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November 4, 2012

Certified Mail/Return Receipt Requested Certified Mail/Return Receipt Requested
Owner current resident

Address Address

city, state, zip city, state, zip

Re:  Residential Sampling Request

As you may know, the United States Environmental Protection Agency (“EPA”) recently
asked Walter Coke to do environmental testing of soil vapors on the property and beneath the
residence at 4081 FL Shuttlesworth Drive, Birmingham, Alabama. As we understand you are
the owner(s) and resident(s) of the residence at this address, we are writing to describe the
process and timing for the sampling, should you choose to have us conduct it.

In the next few months, Terracon Consultants, Inc., a licensed and experienced
environmental consulting and engineering company will be in your neighborhood conducting this
sampling. The sampling will provide data to help determine if action may be needed. We are
requesting your permission to do this sampling in your home and on your property.

The sampling, which is completely voluntary, involves an initial visit by courteous and
experienced professionals who will display proper identification and respect you and your home.
Then additional visits will be conducted quarterly for a period of one year to conduct sampling.

Here is how it works:
Initial Visit: Sampling Port Installation and Questionnaire

On the first visit, we will install three soil vapor sample “ports” in your yard. Two of the
points will be located on the west side of your house and the third will be located near the
southem property boundary. The port is installed using a direct push sampler creating a 1-inch
hole in the yard. A sampling port will be installed and flush-mount protective casings will be
placed at land surface to protect them. We will clean-up the work area prior to leaving the

property.

Additional Visit(s):  Sample Collection from the three sampling ports and the resident
crawlispace.

We will coordinate with you to return in two to ten days after the first visit, to collect
vapors from the three ports that were installed in the yard. We will also take a sample of air from
your crawispace and we will take outdoor air samples. These crawlspace and outdoor air
samples are collected by small canisters that we would leave at your home for 24-hours and
would then return to collect.

We will perform these sampling activities every quarter for a period of one year.
Sampling of the air inside the residence itself would be conducted during one of the final three
quarters only if results of the previous sampling events indicate that it is appropriate. If
necessary, we will contact you and make arrangements for any additional sampling events,

Terracon Consultants, Inc. 110 12t Street North Birmingham, Alabama 35203
P [205}942-1289 F [205]553-5302  terracon.com
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Once EPA agrees that sampling in the area is complete, we will remove the sampling
ports and restore the area where the ports were installed.

EPA will review the results of this sampling. Following EPA's review, a copy of the
results will be provided to you by EPA for your records. If the sampling identifies any vapors
beneath your home that warrant attention, we will contact you and offer you an EPA-approved
system, usually located in your basement, that is designed to reduce any vapors. The system
would be installed at no cost to you.

It is important to know that this sampling is a precautionary step. The information we
obtain will help us gain a fuller understanding of the conditions in your neighborhood and
whether any additional action is needed.

If you would like to have the sampling performed in your home, please complete the
enclosed request form and access agreement and mail it to-

Terracon Consultants, Inc.
110 12" Street North
Birmingham, Alabama 35203

We have included separate sampling forms for each party.

In order to facilitate scheduling, we ask that you retumn the sampling request form no
later than December 4, 2012. After we receive the form, we will call you to schedule a mutually
convenient time for us to meet at your home to begin the sampling process.

We appreciate your cooperation in this process. Please contact Terrell W. Rippstein at
(205) 942-1289 if you have any questions.

Sincerely,

Terracon Consultants, Inc.

Terrell W. Rippstein, PG
Principal

Responsive a Resourceful » Reliable 2
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ACCESS AGREEMENT

Date: 11/4/2012

DEFINITIONS

The property to which access is granted is: 4081 FL Shuttleworth Drive, Birmingham. Alabama 35207 (“Property”).

The Legal Owner(s} of the Property or person/entity with legal authority to grant access to the Property is: (“Grantor”).

The services to be conducted on the Property are generally described as follows: Install three soil vapor ports on the property,
conduct quarterly monitoring of the three vapor ports. and quarterly monitoring of air in the crawispace of the residence. |f deemed
necessary after the crawlspace sampling, resident will be asked to assist in completing a Questionaire about the residence and indoor
air sampling may be conducted. (“Services").

The entity granted access for the purposes of performing the Services is Terracon Consultants, Inc., which shall include its
employees, agents, and subcontractors (“Grantee”).

The Services are performed for the benefit of Walter Coke (“Client”), pursuant to the Agreement for Services between Terracon
Consultants Inc., and Client, date and reference number

.

AGREEMENTS

By its signature below, Grantor represents it has authority to, and does, grant access to the Property to Grantee for the purpose of
performing the Services. Grantor agrees that:

»  Grantee may drill exploration borings on the Property, using drill rigs, trucks and other equipment, recover and collect soil,
water, and other samples, and perform other actions related to the exploration of surface or subsurface conditions on the
Property, as necessary to perform the Services.

*  Grantee may use large truck or track-mounted equipment in the performance of the Services, which is normal and
customary in the performance of these kinds of services, and that this equipment may leave depressions, wheel tracks, ruts
or other marks in the ground surface (“Surface Marks"), but Grantee will make reasonable efforts to restore the property and
leave it in a condition suitable for its previous use. Landscaping restoration, including seeding or sodding, will not be
performed.

*  Grantor will not interfere with any of the activities of Grantee or undertake any actions regarding the use of Property that
would endanger the health, safety, or welfare of the Grantee em ployees, agents, or subcontractors, or damage their
equipment, materials, or property.

By its signature below, Grantee agrees:
¢ That upon completion of Services and activities authorized by this Access Agreement, Grantee will remove all material
and equipment utilized by Grantee from the Property, with the exception of ground markers that may be placed on the
premises to designate sampling areas,

*  Grantee will remove boring spoils that accumulate around the bore holes, or, where allowable, spread the spoils across the
area, if acceptable to Grantor.

¢  Grantee will make reasonable efforts to restore the property and leave it in a condition suitable for its previous use.
The Services and field activities authorized under this Access Agreement may begin after signature of Grantor. Access is granted until

Services are completed, which should not exceed 450 days following commencement of Services, except for period of access
necessary for monitoring equipment, if applicable, after which time all rights of access given by Grantor shall cease.

SIGNATURES
Grantor: Terracon Consultants, Inc.
By: Date: By: Date:
Name/Title: Name/Title:
Address: Address: 110 12th Street North
) Birmingham, Alabama 35203
Phone: Fax: Phone: 205.942.1289 Fax: 205.443.5302

Rev. 8-12
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OCCUPIED DWELLING QUESTIONNAIRE

Indoor Air Assessment Survey

Date:
1. Name:
Address:
Home Phone: Work Phone;:
2. What is the best time to call to speak with you? At: Work O or Home 1?7

3. Are you the Owner 1, Renter [, Other O (please specify)
of this Home/Structure?

4. Total number ot occupants/persons at this location?
Number of children? Ages?

5. How long have you lived at this location?

General Home Description

6. Type of Home/Structure (check only one): Single Family Home O, Duplex 0O,
Condominiumd, Townhouse 2, Other J

7. Home/Structure Description: number of floors
Basement? Yesd No
Crawl Space? Yes[d No [

If Yes, under how much of the house’s area? %
8. Age of Home/Structure: years, Not sure/Unknown [}
9. General Above-Ground Home/Structure construction (check all thatapply):

Wood U, Brick O, Concrete 3, Cement block 0, Other O

10. Foundation Construction (check all that apply):
Concrete slab [
Fieldstone (1)
Concrete block 4



11

12.

3.

14.

Elevated above ground/grade 1

Other

What is the source of your drinking water (check all that apply)?
Public water supply U

Private well
Bottled water
Other, please specify

Do you have a private well for purposes other than drinking?
Yesd No0Q

If yes, please describe what you use the well

for:

Do you have a septic system? Yesd Nold Notusedd Unknown Q)

Do you have standing water outside your home (pond, ditch, swale)? Yes'd No Q)

Basement Description, please check appropriate boxes,
If you do not have a basement go to question 23.

15.
16.

17.

18.

19.

20.

21.

Is the basement finished {1 or unfinished J?

If finished, how many rooms are in the basement?

How many are used for more than 2 hours/day?

Is the basement floor (check all that apply) concrete O, tile O, carpeted O, dirt [,

otherid(describe) ?
Are the basement walls poured concrete [, cement block (A, stone 1, wood [, brick O,
otherld 2

Does the basement have a moisture problem (check one only)?
Yes, frequently (3 or more times/yr)(J

Yes, occasionally (1-2 times/yr)

Yes, rarely (less than 1 time/yr)

No Ol

Does the basement ever flood (check one only)?
Yes, frequently (3 or more times/yr) 0

Yes, occasionally (1-2 times/yr) O

Yes, rarely (less than 1 time/yr)

No O

Does the basement have any of the following? (check all that apply) Floor cracks (3,
Wall cracks J, Sump , Floor drain , Other hole/opening in floor O
(describe)



22.

23.

25.

26.

27.

28.

29.

30.

Are any of the following used or stored in the basement (check all that apply)

Paint Paint stripper/remover

Metal degreaser/cleaner’d  Gasolined  Diesel fuel 2 Solventsd  Glue J

Laundry spot removers 1

Have you recently (within the last six months) done any painting or remodeling in your

home? Yesd No[Q

If yes, please specify what was done, where in the home, and what month:

Paint thinner

Drain cleaners ) Pesticides

Have you installed new carpeting in your home within the last year? Yes(d NoQ

If yes, when and where?

Do you regularly use or work in a dry cleaning service (check only one box)?

Yes, use dry-cleaning regularly (at least weekly)d
Yes, use dry-cleaning infrequently (monthly or less)J

Yes, work at a dry cleaning service

No

Does anyone in your home use solvents at work?
Yes 1 If yes, how many persons '

No [ If no, go to question 28

If yes for question 26 above, are the work clothes washed at home? YesQ No O

Where is the washer/dryer located?

Basement

Upstairs utility room 1
Kitchen

Garage 1

Use a Laundromat 1
Other, please specify [d

If you have a dryer, is it vented to the outdoors? Yes d No [

What type(s) of home heating do you have (check all that apply)

Fuel type: Gas 1, Oil 3, Electric Q, Wood [, Coal O, Other

Heat conveyance system:

Forced hot air

Forced hot water [J
Steam
Radiant floor heatd

Wood stove

Coal furnace
Fireplace 1

Other




L Do you have air conditioning? Yes [ No (. If yes, please check the appropriate type(s)
Central air conditioning [

Window air conditioning unit(s)
Other U, please specify

32. Do you use any of the following? Room fans 1, Ceiling fans 3, Attic fan O
Do you ventilate using the fan-only mode of your central air conditioning or forced air
heating system? Yes No [

33.  Has your home had temmite or other pesticide treatment: Yes No Unknown (O
If yes, please specify type of pest controlled,
and approximate date of service

34. Water Heater Type: Gas O, Electric Q, By furnace O, Other
a
Water heater location: Basement [, Upstairs utility room U, Garage , Other [ (please
describe)

35. What type of cooking appliance do you have? FElectric (A, Gas O, Other
0

36. Is there a stove exhaust hood present? Yesd No
Does it vent to the outdoors? Yes{d Nold

37. Smoking in Home:

None 0, Rare (only guests).d, Moderate (residents light smokers)d,
Heavy (at least one heavy smoker in household)d
38. If yes to above, what do they smoke?
Cigarettes 1 Cigars [
Pipe Q Other Q

39. Do you regularly use air fresheners? Yesld Nol

40. Does anyone in the home have indoor home hobbies of crafts involving: None 4
Heating [, soldering (J, welding 1, model glues O, paint , spray paint,
wood finishing (), Other (] Please specify whattype of hobby:

41. General family/home use of consumer products (please circle appropriate): Assume that
Never = never used, Hardly ever = less than once/month, Occasionally = about
once/month, Regularly = about once/week, and Often = more than once/week.

Product Frequency of Use

Spray-on deodorant Never  Hardly ever Occasionally Regularly Often



Aerosol deodorizers
Insecticides
Disinfectants

{Question 41, continued)
Product

Never  Hardly ever
Never Hardly ever

Never  Hardly ever

Frequency of Use

Occasionally
Occasionally

Occasionally

Window cleaners Never  Hardly ever Occasionally
Spray-on oven cleaners Never  Hardly ever Occasionally
Nail polish remover Never Hardly ever  Occasionally
Hair sprays Never  Hardly ever Occasionally
42, Please check weekly household cleaning practices:

Dusting [

Dry sweeping 1

Vacuuming 1

Polishing (furniture, etc) 1
Washing/waxing floors [

Other 1

43, Other comments:

Regularly
Regularly

Regularly

Regularly
Regularly
Regularly

Regularly

Often

Often

Often

Often

Often

Often

Often
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Soil Vapor/Indoor Air Sampling Information Form

Residence ID: Address:

Sample ID: Location:

Date: Time:

Sampiler(s): Summa Canister ID:
Flow Controllar Rate

Flow Controller ID: Setting (cc/min):

Start Time: Finish Time:

Pre-Sampling Post-Sampling

Vacuum (in Hg): Vacuum (in Hg):

Organic Vapor .

Reading (ppm): PID used:

Summa Canister

went to Ambient? Yes |/ No Method: Grab

Comments:

Sketch:

Sampling Form.xlsx, Sheet1 Terracon Project No. 07107020



DO NOTTOUCH

SAMPLE IN PROGRESS

TERRACON PROJECT NUMBER:
PROJECT LOCATION:

DATE INSTALLED:

TIME INSTALLED:

ADDRESS INSTALLED:

SAMPLE ID:
SAMPLE LOCATION:

DEVICE #:
LAB ID #:
RETRIEVAL DATE:

PLANNED RETRIEVAL TIME;:
ACTUAL RETRIEVAL TIME:
TERRACON REPRESENTATIVE:

CONTROLLER#:

COMMENTS:

FOR INFORMATION CALL 205-942-1289
110 12" Street North
Birmingham, Alabama 35203
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METHOD TO-15

Determination of Volatile Organic Compounds (VOCs) In Air Collected In
Specially-Prepared Canisters And Analyzed By Gas Chromatography/
Mass Spectrometry (GC/MS)

1. Scope

1.1 This method documents sampling and analytical procedures for the measurement of subsets of the 97 volatile
organic compounds (VOCs) that are included in the 189 hazardous air pollutants (HAPs) listed in Title III of the
Clean Air Act Amendments of 1990. VOCs are defined here as organic compounds having a vapor pressure
greater than 10" Torr at 25°C and 760 mm Hg. Table 1 is the list of the target VOCs along with their CAS
number, boiling point, vapor pressure and an indication of their membership in both the list of VOCs covered
by Compendium Method TO-14A (1) and the list of VOCs in EPA's Contract Laboratory Program (CLP)
document entitled: Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites (2).

Many of these compounds have been tested for stability in concentration when stored in specially-prepared
canisters (see Section 8) under conditions typical of those encountered in routine ambient air analysis. The
stability of these compounds under all possible conditions is not known. However, a model to predict compound
losses due to physical adsorption of VOCs on canister walls and to dissolution of VOCs in water condensed in
the canisters has been developed (3). Losses due to physical adsorption require only the establishment of
equilibrium between the condensed and gas phases and are generally considered short term losses, (i.e., losses
occurring over minutes to hours). Losses due to chemical reactions of the VOCs with cocollected ozone or other
gas phase species also account for some short term losses. Chemical reactions between VOCs and substances
inside the canister are generally assumed to cause the gradual decrease of concentration over time (i.e., long term
losses over days to weeks). Loss mechanisms such as aqueous hydrolysis and biological degradation (4) also
exist. No models are currently known to be available to estimate and characterize all these potential losses,
although a number of experimental observations are referenced in Section 8. Some of the VOCs listed in Title
I have short atmospheric lifetimes and may not be present except near sources.

1.2 This method applies to ambient concentrations of VOCs above 0.5 ppbv and typically requires VOC
enrichment by concentrating up to one liter of a sample volume. The VOC concentration range for ambient air
in many cases includes the concentration at which continuous exposure over a lifetime is estimated to constitute
a 10 or higher lifetime risk of developing cancer in humans. Under circumstances in which many hazardous
VOCs are present at 10 risk concentrations, the total risk may be significantly greater.

1.3 This method applies under most conditions encountered in sampling of ambient air into canisters. However,
the composition of a gas mixture in a canister, under unique or unusual conditions, will change so that the sample
is known not to be a true representation of the ambient air from which it was taken. For example, low humidity
conditions in the sample may lead to losses of certain VOCs on the canister walls, losses that would not happen
if the humidity were higher. If the canister is pressurized, then condensation of water from high humidity samples
may cause fractional losses of water-soluble compounds. Since the canister surface area is limited, all gases are
in competition for the available active sites. Hence an absolute storage stability cannot be assigned to a specific
gas. Fortunately, under conditions of normal usage for sampling ambient air, most VOCs can be recovered from
canisters near their original concentrations after storage times of up to thirty days (see Section 8).

1.4 Use of the Compendium Method TO-15 for many of the VOCs listed in Table 1 is likely to present two
difficulties: (1) what calibration standard to use for establishing a basis for testing and quantitation, and (2) how

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-1



Method TO-15 VOCs

to obtain an audit standard. In certain cases a chemical similarity exists between a thoroughly tested compound
and others on the Title HI list. In this case, what works for one is likely to work for the other in terms of making
standards. However, this is not always the case and some compound standards will be troublesome. The reader
is referred to the Section 9.2 on standards for guidance. Calibration of compounds such as formaldehyde,
diazomethane, and many of the others represents a challenge.

1.5 Compendium Method TO-15 should be considered for use when a subset of the 97 Title III VOCs constitute
the target list. Typical situations involve ambient air testing associated with the permitting procedures for
emission sources. In this case sampling and analysis of VOCs is performed to determine the impact of dispersing
source emissions in the surrounding areas. Other important applications are prevalence and trend monitoring for
hazardous VOCs in urban areas and risk assessments downwind of industrialized or source-impacted areas.

1.6 Solid adsorbents can be used in lieu of canisters for sampling of VOCs, provided the solid adsorbent
packings, usually multisorbent packings in metal or glass tubes, can meet the performance criteria specified in
Compendium Method TO-17 which specifically addresses the use of multisorbent packings. The two sample
collection techniques are different but become the same upon movement of the sample from the collection
medium (canister or multisorbent tubes) onto the sample concentrator. Sample collection directly from the
atmosphere by automated gas chromatographs can be used in lieu of collection in canisters or on solid adsorbents.

2. Summary of Method

2.1 The atmosphere is sampled by introduction of air into a specially-prepared stainless steel canister. Both
subatmospheric pressure and pressurized sampling modes use an initially evacuated canister. A pump ventilated
sampling line is used during sample collection with most commercially available samplers. Pressurized sampling
requires an additional pump to provide positive pressure to the sample canister. A sample of air is drawn through
a sampling train comprised of components that regulate the rate and duration of sampling into the pre-evacuated
and passivated canister.

2.2 After the air sample is collected, the canister valve is closed, an identification tag is attached to the canister,
and the canister is transported to the laboratory for analysis.

2.3 Upon receipt at the laboratory, the canister tag data is recorded and the canister is stored until analysis.
Storage times of up to thirty days have been demonstrated for many of the VOCs (5).

2.4 To analyze the sample, a known volume of sample is directed from the canister through a solid multisorbent
concentrator. A portion of the water vapor in the sample breaks through the concentrator during sampling, to a
degree depending on the multisorbent composition, duration of sampling, and other factors. Water content of
the sample can be further reduced by dry purging the concentrator with helium while retaining target compounds.
After the concentration and drying steps are completed, the VOCs are thermally desorbed, entrained in a carrier
gas stream, and then focused in a small volume by trapping on a reduced temperature trap or small volume
multisorbent trap. The sample is then released by thermal desorption and carried onto a gas chromatographic
column for separation.

As a simple alternative to the multisorbent/dry purge water management technique, the amount of water vapor
in the sample can be reduced below any threshold for affecting the proper operation of the analytical system by

Page 15-2 Compendium of Methods for Toxic Organic Air Pollutants January 1999



YOCs Method TO-15

reducing the sample size. For example, a small sample can be concentrated on a cold trap and released directly
to the gas chromatographic column. The reduction in sample volume may require an enhancement of detector
sensitivity.

Other water management approaches are also acceptable as long as their use does not compromise the attainment
of the performance criteria listed in Section 11. A listing of some commercial water management systems is
provided in Appendix A. One of the alternative ways to dry the sample is to separate VOCs from condensate
on a low temperature trap by heating and purging the trap.

2.5 The analytical strategy for Compendium Method TO-15 involves using a high resolution gas chromatograph
(GC) coupled to a mass spectrometer. If the mass spectrometer is a linear quadrupole system, it is operated either
by continuously scanning a wide range of mass to charge ratios (SCAN mode) or by monitoring select ion
moitoring mode (SIM) of compounds on the target list. If the mass spectrometer is based on a standard ion trap
design, only a scanning mode is used (note however, that the Selected Ion Storage (SIS) mode for the ion trap has
features of the SIM mode). Mass spectra for individual peaks in the total ion chromatogram are examined with
respect to the fragmentation pattern of ions corresponding to various VOCs including the intensity of primary
and secondary ions. The fragmentation pattern is compared with stored spectra taken under similar conditions,
in order to identify the compound. For any given compound, the intensity of the primary fragment is compared
with the system response to the primary fragment for known amounts of the compound. This establishes the
compound concentration that exists in the sample.

Mass spectrometry is considered a more definitive identification technique than single specific detectors such as
flame ionization detector (FID), electron capture detector (ECD), photoionization detector (PID), or a
multidetector arrangement of these (see discussion in Compendium Method TO-14A). The use of both gas
chromatographic retention time and the generally unique mass fragmentation patterns reduce the chances for
misidentification. If the technique is supported by a comprehensive mass spectral database and a knowledgeable
operator, then the correct identification and quantification of VOCs is further enhanced.

