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PREFACE

The work described in this report was authorized under the
Chemical Demilitarization Program. This work was started in November 1995
and completed in August 1997.

The use of either trade or manufacturers' names in this report
does not constitute an official endorsement of any commercial products. This

report may not be cited for purposes of advertisement.

This report has been approved for public release. Registered
users should request additional copies from the Defense Technical Information
Center; unregistered users should direct such requests to the National Technical
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Evaluation of the Vesicating Properties of Neutralized
Chemical Agent Identification Sets

1L INTRODUCTION

The U.S. Army Program Manager for Chemical Demilitarization (PMCD) has been
designated as the single agency within the Department of Defense (DoD) to destroy all chemical
warfare-related materiel. Destruction of chemical weapons which are part of the unitary
stockpile is the responsibility of the Project Manager for Chemical Stockpile Disposal (PMCSD).
The demilitarization/destruction of non-stockpile chemical materiel (NSCM), among those items
are Chemical Agent Identification Sets (CAIS), is the responsibility of the Project Manager for
Non-Stockpile Chemical Materiel (PMNSCM). CAIS may contain agent in chloroform (HD,
HN or L), agent (HD, HN or L) adsorbed on charcoal, and agent (HD) in neat form - all packed
in glass ampules. CAIS may also contain miscellaneous materiel/industrial chemicals. CAIS

were declared obsolete in 1971.

The PMNSCM is developing the Rapid Response System (RRS) for processing CAIS.
The RRS is a system of trailer-mounted equipment designed to support on-site characterization
and primary treatment of recovered CAIS. The system is designed for unpacking, identification
of chemicals, segregation of CAIS components, neutralization of the chemical agents,
repackaging of industrial chemicals. The chemical agent wastes and repacked industrial
chemicals will be provided to a hazardous waste treatment, storage, and disposal facility (TSDF)

for ultimate disposal.

The RRS is designed to provide a safe and environmentally secure work area to
chemically treat mustard and lewisite agents, and to repackage industrial chemicals. The
containers of neutralized mustards and lewisite, dunnage, neutralents, and the repacked industrial
compounds will be transferred to a TSDF for disposal. It should be noted that the primary
objective of the RRS chemical neutralization process is to convert CAIS chemical agents to less
toxic products to minimize the health hazard associated with the handling and transportation of
demilitarized non-stockpile chemical materiel. Given the chemistry and toxicity characteristics
of the chemical agents/degradation products, and the reactants used in the neutralization process,
the wastestreams designated for transportation to TSDF's are expected to be complex mixtures
exhibiting various degrees of acute dermal toxicities such as irritation; however, other skin-

injurious effects (i.e. vesication) are possible.

In preparation for the RRS test to be conducted at Deseret Chemical Depot, Utah, the
PMNSCM has conducted dermal toxicity evaluations (vesication testing) of wastestreams
resultant from the chemical neutralization of CAIS to determine reduction of agent and/or agent
degradation product vesicancy. This document is a synopsis of a technical report (Olson et al,
1997) on results of vesicancy studies conducted in hairless guinea-pigs.

13




1.1  PROCESS OVERVIEW

Process chemistry developed for chemical agent “detoxification”, referred to as the
neutralization process, focused on chemical methods that were capable of converting chemical
agents to products/by-products with marked reduction in agent characteristics (i.e. vesication).
Thus, chemical neutralization processes were sought which: (1) achieved process simplicity, (2)
resulted in marked reduction in agent characteristics, and (3) generated wastestreams having
reduced toxicity characteristics that can be handled and disposed of in a manner similar to
industrial chemicals and/or wastes. The process combines chemical agent(s) with a treatment
solution, and oxidizing chemical dissolved in an organic/aqueous solvent mixture. The final
product of the chemical neutralization process (wastestream) is a complex mixture composed of
reaction products, by-products, unreacted excess reactants, and residual chemical agent(s).

A moderate oxidizing agent, 1, 3-dichloro-5, 5-dimethylhydantoin (DCDMH),was used in
all RRS process chemistries. The reaction conditions varied depending on stoichiometry,
sequence of addition of reacting mixtures, and physical condition of the chemical agent - whether
neat, dissolved in chloroform, or adsorbed on charcoal.

In the nomenclature of the RRS, chemical treatment of neat HD with DCDMH in
organic/aqueous solvent is referred to as the modified “Blue” process. Chemical neutralization of
dilute chloroform solutions containing HD, HN-1 or L with DCDMH in organic/aqueous solvent
is identified as the modified “Red” process. Chemical neutralization of HD, HN-1 or L adsorbed
on charcoal with DCDMH in organic/aqueous solvent is referred to as the “Charcoal” process.
Toxicity characteristics of wastestreams resulting from these neutralization reactions were
expected to differ from those of chemical agents and/or severe irritant oxidant/solvent systems
used in these reactions. Consequently, the changed toxicity characteristics of the resultant
wastestreams are primarily attributed to reduction in the concentration of chemical agent(s).
However, the vesicancy potential of the wastestreams would depend on the degradation
product(s) profile - presence of vesicating moieties such as HD sulfone and divinyl sulfone.

1.2 STUDY PLAN

Evaluation of the vesicancy potential of neutralized CAIS was conducted using a validated
animal model (hairless guinea-pig) to assess vesication. Animals were dosed with test article, and
treated skin evaluated for microblister formation using light microscopy. The objective was to
determine the efficacy of the neutralization process in reducing the vesicating properties of agent
(HD, HN or L) as well as forming product solutions with minimal vesicant potential.

14




2. Materials and Methods
2.1 Chemicals

2.1.1 Agents

Sulfur mustard [2,2"-dichlorodiethy! sulfide (HD), CAS #505-60-2] furnished from
Medical Research and Evaluation Facility (MREF) stocks was used neat (undiluted) as a positive
control article for vesication!. Lewisite [dichloro-2-chlorovinyl arsine (L)] CAS #541-25-3 was
also furnished from MREF stock. U.S. Army Edgewood Research, Development and
Engineering Center (ERDEC) provided a 20 percent solution of nitrogen mustard [bis (2-
chloroethyl) ethylamine (HIN-1), CAS #538-07-8] in chloroform. Ten percent solutions of HD,
HN-1, or L in chloroform (Pretreated - CAIS which also served as control articles in the Phase II
portion (dose-ranging) of the vesication studies) were prepared at the MREF laboratory and
evaluated for vesicant activity and other histopathology following dermal application.

2.1.2 Chemical Agent Identification Sets (Synthesized)

Actual ampules from CAIS kits were not used; however "CAIS components" were

" prepared from agent stocks to contain 10 percent agent in chloroform (Chatfield, e al. 1995).
Chemical Agent Standard Analytical Reference Material (CASARM) grade HD CAS# 505-60-2
(97.5 mole %), nitrogen mustard [bis (2-chloroethyl) ethylamine (HN-1)] CAS #538-07-8 (297%
by weight), and CASARM grade lewisite [dichloro-2-chlorovinyl arsine (L)] CAS #541-25-3
(97.8 % by weight) from stocks maintained by the Operations Directorate, ERDEC were used in
the preparation of synthesized CAIS. CASARM for HN-1 is not available.

2.1.3 Neutralized Chemical Agent Identification Sets (Wastestreams)

Wastestreams were provided by ERDEC, Aberdeen Proving Ground, MD. Wastestreams
from the chemical neutralization of “CAIS components” prepared from agent stocks were tested
for vesicancy potential. These wastestreams were prepared by ERDEC as follows:

1The chemical agents found in CAIS include sulfur mustard, nitrogen mustard, or lewisite. Sulfur mustard was used as
representative vesicant for these blistering agents.
15




- Wastestreams from the neutralization of neat HD with 1,3-dichloro-5,5-
dimethylhydantoin (DCDMH) in CHCI;/t-BuOH/B% H,0 ("Blue" process).

- Wastestreams from the neutralization of 10% HD, HN, or L (agent in CHCl,) with
DCDMH in CHCl/t-BuOH/3% H,O ("Red" process).

- Wastestreams from neutralization of HD, HN, or L (agent on charcoal) with DCDMH
in CHCI, (HD, HN samples) and with DCDMH in CHCl,/t-BuOH/3% H,O (L sample)
("Charcoal" process).

Two wastestreams ("axchived"2 and "fresh"3) were prepared for each process - "Blue”,
"Red", and "Charcoal” - and samples sent to the MREF for analysis of agent content and for
vesicancy testing. The stability of the wastestreams under conditions of administration were not
determined by MREF personnel. Test articles were "archived” and "fresh" "Blue", "Red", and

"Charcoal" wastestreams.

2.1.4 Neutralization Solution

Neutralizing solution was prepared at the MREF to determine the effect on the skin of
dosing this solution alone. For testing vesicating potential, a 0.555M 1,3-dichloro-5,5-
dimethylhydantoin (FW 197.02) control article neutralizing solution was prepared by adding
10.9g DCDMH to a 50:50 tertiary butanol:chloroform with 3 percent water solution in a 100-mL
volumetric flask and adding sufficient volume of the butanol/chloroform/water solution to bring
the volume to the 100-mL mark. DCDMH (CAS #118-52-5) was purchased from Aldrich
Chemical Company (St. Louis, MO). Chloroform (CAS #67-66-3; GC/Spectro grade) was
purchased from Burdick and Jackson (Muskegon, MI), and tertiary-butyl alcohol (CAS #75-65-
0; ACS Reagent grade) from J.T. Baker (Phillipsburg, NJ). Distilled water was further purified
using a Millipore (Bedford, MA) reverse osmosis system.

2.2 Chemical Neutralization of CAIS

RRS chemical neutralization technologies were developed for neutralization of chemical
agents HD, HN and L. The primary objective was to develop processes that convert chemical
agents to products/by-products that do not exhibit the highly toxic properties of the agents.
Additionally, it was desirous to also reduce agent characteristics (i.e. vesication) of the final
product solution (wastestream). However, reduction in vesication is not considered a

2"Archived" "Blue" and "Red" wastestreams were initially analyzed at ERDEC (Oct 95) and
re-analyzed for agent residual at the MREF and tested for vesicancy (March 96; August 96). "Charcoal"
wastestream initially analyzed at ERDEC (Nov 95) was re-analyzed and test for vesicancy at the MREF
(March 96; August 96). :

3

"Fresh" wastestreams were prepared and initially analyzed at ERDEC (June 96) and re-
analyzed and tested for vesicancy at the MREF (June 96; August 96).
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requirement per the Hazardous Materials Regulations (HMR). All process chemistries used 1, 3-
dichloro-5, 5-dimethylhydantoin (DCDMH) as neutralizing reagent. The solvent system used in
the process chemistries was CHC1,/t-BuOH/3% H,0). Formulations of treatment reagent/solvent
systems for the chemical neutralization of CAIS are presented in Table 1. The principal
differences in the chemical composition of wastestreams, originating from the RRS process
chemistry, are primarily due to the physichochemical characteristics of the reactants in the
reaction mixtures and the agent undergoing chemical treatment. In the presence of oxidizing
agent (DCDMH), the chemical agent(s) undergo oxidation, chlorination, substitution, and/or
elimination reactions to yield a mixture of products/by-products. Depending on volume,
composition, and reaction conditions -- residual chemical agent, products/by-products, and
varying amounts of unreacted excess DCDMH may also be present in the wastestreams (Olajos et

al, 1996).

TABLE 1. OXIDIZER/SOLVENT SYSTEM STOICHIOMETRY UTILIZED IN THE
MODIFIED “BLUE”, “RED”, AND “CHARCOAL” PROCESS

CHEMISTRIES
W

. 1 volume of neat HD treated with 20 volumes of 0.555M 1,3-dichloro-5,5-dimethylhydantoin (DCDMH) in
CHCl,/t-butanol (50/50) with 3% water by volume ("Blue" Process)-

. 1 volume of each 10% HD in CHCl,, 10% HN in CHCl,, and 10% L in CHCI, treated with 4 volumes of
0.555M 1,3-dichloro-5,5-dimethylhydantoin (DCDMH) in 50/50 CHCl,/t-butanol with 3% water by volume
("Red"” Process). '

. 45% by weight HD and HN-1 oz charcoal treated with excess 1,3-dichloro-5,5-dimethylhydantoin in CHCI,
combined with 43% by weight L with excess 1,3-dichloro-5,5-dimethylhydantoin in CHCIy/t-butanol (50/50)

with 3% water by volume ("Cha:coal” Process),

2.3 Analytical Methodologies

2.3.1 GC-MS Spectroscopy

Chemically-treated (neutralized) CAIS were analyzed for agent residue levels using full
scanning gc-ms spectroscopy. GC-MS spectroscopy was conducted at ERDEC on all
wastestreams provided to the MREF, and confirmatory gc-ms analysis was also performed at the

MREF prior to conducting the bioassays. -

Instrumentation used in the ERDEC analysis of “archived” wastestreams (non-quenched
samples) was a Hewlett-Packard 5989B MS engine with Chemstation Data System. Analyses
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conducted at both ERDEC and the MREF on “fresh” wastestreams, using quenching and
derivatization techniques, utilized a Hewlett-Packard Model 5970B Mass Selective Detector
(MSD) with an HP 5890A GC and HP 61034 CMS. For procedural details, the reader is referred
to Lucas (1997), Lucas (1996), as provided in the report by Olson et al 1997, and Rosso (1995),
as provided in ERDEC-TR-372 (Olajos, et al. 1996). Quantitation was based on internal
standardization (internal standard = 1,2,4, 5-tetrachlorobenzene). Calibration standards were as
follows: HD (purity 97.%%), HN-1 (purity (96.5%), and L (purity 97.8%).

Product identification of the CAIS wastestreams (archived) was accomplished using
GC/MS spectroscopy (EI and CI modes). These studies were performed at ERDEC per
procedures described by Rosso and co-workers (Rosso et al. 1995) and documented in the report

by Olajos et al. (Olajos et al. 1996).

