risk assessment. The values that were retained represent
the highest concentrations of methylene chloride detected. The risk
assessment determined there was no appreciable risk associated with
methylene chloride as evidenced by Table 43 in Section 5 of the FFI report.

With respect to resampling, the data validation process did not determine that
the blank contamination was severe enough to warrant rejection of the data.

P JR I T Lo dotr t3:0n Aamemad svo 1
Consequenily, the data was decmed useable for risk assessment purposes.

Concern - There is insufficient data or the data is inconclusive to determine
whether or not the Building 656 is physically located on the SWMU 9 landfill.

Response - The boundary of the SWMU 9 landfill was defined during the
course of the Zone H RFI. Figure 4.1.1 which is included in the Draft-Final
Zone H RFI Report depicts the boundary of the landfill. The boundary was
determined using historic aerial photographs, geophysical methods, and soil
borings/well installations. The boundary of the landfill is approximately 340
feet from Building 656. The map is included as Attachment 5.

Concern - Soil gas may be migrating under Building 656 from the landfill or
other nearby sites.

Response - Two soil gas surveys were performed to during the Zone H RFIL
One survey was performed specifically to identify potential "hot spots" within
the landfill and the other was performed around the perimeter of all the
buildings sampled during the FFI with the intent of identified "hot spots" or
contaminant plumes migrating around the buildings. Attachment 6 includes
maps from both surveys. The map of the landfill survey clearly delineates
potential "hot spots"; however, they do not extend beyond the boundary of the
landfill toward Building 656. The second survey performed around the
buildings detected numerous compounds. A review of the data for
Building 656 does not indicate a strong correlation between compounds
detected in soil gas, compounds detected in the building, and compounds
detected under the building.
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. Concern - Groundwater may be acting as a contaminant transport mechanism.

Contaminant "off gassing” may then contribute to contamination found in the
void space under the buildings. Groundwater elevation fluctuations as a result
of tidal influence may be acting as a mechanism to facilitate soil gas
migration.

Response - Figure 3.6 in the Drafi-Final Zone H RFI Report indicates that a
groundwater high exists in the vicinity of Building 656. Groundwater flow

is from Building 656 toward the landfill. A tidal influence study was

performed as part of the Zone H RFI and is described in the Zone RFI report.
With the exception of wells in close proximity (approxnnately 750 feet or
less) to prominent surface water . . ool TR

well closest to Building 656 that was observed durmg thc t1da1 influence study
is NBCH-009-005. This well also happens to be between the landfill and
Building 656. During the study there was no discernable tidal influence on
this well. Attachment 7 contains a piezometric surface map, a graph of the
continuous water level readings from well NBCH-009-005 during the stwudy,
and a table of water level data for multiple observation wells used during the
study. In addition, no volatile or semi-volatile organic compounds were
detected in groundwater in the vicinity of Building 656.

. Concern - Were other media sampled around Building 656 to determine if a
source for the air contamination is present?

Response Other media sampled included both soil and groundwater. There
is not a strong coirelation between compounds detected in these media and the
air sample results. Attachment 8 contains a summary of the soil and
groundwater data derived from samples collected in the immediate vicinity of
Building 656. In addition, the attachment includes a summary of the

compounds detected in air in Building 656.



Matthew A. Hunt
24 August 95
Page 6

. Concern - Reports of "musty" odors by employees working in Building 656
raised health concemns.

Response - The source of the "musty odors" employees reported in
Building 656 is unknown but may be attributable to a broken sanitary sewer
line that spilled untreated sewage under the building. This information was

lonemnd citlecniiamt fn tha foe ™ #s 1
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memo; however, since the scope of work is within the realm of the RFI process, the data

generated will eventually be incorporated into the RFI for Zone H. The goals of the FFI are

as follows:

e Identify the presence/absence of indoor air contaminants.

. Determine whether the source is internal or external.

. Evaluate human health risk or absence of risk associated with exposure to airborne

In as much as the reports of gas emissions and adverse health affects are associated with the
Base Exchange, the investigation will initially encompass an area including the Base Exchange
and extending at least one block North beyond the State Department building complex, generaily
bounded, clockwise, by Hobson Ave./Osprey St./C B Ln./northwest dike of the Spoil Area/West

A Ay

Rd./Least Tern Ln./Bainbridge Ave./Halsey St./Hobson Ave. Figure 1 outlines the study area.

The following paragraphs outline the focused investigation elements necessary to achieve the
goais of the FFI. Some elements of the survey were completed during an initial phase of field
activities conducted in February and March 1994. Previously collected data is summarized in

the appropriate sections below.

3.1 Building Surveys

Separated joints or cracks in floor slabs could constitute migration pathways for soil gases to
enter occupied spaces; therefore, each building within the study area was visually examined.
Floor plans, acquired during the Base Realignment and Closure (BRAC) environmental baseline
survey (EBS), were used to guide the surveys (expansion/construction joint locations) and to
record the resuits. The buildings were inspecied for floor separations, unseaied utility
penetrations, and land subsidence under the buildings. were used as sampling points during

evaluation of sub-floor emission sources and work space air quality.



Draft-Final Focused Field Investigation Strategy
Naval Base Charlesion
October 1994

3.2.2 Sample Period and Frequency — 8 hour sampling periods have been selected to emulate
a typical daily work shift. Samples will be collected daily for 3 consecutive days to assess short
term variability in air quality. One ambient air sample per day will be collected to establish
background conditions. Duplicate samples will be collected at a frequency of 1 per every 10

air samples collected.

3.2.3 Sample Location — Air samples will be collected at three principal locations
a) Floor separations/penetrations — with the objective of quantifying any sources of

airborne contaminants at the potential points of entry within the buildings.
b) The breathing zone in the most frequently/densely occupied areas of the buildings--to

assess human exposures to airborne contaminants.

c) Void space between ground surface and building sub-floor. Sampnling will be conducted
at points immediately below the floor separations/penetrations to provide the most
representative evaluation of an external source for COPCs. If at all possible, sampling
probes will be extended through the separation into the underlying voids to prevent the

necessity of a potential confined space entry by sampling personnel.
Baseline air quality will be established by ambient air sampling outside Building 656.

3.2.4 Sample Analysis and Sensitivity — Samples will be analyzed using EPA Compendium
Method TO-14; The determination of Volatile Organics in Ambient Air Using SUMMA Passivated
Canister Sampling and Gas Chromatographic Analysis, having quantitation limits of 10 ug/m’

or less for volatile compounds.

P, S

Note: These methods are also sensitive enough to likeiy deiect airborne chemicals associated
with retail products routinely present in the building, such as, scented soaps and toiletry items,

cleaning products, skin care products, adhesive, felt markers and paints.

15
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3.0 METHODOLOGY
Methods used to achieve the above-mentioned objectives included building surveys, and a dual

phased investigation employing indoor air quality (IAQ) surveys.

3.1 Building Surveys

Each building in the area of investigation was visually inspected during Phase I. The survey was
conducted by E/A&H engineers to identify and evaluate separated joints and cracks in floor
slabs, cracked foundations and open utility chases that could provide pathways for soil gases to
seep into buildings. Smoke tubes were used to verify air flow where floor cracks were
observed. The survey included 94 suspect buildings at NAVBASE Charleston. The resuits of
the building surveys are summarized in Section 3.2.3 and detailed in Appendix A. As a result
of this investigation, eight structures such as personnel barracks, office buildings, training
buildings, and retail stores were selected for inclusion in indoor air quality (IAQ) surveys.
Figure 1 shows these buildings. Once identified, these structures were targeted for IAQ
sampling. Unoccupied buildings, such as storage sheds and mechanical buildings, were not

surveyed.

3.2 Indoor Air Quality Surveys — Phase I and Phase II

TAQ surveys were conducted, from February 10, 1994 through February 26, 1994 (Phase I) and
from November 8, 1994 to December 8, 1994 (Phase II), to identify and quantify toxic airborne
chemicals present in the selected buildings. The building survey described above was used as

the basis for selecting buildings for these IAQ surveys.

3.2.1 Sample Types

Four types of air samples were collected during the Phase I and Phase II IAQ surveys. Samples
were designated as either "Ground Level”™ (GL), "Breathing Zone"” (BZ), "Sub-slab interior"
(SS;.), or "Sub-slab exterior” (SS.,). Three air samples were collected at each sample location

over three consecutive days, excluding weekends and holidays. In addition to the four types of

3-1
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air samples collected for building characterization, three additional types of samples were

collected for quality assurance.

GL 'sémples were collected at cracks in the building’s floor slab or walls during Phase I and
Phase II of the IAQ survey. The purpose of GL samples was to provide a quantitative
assessment of the "worst-case” indoor air contamination in areas believed to have the highest

potential for soil gas infiltration.

During Phase 1 and Phase II of the IAQ survey, BZ samples were collected in the approximate
breathing area of a typical worker, about 5 feet above the floor inside the building. The BZ

sampies were collected in potentially occupied areas over an eight hour period.

As part of Phase II, SS,, air samples were collected from sample points beneath the floor of the
building, (i.e., the space between the ground and the structure of the building, or void space).
These air samples were collected to identify any volatile contaminants emanating from

underlying soil and/ or groundwater that might enter the buildings.

SS.,. air samples were collected from void space sample points accessed from outside of the

building during Phase II of the IAQ survey. These samples were used to identify potential
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and/or groundwater that were not accessible from the building interior.

For data quality assurance, three additional types of air samples were collected: background,

field blank and duplicates.

. Background Samples are used to quantitatively characterize ambient
concentrations of chemicals in the environment that have not been influenced by

site-related activities

3-2
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. Field Blanks are used to determine the existence and magnitude of potential
contamination introduced during sampling, transport, or analysis.
. Duplicate Samples are used to measure the reproduccaﬁiliiy of sampling and

analysis, or precision.

3.2.2 Sampling Methods

As part of both phases of the surveys, air samples were collected in 6 liter stainless steel
passivated SUMMA canisters placed under a vacuum of at least 30 inches of vacuum pressure
before use. A matched sampling train, consisting of a regulator, flow meter, and stainiess steel
tubing were calibrated to the desired flow rate using a separate SUMMA canister designated for
that purpose. Next, the canister was placed at the sample location and the sampling train was
artached. The canister was opened, the flow rate recorded and a sample collected. Flow rates
for BZ samples collected during Phase I ranged from 6 to 12 cubic centimeters of air per minute
(cc/min) and 4 to 12 cc/min for BZ samples collected during Phase II. Flow rates for GL
samples collected during Phase I ranged from 2 to 4 cc/min. The flow rate from subslab

samples ranged from 2 to 4 cc/min.

Part of the regulator/flow meter setup for both phases included a piece of stainiess steel tubing
which extended from the canister to the sampie location. In the case of GL samples tubing
extended down to a crack in the floor and for BZ samples tubing extended up to approximately
5 feet. SS,, samples were collected by placing a stainiess steel sampling probe through a crack
and sampling an air pocket under the building. SS,, samples were collected by placing a sample
canister adjacent to a building’s exterior wall and running tubing through a space between the
ground surface and the building’s structure. The end of the tubing was shaped to bend up after
going under the building to sample trapped pockets of air. It was believed that air trapped by

the building’s structure provided the best conditions for volatile soil gases to accumulate.
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METHOD T014 -/

DETERMINATION OF YOLATILE ORGANIC COMPOUNDS (VOCs) IN AMBIENT AIR

Scope
1.

[
L]
(3]

USING SUMMA® PASSIVATED CANISTER SAMPLING AND GAS .
CHROMATOGRAPHIC ANALYSIS

This document describes a procedure for sampling and analysis

of volatile organic coﬁpounds (VOCs) in ambient air. The method
is based on collection of whole air samples in SUMMA® passivated
stainless steel canisters. The VOCs are subsequentiy separated
by gas chromatography and measured by mass-selective detector or
multidetector technigues. This method presents proceﬂurés for
sampling into canisters to final pressures both above and below
atmospheric pressure (respectively referred to as pressurized
and subatmospheric pressure sampling).

This method ic anplicable to specific YOCs that have been tested
and determined to be sStable when stored in pressurized and sub-
atmospheric pressure canisters. Numerous compounds, many of
which are chlorinated YOCs, have been successfully tested for

 storage stability in pressurized canisters {1,2). However,

1.3

Appl
Z2.1

minimal documentation is currently available demonstrating
stability of VOCs in subatmospheric pressure canisters.

The organic compounds that have been successfully collected in
pressurized canisters by this method are 1isted in Table 1.
These compounds have been successfully measured at the parts per

billton by volume (ppbv) level.

icable Documents

ASTM Standards

D1356 - Definition of Terms Related to Atmospheric Sampling and
Analysis

E260 -~ Recommended Practice for General Gas Chromatography
Procedures
E355 - Practice for Gas C..rw:atagraphy Terms and Relationships

Other Documents

U.S. Environmental Protection Agency Technical Assistance Document (3)

Laboratory and Ambient Air Studies (4-17)
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T014-2 /
Summary of Method

3.1 SBoth subatmospheric pressure and pressurizgd sampling modes use

‘ ‘an initially evacuated canister and 2 pump-ventilated sample line
during sample collection. Pressurized fampling requires an addi-
tional pump to provide pos1t1ve'prgssy*e to the sample canister,
A sample of anbient air is drawn through a sampling train compr i sed
of components that regulate the rate and duration of sampling into
a pre-evacuated SUMMA® passivated canister, '

3.2 After the air sample is collected, the canister valve is closed,
an identification tag §s attached to the canister, and the canis- |
ter is transported to a predetermined laboratory for analysis.

3.3 Upon receipt at the laboratory, the canister tag data is recorded

and the canister is attached to the analytical system. During analy-

sis, water vapor is reduced in the gas stream by a Nafion® dryer
(1f applicable). and the VOCs are then concentrated by collection

in a cryogenicaliy-cooled trap. The cryogen is then removed and the

temperature of the trap is raised. The VOCs originally collected
in the trap are revolatilized, separated on a GC column, then de-

tected by one or more detectors for identification and quantitation.

3.4 The analytical strategy for Method T014 involves using a high-
resolution gas chromatograph (GC) zoupled to one or more appro-
priate 6C detectors. Historically, detectors for a GC have been
divided into two groups: non-specific detectors and specific
detectors. The non-specific detectors include, but are not limited
to, the nitrogen-phosphorus detector (¥D), the flame ionizatioen
detector (FID), the electron capture detector (ECD) and the photo-
jonization detector (PID). The specific detectors include the
mass spectrometer (MS) operating in either the selected ion moni-
toring (S}M) mode or the SCAN mode, or the jon trap detector.

The use of these detectors or a combination of these detectors
as part of an analytical scheme is determined by the required
specificity and sensitivity of the application, Whiie the non-
specific detectors are less expensive per analysis and in some
cases more sensitive than the specific detector, they vary in
specificity and sensitivity for a specific class of compounds.
For instance, if multiple halogenated compounds are targeted,
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an ECD is ﬁsua11y chosen; if only compounds containing nitrogen
or phosphorus are of interest, a NPD can be used; or, if a variety
of hydrocarbon compounds are sought, the broad response of the

"FID or PID is appropriate. In each of these cases, however, the

specific identification of the compound within the class is deter-
mined only by its retention time, which can be subject. to shifts
or to interference from 'otﬁer'nontargeted .compounds. When misiden-
tification occurs, the error 1s generally a result of a cluttered
chromatogram, making peak assignment difficult. In particular,
the mre volatile organics {chloroethanes, ethyltoluenes, dichloro-
benzenes, and variaus freons) exhibit less well defined chromato-

. graphic peaks, leading to misidentification using non-specific

detectors. Quantitative comparisons indicate that the FID is more
subject to error tham the ECD because the ECD is a much more selec-
tive detector for a smaller class of compounds which exhibits a
stronger response. Identification errors, however, can be reduced
by: (a) employing simultaneous detection by different detectors

or {(b) correlating retention times from different GC columns for
confirmation. 1In either case, interferences on the non-specific
detectors can still cause error in jdentifying a complex sample.
The non-specific detector system (GC-NPD-FID-ECD-PID), however,
has been used for approximate quantitation of relatively clean
samples. The nonspecific detector system can provide a "snapshot"
of the constituents in the sample, 2allowing determination of:

- Extent of m1s1dent1f1caiion due to overlapping peaks,

- Position of the YOCs within or not within the concentration
range of anticipated further analysis by specific detectors
(GC-MS5-SCAN-SIM) (1f not, the sample is further diluted), and

~ Existence of unexpected peaks which need further identification
by specific detectors.

On the other hand, the use of specific detectors (MS coupled to a
GC) allows positive compound tdentification, ihus iending itself
to more specificity than the myltidetector GC. Operating in the
SIM mode, the MS can readily approach the same sensitivity as the

[Iynaini
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multidetector system, but its flexibility 1s 1imited. For SIM
operation, the M5 is programmed to acquire data for a limited
nysber of targeted compounds while disregarding other acquired
information., In the SCAN mode, however, the MS becomes a universal
detector, often detecting compounds which are not detected by

the multidetector approach, - The GC-MS-SCAN will provide positive
identification, while the GC-MS-SIM procedure prwide's quant‘ltation
of a restricted "target compound" 1ist of YOCs,
The anaiyst often musi decide whether %o use specifi
specific detectors by considering such factors as project objectives,
desired detection limits, equipment availability, cost and

personnel capabﬂﬂy in developing an analytical strategy.

A list of some of the advantages and disadvantages associated

with non-specific and specific detectors may assist the

analyst in the decision-making process.

€ &F ngn-

Non-Specific Multidetector Analytical System' e

Advantages Disadvantages

o Somewhat lower equipment 0 Multiple detectors to calibrate
cost than GC-MS o Compound identification not
0 Less sample volume required positive
for analysis ¢ Lengthy data interpretation
0 More sensitive {one hour each for analysis
- ECD may be 1000 times and data reduction)
more sensitive than ' o Interference(s) fram co-eluting
GC-mS compound(s)
o Cannot identify unknown
campounds
- outside range of caH'-
bration
- without standards
o Does not differentiate
targeted compounds from
interfering campounds



L L N

o e ——.

T014-5
Specific Detector Analytical System

GC-MS-SIM
Advantages . Disadvantages
o positive compound identification o can't identify non-specified
greater sensitivity than GC-MS- ' compounds ({ons)
SCAN - . o somewhat greater equipment
o less operator interpretation cnst' than multidetector GC
than for mult idetector GC . 0 greater sample volume required
0 can resolve co-eluting'peaks' | ' than for multidetector GC
0 more specific than the-mmiti- o universality of detector sac-
detector GC rificed to achieve enhance-

ment in sensitivity

GC-MS-SCAN

than for multidetector GC
0 somewhat greater equipment cost
than multidetector GC

0 positive compound identification o lower sensitivity than GC-MS-
o can fdentify al) compounds SIM

0 less operator interpretation 0 greater sample volume required
o

can resolve co-eluting peaks

The analytical finish for the measurement chosen by the analyst
should provide a definitive {dentification and a precise quanti-
tation of volatile organics. In a large part, the actual approach
to these two objectives is subject to equipment availability.
Figure 1 indicates some of the favorite options that are used 2s
an anaiyticail finish., The GC-MS-SCAN oSption ucec 2 canfllary
colum GC coupled to a MS operated in a scanning mode and sup-
ported by spectral library search routines. This option of fers
the nearest approximation to unambiguous identification and
covers a wide range of compounds as defined by the completeness
of the spectral library. GC-MS-SIM wode is limited to a set of
target compounds which are user defined and 1s more sensitive
than GC-MS-SCAN by virtue of the longer dwel) times at the
restricted number of m/z values. 8oth these techniques, but
especially the GC-MS-SIM option, can use a supplemental general
non-speci fic detector to verify/identify the presence of VOCs.
Finally, the option labelled GC-multidetector system uses 2
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combination of retention time and muitiple general detector veri-
fication to fdentify compounds. However, interference due to
nearly identical retention times can affect aystem quantitation

when using this option,
Due to the low concentrations of YOCs encountered in urban air

. (typically less than 4 ppbv and the majority below 1 ppbv) alonb
with their complicated chromatograms, Method T0-14‘strongly recommends

the specific detectors (GC-MS-SCAN-SIM) for positive identification
and for primary quantitation. to ensure that ‘high-quality ambient

data is acquired

For the experienced analyst whose analytical system is limited to the
non-specific detectors, Section 10,3 does provide guidelines and
example chromatograms showing typical retention times and calibra-
tion response factors, and utilizing tﬁe non-specific detectors
(6C-F1D-ECD-PID) analytical system as the primary quantitative
technique.

4, Sighif1cance

4.1

4.2

4.3

VOCs enter the atmsphere from a variety of sources, including
petroleum refineries, synthetic organic chemical plamts, natural

gas prdcessing plants, and automobile exhaust. Many of these

vOCs are acutely toxic; therefore, their determination in ambient

alr 1s necessary to assess human health impacts.

Conventional methods for VOC determination use solid sorbent sampl-
ing techniques. The most widely used solid sorbent is Tenax®., An
air sample is drawn through a Tenax®-filled cartridge where certain
YOCs are trapped on the polymer. The sample cartridge is transferred
to a laboratory and analyzed by GC-MS.

VOCs car also be successfully collected in stainless steel canisters.
Collection of ambient air samples in canisters provides (1)} conven-
ient integration of ambient samples over a specific time period,
(e.g., 24 hours); (2) remote sampling and central analysis; {3)

ease of storing and shipping samples; (4) unattended sample col-
lection; {(5) analysis of samples from multiple sites with one
analytical system; and (6) collection of sufficient sample volume

to allow assessment of measurement precision and/or analysis of
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samples by several analytical systems. However, care must be exerj

cised in selecting, cleaning, and handling sample canisters and. -
sampling apparatus .to avoid lossgslor contamination of the samples.
Contamination is a critical issue with éanister-based samp11n§ be-
-cause the canister is the last element in the sampling train.

4.4 Interisr surfaces of the canisters are treated by the SUMMA®
passivation process, in which a pure chrome-nickel oxide ts
formed on the surface. This type of vessel has been used in the
past for sampie coiiection and has demonstrated sample sto
stability of many specific organic compounds. .

4.5 This method can be applied to sampling and analysis of not only
YOCs, but also some selected semivolatile organic compounds
{SYOCs), The term “semivolatile organic compounds” is used to
broadly describe organic compounds that are too volatile to be
collected by filtration air sampling *ut not volatile enough for
thermal desorption from solid sorbents. SVOCs ca generally be
classified as those with saturation vapor pressures at 25°C be-
tween 10-1 and 10%7 mm Hg. VOCs are generally classified as
those organics having saturated vapor pressures at 25°C greater
than 10=1 mm Hg.

Definitions

Note: Definitions used in this document and in any user-prepared
Standard QOperating Procedures {SOPs)} should be consistent with ASTM
Methods D1356, E260, and E355, A1l abbreviations and symbols within
this method are defined at point of use.
5.1 Absolute canister pressure = Pg+Pa, where Pg = gauge pressure in
the canister (kPa, psi) and Pa = barometric pressure (see 5.2).
5.2 Absolute pressure - Pressure measured with reference to absolute
zero pressure (as opposed to atmospheric pressure), usually
éxpressed as kPa, mm Hg or psia.
Cryogen - A refrigerant used to obtain very low temperatures in
‘the cryogenic trap of the analytical system, A typical cryocgen
is 1iquid oxygen (bp -183.0°C) or liquid argon (bp -185.7°C).

o
Lad

L
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5.4 _hp}namc calibration - Calibration of an analytical system using

5.5

5.6

5.7

5.8

5.9

5.10

- 5.11

5.12

calibration gas standard concentrations in a form identical or
very similar to the samples to be analyzed and by introducing
such standards into the inlet of the sampling or analytica)
system in a'manher very similar to the normal sampling or
analytical process, o |

Gayge nrzssure - Pressure measured above ambient atmospheric
pressure (as opposed to absolute pressure}, Zero gauge pressure.
is equal to ambient atmospheric (barometric) pressure. '
MS-SCAN - The GC 1s coupled to a MS programmed in the SCAN mode
to scan all ions repeatedly during the 6C run, As used in the
current context, this procedure serves as a qualitative identi-
fication and characterization of the sample,

MS-SIM - The 6C 1s coupled to a MS programmed to acquire data
for only specified ions and to disregard 2l cthers. This is
performed using SIM coupled to retention time discriminators,
“he GC-SIM analysis provides quantitative results for selected
const{tuents of the sample gas as programmed by the user.

‘Megabore® column -~ Chromatographic column havino an internal di-

ameter (1.D.) greater than 0.50 mm, The Megabore® column is a
trademark of the JAW Scientific Co. . For purposes of this
method, Megabore® refers to chromatographic columns with 0.53
mm 1.D.

Pressurized sampling - Collection of an air sample in a canister
with @ (final) canisier pressure above atmospheric pressure,
using a sample pump,

Qualitative accuracy - The ability of an analytical system to
correctly identify compounrds,

Quantitative accuracy - The ability of an analytical system to
correctly measure the concentration of an identified compound.
Static calibration - Calibration of an analytical system using
standards in a form different than the samples to be analyzed.
An‘éxample of a static calibration would be injecting a tmall
volume of a high concentration standard directly onto a GC
column, bypassing the samplo extraction and preconcentration
portion of the analytical svstem,



6.

T014-9

5.13 Subatmospheric sampling - Collection of an air sample in an

evacuated canister at a (final) canister pressure below atmos-
pheric pressure, without the assistance of a sampling pump. The
canister is filled as the nternal canister pressure increases
to ambi ent or near asbient pressrure.' An suxiliary vacuum pump
may be used as 'part of the sampling system to flush the inlet

" tubing prior to or during sample collection,

Interferences and Limitations -

6.1

6.2

Interferences can occur in sample analys‘li if moisture accumu-
lates in the dryer (see Section 10.1.1.2). An automated cleanup

_ procedure that periodically heats the dryer to about 100°C while

purging with zero air eliminates any moisture buildup., This pro~
cedure does not degrade sample integrity,

Contamination may occur in the sampliny system if canisters are
not properly cleaned before use. Additionaliy, i} other sampling
equipment (e.g., pump and flow controllers) should be thoroughly
cleaned to ensure that the filling apparatus will not contaminate
samp’~s. Instructions for cleaning the canisters and certifying
the field sampling system are described 1n Sections 12.1 and 12.2,
respectively. '

Because the GC-tS analytical system emﬁloys a Nafion® permeable
membrane dryer to remove water vapor selectively from the sample
stream, polar organic compounds may permeate concurrent with the
moisture mlecule. Conseguently, the analyst should quantitate
his or her system with the specific organic constituents under
examination,

Apparatus

7.1

Sample Collection

[Note: Subatmspheric pressure and pressurized canister sampling
systemc are commercially available and have been used as part of
U.S. Environmental Protection Agency's Toxics Air Monitoring
Stations {TAMS), Urban Atr Toxic Pollutant Program (UATP), and
the non-methane organic compound (NMOC) sampling and analysis
progrim.]

'-'—-ij
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Subatmospheric Pressure (See Figure 2 Without Metal Bellows
Type Pump) :

-7.1.1.1

7.1.1.2

7.1.1.3

7.1.1.4

7.1.1.5

7.1.1.6

7.1.1.7

7.1.1.8

Sampling inlet 11n§ - stainless steel tubing to
connect the saqpler to the sample inlet,

Sample canister - leak-free stainless steel pressure
vessels of desired volume {e.g., 6 L), with valve

‘and SUMMA® passivated interior surfaces (Scientific

Instrumentatinsn Spectalists, Inc., P.0, Box 8941,
Moscow, 1D 83843, or Anderson Sampiers, Inc., 4215-C
Wendell Dr., Atlanta, GA, 30336, or equivalent).
Stainless steel vacuum/pressure gauge - capable of '
measuring vacuum (-100 to O kPa or 0 to 30 in Hg)

and pressure (0-206 kPa or 0-30 psig) in the sampling
system {Matheson, P,0, Box 136, Morrow, GA 30200,
Model 63-3704, or equivalent). Gauges should be

]
noand leaxk tight,

Electronic mass {low controller - capable of main-
taining a constant flow rate (+ 10%) over a sampl-
ing period of up to 24 hours and under conditions

of changing temperature (20-40°C) and humidity
(Tylan Corp., 19220 S. Normandie Ave., Torrance,

Cn 90502, ™Model F(C-260,. or equivalent).

Particulate matter filter - 2-um sintered stainless
steel in-line filter (Nupro Co., 4800 E. 345th st _,
Willoughby, OH 44094, Model §5-2F-K4-2, or equiva-
ient].

Electronic timer - for unattended sample collection
(Paragon Elect. Co., 606 Parkway Blvd., P.0. Box 28,
Twin Rivers, WI 54201, Model 7008-00, or equivalent),
Solenoid valve - electrically-operated, bi-stable
solenoid valve (Skinner Magnelatch Valve, New
Britain, CT, Model YSRAMA9710, or equivalent) with
Viton® seat and o-Fings.

Chromatographic grade stainless steel tubing and
fittings - for intercornections (Alltech Associates,
2051 Waukegan Rd.. Oeerfield, IL 60015, Cat. #8125,
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or equivalent), All such materials in contact with
‘'sample, analyte, and support gases prior to analy-
sis should be chronatographic gradé stainless steel,

7.1.1.9 Thermestatically controlled heater - to maintain
temperature inside insulated sampler enclosure above
ambient temperature {Watlow Co., Pfafftown, NC,
Part 04010080, or equivalent),

. 7.1.,1.10 Heater thermostat - automatically regulates heater
temperature {Elmwood Sensors, Inc., 500 Narragansett
Park Dr., Pawtucket RI 02861, Model 3455-RC-0100-
0222, or equivalent), ‘ '

7,1.1.11 Fan - for cooling sampling system (EG&G Rotron,
Woodstock, NY, Model SUZAI, or equivalent).

7.1.1.12 Fan thermostat - automatically regulates fan opera-
tion {Elmwood Sensors, Inc., Pawtucket, RI, Model

 3455-RC-0100-0244, or equivalent).

7.1.1.13 Maximym-minimum thermometer - records highest and
lowest temperatures during sampling period {Thomas
Scientific, Brooklyn Thermometer Co., Inc.,
P/N S327H30, or equivalent).

7.1.1.14 Nupro stainless steel shut-of f valve - leak free,
for vacuum/pressure gauge,

7.1.1.15 Auxiliary vacuum pump - continuously draws ambient
air to be sampled through the inlet manifold at 10
L/min, or higher flow rate. Sample is extracted
from the manifold at a2 lower rate, and excess air
is exhausted. [Note: The use of higher inlet flow
rates dilutes any contamination present in the inlet
and reduces the possibility of sample contamination
as a result of contact with active adsorption sites
on inlet walls,]

7.1.1.16 Elapsed time meter - measures duration of sampling
(Conrac, Cramer Div., 01d Saybrook, CT, Type 6364,
P/N 10082, or equivalent),

7.1.1.17 Optional fixed orifice, capillary, or adjustable
micrometering valve - may be used in lieu of the
electronic flow controller for grab samples or short
duration time-integrated samples. Usuallv aporopri-
ate only in situations where screening ..mpic are
taken to assess future sampling activity.
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7.1.2 Pressurized {Figure 2 With Metal Bellows Type Pump and Figure 3)

7.1.2.1 Sample pump - stainless steel, meta! bellows type
{Metal Bellows Corp,, 1075 Providence Highway,
' Sharon, MA 02067, Model MB-151, or equivalent),
capable of 2 atmospheres output pressure. Pump must
_be free of leaks, clean, and uncontaminated by oil
‘or organic compounds. [Note: An alternative sampl-
ing system has been developed by Dr. R. Rasmussen,
The Oregon Graduate Center (18,19) and is {llustrated
in Figure 3, This flow system uses, in order, 2
pump, a mechanical flow regulator, and a mechanical
compensaiing flow restrictive device, In this con-
figuration the pump is purged with a large sample
flow, thereby eliminating the need for an auxiliary
“vacuum pump to flush the sample inlet. Interferences
© using this configuration have been minimal.)
7.1.2.2 Other supporting materials - 211 other components of
the pressurized sampling system {Figure 2 with metal
bellows type pump and Figure 3) are ;imilar to compo-
neants discussed in Sectioms 7.1.1.1 through 7.1.1.16.

7.2 Sample Analysis
7.2.1 GC-MS-SCAN Analytical System {See Figure 4)

7.2.1.1 The GC-MS-SCAN analytical system must be capabie of
acquiring and processing data in- the M3-SCAN mode.

7.2.1.2 Gas chromatograph - capable of sub-ambient tempera-
ture programming for the oven, with other generally
standard features such as gas flow regulators, auto-
matic control of valves and integrator, etc. Flame
fonization detector optional. (Hewlett Packard,’
Rt. 41, Avondale, PA 19311, Model 5BBOA, with oven
temperature control and Level 4 BASIC programming,
or equivalent.)

7.2.1.3 Chromatographic d-tector - mass-selective detector
{Hewlett Packard, 3000-T Hanover St., 98, Paio Alto,
CA 94304, Model HP-5970 MS, or equivalent), equipped

with computer and apprapriate software {Hewlett
Packard, 3000-T7 Hanover St,, 9B, Palo Alto, CA 94304,
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HP-216 Camputer, 0u1;ks11ver HS.softuare. Pascal
3.0, mass storage 9133 HP Winchester with 3.5 inch
floppy disk, or equivalent). The GC-MS is set in

_ the SCAN mode, where the MS screens the sample for

7.2.1.4

7.2-1 .5

7.2.1.6

7.2.1.7

7.2.1.8

1.2.1.9

7.2.1.10

7.2.1.11

identification and quantitation of YOC species.
Cryogenic trap with temperature control assembly -

‘refer to Section 10.1.1.3 for complete description
of trap and temperature coqtrol assembly (Nutech

Corporation, 2142 Geer St., Durham, NC, 27704,

Model 320-01, or equivalent), l
Electronic mass flow controllers {3) - maintain
constant flow.(for carrier gas and sample gas) and

to provide analog output to monitor flow anamalies
{(Tylan Hode1'260; 0-100 cm3lm1n. or equivalent).

Yacuum pump - general purpose laboratory pump,

capable of drawing the desired sample volume through
the cryogenic trap (Thomas Industries, Inc., Shebovgan,
W1, Model 1078A20, or equivalent).

Chromatographic grade stainless steel tubing and
stainless steel plumbing fittings - refer to S;ction
7.1.1.8 for description,

Chromatographic column - to provide compound separation
such as shown in Table 5 (Hewlett Packard, Rt. 41,
Avondale, PA 19311, 0Ov-1 capillary column, 0.32 mm x

50 m with 0.88 um crosslinked methyl silicone coating,
or equivalent). -

Stainless steel vacuum/pressure gauge (optionai} -
capable of measuring vacuum (-101.3 to O kPa) and pres-
sure (0-206 xPa) in the sampling system (Matheson, P.0.
Box 136, Morrow, GA 30200, Model 63-3704, or equiva-
lent). Gauges should be tested clean and leak tight.
Stainless steel cylinder pressure regulators - standard,
two-stage cylinder regulators with pressure gauges for
helium, zero air and hydrogen gas cylinders.

