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Thank you for requesting this Restek technical guide.

One of our standing goals is to provide you with practical information to help you obtain reliable data from your chromatographic and
peripheral systems. This guide describes equipment needed and practical techniques to follow when collecting passive air samples,
using canisters. It is a compilation of information based on our experience and that of experts in this field. We would like to thank the
individuals who provided invaluable assistance in the development of this guide: Dr. Eric Winegar of Applied Measurements Science,
Joachim Pleil of the US Environmental Protection Agency, John Yokoyama of Performance Analytical, and Jerry Winberry of

‘We hope you enjoy this first edition guide to passive air sampling. If you have any questions, or have input for future
editions, please feel free to contact us at Restek Corporation.
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Introduction

Ambient air sampling involves collecting a representative sample of ambient air for
analysis. If the environment is not changing, or if only a qualitative sample is need-
ed, a simple “grab” sample can be obtained. For example, an evacuated sample can-
ister can be opened and sample rapidly collected at a non-controlled rate, usually
over several seconds, until the container attains equilibrium with atmospheric pres-
sure. Generally this qualitative approach is used when unknown analytes must be
identified, when the air contains high concentrations at certain (short) times, or
when an odor is noticed and a sample must be obtained quickly. Paired grab sam-
ples (before/after or smell/mo smell) often are employed to qualitatively diagnose a
perceived problem.

To obtain a more representative sample requires time-integrated sampling. A flow
restrictor is used to spread the sample collection flow over a specific time period, to
ensure an “average” composited or time-weighted average (TWA) sample. A TWA
sample will accurately reflect the mean conditions of the ambient air in the environ-
ment and is preferred when, for regulatory or health reasons, a typical exposure
concentration is required for a situation that may have high variability, as in an
occupational setting.

There are two general approaches to collecting air samples: 1) “whole air” sam-
pling with canisters or Tedlar® bags and 2) “in-field concentration” sampling using
sorbent tubes or cold traps. In this guide we focus on collecting whole air samples
in canisters. Within this approach, two sampling techniques commonly are used:
passive sampling and non-passive (active) sampling, distinguished by the absence
or use of an active pumping device, respectively.

In passive sampling an air sample is pulled through a flow controller into an evacu-
ated canister over a chosen period of time, ranging from 5 minutes to 24 hours. The
sampling period and the flow rate determine the canister volume required. In non-
passive (active) sampling, a pump is used to push the sample through a mass flow
controller and into the canister. Additional sample can be collected, relative to the
amount that can be collected by passive sampling, by pressurizing the canister with
sample. Commonly the sample is pressurized to 15psig, effectively doubling the
sample volume. Sampling can be time-integrated (e.g., an 8-hour sample), or a dip
tube design can be used to establish a flow through the system and flush the sample
container with sample, then, after a specified time, the exit valve is closed and the
container is pressurized with sample.

Although active sampling is very flexible, a drawback to using a pump is the need
for additional quality assurance requirements for sample integrity (i.e., no artifacts
or loss of analytes). Additionally, a pump requires a battery or line power source,
which may pose logistic difficulty in remote field-site sampling.



Il. Equipment Used for Passive Air Sampling

To ensure a valid sample when using a passive sampling technique, it is important
that the flow rate not change greatly during the time interval specified for the inte- Figure 1. A complete sampling train is
grated sample. The proper sampling equipment helps accomplish this objective. A needed for reliable passive sampling.
typical passive sampling train should include the following components, all con-
structed of stainless steel: a sampling inlet, a sintered metal particle filter, a critical
orifice, a flow controlling device, a vacuum gauge, and a canister (Figure 1).

Sampling Inlet

The sampling inlet - the entrance to the sampling train - typically is cleaned stain-
less steel tubing, either 1/4" ID or 1/8" ID. US EPA Compendium Method TO-
14/15 recommends sampling at a height of 2 meters above the ground. In a highly
trafficked area, this would minimize the problem of dust particles entering the sam -
pling train. This height is not mandatory, however, and it is common practice to use
an inlet that is 12" (approximately 1/3 meter) high. The EPA also recommends hav-
ing the entrance of the sampling inlet face downward, to prevent raindrops from
entering the inlet. In some sampling trains a 1/8" or 1/4" nut at the entrance of the
inlet keeps water droplets away from the edge of the inlet, where they could be
drawn into the sampling train with the sample.

Particle Filter

Installed in the sampling train prior to the flow-controlling device, the particle filter
prevents airborne particles from entering the sample flow path. Particles could
partially obstruct the flow path and alter the flow rate during sampling. In extreme
cases, particles could plug the flow path and stop the sample flow. The smallest
orifice commonly used in a passive sampling train is 0.0012" (approximately 30
micrometers). Without a particle filter, dust particles could occlude this opening as
they accumulate in the orifice fitting, Particles also can affect the leak integrity of
the valve, and possibly can damage the valve. Two types of filters are used for this
application, frit filters and in-line filters (Figure 2). A variety of models of each
type are available; most are of sintered stainless steel and have 2-, 5-, or 7-micron
pores. Obviously, the smaller the pores, the less likely are potential problems from
airborne particles. EPA Compendium Method TO-14A/15 recommends using a
particle filter with 2-micron pores.

rain cap
(/5" or 4" nut)

[.l Figure 2, Particle filters used in sampling trains.

in-line
filter

frit filter
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Critical Orifice
The critical orifice (Figure 3) restricts the flow to a specified flow range. In
conjunction with the flow controller, this allows the canister to fill at a specified
rate over a specified time period. The most common critical orifice design is a
series of interchangeable stainless steel 1/4" NPT to 1/4" compression unions, each
fitted with a precisely bored sapphire orfice. Each orifice provides a specific flow
range (Table 1). Stability over a wide range of temperatures makes sapphire the
construction material of choice. Typically during field sampling, the sampling train
is subjected to temperature fluctuations that would cause metals to contract or
expand, affecting the diameter of the aperture and thereby affecting flow. Sapphire
will not expand or contract across any ambient temperature extremes incurred
during sampling.

A critical orifice can be used as the sole flow-restricting device, but it cannot
ensure uniform flow. The source pressure of the flow changes during sampling, and
the flow rate through the orifice also would change, producing an invalid time-inte -
grated sample. It is important that a highly consistent flow rate be maintained
during passive sampling. This is accomplished by the flow controller that incorpo-
rates the critical orifice.

