State of California
AIR RESOURCES BOARD

Resolution 87-10
January 23, 1987
Agenda Item No.: 87-2-2

WHEREAS, Health and Safety Code Section 41805.5 requires the Air Resources
Board ("Board"), in coordination with the air pollution control districts, to
develop and publish test guidelines for Tandfill gas and ambient air testing
at active solid waste disposal sites on or before February 1, 1987;

WHEREAS, the Board approved "Testing Guidelines for Active Solid Waste
Disposal Sites" at a public meeting held December 18, 1986;

WHEREAS, Health and Safety Code Section 41805.5 defines a solid waste disposal
site to incliude sites which accept or have accepted hazardous waste;

WHEREAS, the Air Resources Board staff, with the participation of
representatives of local air pollution control districts, the Department of
Health Services and the Water Resources Control Board, have prepared a
proposed guidance document titled "Hazardous Waste Disposal Site Testing
Guidelines" (“guidelines");

WHEREAS, Health and Safety Code Section 41805.5 requires owners of active
solid waste disposal sites to submit a solid waste air quality assessment test
report to the 1ocal air pollution control districts;

WHEREAS, Health and Safety Code Section 41805.5 requires the Air Resources
Board to publish guidelines specifying air contaminants to be tested for and
identifying acceptable testing, analytical and reporting methods;

WHEREAS, the California Environmental Quality Act and Board regulations
require that no project having significant adverse environmental impacts be
adopted as proposed is feasible alternatives or mitigation measures are
available;

WHEREAS, the Board has held a noticed public meeting to consider approval of
the proposed guidelines and has received and considered the comments presented
by its staff, representatives of the districts, affected government agencies,
affected businesses, and other interested persons and agencies on the proposed
guidelines; and



WHEREAS, the Board finds that:

The proposed "Hazardous Waste Disposal Site Testing Guidelines," with
the "Testing Guidelines for Active Solid Waste Disposal Sites"
adopted December 18, 1986, fulfill the requirements of Health and
Safety Code Section 41805.5; and

No significant adverse environmental impacts associated with the
proposed guidelines have been identified, and no potentially adverse
environmental effects are Tikely to result from the implementation of
the proposed guidelines.

NOW, THEREFORE, BE IT RESOLVED that the Air Resources Board approves the
"Hazardous Waste Disposal Site Testing Guidelines" dated January 23, 1987, as
. set forth in Attachment A.

BE IT FURTHER RESOLVED that the Executive Officer shall forward the guidelines
to air pollution control districts for their use in evaluating solid waste
disposal site air quality assessment test reports.

I hereby certify that the above

is a true and correct copy of

Resolution 87-10, as adopted by
. the Air Resources Board.

R L

Harold Holmes, Board Secretary









STATE OF CALIFORNIA . GEORGE DEUKMEJIAN, Governor

AIR RESOURCES BOARD
102 @ STREET

0. BOX 2815

SACRAMENTO, CA 95812

February 2, 1987

Dear Sir or Madam:

Enclosed are testing guidelines which were prepared to
meet the requirements of Health and Safety Code Section 41805.5
. (AB 3374, Calderon, 1986). The Testing Guidelines for Solid Waste

Disposal Sites, approved by Air Resources Board on December 18,
1986, were prepared for solid waste disposal sites which have
accepted only non-hazardous waste. The Hazardous Waste Disposal
Site Testing Guidlelines, approved by the Air Resources Board on
January 23, 1987, were prepared for sites which have accepted
hazardous waste or both hazardous and solid waste (co-disposal).

. If you have any questions regarding the Testing
Guidelines for Solid Waste Disposal Sites, please call Kerry

Holliday at (916) 322-6005. For questions regarding the Hazardous
Waste Disposal Site Testing Guidelines, please call Lynn Baker at
(916) 323-8511. ‘

Sincerely,

® TESsLL

Bob Barham, Manager
Source Evaluation Section
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WHEREAS, Health and Safety Code Section 41805.5 requires the Air Resources
Board ("Board"), in coordination with the air pollution control districts, to
develop and publish test guidelines for landfill gas and ambient air testing
at active solid waste disposal sites on or before February 1, 1987;

WHEREAS, the Board approved "Testing Guidelines for Active Solid laste
Disposal Sites" at a public meeting held December 18, 1986;

WHEREAS, Health and Safety Code Section 41605.5 defines a solid waste disposal
site to include sites which accept or have accepted hazardous waste;

WHEREAS, the Air Resources Board staff, with the participation of
representatives of local air pollution control districts, the Department of
Health Services and the Water Resources Control Board, have prepared a
proposed guidance document titled "Hazardous Waste Disposal Site Testing
Guidelines" ("guidelines");
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WHEREAS, the Board finds that: .

The proposed "Hazardous Waste Disposal Site Testing Guidelines," with
the "Testing Guidelines for Active Solid Waste Disposal Sites"
adopted December 18, 1986, fulfill the requirements of Health and
Safety Code Section 41805.5; and

No significant adverse environmental impacts associated with the
proposed guidelines have been identified, and no potentially adverse
environmental effects are likely to result from the implementation of
the proposed guidelines.

NOW, THEREFORE, BE IT RESOLVED that the Air Resources Board approves the
"Hazardous Waste Disposal Site Testing Guidelines" dated January 23, 1987, as
set forth in Attachment A,

BE IT FURTHER RESOLVED that the Executive Officer shall forward the guidelines
to air pollution control districts for their use in evaluating solid waste .
disposal site air quality assessment test reports.

1 hereby certify that the above
is a true and correct copy of
Resolution 87-10, as adopted by
the Air Resources Board.

? - ”
/7;%_-‘«_%:- (,‘//4{3110 ‘)

Haroid Holmes, Board Secretary
A
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HAZARDOUS WASTE DISPOSAL SITE TESTING GUIDELINES
Prepared Pursuant to

California Health and Safety Code Section 41805.5

L. INTRODUCTION
A. Background

AB 3374 (Calderon) (Health and Safety Code (HSC) Section 418035.5, included as Attachment
1) requires all active solid waste disposal sites which have accepted solid and/or
hazardous waste to conduct measurements to determine the composition of landfill gases,
the presence of specified air contaminants in the ambient air, and whether off-site
subsurface migration of landfill gas is occurring. To implement this new statute, ARB, in
consultation with the air pollution control districts (APCD), was directed to develop
guidelines "specifying the air contaminants to be tested for, and identifying acceptable
testing, analytical, and reporting methods to be employed in completing the report."
These guidelines apply to sites which have accepted hazardous waste, or solid and
hazardous wastes (co-disposal). Separate guidelines have been prepared for sites which
have accepted only solid waste.

The testing suggested in these guidelines is designed to provide an initial screening of
disposal sites to determine which sites in the state may pose a potential public health
risk. The APCD will review the test reports, and if the APCD determines the sites may
pose a health risk, the sites may have to conduct additional monitoring or take remedial
action.

All disposal site owners must submit testing proposals to the APCD for approval before any
testing can begin. Climate and land differences in different parts of the state may
require variations in the test procedures. Accordingly, testing and procedure variations
are allowed in the guidelines.

All active disposal sites are required to conduct testing by July 1, 1987. An active
disposal site 1s one which is currently receiving or has received solid waste since
January 1, 1984, HSC 41805.5 defines an inactive site as one which has not received solid
waste since January 1, 1984. Inactive sites should have completed and filed a screening
questionnaire with the local APCD before November 1, 1986. Inactive sites should contact
their APCD for information on the questionnaire. If the test report is not complete by
July 1, 1987, the APCD may place the disposal site on a compliance schedule which includes
agcglgte by which the report must be filed. This date may not be later than January 1,
1989.

B. Report To The Air Pollution Control Officer
HSC 41805.5 requires all disposal site owners or operators to submit a test report to the

local air pollution control officer (APCQ). The test report for active landfills is due
on July I, 1987. To comply with HSC 41805.5, the test report must contain:



1'1. Chemical characterization test results to determine the composition of gas streams
immediately above the solid waste disposal site, or immediately above the solid waste
disposal site and within the solid waste disposal site, as appropriate, as determined by
the district.

2. Analyses for specified air contaminants in the ambient air adjacent to the solid waste
disposal site to determine the effect of the site on air quality.

3. Test results to determine if there is any underground landfill gas migration beyond
the solid waste disposal site’s perimeter.”

Testing is conducted for all compounds listed in Attachment 2. The APCO may also require
review of additional compounds upon identificaton of testing and health effects
information. Section II contains the gas stream characterization procedures. For the gas
stream characterization test at disposal sites with landfills containing hazardous or
solid and hazardous wastes, the integrated surface sample or the landfill gas test and the
integrated surface sample will be used to determine what is in the landfill gas. At
surface impoundments containing liquid hazardous wastes, landspreading operations, waste
piles (uncovered landfills), or drum burial sites, an integrated surface sample will be
collected around the perimeter of the impoundment. Section III contains the ambient air
testing procedures. For the ambient air test, the site operator will conduct 10 days of
ambient air samples at the site perimeter. Section IV contains the gas migration testing
procedures. For the gas migration test at co-disposal sites, one migration test well will
be installed for each 1000 feet of site perimeter for sampling to determine if there is
off-site gas migration. The perimeter probes will be installed between the site and
arecas where off-site migration would cause the greatest threat to public health and
safety. At disposal sites which have received only hazardous waste, a maximum of four
wells will be installed around the perimeter of the site.

HSC 41805.5 requires all solid waste assessment test reports to be filed by July 1, 1987.
If, however, the report is not complete by that date, the APCO can place the disposal site
on a compliance schedule which includes a date by which the report must be filed.

To ensure that an adequate hazardous waste test report is prepared, each disposal site
owner must submit a proposal to the APCO. The proposal should include a description of
the gas characterization system to be used, location of all monitoring wells both on and
off the site, an ambient air monitoring plan including a meteorological data summary, and
all the results of past air or landfill gas testing performed at the site, including the
results of any testing done to prepare the proposal. Testing cannot begin until the APCO
approves the monitoring plan.

C. Report To The Air Resources Board

Government Code Section 66796.54(b) requires the ARB to prepare a report to the
legislature on "the extent of hazardous waste in solid waste disposal sites and the
potential effects these hazardous wastes may have upon the ambient air quality of the
state." In order to prepare this report the ARB will review the data gathered under the
guidelines. The form for the report to the ARB is Attachment 3. This form should be
completed by the site operator and forwarded to the APCO with the report. Once the APCO
determines the hazardous waste assessment test report is adequate, the form should be
forwarded to the ARB.




1. Chemical characterization test results to determine the composition of gas streams
immediately above the solid waste disposal site, or immediately above the solid waste
disposal site and within the solid waste disposal site, as appropriate, as determined by
the district.

2. Analyses for specified air contaminants in the ambient air adjacent to the solid waste
disposal site to determine the effect of the site on air quality.

3. Test results to determine if there is any underground landfill gas rnigration beyond
the solid waste disposal site’s perimeter."

Testing is conducted for all compounds listed in Attachment 2. The APCO may also require
review of additional compounds upon identificaton of testing and health effects
information. Section II contains the gas stream characterization procedures. For the gas
stream characterization test at disposal sites with landfills containing hazardous or
solid and hazardous wastes, the integrated surface sample or the landfill gas test and the
integrated surface sample will be used to determine what is in the landfill gas. At
surface impoundments containing liquid hazardous wastes, landspreading operations, waste
piles (uncovered landfills), or drum burial sites, an integrated surface sample will be
collected around the perimeter of the impoundment. Section III contains the ambient air
testing procedures. For the ambient air test, the site operator will conduct 10 days of
ambient air samples at the site perimeter. Section IV contains the gas migration testing
procedures. For the gas migration test at co-disposal sites, one migration test well will
be installed for each 1000 feet of site perimeter for sampling to determine if there is
off-site gas migration. The perimeter probes will be installed between the site and
areas where off-site migration would cause the greatest threat to public health and
safety. At disposal sites which have received only hazardous waste, a maximum of four
wells will be installed around the perimeter of the site.

HSC 41805.5 requires all solid waste assessment test reports to be filed by July 1, 1987.
If, however, the report is not complete by that date, the APCO can place the disposal site
on a compliance schedule which includes a date by which the report must be filed.

To ensure that an adequate hazardous waste test report is prepared, each disposal site
owner must submit a proposal to the APCO. The proposal should include a description of
the gas characterization system to be used, location of all monitoring wells both on and
off the site, an ambient air monitoring plan including a meteorological data summary, and
all the results of past air or landfill gas testing performed at the site, including the
results of any testing done to prepare the proposal. Testing cannot begin until the APCO
approves the monitoring plan.

C. Report To The Air Resources Board

Government Code Section 66796.54(b) requires the ARB to prepare a report to the
legislature on "the extent of hazardous waste in solid waste disposal sites and the
potential effects these hazardous wastes may have upon the ambient air quality of the
state.” In order to prepare this report the ARB will review the data gathered under the
guidelines. The form for the report to the ARB is Attachment 3. This form should be
completed by the site operator and forwarded to the APCO with the report. Once the APCO
determines the hazardous waste assessment test report is adequate, the form should be
forwarded to the ARB. , '



II. GAS STREAM CHARACTERIZATION

HSC 41805.5 requires hazardous waste assessment f€st reports 1o include test results to
determine the composition of gas streams immediately above the site, or immediately above
the site and within the site, as appropriate, as determined by the APCO. Based on
information provided on the individual disposal site, the APCO must determine which method
is appropriate to characterize the site. The gas stream characterization may consist of
one of the following methods:

1. Testing the air immediately above the surface or around the perimeter of the disposal
site using the integrated surface sample, or

2. Testing the air immediately above the landfill surface and testing the gas within the
landfill using both the integrated surface sample and the landfill gas sample.

