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METHOD TO-14A

Determination Of Volatile Orpanic Compounds (VOCy) [n Ambient Air Using Specially
Prepared Canisters With Subsequent Analysis By Gas Chromatoegraphy

1. Scope

1.1 This document deseribes a procedure for sampling and analysis of volatile organic compounds (VOCs) in
ambient air, The method wus onginally based on collection of whole air samples in SUMMA® passivated
stainless steel canisters, but his now been generalized to other specially prepared canisters (see Section 7.1,1.2).
The VOCs are separated by gas chromatography and measured by a muss spectrometer or by multidetector
techniques. This method presents procedures for sampling into canisters to {inal pressures both above and below
atmospheric pressure (respectively referred to as pressunzed and subatmosphene pressure sampling).

1.2 This method is applicable to specitic VOCs that huve been tested and determined to be stable when stored
in pressurized and sub-atmospheric pressure canisters. Numerous compounds, many of which are chlonnated
VOCs, have been successfully tested for storage stability in pressunzed canisters (1+3). However. minimal
documentation is currently available demonstrating stability of VOCs in subatmospheric pressure canisters,

13 The Compendium Method TO-14A target list is shown in Table 1. These compounds have been succestidly
stored in canisters and measured at the parts per billion by volume (ppbv) level. This method applies under most
conditons encountered in sampling of ambient air into canisters. However, the composition of 3 gas mixture in
a canister, under unique or unususl conditions, will change so that the sample s known not to be a Tue
representation of the ambient air from which it was taken. For example, low humidity condinons in the sample
may lead to losses of certuin 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 watcr-soluble compounds, Since the canister surface arca s limited, all gases are i
competition for the available active sites, Hence an absolute storage stability cannot be assigned to a specific
gas, Fortunatcly, under conditions of normal usage for sampling ambient air, most VOCs can be recovered from
canisters near their original concentrations atter storage tmes of up to thirty days.

2. Summary of Method

2.1 Both subatmospheric pressure and pressurized sampling modes typically use an ininally evacuated cannster
and pump-ventilated sample line during sample collection. Pressurized sampling requires an addinonal pump
1o provide positive prexsure to the sample canister. A sample of ambient air is drawn through 2 sampling trun
comprised of components that regulate the rate and duration of sampling into 4 pre-evacuated specially prepared
passivated canister,

2.2 After the air sample is collected, the canister valve is closed, an identification mg is attached to the canuster,
a chain-of~custody (COC) form completed, and the canister is transported to 3 predetermined laboratory for
analysis.

2.3 Upon receipt at the laboratory, the canister tag data is recorded, the COC completed, and the canuster is
attached 1o the analytical system. During analysis, water vapor is reduced in the gas stream by a Nation® dryer
(if applicablc), and the VOCs are then concentrated by collection in a cryogenically-cooled rap. The ¢rvogen
is then removed and the temperature of the trup is raised. The VOCs oniginally collected in the trap are
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Mocthod TO-14A VYOCs

revolatilized, separated on a GC column, then detected by one or more detectors for idennfication and
quantitation,

2.4 The analytical strategy for Compendium Method TO-14A involves using a higheresolution gas
chromatograph (GC) coupled to one or more appropnate GC Jetectors. Historically, detectors for a GC have
been divided into two groups: non-specitic detectors and specitic detectors, The non-specific detectors include,
but are not limited 10, the nitrogen-phosphorus detectar (NPD), the flame ionization detector (F1D), the electron
capture detector (ECD) and the photo-ionization detector (PID). The specific detectors include the Lincar
quadrupole mass spectrometer (MS) operating in exther the sclect ion monitoring (SIM) mode or the SCAN mede,
or the ion trap detector (see Compendium Method TO-135). The use of these detectors or a combination of these
detectors as part of the analvtical scheme is determined by the required specificity and sensitivity of the
application. While the non-specific detectors are less expensive per analysis and in some cases far more sensitive
than the specific detectors, they vary in specificity and sensitivity for a specific class of compounds. For
instance, if multiple halogenated compounds are targeted, an ECD is usually chosen; if only compounds
containing nitogen or phosphorus are of interest, a NPD cin be used; or, 113 variety of hydrocarbon compounds
are sought, the broad response of the FID or PID is appropriate. In cach of these cases, however, the speaific
identification of the compound within the class is determined only by its retention ime, which can be subject to
shifts or to interference from other non-turgeted compounds, When misidentitication oceurs, the error is generally
a result of a cluttered chromatogram, making peak assignment difficult. In particular, the more volatile organies
{chlorocthancs, cthyltolucnes, dichlorobenzenes, and various freons) exhibit less well defined chromatographic
peaks, leading to possible misidentification when using nonspecific detectors. Quantitative comparisons indicate
that the FID is more subject to error than the ECD because the ECD is a much more selective detector and
exhibits a stronger response. [dentification errors, however, cin be reduced by: (a) employing simultancous
detection by diffcrent detectors or (b) correlating retention times from difTerent GC columns for confirmation.
In cither case, interferences on the non-specific detectors can still cause ervor in identifying compounds of a
complex sample, The non-specific detector system (QGC/NPD/FID/ECD/PID), however, has been used for
approximate quantitation of relatively clean samples. The non-specific detector system cun provide a "snapshot™
of the constituents in the sample, allowing determination of:

—~ Extent of misidentification duc to overlapping peaks,

— Detcrmination of whether VOCs are within or not within concentration range, thus requiring further
analysis by specific detectors (GC/MS/SCAN/SIM) (i.e., if too concentrated, the sample is turther
diluted).

— Provide data as to the existence of unexpected peaks which require identification by specific detectors.

On the other hand. the use of specitic detectors (MS coupled to a GC) allows positive compound identification,
thus lending itself 1o more specificity than the multidetector GC. Operating in the SIM mode, the MS ¢an readily
approach the same sensitivity as the multidetector system, but its flexibility is limited, For SIM operation the
MS is programmed 16 acquire data for a limited number of targeted compounds, In the SCAN mode, however,
the MS becomes a universal detector, often detecting compounds which are not detegted by the multidetector
approach. The GS/MS/SCAN will provide positive identification, while the GC/MS/SIM procedure provides
quantitation of i restricted list of VOCs, on a preselected target compound list (TCL),

Ifthe MS is based upon a standard ion trap design, only a scanning mode is used (note however, that the Sclect
Ton Storage (S1S) mode of the ion trap has fentures of the SIM modey, Sce Compendium Method TO-13 for
further explanation and applicability of the ion-trap to the analysis of VOCs from specially prepared canisters.
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VOCs Method TO-14A

The analyst often must decide whether to use specific or non-specitic detectors by considering such factors as
project objectives, desired detection limits, equipment availability, cost and personnel capability n developing
an analytic strategy. A list of some of the advantages and disadvantages associated with non-specitic and specific
detectors may assist the analyst in the decision-making process,

Nen-specific Mult ical Sys
! Somewhat lower equipment cost than GC/MS I Mulnple detectors to calibrate
! Less sample volume required for analysis ! Compound idennfication oot positive
! More sensitive ! Lengthy dat interpretation (1 hour ¢ach for
- ECD may be 1000 times more sensitive than analysis and dam reduction)
GC/MS ! Interference(s) from co-cluting compound(s)

! Cannot idenufy unknown compounds
- outside range of calibration
- without standards
! Docs not differentiate rgeted compounds {rom

interfering compounds
Specific T . icalS
GCAS/SIM
! positive compound identification ! cannot identify nonspecified compounds (ions)
! greater sensitivity than GC/MS/SCAN | somewhat greater equipment ¢ost than
| less operntor imterpretation than  for multidetector GC
multidetector GC | greater sumple volume required than for

! can resolve co-cluting peaks multdetector GC
! more specific than the multidetector GC ! universality of detector saerifred to achicve

enhancement 1n sensitivity

GCO/MSISCAN

! positive compound identification ! lower scrsitivity than GC/AMS/SIM
! canidentify all compounds ! greater sample volume required than for
! less operator interpretation multidetector GC
I can resolve co~cluting peaks ! somewhat grearer equipment cost  than

multidetector GC

The amalytical finish for the measurement chosen by the analyst should provide 2 definitive identfication and a
precise quantitation of volatile organics. In a large part, the actual approach to these two objectives is subject
to equipment availability. Figure | indicates some of the favorite options that are used in Compendium
Method TO-14A. The GCMS/SCAN option uses a capillary column GC coupled to a MS operated in 3 scanning
mode and supported by spectral library scarch routines. This option offers the nearest approximation to
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Method TO-14A VOCs

unambiguous identification and covers a wide range of compounds as detined by the completeness of the spectral
library. GC/MS/SIM mode is limited 10 a set of target compounds which are user defined and 1s more sensitive
than GC/MS/SCAN by virtue of the longer dwell times at the restricted number of m/z values. Both these
techniques, but especially the GC/MS/SIM option, can use a supplemental general nonspecific detector o
verify/identify the presence of VOCs. Finally the option labelled GC-multidetector system usss a combination
of retention time and multiple general detector verification to wdentify compounds. However, interference due
to nearly identical retention times can atfect system quantitation when using this option.

Duc to low concentrations of toxic VOCs encountered in urban air (typically less than 25 ppbv and the majonty
below 10 ppbv) along with their complicated chromatographs, Compendium Method TO-13A strongly
recommends the specific detectors (GC/MSISCAN/SIM) for positive identification and for primary quantitation
to casure that high-quality ambient data is acquired.

For the experienced analyst whose analytical system is limited to the non-specific detectors, Section 103 does
provide guidelines and examplc chromatograms showing typical retention times and calibration response factors,
and utilizing the nonspecific detectors (GC/FID/ECD/PID) analytica! system as the primary quantitative
technique.

Compendium Method TQ-15 is now available as a guidance document contining additional advice on the
monitoring of VOCs, Method TO-15 contains information on alternative water management systems, has a more
complete quality contro] section, shows performance criteria that any monitoning technique must achieve for
acceptance, and provides guidance specifically directed at compound denuitication by mass specromeny.

3. Significance

3.1 The availability of reliuble, accurate and precise monitoring methods for toxic VOCs is a primary need for
state and local agencics addressing daily monitonng requirements related to odor complaints, fugitive emissions,
and trend monitoring. VOCs enter the atmosphere from a variety of sources, including petroleum refinenes,
synthetic organic chemical plants, ratural gas processing plants, biogenic sourees, and automobile exhaust. Many
of these VOCs are toxic so that their determination in ambient aur is necessary 1o assess human health impacts.

3.2 The canister-based monitoring method for VOCs has proven to be a viable and widely used approach that
is bascd on research and cvajuation performed since the early 1980s. This activity has involved the testing of
sample stability of VOCs in canisters and the design of time-integrative samplers. the development of procedures
for analysis of samples in canisters, including the procedure for VOC preconcentration from whole air, the
treatment of water vapor in the sample. and the selection of an appropriate analytical {imish has been
accomplished. The canister-based method was initially summarized by EPA as Method TO-14 in the First
Supplement to the Compendium of Methods for the Determination of Toxic Orgamic Compounds in Ambient
Air, The present document updates the original Compendium Method TO-1<4 with correction of timessensitive
information and other minor changes as decemed appropnate.

3.3 The canister-based method is now a widely used alternative to the solid sorbent-based methods. The method
has sub-ppbv detection limits for samples of typically 360-500 mlL of whole air and duplicate and replicaic
precisions under 20 percent as determined in field tests.  Audit bius values average within the range of
+10 pereent. These performance paramezens are generally adequate for monitoring at the 10™* lifetime exposure
risk levels for many VOCs.
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VOCs Method TO-14A

3.4 Collection of ambient air samples in canisters provides a number of advantages: (1) convenient integration
of ambient samples over a specific time period (6.2, 24 houns); (2) remote sumpling and central analysis; (3) case
of storing and shipping samples; (4) unattended sample collection; (5) analysis of samples from multiple sites
with onc analytical system; (6) collection of sufficient sample volume to allow axsessment of measurement
precision and/or analysis of samples by several analvtical systems; and (7) storage stability for many VOCs over
periods of up to 30 days. To realize these advantages, care must be exercised in selection, cleaning, and handling
samplc canisters and sampling appuratus to avoid losses or contamination,

3.5 Interior surfaces of canisters are treated by any of a number of passivation processes, one of which is
SUMMA polishing as identified in the original Compendium Method TO-14, Other specially prepared canisters
are also available (sec Section 7.1.1.2).

3.6 The canistersbased method for monitoring VOCs is the alternative to the solid sorbent-based methed
described in conventional methods such as the Compendium Mcthods TO-1 and TO-2, and in the new
Compendium Method TO-17 that describes the use multisorbent packings including the use of new carbon-based
sorbents. It also is an alternative 10 on-site analysis in those cases where integnty of samples during storage and
transport has been established. '

4, Applicable Documents
4,1 ASTM Standards

» Mcthod D1356 Definition of Terms Reluting to Atmaspheric Sampling and Analysis

» Method E260 Recommended Practice for General Gas Chromatography

= Mcthod E355 Practice for Gas Chromatography Terms and Relationships

= Mecthod D31357 Practice for Planning and Sampling of Ambient Atmospheres

» Mcthod D3366-93 Determination of Volatile Organic Chemicals in Atmospheres (Canister Sampling
Methodologv)

4.2 EPA Documents

= Technical Assistance Document for Sumpling and Analysis Toxic Qrganic Compounds in Ambient Air,
U. S. Environmental Protection Agency, EPA-606/4-83-027, June 1943,

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

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

» Compendium of Methods for the Determinution of Toxie Organic Compounds in Ambient Awr: Method
TO-15, Second Edition, U, S. Environmental Protection Agency, EPA 625/R-96-010b, January 1997,

« Compendium of Methods for the Determinanion of Toxic Organic Compounds in Ambient Air. Firsy
Supplement, U. S. Environmental Protection Agency, Rescarch Triangle Park, NC, EPA-600/3-37-006,
September 1997,

= Compendium of Mecthods for the Determination of Toxic Orgume Compounds in Ambient Air: Method
TO-1,U. S, Environmental Protection Agency, Rexearch Trniangle Park, NC, EPA-600/3-83-0:4 1, 1936.
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Method TO-14A VOCs

4.3 Other Documents

= U.S. Environmental Protection Agency Technical Assistance Document (3).
« Laboratory and Ambient Air Studies (4=17).

5. Definitions

[Note: Definitions used in this document and any user-prepared Standard Operating Procedures (SOPSs)
should be consistent with those used in ASTM D1356. All abbreviations and symbols are defined withun this
document at the point of first use.]

5.1 Absolute Canister Pressure (PgrPa)y—gaupe pressure in the canister (kPx, psi) and Pa = barometric
pressure (sce Section 5.2).

5.2 Absolute Pressure—pressure measured with referenee 1o absolute zero pressure (as opposed to atmospheric
pressure), usually expressed as kPa, mm Hg or psia.

5.3 Cryvogen—a refrigerant used 1o obtain very low temperatures in the cryogenic trap of the analytical system.
A typical cryogen is liquid nitrogen (bp -195.8°C) or liquid argon (bp =185.7*C).

54 Dynamic Calibration—=calibration of an analytical system using calibration gas standard concentrations
in a form identical or very similar to the samples 10 be analyzed and by introducing such standards into the inlet
of the sampling or analytical system in a2 manner very similar to the normal sampling or amalytical process.

5.5 Gauge Pressure—pressure measured above ambient atmospheric pressure (as opposed to absolute
pressure). Zero gauge pressure is equal 1o ambient atmospherie (barometric) pressure.

5.6 MS/SCAN—-the GC is coupled to a MS programmed in the SCAN mode to scan all ions repeatedly during
the GC run. As used in the cument coniext, this procedure serves as a qualitative identfication and
characterization of the sample,

5.7 MS/SIM—the GC is coupled to a MS programmed to acquire data for only specified ions and to disregard
all others, This is performed using SIM coupled o retention time discriminators, The GC/SIM analysis provides
quantitative results for sclected constituents of the sample gas as programmed by the user.

5.8 Mcpabore® Column—chromatographic column having an intemal diameter (1.D.) greater than 0.50-mm.
The Megabore® column is a trademark of the J&W Scientific Co. For purposes of this method, Megabore®
refers to chromatographic columns with 0.53-mm 1.D.

5.9 Pressurized Sampling=—collection of an air sample in a canister with a (final) canister pressure above
atmospheric pressure, using a sample pump,

5.10 Qualitative Accuracy—the ability of an analytical system 1o correctly identify compounds.

5.11 Quantimtive Accuracy—the ability of an analytical system to correctly measure the concentration of an
identified compound,
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VOCs Method TO-14A

5.12 Static Calibration—calibration of an analytical system using standards in 2 form different from the
samples to be analyzed, An example of a static calibration would be injecting a smail volume of a high
concentration standard dircetly onte 3 GC column, bypassing the sample extraction and preconcentration portion
of the analytical system.

5.13 Subatmospheric Sampling—collcction of an air sample in an cvacuated canister at a (final) canister
pressure below atmospheric pressure, without the assistance of a sampling pump. The canister is filled as the
irernal canister pressure increases to ambient or near ambient pressure. An auxiliary vacuum pump may be used
as part of the sampling system to flush the inlet tubing prior to or duriny sample collection.

6. Interferences and Limitations

6.1 Interferences can oceur in sample analysis if moisture accumulates in the dryer (see Section 10.1.1.2). An
automated cleanup procedure that periodically heats the dryer to about 100°C while purging with zero air
eliminates any moisture buildup, This procedure docs not degrade sample inwegrity for Compendium
Method TO-13A target compound list (TCL) but can atféct some organic compounds.

6.2 Conmmination may occur in the sumpling system if camsters are not properly cleaned before use.
Additionally, all other sampling equipment (e.g.. pump and tlow controllers) should be thoroughly cleaned to
ensure that the filling apparatus will not contaminate sumples. Instructions for cleaning the canisters and
certifying the ficld sampling system are described in Sections 11.1 and 11.2, respectively.

6.3 The Compendium Method TO-14A analytical system employs a Natfion® permeable membrane dryer to
remove water vapor from the sample stream, Polar organic compounds permeate this membrane in a manner
similar to water vapor and rearrangements can occur in some hydrocarbons due 1o the acid nature of the dryer.
Compendium Method TO-15 provides guidance associated with alternative water management systems
applicable to the analysis of 3 large group of VOCs in specially-treated canisters.

7. Apparatus

[Nore: Equipment manufacturers identified n this section were orizinally published in Compendium
Method TQ-14 as possible sources of equipment. They are repeated in Compendium Method TO-144 as
reference only, Other manufacturers’ equipment should work as well, as lomy as the equipment is equuvalent.
Modifications to these procedures may be necessary [f using other manufucturers® equipment. ]

7.1 Sample Collection

[Nale: Subatmospheric pressure and pressurized camster sampling systems are commercially available and
have been used as part of U.S. Environmental Protection Agency's Toxie Air Monuoring Stations (TAMS),
Urban Air Toxic Monitoring Proyram (UATMP), the non-methane organic compound (NMOC) Sampling and
Analysis Program, and in the Photochemical Assessmens Monitoring Stations (PAMS).]