Figure 3. Flow controller
and critical orifice.

Adjustable
Piston

Critical
Orifice

| -::\
Atmospheric [
Reference \J

Figure 3 courtesy of Verifle Corp.,

a division of Parker Hannifin Corp. Qutlet
Table 1. Critical orifice diameter vs flow rate.
Orifice Diameter Flow Rate Range Canister Volume / Sampling Time
(in.) (sccm) 1L 3L 6L 15L
0.0012 2-4 4 hr. 12 hr. 24 hr, 60 hr.
0.0016 4-8 2 hr. 6 hr. 12 hr. 30 hr.
0.0020 8-20 I hr. 4 hr. 8 hr. 20 hr.
0.0030 20-40 -- 2 hr. 3 hr. 8 hr.
: - -- - 1 hr. hr.
www.restekcorp.com i i 3
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Flow Controller

The flow controller (Figure 3) maintains a constant sample flow over the integrated
time period, despite changes in the vacuum in the canister or in the environmental
temperature (Figure 4). In the Veriflo™ Model SC423 XL Flow Controller shown

in Figure 3, the critical orifice acts as a flow restrictor, upstream of a constant back
pressure. This constant back pressure is established by the balance between the
mechanical spring rate of the diaphragm and the pressure differential across the
diaphragm. The latter is established by the pressure difference between the atmos-
pheric pressure and the vacuum in the canister and the flow through the critical
orifice. The net result is a constant flow.

The critical orifice determines the flow range. The adjustable piston is used to set a
specific, fixed flow rate within the flow range. An adjustment to the position of the
piston changes the back pressure, which changes the pressure differential across the
critical orifice. If the piston is lowered away from the diaphragm, the flow rate will
increase. If the piston is raised toward the diaphragm, the flow rate will decrease.
This flow controller will accurately maintain a constant flow despite changes in
vacuum over a range of 30" Hg to 7" Hg. Flow is constant until the vacuum range
of the device is exceeded, making the flow controller unable to maintain the con-
stant pressure differential. In Figure 5, for example, the flow rate is constant from
29.9" Hg to approximately 7" Hg, at which point the flow rate decreases because
the flow controller is unable to maintain the proper pressure differential. This con-
trol will allow the user to collect approximately 5 liters of sample in a 6-liter canis-
ter. This is an extremely important factor in obtaining valid time-integrated samples
through passive sampling. We will discuss this point further in the Field Sampling
section of this guide.

Figure 4. A flow controller will maintain a constant Figure 5. A flow controller will maintain a constant
sample flow despite changes in canister pressure or sample flow until it is unable to maintain a stable
environmental temperature. pressure differential across the critical orfice.
Temperature Effects Differential Pressure Response
» Flow Slebetty Corve 357 netun
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Figures 4 and 5 courtesy of Veriflo Corp., a division of Parker Hannifin Corp.

HRO VI DS‘?& ficcz E-mail: info@chromtech.net.au
|Website: www.chromtech.net.au | WW W.I‘EStEkC{) l'p LO0Im
susralan s B I 10| (TS Ty
PO Box 438, 232 Foreat Rd, Boronda, Victona 31585, '
Tel: +61 3 97682 2034 Fax: +61 3 9761 1169 emad Sni'us@c




Figure 6. Conventional vacuum gauge
and high-accuracy test gauge.

www.restekcorp.com

Vacuum Gauge

A vacuum gauge enables sampling personnel to visually monitor changes in the
vacuum in the canister during sampling. If the flow rate changes unexpectedly

(e.g., due to a leak or an incorrect setting), the vacuum gauge will indicate a dispro-
portionately high or low vacuum in the canister, and corrective action can be taken
(i.e., flow adjusted) in time to ensure a valid sample. This type of vacuum gauge is
attached to the sampling train, for use in the field. The vacuum gauge should be of
high quality, to ensure that it does not introduce contaminants into the sample. All
wetted parts in the vacuum gauge shown in Figure 6 are constructed of stainless
steel; the gauge is accurate to within 1% of full scale.

To monitor pressure in the canister before and after sampling, use a more accurate
measuring device. Test gauges built by Ashcroft are accurate to 0.25% of full scale.
These sensitive gauges should not be used in the field - they typically are wall
mounted in the lab. Once used for sampling, a gauge must be cleaned, and should
be certified clean. Procedures are described later in this guide.

Canister

The canister is a stainless steel vessel designed to hold vacuum to less than 10
mTorr or pressure to 40 psig. Canisters are available in a range of volumes: 850
mL, 1.0 liter, 1.8 liter, 3.0 liter, 6.0 liter, 15 liter, and 35 liter. The size of canister
used usually depends on the concentration of the analytes in the sample, the sam-
pling time, the flow rate, and the sample volume required for the sampling

period (Table 1, page 4). Typically the smaller canisters are used for more concen-
trated samples, such as soil gas collection, 3-liter and 6-liter canisters are used to
obtain integrated (TWA) ambient air samples at sampling times of up to 24 hours,
and the large 15-liter and 35-liter canisters are used for reference standards.
Sampling time will be limited by the combination of canister size and the flow rate
at which the sample is to be collected.

A well-designed canister is essential to the success of the sampling project. First,
the canister should be made of stainless steel, so the collected sample will not per-
meate through the vessel wall or degrade due to exposure to light during shipment
to the analytical laboratory. Second, the interior surface of the canister should be
inert, to reduce the potential for interactions with the analytes in the sample. Third,
all canisters involved in a particular application should be of consistent volume, to
simplify calculating sample volumes. Finally, the canister should have a high quali-
ty valve that resists abuse in the field (e.g., overtightening that potentially could
cause leaks). An inferior valve can fail, causing sample loss and incurring replace-
ment costs. It can be more expensive to sample again than to replace a valve.

Two types of canisters are available, the difference being the interior surface. The
traditional canister is the stainless steel SUMMA® canister. The interior of a
SUMMA® canister is electropolished, using a polishing procedure (developed by
Molectrics) that enriches the nickel and chromium surface and makes it more inert
than untreated stainless steel. The new generation of sampling canister is typified
by the SilcoCan™ canister. Like the SUMMA® canister, the SilcoCan™ canister is
made of stainless steel, and the interior is electropolished, but in an additional step
- Silcosteel® treatment - an inert layer is chemically bonded to the interior surface.
Silcosteel® treatment makes the surface inert not only for relatively inactive organic
compounds, but also for compounds that are reactive with metal surfaces, such as
sulfur-containing compounds. Thus, surface deactivation for SilcoCan™ canisters
exceeds that for SUMMA® canisters.