Gas purifiers {3) - used to remove organic impurities
and moisture from gas streams {Hewlett Packard, Rt. 41,
Avondale, PA, 18311, P/N 19362 - 60500, or equivalent).




71.2.1.12

7.,2.1.13

7.2.1.14
’ 7-2.1.15

7.2.1.16

7.2.2 GC-MS-SIM
1.2.2.1

7.2.2.2

e SRS T
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Low dead-volume tee {optional) - used to split the
exit flow from the GC column (Alltech Associates,
2051 Wauvkegan Rd., Deerfield, IL 60015, Cat., #5839,
or equivalent). ' - ,
Nafion® dryer - consisting of Nafion tubing co-
axially mounted within larger tubing (Perma Pure
Products, 8 Executive Drive, Toms River, NJ, 08753,
Model MD-125-48, or equivalent). Refer to Section
10.1.1.2 for description, '
Six-port gas chromatographic valve - (Seismograph
Service Corp, Tulsa, 0K, Seiscor Model ¥III, or
equivalent). ‘

Chart recorder {optional) - campatible with the
Jdetector output signals to record optional FID
detector response to the sample.

Electronic integrator (optidnai) - compat ible

with the detector output signal of the FID and

capable of integrating the area of one or more
response peaks and calculating peak areas cor-
rected for baseline drift,

Analytical System (See Figure 4)

The GC-MS-SIM analytical system must be capable of
acquiring and processiﬁg data in the MS-5IM mode.
A1l components of the GC-MS-5SIM system are identi-
cal to Sections 7.2.1.2 through 7.2.1.16,

iitidetecior Anaiytical System (See Figure 5 and Figure &)

Gas chromatograph with flame jonization and elec-
tron capture detectors (photoionization detector
optional) - capabie of sub-ambient temperature
programming for the oven and simuitaneous opera-
tion of all detectors, and with other generally
standard features such as gas flow regulators,
aytomatic control of valves and integrator, etc.
(Hewlett Packard, Rt. 41, Avondale, PA 19311,
Model 5B880A, with oven temperature control and
Level 4 BASIC programming, or equivalent).




7.2.3.2

7,2.3.3

7.2.3.4

1.2.3.8

7.2.3.6

7.2.3.7
7.2.3.8

7.2.3.9

T014-15

Chart recorders - conpatible with the detector output
signals to record detector response to the sample,
Electronic integrator - compatible with the detec-
tor output signals and capable of integrating the
area of one or more response peaks amd calculating

peak areas corrected for baseline drift.

Six-port gas chromatographic valve - (Seismograph Ser-
vice Corp, Tulsa, OX, Seiscor Model VIII, or equivalent).
Cryogenic trap with temperature control assesdbly -
refer to Section 10.1.1.3 for complete description of
tran and temperzture control assembly (Hutech Corpora-
tion, 2142 Geer St., Durham, NC 2770¢ Model 320-01,
or equivalent).

Electronic mass flow controllers (3) - maintain con-
stant flow (for carrier gas, nitrogen make-up gas and
sample gas) and to provide analog output to monitor
flow anomalies {Tylan Model 260, 0-100 cm3fn1n. or
equivalent), .

VYacuum pump - general purpose 1aboratory pump, capable
of drawing the desired sample volume through the cry-
ogenic trap {see 7.2,1.6 for source and description).
Chromatographic grade stainless steel tubing and stain-
less steel plumbing fittings - refer to Sectiom 7.1.1.8
for description. '

Chramatographic column - to provide compound separation
such as shown in Table 7. (Hewlett Packard, Rt, 41,
Avondale, PA' 19311, OV-1 capillary colum, 0.32

mm x 50 m with 0,88 um crossiinked metnyi silicone
coating, or equivalent). ([Note: Other columns

{e.g., DB-624) can be used as long as the system

meets user needs, The wider Megabore® colum (1.e.,
0.53 mm 1.D.) is less susceptible to plugging as

2 result of trapped water, thus eliminating the

need for a Nafion® dryer in the analytical system.

The Megabore® column has sample capacity approaching
that of a packed column, while retaining much of

the peak resolution traits of narrower columns

(i.e., 0.32 Wm 1.D.).
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7.2.3.10 Vacuun/pressure gauges (3) - refer to Section
7.2.1.9 for description.

7.2.3.11 Cylinder pressure stain]ess'steel requlators -
standard, two-stage cylinder regulators with'
pressure gauges for helium, zero air, nitrogen,

. and hydrogen gas cylinders. '

7.2.3.12 Gas purifiers (4) - used to remove organic
impurities and moisture from gai streams {Hewlett-
Packard, Rt. 41, Avondale, PA, 19311, P/N 19362 -

80500 or equivalent},

7.2.3.13 Low dead-volume tee - used to split (50/50) the
exit flow from the GC column (Alltech Associates,
2051 Waukegan Rd., Deerfield, IL 60015, Cat.

#5839, or equivalent),

7.3 Canister Cleaning System (See Figure 7)

-
/ .3.1

7.3.2
7.3.3

7.3.4

7.3.5

7.3.6

77.3.7

7.3.8

7.3.9

Vacuum pump - Capable o
an absolute pressure of <0.05 mm Hg.

Manifold - stainless steel manifold with connections for
simultaneously cleaning several canisters.

Shut-of f valve(s) - seven (7) on-off toggle valves,
Stainless steel vacuum gauge - capable of measuring vacuum
in the manifold to an absolute pressure of 0.05 mm Hg or
less.

Cryogenic trap (2 required) - stainless steel U-shaped open
tubular trap cooled with liquid oxygen or argon to prevent
contamination from back diffusion of oii from vacuum pump
and to provide clean, zero air to sample canister{(s).
Stainless steel pressure gauges (2) - 0-345 kPa (0-50 psig)
to monitor zero air pressure,

Stainless steel flow control valve - to regulate flow of
zero air into canister(s).

Humidifier - pressurizable water bubbler containing high
performance 1iquid chromatography {(HPLC) grade deionized
water or other system capable of providing moisture to the
zero air supply.

Isothermal oven {optional) for heating canisters (Fisher
Scientific, Pittsburgh, PA, Model 349, or equivalent).
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7.4 Calibration System and Manifold (See Figure 8)

) 70‘.3

7.4.1 - Calibration manifold - glass manifold, (1.25 cm 1.D. x 66 cm)
with sampling ports and internal baffles for flow disturbance

to ensure proper mixing,
7.4.2
' deionized water.

Humidi{ fier - 500-ml impinger flask containing HPLC grade

Electronic mass flow controllers - one 0 to 5 L/min and

one 0 to 50 cm3/min (Tylan Corporation, 23301-TS Wilmington

7.4.4
control, best source,

B8, Reagents and Materials

Ave., Carson, CA, 50745, Model 2168, or sguivalent),
Teflon® filter(s) - 47-mm Teflon® filter for particulate

8.1 Gas cylinders of helium, hydrogen, nitrogen, and zero air -

8.2

ultrahigh purity grade, best source.

6as calibration standards - cylinder(s) containing approximately
10 ppmv of each of the following compounds of interest:

vinyl chloride

vinylidene chloride

1,1,2«trichloro-1,2,2-
trifluoroethane

chloroform

1,2-dichlorcethane

benzZene

toluene

freon 12

methyl chloride

1,2-dichloro-1,1,2,2-tetrafluoroethane

methy 1 bromide

ethyl chloride

freon 11

dichloromethane

1,1-dichloroethane

cis-1,2-dichloroethylene

1,2=dichloropropane

1,1,2-trichloroethane

1,2-dibromoethane
tetrachloroethylene
chlorobenzene

benzyl chloride
hexachloro-] ,3-butadiene
methyl chloroform

carbon tetrachloride
trichioroethy lene
cis-1,3-dichloropropene
trans-l,3-dichloropropene
ethylbenzene

o-xylane

m-xylene

p-xylene

styrene
1,1,2,2-tetrachloroethane
1,3,5-trimethylbenzene
1,2,4-trimethy1benzene
m=dichlorobenzene
o-dichlorobenzene
p-dichlorobenzene -

L2 T P Py . S
1L, »=LT NI GTOORNZENE
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8.5

8.6
8.7

8.8
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The cylinder(s) should be traceable to a National Bureau of
Standards (NBS) Standard Reference Material (SRM) or to a NBS/EPA
approved Certified Reference Material (CRM). The components may
be purc.ased in one cylinderlo'r may be separated into different
cylinders. Refer'to,umfacture’r's specification for guidance on
purchasing and mixing YOCs in gas cylinders, Those compounds
purchased should match one's own target list,

Cryogen - liquid oxygen (bp -183.0°C), or liquid argon (bp
-185.7°C), best source, . '

ol 4
T b

gas : =1 ne between hydrogen, nitrogen, and
zero air gas cylinders and system inlet line, to remove moisture
and organic impurities fram gas streams {Alltech Assuciates,

2051 Waukegan Road, Deerfield, IL, 60015, or equivalent).
Deionfzed water - high performance liquid chromatography (HPLC)
grade, ultrahigh purity {for humidifier), best source.
4-bromofluorobenzene - wused for tuning GC-MS, best source.
Hexane - for cleaning suipling system components, reagent grade,
best source,

Methanol - for cleaning sampling system components, reagent grade,

best source.

Sampling System

9.1

System Oescription
9.1.1 Subatmospheric Pressure Sampling [See Figure 2 (Without Metal
Bellows Type Pump)]
9.1.1.1 In preparation for subatmospheric sample collec-
tion in a canister, the canister is evacuated to
0.05 mm Hg, When opened to the atmosphere con-‘
taining the YOCs to be sampled, the differential
pressure causes the sample to flow into fhé can-
ister. This technique may be used to collect grab
samples {duration of 10 to 30 seconds) or time-
integrated samples (duration of 12 to 24 hours)
taken through a flow-restrictive inlet (e.g.,
mass flow controller, critical orifice).

L

’

o

.
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'9.1.1,2 With a critical orifice flow restrictor, there will
be a decrease in the flow rate as the pressure
approaches atmospheric., However, with a mass flow
controller, the subatmospheric sampling system can
maintain a constant flow rate from full vacuum to
within about 7 kPa (1.0 psi) or less below ambient
pressure. | : '

9.1.2 Pressurized Sampling [See Figure 2 (With Metal Bellows Type Pump)]

9.1.2.1 Pressurized sanp'l'ing is used when longer-temm inte-
grated samples or higher volume samples are required.
The sample s collected in a canister using a pump
and flow control arrangement to achieve a typical
103-206 kPa (15-30 psig) final canister pressure.
For example, a 6-liter evacuated canister can be
filled at 10 em3/min for 24 hours to achieve a final
pressure of adout 144 kPa {21 psig).

9.1.2.2 In pressurized canister sampling, a metal bellows type
pump draws in asbient air from the sampling manifold
to fi11 and pressurize the sample canister.

9.1.3 Al)l Samplers

9.1.3.1 A flow control device is chosen to maintain a constant
flow into the canister over the desired sample period,
This flow rate is determined so the canister {s filled
{to about 88.1 kPa for subatmospheric pressure sampl-
ing or to about one atmosphere above ambient pressure
for pressurized sanip‘ling) over the desired sample
period. The flow rate can be calculated by

F= PxV
Tx

where:

F = flow rate {on3/min),
P = final canister pressure, atmospheres
absolute. P 1s aspproximately equal to

kPa + ]
109.5




9.1.3.2

9.1.3.3
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V = volume of the canister {(am3).

T = sample period (hours).
For example, 1f a 6-L canister is to be filled
to 202 kPa (2 atmospheres) absolute pressure in

24 hours, the flow rate can be calculated by

F=2x 6000 =83 cmd/min
24 x 60

For .automatic operation, the timer is wired to start
and stop the pump at appropriate times for the desired
sample period, The timer must also control the sole-
noid valve, to open the valve when starting the pump
and close the valve when stopping the pump.
The use of the Skinner Magnelatch valve avoids any
substantial temperature rise that would occur with
a conventional, normally closed solenoid valve that
wouid have to be energized during the entire sampie
period. The temperature rise in the valve could
cause outgassing of organic compounds from the Yiton
valve seat material. The Skinner Magnelatch
valve requires only a brief electrical pulse to
open or close at the appropriate start and stop
times and therefore experiences no temperature
increase, The pulses may be obtained either
with an electronic timer that can be programmed
for short (5 to 60 seconds) ON periods, or with
a conventional mechanical timer and a special
pulse circuit. A simple electrical pulse circuit
for operating the Skinner Magnelatch solencid valve
with 2 conventional mechanical timer is illustrated
in Figure 9{a). MHowever, with this simple circuit,
the valve may operate unreliably during brief
power interruptions or if the timer i< manually
switched on and off too fast. A better circuit in-
corporating a time-delay relay to provide more re-
1iable valve operation is shown in Figure 9(b).
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%.1,3.4 The connecting 1ines between the sample inlet and the

canister should be as short as possible to minimize

their volume, The flow rate into the canister should

remain relatively constant over the entire sampling
period, 1f a critical orifice is used, some drop in
the flow rate may occur near the end of the sample
beriod as the canister pressure approaches the final

calculated pressure.

9.1.3.5 As an option, a-second‘e1ec£ron1c timer (see Sec-

tion 7.1.1.6) may be used to start the auxiliary.
puap several hours prior to the sampling period
to flush and condition the inlet line.

9.1.3.6 Prior to field use, each sampling system must pass

a2 hmid zero air certification (see Section 12.2.2).
A1l plumbing should be checked carefully for leaks,

The canisters must also pass a humid zero air certi-
fication before use (see Section 1Z.1}.

9.2 Sampling Procedure

9.2.1

9.2.2

9.2.3

9.2 .4

The sample canister should be cleaned and tested according
to the procedure in Section 12.1. .

A sample collection system is assembled as shown in Figure 2
{and Figure 3) and must meet certification requirements as
outlined in Section 12.2,3, [Note: The sampling system
should be contained in an appropriate enclosure.]

Prior to locating the .sampling system, the user may want to

e v o man andns =

perform "screening analyses” using 2 portable GC system,

ng 2 portable GC s
as outlined in Appendix B, to determine potential volatile
organics present and potential “hot spots.” The information
gathered from the portable GC screening analysis would be
used in developing a mnitoring protocol, which includes the
sampling system location, based upon the "screening analysis®
results.

After "screening analysis,” the sampling system is located.
Temperatures of ambient air and sampler box jnterior are
recorded on canister sampling field data sheet (Figure 10).
[Note: The following discussion is related to Figure 2.]
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9,2,5 To verify correct sample flow, a “practice” (evacuaiad)
canister {s used in the sampling system. [Note: For a \__)
subatmospheric sampler, the flow meter and practice can-
ister are needed, For the pump-driven system, the practice
canister is rot needed, as the flow can be measured at
the outlet of the system.] A certified mass flow meter
is attached tc the inlet line of the manifold, just in
front of the filter. The canister is opened., The §amp1er
is turned on and the reading of the certified mass flow
meter i$ compared to the sampler mass flow controller,

The values should agree within +10%, If not, the sampler
mass flow meter needs to be recalibrated or there g 2
leak in the system.  This should be investigated and
corrected. [Note: Mass flow meter readings may drifet,
Check the zero reading carefully and add or subtract the
zero reading when reading or adjusting the sampler flow
rate, to compensate for any zero drift.] After two minutes,
the desired canister flow rate is adjusted to the proper
value (as indicated by the certified mass flow meter) by e
the sampler flow control unit controller (e.g., 3.5

and/min for 24 hr, 7.0 cm3/min for 12 hr}. Record final
flow under "CANISTER FLOW RATE," Figure 10,

9.2.6 The sampler is turned off and the elapsed time meter is
reset to 000.0. Note: Any time the sampler is turned
of f, wait at least 30 seconds to turn the sampler back on.

9.2,7 The "practice” canister and certified mass filow meter
are disconnected and a clean certified (see Section 12.1)
canister is attached fo the system.

9.2.8 The canister valve and vacuum/pressure gauge valve are opened,

9.2.9 Pressure/vacuum in the canister is recorded on the canister
sampling field data sheet (Figure 10) as indicated by the
sampler vacyum/pressure gauge. '

9.2.10 The vacuum/pressure gauge valve is closed and the maximum-
minimum thermometer is reset to current temperature. Time
of day and elapsed time meter readings are recorded on the
canister sampling field data sheet. -

9.2.11 The electronic timer is set to begin and stop the sampling
period at the appropriate times. Sampling commences and
_s$tops by the programmed electronic timer,

/ - - /-1
s .
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9.2.12 After the desired sampling period, the maximum, minimum,
current interior temperature and current ambient temper-
‘ature are recorded on the sampling field data sheet, The

l current reading from the flow controller is recorded.

! 9.2.13 At the end of the sampling period, the vacuum/pressure

] . : gauge valve on the sampler is bri efly opened and closed

and the pressure/vacuum is recorded on the sampling field

data sheet. Pressure should.be close to desired pressure.

i : [Note: For a subatmospheric sampling system, if the
canister is at atmospheric pressure when the field final
pressure check is performed, the sampling period may be
suspect. This information should be noted on the sampl~
ing field data sheet.] Time of day and elapsed time

_ meter readi ngs-are also recorded,

9.2.14 The canister valve is closed. The sampling line is dis-

i

_________ [ T T

connecied from the canister and the canister {5 removed

from the system, For a suybatmospheric system, 2 certi-
fied mass flow meter is once again connected to the in-
let manifold in front of the in-line filter and a2 “"prac-
tice” canister is attached to the Magnelatch valve of
the sampling system. The final flow rate is recorded
on the canister sampling field data sheet [see Figure
10). [Note: For a pressurized system, the final flow
may be measured directly.] The sampler is turned off.
9.2.15 An fdentification tag 1§ attached tu the canister. Can-
ister serial number, sampie number, iocation, and date
are recor_ﬂded on the tag, ‘

10. Analytical System (See Figures 4, 5 and 6)
10.1 System Description
10.1.% GC-MS-SCAN System

10.1.1

1 The analytical system is camprised of a GC
' equipped with a mass-selective detector set
in the SCAN mode (see Figure 4). A1l 1ons
are scanned by the MS repeatedly during the
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GC run. The system includes a computer and
appropriate software for data acquisition,

data reduction, and data reporting, A 400

o’ air sample is collected from the canister
into the analytical system. The sample air is
first passed through a Nafion® dryer, through
the 6-port chramatographic valve, then routed
into a cryogenic trap. [Note: While the
GC-mulitidetector analytical system does not
employ a Nafion® dryer for drying the sample
gas stream, it is used here because‘the GC_-HS
system utilizes a larger sampie volume and is
far more sensitive to excessive moisture than
the GC-multidetector analytical system, Mois-
ture can adversely affect detector precision,
The Nafion® dryer also prevents freezing of
moisture on the 0.32 mm I.D. colum, which may
cause column blockage and possible breakage.]
The trap is heated (-160°C to 120°C in 60 sec)
and the analyte 1s injected onto the OV-1 cap-
i1lary column (0.32 mm x 50 m), [Note: Rapid
heating of the trap provides efficient transfer
of the sample components onto the gas chromato-
graphic column,] Upon sample injection onto
the column, the MS cﬁmputer is signaled by

the GC computer to begin detection of compounds
which elute from the column. The gas stream
from the GC' 1s scanned within a preselected
range of atomic mass units (amu). For detec-
tion of compounds in Table 1, the range should
be 18 to 250 amu, resulting in a 1,5 Kz repeti-
tion rate, Six (8) scans per eluting chromato-
graphic peak are provided at this rate. The
10-15 largest peaks are chosen by an automated
data reduction program, the three scans nearest
the peak apex are averaged, and a background sub-
traction 1s performed, A library search is then
performed and the top ten best matches for each
peak are listed. A qualitative characterization




T014-26
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10.1.1.3 The packed metal tubing used for reduced tem-

perature trapping of YOCs 1s shown in Figure 12,
The cooling unit 1; comprised of a 0.32 cm out-
side diameter (0.D.) nickel tubing loop packed
with 60-80 mesh Pyrex® beads (Nutech Model
320-01, or equivalent). The nickel tubing loop
is wound onto a cylindrically formed tube heater
(250 watt)., A cartridge heater (25 watt) is -
sandwiched between pieces of aluminum plate

at the trap inlet and outlet to provide addi-
tional heat to eliminate cold spots in the
transfer tubing, During operation, the trap

is inside a two-section stainless steel shell
which is well insulated, Rapid heating

(=150 to +100°C in 55 s) is accomplished by
direct thermal contact between the heater

and the trap tubing. Cooling ic achiaved by {
vaporization of the cryogen. In the shell,

efficient cooling (+120 to -150°C in 225 s)

is facilitated by confining the vaporized

cryogen to the small open volume surrounding

the trap assembly. The trap assembly and
chronatographic valve are mounted on a

baseplate fitted into the injection and

auxiliary zones of the GC on an insulated

pad directly above the column oven when used

with the Hewlett-Packard 5880 GC., [fote:

Alternative trap assembly and connection to

the GC may be used depending upon user's
requirements.] The carrier gas line s con-

nected to the injection end of the analytical

column with a zero-dead-volume fitting that is
usually held in the heated zone above the GC

oven. A 15 on x 15 cmn x 24 cm aluminum box

is fitted over the sample handling elements

to complete the .package. VYaporized cryogen

is vented through the top of the box.

S U YU e AU S [ Uy |
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of the sample 1s provided by this procedv~e. A
typical chromatogram of VOCs determined by GC-MS-
SCAN 1s 11lustrated in Figure 11(a).

A Nafion® permeable membrane dryer is used to

. Femove water vapor. selectively from the sample

stream, The permeable membrane consists of
Nafion® thb1ng (a copoiymer of tetrafluoroethylene
and fluorosulfonyl monomer) that is coaxially
mounted within lérger tubing, The sample stream
1s passed through the interior of the Nafion®
tubing, allowing water (and other light, polar
compounds) to permeate through the walls into a
dry air purge stream flowing through the annular
space between the Nafion® and outer tubing.
[Note: To prevent excessive moisture build-up
and any memory effects in the dryer, a clean-
up procedure involving periodic heating of the
dryer (100°C for 20 minutes) while purging with
dry zero air (500 cm3/min) should be implemented
as part of the user's SOP manual. The clean-up
procedure 1s repeated during sach analysis (see
Section 14, reference 7). Recent studies have
indicated no substantial loss of targeted

VOCs utilizing the above clean-up procedure

(N. This.cleanup procedure is particularly

~ useful when employing cryogenic preconcentration

of VOCs with subsequent GC analysis using a
0.32 mm ].0. column because excess accumulated
water can cause trap and column blockage and

- 8lso adversely affect detector precision,

In addition, the improvement in water removal
from the Sampling stream will allow analyses
of much iarger voiumes of sample air in the

event that greater system sensitivity is

required for targeted compounds.)
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10.1.2 GC-MS-SIM
10.1.2.1
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As an option, the analyst may wish to split

the gas stream exiting the column with a

Tow dead-volume tee, passing one-third ‘

of the sample gas (1.0 mL/min) to the mass- -
selective detector and the remaining two-
thirds. (2.0 mL/min) through a flame
ionization detector, as i1lustrated as an
option in Figure 4. The use of the specific
detector (MS-SCAN) coupled with the non-
specific detector (FID) enzbles enhancement
of data acquired from a single analysis, In
particular, the FID provides the user:

o Semi-real time picture of the progress
of the analytical scheme;

o Confirmation by the concurrent MS
analysis of other labs that can provide
only FID results; and

@ Ability to compare GC-FID with other

analytical lzboratories with only GC-
FID capability.

System

The analytical system is comprised of a G{
equipped with an 0V-1 capillary column (0.32 mm
x 50 m) and a mass-selective detector set 1in
the SIM mode (see Figure 4). The GC-MS 1s

set up for automatic, repetitive analysis.

The system is programmed to acquire data for
only the target compounds and to disregard

all others. The sensitivity is 0.1 ppbv for

a 250 cm3 air sample with analytical precision
of about 5% relative standard deviation. Con-
centration of compounds based upon a previously
installed calibration table is reported by an
automated data reduction program. A Kafion®
dryer is also employed by this analytical sys-
tem prior to cryogenic preconcentration; there-

fore, many polar compounds are not identified
by this procedure,

. r—— -
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10.1.2,2 SIM analysis is based on a combination of reten- k_,
tion times and relative abundances of selected
ions (see Table 2). These qualifiers are stored
on the hard disk of the GC-MS computer and are
applied for identification of each chromato-
graphic peak. The retention time qualifier is

. determined to be + 0.10 minute of the 1ibrary

~ retention time of the compound. The acceptance,
level for relative abundance 1s determined to
be + 151 of thé expected abundance, except for
viny) -chloride and methylene chloride, which
s determined to be + 253, Three fons are mea-
sured for most of the forty compounds., When
compound tdentification is made by the computer,
any peak that fails any of the qualifying tests
is flagged (e.g., with an *), - A11 the data
should be manually examined by the analyst
to determine the reason for the flag and
whether the compound shouid be reported as
found., While this adds some subjective
Jjudgment to the analysis, computer-generated
identification problems can be clarified by
an experienced operator. Mamnual inspectfon
of the quantitative results should alsn be
performed to verify concentrations outside
the expected range, A typical chromatogram

~of VOCs determined by GC-MS-SIM mode is
i1lustrated in Figure 11(b).

10.1.3 GC-Multidetector (GC-FID-ECD) System with Optional PID

10.1.3.1 The analytical system (see Figure 5) is
comprised of a gas chromatograph equipped
with a capillary column and electron capture
and flame fonization detectors (see Figure 5).
In typi:zal operation, samp'e air from pressur-
ized canisters is vented past the inlet to
the analytical system from the canister at a
flow rate of 75 om3/min. For analysis, only
35 am3/min of sample gas is used, while excess

\




10.1.3.2

10.1.3.3
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is vented to the atmosphere. Sub-ambient
pressure canisters are connected directly to
the inlet. The sample gas stream 1s routed

- through a six port chromatographic valve and

intd the cryogenic trap for a total sample
volume of 430 cm3. [Note: This represents a
14 minute sampling period at 2 rate of 35
cmalmip.] The trap (see Section 10.1.1,3)

-1$ cooled to -150"C by controlled release of

a cryogen, YOCs and SVOCs are condensed on

the trap surface while N2, 02, and other sample
.cmponerits are passed to the pump. After the
organic compounds are concentrated. the valve
is switched and the trap is heated. The rewola-
tilized compounds are trmsported by helium
carrier gas at a rate of 4 cm3/min to the

head of the Megabore® 0V-1 caﬁﬂ‘lary column
(0.53 mm x 30 m)., Since the column initial
temperatyre is at -50°C, the VOCs and SVOCs

are cryofocussed on the head of the coiumn,
Then, the oven temperature 1s programmed to
increase and the VOCs/SYOCs in the carrier gas
are chromatographically separated, The carrier
gas containing the separated VOCs/SVOCs is then
directed to two parallel detectors at a flow
rate of 2 cm3/min each. The detectors sense
the presence of the speciated YOCs/SVOCs, and
the response is recorded by either a strip
chart recorder or a data processing unit.
Typical chromatograms of VOCs determined by
the GC-FID-ECD analytical system are illus-
trated in Figures 11(c) and 11{(d), respectively.
Helium 1s used as the carrier gas (4 cn3lﬁ\1n)
to purge residual air from the trap at the

end of the sampling phase and to carry the
revolatilized VOCs through the Megabore®

GC colum. Moisture and organic 1mpur;1t1es

are removed from the helium gas stream by 2a
chemical purifier installed in the GC (see

¥ it ——
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Section 7.2.1.11), After exiting the 0OV-1
Megabore® column, the carrier gas stream is
‘split to the two detectors at rates of 2
crs /min each, .

10,1.3.4 Gas scrubbers containing Drierite® or silica
gel and 5A solecular sieve are used to remove
smoisture and organic impurities from the zero
air, hydrogen, and nitrogen gas streams. [Note:
Purity of gas purifiers is checked prior to use
by passing humid zero-air through‘the gas purifier
and analyzing according to Sectiom 12.2.2.)

10.1.3.5 A1l lines should be kept as short as practical.’
A1l tubing used for the system should be chro-
matographic grade stainless steel connected
with stainless steel fittings, After assembly,
the system should be checked for leaks accord-
ing to manufacturer's specifications.

10.1.3.6 The FID burner air, hydrogen, nitrogen (make-
up}, and heljum (carrier) flow rates should
be set according to the manufacturer's imstruc-
tions to obtain an optimal FID response while
maintaining a stable flame throughout the analy-
sis. Typical flow rates are: burner air, 450
emd /ming hydrogen, 30 em3 /min; nitrogen, 30
cn3/nl1n; heljum, 2 al3!m1n.

10.1.3.7 The ECD nitrogen make-up gas and helium carrier
flow rates should be set according to manufac-
turer’s instructions to obtain an optimal ECO
‘response. Typical flow rates are: nitrogen,
76 cm3/min and helium, 2 cm3/min,

1 10.1.3.8 The GC-F1D-ECD could be modified to include a

PID {see Figure 6) for increased sensitivity

{20). 1In fhe photoionization process. a mole-

cule is ifonfized by ultraviolet 1ight as follows:

R+ hy «=> R + e~ where R+ is the jonized species

and a photon is represented by hv, with energy

less than or equal to the ionization potential of
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" of air (02, N2, CO, CO2, and HéO) is greater

1s applied to the electrodes, any fons formed
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the molecule. Generaily 2ail species with an
ionization potential less than the ionfzation
energy of the lamp are detected. Because the
ionization potential of all major components L

than the fonfzation eﬁergy of lamps in general
use, they are not detected, The sensor is

comprised of an argon-filled, ultraviolet (UY)
Tight source where a portion of the organic

vapors are ionized in the gas stream. A pair
of electrodes are contained in a chamber adja-
Cent to the sensor. When a positive potential

by the absorption of W 1ight are driven by
the created electronic field to the cathode,
and the current (proportional to the organic
vapor concentration) 1¢ measured. The P10

is generally used ‘for compounds having {oni-

~ 2ation potentials less than the ratings of

the ultraviolet lamps. This detector is

used for determination of most chlorinated

and oxygenated hydrocarbons, aromatic
compounds, and high molecular weight aliphatic
compounds., Because the PID is insensitive

to methane, ethane, carbon monoxide, carbon
dioxide,. and water vapor, it is an excellent
dgetector, The electron volt rating is applied
specifically to the wavelength of the most
intense emission line of the lamp's output
spectrum, Some compounds with fonization
potentials above the lamp rating can still

be detected due to the presence of small
quantities of more intense light. A typical
system configuration associated with the
6C-F1D-ECD-PID is 1{1lustrated in Figure 6.
This system i{s currently being used in EPA's .-
FY-88 urban Air Toxics Monitoring Program. '
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10.2 GC-MS-SCAN-SIM System Performance Criteria

10.2.1 6C=MS System Operation

'10.2.2

10.2.1.1

10.2.1.2

'10,2.1.3

10.2.1.4

Prior to analysis, the GC-MS system is assemdled
and checked according to manufacturer's 1nstruc-
tions, _ '

Table 3,0 outlines .general operating conditions
for the GC-MS-SCAN-SIM system with optional FID.
The 6C-MS system i35 first challenged with humid
zero air (see Section 11.2.2).

The GC-MS and optional FID system 1s acceptable

_______

Daily 6C-M5 Tuning (See Figure 13)

10.2.2.1

10.2.2.2

10.2.2.3

10.2.2.4

At the beginning of each day or prior to a .
calibration, the GC-MS system must be tuned to
verify that acceptable perfomarice criteria are
achieved,

For tuning the GC-MS, a cylinder containing
4-bromofluorobenzene 1s introduced via 2
sample loop valve injection system. [Note:
Some systems allow auto-tuning to facilitate
this process.] The key fons and 1on abundance
criteria that must be met are 1llustrated in
Table 4. Analysis should not begtin until

all those criterta are met,

The GC-MS tuning standard could also be used to

assess GC column performance (chromatographic
check) and as an internal standard. Obtain a
background correction mass spectra of 4-bromo-
fluorobenzene and check that all xey ions cri-
terfia are met, 1f the criteria are not achieved,
the analyst must retune the mass spectrometer and
repeat the test until all criteria are achieved.
The performance criteria must be achieved before
any samples, blanks or standards are 2nalyzed. 1f
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any key ion abundance observed for the dafly &-
(1 bromofluorobenzene mass tuning check differs by
sore than 10% absolute sbundance fram that cbierved
during the previous daily tuning, the instrument
must be retuned or the sample and/or calibration
gases reanalyzed until the above condition is met.

10.2.3 6C-MS Calibration (See Figure 13)

[Mote: Initial and routine calibration procedures are
{1lustrated in Figure 13.]
10.2.3.1 Initial Calibration - Initially, a multipoint dy-
namic calibration (three levels plus humid zero
atir) is perfarmed on the SC-MS syetem, hefore
sample analysis, with the assistance of a calibra-
tion system (see Figure 8). The calibration sys-
tem uses NES traceable standards or NBS/EPA CRMs
in pressurized cylinders [containing a mixture
of the targeted YOCs at nominal concentrations of
10 ppmv in nitrogen (Section 8.2)] as working
standards to be diluted with humid zero air. The
contents of the working standard cylinder(s) are
metered (2 cm3/min) into the heated mixing chamber
where they are mixed with a 2-L/min humidified
zero air gas stream to achieve 2 nominal 10 ppbyv
per compound calibration mixture (see Figure 8).
This naminal 10 ppbv standard mixture is allowed
to flow and equilibrate for a minimum of 30 min-
utes. After the equilibration period, the gas
standard mixture is sampled and 2nalyzed by the
real-time GC-M5 system [see Figure B8(a) and Sec-
. tion 7.2.1]. The results of the analyses are
averaged, flow audits are performed on the mass
flow meters and the calculated concentration cam-
pared to generated values. After the GC-MS is
calibrated at three concentration levels, a second
humid zero 2ir sampie is passed through the system
and analyzed. The second humid zero air test {is

used to verify that the GC-MS system is certified
clean (less than 0.2 ppbv of target compounds).

— G . — —




T014-34

10.2.3.2 As an alterpative, a multipoint humid static )

' calibration (three levels plus zero humid air) ( )
can be perfémed on the GC-MS system. During
the humid static calibration analyses, three
(3) SuMA® passivated canisters are filled
each at a different concentration between 1-20
ppbv from the calibration manifold using a
pump and mass flow control arrangement [see
Figure 8(c)). The canisters are then delivered
to the GC-MS to serve as calibration standards.
The canisters are analyzed by the MS in the

) : SIM mode, each analvzad twice., The exnacted.

retentfon time and ion abundance (see Table

2 and Tadble 5) are used to verify proper opera-

tion of the GC-MS system. A calibration re-

sponse factor is determined for each analyte,

as illustrated in Table 5, and the computer

calibration tadble is updated with this infor-

mation, as 11lustrated in Table 6. L
10,2.3.3 Routine Calibration - The GC-MS system is cal-

ibrated daily (and before sample analysis) with

a one-point calibration. The GC-MS system 1S

calibrated either with the dynamic calibration

procedure [see Figure 8(a)] or with a 6-L SUMMA®

passivated canister filled with humid calibration

standards from the calibration manifold (see

Section 10.2.3.2). After the single point cali-

bration, the GC-MS analytical system is challenged

with a humidified zero gas stream to insure the

analytical system returns to specification (less

than 0.2 ppbv of selective organics),

10.3 GC-FID-ECD System Performance Criteria (With Optional PID System)
{See Figure 14)

10.3.7 Humid Zero Air Certification

10.3.1.1 Before system ca1ibqation and sample analysis,
the GC-FID-ECD analytical system is assembled and b
checked according to manufacturer's instructions.
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10.3.1.2 The 6C-FID-ECD system s first challenged with
humid zero air (see Section 12.2.2) and moni-
tored, '

10.3.1.3 Analytical systems contaminated with less than

0.2 ppbv of targeted YOCS are acceptable,
GC Retention Time Windows Determination (See Table 7)

10.3.2.1 Before analysis can be performed, the retention
time windows must be established for each
anaiyte. ' ‘ ‘

10,3.2.2 Make sure the GC system 1s within optimm
" operating conditions. '

10.3.2.3 ¥ake three injections of the standard contain-
ing al1 compounds for retention time window
determination.’ [Mote: The retention time
window must be established for each analyte
every 72 hours during continuous operation.]

