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BFB bromofluorobenzene
BP boiling point
CAS Chemical Abstracts Service
CB calibration blank
CCcv continuing calibration verification
CDCF canister dilution correction factor
coC chain of custody
DB dilution blank
El electron impact
EPA U.S. Environmental Protection Agency
FEP fluorinated ethylene propylene
GC gas chromatography or gas chromatograph
HAP hazardous air pollutant
HCF hydrocarbon-free
HPLC high-performance liquid chromatography
IB instrument blank
ICAL initial calibration
I.D. inner diameter
ID identification
IDCF instrument dilution correction factor
IDL instrument detection limit
IS internal standard
MB method blank
MDL method detection limit
MFC mass flow controller
MFCD mechanical flow controlling device
MFM mass flow meter
MS mass spectrometry or mass spectrometer
MW molecular weight
m/z mass-to-charge ratio
NATTS National Air Toxics Trends Stations
NIST National Institute of Standards and Technology
NOAA National Oceanic and Atmospheric Administration
PAMS Photochemical Assessment Monitoring Stations
PFA perfluoroalkoxy
PM particulate matter
PT proficiency test
PTFE polytetrafluoroethylene
QA quality assurance
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QcC
RH
RPD
RRF
RSD
RT
SIM
SIS
S:N
SOP
SScvV
TO
TOF
UATMP
VOC

quality control

relative humidity

relative percent difference

relative response factor

relative standard deviation

retention time

selected ion monitoring

selected ion storage

signal-to-noise ratio

standard operating procedure
secondary source calibration verification
toxic organic

time-of-flight
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volatile organic compound
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Vapor
Pressure Molecular | Typical
Empirical |CAS® Boiling at 20 °C Weight lons