2.3.2 NMR Spectroscopy

Nuclear magnetic resonance (nmr) spectroscopy analyses of “fresh” wastestreams were
conducted at ERDEC as an adjunct to gc-ms analyses. These analyses were performed using a
Varian Fourier Transform (FT) nmr spectrometer operated at 200 MHZ for 'H observation and at
50 MHZ for *C observation. Quantitative data were obtained by digital integration of peak
areas.

2.4 Vesicancy Testing

2.4.1 Experimental Design

Studies were conducted which utilized a validated animal model to assess agent-induced
vesication of skin (Marlow et al, 1990 and Mershon et al, 1990). Microblister formation in the
hairless guinea-pig is analogous to the changes seen in humans (Papirmeister et al, 1984). The
degree of vesication was assessed before and after neutralization of agents.

Thirty-five male, hairless guinea-pigs were used in a multiphase study (Phase I analytical;
Phase Il dose-range; Phase III vesicant assessment of wastestreams) to ascertain the vesicant
potential of sulfur mustard (HD), agent/chloroform solutions, and product solutions
(wastestreams) from chemically-neutralized CAIS. A synopsis of the experimental design is
given in Table 2.

Phase II. Experiments were conducted to ascertain the biological effects of dosing
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volume and exposure duration, the uniformity and reproducibility of responses, and the skin-
injurious effects of oxidant/solvent solution. Eleven animals were dermally dosed with neat HD
(1 ul) and with 10 percent agent (HD, HN or L) in chloroform. Dosing volumes ranged from 5 to
50 ul, and exposure times were 1 or 2 hour durations. Five guinea-pigs were treated with
oxidant/solvent solution. The exposed skin was examined 24-hr post-exposure for presence of

gross and microscopic changes.

Phase III. This phase was designed to ascertain the vesicant potential of neutralized CAIS
(“archived” and “fresh” wastestreams) and that of agent/chloroform solutions. The exposed skin
was examined 24 hours after “test article” application for presence of skin-injurious effects

(gross and microscopic).
2.42 Care and Treatment of Animals

A total of 35 male (approximately 200-350 g and 3 to 4 weeks of age upon receipt),
euthymic hairless guinea-pigs (Cr1:IAF (HA)-hr BR), procured from Charles River Laboratories
(Wilmington, MA; animals supplied from Portage, MI facility), were used in this study. Animals
were quarantined and screened for general condition and health status, and were maintained in a
program accredited by the Association for the Assessment and Accreditation of Laboratory
Animal Care (AAALAC) International. Ear tags were applied to maintain positive identification,
and animals were maintained between approximately 64 and 79 degrees F and 40 to 70 percent
relative humidity with a 12-hr diurnal light cycle. Food and water were provided ad libjtum and
animals were housed individually in polycarbonate cages prior to exposure to “test article”.
Following treatment, animals were housed individually within a chemical fume hood during the
24-hr post-exposure period. Following recovery from anesthesia, animals were given food and

water.
Animal Preparation and Dosing

Initially using 6 mg xylazine hydrochloride and 35 mg ketamine hydrochloride per kg of
body weight given intramuscularly and increasing this to 13 mg xylazine and 87 mg ketamine/kg
following the first day of dosing, anesthetized guinea-pigs were dosed topically on both sides of
the dorsal midline with “test articles” (six to eight exposure sites/animal) - see Fig 1. Table 2
presents a synopsis of treatments, application volumes, and exposure durations. Approximately
24 hours after dosing, the animals were again anesthetized, sites evaluated for erythema and
edema and lesion size, and animals then sacrificed with an inhalation anesthetic (halothane)
overdose. Following euthanasia skin samples were collected and processed for histopathology.
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2.5 Histopathologic Analysis

Following euthanasia, skin from the dosed sites was taken and placed in buffered
formalin. After fixation, embedding, and sectioning, skin samples were stained with
hematoxylin and eosin (H&E) and evaluated for histopathology. Histopathologic lesions
(microblisters, epidermal necrosis, follicular necrosis, dermal necrosis, vascular necrosis,
hemorrhage, and pustular epidermitis) were graded on a scale of 0-4, where 0 =normal, 1 =
minimal, 2 = intermediate, 3 = moderate, 4 = severe. Definitions for scoring histopathology and
the criteria for grading severity of lesions are summarized in Table 3. The grading of
microblister formation is highlighted in Table 4.

2.6 DATA ANALYSIS

For chemistry data generated in Phase I, means and standard deviations of responses of
each control standard were determined to calculate both the inter- and intra- variability of the
analytical method. Calibration performance characteristics for each analyte, such as slope and
standard error of the slope, R? (measure of fit about the regression line), method detection limits,

and quantitation limits were calculated.

For Phase III data (vesicating assessment of wastestreams), statistical hypothesis tests
were conducted at the 5 percent significance level to determine whether or not the neutralization
process reduced the vesicating property of agents contained in CAIS. For each CAIS sample, the
incidence of microblisters at sites treated with CAIS agent(s) were compared to those of
contralateral sites treated with the wastestream. Although incidence of microblisters was the
primary endpoint for evaluating the efficacy of each neutralization process, analyses were also
conducted on other indices of skin injury (gross and microscopic). To accommodate the intra-
animal correlation of multiple measurements made on the same animal, McNemar's test was used
to analyze quantal data (Agresti, 1990). Analysis of variance (ANOVA) models, that include
random effects for animal, were fitted to continuous data. If data were not approximately
normal, ANOVA were conducted on transformed data, or nonparametric or categorical methods

of analysis were performed.
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TABLE 4. DEFINITION OF DEGREES OF SEVERITY USED FOR
HISTOPATHOLOGIC EVALUATION OF VESICATION (MICROBLISTER

FORMATION?)
Lesion Characteristic Degree of Severity
=  No lesion (unaffected) 0 (normal)
=  One or a few isolated areas of detachment 1  (minimal)
=  Many small areas of detachment or several larger areas of detachment 2  (intermediate)
=  >50% of the epidermis in tissue section is detached from the dermis 3 (moderate)
(much larger space between basal cells and dermis)
=  Nearly all the epidermis is separated from the dermis 4  (severe)

2 Microblister: loss of epidermal basal cell attachment to underlying basement membrane of at least two
adjacent cells. Loss of attachment creates a space.

3. Results

31  Chemistry

Nitrogen mustard, sulfur mustard, and lewisite are components of CAIS that were
chemically neutralized (“detoxified”) on reaction with treatment reagent (1, 3-dichloro-5, 5-
dimethylhydantoin). The selection of a particular process chemistry (designated as “Blue”,
“Red”, or “Charcoal” process) was dependent on whether the agent was neat material (HD), in
solution (agent in chloroform), or adsorbed on charcoal, The DCDMH-mediated neutralization
of sulfur mustard resulted in HD concentrations below 50 ppm in “Blue” process wastestream
(product solution). Chemical treatment resulted in the conversion of sulfur mustard to HD
sulfoxide degradation products (Further oxidation to sulfone was also a possibility under
conditions via neutralization by DCDMH). Secondary reactions ( i.e. elimination/substitution)
also occurred that produced chlorinated and vinyl sulfoxides. The neutralization reaction
between oxidant and CAIS containing agent (HD, HN or L in chloroform - “Red” process)
resulted in complex product solutions containing various products/by-products and residual
amounts of unreacted agent. The process chemistry for neutralization of CAIS components
containing agent (HD, HN or L) on charcoal (“Charcoal” process), also resulted in the formation
of complex product solutions. Residual amounts of agent were detected. Details pertaining to
the process chemistry and analyses have been reported in detail (Olson et al, 1997 and Lucas,

1997).

The “archived” wastestreams were additionally analyzed for product/by-product
composition. HD sulfoxide and other degradation products resultant from secondary reactions
(e.g. elimination, substitution) were detected in wastestream samples. HD sulfone and/or its
vinyl containing derivatives, which are known vesicants, were not detected in the “Blue™ process
wastestream. Product analyses did not reveal HD sulfone or vinyl/divinyl analogs in the product
solution obtained from the chemical neutralization of CAIS containing agent in chloroform
(“Red” process). Product characterization of the “Charcoal” wastestream did not reveal HD
sulfone; however, multichlorinated vinyl containing derivatives (non-vesicant) were present in

the product solution.
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3.2 Dermal Effects

3.2.1 Gross Pathologic Findings

Phase II. All skin exposures to HD and agent/chloroform solutions containing 10 percent
HD, HN or L resulted in gross skin lesions consisting of well-defined areas of edema and
erythema of moderate to severe intensity. In some instances, large areas of ulceration with
complete loss of the covering epidermis was evident. The skin-injurant effects of HN and L were
comparable to that produced by HD (refer to Table 5 and Appendix A). The skin-injurious effect
of oxidant/solvent solution was minimal gross lesions (refer to Table 5 and Appendix A).

Phase III. The cutaneous injury (non-vesicant) effects after one hour exposure to HD,
agent/CHC1,;, or CAIS wastestreams (“archived” and “fresh”) were evaluated and are
summarized in Table 6. Individual gross pathology data are presented in Appendix A. All agent-
dosed sites demonstrated gross lesions. Wastestream-induced dermal injury resulted in mild to
moderate degrees of erythema and edema.

3.2.2 Histopathologic Findings

Phase II. Two hour dermal exposures of animals to neat HD (1 pL) and to various doses
(5 - 50 uL) of agent/chloroform solutions containing 10 percent HD, HN or L resulted in
microblister formation of intermediate to severe intensity - refer to Table 7. Incidence of
histopathologic changes are summarized in Table 8. In some animals, large areas of ulceration
with loss of epidermis prevented the occurrence of microblisters. Individual animal
histopathology data are presented in Appendix B. Based on the outcome of the two-hour
exposure studies, other guinea pigs were dosed with 5 and 10 xL volumes of 10 percent agent in
chloroform solutions and with neat HD (1 L) at an exposure duration of one hour. Microblister
formation was evident at all sites, unless occurrence was precluded by development of an ulcer,
and ranged in severity from moderate to severe. The application of 5 uL of 10 percent
agent/chloroform solution resulted in microblisters of at least intermediate severity. Refer to
Table 7 for incidence/response summary and Appendix B for individual histopathologic findings.
The oxidant/solvent system was also evaluated for skin effects. Animals treated with
‘oxidant/solvent solution did not manifest dermal lesions other than minimal inflammatory cell
infiltration - refer to Table 8 and Appendix B.

Phase III. Twenty-four animals comprising Phase III of the study were treated with
“neutralized” CALIS to ascertain the vesicating potential of chemically degraded CAIS.
Incidence/response data related to microvesication are summarized in Tables 9, 10, and 11. A
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EXPOSURE TO HD, AGENT/CHCL, SOLUTIONS, AND OXIDANT/SOLVENT

TABLE 5. PHASE II - SKIN REACTION (ERYTHEMA AND EDEMA) FOLLOWING

SOLUTION

. -Jimeto | Ne.ol ‘_ﬁl‘_fryihema e I :

“Decontamination . 3§ni'm§ls q if?.Sc'o're, o "iéEde:ma'*-Scoi;“

R (.1 I _‘Tested ] © “Mean - ‘Mean ;

10% L/CHCI, 10 2 2 | 30 30 |
10% L/CHCI, 50 2 2 3.0 3.0
10% HN/CHCl, 10 2 2 20 20
: 8%"11?;%65) 10% HN/CHCI, 50 2 2 2.0 2.0
10% HD/CHCl, 10 2 2 20 2.0
10% HD/CHCI, 50 2 2 25 2.0
Neat HD 1 2 2 2.0 2.0
10% L/CHCI, 5 2 2 25 3.0
10% L/CHCI, 10 2 2 25 3.0
0221/96 10% HN/CHCl, 5 2 2 20 2.0
(306, 309) 10% HN/CHCl, 10 2 2 2,0 25
10% HD/CHCl, 5 2 2 3.0 3.0
10% HD/CHCI, 10 2 2 20 2.0
Neat HD 1 2 2 2.0 25
10% L/CHCI, 5 1 2 3.0 3.0
10% L/CHCI, 10 1 2 3.0 3.0
10% HN/CHCI, 5 1 2 2.0 25
(2?22,73/?2) 10% HN/CHCI, 10 1 2 2.0 20
10% HD/CHCI, 5 | 2 3.0 2.0
10% HD/CHCI, 10 1 2 2.5 2.0
Neat HD 1 1 2 3.0 25
10% L/CHCI, 5 1 5 - 3.0 28
8311?’5;9163 ’ 10% HN/CHCI, 5 1 5 1.8 2.0
315,317, 10% HD/CHCI, 5 1 5 24 24
324) Neutralizing 20 1 5 0.0 10

Solution ) :

Neat HD 1 1 5 24 26
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summary of histopathologic changes, including vesication, is presented in Tables 12 and 13.
Individual histopathology data appear in Appendix B. Eight animals were dosed with “archived”
Wwastestreams, agent/chloroform solutions, and neat HD. Guinea-pigs dosed with HD and
agent/chloroform solutions demonstrated at least minimal microvesication along with consistent,
marked epidermal and follicular necrosis. The “Blue” process wastestream (“archived”; 25 uL
application) resulted in intermediate to severe microblisters and severe epidermal necrosis at all
sites dosed (refer to Tables 9 and 13 and Appendix B). The impression of the pathologist reading
the slides was that lesions did not appear to be “basal cell specific”, as chemical blistering agents
appear to cause, nor did the lesions resulting from application of the “Blue” wastestream
penetrate deeply enough to cause severe necrosis in the follicular epithelium. A
photomicrograph representative of the morphologic changes observed following treatment with a
vesicant is shown in Figure 2a, and one demonstrating the appearance of normal hairless guinea
pig epidermis is shown in Figure 2b. The morphologic changes seen consist of ballooning
degeneration and loss of epidermal basal cell attachment to the underlying basement membrane.
Neither “Red” nor “Charcoal” process wastestreams (“archived”; 25 uL application) produced
microblisters (Tables 9 and 12). The "Red" process wastestream produced only minimal pustular
epidermitis or minimal epidermal necrosis (refer to Table 12 and Appendix B). The "Charcoal"
process wastestream ("archived"; 25 uL application) killed some surface epithelial cells (minimal
to intermediate epidermal necrosis) but did not penetrate to basal cells - refer to Table 12 and
Appendix B. Four guinea pigs were dosed with 10 xL of “Blue”, “Red”, and “Charcoal” process
wastestreams (“archived”) and evaluated for dermal effect. The “Blue” process wastestream
induced microblisters whereas the “Red” and “Charcoal” process wastestreams did not elicit
microblister formation. The findings are highlighted in Table 10. Histopathology findings are
summarized in Tables 12 and 13, and individual histopathology data are presented in Appendix B.