10.3.2.4 Calculate the standard deviation of the three
absolute retention times for each single com-
ponent standard, The retention window 1s
defined as the mean plus or minus three times
the standard deviation of the individual reten-
tign times for each standard. In those cases
where the standard deviation for a particular
standard 1s 2ero, the laboratory must substi-
tute the standard deviation of a closely-
etuting, similar compound to develop a valid
retention time window, :

10.3.2.5 The laboratory must calculate retention time
windows for each standard (see Table 7) on
each GC column, whenever a new BC column is
installed'or when major components of the GC
are changed. The datz muct bhe noted and re-

tained in a notebook by the laboratory as
part of the user SOP and as a quality assurance
check of the analytical system,
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10.3.3 6C Calibration

[Note: Inftial and routine calibration procedures are

1lustrated in Figure 14.]

10.3.3.1 Initial Calibration - Initially, a multipoint
dynamic calibration (three levels plus humid
zero air) is performed on the 6C-FID-ECD sys-
'ten. before sample analysis, with the assist~
ance of a calibration system (see Figure 8).
The calibration system uses NBS traceable
standards or NBS/EPA CRMs in pressurized
cylinders [containing a mixture of the
targeted YOCs: at nominal concentrations of
10 ppmv in nitrogen {Section 8.2)] as working
standards to be diluted with humid zero air,
The contents of the working standard cylinders

are metersd {2 cn3/min) into the heated

mixing chamber where they are mixed with a
2-L/min humidified zero air stream to achieve
' a nominal 10 ppby per compound calibration
' mixture (see Figure 8}, This nominal 10
ppby standard mixture is allowed to flow and
equilibrate for an appropriate amunt of
time, After the equilibration period, the gas
standard mixture is sampled and analyzed by
the GC-MS system [see Figure 8{a)], The
results of the anaiyses are averaged, Tiow
audits are performed on the mass flow control-
lers used to generate the standards and the
appropriate response factors (concentration/
area counts) are calculated for each compound,
‘as {l1lustrated in Table 5, [Note: GC-FlDs
are linear'in the 1-20 ppbv range and may
not require repeated multipoint calibra-
; tions; whereas, the 6C-ECD will require
§ frequent linearity evaluation.] Table 5 out-
'

pr

lines typical calibration response factors
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- and retention timeg for 40 YOCs, After the
<;_) ' GC-FID-ECD 1s calibratad at the three concen-
tration levels, a second humid zero air sampie
1s passed through'the system and analyzed. The
second humid zero air test is used to verify
that the GC-FID-ECD system is certified clean
(less than 0.2 ppbv of target compounds).

- 10.3.3.2 Routipe Calibration - A one point calibration
is performed daily on the analytical system to
verify the initial aultipoint calibration (sée
Section'10,3.3.1), The ‘analyzers (GC-FID-ECD)
are calibrated (before sample analysis) using
the static calibration procedures (see Section
10.2.3.2) involving pressurized gas cylinders
containing low concentrations of the targeted
YOCs (10 ppbv) in nitrogen. After calibration,

" humid zero air is once again passed through the
analytical system to verify residual VOCs are
o not present.
10,3.4 GC-FID-ECD-PID System Performance Criterta

10.3.4.1 As an option, the user may wish to include a
photoionization detector (PID) to assist in
pedk identification and increase sensitivity.

10.3.4.2 This analytical system is presently being used
in U.S. Environmental Protection Agency's Urban
Alr Toxic Pollutant Program (UATP),

10.3.4.3 Preparation of the GC-FID-ECD-PID analytical
system is !;:Ien!!:a'.l to the GC-FID-ECD system
(see Section 10.3).

10.3.4.4 Table 8 outlines typical retention times {minutes)
for selected organics using the GC-FID-ECD-PID
analytical system.

10.4 Analytical Procedures

1 Can

10.4.1.1 The overall condition of each sample canister
is observed., Etach canister should be recefived
with an attached sample {identification tag.

-m
WV.%,
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10.4,1.2 Each canfister is recorded in the dedicated
laboratory logbook, Also noted on the fdenti-
fication tag are date recefved and initials
of recipient,

10.4.1.3 -The pressure of the canister is checked by
attaching a pressure gauge to the canister
fnlet. The canister valve is opened briefly
and the pressure (kPa, psig) is recorded.
[Note: 1t pressu}g fs <83 kPa (<12 psig), the -
user may wish to pressurize the canisters,
as an option, with zero grade nitrogen up to
137 kPa (20 psig) to ensure that enough
sample 1s available for analysis., However,
pressurizing the canister can introduce addi-
tional error, increase the minimum detection 7
Hmit (MDLY, and 1s time consuming, The user i__f
should weigh these 1imitations as part of his
program objectives before pressurizing.]
Final cylinder pressure is recorded on can-
ister sampling field data sheet (see Figure 10).

10.4,1.4 If the canister pressure is fincreased, a di-
lution factor (DF) is calculated and recorded
on the sampling data sheet.

DF = Y,
Xa
where:

X3 = canister pressure (kPa, psia) abso-
lute before dilution.

Ya = canister pressure (kPa, psia) abso-
lute after dilution.
After sample analysis, detected YOC concentra-
tions are multiplied by the dilution factor
to determine concentration in the scmpled air,

.

.
r
1
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10.4,2 CGC-MS-SCAN Analysis (With Optional FID System)

1 10.4,2.1

. 10.4.2.2

10.4.2.3

¥

10.4.2.4

10,4.2.5

10,4.2.6

10.4.2.7

The analytical system should be properly assem-
bled, humid zero air certified (see Section
12.3). operated (see Table 3), and calibrated

for accurate VOC deierminatipn. ‘

The mass flow controllers are checked and adjusted
to provide correct flow rates for the system.

The sample canister is connected to the inlet

of the GC-MS-SCAN (with optional FID) analytical
system, For pressurized samp1es. a mass flow
controller is placed on the canister and the
canister vaive is opened and the canister

flow is vented past a tee inlet to the analytical
system at a flow of 75 em3/min so that 40
em3/min 1s pulled through the Nafion® dryer to
the six-port chrtnatographié valve. [Note: Flow
rate is not as important as acquiring sufficient
sampie volume.] Sub-ambient pressure samples are
connected directly to the inlet,

The GC oven and crycgenic trap (inject position)
are cooled to their set points of -50°C and
-160°C, respectively.

As soon as the cryogenic trap reaches its lower
set point of -160°C, the six-port chromatographic
valve is turned to its fi11 position to initiate
sample collection,

A ten minute collection period of canister sample
is utilized. [Note: 40 cm3/min x 10 min = 400
am3 sampled canister contents.] '

After the sample is preconcentrated in the cry-
ogenic trap, the GC sampiing valve is cycled

to the inject position and the cryogenic trap

is heated. The trapped analytes are thermally
desorbed onto the head of the OV-1 capillary

column (0,31 mm I.D. x 50 m length)}. The GC

. oven is programmed to start at -50°C and after

2 min to heat to.150°C at a rate of 8°( per
minute,

|
|
|
|
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10.4.2.9

10.3.2.10

10.4.2.11

GC-MS-SIM
10.4.3.1

10.4.3.2

10.4.3.3
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Uoon sample injection onto the colﬁm, the M5

is signaled by the computer to scan the eluting
carrier gas from 18 to 250 amu, resulting in a
1.5 Hz repetition rate, Th1s'cor|;esponds to
about 6 scans per eluting chromatographic peak.
Primary identification is based upon retention
time and relative sbundance of eluting ions

"as compared to the spectral 1ibrary stored on

the hard disk of the GC-MS data computer.
The concentration {ppbv) is calculated using
the previously established response factors
(see Section 10.2.3.2); as illustrated in
Table 5, [Note: If the canister is diluted
before analysis, an appropriate multiplier i{s
applied to correct for the volume dilution of
the canister {Section 10.4.1.4).]

The optional FID trace allows the analyst to
record the progress of the analysis.

Analysis (With Optional FID System)

When the MS is placed in the SIM mode of
operation, the MS monitors only preselected
fons, rather than scanning all masses contin-
uously between two mass limits.

As a result, increased sensitivity and improved
quantitative analysis can be achieved,

Similar to the GC-MS-SCAN configuration, the
GC-M5-5IM analysis is based on a combination

of retention times and relative abundances of
selected fons (see Table 2 and Table 5). These
qualifiers are stored on the hard disk of

the GC-MS computer and are applied for identi-
fication of esach chromatographic peak. Once
the GC-MS-5IM has identified the peak, a galibra-
tion response factor is used to determine the
analyte's concentration.
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- ' 10.4.3.4 The individual analyses are handled in three
U , . phases: data acquisition, data reduction, and

desc oo aal_ o an =
data reporting. The data acquisition software

is set in the SIM mode, where specific compound
fragments are monitored by the MS at specific o
times in the analytical run. Data reduction .
is coordinated by the postprocessing macro pro-
gram ‘that is autamatically accesied after data
acquisition 1s completed at the end of the GC
run. Resulting fon profiles are extracted, peaks
are identified and integrated, and an internal
integration report 1s generated by the progranm.
A reconstructed ion chromatogram for hardcopy
reference 1s prepared by the program and various
parameters of interest such as time, date, and
integration constants are printed. At the com-
pletion of the macro program, the data reporting
| software is accessed. The appropriate calibra-
P tion table (see Table 9) 1s retrieved by the

' data reporting program from the computer's hard
disk storage and the proper retention time and |
response factor parameters are applied to the '
macro program’s integration file. With refer-
ence to certain pre-set acceptance criteria,
peaks are automatically {1dentified and quanti-
fied and 2 final summary report 1S prepared,
as 1ilustrated in Table 10. -

A 1

10.4.4 GC-FID-ECD Analysis (With Optional PID System) . :

10.4.4.1 The analytical system should be properly assem- :
bled, humid zero air certified (see Section 12.2) ;

and calibrated through a dynamic standard cali- !

bration procedure {see Section 10.3.2), The ,’

|

FID detector is 11t and allowed to stabilize.
1D.4.4.2 Sixty-four minutes are i'equ1red for each sample
analysis - 18 min for system initialization, 14
min for sample collection, 30 min for analysis,
and 5 min for post-time, during which a report

is printed. [Note: This may vary depending
upon System configuration and programming.] l
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10.4.4.4

10.4.4.5

10.4.4.6
10.4.4.7

10.4.4.8
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The heiium and sample mass flow controllers are
checked and adjusted to provide correct flow
rates for the system. Helifum is used to purge
residual afr from the trap at the end of the
sampling phase and to car-ry'the revolatilized
VOCs from the trap onto the GC column and into
the FID-ECD. The hydrogen, burner air, and ni-
trogen flow rates should also be checked, The
cryogenic trap is connected and verified to

be operating properly while flowing cryogen
through the system.

The sample canister is connected to the inlet of
the GC-FID-ECD analytical system. The canister
valve s opened and the canister flow is vented
past a tee inlet to the analytical system at 75
cm3/min using a 0-500 .cm3/min Tylan mass flow
controller. During analysis, 40 cims fmin of sample
gas ts pulled through the six-port chromatographic
valve and routed through the trap at the appro-
priate time while the extra sample is vented.
The VOCs are condensed in the trap while the
excess Tlow 1s exhausted through an exhaust
vent, which assures that the sample air flow-
ing through the trap is at atmospheric pressure.
The six-port valve is switched to the inject
position and the canister valve is closed.

The e]ec.r_renic'-:ntegratar is started.

After the sample is preconcentrated on the trap,
the trap 1§ heated and the VOCs are thermally
desorbed onto the head of the capillary column,
Since the column is at -50°C, the VOCs are cryo-
focussed on the column, Then, the oven tempera-
ture (programmed) increases and the VOCs elute
from the column to the parallel FID-ECD assembly.
The peaks eluting from the detectors are iden-
tified by retention time (see Table 7 and

Table B), while peak areas are recorded in area
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U ‘ | counts. Figures 15 and 16 illustrate typical
= . : response of the FID and ECD, respectively,
for the forty (40) targeted YOCs. [Note: Refer
to Table 7 for peak number and identification.]
10.4.4.9 The response factors (see Section 10.3.3.1) are
' multiplied by the area counts for each peak
to calculate ppbv estimates for the unknown
sample, If the canister is diluted before
* analysis, an appropriate dilution multiplier
(OF; is applied to correct for the volume dilu-
"tion of thé can1ster-(see Section 10.4.1.4),
10.4.4.10 Depending on the number of canisters to be
analyzed, each canister is analyzed twice
and the final concentrations for each analyte
are the averages of the two analyses.
10.4.4.11 However, if the GC~FID-ECD analytical system
' discovers unexpected peaks which need further
identification and attention or overlapping
peaks are discovered, eliminating possible quan-
titation, the sample should then be subjected
to a GC-MS-SCAN for positive identification
and quantfitation,

11. Cleaning and Cert1f1cat16n Program-
11.1 Canmister Cleaning and Certification

11.1.1 A1l canisters must be clean and free of any contaminants
before sample collection.

11.1.2 A1 canicters are leak testud by pressurizing t
2pproximately 206 kPa (30 psig) with zero air. [Note:
The canister cleaning system in Figure 7 can be used

for this task.] The initial pressure is measured, the

* ham +n~
e -

canister valve is closed, and the final pressure is
checked after 24 hours. If leak tight, the pressure
should not vary moré than + 13,8 kPa (+ 2 psig) over
the 24 hour period.

11.1.3 A canister cleaning system may be assembled as 1llus-
trated in figure 7, Cryogen is added to both the
vacuum pump and zero air supply traps, The ~on.s*er{s)

‘"u_s 20d S a s




11.1.4

11.1.5

11.1.6

11.1.7
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are connected to the manifold. The vent shut-off valve '
and the canister valve(s) are opened to release any re- \_,)
maining pressure in the canister(s). The vacuum pums

is started and the vent shut-off valve is then closed

and the vacuun'shut-off valve is opened. The canister(s)

are evacuated to < 0.05 mm Hg (for at least one hour).

[Note: On a daily basis or more often 1f necessary, the
cryogenic traps should be purjed with zero air to remove

any trappedAwater fron previous canister cleaning cycles.]

The vacuum and vacuum/pressure gauge shut-off valves

are closed and the zero air shut-of f valve is opened

to pressurize the canister(s) with humid zero air to
approximately 206 kPs {30 psig). I7 a zero gas gener-

ator system is used, the flow rate may need to be

limited to maintain the zero air quality.

The zero shut-off valve is closed and the canister(s)

is allowed to vent down to atmospheric pressure through

‘the vent shut-off valve. The vent shyt-off valve is

closed. Steps 11.1.3 through 11.1.5 are repeated two L
additional times for a total of three (3) evacuation/
pressurization cycles for each set of canisters.

At the end of the evacuation/pressurization cycle, the
canister is pressurized to 206 kPa (30 psig) with

huymid zero air. The canister is then analyzed by a

GC-M5 or GC~FID-ECD analytical system, Any canister

that has not tested clean (cuﬁpared to direct analysis

of humidified zero air of less than 0.2 ppbv of targeted
VOCs) should not be used. As a "blank™ check of the
canister(s) and cleasup procedure, the final humid zero
atr fill of 100Z of the canisters is analyzed until the
cleanup system and canisters are proven reliable (less
than 0,2 ppbv of targets VOCs). The check can then be
reduced to a lower percentage of canisters,

The canister is reattached to the cleaning manifold and

is then reevacuated to <0.05 mm Hg and remains jn this

ion until used. The canister valve is closed. The
cantster is removed from the cleaning system and the can-
ister connection is capped with a stainless steel fitting,

-
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‘The canister is now ready for collection of an air sample,

An fdentification tag is attached to the neck of each
canister for field notes and chain-of-custody purposes.
As an option to the humid zero air cleaning procedures,
the canisters could be heated in an isothermal oven to
100°C during Section 11.1.3 to ensure that lower mole-
cular weight compounds (C2-Cg) are not retaiﬁed on the
walls of the canister. [Note: For sampling heavier, more
vompiex YOC mixtures, the canisters should be heated to
250°C during Segtion 11,1.3.7.] Once heated, the canisters
are evacuated to 0.05 mm Hg. At the end of the heated/

© evacuated
Zerg 2ir and analyzed hy the GC-FID-ECD svstem. Any
canister that has not tested clean (less than 0.2 ppbv
of targeted compounds) should mot be used. Once
tested clean, the canisters are reevacuated to 0.05 mm
Hg and remain in the evacuated state until used.

cycle, the canisters are pressurized with hmid

11.2 Sampling System Cleaning and Certification

1T & 1
Abhasknd

11.2.2

(2]

leaning
g

—

1.2.1

11.2.1.2

11.2.1.3

System Components

Sample components are disassembled and cleaned
before the sampler is assemdled. Nonmetallic
parts are rinsed with HPLL grade deionized
water and dried in a vacuum oven at 50°C.
Typically, stainless steel parts and fittings
are cleaned by plicing them in a beaker of
methanol in an ultrasonic bath for 15 minutes.
This procedure is repeated with hexane as

the solvent.

The parts are then rinsed with HPLC grade
defonized water and dried in a vacuum oven

at 100°C for 12 to 24 hours.

Once the sampler {s assembled, the entire
system is purged with humid zero air for 24
hours .,

Humid Zero Air Certification

[Note: In the following sections, “certification” is

defined as evaluating the sampling system with humid
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zero air and humid calibration gases tﬁit pass through

a1l active components of the sampling system., The sys-

tem is "certified® 1f no significant additions or dele-

tions {less than 0.2 ppbv of targeted compounds) have

occurred when challenged with the test gas stream.)

11.2.2.1 The cleanliness of the sampling system is deter-
mined by testing the sampler with humid zero air
without an evacuated gas cylinder, as follows.

11.2.2.2 The calibration system and manifold are assem-
bled. as illustrated in Figure 8. The sampler
(without an evacuated gas cylinder) is con-
nected to the manifold and the zero air
" cylinder activated to generate a humid ga's
stream (2 L/min} to the calibration manifoid
[see Figure 8(b}].

11.2.2.3 The humid zero gas stream passes through the
calibration manifoid, through the sampiing L '
"system (without an evacuated canister) to a
GC-FID-ECD analytical system at 75 cm3/min
so that 40 cm3/min is pulled through the six-
port valve and routed through the cryogenic
trap (see Section 10.2.2.1) at the appropriate
time while the extra sample is vented. [Note:
The exit of the sampling system {without the
canister) replaces the canister in Figure 4.]
After the sample (400 mL) is preconcentrated
on the trap, the trap is heated and the VOCs
are thermally desorbed onto the head of the
capillary column. Since the column is at
-50°C, the V0Cs are cryofocussed on the col-
um. Then, the oven temperature (programmed)
increases and the VOCs begin to elute and are
detected by a GC-MS {see Section 10.2) or the
6C-FID-ECD (see Section 10.3). The analytical

; system should not detect greater than 0.2 ppbv

! of targeted VOCs in order for the sampling

system to pass the humid zero air certification

: W‘ -‘M—-—-——-——, — : _.
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test. Chromatograms of a ceriified sampler

_and contaminated sampler are iNustrated in
Figures 17(a) and (b), respectively. It

the sampler passes the humid zero atr tast,

it 1s then tested with humid calibration gas
standards containing selected VOCs at concen-
tration levels expected in field sampling (e.g.,
0.5 to 2 ppbv) as outlined in Section 11.2.3.

11.2.3 Sampler System Certification with Humid Calibration Gas
. Standards

11.2.3.1 Assemble the dynamic calibration system and
manifold as 1llustrated in Figure 8,

11.2.3.2 Verify that the calibration system is clean
(less than 0.2 ppbv of targeted compounds)
by sampling a humidified gas stream, without
gas calibration standards, with a previously
certified clean canister (see Section 12.1). :

11.2.3.3 The assembled dynamic calibration system is : .
certified clean if less than 0.2 ppbv of

' targeted compounds are found,

11.2.3.4 For generating the humidified caiibration
standards, the calibration gas cylinder(s)
(see Section 8.2) containing nomins) concen-
trattons of 10 ppmv in nitrogen of s lected ,
VOCs, are attached to the calibration system, as i
outlined in Section 10.2.3.1. (he gas cylinders :
are opened and the g¢as mixtures are passed
through 0 to 10 cm3/min certified mass flow
controllers to generate ppb levels of
calibration standards.

11.2.3.5 After the appropriate equilibrium period, attach
the sampling system (containing a certified
evacuated canister) to the manifold, as 11lus-
trated in Figure B{a).

Y h-lllllllillllli' — _— - . \ .
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11.2.3.6 Sample the dynamic calibration gas stream with
| the sampling system according to Section 9.2.1.
[Note: To conserve generated calibration gas,
bypass the can'lster'samp]'lng system manifold
and attach the sampling system to the calibra-
tion gas stream at the inlet of the in-line
f{lter of the sampling system so the flow
will be less than 500 cmd/min.] .
11.2.3.7 Concurrent with the sampling system operation,
realtime monitoring of the calibration gas
stream s accomplished by the on-line GC-MS
or GC-multidetector analytical system
[Figure 8(b)] to provide reference concentra-
tions of gene'nted YOCs.
11.2.3.8 At the end of the sampling period (normally same
time period used for anticipated sampling),
the sampling sysiem canister is 2naiyzed and - _
compared to the reference GC-MS or GC-multi-
detector analytical system to determine if
the concentration of the targeted VOCS was
increased or decreasfd by the sampling

o

System,
11.2.3.9 A recovery of between 907 and 110X is expected
for 211 targeted VOCs.

12, Performance Criteria and Quality Assurance
12.1 Standard Operating Procedures (SOPs)

12.1.1 50Ps should be generated in each laboratory describing
and documenting the following activities: {1) assembly,
calibration, leak check, and operation of specific
sampling systems and eguipment used; (2) preparation,
storage, shipment, and handling of samples; (3) assembly,
leak-check, calibration, and operation of the analytical
system, addressing the specific equipment used; (4) can- _
ister storage and cleaning; and (5) all aspects of data
recording and processing, including lists of computer
hardware and software used.

—
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Specific stepwise instructions should be provided in -
the SOPs and should be readily available to and under-
stood by the laboratory personnel conducting the work.

12.2 HMethod Relative Accuracy and Linearity

12,2.1

Accuracy can be determined by injecting VOC standards
(see Section 8.2) from an audit cylinder into a sampler,
The contents are then analyzed for the components con-
tained in the dudit canister, .-Perc"ent relative accuracy

is calculated:
% Relative Accuracy = Y - X, 100
‘ K ‘
Where: Y = Concentration of the targeted
compound recovered from Sampler.
X = Concentration of VOC targeted

compound in the NBS-SRM or
EPA~CRM aydit cylinders,

12.2,2 1If the relative accuracy does not fall between 50 and

and 110 percent, the field sampler should be removed
from use, cleaned, and recertified according to initial
certification procedures outlined in Section 11.2.2

and Section 11.2.3. Historically, concentrations of
carbon tetrachloride, tetrachloroethylene, and hexachlo-
robut adiene have sometimes been detected at lower con-
centrations when using paralilel £CD and F1D detectors.
When these three compounds are present at concentrations
close to calibration ieveis, both detectors usually
agree on the reported concentrations. At concentrations
below 4 ppbv, there is 2 problem with nonlinearity of
the ECD. Plots of concentration versus peak area for
calibration compounds detected by the ECD have shown
that the curves are nonlinear for carbon tetrachloride,
tetrachloroethylene, and hexachlorobutadiene, as {llus-
trated in Figures 18{a) through 18(c). Other targeted
ECD and FID compounds scaled linearly for the range 0 to
8 ppbv, as shown for chloroform in Figure 18(d). For
compounds that are not linear over the calibration

e -
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range, area counts generally roll of f between 3 and 4 (")
npbv. To correct for the nonlinearity of these compounds
an additional calibration step is performed. An evacuated
statnless steel cantster is pressurized with calibration
gas at a nominal concentration of 8 ppbv. The sample

is then diluted to approximately 3.5 ppbv with zerp air
and analyzed. The instrument response factor (ppbvlarea)
of the ECD for each of the three compounds is calculated
for the 3.5 ppbv sample,- Then, both the 3.5 ppbv and

the 8 ppbv response factors are entered into the ECD
calibratfon table, The software for the.Heu‘Iett-Packard
5880 leve) 4 GC 1s designed to accommodate multilevel
calibration entries, so the correct response factors

are automatically calculated for concentrations in this

range.

12.3 Method Modification

12.3.1 Sampling )

12.3.1.1 The sampling system fcr pressurized canister
sampling could be modified to use a lighter,
more campact pump. The pump currently being
used weighs about 16 kilograms (35 1bs). Com-
mercially available pumps that could be used
as alternatives to the prescribed sampler pump
are described below, Metal Bellows MB-41 pump:
These pumps are cleaned at the factory; however,
some precaution should be taken with the circu-
" lar (4.8 on'diameter) Teflon® and stainless steel
part directly under the flange, 1t {s often
dirty when received and should be ¢leaned
before use. This part is cleaned by removing
it from the pump, manually cleaning with |
; deionized water, and placing i1n a vacuum oven
i at 100°C for at least 12 hours. Exposed

parts of also cleaned with ///)/,

parts of the pump
swabs and allowed to air dry. These pumps have -

"

P
neau ar




12.3.1.2
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proven to be very reliable; however, they are
6nly useful up to an outlet pressure of about

137 kPa (20 psig). Neuberger Pump: Viton gas-
kets or seals must be specified with this pump.
The "factory direct” pump is received contaminated
and leaky, The pump is.cleaned by disassembling
the pump head (which consists of three stainless
steel.parts and two gaskets).' cleaning the gaskets
with defonized water and drying in a vacuum oven,
and. remachining (or manually lapping) the sealing
surfaces of the stainless steel parts. The stain-
less steel parts are then cleaned with methanol,
hexane, defonized water and heated in a vacuum
oven. The cause for most of the problems with
this pump has been scratches on the metal parts
of the pump head. Once this rework procedure is
performed, the pump is considered clean and can
be used up to about ZiU kPa (35 psig} output pres-
sure. This pump is utilized in the sampling sys-
tem illustrated in Figure 3.

Urban Air Toxics Sampler

The sampling system described in this method can
be modified 1ike the samp n EPA's FY-88 Urban
Alr Toxics Poll rogram. This particular
escribed in Appendix C (see Figure 19).

Inlet tubing from the calibration manifold could
.be heated to 50°C (same temperature as the cali-
bration manifold) to prevent condensation on the
internal walls of the system, ,

The analytical strategy for Method T0-I14 {nvolves
positive identification and quantitation by

P e CPAM

......

GC-MS-5CAN-51H mode of operation with optional

FID. This is a highly specific and sensitive
detection technique. Because a specific detec-

tor system (GC-MS-SCAN-SIM) is more complicated

and expensive than the use of non-specific detectors

ﬁ_..,
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MY Y

{GC-F1D=ECD-PID), the analyst may want to perform
1 aing anzlysis and preliminary quantitation
of YOC species in the sample, including any polar

compounds, by utilizing the GC-multidetector

{GC-FID-ECD-PID)} analytical systew prior to GC-MS

analysis. This system can be used for ppprOximaté :

quantitation. The GC-FID-ECD-PID provides a “snap-
shot” of the constituents in the sample, allow-
ing the analyst to detemine-

~ Extent of misidentification due to over-
lapping peaks,

« Whether the constituents are within the
calibration range of the anticipated
. BC=MS-SCAN-SIM analysis or does the
sample require further dilution, and

= Are there unexpected peaks which need further
identification through GC-MS-SCAN or are
there peaks of interest needing attention?

e o

11 unuseal peasks sre observed Trom the GC-FID-ECD-
PID system, the analyst then performs a GC-MS-SCAN
analysis. The GC-MS-SCAN will provide positive
fdentlification of suspect peaks from the GC-FID-
ECD-PID system. 1f no unusual peaks are identi-
fied and only a select number of V¥OCs are of con-
cern, the analyst can then proceed to GL-MS-SIM.
The GC-MS-SIM is used for final quantitation of
selected VOCs. Polar compounds, however, cannot
be identified by the GC-MS-SIM due to the use

of a Kafion® dryer to remove water from the sample
prior to analysis. The dryer removes polar com-
pounds alcng with the water, The analyst often
has to make this decision incorporating project
objectives, detection limits, equipment availa-
bility, cost and personnel capability in develop-
ing an analytica1 strategy., Figure 20 outlines
the use of the GC-FID-ECD-PID as a “screening”
approach, with the GC-MS-SCAN-SIM for final
identification and quantitation.

C
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12.4 Method Safety

12.5

T014-53

This prpcedure may involve hazardous materials, operations, and

equipment.

This method does not purport to address all of the

safety problems associated with its use. It {is the user's respon-

. sibility to establish appropriate safety and health practices

ad determine the applicability of regulatory limitations prior
to the implementation of this procedure. This should be part
of the user's SOP manual, ' :

Quality Assurance (See Figure 21)

12.5.1

12,5.2

Sampling System

12.5.1.1

12.5.1.2

12.5.1.3

12.5.1.4

12.5.1.5

12.5.1.6

Section 9.2 suggests that a portable GC system be
used as 3 “screening analysis” prior to locating

fixed-site samplers (pressurized or substmospheric).

Section 9.2 requires pre and post-sampling meas-
urements ‘with a certified mass flow controller

~for flow verification of sampling system.

Section 11.1 requires all canisters to be pres-
sure tested to 207 kPa + 14 kPa (30 psig + 2 psig)
over a period of 24 hours.

Section 11.1 requires that all canisters be
Certified clean (containing less than 0.2 ppbv

of targeted VOCs) through a humid zero air certi-
fication program.

Section 11.2.2 requires all field sampling Systems
to be certified initially clean (containing less
than 0.2 ppbv of targeted YOCs) through a humid
zero air certification program,

Section 11.2.3 requires all field sampling sys-
tems to pass an initial humidified calibration
gas certification [at VYOC concentration levels
expected in the field (e.g., 0.5 to 2 ppbv}]

with a percent recovery of greater than 90,

GC-MS-SCAN-SIM System Performance Criteria

12.5.2.1

Section 10.2.1 requires the GC-MS analytical
system to be certified clean {less than 0,2




12.5.3

12.5.2.2

12,5.2.3
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ppbv of targeted YOCs) prior to sample analy-

sis, through a humid 2erp alr certification,
Sectton 10.2.2 requires the daily tuning of
the GC-MS with 4-bromofiuorobenzene (4-BFB)
and that it meet the key fons and fon abun-
dance critera (10%) outlined in Table 5.
Section 10.2.3 requires both an initial muiti-
point humid static calibration (three levels
plus humid zero afir) and a daily calibration

(one point) of the GC-MS analytical system,

GC-Multidetector System Performance Criteria

12,5.3.1

12,5.3.2

12.5.3.3

12.5 .3 t‘

12.5.3.5

Section 10.3.1 requires the GC-FID-ECD analyti-
cal system, prior to analysis, to be certified
clean (less than 0,2 ppbv of targeted VOCs)
through a humid 2ero air certification.
Section 10.3.2 requires that the GC-FID-ECD
analytical system establish retention time
windows for each anaiyte prior to sampie analy-
sis, when a new GC column is installed, or

"major components of the GC system altered

since the previous determination.

Sectfon 8.2 requires that all calibration
gases be traceable to a National Bureau of
Standards (NBS) Standard Reference Material
{SRM) or to a NBS/EPA approved Certified
Reference Material (CRM).

Section 10.3.2 requires that the retention
time window be established throughout the
course of a 72-hr analytical period.

Section 10.3.3 requires both an initfal multi-
point calibration {three levels plus humid
zero air) and a daily calibration (one point)
of the GC-FID-ECD analytical system with zero
gas dilutfon of NBS traceable or NBS/EPA CRMs
gases. [Note: Gas cylinders of ¥YOCs at the
ppm and ppb level are zvailable for audits

from the USEPA, Environmental Monitori ng Systems

. — - -
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Sampling System

Analytical System

GC-F1D-ECD

Contact

Mr. Frank McElroy
Mr, Vince Thompson

Dr, Bill McClenny
Mr., Joachim Pleil

Mr. Tom Merrifield

Mr, Joseph P, Krasnec

Dr. BI11 McClenny
Rr, Joachim Ple{l

Ms. Karen D, 0l{ver

GC-FID-ECD-PID Dave-Paul Dayton

JoAnn Rice

Address

U.5. Environmental Protection Agency
Environmental Monitoring Systems Laboratory
ND-77

Research Triangle Park, N.C, 27711 .

U.S. Environmental Protection Agencg
Environmental Monitoring Systems Laboratory
MD-44

Research Triangle Park, N.C. 27711

Anderson Samplers, Inc.
4215-C Wendell Drive
Atlanta, GA 30336

Sclentific Instrumentation $peclallsts. Inc.
P.0, Box 891
Moscow, Idaho, 83843

U.5. Environmental Protection Ageucg
Emﬂ :omental Monitoring Systems Laboratory
MD

Research Triangle Park, N.C, 27711

Northrop Services, Inc,
Envlronnantal Sclences

P.0. Box 12313
Research Triangle Park, N c 27109

Radian Corporation

P.0. Box 13000

Progress Center

Research Triangle Park, N.C, 27709

| Telephone No.

