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EFFECTS OF VAPORIZED DECONTAMINATION SYSTEMS
ON SELECTED BUILDING INTERIOR MATERIALS: CHLORINE DIOXIDE

1. BACKGROUND

The Material Compatibility effort was designed to determine how the decontaminant
vapors impact building materials within an cnclosed building interior space. Because building interiors
contain large surfaccs composed of complex material compositions and electrical components, such as
circuit breakers, data are needed to determine how such materials are affected by exposure to the
decontaminant vapor. Vaporized hydrogen peroxide (VHP) and chlorine dioxide (ClO;) were selected
because these decontamination technologies have been uscd to decontaminate indoor surfaces
contaminated by anthax and/or the technologies show potential for use in decontaminating indoor
surfaces contaminated by chemical agents. The representative building interior materials tested were
unpainted concrete cinder block, standard stud lumber (wood 2 x 4 in., fir), latex-painted ' in. gypsum
wallboard, ceiling suspension tile, painted structural steel, and carpet. The physical properties of the
building materials were measured using ASTM test methods. The Material Compatibility studics also
investigated electrical breakers using Underwriters Laboratories (UL) test methods and thc breaker
components aluminum, copper, and stccl. The samples were studied using specialized chemical testing to
dctermine the type of chlorine-containing salts on the metal surface. In addition, visual appearance was
documented. This report contains the results for the ClO;-exposed coupon Material Compatibility tests.
The VHP results are documented in a scparate report.

2. SUMMARY OF CONCLUSIONS

The bulleted listing contains the summary of conclusions from this technical report. In
general, the ClO,-cxposed building materials showed no change in appearance and some minor changc in
integrity compared to non-exposed samples. The samples were evaluated for outliers using the Dixon’s
Q-Test in accordance with ASTM Method E 178, and for statistically demonstrated differences using the
Welch’s £ test.

*  Visual Inspection: No differences were observed for any of six main material type
coupons after ClO; exposure and aging comparcd to before ClO, exposure.

* Painted Structural Steel: The CIO, fumigated structural steel coupons showed no
change in the maximum load required to brcak the samples compared to the controls.
Minor differences in tensile strength werc reported; however, these differcnces were
due to differences in the cross-section area of the coupons that werc within the
tolerance limits set for quality control. All samples were above the specified tensile
strength requiremcnts of the ASTM test (20% or more). There was no obvious
change in the potential for failure of the stecl aftcr a fumigation using CIO,.

*  Gypsum Wallboard: No statistically significant difference in the resistance to
penetration by a nail was observed between the control and CIlO, fumigated coupons.
The differences noted were well within the 15% variation indicated in the ASTM
specification and the standard deviations of the test.

* Ceiling Tile: Exposure to ClO; had no statistically significant effcct on the force
required to break the ceiling tile coupons comparcd to the controls.

* Carpet: A minor increasc for the average tuft bind results with exposure to ClO; was
apparent, but the difference was smaller than the standard deviations of the individual
test results.




* Concrete Cinder Block: The fumigated concrete cinder blocks did not exhibit any
changes from the control samples. There was no evidence to indicate that fumigation
with ClO; had any effect on the cinder blocks.

*  Wood: Exposure to high concentrations of ClO, for short durations appeared to
reduce the tensile strength of the furring strips, causing them to fail more rapidly (2%
decrease at half-target, 15% decrease at full-target concentration) and at lower
applied forces (+1.4% at half-target, -17% at full-target concentration).

e Circuit Breakers: Exposure to ClO, presented a conflicting picture of the effects on
circuit breakers. Under the 60 amp challenge, exposed circuit breakers tripped faster
than the controls. Under the 30 amp challenge, the circuit breakers tripped slower
than the controls. Either situation could present a problem to the user. Failure
criteria must be established to determine if this is an acceptable response.