7.1.1 Subatmospheric Pressure (see Figure 2 Without Metal Bellows Type Pump).
7-1.1.1 Sampling Inlet Line. Stainless steel tubing to connect the sampler to the sample inlet.
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7112 Specially-Treated Sample Canister. Leak-free stainless steel pressure vessels of desired volume
(e.g.. 6 L), with valve and passivated interior surfaces. Major manufacturers and re-supplicrs are:

* BRC/Ramussen * XonTech [ne.
17010 NW Skyline Blvd, 6862 Hayenhurst Avenue
Portland, OR 97321 Van Nuys, CA 91406
= Meriter = Scientific Instrumentation Specialists
1790 Potrero Drive P.O. Box 3541
San Jose, CA 95124 Moscow, [D 83843
» Restec Corporation * Graschby
110 Benner Circle 500 Technology Cr.
Belletonte, PA 16823-8812 Smyma, GA 30832

7.1.1.3 Stuinless Steel Vacuum/Pressure Gauge, Capable of measuring vacuum (=100 t0 0 kP2 or 0
10 301n, Hg) and pressure (0-206 kPa or 0~30 psig) in the sampling system, Matheson, P.O. Box 136, Morrow,
GA 30200, Model 63-3704, or equivalent. 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,
Tylan Corp., 19220 S. Normandie Ave., Tormanee, CA 90502, Model FC-250, or equivalent.

7.1.1.5 Particulate Matter Filter, 2-um sintered stainless steel in-line filter, Nupro Co.. 4800 E. 345th
St., Willoughby, OH 44094, Model §S-2F-K4-2, or cquivalent.

7.1.1.6 Electronic Timer. Forunattended sample collection, Paragon Elect. Co., 606 Parkway Blvd., P.O.
Box 28, Twin Rivers, WI 54201, Model 7008-00, or equivalent.

7.1.1.7 Solenoid Valve. Elecrrically-operated, bi-stable solenoid valve, Skinner Magnelatch Valve, \cw
Britain, CT, Mode! VSRAMA49T10, with Viton® seat and o-rings. A Skinner Magnelatch valve is used for
purposes of illustration only in Figures 2 and 3.

7.1.1,8 Chromatozraphic Grade Stainless Steel Tubing and Fittings. For interconnections, Alliech
Associates, 2051 Waukegan Rd.. Deerfield, [L 60015, Car. #8125, or cquivalent. All such materials in contact
with sample, analyte, and support gases prior 1o analysis should be chromatographic grade stainiess steel.

7.1.1.9 Thermostatically Controlled Heater. To mainmin temperature inside insulated sampler
enclosure above ambient temperature, Watlow Co., P{afftown, NC, Part 04010080, or equivalent,

711,10 Heater Thermostat, Automancally regulates heater temperature, Elmwood Sensors, Inc., 500
Narragansett Park Dr., Pawtucket, R 02861, Model 3455-RC-0100-0222, or cquivalent.

7.1.1.11 Fan. For cooling sample system, EG&G Rotron, Woodstock, NY, Model SUZAL or equivalent.

7.1.1.12 Fan Thermostat, Automatically regulates fan operation, Elmwood Sensors, Inc., Pawtucker, RL
Mode) 3455-RC-0100-0244, or cquivalent,

7.1.1.13 Maximum-Minimum Thermometer. Records highest and lowest temperatures duting sampling
period, Thomas Scientific, Brooklyn Thermometer Co., Inc., PAN 932TH30, or equivatlent.

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

7.1.1.15 Auxiliary Vacuum Pump, Continuously draws ambient 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 contaminaiion present in the inlet and reduces the
possibility of sample contamination as a result of contact with active adsorpnion sites on inlet walls.f
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7.1.1.16 Elapsed Time Meter. Measures duration of sampling, Conrae, Cramer Div., Old Saybrook, CT,
Tvpe 6364, P/N 10082, or equivalent,

7.1.1.17 Optional Fixed Orifice, Capillary, or Adjustable Micrometering Valve. May be used in licu
of the electronic flow controller for grab samples or short duration time-integrated samples. Usually appropniate
only in situations where screening samples arce taken 0 assess future sampling sctivity.

7.1.2 Pressurized (see Figure 2 With Metal Bellows Type Pump and Figure 3).

7.1.2.1 Sample Pump. Stainless steel, metal bellows type, Metal Bellows Corp.. 1075 Providence
Highway, Sharon, MA 02067, Model MB-151, or equivalent, capable of 2 atmospheres output pressure. Pump
must be frec of leuks, ¢lean, and uncontaminated by 0il or organic compounds.

[Nate: An aliernative sumpling system has been developed by Dr. R. Rasmussen, The Oregon Graduate
Institute of Science and Technology, 20000 NW. Walker Rd., Beaverton, Oregon 97006, £03-690-1077,
(17,18) 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 eliminanny the need for an auxiliary vacuum pump 1o flush the sample inlet.
Interferences using this configuration have been minimal.]

7.1.2.2 Other Supporting Materials. All other components of the pressurized sampling system (see
Figure 2 with metal bellows type pump and Figure 3) are similar to components discussed in Sections 7.1.1.1
through 7.1.1.16.

7.2 Sample Analysis

7.2.1 GC/MS/SCAN Analytical System (see Figure 4).

72.1.1 Gas Chromatograph. Capable of subumbient temperature programming for the oven, with other
generally standard features such as gas flow regulators, automatic control of valves and integrator, etc. Flame
ionization detector optional, Hewlett Packard, Rt 41, Avondale, PA 19311, Mode! 5880A, with oven temperature
control and Level 4 BASIC programming, or equivalent. The GS/MS/SCAN analytical system must be capable
of acquiring and processing data in the MS/SCAN mode.

7212 Chromatographic Detector. Mass-sclective detector, Hewlett Packard, 3000-T Hanover 5., 9B,
Palo Alto, CA 94304, Mode] HP-5970 MS, or cquivalent, equipped with computer and appropriate software,
Hewlett Packard, 3000-T Hanover St., 9B, Palo Alto, CA 94304, HP-216 Computer, Quicksilver MS soltware,
Pascal 3,0, mass storage 9133 HP Winchester with 3.5 inch oppy disk, or equivalent, The GC/MS is set in the
SCAN mode, where the MS screens the sample for identitication and quantitation of VOC species.

7.2.13 Cryogenic Trap with Temperature Control Assembly, Referto Section 10.1.1.3 for complete
description of trap and temperature control assembly, Graseby, $00 Technology Ct., Smyma, GA 30082) Model
320-01, or equivalent,

7.2.1.4 Electronic Muss Flow Controllers (3). Maintain constant flow (for carrier gas and sample gas)
and to provide analog output to monitor flow anomalics, Tylan Mode! 260, 0-100 mL/min, or cquivalent.

7.2.1.5 Vacuum Pump, General purpose luboratory pump, capable of druwing the desired sample volume
through the cryogenic trap, Thomas Industries, Inc., Sheboygan, WI, Mode! 107BA20, or equivalent.

7.2.1.6 Chromatographic Grade Stainless Stee! Tubing and Stainless Steel Plumbing Fittings, Refer
10 Section 7.1.1.8 for description.

7.2.1.7 Chromatoaraphi¢ Column. To provide compound separation such as shown in Table 3. Hewlent
Packard, Rt 41, Avondale, PA 19311, Tvpical GC column for this application is OV-! capillary column,
0.32.mm x 50 m with 0.88-.m crosslinked methy! silicone coating, or cquivalent
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7.2.1.8 Stainless Stee! Vacvum/Pressure Gauge (Optional). Capable of measuring vacuum (-101.3
10 0 kPa) and pressure (0-206 kPa) in the sampling system, Matheson, P.O. Box 136, Morrow, GA 30200, Model
63-3704, or equivalent. Gauges should be tested clean and tight.

7.2.1.9 Stuinless Steel Cylinder Pressure Regulators. Standard, two-stage cylinder pressure gauges tor
helium, zero air and hydrogen gas cylinders,

721,10 Cas Purifiers (3). Used to remove organic impuntics and moisture from gas streams, Hewlett
Packard, Rt 41, Avondale, PA 19311, P/N 19362 - 60300, or equivalent,

7.2.1.11 Low Dead-Volume Tee (optional). Used to split the exit flow from the GC column, Alltech
Associates, 2051 Waukegan Rd., Deertield, L 60015, Cat. #5839, or cquivalent,

7.2.1.12 Nafion® Dryer. Consisting of Nafion mbing coaxially mounted within larger ubing, Perma Pure
Products, 8 Exccutive Drive, Toms River, NJ 08753, Model MD-125-48, or cquivalent. Reter 1o Section
10.1.1.2 for description.

7.2.1.13 Six-Port Gas Cromatographic Valve. Seismograph Serviee Corp., Tulsa. OK, Sewscor
Mode! VIII, or equivalent,

72.1.14 Chart Recorder (optional). Compatible with the detector outpur signal to record optonal FID
detector response to the sample,

7.2.1.15 Electronic Integrator (optional). Companble with the detector output signal of the FID and
capable of integrating the arca of onc or more response peaks and calculating peak areas corrected for baseline
drift,

7.2.2 GC/MS/SIM Analytical System (see Figure 4),

7221 The GC/MS/STM analytical system must be capable of acquining and processing data in the MS-
SIM mode.

7.2.2.2 All components of the GC/MS/SIM system are identical to Sections 7-2.1.1 through 7.2.1.15.

7.2.3 GC-Multidetector Analvtical System (see Figure S and Figure 6),

7.23.1  Gas Chromatograph with Flame lonization and Electron Capture Detectors
(Photoionization Detector Optional), Capable of sub-ambient temperature programmung for the oven and
simultaneous operation of all detectors, and with other generally standard fietures such as gas flow regulators,
autormatic contro! of valves and integrator, etc., Hewlett Packard, Rt. 41, Avondale, PA 1931 1, Model 3990A,
with oven temperature control and Level 3 BASIC programmung. or equivalent.

7232 Chart Recorders. Computible with the detector output signals to record detector response tot he
sample.

7.2.3.3 Electronic Inteprator, Companble with the detector output signals and capable of integrating
the area of one or more remponse peaks and calculanng peak areas corrected for baseline drift.

7.2.3.4 Six-Port Gas Chromatographic Valve, Sce Scction T.L1.13,

7.23.5 Cryogenic Trap with Temperarure Control Assembly. Refer to Section 10.1.1.3 for complete
description of ap and temperature control axsembly, Graseby, 500 Technology Cr, Smyma, GA 30082, Model
320-01, or equivalent.

7.23.6 Electronic Mass Flow Controllen (3). Muntuin constant flow (for carrier gas, nitrogen make-up
gas and sample gas) and to provide analog output to monitor flow anomalies, Tylan Model 260, 0~100 mL/min,
or cquivalent,

7.2.3.7 Vacuum Pump, General purpose laboratory pump, capable of drawing the desired sample volume
through the cryogenic trap (see Seetion 7.2.1.6 for source and description).

7.23.8 Chromatographic Grade Stainless Steel Tubing and Stainless Stecl Plumbing Fittings. Refer
to Section 7.1.1.8 for dexcription,

7.23.9 Chromatoaraphic Column. To provide compound separation such as shown in Table 7, Hewlert
Packard, Rt. 41, Avondale, PA 19311, Typical GC column for this application 1s OV-1 capillary column, 0.32
mm x 50 m with 0.88 um crosslinked methy! silicone couting, or equivalent,
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[Note: Other columns (e.g., DB-623) cun be used as long as the system meels user needs. The Wider
Megabore® column (i,e., 0.53-mm 1.D.) 15 less suscepuble to plugging as a result of trapped water, thus
eliminating the need for Nafion® dryer in the analytical system. The Megubure® column has sample capacity
approaching that of a packed column, while retaimng much of the peak resolution traits of narrower columns
(i.e., 0.32-mm 1.D.).]

7.2.3.10 Vacuum/Pressure Gauges (3). Refer to Section 7.2.1.9 for deseription,

7.2.3.11 Cylinder Pressure Stalnless Steel Regulators. Sundard, two-stage cylinder regulators with
pressure gauges for helium, zero air, nitrogen, and hydrogen gas cylinders,

7.23.12 Gas Purifiers (4). Used to remove organic impurities and moisture from gas streams, Hewlett
Packard, Rt 41, Avondale, PA 19311, P/N 19362 - 60500, or cquivalent,

7.2.3.13 Low Dead-Volume Tee. Used to split (50/50) the exit flow from the GC column, Alltech
Associates, 2051 Waukegan Rd., Deerfield, 1L 600135, Cat. #5839, or equivalent,

7.3 Canister Cleaning System (see Figure 7)

7.3.1 Vacuum Pump, Capable of evacuating sample canister(s) to an absolute prexsure of <0.05 mm Hg.
7.32 Manifold. Stinless steel manifold with conncetions for simultancously cleaning several canisters,
7.3.3 Shut-off Valve(s). Scven (7) on-off togple valves,

7.3.4 Stainless Steel Vacuum Gauge, Capable of measuring vacuum in the manifold to an absolute
pressurc of 0,05 mm Hg or less.

7.3.5 Cryogenic Trap (2 required), Stanless steel U-shaped open tubular trap cooled with liquid oxygen
or argon 1o prevent contamination from back diffusion of o1l from vacuum pump and to provide clean, zero air
to sample canister(s).

7.3.6 Stainless Steel Pressure Gauges (2). 0-345 kPa (0-30 psig) to monitor z¢ro air pressure.

7.3.7 Stainless Steel Flow Conrrol Valve, To regulate flow of zero air into canister(s),

7.3.8 Humidifier. Pressurizable water bubbler containing high performunce liquid chromatography (HPLC)
grade deionized water or other system capable of providing moisture to the zero air supply.

73.9 Isothermal Oven (oprional), For heating canisters, Fisher Scientific, Pittsburgh, PA, Model 349, or
equivalent.

7.4 Calibration System and Manifold (see Figure 8)

7.4 Calibration Manifold, Glass manifold, (1.25-cm I.D. x 66-cm) with sampling ports and intemal
baflles for flow disturbance to ensure proper mixing,

7.42 Humidifier. 500-mL impinger tlask conwining HPLC grade deionized water.

7.4.3 Electronic Mass Flow Controllers. One 010 5 L/min and one 0 to 50 mL/min, Tylan Corporation,
23301-TS Wilmington Avc., Carson, CA 90745, Mode! 2160, or equivalent,

7.4.4 Teflen® Filter(s). 47-mm Teflon® filter for particulate control, best source.

8. Reagents and Materials

8.1 Gas Cylinders of Helium, Hydrogen, Nitrogen, and Zero Air. Ultmahigh punty grade, best source.
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vOCs

.2 Gas Calibration Standards. Cylinder(s) contining approximately 10 ppmv of each of the following

compounds of interest;

viny! chloride

vinylidene chloride

1.1, 2.trichloro-1.2.2-trifluorocthane
chloroform

| 2=dichlorocthane

benzene

toluene

Freon 12

methy! chloride

1 2-dichloro-1,1.2.2-tctrafluorocthane
methy! bromide

cthyl chloride

Freon 11
dichloromcthane
1.1«dicholorocthanc
cis-1,2-dicholorocthylene
1,2-dichloropropane
1.1,2-tnchlorocthane
1,2-dibromoethane
tetrachlorocthylenc
chlorobenzene

benzyl chloride
hexachloro-1,3-butadicne

The cylinder should be traceable to a National Institute of Standards and Technology (NIST) Standard Referenee |

methyl chloroform
carbon tetrachloride
trichioroethylene
¢cis-1,3-dichloropropene
trans-1,3-dichloropropene
cthylbenzene

o-xylene

m-xylene

p=Xylene

styrene
1.1,2.2-tetrachloroethane
1.3,5-trimethylbenzene
1,2 4-trimethylbenzene
m-dichlorobenizene
o~dichlorobenzene
p-dichlorobenzenc

1,2 d4-trichlorobenzene

Material (SRM). The components may be purchased in one cylinder or may be separated into different cylinders.
Refer to manufacturer's specification for guidance on purchasing and mixing VOCs in gas cylinders. Those

compounds purchased should match one'’s own TCL.

8.3 Cryogen. Liquid nitrogen (bp -195.8°C) or liquid argon (bp =185.7°C), best source,

8.4 Gas Purifiers. Connccted in-line between hydrogen, nitrogen, and zero air gas cylinders and system inlet
line, to remove moisture and organic impuritics from gas streams, Alltech Associates, 2051 Waukegan Rd.,

Deerfield, IL 60015, or equivalent,

8.5 Deionized Water. HPLC grade, ultrahigh purity (for humidifier), best souree.

8.6 3-Bromofluorobenzene, Used for tuning GC/MS, best source.

8.7 Hexane. For cleaning sample system componcents, reagent grade, best source.

8.8 Methanol. For clcaning sampling system components, reagent garde, best source.
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9. Sampling System
9.1 System Description

9.1.1 Subatmospheric Pressure Sampling [see Figure 2 (Without Metal Bellows Type Pump)i.
9.1.1.1 In preparstion for subatmospheric sample collection in a canister, the canister is evacuated t00.05
mm Hg. When opened to the atmosphere contatning the VOCs to be sampled, the differential pressure cuses
the sample to flow into the canister, This technique may be used to collect grab samples (duration of 10 10 30
seconds) or time-integrated samples (duration of 12-24 hours) taken through a fow-restrictive inlet (.8, mass
flow controller, eritical orifice).
9.1.1.2 With a critical onfice flow restrictor, there will be a decrease in the flow rate as the pressure
approaches atmospheric. However, with a mass flow contoller, the subatmospheric sampling system cn
maintain a constant flow mte from full vacuum to within about 7 kPa (1.0 psig) or lexs below ambient pressure.
9.1.2 Pressurized Sampling [See Figure 2 (With Metal Bellows Type Pump)].
9.1.2.1 Pressurized sampling is used when longer-term integrated samples or higher volume samples are
required. The sample is collected in 3 canister using a pump and flow control arrangement to achieve a typical
103~206 kPa (15-30 psig) final canister pressure, For example, a 6-liter cvacuated canister ¢an be filled at 10
mL/tnin for 24 hours 1o achieve a final pressurc of about 144 kPa (21 psig).
9,1.2.2 In pressurized canister sampling,a metal bellows type pump draws in ambient xir trom the
sampling manifold to fill and pressurize the sample canister.

9.1.3 All Samplers.
9.1.3.1 A flow control device is chosen to maintain a constant flow into the canister over the desired

sample period. This flow rate is determined so the canister is filled (to about 83.]1 kPa for sutatmospheric
pressure sampling or to about one atmosphere above ambient pressure for pressunzed sampling) over the desired
sample period. The flow rate can be calculated by

PxV

Tx 60

-

where:

F = {low rate, mL/min,
P= final canister pressure, atmospheres absolute. P is approximately equal to
kPa goure
jo1.2

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 caleulated by
Fa 2 x 6000
23 x 60

= ¥.3 ml/min
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9.1.3.2 For automatic operation, the timer is wired to start and stop the pump at appropriate times for the
desired sample period. The tmer must also control the solenoid valve, to open the valve when starnng the pump
and close the valve when stopping the pump.

9,1.3.3 The use of the Skinner Magnelatch valve avoids any substantial temperature rise that would occur
with a conventional, normally closed solenoid valve that would have to be encrgized duning the entire sample
period. The temperature risc in the valve could cause outgassing of organic compounds from the Viton valve seat
material, The Skinner Magnelatch valve requires only a brief clectrical pulse to open or close at the appropriate
start and stop times and therefore experiences no temperature increase, The pulses may be obtined cither with
an electronic timer that can be programmed for short (5 to 60) seconds ON penods, or with a conventional
mechanical timer and a special pulse circuit. A simple clectrical pulse circuit for operating the Skinner
Magnelaich solenoid valve with a conventional mechanical timer is illustrated in Figure 9(2). However, with this
simple circuit, the valve may operate unreliably during brief power interruptions or if the imer 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 9(b).

