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SMALL-ITEM VAPOR TEST METHOD
FY11 RELEASE

1. INTRODUCTION TO THE CHEMICAL DECONTAMINANT PERFORMANCE
EVALUATION SOURCE DOCUMENT

The Chemical Decontaminant Performance Evaluation Source Document (SD) is a
collection of updated procedures and the final product for DTRA projects BAO6DEC414 and
CAO8DEC420. The Source Document reccived its name based on the intended use of the document by
the test and evaluation (T&E) community to either formally update Test Operating Procedure (TOP)
8-2-061" or gencrate a new TOP specific to the evaluation of decontaminant performance on various
materials of interest.

One of the original program requests by DTRA was to have a collection of procedures
that could be distributed to laboratories, based on the targeted information needed from the testing. These
methods would support testing a wide range of technologies, materials, and contaminants; provide context
regarding data utilization cspecially for assessing risk; and enable test-to-tcst and lab-to-lab data
comparisons. When properly utilized, thec improved methods would generate higher fidelity data, which
would be presented in an appropriate context. The data generated from these updated methods enhanced
all components of the decontaminant lifecyele, including research and development (R&D), science and
technology (S&T), T&E, and developmental and operational testing (DT/OT) activitics, technology
rcadiness assessments (TRA) to determinc technology readiness level (TRL), technology comparisons,
risk asscssments and milestone decisions.

DTRA project CAOSDEC499 extended the Source Document methods for the evaluation
of small items of sensitive equipment in support of the Joint Service Sensitive Equipment
Decontamination Program.

2; DEVELOPMENT AND RELEASE OF THE 2007 SD

To fulfill nced for robust methodology, the original SD, titled 2007 Chemical
Decontaminant Source Document was developed by the U.S. Army Edgewood Chemical Biological
Center (ECBC) Decontamination Sciences Branch. The 2007 SD contained contact and vapor test
methodology that was updated from the TOP 8-2-061 document. During development, the core tests for
determining remaining contaminant, contact, and vapor tests underwent major transformations.

The 2007 SD utilized a textbook chapter and scction structurc focusing on specific topics
such the contact test method, vapor test method, etc. Each chapter was divided into individual test
methods specific to that topic, such the core tests, positive and negative control tests, and sample analysis.
Each test method used a basic rescarch procedure outline that included rcagents, materials, test
procedures, calculations, and reporting. The basic foundation was augmented by incorporating the
elements required by ISO-17025 and ASTM methods, such as procedurc summary, terminology,
reporting criteria, quality assuranee, quality control, and test acceptance criteria. This format facilitated
individual method insertion into a performing laboratory’s quality system. Each test section carried
relevant terminology; references, calculations, and quality assurance/quality control requirements so that
cach chapter subscction could be used as an independent method.

In the 2007 SD, the contact test mcthod had minimal updates to the general procedure for
performing the standard two-touch test, but the proccdure was expanded to provide greater detail for test
consistency and additional rigor for key variables. The contact test chapter included specific test




methodology for determining the remaining agent and performing the contact test, in addition to
providing guidance for chromatographic analysis. The test procedures contained options allowing test
modifications and guidance on how those modifications could impact data calculations. The contact test
chapter contained dctailed data calculations which were further divided into calculated, approximated, or
inferred calculations. These divisions were based on the availability of required data and indicated the
dcgree of rigor used to calculate the final test result.

The vapor test underwent a major transformation for the 2007 SD, rcsulting in a
significant improvement to vapor sampling and data analysis as part of this effort. The vapor test method
was updatcd to includc the key variables associated with vapor sampling and a vapor-cmitting item. Thc
method for calculating whether or not a vapor hazard was present was historically based on the vapor
concentration measured in the vapor chamber. The measurcd chamber vapor concentration docs not
correspond to the vapor concentration to which unprotccted pcrsonnel would be exposed. The result is
often an overestimation of the hazard. Ovcrestimating the resulting hazard can impact decontamination
development, resulting in greater logistical requirements and increased potential for material
incompatibilities. In addition, comparing a test chamber vapor concentration to a requirement to
determine thc occurrence of a toxicological response was not correct. The documented methods were
now aligned with the DoD-accepted method for the determination of a vapor exposurc using a toxic-load
calculation. The new calculations involved the characterization of the emission source. This
charactcrization cnabled scale up, specific scenarios calculations, and trade space analyses, further
enhancing operational considerations and risk assessments. In order to teach this ncw calculation
procedure, the 2007 SD contained example data to enable the method user to practice and check their
calculations.

The 2007 SD test methodology contained sufficient rigor for the control, measurement,
and reporting of the key process variables, which enabled comparison of test data. The mcthodology
incorporated options to enable testing at different conditions and using different technologies. Detailed
data calculation approaches were also developed. The 2007 SD succcssfully updated the core panel test
methodology. The improved test methodology procedures were released in 2007 and formally published
in ECBC-TR-671.

3: DEVELOPMENT OF THE SMALL-ITEM VAPOR TEST METHOD

The devclopment of thc updated Chemical Contaminant and Decontaminant Test
Methodology Source Document, Second Edition (SD2ED) continucd after the 2007 SD release and
through summer 2011. The primary objective, which was similar to the original document, was to
continue the development and documentation of robust test methodologies for chemical decontamination
including the small-item vapor test method. The SD methodology focused on testing pancls of individual
materials. There was an expressed need to enable vapor testing of actual full-scalc asscts. As a result,
project CAOSDEC499 was funded to implement the advancements of the SD methodology for full-scale
asscts.

