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Good Laboratory Practice Compliance Statement

The study described in this report was conducted in compliance with Title 40, Code of
Federal Regulations (CFR), Part 792, Good Laboratory Practice Standards, except for
the following:

1. The statistical analyses of the data were conducted by the U.S. Army Public Health
Command statisticians. It is not known if these analyses were conducted in accordance
with Good Laboratory Practice Standards.

2. The undessiminated black smoke pellets were evaluated on an “as received” basis.
The manufacturer provided an ingredient composition list but the actual composition
was not confirmed by a GLP analysis. However, the ingredient composition supplied
with the pellets was considered sufficient characterization of the test substance for the
purposes of this study.

me\. 0O ﬂw 2CALG Zot

Arthur J. O’Nell Date
Study Director
Toxicity Evaluation Program
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TOXICOLOGY STUDY NO. 87-XC-0CKC-11
PROTOCOL NO. 0CKC-35-10-08-01
ACUTE AND FOUR-WEEK INHALATION TOXICITY STUDY IN RATS EXPOSED TO
PYROTECHNICALLY DISSEMINATED BLACK SMOKE (PVA)
OCTOBER - DECEMBER 2010

1 Summary

1.1 Purpose

This study was conducted to evaluate the acute and repeated-dose toxicity of pyrotechnically
disseminated black smoke (PVA) when administered by inhalation to male and female rats. Toxicity
data in a mammalian system needed to be generated to assess acute and repeated-dose
inhalation toxicity health hazards associated with the material to assure its safety before use by
military personnel and to determine an occupational exposure level for workers.

1.2 Conclusions

For the acute inhalation study, all ten rats exposed to a single exposure of 2500 mg/m? black
smoke (PVA) particulate survived the exposure and recovery periods. No significant body weight
losses or adverse clinical signs were noted in the rats during the acute study. The 30-minute
inhalastion median lethal concentration (LCsp) of black smoke (PVA) in rats is greater than 2500
mg/m®.

For the 4-week main study, there were no mortalities in rats exposed to black smoke (PVA) during
the exposure and recovery periods. In addition, no adverse compound-related effects were
observed in rats exposed to the test compound for clinical signs, ophthalmological parameters, or
clinical pathology findings. Compound-related effects were observed in rats exposed to 2100
mg/m? black smoke (PVA) for body weights, body weight gains, food consumption, organ weights,
and histopathological findings. Based on the incidence and potentially adverse impact of these
various findings, the 2100 mg/m® concentration level is considered to be an adverse effect level in
rats exposed by inhalation to black smoke (PVA) on a repeated-dose manner. Rats exposed to
670 mg/m3 also had compound-related effects for organ weights and histopathological findings, and
rats exposed to 130 mg/m®had histopathological findings, however, the effects observed in rats
exposed to both 130 and 670 mg/m® were substantially less pronounced than the effects observed
in rats exposed at 2100 mg/m?®.

The lung and nasal cavity were the primary target organs in rats subjected to repeated inhalation
exposures of black smoke (PVA). Pulmonary alveolar histiocytosis and nasal epithelial hyperplasia
were observed in a dose-dependent manner in all treatment groups (130, 670, and 2100 mg/m?®).
Pulmonary alveolar histiocytosis, an accumulation of macrophages in the alveolar spaces, is an
expected response of the respiratory tract to an inhaled particulate. During this study, the black
smoke particulate within the alveoli would have been phagocytosed by macrophages and then
cleared by the mucociliary apparatus; this would account for the increased number of macrophages
observed. This is not necessarily an adverse effect unless the mucociliary apparatus becomes
overwhelmed. However, inert particulate materials can induce an accumulation of alveolar
macrophages which can result in irritation, hyperplasia, and hypertrophy (Boorman, 1990). Nasal
epithelial hyperplasia, simply an increase in the number of cells in the tissue, as noted above was
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also observed during this study. While the presence of an increased number of cells is not
adverse, one of the most common causes of hyperplasia is chronic irritation. Since the
histopathological findings in the lungs and nasal cavities were not directly associated with
pathological changes that would necessarily be considered adverse (e.g., inflammation, necrosis),
it is not clear if the findings were adverse or merely an adaptive response to the particulate nature
of the test material that the rats were exposed to. Furthermore, based on the results of the
histopathologic examinations following a one-month recovery period, it would appear that rats
exposed to 2100 mg/m® begin to significantly recover from these findings upon cessation of the
exposure to the test material.