Canister Yalve

The valve on a sampling canister must be of high quality, with the following char-
acteristics: leak integrity, a metal seat (to eliminate offgassing of seat components



into the sample and memory effects in the seat material), stainless steel wetted sur-
faces, and a packless design (a completely enclosed system, to ensure no contami-
nation from lubricants or packing material). Various valves are used on various
models of canisters; the most commonly used valves are the Nupro 4H4 series
metal bellows valve and the Parker diaphragm valve with metal seat. At Restek we
incorporate the Parker diaphragm valve on canisters because of its ability to hold
vacuum, it's durability and longevity, and a maximum temperature limit (250°C)
that is much higher than that for a bellows valve. Further, a Parker diaphragm valve
can be rebuilt if it is damaged; it does not have to be replaced.

The connection of the valve to the canister is critical. The connection must be leak
tight, to ensure a correct sampling flow rate, but extreme caution must be taken to
prevent overtightening the tube compression fittings.

SilcosteeP and Sulfinert™ Treatment

Silcosteel® treatment is a proprietary process, developed by Restek Corporation,
through which an inert layer is chemically bonded to a metal surface. The surface
produced by this treatment is virtually inert to active compounds. The stainless
steel pathway described on pages 3-7 of this guide is sufficient for sampling atmos-
pheres containing only non-reactive compounds, but for reactive compounds the
entire sampling pathway should be Silcosteel® treated to eliminate contact between
the reactive analytes and the metal surfaces. Silcosteel® treatment can be applied to
the interior surfaces of the canister and valve, to ensure an inert sample pathway. If
the samples will contain reduced sulfur-containing analytes, an alternative propri-
etary Restek deactivation process, Sulfinert™ treatment, is the most effective means
of deactivating the sample pathway and canister.

lll. Preparing the Sampling Train for Use

The sampling train must be prepared in the laboratory before it can be used in the
field. The train must be assembled and leak tested, the flow rate must be set, and
the train must be certified clean. All of the following information should be docu-
mented for the chain of custody for the passive sampling train and the sample col-
lected with it.

Assemble, Leak Test, and Set the Flow Rate of the Passive Sampling Train

Choose the critical orifice according to the sampling period and flow rate you
anticipate using (Table 1, page 4). This will ensure an accurate and valid sample.
There should be a marking on the outside of the critical orifice fitting indicating the
size of the orifice. In a clean environment, assemble the sampling train components
as shown in Figure 1 (page 3). It is imperative that you leak test the assembled
train. If the sampling train leaks during sampling, the final partial pressure in the
canister will not be the desired final partial pressure, making the sample invalid.
The most common reason for invalid samples is leaks within the sampling train.
There are two ways to leak test the train:
1. Pass helium gas through the flow controller and use a sensitive helium leak
detector to test for leaks (e.g., Restek Leak Detective™ II, cat. #20413).
2. Cap the inlet, attach the sampling train to an evacuated canister, open the valve
on the canister and evacuate the sampling train.
Close the valve and monitor any pressure change in the static sampling train.
Leaks of less than 1 mL/min. can be detected in 1-2 minutes.
This is a good practical test - the small internal volume of the passive sampling
train, combined with even a small leak, will produce a large change in
monitored pressure,
After you are certain the sampling train is leak-free, set the desired sampling
flow rate.

Where can | find

EPA Air Toxic Methods?

pdt files of US EPA Air Toxic Methods are
available at this web address:

http://www.epa.gov/ttn/amtic/airtox.html
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To set the desired flow rate follow these steps:
1. Remove the protective cap from the back of the Veriflo™ Flow Controller
SC423XL body.

Connect either an evacuated canister or a vacuum source to the outlet of the
sampling train,

[

3. Connect a high quality calibrated flow meter (i.e., mass flow meter, rotameter,
GC-type flow sensor; ¢.g., Restek Flowmeter 6000, cat. #21622) to the inlet of
the train.

4. Apply vacuum by opening the canister or turning on the vacuum source.

5. With a 3mm hex (Allen) wrench, adjust the piston gap screw to achieve the
desired flow rate (Table 2). Between adjustments allow the flow to equilibrate
for several minutes.

6. Replace the protective cap onto the back of the Veriflo™ Flow Controller body.

Table 2. Flow rates for integrated sampling, when using a 6-liter canister and sampling on the flat portion of the flow curve
for the flow controller (Figure 5). Collected volume is 4-5 liters (flow = volume in mL / sampling time in min.).

Sampling Period
(hours) 05 0.75 1 2 4 8 12 16 24

Flow Rate Range
(mL/min.) 133-167 89-111 67-83 33-42 17-21 8-10 5.6-6.9 4.2-52 2.8-3.5

Cleanliness: Certifying the Sampling Train for Use

US EPA Compendium Method TO-14A/TO-15 requires that the sampling train be
certified clean prior to use. Certify the train by passing a humidified, high-purity air
stream through the train, concentrating the exit gas on a trap, and analyzing the gas
by gas chromatography / mass spectroscopy or other selective detector. For the sam-
pling train to pass certification the analytical system should not detect greater than
0.2ppbv of any target VOC.

The certified sampling train should be carefully packaged in aluminum foil or in a
clean container for storage or for shipment into the field. Care in packaging is criti-
cal. Careless handling could affect the preset flow rate. When the sampling train is
ready for sampling, prepare the canister.
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IV. Preparing the Canister for Sampling

Preparing a canister for sampling involves certifying the canister clean, evacuating
the canister to final pressure for use. and identifying the canister. All information
acquired during these processes is needed for the chain of custody.

Certifying the cleanliness of the canister is important toward ensuring that results
reported are solely from the site sampled, and not admixed with residue from a
previous site or from contaminated laboratory air. To certify a canister clean, fill the
canister with humidified air, pass the air from the canister through an adsorbent trap
and analyze the adsorbent for target VOCs by GC/MS or other selective detector.
Two US EPA methods discuss canister certification: EPA Compendium TO-12 and
EPA Compendium TO-14A/T0O-15. To comply with EPA Compendium Methods
TO-14A/TO-135, the analytical system should not detect greater than 0.2ppbv of any
target VOC. To comply with EPA Compendium Method TO-12 the analytical
system, GC/FID, should not detect greater than 0.02ppmvC hydrocarbons. Although
omtech.net.au/pdf/59203 SHIHEPE' €YAellsaI D fidfeiatively common praciie, we rec-

ommend certifying and documeénting each canister individually. Detailed cleaning

HRO M vt
ECHmG[

Australian



instructions are presented in VIII, Cleaning the Canister.