3. Significance

3.1 Compendium Method TO-15 is significant in that it extends the Compendium Method TO-14A description
for using canister-based sampling and gas chromatographic analysis in the following ways:

* Compendium Method TO-15 incorporates a multisorbent/dry purge technique or equivalent (see Appendix
A) for water management thereby addressing a more extensive set of compounds (the VOCs mentioned
in Title Il of the CAAA of 1990) than addressed by Compendium Method TO-14A. Compendium
Method TO-14A approach to water management alters the structure or reduces the sample stream
concentration of some VOCs, especially water-soluble VOCs,

* Compendium Method TO-15 uses the GC/MS technique as the only means to identify and quantitate target
compounds. The GC/MS approach provides a more scientifically-defensible detection scheme which is
generally more desirable than the use of single or even multiple specific detectors.

* Inaddition, Compendium Method TO-15 establishes method performance criteria for acceptance of data,
allowing the use of altemate but equivalent sampling and analytical equipment. There are several new and
viable commercial approaches for water management as noted in Appendix A of this method on which to
base a VOC monitoring technique as well as other approaches to sampling (i.e., autoGCs and solid
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adsorbents) that are often used. This method lists performance criteria that these alternatives must meet
to be acceptable alternatives for monitoring ambient VOCs.

* Finally, Compendium Method TO-15 includes enhanced provisions for inherent quality control. The
method uses internal analytical standards and frequent verification of analytical system performance to
assure control of the analytical system. This more formal and better documented approach to quality
control guarantees a higher percentage of good data.

3.2 With these features, Compendium Method TO-15 is a more general yet better defined method for VOCs than
Compendium Method TO-14A. As such, the method can be applied with a higher confidence to reduce the
uncertainty in risk assessments in environments where the hazardous volatile gases listed in the Title III of the
Clean Air Act Amendments of 1990 are being monitored. An emphasis on risk assessments for human health
and effects on the ecology is a current goal for the U.S. EPA.

4. Applicable Documents
4.1 ASTM Standards

* Method D1356 Definitions of Terms Relating to Atmospheric Sampling and Analysis.

* Method E260 Recommended Practice for General Gas Chromatography Procedures.

Method E355 Practice for Gas Chromatography Terms and Relationships.

* Method D5466 Standard Test Method of Determination of Volatile Organic Compounds in
Atmospheres (Canister Sampling Methodology).

4.2 EPA Documents

* Quality Assurance Handbook for Air Pollution Measurement Systems, Volume I, U. S. Environmental
Protection Agency, EPA-600/R-94-038b, May 1994.

* Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA-600/4-83-027, June 1983.

¢ Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: Method
10-14, Second Supplement, U. S. Environmental Protection Agency, EPA-600/4-89-018, March 1989.

* Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites, U. S. Environmental
Protection Agency, Office of Solid Waste, Washington, D.C., Draft Report, June 1990.

* Clean Air Act Amendments of 1990, U. S. Congress, Washington, D.C., November 1990.

5. Definitions
[Note: Definitions used in this document and any user-prepared standard operating procedures (SOPs)
should be consistent with ASTM Methods D1356, E260, and E355. Aside from the definitions given below,

all pertinent abbreviations and symbols are defined within this document at point of use.]

5.1 Gauge Pressure—pressure measured with reference to the surrounding atmospheric pressure, usually
expressed in units of kPa or psi. Zero gauge pressure is equal to atmospheric (barometric) pressure.
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5.2 Absolute Pressure—pressure measured with reference to absolute zero pressure, usually expressed in units
ot kPa, or psi.

5.3 Cryogen—a refrigerant used to obtain sub-ambient temperatures in the VOC concentrator and/or on front
of the analytical column. Typical cryogens are liquid nitrogen {(bp -195.8°C), liquid argon (bp -185.7°C), and
liquid CO, (bp -79.5°C).

5.4 Dynamic Calibration—calibration of an analytical system using calibration gas standard concentrations
in a form identical or very similar to the samples to be analyzed and by introducing such standards into the inlet
of the sampling or analytical system from a manifold through which the gas standards are flowing.

5.5 Dynamic Dilution—means of preparing calibration mixtures in which standard gas(es) from pressurized
cylinders are continuously blended with humidified zero air in a manifold so that a flowing stream of calibration
mixture is available at the inlet of the analytical system.

5.6 MS-SCAN-—mass spectrometric mode of operation in which the gas chromatograph (GC) is coupled to a
mass spectrometer (MS) programmed to SCAN all ions repeatedly over a specified mass range.

5.7 MS-SIM—mass spectrometric mode of operation in which the GC is coupled to a MS that is programmed
to scan a selected number of ions repeatedly [i.e., selected ion monitoring (SIM) mode].

5.8 Qualitative Accuracy—the degree of measurement accuracy required to correctly identify compounds with
an analytical system.

5.9 Quantitative Accuracy—the degree of measurement accuracy required to correctly measure the
concentration of an identified compound with an analytical system with known uncertainty.

5.10 Replicate Precision—jprecision determined from two canisters filled from the same air mass over the same
time period and determined as the absolute value of the difference between the analyses of canisters divided by
their average value and expressed as a percentage (see Section 11 for performance criteria for replicate precision).

5.11 Duplicate Precision—precision determined from the analysis of two samples taken from the same canister.
The duplicate precision is determined as the absolute value of the difference between the canister analyses divided
by their average value and expressed as a percentage.

5.12 Audit Accuracy—the difference between the analysis of a sample provided in an audit canister and the
nominal value as determined by the audit authority, divided by the audit value and expressed as a percentage (see
Section 11 for performance criteria for audit accuracy).

6. Interferences and Contamination

6.1 Very volatile compounds, such as chloromethane and vinyl chloride can display peak broadening and
co-elution with other species if the compounds are not delivered to the GC column in a small volume of carrier
gas. Refocusing of the sample after collection on the primary trap, either on a separate focusing trap or at the
head of the gas chromatographic column, mitigates this problem.

January 1999 Compendium of Methaods for Toxic Organic Air Pollutants Page 15-5



Method TO-15 VOCs

6.2 Interferences in canister samples may result from improper use or from contamination of: (1) the canisters
due to poor manufacturing practices, (2) the canister cleaning apparatus, and (3) the sampling or analytical
system. Attention to the following details will help to minimize the possibility of contamination of canisters.

6.2.1 Canisters should be manufactured using high quality welding and cleaning techniques, and new
canisters should be filled with humidified zero air and then analyzed, after “aging” for 24 hours, to determine
cleanliness. The cleaning apparatus, sampling system, and analytical system should be assembled of clean, high
quality components and each system should be shown to be free of contamination.

6.2.2 Canisters should be stored in a contaminant-free location and should be capped tightly during shipment
to prevent leakage and minimize any compromise of the sample.

6.2.3 Impurities in the calibration dilution gas (if applicable) and carrier gas, organic compounds out-gassing
from the system components ahead of the trap, and solvent vapors in the laboratory account for the majority of
contamination problems. The analytical system must be demonstrated to be free from contamination under the
conditions of the analysis by running humidified zero air blanks. The use of non-chromatographic grade stainless
steel tubing, non-PTFE thread sealants, or flow controllers with Buna-N rubber components must be avoided.

6.2.4 Significant contamination of the analytical equipment can occur whenever samples containing high
VOC concentrations are analyzed. This in turn can result in carryover contamination in subsequent analyses.
Whenever a high concentration (>25 ppbv of a trace species) sample is encountered, it should be followed by
an analysis of humid zero air to check for carry-over contamination.

6.2.5 In cases when solid sorbents are used to concentrate the sample prior to analysis, the sorbents should
be tested to identify artifact formation (see Compendium Method TO-17 for more information on artifacts).

7. Apparatus and Reagents

[Note: Compendium Method To-14A list more specific requirements for sampling and analysis apparatus
which may be of help in identifying options. The listings below are generic.]

7.1 Sampling Apparatus

[Note: Subatmospheric pressure and pressurized canister sampling systems are commercially available and
have been used as part of U.S. Environmental Protection Agency's Toxic Air Monitoring Stations (TAMS),
Urban Air Toxic Monitoring Program (UATMP), the non-methane organic compound (NMOC) sampling and
analysis program, and the Photochemical Assessment Monitoring Stations (PAMS).]

7.1.1 Subatmospheric Pressure (see Figure 1, without metal bellows type pump).

7.1.1.1 Sampling Inlet Line. Stainless steel tubing to connect the sampler to the sample inlet.

7.1.1.2 Sample Canister. Leak-free stainless steel pressure vessels of desired volume (e.g., 6 L), with
valve and specially prepared interior surfaces (see Appendix B for a listing of known manufacturers/resellers of
canisters).

7.1.1.3 Stainless Steel Vacuum/Pressure Gauges. Two types are required, one capable of measuring
vacuum (100 to O kPa or O to - 30 in Hg) and pressure (0-206 kPa or 0-30 psig) in the sampling system and
a second type (for checking the vacuum of canisters during cleaning) capable of measuring at 0.05 mm Hg (see
Appendix B) within 20%. Gauges should be tested clean and leak tight.

7.1.1.4 Electronic Mass Flow Controller. Capable of maintaining a constant flow rate (= 10%) over
a sampling period of up to 24 hours and under conditions of changing temperature (20-40°C) and humidity.

7.1.1.5 Particulate Matter Filter. 2-.m sintered stainless steel in-line filter.
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7.1.1.6 Electronic Timer. For unattended sample collection.

7.1.1.7 Solenoid Valve. Electrically-operated, bi-stable solenoid valve with Viton® seat and O-rings. A
Skinner Magnelatch valve is used for purposes of illustration in the text (see Figure 2).

7.1.1.8 Chromatographic Grade Stainless Steel Tubing and Fittings. For interconnections. All such
materials in contact with sample, analyte, and support gases prior to analysis should be chromatographic grade
stainless steel or equivalent.

7.1.1.9 Thermostatically Controlled Heater. To maintain above ambient temperature inside insulated
sampler enclosure.

7.1.1.10 Heater Thermostat. Automatically regulates heater temperature.

7.1.1.11 Fan. For cooling sampling system,

7.1.1.12 Fan Thermostat. Automatically regulates fan operation.

7.1.1.13 Maximum-Minimum Thermometer. Records highest and lowest temperatures during sampling
period.

7.1.1.14 Stainless Steel Shut-off Valve. Leak free, for vacuum/pressure gauge.

7.1.1.15 Auxiliary Vacuum Pump. Continuously draws air through the inlet manifold at 10 L/min. or
higher flow rate. Sample is extracted from the manifold at a lower rate, and excess air is exhausted.

[Note: The use of higher inlet flow rates dilutes any contamination present in the inlet and reduces the
possibility of sample contamination as a result of contact with active adsorption sites on inlet walls.]

7.1.1.16 Elapsed Time Meter. Measures duration of sampling.
7.1.1.17 Optional Fixed Orifice, Capillary, or Adjustable Micrometering Valve. May be used in lieu
of the electronic flow controller for grab samples or short duration time-integrated samples. Usually appropriate
only in situations where screening samples are taken to assess future sampling activity.
7.1.2 Pressurized (see Figure 1 with metal bellows type pump and Figure 3).
7.1.2.1 Sample Pump. Stainless steel, metal bellows type, capable of 2 atmospheres output pressure.
Pump must be free of leaks, clean, and uncontaminated by oil or organic compounds.

[Note: An alternative sampling system has been developed by Dr. R. Rasmussen, The Oregon Graduate
Institute of Science and Technology, 20000 N.W. Walker Rd., Beaverton, Oregon 97006, 503-690-1077, and
is illustrated in Figure 3. This flow system uses, in order, a pump, a mechanical flow regulator, and a
mechanical compensation flow restrictive device. In this configuration the pump is purged with a large
sample flow, thereby eliminating the need for an auxiliary vacuum pump to flush the sample inlet.]

7.1.2.2 Other Supporting Materials. All other components of the pressurized sampling system are
similar to components discussed in Sections 7.1.1.1 through 7.1.1.17.

7.2 Analytical Apparatus

7.2.1 Sampling/Concentrator System (many commercial alternatives are available).

7.2.1.1 Electronic Mass Flow Controllers. Used to maintain constant flow (for purge gas, carrier gas
and sample gas) and to provide an analog output to monitor flow anomalies.

7.2.1.2 Vacuum Pump. General purpose laboratory pump, capable of reducing the downstream pressure
of the flow controller to provide the pressure differential necessary to maintain controlled flow rates of sample
air.

7.2.13 Stainless Steel Tubing and Stainless Steel Fittings. Coated with fused silica to minimize active
adsorption sites.
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7.2.1.4 Stainless Steel Cylinder Pressure Regulators. Standard, two-stage cylinder regulators with
pressure gauges. ‘

7.2.1.5 Gas Purifiers. Used to remove organic impurities and moisture from gas streams.

7.2.1.6 Six-port Gas Chromatographic Valve. For routing sample and carrier gas flows.

7.2.1.7 Multisorbent Concentrator. Solid adsorbent packing with various retentive properties for
adsorbing trace gases are commercially available from several sources. The packing contains more than one type
of adsorbent packed in series.

7.2.1.7.1A pre-packed adsorbent trap (Supelco 2-0321) containing 200 mg Carbopack B (60/80 mesh)
and 50 mg Carbosieve S-III (60/80 mesh) has been found to retain VOCs and allow some water vapor to pass
through (6). The addition of a dry purging step allows for further water removal from the adsorbent trap. The
steps constituting the dry purge technique that are normally used with multisorbent traps are illustrated in
Figure 4. The optimum trapping and dry purging procedure for the Supelco trap consists of a sample volume of
320 mL and a dry nitrogen purge of 1300 mL. Sample trapping and drying is carried out at 25°C. The trap is
back-flushed with helium and heated to 220°C to transfer material onto the GC column. A trap bake-out at
260°C for 5 minutes is conducted after each run.

7.2.1.7.2An example of the effectiveness of dry purging is shown in Figure 5. The multisorbent used in
this case is Tenax/Ambersorb 340/Charcoal (7). Approximately 20% of the initial water content in the sample
remains after sampling 500 mL of air. The detector response to water vapor (hydrogen atoms detected by atomic
emission detection) is plotted versus purge gas volume. Additional water reduction by a factor of 8 is indicated
at temperatures of 45°C or higher. Still further water reduction is possible using a two-stage concentration/dryer
system.

7.2.1.8 Cryogenic Concentrator. Complete units are commercially available from several vendor
sources. The characteristics of the latest concentrators include a rapid, "ballistic" heating of the concentrator to
release any trapped VOCs into a small carrier gas volume. This facilitates the separation of compounds on the
gas chromatographic column.

7.2.2 Gas Chromatographic/Mass Spectrometric (GC/MS) System.

7.2.2.1 Gas Chromatograph. The gas chromatographic (GC) system must be capable of temperature
programming. The column oven can be cooled to subambient temperature (e.g., -50°C) at the start of the gas
chromatographic run to effect a resolution of the very volatile organic compounds. In other designs, the rate of
release of compounds from the focusing trap in a two stage system obviates the need for retrapping of compounds
on the column. The system must include or be interfaced to a concentrator and have all required accessories
including analytical columns and gases. All GC carrier gas lines must be constructed from stainless steel or
copper tubing. Non-polytetrafluoroethylene (PTFE) thread sealants or flow controllers with Buna-N rubber
components must not be used.

7.2.2.2 Chromatographic Columns. 100% methyl silicone or 5% phenyl, 95% methyl silicone fused
silica capillary columns of 0.25- to 0.53-mm L.D. of varying lengths are recommended for separation of many
of the possible subsets of target compounds involving nonpolar compounds. However, considering the diversity
of the target list, the choice is left to the operator subject to the performance standards given in Section 11.

7.2.2.3 Mass Spectrometer. Either a linear quadrupole or ion trap mass spectrometer can be used as long
as it is capable of scanning from 35 to 300 amu every 1 second or less, utilizing 70 volts (nominal) electron
energy in the electron impact ionization mode, and producing a mass spectrum which meets all the instrument
performance acceptance criteria when 50 ng or less of p-bromofluorobenzene (BFB) is analyzed.

7.2.2.3.1Linear Quadrupole Technology. A simplified diagram of the heart of the quadrupole mass
spectrometer is shown in Figure 6. The quadrupole consists of a parallel set of four rod electrodes mounted in
a square configuration. The field within the analyzer is created by coupling opposite pairs of rods together and
applying radiofrequency (RF) and direct current (DC) potentials between the pairs of rods. lons created in the
ion source from the reaction of column eluates with electrons from the electron source are moved through the
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parallel array of rods under the influence of the generated field. lons which are successfully transmitted through
the quadrupole are said to possess stable trajectories and are subsequently recorded with the detection system.
When the DC potential is zero, a wide band of m/z values is transmitted through the quadrupole. This "RF only"
mode is referred to as the "total-ion" mode. In this mode, the quadrupole acts as a strong focusing lens analogous
to a high pass filter. The amplitude of the RF determines the low mass cutoff. A mass spectrum is generated by
scanning the DC and RF voltages using a fixed DC/RF ratio and a constant drive frequency or by scanning the
frequency and holding the DC and RF constant. With the quadrupole system only 0.1 to 0.2 percent of the ions
formed in the ion source actually reach the detector.

7.2.2.3.2Ion Trap Technology. An ion-trap mass spectrometer consists of a chamber formed between
two metal surfaces in the shape of a hyperboloid of one sheet (ring electrode) and a hyperboloid of two sheets
(the two end-cap electrodes). lons are created within the chamber by electron impact from an electron beam
admitted through a small aperture in one of the end caps. Radio frequency (RF) (and sometimes direct current
voltage offsets) are applied between the ring electrode and the two end-cap electrodes establishing a quadrupole
electric field. This field is uncoupled in three directions so that ion motion can be considered independently in
each direction; the force acting upon an ion increases with the displacement of the ion from the center of the field
but the direction of the force depends on the instantaneous voltage applied to the ring electrode. A restoring force
along one coordinate (such as the distance, r, from the ion-trap's axis of radial symmetry) will exist concurrently
with a repelling force along another coordinate (such as the distance, z, along the ion traps axis), and if the field
were static the ions would eventually strike an electrode. However, in an RF field the force along each coordinate
alternates direction so that a stable trajectory may be possible in which the ions do not strike a surface. In
practice, ions of appropriate mass-to-charge ratios may be trapped within the device for periods of milliseconds
to hours. A diagram of a typical ion trap is illustrated in Figure 7. Analysis of stored ions is performed by
increasing the RF voltage, which makes the ions successively unstable. The effect of the RF voltage on the ring
electrode is to "squeeze” the ions in the xy plane so that they move along the z axis. Half the ions are lost to the
top cap (held at ground potential); the remaining ions exit the lower end cap to be detected by the electron
multiplier. As the energy applied to the ring electrode is increased, the ions are collected in order of increasing
mass to produce a conventional mass spectrum. With the ion trap, approximately 50 percent of the generated
ions are detected. As a result, a significant increase in sensitivity can be achieved when compared to a full scan
linear quadrupole system.

7.2.2.4 GC/MS Interface. Any gas chromatograph to mass spectrometer interface that gives acceptable
calibration points for each of the analytes of interest and can be used to achieve all acceptable performance
criteria may be used. Gas chromatograph to mass spectrometer interfaces constructed of all-glass, glass-lined,
or fused silica-lined materials are recommended. Glass and fused silica should be deactivated.

7.2.2.5 Data System. The computer system that is interfaced to the mass spectrometer must allow the
continuous acquisition and storage, on machine readable media, of all mass spectra obtained throughout the
duration of the chromatographic program. The computer must have software that allows searching any GC/MS
data file for ions of a specified mass and plotting such ion abundances versus time or scan number. This type
of plot is defined as a Selected fon Current Profile (SICP). Software must also be available that allows integrat-
ing the abundance in any SICP between specified time or scan number limits. Also, software must be available
that allows for the comparison of sample spectra with reference library spectra. The National Institute of
Standards and Technology (NIST) or Wiley Libraries or equivalent are recommended as reference libraries.

7.2.2.6 Off-line Data Storage Device. Device must be capable of rapid recording and retrieval of data
and must be suitable for long-term, off-line data storage.
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7.3 Calibration System and Manifold Apparatus (see Figure 8)

7.3.1 Calibration Manifold. Stainless steel, glass, or high purity quartz manifold, (e.g.,1.25-cm L.D. x
66-cm) with sampling ports and internal baffles for flow disturbance to ensure proper mixing. The manifold
should be heated to ~50°C.

7.3.2 Humidifier. 500-mL impinger flask containing HPLC grade deionized water.

7.3.3 Electronic Mass Flow Controllers. One 0 to 5 L/min unit and one or more 0 to 100 mL/min units
for air, depending on number of cylinders in use for calibration.

7.3.4 Teflon Filter(s). 47-mm Teflon® filter for particulate collection.

7.4 Reagents

7.4.1 Neat Materials or Manufacturer-Certified Solutions/Mixtures. Best source (see Section 9).

7.4.2 Helium and Air. Ultra-high purity grade in gas cylinders. He is used as carrier gas in the GC.

7.4.3 Liquid Nitrogen or Liquid Carbon Dioxide. Used to cool secondary trap.

7.4.4 Deionized Water. High performance liquid chromatography (HPLC) grade, ultra-high purity (for
humidifier).

8. Collection of Samples in Canisters
8.1 Introduction

8.1.1 Canister samplers, sampling procedures, and canister cleaning procedures have not changed very much
from the description given in the original Compendium Method TO-14. Much of the material in this section is
therefore simply a restatement of the material given in Compendium Method TO-14, repeated here in order to
have all the relevant information in one place.

8.1.2 Recent notable additions to the canister technology has been in the application of canister-based
systems for example, to microenvironmental monitoring (8), the capture of breath samples (9), and sector
sampling to identify emission sources of VOCs (10).

8.1.3 EPA has also sponsored the development of a mathematical model to predict the storage stability of
arbitrary mixtures of trace gases in humidified air (3), and the investigation of the SilcoSteel™ process of coating
the canister interior with a film of fused silica to reduce surface activity (11). A recent summary of storage
stability data for VOCs in canisters is given in the open literature (5).

8.2 Sampling System Description

8.2.1 Subatmospheric Pressure Sampling [see Figure 1 (without metal bellows type pump)].

8.2.1.1 In preparation for subatmospheric sample collection in a canister, the canister is evacuated to
0.05 mm Hg (see Appendix C for discussion of evacuation pressure). When the canister is opened to the
atmosphere containing the VOCs to be sampled, the differential pressure causes the sample to flow into the
canister. This technique may be used to collect grab samples (duration of 10 to 30 seconds) or time-weighted-
average (TWA) samples (duration of 1-24 hours) taken through a flow-restrictive inlet (e.g., mass flow controller,
critical orifice).