* Residual Analysis on Metals: ClO, decomposed on aluminum to yield chloride,
chlorite, chlorate, and perchlorate anions. The products from the reaction of ClO,
with copper and steel surfaces were chloride, chlorate, and perchlorate. The reaction
of ClO; on steel was the most severe with chloride the most abundant product. The
metal chloride, a decomposition product of the other anions, was the most abundant
species on each metal. The amount of chloride anions on each metal was similar in
the 6 h (1000 ppm) and 12 h (2000 ppm) tests.

3. INTRODUCTION

To address Homeland Security needs for decontamination, the U.S. Environmental
Protection Agency (EPA) established an Interagency Agreement with the U.S. Army Edgewood Chemical
Biological Center (ECBC) to take advantage of ECBC’s extensive expertise and specialized research
facilities for the decontamination of surfaces contaminated with chemical and biological (CB) warfare
agents. The National Homeland Security Research Center (NHSRC) formed a collaboration with ECBC
in a mutual leveraging of resources, expanding upon ECBC’s on-going programs in CB decontamination
to more completely address the parameters of particular concern for decontamination of indoor surfaces in
buildings following a terrorist attack using CB agents, toxic industrial chemicals or materials. In the
context of decontamination, the contaminants of interest are those that can persist on indoor surfaces,
leading to continuing chance of exposure long after the contamination occurs. TheVHP and ClO; are
decontamination technologies that have been used to decontaminate indoor surfaces contaminated with
anthax spores and show potential for use in decontaminating indoor surfaces contaminated by some
chemical agents. The systematic decontamination was specifically focused on decontamination of the
building environment for purposes of restoring a public building to a usable state after a terrorist
contamination episode.  Systematic testing of decontamination technologies generated objective
performance data so building and facility managers, first responders, groups responsibie for building
decontamination, and other technology buyers and users can make informed purchase and application
decisions.

Because building interiors may contain large surfaces composed of complex materials,
the Material Compatibility effort was designed to determine how the decontaminant vapors impacted
building materials within an enclosed building interior space. The objective of this study was to establish
and conduct laboratory test procedures to determine to what degree building materials were affected after
decontamination using VHP and CIO,. The building interior materials used for testing were a subset of
the variety of structural, decorative, and functional materials common to commercial office buildings,
regardless of architectural style and age. The building materials encompassed a variety of material
compositions and porosities; the materials studied included unpainted concrete cinder biock, standard stud
lumber (wood 2 x 4 in., fir, type-II), latex-painted "% in. gypsum wallboard, acoustical ceiling suspension
tile, primer-painted structural steel, and carpet. The Material Compatibility studies also investigated



matcrial(s) related to electrical breakcr connections. The physical appcarancc was documented by visual
inspection of the test material. The physical properties of the building materials were measurcd using
standardized ASTM and UL test methods. Specialized chemical tcsting was conducted to dctermine if
chemical changes occurred in select building materials.

The process for exposing the building material samples to ClO, and results for the
material demand study are documented in a separate report titled “Material Demand Studies: Materials
Sorption of Chlorine Dioxide,” by Philip W. Bartram, et al.

4. EXPERIMENTAL PROCEDURES

The Material Compatibility testing was conducted in compliance with the Quality
Assurance Project and Work Plan' developed under the Quality Management Plans™* and EPA E4 quality
system requirements.* ’

4.1 Coupon Preparation

Test coupons were prepared in accordance with thc ASTM testing requirements for the
Material Compatibility testing and were assigned a unique identificr as shown in Appendix A. The
coupons wcrc cut from stock material in accordance with the procedurc in Appendix B of the Quality
Assurance Project Plan (QAPP)®, which has been reproduced as Appendix B of this report. Coupons
were prcpared by obtaining a large enough quantity of material that multiple tcst samples could be
obtained with uniform characteristics (e.g., test coupons were all cut from the intcrior rather than the cdge
of a large piece of material). Thc building matcrials that werc studied, including supplicr and coupon
dimensions, are provided in Table | and Figure 1.

Table 1. Rcpresentative building intcrior material list.