Some laboratories certify a canister for VOC stability by introducing a low concen-
tration test mixture into the canister and measuring degradation over a specified
time period. If the canister meets the specification, it is certified for use. We recom-
mend using such studies to ensure the effectiveness of a canister or group of canis-
ters for a proposed application.

Once the canister is certified clean, evacuate the canister to a final vacuum of 10-
S0mtorr, using either the canister cleaning system or a clean final vacuum system.
This vacuum is critical to ensure the correct amount of sample is collected. Use an
accurate test gauge or digital pressure tester to ensure final vacuum has been
reached and document the final vacuum reading for the chain of custody. Install a
brass plug nut into the canister valve to ensure no contamination can enter the sam-
ple pathway during shipment to the field.

Allot an individual identity to the canister, either with a label and serial number or
with a bar code.

Some analysts prefer to introduce surrogate standards into the canister prior to
sampling. Debate on this practice revolves around theories that there are potential
loss issues due to low humidity and inadequate surface passivation by water.
Neither Restek chemists nor our consulting experts recommend adding surrogates
to the canisters. If you choose to introduce surrogates into your canisters prior to
sampling be sure to recheck the vacuum reading for each canister after adding the
surrogates. and record the reading.

V. Field Sampling, Using a Passive Sampling Train and
Canister

It is important to mention again that the sampling train and canister must be leak
tested and certified clean prior to use. To properly begin field sampling, we recom-
mend bringing a "practice” evacuated canister and a flow measuring device with
you to the field. Use this canister to verify the flow rate through the passive sam-
pling train prior to using the train to obtain samples of record. To verify the flow
rate, connect the passive sampling train to the "practice” canister. Attach a flow
meter to the inlet of the sampling train. Open the canister, and measure the flow
rate through the sampling train. If the flow rate is within +/- 10% of the flow rate
set in the lab, the train is ready to be used on the formal sampling canister. If the
flow rate is not within these limits, adjust the flow rate by adjusting the piston gap
SCrew.

When the flow rate is confirmed, record the rate as the canister flow rate for the
chain of custody form.

To begin sampling, using the formal sampling canister, follow these steps:

I. Remove the brass plug nut from the canister valve.

2, If you are using a test gauge, attach the gauge to the canister and record the vac-
uum reading. If you choose not to use a test gauge under field conditions, record
the reading on the vacuum gauge that is part of the passive sampling train,

. Attach the verified passive sampling train to the canister.
. Record the begin sampling time and necessary meteorological data.

. Open the canister valve and begin sampling.

o B

. Periodically check the canister throughout the sampling period to ensure the
partial pressure reading is accurate and sampling is proceeding as planned.

7. Once the sampling period is complete, close the valve and remove the sampling

train. Check the final partial pressure within the canister, using the test gauge or

the vacuum gauge in the sampling train.
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There are four possible scenarios:
A. Tdeally there will be a vacuum of 7"-4" Hg in the canister.

B. If more than 7" Hg vacuum remains, less sample was collected than initially
anticipated. The sample will be valid, but the detection limit may be higher
than expected. You might have to pressurize the canister prior to the analysis,
which will dilute the sample, then you will have to use a dilution factor to
determine final concentrations of target compounds.

C. A vacuum of less than 4" Hg indicates the sample might be skewed toward
the initial part of the sampling period. This assumption usually is valid
because the flow rate through the flow controller will fall once the vacuum
falls below 5" Hg (Figure 5, page 5), when the change in pressure across the
flow controller diaphragm becomes too small and the flow controller is
unable to maintain a constant flow. Although flow was not constant over the
entire sampling period, the sample might be usable because sample was
collected over the entire interval.

Tel No: +61 3 9762 2034
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D. If the ending vacuum is less than 1" Hg the sample should be considered
invalid because it will be impossible to tell when the sample flow stopped.
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8. Record the final partial pressure in the canister and replace the plug nut.

Information that should be acquired at the sampling site includes the start time and
interval time, the stop time, atmospheric pressure and temperature and, for ambient
sampling, wind direction. Include elevation if it is a factor. These parameters often
prove very useful toward interpreting results,

atmospheric reference pressure
*initial pressure - final pressure

HRO WV vl
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53 After sampling, the canisters are sent back to the laboratory, where the final vacu-
3 um is measured once again, with a test gauge. Using the initial vacuum and final
§. vacuum, the sample volume collected can be determined from Equation 1:

]

5 Equation 1:

" pressure change*®

° Sample Volume = X canister volume

e

Example: A sample is collected in a 6-liter canister. The initial gauge pressure
reading when the canister left the lab was 29" Hg vacuum; the final gauge pressure
reading when the canister was returned to the lab was 7" Hg vacuum.

Sample volume = [(29"Hg - 7"Hg) / 29"Hg] x 6L = 4.55 liters collected.

Australian

Table 3. Final vacuum and volume of sample collected in 6-liter canister,

Final Vacuum

("Hg) 29" 27" 25" 23" 20" 17" 15" 12" 10" 7 5 3 0"

Sample Yolume

(liters) 0 0414L 083L 124L 1.86L 248L 290L 352L 393L 455L 50L 538L 6L
It is also a good practice to recheck the flow rate after sampling, because this will
affect the sample volume (Equation 2). Laboratories typically allow a maximum
deviation of +/-10% to +/-25% between the initial flow rate and the post-sampling
flow rate.

www.restekcorp.com
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Equation 2:
Sample Volume = [(initial flow rate + post-sampling flow rate)/2] x sampling time

Example: A flow controller was set at 3.3mL/min. After obtaining a 24 hour sam-
ple the flow rate was 3.0mL/min.

Sample volume = [(3.3mL/min. + 3.0mL/min.) / 2] x 1440 min. = 4536mL.