The following gas characterization methods are recommended for different disposal
operations:

TABLE 1: GAS CHARACTERIZATION METHODS

Disposal operation Gas characterization method

Landfill Integrated surface sample, or
landfill gas test and integrated
surface sample

Surface impoundment Integrated surface sample
Landspreading Integrated surface sample
Drum burial | Integrated surface sample
Waste pile (uncovered landfill) Integrated surface sample

If the APCO approves characierization of the landfill gas by sampling the air immediately
above the disposal site, then an integrated surface sample is taken. For landfilled and
drum burial areas, the integrated surface sample involves sampling the air three inches
above the landfill surface while a technician walks a prescribed course with the sampling
equipment over one 50,000 square-foot grid of the landfill surface. The process is
repeated for five 50,000 square-foot grid of the site and the samples are analyzed for the
Attachment 2 compounds. For surface impoundments, waste piles, and landspreading
operations, the integrated surface sample involves sampling the air around the perimeter
of each impoundment while a technician walks around the impoundment. If the site accepted
solid and hazardous waste, methane analysis is also required to gather information on
overall site emissions.

Landfill gas testing involves taking samples of the landfill gas out of the interior of
the landfill and testing them for the Attachment 2 compounds. The samples are also
analyzed for oxygen and nitrogen for information on sample integrity. Carbon dioxide and
methane concentrations will give information on gas production.



If the APCO approves characterization of the landfill gas by sampling the air immediately
above the landfill surface and within the landfill, the operator should conduct the
landfill gas testing as set out in these guidelines, and the integrated surface sampling
for one 50,000 square-foot grid of the landfill.

lI',qndﬁll gas testing requires the compounds listed in Attachment 2 to be determined to the
"disposal site” detection limits. Integrated surface sampling requires the compounds
listed in Attachment 2 to be determined to the "air" detection limits.

A. Landfill Gas Testing

If the disposal site has an operating interior gas collection system, samples should be
-taken from the system; additional wells need not be installed. Each installed well should
be to a depth of at least 6 feet below the bottom of the intermediate or final cover. The
weil should not penetrate any leachate liner. During installation the contractor should
take appropriate steps to mitigate the public nuisance of gas escape. All wells should be
capped when not being sampled.

To locate the wells, draw a box around the
landfilled area on a scale map with the box
sides 100 feet outside the filled area edge.
The sides should run north-south, east-west.
Connect the opposite corners with diagonals.
Locate 5 points: Point A at the diagonal
intersection, point B at the center of the
Jargest sector formed by the diagonals and
the filled area, point C at the center of the
next larger sector, point D at the center of
the next larger sector, and point E at the
center of the smallest sector. Figure 1 is
an example. Five samples should be taken,
one sample from each well and analyzed for
the Attachment 2 compounds.

Figure 1: Well Location Example

To complete the HSC 41805.5 requirements for characterizing landfill gas, the owner should
perform an investigation of methane emissions from one 50,000 square-foot grid of the
disposal site along with the landfill gas test. This sample may be collected using an
integrated surface sample as described in these guidelines or by taking methane
measurements with a portable flame ionization detector, with a lower detection limit of 2
ppm. The grid and sampling method selected should be approved by the APCO.

1. Protocol

The technician should make certain the seal around the top of the well does not allow air
infilration. The well should not be sampled until 24 hours after the installation is
complete. To sample the well, the technician attaches the pump and withdraws at least 2
well volumes from the well. The technician then attaches the bag and draws a ten liter
sample at a one liter per minute rate. The bag should be in a light sealed container and
should be analyzed within 72 hours.




If the APCO approves characterization of the landfill gas by sampling the air immediately
above the landfill surface and within the landfill, the operator should conduct the
landfill gas testing as set out in these guidelines, and the integrated surface sampling
for one 50,000 square-foot grid of the landfill.
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To complete the HSC 41805.5 requirements for characterizing landfill gas, the owner should
" perform an investigation of methane emissions from one 50,000 square-foot grid of the
disposal site along with the landfill gas test. This sample may be collected using an
integrated surface sample as described in these guidelines or by taking methane
measurements with a portable flame ionization detector, with a lower detection limit of 2
ppm. The grid and sampling method selected should be approved by the APCO.

1. Protocol

The technician should make certain the seal around the top of the well does not allow air
infilration. The well should not be sampled until 24 hours after the installation is
complete. To sample the well, the technician attaches the pump and withdraws at least 2
well volumes from the well. The technician then attaches the bag and draws a ten liter
sample at a one liter per minute rate. The bag should be in a light sealed container and
should be analyzed within 72 hours.



If the owner chooses to leave the well intact for future sampling, the pipe should be
capped or a valve installed to prevent gas leakage. If the owner removes the well, the
hole should be filled and resealed to prevent gas escape.

2. Data

For each sample, the owner should record:

a. Date, time, and sample location.

b. Methane, CO,, oxygen, and nitrogen concentrations.

c. Concentrations of compounds listed in Attachment 2. Analytical methods are included
in Attachment 4.

d. The operating schedule, status, and gas quantity extracted for any landfill gas
collection system for the previous 3 days for each day sampled.

B. Integrated Surface Sampling

The integrated surface sample is a method of characterizing disposal site emissions.
Integrated surface sampling is designed to sample the emissions immediately after they
have passed through the final landfill cover or after they have evaporated from a surface
impoundment, waste pile, or landspreading operation. Because the sampling system will
dilute the emitted landfill gas, use of more sensitive analytical methods are necessary to
adequately characterize the sample.

For landfilled and drum burial areas, the owner will collect and analyze a minimum of five
samples, one sample from each 50,000 square foot grid centered on points as determined in
Figure 1 on page 4. Figure 2 is a typical walking pattern for each grid. For surface
impoundments, waste piles, or landspreading operations, one sample will be collected from
the air around the perimeter of each such disposal area on the site.

Sloped areas of the disposal site should be investigated along with the level areas. If
investigation of the steep areas is a safety concern, the owner does not have to test
these areas. The areas not to be tested must be approved prior to the testing by the
APCO. :

1. Number of Samples

One sample will be collected from each of the five grids, and one sample from near the
edge of any surface impoundment, waste pile, or landspreading operation on the site.

2. Sampling Conditions

a. Average wind speed suitable for this sampling procedure is less than 5 miles per hour.

Surface sampling should be terminated when the average wind speed exceeds 5 miles per hour

or the instantaneous wind speed exceeds 10 miles per hour. Average wind speed is
determined on a 10 minute average.

b. Surface monitoring is to be conducted when the disposal site is dry and no rain has



fallen. The disposal site is considered dry when there has been no rain for the 72 hours

prior to sampling.

Figure 2: Walking Pattern
Source: South Coast AQMD

3. Equipment Description

An integrated surface sampler is a portable
self-contained unit with its own internal
power  source. The integrated sampler
consists of a stainless steel collection
probe approximately 3.5 inches in diameter
(funnel: 316 stainless steel), a flow meter,
a pump, and a 10-liter Tedlar® bag enclosed
in a light sealed cardboard box.

a. Power: Two 9 volt batteries.

b. Pump: One 12V DC pump. The diaphragm is
made of nonlubricated Viton® rubber. The
maximum pump unloaded flow rate is 4.5 liters
per minute.

c. One 10—htcr Tedlar® bag with a valve.
The Tedlar® bag is contained in a light
sealed cardboard box to prevent photochemical
reactions from occurring during sampling and
transportation. ~ The valve is a push-pull
type constructed of aluminum and stainless
steel, with a Viton® o-ring seal.

d. Rotameter made of borosilicate glass
with 2 flow range of O to 1 liter per minute.
The scale is in milliliters with major
graduations (labeled) every 5 ml and minor
graduations every 1 ml.

e. Air Flow Control Orifice: Needle valve in the flow meter.

f. Funnel: 316 stainless steel.

g. Fittings, tubing and connectors: 316 stainless steel or Teflon®.

h. An anemometer with a continuous recorder: 3 cup assembly, range 0 - 50 miles per
hour, with a threshold limit of 0.75 miles per hour or less.




fallen. The disposal site is considered dry when there has been no rain for the 72 hours

prior to sampling.

T
&

|
|

Figure-2: Walking Patiern
Source: South Coast AQMD

3. Equipment Description
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self-contained unit with its own internal
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hour, with a threshold limit of 0.75 miles per hour or less.



4. Sampling Procedure

A portable bag sampler as described in the previous section will be used to collect ar
integrated surface sample from each grid, and around the perimeter of each surface
impoundment, waste pile, or landspreading operation. During sampling at landfills or drum
burial arcas, the probe is to be placed approximately 2 to 3 inches ubove the disposal
site surface. A separate gas sample of approximately 8 to 10 liters will be collected
from each grid or disposal area. For 50,000 square foot grids, the sampler will be set at
a flow rate of approximately 333 cubic centimeters per minute and the technician will walk
through a course of approximately 2,600 linear feet as shown in Figure 2 over a continuous
25-minute period. For other grid sizes or disposal areas, collection rates and walk
patter(x)ls should be fixed to collect 8 to 10 liters, if prior approval is obtained from the
APCO.

d ¢ B

Figure 3: Integrated Surface Sampler
Source: South Coast AQMD

An anemometer and wind vane with continuous recorder will be installed at a site which is
representative of the wind speeds and directions of the areas being sampled. The wind
velocity should be recorded throughout the sampling period. The wind vane should be
propetly oriented.

5. Analytical Procedures

All bag samples collected should be analyzed within 72 hours of collection for total
organic compounds and Attachment 2 compounds. The lower detection limits for these tests
are listed in the "air" column of Attachment 2.

L. AMBIENT AIR MONITORING

HSC Section 41805.5 requires that air adjacent to disposal sites be tested and analyzed
for specified air contaminants. To comply with HSC 41805.5, disposal site owners should
conduct ambient air monitoring at the perimeter of the disposal site. The test should
adequately characterize the contaminants in the air. The air column listed in Attachment



2 shows the lower detection limits to be achieved in parts per billion. Each disposal
site should perform the ambient air sampling on ten separate, not necessarily consecutive,
days. Ten days of ambient sampling provides an initial screening of hazardous waste
disposal sites and allows for some daily variations in site operations, weather
conditions, and emissions.

The disposal site operator is given the option of using one of three suggested procedures
for testing the ambient air. These procedures were developed to cover differences in
topography and climate which may occur at different sites. The option chosen will depend
on the results of a meteorological survey conducted prior to ambient monitoring. Each
option has two parts. One addresses sites with different day and night wind patterns and
one addresses sites with the same day and night wind patterns.

A. OPTION 1
1. Generﬁ_l Procedures

HSC Section 41805.5 requires that air adjacent to disposal sites be tested and analyzed
for specified air contaminants. If the disposal site has a gas collection system which
does not operate continuously, at least one of the sampling days should be a day before
the gas collection system is turned on after a typical inoperative period. This option
requires twenty-four hour samples to be taken on 10 separate, not necessarily consecutive,
days.

2. Meteorological Survey

A meteorological survey should be conducted prior to ambient air sampling in order to
determine the local wind flow patterns which will subsequently be used to help identify
the number and location of samplers required for an effective ambient air monitoring
program. The operator should submit the survey to the APCO prior to ambient sampling, as
part of the monitoring plan. The survey should summarize how wind flow patterns at the
site will be characterized based on: previously collected on-site meteorological data,
data collected nearby (e.g., local airport data), proximity to water or terrain which may
influence diurnal variations (e.g., daytime upslope winds, nighttime downslope, or sea
breeze conditions), or a plan for on-site meteorological data collection prior to ambient
monitoring. In completing an on-site meteorological survey prior to monitoring, wind
sensors should be oriented with respect to north, located nine to twelve feet above the
ground and a minimum of sixty feet from obstacles such as trees, shrubbery, and buildings.

3. Ambient Air Sampling
a. General Sampling Criteria

At the completion of the meteorological survey, and on approval of the APCO, ambient air
sampling equipment will be installed at the appropriate locations which will be determined

by:
1. Site topography,
2. Meteorological survey, and

3. Local land use pattemns.
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monitoring. In completing an on-site meteorological survey prior to monitoring, wind
sensors should be oriented with respect to north, located nine to twelve feet above the
ground and a minimum of sixty feet from obstacles such as trees, shrubbery, and buildings.

3. Ambient Air Sampling
a. General Sampling Criteria

At the completion of the meteorological survey, and on approval of the APCO, ambient air
sampling equipment will be installed at the appropriate locations which will be determined

by:
1. Site topography,
2. Meteorological survey, and

3. Local land use patterns.
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The sampling equipment should be

located at or near the perimeter of the

waste disposal site, in the clear and

away from surrounding obstructions.