9.1.3.4 The connecting lines between the sample inlet and the canister should be as short as possible 1o
minimize their volume. The flow rate into the canister should remain relatively constant over the entire sampling
period. Ifa eritical onifice is used, some drop in the flow rate may occur near the end of'the sample period as the
canister pressure approaches the final culculated pressure.

9.1.3.5 As an option, a second electronic timer (sce Section 7.1.1.6) may be used to start the suxilary
pump several hours prior to the sampling period to flush and condition the inlet line.

9.1.3.6 Prior 1o ficld use, cach sampling system must pass a humid zero air certification (see
Section 11.2.2). All plumbing should be cheek carefully for leaks. The canisters must also pass a humid zero
air certification before use (see Section 11.1),

9.2 Sampling Procedure

9.2.1 The sample caruster should be cleaned and tested according to the procedure in Section 11.1.
2.2 A sample collection system is assembled as shown in Figure 2 (and Figure 3) and must meet
certification requirements as outlined in Section 11.2.3.

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

9.2.3 Prior to locating the sampling system, the user may want to perform “screening analyses” using 3
portable GC system, as outlined in Appendix B, 1o determine potential volatile orgunics 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 systemn location, based upon the "screerung analysis” results,

924 Afler "screening analysis,” the sampling system is located. Temperatures of ambient air and sampler
box interior are recorded on the Compendium Method TO-14A ficld test data sheet (FTDS), as illustrated 1n
Figure 0.

[Note: The following discussion is related 10 Figure 2.)
9.2.5 To verify correct sample flow, a “practice™ (evacuated) canister s used in the sampling system.

[Notc: For a subatmospheric sampler, the flow meter and practice camsier are needed. For the pump-driven
system, the practice canister is not needed, as the flow can be measured af the outlet of the svstem. |
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A certified mass flow meter is attached to the inlet line of the manifold, just in tront 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 valves should agree within £{0%. [f' not, the sampler mass tlow meter necds to be
recalibrated or there is o 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 sero
reading when reading or adjusting the sampler flow rate, 1o compensate for any zero drift.]

After two minutes, the desired canister flow rate is adjusted to the proper value (as indicated by the certified mass
flow meter) by the sampler flow control unit contraller (¢.8., 3.5 mL/min for 24 hr, 7.0 mL/min for 12 hr).
Record final flow under "CANISTER FLOW RATE,” as provided in Figure 10,

9.2.6 The sampler is turned ot and the elapsed time meter is reset to 000.0.

[Note: Any ume the sampler is turned off, wait at least 30 seconds to turn the sampler back on.]

9.2.7 ‘The "practice™ canister and certified mass flow meter are disconnected and a ¢lean certified (see
Section 11.,1) canister is attached to the system, .

9.2.8 The canister valve and vacuum/pressure gauge valve arc opened.

9.2.9 Pressure/vacuum in the canister is recorded on the canister sampling ticld dats sheet (see Figure 10)
as indicated by the sampler vacuum/pressure gauge.

9.2.16 The vacuumvpressure gauge valve is closed and the maximum-minimum thermometsr is reset fo
current lemperature, Time of day and elapsed time meter readings are recorded on the canister ssmpling field data
sheet.

9.2.11 The electronic timer is sct to begin and stop the sampling period at the appropriate umes. Sampling
commences and stops by the programmed clectronic imer.

9.2.12 After the desired sampling period, the maximum, minimum, current interior temperaturs and current
ambient temperature are recorded on the sampline ficld dat sheet. The current reading trom the flow controller
S Tecorded,

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

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

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

9.2.14 The canister valve is closed. The sampling ling is disconnected from the canister and the canister is
removed from the system, For a subatmospheric system, a cenified mass flow meter is once again connected to
the inlet manifold in front of the in-line filter and 2 "practice® canister is attached to the Magnelatch valve of the
sampling system. The final flow rale is recorded on the camister sampling tield data sheet (see Figure 10).

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

The sampler 1s tumned oft,
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92,15 An identification tag is attached 1o the canister. Canister serial number, sample number, location, and
date are recorded on the tag. Complete the Chain-of-Custody (COC) for the canister and ship back to the
laboratory for analysis.

10. Analytical System (sce Figures4,5and 6)

[Note: The following section relates to the use of the linear quadrupole MS technology as the detector. The .

ion-trap technology is as applicable 10 the detection of VOCs from a specially-ireated canister. EPA
developed this method using the linear quadrupole MS, as part of it's air toxics field and laboratory
monitoring programs over the last several vears. Modifications to these procedures may be necessary if other
techrology is utilized.]

10.1 System Description

10.1.1 GC/MS/SCAN System.
10.1.1.1 The analytical system is comprised of a GC equipped with a mass-sclective detector setin the
SCAN modc (see Figure 4). All jons are scanned by the MS repeatedly during the GC run. The system includes
4 computer and appropnate software for data acquisition, data reduction, and dam reporting. A <00 mL air
sample is collected from the canister into the analyncal system, The sample air is first passed through a Natfion®
dryer, through the 6-port chromatographic valve, then routed into a cryogenic trap.

[Note: While the GC-multidetector analytical system does not employ a Nafion® dryer for drying the sample
gas stream, it is used here because the GOMS system utilizes a larger sample volume and is far more sensitive
o excessive moisture than the GC-multidetecior analytical system. Moisture can adversely affect detector
precision. The Nafion® dryer also prevents freezing of moisture on the 0.32-mm I.D. column, which may
cause column blockase and possible breakuge.]

The trap is heated (=160°C to 120°C in 60 sec) and the analyte is injected onto the OV-1 capillary column (0.32-
mm X 50-m).

[Naote: Rapid heating of the trap provides efficient ransfer of the sample components onto the gas
chromategraphic column,]

Upen sample injection unto the column, the MS computer is signaled by the GC computer to begin detection of
compounds which clute from the column. The gas stream from the GC is scanned within a preselected range of
atomic mass units (amu). For detection of compounds in Table I, the range should be 18 10 250 amu, resulting
na 1.5 Hz repetition rate, Six (6) scans per cluting chromatographic peak are provided at this rate. The 10-15
largest peaks are chosen by an automated data reduction program, the three scans nearest the peak apex are
averaged, and a background subtraction is performed. A library scarch is then performed and the top ten best
matches for cach peak are listed. A qualitative charactenzation of the sample is provided by this procedure. A
typical chromatogram of VOCs determined by GC/MS/SCAN is illustrated in Figure 11(a).

10,1.1.2 A Nafion® permeable membrane dryer is used to remove water vapor selectively from the sample
stream, The permeable membrane consists of Nafion® tbing (a copolymer of tetrafluorocthylene and
fluorosulfony! monomer) that is coaxially mountea within larger tubing. The sample stream is passed through
the interior of the Nafion® tubing, allowing water (and other light, polar compounds) to permeate through the
walls into the dry purge stream flowing through the annular space between the Nafion® and outer tubing.
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[Note: To prevent excessive moisture build-up and uny memory effects in the dryer. a clean-up procedure
involving periodic heating of the dryer (106 C for 20 minutes) while purging with dry zero air (~500 mL/min)
should be implemented as part of the user's SOP manual. The clean-up procedure is repeated during each
analvsis (7). Studies have indicated no substannal loss of targeted VOCs wtilizing the above clean-up
procedure (7). However, use of the cleunup procedure for compounds other than those on the TCL can lead
to loss of sample integrity (19). This clean-up procedure is particulurly useful when employving cryvogenic
preconcentration of VOCs with subsequent GC analysis using a 0.32-mm 1.D. column because excess
accumulated water can cause trap and column blockage and also adversely affect detector precision. In
addition, the improvement in water removal from the sampling stream will allow analyses of much luryer
volumes of sample air in the event that greater system sensitivity is required for targeted compourds.|

10.1.1.3 The packed metal whing used for reduang temperature trapping of VOCs is shown in Figure 12
The cooling unit is comprised of 2 0.32-cm outside diameter (O.D.) nickel tubing loop packed with 60-80 mesh
Pyrex® beads, Nutech Model 320-01, or cquivalent. The nickel tubing loop is wound onto a ¢ylindneally formed
tube heater (=250 watt), A cartridge heater (<25 wart) is sandwiched between pieces of aluminum plate at the
trap inlet and outlet to provide additional heat to climinate cold spots in the transfer tubing. Durning operation,
the trap is inside a two-section stainless stee] shell which is well insulated. Rapid heating (~150 10 «+100°C in
$5 5) is accomplished by direct thermal contact between the heater and the trap tubing. Cooling is achicved by
vaporization of the cryogen. In the shell, efficient cooling (+120 to -150°C in 225 5) 15 facilitated by confining
the vaporized cryogen 1o the small open volume surrounding the trap assembly. The tap assembly and
chromatographic valve are mounted on a baseplate fined into the injection and auxiliary zones of the GConan
insulated pad directly above the column oven for most commercially available GC systems.

[Note: Alternative trap assembly and connection to the GC mav be used depending on the user’s
requirements.]

The camer gas line is connected to the injection end of the analytical column with a zero~dead-volume fiting that
is usually held in the heated zone above the GC oven. A 15-em x 15=¢m x 24-cm aluminum box is fitted over
the sample handling elements to complete the package. Vaponzed eryogen is vented through the top of the box.

10.1.1.4 As an option, the analyst may wish o split the gas sbeam exiting the ¢olumn with a low dead-
volume tee, passing onesthird of the sample gas (~1.0 mL/min) 10 the mass-selective detector and the remaimng
two-thirds (~2.0 mL/min) through an FID, as illustrated as an option in Figure 4. The use of the specific detector
(MS/SCAN) coupled with the nonsspecific detector (FID) enables enhancement of data acquired from 3 single
analysis, In particular, the FID provides the user:

! Semi-real time picture of the progress of the analytical scheme.
! Confirmation by the concurrent MS analysis of other labs that can provide only FID results,
! Ability 10 compare GC/FID with other analytical laboratories with only GC/FID capability.

10.1.2 GC/MS/SIM System,
10.1.2.1 The analytical system is comprised of a GC equipped with an OV-1 capillary column (0.32-mm
x 50-m) and a mass-selective detector set in the SIM mode (see Figure 4). The GC/MS is sct up for automatic,
repetitive analysis. The system is programmed to acquire data for only the target compounds and to disregard
all others. The sensitivity is 0,1 ppbv for a 250 mL air sample with analyneal precision of about 5% relative
standard deviation, Concentration of compounds based upon a previously installed calibration ble 1s reported
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by an automated data reduction program. A Nafion® dryer is also employed by this analytical system prior to
cryogenic preconcentration; therefore, many polar compounds are not identificd by this procedure,

10,1.2.2 SIM analysis is based on a combination of retention times and relative abundances of sclected
ions (sce Table 2). These qualifiers are stored on the hard disk o the GC/MS computer and are applied for
identification of cach chromatoyraphic peak. The retention ime qualifier is determined to be + 0.10 minute of
the library retention time of the compound, The acceptance level for relative abundance is determined to be =
15% of the expected abundance, except tor vinyl chlonde and methylene chloride, which is determined to be =
25%. Three ions are measured for most of the forty compounds. When compound identitication is made by the
computer, any peak that fails any of the qualifying tests is flagged (c.g., with an =). All the data should be
manually examined by the analyst to determine the reason for the tlag and whether the compound should be
reported as found. While this adds some subjective judgment to the analysis, computer-generated identification
problems can be clarified by an experienced operator. Manua! inspection of the quantitative results should also
be performed to verify concentmations outside the expected range. A typical chromatogram of VOCs determined
by GC/MS/SIM mode is illustrated in Figure 11(b).

10.1.3 GC-Muitidetector (GC/FID/ECD) System with Optional PID.

10.1.3,3 The analytical system (sce Figure 5) 1s comprised of a gas chromatograph equipped with a
capillary column and electron capture and flame ionization detectors (sce Figure 5). In typical operation, sample
air from pressurized canisters is vented past the inlet to the analytical system {rom the canister at a flow rate of
75 mL/min. For analysis, only 35 mL/min of sample gas is used, while excess is vented to the atmosphere. Sub~
ambient pressure canisters are connected directly to the inlet and air is pulled through a trap by a downstream
vacuum. The sample gas stream is routed through a six port chromatographic valve and into the eryogenic map
for a tota) sample volume of 490 mL.

[Note: This represents a 14 minute sampling period at a rate of 35 mL/min,]

The trap (see Section 10.1.1.3) is cooled to -150°C by controlled release of u cryogen. VOCs are condensed on
the trap surface while N,, O,, and other sample components are passed to the pump, After the organic
compounds are concentrated, the valve is switched and the trap is heated. The revolatilized compounds are
transported by helium carrier gas at a rate of + mL/min to the head of the Megabore™ QOV-1 cpillary column
(0.53-mm x 30-m), Since the column initial temperature is at -50°C, the VOCs arc cryofocussed on the head of’
the column. Then, the oven temperature 1s programmed to increase and the VOCs in the carrier gas are
chromatographically separated. The carrier gas containing the separated VOCs is then directed to two parulle]
detectors at a flow rate of 2 mL/min ¢ach. The detectors sense the presence of the speciated VOCs, and the
response is recorded by ¢ither a strip chart recorder or a data processing unit.

10.1.3.2 Typical chromatograms of VOCs determined by the GC/FID/ECD analytical system are
illustrated in Figures 11(¢) and 11(d), respectively.

10.1.3.3 Helium is used as the camier gas (=4 mL/min) 1o purpe residual air from the tap at the end of
the sampling phase and to carry the revolatilized VOCs through the Megabore® GC column.  Moisture and
organic impurities are removed from the helium gas stream by a chemical purifier installed in the GC (see Scction
T.21.01). After exiting the OV-1 Megabore® column, the carrier gas stream is split to the two detectors at rates
of =2 ml/min cach.

10.1.3.4 Gas scrubbers contaning Dnerite™ or silica gel and SA molccular sieve are used o remove
moisture and organic impuriticx from the zero air, hydrogen, and nitrogen gas streams.

[Note: Purity of wus purificrs is checked prior 1o use by passing humid zero-air through the gas purifier and
anulyzing according to Section 11.2.2.
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10.1.3.5 All lines should be kept as short as practical. All tubing used for the system should be
chromatographic grade stainless steel connected with stainless steel fittings, After axsembly, the sysiem should
be checked for Jeaks according to manufacturer's specifications.

10.1.3.6 The FID bumner air, hydrogen, nitrogen (make-up), and helium (carmer) flow rates should be set
according 1o the manufacturer’s instructions 1o obrain an optimal FID response while maintrining a stable flame
throughout the analysis. Typical flow rates arc: bumer arr, 450 mL/min; hydrogen, 30 mL/min; nitrogen, 30
mL/min; helium, 2 mL/min,

10.1.3.7 The ECD nitrogen make-up gas and helium carrier flow rates should be set according to
manutacturer's instructions to obtiin an optimal ECD response, Typical flow mies are: mtrogen, 76 mL/min and
helium, 2 mL/min,

10.13.8 The GC/FID/ECD could be modified to include a PID (see Figure 6) for increased sensiivaty (20).
In the photoionization process, a molecule is ionized by ultraviolet light as follows: R+ hv = R” + ¢, where R”
is the ionized species and a photon is represented by hv, with energy less than or equal to the ionization potential
of the molecule. Generally all species with an ionization potential less than the ionization eneryy of the lampare
detected. Because the ionization potential of all major components of air (O,, Na, CO, CO,, and H,0) is greater
than the ionization energy of lamps in general use, they are not detected. The sensor is comprised of an argon-
filled, ultraviolet (UV) light source where a portion of the organic vapors are jonized in the gas stream. A pair
of electrodes are contained tm a chamber adjacent o the sensor. When a potential gradient is stablished between
the clectrodes, any ions formed by the absorption of UV light are driven by the created clectne ticld to the
cathode, and the current (proportional to the organic vapor concentration) is measured. The PID is generally used
for compounds haviny ionization potentials less than the ratings of the ultraviolet lamps. This detector is used
for determination of most chlorinated and oxygenated hydrocarbons, aromatic compounds, and high molecular
weight aliphatic compounds. Because the PID is insensitive to methane, cthane, carbon monoxide, carbon
dioxide, and water vapor, it is an excellent detector. The electron volt rating is applied speaifically to the
wavelength of the most intense emission line of the lamp's output spectrum. Some compounds with ionization
potentials above the amp rating ¢an stll be detected due to the presence of small quantities of more intensc light
A typical system configuration associated with the GC/FID/ECD/PID is illustrated in Figure 6.

10.2 GC/MSISCAN/SIM System Performance Criteria

10.2.1 GC/MS System Operation.
10.2.1.1 Prior to analysis, the GC/MS svstem is assembled and checked according to manutacturer's
instructions.
10.2.1.2 Table 3.0 outlines general operating conditions for the GC/MS/SCAN/SIM system with optional
FID.
10.2.1.3 The GC/MS system is first challenged with humid zero air (see Section 11.2.2).
10.2.1.4 The GC/MS and optional FID system is acceptable if it conttins less than 0.2 ppbv ot argeted
VOCs.
10.2.2 Daily GC/MS Tuning (see Fipure 13)
10.2.2.3 At the beginning of each day or prior to a calibration, the GC/MS system must be tured to venify
that acceplable performance erteria are achieved,
10.2.2.2 Fortuning the GC/MS, a cvlinder containing <-bromotluorobenzene (+-BFB) i3 introduced via
a sample loop valve injection system,

Note: Some svstems allow auto-tuniny to facilitate this process.]
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The key ions and ion abundance cnteria that must be met are illustratzed in Table 4. Analvsis should not begin
unti! all those criteria are met.

10.2.2.3  The GC/MS tuning standard could also be used 1o assess GC column performance
(chromatographic check) and as an internal standard. Obtain a background correction mass spectra of 4-BFB
and cheek that all key ions enteria are met. [f the criteria are not achieved, the analyst must retune the mass
spectrometer and repeat the test until all criteria are achicved.

10224 The performance criteria munst be achieved before any samples, blanks or standards arc analyzed.
If any key ion abundance observed for the daily 3-BFB mass tuning check differs by more than 10% absolute
abundance from that observed during the previous daily tuning, the instrument must be retuned or the sample
and/or calibration gases reanalyzed until the above condition is met.

10.2.3 GC/MS Calibration (see Figure 13)

[Note: Initial and rounne calibration procedures are illustrated in Figure 13.]

10.2.3.1 Initial Calibration. [nitially, a multipoint dynamic calibration (three levels plus humud zere air)
is performed on the GC/MS system, before sample analysis, with the assistance of a @libration system (see
Figure 8). The culibration system uses NIST traceable standards {containing a mixture of the targeted VOCs at
nominal concentrations of” 10 ppmv in nitrogen (so¢ Section 8.2)] as working standards to be diluted with humid
zero air. The contents of the working standard cylinder(s) are metered {~2 ml/min) into the heated mixmg
chamber where they are mixed with a 2-L/min humidified zero air gas stream to achicve a nominal 10 ppbv per
compound calibration mixture (see Figure 8). This nominal 10 ppbv standard muxture is allowed to flow and
equilibrate for 3 minimum of 30 minutes, After the equilibration period, the gas standard mixture i1s sampled and
analyzed by the real-time GC/MS system [see Figure 8(a) and Section 7.2.1), The results of the analyses are
averaged, flow audits are performed on the mass flow meters and the calculated concentration compared w0
generated values. After the GC/MS is ealibrated at three concentration levels, a second humid 2ero air sample
is passed through the system and analyzed. The second humid zero air test is used to verify that the GOMS
systemn is certified clean (<0.2 ppbv of target compounds).