919-541-2622
919-541-3791

919-541-3158
919-541-4680

1-800-241-6898

208-882-3860

"919-541-3158

919-541-4680

919-549-061 1

919.481-0217?
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Laboratory, Quality Assurance Division, ®D-778, '
Research Triangle Park, NC 27711, (919)541-4531,
Appendix A outlines five groups of audit gas
cylinders available from USEPA.]
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Topic
GC-MS-SCAN-SIM

Canister Cleanin
CertiTicatTon anﬂ
VOC Canister Storage
Stabiiity

Cryogenic
Sampling
Unit

U.S. EPA
Audit Gas
Standards

Contact

Dr. BI11 McClenny
Mr. Joachim Pleil

Mr, John ¥V, Hawkins

Mr. Vince Thompson

Or, Bil} HcClenﬁy
Mr., Joachim Pleil

Dave-Paul Dayton
JoAnn Rice

Dr. R.K,M, Jayanty
Mr, Lou Ballard
Mr. Pete Watson

Mr, Joachim Plell

Mr. Bob Lampe

Address

U.5. Environmental Protection Agency
Environmental Honitoring Systems Laboratory
MD-44

Research Triangle Park, N.C, 27711

Research Triangle Laboratories, Inc,
P.0, Box 12507
Research Triangle Park, N.C. 27709

U.S. Environmental Protection Agency
Environmental Monitoring Systems Laboratory
MD-77

Research Triangle Park, N.C, 2771}

U.5. Environmental Protection Agency
Environmenital Monitoring Systems Laboratory
HD-44

Research Triangle Park, N,C. 27711

Radian Corporation . e -
P.0, Box 13000

Progress Center

Research Triangle Park, N.C, 27709

Research Triangle Institute
P.0. Box 12194
Research Triangle Park, N.C, 27709

NuTech Corporation
2806 Cheek Road
Durham, N,C., 27704

U.S. Environmental Protection Agencg
Env:romntal Monitoring Systems Laboratory
MD-44 . ‘

Research Triangle Park, N.C, 27711

U.S. Environmental Protection Agency
Environmental Monitoring Systems Laboratory
HD-77B .

Research Triangle Park, N.C.27711

Telephone No.
919-541-3158

: 919-541-4680

919-544-5775

919-541-3791

919-541-3158
919-541-4600

919-481-0212

919-541-6000
919-682-0402

919-541-4680

919-541-4531
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TABLE 1. VOLATILE ORGAMIC COMPOUND DATA SHEET

_m—-‘ ro——

COMPOUND { SYNONYM) FORMULA WEIGHT POINT (°C) POINT (°C) NUMBER
Freon 12 (Dichlorodifluoromethane) Cl12CF2 120.91 -29.8 . -158.0
Methyl chioride (Chloromethane) CHaC 50.49 -24,2 - =971 14-87-1
Freon 114 {1,2-Dichloro-1,1,2,2- CICFaCCIF) 170.92 1 -94.0
tetraf luoroethane) )
Vinyl chloride (Chloroethylene) CHp=CHCI 62.50 -13.4 -1538.0 75-01-4
Methyl bromide {Bromomethane) CHyBr 94,94 1.6 ~93.6 74-83-9
Ethyl chloride (Chloroethane) CH3CH,CN 64.52 12.1 .=136.4 15-00-3
Freon 11 {Trichlorofluoromethane) cci;r " 131,38 23.7 -111,0 :
Vinylidene chloride {1,1-Dichioroethene} | CaHaClp 96.95 n.t -122.5 75-35-4
Dichloromethane (Methylene chloride) CH2C12 84,94 9.8 +95.1 75-09-2
Freon 113 {1,1,2-Trichloro-1,2,2- CFCICCI2F 187.38 .7 -36.4
trifluoroethane)
1,1-Dichloroethane {Ethylidene chloride) | CHyCHC] 908,96 5.3 -97.0 14-34-1
cis-1,2-Dichloroethylene CHC1=CHCI 96.94 60,3 -80.5
Chloroferm {Trichloromet hane) CHC 14 119,38 61.7 -61.5 67-66-3
1,2-Dichloroethane {Ethylene dichloride) | CI1CHaCH2CY 98.96 83.5 -35,3 107-06-2
Methyl chloroform (1,1,1-Trichloroethane)| CH3CCly 133,41 .1 -30.4 1-55-6
Benzene {Cyclohexatriene) CgHg 78,12 80.1 5.5 71-43-2
Carbon tetrachloride (fetrachloromethane)| CCly 151.82 16.5 -23.0 £6-23-5
1,2-Dichloropropane (Propylene CH3CHC 1CHaCY 112,99 96.4 -100.4 78.87-5
dichlorldeg .
Trichloroethylene {Trichloroethene) CICH=CCY 131,29 a7 -13.0 19-01-6
cis-1,3-Dichloropropene {cis-1,3- CH3CC1=CHC 110,97 16 S

dichloropropylene

09-¢10L



TABLE 1. VOLATILE ORGANIC COMPOUNO DATA SHEET {cont.)
P
HOLECULAR BOTCTNG MELTING - 43
COMPOUND (SYNONYM) FORMULA WE IGHT POINI(°C) | POINT (°C) | NUMBER
trans-1,3-Dichloropropene {cis-1,3- CICH2CH=CHC1 110,97 112.0
Dichloropropylene)
1,1,2-Trichloroethane (Vinyl trichloride)| CHzCICHCI, 133,41 113.8 -36.5 19-00-5
Toluene (Methyl benzene) CgHsCH3 92,15 110.6 -95.0 100.88-3
1,2-Dibromoethane (Ethylene dibromide) BrCHaCHoBr 187.88 131.3 9.8 106-93-4
Tetrachloroethylene (Perchloroethylene) ClzC=CCl 165,83 121.1 -19.0 127-18-4
Chlorobénzene (Phenyl chloride) CeHigC 112.56 132.0 . «45,6 108-90-7
Ethylbenzene CgHs C2H 106.17 136.2 -95.0 100-41-4
m-Xylene il.3-nimethy|benzeneh I,g-icﬂ3izcsﬂq 106,17 139.1 -47.9
p-Xylene (1,4-Dimethyixylene) 1,4-{CH3)2CgHy 106.17 138.3 13.3 :
Styrene {Vinyl benzene) CgHs CH=CHp 104,16 145,2 -30.6 100-42-5
1,1,2,2-Tetrachloroethane CHC10HC15 167.085 146,2 -36.0 19-34-5
o-Xylene (1,2-Dimethylbenzene) 1,2-(CH3)2CHs 106.17 144 4 -25.2
1,3,5-Trimethy lbenzene (Mesitylene) l,J.S-—!CH; 3CeHg | 120.20 164.7 44,7 108-67-8 -
1,2,4-Trimethylbenzene (Pseudocumene) 1,2,4-{CH3)3CeHg 120,20 169.3 -43.8 95-63-6
m-Dichlorgbenzene {1,3-Dichlorobenzene) |1,3-C1aCgH, 147.01 173.0 -24,7 ‘541-73-1
Benzyl chloride {a-Chlorotoluene) CgH5CHaC 126,59 1793 -39.0 100-44-7
o-Dichlorgbenzene (1,2-Dichlorobenzene) |1,2-ClaCgH, 147 .01 180.5 -17.0 95-50-1
p-Dichlorobenzene (1,4-Dichlorobenzene) |1,4-ClaCgHy 147.01 1740 53.1 “106-46-17
1,2,4-Trichlorobenzene |1,2,4-C13CgH3 181.45 213.5 17,0 120-82-1

Hexachlorcbut adiene (1,1,2, 3,4 ,4-
Hexachloro-1,3-butadiene

mm*m
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TABLE 2, ION/ABUNOANCE AND EXPECTED RETENTION TIME
FOR SELECTED VOCs ANALYZED BY GC-MS-SIN

Compound

lon/Abundance
(amy/% base peak)

txpected Retention

Freon 12 (Dichlorodifluo}nmethane)
' Hetnyi chloride (Chlorasethane)

Freon 114 (1,2-Dichloro-1,1,2,2-
tetrafluoroethane)
Vinyl chloride (Chloroethene)

Methyl bromide (Bromomethane)

Ethyl chloride (Chloroethane)

Freon 11 {Trichlorofluoromethane)

Vinylidene chloride (1,1-Dichloroethylene)
Dichloromethane (Methylene chloride)

Freon 113 (1,1,2-Trichloro-1,2,2-

" trifluoroethane)

1,1-Dichloroethane (Ethylidene dichloride)
cis-1,2-01chloroethylene

Chloroform {Trichloronethane)
1,2-Dichloroethane (Ethylene dichlofide)
Methyl chioroform {(1,1,1-Trichloroethane)

Benzene (Cyclohexatriene)

Carben tztrachioride (Tetrachioromethane)

© 85/1D0
87/ 31
50/100
52/ 34
85/100
135/ 56
87/ 33
62/100

277128
647 22
94/100
96/ 85
64/100
29/140
277140
101/100 -
1037 67
61/100
96/ 55

63/ 3i

49/100
84/ 65
86/ 45
151/100
101/140

103/ %0
63/100
277 64
65/ 33
617100
96/ 60
98/ 44
83/100

. 85/ 65
47/ 35
62/100
21/ 0
64/ 31
97/100
99/ 64
61/ 61
78/100

RE

507 35

1177100
1197 97

Time (min)

s.01
5.69
6.55

6.71
7.83

8,43

9.97
10.93

11.21
11.60
12.50
13.40
13,75
14,39
14,62
15.04

15.18

(continued)
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TABLE 2. 1ON/ABUNOANCE AND EXPECTED RETENTION TIME FOR
. SELECTED YOCs ANALYZED BY GC-MS-SIN {cont.)

Compound

Ton/Abundance  Estimated Retention
{amu/% base peak)

. Time {min)

1,2-Dichloropropane [Propylene dichloride)

Trichlorcethylene {Trichloroethene)

cis-1,3-Dichloropropene

trans-1,3-pichloropropene (1,3
dichloro-1-propene)

1,1,2-Trichloroethane {Yinyl trichloride)

Toluene (Methyl benzene)

1,2-Uibronoethane {Ethylene dibromide)
Tetrachloroethylene (Perchloroethylene)
Chlorobenzene {Benzene chloride)

Ethylbenzene
mn,p-Xylene{l,3/1,4-dimethy 1benzene)

Styrene (Vinyl benzene)

1,1,2,2-Tetrachloroethane (Tetrachlorpethane)

o-Xylene‘(I.Z-Diﬁethylbenzene)
4-Ethyltoluene

1,3,5-Trimethy 1benzene {Mesitylene)
1,2,4-Trimethy 1benzene (Pseudocumené)

m-0ichlorobenzene (1,3-Dichlorobenzene)

63/100
41/ 0
62/ 70

130/100

132/ ®

. 95/ 87

75/100

39/ 1 .

717 30
75/100
»/ 0
77/ 30
97/100
83/ %
61/ &
91/100
92/ 57
107/100
109/ 96
27/115
166/100
164/ 74
131/ 60
112/100
77/ &
114/ 32
91/100

106/ 28

91/100
106/ 40
104/100

78/ 60
1837 49

83/100

85/ 64

91/100
106/ A0
105/100
120/ 2
105/100
120/ 42
105/100
120/ 42
146/100
148/ 65
111/ 40

15.83
‘15.10
16.96
17.49
17.61

17.86
18.48

19.01
19.73

20.41
m.al

20.92
20.92
"22.53
22.65
23.18
23.31

{continued)

e —
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. TABLE 2. IOHIABUHDHCE AND EXPECTED RETENTION TIME FOR
SELECTED VOCs ANALYZED BY GC-MS-SIM (cont,)

Ton/Abuncance ctxpect ed Iet.ention
Compound (amu/% base peak) Time {min)

Benzyl chloride (e«-Chlorotoluene) 91/100 23.32
: . 1267 26
p-Dichlorobenzene (1,4-Dichlorobenzene) 146/100- - o 23.41
: 148/ 65 T :
111/ 40 ) N
o-Dichlorobenzene {1,2-Dichlorobenzene) 146/100 _ . 23,88
‘ : 148/ 65
. , 111/ 40
1.2 4-Trichlorohenzans’ .1807100 5.
182/ 98-
1847 30
. Hexachlorobutadtene (1,1,2,3,4,4 225/100. 27.68
‘Hexachloro-1,3-but adiene) 2211 66
223/ 60

b |
ia

e e A o
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TASBLE 3. EEHE&AL GC AND MS OPERAiIHG CONDITIONS
. , . . _

Chromatography

Column

Carrier Gas
Injection Volume
Inject ion Mode

Temperature Frogram

Initial Column Temperatufe
Initial Hold Time
Progrem

Final Hold Time

Mass Spectrometer

Mass Range
Scan Time
E1 Condition
Mass Scan

Detector Mode
F1D System (Optional)

Hydrogen Flow
Carrier Flow
Burner Air

Hewlett-Packard OV-1 crosslinked
- methyl siliccne (50 m x 0.31-em 1,D,,
17 um film thickness), or equivalent

Helfum (2.0 cm3/min at 250°C) .
Constant (1-3 ul)
Splitless -

-50°C
2 min
8*C/min to 150°C

15 min

18 to 250 amu

1 sec/scan

70 eV

Follow manufacturer's instruction for selecting
mass selective detector (MS) and selected fon
monitoring {SIM) mode

Multiple ion detection

30 em3/minute
30 em3/minute
400 cm3/minute
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TABLE 4. 4-BROMOFLUOROBENZENE KEY. IONS AND ION ABUNDANCE CRITERIA

Mass . _ . . lon Abundance Criteria
. S0 " . 15 to 40% of mass 95

78 N .30 to .60% of mass 95

95 . Base Peak, 100% Relative Abundance

96 S to 91 of mas; 95

173 <2% of mass 174

174 . >50% of mass 95

175 | 5 to 95 of mass 174 |
176 >95% but< 1013 of mass 174 N
177 5 to 9% of mass 176 ' \

T, .
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TABLE 5, RESPONSE FACTORS (ppbv/area count) AND
EXPECTED RETENTION TIME FOR 6C-M5-SIM
ARALYTICAL CONFIGURATION

Response Factor

Expected Retention

Compounds {ppbv/area count) Time (minutes)
Freon 12 0.6705 5.01
Methyl chloride 4,093 5.64
Freon 114 0.4528 6.55
¥inyl chloride 2,343 6.71
Wetnyl bromide 2.647 7.83
Ethyl chloride 2.954 B.43
Freon 11 0.5145 9.87
Y¥inylidene chloride 1.037 10,93
Dichloromethane . 2.255 11.21
Trichlorotrifluoroethane 0.9031 11.60
1,1=Dichloroethane 1.213 12.50

. €is=l,2=-Dichloroethylene 1.363 13,40
Chloroform 0,7911 13,75
1,2-Dichloroethane 1.017 14 .39
Methyl chioroform 8.7072 14.62
Benzene 1.236 15.04
Carbon tetrachloride 0.5880 15.18
1,2-Dichloropropane 2.400 15.83
Trichloroethylene 1,383 16.10
¢]$~1,3-Dichloropropene 1.877 16.96
trans-1,3=-Dichloropropene 1.338 17.49
1,1,2-Trichloroethane 1.89]1 17.61
Toluene 0.9406 17 .86
1,2-Dibromoethane (EDB) 0.8662 18.48
Tetrachloroethylene 0.7357 19.01
Chlorobe nzene 0.8558 19.73
Ethy]benzene €.6243 20,20
m,p-Xylene 0.7367 20.41
Styrene 1.888 20.80
1,1,2,2=-Tetrachlorcethane i.035 20,92
o-Xylene 0.7498 20.92
4-Ethyltoluene 0.6181 22.53
1,3,5=-Trimet hylbenzene 0.7088 - 22.65
1,2,8-Trimethv 1benzene 0.7536 23.18
m-Dichlorobenzene 0.9643 23.31
Benzyl chloride 1.420 23.32
p=0ichlorobenzene 0.8912 23,41
o-Dichlorobenzene 1.004 23,88
1.2.4-Trichlorobenzene 2.130 26.71
Hexachlorobut adi ene 0.4117 27.68
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TABLE 6. GC-MS-SIM CALIBRATION TABLE

*ee External Stancarg ees

tperater: JDP ) B Jan B7
sample Intc 1 EYR 1 .
misc infe: .
Integration File Name 1 DATA:EYRZAOZA.]
Sequence lndex: 1 - bottle Number 1

1]

) Last Upaate: B Jan B7 0117 am

10202 am .

Reveorwnce Feal Wingow: *© .00 Absolute Minutes
Non~fReteorence Feal: Wingows 0. 40 Abhsolute Minutes
Sample Ascuntr U, 000 Uncalibrated Fesar RF: 0.000 Multiplier: 1.647
Feal Int ket Signal Compound !
Num Type Type Time .. Descraiption Nase Ares Amount
1 1 PP - T.020 Mass 95.00 asu FREDN 12 12995 4011 ppr
b 1 PP S. 634 Mass 20.00 amu METHYLCHLOR! 4447 3Z86 ppte
> 1 BF &.52% Mass BS.00 asu FREDN 114 v 7047 1210 ppte
- 1 PB &. 650 Mass 62.00 amu VINYLCHLORID 2892 1929 potv 't
] 1 PF T.818 Mans 94.00 amu METHYLEBRODMID p={ 1} | 172€ pptv
é 1 MR 8.421 Mass &4.00 amu ETHYVLOMLORID =134 27e® pptv .
= i BV ¥.9&0 rass 101.00 asmu FREDN 11 =Z06S odal DD
8 : PP 10.34% Mass #1.00 amu VINDENECHLOR S054 1700 potv
s 1 PP 11.187 Hass 4%.00 asu TICHLORDMETH 4807 ZTAPR pptv
1 1 PP 11,228 hass 41.00 amu ALLYLCHLORID 76l BI47 ppre L
1 1 PP 11,270 Mass 121.00 amu SCHL.JIFLUETHA TAT?  jeTI pprv
is 1 BF 12,492 Hass 635.00 amu 1,I1DICHLDETH SOTZ 1758 pote -
Hi ] VP 1T, 3% Nnass #1.00 amu c=)1 2DICMLET Tél 1870 pozv
14 1 P 12,713 Mass B8=.00 asu CHLOROFDRM EST7 1679 potv
- 1 PP 14.378 rass 6s.00 amg 1 ,ZDICHLETHA 2009 DAl poth
] 1 PR 14,39 Mass 97.00 amu METHCHLDROFD 6546 54 pprv
Hrd 1 V1%, 00% Masse 78.00 asu BENIENE BIT> 2147 ppty
M) 1. VE 15,134 Mass 117.00 amu CAREONTETRAC SBe8 1917 potv
t 1 PP 13.821 Mans 65.00 amu ] .,2DICKHLPROP ——Bs 179 porv -
o 1 PE  146.067 Fass 130.00 amu TRIDCHLETHENE 4384 109 pptv
1 1 PE  14.94)1 Mass 72,00 amu c=1,5DICHLPR —_—F 957.3 pptv
== 1 BF 17,472 - PMass 72.00 amu t-1,3DICHLPR 1626 &B9.2 pots
- 1 Bp 17.Z94 Mass 97.00 amu 1,1 ,.2CHLETHA =721 1772 pptv
=l 1 BV 17.844 Mass 91.00 amu TOLUENE 14417 XTI potw
-— 1 PBE 18,460 Hass 107.00 amu EDF 4070 1567 potvy .
=& i PH 18.989 Mass lo6.00 amu TETRACHLETHE 6874 04T pptv
= 1 FF 19,705 Fass 112.00 amu CHLORDRENZEN Se48 1524 pptv
oot ] 1 BF 20.148 Fass 91.00 amu ETHYLBENIENE 11084 1842 ppt~
) 1 PE 20.3570 Mass T1.00 amu m,p=XYLENE 17989 TI7%O ppte
el 1 BV 20.778 nass 104.00 amu STYRENE S14% 1492 potv
-1 1 B4 Z0.PB7 Mass BZ.00 amu TETRACHLETHA L | 1574 ppt»
o= 1 B¢ 20,892 Mass F1.00 amu o—=XYLENE 9798 2010 pptv
- 1 Vv ZIZ.48B Mass 0. 00 amu A=ETHYLTOLLUE 76494 148) pptv
34 1 VB ZZ.4609 Mass 102.00 amu* ), ,SMETHBEN 6781 170%T pptv
- 1 BE ZC. 144 Fass 10%.00 amu 1,2 ,AMETHEREN 78BS 20°% pptv
e 1 BV 22,270  Hass 1446.00 amu e=DICHLBENZE Inas 1119 pptv
=7 1w I3.27% Masx 91.00 amu BRENZIYLCHLDRI >BB0O 1000 pptv
=E 1 Y8 Z2.°078B Fass 146.00 amu p=DICHLBENZE 6090 T1e4 petv
el 1 BF Z25.8%0 Mask 146.00 amu o=DICHLEENZE 2896 1249 pprv
AC) 1 BE 2Jb4.47C Maus 1890.00 gau 1,2,4CHLBENZ 4 T67.1 pptv
&) 1 BE 2I7.437 Rasx can 00 amu HWEXAGHLBUTAD &T0%  17BS pptv
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TABLE 7. TYPICAL RETENTION TIME (MIN) AND
CAL IBRATION RESPONSE FACTORS (ppbv/area count)
{ FOR TARGETED YOCs ASSOCIATED WITH FID

‘ AND ECD ANALYTICAL SYSTEM

! 10 “ELD _
: . Response  |Response .
Peak Compound Retention |Factor {RF)|Factor :
Numbe ri , Time (RT),|(ppbv/area | (ppbv/area
i minutes count) count x 10-°)
' 1 Freon 12 3.65 3,465 13.89
) 2 Methyl chloride 4,30 0.693
] 3 |Freon 114. : 5.13 0.578 - | 22.32
; 4 Vinyl chloride 5.28 0.406
v i 5 Methyl bromide 6.44 26,34
: 6 Ethyl chloride @ . 7.06 0.413 .
T 7 Freon 11 8.60 6.367 1.367
- 8 Vinylidene chloride 9.51 0.347
ol 9 Dichloromethane 9.84 0.903
> 10 Trichlorotrifiuoroethane | 10.22 - 0.374 3,955
T 11 1,1-Dichloroethane 11,10 0,359
i 12 cis-1,2-Dichloroethylene | 11,99 0.368
;: ( 13 Chloroform 12.30 1.059 11.14
- S 14 1,2-Dichloroethane 12.92 0.409
i5 Hethy! chlorcform 13,12 0.325 3.258
- 16 Benzene 13.51 0.117
P 17 |Carbon tetrachloride 13.64 1.451 1,077
= 18 1,2-Dichloropropane 14,26 0.214
19 Trichlorcethylene 14,50 0.327. 8.910
— 20 ¢is-1,3-Dichloropropene 15,31
21 trans-1,3-Dichloropropene| 15.83
— 22 1,1,2-Trichloroethane 15,93 0.336
23 Toluene 16.17 0.092
- 24 1,2-Dibramoethane (EDB) 16.78. | 0.366 5.1%7
- 25 Tetrachloroethy lene 17.31 0.324 1.449
o 26 Chlorobenzene 18.03 0.120 ‘
- 27 Ethylbenzene 18.51 0.092
28, |m,p~Xylene 18.72 0.095
- 29 Styrene ' 19.12 0.143
i 30 1,1,2,2-Tetrachloroethane| 19.20 9 .856
. , 3] o-Xylene 19.23
o © 32 4-Ethyitoluene 20.82 0.100
d 33 1,3,5-Trimethy 1benzene 20.94 0.109
i 34 1,2,4-Trimethy 1benzene 21.46 D0.111
35 1|n-01ch'lorobenzene 21.50
36 Benzyl chloride 21,55
37 p=-Dichlcrobenzene 21.67 0.188
38 o-Dichlorobenzene , 22.12 0.188
39 1,2,4-Trichlorobenzene 24.88 0.667
40 Hexachlorobutadiene 25,82 0,305 1,065
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TASLE 8. TYPICAL RETENTION TIME {(minutes) FOR

SELECTED ORGANICS USING GC-FID-ECD-PID*
ANALYTICAL SYSTEM

T Retention Time (minutes

}Tb—'

Compond ECD_
Acetylene’ 2.984 - -
1,3-But adiene 3.599 -- 3.59%4
Yinyl chloride 3.79 - 3,781
Chloraonethane 5.137 - .-
Chloroethane 5.738 - --
Bromoethane - 8.154 - -
Methylene Chloride 9.232 == 9,218
trans-1,2-Dichloroethylene 10.077 - 10.065
1,1-Dichloroethane 11,190 - -
Chloroprene 11,502 - 11,491
Perfluorcbenzene 13,077 13,078 13.069
Bromochloromethane 13,397 13,396 13.403
Chloroform 13,768 13.767 13.711
1,1,1=-Trichloroethane 14,151 14,153 14,158
Carbon Tetrachloride 14,642 14,667 | 14,686
Benzene/1,2-Dichloroethane 15,128 - 15.114
Parfluaratgluans 15.420 15.425 i5.412
Trichloroethylene 17.022 17.024 17.014
- 1,2=-Dichloropropene 17.491 17 .805% 17.522
8ramodichloromethane 18,369 - -
trans-1,3-Dichloropropylene 19,654 19.693 19,688
Toluene 20.658 - 20.653
cis-1,3-Dichloroprupylene 21.461 21,357 21.357
1.1,2-Trichloroethane 21,823 - --
Tetrachloroethylene 22,340 22.346 22.335
Dibromochloramethane 22,955 | 22.9%9 22.952
Chlorobenzene 24.866 an 24,861
n/p-Xylene 25,763 - 25,757
Styrene/o-Xylene 27.036 - 27.030
gromof Juorobenzene 28,665 28,683 28 660
1,1,2,.2-Tetrachloroet hane 29.225 29.227 29.228
m=0ichlorobenzene 32.347 32.345 32.342
p-Dichlorobenzene 32,671 32.669 32.666
o=-Dichlorobenzene 33.885 33.883 331.880

Varian® 3700 GC equipped with J & W Megabore® DB 624 Capillary

Column (30 m X 0.53 I.D. mm) using helium carrier gas.

[ |
+
~—




Last Updates 18 Dec 8Bé 7154 am

' Reference Peak Window: S.00 Abseluts Minutes
Non—fReference Feak MNindow: 0,40 Abseolutes Minutes
Sample Amountt 0.000 Uncalibrates Peak RF: 0.000 Multiplier: 1.000 , !
i " Ret Tisa Pus Signal Dascr Amt pptv Lvl [Areal Pk=Type Fartial Nass !
S.008 1 Mase B835.00 amu 134630 1 72974 . 1 FRE s I
Z.6%0 2 Mass 20.00 amu 12720 ‘1 3bAA7 1 METHYLZHLORID ;
&. 252 3 Mass 85.00 amu 8380 1 81221 1 FRECK 114 ,
&.70% 4 Mass &62.00 amu BOSO - 1 20118 1 VINYLCALORIDE
T.851 'S  nMass: 94.00 amu 12210 1 28245 1 METHYLBROMIDE !
8.431 & TMass 44.00 amu 12T74 1 16149 1’ ETHYLCHLORIDE
N 9.970 7 Hass  101.00 amu 12380 1 80088 1 FEEDN 1]
10,927 L Mass &1.00 amu 7890 1 S89%4 1 VINDEMNECHLODR
- 11.209 L Mass 49.00 amu 12760 1 43307 1 DICHLOFOMETHA
11.551 10 Hass 41,00 amy =bZ0 1 1947 ‘1 ALLYLCHLORIDE
- 11.595% 11 Mass 151.00 amu 7420 1 40530 1 SCHLIFLUETHAN
12.502 12 Mass =00 amu 1I710 1 615%S 1 1,1DICHLEE THm
_ 135.400 12 Hass #1.00 amu 124650 1. 30900 1 c=1,2DICHLETH
13.747 14 Mass @3.00 amu 7470 1 405835 1 CHLORCFOFRM
14.387 1T Mass 42.00 amu 9040 1 555 1 1,2DICHLETHAM
14.62° 14 Mass 97.00 amu B10Q 1 I8502 1 PETHORLORGFDF
1S5.033 17 Mass 78.00 amu 10740 1 6911% 1 PENIENE
v i15.185 18 Mass 117.00 amu 8340 1 42727 1 CARBONTETRACH
15.829 1% Mass &Z.00 amu 12780 1 33873 1 1,2DTCHLPRCPA
= 16.0% o MHass 130,00 amu 8770 1 30351 1 TRICHLETHAENE
16.9956 21 Mass 7S.00 amu  ATAD 1.17078 1 =i ,3DICHFRD
- 17.492 22 nMass 75.00 amy 3330 1 12294 1 t=1,IDI1CHLPRC
17.410 33 Hass 97.00 amu 124%) 1 SZaBo 1 1,1,.2CHLETRAN
17.686- = Mass 'T1.00 amu 10010 1 BBO3é 1 TOLUENE -
¥ 18.48% 2= nmass 107.00 amu  &710 1 S5STo 1 EDB
19,012 Sé Mass 166.00 amu 7830 1 43404 1 TETRACHLETHEN
= 19,729 I7 Mass 112.00 amu 7140 1 44274 1 CHLORCPENIENE
20.195 28 Mass 91.00 amu 12740 1 127767 1 ETHYLBENZIENT
20.807 29 Mass F1.00 amu T 1 200973 1 &,p=XYLENE
20.804 SO Hass 104,00 amu 12050 1 3852 1 ETYREME
. v.%1é I Mass 85.00 amu 114690 1 b414T 1 TETRACHLETHAN
-0.921 32 FMass 91.00 amu 11085 1 900946 1 o=AYLENE
_ o=.%28 I Fass 105.00 amu 12540 1 108747 1 A-ETHYLTOLUEN
ac.b48 5S4 Mass 10%.00 amu 12420 1 83864 1 1,.5,SMETHEENI
2T.179 22 Fass 10T.00 amu 12710 1 798z 1 1,2,4METHBENI
- T.307 Zs Mass 184,00 am: (2420 1 TTA09 1 =a=DIC!A BENIEN
a=.217 37 FMass ' 91.00 amu TN 1 %0774 1 BENIYLCHLCRID
- aw-412 = Mass 144.00 amu 12790 1 S8127 1 p=DICHLBENIR:
==.88% 39 Hass 1846.00 amu 13310 1 S22 1 o=DICHLBENIEM
& 26.714 40 Mass 180.00 amu 13220 1 18947 1 1,2,4CHLEENIE
T.680 41 Mass =3.00 ama 7470 1 AS920 1 HEXADHLEBUTED]

.
h
)
'
'
'
] I
!
'
'
H
H
i
1
'
1
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TABLE 10. EXAMPLE OF HARD-COPY QF GC-MS-SIM ANALYSIS

Data filer DATArSYR2AOZTA.D
File type: GC 7/ MS DATA FILE

Name Infoir SYR 1
Misc 1lnfoz
Operator 1 JDF

Date t B Jan 87 L 10:02 am
Instreent: MS_S5970 © '
Inlet : GC

Sequence index
Als Dottle num
Replicate num. 1

=) e

TIZ of DATRA:1EYRARGIR.D

RRRG

:

1 : 3
g
=]

7. 044
"”IB.lli

W18
!7

n ' . 20 2m FT|
—ew inflgri%xan Farameters ewe

FALSE 1 Shoulder Detection Enabled
0.020 : Expectss Psak wigth (Fin)
]

11 Initial Fealk Detection Threshold

4.000 THRESHCLD -, 000
4.000 PEAF _WIDTH O.200
9.800 FEAK_WIDTH 0. 060
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TABLE 10. EXAMPLE OF HARD-COPY OF GC-MS-S1M ANALYS1S (cont.)

Operator: JDP 8 Jan 87 10107 am
ssaple Infe 1 EYFE 1) . :
Mmec Indor .

‘ integrition File Nans 1 DATAEYRZAOZA. ] ’

Sequence Indexy 1} Ppottlie Nuaber | =

Last Update: @ Jan 87 8113 aa

Reterence Fpal Wandews = S5.00 Absolute Minutes
Non=Redference Peal Winddw; 0.40 Absolute Minutes
- Seepie daount: 0,000 Uncalitrated Feal RF: 0.000. Multiplier: 1.647
Feak Int ket Signal Cospeund
Nua Type Type Tiee Description Name frea Amount
- ] 1 PF ' T.020 nass §2.00 aau FREON 12 12093 4011 pptvy
- 1 PP e b3S Mass 20,00 amu METHYLOHLOR! A484AT ZB6 ppte
- 1 P & I8 Hasa 85.00 amu FREDN 114 TOe7 1217 pptw
é 1 PP &+ 450 Mass 42.00 asu VINYLCHLORLID 2092 1929 pptwv .
z 1 BF T.818 rass 94,00 anu METHYLBMRDMID 2401 1729 pptwv
) $ BB 8.422 Mass 4,00 amy ETHYLDHMLDRID 2138 276° pptv .
v 1 BV 9,940 fass 101.00 amu FREDN 1% 2LOH6F  sdeD pDTr
[ : P 10.58% nass 61.00 amu VINDEMEDCH_DR 034 1700 pptv
< 1 BF 1i.i87 fiass 45,50 s=u DIOME DEOMETH 480 TTAB pptv
- * 1 PF 11.22C nass 41.00 asu ALLYLOML.ORID 761 BT4A7 ppt. o
) 1 B 11,570 Mass 151.00 amu SOMLIFLUETHA SAT? laTo ppIv
~ is 1 BF 12.4%C Mans 45.00 amu 1,1DICLOETH TOES 1738 potv -
) 1 VF 1I.5%94 Nass $1.00 amy c~1 ZDIDHLET 4781 1970 v
14 1 FH 15,713 nass 85.00 amu O DROFTR™ ZST7 1678 potwv
- b4 1 FF  14.T78 nass =. 00 sau 1, 2DICHLETHA SO0 ITLT petv
) 1 PR 14.594 nass 97.00 amu PETHOPLORDFD bbTd 54 ppte
- 7 1 W 15,000 fass 72.00 asu BENIENE Bou2 2187 ppte
ia L.V 15,1%4 Maas 117.00 asy CARWVONTETRAC %888 1%17 ppiv .
1 1 PP 1Z.822 nass - 00 amy 1, 2DIDHLPROF -——53 179° pptv . :
=9 1 BE  16.067 fans 130.00 amu TRISHLETHENE 4386 2107 pptv ;
pusd | 1 FB  16.94% nass T 0O amy ©~3)  JDICHAPR o==8 967.7 poev
== 1 BF 17.a7% fass T5.00 amu t=1,.,JDICH PR 1626 &B%9.C pprv ;
s 1 PE 17,%% fans 97.00 amu ],1 . Z0ETHA =7=3 1772 pptv . i
== 1 BV 17.844 naos 91.00 amu TOLUENE 14417 2720 petv
- 1 PE 18.463 Mans 107.00 amu EDE : 4070 1347 potv -
- o i P 18.90°% Mass 1646.00 anmu TETRACHLETHE #8784 04T pptv
= i PE 19,700 nass 112,00 amu CHLDROBENTIEN oAl 1774 pnty
; -c 1 FF 20.168 nMass 91.00 aay ETHYLSENIEME 11004 104 pptvy
: bl 1 FE 20.572 rnass %1.00 aau 8. p=XYLENE 179€9 IT790 pptv
) 0 1 9V 20.778 Maas 104,00 amu STYRENE 14T 1697 ppts
~ g | 1 B 20.887 rass 682.00 amu TETRACHLETHA 4%31 1376 pptw
- 1 BF 20.89C Mans 91.00 amu o=XYLENE 798 2010 pptvy
- 1 vw I2.48B8 fass 10Z.00 amy A-ETHYLTOLUE 76%4 1481 pptv
4 1 ve 22, Mass 102.00 amu 1,3 .ZMETHREN &781 1702 pptv
- 1 BB I35.144 Hass 105.00 amu 3,2 ,4METHBEN 7082 205 pptv
3 1 Bv 25.27% fass 146.00 aau »=DICHLBENIE I0as 1119 pptv
<7 1w .27 naas 91.00 amu BENIYLOHLOR] 3080 1004 pptv
=E 1 ve 25.378 Rass 144,00 amy p-DICHLPFENZIE #0%0 2164 pptv
ha J 1 PP 25.850 rass 146.00 amu o=DICHLBENIE Z5%a 1249 got~
~ a0 1 B Z6.675 fans 180,00 amy 1.2 ACHLEBEND L2 747.1 pptv
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DESORPTION MODE
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" CANISTER SAMPLING FIELD DATA SHEET

A GENERAL INFORMATION
SITE LOCATION: i SHIPPING DATE: ‘ i j
SITE ADDRESS: CANISTER SERIAL NO.: : :

; SAMPLER ID:

QOPERATOR:

) SAMPLING DATE: - CANISTER LEAK
CHECK DATE:

' 'B. SAMPLING INFORMATION

TEMPERATURE PRESSURE
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- STOP

SAMPLING TIMES FLOW RATES
LOCAL | ELAPSED TIME MANIFOLD | CANISTER (FLOW CONTROLLER :
TIME |METER READING FLOW RATE | FLOW RATE READOUT i

START
STOP

SAMPLING SYSTEM CERTIFICATION DATE:
. QUARTERLY RECERTIFICATION DATE:

C. LABORATORY INFORMATION ‘
DATE RECEIVED: o !
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RESULTS™: ‘ |

GC-FID-ECD:
GC-MSD-SCAN:
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* ATTACH DATA SHEETS

FIGURE 10. CANISTER SAMPLING FIELD DATA SHEET
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FIGURE 11. TYPICAL CHROMATOGRAMS OF A VOC SAMPLE
ANALYZED BY GC-MS-SCAN-SIM MODE AND
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APPENDIX A |

, AVAILABILITY OF AUDIT CYLINDERS FROM UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY USEPA PROGRAMS/
REGIONAL OFFICES, STATE AND LOCAL AGENCIES AND
THEIR CONTRACTORS

Availability of Audit Cylinders

1.2

1,1 The USEPA has available, at no charge, cylinder gas standards

of hazardous organic compounds at the ppb level that may be
used to audit the performance-of ambient air source measurement
systems,

Each audit cylinder contains 5 to 18 hazardous organic com-
pounds in a balance of Ny gas. Audit cylinders are available
in several concentration ranges. -The concentration of each
organic compound in the audit cylinder 1s within the range
illustrated in Table A-1.