VI. Analysis of Collected Samples

Once received by the lab, each canister is identified from the information in the
chain of custody report. The final partial pressure is checked to ensure no leaks
appeared during transport. It might be necessary to pressurize a canister prior to the
analysis; do this by adding humidified nitrogen or air to the canister to a pressure
greater than 5 psig or higher, depending on the sample volume needed for analysis
or for suitably diluting the sample. The need to dilute is determined by the precon-
centrator instrument. Some air preconcentrators can be operated while the canister
is under slight vacuum. Check with your instrument manuals, or with the manufac-
turer, to determine if you must dilute your samples prior to analysis.

Equation 3:

Dilution Factor = (P ater sition + Pray )/ (Pes

= Phefore dl'lmion)

The dilution factor is calculated from the post-sampling pressure (before dilution),
the final pressure (after dilution), and the atmospheric pressure in the laboratory.
The factor for converting "Hg to psi = 0.491.

Example: At the end of a sampling period the gauge pressure in a canister was
7"Hg. The canister was pressurized with nitrogen to 14.7psig (1 Atm.).

The dilution factor is (14.7 + 14.7) / (14.7 - (7 x 0.491)) = 2.61
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Table 4. Dilution factors to adjust final sampling pressure to 14.7psig for a 6-liter canister.

Final Vacuum
("Hg) 29" 27" 25" 23" 20" 17" 15" 12" 10"

7"

5" 3 0

Sample Volume

(liters) 0 0.414L 0.83L

1.24L 1.86L 2.48L 2.90L 352L 3.93L 455L

5.0L 5.38L 6L

Dilution Factor

63.71 2037 1012 863 6.02 463 401 334

3.00 261

2.40 2.22

To analyze the sample, withdraw an aliquot of the sample from the canister. For
low level ambient air analysis, withdraw 250-500 mL of sample from the canister
and concentrate the analytes by using a mass flow controller and a cryogenically
cooled trap (e.g., glass beads and/or a solid sorbent). Desorb the concentrated ana-
lytes from the trap and deliver them to a cryofocuser, to focus the sample band-
width prior to introduction onto the GC column. A 60m x 0.32mm ID x 1.0pm
Rtx"®-1 column typically is used for EPA Method TO-14A or Method TO-15 ambi-
ent air analysis; an MSD is a common detector. Figure 7 shows a typical TIC spec-
trum for a TO-14A/TO15 ambient air analysis.
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through the frit from the outlet surface toward the inlet surface. After the larger
particles are removed sonicate or rinse the filter parts in methanol, then bake the
parts in an oven at 130°C to remove any residual organic vapors.

The critical orifice and flow controller can be cleaned in either of two ways. The
first method is to disassemble the flow controller and clean all the metal parts with
methanol. This will remove any high boiling compounds that have condensed onto
the wetted areas of the controller. Heat the cleaned parts in an oven at 130°C to
remove residual organic vapors. Do not sonicate in solvent or bake any of the non-
metallic parts, such as O-rings; they will be damaged during these steps. Do not
rinse the vacuum gauge with methanol. The vacuum gauge may be heated, but do
not exceed 80°C; higher temperatures will damage the face and the laminated safe-
ty glass lens. Heating to 80°C will not affect the mechanical operation of the spiral
bourdon tube in the vacuum gauge.

A less involved method of cleaning the flow controller is to use a heating jacket or
heat gun to heat the components of the assembled sampling train, while purging
the system with nitrogen. As organic compounds are heated and desorbed from the
interior surfaces the nitrogen gas sweeps them out of the sampling equipment.

Preparing the Clean Passive Sampling Train for Re-use

After the sampling train components have been cleaned, reassemble the system,
check for leaks, set the desired flow rate, and certify the sampling system clean.
Follow the procedures described previously in this guide. Package the clean sam-
pling train to prevent contact with airborne contaminants.

VIIl. Cleaning the Canister

Every air sampling canister, whether new or previously used, must be cleaned and
certified before it is used for sampling. Some laboratories batch test and certify
canisters, in which after cleaning, one canister out of 10 is tested and certified
clean. We recommend certifying each canister clean prior to use, however, espe-
cially if there is potential for litigation.

For many years there has been much discussion as to what constitutes a proper
procedure for cleaning canisters. US EPA Method TO-14A has provided guidance,
and in the last 5-10 years many automated commercially available canister clean-
ing systems have evolved. Unfortunately, because these systems are quite expen-
sive, and some designs have limitations, many analysts design their own systems
and methodologies for cleaning canisters. The cleaning procedure described in this
section is a practical approach that will ensure canisters are suitably cleaned for
ambient air sampling, whether you are using a commercially available cleaning
system or a system of your own design. There are minor differences when cleaning
SUMMA® or SilcoCan™ canisters. We will discuss these differences in this
procedure.

Air Versus Nitrogen

The two gases recommended for cleaning canisters are humidified ultra-high purity
air and ultra-high purity nitrogen. The water in the humidified gas hydrolyzes
impurities in the canister and, according to theory, will occupy the active sites on
the interior surface, displacing the impurities and allowing them to be removed. Air
is recommended when oxidation of the interior surface is desired. The oxygen con-
tent of air, 21%, is sufficient for this surface oxidation; it is not necessary to use
pure oxygen gas. Nitrogen is equally effective for cleaning ambient air canisters,
but, of course, nitrogen will not oxidize the surface of the canister.
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Free while supplies last!
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Determination of Toxic
Organic Compounds in Ambient Air
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Heat or No Heat

Many user-designed canister cleaning systems do not heat the canisters. Typically
this does not create a problem when cleaning canisters that are used in ambient air
collection, but as a safeguard we recommend heating the canisters during the clean-
ing process. Compounds collected in most ambient air samples are in the low ppbv
range, and can be removed from a canister by multiple cycles of pressurization
with humidified air or nitrogen followed by evacuation. If there are higher concen-
trations of contaminants in the canister, however, heat might be required to clean
the canister satisfactorily.

Be aware that adding heat and humidified gas to a canister potentially can create a
steam pressure vessel. Some commercial cleaning systems incorporate a pressure
release valve to ensure the pressure does not exceed the pressure rating of the can-
isters.

A heating option can be added to a user-designed canister cleaning system by using
an oven, heat bands, insulated jackets, or an infrared source.