8.2.1.2 With a critical orifice flow restrictor, there will be a decrease in the flow rate as the pressure
approaches atmospheric. However, with a mass flow controller, the subatmospheric sampling system can
maintain a constant flow rate from full vacuum to within about 7 kPa (1.0 psi) or less below ambient pressure.
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8.2.2 Pressurized Sampling [see Figure 1 (with metal bellows type pump)).
8.2.2.1 Pressurized sampling is used when longer-term integrated samples or higher volume samples are
required. The sample is collected in a canister using a pump and flow control arrangement to achieve a typical
101-202 kPa (15-30 psig) final canister pressure. For example, a 6-liter evacuated canister can be filled at 10
mL/min for 24 hours to achieve a final pressure of 144 kPa (21 psig).
8.2.2.2 In pressurized canister sampling, a metal bellows type pump draws in air from the sampling
manifold to fill and pressurize the sample canister.
8.2.3 All Samplers.
8.2.3.1 A flow control device is chosen to maintain a constant flow into the canister over the desired
sample period. This flow rate is determined so the canister is filled (to about 88.1 kPa for subatmospheric
pressure sampling or to about one atmosphere above ambient pressure for pressurized sampling) over the desired
sample period. The flow rate can be calculated by:

PxV
T x 60

where:

F = flow rate, mL/min.
P = final canister pressure, atmospheres absolute. P is approximately equal to

kPa gauge i
101.2

V = volume of the canister, mL.
T = sample period, hours.

For example, if a 6-L. canister is to be filled to 202 kPa (2 atmospheres) absolute pressure in 24 hours, the flow
rate can be calculated by:

F =2 X 6000 _ 8.3 mL/min
24 x 60

8.2.3.2 For automatic operation, the timer is designed to start and stop the pump at appropriate times for
the desired sample period. The timer must also control the solenoid valve, to open the valve when starting the
pump and to close the valve when stopping the pump.

8.2.3.3 The use of the Skinner Magnelatch valve (see Figure 2) avoids any substantial temperature rise
that would occur with a conventional, normally closed solenoid valve that would have to be energized during the
entire sample period. The temperature rise in the valve could cause outgassing of organic compounds from the
Viton® valve seat material. The Skinner Magnelatch valve requires only a brief electrical pulse to open or close
at the appropriate start and stop times and therefore experiences no temperature increase. The pulses may be
obtained either with an electronic timer that can be programmed for short (5 to 60 seconds) ON periods, or with
a conventional mechanical timer and a special pulse circuit. A simple electrical pulse circuit for operating the
Skinner Magnelatch solenoid valve with a conventional mechanical timer is illustrated in Figure 2(a). However,
with this simple circuit, the valve may operate unreliably during brief power interruptions or if the timer is
manually switched on and off too fast. A better circuit incorporating a time-delay relay to provide more reliable
valve operation is shown in Figure 2(b).
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8.2.3.4 The connecting lines between the sample inlet and the canister should be as short as possible to
minimize their volume. The flow rate into the canister should remain relatively constant over the entire sampling
period.

8.2.3.5 As an option, a second electronic timer may be used to start the auxiliary pump several hours prior
to the sampling period to flush and condition the inlet line.

8.2.3.6 Prior to field use, each sampling system must pass a humid zero air certification (see
Section 8.4.3). All plumbing should be checked carefully for leaks. The canisters must also pass a humid zero
air certification before use (see Section 8.4.1).

8.3 Sampling Procedure

8.3.1 The sample canister should be cleaned and tested according to the procedure in Section 8.4.1.
8.3.2 A sample collection system is assembled as shown in Figures 1 and 3 and must be cleaned according
to the procedure outlined in Sections 8.4.2 and 8.4 4.

[Note: The sampling system should be contained in an appropriate enclosure.]

8.3.3 Prior to locating the sampling system, the user may want to perform "screening analyses" using a
portable GC system, as outlined in Appendix B of Compendium Method TO-14A, to determine potential volatile
organics present and potential "hot spots.” The information gathered from the portable GC screening analysis
would be used in developing a monitoring protocol, which includes the sampling system location, based upon the
"screening analysis” results.

8.3.4 After "screening analysis," the sampling system is located. Temperatures of ambient air and sampler
box interior are recorded on the canister sampling field test data sheet (FTDS), as documented in Figure 9.

[Note: The following discussion is related to Figure 1]
8.3.5 To verify correct sample flow, a "practice” (evacuated) canister is used in the sampling syster.

[Note: For a subatmospheric sampler, a flow meter and practice canister are needed. For the pump-driven
system, the practice canister is not needed, as the flow can be measured at the outlet of the system.]

A certified mass flow meter is attached to the inlet line of the manifold, just in front of the filter. The canister
is opened. The sampler is turned on and the reading of the certified mass flow meter is compared to the sampler
mass flow controller. The values should agree within £10%. If not, the sampler mass flow meter needs to be
recalibrated or there is a leak in the system. This should be investigated and corrected.

[Note: Mass flow meter readings may drift. Check the zero reading carefully and add or subtract the zero
reading when reading or adjusting the sampler flow rate to compensate for any zero drift.]

After 2 minutes, the desired canister flow rate is adjusted to the proper value (as indicated by the certified mass
flow meter) by the sampler flow control unit controller (e.g., 3.5 mL/min for 24 hr, 7.0 mL/min for 12 hr).
Record final flow under "CANISTER FLOW RATE" on the FTDS.

8.3.6 The sampler is turned off and the elapsed time meter is reset to 000.0.

[Note: Whenever the sampler is turned off, wait at least 30 seconds to turn the sampler back on.]
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8.3.7 The "practice" canister and certified mass flow meter are disconnected and a clean certified (see
Section §.4.1) canister is attached to the system.

8.3.8 The canister valve and vacuum/pressure gauge valve are opened.

8.3.9 Pressure/vacuum in the canister is recorded on the canister FTDS (see Figure 9) as indicated by the
sampler vacuum/pressure gauge.

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

8.3.11 The electronic timer is set to start and stop the sampling period at the appropriate times. Sampling
starts and stops by the programmed electronic timer.

8.3.12 After the desired sampling period, the maximum, minimum, current interior temperature and current
ambient temperature are recorded on the FTDS. The current reading from the flow controller is recorded.

8.3.13 At the end of the sampling period, the vacuum/pressure gauge valve on the sampler is briefly opened
and closed and the pressure/vacuum is recorded on the FTDS. Pressure should be close to desired pressure.

[Note: For a subatmospheric sampling system, if the canister is at atmospheric pressure when the field final
pressure check is performed, the sampling period may be suspect. This information should be noted on the
sampling field data sheet.]

Time of day and elapsed time meter readings are also recorded.

8.3.14 The canister valve is closed. The sampling line is disconnected from the canister and the canister is
removed from the system. For a subatmospheric system, a certified mass flow meter is once again connected to
the inlet manifold in front of the in-line filter and a "practice" canister is attached to the Magnelatch valve of the
sampling system. The final flow rate is recorded on the canister FTDS (see Figure 9).

[Note: For a pressurized system, the final flow may be measured directly.]

The sampler is turned off.

8.3.15 Anidentification tag is attached to the canister. Canister serial number, sample number, location, and
date, as a minimum, are recorded on the tag. The canister is routinely transported back to the analytical
laboratory with other canisters in a canister shipping case.

8.4 Cleaning and Certification Program

8.4.1 Canister Cleaning and Certification.
8.4.1.1 All canisters must be clean and free of any contaminants before sample collection.
8.4.1.2 All canisters are leak tested by pressurizing them to approximately 206 kPa (30 psig) with zero
air.

[Note: The canister cleaning system in Figure 10 can be used for this task.]

The initial pressure is measured, the canister valve is closed, and the final pressure is checked after 24 hours. If
acceptable, the pressure should not vary more than + 13.8 kPa (+ 2 psig) over the 24 hour period.

8.4.1.3 A canister cleaning system may be assembled as illustrated in Figure 10. Cryogen is added to both
the vacuum pump and zero air supply traps. The canister(s) are connected to the manifold. The vent shut-off
valve and the canister valve(s) are opened to release any remaining pressure in the canister(s). The vacuum pump
is started and the vent shut-off valve is then closed and the vacuum shut-off valve is opened. The canister(s) are
evacuated to <0.05 mm Hg (see Appendix B) for at least 1 hour.
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[Note: On a daily basis or more often if necessary, the cryogenic traps should be purged with zero air to
remove any trapped water from previous canister cleaning cycles.]

Air released/evacuated from canisters should be diverted to a fume hood.

8.4.1.4 The vacuum and vacuum/pressure gauge shut-off valves are closed and the zero air shut-off valve
is opened to pressurize the canister(s) with humid zero air to approximately 206 kPa (30 psig). If a zero gas
generator system is used, the flow rate may need to be limited to maintain the zero air quality.

8.4.1.5 The zero air shut-off valve is closed and the canister(s) is allowed to vent down to atmospheric
pressure through the vent shut-off valve. The vent shut-off valve is closed. Repeat Sections 8.4.1.3 through
8.4.1.5 two additional times for a total of three (3) evacuation/pressurization cycles for each set of canisters.

8.4.1.6 At the end of the evacuation/pressurization cycle, the canister is pressurized to 206 kPa (30 psig)
with humid zero air. The canister is then analyzed by a GC/MS analytical system. Any canister that has not
tested clean (compared to direct analysis of humidified zero air of less than 0.2 ppbv of targeted VOCs) should
not be used. As a "blank" check of the canister(s) and cleanup procedure, the final humid zero air fill of 100%
of the canisters is analyzed until the cleanup system and canisters are proven reliable (less than 0.2 ppbv of any
target VOCs). The check can then be reduced to a lower percentage of canisters.

8.4.1.7 The canister is reattached to the cleaning manifold and is then reevacuated to <0.05 mm Hg (see
Appendix B) and remains in this condition until used. The canister valve is closed. The canister is removed from
the cleaning system and the canister connection is capped with a stainless steel fitting. The canister is now ready
for collection of an air sample. An identification tag is attached to the inlet of each canister for field notes and
chain-of-custody purposes. An alternative to evacuating the canister at this point is to store the canisters and
reevacuate them just prior to the next use.

8.4.1.8 As an option to the humid zero air cleaning procedures, the canisters are heated in an isothermal
oven not to exceed 100°C during evacuation of the canister to ensure that higher molecular weight compounds
are not retained on the walls of the canister.

[Note: For sampling more complex VOC mixtures the canisters should be heated to higher temperatures
during the cleaning procedure although a special high temperature valve would be needed].

Once heated, the canisters are evacuated to <0.05 mm Hg (see Appendix B) and maintained there for 1 hour. At
the end of the heated/evacuated cycle, the canisters are pressurized with humid zero air and analyzed by a GC/MS
system after a minimum of 12 hrs of "aging.” Any canister that has not tested clean (less than 0.2 ppbv each of
targeted compounds) should not be used. Once tested clean, the canisters are reevacuated to <0.05 mm Hg (see
Appendix B) and remain in the evacuated state until used. As noted in Section 8.4.1 .7, reevacuation can occur
Jjust prior to the next use.
8.4.2 Cleaning Sampling System Components.
8.4.2.1 Sample components are disassembled and cleaned before the sampler is assembled. Nonmetallic
parts are rinsed with HPLC grade deionized water and dried in a vacuum oven at 50°C. Typically, stainless steel
parts and fittings are cleaned by placing them in a beaker of methanol in an ultrasonic bath for 15 minutes. This
procedure is repeated with hexane as the solvent.
8.4.2.2 The parts are then rinsed with HPLC grade deionized water and dried in a vacuum oven at 100°C
for 12 to 24 hours.
8.4.2.3 Once the sampler is assembled, the entire system is purged with humid zero air for 24 hours.
8.4.3 Zero Air Certification.
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[Note: In the following sections, "certification” is defined as evaluating the sampling system with humid zero
air and humid calibration gases that pass through all active components of the sampling system. The system
is "certified" if no significant additions or deletions (less than 0.2 ppbv each of target compounds) have
occurred when challenged with the test gas stream.]

8.4.3.1 The cleanliness of the sampling system is determined by testing the sampler with humid zero air
without an evacuated gas sampling canister, as follows.

8.4.3.2 The calibration system and manifold are assembled, as illustrated in Figure 8. The sampler
(without an evacuated gas canister) is connected to the manifold and the zero air cylinder is activated to generate
a hummd gas stream (2 L/min) to the calibration manifold [see Figure 8(b)].

8.4.3.3 The humid zero gas stream passes through the calibration manifold, through the sampling system
(without an evacuated canister) to the water management system/VOC preconcentrator of an analytical system.

[Note: The exit of the sampling system (without the canister) replaces the canister in Figure 11.]

After the sample volume (e.g., 500 mlL) is preconcentrated on the trap, the trap is heated and the VOCs are
thermally desorbed and refocussed on a cold trap. This trap is heated and the VOCs are thermally desorbed onto
the head of the capillary column. The VOCs are refocussed prior to gas chromatographic separation. Then, the
oven temperature (programmed) increases and the VOCs begin to elute and are detected by a GC/MS (see
Section 10) system. The analytical systemn should not detect greater than 0.2 ppbv of any targeted VOCs in order
for the sampling system to pass the humid zero air certification test. Chromatograms (using an FID) of a certified
sampler and contaminated sampler are illustrated in Figures 12(a) and 12(b), respectively. If the sampler passes
the humid zero air test, it is then tested with humid calibration gas standards containing selected VOCs at
concentration levels expected in field sampling (e.g., 0.5 to 2 ppbv) as outlined in Section 8.4.4.
8.4.4 Sampler System Certification with Humid Calibration Gas Standards from a Dynamic

Calibration System

8.4.4.1 Assemble the dynamic calibration system and manifold as illustrated in Figure 8.

8.4.4.2 Verify that the calibration system is clean (less than 0.2 ppbv of any target compounds) by
sampling a humidified gas stream, without gas calibration standards, with a previously certified clean canister
(see Section 8.1).

8.4.43 The assembled dynamic calibration system is certified clean if less than 0.2 ppbv of any targeted
compounds is found.

8.4.4.4 For generating the humidified calibration standards, the calibration gas cylinder(s) containing
nominal concentrations of 10 ppmv in nitrogen of selected VOCs is attached to the calibration system as
illustrated in Figure 8. The gas cylinders are opened and the gas mixtures are passed through 0 to 10 mL/min
certified mass flow controllers to generate ppb levels of calibration standards.

8.4.4.5 After the appropriate equilibrium period, attach the sampling system (containing a certified
evacuated canister) to the manifold, as illustrated in Figure 8(b).

8.4.4.6 Sample the dynamic calibration gas stream with the sampling system.

8.4.4.7 Concurrent with the sampling system operation, realtime monitoring of the calibration gas stream
is accomplished by the on-line GC/MS analytical system [Figure 8(a)] to provide reference concentrations of
generated VOCs.

8.4.4.8 At the end of the sampling period (normally the same time period used for experiments), the
sampling system canister is analyzed and compared to the reference GC/MS analytical system to determine if the
concentration of the targeted VOCs was increased or decreased by the sampling system.

8.4.4.9 A recovery of between 90% and 110% is expected for all targeted VOCs.

8.4.5 Sampler System Certification without Compressed Gas Cylinder Standards.
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8.4.5.1 Notall the gases on the Title 111 list are available/compatible with compressed gas standards. In
these cases sampler certification must be approached by different means.

8.4.5.2 Definitive guidance is not currently available in these cases; however, Section 9.2 lists several ways
to generate gas standards. In general, Compendium Method TO-14A compounds (see Table 1) are available
commercially as compressed gas standards.

9. GC/MS Analysis of Volatiles from Canisters
9.1 Introduction

9.1.1 The analysis of canister samples is accomplished with a GC/MS system. Fused silica capillary columns
are used to achieve high temporal resolution of target compounds. Linear quadrupole or ion trap mass
spectrometers are employed for compound detection. The heart of the system is composed of the sample inlet
concentrating device that is needed to increase sample loading into a detectable range. Two examples of
concentrating systems are discussed. Other approaches are acceptable as long as they are compatible with
achieving the system performance criteria given in Section 11.

9.1.2 With the first technique, a whole air sample from the canister is passed through a multisorbent packing
(including single adsorbent packings) contained within a metal or glass tube maintained at or above the
surrounding air temperature. Depending on the water retention properties of the packing, some or most of the
water vapor passes completely through the trap during sampling. Additional drying of the sample is
accomplished afier the sample concentration is completed by forward purging the trap with clean, dry helium or
another inert gas (air is not used). The sample is then thermally desorbed from the packing and backflushed from
the trap onto a gas chromatographic column. In some systems a "refocusing” trap is placed between the primary
trap and the gas chromatographic column. The specific system design downstream of the primary trap depends
on technical factors such as the rate of thermal desorption and sampled volume, but the objective in most cases
is to enhance chromatographic resolution of the individual sample components before detection on a mass
spectrometer.

9.1.3 Sample drying strategies depend on the target list of compounds. For some target compound lists, the
multisorbent packing of the concentrator can be selected from hydrophobic adsorbents which allow a high
percentage of water vapor in the sample to pass through the concentrator during sampling and without significant
loss of the target compounds. However, if very volatile organic compounds are on the target list, the adsorbents
required for their retention may also strongly retain water vapor and a more lengthy dry purge is necessary prior
to analysis.

9.1.4 With the second technique, a whole air sample is passed through a concentrator where the VOCs are
condensed on a reduced temperature surface (cold trap). Subsequently, the condensed gases are thermally
desorbed and backflushed from the trap with an inert gas onto a gas chromatographic column. This concentration
technique is similar to that discussed in Compendium Method TO-14, although a membrane dryer is not used.
The sample size is reduced in volume to limit the amount of water vapor that is also collected (100 mL or less
may be necessary). The attendant reduction in sensitivity is offset by enhancing the sensitivity of detection, for
example by using an ion trap detector.
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9.2 Preparation of Standards

9.2.1 Introduction.
9.2.1.1 When available, standard mixtures of target gases in high pressure cylinders must be certified
traceable to a NIST Standard Reference Material (SRM) or to a NIST/EPA approved Certified Reference
Material (CRM). Manufacturer's certificates of analysis must be retained to track the expiration date.
9.2.1.2 The neat standards that are used for making trace gas standards must be of high purity; generally
a purity of 98 percent or better is commercially available.
9.2.1.3 Cylinder(s) containing approximately 10 ppmv of each of the target compounds are typically used
as primary stock standards. The components may be purchased in one cylinder or in separate cylinders depending
on compatibility of the compounds and the pressure of the mixture in the cylinder. Refer to manufacturer's
specifications for guidance on purchasing and mixing VOCs in gas cylinders.
9.2.2 Preparing Working Standards.
9.2.2.1 Instrument Performance Check Standard. Prepare a standard solution of BFB in humidified
zero air at a concentration which will allow collection of 50 ng of BFB or less under the optimized concentration
parameters.
9.2.2.2 Calibration Standards. Prepare five working calibration standards in humidified zero air at a
concentration which will allow collection at the 2, 5, 10, 20, and 50 ppbv level for each component under the
optimized concentration parameters.
9.2.2.3 Internal Standard Spiking Mixture. Prepare an internal spiking mixture containing bromo-
chloromethane, chlorobenzene-ds, and 1,4-difluorobenzene at 10 ppmv each in humidified zero air to be added
to the sample or calibration standard. 500 pL of this mixture spiked into 500 mL of sample will result in a
concentration of 10 ppbv. The internal standard is introduced into the trap during the collection time for all
calibration, blank, and sample analyses using the apparatus shown in Figure 13 or by equivalent means. The
volume of internal standard spiking mixture added for each analysis must be the same from run to run.
9.2.3 Standard Preparation by Dynamic Dilution Technique.
9.2.3.1 Standards may be prepared by dynamic dilution of the gaseous contents of a cylinder(s) containing
the gas calibration stock standards with humidified zero air using mass flow controllers and a calibration
manifold. The working standard may be delivered from the manifold to a clean, evacuated canister using a pump
and mass flow controller.
9.2.3.2 Alternatively, the analytical system may be calibrated by sampling directly from the manifold if
the flow rates are optimized to provide the desired amount of calibration standards. However, the use of the
canister as a reservoir prior to introduction into the concentration system resembles the procedure normally used
to collect samples and is preferred. Flow rates of the dilution air and cylinder standards (all expressed in the same
units) are measured using a bubble meter or calibrated electronic flow measuring device, and the concentrations
of target compounds in the manifold are then calculated using the dilution ratio and the original concentration of
each compound.

Manifold Cone. - (Original Conc.) (Std. Gas Flowrate)
" (Air Flowrate) + (Std. Gas Flowrate)

9.2.3.3 Consider the example of | mL/min flow of 10 ppmv standard diluted with 1,000 mL/min of humid
air provides a nominal 10 ppbv mixture, as calculated below:
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_ (10 ppm)(1 mI/min)(1000 ppb/1 ppm)
(1000 mL/min) + (1 mL/min)

Manifold Cone.

= 10 ppb

9.2.4 Standard Preparation by Static Dilution Bottle Technique

[Note: Standards may be prepared in canisters by spiking the canister with a mixture of components prepared
in a static dilution bottle (12). This technique is used specifically for liquid standards.]

9.2.4.1 The volume of a clean 2-liter round-bottom flask, modified with a threaded glass neck to accept
a Mininert septum cap, is determined by weighing the amount of water required to completely fill up the flask.
Assuming a density for the water of 1 g/mL, the weight of the water in grams is taken as the volume of the flask
in milliliters.

9.2.4.2 The flask is flushed with helium by attaching a tubing into the glass neck to deliver the helium.
After a few minutes, the tubing is removed and the glass neck is immediately closed with a Mininert septum cap.

9.2.4.3 The flask is placed in a 60°C oven and allowed to equilibrate at that temperature for about
15 minutes. Predetermined aliquots of liquid standards are injected into the flask making sure to keep the flask
temperature constant at 60°C.