Audit Cylinder Certification

2.1

2.2

A1l audit cylinders are periodically analyzed to assure that
cylinder concentrations have remained stable,

All stability analyses include quality control analyses of
ppb hazardous organic gas standards prepared by the National
Bureau of Standards for USEPA,

Audit Cylinder Acquisition

3.1 USEPA program/regjonal offices, state/local agencies, and their

contractors may obtain audit cylinders {and an audit gas delivery

system, if applicable) for performance audits during:
o RCRA Hazardous Waste Trial Burns For PHOC's; and

0 Ambient Air Measurement of Toxic Organics,

3.2 The audit cylinders may be acquired by contacting:

Robert L. Lampe

U.5. Environmental Protection Agency
Environmental Monitoring Systems Laboratory
Quality Assurance Division

MD-77B

Research Triangle Park, NC 27711
919-541-4531 .-

b ——— —— ——— 5 ——
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METHOD TO14 o=

DETERMINATION OF VOLATILE ORGANIC COMPOUNDS (VOCs) IN.AMBIENT AIR
USING SUMMA® PASSIVATED CANISTER SAMPLING AND GAS CHROMATOGRAPHIC ANALYSIS

OUTLINE

l. Scone
2. Applicable Documents
. 3. Summary of Method
4. Significance
5. Definitions
6. Interferences and Limitations
7. Apparatus
7.1 Sample Collection
7.1.1 Subatmospheric Pressure
7.1.2 Pressurized
7.2 Sauple Analysis
7.2.1 GC-MS-SCAN Analytical Systen
7.2.2 BC-MS-SIM Analytical System
7.2.3 GC<Multidetector Analytical System
7.3 Canister Cleaning System
7.4 Calibration System and Manifold
8. Reagents and Materials
9. Sampling System
9.1 System Description
9.1.1 Subatmspheric Pressure Sampling _
9.1.2 Pressurized Sampling -
9.1.3 A1l Samplers
9.2 Sampling Procedure
10. Analytical System
10.1 System Description
10-1-1 GC-HS-SCM Systtﬂl
10.1.3 GC-Multidetector (GC-FID-ECD-PID) System
10.2 GC-MS-SCAN-SIM System Performance Criteria
10.2.1 GC-MS System Operation
10.2.2 Daily GC-MS Tuning
10.2.3 GC-MS Calibration
10.2.3.1 Initial Calibration
10.2.3.2 Routtne Calibration
10.3 GC-FID-ECD System Performance Criteria (With Optional PID)
10.3.1 Humid Zero Air Certification
10.3.2 GC Retention Time Windows Determinatton
10.3.3 GC Calibration
10.3.3.1 Inttial Calibration
10.3.3.2 Routine Calibration
10.3.4 GC-FID-ECD-PID System Performance Criteria
10.4 Analyt'lcal Procedures
i0.4.1 Canister Receipt
10.4.2 GC-MS-SCAN Analysts {With Optional FID System)
10.4.3 6C-MS-SIM Analysis (With Optional FID System)
10.4.4 GC-FID-ECO Analysis (H‘lth Optional PID System)



11,

12,

13,
14.

Lk (Comt.) | /v _ 7. o

Cleaning and Certification Program

11.1
11.2

12.1
12.2

Canister Cleaning and Certification
Sampling System Cleaning and Certification
11.2.1 Cleaning Sampling System Components
11.2.2 Humid Zero Afr Certification

11.2.3 Sampler System Certification With Humid

Calibratfon Gas Standards , . '

Performance Criteria and Quality Assurance

Standard Operating Procedures (SOPs)’

Method Relative Accuracy and L1nelr1ty

Method Modification

12.3.1° Sampling

12.3.2 Analysis

Method Safety

Quality Assurance )

12.5.1 Sampling System ‘

12.5.2 GC-MS-SCAN-SIM System Performance Criteria
12.5.3 GC-Multidetector System Performance Criteria
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Group 1 Compounds

Carbon

tetrachloride
Chlorofora
Perchloroethylene
¥inyl chloride
Benzene

Group 1V

Acrylonitrile
1,3-butadiene
Ethylene axide
Methylene chloride
Propylenc oxide

o=xylene

Group 1Y Ranges

7 to % ppb
430 to 10,000 ppb

——

T0V4=-AZ

-
-

TABLE A-1. AVAILABLE USEPA PERFORMANCE
AUDIT CYLINDERS . '

Group I1 Compounds

Trichloroethylene

1,2-dichloroethane '

],2-didromoethane
Acetonitrile
Trichlorofluoromethane
(Freon=11)

Dichlorodi fluoramethane
{Freon-12)
Sromomethane

Methy)l ethyl ketone
1.1,1=trichloroethane -

&roun 11 Ranges

7 to 90 ppb
90 to 430 ppb

Group ¥

Carbon tetrachloride
Chloroform
Perchloroethy lene
Vinyl chlioride

Trichloroethylene
1,2-dichloroethane
1,2-dibromoethane
1,1,1=-trichloroehtane

Group ¥ Ranges

1 to 40 ppb

Grpup 111 Compounds

Pyridine (Pyridine in Group
“I11 eylinders but certified .
analysis not available)
Vinylidene chloride
1.1,2-trichloro-1,2,2-
“triflyoroethane
(Freon-113)
1,2-dichloro-1,1,2,2-
tetrafluoroethane
(Freon-114)

Acetone

1-4 Dioxane

.Toluene

Chlorobenzene

Group 111 Ranges

7 to 90 ppb
90 to 430 ppb

Methy lene chloride
Teichlorofluoromethane
(Freon-11)
Bromomethane

Toluene

Chlorobenzene
1,3-Butadiene
o-xylene

Ethyl benzene
1,2~dichloropropane



2.

OPERATING PRICEDURES FOR A PORTABLE GAS CHROMATOGRAPH EQUIPPED
WITH A PHOTOIONIZATION DETECTOR

Scope .

This procedure {is intended to screen ‘aubient air environments for
volatile organic compounds. Screening is accomplished by collection

-of YOC samples within an area and analysis on site using a portadle gas

chromatograph/integrator (Photovac Models 10510, 10550, or equivalent).
This procedure is not intended to yleld -quantitative or definite quali-
tative information regarding the subctances detected. Rather, it pro-

"vides a chromstographic "profile® of the occurrence and intensity of

unknown volatile compounds which assists in placement of fixed-site
samplers.

Applicable Documents
2.1 ASTR Standards

E260 - Recommended Practice for General Gas Chrmtograpru
Procedures

E3S5 - Practice for Gas Chromatography Terms and Relationships
2.2 Other Documents
Portable Instruments User's Manual for Monitoring YOC Sources,

EPA-34011-86-015, U.S. Envirommental Protection Agency, Washingtonm,
DC, June, 1986.

Summary of Method

3.1 An air sample s extracted directly from ambient air and analyzed
on site Dy a poriabie &L,

3.2 Analysis is accomplished by drawing an accurate volume of ambient
air through a sampling port and into a concentrator, then the
sample air is transported by carrier gas onto a packed column and
into a PID, resulting in response peak(s). Retention times are
compared with those in a standard chromatogram to predict the
probable identity of the sanph components.

Significance

4.1 VOCs are emitted into the atmosphere from a variety of sources

including petroleum refineries, synthetic organic chemical plants,
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4.2

4.3

4.4
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natural gas processing plants, and automobdile exhaust. Many of
these VOC emissions are acutely toxic; therefore, their determi-
nation in asbient air is necessary to assess human health impacts,
Conventional methods for VOC determination use solid sorbent
and canister sampling iechniques. '

Collection of ambient air samples in canisters provides (1)
convenient integration of ambient samples cver a specific time
period, (e.9., 24 hours); (2) remate sampling and central analy-

---------

(4) unattended sample collection; (5) analysis of samples from

 multiple sites with one analytical system; and (6} collection of

sufficient sample volume to allow assessment of measyrement pre-
cision and/or analysis of samples by several analytical systems.
The use of portable GC equipped with multidetectors has assisted
air toxics programs by using the portable GC as a "screening io0o0l"

ol & amnd

- to determine "hot spots,” potential interferences, and semi-
" quantitation of VOCs/SVOCs, prior to locating more traditional

‘fized-site samplers.

Definitions

Definitions used in this document and in any user-prepared Standard
Operating Procedures (S0Ps) should be consistent with ASTM Methods
D1356 and E£355. Abbreviations and symbols pertinent to this method
are defined at point of use.

Interferences

6.1

The most significant interferences result frq(n extreme di ffer-
ences in Jimits of detection (LOD) among the target VOCs (Table
B-1). Limitations in resolution associated with anmbient tempera-
ture, chromatography and the relatively large number of chemicals
result in coelution of many of the target components, Coelution
of compounds with significantly different PID sensitivities

E)

will mask compounds with more modest se

nsitiy
be most dramatic in interferences from benzene and toluene.
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A typical chromatogram and pesk asiignments of & standard =
of target VOCs (under the prescribed analytical conditions of this
method) are illustrated in Figure B-1. Samples which contain a
highly complex mixture of components and/or interfering levels of
. benzene and toluene are analyzed on a second, longer chromatographic
column. The same liquid phase in the primary column is contained
in the alternate column but at a higher percent loading.
6.3 Recent designs in commercially available GCs (Table B-2) have pre-
‘concentrator capabilities for sampling lower concentrations of VOCs,
prercolumn detection with back-flush capability for shorter analyti-
cal time, constant column temperature for metnod precision and ac-
curacy and sultidetector (PID, ECD, and FID) capability for ver-
satility. Many of these newer features address-the weaknesses and
interferences mentioned above, '

(-]
[ ]
~N

7. Apparatus

7.1 Gas chromatograph. A GC (Photovac Inc., 739 B Parks Ave, Hunt-
fngton, NY, 11743, Model 10510 or 10350, or equivalent) used for
surveying ambient air environments (which could employ a multide-
tector) for sensing numerous YOCs campounds e'lﬁting from a packed
column at* ambient temperatures. This particular portable GC procedure
is written employing the photoionization detector as its major
sensing device, as part of the Photovac Model 10510 portable GC
survey tool. Chromatograms are developed on a column of 3%
SP-2100 on 100/120 Supelcoport (0.66 m x 3.2 mm 1.D.) with a flow
of 30 em3/min air.

7.2 GC accessories. In addition to the basic gas chromatograph,
several other pieces of equipment are required to execute the
survey sampling. Those include gas-tight syringes for standard
injection, alternate carrier gas supplies, high pressure connec-
tions for filling the internal carrier gas reservoir, and 1f
the Model 10510 is used, a recording integrator (Hewlett Packard,
Avondale, PA, Model 3390A, .or equivalent),

B. Reagents and Materials

8.1 Carrier gas. “Zero™ air [<0.1 ppm total hydrocarbon (THC)] is
used as the carrier gas. This gas 1s conveniently contained in
0.84 m3 (30 ft3) aluminum cylinders. Carrier gas of poorer quality
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8.3

8.4

8.5
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may result in spurious peaks in sample chromatograms. A Brooks,
Type 1355-00F1AAA rotameter (or equivalent) with an R-215-AAA
tube and glass float is used to set coluwm flow.
System performance mixture. A mixture of three target compounds
(e.g., benzene, trichloroethylene, and styrene) in nitrogen is
used for monitoring instrument performance. The approximate
concentration for each of the compounds in this mixture is
10 parts per billion {ppb). This mixture is manufactured in
smal1, disposable gas cylinders [at 275 -kPa (40 psi)] from Scott
Specialty Gases, or equivalent. ‘
Reagent grade nitrogen gas. A small disposable cylinder of high
purity nitrogen gas is used for blank injections,
Sampling syringes. Gas-tight syringes, without attached shut-off
valves (Hamilton Model 1002LT, or equivalent) are used to intro-
duce accurate sample volumes into the high pressure injectors
on the portable gas chromatooranh, Eas syringes with shut-off
valves are not recommended because of memory problems assoclated
with the valves., For samples suspected of containing high con-
centrations of volatile compounds, disposable glass syringes
(e.g, Glaspak, or equivalent) with stainless steel/Teflon® hub
needles are used,
High pressure filler., An adapter (Photovac SA101, or equivalent)
for fi11ing the internal carrier gas reservoir on the portable
6C 1s used to cdeliver "zero® air.

9. Procedure

$.1

Instrument Setup

9.1.1 The portable gas chramatograph must be prepared prior to
use in the ambient survey sampling. The pre-sampling acti-
vities consist of filling the internal carrier gas
cylinder, charging the internal power supply, adjusting
individual column carrier gas flows, and stabilizing the
photoionization detector,

8.1.2 The internal reservoir is filled with “zero® air.

The internal 12V, 5AH lead/acid battery can be recharged
to provide up to eight hours of operation. A battery
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which 41s discharged will avtomatically cause the power
to the instrument to be shut down and_wﬂ'l require an
overnight charge. During AC operation, the battertes
will automatically be trickle-charged or in a standby
mode ,

The portable GC should be operated (using the internal

- . battery power supply) at least forty minutes prior to

- 9,2 Sample
9.2.1

9.2.2

9.2.3

collection of the Tirst sample to insure that the pho-
tofonzation detector has stabilized, Upon arriving at
the area to be sampled, the unit should be connected
to AC power, tf available.,

Co'llection.

After the portable gas chromatograph is located and
connected to 110V AC, the carrier gas flows must be
adjusted. Flows to the 1.22 meter, 51 SE-30 and 0.66
Flows of 60 cm3/min (ST SE-30) and 30 om3/min (3% SP2100)
are adjusted by means of a calibrated rotameter, Switching
between the two columns is accomplished by turning the
valve located beneath the electronic module. Ouring Jong
periods of inactivity, the flows to both columns should
be reduced to conserve pressure in the internal carrier
gas supply. The baseline on the recorder/integrator

is set to 20% full scale,

Prior to analysis of actual samples, an injection of the
performance evaluation mixture must be made to verify
chromatographic and detector performance. This is accom-
plished by withdrawing 1.0 ml samples of thic mixture
from the calibration cylinder and injecting 1t onto the 3%
SP2100 column, The next sample analyzed should be a
blank, consisting of reagent grade nitrogen.

Ambient air samples are injected onto the 31 SP2100
colum, The chramatogram i$ developed for 15 minutes,
Samples which produce particularly complex chramatograms,
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especially for early eluting components, are reinjected
on the 5% SE-30 columm. [NMote: In no instance should a
syringe which has been used for the injection of the
calibrant/system performance mixture be used for the
o acquisition and collection of samples, or vice versa.]
9.2.4 Samples have generally been collected from the anmbient air
at sites which are near suspected sources of VOCs and
. SVOCs am! compared with those which are not. Typically,
selection of sample locations is based on the presence
of chemical odors. 3Samples collected in areas without
detectable odors have not shown significantrPID responses.'
Therefore, sampling efforts should be initially concen-
trated on “suspect™ environments (i.e., those which have
appreciable odors). The objective of the sampling is to
locate sources of the target compounds. Ultimately,
sampies should be collecied throughout the entir
but with particular attention given to areas of high or
frequent occupation,

location,

9.3 Sample Analysis

9.3;1 Qualitative andlysis. Positive identification of sample
components is not the objective of this "screening” proce-
dure, Visual comparison of retention times to those in
a standard chramatogram (Figure 8-1) are used only to
predict the probable sample component types.

2 Estimation of levels, As with qualitative analysis, esti-
mates of component concentrations are extremely tentative
and are based on instrument responses to the calibrant
species (e.g., benzene, trichloroethylene, styrene), the
proposed component identification, and the difference
in response between sample component and calibrant, Ffor
purposes of locating pollutant emission sources, roughly
estimated concentrations and suspected compound types are

considered sufficient,

— A el P g St %>
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10, Performance Criteria and Quality Assurance,

Required quality assurance measures and guidance concerning perfor-
mance criteria that should be achieved within each laboratory are

summarized and provided in the following section.

10.1 Standard Operating Procedures

10.1.1 SOPs should be generated by the users to describe

and document the following activities in their labora-
tory: (1) assembly, calibration, leak check, and oper-
ation of the specific portadble GC sampling system and
equipment used; (2) preparation, storage, shipment, and
handling of the portable GC sampler; (3) purchase, cer-
tification, and transport of standard reference mate-
rials; and (4) all aspects of data recording and processing,
including 11sts of computer hardware and software used.

Specific stanwise fnstructione chould he nravidad in

the S0Ps and should be readily available to and under-
stood by the personnel conducting the survey work,

—————
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10.2 Quality Assurance Program

10.2.1 Reagent and materials control. The carrier gas employed
with the portable GC 1s “"zero air® containing less than
0.1 ppm VOCs. System perfo'mance mixtures are certified
standard mixtures purchased from Scott Specialty Gases,
or equivalent.

10.2.2 Samp'lihg protocol and chain of custody, Sampling protoco)
sheets must be completed for each sample, Specifics of
the sample with regard to sampling location, sample volume,
analysis conditions, and supporting calibration ipd visual
inspection information are detailed by these documents.
An example form is exhibited in Table B-3.

10,2.3 Blanks, Duplicatés, and System Performance Samples

10.2.3.1 Blanks and Duplicates. Ten percent of all in-
Jjections made to the portable GC are blanks,
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where the blank is reagent grade nitrogen gas.
This 1s the second injection in each sampling

.16cation. An additional 10% of a1l injections
wmade are duplicate injections, This will en-
hance the probability that the chromatogram of a
sample reflects only the compositicn of that sam-

. ple and not any previous injection. Blank injec-
tions showing a significant amount of contaminan's
will be cauge -for remedial action,

10.2.3.2 System Performance Mixture, An injectior of the
system performance mixture will be made at the be-
ginning of a visit to a particular sampling loca-
tion (1.e., the first injection). The range of
acceptable chramatog-aphic system performance cri-
teria and detector response is shown in Table B-4,
These criteria are selected with regard to the in-
tended application of this protocol and the 1imited
availability of standard mixtures in this area.
Corrective action should be taken with the column
or PID before sample injections are made if the per-
formance is deemed out-of-range. Under this regimen
of blanks and system performance samples, approxi-
mately eight samples can be collected and analyzed
in a three hour visit to each sampling location.

10.3 Method Precision and Accuracy

The purpose of the analytical approach outlined in this method
is to provide presumptive information regarding the presence

! of selected VOCs and SVOCs emissions. In this context, precision
and accuracy are to be determined. However, quality assurance
criteria are described in Section 10.2 which insure the samples
collected represent the ambient environment,

10.4 Range and Limits of Detection

The range and limits of detection of this iethod are highly
compound dependent due to large differences in response of
the portable GCs photoionization detector to the various

\ _-.—”‘—-—-—-- -
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.taryet compounds. Aromatic compounds and olefinic halogenated

compounds will be detected at lower Tevels than the halomethanes
or aliphatic hydrocarbons. The concentration range of applica-
tion of this method is approximately two orders of wagnitude.
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TABLE B-1

ESTIMATED LIMITS OF DETECTION {L0D) FOR SELECTED VOCs *
BASED ON 1 uL SAMPLE VOLUME

Compound LOD {ng) LOD (ppb)
Chloroform? 2 450
1,1,1-Trichloroethaned 2 450
. Carbon tetrachloride® 2 450
Benzene 006 . 2
*1,2-Dichloroethaned .05 14
Trichloroethylene . .05 14
Tetrachloroethy lene? .05 14
1,2-Dibromoethane ’ .02 2
p-Xylenet .02 4
m-XyleneC ' .02 4
0-Xylened .D1 3
Styrene ' .01 3

aChloroform, 1,1,1-Trichloroethane, and Carbon tetrachloride coelute on
0.66 m 3% SP2100.

1,2-0ichloroethane, Tricholroethylene, and Tetrachloroethylene coelute on
0.66 m 3T SP2100,

Cp-Xylene and m-Xylene coelute on 0.66 m 3% SP21DO.

Styrene and o-Xylene coelute on 0.66 m 3% SP2100.
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TABLE B-2

COMMERCJIALLY AYAILABLE
PORTABLE VOC DETECTION INSTRUMENTS

Jamp
Datection] Range, Avspensa - |Catimracion| ! Service| Lack of Rate
Moniter |[principle! pom Sensitivity | cioe, 3! Acctessortes Techigques | Weaknesses Aate Resgonse |Cost,s |L/m
530,351 rlo, 0.200, 0.1 pem 8t <% o bay s Umbilicsl | B irs 4,20 1.%
853,500 (1] 0-2000, [0-700 ppm Sampling cord toe
{AlD, Imc, 0+10,000 ere
» Digital®
restout
hare to
! resd
o Flame nﬂ".
freusent Iy
OV Lok, 20 U-10, [Jo 3T 4 © Ineresl ¢ Hang o Battery T Acs P9 -]
1 0-100, (mocel 1IB} Desordars Soace f'iure
Cantury G-1u00, |0.5 ppm 2 avallanie o Ot rett o Sample
Systems, ©a10,000, |{Mace! 108) s Options] G5 Injection] 1ime Risks !
Inc. 09-184,000 wailadite o Jag laap.|o Compavnd:
{Feadero) containing
O/ piwe
Tow re-
mae
® heg. resp.
1o £O/C02
Fi-0l Fib 1 J.i pem 1) 0 Ihree lamps |o RxCeradl |o IAFee U Ar3 o L) nydreid, 935 V.3
(i Sps~ 1«0 Low molecular ~ avatlable Gas Cyl, Tmes - carpont
1eom, Inc) 1-200 we lghts e %.5 o bag Saap.| may mins e Oy
1-2000 aromatics (aresatics) senetR1Ag
: « 10.2
[2+4 come
pounds )
e 11.7
{halocar-
Boas |
TV Sni7Ter|cataiytic|0=300 2.0 ppw T o Tag lame. Wa
(Bacharsen) |comdus. [D-5U0U v NeMd
Tion 0-50.u0U Space
Eelytar satalytic|0-L002 13 LfL 15 o Bag Semp.|e Chamgas in
400 comvs- |LFL s tamp/
({nergetics [tien Mumidicy
Iciemce) af lects
responye
Mrran 1A I ppm to 2 |l ppm I 4,10 9,50
{Foxsora} ' a0
Wiran 18 ™ pPm to 3 2. 500
{Foxbaro
Scencor [rost [ TN u.UL ppa L b4 Preconcentra- o Internal i,
{Santes) draan sroaatcy tar Thermal say £wl
toniza- Deseprtion o Precon-
tion PED GC Columns centrator
Auta Cal, o GS Coluem ’
from Iategral
Gas Cylymader -
Procavae L4t ] 0.1 ppo #en- H o Uval Lolumn 0 Loiumn op- o Wl
Stamgars | (UY Ieny with o Ramual7huto arates at o 0
Avtomatic Ligng) signal-to- Injection ambient
Computer neite ritig o Columm Coma, [T
Aute Comn, a:l, o Pre-flush o 5T0 in lab, 5,993
Communica- Good for o Auto Dlal then ta 1,99
tion sromatics ioden fleld st iﬂ-:gg
o Programeable - difr, ¢ o,
I a Lan't !:P 12988
Juect V-
quid Samp,
o Lignt frac-
tiens A~
terfury
Fhotovac Fil [ {4 1] U3 pom i
Tip Rentens J
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TABLE B-3

PORTABLE GAS CHROMATOGRAPH L._JJ
SAMPLING DATA SHEET

DATE: LOCATION: - TIKE:
CHROMATOGRAPHIC CONDITIONS: '
" COLUMN 1: COLUMN TYPE:

1.0, (mm); LEhBTH‘(mm): fLDH (mL/min):
COLUMN 2: COLUMN TYPE: '
1.0. (mm): LENGTH (mm): FLON (mL/min):

IN. NO, INJ. YOL. COLUMN NO, SETTING LOCATIONR

SITE PLAN (indicate sampling locatiens):

DATE SIGNATURE




1014-B13

L’, TABLE B-4

SYSTEM PERFORMANCE CRITERIA FOR PORTABLE GC3

t ‘ Test Acceptable Suggested
f Criteria _ Compound _ Range Corrective Action
| PID Response Trichloroethylene > 108 uW-sec/ng llie‘-tune or replace
: C amp
Elution Time Styrene ' 2.65 ': 0.15 min Inspect for: leaks,
. _ adjust carrier, flow

Resolutfon® - Benzene/Trichloro- > 1.4 Replace column \
. ' ethylene ) N N
t . N
: 'Basecll on analysis of a vapor mixtyre of benzene, styrene and trichloro- \

ethylene,
boerine by: R + = 2d/(Ny+Np}; where d = distance between the peaks and N

W = peak width at base.
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TABLE B-5 '
ESTIMATED "t IMITS OF DETECTION (LOD) FOR SELECTED VOCs

|~

Compound LOD -(ng) LoD (ppd)
Chloroformd . 2 . . 450
1,1,1-Trichloroethane? .2 _ . 450 ,
-Carbon tetrachloride® =~ 2 450

* Benzene Jos ‘ 2
1,2-Dichloroethane® . Y- A
Trichloroethylenel 05 14
Tetrachloroethy lene - 08 L 14
1,2-Dibromoethane 02 . 2
p=iylenec -~ .02 4~
wm-Xylenet . " 02 T
o-Xyle . ~. 01 3
Styren Lo ~ 01. 3 N

.

Chloroform, 1,1,1-Trichloroethane, and Carbon tetrachloride coelute on
0.66 m 3% SP2100.
1,2-Dichioroethane,
0.66 m 3% SP2100.
Cp-Xylene and m-Xylene coelute on 0.66 m 3% $P2100.
Styrene and o-Xylene coelute on 0.66 m 3% SP2100
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' , Peak Assignments For Standard Mixture

' Peak No. Compound(s)®
. 1 Berzene; Chiorotorm;
' 1 5 1,1,3-Trichioroethane;
. I s | Carton Tetrachioride -
, ' 2 1,2-Dichiorosthans:;
Trichiorosthylens
h : 3 Tetrachioroethyiene;
| 1.2-Dibromoethane
4 -, EthyDerzens
5 . MmO Xylene
] O Xylens; Styrene
4 s - 3 Toluene (ot listed) slutes between
peaks 1 and 2.
2\

FIGURE B-1. TYPICAL CHROMATOGRAM OF VOCs DETERMINED
BY A PORTABLE GC




APPERDIX C/ . |

INSTALLATION AND OPERATION PROCEDURES FOR
U.S. ENVIRONMENTAL PROTECTION AGENCY'S
URBAN AIR TOXIC POLLUTANT PROGRAM SAMPLER
" 1. Scope ' | : ' E
1.1 The subatmospheric sampling system described in this method has '
been modified and redesigned specifically for use in USEPA's Urban
Afr Toxic Pollutant Program (UATP), a joint project of USEPA's . _
Office of Alr Quality Planning and Standards, the Environmental :
Monitoring Systems Laboratory, and the participating state air
pollution control agencies. The purpose of UATP is to provide

apaiytical support o the states in their agssestmant of potential
health risks from certain toxic organic compounds that may be present
in urban atsospheres. The sampler is described in the paper; "Auto-
. matic Sampler for Collection of 24-Hour Integrated Whole-Air
Samples for Organic Analysis,® to be presented at the 1988 Annual
' ' Meeting of APCA, Dallas, Texas, June, 1988 (Paper No. 88-150.3).
_ 1.2 The sampler is based on the collection of whole air samples in ) I
L .6=1iter, SUMMA® passivated stainless 'steel canisters. The sampler
| ‘ ’ features electronic timer for elase,' accuracy and flexibility of
i sample period progriming. an independently setable presample warm-
|

up and ambient air purge period, protection from loss of sample
due to power interruptions, and 3 self-contained configuration
- housed in an 81 1-metal portable case, as illustrated in Figure C-1,
1.3 The design of the sampler is pumpless, using an evacuated canis-.
_ ter to draw the asbient sample air iato itself at a fixed flow
| : " rate (3-5 c3/min) controlled by an electronic mass flow controller.
| Because of the relatively low sample flow rates necessary for
! the integration periods, auxiliary flushing of the sample inlet
1ine is provided by & small, general-purpose vacuum pump (not in
contact with the sample air stream). Further, experience has .
shown that inlet 1ines and surfaces sometimes build up or accumu-
late substantial concentrations of organic materials under stag-
nant (zero flow rate) conditions. Therefore such l1ines and sur-

faces need to be purged and sguilibrated tp the cample air for

some time prior to the beginning of the actual sample collection
period. For this reason, the sampler includes dual timers, one of
which is set to start the pump several hours prior to the speci-
fied start of the sample period to purge the inlet 1ines and
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surfaces. As 1llustrated in Figure C-1, sample air drawn into
the canister passes through only four components: the heated
inlet 1ine, a 2-micron particulate filter, the electron flow

controller, and the latching solenoid valve.

2. Summary of Method

2.1

2.3

In operation, timer 1 is.set to start the pump -about 6 hours
before the scheduled sample period. The pump draws sample air

in through the sample inlet and particulate filter to purge and
equilibrate these components, at a flow rate limited by the cap-
i1lary to approximately 100 cw3/min. Timer 1 also energizes the
heated iniet iine to ailow it t0 come up its controiied temper-
atyre af 65 to 70 degrees C, and turns on the flow controller to
allow it to stabilize. The pump draws additional sample air
through the flow control ler by way of the normally open part of
the 3-way solenoid valve. This flow pyrges the flow controller
and allows it to achieve a stable controlled flow at the specified
sample flow rate prior to the sample period.’

At the scheduled start of the sample period, timer 2 1s set to
activate both solenoid valves. When activated, the 3-way solenoid
valve closes its normally open port to stop the flow controller
purge ¥low and opens its normally closed port to start flow through
the aldehyde sample cartridges. Simultaneously, the latching
solenoid valve opens to start sample flow into the.canister,

At the end of the sample period, timer 2 cioses the latching
solenoid valve to stop the sample flow and seal the sample in

the canister and also de-energizes the pump, flow controller,
3.way tolenoid, and heated inlet 1ine. Durina operation_ the

=4 L4 el aL

pump and sampler are located external to the sampler. The 2.4

meter (8 ‘foot) heated 1nlet 1ine 1s installed through the outside
wall, with most of {ts length outside and terminated externally
with an inverted glass funnel to exclude precipitation. The
indoor end 1s terminated in a stainless steel crass fitting to
provide connections for the canister sample and the two optional
forsaldehyde cartridge samples.

3. Sampler Installation

341

The sampler must be operated indoors with the temperature between
20-32°C (68 to S0°F). The sampler case should be located conveniently



T014-C3

| .on a table, shelf, or other flat surface. Access to a source
k) . of 115 vac line power (500 watts min) 1s also required. The
o pump 1s removed from the sampler case and located remotely
from the sampler (connected with a 1/4 inch 0.D. extension
tubing and a suitable electrical extension cord).

3.2 Electrical Connections (Figure l:-l_)

3.2.1 The sampler cover {s removed, The sampler 15 not plugged
into the 115 vac power unti11l all other electrical connec-
tions are completed. . . ' )

3.2.2 The pump is plugged into 1ts power coanector (1f not al-
ready connected) and the battery connectors are snapped
onto the battery packs on the coveri of ooih timers.

- Y 3.2.3 The sampler power plug is inserted into a 115 wits

L : ' ac line grounded receptacle. The sampler must be ground-

ed for operator safety, The electrical wires are rouvted

and tied so they remain out of the way.

ey

3.3 Pnematic Connections

f 3.3.1 The length of 1/16 inch 0.D. stainiess steei tubing is
‘ connected from port A of the sampler (on the right side
" ‘ : . of the flow controller module) to the air inlet line. .
- | 3.3.2 The pump is connected to the sampler with 1/4 inch 0.D.

' plastic tubing. This tubing may be up to 7 meters (20
feet) Tong. A short length of tubing is installed to
reduce pump noise, A1l tubing is conveniently routed
and, if necessary, tied in place.

4, Sampier Preparation

-

F

«1.1 The sample canister is installed no more than 2 days before
- the scheduled sampling day. ’ |
4.1.2 With timer #1 ON, the flow controller is allowed to warm up
for at least 15 minutes, longer 1T possible,
4,1.3 An ‘evacuated canister is connected to one of the short lengths
of 1/8 inch 0.D. stainless steel tubing from port B [solenoid
- . © valve) of ‘the sampler. The canister valve is left closed.
" The Swagelok fitting on the canister must not be cross-
threaded. The connection is tightened snugly with a wrench,

-
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The end of the other length of stainiess steel tubing from
port B (solenoid valve) is connected with a Swagelok plug.

if duplicate canisters are to be sampled, the plug s re-

 moved from the second 1/8 inch-0.D. stainless steel tub-

4.1.6

. 4.1.7

4.1.8

4.1.9

4.1.10
4.1.11

Timers

4.2.1

ing from port B (solenoid valve) and the second canister
s connected. . The canister valve ‘is left closed,

The ON button of timer #2 1s pressed. The flow through
the flow controller should be stopped by this action.

The flow controller switch is turned to “READ™ and the
zero flow reading is obtained, 1f this reading is not
stable, wait until the reading ts stadilized.