The inlet probes for the ambient

samplers should be located between six

and nine feet off the ground (reaching

height) and a minimum of sixty feet

from obstacles such as trees, shrubbery

and buildings. Air flow around the

inlet probe should be unrestricted in

an arc of at least 270 degrees with the

predominant wind direction for greatest

expected  pollutant  concentration o s g
potential included in the 270 degree - 3
arc. The sampler locations should be BIRECTIONALY EONTROLLED
carefully selected to ensure the e
predicted prevailing wind patterns for

the sampling date will come across the

main body of the disposal site to the

downwind station. Wind speed and :
direction measurements will continue to T T ioLLY Tt st o T
be collected throughout the ambient air

sampling period to verify that the N
meteorological criteria are met.
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Figure 4: Option 1
Source: South Coast AQMD

Ambient air samples will be collected over a 24-hour period beginning and ending at 10:00
AM. using the self-contained portable sampling units described in Equipment Description.
In general, 24-hour and directionally controlled sampling will be required to ensure that
maximum contaminant concentrations are identified for each sampling period. However,
directionally controlled sampling may not be required at sites which have a’constant wind
direction for 24 hours. All samples will be removed from the samplers immediately after
the 24-hour sampling period and analyzed for the required compounds. It is recommended
that the sample be analyzed within 72 hours of collection.

b. Specific Sampling Criteria

i. At sites that experience different day and night wind flow patterns, a minimum of two
24-hour samplers and two directionally controlled samplers will be required. Twenty-four
hour samplers will be placed at the upwind and downwind site perimeters based on the
prevailing wind direction. The directionally controlled sampler(s) located downwind of
the disposal site should be placed at sites which will sample under the stable (drainage)
wind conditions identified in the meteorological survey. The directionally controlled
sampler located upwind of the disposal site should be placed near the upwind 24-hour
sampler. The 24-hour samplers will operate continuously for the specified 24 hours and
the directionally controlled samplers will only operate when the wind direction is within
a wind sector allowing air to pass across the disposal site to the downwind sampler.. This
will allow the downwind directionally controlled sampier(s) to only collect air that has
passed over the disposal site and the upwind directionally controlled sampler to only
collect air that has not passed over the disposal site. '



ii, At sites that experience a constant wind direction for 24 hours, a minimum of two 24-
hour samplers will be required. A 24-hour sampler will be place both upwind and downwind
of the site based on the prevailing wind direction so that the upwind sampler only
collects air that has not passed over the disposal site and the downwind sampler only
collects air that has passed over the disposal site. Additional 24-hour samplers should
be placed at locations which will sample under the stable (drainage) wind conditions
identified in the meteorological survey. Since the wind direction does not change, these
24-hour samplers will act as directionally controlled samplers as well as 24-hour
samplers. Comparison of the resuits from these samplers will provide information on
ambient air quality standards and the effects the disposal site has on the ambient air

quality.
4. Sampling Conditions

Ambient air sampling should bev conducted on days when siable and unstable meteorological
conditions are characterized by the following meteorological conditions:

a. Stable nights with average wind speeds of five miles per hour or less.

b. Daytime conditions with avei‘age wind speeds of ten miles per hour or less.

No sampling will be conducted under the following adverse meteorological conditions:
a. Precipitation

b. Twenty-four hour average wind speeds greater than ten miles per hour.

5. Equipment Description
a. Bag Sampler

1. Pump with a diaphragm made of non-lubricated Viton® rubber. The maximum pump unloaded
flow rate is 4.5 liters per minute.

2. One 10-liter Tedlar® bag with a push-pull valve constructed of aluminum and stainless
steel with a Viton® o-ring seal.

3.  Rotameter made of borosilicate glass with a flow range of three to fifty cubic
centimeters per minute. The scale is in millimeters with major graduations (labeled)
every 5 mm and minor graduations every 1 mm.

4. Air flow control orifice made with 316 stainless steel capillary tubing.

5. Bypass valve.

6. Fittings, tubing and connectors made with 316 stainless steel or teflon.

7. Clock timer with an accuracy that should be better than 1%.
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ii. At sites that experience a constant wind direction for 24 hours, a minimum of two 24-
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flow rate is 4.5 liters per minute.

2. One 10-liter Tedlar® bag with a push-pull valve construcﬁcd of aluminum and stainless
~ steel with a Viton® o-ring seal.
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7. Clock timer with an accuracy that should be better than 1%.
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b. Wind directionally controlled system

1. Wind direction sensor with a vane which has a range of 0 - 540 degrees and a threshoid
of 1.00 mile per hour or less.

2. Controller and indicator console with an indicator range of O - 360 degrees and an
accuracy of & 2% of full scale.

¢. Wind speed and direction monitoring with continuous recorder.

1. Anemometer three cup assembly with a range of 0-50 miles per hour and a threshold of
0.75 miles per hour or less.

2. Wind vane with a range of 0 -'540 degrees and a threshold of 1.00 miles per hour or
less. ‘

6. Wind Data Reporting

Wind data (speed and direction) will be
reported as an hourly average.  For
example, the data collected between 1:00
P.M. and 2:00 P.M. will be averaged and
reported as the 1:00 PM. hourly
average. Wind speeds will be reported :
in miles per hour. Wind directions will : '
be reported using the sixteen point
scale ~ (sixteen directional points
corresponding to the mariner’s compass
rose on which each direction is
equivalent to a 22 1/2 degree sector of
a 360 degree circle). For example, wind =
directions would be N, NNE, NE, E ESE, rescum SO

SE,SSE,S,SSW,SW,WSW, W, WNW,NW, &
and NNW. LESE Trdl 24-NOUR SAIPLER
B. OPTION 2 ———

1. General Procedures

mulnnirmu)wnm“tmmmm

TMO (2} T4-HOUR BANLERS

HSC Section 41805.5 requires that air
adjacent to disposal sites be tested
and  analyzed for  specified  air
contaminants. These guidelines require
that 24-hour and less than 24-hour
ambient air sampling be conducted on 10
different, not necessarily consecutive,
days.

e (21 LEFE THAN 24-HOUR SAFFLERS

Figure 5: Option 2
Source: South Coast AQMD
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2. Meteorological Survey

See Option 1.

3. Ambient Air Sampling

See Option 1, Subsectibn 3a, General Sampling Criteria.

a. At sites that experience different but predictable day and night wind flow patterns, a
minimum of two 24-hour samplers and two less than 24-hour samplers will be required. One
24-hour sampler will be placed both upwind and downwind of the site based on the
prevailing wind direction. The less than 24-hour sampler(s) located downwind of the
disposal site should be placed at sites to sample under the stable (drainage) wind
conditions identified in the meteorological survey. The less than 24-hour sampler located
upwind of the disposal site should be placed near the upwind 24-hour sampler. The start
and stop times for the less than 24-hour samplers will correspond to the stable (drainage)
conditions identified by analyzing the hourly wind roses. The 24-hour samplers will
operate continuously for the specified 24 hours and the less than 24-hour samplers will
only operate when the wind direction is coming across the disposal site to the downwind
sampler. This will allow the downwind less than 24-hour sampler(s) to only collect air
that has passed over the disposal site and the upwind less than 24-hour sampler to only
collect air that has not passed over the disposal site.

b. At sites that experience a constant wind direction for 24 hours, a minimum of two 24-
hour samplers will be required. . A 24-hour sampler will be place both upwind and downwind
of the site based on the prevailing wind direction so that the upwind sampler only
collects air that has not passed over the disposal site and the downwind sampler only
collects air that has passed over the disposal site. Additional 24 hour samplers should
be placed at locations which will sample under the stable (drainage) wind conditions
identified in the meteorological survey. Since the wind direction does not change, these
24-hour. samplers will act as directionally controlled samplers as well as 24-hour
samplers. Comparison of the results from these samplers will provide information on
ambient air quality standards and the effects the disposal site has on the ambient air
quality.

4. Sampling Conditions

See Option 1.

5. Equipment Description

See Option 1.

6. Wind Data Reporting

See Option 1.

C. OPTION 3

1. General Procedures

HSC Section 41805.5 requires that air adjacent to disposal sites be tested and analyzed
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2. Meteorological Survey

See Option 1.

3. Ambient Air Sampling

See Option 1, Subsection 3a, General Sampling Criteria.

a. At sites that experience different but predictable day and night wind flow patterns, a
minimum of two 24-hour samplers and two less than 24-hour samplers will be required. One
24-hour sampler will be placed both upwind and downwind of the site based on the
prevailing wind direction. The less than 24-hour sampler(s) located downwind of the
disposal site should be placed at sites to sample under the stable (drainage) wind
conditions identified in the meteorological survey. The less than 24-hour sampler located
upwind of the disposal site should be placed near the upwind 24-hour sampler. The start
and stop times for the less than 24-hour samplers will correspond to the stable (drainage)
conditions identified by analyzing the hourly wind roses. The 24-hour samplers will
operate continuously for the specified 24 hours and the less than 24-hour samplers will
only operate when the wind direction is coming across the disposal site to the downwind
sampler. This will allow the downwind less than 24-hour sampler(s) to only collect air
that has passed over the disposal site and the upwind less than 24-hour sampler to only
collect air that has nor passed over the disposal site.

b. At sites that experience a constént wind direction for 24 hours, a minimum of two 24-
hour samplers will be required. - A 24-hour sampler will be place both upwind and downwind
of the site based on the prevailing wind direction so that the upwind sampler only
collects air that has not passed over the disposal site and the downwind sampler only
collects air that has passed over the disposal site. Additional 24 hour samplers should
be placed at locations which will sample under the stable (drainage) wind conditions
identified in the meteorological survey. Since the wind direction does not change, these
24-hour. samplers will act as directionally controlled samplers as well as 24-hour
samplers. Comparison of the results from these samplers will provide information on
ambient air quality standards and the effects the disposal site has on the ambient air
quality. ' :

4. Sampling Conditions

See Option 1.

5. Eqiiipment Description

See Option 1.

6. Wind Data Reporting

See Option 1.

C. OPTION3

1. General Procedures

HSC Section 41805.5 requires that air adjacent to disposal sites be tested and analyzed
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for specified air contaminants. These guidelines require that 24-hour ambient air sampling
be conducted on 10 different, not necessarily consecutive, days.

2. Meteorological Survey

See Option 1.
3. Ambient Air Sampling

Sea Option 1, Subsection 3a, General
Sampling Criteria.

a. At sites that experience different
day and night wind flow patterns, a
minimum of three 24-hour samplers will
be required. One 24-hour sampler will
be placed on both upwind and downwind of
the site based on the prevailing wind
direction.  Additional 24-hour samplers
wil] be located downwind of the disposal site
at sites which will sample under the
stable (drainage) wind  conditions
identified in the meteorological survey.
In addition, one 24-hour sampler will be
placed in the vicinity of the disposal site,
approximately one mile away, so it will

not be affected by the disposal site PN O T (3) SITER — it SareLe
emissions. This 24-hour sampler should ' T WITES LoCATTD e D S
also be approximately one mile away from ek

other possible major emission sources so _ m:;';‘;ﬁ"%:ﬁﬁﬁ:‘
that the sample it collects will St o

represent the background concentrations
for the area. This background sampler
should be located in the clear and away

Figure 6: Option 3

Source: South Coast AQMD

from surrounding obstructions. Its inlet probe must be located between six and nine feet
off the ground (breathing height) and a minimum of 60 feet from obstacles such as trees,
shrubbery, and buildings. Air flow around the inlet probe must be unrestricted. All of
the 24-hour samplers will operate continuously for the specified 24 hours. Comparison of
the results from the samplers will provide information on the ambient air quality
standards.

b. At sites that experience a constant wind direction for 24 hours, a minimum of two 24-
hour samplers will be required. A 24-hour sampler will be placed both upwind and downwind
-of the site based on the prevailing wind direction so that the upwind sampler only
collects air that has not passed over the disposal site and the downwind sampler only
collects air that has passed over the disposal site. Additional 24-hour samplers should
be placed at locations which will sample under the stable (drainage) wind conditions
identified in the meteorological survey. Since the wind direction does not change, these
24-hour samplers will act as less than 24-hour samplers as well as 24-hour samplers. In
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addition, one 24-hour sampler will be placed in the vicinity of the disposal site,
approximately one mile away, so it will not be effected by the disposal site emissions.
This 24-hour sampler should also be approximately one mile away from possible major
emission sources so that the sample it collects will represent the background
concentrations for the area. This background sampler should be located in the clear and
away from surrounding obstructions. Its inlet probe should be located between six and
nine feet off the ground (breathing height) and a minimum of sixty feet from obstacles
such as trees, shrubbery and buildings. Air flow around the inlet probe should be
unrestricted.  All of the 24-hour samplers will operate continuously for the specified 24
hours.

4. Sampling Conditions

See Option 1.

5. Equipment Description

See Option 1.

6. Wind Data Reporting

See Option 1.

D. GENERIC ANALYTICAL METHODS

HSC Section 41805.5 directs the ARB to publish testing guidelines "specifying air
contaminants to be tested for and identifying acceptable testing, analytical and reporting
methods. The following generic analytical methods contain a brief description of the

standard operating procedures (SOP) used by the ARB to sample and analyze specific
compounds. Specific SOPs are contained in Attachment 4.

1. Method for Vinyl Chloride

Ambient samples are collected over a 24-hour period in a 30-liter Tedlar® bag using a low-
volume sampler.

Samples are analyzed using chromatography with flame ionization or photo ionization
detection and preconcentration techniques. The resultant concentration peak is identified
by retention time and quantified by reference to calibration standards.

2. Method for Carbon Tetrachloride, Chloroform, Ethylene Dibromide, Ethylene Dichloride,
Methyl Chloroform, Methylene Chloride, Perchloroethylene, and Trichloroethylene

Ambient samiples are collected over a 24-hour period in a 30-liter Tedlar® bag using a low-
volume sampler.

Samples are analyzed using gas chromatography with electron capture detection and

preconcentration techniques.  Resultant concentration peaks are identified by retention
times and quantified by references to calibration standards.
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3. Method for Benzene

Ambient samples are collected over a 24-hour period in a 30-liter Tedlar® bag using a low
volume sampler.

Samples are analyzed using gas chromatography with photo ionization detection and
preconcentration techniques. The resultant concentration peak is identified by retention
time and quantified by reference to calibration standards.

IV. GAS MIGRATION
A. General

HSC Section 41805.5 requires disposal site owners to test for off-site underground gas
migration.- The testing should be done at the disposal site edge in wells with spacing
determined by local geology and land use near the disposal site. Wells should be tested
for the Attachment 2 compounds to the "disposal site" detection limits. At co-disposal
sites, wells should also be tested for methane. Any existing perimeter monitoring system
can be used if it can be shown to provide the necessary data.

For co-disposal sites, one perimeter sampling probe should be installed at the waste
disposal site perimeter for each 1000 feet of site perimeter. The site perimeter is the
outer edge of the area which is permitted to receive waste. All the wells should be placed
at the site perimeter between the filled area and the areas off-site where gas migration
‘would be a potential threat to public health or safety. or sites which accepted only

hazardous waste, 2 maximum of four wells should be located around the perimeter of the
site.

Samples should be taken from six feet below the surface. When the sampling wells are no
longer in use, the wells should be closed using Department of Water Resources published
criteria.