VOC (Alternative Name)? Formula Number Point (°C) |(mm Hg)°® | (g/mol) Monitored
Dichloromethane (methylene chloride) CH.Cl, 75-09-2 39.8 350 84.9 49/84
Carbon disulfide (methanedithione) CS; 75-15-0 46.0 297 76.1 76/44
1,1,2-Trichlorotrifluoroethane (Freon 113) C.Cl3 F3 76-13-1 47.7 285 187.4 101/151
2-Propenal (acrolein) C3H,0 107-02-8 52.3 217 56.1 56/55
2-Methoxy-2-methylpropane (methyl tert-butyl ether, MTBE) | CsH1,0 1634-04-4 55.2 203 88.2 73/41
2-Chloro-1,3-butadiene (chloroprene) C4HsCl 126-99-8 59.4 188 88.5 88/53
1,1-Dichloroethane (ethylidene chloride) C,H.Cl, 75-34-3 57.4 182 99.0 63/65
cis-1,2-Dichloroethene (cis-1,2-dichloroethylene) C,H,Cl, 156-59-2 55.0 180-265 96.9 61/96
trans-1,2-Dichloroethene (trans-1,2-dichloroethylene) C,H,Cl, 156-60-5 48.7 180-265 96.9 61/96
2-Propanone (acetone) C3HgO 67-64-1 56.1 180 58.1 43/58
Trichloromethane (chloroform) CHCl; 67-66-3 61.2 160 119.4 83/85
Tetrahydrofuran (oxolane) C4HsO 109-99-9 66.0 132 721 42/41
Hexane CeH1a 110-54-3 68.7 120 86.2 57/43
Isopropyl ether (diisopropyl ether) CeH140 108-20-3 69.0 119 102.2 45/43
1,1,1-Trichloroethane (methyl chloroform) C,H5Cl3 71-55-6 74.0 100 133.4 97/99
2-Ethoxy-2-methylpropane (ethyl tert-butyl ether, ETBE) CeH140 637-92-3 72.6 96 102.2 59/87
Methanol (methyl alcohol) CH,O 67-56-1 64.7 92 32.0 31/29
Carbon tetrachloride (tetrachloromethane) CCly 56-23-5 76.5 91 153.8 117/119
Ethenyl acetate (vinyl acetate) C4HeO2 108-05-4 72.7 83 86.1 43/86
2-Propenenitrile (acrylonitrile) CsH3N 107-13-1 77.3 83 53.1 53/52
2-Butanone (methyl ethyl ketone, MEK) C4HsO 78-93-3 79.6 78 721 43/72
Cyclohexane CeH12 110-82-7 80.7 78 84.2 56/84
Benzene CeHe 71-43-2 80.1 76 78.1 78177
Acetonitrile (cyanomethane) C,H3N 75-05-8 81.6 73 411 41/40
Ethyl acetate C4Hg0, 141-78-6 771 73 88.1 43/61
2-Methoxy-2-methylbutane (tert-amyl methyl ether) CeH140 994-05-8 86.3 68 102.2 73/43
1,2-Dichloroethane (ethylene dichloride) C,H4Cl, 107-06-2 83.5 64 99.0 62/64
1,1,2-Trichloroethene (trichloroethylene) C,HCls 79-01-6 87.2 58 131.4 130/132
Bromodichloromethane CHBIrCl, 75-27-4 90.0 50 163.8 83/85
Ethanol (ethyl alcohol) C,HsO 64-17-5 78.3 44 46.1 31/45
1,2-Dichloropropane (propylene dichloride) C3HeCl, 78-87-5 96.0 42 113.0 63/62
Heptane C7Hie 142-82-5 98.4 35 100.2 43/41
2-Propanol (isopropanol) C3HsO 67-63-0 82.3 33 60.1 45/43
2-Methyl-2-propanol (tert-butyl alcohol, TBA) C4H1cO 75-65-0 82.3 31 741 59/31
1,4-Dioxane (p-dioxane) C4Hg0, 123-91-1 101.2 29 88.1 88/58
Methyl methacrylate (methyl 2-methylprop-2-enoate) CsHsO, 80-62-6 100.5 29 100.1 41/69
trans-1,3-Dichloropropene (trans-1,3-dichloropropylene) C3H,4Cl, 10061-02-6 | 108.0 28 111.0 75/39
cis-1,3-Dichloropropene (cis-1,3-dichloropropylene) C3H4Cl, 10061-01-5 |104.3 26 111.0 75/39
Toluene (methylbenzene) C/Hg 108-88-3 110.6 21 92.1 91/92
1,1,2-Trichloroethane C,H;Cl; 79-00-5 114.0 19 1334 97/83
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MFCDs regulate the air flow with a combination of a restrictive orifice and an adjustable flow mechanism.
The flow mechanism consists of a flexible metal diaphragm used in conjunction with an adjustable
regulating piston and a precision-bored (typically synthetic sapphire or ruby) flow restrictor. Flow
restrictors are available with holes ranging in diameter from 0.0008 to 0.006 in. The flow restrictor
determines the approximate flow range, and the piston is adjusted to set the exact flow rate. A diagram of
an MFCD is shown in Figure 7-1.

Figure 7-1: Mechanical flow controlling device.

These sampling devices are constructed such that the vacuum of an evacuated canister (P3) draws the
air sample in through a stainless-steel particulate filter where it then passes through the restrictive orifice
and into the vacuum-regulated chamber (P2). The vacuum in this chamber is balanced by the
atmospheric pressure (P1), the vacuum of the canister, and the position of the adjustable piston. The
diaphragm is made of thin flexible metal, and one side is open to atmospheric pressure and the other side
(sample flow side) is under a slight vacuum as regulated by the piston. The adjustable piston consists of
an O-ring that lightly contacts the diaphragm. This piston regulates the vacuum in the chamber, providing
the pressure drop that draws the air sample through the restrictor and into the canister. The adjustable
piston is moved toward or away from the metal diaphragm by means of screw threads to adjust the
vacuum in the chamber. Once set, the pressure drop across the restrictive orifice will be maintained, even
with the change in vacuum of the canister, until the vacuum range of the device is exceeded. Figure 7-2
shows the interrelationship of the pressures (P2 and P3) and flow rates of the MFCD/canister system.
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permit the user to measure pressure differentials precisely. To verify the accuracy of the laboratory’s
commonly used gauges, it is recommended that users of the method maintain a National Institute of
Standards and Technology (NIST)—certified precision test gauge with accuracy of £0.1% full scale or
better and a range of at least 0 to 207 kPa absolute (0 to 30 psia) or an equivalent electronic digital
pressure transducer.