The flow controller switch is turned to “SET" and the
fow setting 1s adjusted to the algebraic SUW of the
most recent entry on Table C-1 and the zero reading
obtaimed in step 4.1.7 (If the zero reading is negative,
SUBTRACT the zero reading from the Table C-1 value). Be
sure to use the correct Td:le ¢-1 flow valye for one or '
two canisters, as q)proprhte. [Note: 1f the ‘analytical
laboratory determines that the canister Sample pressure is
too low or too high, a new flow setting or settings will
be issued for the sampler, The new flow setting should
be recorded in Table -1 and used until superseded by

new settings.]

Timer #2 1s turned OFF to agatn start the flow through the
flow controller, MNWith the puu;p (timer #1) ON and the
sampling valve (timer #2) OFF, the flow controller is turned
to "READ" and the flow 1s verified to be the same as the
flow setting made in step 4 1.8. If not, the flow setting

1f necessary.
The DFF button of timer #1 ts pressed to stop -the pump.
The canister valve(s) are fully opened.

Timer #2 1s set to turn ON at the scheduled ON time for the
)aﬁyu: p:l"lsd. and OFF a2t the tcheduled (FF ti-‘e '!SQQ_

the subsequent -section on setting the timers,)
Mormal ON time:. 12:00 AM on the scheduled sampling day.
Mormal OFF time: 11:59 PM on the scheduled sampling day.

U

e e — ———— | p— *
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(The OFF time 1s 11:59 PM instead of 12:00 AM so that the
day number for the OFF time is the same as the day number
for the ON time.) Be sure to set the correct day number.

4.2.2 Timer #1 is set to turn ON six (6) -hours before the beginning
of the scheduled sample period and OFF at the scheduled OFF

' "time for the sample period (same OFF time as for timer #2}.

' , (See the subsequent section on setting the timers,) Normal ON
time: 06:00 PM on the day prior to the scheduled sampling
day. Normal OFF time: 11:59 PM on the scheduled sampling
day. {[Note: The timers are wired so that the pu'mp =il
be on whenever either timer is on. Thus the pump will
run if timer #2 4s ON even if timer #1 is OFF,]

4,2.3 The elapsed time meter {s set to O,

4.3 Sampler Check

4.3.1 The following must be -ver*lfied before leaving the
sampling site: '
(1) Canlister(s} is (are) connected properly and the
. : unused connection is capped if only one canister is
' Uﬂd-
: (2; Canister valve(s) is (are) opened.
Both timers are programmed correctly for the sche-
duled sample period.
(4) Both timers are set to “AUTO",
{S) Both timers are initially OFF.
(6) Both timers are set to the correct current time of
day and day number,
(7) Elasped time meter is set to 0.

4.4 Samylér Recovery (Post Sampling)

«1 The valve on the canister is closed,

2 The canister is disconnected from the sampler, the
sample data sheet is completed, and the canister is
prepared for shipment to the analytical laboratory.

4.4.3 1f two canisters were sampled, step 2.4.2 is repeated

for the other canister,

5. Timer Settimng

Since the timers are 7-day timers, the days of the week are numbered
from 1l to 7, The assignment of day numbers to days of the week is




. d
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indicated on the timer keypad: 1 = Sunday, 2 » Monday, 3 = Tuesday,

4 = Wednesday, 5 = Thursday, 6 = Friday, and 7 = Saturday. This pro-
gramming 1s quite simple, but some timers may malfunction or operate
erratically if not programmed exactly right., To assure correct
operation, the timers should be reset and completely reprogrammed
"from scratch® for each sample, The correct current time of day is
re-entered to reprogra'n the timer, Any program in the timer's
mesory is erased by resetting the timer (pr‘ess‘lng the reset button).
The timer is set by the folloﬂngi.

{1) pressing the reset button,

2) entering the correct day number and tim of day,

3) entering the ON and OFF times for the sample period, and -
(4) verifying that the ON and OFF time settings are correct,

5.1 Timer Reset

The timer reset button is pressed, which is recessed in a small
hole located just above the LED (l1ght‘u1tt1ng diode) indicator
light. A small object that will it through the hole, such as a
pencil, match, or pen is used to press the timer; After reset,
the timer display should show |1] |10:00|. [Note: The timers
ray operate erratically when the batteries are discharged, which
happens when the sampler 1s unplugged or without power for
several hours. . When the sampler is again powered up, several
hours may be required to recharge the batteries. To avoid dis-
charging the batteries, the battery pack should be disconnected
fron the timer when the sampler is unplugoed.)

Time Eatry |

mdea o —
aLve and (R

un
L]

~n
<

The selector switch is turned to SET and the nusber button corres-

" ponding to the day number is pressed. (For example, a "2 fs pres-
sed for Monday.) The current time of day is entered. (For example,
if the time 1s 9:00 AM, 900 is pressed,) AM or PM is pressed as
applicadble, (Display should show |2]| |'9:00| for 9:00 AM Monday.)
[Mote: ' indicates AM and indicates PM,] The CLOCK button 15
pressed, (Display should show |-] |--:=-|) If an error s made,
|E| |EE:EE} 1s shown on the display. The CLEAR button is pressed

and the above steps are repeated, The selector switch is turned

to AUTO or MAN to verify correct time setting.

- ——
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ON and OFF Entry

The selector switch is turned to SET. The ON andfOFF program {s
entered in the following order: day, number, time, AM or PM, ON
or OFF., (Example: To turn ON at 12:00 AM on day § (fhursdax);

5, 1200, AM, ON 1s entered). (Example: To turn OFF at 11:59 PM
on day 5 (Thursday), 5, 11:59, PM, OFF 1is entered.) 1f the dis-
play indicates an error (|E| |EE:EE|), the timer is reset. The
selector switch 1is turned to AUTO. L . : i

.ON and OFF Verification

Th
'

- dérh 4
nY | . L] L]

Siammnad &
L 11} T W

5.4.1 = s turn o
the scheduled sample day is pressed. ON 1s pressed. The
display should show the time of the beginning of the
sample period {for example, |5| |'12:00]). [' indicates R
AM.] ON is pressed again. The display should show |5
f=-:--], indicating no other ON tfmes are programmed., A

5.4.2 OFF is pressed, The display should.show the time of the end

. of the sample period, {for example, || |, 11:59|), PM
is iIndicated by the "," mark before the time. OFF 1s pres~
sed again. The display should show 5] |--:--], indicating
no other OFF times are programmed. The selector is switc‘hedr

to AUTO, If anything is incorrect, the timer is reset and

reprogramed. .
TABLE C-1 Lo
NET FLOW CONTROLLER SETTING
DATE 1 CANISTER 2 CANISTERS

0. 4. SUMSmEET YRS GFYICE LS eS- LA I3
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Draft Final Focused Field Investigation Report
Naval Base Charleston

July 31, 1995
Table 10-
: Phage l.and Phase I
Sample Identification Numbars for Zsro Air Semplas
Dete - - - samplelD.© | Sample Typa
' 11/18/94 12AF4008 - Zero Air Blank _
11/29/94 12AF4109 Zero Air Blank
12/08/94 12AF4110 Zero Air Blank

Notes:
These samples were collected in order to identify potential exogenous contaminant sources.

3.2.5 Air Sample Data Validation

The purpose of the data evaluation was to verify that the quality control requirements of the data
set have been met and to characterize the weaknesses of any questionable data. Due to
uncertainty associated with Phase I data, Phase II sampling and analysis strategies were
developed incorporating more comprehensive QA/QC evaluation methods in order to facilitate
a more rigorous data validation process. Phase I data were formerly reported in the Draft FFI
report issued Julv 1994. Phase II data were subjected to full validation as supported by available
field and laboratory QA information. All validated Phase II data are provided in Appendix B.

The data were evaluated based on the following parameters:

. Holding Times . Instrument Calibration

o System Monitoring Compound Analysis * Internal Standard Analysis
. Blank Analysis ° Precision (Duplicates)

L] Bromofluorobenzene (BFB) Tuning Performance
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The USEPA document, Compendium of Methods For The Determination Of Toxic Organic
Compounds in Ambient Air (June 1988), Method TO-14, defines quality control criteria that the
laboratory must meet; however, these criteria do not address data evaluation from a user’s

- perspective.

General evaluation criteria are available in the United States Environmental Protection Agency

,

Contract Laboratorv Proora

imoc ¥nr Nro 2 T TY)
e A AALA LA L A LSV A RV A J rFs A\.ra;“-lu J

or Organic Data Review,
February 1994 (Functional Guidelines). According to the Functional Guidelines, when the
quality control parameters do not fall within the specific method guidelines, the data evaluator
annotates or "flags" the corresponding compounds for samples in which the deficiencies were
found. This method was used for the evaluation of Charleston Zone H Focused Field
Investigation data. The following flags were used to annotate data exhibiting laboratory and/or

field deficiencies or problems:

U Undetected - The analyte was analyzed for but not detected or found in an sample at a
concentration less than five times the corresponding blank concentration; the associated

value shown is the Practical Quantitation Limit (PQL).

J Estimated value - One or more quality control parameters were outside control limits,

or the concentration exceeded the method detection limit but was less than the PQL.

uJ Undetected and Estimated - The analyte was analyzed for but not detected above the
listed estimated PQL; the PQL is estimated because one or more quality control
parameters were outside control limits.

R Unusable Data - One or more quality control parameters grossly exceeded control limits.

Where necessary, these flags were affixed to data presented in Appendix B.
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Holding times were evaluated. All samples contained within this data set were analyzed within

the designated holding time of 30 days.

System monitoring compounds (surrogates) are spiked into samples to establish laboratory
performance on individual samples. The surrogate 4-bromofluorobenzene was checked in each

sample for the percent recovery.

Nineteen out of 126 samples had surrogate recoveries outside control limits. Two of the 19
recoveries exceeded the upper clontrol limits. In these instances, all positive results were flagged
as estimated (J) and the non-detected results were accepted without qualification. Seventeen of
the 19 recoveries were less than the contro] limits and the results were flagged as estimated (J)

for positive results and (UJ) for non-detects.

Blanks are clean samples that are processed and analyzed as any other sample to determine the
existence and magnitude of potential contamination introduced from exogenous sources during
sampling, transport, or analysis. Potential contamination may be introduced by improper
decontamination of sampling equipment, by improper sampling procedures, by dirty canisters,
during canister transport, and by laboratory contamination. Blanks are treated with the same
procedures as samples from the field. Laboratory (method) blanks are prepared from zero-air
in the labbratory and processed along with the samples through each sample preparation and
analysis step. Field blanks are collected using zero-air and sampling equipment analogous to

that used to collect the samples.

When chemicals are found in samples and laboratory blanks analyzed within the same 12-hour
period, or in samples and field blanks collected the same week, the usability of the data depends
on the judgement of the reviewer and the origin of the blank. According to the Functional
Guidelines, a sample result should not be considered positive unless the concentration of the

compound in the sample exceeds 10 times the amount in any blank (i.e., method blank, trip
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blank, zero air, etc.) for common laboratory contaminants (i.e. methylene chloride) or five times

the amount for other constituents. These are referred to as action levels.

Blank action levels were compared to sample values. 1,2,4-Trichlorobenzene and meta-and
para-xylenes were detected in various method blanks. Only two samples associated with the
method blanks were affected in their respective sample. The data were 'U’ qualified as non-

detect based on the method blank comparison.

The following contaminants were identified in various field blanks and qualified as non-detect
(U) due to concentrations less than the respective action level: 1,1,1-trichloroethane was negated
in 15 samples, 1,2,4-trichlorobenzene in one sample, 1,2,4-trimethylbenzene in 18 samples,
1.3,5-trimethylbenzene in four samples, 1.4-dichlorobenzene and toiuene in 20 samples, 1-ethyl-
4-methylbenzene and styrene in 14 samples, benzene in 39 samples, dichlorodifluoromethane and
meta-and para-Xylenes in 19 samples, ethylbenzene in seven samples, methyl chloride in 24
samples, methylene chloride in 73 samples, and trichlorofluoromethane and o-xylene in 16

samples.

BFB tuning performance checks are performed to ensure appropriate mass resolution,
identification, and sensitivity. All ion abundances are normalized to m/z 95, the nominal base

peak.
All BFB tuning performance checks in this data set were within the specified control limits.

Initial and continuing calibrations of the instruments with standard solutions are used to check

that the instruinent is ca pablc of pI‘Ouut.ulg acccpta ble q‘l.iuli' iv

analytes on the target compound list.
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An initial calibration is performed to check the performance of the instrument at the beginning
of the analytical run and to establish a linear calibration curve. The initial calibration is verified
by calculating the relative response factor (RRF) and the percent relative standard deviation
(%RSD) for each compound. An RRF less than 0.05 or a %RSD greater than 30 percent is
outside the quality control limits for the initial calibration.

In all initial calibrations for styrene, the RRF was less than 0.050 and the %ZRSD was greater
than 30.0 percent. All results for styrene were flagged as unusable (R) for non-detected results

and estimated (J) for positive results.

Continuing calibration standard solutions are run periodically to check the daily performance of
the instrument and to establish the 12-hour RRF on which the guantitations are based. The
initial calibration is verified by calculating the RRF and the percent difference (%D) for each
compound. An RRF less than 0.05 or a %D greater than 25 percent is outside the quality

control limits for the continuing calibration.

Benzyl chloride, chloroethane, methyl chloride, 1-ethyl-4-methylbenzene, hexachlorobutadiene,
styrene, 1,2,4-trichlorobenzene, trichloroethylene, and trichlorofluoromethane exceeded the 25%
control limit in various continuing calibrations. These cdmpounds were flagged as estimated (J)

for positive resuits and (UJ) for non-detected resuits in the associated samples.

Internal standards performance ensures that instrument sensitivity and response are stable

during the analysis of each individual standard.

TG [

ML nonn AF anelh jrfmeen man el Fome tlag e b e o
The area of each internal standard for the reporied resulis wer

the area of the internal standards in the associated calibration.
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Duplicate samples are analyzed to evaluate data precision, which is a measure of the
reproduceability of the analysis. The relative percent difference (RPD) between the sample and
the duplicate sample results is calculated. According to the TO-14 method, the RPD should not

exceed 20% for sample and duplicate values greater than five times the detection limit.

Field duplicates are analyzed to evaluate sampling precision. The RPDs for toluene and
trichlorofluoromethane exceeded the 20% control limit in field duplicates N84A2202F2 and
N85F4103F2. 1,4-Dichlorobenzene, methyl chloride, and methylene chloride exceeded the 20%
control limit in field duplicates 202A3202F2 and 202A3404F2. Methylene chloride and styrene
exceeded the 20% control limit in field duplicates 645A2107F2 and 645A4008F2. Styrene,
toluene, and trichlorofluoromethane exceeded the 20% control limit in field duplicates
644A3309F2 and 644A3410F2. 1.4-Dichlorobenzene, methylene chloride, and
trichlorofluoromethane exceeded the 20% control limit in field duplicates 657A3206F2 and
657A3207F2. 1,4-Dichlorobenzene and toluene exceeded the 20% control limit in field
duplicates 036A1203F2 and 036A1204F2. Methylene chloride and trichlorofluoromethane
exceeded the 20% contro] limit in field duplicates 036A2102F2 and 036A2103F2. 1,1,1-
Trichloroethane, inethylene chloride, tetrachloroethylene, trichlorotrifluoroethane, and meta- and
para-xylenes exceeded the 20% control limit in field duplicates 656A2109F2 and 656A2110F2.
1,1,1-Trichloroethane and toluene exceeded the 20% control limit in field duplicates
656A3206F2 and 656A4207F2. There were no compounds to exceed the 20% control limit in
field duplicates 656A2302F2 and 656A2403F2. These compounds were not flagged because

separate SUMMA canisters were used collecting these samples.

The following list shows the compounds that exceeded 20% of their control limit referenced by

the corresponding sample ID’s:
N84A2202F2 toluene and trichloroflucromethane
N85F4103F2 toluene and trichlorofluoromethane
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202A3202F2
202A3404F2
645A2107F2
645A4008F2
644A3309F2
644A3410F2
657A3206F2
657A3207F2
036A1203F2
-036A1204F2

036A2102F2
036A2103F2

656A2109F2

656A2110F2

656 A3206F2
656A4207F2
656A2302F2
656A2403F2

1,4-dichlorobenzene, methyl chloride, and methylene chloride
1,4-dichlorobenzene, methyl chloride, and methylene chloride
methylene chloride and styrene

methylene chloride and styrene

styrene, toluene, and trichloroflucromethane

styrene, toluene, and trichlorofluoromethane

4-dichlorobenzene, methylene chloride, and trichlorofluoromethane

’ ¥

1,4-dichlorobenzene, methylene chloride, and trichlorofluoromethane
1,4-dichlorobenzene and toluene

1,4-dichlorobenzene and toluene

methylene chloride and trichlorofluoromethane

ethvlene chloride and trichlorofluoromathane

=27 A a2

3

1,1,1-trichloroethane, methylene chloride, tetrachloroethylene,
trichlorotrifluoroethane, and meta- and para-xylenes
1,1,1-trichloroethane, methylene chloride, tetrachloroethylene,
trichlorotrifluoroethane, and meta- and para-xylenes
1,1,1-trichloroethane and toluene

1,1,1-trichloroethane and toluene

none

none

Methylene chloride exceeded the 20% control limit in the laboratory duplicate sampie

036A1101F2. No qualification of the data was made because methylene chloride was previously

negated as a result of blank contamination.
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Table 3-9

smnarison of Reonltc frnm

CU“IPMWII PR ARAF

Soil Gas Survey and Soil Gas Confirmation Soil Samples

"y Am

Building 202

Qualitative
Area of Relatively | Soil Samples Collected Summary . of Soil Degree of
High Soil Gas in Vicinity of Soil Gas | Sample Analysis Correlation
Response Highs
West and South sides | SGCSB0(9, Significant detections Low to
of Building 656 GDHSBO0S55, and of SVOCs at the Moderate
samples collected at southwest corner of
AOC 655 building and minor
detections at eh
southeast comer. Low
detection of PCE on
west side of building.
Between Buildings SGCSB005, SGCSB004, | No SVOCs or VOCs Low
644 and 643 GDHSBO13, were detected in soil
GDHSBO014, with exception of
GDHSB0O66 minor detections of
SVOCs bis(2-
ethylhexyl)phthalate
and di-n-phthalate.
Between Buildings SGCSB006 No SVOCs were Low
644 and 643 at the detected. TCE was
eastern end of the detected at a minor
open area. concentration.
South side of SGCSB007 No SVOCs or VOCs None
Building 645. were detected.
Northeast corner of SGCSB0O2 No SVQCs were Low
Building 640 in the detected. TCE was
vicinity of the front detected at a minor
door. concentration.
West end of Building | SGCSB001 No SVOCs or VOCs None
640 in the vicinity of were detected.
the loading dock.
North side of SGCSB003 No SVOCs or VOCs None
Building 84. were detected.
Northwest corner of SGCSB008 No SVOCs or VOCs None

were detected.




East side of Building | 655SB006 Minor detection of Low
656 in the vicinity of SVOC, bis(2-
the automatic teller ethylhexyl)phthalate.
machine. No detections of
VOCs.
XX Passive Soil-Gas Survey Conclusions

Confirmatory soil samples were only collected in areas demonstrating the highest soil gas responses and, generally,
the correlation between the soil gas and soil analytical results were low to non-existant. No further evaluation of

soil gas results will be atternpted.



APPROXIMATE LOCATION OF

S0 IS COOPER RIVER SHORELINE
371000
G312
09063
370000
369000
368000~
367000
LEGEND
(2 MONITORING WELL (DEEP)
|| COOPER RIVER AND
366000 ' SHIPYARD CREEK
INTERTIDAL ZONE
NOTE
365000 1.CONTOUR INTERVAL IS 10 FEET
I T I I
2321000 2322000 2323000 2324000 2325000 2326000 2327000

Coordinates Well Top_of Casing Depth to Groundwater
Elevation ~ Groundwater Elevation
@ X Y /11/95)
2322180 369859.1 CSY-FMW-4 8.05 3.03 5.02
2321585 369398.0 009001 9.68 6.51 3.17
2322898 370759.8 009002 10.89 6.38 4.51
2322112 370341.4 009003 10.42 5.48 4.94
2322451 368919.5 009004 7.10 4.37 2.73
2323331  369705.6 009005 9.16 4.77 4.39
2321174 370378.8 009006 12.61 9.36 3.25
2321459 3709459 009007 791 4.85 3.06
2322861 369251.5 009008 8.44 536 3.08
2322353 370304.8 009009 14.27 9.26 5.01
2322720 369818.8 009010 11.25 6.12 513
2323258 370342.3 009011 13.77 8.10 5.67
2321753  370727.7 009012 9.62 6.05 3.57
2321358 370786.1 009014 8.84 5.72 3.12
2320901 3710105 009015 10.72 7.77 2.95
2324390 370867.0 013002 9.12 5.57 3.55
2324579 3711391 013005 11.47 8.54 293
2325378 368702.7 014002 13.23 7.79 5.44
2325851 369243.5 014004 9.72 6.24 3.48
2324931  370399.3 017002 10.47 4.62 5.85
2324907 370122.1 017004 9.80 4.94 4.86
2321674 369851.8 121001 9.15 5.41 374
2325481 370865.9 178001 12.23 7.70 4.53
2324188 369586.2 656001 11.23 4.36 6.87
2325329 370272.2 662001 8.62 4.51 4.11
2326044 370000.4 666001 10.59 8.69 1.90
2323892 363830.3 GDHOO1 13.01 7.12 5.89
2323451 369263.4 GDH002 9.82 4.05 5.77
2323850 370885.1 GDH003 13.20 9.28 3.92
2325925 370792.6 GDHO04 11.83 8.69 3.14
2324482 368776.0 GDHOOS 14.73 8.03 6.70
2323874 3714022 GDHO06 7.59 4.44 3.15
2326380 370412.3 GDHO007 12.22 8.84 3.38
2324798 369229.0 GDHOO08 12.94 6.74 6.20
2324656 363258.4 GDHOO09 12.78 8.20 4.58
2324284 367779.6 GDHO10 9.26 6.30 2.96
2323490 368617.6 GDHO11 9.60 6.22 3.38
2325584 366357.8 012001 8.14 4.65 3.49
2325709 366344.0 012002 9.08 4.22 4.86
2325755 366254.8 012003 8.45 4.79 3.66
2324229 3715475 671003 8.78 5.88 2.90
2324202 371468.5 671004 8.85 5.70 3.15
2324651 3673961 GDI0O1 8.73 4.75 398
2325176 366908.0 GDIQ02 11.76 6.84 4.92
2325570 366259.5 GDI003 9.05 5.92 3.13
2326156 365451.3 GDI0O4 B.65 5.81 2.34
2326383 365995.3 GDIO0S 9.98 3.59 6.39
2326454 366555.0 GDIOO6 7.74 3.63 4.11
2326455 367181.4 GDIOQ7 10.31 5.67 4.54
2326482 3677721 GDI008 11.48 6.31 5.17
2326505 368418.0 GDIO09 11.29 4.58 6.71
2326745 368728.6 GDIO10 8.05 5.39 2.56
2326636 369618.2 GDIO11 8.79 4.73 4.06
2326722  370205.1 GDI012 11.01 11.06 -0.05
2326723 370828.2 GDIO13 11.90 8.41 3.49
2326133 371166.9 GDIO14 8.75 5.73 3.02
2325533 371205.4 GDIO1S 11.12 8.52 2.60
2324905 371480.0 GDIO16 6.02 4.12 1.90
2324116 371633.4 GDI017 10.25 7.80 2.45
2323773 371635.9 GDIo18 7.15 4.33 2.82
2326255 364744.5 GDID19 8.79 6.24 2.55
800 0 800
[ e ™™ |
SCALE FEET
ZONE H FIGURE 3.6

INVESTIGATION REPORT

DRAFT FINAL RCRA FACILITY

NAVAL BASE CHARLESTON
CHARLESTON, SOUTH CAROLINA

POTENTIOMETRIC MAP OF
UPPER ZONE/SHALLOW AQUIFER
(5/11/95)

DWG _DATE:07/18/95 | DWG NAME: 29CHZH34
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Draft Final RCRA Facilisy Investigation Report for Zone H
Naval Base Charleston

Section 3: Physical Setting

July 31, 1995

According to Fetter (1988), the lag time of aquifer response to tidal changes is governed by the
distance from the tidal source (Cooper River and Shipyard Creek), the extent of hydraulic
connection between the aquifer and the source, the tidal period, and .the storage coefficient (S)
and transmissivity (T) of the aquifer. Generally, lag time increases as distance inland increases.

The lag time for each well was estimated using the graphs in Appendix F. The time of each
high tide event (vertical dotted line) was subtracted from the time of each discernable water level
high to obtain the lag time associated with each tidal event. For some wells, all niné tidal events
were discernable (well NBCH009004 for example) and at others only a few or none were
discernable (NBCH00%008). The average lag time of all discernable events for each monitored
well is presented in Tables 3.6 and 3.7 below.

Table 3.6
Water Level Monitoring Summary of Wells Along
Cross Section A-A’

Lag Time Maximum Change Between Distance from Well to Cooper
Well (hours) High and Low Tide (feet) River/Shipyard Creek (feet)

“NBCHOO9004. -
 NBCH00904D 31507150

t/ “NBCHO000S - - Y

NBCHO0905D

v/ NBCHOS0O8 | ini

1~ NBCH009011 — — 1500/1790
‘NBCHGDH003 ,
'NBCHGDHO06 >6 <0.05 200/3100
Note:

¥~ —  Not Discernible



GDHSBO14

. Tt

- oA ; GDH3BN3T T
. fa) GDHSB0O6D 74 I Do
8009 - ..GDHsBoeR %2 /e S .
°® gng \‘\x\/ i LR

ooag  @eaosEOl T

649?003 T

4 @495B00S ~—
caocBo,  @6495B006

? Q4958007 NBCH009011
S0SB006 o

S0SBo02
:"i—mmz;;\ -

65¢

SSS B0O7
~>B004
9oSBO03

S/ s -
_~NBCHODS05D -

o% <
+
< /""‘%%‘%
€K o,
3 y K
@ <«
iy
7 1Sy A 009M0015 ¢

a g
1770 \g);O\D WO

/ ’(\21( ~ <
< "6)/')‘%;"”4@\
4% 72

GDHSBOS0

ICHGDHOO1

}

SDHSB077

e R

‘ F _ ’
A0« . g
SN N e
6305807 N MR DHsBO77?§Q e T
\ ‘- -
T S ‘E ‘11."1 11D « -
B o SE0DS it SR .
B e %4 0
¥ %,
)
4 %
GDHSB0SS #,%% %

&
NG
e

GDMSBO75
\ / / NBCRSDHOD?



Table 25

Chemicals Detected In Phase 1l Ambient Air Samples, Inside Building 656
Comparison to Screening Concentrations

CNC FFI (IAQ)

Charleston, South Carclina

Frequency of Default Range of Detected

Chemical Detection (1) Concentration Concentrations RBCr RBCi

(ug/m3) (2) (ug/m3) (ug/m3) (ug/m3) Notes
1,1,1-Trichloroethane 10 /12 1.20 - 2.84 100 438 345
1,2,4-Trichlorobenzene 1 /12 1.71 - 1.71 0.94 3.94 5
1,4-Dichlorobenzene 6 /12 144 - 3.13 0.26 1.79
Benzene 6 /12 0.4 0.8 - 1.15 0.22 147 3 5
Benzene, 1,2,4-trimethyl g /12 3.09 - 6.18 0.18 0.77
Benzene, 1,3,5-trimethyl- 4 /12 1.97 - 2.44 0.15 0.61
Chloromethane 10 /12 0.22 0.43 - 1.07 0.99 681 3 5
Dichlorodifluoromethane 12 /12 ‘ 1.73 - 10.2 21 B75 345
Ethylbenzene 3/12 0.96 - 1.43 100 438 45
Methyiene chloride 11 /12 0.45 0.9 - 13.5 38 262 3 5
Styrene 8 /12 4 - 16.9 100 438 4 5
Tetrachloroethene 9 /12 1.36 - 10.5 i1 21.1 5
Toluene 12 /12 1.28 - 224 42 175 3 4 5
Trichloroethene 2 /12 1.29 - 1.34 1 7.15 5
Trichlorofluoromethane 12 712 208 - 7.13 73 307 345
Trichlorotrifluoroethane (Freon 113) 1 /12 383 - 183 3100 13337 5
m+p-Xylenes 9 /12 096 - 5.95 730 3066 5
p-Ethyltoluene B /12 2,90 - 5.15 NA NA

NOTES: .
*  Based on the comparison to residential screening concentrations and the potential for an external source (i.e., a source



Table 25

Chemicals Detected In Phase 1l Ambient Air Samples, Inside Building 656
Comparison to Screening Concentrations

CNC FFI (IAQ)
Charleston, South Carolina

NA
RBC

other than internal building operations) this chemical is a COPC, and it will be carried through the formal BRA process.
Frequency of detection indicates the number detected over the number analyzed
Default concentration indicates the lesser of one-half the lowest detected concentration and one-half the lowest
detection limit; used to calculate the mean of the natural log transformed data for applicablé COPC (if applicable)
This chemical was detected in sub-slab samples; risk will not be quantified for chemicals not detected in sub-slab samples
as the corresponding sub-slab data for this building did not identify the presence of a potential external source.
The maximum concentration detected does not exceed the residential screening value,
The maximum concentration detected does not exceed the industrial screening value.
Not available
UUSEPA Region III Risk based screening concentration for ambient air, March 1994 version; based
on tarpet risk of 1E-6 and target hazard quotient of 0.1,
Residential Based RBC; excerpted as described above.
Industrial based RBC; calculated as described in the text in accordance with the document referenced above.
The table above was established using breathing zone and ground level sample data only.



Draft Final RCRA Facility Investigation Report for Zone H
Section 4: Nature of Comtamination
Nawal Base Charleston

July 31, 1995
Table 4.13.1
AOC 655
Organic Compounds in Soil (zg/kg)
No. of Detections Range of Concentrations - Risk-Based
(1st Interval/2nd (upper interval/lower Screening
Compound Name Interval) interval) Levels

Volatile Organic Compounds
(12 Samples Collected—S8 Upper Interval Samples, 4 Lower Interval Samples, 2 Samples Duplicated)

Semivolatile Organic Compounds

(12 Samples Collected—8 Upper Inm'val Samples, 4 Lower Iutenval Samples, 2 Samples Duplu:ated)
Bcnzo(a)anth:aomc : ' - s

Benzo(b)ﬂuoranthenc

bls(Z-Ethylhexyl}phlha]aie

(BEHIP) S L
Butylbenzylphthalate 1/0 98/0 1600000

Semivolatile Organic Compounds [cont’d]
(12 Samples Collected—8 Upper Interval Samples, 4 Lower Interval Samples, 2 Samples Duplxca:ed)

Chrysene RS 5";2, S 10010,_;;;2;;;5;'._,? 80007
Fluoranthene | 1/0 1700 310000
Phenanthrene - . 1/0 9800 230000
Pyrene 1/0 160/0 : 230000
Pesticides

(20 Samples Collected—I3 Upper Iulenval Samples, 7 Lower Iulerval Samples, 2 Samples Duphcated)
Aldrin o S Looon L 01105 33 .
4,4-DDE o 6/1 26136 a 1900
4,4-DDT ST an L Emmas 1900
alpha-Chlordane 9/2 “ 4-97/3-5 alpha+ gamma
gamma-Chlordane 9/3 4-130/3.6-22 470
Diewrin ~ . LU a0 24dp0Maels. o 40
Endosulfan 11 110 | 4.010 47000
Endrin aldebyde - .21 i lgaene T g0

4-153



Draft Final RCRA Facility Investigation Report for Zone H
Section 4: Nature of Coniamination
Naval Base Charlesion

July 31, 1995
Table 4.13.1
AOQC 655
Organic Compounds in Soil (zg/kg)

No. of Detections " Range of Concentrations Risk-Based
' (1st Interval/2nd - (upper interval/lower Screening

Compound Name Interval) interval) Levels

Heptachlor 2/0 1.3-11/0 140

Polychlorinated Biphenyls
(20 Sampks Collected—13 Upper Interval Sampks, 7 Lower Interval Samples 2 Samplcs Duphcaud)

Aroclor 1260 9/1

:,Total Petrnleum Hydroearbu

TPH

Herbicldes (2 Duplicate Analyses—1 Upper Interval Sampl
No herbicides detected. S o .