9.2.4.4 The contents are allowed to equilibrate in the oven for at least 30 minutes. To avoid condensation,
syringes must be preheated in the oven at the same temperature prior to withdrawal of aliquots to avoid
condensation.

9.2.4.5 Sample aliquots may then be taken for introduction into the analytical system or for further
dilution. An aliquot or aliquots totaling greater than 1 percent of the flask volume should be avoided.

9.2.4.6 Standards prepared by this method are stable for one week. The septum must be replaced with
each freshly prepared standard.

9.2.4.7 The concentration of each component in the flask is calculated using the following equation:

Vo
Concentration, mg/L. = VX9

Ve
where: V,= Volume of liquid neat standard injected into the flask, pL.

d = Density of the liquid neat standard, mg/pl..
V= Volume of the flask, L.

9.2.4.8 To obtain concentrations in ppbv, the equation given in Section 9.2.5.7 can be used.
[Note: In the preparation of standards by this technique, the analyst should make sure that the volume of neat
standard injected into the flask does not result in an overpressure due to the higher partial pressure produced
by the standard compared to the vapor pressure in the flask. Precautions should also be taken to avoid a
significant decrease in pressure inside the flask after withdrawal of aliquot(s).]

9.2.5 Standard Preparation Procedure in High Pressure Cylinders

[Note: Standards may be prepared in high pressure cylinders (13). A modified summary of the procedure
is provided below.]

9.2.5.1 The standard compounds are obtained as gases or neat liquids (greater than 98 percent purity).
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9.2.5.2 An aluminum cylinder is flushed with high-purity nitrogen gas and then evacuated to better than
25in. Hg.

9.2.5.3 Predetermined amounts of each neat standard compound are measured using a microliter or
gastight syringe and injected into the cylinder. The cylinder is equipped with a heated injection port and nitrogen
flow to facilitate sample transfer.

9.2.5.4 The cylinder is pressurized to 1000 psig with zero nitrogen.

[Note: User should read all SOPs associated with generating standards in high pressure cylinders. Follow
all safety requirements to minimize danger from high pressure cylinders.]

9.2.5.5 The contents of the cylinder are allowed to equilibrate (~24 hrs) prior to withdrawal of aliquots
into the GC system.
9.2.5.6 If the neat standard is a gas, the cylinder concentration is determined using the following equation:

Volume, .., < 10°

Concentration, ppbv =
VOlumedilution gas

[Note: Both values must be expressed in the same units.]

9.2.5.7 If the neat standard is a liquid, the gaseous concentration can be determined using the following
equations:

v = IRT
P
and:
GBI
MwW
where: V= Gaseous volume of injected compound at EPA standard temperature (25°C) and
pressure (760 mm Hg), L.

n= Moles.
= (Gas constant, 0.08206 L-atm/mole °K.
= 298°K (standard temperature).
= 1 standard pressure, 760 mm Hg (1 atm).
mL = Volume of liquid injected, mL.
d= Density of the neat standard, g/mL..
MW = Molecular weight of the neat standard expressed, g/g-mole.

The gaseous volume of the injected compound is divided by the cylinder volume at STP and then multiplied by
10° to obtain the component concentration in ppb units.
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9.2.6 Standard Preparation by Water Methods.
[Note: Standards may be prepared by a water purge and trap method (14) and summarized as follows].

9.2.6.1 A previously cleaned and evacuated canister is pressurized to 760 mm Hg absolute (1 atm) with
zero grade air.

9.2.6.2 The air gauge is removed from the canister and the sparging vessel is connected to the canister with
the short length of 1/16 in. stainless steel tubing.

[Note: Extra effort should be made to minimize possible areas of dead volume to maximize transfer of
analytes from the water to the canister.]

9.2.6.3 A measured amount of the stock standard solution and the internal standard solution is spiked mto
5 mL of water.

9.2.6.4 This water is transferred into the sparge vessel and purged with nitrogen for 10 mins at
100 mL/min. The sparging vessel is maintained at 40°C.

9.2.6.5 At the end of 10 mins, the sparge vessel is removed and the air gauge is re-installed, to further
pressurize the canister with pure nitrogen to 1500 mm Hg absolute pressure (approximately 29 psia).

9.2.6.6 The canister is allowed to equilibrate overnight before use.

9.2.6.7 A schematic of this approach is shown in Figure 14.

9.2.7 Preparation of Standards by Permeation Tubes.

9.2.7.1 Permeation tubes can be used to provide standard concentration of a trace gas or gases. The
permeation of the gas can occur from inside a permeation tube containing the trace species of interest to an air
stream outside. Permeation can also occur from outside a permeable membrane tube to an air stream passing
through the tube (e.g., a tube of permeable material immersed in a liquid).

9.2.7.2 The permeation system is usually held at a constant temperature to generate a constant
concentration of trace gas. Commercial suppliers provide systems for generation and dilution of over
250 compounds. Some commercial suppliers of permeation tube equipment are listed in Appendix D.

9.2.8 Storage of Standards.

9.2.8.1 Working standards prepared in canisters may be stored for thirty days in an atmosphere free of
potential contaminants.

9.2.8.2 It is imperative that a storage logbook be kept to document storage time.

10. GC/MS Operating Conditions

10.1 Preconcentrator

The following are typical cryogenic and adsorbent preconcentrator analytical conditions which, however, depend
on the specific combination of solid sorbent and must be selected carefully by the operator. The reader is referred
to Tables 1 and 2 of Compendium Method TO-17 for guidance on selection of sorbents. An example of a system
using a solid adsorbent preconcentrator with a cryofocusing trap is discussed in the literature (15). Oven

temperature programming starts above ambient.

10.1.1 Sample Collection Conditions

Cryogenic Trap Adsor r
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Set point -150°C Set point 27°C
Sample volume - up to 100 mL Sample volume - up to 1,000 mL.
Carrier gas purge flow - none Carner gas purge flow - selectable

[Note: The analyst should optimize the flow rate, duration of sampling, and absolute sample volume to be
used. Other preconcentration systems may be used provided performance standards (see Section 11) are
realized.]

10.1.2 Desorption Conditions

Cryogenic Trap A nt Tr

Desorb Temperature 120°C Desorb Temperature Variable
Desorb Flow Rate ~ 3 mL/min He Desorb Flow Rate ~3 mL/min He
Desorb Time <60 sec Desorb Time <60 sec

The adsorbent trap conditions depend on the specific solid adsorbents chosen (see manufacturers” specifications).

10.1.3 Trap Reconditioning Conditions.

Cryogenic Trap Adsorbent Trap

Initial bakeout 120°C (24 hrs) Initial bakeout

Variable (24 hrs)

After each run 120°C (5 min) After each run Variable (5 min)

10.2 GC/MS System

10.2.1 Optimize GC conditions for compound separation and sensitivity. Baseline separation of benzene
and carbon tetrachloride on a 100% methyl polysiloxane stationary phase is an indication of acceptable
chromatographic performance.

10.2.2 The following are the recommended gas chromatographic analytical conditions when using a 50-meter
by 0.3-mm LD., 1 pm film thickness fused silica column with refocusing on the column.

Item Condition
Carrier Gas: Helium
Flow Rate: Generally 1-3 ml./min as recommended by manufacturer
Temperature Program: Initial Temperature: -50°C
Initial Hold Time: 2 min
Ramp Rate: 8° C/min
Final Temperature: 200°C
Final Hold Time: Until all target compounds elute.

10.2.3 The following are the recommended mass spectrometer conditions:

Item ndition
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Electron Energy: 70 Volts (nominal)
Mass Range: 35-300 amu [the choice of 35 amu excludes the detection of some target compounds
: such as methanol and formaldehyde, and the quantitation of others such as ethylene
oxide, ethyl carbamate, etc. (see Table 2). Lowering the mass range and using special
programming features available on modern gas chromatographs will be necessary in
these cases, but are not considered here.
Scan Time: To give at least 10 scans per peak, not to exceed 1 second per scan].

A schematic for a typical GC/MS analytical system is illustrated in Figure 15.
10.3 Analytical Sequence

10.3.1 Introduction. The recommended GC/MS analytical sequence for samples during each 24-hour time
period is as follows:

* Perform instrument performance check using bromofluorobenzene (BFB).
+ Initiate multi-point calibration or daily calibration checks.

* Perform a laboratory method blank.

* Complete this sequence for analysis of <20 field samples.

10.4 Instrument Performance Check

10.4.1 Summary. It is necessary to establish that a given GC/MS meets tuning and standard mass spectral
abundance criteria prior to initiating any data collection. The GC/MS system is set up according to the
manufacturer's specifications, and the mass calibration and resolution of the GC/MS system are then verified by
the analysis of the instrument performance check standard, bromofluorobenzene (BFB).

10.4.2 Frequency. Prior to the analyses of any samples, blanks, or calibration standards, the Laboratory
must establish that the GC/MS system meets the mass spectral ion abundance criteria for the instrument
performance check standard containing BFB. The instrument performance check solution must be analyzed
initially and once per 24-hour time period of operation.

The 24-hour time period for GC/MS instrument performance check and standards calibration (initial calibration
or daily calibration check criteria) begins at the injection of the BFB which the laboratory records as
documentation of a compliance tune.

10.4.3 Procedure. The analysis of the instrument performance check standard is performed by trapping 50
ng of BFB under the optimized preconcentration parameters. The BFB is introduced from a cylinder into the
GC/MS via a sample loop valve injection system similar to that shown in Figure 13.

The mass spectrum of BFB must be acquired in the following manner. Three scans (the peak apex scan and the
scans immediately preceding and following the apex) are acquired and averaged. Background subtraction is
conducted using a single scan prior to the elution of BFB.

10.4.4 Technical Acceptance Criteria. Prior to the analysis of any samples, blanks, or calibration
standards, the analyst must establish that the GC/MS system meets the mass spectral ion abundance criteria for
the instrument performance check standard as specified in Table 3.

10.4.5 Corrective Action. If the BFB acceptance criteria are not met, the MS must be retuned. It may be
necessary to clean the ion source, or quadrupoles, or take other necessary actions to achieve the acceptance
criteria.
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10.4.6 Documentation. Results of the BFB tuning are to be recorded and maintained as part of the
instrumentation log.

10.5 Initial Calibration

10.5.1 Summary. Prior to the analysis of samples and blanks but after the instrument performance check
standard criteria have been met, each GC/MS system must be calibrated at five concentrations that span the
monitoring range of interest in an initial calibration sequence to determine instrument sensitivity and the linearity
of GC/MS response for the target compounds. For example, the range of interest may be 2 to 20 ppbv, in which
case the five concentrations would be 1, 2, 5, 10 and 25 ppbv.

One of the calibration points from the initial calibration curve must be at the same concentration as the daily
calibration standard (e.g., 10 ppbv).

10.5.2 Frequency. Each GC/MS system must be recalibrated following corrective action (e.g., ion source
cleaning or repair, column replacement, etc.) which may change or affect the initial calibration criteria or if the
daily calibration acceptance criteria have not been met.

If time remains in the 24-hour time period after meeting the acceptance criteria for the initial calibration, samples
may be analyzed.

If time does not remain in the 24-hour period after meeting the acceptance criteria for the initial calibration, a new
analytical sequence shall commence with the analysis of the instrument performance check standard followed by
analysis of a daily calibration standard.

10.53 Procedure. Verify that the GC/MS system meets the instrument performance criteria in Section 10.4.

The GC must be operated using temperature and flow rate parameters equivalent to those in Section 10.2.2.
Calibrate the preconcentration-GC/MS system by drawing the standard into the system. Use one of the standards
preparation techniques described under Section 9.2 or equivalent.

A minimum of five concentration levels are needed to determine the instrument sensitivity and linearity. One of
the calibration levels should be near the detection level for the compounds of interest. The calibration range
should be chosen so that linear results are obtained as defined in Sections 10.5.1 and 10.5.5.

Quantitation ions for the target compounds are shown in Table 2. The primary ion should be used unless
interferences are present, in which case a secondary ion is used.
10.5.4 Calculations.

[Note: In the following calculations, an internal standard approach is used to calculate response factors.
The area response used is that of the primary quantitation ion unless otherwise stated. i

10.5.4.1 Relative Response Factor (RRF). Calculate the relative response factors for each target
compound relative to the appropriate internal standard (i.e., standard with the nearest retention time) using the
following equation:
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where: RRF = Relative response factor.
A, = Area of the primary ion for the compound to be measured, counts.
A, = Area of the primary ion for the internal standard, counts.
C,, = Concentration of internal standard spiking mixture, ppbv.
C, = Concentration of the compound in the calibration standard, ppbv.

[Note: The equation above is valid under the condition that the volume of internal standard spiking mixture
added in all field and QC analyses is the same from run to run, and that the volume of field and QC sample
introduced into the trap is the same for each analysis. C,, and C, must be in the same units.]

10.5.4.2 Mean Relative Response Factor. Calculate the mean RRF for each compound by averaging
the values obtained at the five concentrations using the following equation:

RRF - )2
i-1

noox.
n
where: RRF = Mean relative response factor.

x; = RRF of the compound at concentration i.

n = Number of concentration values, in this case 5.
10.5.4.3 Percent Relative Standard Deviation (%RSD). Using the RRFs from the initial calibration,
calculate the %RSD for all target compounds using the following equations:

SD
9%RSD = —RRF « 100

RRF
and
N (RRF, - RRF)y
SD, . = -
RRF \lg N -1
where: SDggr = Standard deviation of initial response factors (per compound).

RRF; = Relative response factor at a concentration level i.

RRF = Mean of initial relative response factors (per compound).
10.5.4.4 Relative Retention Times (RRT). Calculate the RRTs for each target compound over the initial
calibration range using the following equation:

RT
RRT = <
RT;
where: RT,= Retention time of the target compound, seconds

RT, = Retention time of the internal standard, seconds.
10.5.4.5 Mean of the Relative Retention Times (RRT). Calculate the mean of the relative retention

times (RRT) for each analyte target compound over the initial calibration range using the following equation:
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n
RET - RRT
izt I
where: RRT = Mean relative retention time for the target compound for each initial calibration

standard.
RRT = Relative retention time for the target compound at each calibration level.
10.5.4.6 Tabulate Primary Ion Area Response (Y) for Internal Standard. Tabulate the area response
(Y) of the primary ions (see Table 2) and the corresponding concentration for each compound and internal
standard.
10.5.4.7 Mean Area Response (Y ) for Internal Standard. Calculate the mean area response (Y ) for
each internal standard compound over the initial calibration range using the following equation:

— oY
Y = Z_'
i=1 I

where: Y = Mean area response.
Y = Area response for the primary quantitation ion for the internal standard for each initial
calibration standard.
10.5.4.8 Mean Retention Times (RT). Calculate the mean of the retention times (RT) for each internal
standard over the initial calibration range using the following equation:

where:  RT = Mean retention time, seconds
RT = Retention time for the internal standard for each initial calibration standard, seconds.
10.5.5 Technical Acceptance Criteria for the Initial Calibration.
10.5.5.1 The calculated %RSD for the RRF for each compound in the calibration table must be less than
30% with at most two exceptions up to a limit of 40%.

[Note: This exception may not be acceptable for all projects. Many projects may have a specific target list
of compounds which would require the lower limit for all compounds.]

10.5.5.2 The RRT for each target compound at each calibration level must be withiin 0.06 RRT units of
the mean RRT for the compound.

10.5.5.3 The area response Y of at each calibration level must be within 40% of the mean area response Y
over the initial calibration range for each internal standard.

10.5.5.4 The retention time shift for each of the internal standards at each calibration level must be within
20 s of the mean retention time over the initial calibration range for each internal standard.

10.5.6 Corrective Action.

10.5.6.1 Criteria. If the initial calibration technical acceptance criteria are not met, inspect the system
for problems. It may be necessary to clean the ion source, change the column, or take other corrective actions to
meet the initial calibration technical acceptance criteria.

10.5.6.2 Schedule. Initial calibration acceptance criteria must be met before any field samples,
performance evaluation (PE) samples, or blanks are analyzed.
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10.6 Daily Calibration

10.6.1 Summary. Prior to the analysis of samples and blanks but after tuning criteria have been met, the
initial calibration of each GC/MS system must be routinely checked by analyzing a daily calibration standard to
ensure that the instrument continues to remain under control. The daily calibration standard, which is the nominal
10 ppbv level calibration standard, should contain all the target compounds.

10.6.2 Frequency. A check of the calibration curve must be performed once every 24 hours on a GC/MS
system that has met the tuning criteria. The daily calibration sequence starts with the injection of the BFB. If
the BFB analysis meets the ion abundance criteria for BFB, then a daily calibration standard may be analyzed.

10.6.3 Procedure. The mid-level calibration standard (10 ppbv) is analyzed in a GC/MS system that has
met the tuning and mass calibration criteria following the same procedure in Section 10.5.

10.6.4 Calculations. Perform the following calculations.

[Note: As indicated earlier, the area response of the primary quantitation ion is used unless otherwise
stated.]

10.6.4.1 Relative Response Factor (RRF). Calculate a relative response factor (RRF) for each target
compound using the equation in Section 10.5.4.1.

10.6.4.2 Percent Difference (%D). Calculate the percent difference in the RRF of the daily RRF
(24-hour) compared to the mean RRF in the most recent initial calibration. Calculate the %D for each target
compound using the following equation:

RRF, - RRF,
%D = = 1 x 100
RRF

where: RRF, = RRF of the compound in the continuing calibration standard.
RRF, = Mean RRF of the compound in the most recent initial calibration.

10.6.5 Technical Acceptance Criteria. The daily calibration standard must be analyzed at the
concentration level and frequency described in this Section 10.6 and on a GC/MS system meeting the BFB
instrument performance check criteria (see Section 10.4).

The %D for each target compound in a daily calibration sequence must be within £30 percent in order to proceed
with the analysis of samples and blanks. A control chart showing %D values should be maintained.

10.6.6 Corrective Action. If the daily calibration technical acceptance criteria are not met, inspect the
system for problems. It may be necessary to clean the ion source, change the column, or take other corrective
actions to meet the daily calibration technical acceptance criteria.

Daily calibration acceptance criteria must be met before any field samples, performance evaluation (PE) samples,
or blanks are analyzed. If the % D criteria are not met, it will be necessary to rerun the daily calibration sample.

10.7 Blank Analyses

10.7.1 Summary. To monitor for possible laboratory contamination, laboratory method blanks are analyzed
at least once in a 24-hour analytical sequence. All steps in the analytical procedure are performed on the blank
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using all reagents, standards, equipment, apparatus, glassware, and solvents that would be used for a sample
analysis.

A laboratory method blank (LMB) is an unused, certified canister that has not left the laboratory. The blank
canister is pressurized with humidified, ultra-pure zero air and carried through the same analytical procedure as
a field sample. The injected aliquot of the blank must contain the same amount of internal standards that are
added to each sample.

10.7.2 ¥Frequency. The laboratory method blank must be analyzed after the calibration standard(s) and
before any samples are analyzed.

Whenever a high concentration sample is encountered (i.e., outside the calibration range), a blank analysis should
be performed immediately after the sample is completed to check for carryover effects.

10.7.3 Procedure. Fill a cleaned and evacuated canister with humidified zero air (RH >20 percent, at 25°C).
Pressurize the contents to 2 atm.

The blank sample should be analyzed using the same procedure outlined under Section 10.8.
10.7.4 Calculations. The blanks are analyzed similar to a field sample and the equations in Section 10.5.4

apply.
10.7.5 Technical Acceptance Criteria. A blank canister should be analyzed daily.

The area response for each internal standard (IS) in the blank must be within +40 percent of the mean area
response of the IS in the most recent valid calibration.

The retention time for each of the internal standards must be within +0.33 minutes between the blank and the
most recent valid calibration.

The blank should not contain any target analyte at a concentration greater than its quantitation level (three times
the MDL as defined in Section 11.2) and should not contain additional compounds with elution characteristics
and mass spectral features that would interfere with identification and measurement of a method analyte.

10.7.6 Corrective Action. If the blanks do not meet the technical acceptance criteria, the analyst should
consider the analytical system to be out of control. It is the responsibility of the analyst to ensure that
contaminants in solvents, reagents, glassware, and other sample storage and processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chromatograms be eliminated. If contamination is a problem,
the source of the contamination must be investigated and appropriate corrective measures need to be taken and
documented before further sample analysis proceeds.

If an analyte in the blank is found to be out of control (i.e., contaminated) and the analyte is also found in
associated samples, those sample results should be "flagged” as possibly contaminated.

10.8 Sample Analysis
10.8.1 Summary. An aliquot of the air sample from a canister (e.g., 500 mL) is preconcentrated and
analyzed by GC/MS under conditions stated in Sections 10.1 and 10.2. If using the multisorbent/dry purge

approach, adjust the dry purge volume to reduce water effects in the analytical system to manageable levels.

[Note: The analyst should be aware that pressurized samples of high humidity samples will contain
condensed water. As a result, the humidity of the sample released from the canister during analysis will vary
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in humidity, being lower at the higher canister pressures and increasing in humidity as the canister pressures
decreases. Storage integrity of water soluble compounds may also be affected.]

10.8.2 Frequency. If time remains in the 24-hour period in which an initial calibration is performed,
samples may be analyzed without analysis of a daily calibration standard.

If time does not remain in the 24-hour period since the injection of the instrument performance check standard
in which an initial calibration is performed, both the instrument performance check standard and the daily
calibration standard should be analyzed before sample analysis may begin.
10.8.3 Procedure for Instrumental Analysis. Perform the following procedure for analysis.

10.8.3.1 All canister samples should be at temperature equilibrium with the laboratory.

10.8.3.2 Check and adjust the mass flow controllers to provide correct flow rates for the system.

10.8.3.3 Connect the sample canister to the inlet of the GC/MS analytical system, as shown in Figure 15
[Figure 16 shows an alternate two stage concentrator using multisorbent traps followed by a trap cooled by a
closed cycle cooler (15)]. The desired sample flow is established through the six-port chromatographic valve and
the preconcentrator to the downstream flow controller. The absolute volume of sample being pulled through the
trap must be consistent from run to run.