“Fresh” wastestream-induced skin effects were also evaluated. Data on microvesication
are presented in Tables 11, 12 and 13, and other histopathologic skin effects data are given in
Tables 12 and 13. Individual animal histopathology results are presented in Appendix B. All
agent-dosed sites (neat HD and agent/chloroform solutions) and all “Blue” process wastestream
sites demonstrated histopathologic lesions including microvesication. In “fresh” “Red” process
wastestream-dosed animals, minimal to no lesions were seen on histopathologic examination.
One “Red” process wastestream site in one animal demonstrated histopathology, including
minimal microvesication; however, this lesion was incompatible with what had been noted
previously. The “Charcoal” process wastestream did not produce microblisters and none of the
sites demonstrated histopathology graded more than minimal.

Text continues of page 40.
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Fig. 2a. Typical microblister in a hairless guinea pig 24 hours after exposure to vesicant.
Epidermis (E) is eosinophilic and shrunken due to necrotic epithelium; dermis (D) is also
. necrotic and contains an infiltrate of polymorphonuclear cells (arrows), as does the

microblister cavity (microvesicle).
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Fig. 2b. Normal skin from a hairless guinea pig. Epidermis (E) and dermis (D) are visible.
Note differences in appearance from the necrotic tissue depicted in Fig. 2a. Magnification of
both skin photomicrographs is the same.
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3.3 Data Analysis Results
3.3.1 Gross Pathology (Erythema and Edema)

Means and standard deviations were calculated for erythema and edema scores (Phase II
and III Studies) and for lesion areas (Phase III Studies). Analysis of variance was performed for
inflammation scores and lesion areas. Table 6 presents means and standard deviations for
erythema and edema scores. Significant decreases in average inflammation scores resulted when
comparing wastestream-dosed (“archived” or “fresh” -25 uL volume application) to agent-dosed
sites (HD or agent/chloroform) - refer to Table 6. Some significant increases in lesion areas were
noted with wastestreams, presumably due to the larger volume dosed. For the "August 13, 1996"
experiment (vesicancy assay of “archived” wastestreams), significant decreases in average
inflammation scores as well as average lesion areas resulted when comparing wastestream-dosed
(“archived” “Red” and “Blue” process wastestreams - 10 1L volume applications of
wastestreams and agent/chloroform solutions) to agent-dosed sites. All observed inflammation
scores and lesion areas from the “fresh” “Charcoal” wastestream-dosed sites were zero.

3.3.2 Histopathology

Statistical analysis (McNemar’s test) of the histopathology data was performed to
ascertain the significance between treatment groups (neat HD, agent/chloroform solutions, and
wastestreams) at the 0.05 significance level. Sites dosed with “Red” or “Charcoal” wastestream
(“archived”, 25 uL volume application) exhibited a significant decrease in incidence
(incidence = 0) of microblisters compared to those sites dosed with HD or agent/chloroform
solutions. Sites dosed with the wastestreams also showed a significant decrease in the incidence
of follicular necrosis compared to sites dosed with any of the three agents (HD, HN, or L in
chloroform; neat HD). Some significant neutralized wastestream versus agent differences also
resulted with respect to incidence of epidermal and dermal necrosis.

Sites dosed with “Red” wastestream (“fresh”, 25 uL volume application) showed a
significant decrease in incidence of microblisters (incidence = 0), epidermal necrosis, and
follicular necrosis compared to that on sites dosed with any of the three agents. Numerical
reductions in some pathology from wastestream-dosed sites (“archived”, 10 L volume
application) were observed, although they were not statistically significant due to the smaller
number of animals tested.

Statistical analysis of incidence of intermediate to severe histopathologic signs was also
performed. Sites dosed with “Red” or “Charcoal” wastestream (“archived”, 25 uL volume
application) demonstrated a significant decrease in incidence (incidence = 0) of microblisters
compared to that on sites dosed with L/chloroform and HN/chloroform. A decrease in incidence
(incidence = 0) was also observed for the “Red” or “Charcoal” wastestream compared to that on
sites dosed with HD/chloroform, but were not statistically significant because only four of the
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eight animals exposed to HD/chloroform had intermediate to severe microblisters. Sites dosed
with “Red” or “Charcoal” wastestream (“archived”, 25 uL volume application) demonstrated a
significant decrease in incidence of epidermal necrosis and follicular necrosis compared to that
on sites dosed with any of the three agents. Sites dosed with “Red” wastestream (“fresh”, 25 uL
volume application) showed a significant decrease in incidence of microblisters (incidence = 0),
epidermal necrosis, and follicular necrosis compared to that on sites dosed with any of the three
agents. Sites dosed with “Blue” wastestream showed a significant decrease in incidence of
follicular necrosis compared to that observed on sites dosed with any of the three agents.

Sites dosed with "fresh” "Charcoal" wastestream (25 1L volume application) exhibited a
numerical reduction in incidence (incidence = 0) of microblisters, although this was not
statistically significant due to the smaller number of animals tested, compared to that observed on
sites dosed with any of the three agents. Statistical analyses also were conducted on the pooled
"Charcoal" wastestream data ("fresh" and "archived", 25 L volume applications- see Table 14).
These analyses assumed that the probability of a microblister and other histopathologic endpoints
is similar for sites dosed with "archived" and "fresh" "Charcoal" wastestreams. Pooled data for
sites dosed with "Charcoal” wastestream showed a significant decrease in incidence of
microblisters (incidence = 0) and follicular necrosis compared to that on sites dosed with any of
the three agents. Statistical analyses of incidence of intermediate to severe histopathologic signs
(Table15) were also performed on the pooled "Charcoal" wastestream data ("fresh" or
"archived", 25 uL volume application). Sites dosed with "Charcoal" wastestream showed a
significant decrease in incidence (incidence = 0) of intermediate to severe microblisters,
epidermal necrosis, and follicular necrosis compared to that observed on sites dosed with any of

the three agents.
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4. Discussion

The intent of the process chemistries was to develop neutralization reactions that
achieved destruction of CAIS agents, forming wastestreams with minimal toxic hazards.
Achieving the desired objectives represented a formidable challenge since chemical reactions
with the agents can result in the formation of reaction products/by-products having vesicant
action and/or a high degree of systemic toxicity. Destruction of agents involves complex
chemical reactions. The toxicity of the degradation products resulting from the chemical
neutralization of HD, HN, or L is of concern to the toxicology, health, and regulatory
communities. The current studies were undertaken to assess the vesicant properties of

neutralized CAIS.

Current methods for demilitarizing CAIS are still based largely on chemical
neutralization via oxidizing materials. The oxidation of sulfur mustard, as pointed out by Franke
(1967), represents one of the most important decontamination reactions for HD. The oxidation
of sulfur mustard via various oxidizers (e.g., hydrogen peroxide, hypochloric acid and its salts,
potassium permanganate, nitric acid, DCDMH, etc.) yields various compounds whose
composition depends on the nature of the oxidant used and the specific reaction conditions.

Most easily formed is HD sulfoxide which on oxidation yields HD sulfone - both represent major

oxidation products of sulfur mustard.

The oxidation of HD not only alters the skin-damaging properties of HD but the systemic
toxicity of sulfur mustard as well. The oxidation of HD is of great interest since sulfoxide
formation, on chemical neutralization of HD, can be considered a “detoxification”. In contrast,
the formation of mustard sulfone, a product of further oxidation, can contribute to an enhanced
systemic toxicity and vesicant potential of the product solution/mixture. HD sulfone, having the
S(0), functional group, is highly poisonous and comparable in toxicity to HD*. Research
conducted since Philips’ review (Philips, 1950) on sulfur mustard pharmacology/toxicology
demonstrated that HD sulfone is a highly toxic vesicant.

Certainly, based on the known toxicity characteristics of mustard sulfone, mustard
sulfoxide, and their vinyl derivatives; it is crucial that the process chemistries developed for the
destruction of CAIS employ oxidants that minimize the formation of HD sulfone and HD analogs
having comparable biological activity (systemic toxicity and vesicancy) to that of HD.

4 HD is easily destroyed by all chlorinating agents (aqueous or anhydrous medium).
Under appropriate conditions, the chlorination of HD can proceed to form various polychlorides.
In the presence of water, chlorination of HD is altered resulting in the formation of sulfoxides
(Aleksandrov, 1969). Sulfoxides may undergo further oxidation to sulfones.
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The vesication potential of HD degradation products/by-products is of concern -
information pertaining to sulfur mustard products/by-products is summarized in Tables 16 and
17. The reader is referred to a review on the subject matter (Olajos et al. 1996).

Degradation product(s) of nitrogen mustards have not been implicated as having vesicant
potential. The principal degradation product of lewisite, namely L oxide, is a potent vesicant.

The vesicant potential of sulfur mustard derivatives (oxidation and chlorination products)
has been investigated since the 1920's. Research has indicated that the strongest vesicant action
is exerted by B-halogenated sulfides. The position and degree of chlorination influences the
vesicant potential of the thioether molecule. With respect to the site of chlorination, Kirner
(1928) and Dawson and Wardell (1930) concluded that compounds having the chlorine atom in
the beta position were considerably more vesicant that those having chlorine in the alpha or
gamma position. The degree of chlorination also influences the vesicant activity of the sulfide
molecule and hence the early use of chlorination to degrade HD. Monosubstitution analogs of
HD, regardless of position, are less effective vesicants than HD. As previously stated, the
introduction of halogen atoms results in decreased toxicity and markedly diminished vesicant
action. Research in the 1920s summarized by Bouder (1940) - indicated that the higher
chlorinated derivatives (e.g., tri-, tetra-, and hexachloro derivatives) of HD (saturated or
unsaturated) were non-vesicant. A summary of the vesicant potential of various chlorinated
analogs of sulfur mustard are given in Table 17. Fuson ef al. (1943) on review of the vesicant
activity of sulfur compounds concluded that compounds containing the S(0) group were non-
vesicant. Mustard sulfone, containing the S (0),, functional group is a known vesicant (vesicancy
potential 1/7 to 1/5 of HD; Bergmann et al., 1945). The formation of HD sulfone can contribute
to an enhanced vesicant potential of the product solution/mixture (wastestream).

The lack of vesicancy following treatment with “Red” and “Charcoal” process
wastestreams is indicative of the effectiveness of the neutralization chemistries in destruction of
chemical agent concomitant with the minimization of potentially vesicant-inducing products/by-
products. The composite agent (HD, HN and L) levels in “archived” and “fresh” “Red”
wastestreams and in “archived” and “fresh” “Charcoal” wastestreams did not elicit vesication in
the volumes dosed. Treatment with “Blue” process wastestreams (“archived” and “fresh™)
resulted in a vesicant response. The bioassay results were unexpected since the agent (HD)
residual level was below 50 ppm, a level not expected to elicit a vesicant response. The most
plausible explanation is the presence of vesicating product(s)/byproduct(s).
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TABLE 17. VESICATION POTENTIAL OF VARIOUS ANALOGS/
DERIVATIVES OF SULFUR MUSTARD®

Analogs/Derivatives Vesicant b
(Saturated and Unsaturated) Activity References
OXIDIZED DERIVATIVES
Mustard Sulfone (POS) Marshall & Williams (1921),
(sulfone, bis(2-chloroethyl) Young et al. (1944)
Sulfone, 2-chloroethy! vinyl (POS) Young et al. (1944)
Divinyl Sulfone (POS)-  Young et al. (1944),
Thomson et al. (1945)
Mustard Sulfoxide (NEG) Marshall & Williams (1921)
(sulfoxide, bis(2-chloroethyl) Lawson & Dawson (1927)
"Fuson et al. (1943)
Bergmann et al. (1945)
Diviny! Sulfoxide (NEG) Young et al. (1944)
Thompson et al. (1945)
Bergmann et al. (1945)
B-chloroethyl vinyl sulfoxide (NEG) Young et al. (1944)
o, B’ -trichlorodiethyl sulfoxide (NEG) Young et al. (1944)
CHLORINATED DERIVATIVES
bis(a-chioroethyl) sulfide (NEG) Peters and Walker 1923)
Baldwin et al. (1924)
Kirner (1928)
Dawson & Wardell (1930)
o, B, B’ -trichlorodiethyl sulfide (NEG) Mann & Pope (1922)
Lawson & Dawson (1927)
a, B, B, B’ tetrachlorodiethyl sulfide (NEG) Mann & Pope (1922)
Lawson & Dawson (1927)
o, o, B, B' tetrachlorodiethyl sulfide (NEG) Lawson & Dawson (1927)
o, & B, B, B, B’ hexachlorodiethyl sulfide (NEG) Mann & Pope (1922)
Lawson & Dawson (1926)
Dawson & Wardell (1930)
B-chloroethyl «, B dichlorovinyl sulfide (NEG) Lawson & Dawson (1926)
Kirner (1928)
- Dawson & Wardell (1930)
B-chloroethyl «, B, B’ trichloroviny! (NEG) Lawson & Dawson (1926)
sulfide Kirner (1928)
Dawson & Wardell (1930)
B-chloroethy! chloroviny! sulfide (POS) Lawson & Dawson (1926) |
(o and P isomers) Dawson & Wardell (1930)

Fuson et al. (1943)

2 Table from Olajos et al., 1996

Citations are primary and/or secondary




S.

Conclusions
Based on the findings of these studies the following conclusions can be made.

® The vesicating properties of the “Blue” wastestream (product solution from neutralized
neat HD) were not significantly reduced from that of the untreated CAIS (neat HD) prior
to treatment with neutralization solution.