,.'Orgnmphosphate Pesﬁcldes 2 Duphm ﬁﬂllﬁ’ﬂfwm:llﬂ'"”["‘m S‘""Pk)
No organophosphates detected | | I o N
Dioxins {2 qulmate Analyses—l Uppcr Interval Sample, I Lower Iuterval Samplc) _ )
Total TEQ 1711 1.299/0.818 pg/g 4.3 pgle

Table 4.13.2

AW LEE
AU Ul

Inorganic Elements in Soll (mg/kg)
Number of Number of

Analyses Detections Range of Concentrations Upper
(upper {upper for Detections Risk-Based Tolerance
Inorganic interval/lower interval/lower (upper interval/lower Screening Limit of
Elements interval) interval) interval) Level Background®.
Aluminem® 84 - 8. . 0 2500-15300/27206640 < .. 7800 . . 25310
Iron® 8/4 8/4 2060 21200/ 1540 5650 Not Listed 30910
Lead SR IR ' T & 2-215/0 = a0 113
Nickel 9/4 8/4 1.2-12.7/ 1.1-2.0 160 33 38
Potassium® " - 8/4 - 84 .. 117-167/824-235 - NotListed  Nutrient®
Silver 9/4 0/0 0/0 39 Not Vahd"
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DATALCP3 CHARLESTON ZONE H Page: 17
08/04 /95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 10:48
Data for Soil in Vicinity of Buildingé6S6

SWB46-SYDA SAMPLE 1D ------- > | 655-5-p001-01 655-5-B001-02 655-5-8002-01 655-5-B003-01 655-5-8003-02 655-5-B004-01
ORIGINAL 1D ----- > | 6555800101 6555800102 6555800201 6555800301 6555800302 4555800401
LAB SAMPLE ID --->| &41411-009 41411-010 41411-011 414611-012 41411-013 41611-014
ID FROM REPORT --> | 090201 090202 050203 090204 090205 090204
SAMPLE DATE ----- > | 09701754 09/01/94 05/01/94 09/01,/94 09/01/94 09/01/94
DATE EXTRACTED -->| 09/09/54 09/09/94 05/09/9%4 09/09,/94 09/09/94 032/09/94
DATE ANALYZED --->| 09/20/54 09/20/%4 05/20/94 09/20/94 09/20/94 (9/20/94
MATRIX ---------- >| Soil Soil soil soil soil Soil
UNITS ------=---- > | uerxe UG/KG UG/KG UG/XG UG/XG LG/KG

CAS # [Parameter CHS10 VAL | CHS1Q VAL | cKs10 VAL | cHS10 VAL | CHS10 VAL | CHS1D VAL

62-75-9 (N-Nitrosodimethylamine
6D6-20-2 (2,6-Dinitrotoluene
108-95-2 [Phenol

99-09-2 |3-Nitroaniline

62-53-3 |Aniline

83-32-9 |[Acenaphthene
111-44-4 [bis(2-Chloroethyl)ether

51-28-5|2,4-Dinitrophenol

95-57-8|2-chlorophencl
100-02-7 [4-Ni trophenol
541-73-1 (1,3-pichlorobenzene
132-64-9 [Dibenzofuran
106-46-7 (1,4-Dichlorobenzene
121-14-2 [2,4-Dinitrotoluene
100-51-6 |[Benzyl alcohol
B4-56-2 [piethylphthalate

95-50-1|1,2-Dichlorobenzene
7005-72-3 |4-Chlorophenylphenyiether

95-48-7 |2-Methylphenot (o-Cresol)

86-73-7 |Fluorene

108-60-1 |2,2"-oxybis(1-Chloropropane}
100-01-6 |4-Nitroaniline

106-44-5 |4-Methylphenol (p-Cresol)
534-52-1 |4,6-Dinitro-2-methylphenol
621-64-7 |N-Nitroso-di-n-propylamine

B6-30-6 [N-Nitrosodiphenylamine

67-72-1 |[Hexachloroethane

101-55-3 |4-Bromophenylphenylether

98-95-3 Nitrobenzene

118-74-1 |Hexachlorobenzene

78-59-1 |1sophorone

87-85-5 |Pentachtorophenol

88-73-5 |2-Nitrophenol

85-01-8 |Phenanthrene

105-67-9 [2,4-Dimethylphenol
120-12-7 [Anthracene

*** Validation Complete ***




DATALCP3
08/04/95

CHARLESTON

- ZONE H

NAVAI, BASE CHARLESTON ZONE H (NBCH)
Data for Soil in Vicinity of Building65é6

Page: 18
Time: 10:48

SAMPLE 1D
ORIGINAL ID
LAB SAMPLE ID --->
ID FROM REPORT -->
SAMPLE DATE
DATE EXTRACTED -->
DATE ANALYZED --->

655-8-E001-01
655sB0C101
41411-009
090201
09/01/94
09709794
09/720/94
Soil

UG/KG

655-5-8001-02
6555800102
41411-010
090202
09/01/94
09/09/94
09/20/94

Soit

UG/KG

655-5-8002-01
6555800201
4141-011
050203
09/01/94
09/09/94
09/20/94

Soil

UG/KG

655-5-B003-01
6555800301
41411012
090204
09/01,/94
09/09/94
09/20,/94
Soil

UG/KG

655-5-B003-02
6555800302
41411-013
090205
09/01/94
09/09/94
09/20/94

Soil

UG/KG

655-5-B004-01
6555800401
£1411-014
(90206
09701/94
09/09/94
09720/94
Soil

UG/KG

CAS # |Parameter

CHs10 VAL

CHS10 VAL

CHS10 VAL

CHS10

VAL

CHS10

VAL

CHS10 VAL

65-85-0
B4-74-2
11-91-1
206-44-0
120-83-2
92-87-5
120-82-1
129-00-0
91-20-3
85-68-7
106-47-8
91-94-1
87-68-3
56-55-3
59-50-7
218-01-9
91-57-6
117-81-7
T7-47-4
117-84-0
88-06-2
205-9¢-2
95-95-4
207-08-9
91-58-7
50-32-8
88-74-4
193-39-5
131-11-3
53-70-3
208-96-8
191-24-2
103-33-3

Benzoic acid
Di-n-butylphthalate
bis(2-Chloroethoxy)methane
fFluoranthene
2,4-Dichlorophenol
Benzidine
1,2,4-Trichlorcbenzene
Pyrene

Naphthalene
Butylbenzylphthalate
4-Chlereaniline
3,3'-Dichlorobenzidine
Hexachlorohutadiene
Benzo{a)anthracene
4-Chloro-3-methylphenol
Chrysene
2-Methylnaphthalene
bis{2-Ethylhexyl)phthalate {BEHWP}
Hexachlorocyclopentadiene
Di-n-octylphthalate
2,4,6-Trichlorophenol
8enzo(b)fluoranthene
2,4,5-Trichlorophenol
Benzo(k)fluoranthene
2-Chleronaphthalene
Benzo{a)pyrene
2-Nitroaniline
Indeno(1,2,3-cd)pyrene
Dimethylphthalate
Dibenzo{a,h)anthracene
Acenaphthylene
Benzo(g,h, i)perylene
Azobenzene

177NN

TIRITINN?

77771777777

**+ Validation Complete **=*




DATALCP3
08/04 /95

CHARLESTON

ZONE H

NAVAL BASE CHARLESTON ZONE H (NBCH)
Data for Soil in Vicinity of Buildingé6Sé

Page:

19

Time: 10:48

SAWPLE ID ------- >
ORIGINAL ID ----- >
LA} SAMPLE ID --->
ID FROM REPORT -->
SAIPLE DATE ----- >
DATE EXTRACTED -->
DATE ANALYIED --->
MATRIX ---------- >

655-5-B004-02
6555800402
41611-015
090207
09/01/94
09/09/94
09/20/94

Soil

UG/KG

&55-5-B005-01
6555800501
414647-014
090811
09/07/94
09/15/94
09/21/94
Soil

UG/KG

655-5-8005-02
6555800502
414647-015
090812
09/07/94
09/15/94
09/21/94

Soil

UG/KG

655-5-8006-01
6555800601
41447-016
090813
09/07/94
09/15/94
09/21/94

Soil

UG/KG

£55-5-8007-01
6555800701
41447-017
090814
09/07/94
09/15/94
09/21/94

soil

UG/KG

655-5-B008-01%
6555800801
41806-024
101214
10/11/94
10/21/94
10/26/94

Soil

UG/KG

CAS #

Parameter

CHsS10 VAL

CHsS10 VAL

CHs10 VAL

CHs10 VAL

CHS10 VAL

cHs21

VAL

62-75-9
606-20-2
108-95-2

99-09-2

62-53-3

83-32-9
111-44-4

51-28-5

95-57-8
100-02-7
541-73-1
132-64-9
106-46-7
121-14-2
100-51-6

84-66-2

&7-

Tor ]
N WO WV U W O O N -

105~

.,
o
-~
L]
RLASYRSAEURNERRRESTY

N-Nitrosodimethylamine
2,6-Dinitrotoluene

Phenol

3-Nitroaniline

Aniline

Acenaphthene

bis(2-Chloroethyl)ether
2,4-Dini trophenol

2-Chlorophenaol
4-Nitrophenol

1,3-Dichlorobenzens

Dibenzofuran

1,4-Dichlorgbenzens
2,4-Dinitrotoluene

Benzyl alcohol

Diethylphthalate
1,2-Dichlorobenzene
4-Chlorophenylphenylether
2-Methylphenol (o-Cresol}

Fluorene

2,2'-oxybis(1-Chloropropane)

4-Ritroaniline

4-Methylphenol (p-Cresol)
4,6-Dinitro-2-methylphencl
N-Nitroso-di-n-propylamine
N-Nitrosoediphenylamnine
Hexachlorcethane
4-Bromopheny LphenyLether

Nitrobenzene

Hexachlorobenzene

Isophorone

Pentachlorophenol

2-Nitrophenol
Phenanthrene

2,4-Dimethylphencl

Anthracene

98. J

*** Validation Complete *+**




DATALCP3 CHARLESTON - ZONE H Page: 20
08704795 NAVAL BASE CHARLESTON ZONE H {NBCH) Time: 10:48
Data for Soil in Vicinity of Buildingé5é
SWUB46- SVOA SAMPLE ID ------- > | 655-5-B004-02 655-5-B005-01 655-5-B005-02 655-5-8006-01 655-5-B007-01 655-5-B008-01
ORiGINAL ID ----- > | 6555800402 6555800501 6555800502 6555800601 6555800701 6555800801
LAB SAMPLE ID --->| 41411-015 &1447-014 41647-015 §1447-0%6 &1447-017 41806-024
ID FROM REPORT --> ( 090207 090811 090812 096813 090814 101214
SAIPLE DATE ----- > | 09/01/94 09/07/94 09/07/94 09/07/94 09/07/94 10/11/94
DATE EXTRACTED -->| 09/09/94 09/15/94 09/15/94 09/15794 09/15/9% 10721794
DATE ANALYZED --->| 09/20/94 09/21/94 09/21/94 09/21/94 09/21/94 10/26/94
MATRIX -------~--~ »| Soil Soil Soil Soil Soil Soil
UNITS ----=-==-=-~ > | UG/KG UG/KG UG/XG UG/XG UG/KG UG/KG
CAS #IParameter CHS10 VAL CHS10 VAL CHS10 VAL CHS10 VAL CHS10 VAL CHS21 VAL
65-85j518enzoic acid
84-74-2 IDi-n-butylphthalate
111-91-1 |bis¢2-Chloroethoxy)methane
206-44-0 |Fluoranthene 170.
120-83-2 |2,4-Dichlorophenol
92-87-5 |Benzidine
120-82-1|1,2,4-Trichlorobenzene
129-00-0 |[Pyrene 160.
91-20-3 |Naphthalene
85-68-7 |Butylbenzylphthalate 98.
106-47-8 |4-Chloroanitine
91-94-1|3,3¢-Dichlorobenzidine
87-68-3 |Hexachlorobutadiens
56-55-3 |@enzo(a)anthracene 1.
59-50-7 |4-Chloro-3-methylphencl
218-01-9 |Chrysene 100.
91-57-6 |2-Methylnaphthalene
117-81-7 |bis(2-Ethylhexyl )phthalate (BEHP) 1800. 150. J
77-47-4 {Rexachlorocyc lopentadiene
117-84-0 [Di-n-octylphthalate
88-06-2 |2,4,6-Trichlorophenol
205-99-2 |Benzo(b) fluoranthene 120.
95-95-4 |2,4,5-Trichlorophenol
207-08-9 |Benzo(k) fluoranthene
$1-58-7 [2-Chloronaphthal ene
50-32-8 [Benzo(a)pyrene
BB-74-4 |2-Nitroaniline
193-39-5 [Indena(1,2,3-cd)pyrene
131-11-3 [Dimethylphthalate
53-70-3 Dibenzo(a, h)anthracene
208-96-8 |Acenaphthylene
191-24-2 |Benzofg,h, i)perylene
103-33-3 Azobenzene 7211N? 72772772717 77927227222 2777777272 IR 72722712777}

*** Validation Complete ***




DATALCP3
08/04/95

CHARLESTON

Z0NE H

NAVAIL, BASE CHARLESTON ZONE H {NBCH)
Data for Soil in Vicinity of Buildingé656

Page:
Time:

10

21
:48

SAWPLE 1D
ORIGINAL 1D
LAl SAMPLE ID --->
ID FROM REPORT -->
SAIWLE DATE
DATE EXTRACTED -->
DATE AMALYZED --->
MATRIX

GDH-S-BD06-01
GDHSBO0S01
41665-030
092816
09/27/94
10/05/94
10/07/94

Soil

UG/KG

GDH-S-8006-02
GDHSBOO&O2
41665-031
092817

09/27 /94
10/05/94
10/07/94

Soil

UG/KG

GDH-S~-B053-01
GDHSBO530%
41760-025
100710
10/06/94
10/17/94
10/21/94

Soil

UG/KG

GDH-$-B053-02
GDHSBO5302
41760-026
100711
10/06/94
10/17/94
10/19/94

Sofl

UG/KG

GDH-$-B055-01
GDHSBO5501
41760-029
100714
10/06/94
10717794
10/21/94
Soil

UG/XG

GDH-5-B056-01
GDHSBD5&01
41779-006
100807

10/07 /%94
10717794
10/21/94
Soil

UG/KG

CAS #lParameter

CHS15 VAL

CHS15 VAL

CHS19

VAL

CHs19

VAL

CHs19 VAL

cHs19

VAL

62-?5-9IH-Hitrosodimethylamine

606-20-
108-95-
99-09-
62-53-
B3-32-
111-44-
51-28-
95-57-
100-02-
541-73-
132-64-
106-46-
121-14-
100-51-
84-86-
95-50-
7005-72-
95-48-
86-73-
10B-60-
100-01-
106-44-
534-52-
621-64-

2
2
2
3
9
4
5
B
7
1
9
7
2
6
2
1
3
7
7
1
.
5
1
7

2,6-0initrotoluene

Phenol

3-Nitroaniline

Aniline

Acenaphthene
bis(2-Chloroethyl yether
2,4-Dinitrophenol
2-Chlorophenol
4-Nitrophenol
1,3-Dichlorobenzensa

D ibenzofuran
1,4-Bichlorobenzens
2,4-Dinitrotoluene

Benzyl alcohol
Diethylphthalate
1,2-Dichlorobenzens
4-Chlorophenylphenylether
2-Methylphenol (o-Cresol)
Fluorene
2,2'-oxybis{1-Chloropropane)
4-Nitroaniline
4-Methy!phenol (p-Cresol)

4,6-Dinitro-2-methylphenol
N-Nitrose-di-n-propylamine

86-30-6 |[N-Nitrosodiphenylamine
67-72-1 |Hexachloroethane
101-55-3 [4-Bromopheny | phenylether

118-74-
78-59-

Nitrobenzene
Hexachlorobenzene
[ sophorone
Pentachlorophenol
2-Nitrophenol
Phenanthrene
2,4-Dimethylphenol
Anthracene

130.

100.

800.

220.

d

Jd

*** Vglidation Complete ***%




DATALCP3 CHARLESTON ZONE H Page: 22
08/04/95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 10:48
Data for Scil in Vicinity of Buildingé656

SWBLS- SVDA SAMPLE ID ------- »| GDH-5-E004-01 GDH-S-B00&-02 GDH-$-B053-01 GDH~-S-~B053-02 GDH-S-B055-01 GDH-S-BO5&-01
ORIGINAL 1D ----- >| GDHSBODLAO01 GDHSBO0GO02 GOHSB05301 GDHSB05302 GDHSBO5501 GDHSBO5601
LAB SAMPLE ID --->| 41665-030 41665-031 41760-025 41760-026 41760-029 41779-006
ID FROM REPORT --> | 092816 092817 100710 100711 100714 100807
SAMPLE DATE ----- > | 09727794 DR/27 /94 10/06/94 10/06/94 10/06/94 10707/94
DATE EXTRACTED --> | 10/05/94 10/05/94 10/17 794 10717194 10717794 10717794
DATE ANALYZED ---> | 10/07/94 10/07/94 10/21/94 10/19.194 10/21/94 10/21/94
MATRIX --------—-- » | Soil Soil Sail soii Soil Soit
UNITS -----==-==~ > | UG/XG UG/KE UG/XG UG/KG UG/KG UG/KG
CAS # |Parameter CHS15 VAL | CHS15 VAL | CHS19 VAL | CHS19 VAL | CHS19 VAL | CHS19 VAL
65-85-0 |Benzoic acid
B4-74-2 [bi-n-butylphthalate
111-91-1 |bis(2-Chloroethoxy)methane
206-44-0 |Fluoranthene 1300.
120-83-2 |2,4-Dichlorophenot
92-87-5 |Benzidine
120-82-1 1,2,4-Trichlorobenzene
129-00-0 |Pyrene 1200.
91-20-3 |Naphthalene
85-58-7 |Butylbenzylphthalate
106-47-8 |4-Chloroaniline
9%-94-1|3,3'-Dichlorobenzidine
87-68-3 |Hexachlorobutadiene
56-55-3 [Benzo(a)anthracene 880.
59-50-7 [4-Chloro-3-methylphenol
218-01-9 |Chrysene 830.
91-57-6 |2-Methylpaphthalene
117-81-7 |bis{Z-Ethylhexyl)phthalate (BEKP) g9. J 0%, J
77-47-4 |Hexachlorocyclopentadiene
117-84-0 |pi-n-octyiphthalate
88-06-2 |2,4,6-Trichlorophenol
205-99-2 |Benzo(b)fluoranthene 710.
95-95-4 |12,4,5-Trichlorophenol
207-08-9 [Benzo(k) fluoranthene 790.
91-58-7 (2-Chloronaphthalene
50-32-8 |Benzo{a)pyrene 850.
B8-74-4 |2-Nitroaniline
193-39-5 [indeno(1, 2, 3-cd)pyrene 400. J
131-11-3 [Dimethylphthalate
53-70-3 [Dibenzo(a, h)anthracene 190. J
208-96-8 |Acenaphthylene
191-24-2 [Benzo(g, b, i Yperylene 400, J
103-33-3 |Azobenzene 722272277177 777717717777 77127777 227771727277 7717?71?72 2777777777

*** Validation Complete ***




DATALCP3
08704795

CHARLESTON
NAVAI, BASE CHARLESTON ZONE H (NBCH)
Data for Soil in Vicinity of Building656

ZONE H

Page:
Time:

23
10:48

SAWPLE 1D
ORIGINAL 1D
LAB SAMPLE ID --->
ID FROM REPORT -->
SAMPLE DATE
DATE EXTRACTED -~>
DATE ANALYZED --->

GDH-S-B056-02
GOHSB05602
L1779-007
100808
10/07/94
10/17/94
10/21/94

Soil

UG/XG

GDH-S-BOS7-01
GDHSB05T01
41780-008
100814
10/07/94
10/19/94
10724/94
soil

UG/KG

GDH-5-B058-01
GDHSBOS801
41779-008
100809
10/07/94
10/17/94
10/21/94
Soil

UG/KG

GDH-S-B058-02
GDHSB(5802
41779-009
100810

10/07 /%4
10/17/94
10/21/94

Soil

UG/KG

GDH-$-B05%-01
GDHSB0S901
41780-003
100812
10/07/94
10719794
10/24 /94
Soil

UG/KG

GOH-S~-B0&61-01
GDHSBO&101
L1779-010
100811
10707794
10717794
10/21/94
Soil

UG/KG

CAS #

Parameter

CHS19 VAL

CHS20

VAL

CHS19 VAL

CHS19

VAL

CHS20

VAL

CHS19

VAL

62-75-9
606-20-2
108-95-2

99-09-2

62-53-3

a3-32-9
1M1-44-4

51-28-5

95-57-8
100-02-7
541-73-1
132-64-9
106-46-7
121-14-2
100-51-6

84-66-2

95-50-
T005-72-

O

n
-uommm-n-auu—am-q-mo._..,,..,,u_.

o o
ol~u|

108-
100~
106-
534-
621-

&

N o
@ =
SSSdggﬁﬁﬂﬁgﬁﬂﬂﬁgdﬁ

o o

o
v ]
.

105-
120-

*

]

N-Nitrosodimethylamine
2,6-Dinitrotoluene

Phenol

J-Nitroaniline

Aniline

Acenaphthene
bis(2-Chloroethyl)ether
2,4-Dini trophenol
2-Chlorophenol
4-Nitrophenol
1,3-Dichlorobenzene
Dibenzofuran
1,4-Dichlorobenzene
2,4-Dinitrotoluene

Benzyl alcohol
Diethylphthalate
1,2-Dichlorobenzene
4~Chlorophenylphenylether
2-Methylphenol (o-Cresol}
Fluorene
2,2"'-oxybis({1-Chloropropane)
4-Nitroaniline
4-Methylphenol (p-Cresol)
4,6-Dinitro-2-methylphenol
N-Nitroso-di-n-propylamine
N-Nitrosodiphenylamine
Hexachloroethane
4-Bromophenylphenylether
Nitrobenzene
Hexachlorobenzene
lsophorone
Pentachlorophencl
2-Nitrophenol
Phenanthrene
2,4-Dimethylphenol
Anthracene

*** Validation Complete **#*




DATALCP3
08/04/93

CHARLESTON

- ZONE H

NAVAL BASE CHARLESTON ZONE H (NBCH)
Data for Soil in Vicinity of Buildingé656

Page: 24
Time: 10:48

SUBLE-SVOA

SAMPLE ID
ORIGINAL 1D
LAB SAMPLE ID --->
ID FROM REPORT -->
SAMPLE DATE
DATE EXTRACTED -->
DATE ANALYZED --->
MATRIX

GDH-5-B056-02
GDHSBO5602
41779-007
100808
10/07/%4
10/17/54
10/21/94

Soil

UG/KG

GDH-S-BOST-01
GDHSBOS701
41780-008
100814
10/07/9%
10/19/94
10/24/94
soil

UG/KG

GDH-5-B058-01
GDHSBOS301
41779-008
100809
10/07/94
10/17 /9%
10/21/94
Soil

UG/KG

GDH-5-B058-02
GDHSBO5802
41779009
100810
10/07/94
10717 /94
10/21,/94

Soil

UG/KG

GDH-S-B05%-01
GDHSB05901
41780-003
100812

10707 /94
10/19/94
10/24/94
Soil

UG/KG

GDH-S-BOAT-D1
GDHSBOA101
£1779-010
100811
10707/94
10/17/9%
10/21/%94
Soil

UG/KG

CAS # [Parameter

CHs19 VAL

CH520 VAL

CHS19 VAL

CHS19

VAL

CHS20

VAL

CHS19 VAL

65-85-0
84-T4-2
11-91-1
206-44-0
120-83-2
92-87-5
120-82-1
129-00-0
91-20-3
85-68-7
106-47-8
91-94-1
87-568-3
56-55-3
59-50-7

Benzoic acid
Di-n-butylphthalate
bis{2-Chioroethoxy)methane
Fluoranthene
2,4-Dichlorophenocl
Benzidine
1,2,4-Trichlorobenzene
Pyrene

Naphthalene
Butylbenzylphthalate
4-Chloroaniline
3,3'-Dichlorobenzidine
Hexachlorobutadiene
Benzo{a)anthracene
4-Chloro-3-methylphenol
Chrysene
2-Methylnaphthalene
bis{2-Ethylhexyl)phthalate (BEHP)
Hexachlorocyclopentadiene
Di-n-octylphthalate
2,4,6-Trichlorophenol
Benzo{b)fluoranthene
2,4,5-Trichlorophenol
Benzo{k)fluoranthene
2-Chloronaphthalere
Benzo{a)pyrene
2-Nitroaniline
Indeno(1,2,3-cd)pyrene
Dimethylphthalate
Dibenzo(a,h)anthracene
Acenaphthylene
Benzo{g,h, i)perylene
Azobenzene

77993722

2777272727777

7277277272

FEPINIINT

290. J

kkededededelo b e b ]

*+* Validation Complete **+%




DATALCP3
08/04/95

CHARLESTON

Z0ONE H

NAVAL BASE CHARLESTON ZONE H (NBCH)
Data for Scil in Vicinity of Buildingé65é

Page:
Time:

25
10:48

SAMPLE 1D ------- >
ORIGINAL ID ----- >
LAB SAMPLE ID --->
ID FROM REPORT -->
SAMPLE DATE ----- >
DATE EXTRACTED -->
DATE AMALYZED --->

GDH-S-B078-01
GDHSBO7801
25250.6
102208
10/21/54
11/01/54
11/15/94

Soil

UG/xG

GDH-S-8078-02
GDHSBO7802
25251.4
102209
10/21/94
11/01/94
11714794

Soit

UG/KG

GDH-S-B091-01
GDHSB09101
42430-007
GDHSBO9101
11/30/94
12/07/94
12/08/94

Sait

UG/XG

SGC-5-8009-01
SGCSBO0%01
41821-011
101305
10/12,94
10/21/94
10/27/94

Soil

UG/KG

CAS # |Parameter

CHs23 VAL

CHS23 VAL

CHS27 VAL

CHS21

VAL

62-75-9
606-20-2
108-95-2

99-09-2

62-53-3

83-32-9
1M11-44-4

51-28-5

95-57-8
100-02-7
541-73-1
132-64-9
106-46-7
121-14-2
100-51-6

N-Nitrosodimethylamine
2,6-Dinitrotoluene

Phenol

3-Nitroaniline

Aniline

Acenaphthene
bis(2-Chloroethyl)ether
2,4-Dinitrophenol
2-Chlorophencl
4-Nitrophenol
1,3-Dichtorobenzene
Dibenzofuran
1,4-Dichlorobenzene
2,4-Dinitrotoluene

Benzyl alcohol
Diethylphthalate
1,2-Dichlorobenzene
4-Chlorgophenytphenylether
2-Methylphenol (o-Cresol)
Fluorene
2,2'-oxybis(1-Chloropropane)
4-Hitroaniline
4-Methylphenol {(p-Cresol)
4,6-Dinitro-2-methyiphenoct
N-Hitroso-di-n-propylamine
N-Nitrosodiphenylamine
Hexachloroethane
4-Bromophenylphenylether
Nitrobenzene
Hexachlorobenzene
Isophorone
Pentachlorophenal
2-Nitrophenol
Phenanthrene
2,4-Dimethylphenol
Anthracene

140.

210.

560.

4200,

1800.

*** Validation Complete *+*




DATALCP3 CHARLESTON - ZONE H Page: 26
08704795 NAVAL, BASE CHARLESTON ZONE H (NBCH) Time: 10:48
Data for Soil in Vicinity of Building6%6
SWB46-SVOA SN®PLE ID ------- >| GDH-5-B0O78-01 GDH-5-BO78-02 GDH-S-8091-01 SGC~5-B009-01
ORIGINAL ID ----- > | GDHSBO7801 GDHSBO7802 GDHS809101 SGCSBL0901
LA3-SAMPLE ID --->| 25250.6 25251.4 42430-007 41821- 011
ID FROM REPORT -->| 102208 102209 GDHSBOP101 10130%
SAMPLE DATE ----- »>| 10721794 10/21/94 11/30/94 10/12/94
DATE EXTRACTED -->| 11/01/94 11/01/94 12/07/94 10/21/94
DATE ANALYZED --->| 11/15/94 11/14/94 12/08/94 10/27/94
MATRIX ---------- >| Soil Soil Soil Soil
UMITS -------=--- > | uG/ke UG/KG UG/KG UG/KG
CAS # |Parameter CHS23 VAL | CHS23 VAL | cCHS27 VAL | CHs21 VAL
65-85-0 |Benzoic acid TINININN? 777277227277
84-74-2 [pi-n-butylphthalate
111-91-1 |bis(2-Chloroathoxy)methane
206-44-0 JFluoranthene 4200.
120-83-2|2,4-Dichlorophenol
92-87-5 |Benzidine 7777723177 77177712277
120-82-1(1,2,4-Trichlorobenzene
129-00-0 |Pyrene 5300.
-91-20-3 |Naphthalene
85-68-7 [Butylbenzylphthalate
106-47-8 |4-Chloroaniline
91-94-1|3,3'-Dichlorobenzidine
87-68-3 |Hexachlorobutadiene ‘
56-55-3 |Benzo(a)anthracene 3300. J
59-50-7 [4-Chlore-3-methylphenol
218-01-9 [Ichrysene 2700. J
91-57-6 |2-Methylnaphthalene
117-81-7 |bis(2-Ethylhexyl }phthalate (BEHP) 210. J
77-47-4 [Hexachlorocyclopentadiene
117-84-0 |bi-n-octylphthatate 200. J
88-056-2 (2,4,6-Trichlorophenol
205-99-2 |Benzo(b)fluoranthene 2100, J
95-95-4 (2,4,5-Trichlorophenol
207-08-9 |Benzo(k)fluoranthene 1800. J
91-38-7 j2-Chloronaphthalene
50-32-8 |Benzola)pyrene 2400, J
BB-74-4 [2-Nitroaniline
193-39-5 |Indeno(1,2,3-cd)pyrene 1100, J
131-11-3 [Dimethylphthalate
53-70-3 |bibenzo(a,h)anthracene 520. J
208-96-8 [Acenaphthylene 440,
191-24-2 [Benzo(g, h, i Yperylene 960. J
103-33-3 [Azobenzene 772722777 772777777 2771277277 2777727777

*** Validation Complete **%




DATALCP3 CHARLESTON - ZONE H Page: 27
08/04/95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 10:48
Data for Soil in Vicinity of Buildingé6Sé6
SWUBLS-VOA SAIPLE ID -——---- »| 655-$-B001-01 655-5-B001~02 655-5-B002-01 655-5-8003-01 655-5-8003-02 655-5-8004-01

ORIGINAL ID ----- > | 6555800101 6555800102 6555800201 6555800301 6555800302 6555800401
LA} SAMPLE ID --->| 41411-001 41411-002 41411-003 41611-004 41411-005 414611-006
1D FROM REPORT -->| 090201 090202 090203 090204 090205 090206
SAIWPLE DATE ----- >| 09/01/94 09/01/94 09/01/94 09/01/94 09/01/94 09701794
DATE ANALYZED --->| 09/14/94 09/13,94 09/13/94 0971394 09714 /9% 09/13/94
MATRIX -~-wwve-nm >| Soil Soil Sofl Soit Soil Soil
NITS -------n--- >| UG/KG UG/KG UG/KG UG/KG UG/KG UG/KG
CAS # [Parameter CHS10 VAL CHS10Q VAL | CHS10 VAL | CHS1O VAL | CHS10 VAL | CHS10 VAL
100-41-4 [Ethylbenzene
100-42-5 |Styrene
10061-01-5 [cis-1,3-Dichloropropene
10061-02-6 |trans-1,3-Dichloropropene
107-06-2 |1,2-Dichloroethane
108-05-4 |[Vinyl acetate
108-10-1 |4-Methyl-2-Pentanone (MIBK}
108-88-3 |Toluene
108-90-7 |Chlorobenzene
109-99-9 |Tetrahydrofuran
124-48-1 |Dibromoch loromethane
127-18-4 |Tetrachloroethene
1330-20-7 |Xylene (Total)
540-59-0(1,2-Dichlorcethene (total)
56-23-5 [carbon tetrachloride
591-78-6 |2-Hexanone
&67-64-1 |Acetone 290. 7e. 26. J 17. J 7. 20. J
67-66-3 [Chloroform
71-43-2 |Benzene
71-55-6(1,1, 1-Trichloroethane
74-83-9 |Bromomethane
74-87-3 |Chloromethane
75-00-3 |Chioroethane
75-01-4 |Vinyl chloride
75-09-2 |Methylene chloride 34. J 10. 10. J 1. J 19. J 12. J
75-15-0 |Carbon disultfide
75-25-2 |Bromoform
75-27-4 |Bromodichl oromethane
75-34-3|1,1-Dichloroethane
75-35-4 |1,1-Dichloroethene
75-69-4 |Trichlorofluoromethane
78-87-5 1,2-Dichloropropane
78-93-3 |2-Butanone (MEK)
79-00-5 [1,1,2-Trichloroethane
79-01-6|Trichloroethene
79-34-51,1,2,2-Tetrachloroethane
110-75-8 |2-Chloroethylvinyl ether 17797771177 7777117777 2977222277 777977717177 7272121777 797771771717

*** Validation Complete **%




CHARLESTON

ZONE H

NAVAL BASE CHARLESTON ZONE H (NBCH)
Data for Soil in Vicinity of Buildingé6%6

Page: 28
Time: 10:48

SAMPLE ID ------- > | 655-5-E004-02 655-5-8005-01 655-5-B005-02 655-5-8006-01 655~5-8007-01 655-S-B008-01
ORIGINAL ID ----- > | 6555800402 6555800501 6555800502 6555800601 6555800701 6555800801
LAB SAMPLE ID --->| 414611-007 41447-001 41447-002 41447003 61647-004 41806-012
ID FROM REPORT --> | 090207 090811 090812 090813 090814 101214
SAMPLE DATE ----- > | 09701794 09/07/94 0/ 07 /94 09707794 09/Q7/94 10/11/94
DATE ANALYZED --->| 09/13/94 09714794 09/14 /94 09/15/94 09714794 10/24/94
MATRIX -----==---- > | Soil Sofl Soil Soil Soil $oil
UNITS ----------- > | UG/KG UG/KG UG/KG UG/KG US/KG UG/KG
CAS # |Parameter CHsS10 VAL | CHS10 VAL | cHs10 VAL | cus10 VAL | cHs1o vAL | cHs21 VAL
100-41-4 |[Ethylbenzene
100-42-5 |Styrene
10061-01-5 |cis-1,3-Dichleropropene
10061-02-6 |trans-1,3-Dichloropropene
107-06-2 |1,2-Dichloroethane
108-05-4 |Vinyl acetate
108-10-1 [4-Methyl-2-Pentanone (MIBK)
108-88-3 [Toluene 6. J 5. ] 8. 3.1 ] B.
108-90-7 |Chlorobenzene
109-99-9 |Tetrahydrofuran
124-48-1 [Dibromoch loromethane
127-18-4 |Tetrachtoroethene 4.4 J
1330-20-7 [Xylene (Total)
540-59-0 |1,2-Dichloroethene (total)
56-23-5 [Carbon tetrachloride
591-78-6 |2-Hexanone
67-64-1 |Acetone 140. 26. J 180. 230. 29, &4400.
67-66-3 [Chioroform
71-43-2 [Benzene
71-55-611,1,1-Trichloroethane
74-83-9 |Bromomethane
74-87-3 \Chloromethane
75-00-3 |Chloroethane
75-01-4 \Vinyl chloride
75-09-2 Methylene chloride . J 22. J 29. J 25. J 20. J
75-15-0 |Carbon disuifide
75-25-2 |Bromeform
75-27-4 Bromodichloromethane
75-34-3 |1,1-Dichloroethane
75-35-4 (1,1-Dichloroethene
75-69-4 \Trichloroflucromethane
78-87-5|1,2-0ichloropropare
78-93-3 |2-Butanone (MEK) 19. J
79-00-5 |1,1,2-Trichloroethane
79-01-&|Trichloroethene
79-34-5|1,1,2,2-Tetrachloroethane
110-75-8 |2-Chloroethylvinyl ether 7777777177 2777727777 77TPINN? 77772227727 7777777777 2722777777

***¥ Yalidation Complete ***




CHARLESTON

ZONE H

NAVAI, BASE CHARLESTON ZONE H (NBCH)
Data for Soil in Vicinity of Buildingé656

Page:
Time:

SAMPLE ID ------- » [ GDH-S-E006-C1 GDH-S-B0056-02 GCH-5~B053-01 GDH-$-B053-02 GDH-5-B0SS5-01 GDH-$-B056-01
ORIGINAL ID ----- » | GDHSBOO&OT GDHSBOOS6(2 GDHSBOS301 GDHSBOS302 GDHSB05501 :DHSBOS601
LAB SAMPLE ID --->| 41685-011 41665-012 41760-010 41760-011 41766-014 1779-001
ID FROM REPORT -->| 092816 0692817 100710 180711 100714 100807
SAMPLE DATE ----- > 09727754 09/27/% 10/06/94 10/06/94 10/06/94 10707 /94
DATE ANALYZED --->| 10710794 10/10/94 10/18/%4 10/19/94 10/19/94 10717 /94
MATRIX ---------- > | Soil Soil Sail Soit Soil Soil
URITS ------==nn- > | UG/KG UG/KG UG/XG UG/XG UG/XG UG/XG
CAS # |Parameter CHS15 VAL | CH81S VAL | CHS19 VAL | CHS19 VAL | CHS19 VAL | CHS19 VAL
100-41-4 |[Ethylbenzene
100-42-5 |Styrene
10061-01-5 |cis-1,3-Dichloropropene
10061-02-& |trans-1,3-Dichloropropene
107-06-2 |1,2-Dichloroethane
108-05-4 [vinyl acetate
108-10-1 [4-Methyl-2-Pentancne (MIBK)
108-88-3 [Toluene 4.4 d 3.9 Jd
108-90-7 [Chlorobenzene
109-99-9 [Tetrahydrofuran
124-48-1 [Dibromoch loromethane
127-18-4 |Tetrachtoroethene
1330-20-7 |Xylene (Total)
540-59-0|1,2-Dichloroethene {total)
56-23-5 |Carbon tetrachloride
591-78-6 |2-Hexanone
&7-64-1 [Acetone 23. J 61, 12. 4
67-66-3 [Chloroform
71-43-2 |Benzene
71-55-6 (1,1, 1-Trichtoroethane
74-83-9 |Bromomethane
74-87-3 |Chloromethane
75-00-3 |chloroethane
75-01-4 |[Vinyl chloride
75-09-2 |Methylene chloride 3.7 Jd
75-15-0 |Carbon disulfide 15.
75-25-2 |Bromoform
75-27-4 |Bromodichtoromethane
7-34-3]11,1-Dichloroethane
75-35-4|1,1-Dichloroethene
75-69-4 |Trichlorofluoromethane
78-87-5|1,2-Dichloropropane
78-93-3 |2-Butanone (MEK)
79-00-5|1,1,2-Trichloroethane
79-01-6 |Trichloroethene
79-34-5|1,1,2,2-Tetrachloroethane
110-75-8 2-Chloroethylvinyl ether 72722727727 77722777? 2777177171717 2727222227 7772772777 2722772777277

*** Validation Complete **%*




DATALCP3 CHARLESTON - ZONE H Page: 30
08/04/95 NAVAL, BASE CHARLESTON ZONE H (NBCH) Time: 10:48
Data for Soil in Vicinity of Building6%é
SUB4L6-VOA SAMPLE ID GDH-$-B056-02 GDH-5-B057-01 GDH-S-B058-01 RE GDH-S-B058-02 GDH-$-8059-01 GDH-S-B0&1-01
ORIGINAL ID GDHSBO05402 GDHSBO5701 GDHSBO5801 GDHSB(5802 GDHSB05901 GOHSBO04101
LAB SAMPLE ID --->| 41779-002 41780-007 41779-003RE 41779004 41780-001 4\779-005
1D FROM REPORT -->|( 100808 100814 100809 100810 100812 100811
SAMPLE DATE 10/07/94 10/07/94 10/07/94 10/07/94 10/07/94 10707/94
DATE ANALYZED --->| 10717754 10/20/94 10/18/94 10/18,/94 10/19/94 10/18/94
MATRIX -~---=--=- Soil Sofl Seil Soit Soil Soft
UNITS ----------- UG/KG UG/XG UG/KG UG/KG UG/KG UG/XG
CAS # |Parameter CHS19 VAL CHS20 VAL | CHS19 VAL | CHS19 VAL | CHS20 VAL CHS19 VAL
100-41-4 |[Ethylbenzene
100-42-5 |Styrene
10061-01-5 |cis-1,3-Dichloropropene
10061-02-6 |trans-1,3-0ichloropropene
107-06-2 [1,2-Dichloroethane
108-05-4 |Vinyl acetate
108-10-1 [4-Methyl -2-Pentanone (MIBK)
108-88-3 [Toluene 10. 1t. J 1.
108-90-7 |[Chlorobenzene
109-99-9 |[Tetrshydrofuran
124-48-1 [Dibromochloromethane
127-18-4 [Tetrachloroethene
1330-20-7 |Xylene (Total)
540-59-0|1,2-0ichloroethene {total)
56-23-5 |Carbon tetrachloride
591-78-6 | 2-Hexanone
67-64-1 |Acetone 27. 17. J 24. dJ 58. 14. J 15. dJ
67-66-3 [Chloroform
71-43-2 |Benzene
71-55-6 [1,1,1-Trichloroethane
74-83-9 |Bromomethane
74-87-3 |Chloromethane
75-00-3 |Chloroethane
75-01-4 |¥inyl chloride
75-09-2 |Methylene chloride
75-15-0 |Carbon disuifide
75-25-2 |Bromoform
75-27-4 |Bromodichloromethane
73-34-3|1,1-Dichloroethane
75-35-4 |1,1-Dichloroethene
75-69-4 |Trichlorofluoromethane
78-87-5|1,2-Dichloropropane
78-93-3 |2-Butanone (MEK)
79-00-5|1,1,2-Trichlorocethane
79-01-6 |Trichloroethene
79-34-5|1,1,2,2-Tetrachloroethane
110-75-8 [2-Chloroethylvinyl ether 17277277177 2273171222772 22722277227 777122222727 772777121177 272272727?