As an alternative, a multipoint humid static calibration (three levels plus zero humid air) can be performed oa
the GC/MS system.  During the humid static calibration analyses, three (3) specially-treated cnisters are filled
cach at a different concentration between 1-20 ppbv from the ealibration manifold using a pump and mass flow
control arrangement {see Figure 8(¢)]. The canisters are then delivered to the GC/MS 1o serve as calibranon
standards. The canisters are analyzed by the MS in the SIM mode, cach analyzed twice.

The expected retention time and jon abundance (see Table 2 and Table 5) are used to verity proper operation of
the GC/MS system. A calibration response factor is determined for cach analyte, as illustrated in Table 8, and
the computer calibration table is updated with this information, as ilfustrated in Table 6. The relative standard
deviation (RSD) of the response factors should be <30% for the curve to be acceptable. If'the RSD is >30%,
recalibration is required, The samples are caleulated using the mean of the response factors.

10.2.3.2 Routine Calibration. The GC/MS system is calibrated daily (and before sample analysis) with
u oncepoint calibration. The GC/MS system is calibrated either with the dynamic calibmation procedure [see
Figure 8(a)] or with a 6-L specially prepared passivated canister filled with humid calibranion standurds from the
calibration manifold (sce Section 10.2.3.2), E‘tcr the single point calibration, the GC/MS analyrical system is
challenged with 3 humidified zero gas stream 10 insure the analytical system returns to specification (<0.2 ppbv
of selective organicsDThc relative percent difference (RPD) of cach response factor trom the mean response
factor of the imnial calibration curve should be <30% for continued use of the mean response factors. [ the RPD
is >30%, recalibmtion is required.
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103 GC/FID/ECD System Performance Criteriu (With Optional PID System) [see Figure 14])

10.3.1 Humid Zero Air Certificution
10.3.1.1 Before system calibration and sample analysis, the GC/FID/ECD analytical system is assembled
and cheeked according to manufacturer's instructions,
10.3.1.2 The GC/FID/ECD system is first challenged with humid zero air (sce Section 11.2.2) and
monitored.
10.3.1.3 Analytical systems contaminated with <0.2 ppbv of targeted VOCs are acceptable,
10.3.2 GC Retention Time Windows Determination (sce Table 7)
10.3.2.1 Before analysis can be performed, the retention time windows must be established for each
analyte.
10.3.2.2 Make sure the GC system is within optimum operating conditions.
10.3.2.3 Make three injections of the standard containing all compounds for retention time window
determination,

[Nate: The retention time window must be established for each analvte every 72 hours during continuous
operation.]

10.3.2.4 Calculate the standard deviation of the three absolute retention times for each single component
standard. The retention window is defined as the mean plus or minus three times the standard deviation of the
individual retention times for each standard. In those cases where the standard deviation for a particular standard
is zero, the luboratory must substitute the standard deviation of a closely-¢luting, similar compound to develop
a valid retention time window. ' ‘

10.3.2.5 The laboratory must ¢aleulate retention time windows for cach standard (see Table 7) on each
CGC column, whenever a new GC column is installed or when major components of the GC are changed. The data
must be noted and retained in a notebook by the laboratory as part of the user SOP and as a quality assuranee
check of the analytical system.

10.3.3 GC Calibration

[Note: Initial and routine calibration procedures are illustrated in Figure 18.]

10.33.1 Initial Calibration. Initially, 2 multipoint dynamic calibration (three levels plus humid zero air)
is performed on the GC/FID/ECD system, before sample analysis, with the assistance of a calibration system (sec
Figure 8), The calibration system uses NIST traceable standards or [containing a mixture of the targeted VOCs
at nominal concentrations of’ 10 ppmv in nitrogen (sce Section 8.2)] as working standards to be diluted with
humid zero air. The ¢ontents of the working standard cylinders are metered (2 mL/min) into the heated mixing
chamber where they are mixed with a 2-L/min humidified zero air stream to achicve a nominal 10 ppbv per
compound calibration mixture (s¢e Figure 8). This nominal 10 ppbv standard mixture is allowed to {low and
cquilibrmte for an appropriate amount of ime, After the equilibration period. the gas standard mixture is sampled
and analvzed by the GC/MS system [see Figure 8(a)]. The results of the analyses are averaged, tlow audits are
performed on the mass tlow controllers used to generate the standards and the appropriate response factors
(concentration/arca counts) are ealculated for cach compound, as illustrated in Table 5. The relative standard
deviation (RSD) of the response factors should be <30% for the curve to be acceptable. [f'the RSD is >30%,
recalibration is required. The samples are caleulated using the mean of the response factors.
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[Note: GCIFIDs are lincar in the 1-20 ppbv range and may not require repeated mulnpoint calibranons;
whercas, the GC/ECD will require frequent linearity evaluunon.]

Table $ outlines typical calibration response factors and retention times for 40 VOCs, After the GO/FID/ECD
ts calibrated at the three concentration levels, a second humid zero air sample is passed through the system and
analyzed. The second humid zero air test is used to verify that the GC/FID/ECD system is certified clean (<0.2
ppbv of target compounds).

10.3.3.2 Routine Calibration. A onc point calibration is performed daily on the analytical system to
verify the initial mulupoint calibration (sec Section 10.3.3.1). The analyzers (GC/FID/ECD) are ¢alibrated
(before sampic analysis) using the static cahibration procedures (see Section 10,.2.3.2) involving prexsurized gas
cylinders containing low ¢oncentrations of the argeted VOCs (=10 ppbv) in nimogen. After calibration, humid
2ZE10 air is once again passed through the analytical system to vernity residual VOCs are not present. The relative
percent difference (RPD) of each response factor from the mean response factor of the initial calibranon curve
should be <30% for continued use of the mean response factors. [f'the RPD is >30%, recalibration is required.

10.3.4 GC/FID/ECD/PID System Performance Criteria

10.3.4.1 As an option, the uscr may wish to include 2 PID to assist in peak identification and increase
sensitivity,

10.3.4.2 This analytical system has been used in U.S, Environmental Protection Agency’s Urban Air Toxic
Monitoring Program (UATMP),

103.4.3 Preparation o the GC/FID/ECD/PID unalytical system 1s identical to the GC/FID/ECD sysiom
{sce Section 10.3).

10.3.4.4 Table 8 outlines typical retention times (minutes) for sclected organics using the
GC/FID/ECD/PID analytical system.

10,4 Analytical Procedures

10.4.1 Canister Receipt
10.4,1.1 The overall condition of cach sample canister is observed. Each canister should be received with
an attached sample identification tag and FTDS. Complete the canister COC.
10.4.1.2 Each canister is recorded in the dedicated laboratory loghbook, Also noted on the identification
g are date received and initials of recipient.
10.4,1.3 The pressure of the canister is checked by attaching a pressure gauge to the canister inlet. The
canister valve is opencd briefly and the pressure (kPa, psig) is recorded.

[Nate: If pressure is <83 kPa (<12 psig), the user may wish o pressurize the canisters, as an oprion, with
zerp grude nitrogen up 10 137 kPa (20 psisy 1o ensure that enough sample is available for analysis. However.
pressurizing the canister can introduce additional error, increase the minimum detection limir (MDL), and
is time consuminyg, The user should weigh these imutations us pert of his program objectives before
pressurizing.]

Final cylinder pressure is recorded on the cunister FTDS (see Figure 10}

10.4.1.4 [ the canister pressure is increased, a4 dilution factor (DF) is caleulated and recorded on the
sampling data sheet,
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DF Y
X
where:

X, = cunister pressurc absolute before dilution, kPa, psia.
Y, = canister pressure absolute atter dilution, KPa, psia.

After sample analysis, detected VOC concentrations arc multiplied by the diluton factor 1o determine
concentration in the sampled air,
10.4.2 CC/MS/SCAN Analysis (With Optional FID System)

10,421 The analytical systern should be properly assembled, humid zero air certified (see Section 11.3),
operated (sce Table 3), and calibrated for accurate VOC determination.

10.4.22 The massilow controllers are checked and adjusted to provide correct flow mtes for the system,

10.4.2.3 The sample canister is connected to the inlet of the GC/MS/SCAN (with optional FID) analvtical
system. For pressurized samples, a mass flow controller s placed on the canister and the canister valve is opened
and the canister flow 1s vented past a tee inlet to the analytical system at a tlow of 75 mL/min so that 33 mL/min
is pulled through the Nafion™ dryer to the six-port chromatographic valve,

[Nete: Flow rate is not as imporant as acquiring sufficient sample volume.]

Sub-ambient pressure samples are connected directly to the inlet.

10.4.2.4 The GC oven and eryogenic trap (inject position) are cooled 10 their set points of +50°C and
-150*C, respectively.

10.42.5 As soon as the cryopenic trap reaches its lower set point of=150°C, the six-port chromatographic
valve is turned to its fill position to initiate sample collection.

10.4.2.6 A 10 minute collection period of canister sample is utilized.

Note: 40 mL/minx 70 min = 400 ml sumpled canister contenss.]

10.42.7 After the sample is preconcentrated in the cryogenic trap, the GC sampling valve is cycled to the
tnject position and the eryogenic rap is heated, The trapped analytes are thermally desorbed onto the head of the
QV-1 capillary column (0.31-mm 1L.D. x 50-m length). The GC oven is programmed to start at «50°C and after
2 min to heat to 150°C at a rate of 8°C per minute,

10.4.2.8 Upon sample injection onto the column, the MS is signaled by the computer 1o scan the eluting
carrier gas from 18 to 250 amu, resulting in a 1.5 Hz repetitton rate.  This corresponds to about 6 scans per
cluting chromatographic peak.

10,4.2.9 Primary identification is based upon retention time and relative abundance of eluting ions as
compared 1o the spectral library stored on the hard disk of the GC/MS dat computer.

10,4.2.10 The concentration (ppbv) is calculated using the previously established response factors (see
Scetion 10.2.3.2), as illustrated in Table S,

[Note: If the canister is diluted before analysts, an appropriate multiplier is applied to correct for the volume
dilution of the canister (see Section 10.4.1,4).]
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10.4.2.11 The optional FID trace allows the analyst to record the progress of the analywms.
10,4.3 GCAIS/SIM Analysis (With Optional FID System).

10,4.3.1 When the MS is placed in the SIM mode of operation, the MS monitors only preselected ions,
rather than scanning all masses continuously between two mass limits,

10.4.3.2 Asaresult, increased sensitivity and improved quantitative analysis can be achieved.

10.43.3 Similar 1o the GCMS/SCAN configuratior, the GC/MC/SIM analysis is based on a combinaton
of retention imes and relative abundances of selected ions (see Table 2 and Table 5), These qualitiers are stored
on the hard disk of the GC/MS computer and are applied for identification of each chromatographic peak. Once
the GC/MS/SIM has identified the peak, a calibration response factor is used to determine the analvte's
congentration,

10,43.4 The individual analyses are handled in three phases: data acquisition, data reduction, and data
reporting. The data acquisition software is set in the STM mode, where speeific compound fragments are
monitored by the MS at specific times in the analytical run, Data reduction is coordinated by the postprocessing
macro program that is automatically accessed atter data acquisition is completed at the end of the GC run.
Resulting ion profiles are extracted, peaks are identified and integrated, and an internal integraton report is
generated by the program. A reconstructed ion chromategram for hardcopy reference is prepared by the program
and various parameters of interest such as time, date, and integration constants are printed. At the completion
of the macro program, the data reporting software is accessed. The appropriate calibration table (sce Table 9)
is retrieved by the data reporting program from the computer's hard disk storage and the proper retention ume
and response factor parameters are applied 1o the macro program's integraton file. ' With reference to certain pre-
SCT acceptance criteria, peaks are automatically identified and quantified and a final summary report is prepared,
as itlustrated in Table 10,

10.4.4 GC/FID/ECD Analysis (With Optional PID System)
10.4.4.1 The analytical system should be properly assembled, humid zero air cernified (see Section 12.2)
and calibrated through a dynamic stindard calibmtion procedure (see Section 10.3.2), The FID detector is litand
allowed to stabilize,
10.4,4.2 Sixty-four minutes are required for each sample analysiss 15 min for system imtialization, 14 min
for sample collection, 30 min for analysis, and 5 min for post-time, during which a report is printed.

[Nore: This may vary depending upon system configuration and programming.]

19.4.4.3 The helium and sample mass tlow controllers are checked and adjusted to prowvide correct flow
rates for the system. Helium is used to purge residual air from the trap at the end of the sampling phase and to
carry the revolatilized VOCs from the trap onto the GC column and into the FID/ECD. The hydrogen, bumer
air, and nitrogen flow rates should also be checked. The eryogenic trap is connected and verified to be operating
properly while flowing ¢ryogen through the system.

10.4.4.4 The sarmple canister is connected to the inlet of the GC/FID/ECD analytical system. The canister
valve is opened and the canister flow is vented past a tee inlet to the analytical system at 75 mL/mun using a mass
flow controller. During analysis, 35 mL/min of sample gas is pulled through the six-port chromatographic valve
and routed through the trap at the appropriate time while the extra sample is vented. The VOCs are condensed
in the trap while the excess flow is exhausted through an exhaust vent, which assures that the sample air tlowing
through the trap is at atmospheric pressure,

10.3.3.5 The six-port valve is switched to the inject position and the canister valve s closed.

10.4.3.6 The clectronic integrator is started.

10.4.3,7 After the sample is preconcentrated on the trap, the trap is heated and the VOCs arc thermally
desorbed onto the head of the cupillary column. Sinee the column is at «50° C, the VOCs are eryotocussed on the
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column. Then, the oven temperature (programmed) increases and the VOCs elute from the column to the paralle!
FID/ECD assembly.

10.4.4.8 The peaks eluting from the detectors are identitied by retention time (see Table 7 and Table 8),
while peak areas are recorded in area counts, Typicul response of the FID and ECD, respectively, for the forty
(40) tarpeted VOCs identified in Compendium Method TO-14A arc illustrated in Figures 15 and 16, respectively.

[Note: Refer to Tuble 7 for peak number and identificution.]

10.4.4.9 The response factors (see Section 10.3.3.1) are multiplied by the arca counts for each peak o
calculnte ppbv estimates for the unknown sample. If the canister is diluted before analysis, an appropniate
dilution multiplicr (DF) is applied to carrect for the volume dilution of the canister (sce Section 10.4.1.4).

10.9.4.10 Each canister is analyzed twice and the final concentrations for each analyte are the averages
of the two analyses.

10.4.4.11 However, if'the GC/FID/ECD analysis shows unexpected peaks which need further identtication
and attention or overlapping peaks are discovered, eliminating possible quantitation, the sample should then be
subjected to a GCMS/SCAN for positive identification and quantitation,

11. Cleaning and Certification Program
11.1 Canister Cleaning and Certification

11.1.1 All canisters must be clean and free of any contaminants before sample collection.
11.1.2 All canisters are leak tested by pressunzing them to approximately 206 kPa (=30 psig) with zero air.

[Nate: The canister cleaning system in Figure 7 can be used for tius tusk. The ininal pressure 1s meusured,
the canister value is closed, and the final pressure is checked after 24 hours, [fleak tight, the pressure should
not vary more than x ]3.8 kPua (+ 2 psig) over the 24 hour period.]

11,13 A canister cleaning system may be assembled as illustrated in Figure 7. Cryogen is added 1o both the
vacuum pump and zero air supply traps. The canister(s) are connected to the manitold. The vent shut-ofT valve
and the canister valve(s) arc opened to release any remaining pressure in the canister(s). The vacuum pump is
started and the vent shut-ofT valve is then closed and the vacuum shut-ofT valve is opened. The canister(s) are
evacuated to <0,05 mm Hg (for at least one hour).

[Note: On a duily busis or more often if necessary, the eryogenic raps should be purged with zero air to
remove any trapped water from previous canister cleaning cyeles.]

1L,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). 1fa zero gas
generator system is used, the flow rate may need to be limited to maintin the 2ero air quality.

11.1.5 The zero shut-olY valve is closed and the canister(s) is allowed 1o vent down o ammosphernic prexsure
through the vent shut-off valve. The vent shut-off valve is closed. Repeat Sections 11.1.3 through 11.1.5 two
additional times for a total of three (3) cvacuation/pressurization ¢ycles for each set of canisters,
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11.3.6 Atthe end of the evacuation/prexsurization cvcle, the canisier s pressunized to 206 kPa (30 pig) with
humid zero air. The canister is then amlyzed by a GC/MS or GC/FID/ECD analytical system. Any canister that
has not tested clean (compared to direct analysis of humidificd zero air of <0.2 ppbv of targeted VOCs) should
not be used. As a "blank™ check of the canister(s) and cleanup procedure, the tinal humid zero air fill of 100%
of the canisters is analyzed until the ¢leanup systemn and canisters are proven rehable (<0.2 ppbv of tarpeted
VOCs). The check can then be reduced 1o a lower percentage of canisters,

11.1.7 The canister is reattached to the cleaning marufold and i then reevacuated to <0.05 mm Hg 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 tg is arached to the neck of each canister for tield notes and chain-of~custody
purposes.

11.1.8 Asan option to the humid zero air cleaming procedures, the canisters could be heated in an isothermal
oven to 100°C during the procedure desenibed in Section 11.1.3 to assist in removing less volanle VOCs from

the walls of the canister.
[Note: Do not heat the values of the canister during this sequence. |

Once heated, the canisters are evacuated to 0.05 mm Hg. At the end of the heated/evacuated cycele, the canisters
are pressurized with humid zero air and analyzed by the GC/FID/ECD system.  Any canister that has not tested
clean (<0.2 ppbv of targeted compounds) should not be used. Onee tested ¢lean, the canisters are reevacuated
to 0.05 mm Hg and remain in the evacuated state unn! used.

11.2 Sampling System Cleaning and Certification

11.2.1 Cleaning Sampling System Components
11211 Samplc components are disassembled and cleaned before the sampler 13 assembled. Nonmetallic
parts are rinsed with HPLC grade deionized water and dned in a vacuum oven at S0°C. Typically, sminless steel
parts and fittings are cleaned by placing them in a beaker of methano! in an ultrasonic bath for 15 minutes. This
procedure is repeated with hexane as the solvent.
11,2.1.2 The parts are then rinsed with HPLC grade detonized water and dried in a vacuum oven ar 100°C
for 12 to 24 hours.
11.2.1.3 Once the sampler is assembled, the entire systemn is purged with humid zero air for 24 hours,
11.2.2 Humid Zero Air Certification

[Note: In the following sectians, "certification” s defined as evaluanny the sumpling system with humid zero
airand humid ealibration gases that pass through all active components of the sampliny system. The system
is "certified” if no significant additions or deletions (<0.2 ppbv of targered compounds) have occurred when
challenged with the test gas stream.]

1L22.1 The cleanliness of the sampling system is determined by testing the sampler with humid zero air
without an evacuated gas cylinder, as follows,

11.2.2.2 The cahbration system and manitold are assembled, as illustrated in Figure 8. The sampler
(without an evacuated gas cylinder) is connected to the manitold and the zero air evlinder activated to generate
4 humid gas stream (=2 L/min) to the calibration manitold [see Figure $(bh)).

11,223 The humid zero gas stream passes through the calibrution manifold, through the sampling system
{without an evacuated canister) 1o 0 GC/FID/ECD analytical system at 75 mL/min so that 35 mL'min is pulled
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through the six-pert valve and rouied through the eryogenic trap (see Section 10.2.2.1) at the appropriate time
while the extra sample is vented.