Even though the severity of the impact of the histopathological findings in the lung and nasal cavity
is not definitive, the fact that there were numerous findings in multiple endpoints (e.g., body
weights, histopathology) for rats exposed to 2100 mg/m3, this level is considered to be a clear
adverse effect level during this study. Effects observed in rats exposed to 670 mg/m® were less
severe and consistent with those described for rats exposed to a higher concentration and suggest
that 670 mg/m3 is the borderline level for potentially adverse effects. The effects observed in rats
exposed to 130 mg/m®were not considered to be adverse since they were only observed in a small
number of rats and were significantly diminished in their degree of severity compared to rats
exposed to higher concentration levels of the test substance.

The no-observed-adverse-effect level (NOAEL) for this study is defined as the highest dose at
which toxicologically important (or “toxicologically relevant” or “adverse”) effects attributable to the
test substance were not detected. Due to the lack of significant toxicologically adverse findings in
rats exposed to 130 mg/ms, the NOAEL for repeated inhalation exposure to black smoke (PVA) is
considered to be 130 mg/m®.

For purposes of the benchmark determination, the most consistent and sensitive observation
associated with exposure to black smoke (PVA) in the course of this study was the incidence of
alveolar histiocytosis. Analysis of the incidence of alveolar histiocytosis using benchmark dose
software resulted in a benchmark dose (BMD) of 539.6 mg/m?® for male rats and 390.6 mg/m® for
female rats and a 95 percent lower confidence limit for 10 percent effect level (BMDL ) of 144
mg/m3 for male rats and 81.8 mg/m3 for female rats. A Human Equivalent Concentration (HEC) of
19.6 mg/m3 was derived based on the BMD and BMDL,, values for female rats.

2 References

See Appendix A for a list of references.

3 Authority

Military Interdepartmental Purchase Request (MIPR) No. MIPR1IJDATHR142. This toxicology study
addresses, in part, the environmental safety and occupational health requirements outlined in Army
Regulations (AR) 200-1, AR 40-5, and AR 70-1; Department of Defense Instruction 4715.4; and
Army Environmental Requirements and Technology Assessments (Department of the Army (DA),
2007a and b; DA, 2003; Department of Defense (DOD), 1996; and U.S. Army Environmental
Command (USAEC), 2009). It was performed as part of an on-going effort by the U.S. Army
Environmental Quality Technology (EQT), Ordnance Environmental Program Pollution Prevention
Team, to produce safer ordnance. This program is under the direction of the U.S. Army Research,

2
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Development, and Engineering Command Environmental Acquisition Logistics & Sustainment
Program and EQT Pollution Prevention.

Background

The U.S. Military uses colored smokes in a variety of ways, including identification of potential
targets and friendly troops, simulation of battlefield events, and as a means of communication.
Previously used smoke formulations, including black smoke, were developed strictly based on their
ability to produce the desired color for a specified period of time. Recent changes made to the
smoke formulations and dissemination systems have focused on soldier safety during training and
deployed scenarios as well as preservation of the land on which they train and fight. Disperse Red
9 and Solvent Green 3 are the primary dye components contained in the current formulation being
tested. Pyrotechnic black smoke systems are used by the military to simulate battlefield effects for
force-on-force and force-on-target training simulations. Although it is imperative that soldiers are
trained in a similar manner in which they fight, these training exercises often result in soldiers and
training instructors being repeatedly exposed to materials used to simulate battlefield scenarios.
Toxicity data in a mammalian system needed to be generated to assess acute and repeated-dose
inhalation toxicity health hazards associated with the material to assure its safety before use by
military personnel and to determine an occupational exposure level for workers and training
instructors potentially exposed on a daily basis.