The primary program objective was to devclop mcthodology to enable vapor testing of
small items. This program was a Defense Threat Reduction Agency (DTRA)-funded program, with input
from the Product Director, Test Equipment, Strategy, and Support (PDTESS) and the Joint Program
Executive Office for Chemical Biological Defense Joint Program Manager (JPEO-CBD JPM) for
Decontamination officc. A program expcctation was that thc methods would be able to support the
evaluation of the small-item priority list for the Joint Materiel Decontamination Systems (JMDS)
acquisition program upcoming testing. A second program cxpectation was that the mcthodology would
be universal and enable supporting programs of records, such as Joint Service Transportablc




Decontamination System - Small Scale (JSTDS-LS). This program built onto the foundation developed
through the DTRA effort to improve the lab-scale chemical agent vapor test in program BAO6DEC414.

The vapor test characterizes the emission of contaminant from the material after the
treatment process to determine a contaminant emission function that can be used to determine the risk to
unprotected personnel. The vapor test is typically performed to provide data for comparison against
technology transition agreements exit criteria, requircment documents, and other health-based criteria.
The small-item vapor test method utilized larger dynamic vapor chambers suitable for the sampling of the
small items. The final method was documented in the same format at the 2007 SD, including a detailed
data example for the data calculation procedures from a small-item vapor test.

The development of Small-Item Vapor Test Method was performed by the
Decontamination Sciences Branch laboratories at ECBC, Aberdeen Proving Ground, MD. The
development involved input from DTRA, stakcholders, and research and testing communities. The
method, which was originally released in FY09, has been revised slightly for editorial improvements and
is being reissued in the report appendix. Since its original release, the Small-Item Vapor test method has
been integrated in to TOP 8-2-111.°
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APPENDIX

Small-Item Vapor Test Method

SUMMARY OF PROCEDURE

The vapor test measures the contaminant (agent) emission from a test item placed into a vapor
test chamber. Air is passed over the sample then collected onto a solid-sorbent tube solid-
sorbent tube is thermally desorbed and analyzed. The vapor test results and calculation
procedures can be used to determine the risk that a contaminated item might pose to
unprotected personnel. The test measures an emission factor or emission rate for single or
multiple material evaluations, respectively.

This procedure can support testing R&D lab-scale through developmental large-scale testing.
The small-item vapor test can be used to evaluate decontaminant performance against liquid-
phase contaminants such as chemical-warfare agents, chemical-warfare agent simulants, and
toxic industrial chemicals or materials.

Components of this method may include decontaminant evaluations, baseline, control, and
background tests. The method contains guidance for baseline positive control (without
decontaminant) and negative control (without contaminant). The positive control tests are
recommended to determine the amount of agent lost during the decontamination process to
weathering or evaporation. The negative control tests are recommended to evaluate if an item
emits chemical vapors that may interfere with contaminant chromatographic analysis.

This method contains the calculation procedures to determine the vapor concentration and
toxic-load value for the vapor test chamber and applied scenarios.

This procedure provides the following information:

. The mass of agent, in nanograms, recovered from the solid-sorbent tubes
collected during the vapor-sampling period.

. The calculated vapor concentration for the vapor test chamber and applied
scenarios.

- The calculated vapor toxic-load value for the vapor test chamber and applied
scenarios.

. The calculated emission rate for the item.

The following prerequisites are required for this test procedure:
. Capability for liquid sample and solid-sorbent tube chromatographic analysis.

o Vapor test chamber.

Limitations and other test variations:
) The collection of vapor data is not a direct measure for percent efficacy, percent
neutralization, or reduction in starting challenge.

. Contaminant Simulant: Chemical compounds for chemical agents are often used
during early screening or at non-surety facilities. A chemical agent simulant is a

APPENDIX 7




chemical compound of lower toxicity than the chemical agent, with at least one
property similar to the chemical agent such as certain bonding, functional group,
physical property, etc. For the most accurate comparison, simulants should be
selected based on the main property being tested. Because simulants do not
contain all of the same physical and chemical properties of the live agent,
simulant data alone is not sufficient to determine decontaminant performance. It
is recommended that the simulant performance be confirmed with agent data for
final evaluation of decontaminant performance and risk to unprotected personnel.
Requirement values are based on toxicological information regarding the agent.
Risk assessments should be made based on the results for the live agent.

Bagging and sampling methods can indicate whether contaminant offgassing is
present; however, these methods do not characterize airflow and lack controlled
air volume. Therefore, bagging and sampling methods are not appropriate
techniques for this method. The airflow and air volume are key variables
required to assess risk.

Residual agent: Because full-item extraction cannot be performed, it is typically
not possible to measure the residual agent. The potential future risk estimation
may be limited without that value. For this reason, the vapor-sampling time
should be long enough to enable evaluation for the scenario of interest.