7.5 Gas Regulators, Tubing, and Fittings

Regulators for high-pressure cylinders of dilution gas, stock standard gases, and IS gases should be
high-purity stainless steel and may be silicon-ceramic lined (which may be required when analyzing
sulfonated VOCs). Regulators should be dedicated to a specific task and labeled for use. For example, a
regulator used on a high-concentration stock VOC standard cylinder should not be used on a low-
concentration stock VOC cylinder. Teflon products such as PTFE and FEP seals and diaphragms should
be avoided where possible to minimize memory effects; PFA should not be used. Regulators for
connections to high-pressure cylinders for carrier and make-up gases should be brass or stainless steel
and be rated for the pressure and flow used.

Connecting tubing and fittings for dilution gas and standard gases should be of chromatographic-grade
stainless steel (preferably 316 type), which includes silicon-ceramic—treated stainless steel. Note that the
lining of silicon-ceramic—treated stainless steel tubing can be damaged by bending the tubing too tightly.
Follow the manufacturer’s recommendations for working with silicon-ceramic—treated tubing. Connections
should be metal to metal; PTFE thread sealants and Buna-N rubber components should be avoided.

7.6 Analytical Instrumentation

Analysis by this method may be accomplished with any combination of preconcentrator, GC, and MS
provided the performance specifications of the method are met.

7.6.1 Sample Introduction

Commercially available preconcentrator units typically include several ports for the connection of
standards, blanks, samples, and ISs. Some users may find the number of ports to be limiting, particularly
laboratories with high sample throughput. The connection capacity may be increased by the addition of
one or more commercially available multiposition autosamplers.

7.6.2 Sample Preconcentrator

To measure the target VOCs collected within the canister, an aliquot of air is removed and passed
through a trap or series of traps where the VOCs are retained (concentrated) while the bulk gases and
water are effectively removed. The VOCs are then desorbed from the trap(s) and injected into a GC-MS
system.

Several preconcentrator units for this purpose are commercially available. Preconcentrator traps consist
of quartz or stainless-steel tubing that may be empty or filled with sorbent material (or combinations of
sorbents), such as glass beads, styrene-divinyl copolymers, and graphitized carbon. The traps may also
be coated capillary tubing. Parts or all of these traps may be selectively cooled to increase retention of
VOCs. Cooling may be accomplished thermoelectrically (for example, with the Peltier effect) or with
cryogens such as liquid nitrogen, liquid argon, or liquid carbon dioxide.










Method TO-15A
September 2019 VOCs

of chromatographic-grade or silicon-ceramic—coated stainless steel. Mixing chambers or manifolds should
be of chromatographic-grade or silicon-ceramic—coated stainless steel, borosilicate, or quartz glass.

Dynamic dilution gas flows are typically controlled by calibrated electronic MFCs with flow ranges
appropriate to achieve the desired dilution factor(s). Purpose-built dynamic dilution systems are
commercially available with MFCs to meter standard and diluent gases into an included mixing chamber.
Such systems should be chosen to provide the desired dilution factor ranges. For example, if a 25 pptv
(0.025 ppbv) standard concentration is desired and the stock gas concentration is 100,000 pptv (100
ppbv), the dilution system will need to provide a 1:4000 dilution. Periodic recertification of MFCs is
required unless flows are verified with a flow calibration device each time gas standards are prepared.