Table 1. Critical Study Events

Critical Event Date of Event
Animal Use Protocol Approved August 25, 2010
Animals Received for Acute Exposure October 6, 2010
Acute Exposure Conducted October 13, 2010
Acute Exposure Recovery Phase Started October 13, 2010
Acute Exposure Recovery Phase Completed October 27, 2010
Acute Exposure Necropsy October 27, 2010
Animals Received for Main and Pilot Study October 13, 2010
Pilot Study Exposures Started October 18, 2010
Pilot Study Exposures Completed October 20, 2010
Main Study Exposure Phase Started October 21, 2010
Main Study Exposure Phase Completed November 18, 2010
Exposure Phase Necropsies November 18 and 19, 2010
Main Study Recovery Phase Started November 18, 2010
Main Study Recovery Phase Completed December 17, 2010
Recovery Phase Necropsies December 16 and 17, 2010
Study Completion June 2014
Materials

5.1 Test Substance
The black smoke formulation used for this study utilized polyvinyl acetate (PVA) as the binder/base

and is therefore referred to as black smoke (PVA). Black smoke (PVA) is a dye-based formulation
developed using an organic green and red dye mix with a sugar and potassium chlorate

3
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pyrotechnic base (see Table 2). Initial method development work for this project was conducted
with a black smoke formulation that used vinyl alcohol acetate resin (VAAR) as the binder/base,
however, based on the expected use of the product, it was decided that all of the actual animal
testing would be conducted with a black smoke formulation that used polyvinyl acetate (PVA) as
the binder/base. The black smoke (PVA) formulation was pressed into a pellet design on August
18, 2010 and an igniter patch was applied to the bottom surface and in the middle of each pellet.
The igniter consisted of a mixture of potassium nitrate, charcoal, and gum Arabic binder and was
bonded to a felt cloth patch. In order to improve black smoke quantity, two pellets were joined
together in a two-pellet design (see Figure 1) and were referred to as a “pellet unit” during this
study (Chen et.al., 2006).

Figure 1. Black Smoke (PVA) Pellet Unit
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All of the black smoke pellets used to conduct this toxicity study were supplied by the Pyrotechnics
Division, Signals and Simulators Branch, U.S. Army Picatinny Arsenal, Picatinny, NJ. Pellets were
stored in a desiccator located in a temperature- and humidity-controlled laboratory at the testing
facility. Temperatures in the desiccator ranged from 20 to 23 degrees Celsius (°C) and relative
humidity ranged from 11 to 40 percent, except for an isolated period of 2 days in which the relative
humidity range ranged from 42 to 55 percent. Information concerning the composition of the test
substance was supplied by the sponsor (see Table 2), but no further attempt to was made to
characterize the undessiminated test substance by the test facility.
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Table 2. Composition of Black Smoke (PVA) Formulation

Component Approximate Percentage Function / Use

(%)
Disperse Red 9 12.7 Color of Smoke
Solvent Green 3 24.8 Color of Smoke
Sugar (Sucrose) 19.2 Fuel
Potassium Chlorate 28.1 Oxidizer
Magnesium Carbonate 13.2 Coolant
Stearic Acid 1.0 Lubricant / Mixing Aid
Polyvinyl Alcohol (PVA) 5.0 Binder / Base