Material Code Supplier Length Width Thickness
Structural Wood, w Home 10 £ 0.062 in. 1.5+ 0.062 in. 0.5+£0.03125in.
Fir, Type-II Depot
Latex-Painted G Home 6+ 0.062 in. 6 +0.062 in. 0.5+ 0.062in.
Gypsum Depot
Wallboard
Concrete C York 4+05in. 8+0.5in. 1.5+ 0.1875in.
Supply
Carpet R Home 6+0.5in. 8+0.125in. N/A
Depot
Painted Structural S Specialized 12 £ 0.062 in. 2+0.0625in. 0.25 + 0.00781
Steel Metals 0.75 +0.062 in. in.
Ceiling T Home 12.+0.125in. 3+0.062in. 0.56 £ 0.062 in.
Suspension Tile, Depot
Acoustical
Circuit Breakers B Home N/A N/A N/A
Depot

Chain-of-custody (COC) cards were used to ensure that the test coupons werc traccable
thoughout all phases of testing. The test coupons were measured and visually inspected prior to testing.




Coupons were measured to ensure that the test coupon was within the acceptable tolerances (Appendix
B). Coupons were visually inspected for defects and/or damage. Coupon measurements and visual
inspection were recorded on the COC card. Coupons that were not within the allowable size tolerances
and/or damaged were discarded. Each coupon was assigned a unique identifier code that matches the
coupon with the sample, test parameters, and sampling scheme (Appendix A). The unique identifier code
was recorded on the COC form. The COC cards followed each sample from exposure testing though
Material Compatibility testing to disposal.

The Material Compatibility studies also investigated materials related to electrical
breaker connections, such as intact circuit breakers and component metals aluminum, copper, and steel.
The circuit breakers were one-pole circuit breakers (HOM120, 2400 W, 120/240 V, 20 A).

‘Coupons are not shown to scale
Figure 1. Representative photograph of the test coupons.

4.2 Coupon Exposure: Wood, Wallboard, Ceiling Tile, Steel, Carpet, and Concrete
Cinder Block

The process for exposing the building material samples to ClO; and results for the
material demand study are documented in a separate report titled “Material Demand Studies: Materials
Sorption of Chlorine Dioxide,” by Phil Bartram, et al. This testing followed the operating procedures
discussed with the sponsor and is not specific to any particular vendor. A brief overview of the exposure
process is provided in this section. The Material Demand report contains the detailed test information and
results.



The coupons were placed in the cxposure chamber. The chamber was conditioned to
achicve the target relative humidity (RH) or 75% and target temperature of 75 °F. The vapor generator
was operated to maintain the chamber concentration within specified ranges. The full-target
concentration was 2000 ppm CIlO; for 6 h for a total concentration time (CT) value of 12,000 ppm-hs.
The half-target concentration was 1000 ppm ClO, for 12 h for a total CT value of 12,000 ppm-hs. The
ClO; tests were conducted with a turnover rate of approximately one air exchange per h due to the relative
stability of C10, to mimic actual treatment conditions. Aeration of the chamber was conducted following
the decontamination phase (exposure period). Aeration of chamber continued until the vapor
concentration fell to/bclow the levels required by the Risk Reduction Office to ensure safe opcration for
personnel. The coupons remained in the chamber until aeration was complete. Control samples wecre
prepared using the same procedure as the test runs except with only air (no-fumigant) though thc
chamber. Three replicate runs were performed for each sample at each condition. The samples wcre
removed from the chamber and marked with unique sample identifier codes and visually cxamined.