Alternatively, mechanical flow devices such as needle valves may be used. If these devices are used,
flows must be manually adjusted and verified. Use of MFCs is generally preferable as flows are
automatically adjusted to maintain a specified rate, whereas mechanical flow devices require an initial
manual adjustment and are assumed to maintain the set flow.

7.6.4.2 Static Dilution Instrumentation

Static dilution preparation methods involve the delivery of precise volumes of gas or liquid standards and
diluent gas into a container of constant volume. Static dilution of standards is performed in a fixed-volume
vessel such as a canister or through a manifold where known amounts of certified standards are
transferred. The known amounts may be measured based on partial pressure measurements, volumetric
transfers, and/or mass difference. Precise and sensitive pressure transducers or pressure gauges are
used to measure the partial pressures of added standard and dilution gases. Volumetrically certified gas-
tight syringes may be employed when transferring known volumes of liquids or small gas volumes into
vessels for dilution. Sensitive high-capacity analytical balances may be employed to measure masses of
added neat materials and diluent gases.

At least four types of static dilution approaches can be used for preparation of standard gas dilutions:

e Static dilution performed directly into canisters based on partial pressures. Gas
volumes are measured using pressure transducers or pressure gauges to determine the gas
volumes added. A pressure transducer or gauge is connected to an evacuated canister, and
the canister pressure is monitored and recorded before and after each standard and diluent
gas is added. These pressures are input into the calculation of the dilution factor and final
concentrations.

e Static dilution through a manifold based on partial pressures. A pressure transducer or
combination of pressure transducers is employed to monitor the pressures of added
standard and diluent gases plumbed through valves into a manifold constructed of
chromatographic-grade or silicon-ceramic—coated stainless steel. A canister is attached to
the manifold to receive the diluted standard gas. Commercially available static diluters
designed for the preparation of calibration gas standards operate on this principle and meter
gas standards and dilution gases into canisters based on precise measurements of
pressures with pressure transducers.

e Static dilution into canisters based on known standard volumes. A known volume of
standard gas is added to an evacuated canister with a gas-tight syringe, and the diluent gas
is added to a known final pressure. The final pressure of the diluted canister is used to
calculate a final volume of the mixture, assuming the volume of the canister is known. Users
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Figure 9-1: Flow controlling device characterization apparatus.

A certified flow meter should be employed, which may consist of a calibrated mass flow meter (MFM), a
dry piston meter, or other similar measurement device with the calibrated measurement range appropriate
to measure the flow (typically in low single-digit milliliters per minute). For low flow rates (single-digit), the
flow measurement device itself must not interfere with the flow measurement—that is, the pressure drop
across the measuring device should not be such that it impacts the flow being measured.

An example of a simple test system for characterizing sampling devices can be constructed that
continuously logs the output signals from an electronic vacuum/pressure gauge and calibrated MFM
using a datalogger to record the pressure (vacuum) of the canister, the flow passing through the
controlling device, and the time. Pressure and flow measurement data collection should be of sufficient
frequency (e.g., readings every hour or more frequently) to ensure adequate time resolution for
determining the critical pressure differential—the pressure ratio above which flow rate is no longer
constant. Example plots of flow vs. pressure for various types of flow controlling devices experimentally
determined using this test system are shown in Figure 9-2.

Characterization of the flow/pressure profiles for pump-driven canister sampling systems is not necessary
as these systems generally maintain a constant flow across the desired flow range. Commercially
available rack-mounted canister sampling systems should have been tested and characterized by the
manufacturer.
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If the MFC-displayed readings are outside of the acceptable tolerance, flows can be measured and set at
each use by adjusting the flows according to calibration device measurements. Alternatively, calibration
verification can be accomplished by measurement at a minimum of three different flow rates: two flows
bracketing the intended flow and one at the intended flow. The MFC display reading is then plotted
against the actual measured flow, and the points are modeled by linear regression. The linear regression
is then used to provide the corresponding readout display setting for the desired flow rate.