B. Protocol

1. Equipment Description

a. Pump with diaphragrh made from non-lubricated Viton® rubber.

b. Battery to operate pump

c. Tedlar® bags

d. Various fittings

e. Flame ionization detector, or similar detector, with a lower detection limit of 2 ppm
-methane. '

2. Sampling Procedure
If the disposal site has a gas collection system and the system does not operate

continuously, then the probes should be sampled with the system operating and immediately
before the system is restarted after an off period.
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a. Attach the pump to the well.
b. Attach the Tedlar® bag and take a 10 liter sample.

c. Check the sample for the Attachment 2 compounds to the "disposal site” detection
limits, and methane at co-disposal sites.

3. Data Reporting

For each sample, the owner should record:

a. Date, time, and sample location

b. The concentrations of the Attachment 2 compounds, and mcthane for co-disposal sites.

c. Whether any landfill gas collection system was operating.
V. QUALITY ASSURANCE FOR SAMPLING

A quality. assurance plan for disposal site testing should be prepared and submitted to the
APCO as part of the monitoring plan. The following quality assurance tasks are listed as
an example of the information which should be included in the plan.

A. Quality Assurance Objectives

Quality assurance procedures for disposal site testing are designed to perform two primary
functions. The first is to establish the necessary quality control activities relating to
sample collection, sample analysis, siting of ambient monitors, and data validation.
Secondly, the plan provides for assessment of data quality in terms of precision,
accuracy, and completeness.

B. Sampling Methods

Specific sampling methods will be prepared in a monitoring plan for review by the APCO.
The methods should include equipment specifications, acceptance testing, sample handling
and chain of custody procedures such as length of time before analysis, temperature
control on samples, and shipping procedures to prevent sample loss. The monitoring plan
will outline measures to protect the sampling apparatus and media from interference or
damage due to rain. Use of chain of custody forms is recommended. A sample chain of
custody record is included as Attachment 5. Field data sheets will be used to record
-sampling date and location, initials of individuals conducting sampling, analysis and data
reduction, sample number, initial and final time and flow, malfunctions, leak checks, and
weather conditions (e.g., rain) which could influence sample results. The initial and
final flow will be averaged for the 24-hour sampling period if a flow controller is not
used. Tedlar bags should be recertified before each use. This involves purging the bags
until no contamination is detected and checking for leaks.

A site description form should be included for each monitoring site listing sampling

height, distances to obstructions, and showing the monitoring location with respect to the
waste site on a map with scale.
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Ambient sampling precision will be calculated from at least 2 samplers collocated at a
site of expected maximum concentrations. The samplers should be located between 6 and 1Z
feet apart. Collocated samples will be collected daily for the 10 days of ambient
sampling. One sampler will be designated as the primary sampler and the others will be
designated as duplicate.

C. Analysis Methods

When possible, ARB approved methods for sample preparation and analysis should be used.
If modifications are necessary, the changes should be fully documented in the monitoring
plan and validation testing conducted. Validation testing should provide an assessment of
accuracy, precision, interferences, applicable concentration ranges, recoveries, and
limits of detection of the alternative method.

Each method developed for sample analysis should be documented in a Standard Operating
Procedure and be available for review by the APCO before monitoring begins. The method
documentation should include the quality control activities necessary to routinely monitor
data quality such as the use of control samples, field blanks, and duplicate samples. The
method should also include the frequency of analysis for quality control samples.
Analysis of control samples is recommended before each day of lab analysis and after every
tenth sample. Control samples should be analyzed to be within control limits previously
established by the laboratory performing the analysis. If results are outside the control
limits, the method should be reviewed, recalibrated, and the control sample reanalyzed.
Field blanks should be included with each batch of samples. The identity of blank and
spiked samples should be unknown to the analyst. _

D. Calibration Procedures

The monitoring plan will specify calibration procedures including calibration intervals
for recalibration, calibration standards, environmental conditions for calibrations, and a
calibration record keeping system. When possible, National Bureau of Standards traceable
gas standards should be used for calibration of the analytical instruments in accordance
with standard analytical procedures which include multiple calibration points that bracket
the expected concentrations.

If elapsed time meters are used, rather than noting beginning and ending times, the meters
should be checked and calibrated to within * 5 minutes for a 24-hour period. Samplers
operated with an automatic on/off timer should be calibrated so that the sampling period
is 24 hours * 15 minutes.

Flow meters or flow controllers with critical orifices should be calibrated against a
referenced flow meter at the initiation of a monitoring period.

Sampling flows should be checked in the field and noted before and after each sampling
period. Before flows are checked, the sampling system should be leak checked. The
initial flow should be within + 10% if a calibrated pressure transducer is used to check
flows or within + 15% if a calibrated rotameter is used. Flow meters should be
recalibrated if flows are found to be outside of these control limits.
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E. Preventative Maintenance

To prevent loss of data, spare pumps and sampling materials should be kept available in
the field by the operator. A schedule should be prepared for checking sampling pumps,
meteorological instruments, extension cords, crimps in sampling tubing, and leaks.

F. Data Validation - Precision, Accuracy, and Completeness
Average precision and accuracy, and respective standard deviations should be calculated

for the entire data set. The following equation should be used to calculate data
precision. ,

P=Y-Xx100
X
_where: P = calculated data precision

Y = concentration from duplicate sampler
of collocated pair;

X = concentration from primary sampler
of collocated pair.

Accuracy should be determined from the performance audit of flows or spiked samples and
should be calculated using the following equation:

A=Y -Xx100
X
where: | A = calculated data accuracy

Y = measured concentration of spiked sample
or measured flow;

X = known concentration of spiked sample or
known flow.

Data completeness should be calculated as a percentage of valid data compared to the total
possible amount of data if no invalidations had occurred. Data will be invalidated if the
power is out at a site and the length of a sample cannot be verified, or if the sampling
medium breaks during sampling or shipment for analysis. Data will be corrected to reflect
discrepancies in the sampling flow based on the results of a flow audit.

G. Performance Audits

For sampling with sorbent tubes, a referenced flow measuring device with a standard
limiting orifice should be used to verify the indicated flows on the samplers. Flow
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audits should be conducted at least once during a monitoring period. Analytical audits
should be conducted by spiking samples with referenced standards or by having another lab
analyze split samples for comparison of results.

H. Quality Assurance Reports

Quality assurance activities and data will be summarized by the staff conducting the
sampling and included as an attachment to the final data summary.

VII. TEST REPORT EVALUATION

HSC Section 41805.5(g) requires APCOs to evaluate the test reports. The test report data
required by July 1, 1987 provides preliminary information on ambient air concentrations
and landfill gas composition. If, after consulting with the Department of Health Services
and the California Waste Management Board, an APCO determines that levels of tested air
contaminants pose a health risk, the statute requires the district to take remedial
action. Remedial action may include further ambient air monitoring, landfill gas testing,
or installation of a landfill gas collection system.

If a district determines that a site poses a health risk, extended ambient air monitoring
is recommended as part of the mitigation process. Additional air monitoring is also
recommended at sites where the potential for public exposure or need for remedial action
is uncertain. HSC Section 41805.5 (f) provides that districts may re-evaluate the status
of a site and require additional testing as necessary.
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ATTACHMENT 2

SPECIFIED AIR CONTAMINANTS

COMPOUND
Chloroethene (Vinyl Chloride)
Benzene
1,2-Dibromoethane (Ethylene Dibromide)
1,2-Dichloroethane (Ethylene Dichloride)
Dichloromethane (Methylene Chloride)
Tetrachloroethene (Perchloroethylene)
Tetrachloromethane (Cai'bon Tetrachloride)
1,1,1-Trichloroethane (Methyl Chloroform)
Trichloroethylene

Trichloromethane (Chloroform)

CH,:CHCI
CH,
BrCH,CH,Br
CICH,CH,CI
CH,CI,
CLC:CCl,
cal,
CH,CCl,
HCIC:CCl,
CHCI,

Detection Limits', ppb

Air
2
2
0.5
0.2
1
02
0.2
0.5
0.6
038

Disposal site
500
500
1
20
60
10
5
10
10
2
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ATTACHMENT 4

The choice of analytical method is left up 1o the individual laboratory performing the
analysis. The methods provided in Attachment 4 are provided as examples of methods which
can be used to sample and analyze for the specified air contaminants identified in
Attachment 2. The methods are used by ARB laboratories to quantify the compounds listed
at or below the detection limits specified in Attachment 2. Table 4-1 summarizes the
method detection limits achievable by these methods and the detection limits to be
reported for these guidelines: '

TABLE 4-1: METHOD DETECTION LIMITS
Method Detection Limits, pﬁb

COMPOUND Guideline Haagen-Smit  Aerometric Data
Laboratory  Division

Chloroethene (Vinyl Chloride) | 2 - 1
Benzene 2 0.5 0.5
1,2-Dibromoethane (Ethylene Dibromide) 0.5 0.01 0.005
1,2-Dichloroethane (Ethylene Dichloride) 0.2 0.2 0.1
Dichloromethane (Methylene Chloride) 1 1 0.6
Tetrachloroethene (Perchloroethylene) 0.2 0.004 0.01
Tetrachloromethane (Carbon Tetrachloride) 0.2 0.02 -
1,1,1-Trichloroethane (Methyl Chloroform) 0.5 0.004 0.004
Trichloroethylene 0.6 0.005 0.02

Trichloromethane (Chloroform) 0.8 0.004 0.02
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Procedure for the Sampling and Analysis
of Atmospheric Ci to Cz Halogenated Bydrocarbons
MethHod 103

Introduction

This procedure describes a method of sampling and
analyzing atmospheric concentrations of Ci to Cz
halogenated hydrocarbons in the range of 0.004 to
1.0 parts per billion (ppb).

Lower concentrations may be analyzed by increasing the
sample volume and using a crycgenic trap to concentrate
the sample.

Higher concentrations may be analyzed by direct inject-
ion of a diluted sample into a sample loop of a gas
chromatograph.

Compounds which can be analyzed by this method are:

- Dichloromethane, CH,Cl {methylene chloride)

2772’

Trichloromethane, CHC1 (chloreoform)

31

1,2-Dichlorocethane, CI1CH,CH,Cl, (ethylene dichloride, EDC)

2772
1,1,1-Trichloroethane, Cl CCH3, {methyl chloroform}

Tetfachlorometbane, CCl4, {carbon tetrachloride)

Trichloroethene, C120=CHC1, {trichlorcethylene, TCE)

1,2-Dibromoethane, BrCH,.CH.Br, (ethylene dibromide, EDB)

2772

Tetrachloroethene, C12C=CCI {perchloroethylene, PERC)

2’
Method

Alr is sampled into a Tedlar bag at a calibrated and
controlled flow during selected time intervals as des-
cribed in Appendix A, "Procedure for Atmospheric Ted-
lar Bag Sampling"”.

A measured volume of the air samplé is transferred by
a syringe into the chromatograph.

The components are separated by a specified column and
analyzed by an electron capture detector.

&n electronic integrator guantitates the halogenated
hydrocarbons by integrating the peak areas and cal-
culating concentrations from a factor determined dur-
ing calibration with a hzlogenated hyirocarbons
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Procedure for the Sampling and Analysis
of Atmospheric Ci. to Csz Halogenated Bydrocarbons
Method 103

Introduction

This procedure describes a method of sampling and
analyzing atmospheric concentrations of Ci to Ca
halogenated hydrocarbons in the range of 0.004 to
1.0 parts per billion (ppb).

Lower concentrations may be analyzed by increasing the
sample volume and using a crycgenlc trap to concentrate
the sample.

Higher concentrations may be analyzed by direct inject-
ion of a diluted sample into a sample loop of a gas
chromatograph.

Compounds which can be analyzed by this method are:

- Dichloromethane, CH,Cl (methylene thoridé)

2772
Trichloromethane, CﬂCls, (chloroform)

1,2-Dichloroethane, C1CH,CH,Cl, (ethylene dichloride, EDC)

272

1,1,1-Trichloroethans, ClSCCH3’ {methyl chloroform)

Tetfachloromethane, CC14, (carbon tetrachloride)

Trichloroethene, C120=CHC1, {trichloroethylene, TCE)

1,2-Dibromoethane, BrCHZCHzBr, (ethylene dibromide, EDB)
Tetrachloroethene, 012C=C012, (perchloroethylene, PERC)
Method

Air is sampled into a Tedlar bag at a2 calibrated and
controlled flow during selected time intervals as des-
cribed in Appendix A, "Procedure for Atmospheric Ted-
lar Bag Sampling". :

A measured volume of the air samplé is transferred by
a syringe into the chromatograph.

' The components are separated by a specified column and
analyzed by an electron capture detector.

&n electronic integrator guantitates the halogenated
hydrocarbons by integrating the peak areas and cal-
"culating concentrations from a factor determined dur-

ing calibration with a hzlogenated hyirocarbons



standard mixture.

Apparatus

A sampler with bags is required for each site. The
sampler and bags are prepared and operated as des-—
cribed in the "Procedure for Atmospheric Tedlar Bag
Sampling”.

A gas chromatograph (GC) equipped with a gas inject-
"ion valve and freeze-out trap inlet system is required.
An electron capture detector is used.

One GC column is required: A glass column (6 ft x
1/4 in 0.D.) packed with 0.2 percent Carbowax 1500
on Supelco 80/100 mesh Carbopac C.

Other GC supportive spparatus used are a strip chart
recorder, a remote controller, and an electronic
integrator.

Ground glass syringes (50, 100, and 250 ml capacity)
or other suitable devices to accurately trarsfer air
samples from Tedlar bags to the sample inlet of the
GC are used.

A large air-tight chamber is used to prevare standard
gas mixtures.

The cryogenic traps holding the liquid nitrogen are
Dewar containers.

Reagents

All gases used in the GC analysis shall be of the
highest commercial quality available.

Helium shall have a purity of 99.995%.

Halogenated hvdrocarbons reference ligquid standards,
99% purity as listed in 1.4 are used to prepare a

10 ppb working standard mixture which is used as a span
gas.

A mixture of 10 percent methane in argon is used as
make-up gas in the GC.