4.3 Coupon Exposure: Circuit Breakers

The circuit breakers (HOM220, Home Depot) were placed in the exposure chamber and
cxposed to fumigant as the other building materials discussed in Section 4.2. After exposure to the
decontaminant, the circuit breakers were stored in a fume hood for 2 days, and then placed in storage
under load for 3 months. Each set of circuit breakers was inserted into an electrical box (8 spaces, 16
circuits, 100 amp max from square D, Home Depot No. 577-340). The circuit breaker box was wired
with 12 gauge, 20 amp wire into the 120 V outlet. Each circuit breakcr was wired in series with an
elcctrical lamp (s513e) with an outlet box (s 10e) manufactured by Thomas & Bretts (Home Depot No.
c214477 and b214426, respectively). The load in each lamp was a Phillips 40 watt light bulb (Philips and
Sylvania, Home Depot). Current was applied to the circuits and monitored. At the end of 90 days, the
circuit breakers were tested to determine the effect of ClO,.

4.4 Visual Inspection

The coupons were visually inspected and digitally photographed upon removal from the
chamber. Visual inspection of the coupon surfaces was conducted though side-by-side comparison of the
decontaminated test surface and fresh coupons of the same test material. The testing staff looked for
changcs such as discoloration, blistering, warping, and peeling on the test coupon compared to thc frcsh
coupon. After the visual inspection was completed, the coupon custody was transferred to the Matcrial
Compatibility Technical Leader for the 3 month aging period and Material Compatibility testing. The
coupons were examined again at the time of the material testing and the visual appearance recorded on
thc data test forms. If the coupon had dramatic changes compared to a fresh coupon, then the coupon was
photographed. Representative photographs of each material type are provided in the appendiccs to this
report.

4.5 Coupon Aging

The Material Compatibility studies were conducted using the coupons from the Material
Demand study. The coupons were aged for a minimum of 90 days following exposure to decontaminant
and prior to Material Compatibility testing. The coupons were placed in open containers and stored undecr
ambient conditions. The open container arrangement allowed aging of the coupons in conditions
mimicking real world aging.

4.6 Data Review and Technical Systems Audits
The approved Material Compatibility QAPP specified procedures for the review of data

and indcpendent technical system audits. All data were pecr reviewed within 2 weeks of collection. The
project quality manager (or designee) was required to audit at least 10% of the data collected. The project




quality manager (or designee) performed four technical system audits over the course of testing. A
technical system audit is a thorough, systematic, on-site qualitative audit of the facilities, equipment,
personnel, training, procedures, recordkeeping, data validation, data management and reporting aspects of
the system.

4.7 Physical Testing
An Instron model 5582 was used for the physical property testing. The Instron is a
universal testing machine capable of performing tensile, compression, shear, peel, and flexural tests on

most materials and components. Each material subsection contains a photograph of the coupon loaded
into the test apparatus. The Instron model 5582 specifications are listed in Table 2.

Table 2. Instron model 5582 specifications.

Feature Units Value
Load Capacity kN 100
kgf 10000
Maximum Speed mm/min 500
Minimum Speed mm/min 0.001
Maximum Force at Full Speed kN 75
Maximum Speed at Full Load mm/min 250
Return Speed mm/min 600
Position Control Resolution mm 0.06
Total Crosshead Travel mm 1235
Total Vertical Test Space mm 1309
Height mm 2092
Width mm 1300
Depth mm 756
Weight kg 862
4.8 Statistical Analyses

The data from the Material Compatibility testing phase of the Systematic
Decontamination program was subjected to a statistical analysis to determine if the differences observed
among the various test sets were merely the result of random variations in test data, or represented actual
differences in the performance of the materials as a result of exposure to fumigation chemicals.

Methods were used from both the statistical analysis functions embedded within the
Microsoft Excel software, and Practical Statistics for Analytical Chemists, Robert L. Anderson, © 1987
by Van Nostrand Reinhold Company.

First, the individual coupon sets were tested to see if there were statistical outliers that
could be eliminated from the data. The Q-Test for outliers was first used to identify potential outliers
within a test set. Then the test group of coupons that had undergone similar treatment (controls, half-
target, or full-target exposures) was tested. If an outlier identified in the individual coupons was also



pickcd out in the test group analysis, the outlier was eliminated and the statistics (averages and standard
deviations) recalculated. However, if the specific data point was not identified as an outlier by both tests,
1t was retained in the study. Once statistical outliers had been eliminated, the test groups were analyzed to
determine if they were significantly different statistically—that is, to determine if the treatment with the
choscn fumigant had a detcctable effect on the sample.