9.2.2 Adjustment and Verification of Mechanical Flow Controlling Devices

Flow rates for MFCDs must be set and/or verified prior to each use. The adjustment process requires that
the MFCD be attached to an evacuated canister (or other vacuum source) and a calibration device of the
appropriate flow range be attached to the inlet of the MFCD. The canister valve is opened, and as the air
is drawn through the flow calibration device, the flow adjustment piston of the MFCD is carefully adjusted
until the desired flow is attained. Initial flow adjustment for MFCDs is typically performed prior to sample
deployment with the sampling unit attached to an evacuated test canister. This allows adjustments to be
made without impacting sample collection. If flows are initially set at an off-site location prior to
deployment, it is strongly recommended that flow rates be verified at the sampling location at the time of
deployment. If the flow rate has changed and is outside the desired range, the controller will need to be
adjusted.

Typical flow measurement devices that meet the necessary criteria for setting and verifying MFCD flow
rates are graphite piston flow calibrators (positive displacement technology such as DryCal Technology
[Mesa Labs, Butler, NJ]) and calibrated MFMs. Suitable devices for flow measurement must be
noncontaminating; therefore, bubble flow devices should not be used. They must also operate based on
vacuum and have a sufficiently low pressure drop so as not to impact the flow being measured. Flow
measurement devices must be in the appropriate operating range for the target flow range, typically 0—10
mL/min or 0—100 mL/min, depending on the canister volume and sampling duration. Adjustment of
MFCDs to flows below 1 mL/min is challenging and requires special measurement devices. MFMs are
commercially available that are capable of measuring flows below 1 mL/min.

A simple technique can be used to verify that the MFCD is properly set at time of deployment. This
technique requires an evacuated canister, the MFCD with vacuum/pressure gauge, and a timing device.
The MFCD is installed on the evacuated canister, and the canister valve is momentarily opened, allowing
a vacuum to be established in the controller. The canister valve is then closed, and the time required for
the vacuum reading to rise 34 kPa (10 in. Hg) is measured. The time is then referenced to a chart
developed by the user specifically for the controller design that relates the leak rate to the flow rate. For
this technique to work, the internal volume of the system between the canister valve and the restrictor
must always be the same.

9.3 Qualification of Analytical Instrumentation

9.3.1 Zero-Air Challenge of Analytical Instrumentation

To fundamentally demonstrate that the analytical instrumentation (preconcentrator and GC-MS system) is
not a source of contamination (positive bias), humidified (40% to 50% RH) HCF zero air from a known
clean source (e.g., certified clean canister, clean cylinder gas, zero-air generator) is analyzed to confirm
the cleanliness of the system. This procedure should be conducted at installation prior to initial use of the
instrument. This basic evaluation does not require establishing calibration or determining quantitative
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results to assess potential positive bias. This check should be performed by connection of the clean
humidified gas sample to the preconcentrator to verify that the analytical instrument and all connections
are sufficiently clean. The volume of air analyzed should be consistent with the laboratory’s typical
canister sample injection volume. Compounds that appear in this zero-air challenge sample indicate
contamination attributable to the analytical instrumentation.

Analysis must show that any detected target compounds in the zero-air challenge sample are at response
levels that are expected to be < 20 pptv or preferably not detected. Users should examine
chromatograms for interferences and other chromatographic artifacts such as nontarget peak responses,
large peaks or rises in the chromatogram due to undifferentiated compounds, and baseline anomalies.
Where exceedances are noted in the zero-air challenge sample for target compounds, steps should be
taken to remove the contamination attributable to the analytical instrumentation by following the
manufacturer’s instructions. Such steps may include analyzing replicates of humidified clean gas until the
contamination is eliminated, which is indicated by measuring decreasing concentrations in subsequent
analyses of the target VOCs until a stable concentration (preferably not detected) is reached. The
analytical system zero-air challenge is then repeated to ensure that any problems have been mitigated
before the analytical instrumentation is suitable for use.

Once the analytical system has been demonstrated to have minimal to no positive bias for target VOCs,
the system should be tested with a known standard of target compounds to check for any negative bias.