® The vesicating properties of both “Red” and “Charcoal” wastestreams (product solutions
from neutralized agent/CHCI, and agent/charcoal, respectively), in the volumes dosed,
were significantly lower than the untreated CAIS agent solutions.

® The microvesicancy test results on the "archived" wastestreams and "fresh" wastestreams
suggest that storage had not altered the vesicancy potential of the product solutions
(wastestreams),
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APPENDIX A

Gross Lesion Appearance (24-hr)
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Daw: _2=22-SC

Project #: G1555:-334
Study Director: Car! Olson

MREF Protocol #: _109

: [ ‘
Day: 2 Lesion Read By: .'.é\ oy Lesions Recorded By: _ G
_ | Lesion Sites A c E G B D F COMMENTS
Animal I.D. #
. /5 Vr-] . “3 16 ,’} ]Q. 5 Y':fj"\; N O T
306 g |7 g (1 L3 L7147 s
X |R-3 R-2 R- 4 g2 R¥% > R-2
E-3 z-3 g2 £-3 Ew E-2 &-3
Mean Average
OTE 2-23-76 Bpram.
All Measurements in Millimeters. R = Erythema
N/A = Noi apslimbls E = Edema
N/R = Nct required. . 1= Mild
2 = Moderate
3 = Severe

sie A_S,8 10T L o CHCA
sieB 10w \OT, LA C¥Chy
siec SO (e BED AR,
sie D00 AT, WD, CRC
-Siu: E._Efg-‘f_\__g_\()"k B s SRS
sie F_LCS A OTe BN e ERCN 4
sie 6\ A AT D

N v O
Reviewed By: . \[ 1(\\’(\‘-'—\ Date:
Appendix A 57
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D-4

LESION SIZZ DETERMINATION SHEET
Dute: _2-22-3C
Study Dircctar: Carl Olson

- . [
/_" onl Lesions Recorded By: SCmy-

il

' Project #: G1555-38A

MREF Protocol #: 109

Day: 2 ) Lesion Read By:

Lesion Sites A c E G B D F COMMENTS

Animal I.D. # : " _ ‘ _ _
209 C '%15 ’5/'4 MIU %% 7/0 ko e
-1
L

—

| o
. ; R-3 -J - R-2 R-
’éé 'g : R 5.% £-2 Ev?

Mean Average

Al Measurements in Millimeters. R = Erythema .
N/A = Not apricable E = Edema

N/ = Not ~quired. 1 = Mild
2 = Modente

3 = Severe
stie A_1C S QT HD.L CHC 5
site B \OTo BN oo CHC A
sie 1O 1CTe BN 2 CRCy
siep. S8 1S BN Ao licl,
sicE_'Ox% A0 Lo S,
sicr. D& \Cle b A S
Sie G\ oS e 30 BD

' t— AN -,
k” | E\\' Sr— Dute: - l <3 / )<

Reviewed By:
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D-5

LESION SIZZ DETERMINATION SHEET

Project #: G1555-384

Date:

2-28-9¢ |

Study Dircctor: Carl Olson

MREF Protocol #: _109

AN . .,
Day: 2 Lesion Read By: (A Lesions Recorded By: __ A AL
Lesion Sites A (of E G B D F COMMENTS
Animal I.D. #
— T — 7 g~
s / ¢ /_,] ‘. Tz il
Sla L~ ) | — 1~ ) | —~ A mm
R-3  |R-= R-A 7-3 R-3 g-3 K8 o~
-3 |22 ez £ £-3 C-A c &
Mean Average
) | O bL (0-23-96 R
All Measurements in Millimeters. R = Erythema
N/A = Not applicable E = Edena
N/R = Not required. 1 = Mild
2 = Moderate
3 = Severe

stie a0l 1070 L. CHCI=
sien5ucd /0% L o CHCI
siee ¢ /0.t { /070/4 o CHC /5
siep.Sal /0% HDLLHC I,
sies/0ul (07 H) CHCI
swr Il /07 /Z//i/wC/L/C/3
sie /ol 250 D

O v Qi pue 2 /257 5

Reviewed By:

Appendix A 59




D-6

LESION SIZE DRTFRMINATION SHEET

Project #: G1555-38A Date: -28-G¢.
MREF Protocol #: __109 Study Director: Car! Qlson
Day: 2 Lesion Read By: (\L"-Q Lesions Recorded By: L [ A
Lesion Sites A C E G B D F COMMENTS .
Animal .D. #
7 - - e
i % 5 ol |2= J < Y 7| Kmedmye
. . ) f* ] Z — / ) 7, - o3 / bt o -
-2 |R-3 k-3 R-3 R R £-3
. o &) B-A e =3 Fc [
Mean Average
All Measurements in Millimerers. R = Erythema
N/A = Not applicabie E = Edema
N/R = Not requirzd. 1 = Mild
2 = Moderate
3 = Severe
- O R
siea sl /0T /5(4./4_w('/9/(/:
o ya ’ -z S
Sie B et ll J/CTE SIS ( [/
N K i oh= . A P 24 b
Site C SOl /L) A wa L /“//b./ 2,
— . R ° -
Site D _"'_,u,[’ /C-7,', Lesrn ('/7/(/ 3

- ) SR PR . K -
Site © 4//1\' l‘l’.‘,{- /-/_/;_f_.‘_:(__ -I/( /;

Site F, .‘/.:‘,(-.’5'/[77. /7//;'“‘ ( H(/?
Suc G / L é ,-"'//";’.'.-{/ /L'/ﬁ

Q T @Qb‘-—v Date: Z/ 23 ’W.u_

Reviewed By:
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LESION SIZE DETFRMINATION SHEET

234
Project #: G1355-0601

MREF Protocol #: 109

Date: _.3-6-%¢

Study Director: Carl Olson

Day: __.g___ Lesion Read By: _&*_0__ Lesions Recorded By: ,,L/?{/-_/

Lesion Sites A C E G B D F H COMMENTS
Animal LD. # ®
0 . o~ . i A AL Ltns,
313 1A Bl 276 ’J/MM QMA Y i MNM T
- - |[R-3 |B-2 |&-3 E@urAR~e T [p-0 ! [B-O '
g- | lE-2 -3 |E-3 |2~ E- I» g.1___E-t
. — —
s , QW) F-6-56 Char
All measurements in millimeters R = Erythema 0= ‘ﬂtia—ppn-’u:‘ﬂ"
N/A = Not applicable E = Edema ' . . ‘
N/R = Not required 1 = Mild Bac A winalent Xo ©
2 = Moderate ove .y . ANV W
3 = Severe ot o‘twba J0-2.4-54 Bai
SiteASA_Q/O% HDW CHC/.S '
site B20ul. o :
sie c. 9l 107, H‘,& Lo HCI3
Site D [ s Q%—guﬁw
SiteEJ-/U.ﬁ /0% L-wv CHC/3
site £ 20t A@uﬁ% arudion
sies [l meot HD
Site H &&LQMN&,{){.‘E {m\/‘, u&l’ Lo
Form No. MREF-LESION.SIZ-07 ‘\
~ R ~
Qs ’\.5,:-1_)5'&'1}"":"""1 \L)‘-J\Lw“":\ E—;\ \, \ }:4\3\\
@eelae dnd 305
Appendix A 61
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LESION SIZE DETERMINATION SHEET

- o
) 384 -

Project #: G1553-906% Date: _3- 46-76

MREF Protocol #: 109 Study Director: Carl Olson

Day: 2 Lesion Read By: __(%3 Lesions Recorded By: _JnLi

Lesion Sites A C E G B D F H COMMENTS
Animal LD. # : &
315 35111 L7 |18 13 Mg | S [WBG | WA | B
5-1 |£-3 |[k-& |-k [E-0 |e-o! [L-O [e-0of
z- 1 _lg-3 -3 |E-2 JE-\ E-) E-1 JE-|
- g .:t, @Dﬂs‘é‘qé M

All measurements in millimeters R = Erythema C=7x Cpper .

N/A = Not applicable : E = Edema -L'—D T
N/R = Not required 1 = Mild

2 = Mocler>’e
= Severe
sie a0l /DR HALACHC 3
Site B&M@&&%M@v
sie coud JoB L o CHCI3
Site DX 0 2 pes gpludion
sies S5l 1070 HD i CHC/>

site 7200 ucmﬂz .:rj A',:"&Lm‘“
sice 6.Lud 1100 HD ,
sie 12000 yivclia L }L\% /\'MQLCEQ\/

Form No. MREF-LESION.SIZ-07

Appendix A : 62
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0 LESION SIZE DET=RMINATIUN SHEET

234 _
Project #: G1555-900F Date: _ 2-&-76
MREF Protocol #: 109 Study Director: Carl Olson

Day: _z___ Lesion Read By: _LT&_ Lesions Recorded By: Jmi

Lesion Sites A c E G B D F | H COMMENTS
Animal LD. #
37 |LL35 P a5 25|25 26|20 | ki
: £- 3 |- |L-& |23 |p-o |£-0 |0 |E-O
-2 -2 |g-3 1E-Z lg- £-1 |=z-1 _|E-|
' ) F-o-5C Bmn
All measurements in millimeters R = Erythema O= %1*« W g\_f:f 3-4-9¢ Lo
N/A = Not applicabie ’ E = Edema
N/R = Not required 1 = Mild '
2 = Moderate
3 = Severe
sie & I M10 T A CHL/3
SiteBezaui_ oy
sie ¢ 52d 18T M CHCIA
SheD:ﬁéUhQ#mujlaﬂijr%f4»42325&

sie 520/ 00 Mt CHIL (5

Site £tk MauTs 0l !'2 Ly ; opltirn

Site 6_f b prwad HD

sie 120 4k mosTralin, T
]

Form No. MREF-LESION.S1Z-07

, -
’\\J.u.g_w-i:\ \3;\ Q \ L&IS(‘:\N—
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LESION SIZE DET = MINATION SHEET

. X _
Project #: (G1555-966t Date: __ = & -5
MREF Protocol #: 109 Study Director: Carl Olson

Day: 2 Lesion Read By: __ (XD Lesions Recorded By: M1 .

Lesion Sites | A c E G B D F H | COMMENTS
Animal I.D. #
o ]& Y O () @) O Asiets
%2"/ qla’lt///)‘fl‘? O% ﬁ%&b—-’mm
o E-3 |£-2 |£-3 |p-3 |0 [p-O |e-o |E-O
£-3 |e-2 |E-3 -3 |E-0 |£-| £-1_le- |
O WY 3-6-2¢& L
All measurements in millimeters R = Erythema 0=+ .t
N/A = Not applicable E = Edema ApnAcat”
N/R = Not required 1 = Mild
2 = Moderate
3 = Severe

site a5ud 1070 HD oo CHC/

Site B_20-f) ﬂmmﬂ% 8lut T
‘site ¢ 5l 107, HO - CHCI -
site D20t Wﬂ%&«-ﬁm@:&g
site £S5 (072 Lo C HCl»

Site FM@Q%%_AM
site 6_Lu) moat= HD

i 1

Site H‘.:Z-O.L(,O.Mubﬁaﬁcg-nj A ,4_121‘1\-/

Form No. MREF-LESION.S12-07
Appendix A 64 Revwm\ M\ T ms‘_
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LESION SIZE DEFFPMINATION SHEET

354
Project # G1335°90640 Date: _ 3-&- &
MREF Protocol #: 109 Study Director: Car] Olson

Day: R Lesion Read By: _CST _ Lesions Recorded By: _.JatH

Lesion Sites A C E G B D F H COMMENTS
Animal 1.D. #
o £ s 19} s} _/1£h’?>éumjzf7
3// ﬁn"i ’}9/10%%00 O |Zededimbn
& |R-3 (K3 [R-a |R-0 |£-C |{-° [0
£-2 le-3 |e=-2 1g-2 le-1 lE-1 g1 |&7|
g WA B-69¢ Bkro
All measurements in millimeters R = Erythema o= S fbppa.q,,d' W 3-6-76 4
N/A = Not applicable E = Edema
N/R = Not required 1 = Mild
2 = Moderate
3 = Severe

site a5l /0% M CHCS3

Site BM&EA%%M

site C.Iud /0 7o L...CHC/3

Site DMM%@MZZM
Site ESu 0 /07 H D CHC/
Site F rQO&e o uZF gﬁ% Loy oibuTion

s.aecf)ﬁ( i HD

Site H ;}-C'.J—Laﬂ.‘eum&‘ﬂ’/\mff A)-V,,:u_.—.'m,

Form No. MREF-LESION.S1Z-07
~ - O
iL’* . ilu\‘\'\ &k (N L--“\b"--

Appendix A 65
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LESION SIZE DE=""MINATION SHEET

Project #: G1333- 38A

Date: ___3-/Y-7¢

MREF Protocol #: 1Q9 Rku_&_ 3 Study Director: Carl Qlson

Day: 2 Lesion Read By: o 2 Lesions Recorded By: _4C -
Lesion Sites A c E G B D F COMMENTS
Animal LD. # o
ol T2 Tl
2/0 g llb 52’75/’ L2z g 70 |! a3 / 17 l;i%z:’;taéiduilvfnng
R-t  |R-! R-3 R-3 R-1 B-/ R0 '
G- E-& £-3 -3 G- E-2 G-05
U=t &Lw;ct" QEE 3-/4-96 Q«wd_ M )
All measurements in millimeters R = Erythema AC. oZhe Losccr w
N/A = Not applicable E = Edema Dkt delrmnesl ot
N/R = Not required 1 = Mild Jh_alve»u@p: O and. /awdd Jold
2 = Moderate Hbesispre oleaigmatiol e/ &%
3 = Severe ' F-14-9C LA

Site ATl /07 fiDCHC (3

site B 25wl R d \Wa itz shean

site ezl /60 M) CHC 3

site D2 Sl Bl WO 0 (Twan

site ETel /0% Lam CHC(3

site F25ul Chons el Wadeiiia—
site 6/ el _rea 1D

Form No. MREF-LESION.S12-07
Appendix A 66
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LESION SIZE DE™T"MINATION SHEET