Commercial liquid nitrogen (b.p. = -196°C) is used to
cool the freeze-out trap.

ngggdufe
Bags and samplers are fabricatéd, tested, and operated

as described in Appendix B, "Procedurs for the Fabri-
cation and Testing of Sample Bags™. :



The air sample is analyzed for Ci to Cz halogenated

hydrocarbons by using either the loop method or the
freeze-out trap method. The freeze-out trap method 1is
used for ppb to ppt (parts per trillion) concentrations.

The procedure for the loop method follows:

The air sample is transferred from the gas sample bag
and injected into the sample loop of the GC using a
clean 100 ml syringe fitted with a Luer-lok to guieck-
connect adapter.

The gas sampling valve (rotary type) is equipped with a
1 ol loop.

The gas sampling valve is rotated and the sample enters
the GC analyzer and is separated into component com~
pounds.

A Carbowax 1500/Carbopak C column is used to separate
the halogenated hydrocarbons. Typical operating con-
ditions for the gas chromatograph are:
25 ml./min helium carrier gas flow
- 40_mL/min 10% methane in argon make-up flow gas
80°C 10-port valve compartment temperature
< P .
1500C injection port temperature
330 C detgctor temperature
6 to 160°C at 8 C/min programming column temperature
Backflush: 23 min.

Each separated component passes through the electron
capture detector and yields a response proportional
to its response factor and concentration.

Concentrations of halogenated hydrocarbons may be cal-
culated using an electronic integrator.

The procedure for the freeze-out method follows:

Immerse the sample trap in liquid nitrogen (LN.)} and
allow the temperature to stabilize while maintdaining a
flow of helium through the system.

After discarding about 50 mL of the sample, withdraw
exactly 100 mL from the sample bag with a 100 mL syringe
and transfer the sample into the trarp.

Backfill the syringe with another 40 mL of helium and
flush the 40 mL t}rcugh the trap; then flush the
carrier helium through the trap for three minutes.

Isolate the cryogenic trap by using the isolation valve
which allows the carrier gas to by-pass the trap.
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Replace the LN2 Dewar flask with a Dewar containing hot
water at about™80 deg C.

Allow the trap to warm up.
Inject the sample into the carrier gas stream by turning
the GC sampling valve. The gas sample enters the GC

analyzer and is separated into component compounds.

The instrument operating conditions are the same as
those described in Section 5.2.5 above.

Each separated component passes through the electron
capture detector and yields a response proportional
to its response factor and concentration.

Calculations

The concentrations of halogenated hydrocarbons, in ppb,
are calculated by an electronic integrator using the
external standard method.

Concentration = Area x Response Factor x Dilution Factor

The Response Factor (RF) is calculated during calibration
by the equation:

RF = Concentration
Ares

Dilution Factor = Total volume of diluted sample
Initial sample volume before dilution

Replicate calibrations are averaged and the arithmetic
mean is stored a2s the RF for subsequent analyses.
Concentrations ray be converted from ppb to mg./m:3
by means of the following formula:

mg/m> = P x (MW.) x (ppb) x (10%)
(B82.05) X (T)
Where:
P = Pressure in atmospheres
M.W, = Molecular weight of corresponding
halogenated hydrocagbOn o
82.0 = Gas constant in cm xoatm./ K-mole
T : = Absolute temperature ( K).

The concentratiocn unit mg/m3 is eguivalent to ng/cm3



Quality Control

.1 Quality control procedures are followed in two areas:
sampling and analysis.

.2 The quality control procedures used in sampling are:

2.1 The Tedlar bag samplers are checked every 8 months for
' leakage and contamination. The interval is shortened
if any malfunction is suspected. A written record is
maintained of the history of each sampler. (See
Appendix A).

.2.2 The Tedlar bags are checked for leakage and contamin-
ation before being used for sampling. A log book is
maintained with a complete history of bag usage.

(See Appendix B).

.3 The quality control procedures used in analyzing the sample .
are:
. 3.1 The accuracy of the method has not been determined.

-

.3.1.1 Every six to nine months a calibration standard is prepared
in a glass-lined Pfaudler Chamber maintained by the Environ-
mental Laboratory Section of the Haagen-Smit Laboratory.

.3.1.2  The chamber is repeatedly evacuated and flushed with zero .
air until it is shown by gas chromatographic analysis to
be free of any significant contamination.

.3.1.3 To prepare the standerd, the chamber is re-evacuated and
filled with zero air to a pressure of 5 psia.

.3.1.4 A measured volume of a volumetrically prepared solution .
of halogenated hydrocarbons in methanol is injected via

‘a heated injector into a stream of zero air as it is

flowing into the chamber. The volume of the solution

injected into the chamber is chosen so as to give the _

desired gas phase concentration of halogenated hydro- .

carbons when the chamber is pressurized to 16 psia with

zero air.

. 3.2 Caiibration standards are prepared periodically. The
accuracy of the standard is verified and the pro-
cedure validated by comparing the concentration of
tetrachloroethene in the chamber to that of an NBS
standard.

.3.2.1 A newly prepared chamber working standard is rejected
unless the tetrachlcroethene concentration based on
calculaltion agrees within +/- 5% of the value
determined by analysis, using the NBS standard for
calibration. -
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Quality Control

Quality control procedures are followed in two areas:
sampling and analysis.

The quality control procedures used in sampling are:

The Tedlar bag samplers are checked every 6 months for
leakage and contamination. The interval is shortened

if any malfunction is suspected. A written record is
‘maintained of the history of each sampler. (See

Appendix A).

The Tedlar bags are checked for leakage and contamin-
ation before being used for sampling. A log book is
maintained with a complete history of bag usage.

(S5ee Appendix B).

The guality control procedures used in analyzing the sample
are:

The accuracy of the_meﬁhod has not béen determined.

Every six to nine months a calibration standard is preparéd
in a glass-lined Pfaudler Chamber maintained by the Environ-
mental Laboratory Section of the Haagen-Smit Laboratory.

The chamber is repeatedly evacuated and flushed with zero
air until it is shown by gas chromatographic analysis to
be free of any significant contamination.

To ?repare the standerd, the chamber is re-evacuated and
filled with zero air to a pressure of 5 psia.

A measured volume of a volumetrically prepared solution
of halogenated hydrocarbons in methanol is injected via

‘a heated injector into a stream of zero air as it is

flowing into the chamber. The volume of the solution
injected into the cheamber is chosen so as to give the
desired gas phase concentration of halogenated hydro-
carbons when the chamber is pressurized to 186 psia with
ZEero air.

Calibration standards are prepared periodically. The
accuracy of the standard is verified and the pro-
cedure validated by comparing the concentration of
tetrachlorocethene in the chamber to that of an NBS
standard.

A newly prepared chamber working standard is rejected
unless the tetrachlcroethene concentration based on
calculation agrees within +/- 5% of the value
determined by analysis, using the NBS standard for
calibration. .
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2.2 A newly prepared chamber working standard is rejected

[y

unless the relative response factors for all eight
halogenated hydrocarbons of interest fall within
+/- 10% of the historically established mean values.

A working chamber standard is checked at least every
three months for conformity to criteria 7.3.2.1 and
7.3.2.2.

A new standard is prepared as frequently as required as
determined by the above mentioned criteria.

Any reports generated after the standard ceases to be
demonstratively within the established tclerances shall
contain a cautionary explanation.

The gas chromatograph is calibrated pericdically.

- Calibration factors are determined on the basis of the

mean values of the previous calibration runs which meet
the criteria of 7.4.3.

Each day a calibration check is performed uéing the
Pfaudler chamber standard to spzn the instrument.

If the response for each compound of interest is within
10% of the established calibration value, the established
calibration factors are retained.

The calibration check is repeated if the response of the
instrument has changed by more than 10% from the established
values.

If the response is still out of tolerance, a quality
assurance report is submitted, remedial action is initiated,
and new calibration factors calculated. .

Blank samples shall be analyzed daily after the calibration
is completed and, whenever necessary, between sampies.

The linearity of the instrument is checked periodically.

A gas chromatographic multipoint linearity check is
performed annually with standards of at least four
different concentrations snd four replicate runs for
each concentration. The conzentraticns should include
the anticipated range of sample concentrations above
the limit of detection.

The mean-square e:rcr due to lack of fit about the
regression line ir compared to the total mean-square
error of the indeprendent replicates about their
individual means. The cz2librztion is accepted if
the F-ratio is less than the ¢5% rejeztion linmit.



A repeated multipoint calibration should not differ
from the previous calibration by more than 10%.

Any region of concentration that deviates more than
5% from the least-square line is considered nonlinear.

Data is reported only for compounds whose concentra-
tions lie in the linear range.

Limits of detection are established.

The limit of detection (LOD) is based on three standard
- deviations {(SD) of runs near the LOD (within 10 SD of
" the LOD, Winefordner and Long, 1883),

The LOD should be determined at least on an annual
basis.

If the instrument response changes by more than 15%, the
instrument must be checked and the LOD redetermined.

The presence in a sample of a very large adjacent
peak will often raise the LOD in the sample.

Analytical instruments have quality control procedures.
Column conditions are checked periodically and as needed.

All GC accessible parameters is logged when a
column is first installed. These parameters are
checked daily and recorded on integrator reports.

The efficiency and resolution of the column are
checked every month. If the tests show more than a
10% change, the column is replaced.

If the headpressure required to maintain a specified
flow through the column increases by more than 100%,
the column is replaced.

If the drift of retention times of peaks results
in peak misidentification, all instrument parameters
are checked.

Replicate analyses are a quality control procedure.

A duplicate analysis is performed on &t least one
sample per day.

If the duplicete analysis (replicate) differs by more
than 20%, and if the concentration of the sample is '
higher than 3X LOD, then an additional analysis is
performed.
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If the range of the replicate analyses is greater thaxn
the mean and if the concentration of the sample is
greater than 3X LOD, the analyses are not acceptable.

If the range is within 20%, the mean and the standargd
deviation are reported.

If there is any reason to suspect the presence of an
interferent (peak broadening, shift of retention time,
shoulder formation, etc.), peak identification is
verified using another analyzer (GC/MS), detector, or
column.

When spiked samples are analyzed, the peak height and
peak area ratios of the spiked and unspiked samples
must be consistent.

Compound confirmation is a quality control procedure.

Ten percent of the analyses are confirmed by a different
analytical system (different cclumn or different
detector, e.g. GC/MS).

If the confirmatory and the routine analyses differ by
more than 20%, none of the analyses are acceptable.

Analytical reports undergo quality control procedures.

Data storage: raw data transmitted from the integrator
are stored unmodified in electronic storage. Data are
archived according to date, site, analyses, and project
for easy retrieval. These data are kept for 3 years in
the laboratory electronic storage.

All data above the minimum detection limits are reported
to the requesting agency in hard copy or electronic
format.

All reports are reviewed by at least two qualified
staff before they are released.

Critigue and Comments

-

Lower limits of detection have been established using
the prescribed instrument conditions and using a
100 ml. sample with the freeze-out trap technique.

Table 8.1.1 lists the lower limits of detection for the
the compounds analyzed by this method.

Interferences are not usually a serious problem for
light halogenated hrdrocarbon analysis when the
electron capture detector is used.
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The electron capture detector is selective for the
measurement of halogenated hydrocarbons. It is
virtually insensitive to other hydrocarbons thus
eliminating interferences from non-halogenated
hydrocarbons.

Any halogenated hydrocarbons present in the sample
having retention times very similar to the compounds of
interest under the operating conditions described in
this method will interfere. Therefore, proof of chem-
ical identity requires confirmation.

Water vapor at normal ambient humidity in the sample
does not interfere with the separation and quantifi-
cation of halogenated hydrocarbons.

High concentrations of nitrogen oxides (500 ppm) and
sulfur oxides (50 ppm) interfere in the determination
of methylene chloride in the samples of stack
emission sources.

The procedure described herein has both advantages and
disadvantages:

This method provides a2 simple way of air sampling.
The concentrations of halogenated hydrocarbons in the
range of interest are stable for more than 24 hours
in the bag, providing sufficient time for the
analysis.

'The sample is easily and repeatedly introduced into

the instrument by means of a gas sampling valve.

A representative composite sample is readily obtain-
ed for any selected time interval because the air
sampling flow rate is constant.

Both the upper and the lower limits of detection can

be extended by concentrating a larger volume of the
sample with a freeze-out trap or by diluting the sample
in a Tedlar bag with nitrogen or by loop injection.

Interferences can be eliminated by selecting chromato-
graphic conditions.

References

U.5. Environmental Frotection Agency (18760, "Quality
Assurance Handbook for Air Pollution Measurement
Systems, Volume I-Prirciples”, EPA-600/9~76-005
Environmental Monitoring and Support Laboratory,
Research Triangle Furl, North Carclina 27711.
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CAUTION Laboratory Operstions Involving Carcinogens

Most halogenated hydrocarbons are identified as human
carcinocgens; therefore, appropriate precautions should
be observed when handling these compounds. Do not
release halogenated hydrocarbon vapors to the laboratory
atmosphere at any time. When venting or purging, the
vapor must be routed to outside air. The OSHA regula-
tions pertaining to the use and handling of halogenated
hydrocarbons are published in Title 29 of the Code of
Federal Regulations available in the Federal Register,
Volume 40, May 28, 1975, pp. 23073.

