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Executive Summary

Battelle Memorial Institute’ s Hazardous Materials Research Center has conducted extensive
testing of COTS candidates for the |PCS, conducting laboratory testing with CA and supporting
field tests with simulant on the candidate samplers. In a prior study the HMRC evaluated the
feasibility of collecting and analyzing chemical agents on three candidate COTS IPCS using an
ATD-400 and a GG-FPD. Based on that testing the P-E sampler was dropped because sufficient
agent could not be collected at either the TWA or the IDLH for agents GD and HD.

The field of candidates was reduced to two items, the GoreSorber® and the SKC sampler. Based
on the first phase testing and first field test, both samplers required some modification which the
suppliers did to their respective products. The GoreSorber® was modified prior to this phase of
testing to remove the buttonhole on the sampler, reduce the flow rate (mL/min) of the sampler,
and to make the flow more directional into the front of the badge. The SKC sampler was
modified so that the sorbent could be removed from the badge directly into the RE tube used to

desorb chemicals from the sorbent into the sampler.

A GC-MSD was then integrated onto the ATD-400. This allowed a direct thermal desorption
from the ATD into the GGMSD. An internal standard kit was ordered and added to the ATD

during the initial phases of the program.

The HMRC then conducted much more testing on the selected sorbers, including system MDL,
sorber capacity, comparison of other sorbents than Tenax TA, evaluation of an extruded rather
than loose pack material for the GoreSorber®, GoreSorber® uptake rate as a function of face

velocity, temperature and RH effects during adsorption, and sampler shelf life determination.

The HMRC has concluded that both the GoreSorber® and the SKC sampler can collect
guantitative levels of agent and be successfully analyzed for that agent. The SKC sampler has the
advantage of more sorbent being present in the sampler that may allow longer sampling periods.
The higher sampling rate of the GoreSorber® makes it advantageous for low levels of chemical

agent that may not be collected at a quantifiable level by the SKC sampler.



Neither sampler appears to be able to be exposed and stored at room temperature for a sufficient
time to alow this technology to be used for large groups of warfightersin its current
embodiment. The time for analysisis likely to push analysis beyond the after-exposure storage
time that is allowed for accurate estimation of exposure. Further, the Tenax TA appears to collect
substantial amounts of background chemicals that interfere with the storage, collection, and
desorption of chemicals. For this reason it a'so recommended that shelf life for unused sorbers

be minimized.
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1.0INTRODUCTION

The destruction of Iragi chemical warfare munitions by U.S. demolition units resulted in the
release of sarin/cyclosarin nerve agents. The Central Intelligence Agency (CIA) and DOD
estimated in September 1997 that the demolition of Iragi chemicalfilled munitions released

plumes of nerve agent gas that extended over U.S. troops located hundreds of kilometers away.

The Department of Defense, reported that nearly 700,000 troops who served during Operation
Desert Storm and Operation Desert Shield in 1990 and 1991 were potentially exposed to low-
level chemicals, some troops have reported symptoms ranging from chronic fatigue, muscle and
joint pain, memory loss, balance disturbances, sleep disorders, depression, chronic diarrhea and
concentration problems. There is not enough exposure evidence to link the long-term health
problems suffered by some Gulf War veterans to certain drugs or chemicals that they may have

been exposed to during the war.

Even though uncertainties regarding wind, agent purity, released quantities, and unit locations
prohibit definitive calculations of the dose and length of exposures, if any, to individual soldiers,
the agencies estimated that 98,910 U.S. troops were potentially exposed to at least the general
population limit dose. In addition, to this incident, DOD identified 12 other instances of

suspected chemical warfare agent exposures during Operation Desert Storm.

1.1 Need

The objective of DOD’s nuclear, biological, and chemical (NBC) defense program is to enable
U.S. forces to survive, fight, and win in NBC warfare environments. DODD 6490.2, section 4.5
states: “Medical surveillance shall encompass the periods before, during, and after deployment:
To monitor environmental, occupational and epidemiological threats and diverse stressors; to
assess disease and non-battle injuries, stress-induced casualties, and combat casualties, including
those produced by chemical and biological and nuclear weapons.” Furthermore DODI 6490.3,
section 6.1 states, “In the future, several new systems and procedures wil be required to initiate

a comprehensive medical surveillance program for monitoring... ... the identification and
1



assessment of potential hazards and actual exposures to environmental contaminants and
stressors.” Thisis also echoed in September 1998 GAO Report which concluded that the
Secretary of Defense develop a strategy for comprehensively addressing force protection issues
resulting from low-level chemical warfare agent exposures addressing, “the need for enhanced

low-level chemical warfare agent detection, identification, and protection capabilities.”

National Academy of Sciences (Strategies to Protect the Health of Deployed U.S. Forceg
recommends that, “ The Department of Defense should proceed with a robust program to develop
chemical detectors and biological detectors that can detect and measure low-level as well as
high-level concentrations. The first priority should be the development of improved passive
sampling devices based on existing technologies that could be fielded quickly. The Depariment
of Defense should establish the long term goal to develop very small devices that could be
deployed with each individual to measure and record automatically exposures to one or more of
the most threatening agents, the location of the individual, the ativity level of the individual, the
microenvironment, and thetime.” Presidential Review Directive -5, objective R 4.1.5 echoes
the above DOD needs, “Conduct research to develop smaller, lighter, simpler, more sensitive,
and more rugged personal and area environmental samplers and detectors that are capable of

measuring and/or sampling multiple exposures/chemicals at toxicologically relevant levels.”

To address the President’s, NAS's, GAQO's, and DOD’ s requirements, a twephase acquisition
ACTD strategy approach was designed with flexibility toward technological upgrade insertions
before, during, and after ACTD fielding.

Phase |. Phase | focuses on passive sampling which addresses the National Academy of
Sciences (NAS) number one priority. This will beaccomplished with commercialoff-the-shelf
(COTS) samplers and analyzers.

Phase I1. Phase Il technology provides more focus on the additional priorities and objectives of
measuring and recording exposures to “threat agents” in “near-real-time.” The data collected

from the device during Phase Il will be used to feed into other systems, such as Theater Medical



Information Program (TMIP) and Joint Warning and Reporting Network (JWARN), and/or

signal the presence of environmental contaminants to an individual.

The minimum acceptable performance will be detection at the individual level, measurement
below symptomatic thresholds, and automated archival into existing DOD medical database
systems. Therefore, the sorbent technology combined with the near-real-time technology will

provide significant increase in force medical protection.