Project #: ﬁlﬁi:}.&és : Date: -/Y-9¢
MREF Protocol #: 109 Flias: = Study Director: Carl Olson

Day: __g___ Lesion Read By: _Qé__ Lesions Recorded By: _(Gpm—

Lesion Sites A o E G B D F | COMMENTS
Animal I.D. # )
9’ v | ¢ . 3 "’ p f M o
HEf %EH /2 A‘g' jo ! 9 /I%, % q,vﬂ-é Tt .
} “3 A LY 2 |[ROS& (R 7
g—-.‘] G- 2 ..E-;) c%—* §-".. '?’i
. 0 = NT OppoiwIPuin 3-/9-96 SN
All measurements in millimeters R = Erythema &Ac 3 ~/¥%-96 4;9"""
N/A = Not applicable E = Edema OSE 3—/-/-'76
N/R = Not required 1 =Mid
) 2 = Moderate ‘ )
3 = Severe = - L.
’zs _Z,pugz,CZ-/[chcg,)Z{

sm&‘_};mz_ Lo Q& I @Afaﬁ Aocloy 2 aff3= 20" g i atacoc
L—L—.—4<L<ZJL ‘LZLLJS7‘; AS)U.Iu_,'C,"LLJLdL hAA‘L,FiAL‘—

Site COJ-L_Q/O% /‘/DwCHC/% ﬂt—— MMWC%M

Site DMM— — 4 3_:/9-7(, ) A re s
f/‘ZZ::L<9Z:7 ‘Lzy : A —é&JL‘i

site Exsousll /07> Lo CHC s BAC Lhe tsien neadoveye :
Q LA:) -tzlitjumzlfr’ - Cii;tih-vyLLﬁ;idaL' " -lebkiQJL) “E*iIIALJE“/i
site 25l Blas Ldad o - 0.0 et ] a0 Me‘o =

—j&f=
sie 6 Lud snent HD L,uﬁrnaiiat o 0.5, 3

Form No. MREF-LESION.SIZ-07

Lyl M T D

Appendix A , 67
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LESION SIZE DETERMINATION SHEET

Project #: G1555- 38A

MREF Protocol #: 109 Phans 3

Day: __&___ Lesion Read By: _%_ Lesions Recorded By: _AQatnc

Date: _3-/9-946

Study Director: Carl Olson

Lesion Sites A c E . G B D F | COMMENTS
Animal LD. # L
/ i i . R e 4
R AV A AV AL AT e
. k‘ - _, - X N ) '015-
&1 g—; M—lf C-g g,’ 5-17- z0 c0
OzneT: ,40_% % “ad,,,.?owﬂ“:t
All measurements in millimeters R= Er;"?h::@ d:b ) 0 Z Qﬁu--
N/A = Not applicable E = Edema
N/R = Not required 1 = Mild 0.0 el | “’“‘L“}M S pee
: 2 = Moderate W oL O s F-14¥ac
3 = Severe

site a5l 1050 HDo LHCIA

site B250 £:d Wa sk 50 a0
‘site €500 10%T H) e C HC

Site DMM@R‘“’\/

Sie ES (07 | ir  CHC 5
sie 2 5l Chasceal L saadng o

site Gl ol aneadT HD

Form No. MREF-LESION.SIZ-07
Appendix A
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D-14

LESION SIZE DE_=SMINATION SHEET

Project #: G1333- 38A Date: __3-/4-F¢&

MREF Protocol #: 109 fgLa.u-B Study Director: Carl Olson

Day: < Lesion Read By: %___ Lesions Recorded By: _ 0 Acac

Lesion Sites A o E G B D F COMMENTS
Animal LD. #
j S 7 .2111 [ <117 Aag iy
442 14247246 |17 s =t |
R-3 k-3 £-3 R-& R=3 R~ @ |K
= -2 &3 -3 -3 =i joXg &~
‘ N OJW%JO AC d«h.e., ..Quoe—w i ey badT
Allmeasurements- mmﬂhmetgrs L Lokt M
N/A = Not applicable E = Edema .
N/R = Not required 1 = Mild 0.0 el ] o~ LLZ;LAZ’ j;:J:i;L&Zf’ﬂjzgn
2 = Moderate aw_a.r.:b aw> 0.3 ) e
3 = Severe

Site ASwid /070 HA) L CHEI

site 8250 Bl Woteiop

site .5l /0P L s CHC I3

site D250 Charpool o Tetane
 site £.5ul (0% HD 2w CHC
sier2508 Do d, Wadzation

Site 6L P moas HID

Form No. MREF-LESION.SIZ-07
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LESION SIZE DEIERMINATION SHEET
‘Project #: G1555- 38A . Date: _3-22-5&
MREF Protocol #: 109 10 bosg 3 Study Director: Carl Olson

Day: __2____ Lesion Read By: __ﬁ__ Lesions Recorded By: _£OQ mm..

Lesion Sites A C E G B D F | COMMENTS
Animal LD. #
Hagq 1512w | A IAC 3 "’/g_qlé
55 |85 P |82 |ET |8anEs
=4 b [w=H
=3 i
All measurements in millimeters 0 R= @/46 Zhae Lrciou fbodisgo WAL
N/A = Not applicable E= B!gm W at Lnelas (etivean
N/R = Not required 1 = Mild 0.0 0wk | Omet ww;blswt-{m
2 = Moderate —22-G¢ &
. 3 = Severe 3 W—&lwos 3;
site Azl 10T Ha)iws CHC/s DAC wlemnlion o CLMW
LOW _,U/V"-Mdlj racnsd
site .5l ) 0% A sin o CHC/3 MW&@
: 4 = Aol
sie 0. 25wl (hoiceel Woclizar~ o -
' - . 6= e

SieE S L /0% HDL CHC/3 Largy
Site E.25 ?Q e L)gelialifan~
sie G [ o d nsat HO
Form No. MREF-LESION.SIZ-07 N
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D-16

LESION SIZE DEFE2MINATION SHEET

-

Project #: (G1533- 38A Date: 3-R22-%%
MREF Protocol #: 109 D,Qu_,u.% Study Director: Carl Olson
Day: ___ 2= Lesion Read By: _ % Lesions Recorded By: _&Qnemy
Lesion Sites | A c E G B D F | COMMENTS
Animal I.D. #
— : ,
dgw  |I35]18r 11107 o% |2E | 2a0
R-3 |R-2 R-2 R-3 R-0 g—l -2
z-3 e~ g -2 &-3 &0 o | =
A{L'z'-( L=
Al . 0 = 4t a’o.powm:"/ ,
measurements in millimeters R = Erythema . ;
N/A = Not applicable E = Edema QAC .ullwmﬁm/ % LR
N/R = Not rquired 1 = Mild ML Prsr-iouily e rilgcls
2 = Moderate ) . 3-a8-9¢ Brme
3 = Severe W = o eootoen M—C:{:cJ a);
siea Sl /10O L o CHC/A, ;_fa Lall
site BL2.5 ) Chancsol !:O@.aj}_,n:bﬁw G- .,Q,a.x\.ﬁc/
site c. 5l 1077 HDin CHCI3
site .25 e Wa aleaTiaarm
site E5 4l 107 HA)Ln CHC/5
sive £zl Ahua Lo G 4luame
sie G [ ol oot HD
Form No. MREF-LESION.S1Z-07
A dix A 71 : - .
ppendix Dol Lu\ RN
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LESION SIZE DETERMINATION SHEET
Project #: G1555- 38A Date: 3-22-9 b
MREF Protocol #: 109 k:&g:&—i— ) Study Director: Carl Olson
Day: ___ & Lesion Read By: __%\’_ Lesions Recorded By: K.

Lesion Sites A C E G B D F COMMENTS
Animal I.D. #
3 D ' / 0
Ha ¢ ! 1> 1215 mb H;Ll lql‘i%
R-3 k-3 R-3 K-3 R-1 R~-3 K-o
g3 |e-i |s-3 [E-3 |e-2 |e-2 |0
u.:em u-:(@ u.:lb L.g:&}
. 0z r
All measuremeats in millimeters R = Erythema : 0 Ac. ) <o 57 cleat
N/A = Not applicable E = Edema . 4 % .
N/R = Not required 1= Mild e Zrmgoe A
2 = Moderate Sae s
3 = Severe ,
. : = vl anation milol o
Site A 5-,U_Q 107 HDC-—WCHC/B - M= amnad—d/
Site B 25wl LD i A Z":_.:;fmﬂ.ouunw
ASiteC SJ—VP 10071) H/U.UwCHC—IB 3
SiteD.’lS-.u-e {3&; Ld )@! R g‘tﬁux—wv
Site 55.,{,5,2 [T ZQL Mv{lﬂ@/j
sie F. 25 Chgn.coad Wailalrsan
site 61 oot HD
Form No. MREF-LESION.S1Z2-07 .
Appendix A 72 -\L s\ \y.\ NI &\’ e
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N-1e

LESION SIZE DETERMINATION SHEET

Project #: G1355- 38A

Date: _3-22-9¢

MREF Protocol #: 109 pﬂl ad 3 Study Director: Carl Olson

Lesion Read By: % Lesions Recorded By: Amm.

Day: 2
Lesion Sites A C E G B D F COMMENTS
‘Animal LD. #
I o) | g 1 /¢
g7 |54\ 070! S| g0 | 15| LT
I
w6 u=¢g ‘*'—4-@
= OTE 3-22496 & pr
: D= o A . M USRAR
All measurements in millimeters - R = Erythema @4(’ Zht Loarers . . a ]
g - st celiimnirnel ot Ll
N/A = Not applicable E = Edema e Toiie 0.0 ol | el wod
N/R = Not required 1 = Mild ey " . Mzél-— ,
2 = Moderate Z< ] ";;Q-' s
3 = Severe 0.5~ 3-22-7é Lttt

Site A_S el /0P HA/.J;Mgf.ﬁC/g
Site B 2-45",&(,() 5,&41.—&) Mw

sie c5ad 100 L CHC/3
Site D.25 il Clan coad U 2t i oDt~
Site E.5ad 10T0 KD i CHE/

"S-ite FAS. el /? uL L(jd.d,ﬁ{’ém da
Site G_/. ./LL/(? ./'Z.Z/a;\rl: HO

form No. MREF-LESION.SI1Z-07

Appendix A 73

B AC MWU q OMW
AU A 22 AL
. 3‘?-8J:?é /.'fk/u-« ;

UL = il eernatiovne onacl ad!
o = arvall '
ST AMaet Lo

N Tet,
U AN

oo 2t \«\ N\
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D-19

LESION SIZE DETFRMINATION SHEET

Project #: (G1533- 38A Date: _C~2\C

MREF Protocol # 109 Phresa Study Director: Carl QOlson

! .
Day: __ & Lesion Read By: - ;6_4_""__ Lesions Recorded By: _{8/(A’ ~
LesionSites | A | C E G B D F | H | COMMENTS
Animal I.D. #
g < 0 ! 0 b 0 9
34, P |2gilq gl |5 | Pl g0
=3 &L |RX |2 |&C [R) [0 |/
E3 |&e2 |&-2 |B2 |eo e -0 |E-/
Oz st eRoNLA <
All measurements in millimeters R = Erythema a/'
N/A = Not applicable = - E = Edema
N/R = Not required 1 = Mild
2 = Moderiie
3 = Severe
Site A5 (Sleb o SHC A\
Site B.25aS ) e SN
‘Site C_ 22 Tl HD O, )
Site D_29 .8 &Suun o TTeuan
Site E_D -2 (CSlo B . SRS o

Site G__\ S e BT
Site H 2550 Qs e Reao

form No. MREF-LESION.S12-07 R&.\:L;.,:LQ. \:ﬂ\
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- D-20

LESION SIZE DETERMINATION SHEET
Date: G-2\AL

~ Project #: G1555- 38A
MREF Protocol #: 109 Pros D Study Director: Carl Olson

Day: = Lesion Read By: ___,/_/’;_/_1-—;_ Lesions Recorded By: Lpr—
Lesion Sites A o E G B D F H COMMENTS
Animal 1.D. # ' .
j ! ek o i o
=4\ (Ul Ba|24 P13 o 4llAle s

fra [(&~& RT3 -3 R-x |=-C R-3 e-0

g-2 |E-2 |E-3 g-3 |e-1 |E9 |&a |E-©

LL::;’ED o Y ) &£ o P u.-_é,a)

D= ol afporunl
All measurements in millimeters R = Erythema
N/A = Not applicable E = Edema ' QAC'-J"'(WN l"@L&'L&, pyrYs
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LESION SIZE DEFEPMINATION SHEET

Project #: G1555- 38A
MREF Protocol # 109 Pwes D

Date: _ =2\

Study Director: Carl Olson

Day: 2- Lesion Read By: __ﬁt_ Lesions Recorded By: __Q_/ﬂ\'_
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LESION SIZE DETEEMINATION SHEET

Project #: G1555- 38A Date: __6~2\-9&
MREF Protocol #: 109 Peea 3 Study Director: Carl Olson
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LESION SIZE DETZ~MINATION SHEET

Project # G1533- 38A

Date:  &-R7-5¢

MREF Protocol #: 109 //) oo Study Director: Carl Qlson
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LESION SIZE DEFERMINATION SHEET

Project #:7 G1555- 38A

Date: &R 7-FL

MREF Protocol #: 109 fmi Study Director: Carl Olson
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Day: __.ﬁ___ Lesion Read By: 14 f—
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LESION SIZE DETERMINATION SHEET

‘Project #: G1555- 38A

(-2 7-5¢

Date:

MREF Protocol #: lQi_QJ_vg._/g.i Study Director: Carl Qlson
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LESION SIZE DETFRMINATION SHEET

Project #: G1555-38A

MREF Protocol #: 109
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LESION SIZE DETERMINATION SHEET

Project #: G1335- 38A Date: _F-/4-9 &
MREF Protocol #: 109 p_[\.aJu_ 3 Study Director: Carl Olson
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LESION SIZ.. DETERMINATION SHEET
555-38A- - - - Date:- 3 -1Y9-9¢

. - Project #: -3

MREF Protocol #: 109 OM 2z A Study Director: Cz:! Olson
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LESION SIZE DESZRMINATION SHEET
s 2 Date: _ ¥-/4Y-G 4

Project #:. G1353-

MREF Protocoi #: 109 IQJM_M» 2 Study Director: Czrl Qlson
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LESION SIZE DETERMINATION SHEET

Project # (G1333- 1385 Date: _ S - /¢4-F¢
MREF Protocol #: 109 Q/L;M;S Study Director: Carl Olson
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LESION SIZE DTTERIMINATION SHEET

" Project #: 335-3; Dziz: _ B—209¢C

MREF Protocol #: 109 p/ZAQb 2 Study Director: (zzl Olson
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LESION SIZET ~TERMINATION SHEE
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LESION SIZE DFTERMINATION SHEET
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LESION SIZE DFTERMINATION SHEET
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APPENDIX B

Dosage Site Code and Histopathology
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E-1

Definitions Used in Histopathologic Evaluations
and an Explanation of the Grading of Lesion Severity

Microblister: Loss of epidermal basal cell attachment to the underlying basement membrane
of at least two adjacent cells. The loss of attachment creates a space which may appear empty,
full of proteinaceous fluid, or filled with neutrophils. One or a few isolated small areas of
detachment is graded 1, minimal. Many such areas of detachment, or several larger (10 or
more contiguous cells) areas of detachment is graded 2, mild. When half or more of the
epidermis in the tissue section is detached from the dermis, it is graded 3, moderate. Such
lesions typically have a much larger space between the basal cells and the dermis. When
nearly all of the epidermis is separated from the dermis, it is graded 4, marked. In such

_ situations, there are usually focal, point attachments, so the entire epidermis is not lifted along

the full width of the section.