TERMINOLOGY
Terminology specific to this test procedure is provided alphabetically in the following list:

APPENDIX

absorption: The uptake of a contaminant INTO the volume of a material. The
contaminant must transport through the surface into the volume of the material

adsorption: The adhesion of a contaminant on a material. This is limited to the
surface of the material and does not include contaminant residing inside the
material.

agent: See chemical agent. Used interchangeably with contaminant.

air-change rate: The ratio of the airflow rate in an environment (e.g., vapor
chamber, scenario), Q, to the free-air volume, V, of the environment. The air-
change rate, n, is calculated as n = Q/V. Air-change rate is expressed in this
method using units of both min™ and h™.

airflow rate, chamber: The airflow rate through the vapor chamber during the
experiment, reported in milliliters per minute (mL/min).

airflow rate, sampling: The airflow rate through the solid-sorbent tube during
sample collection, reported in milliliters per minute (mL/min), may be different
than chamber airflow rate, depending on chamber configuration.

ambient temperature: The temperature of the surrounding air. In this case, the
surrounding air is defined as the temperature in the working environment (i.e.,
the laboratory/hood). This is the same as room condition.

analytical sample: Liquid extract or vapor tube sample generated during testing
for chromatographic analysis (GC and/or LC) or for other quantitative analytical
tools.
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breadboard, brassboard, prototype: Technology still under development, in
differing degrees of configuration, which is not in final form. This can apply to
test fixtures, formulations, and/or the decontamination system/applicator.

chamber vapor concentration: The vapor concentration measured from the
vapor chamber. This does not correspond to the vapor concentration to which
unprotected personnel would be exposed, and should not be compared to
requirements documents.

chemical agent: A toxic chemical for use in military operations. A
comprehensive listing of chemical agents can be found in FM 3-11.9. The term
agent is used interchangeably with the term contaminant.

contaminant: A chemical compound with harmful effects to humans, which
needs to be neutralized or removed from surfaces of interest. Typical
contaminants include chemical agents, chemical agent simulants, toxic industrial
chemicals, and toxic industrial materials.

contamination: The deposition, adsorption, or absorption of chemical agents on
or by structures, areas, personnel, or objects. (Reference FM 3-11.9.)

contamination, full item: Application of contaminant evenly over all item
surfaces, as identified by the contamination scenario. This option is best suited
for developmental testing (DT).

contamination, localized: Application of the contaminant to selected regions to
evaluate specific materials, regions, or surfaces, based on test objective. This
option is best suited for R&D testing to evaluate and optimize decontaminant
performance.

confidence interval: A calculated range for a data set that future results are
likely to fall between.

contaminant simulant: Compounds of lower toxicity that contain at least one
property similar to the parent contaminant (e.g., live chemical agent).

contamination set: For dose confirmation, a contamination set is a specific
contamination density, drop volume, and deposition pattern combination.
Deposition pattern only matters if the contaminant application uses more than
one drop.

decontaminant: For these procedures, a substance with the capability to
remove and/or neutralize chemical agents on/in surfaces of interest. The
decontaminant can be liquid-phase, solid-phase (powders, wipes), or gas-phase
(fumigants, including aerosols).

decontamination process: The process of making any person, object, or area
safe by absorbing, destroying, neutralizing, making harmless, or removing a
contaminant. (Reference FM 3-11.9) More specifically for these procedures, the
specific series of treatment tasks performed may include contaminating, aging,
decontaminating, rinsing, and drying the surface of interest.

detection limit: The lowest quantity of a substance that can be distinguished
from the absence of that substance (a blank value) within a stated level of
confidence.
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dose-confirmation sample: A sample providing the mass of contaminant
delivered during a test session. It cannot be assumed that contaminant delivery
tools, such as pipettors and syringes, will always perform at the manufacturer’s
specifications, especially for viscous or highly volatile materials. The dose-
confirmation sample is used to provide confidence in the amount of agent applied
to the sample by the tool during that test session. This value is needed for
calculations such as percent neutralization or reduction in starting challenge,
which require accurate measurement of the starting contamination.

emission rate: The flux of the agent from the item under test, expressed as
mass emitted in milligrams per item per minute (mg item™ min™).

hazard: A condition with the potential to cause injury, iliness, or death of
personnel; damage to or loss of equipment or property; or mission degradation.
(Reference FM 3-11.9.)

item: A sample used for testing, which can include small items of sensitive
equipment.

item handling: Treatment of the test item upon leaving inventory through
disposal. Handling may include contamination, decontamination, extraction, etc.

limit of detection: LOD see detection limit.
limit of quantitation: LOQ see quantitation limit.

loading factor: The ratio of the number of items in an environment (Z) to the
free-air volume (V) of the environment. The loading factor (I) is calculated as
=Z/V.

moderate condition: Test condition in the middle of the testing range that is the
standard indoor office/laboratory condition at 19-21 °C and 50-60% relative
humidity.

nonsorptive materials: A material that does not retain a significant amount of
contaminant by absorption, though there may be a minute quantity of adsorption.
Sorption is dependent on material-contaminant interactions. A material that is
sorptive with one contaminant may or may not be sorptive with another
contaminant. Generally, bare metals and glass are nonsorptive materials for
some agents.

operational decontamination: Decontamination carried out by an individual
and/or a unit, restricted to specific parts of operationally essential equipment,
materials, and/or working areas in order to minimize contact, transfer hazards,
and to sustain operations. This may include decontamination of the individual
beyond the scope of immediate decontamination, as well as decontamination of
mission-essential spares and limited terrain decontamination. (Reference FM 3-
11.9.)

pull schedule: The schedule that identifies when samples are collected. The
pull schedule includes the midpoint and pull times for each sample (tube).

quantitation limit: The lowest amount of analyte in a sample that can be
quantitatively determined with suitable precision and accuracy.

relative standard deviation (RSD): The standard deviation of a data set divided
by the mean of the data set.