[ate: The exit of the sampling system (without the canister) replaces the canister in Figure 4.]

After the sample (=400 mL) is preconcentrated on the trap, the trap is heated and the VOCs are thermally
desorbed onto the head of the cupillary column, Since the columa is at -50*C, the VOCs are cryofocinsed on the
column. Then, the oven wemperature (programmed) increases and the VOCs bemn to elute and are detected by
a GC/MS (sce Scction 10.2) or the GC/FID/ECD (see Section 10.3). The analytical system should not deteet
greater than 0.2 ppbv of targeted VOCs in order for the sampling system to pass the humid zero air certification
test. Chromatograms of a certified sampler and contaminated sampler are illustrated in Figures 17(a) and (b),
respectively. 1 the sampler paxses the humid zero air test, it is then tested with humid calibration gas standards
containing selected VOCs at concentration levels expected in field sampling (€., ~0.5 10 2 ppbv) as outlined
in Section 11.2.3.
1123 Sampler System Certificution with Humid Calibration Gas Standards.

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

11.2.3.2 Verify that the ealibmtion system 18 clean (less than 0.2 ppbv of targeted compounds) by
sampling a humidified gas stream, withour gas calibration standards, with a previously certified clean canister
(sce Section 12.1).

11.2.3.3 The assembled dynamic calibration system is certified ¢lean if <0.2 ppbv of targeted compounds
are found,

11.2.3.4 For gencrating the humiditied calibration standards, the calibration gas cylinder(s) (see Section

.2) containing nominal concentrations of 10 ppmv in nitrogen of selected VOCs, are attached to the Glibrton

system, as outlined in Section 10.2.3.1, The gas eylinders are opened and the gas mixtures are passed through
0to 10 mL/min cenified mass flow controllers and blended with humiditied zero airto generate ppbv levels of
calibration standards.

11.2.3.5 After the appropriate equilibrium period, attach the sampling system (contuiring a certified
cvacuated canister) to the manifold, as illustrated in Figure $(a).

11.2.3.6 Sample the dynamic ealibration gas stream with the sampling system according to Section 9.2.1.

[Note: To conserve generated calibration gas, bypass the canister sampling system manifold and attach the
sampling system to the calibration gas stream at the inlet of the inline filter of the sampling svstem so the flow
will be less than 500 mLimin.}

11,23.7 Concurrent with the sampling system operation, realtime monitoning of the calibration gas stream
is accomplished by the on-line GC/MS or GC-multidetector analvtical system [Figure 8(b)] to provide reference
concentrations of gencrated VOCs.

11.2.3.8 Arthe end of the sampiing peniod (normally same time period used for anticipated sampling), the
sampling svsiem canister is analyzed and compared to the reference GC/MS or GC-multi-detector analyneal
svstem to determine if the concentration of the trpeted VOCs was increased or decreased by the sampling
system.,

11.2.3.9 A recovery of between 90%% and 110% is expected for all targeted VOCs,

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

12,1.1 SOPs should be generated in each laboratory describing and documenting the following activities:
(1) assembly, calibration, leak check, and operation of specific sampling systems and equipment used; ()
preparation, storage, shipment, and handling of samples; (3) assembly, leak-check, calibration, and operation of
the analytical system, addressing the specific equipment used; (4) canister storage and cleaning: and (3) all
aspects of data recording and processing, including lists of computer hardware and software used.

12,1.2 Specific stepwise instructions should be provided in the SOPs and should be readily available to and
understood by the laborutory personnel conducting the work.

12.2 Method Relative Accuracy and Linearity

12.2.1 Accuracy can be determined by injecting VOC standards (see Section 8.2) from an audit ¢ylinder into
asampler. The contents are then analyzed for the components contained in the audit canister. Percent relative
accuracy is caleulated;

X-Y
X

% Relative Accurncy = x 100

where:
Y = concentration of the targeted compound recovered from sampler., ppbv.
X = concentration of VOC tarpeted compounds in the NIST-SRM audit cylinders, ppbv.,

12.2.2 fthe relative accuracy does not fall between 90 and 110 percent, the field sampler should be removed
from use, ¢lcaned, and recertified according to initial certification procedures outlined in Sections 11.2.2 and
11.2.3. Historically, concentrations of carbon tetrochloride, tetrachioroethylene, and hexachlorobutadiene have
sometimes been detected at lower concentrations when using parallel ECD and FID detectors. When thene three
compouncs arc present at concentrations ¢lose 10 calibration levels, both detectors usually agree on the reported
concentrations, At concentrations below 4 ppbv, there is a problem with nonlinearity of the ECD. Plots of
concentration versus peak area for calibration compounds detected by the ECD have shown that the curves are
nonlinear for carbon tetrachloride, tetrachlorocthylene, and hexachlorobutadiene, as illustrated in Figures {8(a)
through 18(c). Othertargeted ECD and FID compounds scaled lincarly for the range 0 to 8 ppbv, as shown for
chioroform in Figure 18(d). For compounds that are not linear over the calibration range, arca counts generally
roll off between 3 and 4 ppbv. To comeet for the nonlinearity of these compounds, an additional ealibration step
is performed, An evacuated stainless steel canister is pressurized with calibration gas 4 nominal concentration
of § ppbv. The sample is then diluted to approximately 3.5 ppbv with zero air and analyzed. The instrument
response factor (ppbv/area) of the ECD for each of the three compounds is calculated tor the 3.5 ppbv sample.
Then, both the 3.5 ppbv and the 8 ppbv response factors are entered into the ECD calibrauon table. Most
commercial analytical systems have software designed 1o accommodate multilevel calibration entries, so the
correct response factors are automatically ealculated for concentrations in this range.

12.3 Method Modification

12.3.1 Sampling
12.3.1.1 The sampling system for pressunzed canister sampling could be moditied 10 use a lighter, more
compact pump. The pump currently being used weights about 16 kilograms (=38 1bs). Commercially available
pumps that could be used as alternatives to the preseribed sampler pump are desenbed below. Meta] Bellow MB-
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4) pump: These pumps are cleaned at the factory; however, some precaution should be taken with the Greular
(~4.8 cm diameter) Teflon® and stinless stee! part directly under the flange. Itis ofien dirty when received and
should be cleaned before use. This part is cleaned by removing it from the pump, manually cleaning with
doionized water, and placing in 4 vacuum oven at 100°C for at least 12 hours. Exposcd parts of the pump head
are also cleaned with swabs and allowed te air dry. These pumps have proven to be very reliable; however, they
are only uscful up 10 an outlet pressure of about 137 kPa (=20 psig). Neuberper Pump: Viton gaskets or seals
must be specified with this pump. The *factory direct” pump is received contaminated and leaky. The pump is
cleaned by disassembling the pump head (which consists of three stainless steel parts and two gaskets), cleaning
the gaskets with deionized water and drying in a vacuum oven, and remachining (or marnually lapping) the sealing
surfaces of the stainless steel parts, The stainless stee! parts are then cleaned with methanol, hexane, deionized
water and heated in a vacuum oven. The cause {or most of the problems with this pump has been seratches on
the metal parts of the pump head. Once thrs rework procedure is performed, the pump is considered clean and
can be used up to about 240 kPa (~38 psig) output pressure. This pump is utilized in the sampling system
illustrated in Figure 3,

12.3.1.2  Alternative Sampler Configuration, The sampling system doseribed in Compendium
Method TO-14A can be modified as deseribed in Appendix C (see Figure C-1), Originally, this contiguration
was used tn EPA's FY-88 Urban Air Toxics Pollutant Program.

12.3.2 Analysis.

12.3.2.1 Inlet tubing from the calibration mamfold could be heated 1o 50°C (same temperature as the
calibration manifold) 1o prevent condensation on the internal walls of the system.

12322 The analytica) strategy for Method TO-14A involves positive identification ard quantitation by
GC/MSISCAN/ISINM mode of operation with optional FID. This is a highly speaific and senmtive detection
technique. Because a specific detector system (GC/MS/SCAN/SIM) is more complicated and expensive than
the use of non-specifie detectors (GC/FID/ECD/PID), the analyst may want to perform a screening analysis and
preliminary quantitation of VOC species in the sample, including any polar compounds, by utilizing the GC-
multidetestor (GC/FID/ECD/PID) analytical system prior 10 GC/MS analysis. This system can be wsed for
approximate quantitation, The GC/FID/ECD/PID provides a "snap-shot” of the consttuents in the sample,
allowing the analyst to determine:

- Extent of misidentification duc to overlapping peaks.

« Whether the constituents are within the calibration range of the anticipated GC/MSSCAN/SIM
analysis or does the sample require further dilution,

- Are there unexpeeted peaks which need further identification through GC/MS/SCAN or are there peaks
of interest needing antention?

I unusual peaks are obscrved from the GC/FID/ECD/PID system, the analyst then performs a GO/MS/SCAN
analysis. The GC/MS/SCAN will provide positive identification of suspect peaks trom the GO/FID/ECD/PID
systern, 1 no unusual peaks are identified und only a select number of VOCs are of concern, the analyst can then
proceed 1o GOMS/SINL The GC/MS/SIM s uscid for final quantitation of selected VOCs. Polar compounds,
however, cannot be identified by the GC/MS/SIM due to the use of a NafionX® dryer 1o remove water trom the
sample prior to analysis. The dryer removes polar compounds along with the water. The analyst often has to
make this decision incorporsting projcct objectives, detection limits, equipment availability, ¢ost and persenncl
capability in developing an analytical strategy. The use of the GC/FID/ECD/PID as a "sereeming” approach, with
the GCMS/ISCAN/SIM for final identification and quantitation, is outlined in Figure 20.
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12.4 Method Safety

This procedure may involve hazardous materials, operations, and equipment, This method does not purport 10
address all of the safety probiems associated with its use, [t is the user’s responsibility 1o establish approprate
safety and health practices and determine the apphicability of regulatory limitation prior to the implementnon
of this procedure. This should be part of the user's SOP manual.

12.5 Quality Assurance (see Figure 21)

12.5.1 Sampling System
12.5.1.1 Scction 9.2 suggests that a portable GC system be used as 3 "screening analysis™ prior to
locating fixed-site samplers (pressunized or subatmospheric).
12.5.1.2 Scction 9.2 requires pre and post-sampling measurements with a certified mass tlow
controller for flow verification of sampling system,
12.5.1.3 Section 11.] requires all canisters to be pressure tested 10 207 kPa = 14 kPa (30 puig =2
psig) over a period of 24 hours.
12.5.1.4 Scchion 11.1 requires that all canisters be certitied clean (<0.2 ppbv of wrgeted VOCs)
through a humid zero air certification program.
12.5.1.5 Scction 11.2.2 requires all ficld sampling systems to be certified initially clean (<0.2 ppbv
of targeted VOCs) through a humid zero air certitication program.
12.5.1.6 Section 11.2.3 requires all ficld sampling systems to pass an initial humidified calibmtion
gas certification [at VOC concentranon levels expected in the field (e.8.. 0.5 to 2 ppbv)] with a percent recovery
of greater than 90,
152 GCNMS/SCANISIM System Performance Criteria
13521 Secuon 10.2.] requires the GC/MS analytical system o be certified ¢lean (<0.2 ppby of
targeted VOCs) prior 1o sample analysis, through a humid zero air certitication.
12522 Scction 10.2.2 requires the daily tuning of the GC/MS with +-BFB and that it meet the key
jons and ion abundance ¢riteria (10%) outlined in Table S,
12,523 Section 10.2.3 requires both an initial mulnpoint humid static calibration (three levels plus
humid zero air) and a daily calibration (one point) of the GC/MS analytieal system.
12.5.3 GC-Multidetector System Performance Criteria
12.53.1 Scction 10.3.1 requires the GC/FID/ECD analytical svstem, prior to analvsis, to be cernfied
lean (<0.2 ppbv of targeted VOCs) through a humid zero air certification.
12.5.3.2 Scction 10.3.2 requires that the GC/FID/ECD analytical system cstablish retention time
windows for each analyte pror 1o sample analysis, when 2 new GC column is installed, or major components of
the GC system altered since the previous determination,
12,5.3.3 Section 8.2 requires that all calibration gases be traccable to WIST-SRMs.
12.5.3.4 Scction 10.32 requires that the retention time window be established throughout the course
of a 72-hr analytical period.
12.5.3.5 Section 10.3.3 requires both an initial multipoint calibmtion (three levels plus humid zero
air) and a daily calibration (one point) of the GC/FID/ECD analytical system with zero gas dilution of NIST
traccable gases.
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Method TO-13A VOCs
TABLE 1. COMPENDIUM METHQD TQ-14A VOC TCL DATA SHEET
MOLECULAR BOILING MELTING

COMPOUND (SYNONYM) FORMULA WEIGHT POINT (*Ch{ POINT IO CASNO
Froon 12 {Drxchlorodifluaromethanc) QLF, 12091 -ux -13%.0 TTIex
Mothyl chiorde (Chioromethane ) CHLCI 50.49 ot 7. XT3
Froon 114 (1,2-Dichlorge 1.1 2.2- CICF CCIF, 170.93 41 4.0 Y6147

tetrafluorocthune )
Vinyl chiorule (Chioroethylene) CH,=CHC 62,50 -134 «i330.0 TR0
Mathyl bromxie Broromethane) CH,fsr LX) RN Qe Tdn3w
Ethyl chlorde {Chiarocthane} CH.OoH,0 ~82 123 -1 30 T3-00-3
Froon 21 (Trchkorolluoromethane CCLt 137.3% nr 110 Thutried
Vinyhdene chlonde (1,1-Dichlorocthene) CH Ll .95 Y il T35
Dichiofumethane (Methylene chionde; CH,CY, .94 9% 5.1 TR
Froon 113 (1,1.2-Trschloron 1,22+ CF,CICCHF I87.3% L i <36 Towidel
tnfNluoroethane)

1,1-Dichlorocthune (Ethyldene chlonde) CH.CHOY, 9390 73 70 -3
ciwe i 2-Dichiorocthylene CHCICHC) 96,94 603 -%0.3 136=30.2
Chioraform (T nchioromethanc) CHCL, 11938 3004 5313 67603
1.2+ Drchiorocthune {Ethy lene dichlonide) CICH,CH,CY LLE g 333 107-0mY
Mettryl ehioroform (1,1, 1-Trchiorocthane) CH,CCY, 131.4¢ ™. -304 71350
Benzenc {Cyclohcvatnenc) CH, ™2 0.1 $3 Tat3.y
Carbon ietrachionde (Tetrachloromethane) ca, 15302 768 230 $6=23-8
1.2-Drchlorapropanc (Propylene dichlonde) | CH,CHCICH,Ct 12w w4 1004 TRATS
Trchioroethylene (Tnchlorueihene) CICH=CCL, DL uT -0 T01-6
e} J-Dnchloropropene (c1 3= CH,CC=CHCY 11097 104.3 - 2. TS
dichloropropylens)
transe{ J-Dichioropropene (trans- 1.3+ CICH,CH=CHC] 110.97 120 — T2 T
Dichioronropy lene)

{12 Trchloroctheme (Viryl tnchlonde s CH.QICHC, 13341 113.x 355 Ta00-3
Toluenc {Methyl berzene) CH.CH, 98 1os 950 oo =0
{ oo Db hanc (Etrylens dib ie) BrCH,CH, B INT. %% 1313 an 10934
Tewnchioroctiylene ( Porg hlorocthylene) CLC=CCl, 1635} 1240 -t90 127104
Chiorobenzene (Phenyl chionde) CH,Cl 11236 1320 436 10%190-7
Eihylbenzene CH,CH, 106,17 1362 N30 100w4 1 =4
m-Xylene (1 3-Dwmethryihenzens LICH)CH, 106,17 13v.1 -9 108383
pXylene {,{ 4-Dimethylxylone) 14 CH )G H, 106,17 1353 133 106t 23
Styrene (Vimyt benrene} CH.CH=CH, 104,16 144 2 B TS 100-42-5
L1 2.2-Tetrachlorocthane CHCL,CHAOY, 167.83 ldnl 6l a0
o-Xylene {1,2-Dimethyihenzene) 1L24CH,),CH, 10617 1444 B g 9547S
1.3.5-Trimethylbenzene (Meutylene) 1 3.5-(CHUCH, 12020 1.7 -7 10%07-%
1.2 Tnmethylbenzene { Pradocumene) 1,24 CHLCH, 120.20 TR A3 % Y616
m-Dichiorabenzene (1.3-Drchlorobenzene) 1,3-CiLCH, 147.01 iTio 247 541,731
Benzy!l chlorule (a-Chluratoluenc) CH.CH,CI 128,59 1Tl -J9.0 100-44-7
o=-Dichkorohenzene (| Y-dichiorobenzenc ) 12CLEH, 147.01 1X0.5 70 w5-30-1
p-Drchlorobenzenc (1, d=tichiorobenzene) 1, 4CL.CH, 142.01 1740 i 100447
12,4 Trchlomhensene 12,4+ChCH, 18148 2118 7o 120421
Hexachlorobutadwene (1,123 4 &Henachloro- { CCL 608 1%6 -21.0 XTa%e1
|1.3-butuhene - {aahlimme b
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vOCs

Method TO-14A

TABLE 2. ION/ABUNDANCE AND EXPE
TV A\ 4

COMPOUND (SYNONYM)

CTED RETENTION TIME FOR SELECTED

VOCs -:\M! ngu gx (E;I\JQI‘Q!\-.;

lon/Abundance
{amu/%e hase peak)

Expected Retention
Time (min)

Freon 12 (Dichlorodifluoromethanc)
Methy! chloride (Chloromethanc)

Freon 114 (1,2-Dichloro-1,1.2,2-tetrafluorocthanc)
Vinyl chleride (Chlorocthene)

Methy! bromide (Bromomethane)

Ethyl chloride (Chloroethanc)

Freon 11 (Trchloroflucromethane)

Vinylidene chlonde (1,1-Dichlorocthenc)
Dichloromethane (Methylene chloride)

Freon 113 (1,1,2-Trichloro-1,2 2«triflucrocthanc)
1,1-Dichlorocthane (Ethylidenc chlonide)
cis-1,2-Dichlorocthylenc

Chioroform (Trichloromethane)
1,2:Dichlorocthane (Ethylence dichlonde)

Methyl chloroform (1,1,1-Trichlorocthanc)

85/100
87731

50/100
5234
85/100

135456
37733

62100
N5
6332
847100
64385

64100
29130
27130

1017100
163/67

61/100
96/55
63731

49/100
84/65
8625

1517100
1017140
103790

63/100
2764
65733

617100
96/60
98/44

83100
85/65
4138

62100
2776
o3|

97100
9963
61/61

5.01

5.69

6.55

6.71

7.83

843

957

10.93

12

11.60

12.50

13.20

13.7%

14.39

14.62
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Method TO=-14A

VOCs

TABLE X {continucd)

COMPOUND (SYNONYM)

lon/Aburdance
{amu/%% base peak)

Expected Retention

Time (mim

Benzene (Cyclohexatrienc)

Carbon tetrachlonde (Tetrachloromethanc)

1. 2-Dichloropropanc (Propylene dichlondc)

Trichlorocthylene (Trichlorocthene)

cis~1,3-Dichloropropene

truns~1,3-Dichloropropenc (cis-1,.3 Dichloropropylenc)

1.1.2-Trichlorocthane (Viny} trichloridc)

Toluene (Methyl benzene)