The Chemical Biological Individual Sampler (CBIS)l Program mission is to provide force
protection by evaluating the presence and/or absence of low-level CB agents or Toxic Industrial
Chemicals (TICs). The CBIS System will provide a capability to measure low-level exposures
to CB agents or TICs. The CBIS System, along with intelligence, CB agent pretreatments,
treatments, and protective clothing and equipment, will integrate with and enhance the current

CB defense and force protection systems.

The environment of the warfighter contains many chemicals. In addition to normal
environmental contaminants like dust there are fuel vapors and combustion products, gases from
fired weapons, tobacco and its combustion products, foot powder, breath mints, and
miscellaneous materials like military smoke obscurants. In addition to military contaminants,
there are other environmental contaminants like pesticides, polychlorinated biphenyk and many
toxic industrial chemicals that may also be present depending on where the mission is taking
place. A system must be able to determine the presence or absence of chemical agent and TICS

in areas containing these types of contaminants.

CBIS is comprised of an individual CB Sampler and a Sample Reader. CBIS will be capable of
collecting CB agents and TICs. The Sampler Reader will analyze the CBIS and identify
CB/TICs at sensitivity levels that are consistent with low-level health risk. CBIS will be worn
on the individual warfighter’s Load Bearing Equipment (LBE), be capable of collecting the
targeted CB agents and TICs at concentrations less than or equal to preclinical doses. CBIS will

! The passive CBIS for collecting CA and TICsis also called the Individual Personal Collection System (IPCS).
Thisterm has evolved to show one form of the overal CBIS
3



generate data compatible with current and future Joint NBC defense equipment and military

medical databases systems.

CBIS will enhance force protection by providing individual samplers for monitoring CB agent
and TICs vapor concentrations and accumulated dose. It will be deployable under al battlefield
conditions and counter-terrorism operations. CBIS is expected to enhance force protection by
assisting the commander in assessing the CB warfare agent risk, and implementing pretreatment

regimens.

Currently atrue integrated Nuclear - Biological - Chemical (NBC) defense and force health
protection system that is designed to sample low levels of chemical agent (CA) exposure does
not exist. These low levels are below those that would cause immediate symptoms, and are
below the levels of detection of the CA detectors currently used in the field. In addition these
CA detectors generally do not respond to toxic industrial chemicals (TIC), which also are a threat
to the health of the warfighter. The force medical protection community lacks the means to
measure and record the individual warfighter’s exposure to low levels of chemical and biological
(CB) agent or TICs. Thisinformation is crucial to assess the risk to individuals to continued
low-level exposure and to diagnose near and long term health monitoring and treatment

programs.

The Force Medical Protection ACTD addresses this need by evaluating the presence and/or
absence of CB agents or selected TICs using a chemical-biological individual sampler. The
CBIS system will provide non-intrusive capability to measure sub-clinical exposures to these

toxic materials and provide exposure data for health surveillance.

1.2 ACTD Background

The Advanced Concept Technology Demonstration (ACTD) program was implemented to help
the DoD acquisition process adapt to today's economic and threat environments. ACTDs
emphasize technology assessment and integration rather than technology development. The goal

is to provide a prototype capability to the warfighter and to support him/he in the evaluation of

4



that capability. The warfighters evaluate the capabilitiesin real military exercises and at a scale

sufficient to fully assess military utility.

ACTDs are designed to allow users to gain an understanding of proposed new capabilites for
which there is no user experience base. Specifically, they provide the warfighter an opportunity:
to develop and refine his concept of operations to fully exploit the capability under evaluation, to
evolve his operational requirements as he gains experience and understanding of the capability,
and to operate militarily useful quantities of prototype systems in realistic military
demonstrations, and on that basis, make an assessment of the military utility of the proposed

capability.

At the conclusion of the ACTD operational demonstration, there are three potential outcomes.
The user sponsor may recommend acquisition of the technology and fielding of the residual
capability that remains at the completion of the demonstration phase of the ACTD to provide an
interim and limited operational capability. If the capability or system does not demonstrate
military utility, the project is terminated or returned to the technology base. A third possibility is
that the user's need is fully satisfied by fielding the residual capability that remains at the

conclusion of the ACTD, and there is no need to acquire additional units.

1.3 COTS Background

The measurement of industrial hygiene exposure is a relatively mature industrial practice. For
compounds such as carbon monoxide and particulate there are reattime analyzers that will
measure the exposure of a worker. For most other compounds the preferred sampling and
analysis technique is to collect the compound on a sampler (fiter, adsorbent tube, or similar

media). Most procedures use a pump that pulls a gas sample through the sampler.

Sampling is followed by analysis by either gravimetric or a variety of instruments including gas
chromatographs. Where the sample is measured by GC or other instrumental analysis, the

sample is extracted from the sampler by solvent extraction.



A fairly recent system for measurement of chemicalsis the passive badge. This badge relies on
diffusion across a fixed thickness to control the sampling rate of the gas. This approach gives
flow rates in the 10-50 mL/minute range (compared to 50-500 for most pumped systems).
Currently, the samples from badges are extracted by solvent and analyzed by GC or other

instruments that are appropriate to the type of material being analyzed.

One mgjor problem for low-level quantification is dilution. To extract the sample, 1-5 mL of
solvent is used with the sorbent. This quantity can be concentrated to about 0.5 mL. Only 12
pL of the materid is injected into the GC. This meansthat if 1 ng is collected on the sampler,

only 0.002 ng are available per analysis of a sample using normal extraction procedures.

To reduce or eliminate dilution due to extraction, thermal desorption of the adsorbed material is
being done. This technique allows the full quantity of material adsorbed to be injected into the
instrument for analysis. This improves sensitivity by up to 1000 times that of solvent extraction
followed by analysis. Unfortunately, thermal adsorption is not very effective for charcoal, so
different adsorbents must be used. One such adsorbent that hasbeen used for chemical agents

and other organic chemicals is Tenax.

In order to select an off-the-shelf system for evaluation, the range of samplers, adsorbents,
thermal desorbers, and analyzers needed to be screened. The evaluation then uses the preferred
system to sample and determine the chemical agent and TICs present in the warfighter’s

environment.