10




APPENDIX

requirement levels: The documented amount of permissible agent remaining
after a decontaminant process, typically expressed as a vapor concentration in
milligrams per meter cubed (mg/m®) or as a surface concentration in milligrams
per meter squared (mg/m?).

residual agent: The amount of contaminant present in or on the material of
interest, after the decontaminant process and hazard test has been conducted.

rinsate: The collected rinse from the decontamination process. The sample may
include residual decontaminant, agent, or agent byproducts in water.

room condition: The temperature and relative humidity of the test location on
the specific test day.

scenario: The scenario is the specific information regarding the environment that
the item is placed in. The scenario includes how many items are in the
environment, the free-air volume of the environment, and the air-change rate in
the environment. The use of scenarios is recommended for risk assessments.

scenario vapor concentration: The calculated vapor concentration using the
item’s emission model and the scenario’s airflow properties and free-air volume.
This vapor concentration better represents the vapor concentration to which
unprotected personnel would be exposed.

sessile drop: A liquid droplet that is firmly attached to a surface. If the droplet
significantly spreads across the surface, it is better described as a thin film.

sorptive or porous materials: A material that absorbs or adsorbs a
contaminant. Sorption is dependent on material-agent interactions. A material
that is sorptive with one agent may or may not be sorptive with another agent.

starting challenge footprint: Starting challenges are reported as mass per unit
area. The area is determined using the item footprint in this method. Alternate
interpretations for area can be used with this method.

test condition: For a specific agent-material-decontaminant set, the combined
contamination, aging, decontaminant process, environmental, and test sampling
process (i.e., contact, vapor, remaining, residual) variables.

time, tube pulling: The length of time that air was flowing through a solid-
sorbent tube.

time, midpoint: The time representing when a sample was collected as
calculated by the tube initial time plus one half of the tube pull time.

time, initial: The time representing the start of airflow (sample collection) for a
tube.

vapor chamber: A vapor microchamber that fully encloses the test item to
enable vapor emission analysis. The chamber must facilitate the ability to control
airflow and mixing, collect vapor samples, and measure environmental conditions
such as temperature and relative humidity.

vapor cell: A vapor enclosure that is placed over the surface to be tested for
vapor emission analysis. The tested surface serves as one of the “walls” of the
enclosure. The use of a vapor cell is not within the methods described here.

11




vapor hazard: A value specified in requirements documents, usually specified as
a concentration in milligrams per meter cubed (mg/m®), that should have an
accompanying exposure time. The value corresponds to an exposure that
presents an acceptable risk level for unprotected personnel exposed to the vapor
concentration. The toxic-load model should be applied to calculate a vapor
hazard.
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REAGENTS, EQUIPMENT AND MATERIALS

REAGENTS

APPENDIX

Contaminants: The specific contaminants for evaluation are dependent on the
test objectives and specific test facility capabilities. Chemical decontaminant
evaluation contaminants typically fall into one of three categories.

o Chemical Agent: Work with chemical agents can only be conducted in
approved facilities by specially trained personnel. The types of
chemical agents tested include, but are not limited to those
documented in FM 3-11.9 “Potential Military Chemical/Biological
Agents and Compounds.”

o Chemical Agent Simulant: Chemical agent simulants are compounds
with at least one similarity to live chemical agent, but are always lower
in toxicity. These compounds do not contain all of the same physical
and chemical properties of live agent, but are selected because of
similarities in the main property of reference for a specific test.
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o Toxic Industrial Chemicals (TICs) and Materials (TIMs): TICs and
TIMs are chemicals produced for industrial applications that are toxic
to humans. Testing may include, but is not limited to, the published
listing from “Task Force 25: Hazard from Industrial Chemicals Final
Report” dated April 1998.

o Decontaminants: The specific decontaminants used for evaluation are
dependent on the test objectives and specific test facility capability. Chemical
decontaminants can be liquid, solid, or vapor phase, and may contain a reactive
functionality for neutralizing chemical contaminants.

. Analytical Solvents: The dose-confirmation samples and liquid chromatography
analytical standards require the use of solvents. Solid-sorbent tube analysis also
requires analytical standards prepared in solvent for solid-sorbent tube spiking.
Typical solvents may include, but are not limited to chloroform, hexane, isopropyl
alcohol, methylene chloride, and solvent blends.

. Water: Decontamination processes for small items will not typically involve
rinsing or the use of water-based decontaminants. However, if water is needed,
it is recommended that distilled or deionized water be used, unless otherwise
instructed by the test sponsor.