Oven
Some canister cleaning systems are incorporated within an oven. The supply line
for the humidified air stream and the line to the vacuum system are plumbed direct-
ly into the oven. In this arrangement the entire canister, including the valve, will be
heated, and this will help remove contaminants if both the valve and the canister
are dirty. Typically, when using heat, it is helpful to create steam from the humidi-
fied air stream. An oven temperature of at least 120°C is required, but higher tem-
peratures often are used. Remember that heat can shorten the lifetime of the Nupro
valve on a SUMMA® canister (see step 3 in Cleaning Method, below).

Space is a concern with oven systems. Most commercial ovens are not very large
and this restricts the number of canisters that can be cleaned at one time. However,
clean-up times are shorter with heat than without heat, so more cleaning cycles can
be completed in a week.,

Heat Bands

A band heater placed around the equator of the canister typically will be capable of
heating the canister to approximately 130°C. There is a heat gradient, and the valve
might only receive radiant heat (approximately 70-100°C). In most sampling situa-
tions, however, this lower temperature should be sufficient for effectively removing
contaminants from the valve.

Insulated Heat Jackets

Insulated heat jackets can be obtained to surround and heat each canister. These
jackets typically have a silicone or Teflon®-coated fiberglass fabric exterior and a
fiberglass insulation interior. Some operate at a fixed temperature; others can pro-
vide variable temperature, up to 400-500°F. Commercially available designs do not
encompass the valve area, however, so a jacket would have to be customized to
include the valve.

Infrared Heat

An infrared heating system includes an infrared heat source and a reflective panel
similar to the cylinder drying rack on a gas cylinder system. The infrared source
and the reflective panel are placed on opposing sides of the canisters. Infrared rays
from the source heat the canisters; rays that pass the canisters strike the reflective
panel and heat the canisters from the opposing side.

The Cleaning System

The cleaning system must provide a humidified air stream and include a good vac-
uum source, a cold trap to collect impurities during cleaning, and accurate gauges
to read vacuum and pressure. A heat source is optional, but is highly recommended



in some circumstances, as discussed above. The system can be designed to clean 4
to 24 six-liter canisters. Figure 8 is an example of a “homemade” system designed
to clean 24 six-liter canisters. This design does not employ heat, but a heater easily
can be added (see Heat or No Heat, above). Tt provides a humidified air stream to
all canisters and the roughing pump on the bottom shelf is the vacuum source. This
system is computer operated to minimize labor, but this is not necessary.

Cleaning Method

1. Connect all canisters to the cleaning system, then release any pressure within
any of the canisters. Put the system under vacuum, to evacuate the canisters. US
EPA Method TO-14A/15 recommends evacuating the system to 50 mTorr for 1
hour, but a reduced pressure of 23-25" Hg is sufficient for general cleaning.

2. After the canisters have been under vacuum for approximately 1 hour, pressurize
the canisters with humidified air or nitrogen. Pressurization will dilute the impuri-
ties and the moist air will hydrolyze them. Pressurize canisters to 5 psig if they
will be heated or to 30 psig if they will not be heated. Proceed to step 3 when the
system has equilibrated at the designated pressure.

3. Heat the pressurized canisters to 120 - 250°C, depending on the type of canister
being cleaned. Do not allow the temperature of a SUMMA® canister to exceed
155°C, because the Nupro valve it employs has Viton® O-rings and requires greas-
es that cannot be exposed to high temperatures. Many commercial cleaning sys-
tems avoid this problem by ensuring the valve is not within the heated zone. The
canister below the valve is heated but the valve receives only radiant heat. In con-
trast, the Parker diaphragm valve in a SilcoCan™ canister is far less heat sensitive,
allowing the canister to be cleaned at temperatures up to 250°C, to help remove
less labile impurities.

Heat the canisters filled with humidified air for at least 1 hour.

4, Re-evacuate the canisters to remove the desorbed impurities. Allow the canisters
to equilibrate for 1 hour,

5. Determine if the canisters have been cleaned effectively by following the proce-
dure in Certifying the Canister, below. US EPA methods recommend testing every
canister until a reliable procedure is developed.

Repeat steps 1-5 as necessary; the number of cycles will be determined by

how dirty the canisters are and how easily they are cleaned. We recommend devel-
oping a cleaning procedure that matches your specific sampling procedure, by test-
ing the canisters for cleanliness after each cycle and determining the number of
cycles necessary for proper cleaning. If the canisters are not heated, the number of
cycles required to clean the canisters might be higher.

6. Once a canister is clean, prepare it for collecting a sample by evacuating it to
10-50 mTorr. If your system is leak-tight, you can do this by using a roughing
pump, but many commercial systems include a molecular drag pump to reach final
vacuum quickly.
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Figure 8. User-designed system for
cleaning 24 six-liter canisters.

Pressure Conversion Table Multiply units in the left-most column by eg, 10PSIx0.068 = 0.68atm
the conversion factors listed to the right. 10 bar x 29.5300 = 295.300 inches Hg
Pressure Psl atm kg/cm? torr kPa bar inches Hg
PSI = 1 0.068 0.0703 51.713 6.89438 0.06895 2.0359
atm = 14.696 1 1.0332 760 101.32 1.0133 29.921
kg/em® = 14.223 0.967 1 735.5 98.06 0.9806 28.958
torr = 0.0193 0.00132 0.00136 1 0.1330 0.00133 0.0394
kPa = 0.1450 0.00987 0.0102 7.52 1 0.0100 0.2962
bar = 14.5038 0.9869 1.0197 751.88 100 1 29.5300
in. Hg = 0.49612 0.0334 0.0345 25.400 3.376 0.03376 1

Go to http://www.restekcorp.com/calculators/pressure.htm

for an interactive pressure calculator.
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ultra-high purity air or nitrogen after it has gone through the cleaning cycles. The
humid air or nitrogen stream must be certified clean beflore il can be used [or canis-
ter certification. Analyze an aliquot of the canister content by GC/MS or
GC/FID/ECD, US EPA Method TO-14A/15 specifies a canister must contain less
than 0.2 ppbv of any target VOC compound (Figure 9); EPA Method TO-12 speci-
fies less than 0.02 ppmC, as detected by GC/FID. If a canister does not meet speci-
fication, it must be re-cleaned and re-tested for certification.