10.8.3.4 Heat/cool the GC oven and cryogenic or adsorbent trap to their set points. Assuming a six-port
value is being used, as soon as the trap reaches its lower set point, the six-port chromatographic valve is cycled
to the trap position to begin sample collection. Utilize the sample collection time which has been optimized by
the analyst.

10.8.3.5 Use the arrangement shown in Figure 13, (i.e., a gastight syringe or some alternate method)
introduce an internal standard during the sample collection period. Add sufficient internal standard equivalent
to 10 ppbv in the sample. For example, a 0.5 mL volume of a mixture of internal standard compounds, each at
10 ppmyv concentration, added to a sample volume of 500 mL, will result in 10 ppbv of each internal standard
in the sample.

10.8.3.6 After the sample and intemal standards are preconcentrated on the trap, the GC sampling valve
is cycled to the inject position and the trap is swept with helium and heated. Assuming a focusing trap is being
used, the trapped analytes are thermally desorbed onto a focusing trap and then onto the head of the capillary
column and are separated on the column using the GC oven temperature program. The canister valve is closed
and the canister is disconnected from the mass flow controller and capped. The trap is maintained at elevated
temperature until the beginning of the next analysis.

10.8.3.7 Upon sample injection onto the column, the GC/MS system is operated so that the MS scans the
atomic mass range from 35 to 300 amu. At least ten scans per eluting chromatographic peak should be acquired.
Scanning also allows identification of unknown compounds in the sample through searching of library spectra.

10.8.3.8 Each analytical run must be checked for saturation. The level at which an individual compound
will saturate the detection system is a function of the overall system sensitivity and the mass spectral
characteristics of that compound.

10.8.3.9 Secondary ion quantitation is allowed only when there are sample matrix interferences with the
primary ion. If secondary ion quantitation is performed, document the reasons in the laboratory record book.

10.8.4 Calculations. The equation below is used for calculating concentrations.

_ ACDF

X I8

ARRF

X

where: C, = Compound concentration, ppbv.
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A, = Area of the characteristic ion for the compound to be measured, counts.
A;;= Area of the characteristic ion for the specific internal standard, counts.

Ci, = Concentration of the internal standard spiking mixture, ppbv
RRF = Mean relative response factor from the initial calibration.

DF = Dilution factor calculated as described in section 2. If no dilution is performed, DF
=1.

[Note: The equation above is valid under the condition that the volume (~300 ul) of internal standard
spiking mixture added in all field and QC analyses is the same from run to run, and that the volume (~500 mL)
of field and QC sample introduced into the trap is the same for each analysis.]

10.8.5 Technical Acceptance Criteria.

[Note: If the most recent valid calibration is an initial calibration, internal standard area responses and RTs
in the sample are evaluated against the corresponding internal standard area responses and RTs in the mid
level standard (10 ppbv) of the initial calibration.]

10.8.5.1 The field sample must be analyzed on a GC/MS system meeting the BFB tuning, initial
calibration, and continuing calibration technical acceptance criteria at the frequency described in Sections 10.4,
10.5 and 10.6.

10.8.5.2 The field samples must be analyzed along with a laboratory method blank that met the blank
technical acceptance criteria.

10.8.5.3 All of the target analyte peaks should be within the initial calibration range.

10.8.5.4 The retention time for each internal standard must be within +0.33 minutes of the retention time
of the internal standard in the most recent valid calibration.

10.8.6 Corrective Action. If the on-column concentration of any compound in any sample exceeds the

initial calibration range, an aliquot of the original sample must be diluted and reanalyzed. Guidance in
performing dilutions and exceptions to this requirement are given below.

* Use the results of the original analysis to determine the approximate dilution factor required to get the
largest analyte peak within the initial calibration range.

* The dilution factor chosen should keep the response of the largest analyte peak for a target compound in
the upper half of the initial calibration range of the instrument.

[Note: Analysis involving dilution should be reported with a dilution factor and nature of the dilution gas.]

10.8.6.1 Internal standard responses and retention times must be evaluated during or immediately after
data acquisition. If the retention time for any internal standard changes by more than 20 sec from the latest daily
(24-hour) calibration standard (or mean retention time over the initial calibration range), the GC/MS system must
be inspected for malfunctions, and corrections made as required.

10.8.6.2 If the area response for any internal standard changes by more than £40 percent between the
sample and the most recent valid calibration, the GC/MS system must be inspected for malfunction and
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corrections made as appropriate. When corrections are made, reanalysis of samples analyzed while the system
was malfunctioning is necessary.

10.8.6.3 If, after reanalysis, the area responses or the RTs for all internal standards are inside the control
limits, then the problem with the first analysis is considered to have been within the control of the Laboratory.
Therefore, submit only data from the analysis with SICPs within the limits. This is considered the imtial analysis
and should be reported as such on all data deliverables.

11. Requirements for Demonstrating Method Acceptability for VOC Analysis from Canisters
11.1 Introduction

11.1.1 There are three performance criteria which must be met for a system to qualify under Compendium
Method TO-15. These criteria are: the method detection limit of <0.5 ppbv, replicate precision within 25 percent,
and audit accuracy within 30 percent for concentrations normally expected in contaminated ambient air (0.5 to
25 ppbv).

11.1.2 Either SIM or SCAN modes of operation can be used to achieve these criteria, and the choice of mode
will depend on the number of target compounds, the decision of whether or not to determine tentatively identified
compounds along with other VOCs on the target list, as well as on the analytical system characteristics.

11.1.3 Specific criteria for each Title III compound on the target compound list must be met by the analytical
system. These criteria were established by examining summary data from EPA's Toxics Air Monitoring System
Network and the Urban Air Toxics Monitoring Program network. Details for the determination of each of the
criteria follow.

11.2 Method Detection Limit

11.2.1 The procedure chosen to define the method detection limit is that glven in the Code of Federal
Regulations (40 CFR 136 Appendix B).

11.2.2 The method detection limit is defined for each system by making seven replicate measurements of the
compound of interest at a concentration near (within a factor of five) the expected detection limit, computing the
standard deviation for the seven replicate concentrations, and multiplying this value by 3.14 (i.e., the Student's
t value for 99 percent confidence for seven values). Employing this approach, the detection limits given in
Table 4 were obtained for some of the VOCs of interest.

11.3 Replicate Precision

11.3.1 The measure of replicate precision used for this program is the absolute value of the difference
between replicate measurements of the sample divided by the average value and expressed as a percentage as
follows:

. B X, = x|
percent difference = ————— x 100
X

where: = First measurement value.

Second measurement value.

X, =
X = Average of the two values.
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11.3.2 There are several factors which may affect the precision of the measurement. The nature of the
compound of interest itself such as molecular weight, water solubility, polarizability, etc., each have some effect
on the precision, for a given sampling and analytical system. For example, styrene, which is classified as a polar
VOC, generally shows slightly poorer precision than the bulk of nonpolar VOCs. A primary influence on
- precision is the concentration level of the compound of interest in the sample, i.e., the precision degrades as the
concentration approaches the detection limit. A conservative measure was obtained from replicate analysis of
"real world" canister samples from the TAMS and UATMP networks. These data are summarized in Table 5
and suggest that a replicate precision value of 25 percent ¢an be achieved for each of the target compounds.

11.4 Audit Accuracy

11.4.1 A measure of analytical accuracy is the degree of agreement with audit standards. Audit accuracy is
defined as the difference between the nominal concentration of the audit compound and the measured value
divided by the audit value and expressed as a percentage, as illustrated in the following equation:

Spiked Value - Observed Value
Spiked Value

Audit Accuracy, % = x 100

11.4.2 Audit accuracy results for TAMS and UATMP analyses are summarized in Table 6 and were used
to form the basis for a selection of 30 percent as the performance criterion for audit accuracy.
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APPENDIX A.

LISTING OF SOME COMMERCIAL WATER
MANAGEMENT SYSTEMS USED WITH AUTOGC SYSTEMS

Tekmar Dohrman Company
7143 East Kemper Road

Post Office Box 429576
Cincinnati, Ohio 45242-9576
(513) 247-7000

(513) 247-7050 (Fax)

(800) 543-4461

[Moisture control module]

Entech Laboratory Automation
950 Enchanted Way No. 101
Simi Valley, California 93065
(805) 527-5939

(805) 527-5687 (Fax)
[Microscale Purge and Trap]

Dynatherm Analytical Instruments

Post Office Box 159

Kelton, Pennsylvania 19346
(215) 869-8702

(215) 869-3885 (Fax)
[Thermal Desorption System]

XonTech Inc.

6862 Hayenhurst Avenue

Van Nuys, CA 91406

(818) 787-7380

(818) 787-4275 (Fax)
[Multi-adsorbent trap/dry purge]

Graseby

500 Technology Ct.

Smyrna, Georgia 30082
(770) 319-9999

(770) 319-0336 (Fax)

(800) 241-6898

[Contfrolled Desorption Trap]

Varian Chromatography System

2700 Mitchell Drive

Walnut Creek, California 94898

(510) 945-2196

(510) 945-2335 (FAX)

[Variable Temperature Adsorption Trap)]
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APPENDIX B.
COMMENT ON CANISTER CLEANING PROCEDURES

The canister cleaning procedures given in Section 8.4 require that canister pressure be reduced to <0.05mm Hg
before the cleaning process is complete. Depending on the vacuum system design (diameter of connecting tubing,
valve restrictions, etc.) and the placement of the vacuum gauge, the achievement of this value may take several
hours. In any case, the pressure gauge should be placed near the canisters to determine pressure. The objective
of requiring a low pressure evacuation during canister cleaning is to reduce contaminants. If canisters can be
routinely certified (<0.2 ppbv for target compounds) while using a higher vacuum, then this criteria can be
relaxed. However, the ultimate vacuum achieved during cleaning should always be <0.2mm Hg.

Canister cleaning as described in Section 8.4 and illustrated in Figure 10 requires components with special
features. The vacuum gauge shown in Figure 10 must be capable of measuring 0.05mm Hg with less than a
20% error. The vacuum pump used for evacuating the canister must be noncontaminating while being capable
of achieving the 0.05 mm Hg vacuum as monitored near the canisters. Thermoelectric vacuum gauges and
turbomolecular drag pumps are typically being used for these two components.

An alternate to achieving the canister certification requirement of <0.2 ppbv for all target compounds is the
criteria used in Compendium Method TO-12 that the total carbon count be <10ppbC. This check is less
expensive and typically more exacting than the current certification requirement and can be used if proven to be
equivalent to the original requirement. This equivalency must be established by comparing the total nonmethane
organic carbon (TNMOC) expressed in ppbC to the requirement that individual target compounds be <0.2 ppbv
for a series of analytical runs.
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APPENDIX C.

LISTING OF COMMERCIAL MANUFACTURERS AND RE-SUPPLIERS OF
SPECIALLY-PREPARED CANISTERS

BRC/Rasmussen

17010 NW Skyline Blvd.
Portland, Oregon 97321
(503) 621-1435

Meriter

1790 Potrero Drive
San Jose, CA 95124
(408) 265-6482

Restek Corporation

110 Benner Circle
Bellefonte, PA 16823-8812
(814) 353-1300

(800) 356-1688

Scientific Instrumentation Specialists
P.O. Box 8941

815 Courtney Street

Moscow, ID 83843

(208) 882-3860

Graseby

500 Technology Ct.
Smyrna, Georgia 30082
(404) 319-9999

(800) 241-6898

XonTech Inc.

6862 Hayenhurst Avenue
Van Nuys, CA 91406
(818) 787-7380
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APPENDIX D.
LISTING OF COMMERCIAL SUPPLIERS OF PERMEATION TUBES AND SYSTEMS

Kin-Tek

504 Laurel St.
Lamarque, Texas 77568
(409) 938-3627

(800) 326-3627

Vici Metronics, Inc.
2991 Corvin Drive
Santa Clara, CA 95051
(408) 737-0550

Analytical Instrument Development, Inc.
Rt. 41 and Newark Rd.

Avondale, PA 19311

(215) 268-3181

Ecology Board, Inc.
9257 Independence Ave.
Chatsworth, CA 91311
(213) 882-6795

Tracor, Inc.

6500 Tracor Land
Austin, TX

(512) 926-2800

Metronics Associates, Inc.
3201 Porter Drive
Standford Industrial Park
Palo Alto, CA 94304
(415) 493-5632

Page 15-36 Compendium of Methods for Toxic Organic Air Pollutants January 1999



Method TO-15

VOCs

X 66 | 0tC 0Ls EhL-SL ~ TIOPHCD (PUPIn0d013IP-1"1) SPUONIP SUSPTATI]
— I'8S [ €T 0'6h 9-8€-€T1 OHISHTD “pAyapiruotdosg §
_ 98 6+ T'ss FH0-+€91 OTIHSD Hayd |AING-1a) Aoy
_ 9L 092 ot 0-SI-SL TS *Ppy[nsip uogre)
— X X SoL 0bg St 1-§0-L01 [DSHED *(duadasdotofyd-¢) apuorya |Aj1y
_ I'Ls | see 965 6-€8-+79 ONEHTD a1euridost (A
X X 68 | 6vE 0'0F T-60-SL TIDTHD *IPUOIYD JU|AYIDN
— 6’181 | 00F v'Tr r-88-bL IEHD *(3ueyawopor) apipor JAYIN
I 85 |svr Tre 69551 OYHED 9pIX0 .,_S_aoﬂ
_ X X L6 |00s LIg t-SE-SL TIDTHTD *(AUIARIIOYIIP-[ | ) IPUOIYD JUAPrAUIA _
— |6 01z 0-L0-SL OPHZD ‘([Puega) SpAap[eIadY _
X X 9 01X0'1 ¢TI £-00-SL 1DSHTD “(duepaosofyd) apuorya AT _
_ t (TEAN Lol 8-1T-SL OFHZD *ap1xo auajAyly _
_ o |orxn 8S1 T-09-£65 IFEHTD H(2uaaowiolq) Hpiuioiq _?3_
—v 66 01 XTI A S-th-SL 071D *duddsoyy
X X 66 01 X8R 9'¢ 6-€8-tL JHEHD (dueyiawiowoq) spruoiq (AP
X ts 01X07¢ St 0667901 9HPD PudiprIng-¢* |
0t 01XL'T 61" 0-00-0€ OTHD apAyap|euLIO
'ty 01 X8 0'€T- £-88-PEE INTHD “dueipautoze(y
— X X <79 01XT'¢ 0tl- - 10-SL [DEHTD (FuaI20I0[Yd) IPLIO[YD [AUTA
109 01XL¢ 0°0s- 1-85-€ot SO py(ns jAuogqie)
X X S0S 01 X8'¢ L'€T- £-L8-bL 1D£HD “(3ueidatoIofy) ApUoyd JApaR
MOS-d1D | VFI-OL | M Juﬂﬂ_a 0. ad "ON SV punoduio))
f

SJ0A 40 ISTTdTI-MOS FHL ANV ISIT VHI-OL GOHLAI IWNIANAJINOD NI JIHSHATINTIN
“LSTTINAWANTIAY ¥4IV NVATO I I'1LIL FHL NO SANNOJNOD DINVOIYO ATLLVIOA I AT9V.L

Page 15-37

Compendium of Methods for Toxic Organic Air Pollutants

January 1999



VOCs

Method TO-15

—

— 1001 0'8T 101 9-79-08 COSHS PIRjAIR W [ARIDPN
1 001 £6L 001 S-88-0F [ ZOSHS O =wAae [Aqig _

Sl 00t POt [-R8-THE OTIDFHTD 19y (JAawoIo|yd)stg

88 0°LE 101 [-16°€T1 TOSHPD “(3PIX0 JUIAYAN-p' ) dUBXOI(]-¢' |

Fll 90r 66 I-+8-0FS 81HE) sumuad AW ] -7 7

X X gl 0tr 0L C-L8-8L TID9HE (purdoidolofyaip-z' [ ) apuopyarp sudjadoig

9t 96F BLS Fre-09 INIH.) PUIZRIpAYAIapy

ol 0'ts 68 8-H-1T1 NSTH9) punwejaAyiau |

X X 66 L SER T90-L01 TIDFPHTD) HAURIA0IOIP-T | ) IPUOIYDIP JU[AY]

X 0'lr 0Ot 8 8-C0-SL NEHZ) H(AuRIpwouRAd) LNy

X X 8L 09L 1’08 i3 V) 9H9)) dudzuag

X L S°LL 9°6L £-t6-8L O8Ht) ‘(auouming-g) SUoldy [AID [AYIdN

X 9% 08 TiL <S0-801 TO9HED a1eaaw [Autp

X X R'ECl 006 L9L §-ET9¢ 1. PUOYIRID] HOgIR )

X it 0To 0'<c9 1-95-L9 OFHD ‘[ouryiapy

X X reEl 001 1'tL 9-CS-1L EIDEHTD H(AURPSOIO[YILN-[*[*] ) WIOJOIO[YD [ATRAN

X £ 001 £LL 1-€1-L01 NEHED H(apnmuauadosd-7) sqntuojAioy

res il 099 R-SS-SL NLHE) ‘(uipuizejApaw-7) sunuidusjAdolgd-g*|

X 798 0zl 069 £-r<-0l1 t1H9) Duexay

009 LSt €9 Lrli-LS TNSHT) PurzeIpAyjAgawi(- 1]

134 0091 9¢ 98-1¢€1 NCHZD (duipuize) sutunaua|Ayiq

X X 611 091 L] £-99-L9 £IDHD fuojooy )

L £91 0'£9 L-BR-901 OKHtD “(ap1x0 dud[AINg-7° | ) aurmingAxodg-7*|

X 9¢ ({4 STs 8-T0-L01 OFHED ‘([puadosd-7) uajosay

S08 +it 068 C-0e-L01 OIISHTD S92 [AIaW [AYIauolofy)

SRR 9T 68 8-66-9T1 [DSHED (duatpeing-¢* [-osojyd-7) auardosopy )

MOS-dT1D Vii-OL M (S ) D.)dd "ON SVO punoduwo)

(panunuod) ‘1 JTAV.L

January 1999

-Compendium of Methods for Toxic Organic Air Pollutants

Page 15-38



Method TO-15

VOCs

0cl Gk [ 8-C8-86 tIH6.) (PU5Z03 _
ol t't e _.....-r.SH.WZ_-Q?..A._ m-nw-hw NS#IM.U ”ucauum-ﬁ_nanm-n_um—
kL L'g iy 6-SL-T9 OTN9IHT)) PUIRASWIPOSONIN-N
9°L01 6t 991 Ltb-6L ONID9HE,) PPUOIYD JAmRqIRdAYIaWIC]
X X <90l s tri 9-Lt-C6 0[HY) PudjAx-0
— X X 6'L91 0°¢ 91 CHE-6L FIOTHT.) PURId0IOYIRID [ -T T
_ BTET 9°¢ 6F1 T-ST-CL E1HH.) HuryRWOWoIqUI) uojowolg
_ 001 09 L1 [-01-801 OTITHYD ‘(suoxay) suolay [Anqost [Aapy
X X 901 09 6t €-8€-801 0THS duajAX-w
— X X 7901 $9 RE 1 €-Tt901 01HR) dudfix-d
_ X X t01 99 SFl ¢-TH-001 SHEK.) UG
_ X X 901 L9 rl L-0T-DEE] OTHS.) (S2NIXIW 2y I2WOST) SAUDAY
| X X 901 0L 9€ 1 1001 D1HR) PUAZuqAT
X X 9Tl 88 el L-06-801 [DSHYD *dudzuaqoIof )
68 001 0zl 6-9t-6L TONLHED purdosdoniN-7
£01 001 Tl S-£6-+89 COENSHT.) BAN[AIU-N-0SONIN-N
X X 681 011 €l +£6-901 CHEPHT) H(PURROWOIQIP-Z° | ) IPHUOIGIP SUMAT
[SFd 0cCl L1l R-6%-901 O1JSHED H(dundosd Axoda-¢*z-010[y>-1) uupAosoymdy
X X 8°€91 0'tl 171 t-81-LT1 F1OT) PUIAYIAOIONPRAD |
X X teel 061 bl <-00-6L E1IEHT) PURIDOIOMYdIL | -T 7]
X X t gl 00T 0.8 9-10-6L ELIHTD PUdAYIdOI0[YI |
X X 6 07T (B8 £-R8-801 8HL) Puanjo|
X X i 8'LT il 9-CL-ThS (813) TIDFHED duadoadosopyi-£7
1001 0'8T 101 101-29-08 TOSHE) ejAdEaw [Apagy

MOSd1D | vrl-OL AN flwe) 115, 48 "ONSVD punodwoy |
Panunuod) [ ATAVL S —

Page 15-39

Compendium of Methods for Toxic Organic Air Pollutants

January 1999



VOCs

Method TO-15

t6 0z o [ C-S6-801 O9H9. “[ousyg

otl o 0+t 6-08-0C1 TO9H9.) :([oUdydAXOIPAY-0) [0YIale )

801 70 161 L 856 O8HL 110sa1)-0

801 90 0T L1 OSHL): (X IDWost [0$213) PIOR M|AST)

rel 6T0 80C €919 SFOOIHED Mejns (A1

ozl 0£0 t6l £-60-96 OSHRD SOpIX0 suIAlg

1911 en (Y4 6865 COTNSHE) Puloydiowosonin-N

CRel 80 €1t 1-65-8L Of1H6.) Puotoydos]

X X 809 0r0 SIT £-89-L8 91Dt PUNPRINGOIO[IRXIH

L9tC oFo 981 & saunqng | 1-TL-L9 91T PURIA0IO[ILXIH

1Tl 050 g6l L-69-1T1 N1TH8) PuljiuejAgidund-N'N

1L £<0 W eZ/eTl | 1-90-6L ONSHED PpruRiAny

68 reo €81 9-6L-15 TONLHE) H(durtlam) apwueged [Aylg

X X L¥l 090 €Ll L9F-901 TIOFHY) *(-d) dudzudqosoyI-t']

€6 L90 PRI £-£5-09 NLH9.) ‘(dudzudqourum) durjiuyy

£r6 690 681 8-11-6L TOIDEHT *P1oe d12de010[1 )