EQUIPMENT

The equipment required for this method includes tools for delivering the contaminant and
decontaminant, maintaining environmental control, and preparing analytical samples. Several
equipment options exist, ranging in accuracy and complexity. The appropriate tool should be
selected based on the test requirements and acceptable measurement uncertainty. The listed
equipment is based on commercial items with known accuracy, precision, and/or repeatability.
Other equipment may be used, but should be evaluated to determine the impact on test
measurement uncertainty. All equipment should be calibrated regularly, and calibration records
should be maintained. The types of tools required are listed with primary bullets. Sub-bulleted
items provide a list of options that meet the primary bullet requirements.

o Contaminant Delivery Tool: the tool used to apply a specified amount of agent
to the surface of interest. Tools with repeater capabilities are recommended to
ensure identical replicate samples. The typical delivery drop volumes can range
from 1 to 20 uL, based on starting challenge interpretation contamination density.
The drop volumes most commonly used range from 1 to 5 pL.

o Pipette: The tool with the largest range of delivery volumes. Positive-
displacement pipettes with disposable tips are preferred to prevent
cross-contamination if the tool is used for multiple procedure steps,
dosing solutions, or contaminants. Positive-displacement pipettes are
also recommended for highly viscous materials because the positive
wiping action of the piston against the capillary wall assures accurate
dispensing, and avoids any carryover. These are also best suited for
pipetting volatile liquids. The smallest delivery volume, based on a
survey of commercial items with repeater capability, is about 1 pL.
Pipettes used for the purpose of contaminant delivery should be
compliant with the required performance specifications listed in the
most current versions of ISO 8655 Parts 1 and 2 and/or ASTM E 1154
for the volume being measured.

APPENDIX 13
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Syringe: Positive-displacement tool best suited for the delivery of
smaller drop volumes. The smallest delivery volume, based on
survey of commercial items with repeater capability, is about 0.2 L.
Syringes to be used for the purpose of contaminate delivery should
have a maximum inaccuracy of 1%, and a maximum imprecision of
1% of the volume being measured.

Computerized Dispensing System: An automated tool with ability to
deliver specific drop volumes and surface coverage patterns. Based
on a review of commercial items, the smallest delivery volume is
approximately 0.35 nL, with repeatability <1%. The manufacturer’s
performance specifications should be reported and evaluated against
acceptable measurement uncertainty for the particular test.

Aerosol _Contamination System or Other Applicators: Some
applications may use custom-designed tools to deliver contaminant in
order to mimic specific scenarios. Tools obtained or developed by the
testing laboratory, which have no performance-specification standard
or vendor-provided performance information should be tested to
determine their accuracy and precision. At a minimum, the tool
should be used reproducibly from test to test. The exact usage
should be documented, and the test results compared to baseline
(agent, no decontaminant) test data to evaluate improvement gained
using decontaminant.

Decontaminant Delivery Tool: the tool used to deliver a specific volume of
decontaminant to the item-contaminated surface. The specific decontaminant
under evaluation will typically determine the delivery tool and decontaminant

volume.

o

Pipette: The tool with the largest range of delivery volumes. Positive-
displacement pipettes with disposable tips are preferred for work with
chemical contaminants to prevent cross-contamination. Pipettes used
for the purpose of decontaminant delivery should be compliant with
the required performance specifications listed in the most current
versions of ISO 8655 Parts 1 and 2 and/or ASTM E 1154, for the
volume being measured.

Spray Bottle: Some applications will mimic a spray application using a
spray bottle. The tool should be evaluated to determine the number
of pumping actions required to achieve target decontaminant
application. Tools obtained or developed by the testing laboratory,
which have no performance-specification standard or vendor-provided
performance information, should be tested to determine their accuracy
and precision. At a minimum, the tool should be used reproducibly
from test-to-test and the exact usage should be documented.

Developmental Breadboard, Brassboard or Prototype Technology:
These are technologies under development, which are not in final
configuration. The decontaminant generation and delivery may not be
known. Tools obtained or developed by the testing laboratory, which
have no performance-specification standard or vendor-provided
performance information should be tested to determine their accuracy
and precision. At a minimum, the tool should be used reproducibly
from test to test, and the exact usage should be documented.
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o Vendor-Provided Technology: This is equipment provided from a
vendor that may be breadboard, brassboard, prototype, or commercial
in configuration. The technology is operated with vendor guidance.
Tools obtained or developed by the testing laboratory, which have no
performance-specification standard or vendor-provided performance
information should be tested to determine their accuracy and
precision. At a minimum, the tool should be used reproducibly from
test to test, and the exact usage should be documented.

Analytical Standard Preparation Tools: These are the tools used to prepare
sample dilutions. The tool must be capable of delivering the specified liquid
volume. Single-dispensing tools (i.e., not repeater tools) are preferred because
these typically have higher accuracy and precision. Fresh tips must be used for
each sample to prevent cross-contamination.

o Pipette: The tool with the largest range of delivery volumes. Positive-
displacement pipettes with disposable tips are preferred for work with
chemical contaminants to prevent cross-contamination. Pipettes used
for the purpose of sample dilution or analytical standard preparation
should be compliant with the required performance specifications
listed in the most current versions of ISO 8655 Parts 1 and 2 and/or
ASTM E 1154 for the volume being measured.

o Volumetric Glassware: Volumetric flasks should be Class A and meet
the specifications in the most current version of ASTM standards
E288 and E69.

Environmental Chamber (optional): The environmental chamber is a
temperature- and relative humidity-controlled chamber for the preconditioning
and aging items. The fixture should be able to maintain test specific
environmental conditions (e.g., temperature and relative humidity), even when
adding or removing samples. The system must have the ability to log
temperature and relative humidity data, and be able to store and download
temperature and humidity data and traces to a computer for further analysis. The
system must be able to maintain temperature and relative humidity. The system
operation and range should be known.