To certify a canister for analyte stability, introduce a low working concentration of
a characterized test mix into the canister. Analyze an aliquot of the contents of the
canister immediately after introducing the test mixture and at periodic intervals. We
recommend monitoring for changes for a minimum of 2 weeks, or for a timeframe
similar to your anticipated holding period. Responses should not decrease more
than 20% over this period. Commercially available standards are available for
stability testing, but we recommend you make your own test mixture that is compa-
rable to the target compound list that the canister will hold. For example, if you are
analyzing sulfur compound content in ambient air, prepare a sulfur-specific test
mix and evaluate the canister's performance for sulfurs. Maintain a log sheet for
cach canister, and record the test results and certification. This will be a permanent
record for each canister, Some labs certify canisters for certain compounds and use
a canister only for this specific application,
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= ; We recommend certifying canisters for both cleanliness and for analyte stability.
% To certify a canister clean, pressurize the canister to 14.7 psig with humidified
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Figure 9. Aliquots from a canister before and after cleaning with 2 cycles of humidified air while heated to 200°C
(analyses performed using an HP 5971 GC/MSD).

Rix™1 60m x 0.32mm ID x 1.0pm (cat. #10157) Nutech 3550 Preconcentrator conditions MSD conditions

50°C (hold 1min) to 165°C @ 8°C/min. to sample= 300ce from canister HP5971 MSD

220°C @ 15°C/min. (hold 5 min.) cryotrap = -160°C 5 minute solvent delay

flow rate = 1.4mL/min. desorb = 150°C scan range = 23-260amu
cryofocuser = -190°C detector temp. = 250°C

desorb = 150°C

Dirty can - Clean can
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X. CGonclusion

A well designed and properly prepared passive sampling system helps ensure accu-
rate, useful information is obtained from an air sampling project. In this guide, we
describe the components of the system, procedures for assembling the system and
preparing it for sampling, and the sampling procedure. Cleaning system options
and procedures for cleaning a used sampling train and canister for certification
prior to a subsequent sampling also are presented. The following section describes
www.restekco rp.com Restek products designed to help collect and analyze air samples.




Products

SilcoCan™ Silcosteel"-treated Canisters
Ideal for TO-14A/TO-15 and low-level (1ppb—20ppb) reactive sulfur compounds

Feature Benefit

High-purity, ¥=turn valve with stainless steel valve No sarnple adsorption, for more accurate resuits;
diaphragms easy to use,
Vacuum/pressure gauge {optional). Indicates Internal conditions.
Variety of sizes available. Meet extensive range of sampling needs.

Can be cleaned at higher temperature,

[ @
Temperature stability to 250°C. producing a cleaner can,

A completely passive sample pathway ensures
sample stability.

Silcosteel® valve available (add suffix “-650" to cat. #).

Size qty. cat.#
1L [ 24112
3L ea. 24113
6L ad. 24114
15L ea. 24115

SilcoCan™ Canisters Feature a Silcosteel® Valve

Many sample components, such as sulfur compounds and certain polar organics, react
with metal surfaces. This is easily remedied by requesting a Silcosteel™ valve for your
SilcoCan™ canister. All valve parts that come in contact with the sample are passivated for
unsurpassed ineress.

size aty. cat.#
L ea. 24112-650
3L aa. 24113-650
6L aa. 24114-650
15L ga. 24115-650

New Generation Replacement Diaphragm Valves

If you need to replace the valve on your SilcoCan™ canister, use this Parker Hannifin
diaphragm valve.* Each valve is helium leak-tested to 4 x 10°cc/sec. The all-stainless steel
construction eliminates contamination while withstanding temperatures from -100°C to
250°C. Each valve is equipped with a compression outlet fitting and an indicator plate to
determine open or closed position.

Descriptien qty. cat.#

Silcosteel Replacement Diaphragm Valve 8. 24223

Replacement Diaphragm Valve gd. 24122
*All canisters are originally equipped with high-quality diaphragm valves made by Parker Hannifin See page 18 for alternative
Corporation.

VaCuum/pressure gauges m

SilcoCan™ Canister with Vacuum/Pressure Gauge

» Monitor pressure inside the canister.

» Accurately measure from 30" Hg vacuum to 60psig pressure (other gauges available).
« Gauge fully protected by canister frame.

* (Gauges available in three reading ranges (see page 18).

size aty. cat.#
1L a. 24116
3L ea, 24117
6L [:t: 24118
15L aa. 24119

**Silcosteel” valves are available for SilcoCan™ canisters at an additional cost.
Add the suffix number “-650” to the catalog number if ordering a Silcosteel” valve. WWWw.r eStekcorp'com



Quickly confirm
vacuum or
pressure using

a high-quality
gauge mounted
on your TO-Can”
canister.

Alternative Vacuum/Pressure Gauges

To order a different vacuum/pressure gauge™* for the canister,
add the apprapriate suifix number to the canister catalog number,

Gauge Suffix
30" Hg5psi -651
30" Hg/30psi -652

N price difference for these substituted gauges.

T0-14A Internal
Standard/Tuning Mix
bromochloromethane chlorobenzene-d5
4-bromofluorobenzene 1,4-difluorobenzene

In nitrogen, 104 liters @ 1800psig
1ppm 100pph

34408 (ea.} 34425 (ea.)

T0-Can™ Air Monitoring Canisters

Optimized for EPA Methods T0-14A and T0-15 (SUMMA® canister equivalent)

Feature Benefit

High-purity, metal to metal seat, ¥=turn vaive
with stainless steel diaphragms.

No sample adsorption, for more accurate resulls;
easy to use,

Vacuum/pressure gauge (optional).

Indicates internal conditions.

Variety of sizes available,

Meet a variety of sampling needs,

Temperature stability to 250°C.

Higher temperature cleaning saves time.

TO-Can™ Canisters

size qty. cat.#
1L 8a. 24150
3L Ba. 24152
6L aa. 24153
15L Ba. 24154

T0-Can™ Canister with Vacuum/Pressure Gauge

* Continuously monitor pressure inside a TO-Can™ canister.

» Accurately measure from 30" Hg vacuum to 60psig pressure
(other gauges are available).

» Gauge fully protected by the canister frame.

» Gauges available in three reading ranges.