£l Lo 8L1 L 2 AN OTII8HED Haa(jAgpoIop )-7)sig

totC 080 961 8-T1-96 1JTIgCHED Durdosdosopya-¢-0woiqi(]-7° |

X X 9'9T1 01 6L1 L1001 [DLHLD (duanjoloiofya-r) apuofyd [AZudg

1'9¢1 01 K81 1-BL-LL SEFOYHT) MmjIns [Aylawig]

0T1 01 0T T-98-86 O8HRD Puoudydolday

|y 0¢ wg 081 t1L-0C11 SEO9HE) Puomns sundodf-¢* |

tL L't 39| cTI-89 ONLHED -pIuBitloj AU -N"N

L Tt I+ L01-6L ZOFHED proe dijAsdy

[iH] e €€l R-T8-86 ZIH6D (Puazuaqiadoadost) auawmn )

MOSdTD | VHI-OL MW | PEE . 4 ONSVD punodwo.)
— — —

(panunuod) ‘F HTAV.L

January 1999

Compendium of Methods for Toxic Organic Air Pollutants

Page 15-40



Method TO-15

VOCs

'6LET UOIRY BIOF *SSAIL D) ‘UOHIPD Yl ,‘SOISAYJ pue ANSIWAY) JO JooqpueH D, P2 IS8aM D U(2)

pue [{g6] Arenigag ‘HO ‘Neumnour) ‘Aouefy Uonoajoid [EUSWUONAUY S ]

"170-18-7/009-V dq Hoday ‘s[edrway) o1ues10) pajdd[ag Jo uonnquisi(y anssald jodep “19smog W pue IaNred 'y g “10gapm "D d(q)

; ) *T661 1990100 "ON
Ied [Fuen | Yoreassy ‘Aouafy U0N03J0I4 [BIUSUIUONAUT 'S (] *E10/£6-W/TSH- VI HOday |, Io)EIN 2IB[NONIR [BIUSI04 ST SIUBIN][O]
1y SNOPIEZE JO UOII3[2S 0] [BUONEY [] SJULIN{[O4 1Y SNOPIBZEH PUR ()[-]AJ JO [ONT0)) SNOSUBINUNS,, ‘Aesing *f pue sauof T '(j(e)
‘woy eep (MIN) 1gSremremoatow pue (Jg) jutod Surpiog ('d'A) amnssaid tode Al

Tel T TTc Toh uh
X X SISl 810 gIc 1-C8-0C1 €IDEH9D PUIZUQOIOIYOIU | -$'T"]
t6 0zc'o 81 - S67801 O9H9D ‘Jouayy
011 o 0T 6-08-0C1 TO9H9) :(|oudydAX0IpAY-0) [0ya1e)
MOS-d1D | VFI-OL | MW _aﬁs, (D.)d8 | ONSVD punoduio)y
— — - ESTieER

(panunuod) ‘1 FIAVL

Page 15-41

Compendium of Methods for Toxic Organic Air Pollutants

January 1999



Method TO-15

VOCs

TABLE 2. CHARACTERISTIC MASSES (M/Z) USED FOR QUANTIFYING

THE TITLE III CLEAN AIR ACT AMENDMENT COMPOUNDS
—_—— e —————————

Compound CAS No. | Primary lon | Secondary lon
Methyl chloride (chloromethane); CH3Cl 74-87-3 50 52
Carbony! sulfide; COS 463-58-1 60 62 I
Vinyl chloride (chloroethene); C2H3CI 75-01-4 62 64
Diazomethane; CHIN2 334-88-3 42 41

I Formaldehyde; CH20 50-00-0 29 30 I
1.3-Butadiene: C4H6 106-99-0 39 54 I
Methyl bromide (bromomethane); CH3Br 74-83-9 U4 06
Phosgene: CCI20 75.44-5 63 65 |
Vinyl bromide (bromoethene); C2H3Br 593-60-2 106 s |
Ethylene oxide: C2H40 75-21-8 29 44 I
Ethyl chloride (chloroethane): C2H5C] 75-00-3 64 66
Acetaldehyde (ethanal); C2H40 75.07-0 44 243 |

| Vinylidene chloride (1,1-dichloroethylene); C2H2C12 75-35-4 61 9% I
Propylene oxide: C3H60 75-56-9 58 57
Methy! iodide (iodomethane); CH3I 74.88-4 142 127 |

{ Methylene chioride: CH2CI2 75.09-2 49 34,86 |

I Methyl isocyanate: C2ZHINO 624-83.9 57 s6 |

I Allyl chloride (3-chloropropene); CIHSCI 107-05-1 76 41,78
Carbon disulfide: CS2 75-15-0 76 44,78

I Methyl tert-butyl ether: CSHI120 1634-04-4 73 41,53
Propionaldehyde; C2ZHSCHO 123-38-6 58 29,57 I
Ethylidene dichloride (1,1 -dichloroethane); C2H4CI2 75-34-3 63 65,27

| Chioroprene (2-chioro- 1, 3-butadiene). C4HSCI 126-99-8 88 s3.90 |

| Chioromethyl methyl ether: C2HSCIO 107-30-2 45 29, 49 4'
Acrolein (2-propenal); CIH40 107-02-8 56 55

I 1.2-Epoxybutane (1,2-butylene oxide); C4HSO 106-88-7 42 a2 |
Chloroform; CHCI3 67-66-3 83 85, 47 |
Ethyleneimine (aziridine); C2HSN 151-56-4 42 43

I 1.1-Dimethylhydrazine: C2HSN2 57-14-7 60 45, 59 I

Iﬁcxanc: CoH14 110-54-3 57 41,43
1,2-Propylencimine (2-methylazindine): C3HTN 75-55-8 56 57,42 |

I Acrylonitrile (2-propenenitrile); C3H3N 107-13-1 53 52 I
Methyl chloroform (1,11 trichloroethane); C2H3C13 71-55-6 97 99, 61
Methanol; CH40 67-56-1 31 29 I

| Carbon tetrachiloride: CCl4 56-23-5 17 119

I Vinyl acetate; C4H602 108-05-4 43 86 I

I Methy! ethy! ketone (2-butanone): C4HSO 78.93.3 43 2
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VOCs Method TO-15
TABLE 2, (continued)

I Compound CAS No. | Primary lon | Secondary lon
Benzene; CoH6 71-43-2 78 77,50
Acetonitnile (eyanomethane); C2H3IN 75-05-8 41 40 I
Ethylene dichloride (1,2-dichloroethane); C2H4C12 107-06-2 62 6d, 27 I
Triethylamine; C6H 15N 121-44-8 L3 5%, 101 I
Methylhydrazine; CHON2 60-34-4 46 3, 45

I Propylene dichlonde ( 1,2-dichloropropane); C3H6C12 78-87-5 63 41,62 I

I 2.2.4-Trimethyl pentane; CRH I8 540-84-1 57 41, 56 I

I 1 4-Dioxane (1.4 Diethylene oxide); C4HRO?2 123-91-1 88 58
Bis(chloromethyl) ether; C2H4CI120 542-88-1 79 49, 81 I
Ethyl acrylate; CSHSO2 140-88-5 55 1|
Methyl methacrylate; CSHEO2 RO-62-6 41 69, 100 I
|,3-Dichloropropene; C3H4C12 (cis) 542-75-6 75 39,77
Toluene; CTHS 108-88-3 91 92 I

¥ Trichloethylene: C2HCT3 79.01-6 130 112,95 I

I 1,1.2-Trichloroethane; C2H3CI3 79-00-5 97 83, 61

I Tetrachloroethylene; C2C14 127-18-4 166 164, 131 I

ijichlumhvdnn|I~;hlom-2.3—qm\y propane); CIH5CI0 106-89-8 57 49,62 I
Ethylene dibromide { 1.2-dibromoethane); C2H4Br2 106-93-4 107 109

I N-Nitrso-N-methylurea; C2H5N302 6H84-93-5 6() 44, 103 I

| 2-Nitropropane: C3HTNO2 79-46-9 13 41 I

l Chlorobenzene; CoHS5C1 108-90-7 112 77, 114

I Ethyibenzene: C8H10 100-41-4 91 06 |

I Xylenes (isomer & mixtures); C8H10 1330-20-7 9] 106 I
Styrene; CSHS 100-42-5 104 78, 103
p-Xylene; C8H10 106-42-3 91 06 |

I m-Xylene; CEH10 108-38-3 91 106 I

I Methyl isobutyl ketone (hexone); C6H120 108-10-1 43 58, 100
Bromoform (tribromomethane); CHBr3 75-25-2 173 171,175 I
1.1.2.2- Tetrachloroethane; C2H2C14 79-34-5 83 85 I
o-Xvylene; CRH10 95-47-6 91 106
Dimethylcarbamyl chlonde; CIH6CINO 79-44-7 72 107 I
N-Nitrosodimethylamine; C2H6N20 62-75-9 74 42
Beta-Propiolactone; C3H402 57-57-8 42 a3 |
Cumene (isopropylbenzene); COH12 98-82-8 105 120 I
Acrylic acid; CIH402 79-10-7 72 45, 55
N.N-Dimethylformamide; C3HINO 68-12-2 73 42,44 I

I 1. 3-Propane sultone; CIH603S 1120-71-4 58 65, 122

TABLE 2. (continued)
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Compound CAS No. | Primary lon | Secondary lon
Acetophenone; CRHBO 98-86-2 105 77,120
Dimethyl sulfate; C2ZH604S 77-78-1 95 66,96 I
Benzyl chloride (a-chlorotoluene); CTHICI 100-44-7 91 126 |
1,2-Dibromo-3-chloropropane; C3HSBr2Cl 96-12-8 57 155, 157
Bis(2-Chloroethylether; C4HEC120 111-44-4 93 63, 95
Chloroacetic acid; C2HICIO2 79-11-8 50 45, 60
Aniline (aminobenzene); COHTN 62-53-3 93 66
1,4-Dichlorobenzene (p-); C6H4C12 106-46-7 146 148, 111

| Ethyl carbamate (urethane); CIHTNO2 51-79-6 31 44, 62
Acrylamide; CIHSNO 79-06-1 44 55, 71
N N-Dimethylaniline; CSHI IN 121-69-7 120 77, 121
Hexachloroethane; C2C16 67-72-1 201 199, 203 I
Hexachlorobutadiene; C4Cl6 87-68-3 225 227,223
Isophorone; COH140 78-59-1 82 138 I
N-Nitrosomorpholine; C4HEN202 59-89-2 56 86, 116 I
Styrene oxide; CSHSO 96-09-3 91 120
Diethyl sulfate; C4H1004S 64-67-5 45 59, 139

I Cresylic acid (cresol isomer mixture); CTHEO 1319-77-3
o-Cresol; CTHRO 95-48-7 108 107 I
Catechol (o-hydroxyphenol); C6H602 120-80-9 10 o4 |
Phenol; C6H60 108-95-2 94 66 I
1,2 4-Trichlorobenzene; C6HIC13 120-82-1 180 182, 184

I Nitrobenzene; C6HSNO2 98-95-3 77 _L si,123
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TABLE 3. REQUIRED BFB KEY IONS AND
, INDAN -

Mass lon Abundance Criteria’
50 8.0 10 40.0 Percent of m/e 95
75 30.0 to 66.0 Percent of m/e 95
95 Base Peak, 100 Percent Relative Abundance
96 5.0 1o 9.0 Percent of m/e 95 (See note)
173 Less than 2.0 Percent of m/e 174
174 50.0 to 120.0 Percent of m/e 95
L 175 4.0 10 9.0 Percent of m/e 174
I 176 03.0 1o 101.0 Percent of m/e 174
n 177 5.0 10 9.0 Percent of m/c 176

'All ion abundances must be normalized to m/z 95, the
nominal base peak, even though the ion abundance of m/z
174 may be up to 120 percent that of m/z 95.
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. \ " A\
TO-14A List Lab #1, SCAN Lab #2, SIM
Benzene 1).34 (.29
Benzyl Chlonde -
Carbon tetrachlonde 0.42 0.15
Chlorobenzene ().34 0.02
| Chloroform (.25 0.07
1 3-Dichlorobenzene .36 0.07
1.2-Dibromocthane — 1).05
1.4-Dichlorobenzene 0,70 0.12
1.2-Dichlorobenzene (.44
1, 1-Dichloroethane 0.27 .05
1.2-Dichlorvethane (.24 —
1.1-Dichloroethene — 0,22
¢is-1.2-Dichloroethene (.06
Methylene chlonde 1.38 (.84
1.2-Dichlorupropane 0.21 —
¢is-1,3-Dichloropropene 0.36 --
trans- | ..1-[)ich|ompmpg1_c'_ ).22 -
Ethylbenzene 0.27 (.05
Chloroethane 0.19 —
| Trichlorofluoromethane - -
1.1,2-Trichloro- 1,2 2-trifluoroethane -
1.2-Dichloro-1,1.2 2-tetrafluoroethane — -
Dichlorodifluoromethane - -
 Hexachlorobutadiene - -
Bromomethane 0.53 -
Chloromethane (.40 -
Styrene 1.64 .06
1,1,2.2-Tetrachloroethane 0.28 0.09
T'etrachloroethene (.75 0.10
Toluene (.99 (.20
1,2 4-Trichlorobenzene - -
1,1, 1-Trichloroethane (.62 0.21
[ 1.1,2-Trichloroethane .50 -
Trichloroethene 0.45 0.07
1.2.4-Trimethylbenzene - —
1.3.5-Trimethylbenzene - -
Vinyl Chloride 0.33 (.48
m,p-Xylene 0.76 0.08
o-Xylene 0.57 0.28
=
"Method Detection Limits (MDLs) are defined as the product of the standard
deviation of seven replicate analyses and the student's "t" test value for 99%
confidence. For Lab #2, the MDLs represent an average over four studies.
MDLs are for MS/SCAN for Lab #1 and for MS/SIM for Lab #2.
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TABLE 5. SUMMARY OF EPA DATA ON REPLICATE PRECISION (RP)

— FROM EPA NETWORK OPERATIONS'
—_—————————————

I EPA's Urban Air Toxics Monitoring EPA's Toxics Air Monitoring Stations
Masitoring Coupound P m (UATMP) (TAMS)
Identification %RP # ppbv %RP # ppbv
Dichlorodifluoromethane - -- 13,9 47 0.9
Methylene chloride 16.3 07 4.3 19.4 47 0.6
1,2-Dichloroethane 36.2 31 1.6 - - .
1.1.1-Trichloroethane 14.1 44 1.0 10.6 47 2.0
Benzene 12.3 56 1.6 4.4 47 1.5
1 I'mchloroethene 12.8 08 1.3 = o =
Toluene 14.7 76 31 34 47 3.1
Tetrachloroethene 36.2 12 0.8 2 = -
Chlorobenzene 20.3 21 0.9 - - -
Ethylbenzene 14.6 32 0.7 54 47 0.5
m-Xylene 14.7 75 4.0 5.3 47 1.5
Styrene 22.8 59 1.1 8.7 47 0.2
o-Xylene -- -- 6.0 47 0.5
p-Xylene -

1,3-Dichlorobenzene 49.1 06 0.6 i - ==

I 1.4-Dichlorobenzene 14.7 14 6.5 — -- --

'Denotes the number of replicate or duplicate analysis used to generate the statistic. The replicate precision is

defined as the mean ratio of absolute difference to the average value.

*Styrene and o-xylene coelute from the GC column used in UATMP. For the TAMS entries, both values were
below detection limits for 18 of 47 replicates and were not included in the calculation.

TABLE 6. AUDIT ACCURACY (AA) VALUES! FOR SELECTED

COMPENDIUM METHOD TO-14A COMPOUNDS

Selected Compounds From TO-14A List FY-88 TAMS AA(%), N=30 FY-88 UATMP AA(%). N=3
Vinyl chloride 4.6 17.9
Bromomethane -- 6.4
Trichlorofluoromethane 6.4 -
Methylene chloride 8.6 314
Chloroform - 4.2
1,2-Dichloroethane 6.8 11.4
1,1, 1-Trichloroethane 18.6 11.3
Benzene 10.3 10.1
Carbon tetrachloride 12.4 9.4
1,2-Dichloropropane -- 6.2
I'richloroethene 8.8 5.2
Toluene 8.3 12.5
Tetrachlorocthene 6.2 -
Chlorobenzene 10.5 11.7
Ethylbenzene 124 24
o-Xylene 16.2 21.2

'Audit accuracy is defined as the relative difference between the audit measurement result and its nominal value divided by
the nominal value. N denotes the number of audits averaged to obtain the audit accuracy value. Information is not available
for other TO-14A compounds because they were not present in the audit materials.
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Figure 1. Sampler configuration for subatmospheric pressure or pressurized canister sampling.
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(b). Improved Circuit Designed to Handle Power Interruptions

Figure 2. Electrical pulse circuits for driving Skinner magnelatch solenoid valve with
mechanical timer.
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Figure 3. Alternative sampler configuration for pressurized canister sampling.
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STAGE 1: SAMPLE TRANSFER TO THE PRECONCENTRATION TRAP

ADSORBENT TRAP
) —_—
_SORBENTTUBE _ AT NEAR AMBIENT
S TEMPERATURE i
SAMPLE GAS
SAMPLER INLET FLOW CARRIER
GAS IN
AIR SAMPLE IN
STAGE 2: DRY PURGING
ADSORBENT TRAP
DRY HELIUM o
PURGE GAS AT NEAR AMBIENT
TEMPERATURE
PURGE GAS ? ¢
PLUS WATE
WATER . ARRIER
GAS IN

STAGE 3: TRAP DESORPTION - ANALYTE TRANSFER TO GC COLUMN

CARRIER GAS IN
ADSORBENT TRAP l
R w—
(HOT) j

Figure 4. Illustration of three stages of dry purging of adsorbent trap.
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Effluent
 Voltage de Voltage
Figure 6. Simplified diagram of a quadrupole mass spectrometer.
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End Cap
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Fundamental | _ _Electrode 00 Ring Supplementary
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Figure 7. Simplified diagram of an ion trap mass spectrometer.
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COMPENDIUM METHOD TO-15

CANISTER SAMPLING FIELD TEST DATA SHEET
A.GENERAL INFORMATION

SITE LOCATION: SHIPPING DATE:
SITE ADDRESS: CANISTER SERIAL NO.:
SAMPLER ID:
SAMPLING DATE: OPERATOR:
CANISTER LEAK
CHECK DATE:

B. SAMPLING INFORMATION

TEMPERATURE PRESSURE
INTERIOR AMBIENT MAXIMUM MINIMUM CANISTER PRESSURE
START R e
STOP
SAMPLING TIMES FLOW RATES
LOCAL TIME ELAPSED TIME MANIFOLD CANISTER FLOW
METER READING FLOW RATE FLOW RATE | CONTROLLER
READOUT
START
STOP

SAMPLING SYSTEM CERTIFICATION DATE:
QUARTERLY RECERTIFICATION DATE:

C. LABORATORY INFORMATION

DATA RECEIVED:
RECEIVED BY:
INITIAL PRESSURE:
FINAL PRESSURE:
DILUTION FACTOR:
ANALYSIS

GC-FID-ECD DATE:

GC-MSD-SCAN DATE:

GC-MSD-SIM DATE:
RESULTS*:

GC-FID-ECD:
GC-MSD-SCAN:
GC-MSD-SIM:

SIGNATURE/TITLE

Figure 9. Canister sampling field test data sheet (FTDS).
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Figure 10. Canister cleaning system.
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Figure 11. Canister analysis utilizing GC/MS/SCAN/SIM analytical system with optional flame ionization detector with
6-port chromatographic valve in the sample desorption mode.
[Altemnative analytical system illustrated in Figure 16.]

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-57



Method TO-15 VOCs

,//LJJLLN“\*\«Q_~__

(o). Certified Sompler

TME —P»

Jd%M“

™E —P

(b). Contaminated Sompler

Figure 12. Example of humid zero air test results for a clean sample canister
(a) and a contaminated sample canister (b).
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VENT =
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Figure 13. Diagram of design for internal standard addition.
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GLASS NITROGEN|
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Figure 14. Water method of standard preparation in canisters.

Page 15-60 Compendium of Methods for Toxic Organic Air Pollutants January 1999




VOCs

Method TO-15

FC-2 W

omo
£ Exhaust
A
Humlidifier
L:'-"\/ L A ! 1 L —— (I)-
Calibration Manltold:
Calibration Zero Alr 1
Gas Cylinder Cylinder :
/]
1
i
T = Thermocouple Qo e 3
F = Zero Dead Vol. Fit. FC-3
FC = Flow Controller @-— OF c-sm el
S = Solenoid Vaive
To
Canister Pump
Heated Enclosure oo A
Heater h
Lines
o
To T From
—_——— 6-Port
A Control { T Valve He Tank
rows, P — co | Q]
Column Oven
Figure 15. Diagram of the GC/MS analytical system.
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STANDARD OPERATING PROCEDURE

E.10
PROJECT MOBILIZATION

Last Review or Revision: June 2010

OBJECTIVE

Allow field personnel an opportunity to review the requirements and objectives for performing the
necessary field tasks and discuss with the project manager concems associated with the
project, safety, and methodologies.

PROCEDURE

Field personnel should discuss the proposed field activities with the project manager prior to
initiating the site work. This will be a formal “sit down, face-to-face” transfer of project
information and objectives from the Project Manager to the designated field or task
manager. This should include, but not be limited to, discussions on:

a) Project Objectives

Assure that personnel have an understanding of the objectives prior to initiating the field
activities. This will provide a greater insight and allow field personnel to make
appropriate decisions based on site specific conditions. This briefing provides
background information which allows the field personnel to think about field
operations in a way which will optimize performance and data gathering efficiency.