1.2-Dibromocthune (Ethylene dibromide)

Tetrachlorocthylenc (Perchlorocthylenc)

Chlorobenzenc (Pheny! chloride)

Ethylbenzene
m.p-Xylene (1.3/1.4-Dimethylbenzenc)

Styrenc (Vinyl benzenc)

1.1, 2-Tetrachlorocthane (Tetrachlorethane)
o-Nylene (1,2-Dimethylbenzence)

4-Ethyltoluene

78100
RS
50735

1171100
119/97

63/100
3190
62770

130/100

13292
9587

75100
39170
7330

75100
39770
7750

97100
$3/90
6182

91,100
957
107/100

109796
271s

1667100
16474
131760

12100

762
114732

91/100
1067238

91/100
106/40

104100
78160
103/49

83/100
85/64

91/100
106/40

1057100
120729

15.04

15.18

1553

16.10

16,96

17.49

17.61

17.36

1848

19.01
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VOCs Method TO-14A

TABLE 2. (continued)

e A
lon/Abundance Expected Retention
COMPOUND (SYNONYM) (armu/% base peak) Time (mmn)
1.3,5-Trimethylbenzene {Mesitylene) 105/100 265
12042
1. 24=Trimethyibenzene (Pscudocumenc) 1087100 IR
120/42
m-Dichlorobenzene (1,3-Dichlorabenzenc) 1467100 >3
148/65
111430
Benzy! chionde (a-Chlorotoluenc) 91100 332
126726
p-Dichlorobenzene (1,3-dichlorobenzenc) 146/100 2341
148/65
11140 .
o-Dichlorobenzene (1,2-dichiorobenzenc) 146/100 38R
. 148765
1130
| 23+ Trichlorobenzenc 180/100 26.71
18295
18430
Hexaghlorobutadicne (1,1,2.3,4.4 Hexachloro-1 J-butadienc) 225/100 768
22766
X360
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Mecthod TO-13A

VOCs

TABLE 3. GENERAL GC AND MS OPERATING CONDITIONS FOR

Chromategraphy
Column
Camer Gas

Injection Volume
Injection Modc
Temperature Prosram
Initial Column Temperature
Initial Hold Time
Program

Final Hold Time

Mass Spectrometer
Mass Range

Scan Time

E! Condition

Mass Scan

Detector Mode
F1D.System (Optional)
Hydrogen Flow

Carricr Flow

Burmer Air

COMPENDIUM METHOD TO-13A

General OV-1 crosslinked methy! silicone (50-m x 0.31-mm LD., 17 um
film thickness), or equivalent

Helium (~2.0 mL/min at 250°C)
Constant (1-3 pL)
Splitless

-50°C
2min
3°C/minto 150°C

15 min

1810250 amu
1 sec/scan
70eV

Follow manufacturer's instruction for sclecting mass sclective detector
(MS) and selected ion monitoring (STM) mode

Multiplc ion detection

~30 mL/minute

=30 mU/minute

=400 mL/minute

Pace 14A-38
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VOCs Method TO-14A :}
TABLE 4. 4.BFB KFY IONS AND ION ABUNDANCF CRITERIA “;\
Mass | lon Abundance Criteria 5
50 15 10 40% of mass 95 -f‘
75 30 to 60% of mass 95 S8
95 | Base Peak, 100% Relative Abundance =

96 510 9% of mass 95

173 | <2% of mass 174

174 >50% of mass 95

175 510 9% of mass 174

176 >95% but< 101% of mass 174
177 510 9% of mass 176
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Method TO-13A VOCs
TABLE S. COMPENDIUM METHOD TO-14A RESPONSE FACTORS
{ppbv/arca count) AND EXPECTED RETENTION TIME FOR
GC/MS/SIM ANALYTICAL CONFIGURATION
~ -
Factor | Expected Retennion
Compounds {pnbv/arca count) Time {minutes)
Freon 12 0.6705 5.0!
Methy! chlonde 4.003 5.6
Freon 114 04928 6.55
Viny! chloride 2343 &
Methyl bromide 2647 783
Ethyl chlonde 2954 %43
Freon 11 05148 457
Vinyhdenc chlonde 1.037 TR
Dichloromcthanc 2255 .
Trichlorotrifiuorocthane 0.9031 11.60
1. 1-Drchloroethane 12713 12.50
cis-1.2-Dichioroethylene " 1.363 13.40
Chloroform 0.7911 13.75
1,2-Dichlorocthanc 1.017 15.39
Mcthyl chloroform 0.707% 14.62
Denzenc 1236 15.04
Carbon tetrachloride 0.5880 15.1%
1,2-Dichloroptopane 2400 1583
Trichlorocthylenc 1.383 16.10
cise1 3-Dichloropropenc 1.877 16.96
trams-1.3-Dichloropropene 1,338 17.39
1.12-Trichlorocthane 1.891 17.61
Toluene 0.9206 17.86
1 .2+Dibromoethane (EDB) 0.8662 1848
Tetrachlorocthylenc 0.7357 19.01
Chlorobenzene 0.855% 19.73
Ethylbenzene 0.6233 2020
m,p-Xylene 0.7367 20.41
Styrene 1,388 2080
1,1.2.2-Tetrachlorocthane 1.03% 2092
o-Xylene 0.749% 2092
4-Ethyltoluenc 0.618! .53
1.3.5-Tnmethytbenzene 0,7088 268
1.24-Trimcthylbenzene 0.7536 3.8
m-Dichlorobenzene 0.9643 2331
Benzyl chlonde 1.420 23.32
p-Dichlorabenzene 08912 2341
o-Dichlorobenzenc 1.004 2388
1. 2.4-Tnchlorobenzence 2.150 26.71
Hexachlnrobutadene na117? 27 6N
Page 14A-30 Compendium of Methods for Taxic Organic Air Pollutants January 1999
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VOCs Mecthod TO-14A

Y v AGH

TABLE 6. COMPENDIUM METHOD TO-14A

»
-

GC/MS/SIM CALIBRATION TABLE }_

*** External Standarg =*= =

Operator: JDP 8 Jan 97 10:02 am &
Sample Info: SYR ] -
Misc Infor -~
-

e

Integration File Name: DATA:SYRIAOZALL

Sequence Index: | Bortle Number: 2
LastUpdate:  8Jan 87 8:13am
Referenee Peak Window:  5.00 Absolute Minutes
Non-Reference Peak Window:  0.30 Absolute Minutes
Sample Amount:  0.000 Uncalibrated Peak RF: 0.000 Multiplier: 1.667

S

P\cgk Twvne | Int Tvpe Ret Time Sienal Description Compound Name Are Amaount
1 i PP 50301 Mass £5.00 amu |FREON 12 12893 4011 ey
2 ! PP 5,654 | Mass 50,00 amu |METHYLCHLOR! <438 5%  ppxv
3 1 Bp 63525 | Mass %5.00 amu {FREON 114 7067 1215 POtV
4 1 rB 6.650 | Mass 62,00 amu | VINYLCHLCRID 2892 1929 ppev
3 I Bpr THIE ] Maws 94,00 amu | METHYLBROMID 2401 172% pptv
6 1 BB Ba21 [ Mass 64,00 amu |ETHYLCHLORID 2134 = poev
7 ! BV 9940 | Mass 101.00 amu |FREON 13 25069 660 pprv
8 I BP 10.869 | Mass 61.00 amuy | VINDENECHLOR 503+ 1700 pptv
v l Bp 1LI8T | Mass .00 amu | DICHLOROMETH 503 233 ppev
10 ! pr 11228 { Mass 41.00 amu [ALLYCHLORID 761 47 pptv
n ! 8p 11578 | Mass 131.00 amu [JCHLIFLUETHA T 1672 potv
12 ! B8P 12492 1 Mass 63.00 amu | 1,1 DICHLOETH 30852 1M PRtV
13 l VP 13394 | Mass 61.00 amu |e=1 2DICHLET 4761 1970 ppv
1 ! PH 13713 ] Maw ¥3.00 amu |CHLOROFORM b g 1678 ppe
15 ! BP 14378 | Maxs 62.00 amu | I 2DICHLETHA 5009 263 ppev
16 t PB 14594 | Muass 97.00 amu |METHCHLOROFO 6656 334 eV
17 1 vp 15.009 | Mass 74.00 amu |BENZENE 83852 2167 ppev
18 1 vp 15.154 | Mass 117.00 amu | CARBONTETRAC 5388 1918 PV
19 1 BB 15821 | Mass 63.00 amu | 1 2DICHLPROP A6l 17w POty
20 ! BB 16,067 | Mass 130,00 amu | TRICHLETHENE 4386 2109 pptv
21 1 |t} 16941 | Mass 75.00 amu |c-1 3DICHLPR pans 8873 pprv
n I BP 17475 | Maw 75,00 amu |11 IDICHLPR 1626 6X9.2  ppev
3 ) L] 17594 | Mass 97.00 amu | LI-2CHLETHA hrpd] s Py
24 } Bv 17844 | Mass 91.00 amw [TOLUENE e? 2733 pev
25 l rB 18463 | Mass 107.00 amus |EDB <4070 1365 potv
26 ! PH 18989 | Mass 166,00 amu | TETRACHLETHE 6574 2065 poty
w | rB 19.708 § Mass 112.00 amu (CHLOROBENZEN 56418 1524 Pty
28 l Bp 20,168 | Mas 91.00 amu |ETHYLBENZENE 1103 1842 pptv
| T3 I oo wikanll BRYLTY Qunn ac o o v ENE 2 2100 108 e
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Method TO-14A, VOCs
TABLE 6. (continued)
o—
Peak
No. t Tvpe | Int Tvpe Ret Time Sinal Descnphon Compound Name Arca Amount
3 | ! BV 20708 | Mass 104.00 amu |STYRENE 3145 | 1695 ppov
3 ! BH 20887 Miss 83.00 amu |TETRACHLETHA %531 1376 prev
< l Bp 20.592 Mass 91.00 amu (0-XYLENE 979X 2010 priv
33 ! vv 22488 | Mass 105.00 amu |4-ETHYLTOLUE 7694 1481 ppry
u 1 vB 22,609 | M 105.00 amu || 3 SMETHBEN oTs! 1705 pprv
s ! e 23044 | Mas 105.00 amu |12 SMETHBEN ™92 2095 ppev
36 1 Bv 23273 Mass 146.00 amu |m-DICHLBENZE 3046 1119 pptv
3 | vv 2237191 Mass 91.00 amw |BENZYLCIILOR! 380 1006 POV
13 ! vB 23378 | Mass 146.00 amu |p-DICHLBENZE 6090 2164 fore o'
39 ! BPF 23850 | Mass 146,00 amu [o-DICHLBENZE 2896 1248 poty
<0 ! BB 20673 | Mas I1%0.00 amu |1 24CHLBENZ 562 T6T. ppev
31 1 BB 27637 | Maw 235.00 amu |(HEXACHLBUTAD 630 1N PN
Page 14A2 Compendium of Methods for Toxic Orgunic Air Pollutunty January 199%
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VOCs Method TO-140

MO Ll

TABLE 7. COMPENDIUM METHOD TO-13A TYPICAL RETENTION TTME (MIN) AND

CALIBRATION RESPONSE FACTORS (ppbv/area count) FOR TARGETED L
VOCs ASSOCIATED WITH FID AND ECD ANALYTICAL SYSTEM &
R —— 2z
F10 ECD o
Retention Time Reporse Factoe, (RF) Resporrse Factor S’
Peak No.! | Comnound (RTY, minutes {rrbv/arca count) {(ombv/acea count x 107 b
! Freon 12 368 3368 13.89 -
2 |Methyl chloride 430 0.693
A} Freon 114 513 0.57% 232
3 |Vinyl chlonde 5.2 0.500
s | Methyl bromide hudd 2634
6 Ethyl chioride 7.06 0.413
7 Freon 11 8.60 6.367 1367
8 |Vinylidene chlonde 9.5% 0347
9 Dichloromethanc 984 0.903
10 Trichlorotrifluorocthane nox 0374 34953
1 1,1-Dichlorocthance 1L10 0359
12 |cis) 2-Dichiorocthylenc 1199 0368 :
13 Chioroform 1230 1.0%9 1114
14 1 2-Dichlorosthunc 12.92 0.409
15 | Mcthyl chioroform 13,02 0338 3388
16 Benzene 135 o.17
17 Carbon tetrachlonde 13.63 1481 1.077
1% 1 2«Dichloropropane 1420 0214
19 |Tnchlomethylene 12,50 037 8910
20 cis1,J=Dichloropropenc 1531
pd] trans-] 3 Dichioropropenc 15.83
2 1.0 2<Trichlorocthane 15.93 0336
23 Toluene 16,17 0.042
- 1,2-Dibromocthanc (EDB) 16,4 0.366 5137
25 | Temchloroethylene 173 0324 1.4d9
26 Chlorobenzene 18.03 0,120
27 | Ethylbenzene 1.5 0.092
28 m,pXylene IX72 0.095
patl Styrene 19,12 0.143
0 1122 Tetrachloroethanc 19.20 9.856
31 |o-Xylene 1923
» <&Ethyltoluene 2082 0.100
33 135 Trimcthylbenzene 2094 0.109
34 1.2.4-Trmethylbenzene 21.36 0.111
38 m=Dichlorobenzene 21.50
J6 Benzv! chloride 2156
37 pDichlorobenzene 2167 0.18%
1% wDichlorobenzenc a2 0.188
k1 1, 24-Trichlorobenzene 24,88 0.667
| 40 } lexachlorobutadiene 2542 n.30% 1.05%
'Refer to Figures 13 and |6 for peak location.
January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 14A3
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Method TO-14A

VOCs

TABLE 8. TYPICAL RETENTION TIME (minutes) FOR SELECTED ORGANICS USING
GC/FID/ECD/PID ANALYTICAL SYSTEM FOR COMPENDIUM METHOD TO-14A'

Retention Time (minutes)

Compound FID ECD ?ID
Acctylene 2984 - -
1.3-Butadiene 3.599 - 3594
Vinyl chloride 3.790 - 3.781
Chloromethane 5.137 - -
Chlorocthane 5.738 - -
Bromocthane 8.154 - -
Methylene Chlonde 9.232 - 9213
trans-1,2-Dichlorocthane 10.077 - 10.065
1,1<Dichlorocthane 11.190 - -
Chloroprene 11.502 - 11.991
Perfluorobenzenc 13,077 13.078 13.069
Bromochloromethane 13397 13396 13403
Chloroform 13.768 13.767 13.771
1,1,1-Trichlorocthane 14,151 18153 14158
Carbon Tetrachloride 14,642 13.667 15,
Benzene/1.2-Dichlorocthane 15.128 - 15.114
Perfluorotoluene 15,420 15,425 15412
Trichlorocthylene 17.022 17.024 7.014
1,2-Dichloropropenc 17491 17.805 17522
Bromodichloromethane 18.369 - -
trans-1,3-Dichloropropylene 19.694 19.693 19.638
Toluene 20.6538 - 20.683
cis-1,3-Dichloropropylene 21.461 21.357 21357
1,1.2-Trichlorocthane 21823 - -
Tetrachlorocthylene 22,340 22346 X335
Dibromochloromethane 22955 2959 o5
Chlorobenzene 24,866 - 24.861
m/p-Xylenc 25763 - 25757
Styrenc/o-Xylene 27.036 - 27.030
Bromofluorobenzene 28.665 28.663 28.660
1,1.2.2-Tetrachloroethane 29225 9.207 2.3
m-Dichlorobenzene 32347 32345 32342
p~Dichlorobenzene 32.671 32.669 32.666
o-Dichlorobenzene 33.885 33.883 33.830

"Warian® 3700 GC equipped with J & W Megabore™ DB 624 Capillary Column

(30 m x 0.53 1.D. mm) using helium carrier gas.
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VOCs

Method TO-14A

Last Update:

Reference Peak Window:
Non-Reference Peak Window:
Sample Amount:

18 Dec 96 T:54am
$.00 Absolute Minutes
0.40 Absolute Minutes
0.000 Uncalibrated Peak RF: 0.000 Multiplier: 1.000

TABLE 9. GC/MS/SIM CALIBRATION TABLE FOR COMPENDIUM METHOD TO-14A

S S 2

Ret Time | Pk Sicnal Descnption | Amrpoty | Lvi | [Areal | PhTvpe | Parmal Name
5008 1 Mass 85.00 amu 13620 ! 72974 l FREON 12
5,690 2 Mass 50.00 amu 12720 | Jod47 | METHYLCHLORID
65521 3 Mass X5.00 amu X3s0 1 81251 ! FREON 114
6709 4 Mass 62.00 amu 5030 ! 20118 ! VINYLCHLORIDE
7.831 5 Mass 44,00 amu X0 i X265 1 METHYLBROMIDE
8.431 6 Mass 61.00 amu 12574 | 16140 ! ETHYLCUHLORIDE
9,970 7 Mass 101.00 amu 12380 i 20088 ! FREON 11
10,927 8 Masy 61,00 amu TH50 H 3x954 1 VINDENECHLOR)
11.209 9 Mass 49.00 amu 12760 ! 431507 | DICHLOROMETHA
11331 10 Mass 41,00 amu 12650 | 1935 ! ALLYLCHLORIDE
11598 ] 1} Mass 151.00 amu 7420 1 20830 1 ICHL3IFLUETHAN
12,502 12 Mass 63.00 amu 12710 1 61595 | 1, IDICHLOETHA
13.403 | 13 Mass 61.00 amu 12630 | 50900 ! ¢l 2DICHLETH
13.747 | 14 | Maxs 83.00 amu 7670 1 | <0SKS ! ClHILOROFORM
14387 1 18 Mass 62,00 amu 9040 ] 33186 1 1 2DICHLETHAN
146231 16 Mass 97.00 amu L1, | 38503 1 METHCHLOROFOR
15.038 1 17 Mass 78.00 amu 10760 ! 69119 | BENZENE
15,183 ] 18 | Mass 117,00 amu %340 1 2737 ! CARBONTETRACH
15820 [ 19 | Mass 63.00 amu 12780 1 I¥87S 1 { SDICHLPROPA
16.096 | 2 Mass 130,00 amu 8750 1 a3t 1 TRICHLETHENE
16956 { 2} Mass 75.00 amu 4540 1 17078 ! ¢ 1 ADICHLPRO
17492 | 22 | Mass 75.00 amu 3380 1 13294 i t=1 IDICHLPRO
17.610 | 23 Mass 97.00 amu 12690 1 32380 ! 1.}-2CHLETHAN
178621 2 Mass 91,00 amu 10010 H 036 | TOLUENE
18885 | 25 | Masy 107.00 amu 610 H 33350 H EDB
19.0121 2 Mass 166.00 amu 7830 ! 43454 ! TETRACHLETHEN
19729 1 27 | Mas 112,00 amu 7160 1 1 aa2ad 1 CHLOROBENZENE
30,195 28 | Mass 91.00 amu 12740 | R rrl-Yi 1 ETHYLRENZENE
204071 29 Mass 91.00 amu 25400 11200973 1 mp~XYLENE
20,8061 30 | Maxs 104,00 amu 12390 } R 5% 1 STYRENE
20516 | 31 Mass £3.00 amu 11650 ! 61162 1 TETRACHLETHAN
20,921 2 | Mass 91.00 amu 11085 1 900496 ! o-XYLENE
g s B S Maxs 105,00 amu 12560 1 o877 ! LETHYLTOLUEN
68| M Mass 105.00 amu 12620 | RIoh6 1 I3 SMETHBENZ
31791 3s Mass 105.00 amu 12710 i Ta833 1 1 2AMETIRENZ
23307 | 36 | Mass 146,00 amu 2050 t 73049 1 m-DICHLBENZEN
o e 3 28 B 4 Mans 91.00 amu 7500 | 507 H BENZYLCHLORID
234131 38 | Mass 146.00 amu 12390 1 $3127 i pDICHLBENZEN
218851 39 Mass 146,00 amu 13510 1 52233 i o-DICHLRENZEN
67144 40 | Mass 180.00 amu 15520 ! X967 1 1, 24CHLBENZE
7680 | 4 Mass 225.00 amu 740 1 43420 1 HEXACHLRUTAD!
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TABLE 10. (continucd)