2.0 OBJECTIVES

The objectives of this program reported here are only those of the Battelle effort, which was a
major subset of the total FMP ACTD objectives necessary to validate the use of passive samplers
as chemical agent collectors. The objectives of the overall Battelle effort were:
1. Identify potential system candidates for sampling and analysis for chemical agent,
2. Screen potential sampling technologies to determine the ability of the sampler to

collect agent,



3. Collect data on the validity of the sampling and analysis system selected under
laboratory conditions.

4. Integrate a GC-MSD and ATD-400 for IPCS sample analysis.

5. Collect datato compare extruded GoreSorbers® and powder containing

GoreSorbers®.

Compare Carbopak X to Tenax TA as a possible alternate sorbent.

Evaluate the face velocity effect on GoreSorbers®.

Evaluate badge capacity when loaded with various chemicals.

© © N o

Conduct interference tests to determine the effect on agent collection for potential

interferences.

10. Evaluate sampler hold time over various time periods.

11. Conduct miscellaneous studies as necessary to support design of oollection
system.

12. Support field tests at three field tests.

13. Coordinate with OSHA, USCHPPM, and other laboratories as required to prevent

duplication of efforts, collect available information, and to maximize data

comparability.

Objectives 1 — 3 were from a previously conducted program task and were reported separately.
Objective 12 is reported separately in the appendices but is commented upon in this report.

3.0 TECHNICAL APPROACH

The strategy for Phase | testing was planned and carried out as follows:

1. A market survey was conducted to determine candidate off-the-shelf equipment to
comprise the system.

2. Field testing was supported by analysis of samplers both opened n the field and
also pre-spiked with simulant to determine the potential effect of field
contamination and survival of agent when initially exposed. Timing of the
analysis process was conducted to determine realistic post-exposure anaysis

rates. Reports on field testing are contained in Appendices D, E, and F.
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3. Laboratory testing was conducted to determine the ability of three candidate
Commercial-Off-The-Shelf (COTS) samplers of different designs to collect
detectable amounts of chemical agent at the TWA and the IDLH. This testing
was performed at the Battelle HMRC in early 2000.

4, Testing was continued with more extensive laboratory studies at varied
temperature and humidity to represent different climatic conditions, with selected
toxic industrial chemicals (TICs) to represent potential additional chemicals of
interest; conduct an evaluation of face velocity effect on one sampler; evaluate the
potential for use of different sorbents; evaluate the capacity of the passive badges,
and conduct evaluation of selected chemicals as interferences to chemical agent

adsorption. The plan is contained in Appendix A.

This report is a comprehensive report on these four activities. The principal foci will be on the
activities of task number 4 above in order to fully document this last task and in integrating all of

the data collected in this program into a comprehensive analysis.

3.1 Market Survey

The market survey considered the state-of-the-art in personnel monitoring in industrial hygiene
practice and low-level environmental measurement. The market survey covered a wide range of
candidates, but selected passive sampling as the best logistical method for sample collection.

The IPCS prototypes that were investigated are passive samplers that are currently used by
industrial operations to monitor worker chemical exposuresin an industrial setting over a 2hour
to 8-hour period. The samplers are generally constructed as small, wearable badges that contain
Tenax® or another adsorbent material. Tenax® is a commonly used wide spectrum adsorbent

for air-borne organic materials that has a demonstrated capability to capture CA vaors.

Three different sampler types were selected for testing. The three samplers were:
GoreSorber ® manufactured by W.L Gore and Associates Inc (containing Tenax TA)
SKC 575 series passive sampler containing Tenax TA manufactured by SKC Inc. (SKC).

8



Perkin-Elmer (PE) sampler manufactured by Perkin-Elmer containing Tenax TA

These three samplers were chosen based upon the
Market Survey titled: Chemical and Biological
Individual Sampler (CBIS) Literature Search and
Market Survey, dated June 4, 1999. This Market

Survey recommended four representative sorbent
samplers for the CBIS program. These were the
three above and a sampler manufactured by

Ogawa and Company Inc. The Ogawa and

Company samplers were colorimetric only and not

suited for analysis by thermal desorption so it was PerkinBimer
not tested. The three samplers that were tested are

presented in Figure 3.1
Figure 3.1 Samplers

For this test Gore, SKC and Perkin- Elmer samplers were asked to make recommendations on
sorbent for this use. The sorbers were then filled by the company with the material that their
respective companies believe best for the application. All three companies indicated that their

sorbers contain Tenax TA.

The P-E sorber is designed to fit directly into the ATD-400. The GoreSorber contains two small
sorbent packets. For testing, the GoreSorber was opened and a packet was placed into a RE

tube for thermal regeneration on the system.

The GoreSorber is aflexible package that is porous and containstwo pillows filled with sorbent.
After use, the pillows are recovered from the sorber body and placed into an empty RE tube so
that it can be directly desorbed.



The SKC S75 was provided in two configurartions, in Phases | and 11, it was tested with a
porous metal housing inside that contains Tenax TA. The housing was regenerated using a TD
Sorb. The agent off-gas from the TD Sorb was collected in a P-E tube filled with Tenax TA.
This PE tube was then analyzed by the TD-400/Shimadzu GC-FPD.

After Phase |1, SKC provided and SKC 575 with a special back-plate that was filled with Tenax
TA sorbent. After exposure, a plug is removed from the back plate and the Tenax TA is poured
into an empty P-E tube. This P-E tube was then analy zed by the ATD-400/GC-MSD.

This system design uses agent extraction from the sampler by thermal desorption, rather than
solvent extraction. There are reduced logistical and safety concerns associated with thermal
desorption. Compared with solvent extraction, thermal desorption also provides a lower
threshold of detection due to less sample dilution. The Government directed thermal desorption
because of its likelihood to be the least logistical burden and the least sensitive extraction
method.

In the Market Survey, several thermal desorption units were identified. One unit, the ATD-400
manufactured by Perkin-Elmer, was capable of unattended operation and analysis of multiple
samples sequentially. A second unit, the TDSorb, performed the same operation, but was
limited to only one sample being loaded at atime. It had the advantage of being able to hold

larger and more varied shapes of samplers.

In order to successfully desorb the agent from the samplers, the sampler must fit into the
desorption device. Only the GoreSarber and Perkin-Elmer samplers could be configured to fit
into the ATD-400 unit (the GoreSorber was opened and a Tenax pillow was removed with
forceps and inserted into the ATD-400 tube, while the P-E sorber caps were changed and fitted

directly onto the desorber) so that unit was chosen to desorb those samplers.