Discuss the regulatory framework within which the report and results of field work will be used.
Identify special requirements of specific regulatory programs.

a) Site Safety Plan (SSP)

Review the SSP with the project manager and sign the acknowledgement. Confimm that
you have the proper monitoring equipment, protective clothing and respiratory
device and confirm that you are aware of the monitoring requirements and safety
level.

b) Permits/Right of Entry (R.O.E.)/Utility Clearance

Make sure that the proper permits, R.O.E. and utility clearance have been secured. This
will avoid delays at the job-site. Determine that all parties, including the client,
property owner or tenant, and regulatory official have been notified, if necessary.

c) Drilling/Development/Sampling Requirements

Review the drilling/development/sampling requirements to allow for satisfactory completion.
Determine location of all borings/monitoring wells and the soil and groundwater
sampling sequence for chemical analysis and definition of the stratigraphy.

d) Decontamination
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Review cleaning procedures for the drilling equipment and/or sampling equipment. This is
imperative to minimize cross-contamination and maintain safe site conditions.

e) Communications

Establish a communications link in the event that field personnel must consult with the
project manager or designee in instances when the project manager cannot be reached.

f) Chain-of-Custody

Review the procedures to provide for proper Chain-of-Custody maintenance from sample
collection through analysis.

o)) Equipment

Confirm that the proper equipment is available, functional, cleaned, and calibrated. The
project manager should provide a checklist of all equipment required, especially when the
equipment needs to vary from the norm.

DOCUMENTATION
The project manager is responsible for providing the following documentation to the field crews
prior to field activities:

a) Site Safety Plan (completed)

b) Mobilization Sheet

c) Site Location Map

d) Site Diagram

e) Field manuals and references as appropriate



STANDARD OPERATING PROCEDURE

E.20
STANDARD SAFE OPERATING PROCEDURES FOR HAZARDOUS WASTE OPERATIONS

Last Review or Revision:  June 2010
I PURPOSE

This document defines standard safe operating procedures for use on project sites where
intrusive activities will be preformed and where soil/groundwater contaminants are known or are
reasonably expected to exist. These procedures will be incorporated in the project safety and
health plan which is mandatory for intrusive activities conducted at all such project sites.

Il. SAFETY AND HEALTH RESPONSIBILITY

A. The Project Manager is ultimately responsible for ensuring that work on
environmental investigation/remediation projects are performed in accordance

with provisions outlined in the project safety and health plan. A Site Safety and
Health Officer (SSO) will be designated at each project site to monitor compliance
with this safety-related practices during field activities. The SSO will ensure that a
copy of the safety and health plan is available on site for the duration of project
activities.

B.  The Corporate Safety and Health Manager will be consulted for each intrusive
environmental investigation/remediation project. The Corporate Safety and
Health Manager will develop the site safety and health plan, and will be available
to consult with Project Manager/SSO in the event of questions, concems or
changed site conditions. The Corporate Safety and Health Manager will specify
air monitoring and personal protective equipment requirements for the project,
and will assist in obtaining specialized equipment required for the project.

C.  If hazardous conditions develop during the course of project activity, the SSO in
conjunction with the Terracon Corporate Safety and Health Manager, will
coordinate actions required to safeguard site personnel and members of the
general public. Additional safety measures will be verbally communicated to all
project personnel, recorded in writing and appended to the site safety and health
plan.

D. Terracon and subcontractor task leaders will be responsible for:

e Presenting the contents of the site safety and health plan to all subordinate site
personnel.

¢ Monitoring compliance with applicable provisions of the safety and health plan.

¢ Periodically inspecting heavy equipment and other machinery and maintaining such
equipment in compliance with applicable federal, state or local safety regulations.
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+ Enforcement of corrective actions.
. MEDICAL SURVEILLANCE

A. All Terracon personnel participating in intrusive projects with known or reasonably
anticipated contaminants must be enrolled in the Terracon Medical Surveillance
Program. Each project participant will be certified by a licensed physician as fit for
respirator and semi-permeable/impermeable protective equipment use. Medical
clearance will be current to within one year of the project start date.

B. Certificates of medical examination for all project personnel will be maintained by
the Corporate Safety and Health Manager and/or by the SSO in the project
command center or support vehicle.

C. Atthe discretion of the Terracon consulting physician, an "exit" physical
examination will be conducted at the completion of project activities or upon
termination of a project participant. Follow-up medical examinations will also be
provided in the event of job site injury or unprotected exposure to contaminants in
excess of eight-hour time weighted average permissible exposure limits.

IV. TRAINING REQUIREMENTS

A. Terracon personnel participating in hazardous waste operations will have
completed 40 hour Hazardous Waste Operations Training and at least three days
supervised field activity. A current 8-hour annual refresher training certificate will
be required for all personnel. Training certificates for all project personnel will be
maintained by the Corporate Safety and Health Manager.

B. The SSO will conduct a pre-project safety and health briefing for all project
participants. The personnel responsible for project safety and health will be
addressed, as will site history, scope of work, site control measures, emergency
procedures and site communications. The briefing will address site contaminants,
air monitoring protocols, action levels for upgrade/downgrade of personal
protective equipment and level of personal protective equipment to be employed
for each project task.

C. Project participants will sign the Acknowledgment of Instruction form contained in
each safety and health plan following the initial site briefing.

V. CHEMICAL HAZARDS

A. The Project Manager is responsible for obtaining available information regarding
site contaminants, including analytical information obtained from samples

previously collected at the project site, and for forwarding the information to the
Corporate Safety and Health Manager for research and hazard analysis. A site
specific safety and health plan will be developed notifying personnel of the

potential chemical contaminants, their health hazards, routes of entry, warning
properties and symptoms of exposure.
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B. Evaluation of chemical contaminants/concentrations will be used in the
development of the air monitoring and personal protective equipment
requirements contained in the site safety and health plan.

VI. PHYSICAL HAZARDS
A. Drilling Projects

» All personnel working around drill rigs will be familiarized with emergency shut-down
procedures and the position of "kill" switches.

» No loose fitting clothing, jewelry or unsecured long hair is permitted near the rig.

» Keep hands and feet away from all moving parts while drilling is in progress. Shovel auger
cuttings with long handled shovel. DO NOT use hands or feet.

» Daily inspection of all ropes, cables and moving parts is mandatory.
» Afirst aid kit and fire extinguisher will be immediately available at all times.
s All drill crews shall consist of at least two persons.

¢ No drilling is permitted during impending electrical storms, tomadoes or when rain creates a
hazardous work environment.

¢ A minimum horizontal and vertical clearance distance of 10 feet must be maintained
between the drill rig and overhead power lines; use spotters to help rig operator position the
vehicle when near overhead power lines.

B. Excavation Project Sites

» Wherever possible, soil samples will be collected from backhoe buckets. Personnel will
enter excavations only as a final option and only in accordance with the regulatory
requirements outlined above.

e AT NO TIME WILL TERRACON PERSONNEL ENTER EXCAVATIONS TO COLLECT SOIL
SAMPLES UNTIL A PROPER MEANS OF EGRESS/EXIT IS PROVIDED AND THE
EXCAVATION HAS BEEN INSPECTED BY A COMPETENT PERSON AND
APPROPRIATELY SHORED OR SLOPED IN ACCORDANCE WITH THE OSHA
EXCAVATIONS STANDARD (29 CFR 1926, SUBPART P).

* Personnel will remain at least 3 feet from the sides of excavations during sample collection
and excavation observation.

» Personnel will remain outside the swing radius of backhoe buckets during excavation, and will
stand behind the backhoe or within line-of-sight contact with the backhoe operator at all times.

VIl. ACCIDENT PREVENTION
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The Site Safety Officer will hold daily safety briefings at the beginning of each day of site
activity.

» Traffic control measures will be arranged for all projects conducted within or immediately
adjacent to active roadways. Signage, waming and/or channelizing devices will conform to
the Manual on Uniform Traffic Control Devices. Flagging operations will be conducted only by
personnel who have received training in proper traffic flagging procedures. The preferred
method of traffic control will be to contract these services to a reputable traffic control service
knowledgable in local traffic control regulations.

» Safety orange work vests will be wom by personnel working within 10 feet of any active
roadway.

» The Site Safety Officer will ensure that unauthorized personnel do not enter the work zone.
Authorized visitors will be briefed on site contaminants, personal protective equipment
requirements and the decontamination provisions of the site safety and health plan.

e The Site Safety Officer will continually inspect the work area for infractions of safety and
health requirements as contained in the site specific safety and health plan.

¢ The Site Safety Officer will investigate and immediately report all accidents to the Corporate
Safety and Health Manager.

» Site activities will be conducted only during daylight hours unless adequate portable lighting
is mobilized to the project site.

e The "buddy system" will be observed at all times during intrusive site investigations. A
minimum of two people will work together and remain within eye sight or not greater than
100 ft. apart.

* Teamwork and the use of mechanical lifting devices will be employed where practical to
ease lifting tasks and reduce the potential for muculoskeletal injury.

VIll.  SITE CONTROL

A. An Exclusion Zone, Contaminant Reduction Zone and a Support Zone will be

established on hazardous waste operations sites requiring Level C or Level Bpersonal
protective equipment. Defined access and egress points will be

established and personnel will enter only through those points.

B. As permitted by site topography, the area within a 50 foot radius of a drill rig and 100
foot radius of UST removal excavations will be considered the Exclusion

Zone. Only those personnel designated by the Project Manager/SSO are allowed

to enter the Exclusion Zone. Where practical, or where their use will prevent

public injury, temporary signs or barricade fencing will be established to define the

Exclusion Zone. ABSOLUTELY NO SMOKING WILL BE PERMITTED WITHIN

THE EXCLUSION OR CONTAMINANT REDUCTION ZONES ON ANY

PETROLEUM CONTAMINATED SITE.
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C. If unauthorized personnel attempt to enter the exclusion zone, the SSO will
verbally inform the individual(s) to leave the project site. If unauthorized
individuals refuse to leave the Exclusion Zone or are considered in danger or pose
danger to project personnel, the SSO will cease project activities (i.e., shut down
drill rigs, excavation equipment, etc.) and notify the client representative or the
local police of the situation.

IX. AIR MONITORING

A. Air monitoring protocols will be designed to prevent personnel exposure to
airborne contaminants in excess of established permissible exposure limits. The
results of field air monitoring will be used to determine the continued adequacy of
initial personal protective equipment.

B. Task Leader(s) will be knowledgeable in the operation and troubleshooting of air
monitoring equipment. A manual on the operation of each air monitoring

instrument and an appropriate calibration kit will be mobilized to the project site

with the instrument. Air monitoring instruments will be calibrated under field
conditions each day prior to use. Task Leaders are instructed to consult the
operator's manual for appropriate calibration gas and calibration techniques.

X. PERSONAL PROTECTIVE EQUIPMENT

Personal protective equipment requirements for each hazardous waste operations site and task
will be specified in the site safety and health plan. Personal protective equipment selection will
be based upon the site contaminants and tasks to be performed. Personal protective
equipment ensembles will be selected in general accordance with standard EPA levels of
protection as follows:

A. Level A-To be selected when the greatest level of skin, respiratory, and eye
protection is required. Level A personal protective equipment ensembles will
consist of:

1. Positive pressure, full face-piece self-contained breathing apparatus (SCBA), or
positive pressure supplied air respirator with escape SCBA, approved NIOSH.

. Totally-encapsulating chemical-protective suit.

. Coveralls.{optional, as appropriate)

. Long underwear.(optional, as appropriate)

. Gloves, outer, chemical-resistant.

. Gloves, inner, chemical-resistant.

. Boots, chemical-resistant, steel toe and shank.

. Hard hat (under suit).(1)

Disposable protective suit, gloves and boots
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B. Level B - To be selected when the highest level of respiratory protection is necessary but
a lesser level of skin protection is required. Level B personal protective equipment ensembles
will consist of:
1. Positive pressure, full-facepiece self-contained breathing apparatus (SCBA), or
positive pressure supplied air respirator with escape SCBA (NIOSH approved).
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2. Hooded chemical-resistant clothing (overalls and long-sleeved jacket; coveralls:

one or two-piece chemical-splash suit; disposable chemical-resistant overalls).

3. Coveralls.(optional, as appropriate)

4. Gloves, outer, chemical-resistant.

5. Gloves, inner, chemical-resistant.

6. Boots, outer, chemical-resistant steel toe and shank.
7. Hard hat.

C. Level C - To be specified when the identity and approximate concentration of
airborne contaminants is known and the criteria for using air purifying respirators
are met. Level C personal protective equipment ensembles shall consist of the
following:

D.

1. Full-face (typically) air purifying respirators (NIOSH approved).
2. Chemical-resistant clothing (coveralls; two-piece chemical-splash suit;

disposable chemical- resistant overalls, as appropriate).

3. Gloves, outer, chemical-resistant.

4. Gloves, inner, chemical-resistant.

5. Boots (outer), chemical-resistant steel toe and shank.

6. Disposable boot-covers, outer, chemical-resistant (optional)
7. Hard hat.(1)

Level D - A work uniform affording minimal protection. Level D or modified Level D

personal protective equipment will be used when contaminant concentrations are
low and not readily absorbable through the skin and where atmospheric
monitoring indicates no need for respiratory protection. The following constitute
Level D equipment; it may be used as appropriate:

Xl.

1. Coveralls.

2. Chemical-resistant gloves.(style selected based on contaminants)
3. Boots/shoes, chemical-resistant steel toe and shank.

4. Boots, outer, chemical-resistant (disposable).

5. Safety glasses or chemical splash goggles (where appropriate).
6. Hard hat.

DECONTAMINATION

A. Equipment decontamination is necessary on all contaminated project sites.

Personnel decontamination for projects below personal protective Level C will

consist of washing off safety footwear, proper cleaning or disposal of outer and

inner gloves and thorough washing of face, arms and hands. A full body shower

will be required as soon as possible upon leaving the project site.

B. For projects involving personal protective equipment at Level C or above, a
decontamination station will be established on the interface of the Exclusion
Zone. A Contaminant Reduction Zone will be established and will extend 10 feet
beyond the decontamination station.
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Two Wash Tubs

L]

¢ Scrub Brush

* Plastic Bags

+ Water and Alconox Detergent

The wash tub on the exclusion zone side of the site will contain a solution of water

and Alconox detergent; the second wash tub will contain clean rinse water. Personnel
decontamination will consist primarily of detergent washing and rinsing of reusable
exterior protective gear. Coveralls will be removed by tuming the clothing inside

out.

Personnel may not leave the contaminant reduction zone without proceeding
through the decontamination sequence described below.

Wash work gloves, boots and polylaminated protective coveralls,
Rinse work gloves, boots and coveralls,

Remove tape at wrists and ankles,

Remove protective coveralls,

Remove respirator

Dispose of spent cartridges; wash and rinse respirator

Remove outer gloves

Remove inner gloves
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Expendable personal protective equipment will be placed in plastic trash bags,
sealed and disposed of per client agreement. Decontamination solutions will be
containerized or disposed of as arranged by Project Manager.

C. Decontamination of equipment will be performed to limit the migration of
contaminants off-site. All equipment will be cleaned prior to site entry to remove
grease, oil and encrusted soil. Decontamination of large equipment will consist of
physically removing gross contamination with shovels, brushes etc. followed by
detergent and water high pressure wash with a clean water rinse. The Project
Manager is responsible for determining if decontamination solutions must be
containerized. If so, a decontamination sump or polyethylene sheeting and fluid
containers will be mobilized and established in the decontamination area.
Decontamination of hand samplers and similar small equipment will be performed
at a designated location within the Contaminant Reduction Zone.
Decontamination of such equipment will consist of detergent solution wash and
clean water rinse. Specialized decontamination solutions (acids, solvents,
biocidal, etc.) may be specified in site specific site safety and health plans.

Xll.  SITE COMMUNICATIONS

Communication between personnel on most hazardous waste project sites will be via verbal
communication or hand signals. Visual contact between members of task teams should be
possible throughout the course of project activities. Contact with the SSO will be through direct
verbal communication. The following hand signals will be used whenever verbal communication
is limited:
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Signal Meaning

Thumbs Up OK, all is well

Grab throat with both hands Can't breathe

Shake head, thumbs down NO, negative

Point right (when facing equipment operator) Move/steer left

Point left when facing equipment operator) Move/steer right

Grab partner's wrist Leave area immediately

Xlll. EMERGENCY RESPONSE PROCEDURES

A. The Project Manager is responsible for obtaining and recording emergency

telephone contacts in the appropriate section of the site safety and health plan prior
to site mobilization: A mobile telephone will typically be available on

hazardous waste operations project sites.

B. In the case of personal injury, appropriately trained personnel will be requested to
provide first aid and emergency rescue. For minor injuries, such as cuts, burns,
exhaustion, heat cramps, insect stings, etc., the affected employee will be

removed to an uncontaminated area. The SSO or other designated employee

trained in first aid procedures will administer appropriate first aid. If the injury

requires additional medical attention, the injured employee will be cleaned and
transported to the nearest hospital or emergency medical facility.

C. For more serious injuries the SSO or designee will summon an ambulance to the
project site. No attempt will be made by Temracon personnel to move the victim,
without the aid and/or instructions of qualified medical personnel.

D. If the victim cannot be safely moved without a stretcher or other specialized
equipment, the victim will be removed at the earliest possible moment by
appropriately attired Terracon personnel with the direction and/or  assistance of
qualified medical response personnel. The injured employee will be immediately
decontaminated and transported to the nearest medical facility. A crew member
designated by the SSO will inform the ambulance crew of contaminants of concern
and provide assistance with additional decontamination if required.

XIV. EVACUATION AND SHUTDOWN PROCEDURES

A. On project sites posing a significant risk of chemical or physical hazard exposure,
the site safety and health plan will instruct the SSO to establish and notify site
personnel of emergency "rally” points. In the event of a site emergency, personnel
will immediately exit the site and assemble at the designated rally point.
Evacuation routes will be dependent on site topography and wind conditions. The
routes will be selected and presented by the SSO daily prior to site activity.

B. If emergency evacuation becomes necessary, the SSO will sound the emergency
alarm (e.g. support vehicle hom or compressed air horn). Personnel will safely
shutdown all electrical and mechanical equipment and quickly proceed to closest
designated rally point. The SSO will then account for each crew member on site.
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C. In the event that a Terracon employee does not report to the designated rally point
within 5 minutes of the evacuation alarm, the SSO will perform an immediate
assessment of site conditions. [f site conditions do not pose an immediate hazard
to life or health, the SSO will initiate search and rescue efforts utilizing two crew
members attired in appropriate personal protective equipment.



STANDARD OPERATING PROCEDURE

E.30
CHAIN OF CUSTODY DOCUMENTATION

Last Revision: June 2010

OBJECTIVE AND APPLICATION

This document defines standard operating procedures for documenting sample collection using
proper chain-of-custody techniques. The purpose of proper chain-of-custody techniques is to
provide accountability for and documentation of sample integrity from the time samples are
collected until sample disposal.

This procedure is intended to document sample possession during each stage of a sample's life
cycle, that is, during collection, shipment, storage, and the process of analysis.

EQUIPMENT

e Terracon chain-of-custody record(s) or laboratory-specific chain-of-custody forms (typically
supplied with sample containers),

¢ |f samples are being shipped via courier, custody seals for coolers,

¢ Indelible ink marker, and

o Zip top bag.

PROCEDURE

Sample containers will be labeled in advance of sampling with the sample date, location (well
identifier), sampler’s initials, and project name. Written sample custody procedures will be
followed whenever samples are collected, transferred, stored, analyzed, or destroyed, in order
to trace possession and handling of a sample from collection to disposal. Accountability for a
sample begins when the sample is collected. Each sample will be accounted for with the use of
sample labels, chain-of-custody forms, a record of sample collection, and field data notebooks.

The following chain-of-custody procedures will be implemented by the field staff:

e Entries in the field notebook and chain-of-custody form will be made in ink. Documentation
of each sample must be completed at the time of sampling.

¢ The chain-of-custody should include at a minimum:
» Project name and/or number

Name and contact information for the sampler collector

Collector's signature

Sample designation

Date sampled

Time sampled
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Sample media

Number and size of containers for each sample

Types of sample preservatives used

Analyses requested

¢ The original chain-of-custody must accompany the samples at all times after collection, until
receipt at the analytical laboratory. A copy of the chain-of-custody form will be kept by the
field staff until filing at the office.

» The original chain-of-custody form should be sealed in a Ziplock bag if shipping samples on
ice via courier. The sealed Ziplock bag will protect the document from moisture that may be
present due to sample preservation. The chain-of-custody should be the last item packed in
a sample cooler, so that it is easily accessible if the cooler is misplaced by the courier or
shipped to an incorrect address.

o If shipping samples, a chain-of-custody specific to the contents of each cooler will be
packaged with the respective samples. Chain-of-custody forms should not be shipped in
separate containers than the samples they document. At least one custody seal should be
completed by the collector and applied to each cooler sent to the laboratory. The custody
seal should be affixed to the cooler in such a manner as to ensure breakage of the seal
upon opening of the cooler (e.g., across the cooler lid opening).

» When the possession of samples is transferred, the individuals relinquishing and receiving
the samples will sign, date, and note the time on the chain-of-custody form.

* |If samples are shipped, strict chain-of-custody is violated. However, at the discretion of the
project manager the procedures can still be followed.

* @ o o

ATTACHED REFERENCES

Terracon Form COC-7/92  Chain-of-Custody Record, revised 4/93
Quality Environmental Containers  Custody Seal

OTHER SUPPORTING DOCUMENTS

ASTM D4840-99 Standard Guide for Sampling Chain-of-Custody Procedures
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E.50
Sampling — Environmental Representativeness

LAST REVIEW OR REVISION:  June 2010

OBJECTIVE AND INTENT:

The information value of data depends heavily upon the interaction among sampling and
analytical designs in relation to the intended use of the data, the site-specific context
surrounding that intended use, and the associated quality control. The environmental condition
of the site will be determined by the chemical data from samples collected in the field.

A Quick Look — USEPA CLU-IN 2001

Data quality is the function of the data's
information content and its ability to
represent the true state of a site.

The term "representative data" means that there is
some stability in the samples and assurance of a
reasonable data density for the site being sampled.
“‘Reasonable” data density varies depending on the
intended use of the information. Project decisions

Data representativeness is the measure which are very general in nature or used only for

of the degree to which samples can be
used to estimate the characteristics of
the true state of a hazardous waste site.

Brownfields are considered an
application in which data quality and
representativness will play an important

preliminary decision-making may have a very limited
data density to represent the site, but the decisions
which can be made from the data are also limited.
Project decisions made from data for enforcement or
litigation are much more concerned with sampling
density and how well the information represents the
site.

role.

The procedures, handling and documentation by
Terracon staff should routinely and consistently be as uniform as is practicable so that any
sample from any media best represents the environmental condition.