11



TABLE 8.1.1
LIMITS OF DETECTION

Compound Limit of Concentration Mean Area n % Rel
Detection Area St.Dev. St. Dev.
ppb ppb
Methylene Chloride _ 1 1.37 8,230 800 6 - 9.7
Chloroform - 0.004 0.008 8,290 197 5 2.4
Methyl Chloroform 0.004 0. 004 34, 000 3600 5 10.8
Carbon Tetrachloride 0.02 0. 028 13,900 676 5 4.9
0.01 ' 2,400 320 8 13.3
Trichlorcethylene 0.005 0.0064 15,800 515 5 3.3
Ethylene Dibromide 0.01 0. 009 3,150 430 5 13.7 ;
Perchloroethylene 0. 004 0. 0047 102,700 6080 5 5.8
Ethylene Dichloride 0.2 0.3 61,778 © 4811 6 7.8
0.08 26,677 2143 5 8 :




TABLE 8.1.1
LIMITS OF DETECTION

Compound Limit of Concentration Mean Area n % Rel
‘ Detection Area St.Dev. St.Dev.
ppb ppb '

- Methylene Chloride _ 1 1,37 8, 230 800 [ 9.7
Chloroforﬁ 0.004 0. 0086 B, 290 197 5 2.4
Methyl Chloroform 0. 004 0.004 34, 000 3600 5 10.86
Carbon Tetrachloride 0.02 0.028 13, 900 876 5 4.9

0.01 2,400 320 8 13.3

Trichloreocethylene 0.005 0.0064 15,600 515 5 3.3

Ethylene Dibromide  0.01 0. 009 3, 150 430 5 13.7

Perchloroethylene 0.004 0.0047 102,700 6080 5 5.9

Ethylene Dichloride 0.2 0.3 61,778 T 4811 6 7.8
' 0 5 8

.09 26,8677 2143



Method 102 Revision 1

Procedure for the Sampling and Analysis
of Atmospheric Benzene
Method 102 .

Introduction

This procedure describes a method of sampling and
analyzing atmospheric concentrations of benzene in the
range of 0.5 to 1000 parts per billion {ppb).

Lower concentrations may be analyzed by increasing the
sample volume and using a cryogenic trap to concentrate the
sample. :

Higher concentrations may be analyzed by direct injection
of a sample into a sample locp of a gas chromatograph.

Heshes | ®

Air is sampled into a Tedlar (polyvinyl fluoride) bag at
a constant rate (30 to 40 mL/min) during selected time
intervals by means of an automatic sampler.

After sampling, the ambisnt air bag sample is returned to
the laboratory for analysis.

The sample is introduced into the ges chromatograph (GC) :
sample stream by means of gas injection valves and ana- .
lyzed by a photoionization detector. ;

The GC data system quantitates benzene by integrating the
peak area and calculating the concentration from factors
determined during calibration with standards.

Apparatus .

The sampler system consists of a diaphrzgm pump with a
by~-pass flow constrictor, a solenoid valve, a flow meter

‘with a flow control valve, pressure regulator, fittings

and tubing to convey air samples to the Teflcocn bsg. The -
entire essembly, including & 7-day timer and associated
electrical circuitry to control the filling of the samrle

bags, is compactly mounted on a metal cha551s and onerath .
an a 110 VAC power sucply.

Tedlar bags, 2 mil thicknasss, 50 liter capaciiy, equipped

with stainless steel quiclk disconnect fittings are used

to contain the sample. The bzgs are prepared in conformity

with the ARB docum=nt, "Frocedure for Fabrication and

Testing of Sszuiple Bags , (see Appendix B)Y. For sempling,

the bags are placed in rigid opaque conteiners to protect

their contentes from the sunlight. .
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Procedure for the Sampling and Analysis
of Atmospheric Benzene
Method 102

Introducﬁion

This procedure describes a method of sampling and
analyzing atmospheric concentrations of benzene in the
range of 0.5 to 1000 parts per billion (ppb).

Lower concentrations may be analyzed by increasing the
sample volume and using a cryogenic trap to concentrate the
sample.

Higher concentrations may be enalyzed by direct injection
0f a sample into a sample locp of a gas chromatograph.

Method

Air is sampled into a Tedlar (polyvinyl fluoride) bag at
a constant rate (30 to 40 mL/min) during selected time
intervals by means of an automatic sampler.

After sampling, the ambient air bag sample is returned to
the laboratory for analysis,.

The sample is introduced intc the gas chromatogresph (GC)
sample stream by means of gas injection valves and ana-
lyzed by a photoionization detector.

The GC data system quantitates benzene by integrating the
peak area and calculating the concentration from factors
determinsed during calibration with standards.

Apparatus

The sampler system consists of a diaphregm pump with a
by-pass flow constrictor, a solenoid valve, a flow meter
with a flow control valve, pressure regulator, fittings,
and tubing to convey air samples to the Taflon bsg. The
entire assembly, including 2 7-day timer and associated
electrical circuitry to control the filling of the samrle
begs, is compactly mounted on a metal chassis and cperates
on a 110 VAC power supply. )

Tedlar bags, 2 mil thickness, 50 liter capacity, equipped
with stainless steel quick disconnect fittings are used

to contain the ssnple. The bags are preorared in conformity
with the AEB documsnt, "Frocedure for Fabrication and
Testing of Sarpie Dage", (see Appendix B). For sampling,
the bags sre placed in rigid opzque contsiners to protect
their contentes from the sunlight.
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3.3 A gas chromatograph equipped with a gas sampling wvalve
and either a2 sample loop or freeze-out inlet system and
a photoionization detector is required. The detector
operates at 10.2 eV.

3.4 A freeze-out system consisting of a U-shaped stainless
steel trap filled with stainless steel clippings is
used to concentrate the sample.

3.5 A stainless steel column (6 ft % 1/8 in) packed with
10% N,N-bis(2~cvznoethyl)formamide on 100/120 nesh
Chromosorb PAW is used.

3.6 For a confirmation of the benzene analysis, an alter-
nate column should be used such as a stainless steel
GC column packed with 10% tricyanoethoxy propane (TCEFP).

3.7 An analog recorder and an electronic integrator to
guantify peak areas are required.

3.8 Ground glass svrindes (100 mL capacity) or other suitable
devices are needed to transfer air sa“ples from the
Tedlar bag to the GC sample inlet

4.1 The primary standard used in this analysis should be
the National Bureau of Standards (NES} benzene standard
reference material.

4.2 Helium with 2 minimum purity of 92.9295% should be used.

4.3 Commercial liquid nitrogen (b.p.=-196=) is used to cool
freeze-out trap.

5 Procedure

5.1 All bags and samplers are prepared for sampling as out-
lined in Appendix &4, "Procedures for Atmospheric Bag
Sampling” '

5.2 The air sample is analyzesa for benzezne by using either
the loop methcd cr the freeze-out method. The freeze-
cut method is used for lower bancene concentretions of

less than 25 ppb.

5. 2.1 The procedure for the lcap method follows:

o

.2.1.1 Transfer the azir sample from the air sample bag and
irnject it intc the sample loop of th=2 gas chromatogreph

using a 100 mL avvipge fitted with & Luer-lok to
guick-connect adaoter.

. 2.1.2 The fas sampling valve hos & fivesd volime sam»le loep of
=toat 1ol
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5.

4

[

Rotate the gas sampling valve. This causes the sample
to enter the gas chromatographic analyzer.

The procedure for the freeze-out method follows:

Immerse the sample trap in liguid nitrogen (LN,} and
allow the temperature to stabilize (approximateély 5 min).

After flushing the syringe with about 40 mlL of the sample
withdraw exactly 40 mlL from the sample bag with the
syringe.

Transfer the sample into the trap.

Backfill the syringe with 40 mlL of helium and flush
the 40 mlL through the trap; then flush helium through
the trap for 2 minutes at 100 nL/min..

Stop the helium flushing process.

Isolate the cryogeniec trap by using the isolation valve,
which prevent the escape of the sample.

Remove the LN, Dewar from the trap and replace it
with a Dewar Containing hot water at about 80 degC.

Allow the trap to warm up.

Actuate the sampling valve, thereby causing the carrier geas
stream to flush the sample into the gas chromatograph.

With the suggested stainless steel column (see item 3.5),
typical operating conditions for both loop and freeze-
out methods are: :

Helium flow: 20 ml./min
Heating bath temperature

for eryogenic trap: 80 degC
Column temperature: ambient
Detector temperature: 150 degC

Concentrztions of benzene may be calculated by using a
chromatographic data system or any other suitable elect-
ronie integrating device. '

T &nzene concent-riLion in ppb ig calculated by the
data system using i external standard method:

Concentraticn » Area » Celibrestion Facter
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Rotate the gas sampling valve. This causes the sample
to enter the gas chromatographic analyzer.

The procedure for the freeze—out method follows:

Immerse the sample trap in liquid nitrogen (LN.} and
allow the temperature to stabilize (approximatély 5 min).

After flushing the syringe with about 40 mL of the sample
withdraw exactly 40 ml. from the sample bag with the
syringe.

Transfer the sample into the trap.

Backfill the syringe with 40 ml of helium and flush
the 40 mlL through the trap; then flush hellum through
the trap for 2 minutes at 100 mL/min.
Stop the helium flushing process.

Isolate the cryogenic trap by uclng the isolation valve,
which prevent the escape of the sample.

Remove the LN Dewar from the trap and replzce it
with a Dewar Containing hot water at about BO degC.

Allow the trap to warm up.

Actuate the sampling valve, thereby causing the carrier gas'
stream to flush the sample into the gas chromatograph.

With the suggested stainless steel column (see item 3.5y,
typical operating conditions for ‘both loop and freeze-

" out methods are:

Helium flow: 20 ml./min
Heating bath temperature

for cryogenic trap: 80 degC
Column temperature: ambient
Detector temperature: 150 degC

Concentratlons of benzene may be calculated by using a
chromatograp110 data system or any other suitable elect-
ronic integrating device,

Caiculation

The benzene concent~-tion in ppb is calculated by the
data system using Ti.& external standard method:

Concentratio, ~ Area » Calibration Factcer
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6.2 The calibration factor (CF) is calculated during cal-
bration by the equation,

CF = conc
Area

The replicate caslibrations are averazged and the arithmetic
mean is stored as the CF to be used in subseguent analyses.

6.3 Concentrations may be converted from ppb to ug/m3 by
using the following formula:
ug/me = (P) x (M{) % (ppb) x (10°)
(82.03) x (T
vhere: P = pressure in atmospheres
MW = molecular weight of benzene,
78.11 g/mole
82.05 = gas constant, cm  x atnm
mol x T
T = absclute temperature, degk
7 Quality Control
7.1 Quality control procedures are managed in two areas:
sampling and analysis.
7.2 The sampling procedures use the following protocol:
7.2.1 The Tedlar bag samplers are checked every six months

for leakage and contamination. The interval is
shortenad if any malfunction is suspected. A4 written
record is maintained of the history of each sampler.
{S=e Appendix A).

7.2.2 The Tedler bags are checled for lezkzde and contzmina-
tion before being used for sampling. & log book is
maintained with a complete history of bag uszge.

(See Appendix B).

The analytical procedures use the fcllowing protocol:

-3 -~
W W
[y

Calibrations are performsd pericdiceally. Accuracy of the
method cannot be distoermined without an accept:sd standard
reference materizl (SRMY ang independent sccuracy
evaluation.

7.5.1.1 L0 NES traeceable vefevonoes mad
penr million) henr one G i Tooo
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the concentration of a secondary working standard.

7.3.1.2 Any secondary standards prepared from the reference
standard must show the same response factor as the
original reference standard. Intercomparisons are
made on a monthly basis.

7.3.1.3 . A working standard, prepared by diluting an NBS
reference material of about 10 ppm to about 10 ppb,
is generally used for daily calibrations.

oy

7.3.1.4 The stability of working standards must be such that
there is less than a 10% change in thirty days.

7.3.1.5 There shall be at least one working standard whose
concentration lies within the interval of 5 to 20 ppb.

7.3.1.6 A second working standard of a higher concentration
shall be prepared for use in two point calibrations.

7.3.1.7 A cquality assurance audit of the standards is prepared
annually.

7.3.2 Calibrations are performed on a daily schedule.

7.3.2.1 The daily calibration consists of at least two calibra-
tion points bracketing the antlclpated sample con-
centrations.

7.3.2.2 The calibration is repeated if either the slcpe or the
response at the limit of detection (LOD) of the fitted
line changes by more than 5%. If the calibration fails
on both runs, an NBS 0.25 ppm reference standard is
used to validate the calibration.

7.3.2.3 If the lamp voltage is adjusted, allow time for the
lamp to stabilize and repeat the calibration.

7.3.2.4 A record is kept of the lamp voltage settings and all
preventative maintenance procedures i.e. lamp replace-
ments, cleaning of lamp windows.

7.3.2.5 Blank sanples are run daily between callbratlons and
: sample analyses as necessary.

7.3.2.8 A single point span calibrestion may be substituted for
the two point calibraticn procedure for a maximum of
four consecutive days provided the response factor
does not change by more than 10% during the time

interval.
VAREIG Linearity is a factor that is chiecked periodically.
S | & gas chromnalograe e Jinezrity checkh

s perforned
iffer

"|
-
annually with ete 0 ds oFf ath 1=ost 4 di st con-
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the concentration of a secondary working standard.

7.3.1.2  Any secondary standards prepared from thas reference
standard must show the same response factor as the
original reference standard. Intercomparisons are

- made on a monthly basis.

A working standard, prepared by diluting an NBS
reference material of about 10 ppm to about 10 ppb,
is generally used for daily calibrations.
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7.3.1.4 The stability of working standards must be such that
there is less than a 10% change in thirty days.

7.3.1.5 There shall be at least one working standard whose
concentration lies within the interval of & to 20 ppb.

7.3.1.6 A second working standard of a higher concentration
shall be prepared for use in two point calibrations.

7.3.1.7 A quality assurance audit of the standards is prepared
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7.3.2 Calibrations are performed on a daily schedule.

7.3;2L1 The daily calibration consists of a2t least two calibra-
tion points bracketing the antlclpated sample con-
centrations.

7.3.2.2 The calibration is repeated if either the slcpe or the
response at the limit of detection {LOD) of the fitted
line changes by more than 5%. If the calibration fails
on both runs, an NBS 0.25 ppm reference standard is
used to validate the calibration.

7.3.2.3 If the lamp voltage is adjusted, &llow time for the
lamp to stabilize and repeat the calibration.

7.3:.2.4 A record is kept of the lamp voltage settings and =211
preventative maintenance procedures 1 e. lamp replace-
ments, cleaning of lamp windows.