The SKC sampler was desorbed using a TDSorb. Because the TDSorb cannot interface directly
to the GC/FPD, atwao-step process was used; first, desorb the SKC badge and adsorb the sample

onto a standard Tenax-packed sorbent tube to interface with the ATD-400, and second, analyze
1C



the Tenax-packed sorbent tube on the ATD. This method of analyzing the SKC sampler was
necessary because the sorber could not be directly desorbed into a GC because of gasflow and
temperature considerations. Additionally, because the TDSorb can handle only one badge at a
time, and desorption takes 10-30 minutes, desorption could not be done immediately after
exposure for all sorbers; there was afinite delay period before desorption by the TDSorb as well

as by the ATD-400.

A number of different analyzers were identified by the Market Survey to be capable of detecting
vapor samples thermally desorbed from the samplers. For laboratory testing, the analyzer must
exhibit high sensitivity and selectivity. Because an MSD did not have sufficient lower
threshold sensitivity Battelle elected to use a Shimadzu dual FPD in the laboratory. These units
have the necessary sensitivity and selectivity and the Shimadzu was already configured to run
automatically with the ATD-400 desorber and with the HMRC' s data system.

3.2 Field Test

Three field trials were performed as part of the FMP ACTD operational assessment. These
events provided a forum to examine issues integral to the operational effectiveness of the IPCS
system. Some of the factors evaluated included durability, mounting, personnel requirements,

and impact on personnel.

The first exercise utilized a platoon of Marines during training exercises. Thes training
exercises included movement through a wooded terrain, movement with live fire, and base
security exercises. Mounting problems resulted in aloss of all but a few samplers from this
exercise. A number of chemicals that were related to live fire and CS were found on the badges

that were retained.

Fort Benning, GA provided the setting for the setting for the second exercise, a series of attacks
on amount facility by a Marine platoon. In this exercise, mounting problems were fixed and two
sampler changes occurred during the 7 day exercise, simulating three year periods. In addition to
the passive samplers worn on the Marines, additional samples were mounted on a board in the
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center of the mock village. Some of the samplers, both onthe Marines and in the village, were
pre-exposed to MES, a mustard simulant, to test retention of MES in the sorbent. The results
show some interesting trends and variations. The preexposure spiked samples show a loss of
MES from the samplers on the order of 50 to 75 percent. These losses were, with two
exceptions, from samplers dosed in Group A (“old GoreSorbers®). The analysis of the loading
of the Group A control samplers immediately after spiking showed an average loading of 621 ng
with adeviation of 155 ng. Thisis very high variability when compared with agent spiking done
with asimilar chamber earlier this year, using the same methodology. It can reflect either a
variable that was not controlled well, or a variability in the analysis of samdes immediately after

dosing.

A number of samplers are present where the MES loss is between one and two deviations above
the average pre-deployment loading. Whether this represents failure to penetrate the pillow
“case” inside the sorber followed by reverse diffusion, breakdown of the material on the
samplers, or some other effect is not certain. However, the relative standard deviation of post
exposure concentrations for both the GoreSorbers® and the SKC samplers on the control board
is less than 8 percent, which may also indicate an analysis problem on the samplers analyzed
during pre-exposure as discussed above. However, an analysis variation of this magnitude is not
likely considering the efforts made to assure calibration (e.g. standard samples inbetween

measured samples, frequent recalibration, etc.)

MES is also present on samplers that should have been nominaly clean. There are several
possible explanations. For instance, MES is commonly used in a variety of personal products
(Altoid mints, foot powder, Absorbine Jr. and Ben-Gay rub are severa primary examples) and
the MES present may be from the usage of these products. Another lesslikely possibility is that
there was cross contamination of the samplers during transportation or deployment due to off-
gassing of the samplersin high heat or high humidity situations. This second hypothesisis
highly unlikely because each sampler was handled with clean gloves and individually packaged

in a glass container with a Teflon®-lined lid before it was placed in a box.



Samplersin all three wear cycles gained between 5 and 20 ng of MES per day of use. In
addition, as well will be discussed the control samplers, which were in a static position in the

field exercise area, also gained MES, although at alower rate.

There are a number of samplers that have had substantial amounts of limonene and undecane
deposited on them. While 5,000 ng appears to be a large quantity, assuming a 40 mL/minute
diffusive air flow into the badge and a four-day exposure time, this represents only 0.022 mg/m3
average concentration exposure, which is well below the safe “no-adverse-effect” levels for these
compounds. Even assuming all of this material being deposited in a 15-minute block of time
would represent an average exposure concentration of only 8 mg/m°. Both of these levels are

well below expected toxic levels for these materials.

Based on these trials, MES concentrations on the badge appear to vary from preexposure to
post-exposure by over 50%. However, the MES variation after exposure between control-board
badges that were pre-exposed appears to vary only 58 percent. This occurrence should be
investigated more fully or another simulant, including deuterated MES, should be evaluated so
that pre-exposure can be definitively separated from post-exposure.

The third exercise was aboard the USS Iwo Jima during the shakedown cruise. No samplers
were mounted on personnel for this test, but instead were mounted on boards in the five separate
compartments. Duplicate samplers measuring 3 time periods during the cruise were used with
concurrent analysis afterward by three labs (OSHA, Battelle, and USACHPPM). The blank
results for the samplers show that the SKC samplers, on a per-sampler basis, had much more
contamination on it than the Gore. However, the background on the GoreSorbers® appears
much more variable than the background on the SKC’s. Further, because the SKC sampler has
about 250 mg of sorbent vs 40 mg per Gore pillow, the GoreSorber® has 4.5 ng/mg of sorbent
(about half of thisis limonene) vs. 2.5 ng/mg of sorbent in the SKC. Gore's cleanup process is
proprietary, so Battelle cannot comment on this further. SKC has indicated that their cleanup
process is a thermal desorption process, and that the Tenax inthese samplers was treated to only
240 C instead of 280 C that is used for desorption in the ATD. Their technical people have

indicated that this material can be cleaned up more by thermal desorption.
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For virtually all cases for the SKC sampler, the 7day collection quantity appears to be much
more than 21 times the 8hour collection quantity or 7 times the 24-hour collection quantity.
This may indicate either a much larger end-of-cruise loading for all compounds, or it could
indicate a non-linear loading rate and a secondary effect such as an initial low and then a later

higher variable face velocity across the sampler.

However, for the Gore samplers, the 8 and 24 hour samplers seem to be somewhat in line, but
the adsorption of the 7-day sample appearsto be much more variable than the other two

samplers. Again, this may indicate end-of-cruise loading, but may also indicate other effects.