—ntertal Stacdazds

R.T. QIen Regpensa <Coic UNité JwVin.d/

3) BROMOCELORCVETHANE 13.48 49 173440 4.80 PPRY 0.62
27 %,4-DIFLTTROBENTENE 5.79 ia 3833160 4,39 P2BV 8.02
27) CHLORCOERIZSUT=-2S .73 7 L6909 4.8C PPEV o.CC
Systen Mamitoring Compounco YRecoveXy
15) 2,2=DICHLOROETISER-04 4.9 &5 7734 <.82 2BV 20C.J2%
28) TOLTUENE-DS L9.87 98 333347 4.79 PPBY  99.81¥%
40) ERCMOFLIORCAERNTENE 24.0% $2-3 320237 4.6 PPV IS.54¥
‘Targat Compounds Qvalue
2) Freom 2 .7 .13 295968 7.€7 278V 9
3) Chloromethane 5.65 50 i1x3%26 7.96 PPAV s 100
%)} Treom I3 5.5 1.3 A76276 7.86 773V 7
5) qloroethana 6.25 & 33201 2.60 27V 00
¢) Bronmomsthanes 7.26 34 106442 £.74 PRV -1+
7} C=loroethane 7.66 64 S745% 7.48 PRV 9%
8) F-eon 2l 9.23 L2 266209 7.77 2PV 98
8} %,%=Dickloroethans wC.2% (>4 =36L89 8.0) 273V 99
12) Methiylane Chloride L35 49 ~S8171 &.40 PRV S
an) Precn 103 8. =G rie 4. 3443 7.85% PPV 99
12) ,i-2ichloToathans *2.05 &3 2132903 7.80 PPIV 9
23) cia-L,l-Dichloroethane =326 €1 1008 8,55 2V 29
24) Shiorofozm 3.5 83 36380 3.35 273V 98
=6} 1,2-2ichlorcettana e.53 62 244398 7.92 PP3V b=
28} 1,2.1-Trichlorcetiane 4.89 57T 208213 7.7 PRAV 99
29) Bexncenas o5.55 78 329475 8.45 PP3V =2
29) Carben Tetraghlorides 28.79 2 215628 7.87 PPEAV 99
2i) I,2=Dichloropropane 26.52 [+] 5206 7.80 PIAV 99
22) Brompdichlorometiane 126.74 83  I7S403 8.93 27EV 98
23) Trighloroethans .00 55 23159564 T.76 PPRV piete]
24) cim-l,3=Dicklorcprupane 7.44 TS 97972 <.79 273V 98
25) wrans-l,3-Dichloropreopene  18.4% 75 27938 Z.6L 7BV 100
26) L, 2.2=Trichloroethane =h.83% -4 220283 7.6§ P7BV 98
29) Toluane 29.22 = 34950 7.69% 73V 7
2) Didromochlorgmethane 25.85 3% 24332: 8.38 273V %
i) 1,2-~Sibromosthans 2£.33 87 173047 7.17 273V ptef o]
32} TeTrachloroetihane 20.aL 166 245120 7.9a PPEV 99
33} Chiorobanzante 231.A0 2 253415 7.80 2?78V 7
34) Ethylbenzane 22.28 - <5462 $.72 278V 25
35 m,peXylene 22.53 - S$81168 12.9. PPRV b 44
36) Bromplozm 22.80 2 2.L787 8.7 278V 8o
27} Styrane 23.08 206 133822 S.06 pPav 55
3B} L,%.2.2-Tetzachloroeatlhane 23 .34 a8 268682 6.7C 2RV 39
19} o=Xylane 23.28 2 257233 5.29 PRV zee
42) 1,3.5-Trimathylbancenc 23.37 2 298466 4.29 273V 29
42} %,2.4-"Timechylbeanzans 26.25 IG5 260455 3.4% P93V $5
<)) Benzy. chloride 26.47 8L  L0TESe .40 7RV -3
44) I,3-Cichlicrobenzene 16.55 46 286397 €.44 P23V 99
45) L,4«Dichlorsbenzarne 26.66 246 80374 6.04 2PV 93
46) 2,2-~Bishalorobenzane 27.36 246 164427 €.03 2P5V 93
47) 1.2,4-Trichliorabenzene 3L.29% 280 42288 2.9€ 278V b3
42) Haxachlorpbutadiene 32.45 225 56763 3.47 P2BV 99
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Figure 1, Analytical systems available for canister VOC identitication and quantitation
as part of Compendium Method TO-14A.
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Figure 2. Example of sampler configuration for subatmospheric pressure or
pressurized canister ssmpling used in Compendium Method TO-14A.
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Figure 3. Example of altemative sampler configuration for pressurized canister sampling
used in Compendium Method TO-14A.
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Figure 4. Compendium Mcthod TO-14A canister analysis utilizing GC/MSISCAN/SIM

analytical system with optional FID with 6-port valve,
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Figure 7. Compendium Mcthod TO-14A canister ¢leaning system.
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COMPENDIUM METHOD TO-14A
CANISTER FIELD TEST DATA SHEET
A GENERAL INFORMATION
SITE LOCATION: SHIPPING DATE:
SITE ADDRESS: CANISTER SERIAL NO.:
SAMPLER ID:
QPERATOR:
SAMPLING DATE: CANISTER LEAK
CHECK DATE:
B. SAMPLING INFORMATION
TEMPERATURE PRESSURE
INTERIOR AMBIENT MANXTMUM MINIMUM CANISTER PRESSURE
START
STOP
SAMPLING TIMES FLOW RATES
LOCAL ELAPSED TIME MANIFOLD CANISTER | FLOW CONTROLLER
TIME METER READING FLOW RATE FLOW RATE READOUT
START
STOP
SAMPLING SYSTEM CERTIFICATION DATE:
QUARTERLY RECERTIFICATION DATE:
C. LABORATORY INFORMATION
DATA RECEIVED: ANALYSIS
INTTIAL PRESSURE: GC/FID/ECD DATE:
FTNAL PRESSURE: GCMSDISCAN DATE:
DILUTIONFACTOR: GC/MSDISIMDATE:
RESULTS®™: '
GC/FID/ECD:
GC/MSDISCAN:
GC/MSD/SIM:

SIGNATURETTTLE

*ATTACH DATA SHEETS

Figure 10. Compendium Mecthod TO-14A field test data sheet (FTDS),
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Figure 11. Compendium Mcthod TO-14A typical chromatograms of a VOC sample
analyzed by GC/MS/SCAN/SIM mode and GC-multidetector mode.
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Figure 12, Example of Compendium Method TO-14A cryogenic trapping unit.
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Figure 13. Compendium Method TO-14A flowchart of GC/MS/SCAN/STM analytical
system preparation (with optional FID system).
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Figure 14. Compendium Method TO-14A flowchart of GC/FID/ECD/PID analynenl
system prepamtion.
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¥ LR CHOAN LN RN ST

TIME =P

(a). Certified Sompler

Nt Ji i

TIME e

(®). Contamincted Sampler

Figure 17. Example of humid zcro air test results for a clean sampler (a)
and a contaminated sampler (b) used in Compendium Method TO-14A.
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Figure 20. Flowchart of analytical systems preparation used in Compendium Method TO-14A
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Appendix A

Availability Of YOC Standards From United States Environmental Protection Agency

1. Availability of Audit Cylinders

1.1 At the time of the publication of the onginal Compendium Method TO-14, the USEPA provided cylinder
gas standards of hazardous organic compounds at the ppb level. These standards were used 1o audit the
performance of monitonng systems such as those described in the original Compendium Method TO-14,
However, this service is no longer provided.

1.2 To obtain information about the availability of different audit gases, interested partices are encouraged to call
commercial gas suppliers.

2, Audit Cylinder Certification

2.1 All audit cylinders should be periodically analyzed to assure that cylinder concentrations have remained
stabie.

22 Allaudit gases, including quality control analyses, of ppbv hazardous VOC standards should be traceable
to NIST,

3. Information on EPA's YOC Standards

3.1 USEPA program/regional offices, state/local agencies, and others may obtain advice and information o5
VOC standards by calling:

Mr. Howard Christ

U.S. Environmental Protection Agency

Nationa! Exposure Rescarch Laboratory (NERL)
Rescarch Triangle Park, NC 27711
919-541-3531
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Appendix B

Operating Procedures For A Portable Gas Chromategraph Equipped
With A Photoionization Detector

1. Scope

This procedure 15 intended 1o screen ambient air environments for volatile organic compounds, Screening is
accomplished by collection of VOC samples within an area and analysis on site using 3 portable gas
chromatogmaphfntegrator. This procedure is not intended to vield quantitative or definite qualitative information
regarding the substances detected. Rather, it provides a chromatographic "profile” of the occurrence and intensity
of unknown volatile compounds which assists in placement of fixed-site sumplers.

2, Applicable Documents

2.1 ASTM Standards

* E260 Recommended Practice for General Gas Chromatography Procedures
+ E355 Practice for Gas Chramatography Terms and Relationships

2.2 Other Documents

Pormable Instruments User's Manyal for Monitoring VOC Soyrees, EPA-34011-86-015, U. S. Environmental

Protection Agency, Washington, DC, June, 1986,

3. Summary of Method
3.1 Anairsample is extracted directly from ambient air and analyzed on site by a portable GC.

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

4. Significance

4.1 VOCs arc emitted into the atmosphere from a varicty of sources including petroleum refinenics, synthetic
organic chemical plants, natral gas processing plants, and automobile exhaust, Many of these VOC emissions
zre acutely toxics thercfore, their determination in ambient air is negessary to assess human health impacts,
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4.2 Conventional methods for VOC determination use solid sorbent and canister sampling techniques.

4.3 Collection of ambient air samples in canistens provides (1) convenient integration of ambient samples over
a speeific time period, (e.g., 23 hours); (2) remote sumpling and central analysis; (3) case of storing and ~hipping
samoles, #f necessary; (3) unattended sample collection, (8) analysis of samples from multiple sites with one
analvtical system; and (6) collection of sutficient sample volume 1o allow assexsment of measurement precision
and/or analysis of samples by several analytical systems.

4.4 The usc of portable GC equipped with multidetectors has assisted air toxics programs by using the portable
GC as a "screening tool” to determine "hot spots,” potential interferences, and semi-quantitation of VOCs, pnior
to locating more traditional fixed-site samplers.

5. Definitions

Definitions used in this document and in any user-prepared Standard Operanting Procedures (SOPs) should be
consistent with ASTM Methods D1356 and E355. Abbreviations and symbols pertinent 1o this method are
defined at point of use.

6. Interferences

6. The most significant interferences result from extreme differences in limits of detection (LQD) among the
trpet VOCs (see Table B-1). Limitations in resolution associated with ambient temperature, chromatography
and the relatively larpe number of chemicals result in coclution of many of the target components, Coclution of
compounds with significantly disferent PLD sensitivities will mask compounds with more modest sensitivities.
This will be most dramatic in interferences from benzenc and toluenc.

6.2 A typical chromatogram and peak assignments of a stundard mixture of targer VOCs (under the preseribed
analytical conditions of this method) are illustrated in Figure B-1, Samples which contain a highly complex
mixture of components and/or interfering levels of benzene and toluene arc analyzed on 3 second, longer
chromatographic column, The same liquid phase in the primary column is contained in the alternate column but
at a higher percent loading,

6.3 Recent designs in commercially available GCs have preconcentrator capabilities for sarmpling lower
concentrations of VOCs, pre-column detection with back-1lush capability for shorter analytical ume, constant
column temperature for method precision and accuracy and multidetector (PID, ECD, and FI1D) capability for
versatility. Many of these newer features address the weaknesses and interferences mentioned above, A list of
major manufacturers of portable GC systems is provided in Table B-2.

7. Apparatus
7.1 Gas Chromatogrram
A GC, Photovac Ing., 739 B Parks Ave, Huntungton, NY 11733, Model 10810 or 10850, or cquivalent uscd for

surveying ambient air environments (which could employ a muitidetector) for sensing numerous VOCs
compounds ¢luting trom 2 packed column at ambient temperatures. This particular portabie GC procedure is
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written employing the photoionization detector as its major sensing device, as part of the portable GC survey tool.
Chromatograms arc developed on a column of 3% SP-2100 on 100/120 supelcoport (0.66-m x 3.2-mm 1.D.) with
a flow of 30 mL/min air,

7.2 GC Accessorics
In addition to the basic gas chromatograph, several other picees of equipment arg required to exceule the survey

sampling. Those include gas-tight syringes for standard injection, alternate carrier gas supplics, high pressure
connections for filling the internal carrier gas reservoir, and if the Mode!l 10310 is used, a recording inteyrator,

8. Reagents and Materials
8.1 Carrier Gas
*Zero™ air [<0.1 ppm total hydrocarbon(THC)) is used as the carrier gas. This gas is conveniently contained in
0.84 m* (30 f#) aluminum cylinders. Carrier gas of poorer quality may result in spurious peaks in sampie
chromatograms. A Brooks, Type 1355-00F 1 AAA rotameter (or equivalent) with an R-215-AAA rube and glass
float is used to sct column {low,

.2 Svstem Performance Mixturce
A mixture of three target compounds (c.g., benzene, tnichloroethylene, and styrenc) in nitrogen is used for
monitoring instrument performance. The approximate concentration for each of the compounds in this mixture

is 10 parts per billion (ppb). This mixture is manufuctured in small, disposable gas cylinders [ar 275 kPa (50
psi)] various commergial vendors,

8.3 Reapent Grade Nitrogen Gas

A small disposable cylinder of high purity nitrogen gas is used for blank injections.

8.4 Sampling Syrinpes

Gas-tight syringes, without attached shut-off valves (Hamilton Model 1002LT, or equivalent) are used to
introduce accurate sample volumes into the high pressure injectors on the portable gas chromatograph. Gas
syringes with shut-ofT valves are not recommended because of memory problems associated with the valves. For
samples suspected of containing high concentrations of volatile compounds, disposable glass synnges (g
Glaspak, or equivalent) with stainless steel/Teflon® hub necdles are used,

8.5 High Pressure Filter

An adapter (Photovac SA 101, or equivalent) for filling the imemal carrier gas reservoir on the portable GC is
used o defiver "zero” air.
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9. Procedure
9.1 Instrument Sctup

9.1.1 The portable gas chromatograph must be prepared prior to use in the ambient survey sampling. The
pre-sampling activities consist of filling the internal camer gas ¢ylinder, charging the internal power supply.
adjusting individual column carrier gas tlows, and stabilizing the photoionization detector.

9.1.2 The intemnal reservoir is filled with "zero™ air. The internal 12V battery can be recharged to provide
up to cight hour of operation. A battery which is discharged will automatically cause the power to the instrument
10 be shut down and will require an overnight charge. During AC operation, the battenes will automatically be
trickle-charged or in a standby mode,

9,13 The portable GC should be operated (using the intemal battery power supply) at least forty minutes
prior to collection of the first sample to insure that the photoionization detector has stabilized. Upon amiving at
the area to be sampled, the unit should be connected to AC power, if avaulable.

9.2 Sample Collection

9.2.1 After the portable gas chromatograph is located and connected to 110V AC, the carier gas glows must
be adjusted. Flows to the 1.22 meter, $% SE-30 and 0.66 meter, 3% SP2100 columns are adjusted with needle
valves, Flows of 60 mL/min (5% SE-30) and 30 mL/min (3% SP2100) arc adjusted by means of a calibrated
rotamecter.  Switching between the two columns is accomplished by turmung the valve located bencath the
clectronic module. During long periods of inactivity, the tTows 10 both columna should be reduced 10 connerve
pressure in the internal carmier gas supply. The baseline on the recorder/integrator is ¢t to 20% full scale.

9.2.2 Pnorto analysis of actual samples, an injection of the performance evaluation mixture must be made
10 verity chromatographic and detector performance. This is accomplished by withdrawing 1.0 mL samples of
this mixture from the calibration cylinder and injecting it onto the 3% SP2100 column. The next sample
analyzed should be a blank, consisung of reagent grade nitrogen.

9.2.3 Ambient air sumples are injected onto the 3% SP2100 column. The chromatogram is developed for
15 minutes. Samples which produce particularly complex chromatograms, epecially for carly cluting
components, are reinjected on the $% SE-30 column.

[Note: In no instance should a syringe which has been used for the injection of the calibranl/sysiem
performance mixture be use for the acquisition and collection of sumples, or vice versa.|

9.2.4 Sampies have generally been collected from the ambient air at sites which are near suspecicd sources
of VOCs and compared with those which are not. Typically, selection of sample locations is based on the
presence of chemical odors. Samples colleeted in arcas without detectabie odors have not shown significant PID
responses. Therefore, sumpling efforts should be initially concentrated on "suspect” environments (L.¢, those
which have appreciable odors). The objective of the sampling 1s to locate sources of the @rget compounds.
Ultimately, samples should be collected throughout the entire location, but with particular attention given to areas
ot high or frequent occupation,
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9.3 Sample Analysis

9.3.1 Quuantitative Analysis, Positive identification of sample components is not the objective of this
"screening” procedure. Visual comparnison of retention times to those in a standard chromatogram (Figure B-1)
arc used only to predict the probable sample component types.

9.3.2 Estimation of Levels. As with qualitative analysis, estimates of component concentrations are
extremely tentative and are bascd on instrument responses o the calibrant species {e.g. benzene,.
trichlorocthylene, styrene), the proposed component identification, and the ditference in response between sample
component and calibrant, For purposes of locating pollutant emission sources, roughly estimated concentrations
and suspected compound types are considered sutticient.

10. Performance Criteria and Quality Asurance

Required quality assurance mesures and guidance concermng performance criteria that should be aclueved within
each laboratory are summanzed and provided 1n the tfollowing section.

10.1 Standard Operating Procedures

10.1.1 SOPs should be generated by the users to describe and document the following activitics in their
laboratory: (1) assembly, calibration, {eak cheek, and operation of the specitic portable GC sampling system and
equipment used: (2) preparation, storage, shipmentand handling of the portable GC sampler: (3) purchase,
certification, and transport of standard reference matemals; and (4) all aspects of data recording and processing,
including lists of computer kardware and software used.

10.1.2 Specific stepwise instructions should be provided in the SOPs and should be readily avalable to and
understood by the personnel conducting the survey work.

10.2 Quality Assurance Program

10.2.1 Reagent and Materials Control. The carrier gas emploved with the portable GC s "zero air”
containing less than 9.1 ppm VOCs, System performance mixtures are certified standard mixtures purchased
form Scott Specialty Gascs, or equivalent.

1022 Sampling Protoco! and Chain of Custody. Sampling protocol shects must be completed for cach
sample. Specifics of the sample with regard 1o sampling location, sample volume, analysis conditions, and
supporting ¢calibration and visual inspection information arc detailed by these documents. An example form s
exhibited in Table B3,

10,23 Blanks, Duplicates, and System Performance Samples.