7.3.2.56 Blank samwples are run daily between. callbratlons and
: sample analyses as necessary.
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the two point calibraticn procedure for a maximum of
four consecutive dzys provided the response factor
does not change by more than 10% during the time

interval.
PRGN Linearity isc & factor that is cliecked periodically.
N A gas chromatogray . ic linesrity cheel is performed

aunually with =t+ 0 ds of at leonst a different con-
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centrations and 4 replicate runs for each concentra-
tion. The concentrations must bracket the anticipate?
range of sample concentrations.

The mean-square error due to lack of fit about the
regression line is compared to the total mean-sguare
error of the independent replicates about their
individual means. The calibration is accepted if the
F-ratio is less than the 95% rejecticn limit.

Any region of concentration that deviates more than
5% from the least square line is considered nonlinear.

Samples must be analyzed only in the linear range.

Limits of detection must be established.

The limit of detection (LOD) is based on three standard

deviations (8D) of runs near the LOD {(within 10 SD
of the LOD, Winefordner and Long, 1983).

The LOD should be determined at least on an annual
basis. :

If the benzene calibration factor changes by more than
10%, The instrum=nt must be checked and the LOD
redetermined.

The presence in a sample of a compound producing in
the chart display very large adjacent peaks will
often raise the LOD in that sample.

GC column condition parameters should be checked and
documented.

All GC accessible parameters should be logged when
& column is first installed. These parameters should
be checked daily &nd recorded on integrator reports.

The efficiency and resolution of the column should
be checked every thirty days. If the tests show
more than a 10% chonge the columnh needs replacement.

If the headpressure recuired to maintain a sprecified
flow through the oolumn increases by more than 100%,
the column nzeds replacenent.

If the drift of retention timcy of the pszks results
in pezk micidentification, all instrument peraneters
need to be checked,

Replicete anzlysis are perforimed reogularly.

east. one camp

oo

A dupliva®te ensiysis 1o performed on =t

Gcacd: fav,

£

o
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7.3.6.

.6.

2

If the duplicate analysis differs by more than 20%,
end if the concentration of the sample is higher than
3X LOD, then an additional analysis is needed.

If the relative standard deviation (RSD) of the
replicate analyses is greater than 15% and if the
concentration of the sample is greater than 3 x LOD,
none of the analyses for that day are acceptable.

If the range is within 20%, the mean and the standard
deviation are reported.

Compound confirmation is a quality control procedure.

Ten percent of the analyses are to te confirmed by a
different analytical system (different column or
alternate detector, e.g. GC/MS).

If the confirmatory and the routine analyses differ
by more than 20%, none of the analyses for that day
are acceptable.

Analytical reports are filed.

Data storage: peak area and compeund concentration
data are stored unmodified in the electronic storage.
Data are archived according to date, site, analysis,
and project for easy retrieval. These data sre kept
for three years in the laboratory electrounic storage.

All data above the minimum detection limits are repcort-

ed to the requesting agency in hard cepy or electronic
format.

All reports are reviewed by at least two qualified
staff before they are released.

Critigue and Comments

" The minimum measurahle concentration of benzene has

been determined to be 0.5 ppb using prescribed
instrument conditions i.e. 40 mL sample, cryogenic
trap. .

Teble 8.1.1 lists the lower limits cf detection for the

method znd its associated statistics

The range of henzene measuremsnt is 1.0 to 1000 ppb.
The upper limit may be expznded by eLending the
calibration range, Ly diluting the sample, or by
reducing the sample volume.

fny organic compound present in the sanple having a

roeteustion time ciwilar to that of beo=z2ne undor the
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If the duplicate analysis differs by more than 20%,
end if the concentration of the sample is higher than
3X LOD, then an additional analysis is needed.

If the relative standard deviation (RSD) of the

replicate analyses is greater than 15% and if the
concentration of the sample is greater than 3 x LOD,
none of the analyses for that day are acceptable.

If the range is within 20%, the mean and the standard
deviation are reported.

Compound confirmation is a guality control procedure.

Ten percent of the analyses are to bte confirmed by a
different analytical system (different column or
alternate detector, e.g. GC/MS).

If the confirmatory and the routine analvses differ
by more than 20%, none of the analyses for that day
are acceptable.

Analytical reports are filed.

Data storage: peak area and compcund concentration
data are stored unmodified in the electronic storage.
Data are archived according to date, site, analysis,
and project for easy retrieval. These data are kept
for three years in the laboratory electronic storage.

All data above the minimum detection limits are repcrt-
ed to the requesting agency in hard ccoy or electronic
format. :

All reports ares reviewed by at least two gqualified
staff before they are released.

Critique and Comments

The minimum measurable concentration of benzere has
been determined to be 0.5 ppb using prescribed
instrument conditions i.e. 40 wl sample, cryozenic
trap. :

Tsble 8.1.1 lists the lcwer limits of detection for the

rmethod and its associated statistices

The range of benzene measurement iz 1.0 to 1000 Ppb.
The upper limit may be expanded by exbending the
calibration renge, by diluting the Sample, or by
reducing the cample volume.

fny orgonic compound prosent in the samrle having a
€

voetestion time ciwilar to that of biosane under che
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operating conditions described in this method may
interfere with the quantification. Proof of chemical
identity for benzene requires confirmation by other
means.

Benzene is positively identified by means of a gas
chromatograph/mass spectrometer.

Advantages eand disadvantazfes of Method 102 are listed
below:

The air sampling equipment is easily set up and in-
volves no liquids. The ambient concentrations of
benzene are are stable for at least 24 hours in the
Tedlar sampling bags if the sampling bags are kept
away from direct sunlight and are not expcsed to
temperatures greater than 907F.

A representestive integreted sample is readily at-
tainable because- the equipment samples at a con-
stant rate.

The sample is easily znd repeatedly introduced into
the GC by using a volumetric gas sampling valve or
cryogenic trap.

The lower concentration limit of the analyvzis may
be extended by concentrating the sample by freez-
ing out a larger volume of the saxple.

The polyvinyl fluoride (Tedlar) film sample bag is
susceptible to leaks and permeation through the bag.

The sample is susceptible to contamination when it
passes through the sampling system.
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METHOD NO. ADDLOGZ
STANDARD DPERATIHG PROCEDURE FOR THE DETERMINATION
OF YOLATILE ORGANICS IN AMBIENT AIR USING TENAX TRAP
PRECONCENTRATIUN GAS CHRUMATOGRAPHY AND TANDEM
PHOTOIONIZATION/ELECTRON CAPTURE DETECTORS

SCOPE

This document describes a procedure for the determination of volatile
halogenated hydrocarbons and aromatics having a boiling point of less
than 120°C. This procedure is based on documents received from the ARB

Haagen-Smit Laboratory, El Monte, as well as EPA Method Td].

SUMMARY OF PRUCEDURE

Ambient air is continuously sampled and collected in a Tedlar bag over 2
24 hour period and immediately sent to the laboratory for analysis. A
sample from the bag is drawn through a sampling valve attached to a
Tekmar LSC-2 Tenax Sample Concentrator (see Figure I) with a vacuum pump
at 50 cc/min for four minutes {total sample volume: 200 cc). The
organic constituents are trapped on Tenax and when the colliection is
complete, the Tenax is purged with 40 cc_of helium to remove any trapped
moisture. The sample is then thermaily desorbed onto the head of the GC

column. The GC column is temperature programmed and component peaks
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4.0

eluting from the column are sequentially detected and quantified, first
by a photoionization detector (PID)} and then by an electron capture
detector (ELD). The components are identified based on retention
times, Positive identification or confirmation requires the use of_an

appropriately configured GL/MS.

INTERFERENCES/L IMITATIONS

a. Components having similar GC retention times will interfere, causing

misidentification and/or faulty guantitation.

b. Because of the very low sample concentrations, extreme care must be
taken to insure that the sample is not degraded or contaminated by
the Tedlar sampling bag, sampling apparatus, or delayed de1ivenj to
the laboratory. Exposure of the Tedlar sampling bag to temperatures

greater than 25C should be minimized.

c. Only components of the sample which can be detected by PID/ECD

detectors will be quantified.

APPARATUS

a. Varian Model 6000 Gas Chromatograph/PID/ECD system equipped with a

Varian Vista 402 dual channel data system.

b. Tekmar LSC-Z Sample Concentrator equipped with Tenax trap and

sampling valves as shown in Figure 1.
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c. Matheson Model 8240 Mass Flow Controller accurate]y calibrated in
the 5-100 cc/min range.
d. Laboratory timer, accurate to within 0.1 minutes.
e. Gas tight microliter syringe, 50 ul.
f. GC column - 10" x 2 mm i.a. glass column packed with 1 percent
~ SP-1000 on Carbopack B, 60/80 mesh.
REAGENTS
a. Primary Gas Standard (Scott Specialty Gases - Research }riang1e

Institute Certified Series 1)

Compound Concentration (ppb)
Chlcroform 107
Carbon tetrachloride 105
Perchioroethene 106
Yinyl chloride 104
Benzene 107



b. Primary Gas Standard (Scott Specialty Gases - Research Triangle
Institute Certified Series 2)

Compound Concentration (ppb)
1,2-Dichloroethane 101
1,1,1-Trichloroethane us8
Trichloroethene 100
1,2-Dibromoethane 102

c. Stock Gas Standard - Scott-Marrin Blend (assayed against primary

cylinders)

Compound Concentration (ppb)

Dichloromethane 4272

Chloroform 528

1,2-Dichloroethane 3104

1,1,1-Trichloroethane 424

Carbon tetrachloride 46

Trichloroethene 336

1,2-Dibromoethane 5 °
Perchloroethene 43 ;
Vinyl chloride 4736

Benzene 1888




Primary Gas Standard (Scott Specialty Gases - Research Triangle

Institute Certified Series 2)

Compound Concentration (ppb)

1,2-Dichloroethane ' 101
1,1,1-Trichloroethane y8
Trichloroethene - 100
1,2-Dibromoethane 102

Stock Gas Standard - Scott-Marrin Blend {assayed against primary

cylinders)

Compound Concentration (ppb)
Dichloromethane 4272
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1,2-Dichloroethane | 3104
1,1,1-Trichloroethane 424
Carbon tetrachloride 46
Trichloroethene 336
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6.0  PROCEDURES

a. Sample Trapping

1. The precoﬁcentration system is shown in Figure 1.

2. The high concentration inlet is used for high concentration
calibration standards and for other samples with concentrations
_higher than ambient levels. The sample is introduced through
the high concentration inlet and 6 port valve into an

appropriate size loop of known volume. The sample then passes

through a 10 port valve, mass flow meter, and vacuum pump.
Before an analysis, the system is leak checked bytblocking'the
sample inlet port and observing that the mass flow meter

“reading drops to zero. The high concentration inlet then is

connected to a Tedlar sample bag valve and the gas bag valve is
opened. The Toop is then flushed with sample gas for three
minutes. After three minutes of flushing, the 6 port valve is

reset so that the sample contained in the loop is carried into

the trap by the helium purge gas. This continues for three .
minutes to ensure that all of the contents of the loop are

trapped. .
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PROCEDURES

Sample Trapping .

1.

2.

The precoﬁcentration system is shown in Figure 1.

The high concentration inlet is used for high concentration
calibration standards and for other samples with concentrations
_higher than ambient levels. The sample it introduced through
the high concentration inlet and 6 port valve into an
appropriate size loop of known volume. The sample then passés
thréugh a 10 port valve, mass flow meter, and vacuum pump.
Before an analysis, the system is leak checked byjblocking-the
sample inlet port and observing that the mass flow meter
“reading drops to zero, The high concentration inlet then is
connected to a Tedlar sample bag valve and the gas bag valve is
opened. The loop is then flushéd with sample gas for three
minutes. After three minutes of flushing, the 6 port valve is
reset so that the sample contained in the loop is carried into
the trap by the helium purge gas. This continues for three
minutes to ensure that all of the contents of the loop are

trapped.



b.

Ambient samples are introduced from Tedlar bags as described
above, except that the sample loop is bypassed and the sample
goes directly to the 10 bort valve. After flushing the system
with sample for three minutes, the 10 port valve is reset so
that 200 cc's of sample is trapped (50 cc/min. for four |
minutes). After sample trapping is complete, the Tenax trap is
flushed with 40 cc of helium to remove water vapor and any

nonadsorbed reactive gases.

In both ambient and high concentration cases, after the sample
has been trapped, the Tekmar LSC-2 heats the Tenax trap to
180°C while the trap is swept with the 6.C.'s internal carrier
gas for four minutes. The contents of the trap aﬁe thus
desorbed and collected on the head of the G.C. column. The
trap is baked out after the end of the desorption cycle. In
the bakeout cycle, the trap is flushed with helium purge gas
for eight minutes while being held at 225°C in order to prepare
the trap for the next cycle. After bakeout the trap is

jsolated from the system and ready for the next sample.

Analysis

The concentrated sample is separated under the chromatographic
condition detailed below. The resulting chromatogram (see
Figure II) is then integrated and quantified by reference to

calibration standard gases.



Instrument Conditions:

EQ: Column:

Temperatures:

F]owJRates;.»

Detectors:

Conc: Tekmar LSC-2: Purge: 4 minutes

10" x 2 mm i.d. glass column, packed with .

1 percent SP-1000 on Carbopack B 60/80 mesh

Injection: 200°C

Detector:  350°C

Oven: 45°C, hold for four minutes,
5°C/min ramp, to 210°C, hold

for eight minutes

Carrier: Ke, 20 cc/min

ECD make up: N,, 40 cc/min

2!

ECD: Range X 10, Attenuation X 32

PID: Range X 1, Attenuation X 32, 10.2

ey lamp

Pesorb: 4 minutes at 180°C

Bake: 8 minutes at 225°C




2.