TO0-Can™ Canisters with Vacuum/Pressure Gauge

size qgty. cat.#
1L ga. 24155
3L ea. 24156
6L ga. 24157
15L Ba. 24158
T0-15 62 Component Mix
(62 components)
acetone 4-ethylitoluene

T0-14A Calibration Mix

(39 components)

benzene
bromomethane
catbon tetrachloride
chlarahenzene
chloroethane
chlaroform
chloromethane

1 2-dibromosthane
1.2-dichlorobenzens
1,3-dichlorobenzene
1,d-dichlorobenzene
1.1-dichloroethane

1 2-dichloroethane
1.1-dichloroethens
cis1,2-dichloroethene

halocarbon 12
halocarbon 113
halocarbon 114
hexachlora-1,3-hutadiene
methylene chloride
styreng

11,22 -tetrachloroethane
tetrachloroethene

tolueng

1,2 d-trichlorobenzene
1,1, 1-trichloroethane
1,1, 2-richloroethane
trichloroethene

1,2 4-trimethylbenzene
1,3, 5-rimethylbenzene

henzene Frean™® 11 {trichlorofluoromethane)
benzyl chipride** Frean® 12 {dichlorodiflug-
bromoform romethane)

bromomethane Frean® 113 (1,1, 2-trichlorotrifluo-
bromodichloromethane roethane)

1,3-butadiene Freon® 114 (1,2-dichlorotetrallug-
2-hutanone (MEK) roethane}

carbon disulfide** heplane

carbon letrachloride hexachlora-1,3-hutadiene
chlorobenzens hexane
chioroethane 2-hexanaone (MBK)

chloroform 4-methyl-2-pentanane (MBK)
chloromethane methylene chioride
cyclohexang methyl fert-butyl ether {MTBE)
dibromochloromethane 2-propanal
1,2-dichlorobenzene piopylene
1,3-dichlorobenzene styrene

1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene

11,2 2-fetrachloroethane
tetrachloroethene
{etrahydrofuran

toluene

1,2-dichloropropang vinyl chioride
= . cis-1,3-dichloropropene mexylene
TU'14A GEIMS Tlllllﬂg Mlx frans-1,3-dichloropropene o-xylene
ethylbenzens pylene
4-bromofluorobenzene hal!carbon 11 ’
In nitrogen, 104 liters @ 1800psig In nitrogen, 104 liters @ 1800psig
1ppm 100pph 1ppm 100pph
34406 (ea) 34424 {ga) 34400 (ea.} 34421 (2.}

For a complete product listing refer to our air monitoring catalog
(lit. cat. #59661A) or the Restek general catalog (lit. cat. #59662)

ois-1,2-dichloroethene
frans-1 2-dichloroethene
1,2-dichloropropane
ois-1,3-dichlaropropene
frans-1 3-dichloropropens
1,4-dioxane

1,1, 1-trichloroethane
1.1, 2-frichloroethane
trichloroethens

1,2 d-trichlorobenzeng
1,2 d-trimethylbenzens
1.3 ,5-trimethylbenzeng

ethanol™ yinyl acetate

ethyl acetate vinyl chigrige

etfyl benzene mxylene

ethyl dibromide o-ylene
pxylene

In nitrogen, 104 liters @ 1800psig
1ppm 100pph
34436 (ea.) 34437 (ea}

*=8tability of these compounds cannot be guaranteed.



Improved Passive Air Sampling Kits* U
Better Performance at a Betler Value
« Improved design eliminates leaks at the filter.

« Silcosteel*-treated components ensure a very inert surface. Buy only the
« Excellent for sampling times from 1 hour to 60 hours, or grab sampling,

parts you need!

Canister Velume (L) Flew Orifice Silcesteel Nen-Silcesteel
1 3 6 15 ml/min. size (in.) Cemplete Sampling Kits Cemplete Sampling Kits
4 hour 12hour 24hour B0hour 2-4  0.0012 24160 24165 Fn'rﬁlrer and critical oriﬁce
2hour 6hour  12hour 30hour 4-8  0.0016 24161 24166
1hour 4hour  8hour 20hour  8-20 0.0020 24162 24167
—  2hour  3hour 8hour 20-40 0.0030 24163 24168
— — 1hour 3 hour 40-80 0.0060 24164 24169

#Air sumpling canisters sold separately.

Replacement Orifices
Use these orifices to change the flow range for alternative sampling times.
These orifices are interchangeable with Veriflo™ 423X orifices.

Flew QOrifice Silcesteel®* Nen-Silcesteel®

(sccm) size (in.) cat.# cat.# Replacement

2= 0.0012" 24233 24245 Frits : -

4-8 0.0016" 24234 24246 " \
&-20 0.0020" 24235 24247 k(' .
20-40 0.0030" 24236 24248

40-80 0.0060" 24237 24249

Replacement Frits

For use in critical orifice fitting. Includes washers. Veryld SCAZIT. flow comtroller

Descriptien qty. cat.#
Silcosteal® Replacement Frit 3-pk. 24171
Non-Silcosteel® Replacement Frit 3-pk. 24170

Veriflo™ Flow Controllers
Veriflo™ SC423XL flow controllers are offered in a Silcosteel® and
a non-Silcosteel® version. The flow device is available with or without a critical orifice.

Flew Orifice Silcesteel® Nen-Silcesteel®
(sccm) size (in.) cat.# cat.#
2=4 0.0012" 24255 24260
4-8 0.0016" 24256 24261 Silcosteel” 7um in-line filter
8-20 0.0020" 24357 24262 —
2040 0.0030" 24258 24263
40-80 0.0060" 24259 24264
— no arifice 24238 24239

7um In-Line Filter
This 316 stainless steel filter is designed to collect particles larger than 7 microns.
We offer a Silcosteel” version and a non-Silcosteel* version.

Descriptien qty. cat.#
Silcosteel* 7um In-Line Filter 2d. 24765 Silcosteel® tee
Non-Silcosteel® 7ym In-Line Filter ed. 24266 :

2-Inch Vacuum Gauge
Restek’s 2-inch vacuum gauge is a high-quality gauge that incorporates 316 stainless steel
wetted surfaces.

Descriptien qty. cat.#
/& NPT 8a. 24269
/s NPT ea. 24270

High-quality vacuum gauge
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Reach for Resiek

PI us 1 Restek’s Customer Gommitment

Plus 1" Service means we will surpass your expectations every time you contact us!
You'll get Plus 1™ service when you ask our experienced Technical Service team to help solve a
difficult analytical problem. Qur efficient Customer Service Team will provide Plus 1 service
even when you place a late-day order. Keep reaching for Restek products and service, and we
will provide you with Plus 1" quality and attention.

Orders & Customer Service (in the U.S)
PHONE: FAX: Restek Corporation

For customer and technical service outside the U.S....

please contact your local Restek International location or distributor.
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