5.2 Animals™

All studies were conducted using young adult male and female Sprague-Dawley rats obtained from
Charles River Laboratories, Wilmington, Massachusetts. A total of 5 male and 5 female rats,
approximately 8-weeks old at test initiation, were selected for the acute study. A total of 3 male and
3 female rats, approximately 7-weeks old at test initiation, were selected for the pilot study. A total
of 36 male and 36 female rats, approximately 7-weeks old at test initiation, were selected for the
main study. The attending veterinarian examined the animals and found them to be in acceptable
health. The animals were quarantined/acclimated for a minimum 5-day period following their arrival
to this testing facility. All rats were maintained in a temperature-, relative humidity-, and light-
controlled room. The animal room environmental conditions for the main study were 69 to 72
degrees Fahrenheit (°F), 32 to 68 percent relative humidity, and a 12-hour light/dark cycle. A
certified pesticide-free rodent chow (Harlan Teklad®, 8728C Certified Rodent Diet) and drinking
guality water were available ad libitum except during the 10-minute exposure period. Rats were
housed singly in solid bottom polycarbonate boxes with Harlan Sani-Chip® bedding and suspended
on a cage rack equipped with an automatic water-nipple system. Each rat was uniquely identified
by number using cage cards. In addition, an animal identification number was recorded on the tail
of each rat with a water-insoluble marker prior to exposure so that individual rats could be identified
after exposure. (Teklad® Certified Rat Diet is a registered trademark of Harlan, Teklad. Sani-
Chip® is a registered trademark with P.J. Murphy Forest Products Corporation.)

5.3 Quality Assurance

The USAPHC Quality Systems Office audited critical phases of this study. Appendix B provides the
dates of these audits along with the audited phase.

" Research was conducted in compliance with DoD and federal statutes and regulations relating to
animals and experiments involving animals and adheres to principles stated in the Guide for the Care and
Use of Laboratory Animals, Institute of Laboratory Animal Resources, Commission on Life Sciences,
National Research Council. National Academy Press, Washington, D.C. 1996.

" The studies reported herein were performed in animal facilities fully accredited by the American
Association for the Accreditation of Laboratory Animal Care.

5
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5.4 Study Personnel

Appendix C contains the names of persons contributing to the performance of this study.

6 Methods

6.1 General Description

6.1.1 Acute Study

The acute toxicity associated with a single, high-concentration exposure to black smoke (PVA) was
determined by exposing 5 male and 5 female rats for 30 minutes to an atmospheric concentration
of the test material targeted to at least 2000 mg/m®. Following the exposure, the rats were held for
a 14-day recovery period and monitored for morbidity/mortality, body weight changes, and/or
clinical signs of toxicity. Following the recovery period, all of the rats were euthanized by CO,and
necropsied. All rats received a gross necropsy with limited histopathology (respiratory tract).

6.1.2 Pilot Study

The initial concentration for the high level exposure chamber for the 4-week main study was
targeted to be 2000 mg/m® black smoke (PVA) particulate. Prior to conducting the main study, a
pilot study was conducted in an attempt to ensure that 2000 mg/m® was an appropriate design
concentration for this exposure level. Although an acute toxicity study with black smoke (PVA)
demonstrated that rats exposed to 2500 mg/m3 black smoke (PVA) for 30 minutes showed no
mortality or significant signs of adverse toxicity, the pilot study was an attempt to ensure that there
would not be unexpected cumulative toxicity effects (i.e., mortality, body weight loss) resulting from
repeated exposure to the test material. Six rats (3 male and 3 female) were exposed 30
minutes/day for 3 consecutive days to test atmospheres targeted to 2000 mg/m? black smoke (PVA)
particulate. Rats were weighed and observed daily during the exposure period and euthanized on
the day following the last exposure.

6.1.3 4-Week Main Study

Four groups of 12 rats each (6 rats/sex/group) were exposed to concentrations of black smoke
(PVA) patrticulate targeted to 0, 100, 700, or 2000 mg/m3. In addition, the control and high
concentration level groups exposed additional rats (6 rats/sex/group) to be retained following the
exposure for a 4-week recovery period. Exposure schedules of the rats were staggered over 2
days to compensate for the limited number of animals able to be necropsied on a given day by this
facility. Rats were exposed 30 minutes per day, 5 days per week over a 5-week period (weekends
excluded). Due to the staggered start, rats received a partial week of exposures during the first and
last weeks of the study, however, all rats received a total of 20 exposures. All rats were weighed at
least once per week and were observed daily for clinical signs. The amount of food consumed by
each rat was determined weekly during the study. Ophthalmological examinations were performed
prior to study start, at the end of the exposure period, and following the one-month recovery period.
Blood samples were collected from all rats just prior to necropsy for clinical pathology analyses. At
the end of the exposure period, 12 rats/sex/group were euthanized, necropsied, and examined for
gross and microscopic pathological changes. Following a one-month recovery period, 6
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rats/sex/group were euthanized, necropsied, and examined for gross and microscopic pathological
changes.