10.2.3.1 Blanks and Duplicates. Ten pereent of all injections made to the portable GC are blanks, where
the blank is reagent grade nitrogen gas. This 1s the second injection in each sampling location. An additional
10% of ull injections made are duplicate imjections. This will enhance the probability that the chromatograph of
a sample reflects only the composition of that sample and not any previous injection, Blank injections showing
a significant amount of contaminants will be cause for remedial action,

10,232 System Performance Mixture, An injection of the system performance mixture will be made
at the beginning of a visit 1o a particular sampling location (.., the finst injection). The range of aceepmble
chromarographic system performance cniteria and detector response is shown in Table B-d. These enteria are
selected with regard 1o the intended application of this protocol and the limited availability of standard mixrures
in this aren, Corrective action should be taken with the column or PID before sample injections are made i the
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Method TO-14A VOCs

performance is deemed out-of-range.  Under this regimen of blanks and system performance samples,
approximately cight sumples can be collected and analyzed in a three hour visit to cach sampling location.

10.3 Mecthod Precision and Accuracy

The purpose of the analytical approach outlined in this method is to provide presumptive information regarding
the presence of selected VOCs emissions, [n this context, precision and accuracy are to be determinied. However,
quality assurance criteria are described in Section 10.2 which insure the samples colleeted represent the ambient
cnvironment.

10,4 Range and Limits of Detection

The range and limits of detection of this method are highly compound dependent due to large differences in
response of the portable GCs photoionization detector to the vanous target compounds. Aromatic compounds
and olefinic halogenated compounds will be detected at Jower levels than the halomethanes or aliphatic
hydrocarbons. The concentration range of application of this method is approximately two orders of magnitude,

TABLE B-1, ESTIMATED LIMITS OF DETECTION (LOD) FOR
SELECTED VOCs BASED ON | uL SAMPLE VOLUME
i - ——

Compound LOD (no) LOD (ppb)
Chloroform’ 2 350
1,1,1-Trichlorocthane! 2 450
Carbon tetrachloride’ 2 350
Benzene 006 2
1,2-Dichiorocthane® .08 14
Trichlorocthylene® 035 14
Tetrachlorocthylene® .05 14
1,2-Dibromocthane .02 2
p-Xylend .02 3
m-Xylene? 02 3
o-Xylene? .01 3
Styrenc® 01 3

IChloroform, 1,1.1+trichlorocthane, and carbon tetrachloride
coelute on 0.66-m 3% SP2100.

?1.2-Dichloroethane, tricholrocthylene, and tetrachlorocthylene
coclute on 0.66-m 3% SP2100.

Ip-Xylene and mexylenc coclute on 0.66-m 3% SP2100.
*Styrene and o-xylenc coclute on 0.66-m 3% SP2100.
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TABLE B-2. LIST OF COMMERCIALLY AVAILABLE PORTABLE
VOC INSTRUMENT MANUFACTURERS

——

Viking Instruments Corporation
3800 Concorde Parkway
Chantilly, VA 2202!

Phone (703) 968-0101

FAX (703) 968-01 66

Photovac Intemational Inc.
25-B Jefryn Boulevard
Decr Purk, NY 11729
Phone (516) 2533199
FAN (516) 253532828

MSA Bascline

™orth Star Route PO Box 639
Lyons, CO 80540

Phone (303) 823-6661

FAX (303) 823-5151

SRI Instruments Inc.
3882 Del Amo Boulevard
Suite 601

Torrance, CA 90503
Phone (310) 214-5092
FAX (310) 213.5097

MTI1 Analytcal Instruments
41762 Christy Street
Fremont, CA 94538
Phone (510) 490-0900
FAX  (510)651-2498

Sentex Sensing Technology
552 Broad Avenue
Ridgefield, NJ 07657
Phone (201) 945-3694
FAX  (201) 9416064

CMS Research Corporation

200 Chasc Park South, Suite 100
Birmingham, AL 35234

Phone (205) 733-6910

FAX (205 7336919

HNU Systems Inc.

160 Charlemont Strect

Newton Highlands, MA 021161-9987
Phone (617) 9646690

FAX (617 965-5812

Microsensor Systems Ine.
62 Corporate Court
Bowling Green, KY 42104
Phone (502) 7450099
FAX (502)-
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Method TO-=14A VOCs
TABLE B-3. PORTABLE GAS CHROMATOGRAPH SAMPLING DATA SHEET

DATE: LOCATION: TIME:
CHROMATOGRAPHIC CONDITIONS:
COLUMN I: COLUMN TYPE:

LD. (mm): LENGTH (mm): FLOW (mL/min):
COLUMN 2 COLUMN TYPE:

LD, (mm): LENGTH(mm) FLOW (mL/mumn):
DNLNO, INLVOL, COLUMNNO, SETTING LOCATION
SITE PLAN (indicate sampline locations):

DATE SIGNATURE
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YOCs Method TO-14A
TABLE B-d. SYSTEM PERFORMANCE CRITERIA FOR PORTABLE GC'
Critcria Test Compound Acceptable Rance | Suveested Corrective Action

PID Response | Trichlorocthyiene
Elution Time  {Styrene

z 10" uV-sceng
2.65+0.15 min
1

2

Re-tune or replace lamp

Inspect for leaks, adjust carmier flow

| Resalution® Benzene/Trichloro-cthvlene - Replace column

'Based on analysis of a vapor mixture of benzene, styrenc, and trichlorocthylene,
*Define by: R + = 2d/(W,+W,); where d = distance between the paiks and W = peak width at

base.

TABLE B-5, ESTIMATED LIMITS OF
DETECTION (LOD) FOR SELECTED VOCs

Compound LOD (ne) LOD (ppb)
Chloroform' 2 350
1,1,1-Trichlorocthane’' 2 450
Carbon tetrachloride’ 2 450
Benzene 006 2
1.2-Dichlorocthanc” .05 14
Trichlorocthylenc® .08 14
Tetrachlorocthylenc® 05 14
1,2-Dibromocthane 02 2
p-XNylene? 02 4
m-Xylene® 02 3
o-Xylene* .01 3
|| Styrene* 01 3 |

'‘Chloroform, 1,1,1-trichlorocthane, and carbon tetrachloride
coclute on 0.66-m 3% SP2100.

?1 2-Dichlorocthane, ncholrocthylene, and
tetrachlorocthylene coclute on 0.66-m 3% SP2100.
3p-Xylene and m-xylenc coelute on 0.66-m 3% SP2100.
*Sryrenc and o-xylenc coelute on 0.66-m 3% SP2100.
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Peok Assignments lor Slongord Mixiures
Peok No. Compouna(s)®
1 N 1 Benzene; Chioroform:
[‘ 1,1, 1 =TrChioroet hone:
> Tetrochionioe
2 1.2 =Dichioroethone;
Trighioroetiryne
3 Tetrochiorosthylene;
1,2=Dibromoethone
i
Ino=Xylene
S=Xyene; Styrene
4 .3 o
Toluene (nol isted) ehtes between
peoks | ong 2.
2
TUTHE eemm———i

Figure B-1. Typical chromatogram of VOCs determined by a portable GC.
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Appendix C

Installation And Operation Prucedures For US. Environmental
Protection Agency’s Urban Air Toxic Monitoring Program Sampler

1. Scope

1.1 The subatmospheric sampling system deseribed in this method was designed specifically for use in USEPA's |

Urban Air Toxie Monitoring Program (UATMP) to provide analytical support to the states in ther assessment
of potential health risks from certain toxic organic compounds that may be present in urban atmospheres,

1.2 The sampler is based on the coliection of whole air samples in 6-liter, specially prepared passivated stainless
steel canisters.  The sampler features electronic timer for ease, accuracy and flexibility of sample penod
programming, an independently setable presample warm-up and ambient air purge peniod, protection trom loss
of sample due 10 power interruptions, and a self-contaimed configuration housed in an all-metal portable case, as
illustrated in Figure C-1.

1.3 The design of the sampler is pumpless, using an evacuated canister 1o draw the ambient sample air into itself
ata fixed flow rate (3-5 mL/min) controlled by an electramie mass flow controller, Because of the relatively low
sample flow tates neecssary for the integration periods, auxiliary flushing of the sample inlet line is provided by
a small, geneml-purpose vacuum pump (not in contact with the sample air stream).  Further, experience has
shown that inlet lines and surfaces sometimes build up or accumulate substntial concentrations of organic
materials under stagnant (zero flow rate) conditions. Therefore such lines and surfaces need 10 be purged and
cquilibrated 1o the sample air for some time prior 1o the beginmuny of the actual sample collection period. For this
reason, the sampler includes dizal timers, one of which is set 10 start the pump several hours prior to the specified
start of the sample period to purge the inlet lines and surfaces. As illustrated in Figure C-1, sample air drawn
into the canister passes through only four components: the heated inlet line, a 2-micron particulate filter, the
clectron flow controller, and the larching solenoid valve,

2. Summary of Method

2.1 Inopemation, timer 1 is set to start the pump about 6 hours before the scheduled sample period. The pump
draws sample air in through the sample inlet and particulate filter 1o purge and equilibrate these components, at
a flow rate limited by the capillary to approximately 100 ml/min. Timer [ also energizes the heated injet line
10 allow it 1o come up to its controlled temperature of 65 10 70 degrees C, and tumns on the flow coatroller to allow
it 1o stabilize, The pump draws additional sample air through the flow controller by way of"the rormally open
port of the 3-way solenoid valve. This flow purges the flow controller and allows it to achieve a stable controlled
flow at the specified sample flow rate prior to the sample period.

2.2 Atthe scheduled stant of the sample period, tmer 2 is s¢T 10 activate both solenoid valves, When activared,
the 3-way solenoid valve closes its normally open port 1o stop the tlow controller purge flow and opens its
normally closed port to start flow through the aldehyde sample carmidges. Simultaneously, the latching solenoid
valve opens to start sample flow through into the canister,
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2.3 Atthe end of the sample period, timer 2 closes the latching solenoid valve to stop the sample flow and seal
the sumple in the canister and also de-energizes the pump, flow controller, J=way solenoid, and heated inlct line.
During operation, the pump and sumpler are located external to the sampler. The 2.4 meter (~8 foot) heated inlet
line is installed through the outside wall, with most of its length outside and terminated externally with an inverted
glass funne! to exclude precipitation. The indoor end is terminated in a stanless steel cross fiting to provide
connections for the canister sample and the two optional formaldehyde carmidge samples.

3. Sampler Installation

3.1 The sampler must be operated indoors with the temperature between 20-32°C (~68 to 90°F). The sampler
case should be located conveniently on a table, shelf;, or other flat surface. Aceess to a source of 1135 vae line
power (500 wans/min) is also required. The pump is removed from the sampler case and located remotely from
the sampler (connected with a 1/4 inch O.D. extension tubing and a suitable ¢lectncal extension cord).

3.2 Electrical Conncctions (~Figure C-1)

3.2.1 The sampler cover is removed. The sampler is not plugged into the 115 vac power until all other
clectrical connections are completed.

322 The pump is plugged into its power connector (if not already connected) and the battery connectors are
snapped onto the battery packs on the covers of both timers,

3.2.3 The sampler power plug is inserted into a 115 volts ac line grounded recepmacle. The sumpler must be
grounded for operator safety. The electrical wires are routed and tied so they ramain out of the way.

3.3 Pneumatic Connections

33.1 Thelength of 1716 inch O.D. stainless steel tubing is connected from port A of the sampler (on the nght
side of the flow controller module) to the air inlet line.

3.3.2 The pump is connected to the sampler with 1/4 inch O.D, plastic tubing. This tubing may beupto 7
meters (=20 feet) long. A short length of tubing is installed to reduce pump noise. All tubing is conveniently
routed and, if necessary, tied in place.

4, Sampler Preparation
4.1 Canister

4.1.1 The sample canister is installed no more than 2 days before the scheduled sampling day.

4.1.2 With timer #1 ON, the flow controller is allowed to warm up for at icast 15 minutes, longer if possible,

4,13 An cvacuated canister is connected to onc of the short lengths of 178 inch O.D. stuinless steel tubing
from port B (solenoid valve) of the sampler. The canister valve is left closed. The Swagelock® fithnyz on the
canister must not be cross-threaded. The connection is tightened snugly with a wrench.

4.1.4 The end of the other lenyth of stainlexs steel tubing from pornt B (solenoid valve} is cormected with 3 ‘

Swagelock® plug.
4.1.5 If duplicate canisters are to be sampled, the plug is removed from the second 178 inch O.D. stainless
steel tubing from port B (solenoid valve) and the second canister is connected. The canister valve is lett closed.
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4.1.6 The ON button of timer #2 ts pressed. The flow through the flow controller should be stopped by this
action.

4,1.7 The tlow controller switch is turned to "READ” and the zero tlow reading s obtained. 1t this reading
is not stable, wait until the reading s stabilized.

4.1.8 The fiow controller switch is turned to "SET™ and the flow settiny ts adjusted 1o the algebraic SUM
of the most reeent entry on Table C-1 and the zero reading obtained in step 4.1.7 (It the zero reading 15 neganve,
SUBTRACT the zero reading trom the Table C-1 value). Be surc to use the correct Table C-1 flow value for one
Or two canisters, as appropriate,

Note: If the unalyvtical laboratory determines that the canister sample pressure is (oo low or too high, a new

Sflow setting or settings will be issued for the sampler. The new flow setting should be recorded in Table C-1 '

and used unul superseded by new settings.}

4.1.9 Timer #2 is tumed OFF to again start the flow through the flow controller. With the pump (imer #1)
ON and the sampling valve (timer #2) OFF, the flow controller 1s turmed to "READ™ and the flow is veritied to
be the same as the flow setting made in Section 4.1.8, 1f not, the flow setting is rechecked in Section 4.1.8 and
the flow setting is readjusted if necessary.

4.1.10 The QFF bution of timer #1 is pressed to stop the pump.

4.1.11 The canister valve(s) are fully opened.

4.2 Timers

4.2.1 Timer #2 is set to turn ON at the scheduled ON time for the sample penod, and OFF at the scheduled
OFF time (scc the subscquent scetion on setming the timers), Normal ON time: 12:00 AM on the scheduled
sumpling day. Normal OFF time: 11:59 PM on the scheduled sampling day. The OFF time is 11:59 PM instead
of 12:00 AM so that the day number for the OFF time is the same as the day number tor the ON time. Be sure
to sct the correct day number.

4,2.2 Timer #] is st to turn ON six (6) hours before the beginning of the scheduled sample period and OFF
at the scheduled OFF time for the sample period (same OFF time as for timer #2). See the subsequent section
on setting the timers, Normal ON time: 06:00 PM on the day prior to the scheduled sampling day. Normal OFF
time: 11:59 PM on the scheduled sampling day.

[Note: The imers are wired so that the pump will be on whenever either timer is on. Thus the pump will run
iftimer #2 is ON even if timer 1] is OFF.}]

4.2.3 The clapsed time meter is set 20 0.
4.3 Sampler Cheek
4.3.1 The following must be verificd betore leaving the sampling site:

(1) Canister(s) is (are) connected properly and the unused connection is capped 1f only one canister is
uscd.

(2) Canister valve(s) is (are) opened.

(3) Both timers are programmed correctly for the scheduled sample period.

{(4) Both timers are setto "AUTO",

(5) Both timers are initially OFF,

January 1999 Compendium of Methods for Taxic Organic Air Pollutanty Page 14AK3

SNSI B

.

1
e

i

v Lol

o0

r
]

‘.




Mecthod TO-14A VOCs

(6) Both timers are sct to the correct current ime of day and day number.
(7) Elapsed ime meterissctto 0.

4.4 Sampler Recovery (Post Sampling)

3.4.1 The valve on the canister is closed.

4.42 The canister is disconneeted from the sampler, the sample dat sheet 1s completed, and the canmsser is
prepared for shipment to the analytical laboratory,

4.4.3 If'two canisters were sampled, Section 2.4.2 is repeated for the other canisters.

5. Timer Setting

Since the tmers are 7-day timers, the days of the week are numbered from | 1o 7. The assignment of day
numbers to days of the week s indicated on the timer keypad: 1 = Sundav, 2 = Monday, 3 = Tuesday, < =
Wednesday, 5 = Thursdxy, 6= Friday, and 7 = Saturday. This programming is quite simple, but some timers may
malfunction or operate erratically if not programmed exactly right. To assure correct operation, the timers should
be reset and completely reprogrammed “from scratch” for cach sample. The correct current time of day is re-
entered to reprogram the timer. Any program in the timer’s memory is erased by rescmng the timer (pressing the
reset button). The umer is sct by the following:

(1) pressing the reset button,

(2) cntering the correct day number and time of day,

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

5.1 Timer Resct

The timer resct button is pressed, which is recessed in a small hole just above the LED (light emitting diode)
indicator light. A small object that will fit through the hole, such as a pencil, march, or pen is used to press the
timer, After reset, the timer display should show 1] [10:001].

[Note: The timers muy operate erratically when the batteries are discharged, which happens when the
sampler is unplugged or without power for several hours, When the sampler is again powered up, several
hours may be required 10 recharge the batteries. To avoid discharging the bartenies, the batzery pack should
be disconnected from the rimer when the sampler is unplugyged.]

.2 Date and Time Entry
The selector switch is turned to SET and the aumber button corresponding to the day number is pressed. For
example, a1 "2" is pressed for Monday, The current time of day is entered. For example, if'the ime is 9:00 AM,
900 is pressed. AM or PM is pressed as applicable, Display should show {2] {%9:00] for 9:00 AM Monday.

[Nate: *indicates AM and , indicates PM.]

Paye 14A-84 Compendium of Methods for Toxic Organic Air Pollutants January 1999

3t e Ly

o (O RN 5 3 T




I
2
<
2
VOCs Mecthod TO-14A —-
'
A
The CLOCK button is pressed. Display should show [-] [—:=]. Ifan er7or is made, {E| |EE:EE] isshown on =
the display. The CLEAR button is pressed and the above steps are repeated. The sclector switch is turned to :,-'
AUTO or MAN to verify correct time sctting. %
=
5.3 ONand OFF Entry ‘_‘_‘
‘The sclector switch is tumed to SET. The ON and OFF program s entered in the followmg order: day, number, é

time, AM or PM, ON or OFF. (Example: Totumn ON at 12:00 AM on day § (Thursday): 5, 1200, AMLON is
enicred). (Example: To tum OFF at 11:59 PM on day § (Thursday): 5, 11:59, PM, OFF tx entered.) 1f the
dispiay indicates an error (|E| |EE:EE]), the timer is resct. The selector switch is tumed 10 AUTO.

5.4 ON and OFF Verification

54.1 The selector switch is tumed to REVIEW. The number of the scheduled sample day is pressed. ON
is pressed. The display should show the time of the beginning of the sample period (for example, [S1 [*12:00().
[ indicates AM.] ON is pressed again. The display should show |5| |~:], indicating no other ON times arc
programmed.

5.4.2 OFFis pressed. The display should show the time of the end of the sample period, (for example, | 5]
1, 11:58]). PM is indicated by the =,* mark before the time. OFF is pressed again, The display should show | 5]
| ~:+=], indicating no othcr OFF times are programmed. The selector is switched to AUTO. If anything is
incorrect, the timer is reset and reprogrammed.

TABLE C-i. NET FLOW CONTROLLER SETTING

RAIE LCANISTER 2 CANISTERS
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Figure C-1. Example of EPA's UATMP air sampler.
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