9.3.2 Known-Standard Challenge of Analytical Instrumentation

To fundamentally demonstrate that the analytical instrumentation (preconcentrator and GC-MS system) is
not causing loss of compounds (negative bias), a humidified (40% to 50% RH) reference standard of
known integrity containing all target compounds is analyzed to verify that all target compounds are
detected by the system, that they respond consistently upon repeated injection, and that they exhibit
sufficient response to be quantifiable at low concentrations. This procedure should be conducted at
installation prior to initial use of the instrument. This basic evaluation does not require establishing
calibration or determining quantitative results to assess potential negative bias. It is recommended that
the challenge gas contain all target VOCs at approximately 100 to 500 pptv each, chosen in consideration
of the expected concentration in ambient air. The volume of air analyzed should be consistent with the
laboratory’s typical canister sample injection volume. Compounds demonstrating poor response as
indicated by peak absence or minimal peak area may be a result of active sites in the analytical system,
cold spots in transfer lines, gas impurities, improper choice of preconcentrator sorbent traps or GC
columns, system leaks, and/or poor moisture management. If problems are noted, the instrument
manufacturer should be consulted on the necessary steps to eliminate the bias.

9.3.3 Qualification of Autosamplers Associated with Analytical Instrumentation

Once the system has been shown to be fundamentally nonbiasing (positive or negative), the system
should be calibrated and evaluated as described in Sections 13 through 16 in order to conduct the
canister and sampling device and system qualifications. If an autosampler is used to facilitate analysis of
multiple canisters, all ports of the autosampler should be tested once the analytical system has been
calibrated and prior to conducting the canister and sampling device and system qualifications.

After establishing the initial calibration (ICAL), each port of the autosampler should be tested to
demonstrate cleanliness (positive bias) by analyzing humidified zero air. This is performed by connecting
the clean humidified gas sample to the port to verify that transfer lines and all connections are sufficiently
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10.1.1 Gas Source for Canister Cleaning, Pressurization, and Flushing

The purge gas for canister cleaning should be high-purity HCF zero air or nitrogen. Ultrapure nitrogen
may be sourced from cylinders, nitrogen generators, or the headspace gas from a liquid nitrogen dewar.
Air is generally sourced from cylinders or air generators. Scrubbing of purge gas with additional
hydrocarbon traps, moisture traps, and/or catalytic oxidation may be necessary to obtain sufficiently clean
purge gas, which should be < 20 pptv for each target analyte. Purge gas cleanliness should be verified
upon initial setup by direct analysis if possible or indirectly by filling and analyzing a known clean canister.
After initial demonstration of purge gas cleanliness, acceptable canister batch blanks (individual target
VOCs < 20 pptv at 101.3 kPa absolute) provide continuing indirect confirmation that the purge gas is
suitably clean.

If used, gas scrubbers should be replaced on a regular maintenance schedule. In the event of changes in
gas sourcing or after the replacement of scrubbers such as hydrocarbon traps and moisture traps,
additional cleanliness verifications may be necessary.

The purge gas should be humidified to approximately 30% to 70% RH; higher humidity levels within this
range generally are considered more effective for cleaning canisters. The water assists in removal of
polar and high-BP VOCs that may otherwise remain in the canister. Commercial canister cleaning
systems usually incorporate a humidifier; however, the supplied humidity may vary considerably based on
the type of humidifier that is used. There are generally two types of humidification processes: (1) bubbler
humidification systems that incorporate an impinger submerged in water that humidifies by bubbling the
purge gas through the water and (2) headspace humidification systems whereby air is simply blown over
the surface of the water. Bubbler systems generate higher humidities than headspace systems.

Water for the humidification device should be deionized, distilled, or HPLC grade as specified by the
cleaning system manufacturer. If a bubbler-type humidifier is employed, care should be taken to ensure
the downstream pressure is lower than the humidifier upstream pressure to avoid backflow of the water. It
is recommended that the humidity of the purge gas be measured with a calibrated hygrometer to ensure
the desired humidity is attained. Such a measurement can be made by placing a hygrometer probe in the
humidified gas stream.