This procedure is provided as supporting guidance and direction to Terracon field and design staff
to provide quality samples representative of the intended project decision.

APPLICATION

Sampling is the selection of a representative portion of a larger population, universe or body.
Through examination of a sample, the characteristics of the larger body can be inferred. The
characteristics to be inferred will directly affect the method and procedure to select a representative
sample.

Technical information derived from soil and groundwater samples differ greatly for purposes of
geotechnical and environmental engineering, although the physical procedures of sample
collection or measurement are often the same. The proper application of any one or more physical
procedures to collect the sample will be dependent on the characteristic condition the sample is
intended to represent. Environmental and geotechnical characteristics can often be determined
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from the same sample, other times they cannot. Combined use must be carefully considered by
the Terracon Project Manager before application.

In general, any representative environmental sample is intended to reflect the in-situ, or
undisturbed, chemically-impacted condition measured relative to the project decision and must
consider;

¢ The media of the sample and it's physical properties
» The contaminant of concem and it's physical properties
s The contaminant of concem and it's chemical properties
» The spatial boundaries to be represented by the sample

EQUIPMENT

Equipment will be as specified by the Project Manager, specific to the requisite Temmacon Standard.
Operating Procedure (TSOP).

PROCEDURES

Procedures will be as specified by the Project Manager, specific to the requisite Terracon Standard
Operating Procedure (TSOP).

However, Temacon personnel shall be cognizant of and maintain the following general “rules of
thumb” when reviewing TSOPs provided by Managers and when field procedures raise changed
conditions which require communication of the new conditions back to the Project Manager;

» Volatile chemicals of concem dictate the least amount of disturbance and handling to preserve
the representative characteristic; the lower the concentration of concem in the sampled body
the more important the issue of disturbance becomes.

» Non-volatile chemicals of concem dictate a greater amount of disturbance and handling to
preserve the representative characteristic; this may allow more extensive methods to physically
select a representative sample and may allow the construction of composite samples in some
regulatory programs.

e Adecreasing sensitivity to disturbance is generally associated with sampled media as follows:

o Water

* Granular soils or other matenals

¢ Bedrock or other consolidated materials

¢ Clay soils or other materials with high clay or organic contents

» Samples taken by mechanical samplers should represent both the vertical and horizontal
spatial boundaries of the media collected.
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» Samples taken by mechanical samplers should represent the media that is least influenced by
the sampling method. For example, in a split spoon sampler the interior of the sample
recovered is more representative than the exterior edge which contacted and is disturbed by
the steel split spoon shell during penetration.

DOCUMENTATION

Documentation will be as specified by the Project Manager, specific to the requisite TSOP.
ATTACHED SUPPORTING DOCUMENTS

[ SOP 2001, Rev 0.0 EPA ERT GENERAL FIELD SAMPLING GUIDELINES |

OTHER SUPPORTING DOCUMENTS

TSOP E.30 Chain-of-Custody Documentation

TSOP E.100 Surface & Near Surface Soil Sampling — Grab

TSOP E.100 Series  Surface/Near Surface Sampling Terracon Procedures
TSOP E.300 Series  Drilling Terracon Procedures

TSOP E.400 Series  Subsurface Sampling Terracon Procedures
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E.554
Field Screening — Air / Photoionization Detector

LAST REVIEW OR REVISION:  June 2010
OBJECTIVE AND APPLICATION

To provide a qualitative and limited quantitative field screening of ambient air to aid in the
evaluation of air quality relative to monitoring health and safety of workers involved in
environmental field activities involving known or potential volatile or semi-volatile organic
chemicals of concem.

The procedure is premised on the physical property of volatile compounds to move to the airbome
state as vapor. The amount of airborne material as vapor will be a relative concentration
dependent on air currents and dilution. The measurement is semi-quantitative for qualitative
decision-making.

The intent is to monitor airbome concentrations of chemicals of concern in the breathing zone of
workers. Unless otherwise specified by the health and safety plan, the breathing zone will
be considered the height above ground surface generally corresponding from knees-to-chin
to provide for upright, squatting and bending during field activity by workers.

This procedure is to be used primanly for purposes of health and safety monitoring. These
readings are not a representative screening indication of the levels of chemicals of concem
in soils or other media.

This procedure, though it may be used in combination with, does not replace similar methods and
equipment used for confined space entry procedures. Use of this procedure as part of
confined space entry testing must be discussed with the Corporate Health and Safety
Manager and approved prior to such use.

EQUIPMENT

Equipment will only be operated by personnel trained and qualified as competent on use of the
machine prior to field use and under the direction of an experienced operator. The following
equipment will be used.

Calibration gas from manufacturer.

Photoionization detector equipped with 10.0 eV lamp or greater.

Charger unit and source of 110v power when needed, not in the form of a generator.
Forms and indelible ink pen

Disposable chemical-resistant gloves

® & o o o

PROCEDURES
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On a daily basis, the unit should be gas calibrated to a manufacturer's gas standard and the results
recorded in the field logbook. If the unit does not calibrate, retumn it to the local Terracon equipment
evaluation for evaluation and, if necessary, repair.

Immediately prior to making a field measurement the unit should be operated for approximately 1
minute remote from activities engaged in sampling or disturbing contaminants. Any background
concentrations should be noted or zeroed out relative to test measurements.

Readings will be taken in the breathing zone. Measurements can be taken continuously
unattended (i.e., attached to the drill rig or excavator during equipment operations) or on an
attended periodic basis specified by the project manager.

For continuous unattended readings the unit will placed secure from damage or interference from
machinery exhausts at an elevation consistent with the breathing zone and in close proximity to
workers. The unit will be operated in a mode which will record the maximum reading without having
to continuously view the readout. The unit will be operated in alarm mode set at the first response
level specified in the project health and safety plan. The maximum will be checked periodically by
the operator, but on intervals never exceeding 30 minutes.

For periodic attended readings the unit will be handheld. The operator will hold the unit probe in
the breathing zone, moving slowly through the zone in close proximity to workers without interfering
with their activity. The reading will be made for no less than 3 minutes to account for response
times of ionizable semi-volatile compounds of concem to account for varied response times.

Record readings obtained as parts per million (ppm) calibration gas equivalents (i.e., TEI580
calibrated to isobutylene would be expressed as ppmi) .

DOCUMENTATION

Record readings in calibration gas equivalents on the Acknowledgment Of Instruction Form of the
project health and safety plan. Altematively, they may be recorded on forms or the project field log
book provided by the Project Manager. Copies of these records will be attached to and filed with

the file copy of the health and safety plan.

Readings will clearly be recorded and labeled as separate from readings made for the purpose of
field screening soils for environmental impacts.

OTHER SUPPORTING DOCUMENTS

e Thermo Environmental Instruments, Inc. OVM/Datalogger Model 5808 Operating Manual
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E.2100
SOIL VAPOR SAMPLING

Last Revision or Review: June 2010

Objective
The objective of soil vapor sampling is to provide an estimate of the concentration of vapors that

may be released by subsurface soils into adjacent structures (basements, etc.). This procedure
is intended to provide general guidelines. State-specific guidelines or requirements supercede
the information presented in this TSOP.

Procedures
Soil gas must be sampled at the location of maximum soil concentrations, and at a depth above

the water table expected to exhibit the highest gas reading based on field screening and
analytical results. In order to verify the soil gas measurement is representative of the maximum
expected gas level, two gas samples must be taken at least two weeks apart, with one of the
samples taken during a seasonal period of lowest groundwater elevation and, if applicable,
below the frost line. The following exploratory methods may be used to obtain soil vapor
samples:

Option 1: A hollow, small-diameter (minimum 0.5-inch outside diameter), threaded steel
casing fitted with a loose-fitting end plug is driven to the appropriate sampling depth. The
casing is retracted a minimum of 12 inches to expose the soils in the sidewalls. The end
plug should fit such that it remains in place at the bottom of the hole when the casing is
retracted. The top of the casing is capped. The borehole is sealed around the annulus
between the casing and borehole sidewall to prevent cross-contamination or dilution with
the ambient air. Allow the soil air to stabilize for at least one hour prior to sampling. When
direct-push technologies are used as a means of obtaining soil vapor samples, analysis
using portable equipment is not acceptable. Samples must be collected using specialized
sampler tubes and sent to a laboratory for analysis.

Option 2: A small-diameter (suggested 3-inch) hand auger boring is extended to
appropriate sampling depth. A hollow, 1-inch diameter, threaded PVC casing perforated in
the lower 12 inches is placed in the borehole. Sand backfill is placed to a depth not to
exceed 18 inches above the bottom of the boring, covering the perforated section of the
casing. The remainder of the borehole must be filled with hydrated bentonite to seal around
the casing. The top of the casing is capped. Allow the soil air to stabilize for at least one
hour prior to sampling.

Soil gas samples must be collected in Tedlar bags or Summa canisters and analyzed using
NIOSH Method 1501, TO-14, TO-15, or other approved method. Soil gas is collected by means
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of adsorption onto solid activated carbon media. Glass tube samplers that comply with NIOSH
Method 1501 and piston-type vacuum samplers are available commercially. The vacuum
sampler used must be capable of drawing two hundred milliliters (200 ml) of casing air through
the carbon media by either single or incremental operation. The pump must be factory
calibrated according to manufacturer’s specifications, and fitted with an indicator which visibly
shows when the sampling cycle has been completed. Flow rates must be verified and volume
checks must be conducted immediately prior to and immediately after sampling. Sampling
equipment must be cleaned prior to each sampling event and stored to prevent cross-
contamination. Cleaning of equipment must occur away from the sampling location and
sufficient time must be allowed for the evaporation of any cleaning

solvents which may interfere with chemical analysis.

Consult NIOSH Method 1501 and the instructions provided by the manufacturer of the sampler
device for specific sampling procedures. The following general procedures are recommended to
obtain a representative soil gas sample:

1. Attach a sufficient length of rubber tubing to the sampling pump to form an air tight seal.

2. Break the tip of the sampler tube and fasten the tube securely to the free end of rubber
tubing with the arrow of the sampler tube pointing toward the pump.

3. Insert the sampler tube into the casing and position it so the inlet of the sampler tube is
above, but within 6 inches of, the bottom of the casing.

4. Draw a 200 ml volume of soil air through the sampler tube and immediately withdraw it from
the borehole casing.

5. Disconnect the sampler tube from the rubber tubing and seal the tube using the plastic caps
provided by the vendor.

Standard handling and transporting procedures are used for the sampler tubes including the
processing of chain-of-custody forms. Samples must be analyzed for benzene and toluene in
accordance with NIOSH Method 1501. Analysis of sample blanks for quality assurance is
recommended.
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E.2210
GENERAL SITE HOUSEKEEPING

Last Review or Revision: June 2010

Objective
To create and maintain an orderly working area that reduces the likelihood of injury and potential
for sample contamination due to messy site conditions.

Equipment
» Equipment specified by project manager.

e Trash bags.
¢ Disposable chemical-resistant gloves.

Procedures

After using disposable equipment, dispose of the matenals in general trash bags. Segregate
materials if needed as specified by the project manager. Use disposable gloves when handling
waste material to reduce the chance for cross-contamination and/or exposure to contaminants.
Bags, paper, packaging, and other materials should not be allowed to remain unattended on the
site. Dispose of full trash bags using an on-site dumpster, at the Terracon dumpster after
returning to the office, in a designated sealed drum on-site, or as specified by the project
manager. After decontamination of non-disposable equipment, store in an orderly fashion on
the remedial vehicle or trailer to facilitate quick location and reduce the likelihood of injury.
Dispose of auger cuttings and cleaning fluids as specified by the Project Manager.
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E.2220
DISPOSAL OF SPENT SUPPLIES

Last Review or Revision: June 2010

Objective
To provide for proper disposal of sampling equipment, personal protective equipment (PPE), etc. in
accordance with applicable regulations.

Equipment
o Equipment specified by project manager.

e Trash bags.
¢ Disposable chemical-resistant gloves.

Procedures

Collect sampling equipment, spent PPE, cleaning fluids, etc. as specified by the Project Manager.
This may include segregating the material and sealing in 55-gallon drums, placing securely on the
site, or disposal to a nearby dumpster (non-hazardous). If material is to be containerized for
transportation or storage on-site, clearly mark all containers as to their materials, taking care to use
proper signage. Transportation of materials off-site may be by Terracon or a hazardous waste
hauler. If a hazardous waste hauler is used, collect all documentation provided (i.e., scale tickets,
waste manifests, etc.).
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E.2230
HANDLING AND STORAGE OF DRILL CUTTINGS (NON-HAZARDOUS)

Last Review or Revision: June 2010

Objective

To dispose of drill cuttings generated by drilling and well installation activities. This procedure is
applicable to sites where the cuttings generated can be reasonably be assumed to be non-
hazardous in nature. For handling and storage of drill cuttings that can be reasonably be assumed
to be hazardous in nature, reference TSOP E.2235.

Equipment
¢ Plastic Sheeting.

e Shovel(s).

¢ Wheelbamow.

e USDOT-approved 55-gallon drums

e Disposable chemical-resistant gloves.

» Material as specified by Project Manager.

Procedures

Spread the plastic sheeting over the ground in an area designated by the project manager for
drill cutting storage. Using the shovel(s) and wheelbarrow, transport the generated cuttings to
the stockpile area, if required. Use disposable gloves to reduce the likelihood of sample cross-
contamination and/or exposure to site contaminants. Segregate the stockpiles of soil on the
plastic sheeting if instructed by the project manager. After stockpiling soil, cover the soil piles
with additional plastic sheeting. Use rocks or other available moderately heavy material to
prevent the plastic sheeting from blowing off the pile.

As an alternate procedure, the Project Manager may prefer to containerize the auger cuttings in
fifty-five (55) gallon drums for transportation off-site or disposal at a later date. Also as an
alternate, the Project Manager may specify that auger cuttings be returned to the borehole (if
allowed by state law) as much as possible, and then spread over the ground in the area near
the boring.
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STANDARD OPERATING PROCEDURE

E.2240
SITE SECURITY PROCEDURES

Last Review or Revision: June 2010

Objective
To establish procedures for the security of the subject site and remediation systems during hours
when employees are not present.

Equipment
a) Keyed-a-like locks.

b) Site key file box.

c) Site diagrams.

d) Operation and Maintenance procedures.
e) Materials specified by the Project Manager.

Procedures
a) Site Security

The Project Manager will determine the specific security requirements for each site.
Coordination with the client may be necessary to provide additional keys if needed. Keyed-
a-like locks should be the same throughout the entire system. A benchstock of commonly
used locks is maintained for the field crews to replace broken or damaged locks. If open
excavations or sensitive materials are located on-site, the Project Manager may specify the
use of access control, such as fencing or barricading.

b) Key Control

Keys for each system will be maintained in the central key control box in the Terracon
Office. Additional keys may be maintained by field crews and the project manager for
routine access. The site keys will be contained on a tab and clearly marked with the site
name, job number and location.

c) Site Monitoring

The field crew conducting field services is responsible for the security of the site. A final
review must be conducted daily prior to leaving the site to check and document site
security. The field crew will complete the "Daily Job Report" to indicate that the site is
secure or that exceptions were encountered at the site. The project manager will then be
able to schedule the necessary corrective action.
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d) Site Documentation

Documentation must be maintained at each remediation site to assist field crews in routine
operation, maintenance, and emergency activities. The following documents are to be
maintained on site:

Site diagram of all wells associated with the site;

Schematic of the system including free product and water lines;

Electrical diagram;

Site Safety Plan;

Maintenance checklist and schedule;

Current settings and operational limits of the system (switch settings, and
flow rates);

Summary of system operational characteristics (flow rates, inventory levels,
Operational and Maintenance manuals for all system components;

Sk wh=
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All components of the system are to be labeled for identification. This includes pump
controls, flow lines, product lines, level probes, and valves.

e) Signs

Each site should have a sign identifying the site and indicating critical information
conceming the operation of the system in the event unusual operations are encountered.
This could include the client's name and phone number, or Terracon's name and phone
number.

f) Vehicles

Secure all vehicles left on-site during non-working hours. Lock all doors and close all
windows. Store the keys in the central key control box.

Following is an example of a Daily Job Report. Either this form or another similar form will be
utilized to document daily on-site activities.
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Job No

Test Date

DAILY JOB REPORT  Time on Job

Job Location Time in Office
Contractor Travel Time
) TOTAL CHARGEABLE HOURS
Client
MILEAGE

Description of technical and/or engineering field operations including field test data*, locations
(show direction of north), elevations, and other information:

TERRACON states that the above tests and/or field engineering services have been performed and the results are
reported herein. This report, however, does not relieve the contractor of the responsibility to comply with the plans and
specifications.

*Indicate when the field test data is estimated, pending final laboratory test results.

Attested to:

Position:

Company:

TERRACON
By:

FORM 113 -6/85



STANDARD OPERATING PROCEDURE

E.2405
CLEANING - GENERAL

LAST REVIEW OR REVISION:  June 2010

OBJECTIVE AND APPLICATION

To prepare the equipment for field activities in a manner that minimizes the potential for obtaining
biased or ermoneous data due to contaminant transfer. Cleaning is performed as a quality
assurance measure and a safety precaution. It minimizes cross-contamination between samples
and also helps to maintain a clean working environment. This procedure provides general
guidelines and should be used in conjunction with more specific procedures applicable to the
cleaning method used.

EQUIPMENT
* As determined by the project manager

e Expendable supplies:

Disposable chemical-resistant gloves

Garbage bags

Aluminum foil or plastic

Laboratory glassware detergent such as Alconox or Trisodium Phosphate (TSP)
Containers for collection of waste liquids, if necessary

Dilute acid, methanol, ethanol, isopropy! alcohol or other cleaning fluid

*® & o o 0o o

e Source of potable water without chemicals that would interfere or be identified in chemical
analysis of samples. The project manager may require laboratory testing of cleaning water as
a background for evaluating chemical analyses.

PROCEDURES

Cleaning procedures will vary considerably based on the equipment, type of contaminant, type of
sample and detection levels. Initial cleaning should take place at the site prior to demobilizing.
This will minimize the spread of contamination. The extent of on-site cleaning will vary based on
specific conditions; however, an attempt should be made to decontaminate as thoroughly as
possible on site. The more care one applies on keeping the equipment clean, the less energy will
be required on cleaning.

All field equipment must be prepared at the laboratory/office prior to use. This will include
additional cleaning, inspection, and maintenance.
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Equipment such as hand trowels, bailers, mixing bowls, hand augers, etc., should be cleaned and
wrapped in aluminum foil (with shiny side out) or plastic, as appropriate, prior to mobilization.

Sampling and monitoring equipment is nomally cleaned by washing and rinsing with liquids such
as a soap or detergent solution, potable tap water, deionized water (DI), isopropyl alcohol,
methanol, or a dilute acid.

The extent and type of contaminant will determine the degree of cleaning. If the level of
contamination cannot be readily determined, cleaning should be based on the assumption that the
equipment is highly contaminated.

Waste products produced by the cleaning procedures such as waste liquids, solids, gloves, used
Chem-wipe® cleaning pads, etc., should be collected, stored in USDQOT-approved 55-gallon drums
on-site and disposed based on the nature of the contaminant. Specific details for the handling of
these wastes should be addressed by the project manager.



STANDARD OPERATING PROCEDURE

E.2410
CLEANING - MANUAL WASHING
LAST REVIEW OR REVISION:  June 2010
OBJECTIVE AND APPLICATION

To prepare the equipment for field activities in a manner that minimizes the potential for obtaining
biased or erroneous data due to contaminant transfer between sampling locations. Cleaning is
performed as a quality assurance measure and a safety precaution. It minimizes cross-
contaminants between samples and also helps to maintain a clean working environment.

EQUIPMENT

As determined by the project manager
* Expendable supplies:

Disposable chemical-resistant gloves

Chem-wipe® cleaning pads

Garbage bags

Laboratory glassware detergent such as Alconox or Trisodium Phosphate (TSP)
Containers for collection of waste liquids, if necessary

Dilute acid, methanol, isopropyl alcohol, ethanol or other cleaning fluid

*  Wash rack facility

» Cleaning containers with brushes (plastic, steel or stainless steel buckets)

¢ Aluminum foil or plastic

» Source of potable water without chemicals that would interfere or be identified in chemical

analysis of samples. The project manager may require laboratory testing of cleaning water as
a background for evaluating chemical analyses.

PROCEDURES

Cleaning procedures will vary considerably based on the equipment, type of contaminant, type of
sample and detection levels. Initial cleaning should take place at the site prior to demobilizing.
This will minimize the spread of contamination. The extent of on-site cleaning will vary based on
specific conditions; however, an attempt should be made to decontaminate as thoroughly as
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possible on site. The more care one applies on keeping the equipment clean, the less energy will
be required on cleaning.

All field equipment must be prepared at the laboratory/office prior to use. This will include
additional cleaning, inspection, and maintenance.

Equipment such as hand trowels, bailers, mixing bowls, hand augers, etc., should be cleaned and
wrapped in aluminum foil (with shiny side out) or plastic, as appropriate, prior to mobilization.

Sampling and monitoring equipment is normally cleaned by washing and rinsing with liquids such
as a soap or detergent solution, potable tap water, deionized water (DI), methanol, isopropyl
alcohol or a dilute acid.

The extent and type of contaminant will determine the degree of cleaning. If the level of
contamination cannot be readily determined, cleaning should be based on the assumption that the
equipment is highly contaminated.

Listed below is a cleaning procedure which may be employed for field equipment such as a water
level indicator at a monitoring well which contains dissolved petroleum hydrocarbons. If different or
more elaborate procedures are required, they should be specified by the project manager during
the project initiation meeting.

* Remove gross contamination from the equipment using a Chem-wipe® cleaning pad or
brush.

+ Wash with a soap or detergent solution
* Rinse with D.l. water

» Rinse with methanol or isopropyl alcohol (if method requires) and repeat rinse with D.I.
water

* Repeat the entire procedure or any part of the procedure as necessary.

Waste products produced by the cleaning procedures such as waste liquids, solids, gloves, used
Chem-wipe® cleaning pads, etc., should be collected and disposed of based on the nature of the
contaminant. Specific details for the handling of these wastes should be addressed by the project
manager.