Except for the Oil Test Lab, all -day Gore samplers have a zero result for MIBK and several
others show a zero result for compounds such as nonanal and dimethyl naphthalene. The SKC
results seem to be more consistent, that if the 8hour sample and the 24-hour sample show a
result, then the 7-day result also shows aresult larger than either of the other two. This may
indicate that the SKC sampler tends to hold the chemical (prevent reverse diffusion or some
other phenomena such as chemical breakdown) better than the Gore sampler. This conclusion

also will require experimental verification.

The low-flow SKC samplesindicate severa points; first, much of the field blank background
(about 50% of it) results from field blank exposure and handling. The first set of data (samplers
A-H) are blank samplers that were post-spiked with MES in the Battelle chamber. The total
“blank” quantity of the identified organics for the SKC samplersis 1.4 ng/mg vs 2.5 ng/mg for
the exposed field blanks discussed previously. For the Signal Bridge samples, there appears to
be afairly strong correlation between the quantity captured onthe low flow SKC badges and the
normal flow SKC badges. This correlation shows the flow in the low flow SKC at about 40% of
the regular SKC sampler. Thisisin line with expected results. No correlation was investigated
for the Well Deck.

Badge analysis results indicate that there is methyl salicylate present in the sasmpled areas. Post

spike results show that there is still capacity to adsorb left, and that the adsorption of MES during
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post-exposure is very uniform which appears to indicate that the balges are still performing well

after exposure.

3.3 Laboratory Test Approach

The test approach focused on a Phase | test of initial performance testing of the system and likely
candidate samplers. This testing was then followed by Phase 11, which was more exhaustive
testing of the samplers in the laboratory when subjected to different conditions. Field testing
support was conducted as Phase 111 of the program. Phase IV of the program dealt with
additional sampling at temperature and humidity conditions and un-refrigerated hold time,
testing of capacity for the selected sorbers, interference testing of the sorbers, and determination

of the face velocity of the GoreSorber.

3.3.1 Phasel Testing

The first phase tests exposed a sampler in a chamber to concentrations of agents GD and HD at
the IDLH and at the TWA. The IDLH tests challenged the samplers for 30 minutes and the
TWA tests challenged the samplers for 8hours. All sampler candidates were tested in the
chamber simultaneously to eliminate variability from one challenge exposure period to the next.
The data were evaluated for comparison to chamber concentrations, and were used to evaluate

whether a sampler system would be carried on to the next evaluation.

Testing in Phase | was divided into multiple trials. This program conducted up to four tests on
each passive sampler. Testing began with GD because it was the more volatile of the two agents
selected and has the lower detection requirement. Testing was conducted on both agents to
determine if a particular sampler system functions significantly different with either agent. The

trials were conducted as follows:

1. Test 1 GD IDLH, where seven (7) replicates of all three sampler types (21 items)
were tested against the IDLH concentration of GD
2. Test 2 GD TWA, where seven (7) replicates of all three sampler types weretested
against the TWA level of GD
18



3. Test 1 HD IDLH where seven (7) replicates of all three sanpler types were tested
against the IDLH level of HD, and

4, Test 2 HD TWA where seven (7) replicates of al three-sampler types were tested
against the TWA level of HD.

3.3.2Phasell Testing

The second phase of this program consisted additional tests for both agent types. The purpose of
these tests was to determine if sample holding time degrades analysis. For these tests, up to two
sampler system candidates were tested at both IDLH and TWA concentrations. These two
candidates were selected based upon their comparability to challenge concentrations, and
minimum statistical variability.. During these tests, the samplers were challenged in a similar
manner in the first phase. The samples were then analyzed after a set holding time, during which
they were stored at a temperature of 35-40 °F in a plastic bag with a sorbent such as charcoal.
Specificaly, half of each set of sampler types was analyzed 24 hours after challenge and the
second half was analyzed after seven days. This test determined the effect on the results of the
total time available for each sampler to be collected, transported, and analyzed in the field.

To conduct this testing, only two samplers from Phase | were carried on to Phase [l. Samplers
selected were those providing the best quantitative agent recovery for each agent at each
condition (TWA and IDLH) and providing the most reproducible results (e.g. best statistical
evaluation).

5. Test 3 GD IDLH, where fourteen (14) replicates of up to two sampler types (28
items) were tested against the IDLH concentration of GD. Seven (7) samplers
were analyzed after 24 hours and seven (7) samplers were held and analyzed after
seven days.

6. Test 4 GD TWA, where fourteen (14) replicates of up to two sampler types (28
items) were tested against the TWA concentration of GD. Seven (7) samplers
were analyzed after 24 hours and seven (7) samplers were held and analyzed after

seven days.
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7.

Test 3 HD IDLH, where fourteen (14) replicates of up to two sampler types (28
items) were tested against the IDLH concentration of HD. Seven (7) samplers
were analyzed after 24 hours and seven (7) samplers were held and analyzed after
seven days.

Test 4 HD TWA, where fourteen (14) replicates of up to two samplers (28 items)
were tested against the TWA concentration of HD. Seven (7) samplers were
analyzed after 24 hours and seven (7) samplers were held and analyzed after

seven days.

A final report was issued on these tests

Support three field tests conducted to determine field utility and application of the

commercial systems. This support was provided for three tests, two on land and
one during an initial cruise. A simulant (methyl salicylate) was chosen to
simulate agent because of its similarity to agent HD. Some samplers were pre-
challenged; others were post-challenged to determine if the capacity of the sorber
had been exceeded. Most of the samplers were exposed in the field and analyzed
in the laboratory.

3.3.3 Additional Laboratory Tests

10.

11.

All testing focused on parameters affecting “sampling system” performance,
meaning that the performance from sampling through analysis will be considered.
The testing used the Gore and SKC passive air samplers. Althoughof different
design, both samplers used Tenax TA with a 20/35 mesh size as their absorption
media. In addition, testing evaluated design and methodology improvements
made to the samplers and analytical methods. The overall goa of this testing was
to produce parameters that can be transferred directly to field operations.
Integration of the thermal desorption unit (ATD-400) with the gas
chromatograph/detector (Aglient 6890/5973 GGMSD with turbo pump). This
combination served as part of the “baseline” IPCS system. Thetesting at OSHA
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12.

13.

14.

15.