Vapor Test Chamber: The vapor test chamber is an enclosed structure of
sufficient size to completely contain the item, with the following requirements.
General guidance for vapor chamber construction can be located in ASTM D
5116-06 “Standard Guide for Small-Scale Environmental Chamber
Determinations of Organic Emissions from Indoor Materials/Products.” Several
considerations for decontaminant evaluations are provided in the following list.

o The chamber should be constructed of inert materials.

o The chamber should ideally run under positive pressure to minimize
contamination inside the chamber.

o The vapor chamber must have a clean air supply with tight control of
the chamber airflow rate (5% minimum).

Mass flow controllers or mass flow meters are preferred over volumetric flow
meters (requires standard temperature and pressure [STP] correction).

o The chamber should have the ability to measure temperature and
humidity. Control of temperature and humidity are ideal.
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o The chamber should provide a well-mixed environment.
The volume of the chamber must be known.

o The chamber must have an exhaust port to enable collection of vapor
samples.

o The sampling airflow must be known.

Analytical Chromatography Equipment: The method produces liquid samples
and solid-sorbent tube samples for chromatographic analysis. The test facility
must have the capability to quantitatively analyze the samples immediately after
testing. Gas and liquid chromatography equipment, fitted with mass selective
detectors is preferred. Other quantitative detectors may be used.

MATERIALS AND SMALL EQUIPMENT

APPENDIX

Aluminum foil: Aluminum foil is typically used to line workspace.

Anemometer: Used to measure the force, speed, and sometimes direction of air
movement. A wind gauge.

Analytical vials and caps: Appropriate analytical vials for use on the
chromatographic equipment. The vial cap should be lined with an inert material.
PTFE/Teflon is the preferred material to prevent extraction of plasticizers or other
impurities into the sample.

Decontaminant bath: Used to collect spent disposable test items (e.g., pipette
tips, analytical vials, and caps, etc.) in a solution that will neutralize any agent left
on the material. For decontaminating most chemical agents, this bath contains
an excess volume of household bleach to submerge items.

General laboratory items: Items may include glassware (vials, flasks, cylinders,
bottles, beakers, jars, etc.), paper towels, beakers, vials, spatulas, parafilm, etc.

Items: The test sample for evaluation.

Sample handling tools: The tools for handling items during testing, which may
include forceps, tweezers, or tongs.

Sample tray: Optional item for the handling and movement of items during
testing.

Standard laboratory record-keeping items: Record-keeping items may include
computer, data test form, laboratory notebooks, and writing utensils.

Timing device(s): Test method requires accurately timing key steps. Digital
timers reporting in minutes and seconds are preferred.

Solid-sorbent tubes: A tube such as a depot area air-monitoring (DAAM) tube
containing a solid sorbent that absorbs the contaminant. Typical solid sorbents
include Tenax, Chromasorb, or Haysep. The appropriate sorbent should be used
for the contaminant being tested. ASTM method D 6196 “Practice for Selection
of Sorbents, Sampling, and Thermal Desorption analysis Procedures for Volatile
Organic Compounds in Air” provides detailed guidance for the selection of the
appropriate sorbent tube.
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ADDITIONAL MATERIALS AND EQUIPMENT: The testing facility decontaminant preparation
and application processes may require additional materials and equipment. Additional materials
and equipment may include, but are not limited to, analytical balance, stir plate, stir bars,
vortexer, pH meter, transfer pipettes, sample trays, and sample transport containers.

SAFETY PRECAUTIONS

This document does not claim to address all of the safety concerns associated with chemical
decontaminant testing because the requirements may vary based on facility, state and other
regulatory requirements. It is the responsibility of the user of this method to establish
appropriate environmental, health, and safety practices for the use of this method and handling
of generated wastes in compliance with applicable regulations prior to use. Users of this
method should conduct testing in appropriate facilities and follow proper laboratory practices,
including the use of appropriate personal protective equipment and material safety data sheets.

PROCEDURES

Execution of a vapor test requires determining the appropriate settings for all experimental
variables including the sampling plan, item treatment, and vapor-sampling method, vapor test
chamber settings (air-change rate, air velocity, and temperature), air-mixing evaluation, and
analytical detection limits to ensure an emission factor can be calculated that meets the
requirements of the program. It is advisable to start by reviewing the calculation section to
understand how each of these variables may impact the results and what type of results can be
generated. The procedures to execute a small-item vapor test are documented in this section.

PROCEDURE 1: VAPOR CHAMBER SELECTION

The test chamber significantly contributes to the test results. Some considerations for chamber
selection are described in the following list:

. Volume: The volume of the test chamber is inversely proportional to the
observed concentration for the evaluation of the same item. Larger chambers
will result in lower concentrations (higher/poorer detection limits). Selection of
the smallest chamber that is able to accommodate the test item is recommended.
However, there is an operational limit to the capacity of a chamber. An item
should not displace more than 25% of the chamber volume to facilitate mixing in
the chamber.