Epidermal necrosis: The epidermal cells exhibit cytoplasmic eosinophilia, nuclear loss or
pyknosis, and are generally shrunken. If only individual cells are affected, it is graded 1
(these are generally isolated basal cells). If small areas are affected, with normal areas in
close proximity, it is graded 2. If the epidermis exhibits cell death in a full-thickness (all
layers of epidermis) pattern, and affects half or more of the skin section, it is graded 3. If the
epidermis is virtually entirely necrotic, it is graded 4. Severe ulcers assume that the epidermis

iS necrotic. ‘

Follicular necrosis: If isolated epithelial cells of the hair follicles exhibit eosinophilia or
pykmosis, it is graded 1. If clusters of adjacent cells within follicles are dead, it is graded 2.
If cells of half or more of a particular hair follicle are dead, it is graded 3. Grade 4 lesions
have complete necrosis of the follicular epithelium underlying much of the epidermal lesion
area. This indicates that the agent has penetrated deeply.

Dermal necrosis: Loss of collagen fiber integrity, evidenced by pale eosinophilic staining and
homogeneous appearance, indicates necrosis of dermal fibers. With only isolated areas, it is
graded 1. Multiple areas are graded 2. Necrosis of most of the superficial dermal collagen in
the lesion area is graded 3. A grade four lesion requires deep (to the base of the associated

adnexa) dermal necrosis.

Hemorrhage: Extravasated erythrocytes is hemorrhage. A few isolated foci is graded 1.
Multiple, common foci is graded 2. Large pools of blood is graded 3. A grade four lesion
requires a massive area of blood pooling with displacement of large areas of dermal collagen.

Vascular necrosis: Loss of integrity of a medium to large blood vessel is vascular necrosis.
Grading depends upon the number of vessels affected and the severity. Partial necrosis of one
vessel is graded 1 to 2. Complete necrosis of a vessel is graded 3; multiple such lesions are

graded 4.

Pustular epidermitis: Collections of neutrophils in the epidermis proper is graded by extent;
one or two small foci is graded 1; three or more small foci is graded 2; one or more large foci
is graded 3; a grade four lesion would indicate massive infiltration of the entire epidermis by

neutrophils.
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Task 95-38, Phase 2a, Day 1

E-2

Key for HGPs #301 and 305 dosed 2/19/1996. Exposure duration - 2 hr.

Animal # 301

Site Treatment
A 10 L of 10% HD in CHC,
B 50 uL of 10% HD in CHCl;
C 10 L of 10% HN in CHCl,
D 50 uL of 10% HN in CHClL,
E 10 uL of 10% L in CHCl,
F 50 pL of 10% L in CHC],
G 1 uL of neat HD
H
Animal #305
Site Treatment
A 10 uL of 10% HN in CHCl, .
B 50 uL of 10% HN in CHCl,
C 10 uL of 10% L in CHCI,
D 50 uL of 10% L in CHC],
E 10 L of 10% HD in CHCI,
F 50 uL of 10% HD in CHC],
G 1 uL of neat HD
H
93
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Dosing Date: 2/19/96

E-3

MREF Task 95-38
G1555-38A

Animal # 301 Site

B

C

Histopathology Markers:

Microblister

Epidermal Necrosis

(93]

Follicular Necrosis

Dermal Necrosis

Vascular Necrosis

O O |

Hemorrhage

Pustular Epidermitis
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all lesions are centrally
located;

some normal skin present on
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dermal
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Animal # 305 Site

Histopathology Markers:

Microblister

Epidermal Necrosis

Follicular Necrosis
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dermal
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dermal
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dermal
inflam

min
dermal
inflam

mild
dermal
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Degree of Severity Grading Scale:
0 = Normal, 1 = Minimal, 2 = Intermediate, 3 = Moderate, 4 = Severe

A I Clanas MINS MACTD
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Task 95-38, Phase 2a, Day 2

Key for HGPs #306 and 309 dosed 2/21/1996. Exposure duration - 2 hr.

Animal # 306
Site Treatment
A 5uL of 10% Lin CHCl,
B 10 uL of 10% L in CHCl,
C 5 uL of 10% HD in CHCI
D 10 uL of 10% HD in CHCl;
E 5 uL of 10% HN in CHCl,
F 10 pL of 10% HN in CHCl,
G 1 uL of neat HD
H
Animal #309
Site ’ Treatment

A |10 pL of 10% HD in CHCL

5 uL of 10% HD in CHCI,

5 uL of 10% L in CHCl,

C |10 uL of 10% HN in CHC,
D |5 uL of 10% HN in CHCl,
E |10pL of10%L in CHCl
F

G

1 uL of neat HD
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Animal # 306 Stie | A | B C D E F G
Histopathology Markers:

Microblister 4 3 [H** 3 4 2%xx )
Epidermal Necrosis 4 4* 4rxx 4 4 4x** 4x*x
Follicular Necrosis 4 4 4 4 4 4 4
Dermal Necrosis 1 1** 2 0 0 2 2
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 1 0 0 0 0 0 0
Pustular Epidermitis 0 0 0 0 0 0 0
Notes:

:f‘;‘;ae’p_“g’;’ﬁf‘z serma mod | mid | mild | min | mid | mild | mid
***]arge ulcer precludes cil:ﬂrmal cil:ﬂrmal dzgnal cii:ﬂrmal c.l:ﬂrmal ?:ﬂnnal tﬂm
much am am | inflam | inflam | inflam am am
blister potential

Animal # 309 Site A B C D E F G
Histopathology Markers:

Microblister 3 o* 4 4 4 4 3
Epidermal Necrosis 3 4* 4 4 4 4 4
Follicular Necrosis 4 4 3 2 4 3 4
Dermal Necrosis 1 2 0 0 0** 0 0
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 0 0 0 0 1 0 0
Pustular Epidermitis 1 0 1 1 0 - 0 0
Notes: 3
*l?.rge ulcerat'ion precludes mild mild mod crir:r)rcxlx mod mod :::;
blister potential dermal | dermal | dermal | . dermal | dermal | .
**deep dermal edema inflam | inflam | inflam mrga inflam | inflam mrﬂa

Note: Some normal skin is present on all sections, both animals; lesions are centrally located in

trimmed area.

Degree of Severity Grading Scale:

0 =Normal; 1 = Minimal; 2 = Mild; 3 = Moderate; 4 = Severe
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Task 95-38, Phase 2a, Day 3

Key for HGPs #312 and 316 dosed 2/27/1 996. Exposure duration - 1 hr.

*Animal # 312
Site Treatment
A 10 uL of 10% L in CHCl,
B 5uL of 10%L in CHCl,
- C 10 pL of 10% HD in CHCl,
D 5 pL of 10% HD in CHCl,
E 10 uL of 10% HN in CHCl,
F 5 uL'of 10% HN in CHC],
G 1 puL of neat HD
H
Animal #316
Site: 3 Treatment

A 10 pL of 10% HN in CHCl;

5 uL of 10% HN in CHCl,

10 uL of 10% L in CHCl,

5 uL of 10% L in CHCl,

10 pL of 10% HD in CHCl,

5 uL of 10% HD in CHCl,

1 pL of neat HD

|| miogjo|w
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Animal # 312 .| Site A B C D E F G
Histopathology Markers:
Microblister 3 3 3 3 4 3 3
Epidermal Necrosis 4 4 4 4 4 4 4
Follicular Necrosis 4 4 4 4 4 3 4
Dermal Necrosis 0* 0* 0 0** 0 0 0*
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 1 2 0 0 0 0 0
Pustular Epidermitis 0 0 0 0 1 2 0
ﬁotgs:. *mod dermal edema mild mod mild mild mild | mod mild
minimal dermal edema dermal | dermal | dermal ?;ﬂn: dermal | derm cii:ﬂn:
inflam | inflam | inflam m inflam | inflam m
Animal # 316 Site A B C D E F G
Histopathology Markers:
Microblister | 3 4 4 4 3 3 3
Epidermal Necrosis 4 4 4 4 4 4 4
Follicular Necrosis 4 3 4 4 4 4 4
Dermal Necrosis o* 0 O** 0** 0 1 o**
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 0 0 2 2 1 0 0
Pustular Epidermitis 1 1 0 0 1 1 2
Notes: *minimal dermal sever .
::i:ema mod mod mod e mild | mod g;:i
moderate dermal edema dermal | dermal | dermal | derm | dermal | dermal | .
inflam | inflam | inflam | infla | inflam | inflam mri]a
m

Note: All sections (312 and 316) have normal, unaffected skin at one or both margins of the

section.

Degree of Severity Grading Scale:

0 = Normal; 1 = Minimal, 2 = Intermediate; 3 = Moderate; 4 = Severe

Allen W. Singer, D.V.M.
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Task 95-38, Phase 2b, Day 1

Key for HGPs #311, 313, 315, 317, and 324 dosed 3/5/1996. Exposure duration - 1 hr.

Animal # 311
Site Treatment
A 5 uL of 10% HN in CHC;
B 20 pL of neutralization solution
C 5 uL of 10% L in CHCl,
D 20 pL of neutralization solution
E 5 uL of 10% HD in CHCl,
F 20 puL of neutralization solution
G 1 uL of neat HD
H 20 uL of neutralization solution
Animal # 313
Site Treatment

A | 5pL of 10% HD in CHC,

20 pL of neutralization solution .

5 uL of 10% HN in CHCl,

20 pL of neutralization solution

5 uL of 10% L in CHCl,

20 pL of neutralization solution

1 uL of neat HD

T Q| |m oo

20 pL of neutralization solution
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Animal # 315
Site Treatment
A | 5pL of 10% HN in CHC],
B 20 pL of neutralization solution
C 5 uL of 10% L in CHCI,
D 20 uL of neutralization solution
E 5 uL of 10% HD in CHCl,
F |20uLof neutralization solution
G 1 pL of neat HD '
H 20 pL of neutralization solution |
Animal # 317
Site Treatment
A 5 uL of 10% L in CHCl,
20 pL of neutralization solution
C 5 puL of 10% HD in CHCI,
D 20 uL of neutralization solution
E |5uLof10%HNinCHC,
F 20 uL of neutralization solution
G 1 uL of neat HD
H 20 pL of neutralization solution
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Animal # 324
Site Treatment
A | 5uL of10% HD in CHCl,
20 pL of neutralization solution

C 5 uL of 10% HN in CHCl;

D 20 pL of neutralization solution

E 5 uL of 10% L in CHCl,

F 20 pL of neutralization solution

G 1 puL of neat HD

H 20 pL of neutralization solution
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Animal # 311 Site A B C D E F G H
Histopathology Markers:

Microblister 3 0 3 0 2 0 3 0
Epidermal Necrosis 4 0 4 0 4 0 4 0
Follicular Necrosis 2 0 4 0 4 0 4 0
Dermal Necrosis 0 0 0 0 0 0 0* 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 2 0 3 0 0 0 1 0
Pustular Epidermitis 2 0 0 0 1 0 0 0
l‘f;t;;l *moderate deep mod mod mod (rlr;:rcrll

edema c.iermal c.lermal c.iexmal infla

inflam inflam “inflam m

Animal # 313 Site A B C D E F G H
Histopathology Markers:

Microblister 3 0 4 -0 4 0 2 0
Epidermal Necrosis 4 0 4 0 4 0 4 0
Follicular Necrosis 4 0 4 0 3 0 4 0
Dermal Necrosis 0 0 1 0 0 0 o* 0
Vascular Necrosis 0 0 0 0 -0 0 0 0
Hemorrhage 0 0 0 0 1 0 0 0
Pustular Epidermitis 0 0 0 0 0 0 0 0
Note: *moderate deep mild mod | min mod mild
dermal edema derm dermal | dermal | dermal dermal

inflam inflam | inflam | inflam inflam
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Animal # 315 Site A B C D E F G H
Histopathology Markers:
Microblister 2 0 4 0 3 0 2 0
Epidermal Necrosis 3 0 4 0 4 0 4 0
Follicular Necrosis 21 o0 4 0 4 0 4 0
Dermal Necrosis 0 0 1 0 1 0 o* 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 0 0 1 0 2 0 0 0
Pustular Epidermitis 1 0 0 0 0 0 0 0
Note: *moderal dermal mod marke mod mild
edema dermal d dermal dermal
inflam dermal inflam inflam
inflam

Animal # 317 Site A B Cc D E F G H
Histopathology Markers:
Microblister 2 0 2 0 3 0 2 0
Epidermal Necrosis 4 0 4 0 4 0 4 0
Follicular Necrosis 4 0 | 4 0 3 0 4 0
Dermal Necrosis 0* 0 2%* 0 0 0 o* 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 2 0 1 0 0 0 0 0
Pustular Epidermitis 0 0 0 0 2 -0 0 0
Tloves: *mild dermal mild | min | mod mod mild
**focal ulceration(s) <§lermal c-ier'mal c.iermal c-iermal c.lermal

inflam | inflam | inflam inflam inflam
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Animal # 324 Site A B C D E F G H
Histopathology Markers:
Microblister 4 0 4 0 4 0 3 0
Epidermal Necrosis 4 0 4 0 4 0 4 0
Follicular Necrosis 4 0 2 0 4 0 4 0
Dermal Necrosis 1 0 0 0 0 0 0 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 0 0 0 0 1 0 0 0
Pustular Epidermitis 0 0 1 0 0 0 0 0
Notes: mod min mod mod min
dermal | dermal | dermal dermal dermal
Note: Normal (unaffected) skin present laterally on all sections where lesions were observed.
Histopathological Markers 3/7/96
Degree of Severity Grading Scale Allen W. Singer,
DVM

0 = Normal; 1 =Minimal; 2 = Intermediaté; 3 = Moderate; 4 = Severe
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Task 95-38, Phase 3, Day 1

Key for HGPs #310, 491, 493, and 498 dosed 3/13/1996. Exposure duration - 1 hr.