*** Validation Complete ***




DATALCP3 CHARLESTON - ZONE H Page: 3
08/04/95 NAVAL, BASE CHARLESTON ZONE H (NBCH) Time: 10:48
Data for Soil in Vicinity of Buildingé656

SUBLH-VOA SAMPLE ID ------- > | GDK-5-8078-01 GDH-5-8078-D2 GOH-$-B091-01 SGC-S-B009-01
ORIGINAL ID ----- > | GDHSBO7801 GDHSBO7802 GOHSRO9101 SGCSBO0%01
LAB SAMPLE ID --->| 25250.6 25251.4 42430-003 41821-005
10 FROM REPORT --> | 102208 102209 GDHSBO%101 10130%
SAMPLE DATE ----- > [ 10721794 10/21/94 11/30/94 10712/94
DATE ANALYZED ---> | 10/31/54% 11/03/94 12/15/94 10/25,/94
PATRIX -----=ns=- > | Soit Soil Seil Soil
UN[TS ---------m- > | uG/KG UG/KG UG/KG UG/KG
CAS # |Parameter CHs23 VAL | CHS23 VAL | CHS27 VAL | CHS21 VAL
100-41-4 [Ethylbenzene
100-42-5 |Styrene
10061-01-5 [cis-1,3-Dichloropropene
10061-02-6 |trans-1,3-Dichloropropene
107-06-2 [1,2-Dichloroethane
108-05-4 |[vinyl acetate
108-10-1 |[4-Methyl-2-Pentanone (MIBK)
108-88-3 [Toluene 41, 2.9 J
108-90-7 |Chlorobenzene
109-99-¢ |[Tetrahydrofuran 7727722177 7277777277
124-48- 1 [Dibromochloromethane
127-18-4 |Tetrachloroethene
1330-20-7 |[Xylene (Total)
540-59-0[1,2-Dichloroethene {total)
56-23-5 |Carbon tetrachloride
591-78-6 |2-Hexanone
67-64-1 |Acetone 137. 180.
67-66-3 |chloroform
71-43-2 |Benzene
71-55-4|1,1,1-Trichloroethane
74-83-9 |Bromomethane
74-87-3 |Chloromethane
75-00-3 |[Chloroethane
75-01-4 [Vinyl chloride
75-09-2 |[Methytene chloride
75-15-0 [Carbon disulfide
75-25-2 [Bromoform
75-27-4 |Bromodichl eromethane
75-34-31,1-Dichloroethane
75-35-4|1,1-Dichloroethene
75-69-4 |Trichlorofluoromethane 71272907 2727277277
78-87-5 (1,2-Dichloropropare
78-93-3 [2-Butanone (MEK) 4, J
79-00-5|1,1,2-Trichloroethane
79-01-6 |Trichloroethene
79-34-5(1,1,2,2-Tetrachloroethane
110-75-8 |2-Chloroethylvinyl ether 77722271727 7272777777 77727277277 7777777717

*%k* Validation Complete **#




DATALCP3 CHARLESTON - ZONE H Page: 32
08/04/95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 10:48
Data for Soil in Vicinity of Buildingé656

TPH SAMPLE ID ----=== »| 655-5-8001-01 655-5-8001-02 655-5-8002-01 655-5-8003-01 655-5-8003-02 655-5-8004-01
ORIGINAL ID ----- >| 6555800101 6555800102 6555800201 6555800301 6555800302 6555800401
LAB SAMPLE ID --->| 41411-023 | 41411-024 41411025 41411-026 : 41611-027 41411-028
1D FROM REPORT -->] 090201 090202 090203 090204 090205 090206
SAMPLE DATE ----- > | 09/01/9%4 09/01/94 09/01/94 09/01/94 09/01/94 09701794
DATE EXTRACTED --> | 09/09/94 09/09/94 09/09/94 09/09/94 09/09/94 09/09/94
DATE AMALYZED --->| 09/12/94 09/12/94 09/12/94 09/12/94 09/12/9% 09/12/94
MATRIX ---=--==-=-~ > | soil Soil Soil Soil Soil Soil
ENITS ----------- > [ MG/KG MG/KG MG/KG MG/KG MG/KG MG/KG
CAS #1Parameter CHS10 vAL | CHS10 VAL | cHS10 VAL | CHS10 VAL | CHS10 VAL | CHS10 VAL
9999900-00-3 Total Petroleum Hydrocarbons (1R) ~ 120, 110. 77.
9999900-04-9 [Miscel laneous Light Products 27777727772 7777772777 2772777797 772771777772 7772722277 7727777177
9999900-08-3 |Indeterminate Lubricating 0il 7272777777 7777717777 2777777777 7777727227 1217727777 7777727777
9999900-04-1 |Total Gasoline 2277277797 27777277772 2227777217 77120 17127717127 7272777772
$999900-10-7 |[Heavy Products 7777777777 7777777777 7777777777 7777797772 7777777777 27777777772
9999900-11-8 |[Indeterminate Diesel Fuel 7777777177 7777177777 1277777777 7777777177 7777777777 7723777777

*** Validation Complete **%*



DATALCP3

CHARLESTON - ZONE H Page: 33
08/04 /95 NAVAI, BASE CHARLESTON ZONE H (NBCH} Time: 10:48
Data for Soil in Vicinity of Buildingé&S6
TPH SAMPLE ID ------- > | 655-§-B004-02 655-5-B005-~01 655-5-B005-02 655-5- B00&-01 655-5-8007-01 £55-5-B009-01
ORIGINAL ID ----- > | 6555800402 4555800501 6555800502 6555800601 6555800701 6555800901
LAB SAMPLE ID --->| 41411-029 41447-040 4144T-041 41447-042 41447-043 42766-006
ID FROM REPORT -->| 090207 090811 090812 090813 090814 ¢555800901
SAMPLE DATE ----- > | 09701794 09/07/94 09/07/94 09/07/9 09/07/%4 01/10/95
DATE EXTRACTED --> | 09709754 09/09/94 05/09/%4 09/09/94 09/09/94 01/16/95
DATE ANALYZED --->| 09/12/54 09/12/94 09/12/%4 09/12/94 09/12/9 01/20/95
MATRIX ---------- > | Soil Soit Sail Soit Soil Soilt
UNITS =---=nnmnns > | MG/XG MG/KG MG/KG MG/KG MG/KG UG/KG
CAS # [Parameter CHS10 VAL | CHS10 VAL | CHS10 VAL | cHs10 VAL | CHS10 VAL | cHS29 VAL
9999900-00-3 |Total Petroleum Hydrocarbons (IR) 120. 75. 7929277977
9999900-04-9 [Miscel laneous Light Products 7777772277 2929777777 7722277177 72727771717 2977727272
9999900-08-3 [Indeterminate Lubricating Oil 7717777777 72777777177 2277777247 2927229772 29777772737 32000.
9999900-06-1 |Total Gesoline 7212792977 2979777777 1777717777 7777777177 2722777372 1177717172
9999900-10-7 [Heavy Products 27117717777 2727777777 7272772747 2929299977 2777772777 7177777177
9999900-11-8 [Indeterminate Diesel Fuel 1777727777 2977797777 79772279717 7177179777 2779227777 7777727277

**%* Validation Complete *+**




DATALCP3 CHARLESTON - ZONE H Page: 34
08/04 /95 NAVAL BASE CHARLESTON ZONE H (NBCH)} Time: 10:48
Data for Scil in Vicinity of Building656
TPH SAMPLE ID ~---~-- > | 655-5-0009-04 655-5-B010-01 &55-5-8010-01 655-5-B011-01 655-5-8011-01 555-5-B011-02

ORIGINAL ID ----- > | 6555800901 6555801001 6555801001 4555811104 6555801101 5558801102
LAB SAMPLE 1D --->| 42766-014 42766-005 42766-013 42766-010 42766-018 #2766-012
1D FROM REPORT -->| $555800901 6555801001 6555801001 6555801101 6555801101 5555801102
SAMPLE DATE ----- >| 01/10/%5 01/10/95 01/10/95 01710795 01/10/95 01710795
DATE EXTRACTED --> 01/16/95 01/16/95 01/1&/95
DATE AMALYZED --->| 01/12/95 01/20/95 01712795 01720795 01/12/95 01/20/95
MATRIX ----=rm=~=~ »| soil Soil Soil Soil Soil Soil
WNITS ----------- > | MG/KG UG/KG MG/KG UG/KG MG/KG UG/KG
CAS # |Parameter CHS29 VAL | CHs29 VAL | CHS29 VAL | CHS29 VAL | CHS29 VAL | CHSZ29 VAL
9999900-00-3 (Total Petroleum Hydrocarbons (IR) [?77277277177 7777771217 7709722277 7723772777 2772772277 7773727222
P909900-04-9 [Miscel laneous Light Products 17777 27927727277 7272222277 '
9999900-08-3 [Indeterminate Lubricating Qil 771227771772 28000, 2702722277 35000. 27727277222 43000.
9999900-06-1 [Total Gasoline 7777727772 7771122222 7122127997
$999900-10-7 |[Heavy Products 77722727777 7777772277 7702772277 2777727277 2777222777 7277722227
9999900-11-8 | Indeterminate Diesel Fuel 7772277777 7777779277 27027722277 TRIIPINILY 221212 2777777777

*** Validation Complete *++*




DATALCP3 CHARLESTON - ZONE H Page: 15
08/04/95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 10:48
Data for Soil in Vicinity of Building656
TPH SAMPLE 1D ------- » | 655-5-§011-02 455-5-8012-01 $55-5-B012-01 655-5-8012-02 £55-5-8012-02 455-5-8013-01

ORIGINAL ID ----- > [ 6555801102 6555801201 6555801201 4555801202 6555801202 6555801301

LAB SAMPLE ID --->| 42766-020 42766-008 LeT66-016 42766009 42766-017 42766-007

ID FROM REPORT --> | 6555801102 6555801201 6555801201 6555801202 6555801202 6555801301

SAMPLE DATE ----- »| 01710785 01710795 01/10/95 01/10/95 01710795 M /10/95

DATE EXTRACTED --> 01716495 01/16/95 01/16/95

DATE AMALYZED ---> | 01/13/95 01720795 01/17/95 01/20,/95 01/12/95 01/20/95

MATRIX ----=-=-==-= >| Soil Soil Soil Soi l Soil Sail

UNITS ---=--=---- > | MG/KG UG/KG MG/KG UG/KG MG/KG UG/KG

CAS # |parameter CHs29 VAL | CHs29 VAL | CHS29 vaL | cHs29 VAL | CHS29 VAL | cHs29 VAL

9999900-00-3 |Total Petroleum Hydrocarbons (IR) [?22272727%7 222272272777 MM 2972270777 27222237277 9222232772
G999900-04-9 [Miscel laneous Light Products 77771729117 7777771272 271771717177
9999900-08-3 |Indeterminate Lubricating 0il 7777772777 29000. 7777727777 2772277777 27777177777 11000. J
G999900-06-1 [Total Gasoline 73727727777 7377777177 7192777177
9999900- 10-7 [Heavy Products 7777722777 7777772777 7777777777 7777727277 7117777777
9999900~ 11-8 [Indeterminate Diesel Fuel 7777777777 7777777777 7777927777 2777771277 177717777177 7727777772

k**k Validation Complete #**x*




DATALCP3 CHARLESTON - ZONE H Page: 36
08/04/95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 10:48
Data for Soil in Vicinity of Building6€56
TPH SAMPLE ID ------- > | 655-S-E013-01 655-5-B013~-02 $55-5-B013-02

ORIGINAL 1D ----- > | 6555801301 £555B01302 6558801302
LAB SAMPLE ID --->| 42764-015 42766-0114 42766-019
ID FROM REPORT -->| &555B0130% 6555801302 6555801302
SAMPLE DATE ----- > | 01710795 01710795 01/10/95
DATE EXTRACTED --> 01/16/95 _
DATE AMALYZED --->| 01/12/95 01/20/95 01/13/95
MATRIX ---------- >| Seil Soil Soil
UNITS ----------- > | MG/KG UG/KG MG/KG
CAS # |Parameter CHS29 VAL | CHS29 VAL | CHS2P VAL
2999900-00-3 Total Petroleum Hydrocarbons (IR) (777772727772 17777717772 7773732272
999000-04-9 Miscel laneous Light Products 777NN P27227¥F2?
9999900-08-3 |Indeterminate Lubricating 0il 277222772 15000. J 2277272772
9PP900-06-1 [Total Gasoline 137271779772
$999900-10-7 [Heavy Products 2277772772 7777117777 7772727777
9999900-11-8 [Indeterminate Diesel Fuel 7N 7272272777 17277271017

*** Validation Complete ***




Draft Final RCRA Fadility Investigation Report for Zone H
Section 4: Nature of Contamination

Naval Base Charleston

July 31, 1995

4.13.2.1 Volatile Organic Compounds in Groundwater
No VOCs were reported for groundwater samples from near AOC 655.

4.13.2.2 Semivolatile Organic Compounds in Groundwater
No SVOCs were reported in the results for the groundwater samples from near AOC 655.

Table 4,13.3
AOC 655
Organic Compounds in Groundwater (xg/L)
(3 Samples Collected)

Risk-Based Screening
Compound Name No. of Detections

Range of Concentrations Levels

Volatile OrganicCompounds
No VOCs detected.

Semivolatile Organic Compounds =~ -
‘No SVOCs detected.
Pesticides L
alpha-Chlordane 1
gamma-Chlordane 1 006
Polychlorinated ‘Biphenjllrsfif‘:ﬂ;; enete TR e
No PCBs detected.

Total Petroleum H_vd.rocafbons -

No TPH detected.

0.052
alpha + gamma

Table 4.13.4
AOC 655
Inorganic Elements in Groundwater (ug/L)
(3 Samples Collected)
Risk-Based Screening
Compound Name" No. of Detections  Range of Concentrations Levels

Alwmimm TG 2 0400750 o 37000 T
Iron S 3 17600-45400 o Not Listed

Powssium o .03 53200461000 - o Notlised

4-159

@



—

DATALCP3 CHARLESTON Z0NE H Page: 7
08/04/95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 11:04
Data for GW in Vicinity of Building 656

SUBLE- SVOA SAMPLE ID ------- >| 009-G-W002-01 009-G-W005-0% 009-5-w008-01 £55-G-w001-01 655-G-w002-01 655-5-W003-01
ORIGINAL 1D ----- >| 009GW00201 009GW00501 009GW00801 455600101 6556W00201 655GW0N0301
LAB SAMPLE ID --->| 42048-006 42048-007 42381-004 42000- 003 £1986-005 41984 -004
ID FROM REPORT -->| 110306 110307 009GW00801 102901 102808 102807
SAMPLE DATE ----- > | 11702/%% 11/02/94 11/28/94 10/28/94 10/27794 10727 /94
DATE EXTRACTED -~~> | 11/08/54 11/08/94 11/30/94 11/03/94 11703794 1170394
DATE AMALYZED --->| 11/10/5% 11/10/94 12/07/94 11/09/94 11/09/94 11/09 /94
MATRIX ---------- > | Water Water Water Water Water Water
WNITS ----------- >| UG/L UG/L uG/L UG/L uG/L UG/L

CAS # |Parameter CHS24 VAL | CHS24 VAL | cHs27 VAL | CHS24 VAL | CHS24 VAL | CHS24 VAL

62-75-9 |N-Nitrosodimethylamine

606-20-2 [2,6-Dinitrotoluene
108-95-2 [Phenol
99-09-2 (3-Nitroaniline
62-53-3 [Aniline
83-32-9 [(Acenaphthene
111-44-4 |bis(2-ChloroethylYether
51-28-5 |2,4-Dini trophenol
95-57-8 (2-Chlorophenol
100-02-7 J4-Nitrophenol
541-73-1|1,3-Dichlorobenzene
132-64-9 [pibenzofuran
106-46-7 |1,4-Dichlorobenzene
121-14-2 |2,4-Dinitrotoluene
100-51-6 |Benzyl alcohol
84-566-2 [Diethylphthalate
-95-50-1|1,2-Dichlorobenzene
7005-72-3 |4-Chlorophenylphenylether
95-48-7 |2-Methylphencl (o-Cresol}
85-73-7 |Fluorene
108-60-1|2,2'-oxybis(1-Chloropropane)
100-01-6 [4-Nitroaniline
106-44-5 |4-Methylphenol (p-Cresol}
534-52-1|4,6-Dinitro-2-methylphenol
621-64-7 IN-Nitroso-di-n-propylamine
85-30-56 |N-Nitrosodiphenylamine
67-72-1 |Hexachloroethane
101-55-3 |4-Bromophenylphenylether
98-95-3 |Nitrobenzene
118-74-1 |Hexachlorobenzene
78-59-1 |l sophorone
87-84-5 |Pentachlorophenol
B88-75-5 |2-Kitrophenol
85-01-8 |Phenanthrene
105-587-9 |2,4-Dimethylphenol
120-12-7 |Anthracene

*%* Validation Complete #**%*




DATALCP3 CHARLESTON ZONE H Page: 8
08/04/95 NAVAI, BASE CHARLESTON ZONE H (NBCH) Time: 11:04
Data for GW in Vicinity of Building 656
SWB46-SVOA SAMPLE D ------- » | 009-G-W002-01 009-G-W005-01 009- G-W008-01 655-G-¥001-01 655-G-w002-01 655-G-W003-01
ORIGINAL ID ----- > | 009GW00201 009GW00501 0096W00801 6556W00101 6556w00201 655GW00301
LAB SAMPLE 1D --~> | 4204B8-006 42048-007 42381-004 42000-003 419846-005 4£1985-004
ID FROM REPORT --» | 110306 110307 009GW00801 102901 102808 102807
SAMPLE DATE ----- > | 11/702/94 11702794 11728794 10/28/94 10/27/94 10/27 /9%
DATE EXTRACTED --»| 11/08/94 11/08/94 11/30/94 11/03/94 11/03/94 11703794
DATE ANALYZED --->| 11/10/94 11/10/94 12/07/94 11/09/94 11709794 11/09/94
MATRIX -----=-=-- > | Water Water Water Water Water Water
NITS ---csmmnae » | us/L Us/L us/L uG/L ue/L uG/L
CAS # |Parameter CHS24 VAL CHS24 VAL CHS27 VAL CHS24 VAL CHS24 VAL CHS24 VAL
65-85-0 [Benzoic acid
84-74-2 [Di-n-butylphthatate
111-91-1 |bis{2-Chloroethoxy)methane
206-44-0 [Fiuoranthene
120-83-2 [2,4-Dichlorophenol
92-87-95 [Benzidine
120-82-1(1,2,4-Trichlorobenzene
129-00-0 |Pyrene
91-20-3 [Naphthalene
85-68-7 |Butylbenzylphthalate
106-47-8 [4-Chloroaniline
91-94-113,3'-Dichlorobenzidine
87-68-3 |Hexachlorobutadiens
56-55-3 |Benzo(a)anthracene
59-50-7 |4-Chloro-3-methylphenol
218-01-9 |Chrysene
91-57-6 [2-Methylnaphthalene
117-81-7 [bis(2-Ethylhexyl )phthalate (BEHP)
T7-47-4 |Hexachlorocyclopentadiene
117-84-0 [Di-n-octylphthalate
88-06-2 (2,4,6-Trichlorophenol
205-99-2 (Benzo(b) f luoranthene
95-95-4 (2,4,5-Trichlorophenol
207-08-9 |Benzo(k ) fluoranthene
91-58-7 [2-Chloronaphthalene
50-32-8 |Benzo(a)pyrene
88-74-4 |2-Nitroaniline
193-39-5 [Indeno(1,2,3-cd)pyrene
131-11-3 |Dimethylphthalate
53-70-3 |Dibenzo(a,h)anthracene
208-96-8 |Acenaphthylene
191-24-2 [Benzo(g,h, i )perylene
103-33-3 [Azobenzene

*** Yalidation Complete **#




DATALCP3 CHARLESTON - ZONE H Page: 9
08/04/95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 11:04
Data for GW in Vicinity of Building 656
SWBLE- SVOA SAMPLE ID ------- > | GDH-G-W002-01
ORIGIMAL ID ----->| GDHGWODZ20%
LAB SANPLE 1D --->| 42084-004
ID FROM REPORT -->| GDHGWOOZ01
SAMPLE DATE ----- >| 11/04/94
DATE EXTRACTED -->| 11/10/9%
DATE AMALYZED --->| 11/15/9%4
MATRIX ---------- Water
LTS ----------- uG/L
CAS # |Parameter CHS25 VAL
62-75-9 |N-Nitrosodimethytamine
606-20-2 |2,6-Dinitrotoluene
108-95-2 |Phenol
99-09-2 |3-Nitroaniline
62-53-3 |Aniline
83-32-9 |Acenaphthene
111-44-4 |bis{2-Chloroethyl}ether
51-28-5 [2,4-Dinitrophenol
95-57-8 |2-Chlorophenol
100-02-7 |4-Mitrophenol
541-73-1|1,3-Dichlorcbenzene
132-64-9 [Dibenzofuran
106-46-7 |1,4-Dichlorobenzene
12%1-14-2 |2,4-Dinitrotoluene
100-51-6 |Benzyl alcohol
84-66-2 [Diethylphthalate
95-50-1|1,2-Dichlorobenzene
7005-72-3 |4-Chlorophenylphieny Lether
95-48-7 |2-Methylphenol (o-Cresol)
B86-73-7 |Fluorene
108-50-1 (2,2'-oxybis(1-Chloropropane)
100-01-6 [4-Nitroaniline
106-44-5 [4-Methylphenol (p-Cresol)
534-52-1|4,6-Dinitro-2-methylphenol
621-64-7 (N-Nitroso-di-n-propylamine
86-30-6 [N-Nitrosodiphenylamine
67-72-1 [Hexachloroethane
101-55-3 |4-8romophenylphenylether
98-95-3 [Nitrobenzene
118-74-1 [Hexachlorobenzene
78-59-1 |Isophorone
87-86-5 [Pentachlorophenol
88-75-5 [2-Nitrophenol
85-01-8 [Phenanthrene
105-67-9 (2,4-Dimethylphenol
120-12-7 |Anthracene

**% Validation Complete **+




DATALCP3 CHARLESTON - ZONE H Page: 10
08/04/95 NAVAIL BASE CHARLESTON ZONE H (NBCH) Time: 11:04
Data for GW in Vicinity of Building 656

SWBLE-SYOA SAMPLE ID ------- > | GDH-G-W002-01

ORIGINAL D ----- > | GDHGWOD0201

LAB SAMPLE ID --->| 42084-004

1D FROM REPORT --> | GDHGWO(201

SAMPLE DATE ----- > | 11704754

DATE EXTRACTED -->| 11/10/5%

DATE ANALYZED ---> | 11715794

MATRIX -----=-=~--- > | Water

WNITS ----------- > | UG/L

CAS #|Parameter CHs2S VAL

65-85-0|Benzoic acid

84-T4-2
111-91-1
206-44-0
120-83-2
92-87-5
120-82-1
129-00-0
91-20-3
85-68-7
106-47-8
91-94-1
a87-68-3
56-55-3
59-50-7
218-01-¢9
91-57-6
H"7-a1-7
T7-47-4
117-84-0
88-06-2
205-99-2
95-95-4
207-08-%
91-58-7
50-32-8
BB-74-4
193-3¢-5
131-11-3
53-70-3
208-96-8
191-24-2
103-33-3

Di-n-butylphthalate
bis({2-Lhloroethoxy)methane
Ftuoranthene
2,4-Dichlorophenol
Benzidine
1,2,4-Trichlorobenzene
Pyrene

Naphthalene
Butylbenzylphthalate
4-Chloroaniline
3,3'-Dichtorobenzidine
Hexachlorobutadiene
Benzo(a)anthracene
4-Chloro-3-methylphenol
Chrysene
2-Methylnaphthalene
bis{2-Ethylhexyl)phthalate (BEHP)
Hexachlorocyclopentadiene
Di-n-octylphthalate
2,%,6-Trichlorophenal
Benza(b)fluoranthene
2,4,5-Trichlorophenol
Benzo(k)fluoranthene
2-Chloronaphthalene
Benzo(a)pyrene
2-Nitroaniline
Indeno(1,2,3-cd)pyrene
Dimethylphthalate
Dibenzofa, h)anthracene
Acenaphthylene
Benzo(g, h, i Jperylene
Azobenzene

***+ Validation Complete **%*




DATALCP3 CHARLESTON - ZONE H Page: "
08/04/95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 11:04
Data for GW in Vicinity of Building 656

SUB4L6-VOA SAMPLE ID ------- > | D09-G-w002-01 009-G-wW005-01 00%9-G-w008-01 655-G-W001-01 655-G-W002-01 655-G~-w003-01
OHIGINAL ID ----- > | D09GW00201 0096w00501 0(PGW00801 655GWN0101 655GW00201 $55GW00301
LAB SAMPLE ID --->| 42048-002 42048-003 42381-001 42000001 41984-003 41986-002
ID FROM REPORT -->| 110306 110307 0t9ewo0a01 102901 102808 102807
SAMPLE DATE ----- > | 11702754 11/02/94 11/28/94 10/28/9%4 10/27/94 10/27 /94
DATE ANALYZED --->| 11/08/%4 11/09/94 12/07 /94 11/08/94 11/08/94 11/08/94
MATRIX ---------- > | Water Water Water Water Water Water
UNITS ---~------- > UG/L UG/L uG/L UG/L uGsL Us/L

CAS # |Parameter CHS24 VAL | CHS24 VAL | CHS27 ° VAL | CHS24 VAL | CHS24 VAL | CHS24 vaL

100-41-4 |[Ethylbenzene
100-42-5 [Styrene
10061-01-5 |cis-1,3-Dichloropropene
10061-02-6 (trans-1,3-Dichloropropene
107-06-2 |1,2-Dichloroethane
108-05-4 [Vinyl acetate
108-10-1 |4-Methyl -2-Pentancne (MIBK)
10B8-88-3 [Toluene
108-90-7 |Chlorobenzene
109-99-9 |Tetrahydrofuran
124-48-1 |pibromochloromethane
127-18-4 |Tetrachloroethene
1330-20-7 |[Xylene (Total)
540-59-0|1,2-Dichloroethene (total)
56-23-5 |Carbon tetrachloride
591-78-6 |2-Hexanone
&7-64-1 [Acetone
3 |chloroform
2 |Benzene
&8|1,1,1-Trichloroethane
9 |[Bromomethane
3 |Chloromethane
3 [Chloroethane
&4 [Vinyl chloride
2 |Methylene chloride
0 |Carbon disulfide
2 [Bromoform
-4 [Bromodichloromethane
3
4
4
5
3
5
6
5
8

..,,
v

1,1-Dichloroethane
1,1-Dichloroethene
Trichlorof luoromethane
1,2-Dichloropropare
2-Butanone (MEK)
1,1,2-Trichloroethane
Trichloroethene
1,1,2,2-Tetrachloroethane
2-Chloroethylvinyl ether 727277277727 2727272277 27727777227 2727277277 21772777177 27272277727

*+* Validation Complete #*#**




DATALCP3 CHARLESTON - ZONE H Page: 12
08/04/95 NAVAL BASE CHARLESTON ZONE H (NBCH) Time: 11:04
Data for GW in Vicinity of Building 656
SUBLA-VOA SAMPLE ID -~--~~- > | GDH-G-w002-01
ORIGINAL ID —---- > | GDHGWOO201
LAB SAMPLE D --->| 42084-001
1D FROM REPORT -->| GDHGWO00201
SAMPLE DATE ----- > 11/04/94
DATE ANALYZED --->| 11/15/9%4
MATRIX ----emeem- > | Water
UNITS ---r=-mvmme UG/L
CAS # |Parameter CHSE25 VAL
100-41-4 |[Ethylbenzene
100-42-5 |Styrene
10061-01-5|cis-1,3-Dichloropropene
10061-02-6 [trans-1,3-Dichloropropene
107-06-2|1,2-Dichloroethane
108-05-4 |Vinyl acetate
108-10-1 |4-Methyl -2-Pentanone (MIBK)
108-88-3 |Toluene
108-90-7 |Chlorobenzene
109-99-% |Tetrahydrofuran
124-48-1 |Dibromochloromethane
127-18-4 [Tetrachloroethene
1330-20-7 |Xylene (Total)
540-59-0 (1,2-0ichloroethene (total)
56-23-5 [Carbon tetrachloride
591-78-6 |2-Hexanone
67-64-1 |Acetone
67-66-3 [Chloroform
71-43-2 |Benzene
71-55-6|1,1,1-Trichloroethane
74-83-9 |Bromomethane
74-387-3 |Chloromethane
73-00-3 |Chloroethane
75-01-4 |Vinyl chloride
753-09-2 |Methylene chloride
73-15-0 |Carbon disulfide
73-25-2 Bromoform
75-27-4 Bromodichloromethane
75-34-3 |1,1-Dichloroethane
75-35-4 |1,1-Dichloroethene
75-69-4 Trichlorofluoromethane
78-87-5 |1,2-Dichloropropane
78-93-3 |2-Butanone {MEK)
79-00-5 1,1,2-Trichioroethane
79-01-6 (Trichloroethene
79-34-5(1,1,2,2-Tetrachloroethane
110-75-8 |2-Chloroethylvinyl ether 2772172777

*+%* Validation Complete ***




CHARLLESTON

DATALCP3 - ZONE H Page: 13
08/04 /95 NAVAL, BASE CHARLESTON ZONE H (NBCH) Time: 11:04
Data for GW in Vicinity of Building 656
TPH SAMPLE ID ------- > | 655-G-W001-01 655-G-W002-01 655-G-ﬁ003-01
ORIGINAL ID ----- > | 6556W00101 655GW00201 6556w00301
LAB SAMPLE ID --->| 42000-006 41985-014 41986-013
1D FROM REPORT -->| 102901 102808 102807
SAMPLE DATE ----- >| 10/28/94 10727794 10727794
DATE EXTRACTED -->| 11/01/94 11/01/94 11/01/9%4
DATE AMALYZED --->| 11/01/%% 11/01/94 11/01/94
MATRIX ---------- > | Water Water Water
UNLITS --~-=-=---- >| MG/L MG/L MG/L
CAS #|Parameter CHS24 VAL | CHS24 VAL | CHS24 VAL

9999900-00-3 |Total Petroleum Hydrocarbens (IR}

9999900-04-9 |Miscel laneous Light Products 7272227777 1P1IM7T? 97772777772

9999%00-08-3 |Indeterminate Lubricating 0il 7777227777 2772777732 77777727777

9999900-056-1 |[Total Gasoline 2777727777 7129929777 17IIIIITNY

9999900-10-7 |Heavy Products 27772729772 777772279372 2777727777

9999900-11-8 |Indeterminate Diesel Fuel 7772177 2777722777 72727772177

*++ Validation Complete **+*