. Air mixing: Good air mixing inside the chamber is vital to accurately measure
the vapor concentration and calculate the emission rates. Chamber mixing is a
function of chamber geometry, item geometry, and internal air velocity. The
internal air velocity is often controlled by variable speed fans located inside the
chamber. Higher fan speeds usually generate turbulent flow conditions, which
provide good mixing. If the vapor emission mechanism is evaporative, the air
velocity may impact emission rates such that higher air velocity may produce
more emission. For this reason, it is advisable to balance the air velocity so that
it is similar to the expected scenario and provides good mixing (typical indoor
scenarios range from 0.05-0.2 cm/s).

o Cleaning: The chamber must have the ability to be cleaned between tests.
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. Test temperature: Vapor emission is a result of mass transport of agent out of
the material. Most mass transport processes (e.g., vapor emission) are
influenced by temperature, and some material-agent combinations may be
influenced more than others. Usually, higher temperatures increase vapor
pressures and transport/diffusivity rates, resulting in higher emissions (and higher
vapor concentrations). The chosen test temperature should be as similar to the
scenario as reasonable.

PROCEDURE 2: DETERMINATION OF ANALYTE BREAKTHROUGH ON SOLID-
SORBENT TUBES

Breakthrough is the result of weak analyte and sorbent interactions which, as a function of air
volume, temperature, and flow rate, could result in lack of analyte retention in the sorbent. It is
vital to ensure that the collection of samples with the potential for breakthrough is avoided in the
methodology because this would result in underestimation of the vapor concentration (and
consequently underestimation of the hazard). Even with strong analyte-sorbent interactions,
breakthrough can occur as a function of the air volume passed through the solid-sorbent tube,
the temperature, and airflow rate.

This procedure should be conducted for each analyte-sorbent pair of interest using the selected
sampling method. Ideally, the breakthrough test should be conducted at the harshest condition
to be studied (e.g., highest temperature and flow rate). [f breakthrough does not occur at the
harshest condition, then breakthrough will not occur at ambient conditions. This procedure only
needs to be repeated when new analytes, different sorbents, or different sampling methods
(e.g., air volume, airflow rate, and higher temperatures) are used. This procedure will identify
the Safe-Sample Volume (SSV), which indicates the maximum volume of air that should be
sampled during an experiment. A single sample evaluation is presented in this section. Multiple
sampling times can be used, and the results can be analyzed using linear regression.

When using this method, refer to the following documents for detailed background and guidance
regarding breakthrough determinations. A general procedure is provided in this section specific
to typical decontaminant vapor testing.

. American Society for Testing and Materials (ASTM), Practice for Selection of
Sorbents, Sampling, and Thermal Desorption Analysis Procedures for Volatile
Organic Compounds in Air; ASTM method D 6196, West Conshohocken, PA.

. EPA Compendium of Methods for the Determination of Toxic Organic
Compounds in Ambient Air;, Compendium Method TO-17, Section 10.8, Second
Edition, 1999.

This test uses two solid-sorbent tubes (see Figure 1). The first tube in line is referred to as
Tube 1. Tube 1 is spiked with a known mass of agent. Tube 2 is connected downstream of
Tube 1 using an appropriate union fitting. The tubes are connected to the sampling system
used for experiments, and air is pulled through the tubes at a measured flow rate and time.
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AIR FLOW spiked tube breakthrough tube
50 .-.'.-,T.upn Ve o - a———
Contains 100% of mass Captures contaminant not
delivered at start of test. retained on tube 1 during test.

TUBE 1 TUBE 2

Figure 1. Breakthrough test Tube 1 and Tube 2 representation.

The mass of analyte detected on Tube 2 is referred to as the breakthrough mass. The
breakthrough volume is defined as the volume of air passed through Tube 1, which results in a
breakthrough mass that is approximately 5% of the delivered mass. The safe-sample volume is
defined as 70% of the breakthrough volume per ASTM D 6196.

To perform a general breakthrough test procedure, follow these steps:

1.

APPENDIX

Spike Tube 1 with a known mass. This mass on tube should represent the high end
of the method calibration curve used to analyze samples. If a laboratory has multiple
methods, this test should be performed using the highest range curve.

Connect Tubes 1 and 2 to the vapor chamber where samples are typically collected.

Run the empty vapor chamber at the desired operating chamber airflow rate,
sampling flow rate, and temperature for a specified period of time. A sampling time
twice the length of the desired sampling time is recommended.

. Analyze both tubes using appropriate chromatographic technique. The analytical

method used for Tube 2 must be capable of quantifying 5% of the spike mass.

If 5% of the delivered mass is recovered on Tube 2, breakthrough has occurred. A
safe-sampling volume would be 70% of the air volume used. For example, if the
breakthrough test used a 120 min pull time, resulting in 5% breakthrough, then an
84 min pull time can be used for testing without changing the airflow rate or
temperature.

+ Note: If greater than 5% breakthrough is observed, the safe-sampling volume will
be less than 70% of the air volume used. A second test with adjusted
parameters would be required to determine the parameters generating a 5%
breakthrough so that the SSV could be determined.

If the SSV is significantly small, the following guidance should be considered to
enable decontaminant vapor testing and emission-factor calculations:

¢ Consider using a different sorbent.

¢ Consider using a lower amount of contaminant mass for the tube loading (i.e.,
less mass on tube).