Animal # 310

Site Treatment

A | 5uL of 10% HD in CHC

B 25 uL of Red waste stream
C 5 uL of 10% HN in CHCl;
D 25 pL of Blue waste stream
E 5 uL of 10% L in CHC,
F 25 pL of Charcoal waste stream
G 1 pL of neat HD
H
Animal # 491
Site Treatment

A 5 uL of 10% L in CHCl,

25 pL of Charcoal waste stream

5 uL of 10% HD in CHCI,

25 uL of Red waste stream

5 uL of 10% HN in CHCl,

25 uL of Blue waste stream

1 pL of neat HD

| imjg|lolw
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Animal # 493

Site Treatment
A 5 uL of 10% HD in CHCl,
B 25 uL of Red waste stream
C 5 uL of 10% HN in CHCl,
D 25 uL of Blue waste stream
E 5 uL of 10% L in CHCl,
F 25 pL of Charcoal waste stream
G 1 uL of neat HD

H

Animal # 498

Site Treatment
A 5 uL of 10% HN in CHCI,

B 25 uL of Blue waste stream

C 5 uL of 10% L in CHCl,

D 25 uL of Charcoal waste stream

E |5uLof10%HDinCHCL,

F 25 uL of Red waste stream

G 1 uL of neat HD

H

Appendix B 106




Appendix B

Animal # 310 Site A B C D E F G
Histopathology Markers:
Microblister 2 0 4 2 1 0 1
Epidermal Necrosis 4 1 4 4 4* 2 4%
Follicular Necrosis 4 0 4 1 4 0 4
Dermal Necrosis 0 0 1 0 3 0 KRk
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 0 0 0 0 0 0 1
Pustular Epidermitis 0 1 0 1 0 1 0
| Notes: *marked mod | mod | mod | mod | mod | mid | mod
ulceration dermal | dermal | dermal | dermal | dermal | dermal | dermal '
**moderate dermal inflam | inflam | inflam | inflam | inflam | inflam | inflam
edema
Animal # 491 Site A B C D E F G
Histopathology Markers:
Microblister 4 0 1 0 4 3 2
Epidermal Necrosis 4* 1 4** 0 4 4 4
Follicular Necrosis 4 0 - 4 0 3 0 4
Dermal Necrosis 3 0 3 0 0 0 0
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 2 0 0 0 0 0 0
Pustular Epidermitis 0 0 0 0 0 0 0
Notes: *mild ulceration mod min mod min mod min mod
**marked ulceration dermal | dermal | dermal | dermal | dermal | dermal | dermal
inflam | inflam | inflam | inflam | inflam | inflam | inflam
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Animal # 493 Site | A B o D E F G
Histopathology Markers:
Microblister 1* 0 4 4 2 0 2%
Epidermal Necrosis 4** 0 4 4 4** 1 4**
Follicular Necrosis 4 0 3 0 4 0 4
Dermal Necrosis 3 0 0 0 3 0 3
Vascular Necrosis 0 0 0 0 0 0 0

| Hemorrhage 0 0 0 0 1 0 0
Pustular Epidermitis 0 1 0 0 0 0 0
Notes: *at edge of ulcer mod mod | mod mod mod mod mod
**marked ulceration dermal | dermal | dermal | dermal | dermal | dermal | dermal

inflam | inflam | inflam | inflam | inflam | inflam | inflam

Animal # 498 Site A B C D E F G
Histopathology Markers:

Microblister 2% 3 3 0 3 0 1
Epidermal Necrosis 4>+ 4rEx | guxx 0 4** 0 Y-
Follicular Necrosis 4 0 4 0 4 0 4
Dermal Necrosis 3 1. 2 0. 3 0 2
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 0 0 1 0 0 0 0
Pustular Epidermitis 1 0 0 1 1 0 0
Notes: *at edge of ulcer | mod mild mod mod mod mild mild
**marked ulceration dermal | dermal | dermal | dermal | dermal | dermal | dermal
***minimal ulceration inflam | inflam | inflam | inflam | inflam | inflam | inflam

Note: Some normal (unaffected) skin present at one or both ends of each section where lesions
were present.

Histopathological Markers: Degree of Severity Grading Scale 3/18/96
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe ~ Allen W. Singer, DVM
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Task 95-38, Phase 3, Day 2

Key for HGPs #494, 496, 497, -and 499 dosed 3/21/1996. Exposure duration - 1 hr.

Animal # 494

Site | Treatment
A 5 uL of 10% L in CHCl,
B 25 uL of Charcoal waste stream
C 5 uL of 10% HD in CHCl,
D 25 pL of Red waste stream
E 5 uL of 10% HN in CHC,
F 25 pL of Blue waste stream
G 1 puL of neat HD
H

Animal # 496
Site Treatment

A 5 uL of 10% HD in CHCI,

25 uL of Red waste stream

5 uL of 10% HN in CHCl,

25 uL of Blue waste stream

5 uL of 10% L in CHCl,

25 uL of Charcoal waste stream

1 uL of neat HD

nij@ " |miglo|w
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Animal # 497
Site Treatment

A | 5uL of 10% HN in CHCI, |
B 25 uL of Blue waste stream
C 5 uL of 10% L in CHCl,
D 25 uL of Charcoal waste stream
E 5 uL of 10% HD in CHCI,
F 25 uL'of Red was.t.e stream
G 1 pL of neat HD
H

Animal # 499

Site Treatment
A 5 uL of 10% HN in CHCl,
B 25 puL of Blue waste stream
C 5 uL of 10% L in CHCJ,
D 25 uL of Charcoal waste stream
E 5 uL of 10% HD in CHC],
F 25 uL of Red waste stream
G 1 pL of neat HD
H
110
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Animal # 494 Site | A B C D E F G
Histopathology Markers:
Microblister 4 0 1 0 3 2 3
Epidermal Necrosis 4 0 4** 0 4 2 4x**
Follicular Necrosis 4 0 4 1) 4 0 4
Dermal Necrosis 0* 0 3 0 0 0 2
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 3 0 0 0 0 0 0
Pustular Epidermitis 0 0 1 0 1 0 0
Animal #496 - |Site [ A B C D E F G
Histopathology Markers:
Microblister 0 0 0 4 1 0 2
Epidermal Necrosis 4* 0 4* 3 4* 1 4*
Follicular Necrosis 4 0 4 0 4 0 4
Dermal Necrosis 3 0 3 0 4 0 3**
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 0 0 0 0 0 0 0
Pustular Epidermitis 0 0 0 0 0 0 0
Notes: *marked ulcer mod min mod mild mod. min mod
precludes potential dermal | dermal | dermal | dermal | dermal | dermal | dermal
blister inflam | inflam | inflam | inflam | inflam | inflam | inflam
**mild dermal edema
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Animal # 497 Site A B C D E F G
Histopathology Markers:
Microblister | 1 2 4 0 2 0 2
Epidermal Necrosis 4> 4 4 1*** 4* 0 4*
Follicular Necrosis 4 0 4 0 4 0 4
Dermal Necrosis 3 0 o** 0 2 0 2%
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 0 0 0 0 0 0 0
Pustular Epidermitis 0 0 0 0 0 0 0
Notes: *marked ulceration mod mild mod min mod mild mod
**moderate dermal edema dermal | dermal | dermal | dermal | dermal | dermal | dermal
***mild epithelial cell edema | inflam | inflam | inflam | inflam | inflam | inflam | inflam
Animal # 499 Site | A B C D E F G
Histopaihology Markers:
Microblister 4 2 3 0 4 0 3
Epidermal Necrosis 4 3 4 2 4 0 4
Follicular Necrosis 4 0 4 -0 4 0 4
Dermal Necrosis 0 0 2% 0 2 0 1*
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 0 0 1 Y 0 0 0
Pustular Epidermitis 1 0 0 0 1 0 0
Note: *mild dermal edema mod mild mod min mod min mild
dermal | dermal | dermal | dermal | dermal | dermal | dermal
inflam | inflam | inflam | inflam | inflam | inflam | inflam

- Note: Some normal (unaffected) skin present at one or both ends of each section where lesions

were present.

Histopathological Markers: Degree of Severity Grading Scale

0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe

DVM

Appendix B
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Task 95-38, Phase 3, Day 3
“Fresh” Blue and Red waste streams received 6/19/1996

Key for HGPs #339, 341, 342, and 346 dosed 6/20/1996. Exposure duration - 1 hr.

Animal # 339
Site Treatment
A 5 uL of 10% HN in CHCl,
B 25 pL of Red waste stream
C 5 uL of 10% L in CHCl,
D 25 uL of Blue waste stream
E 5 gL of 10% HD in CHCl,
F |25 uL of Red waste stream
G 1 pL of neat HD
H 25 uL of Blue waste stream
Animal # 341
Site | Treatment
A |suLof10% HDinCHCL,
B 25 pL of Blue waste stream
C 5 uL of 10% HN in CHCl,
D 25 pL of Red waste stream
E 5 uL of 10% L in CHCl,
F 25 uL of Blue waste stream
G 1 uL of neat HD
H 25 pL of Red waste stream
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Animal # 342
Site Treatment
A 5uL of 10% L in CHCl,
25 uL of Blue waste stream
C 5 uL of 10% HD in CHCl,
D 25 pL of Red waste stream
E 5 uL of 10% HN in CHCI,
F 25 pL of Blue waste stream
G 1 pL of neat HD
H 25 uL of Red waste stream
Animal # 346
Site Treatment
A 5 uL of 10% L in CHCI,
B 25 uL of Red waste stream
C 5 uL of 10% HD in CHCI,
‘D 25 uL of Blue waste stream
E 5 uL of 10% HN in CHCl,
F 25 uL of Red waste stream
G 1 pL of neat HD
H 25 uL of Blue waste stream
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Animal # 339 Site A B C D E F G H
Histopathology Markers:
Microblister 3 0 4 3 3 0 2 2
Epidermal Necrosis 4 0 4 4 4xx 0 4 2
Follicular Necrosis 4 0 4 0 4 0 4 0
Dermal Necrosis 0 0 2% 0 2 0 0* 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 0 0 0 0 0 0 0 0
Pustular Epidermitis 1 0 1 1 1 0 0 0
Nowes: smoderate dermal | yog | min | mod | mid | mod | min | mid | mid
xxfocal ulceration(s) flermal c.iermal (.iermal c}ermal c.lermal c'lermal c.lermzﬂ ¢jlermal
inflam | inflam | inflam | inflam | inflam | inflam | inflam | inflam
Animal # 341 . Site A B C D E F G H
Histopathology Markers: |
Microblister 2 2 2 0 3 0 2 0
Epidermal Necrosis 4= 4 4% 0 4 4* 4= 0
Follicular Necrosis 4 1 4 0 4 2 2 0
Dermial Necrosis 3 1 2 0 3% 3 K 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 1 0 0 0 1 0 1 0
Pustular Epidermitis 0 0 0 0 0 0 0 0
Notes: *focal ulceration(s); mild mild mild min mild mild mild min
**moderate dermal edema dermal | dermal | dermal | dermal | dermal | dermal | dermal | dermal
inflam | inflam | inflam | inflam | inflam | inflam | inflam | inflam
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"Animal # 342 Site A B C D E F G
Histopathology Markers:
Microblister 3 1 3 0 4 3 3
Epidermal Necrosis 4 4 4 0 4 4 4 >
Follicular Necrosis 4 0 4 0 4 1 4
Dermal Necrosis - 0* 0 0* 0 0 0 0 )
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 0 0 0 0 0 0 0
Pustular Epidermitis 0 0 1 0 0 0 0
Notes: *mild to moderate mild min mild min mod min mild
dermal edema dermal | dermal | dermal | dermal | dermal | dermal | dermal
inflam | inflam | inflam | inflam | inflam | inflam | inflam
Animal # 346 Site A B C D E F G
Histopathology Markers:
Microblister 2 0 2 1 4 0 2
Epidermal Necrosis : 4 0 4 4 4 0 4
Follicular Necrosis 4 0 4 1 4 0 4
Dermal Necrosis 0* 0 0 0 2 0 0*
Vascular Necrosis 0 0 0 0 0 0 0
Hemorrhage 0 0 0 0 0 0 0
Pustular Epidermitis 0 0 0 0 0 0 0
. X
i‘;‘;’i moderate dermal mild min | mod | mild | mild mild
**most of surface epithelium ?:ﬂrr:;l cjlefrlmal c.iegnal c.iegnal qe;mal t_j;ﬂrmal
artifactually stripped away inflam | inflam | inflam | inflam inflam
Note: Normal (unaffected) skin presented laterally on all skin sections with lesions.
Histopathological Markers . 6/25/96
Degree of Severity Grading Scale Allen W. Singer, DV}
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe
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Key for HGPs #340, 345, 351, and 352 dosed 6/26/1996. Exposure duration - 1 hr.