SLTC will aso utilize this combination except that they will substitute the newest
model of Perkin-Elmer thermal desorber, the Turbomatrix®, in their tests.
Determination of the instrument minimum detection limits (IMDL) of the analysis
system for IPCS. A dual approach was used to characterize the IMDL. First the
IMDL of the GC-MSD will be determined for each chemical using direct
injection into the device and generation of a calibration curve. Next the “system”
IMDL will be determined by depositing known quantities of the target chemicals
onto ATD tubes packed with GoreSorber pillows and then running through the
desorption/analysis process. The IMDL study will look at not only the CWAs and
TICs on the Battelle list, but also the TICs listed for OSHA SLTC. Thiswill give
the program an idea of those chemicals compatibility with the system and will
generate confidence in the similarity of results between laboratories. The
remaining tasks will concentrate only on the Battelle target chemicals.

A task was conducted to determine the use of a different sorbent than Tenax.
Supelco has a hew sorbent, Carbopack X®, which is supposed to have a broader
chemical affinity. The Carbopack X® was evaluated in one trial usng ATD
tubes filled with Carbopack X® against tubes filled with Tenax TA®.

The Gore commercial off-the-shelf sampler system was tested at three face
velocities using agent challenge to assure that agent flux rates into the badge are
relatively constant over the three face velocities. The data on the SKC design is
available in an OSHA report Determination of the Sampling Rate Variation for
KC 575 Series Passive Samplers  This report was used as a reference for SKC
face velocity data.

Interference of other chemicals with sampler performance will be tested to
determine the effect on sampler performance absorbing target compounds. This
will be done by exposing the samplers to a realistic amount of background
chemical loading that could be expected during a 7-day use cycle. Theinitia
background chemical selection was chemicals that were observed to be present in
the background at the field tests. The samplers were also challenged with the
target chemicals at their MASs S minimal, 1-14 day effect levels to determine

their performance under these conditions.
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16. Environmental testing and hold testing were combined into a matrix of tests that
look at the parameter of temperature, humidity, and hold time. The challenge
conditions (temperature and humidity) were chosen to approximate the “real
world” conditions of (1) Saudi Arabia, (2) Guam, (3) the Balkans
(Kosovo/Y ugoslavia area). Runs were done at both the MAGs-S minimal and
significant effects levels for the respective chemicals. These levels were chosen
to reduce the amounts of tests needed, but still be able to determine trendsin
sampler performance due to temperature, humidity, and the effects on hold time
performance. If possible, a mixture of these chemicals was used at once to
reduce the required number of experiments. Each of these sampler was put
through hold testing by analyzing a statistically viable amount of the samplers at
times of 2 weeks, 4 weeks, 6 weeks, and 8 weeks.

It is understood that this experimental design did not take into account trial-to-trial nor test-to-
test variability, although sources of error were identified and are reported upon. This limitation
was accepted to maintain the smallest trial quantity to maintain schedule and cost

reasonabl eness.

3.4 Test Equipment

A schematic of the test equipment is shown in Figure 32. Chemical agent was generated into a
humidified vapor stream by passing dry air through a diffusion tube to allow a controlled rate of
agent to be vaporized into the ar. A second stream of air was humidified by passing this air
through a humidifying device. The two air streams were then blended and piped to the test

chamber through stainless and silicon coated stedl lines.
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Figure 3.2 Laboratory Test Apparatus

A 14-inch diameter by 10-inch tall circular chamber was used as the exposure chamber. This
chamber, shown in Figure 33, was fitted with a carousel for the samplers so that the air
containing agent could be passed across the face of the sampler at a controlled face velocity. The
samplers were hung in the chamber (and can be seen through the openings in the cauousel) using
twist ties in an orientation as close as possible to actual wear configuration while still conducting
an effective test.

The agent-containing gas flowed through the chamber at approximately 10 liters per minute.

This flow rate was necessary to assure that the air, which contains agent in all areas of the

chamber would be approximately equal to the challenge concentration. The flow, coupled with

turning the carousel by a motor, provided fresh agent continuously to the surface of the sampler;

the samplers would have no induced gas flow (i.e. no pressure differential across the sampler

would be introduced so that flow from the bulk gas into the sampler occurs only by diffusion).
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The carousel was rotated at a speed to give aface velocity (tangential flow to the diffusion
screen) of at least 20 LFPM. The face velocity of 20 LFPM was chosen based upon SKC
recommendations. All vendors were asked for minimum face velocity information but SKC was

the only vendor that did respond to a request for this information.

Prior to challenging the samplers, the challenge air was brought to equilibrium ina by-pass
mode. Once the agent concentration, humidity, and stream temperature were stabilized, the
challenge air was introduced to the test chamber. A GC with gas loop was used to determine
high concentrations (IDLH) and for determining agent concentrations in various parts of the
system prior to challenge (range finding). Sorbent tubes (filled with Tenax) were used for low
concentration (TWA) agent determination. For low concentrations, gas samples were collected
from the entrance and exit gas flow streams to the test chamber during testing to provide actual
agent exposure concentration measurements that are within +/+25 percent of the expected
concentration. Low concentrations approximations were measured using the MINICAMS.
Actua concentrations during testing were measured in duplicate by passing a known flow rate of
air from both before and after the chamber through a Tenax GC® sorbent tube, adsorption of the
agent on the Tenax®, desorption from the Tenax® on the ATD-400, and analysis of the gas by
GC-FPD .

The chamber temperature was controlled through heating pads that were applied to the chamber
exterior. A Hobo data logger attached to the chamber lid monitored chamber temperature and
humidity. A DC motor was attached to the carousel shaft on the chamber exterior to rotate the
carousel at the required rate.

The Shimadzu and the ATD-400 were used in phases | and |1 as the analytical device. They are
shown in Figure 34. The ATD-400 is a device that uses heated gas to pass through a sabent-
filled tube to remove the agent (and regenerate the sorbent). Up to 50 tubes can be placed on the
ATD-400 at one time allowing the tubes containing the sample to be analyzed, calibration
standards, and samplers to be analyzed as a batch. The ATD-400 has a focusing tube (containing
Tenax TA in this program) to collect the agent a second time This tube is then thermally

desorbed into the GC column.
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The Shimadzu gas chromatograph was used as the detection device in the first two phases and
for the first two field tests. This chromatograph is a compact device with its own data system
that can be fitted with dual FPD or an FID as well as other detectors. The Shimadzu and FPD
were used in this program because the amount of agent that would be adsorbedand released at
the GD AEL (0.00002 mg/m3) was not known but based on expected flow rates and allowed
exposure times was believed to be in the range that required an FPD to detect.