The primary test used was the Welch’s 1 test; the two-tailed, heteroscedastic test was used
for the analysis. Welch’s ¢ test values were calculated to compare the test groups and results are reported
for 95% level of confidence. The reported percent level of confidence indicated the confidence of the two
sample groups becing compared were, in fact, different, and represented truly different samples. A 95%
level of confidence indicated that therc was a 5% chance (one chance in 20) that the two samplcs were, in
fact, sub-parts of thc same population. If a comparison determined that a sample was significantly
diffcrent at the X% level of confidence, it was also significantly different at any lower level of
confidence.

Determination that a control and exposed sample were statistically different implied that
the treatment had some detectable effect on the material. Statistically different rcsults did not imply that
the material failed as a result of treatment, unless the material no longer met specifications. In some
cases, measured valucs varied by several pcrcent; however, there was no statistically dctectible difference.
It cannot be assumed that this difference was real unlcss the difference was statistically detected (e.g., by
a Welch’s ¢ test).

4.9 Chemical Testing by lon Chomatography

The Systematic Decontamination program also included additional ClO, tests of mectals
commonly used in clectrical applications. Metal samples were exposed to ClO, and analyzed for the
direct analysis of chloride, ehlorite, ehlorate, and perchlorate anions in aqueous ClO, decontamination
matriccs using an ion chomatograph (IC) with conductivity detection. The rcsults of this study are
discussed in Section 12 of this report.

4.10 Post Fumigation Inspection

The coupons were visually inspected prior to fumigation, immediately after fumigation
and after storage at time of material testing. Carpet coupons were inspected for any frayed tufts, pulled
loops, and other noticeable defects. Concrete coupons were inspected for cracks, chips—particularly at
the corers, any raised ridge sections, and other noticeable defects. Steel coupons were inspected for any
ridged sections on the small I-beam cross section, rust, peeling paint, and any other noticeable defects.
Tile coupons were inspected for crushed comers and edges, and any other noticeable defect. Wallboard
eoupons were inspected for any damage to the paper seetion, as well as any other noticeable defeets.
Wood coupons were inspected for any knots, missing knots, sphtting, and other noticeable defects. The
inspections were compared to the initial inspections. No differences were observed for any of the
coupons after C1O; cxposure and aging, compared to before ClO, exposure.

Si EVALUATION OF STRUCTURAL STEEL

5.1 Introduction

The cffects of CIO; on the physical integnity of stcel were investigated using the tension
test as described in ASTM test method A370-03a “Standard Test Methods and Definitions for Mechanical
Testing of Stecl Products,” Sections 5-13. The tension test was used to determinc the integrity of steel
coupons exposed to vaporous decontaminant compared to unexposed (control) stecl coupons.




5.2 Sample Preparation and Testing

The steel samples were removed from storage, visually inspected, and measured to
confirm samples were within coupon specifications listed in Appendix A. The coupons from chamber
positions 1, 4, 7, 10, and 16 were selected for testing; the coupons were selected to obtain representation
thoughout the test chamber. The samples were used “as is” without any additional preparation. The
testing was conducted in accordance with the ASTM test method A370-03a. The Instron fixture for the
steel test was installed prior to testing. The Instron universal testing machine operation and calibration
verification was conducted by suspending a certified weight from the fixture and recording the weight.
Three sets of five coupons were tested for each concentration (target and half-target) and four sets were
tested for the controls (O ppm). The load required to rupture the steel coupons was measured in Newtons
(N). The tensile strength is the maximum tensile stress that a material is capable of sustaining and is
calculated by dividing amount of force required to rupture a specimen by the specimen cross-sectional
area. No precision or bias requirements were established for this test method. The results of control
coupons were compared against decontaminant exposed samples. A statistical analysis of the data was
conducted to determine if the decontaminant exposed steel coupon results were statistically different
compared to the control steel coupons.