10.1.2 Pre-evacuation of Canisters

Canisters should be pre-evacuated prior to connection to the canister cleaning system to reduce the
potential for contamination of the system. Pre-evacuation should be performed on all canisters regardless
of whether the contents are ambient air, standards, or samples of high concentrations. Canisters are pre-
evacuated by attaching them to an oil-free roughing pump and evacuating to approximately 7 kPa
absolute (28 in. Hg vacuum) with the exhaust of the pump directed to a fume hood or passed through a
charcoal trap. Canisters are then refilled to ambient pressure with HCF zero air or nitrogen. The pre-
evacuation process may need to be repeated for canisters that contain VOCs at higher concentrations.
Once the canisters have been pre-evacuated and filled, they are attached to the cleaning system.

10.1.3 Heated Canister Cleaning

Canisters should be heated during cleaning as the heat facilitates removal of compounds. Heating is
generally achieved by placing canisters in enclosed ovens. Heating to 80 °C is generally sufficient for
cleaning canisters used for ambient air sample collection. Higher temperatures may be used; however,
interactions within the canister and the humidified purge gas at temperatures of =2 100 °C are not well
understood and do not appear to increase cleaning effectiveness. The temperature to which the canister
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the table to illustrate the approximate volume of gas in common canister sizes at various absolute
pressures.

The acceptable concentration values are based on the fact that increased pressures in a canister
correlate with increased volumes of gas that dilute the background contamination. All concentrations
stated at the pressures listed in Table 10-3 represent a uniform concentration that is equivalent to 20 pptv
at 101.3 kPa absolute (14.7 psia). For example, if a fill pressure of 207 kPa absolute (30 psia) is used for
verification of canister cleanliness, then the laboratory would need to meet the cleanliness criterion of

< 9.8 pptv for each target compound of interest.

Table 10-3: Canister Blank Acceptance Criteria

Canister Final Air/Nitrogen Volume (approx.)
Canister Canister Gauge Acceptable
Pressure Pressure Pressure Concentration
(kPa absolute) (psia) (psig)? 1-L Canister | 2.7-L Canister | 6-L Canister | 15-L Canister (pptv)
310 45.0 30.3 3.1 8.3 18.4 459 <6.5
276 40.0 253 27 7.3 16.3 40.8 <74
241 35.0 20.3 24 6.4 14.3 35.7 <84
207 30.0 15.3 2.0 55 12.2 30.6 <9.8
172 25.0 10.3 1.7 4.6 10.2 255 <11.8
138 20.0 5.3 1.4 3.7 8.2 20.4 <147
101.3 14.7 0 1.0 2.7 6.0 15.0 <20.0
89.7 13.0 -1.7 0.9 24 5.2 13.3 <23.0
2Gauge pressures shown represent those expected at sea level for barometric pressure at standard pressure, 101.3 kPa
absolute. Gauge pressure readings under barometric pressure conditions other than sea level will need to be adjusted based on
the ambient barometric pressure at a specific location.

The equation used for calculating the canister final air/nitrogen volume (Vcaic) is given below. It may be
used to calculate approximate volumes in the canisters at a given pressure and the acceptance
concentration criteria for pressures not shown in Table 10-3:

6 0 0 70 26 6

where:

Veac = approximate calculated volume of gas contained in the canister (L)
Pcean = absolute pressure of canister cleaning batch blank, kPa absolute
Pstd
Vean = nominal canister volume (L)

101.3 kPa absolute, standard atmospheric pressure

The equation used for calculating the acceptable concentration criterion (Cacc) is given below. It may be
used to calculate acceptance concentration values for pressures not shown in Table 10-3. Calculations
are based on the pressure change and specified target concentration of 20 pptv relative to 101.3 kPa
absolute (14.7 psia):

# # z 0 710