Figure 3.3 Exposure Chamber Showing the Carousel for Sampler Operation and Hanging
Wires With Samplers Attached

il

Figure 3.4 ATD and Shimadzu GC-FPD

The initial design of the SKC sampler in its original configuration could not be regenerated
directly on the ATD-400. For thisreason, in Phases | and Il each badge was regenerated by
using a TDSorb, shown in Figure 35. The TDSorb is adevice that is designed for collecting

contamination off diverse materials such as hard drives and placing that contamination on a RE
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tube. The TDSorb consists of a heated chamber through which heated humidified gas is passed.
The gasisair cooled and is collected on a P-E Sorber. The P-E Sorber is then analyzed on the

ATD-400.

Figure 3.5 TDSorb Apparatus

The primary analytical instrumentation for the additional laboratory studies program phase was
attached to an ATD-400 Thermal Desorber that is attached to an Agilent 6980 GC with an

Agilent 5973 mass selective detector, (Figure 3.4).

Figure 3.6 ATD-400 Attached To an HP 6890 GC with HP 5973 M SD



The items shown in Table 3.1 were used during testing and configured to form the test fixture.
These items are in addition to the three samplers.

Table 3.1 Test Equipment

Item Use

Diffusion tube Agent concentration generator

Humidifier Humidity generator

Exposure Chamber Exposure of samplers

GC with Gas Loop Agent concentration indicator at IDLH levels

Tenax tubes Agent concentration indicator at TWA levels

TDSorb Desorption system for SKC 575 samplers onto a Tenax tube

ATD-400 Desorption system for PE Sampler, GoreSorber, and Tenax
collection/desorption tubes

Flow controllers Controlled the flow of gases throughout the system

Refrigerator Refrigerate the samples

PE Sampler Holders A special holder to prevent exposing the PE Sampler exterior
surfaces to agent.

3.5 Test Conditions

In Phases | and I1, the samplers were challenged with a mixed gas air stream containing chemical
agent vapor and humidified air. Chemical agent vapors were generated using a diffusion tube to
generate vapor concentrations. The agent-containing air was mixed with humidified air to reach
20-40 percent relative humidity for the total stream. This alowed for some humidity, but, based
upon experience of the researchers, it is considered low enough that it did not affect agent
hydrolysis in the system. The air stream to the test chamber was temperature controlled only for
HD (50 to 55 °C), the temperature for the remaining trials were not heated and was near
laboratory ambient temperature of 19-23 °C.. Normal laboratory temperature fluctuations are on
the order of 4 °C, which was not considered enough to justify adding temperature control to the
challenge system.

The additional Iaboratory testing was done at two different locations for the compounds listed in
Table 3.2. The Hazardous Material Research Center (HMRC) of the Battelle Memoria Institute
performed all testing that involved nerve and blister agents as well as several of the TICs. The

Occupational Safety and Health Administration Technical Center at Salt Lake City also
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performed work on other TICs. Trimethylbenzene was used as a common material between the

labs for comparison purposes.

The agents and TICs used are listed in Table 3.2 along with the laboratory they were used in.

The MAGs-S levels are listed for reference purposes.

Table 3.2 Chemicals Of Interest With TG-230a L evels

1 Hour MAGs-S Levelsin (mg/m®)

— — 1-14 Day
Minimal Significant | Severe
MAGs-S
Effects Effects Effects 3
(mg/m©)
Name L evel L evel L evel
Battelle Acrolein 0.23 1.15 6.9 0.023
Analyzed
Chemica . Not
Agents and n-Butyl isocyanate 0.04 0.2 4.1 determined
TICs
Phosgene 0.4 0.81 4 0.04
Soman (GD) 0.003 N/A 0.05 0.000003
Sulfur Mustard (HD) | 0.42 N/D 1.7 0.003
OSHA Benzene 160 479 3195 0.16
Analyzed TICS | DDVP N/A N/A N/A N/A
Ethyl Benzene 542 542 3474 43
(R)-+-Limonene N/A N/A N/A N/A
Tetrachloroethylene | N/A N/A N/A N/A
Trimethylbenzene N/A N/A N/A N/A
Undecane N/A N/A N/A N/A

Phosgene was included in the test matrix because of its dual use as an industrial and military

compound, but it was anticipated that it would be problematic for both adsorption on the sampler
and in analysis by GC-MSD.

Both the Gore and SKC samplers require a minimal face velocity in order to achieve mass

transfer from the atmosphere into the packet (as noted, this informaion is not known for the

Gore, but will be developed as part of study).




3.6 IPCS Analytical Operations

A Perkin Elmer ATD 400 interfaced to either a HP 6890/5973 MSD or an Agilent 6890/5973
MSD was used for all sample analysis. A 30 M x 0.23mm i.d., 0.25 um df gas chromatography
column was used for analysis. The column was temperature programmed from 10 to 280 C at 20
C/min. The MSD was scanned from 45 to 450 amu.

3.6.1 Standard Preparation

Standards are prepared from neat compounds at 1 mg/mL in methanol (except agents). Agents
are prepared in hexane and stored at £ -20 °C and viable for 6 months. Methanol stocks are
combined and further diluted in methanol. Methanol standards are stored at £ 4 °C and viable for
6 months. Clean Gore pillows were used for preparing calibration standards. Gore pillows are
cleaned by placing them into tubes and heating them at 275 °C under 100 mL/minute of helium

flow for 10 minutes.

Two microliter volumes of mixed standard are injected into Gore pillows to produce calibration
standards at various concentrations. Internal standard (IS) is added via a gas sample loop for
standards run splitless. For standards run split, liquid IS solution prepared in methanol is injected
directly into the pillow before it is put into the tube.

To spike the pillows they are placed on a clean surface and held down with a gloved hand or
tweezers to prevent the pillow from rolling. Great care was taken to not push al the way through

the pillow with the syringe. The pillows were then loaded into the tubes with tweezers.

3.6.2 Sample Preparation

Gore samples are removed from their packet by peeling the packet apart using tweezers. Using
tweezers one of the pillows is dropped inside an empty tube, which contains a properly seated

gauze disc (screen). The other pillow remains inside the packet in the glass sample bottle.
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Internal standard (1S) is added via a gas sample loop for samples run splitless. For samples run
split, liquid IS solution prepared in methanol is injected directly into the sample pillow before it
is put into the tube. In the case of SKC samples the IS is injected onto the sorbent dter it has

been placed into the tube configuration.