5.3 Results

The coupons were stored for at least 90 days after fumigation. The actual number of
storage days was based on the arrival of the Instron fixtures for testing. The coupons for a particular
fumigation trial were studied after a similar number of days in storage. A photograph of a representative
steel sample before and after testing is provided in Figure 2. The load required to rupture the steel

coupons, the tensile strength results, and number of days in storage before testing values are provided in
Table 3.

Direction
of Force

Location of
Break

Figure 2. Steel coupon test representative photograph.



Table 3. ClO; steel coupon test results.

1000 - 1250 ppm 2000 ~ 2500 ppm
Half-Target Full-Target
0 ppm Control Samples Tension Concentration Results Concentration Results
Maximum Test Results (N) (N) (N)

Load Test1 | Test2 | Test3 | Testd4 | Test1 | Test2 | Test3 | Test1 | Test2 | Test3
Coupon SN5 SSN5 | SSN5 SNS SSD5 | SSD5 | SSD5 | SSD5 | SSD5 | SSD5
Set ID 0302 1018 05625 0228 0928 1004 1005 0919 0921 0927
Coupon1 | 60616 | 60025 | 61501 | 61175 | 62076 | 63593 | 62285 | 60049 | 63305 | 64290
Coupon 2 | 60916 | 58303 | 61041 | 61559 | 63920 | 63181 | 64543 | 64989 | 62608 | 63527
Coupon 3 | 61191 | 63318 | 62511 | 60806 | 61906 | 58890 | 63163 | 60248 | 62549 | 59927
Coupon4 | 60890 | 59384 | 60302 | 60731 | 61904 | 62222 | 59911 | 62529 | 63729 | 63872
Coupon5 | 61049 | 64803 | 61698 | 60900 | 64228 | 61673 | 61122 | 61831 | 63135 | 62932
Test Avg 60932 | 61167 | 61410 | 61034 | 62807 | 61912 | 62205 | 61929 | 63078 | 62909
Std Dev 214 2763 817 338 1164 1852 1791 2006 516 1740

Test Set 61136 + 1347 62308 t 1560 62639 + 1538
Avg + Std
Dev
Half-Target Full-Target
Tensile Control Samples Tensile Concentration Results Concentration Results
Strength Strength Results (N/mm?) (N/mm?) (N/mm?)
Coupon SN5 SSN5 | SSN5 SN5 SSDS5 | SSD5 | SSD5 | SSD5 | SSD5 | SsDS
Set ID 0302 1018 0525 0228 0928 1004 1005 0919 0921 0927
Coupon 1 561 527 569 537 575 558 546 556 586 536
Coupon 2 564 540 535 570 561 554 538 570 522 529
Coupon 3 567 555 548 563 573 545 538 570 522 529
Coupon 4 564 550 558 562 543 546 526 579 560 560
Coupon 5 540 571 534 563 541 536 542 554 552
Test Avg 558 542 557 553 563 549 524 561 560 541
Std Dev 13 11 15 17 13 7 29 14 25 15
Test Set 553+ 14 545+ 24 554 + 20
Avg + Std
Dev
Number of 1000 — 1250 ppm Half-
Days in Target Concentration Full-Target
Storage Control Samples (Days) (Days) Concentration (Days)
Coupon SNS SSN5 | SSN5 SN5 SSD5 | SSD5 | SSD5 | SSD5 | SSD5 | SSDS
Set ID 0302 1018 0525 0228 0928 1004 1005 0919 0921 0927
Days 103 159 96 98 173 168 167 220 218 181
Test Set 114 £ 27 169+ 3 206 £ 19
Avg + Std
Dev

Note: The cell highlighted in orange indicates that the data point was statistically identified as an outlier within

its test set, but not within the test group (four control groups); therefore, the value was retained.