Animal # 340
Site Treatment

A 5 uL of 10% HD in CHCl,

B 25 pL of Blue waste stream

C 5 uL of 10% HN in CHCl,

D 25 uL of Red waste stream

E 5 uL of 10% L in CHCl,

F 25 uL of Blue waste stream

G 1 pL of neat HD

H 25 uL of Red waste stream

Animal # 345
Site Treatement

A 5 uL of 10% L in CHCl,

B 25 pL of Red waste stream

C 5 pL of 10% HD in CHC],

D 25 uL of Blue waste stream

E 5 uL of 10% HN in CHCl,

F 25 uL of Red waste stream

G 1 p.L of neat HD

H 25 uL of Blue waste stream
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Animal # 351

E-27

Site

Treatment

5 pL of 10% HN in CHC],

25 uL of Blue waste stream

5 uL of 10% L in CHCJ,

25 uL of Red waste stream

5 uL of 10% HD in CHCl,

25 uL of Blue waste stream

1 uL of neat HD

oD |m|Ogjo |w|>»

25 pL of Red waste stream

Animal # 352

Site

Treatment

5 uL of 10% HD in CHC,

25 uL of Red waste stream

5 uL of 10% HN in CHCI,

25 uL of Blue waste stream

5 uL of 10% L in CHCI,

25 uL of Red waste stream

1 uL of neat HD

T o |Him|Olo|lw | »

25 pL of Blue waste stream
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Animal # 340 Site A B C D E F G H
Histopathology Markers: |
Microblister 2* 3 3 0 3 3 0 0
Epidermalal Necrosis 4%= 4 4 0 4 4 4 1
Follicular Necrosis 4 2 4 0 4 0 4 0
Dermal Necrosis 2 0 1 0 Qx** 0 Jxxx 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 2 0 0 0 2 0 2 0
Pustular Epidermitis 0 0 0 0 0 0 0 0
Notes: *at edge of ulcer mod mild mod min mod min min min
**mild ulceration dermal | dermal | dermal | dermal | dermal | dermal | dermal | dermal
sexi1d dermal edema | inflam | inflam | inflam | inflam | inflam | inflam inflam | inflam
Animal # 345 Site A B C D E F G H
Histopathology Markers:
Microblister 3=* 0 2 1 1 0 1 2
Epidermal Necrosis 4** 0 4 4 4xx 0 4 4
Follicular Necrosis 3 0 4 1. 4 0 4 1
Dermal Necrosis 3 0 0 0 3 0 2%x* 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 2 0 1 0 2 0 1 0
Pustular Epidermitis 0 1 0 0 0 0 0 0
Notes: *at one edge of mod min mild mild | mod mild mild mild
ulcer dermal | dermal | dermal | dermal | dermal | dermal | dermal | dermal
**marked ulceration inflam | inflam | inflam | inflam | inflam | inflam | inflam | inflam
present :
***mild dermal edema
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Animal # 351 Site A B C D E F G H
Histopathology Markers:
Microblister 1 2 4 0 1* 2 1 0
Epidermal. Necrosis 4 4 4 0 4xx 4 4 0
Follicular Necrosis 4 1 3 0 4 1 4 0
Dermal Necrosis 0 0 0 0 3 0 3 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 0 0 1 0 1 0 1 0
Pustular Epidermitis 0 0 0 0 0 0 0 0
Notes: *at one edge of :
ulcer mild min mod mod min mod min
**marked ulceration dermal | dermal | dermal dermal | dermal | dermal | dermal
present inflam | inflam | inflam inflam | inflam | inflam | inflam
Animal # 352 Site A B C D E F G H
Histopathology Markers:
Microblister 1* 0 2 1 3 0 2 2
Epidermal Necrosis 4>* 0 4= 4 4 0 4= 4
Follicular Necrosis 4 0 3 0 4 0 4 1
Dermal Necrosis 2 0 1 0 Ox>* 0 3 0
Vascular Necrosis 0 0 0 0 0 0 0 0
Hemorrhage 2 0 1 0 1 0 1 0
Pustular Epidermitis 0 0 1 1 o | o 0 0
Notes: *at edge of ulcer mod min mod mod mild mod mild
**moderate ulceration dermal | dermal | dermal | dermal | derma .dermal | dermal
***mild dermal edema | inflam | inflam inflam inflam 1 inflam | inflam
inflam

Note: Some normal (unaffected) skin present at one or both ends of each section where lesions were

present.

Histopathological Markers: Degree of Severity Grading Scale

0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe
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Allen W. Singer, DVM

Blue and Red waste streams received 11/28/1995; Charcoal waste stream received 1/25/96.




E-30
Equal volumes of waste streams and 10% HD, HN and L solutions - 10 uL

Key for HGPs #383, 385, 389, and 400 dosed 8/13/1996. Exposure duration - 1 hr.

Animal # 383
Site Treatment
A 10 L of 10% L in CHC],
B 10 pL of Blue waste stream
C 10 L of 10% HD in CHC,
D 10 L of Charcoal waste stream
E |104Lof 10% HNin CHCl,
F 10 gL of Red waste stream
Animal # 385
Site Treatment
A 10 uL of 10% HN in CHCL
B 10 uL of Red waste stream
C 10 uL of 10% L in CHCl,
D 10 pL of Blue waste stream .
E 10 L of 10% HD in CHC],
F 10 pL of Charcoal waste stream
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Animal # 389
Site Treatment
A |10 4L of 10% HN in CHCI,
B 10 L of Red waste stream |
C 10 L of 10% L in CHCI,
D 10 uL of Blue waste stream
E 10 pL of 10% HD in CHC],
F 10 uL of Charcoal waste stream
Animal # 400
Site Treatment
A 10 uL of 10% HD in CHCI,
B 10 uL of Charcoal waste stream
C 10 L of 10% HN in CHCI,
D 10 uL of Red waste stream
E |10 4L of 10% L in CHCL,
F 10 L of Blué waste stream
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E-32

MREF Task 95-38

G1555-38A
Animal # 383 Site A B C D E F
Histopathology Markers:
Microblister 3 0 2 0 3 0
Epidermal Necrosis 4 0 4 0 4 0
Follicular Necrosis 4 0 4 0 3 0
Dermal Necrosis 0* 0 0 0 0 0
Vascular Necrosis 0 0 0 0 0 0
Hemorrhage 2 0 1 0 0 0
Pustular Epidermitis 0 1 0 0 1 0
Notes: *moderate dermal mod mild min mod min
edema dermal dermal | dermal | dermal | dermal
Animal # 385 Site A B Cc D E F
Histopathology Markers:
Microblister 4 0 4 1 3 0
Epidermal . Necrosis 4 0 4 1 4 0
Follicular Necrosis 4 0 4 0 4 0
Dermal Necrosis 1 0 0* 0 0* 0
Vascular Necrosis 0 0 0 0 0 0
Hemorrhage 0 0 2 0 0 0
Pustular Epidermitis 1 0 0 0 0 0
Notes: *mod dermal edema | marked | min mod mild mn
**vacuolar degeneration of dermal | dermal | dermal . dermal | dermal
epith cells leading to intra- and | inflam | inflam | inflam inflam | inflam
subepithelial microblister

Note: Some normal (unaffected) skin present at one or both ends of each section where lesions were present.

Histopathological Markers: Degree of Severity Grading Scale 8/19/96
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe Allen W. Singer, DVM
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- E—-33
MREF Task 95-38

61555-38a

Animal # 389 Site A B C D E F
Histopathology Markers:

Microblister 3 0 2 2 2 0
Epidermal Necrosis 4 0 4 2 4 1
Follicular Necrosis 2 0 4 1 4 0
Dermalal Necrosis 0 0 0* 0 0* 0
Vascular Necrosis 0 0 0 0 0 0
Hemorrhage 1 0 3 0 2 0
Pustular Epidermitis 0 0 0 0 1
Notes: *severe dermalal edema | mod mild mild mild mild | mild

dermal | dermal | dermal | dermal | dermal | dermal

Animal # 400 Site | A B C D E F
Histopathology Markers:
Microblister 3 0 4 0 3 3
Epidermal’ Necrosis 4 0 4 0 4 2
Follicular Necrosis 4 0 2 0 4 1
Dermal . Necrosis 0* 0 o= 0 0** . 0
‘Vascular Necrosis . . 0 0 0 ' 0 1 0
Hemorrhage 0 0 1 0 3 1
Pustular Epidermitis 1 0 1 0 0 0
Notes: *mild dermal edema mod mod min mod mild
**severe dermal  edema dermal dermal | dermal | dermal | dermal
Note: Some normal (unaffected) skin present at one or both ends of each section where lesions were present.
Histopathological Markers: Degres of Severity Grading Scale 8/19/96
0 = Normal; 1 = Minimal; 2 = Intermediate; 5 = Moderatzs; 4 = Severe Allen W. Singer, DVM
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E-34
Task 95-38, Phase 3, Day 6
“Fresh” Charcoal waste stream received 8/29/96.
25 pL of freshly prepared Charcoal waste stream and 5 uL of 10% HD, HN and L solutions

Key for HGPs #379, 380, 387, and 388 dosed 8/29/1996. Exposure duration - 1 hr.

. Animal # 379
Site Treatment
A 5 uL of 10% L in CHCl,
B 25 uL of Charcoal waste stream
C |5 uL of 10% HD in CHCL
D 25 uL of Charcoal waste stream
E 5 uL of 10% HN in CHCl,
F 25 uL of Charcoal waste stream
Animal # 380
Site Treatment

A 5 uL of 10% HN in CHCI,

25 pL of Charcoal waste stream

5 uL of 10% L in CHC,

25 pL of Charcoal waste stream

5 uL of 10% HD in CHCl,

Him oo

25 uL of Charcoal waste stream
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Animal # 387
Site _ Treatment
A 5 uL of 10% HD in CHCl,
B 25 puL of Charcoal waste stream
C 5 uL of 10% HN in CHCI,
D 25 uL of Charcoal waste stream
E 5 uL of 10% L in CHCl,
F 25 pL of Charcoal waste stream
Animal # 388
Site Treatment
A 5 uL of 10% L in CHCl,
B 25 pL of Charcoal waste stream
C 5 uL of 10% HD in CHClI,
D 25 pL of Charcoal waste stream
E 5 uL of 10% HN in CHCI,
F 25 uL of Charcoal waste stream
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E-36

MREF Task 95-38
G1355-38A

Animal # 379 Site A B C D E F
Histopathology Markers:

. Microblister 4 0 2 0 3 0
Epidcrmai' Necrosis 4 1%+ 4 1** 4 1**

> Follicular Necrosis 4 1** 4 1** 4 1**
Dermalal Necrosis 0 0 - 0* 0 0 0
Vascular Necrosis 0 0 0 0 0 0
Hemorrhage 2 0 2 0 1 0
Pustular Epidermitis 0 0 0 0 0 0
Notes: *moderate dermal mod min mild min mod min
edema; **random single-cell | dermal | dermal | dermal | dermal | dermal | dermal
pecrosis noted inflam | inflam | inflam | inflam | inflam | inflam
Animal#380 °  |Site | A | B C D E F
Histopathology Markers:
Microblister 4 0 4 0 3 0
Epidermal Necrosis 4 1* 4 1* 4 0
Follicular Necrosis 4 1* 4 1* 4 1*
Dermal: . Necrosis 1 0 2% 0 K 0
Vascular Necrosis 0 0 0 0 0 0
Hemorrhage 0 0 1 0 0 0
Pustular Epidermitis 0 0 0 0 0 0

y Notes: *random single cell
necrosis mod min mod min mod min
*xmod dermal  edema; focal | dermal | dermal | dermal | dermal | dermal | dermal

. ulcer in area of necrosis inflam | inflam | inflam | inflam | inflam | inflam

Note: Some normal (unaffected) skin present at one or both ends of each section where lesions were present.

Histopathological Markers: Degree of Severity Grading Scale 9/9/96
0 = Normal; 1 = Minimal; 2 = Intermediate; 5 = Moderate; 4 = Severe Allen W. Singer, DVM
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Animal # 387 Site A B C D E F
Histopathology Markers:

Microblister 3 0 2 0 4 0
Epidermal. Necrosis 4 IH* 4 1** 4 1%*
Follicular Necrosis 4 1%* 3 1** 4 1%
Dermal Necrosis 0 o | o 0 0% 0
Vascular Necrosis -0 0 0 0 0 0
Hemorrhage 0 0 0 0 2 0
Pustular Epidermitis 0 0- 0 0 0 1
Notes: *moderate dermal mod mod mod mod mod mod
edema; **random single-cell | dermal | dermal | dermal | dermal | dermal | dermal
necrosis noted : inflam | inflam | inflam | inflam | inflam { inflam
Animal #388 . | Site | A B C D E F
Histopathology Markers:

Microblister 4 0 4 0 3 0
Epidermal’ Necrosis 4 1* 4 1* 4 1*

- Follicular Necrosis 4 1* 4 A 2 1*
Dermal. Necrosis O** 0. O** 0 0 0
Vascular Necrosis 0 0 0 0 0 0
Hemorrhage 3 0 1 0 0 0
Pustular Epidermitis 0 0 0 0 1 0
Notes: *random single cell mild min mild mild mod min
NECrosis dermal | dermal | dermal | dermal | dermal | dermal
**mod dermal’ edema inflam | inflam | inflam | inflam | inflam | inflam

Note: Some normal (unaffected) skin present at one or both ends of each section where lesions were

present.
Histopathological Markers: Degree of Severity Grading Scale 9/9/96
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe Allen W. Singer, DVM
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