To ensure that breakthrough has not occurred at the final airflow rate, air volume,
and temperature operating conditions, a final test at the desired pull time should be
performed to confirm that breakthrough does not occur.
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PROCEDURE 3: DETERMINATION OF CHAMBER FREE-AIR VOLUME

The chamber free-air volume is required for the data calculations to determine the air-change
rate and loading factor. The chamber free-air volume is calculated as the chamber total interior
volume minus the volume of supporting hardware (e.g., fans, bake-out heater) and test items.

The volume of complex items may be calculated using Computer Aided Design (CAD) software
or by simplifying the geometry of basic objects such as cylinders, boxes, or spheres. Error in
the free-air volume can have a significant impact in the calculated emission value. The impact
of free-air volume calculation error should be evaluated before calculating chamber hardware
and test item volumes. The detailed texture in some items may influence only 0.0001% of the
free-air volume. The free-air volume is calculated to three significant figures. The laboratory
process for determining free-air volume, including chamber and item volume calculations,
should be provided with the technical data package.

PROCEDURE 4: VAPOR-SAMPLING PLAN DEVELOPMENT

The vapor-sampling plan is the schedule for when and how long a vapor sample is collected
during the vapor test. The vapor-sampling plan’s goal is to provide a sampling schedule that will
load each tube with an analyte mass that can be detected without saturating the detector during
long sampling times. In addition, the sampling schedule should not result in the loading of a
mass that is below the analytical method’s detection during short sample times. The selection
of tube midpoint times and tube pull times is a combination of the following items:

) Vapor chamber operating parameters (e.g., airflow rate, air volume, and
temperature)

. SSV (determined by the breakthrough test)

. Sample under investigation

. Analytical method calibration range

The vapor test solid-sorbent tube results are used to calculate the emission value, which varies
as a function of time. Sample collection timing is determined by the emission characteristics,
which can vary for different materials. Sampling duration is determined by the item’s vapor off-
gassing concentration, solid-sorbent tube SSV, and the dynamic range of the analytical
instrumentation.

The planning process requires a bit of trial-and-error. The steps provided are general guidance
that can be used to determine the system schedule. Anyone highly skilled in the art of vapor
testing may execute testing using procedures already established at their facility. Requirements
should not be ignored. Constructing a test outside of requirements could severely impact and
may invalidate test results.

The following procedure provides guidance for the construction of a successful sampling plan
with an example from small-item evaluation, using portable DVD players contaminated with a
dilute HD solution.
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1. Determine vapor test airflow settings to include the air-change rate and loading
factor.

The key variables for indoor scenarios are the room volume, the air-change rate, and the
number of items in the scenario. There are cases where the air velocity inside the room
may influence emission rates. The same variables affect the vapor concentration inside
a vapor chamber. The emission calculation normalizes these variables; however, the
test values should be carefully considered and aligned with the scenario, if possible.

The air-change rate is the ratio of the chamber airflow rate to the chamber free-air
volume, reported in units of 1/time. Some facts regarding air-change rate selection are
detailed in the following list.

o Air-change rates are inversely proportional to vapor concentration; doubling the
air-change rate will decrease vapor concentration by a factor of two.

. Large air-change rates, 0.08-0.167 min™ (5-10 h™"), will occur on occasion in
certain scenarios.

o Typical air-change rates in indoor scenarios will be in the range of
0.008-0.08 min" (0.5-5 h™").

. It is advisable to use air-change rates similar to the scenario to be modeled.

o Large air-change rates provide “dilution” that will generate lower vapor

concentrations (high/poor detection limits), but the rate of change of the emission
factor can be well characterized.

. Small air-change rates will increase vapor concentrations (enabling lower/better
detection limits), at the expense of the ability to characterize how the emission
rate changes as a function of time.

. A recommended air-change rate minimum of 0.08 min” (0.5 h™), provides a
balance of detection limits and time resolution. Typical tests may execute with
air-change rates in the range of 0.016-0.03 min™* (1.0-2.0 h™").

. Chamber mixing is typically optimal at low air-change rates and decreases as air-
change rates are increased. The test airflow properties should be aligned with
scenarios, if available.

2 Determine the test duration.

The test duration should be aligned with the scenario of interest. If no scenario is
available, the recommended test duration is 12 h. Test durations should not be shorter
than 6 h because the use of extremely short experiments could limit the ability to
properly characterize the emission source.

3. Determine the number of solid-sorbent tubes.
Characterization of the emission source should use no less than six solid-sorbent tubes.
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Determine the midpoint times (t,) for all tubes.

The initial sampling should start no sooner than 2.3/air-change rate. This allows the
chamber to mix and produce a measurable concentration. The last tube should be
sampled at the end of the test duration. Most items have nonlinear decay characteristics
where the concentration changes rapidly early in the experiment. To capture this
characteristic, and accurately measure an emission factor/rate, more samples are
collected early in the experiment. Examples of midpoint times for the DVD player test
are shown in Table 1.

Table 1. Example data set midpoint time values.

Tube # | Midpoint Time (min)

1

10.1

30.1

60.1

90.1

150.1

250.1

400.1

720.1

O |IN|OO(|B_[(W|IN

1380.1

5.

Determine maximum pull time for each tube.
5.1 The pull time for a tube has design rules that must be observed as follows:

e Requirement: The SSV of the sorbent, determined in Procedure 2 cannot be
exceeded.

o The volume of sampled air is calculated as the pull time multiplied by
the sampling flow rate.

o The sampling flow rate is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>