Instrument Conditions:

§£: Column:

Temperatures:

Flow Rates:

Detectors:

10" x 2 mm i.d. glass column, packed with

1 percent SP-1000 on Carbopack B 60/80 mesh

Injection: 200%C

Detecto}: 350°C

Oven: 45°C, hold for four minutes,
5°C/min ramp, to 210°C, hold

for eight minutes

Carrier: He, 20 cc/min

ECD make up: Ky, 40 cc/min

ECD: Range X 10, Attenuation X 32
PID: Range X 1, Attenuation X 32, 10.2

ey lamp

Conc: Tekmar LSC-2: Purge: | 4 minutes

Desorb: 4 minutes at 180°C

Bake: 8 minutes at 2257C



A1l blanks, standards, control samples, and ambient samples are
spiked with surrogate compounds by injecting 50 microliters of
the surrogate gas standard (5.e.) during sample trapping. The
surrogate compounds, chosen such that they simulate the
characteristics of the analytes of interest and‘are unlikely to
occur in the environment, are added to insure that systematic
errors or equipment failures will be noted and corrected

promptly.

The first step in a calibration is to analyze a system blank.
This is done by trapping and analyzing a 200 cc sample of
auxiliary carrier gas. The system blank must be free of
interfering peaks. A system blank must also be rdn after a
Ahjgh concentration sample is analyzed in order to detect any

carry-over within the system.

A calibration is performed using a 1.25 cc loop of stock
standard gas (5.c.). Two hundred cubic centimeters of helium
gas is passed through the loop to carry the standard onto the
trap. The calibration gnalysis is made as a normal analysis.
The calculated concentration value for each compenent should be
inspected to insure consistency with previous analyses. The
stored chromatographic information may then be used to
recalculate the response factors for the subsequent analyses.
The 6.C. data system will not accept updated response factors
which are in excess of plus or minus 15 percent of historic

data.



Following calibration, 200 cc of the control sample (5.d.) is
concentrated on the trap and analyzed. The contro)l sample data |
are plotted on control charts of the normal Shewhart type.
Upper and lower warning 1imits are plus or minus two times the
staﬁdard deviation. Any analysis yhich falls outs}de the upper
and Tower warning 1imits is repeated and the laboratory quality
control officer is advised. Upper and lower control limits are
plus or minus three times the standard deviation. If any
analysis falls outside the upper or lower control limit, thé
method is discontinued until the out of control situation is
remedied. The laboratory quality control officer is advised
and provided with written documentation of the out of control
condition and how it was remedied. All data generated prior to

the out of control situation must be reviewed for possible

décertification by laboratory management.

Multipoint calibrations are conducted monthly. Each multipoint
calibration includes a trap blark and three standard
concentration levels to bracket the concentration ranges
expected in ambient air. If subsequent data indicate that the
resulting least squares analyses are consistently acceptable,

less frequent multipoint calitrations may be made.

-10-
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remedied. The laboratory quality control officer is advised
and provided with written documentation of the out of controi
tondition and how it was remedied. All data generated prior to

the out of control situation must be reviewed for possible

decertitication by laboratory management.

Multipoint calibrations are conducted monthly. Each multipoint
calibration includes a trap blank and three standard
concentration levels to bracket the concentration ranges
expected in ambient air. If subseguent data indicate that the
resulting least squares analyses are consistently acceptable,

less frequent multipoint calibrations may be made.

-10-



7.0

8.0

PERFORMANCE

a. A1l ambient field samples are analyzed in duplicate. The relative
error between analyses must be less than 20 percent. Duplicate
analyses having greater than 20 percent relative error must be

decertified.

b. The percent recovery of the surrogate is recorced in the instrument
" laboratory workbook for each analysis. If this value is outside the

80% to 120% range; the sample analysis must be repeated.

METHOD SENSITIVITY, PRECISION AND ACCURACY -

The method sensitivity, precision and accuracy are outlined in Table I.
These data were produced with gaseous calibration standards, and using
carrier gas as the sample matrix. The relative accuracy of the method,
with the exception of dichloromethane, is based on reference to the
Research Triangle Institute Certified Gas Standards (KBS traceable).
Authoritative reference calibration standards for dichloromethane are
under development at NBS but are hot yet available. The concentration

value of the present standard was assigned by the commercial

“manufacturer and found to be in good agreement with diluted pure

dichloromethane prepared in our laboratery. The absolute accuracy of

the method has not been determined by interlaboratory testing.

=11a



Figure |

Sample Loop

High Concentfation Inlet

Six Port
Valve

Helium Purge In

Ambient Concentration Inlet

Ten Port
Valve
Vent

-

| Vent

Flow Controller
and Vacuum Pump

To G.C.

Tenax
Trap

Tekmar LSC-F

From G.C.

Figure 1. Schematic of concentrator system. Sampling Conditions
are: 200 ¢¢ volume, purge at 40cc/min, 1 min., desorb at 180 C
for 4 min,, bake for 8 min. at 225 C,

SYSTEM GUIDE . -

JOperational : Valve Position

Step ‘6-Port 10-Port LSC-2 Purge Gas
Loop Fill 1 1 1 Off
Loop Trap - 2 1 1 On
Ambient Trap 1 2 1 off
Trap Desorb 1 1 2 Off
Trap Bake Out 1 1 1 On
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Method For Determinatinon Of Benzene, Xylenes,
Toluene And Ethyl Benzene In Ambient Air Using Tenax
Preconcentration And Gas Chromtography/Photoionization Detection

Introduction

Tis document describes a packed colurn GC/PID method to separate and
quantitate the o—, m—, and p-xylene isome:s plus benzene, toluene and ethyl
pbenzene in ambient air samples. This method consists ol preconcentrating
ambient air sarples using a Tenax trap and then thermally Cesorbing the
components onto a packed glass colum for analysis by PID. Air-actuated

valves and data processing using a data systea meke this a highly automated
system. '

mratus

1. varian Model 6000 Gas Chromatograph/Etu photoionization detector {GC/?ID)
system equipped with a Vista 402 Data System.

2. A sampling and analysis valve system consisting of a 6-port and 4~port
valve, 1/B" x 6" Ni trap filled with 60/80 mesh Tenzx and an injection
system for standards as shown in Figure 1.

3. Matheson Model 8240 Mass Flow Controller accurately calibrated in the
5-100 c¢/minute range and a Metal Bellows Puip for sarpling.

4. Gas-tight microliter syringes with on/off valves for injection of standarg
cas mixtures.

Reacents and Standarcs

1. SRM-1806 benzene 10 ppm in nitrogen standarc.

[L8 ]
.

Chemical standards of highest purity aveilatle.
3. Methanol ACS grade.

4. Stock solutions for standards.



Compound

Yinyl Chloride
Dichloromethane
1,1-Dichloroethylene
Chioroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride
Trichloroethylene
Benzene |
1,2-Dibremoethane

Tetrachloroethylene

Table I

Method Sensitivity and Precision

Correlation -

R.S.D* LOD
Coefficient Slope {Percent)  Detector ppbyv
0.997 G.946 16 P1D 0.8
0.999 0.975 5 ECD 0.6
0.951 V.566 6 ECD 0.05
0.999 0.901 3 ECD 0.02
0.99¢ 1.054 7 ECD 0.1
0.999 0.589 9 ECD 0.01
0.998 0.580 6 ECD 0.00%
0.999 0.992 6 ECD 0.02
0.998 0.950 10 ;ID 0.5
0.974 1.067 9 ECD 0.005
0.954 1.080 10 ECD 0.01

* R.S.D. - Relative Standard Deviation at 5 x LOD, n =5

-14-




- Compound
Yinyl Chloride

Dichloromethane
1,1-Dichloroethylene
Chloroform
1,2-Dichloroethane
‘1,1,1-Trich1oroethane
Carbon Tetrachloride
Trichloroethylene
Benzene
1,2-Dibromoethggg

Tetrachloroethylene

Table 1

Method Sensitivity and Precision

Correlation R.S.D* LOD
Coefficient Slope {Percent)  Detector ppbv
0.997 0.946 .16 PID 0.8
0.999 0.975 5 ECD 0.6

0.99 V.566 6 ECD 0.05
0.999 0.901 3 ECD 0.02

0.999 1.054 7 ECD 0.1
0.999 0.98% 8 ECD C.01
0.9y9 0.980 6 ECD 0,005
0.999 G.992 6 ECD 0.02
0.9498 0.950 10 EID 0.5
0.974 1.067 9 ECD 0.005
0.95%4 1.080 10 ECD 0.01

= R.5.D. - Relative Standard Deviation at 5 x LOD, n =5
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stock solutinns are prepared by dilution of pure chemicals into methanol. The
. £nllmwing volumes are diluted to 50 ml using a volumetric flask.

tock Standard ~ Gas Standard-pv  Trap Standard-ppov
Cornund ul/50 ml {10 ul/250 cci (50 ul/200 cc)
Benzene 182 40 10
; moluene 217 40 10
Ethyl benzene 250 40 10
o-xylene 246 40 10
m-xylene 251 40 10
p-Xylene 252 40 10

A 10 ul aliquot of the stock solution is injected into a 250 ml glass dilution
bulb filled with zero air. The bulb is heated in an oven at 40°C for 1 hour,

. After equilibration, a gas-tight syringe is used to inject 1.8 ppb to 7.2 ppb -
sarples in order to construct a calibration curve. The following data in
Table 1 was obtained:

Table I

-

Correlation R.S.D. at 5.4 ppb- M.D.L.

_ . Compound Slope Coefficient (Percent) {ppb)
Benzene 255 0.9998 1.3 0.5
Toluene 229 0.9996 5.6 1
Ethyl benzene 182 0.9995 2.7 0.5
p-xylene 169 0.9987 1.3 1
o m-xylene 185 0.9%82 . 3.5 1
. o-xylene 161 0.9563 1.4 1

¥.D.L. = Minimum Detectable Limit

Intercept + (3 x R.8.D. x Intercept)

Instrument Conditions

Colum : 10 f£ x 2 mx 1.4. gi&ss
5% SP1200/1.75% benione on 100/120
Supelcoport
Injector Temperature : 200°C
tector Temperature : 160°C
tector Range : Xl
Detector Attenuation : X32
PID -Lamp : 10.2 ev
valve Temperature : 180°C
. Flow Rate : 30 ml/minute helium
’ Qven Tenmperature Program: 10°C for 1 minute

10°C to 45°C at 8°/minute
45°C to 100°C at 3°/minute
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Proacedare

Apperatus shown in Figure 1,

1.

6.

With the 6-port valve in the "Fill position® and the 4-port valve closed,
the Teflon sampling line is attached to “he Tedlar sample bag, The sanmple
line is then flushed for 5 minutes at a flow rate of 20 cc/minute. The
isolated Tenax trap is cooled to 30°C during this initial flushing.
(Relays z, 3, 7, 8 off.)

when flushing is completed, the 4-port valve is switched to the "Fill
Position® and sample is purped through the trap for 10 minutes at 20 cc/
minute. AL the beginning of the trapping the internal standard and
calibration gas standard are injected through the in-line injector into
the gas stream. (Relay 3 on.)

At the end of 10 minutes the Tenax trap is isolated (4-port valve closed)
and the trap heated to 210°C. The sample inlet is disconnected from the
Tedlar sample bag and connected to the auxiliary carrier gas supply to

sweep OUt any residual sample in the lines. (Relay 3 off, then Relay 8
on.)

The 6~port valve is switched to the "Sweep Position" allowing the carrier
gas to be directed through the 4-port trap valve which is still in the
isolated position, (Relay 2 on.)

. With the GC oven and data system ready the 4-port valve is switched to the

*Fill position® and the data system and the column terperature program are
started, (Relays 3, 7 on.)

The resulting chromatogram is analyzed and the resuvlts quantitated and
tabulateZ. (See Pigure 2.)

autoration of this system has been accomplished by use of relay switches/

automatically actuated valves and a data system. The Inllowing chart details
the automation:

Relay 2
Relay 3
Relay 7
Relay 8

Time (Minutes) Relay On Relay Off

0.00 2, 3,7, 8

0.01
10.01 3
10.10
12.00
13,00
23.00 ' 2, 3
24.00 8

ot

o O

6~-port valve
4-port valve
Gata system
Tenax trap heater
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Procec.re

Apparatus si™n in Figure 1.

1.

6.

with the f6-port valve in the "Fill position" and the 4-port valve closed,
the Teflon sampling line is attached to the Tedlar sample bag. The sample
line is then flushed for 5 minutes at a flow rate 2f 20 cc/minute, The
isolated Tenax trap is cooled to 30°C during this initial flushing.
(Relays z, 3, 7, 8 off.)

When flushing is conpleted, the 4-port valve is switched to the °*Fill
Position" and sample is pumped through the trap for 10 minutes at 20 cc/
minute. AY the beginning of the trapping the internal standard and
calibration gas standarg are injected through the in-line injector into
the gas stream. (Relay 3 on.}

At the end of 10 minutes the Tenax trap is isolated (4-port valve closed)
and the trap heated to 210°C. The sample inlet is disconnected from the
Tedlar sample bag and connected to the auxiliary carrier gas supply to

sweep out any residual sample in the lines, (Relay 3 off, then Relay 8
on.) o '

The 6-port valve is switched to the ‘Sweep'Position' allowing the carrier
gas to be directed through the 4-port trap valve which is still in the
isolated position. (Relay 2 on.)

. wifh the GC oven and data system ready the 4-port valve is switched to the

*Fill Position® and the data system and the column terperature program are
started., {Relays 3, 7 on.)

The resulting chromatogram is analyzed and the results quantitated and
tabulated. (See Figure 2.)

automation of this system has been accomplished by use of relay switches/

automatically actuated valves and a Gata system, The Inllowing chart details
the automation:

Relay 2
Relay 3
relay 7
Relay 8

Time {Minutes) Relay On Relay Off

0.00 2, 3,7, 8
0.01
10.01 3
10.10
12.00
13.00
23.00 "2y 3
24.00 ' 8

Car

w K 0O

6~port valve
4-port valve
Ga-a system
TenaXx trap heater



TRAP SYSTEM
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