54 Discussion

The steel studied was an AS572 Grade 50 high strength, structural steel. The minimum
tensile strength requirement was 450 N/mm?. The control coupons and ClO,-exposed coupons met this
minimum specification.

Of the 50 coupons tested in this portion of the program, only one generated a result that
could be rejected as a statistical outlier from within its individual test set at the Q=0.99 level of
confidence—Coupon 5 from test set SN50302, which had a tensile strength value significantly below the
others in its test set. Within test groups (control samples, half-target concentration samples, and full-
target concentration samples), similar statistical analysis showed that none of the coupon sets could be
eliminated as statistical outliers. Therefore, coupon 5 was retained for this analysis.

The values for the maximum load for the steel coupons were determined to be 61136 +
1347 N for the control samples, 62308 + 1560 N for the half-target samples, and 62639 + 1538 N for the
full-target coupons. The value for the tensile strength of the steel coupon is the maximum load (Newton)
divided by the cross-sectional area (mm?) of the coupon at the break point. The values for the tensile
strength of the steel coupons were calculated to be 553 + 14 N/mm? for the control coupons,
545 + 24 N/mm? for the half-target coupons, and 554 + 20 N/mm? for the full-target coupons.

When considering the data from the test groups of coupons, the average maximum load
values for the ClO, exposed coupons differ by less than 3% from the control samples, and the tensile
strengths vary by about 1%. The Welch’s 7 test was used to determine if any of the groups of samples
were statistically different from the others. The tensile strength results showed that there was no
statistical difference between the controls, half-target, or full-target concentration samples at the 95%
confidence level. The average maximum load values for the half-target or full target coupon samples,
however, were statistically different from the control samples at the 95% confidence level. This was a
result of slight difference in the cross-sectional areas between the groups that were still within the target
tolerance values for quality control and not due to an affect of the fumigation process.

6. EVALUATION OF GYPSUM WALLBOARD
6.1 Introduction

The effects of ClO, on the physical integrity of gypsum wallboard were investigated
using the nail pull resistance test method B as described in ASTM Test C473-03 “Standard Test Methods
for Physical Testing of Gypsum Panel Products,” Section 13. The test measures the ability of the
wallboard to resist nail pull-though by determining the load required to push a standard nail though the
wallboard. The ASTM test was used to determine the integrity of the gypsum wallboard coupons
exposed to vaporous decontaminant compared to unexposed (control) gypsum wallboard coupons.

6.2 Sample Preparation and Testing

The gypsum wallboard samples were removed from storage, visually inspected, and
measured. The coupons from chamber positions 1, 2, 4, 5, and 7 were selected for testing; the coupons
were selected to obtain representation thoughout the test chamber. The samples were brought to moisture
equilibrium such that the weight of the sample did not change by more than 0.2% on successive
weighings at a minimum interval of 2 h. The sample preparation was conducted within a temperature
range of 15-25 °C and an RH of 48-75%. The testing was conducted in accordance with ASTM test
method C473-03. The Instron fixture for the gypsum wallboard test was installed prior to testing. The
Instron universal testing machine operation was verified by suspending a certified weight from the fixture
and recording the weight. Three sets of five coupons were tested for each concentration (full-target and
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half-target) and four sets were tested for the controls (0 ppm). The force required to drive a nail shank
though the wallboard coupons was measured in N. The ASTM method indicates that any coupon
measurement in the series that varies 15% more than the average needs to be discarded. If 15% of the
coupons deviate from the average, the method states that the test will be repeated. No additional
precision or bias requirements were determined for this test in accordance with the ASTM method. The
results of control coupons were compared against decontaminant-exposed samples. A statistical analysis
of the data was conducted to determine if the decontaminant-exposed coupon results were statistically
different compared to the control coupons.

6.3 Results

The coupons were stored for at least 90 days. The actual number of storage days was
based on the arrival of the Instron fixture for testing. The coupons for a particular fumigant were studied
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