The Gauze-loading Accessory (P/N L407-0023) is available from Perkin Elmer for their tubes.
Thisisacritical piece of equipment to have because proper seating of the gauze discs are

required to keep the Gore pillow or SKC Tenax from blowing out of the tubes.

It takes two people approximately 2 hours to prepare a rack of 50 tubes (samples and standards).
It takes 1 person approximately 6 hours to prepare arack of 50 tubes (samples and standards).
This preparation includes tuning the mass spectrometer and setting up all of the data files.

3.6.3 Sample Analysis

The ATD 400 can run 50 tubes unattended. The 50 tubes are comprised of 35 actual samples, a
5-point calibration curve, 7 continuing calibration standards and up to 3 blanks (blanks are empty
tubes). Turnaround time per tube is approximately 30 minutes or 25 hours per rack. Cryogenic

cooling (liquid nitrogen) is required to operate the system and maintain this turnaround time.

Instrument maintenance is critical to keeping samples running efficiently. Routine maintenance
is performed as needed usually every 200 samples or once aweek. This includes replacing the
trap in the ATD, replacing all of the orings that seal the tubes and cleaning the mass

spectrometer monthly. The GC column is replaced every 3 to 6 months.

3.6.4 Data Review

Data review can be extremely difficult and time consuming even with atarget andyte list and an
experienced analyst. Aside from the target analytes many other compounds are captured on the

Tenax as well as breakdown products of the Tenax. Precleaning the Tenax cuts down on the
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background tremendously and increases the speed at which an analyst reviews the data.
Assuming atarget analyte list of 5 compounds and 50 runs it takes approximately 4 to 6 hours to
work the data up and another 1 to 2 hours of peer review resulting in approximately 8 hours of
time to turnaround 50 tubes.

After every fifth sasmple, a quality control check standard was analyzed and was usually within
25% of theoretical. Most often when the QC check were outside of 25% theoretical it was
usually aresult of large amounts of contaminates on the sorber which remained in the analytical
system. Often, because the entire sample was desorbed into the GC, there was no sample

remaining for a second analysis.

4.0 EXPERIMENTAL AND RESULTS

All test samplers were purchased and stored in their original containers at ambient conditions.
SKC are sealed with a cap and individually heat sealed inside a metallized plastic bag. Bags
were overpacked in paperboard boxes. Gore samplers were received inside individual 40
milliliter glass vials with a Teflon lined cap. The vials were packaged inside a cardboard box tat
contained small sorbent packages. Unused samplers were kept in an office areatominimize

potential chemical contamination prior to use.

4.1 Minimum Detection Limits

This experiment determined the IDL and MDL for the chemicals listed in Table 3.2 (MES will
be included as well because of its presence in one field test). A problem with using the
conventional definitions of IDL and MDL is that they typically are based on the noise level of
the measurement, and mass spectra are essentially noiseless. Thus, an artificially low IDL and
MDL will be found. In addition, the establishment of the MDL requires not only signal
response, but also mass spectral quality. Ideally the MDL is reached when the signatto-noise for
the least abundant ion is approximately 3 to 1 and the following criteia can still be met:
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All ions present above 10 % relative abundance in the standard mass spectrum
should be present in the sample (in this case the sample is the standard that is just
at 3:1 S/N or where there is no noise)

The absolute abundance of the ionsin the standard mass spectrum should agree
within 20% in the sample mass spectrum.

Some ions such as the molecular ion are of special importance and should be
evaluated even if they are below 10%

Additionally, the above criteria need to be met when there is no noise.

Initially the IDL was determined by liquid injection. Various concentrations of the analytesin

methylene chloride were injected. These MDL values were determined.

A specific IDL was not conducted because the GG-MSD was aready configured. The MDL was
conducted on the system so a system MDL was determined. Seven replicates of Tenax tubes
were vapor spiked at 1 and 2 ng. Acrolein concentrations were 100 times higher and butyl
isocyanate concentrations were 10 times higher. The 14 replicates were analyzed with a five
point calibration curve run immediately before and after the replicates. A MDL was also run for
GD in the selected ion monitoring mode (SIM) in effort to improve the MDL for GD in SIM was
0.42 ng.

The results from this work are listed in Table 41. To alow inter-laboratory comparisons, both
Battelle and the OSHA Technical center evaluated the same set of compounds (with the
exception of nerve agents). Also included in Table 4.1 are USACHPPM’s MAGs-S 1 hour
standards. Loadings expected in the IPCS samplers after one-hour of exposure at the MAGs-S
minimal effects level, assuming a diffusion rate of 40 mls per minute and 100% absorption

efficiency (that is, all material that comes in contact with the sampler is absorbed).



Table 4.1 MDL’s Found for Agentsand T1Cswith Comparison to MAGs S Minimal
Effects Expected Sample Quantities

Compound MAGs-Sat S-hour | Found MDL Tube Loading after 1
Mimimal Effects (Tube hr at MAGs-S
Exposure (ng/L air) | Loading in ng) minimal L evel (ng)
Acrolein 100 56 240
Benzene 50,000 0.87 120,000
Butyl isocyanate 10 27 24
Dichlorvos (DDVP) Not Available 1.25 Not Available
OSHA =
Ethyl Benzene 125,000 0.07 300,000
GD 3.0 1.21 7.2
HD 420 0.86 1008
Limonene Not Available 0.64 Not Available
Methyl Salicylate Not Available 0.81 Not Available
Trichlorobenzene Not Available 0.21 Not Available
Trimethylbenzene Not Available 0.08 Not Available
Undecane Not Available 0.11 Not Available

Phosgene was evaluated separately, due to concern that it could degrade the instrument.

Neat

phosgene was removed from a cylinder and placed in a Teflon sampling bag. Net phosgene, 200
uL, was applied to a Tenax tube while flowing, atotal of 5 L of air (at 500 mL/min) through the
tube ("875 ug calculated). We were able to detect phosgene at approximately 875 ug. A gastight
syringe was used to remove 1 mL of phosgene fram the Teflon bag and slowly injected into 1
mL of methylene chloride contained in a capped GC vial. This solution was injected onto a
Tenax tube and analyzed on the ATD. We were nhot able to detect phosgene in this sample at
approximately 20 ug. No further work was done with this compound.

The results suggest that th