The experimental design of the 4-week main study was modeled primarily on the U.S.
Environmental Protection Agency (USEPA) Office of Prevention, Pesticides, and Toxic Substances
(OPPTS) Health Effects Test Guidelines, OPPTS 870.3465, 90-Day Inhalation Toxicity (USEPA,
1998). Changes to the 90-day study guidelines were made to appropriately reflect a 4-week
exposure study as well as accurately mimic a typical daily exposure duration (e.g., 30 minutes).
The Organisation for Economic Co-Operation and Development (OECD) Guideline for Testing of
Chemicals, No. 412, Repeated Dose Inhalation Toxicity: 28-Day or 14-Day Study (OECD, 1981)
was used as a secondary guide for experimental design. In addition, the general procedures
related to the exposure chamber generation and analytical systems of this study were conducted
under the appropriate USAPHC Portfolio of Toxicology Standing Operating Procedures (PTOX
SOP) for conducting inhalation toxicity studies.

6.2 Selection of Exposure Chamber Design Concentration

The initial concentration for the high level exposure chamber for the 4-week main study was
targeted to be 2000 mg/m3 black smoke (PVA) particulate. Prior to conducting the main study, a
pilot study was conducted in an attempt to ensure that 2000 mg/m® was an appropriate design
concentration for this exposure level. The 6 rats in the pilot study were exposed 30 minutes per
day for 3 consecutive days to an overall mean concentration of 2300 + 340 mg/m3 black smoke
(PVA) patrticulate. No significant body weight losses or adverse clinical observations were
observed during the pilot study, and therefore, it was decided that 2000 mg/m® was an appropriate
level to serve for the high concentration group. The low concentration level (100 mg/m?) was 20-
fold lower than the high concentration and was expected to be without adverse toxicological effects.
The intermediate concentration (700 mg/m3) represented an order of magnitude reduction from the
high concentration and was expected to produce some degree of toxicity.

6.3 Inhalation Exposure System (Figure 3)

6.3.1 Test Atmosphere Generation

Test atmospheres were generated in the exposure chamber by pyrotechnic dissemination of black
smoke (PVA) pellet units (see Table 2 and Figure 1 for detailed description of a pellet unit). A
single pellet unit was used for the acute study exposure. For the 4-week inhalation study, a single
pellet unit produced adequate test atmosphere concentration levels for all 3 test groups (design
concentration levels of 100, 700 and 2000 mg/m®). In order to facilitate the generation of test
atmospheres, pellet units were placed in a metal smoke test fixture attached to the floor of the
exposure chamber and ignited with an electric match (see Figure 2)
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Figure 2. Metal Smoke Test Fixture
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The burn time for each pellet unit was approximately 10 seconds. The exposure chamber was
operated under semi-static conditions. During the initial ignition of the pellet, all of the ports in the
faceplates attached to the wall of the exposure chamber were stoppered, a dilution air valve
positioned on the wall of the chamber was opened, and the exhaust pump to the chamber was
turned on. The faceplate was stoppered in order to prevent the test atmosphere from leaking
uncontrollably out of the chamber, the dilution air valve was opened to permit room air to enter the
chamber and prevent over pressurization of the chamber interior, and the exhaust pump evacuated
unwanted test atmosphere from the chamber. The operation of the exhaust pump was considered
to be the primary component for controlling the concentration of the test atmosphere in the
exposure chamber. Once the concentration of particulate in the exposure chamber was considered
to be within the acceptable range for the animal exposure, the exhaust pump was shut off and the
dilution air valve was closed to prevent room air from entering the exposure chamber. At this point,
the stoppers in the faceplate were removed and the rats were placed in the faceplate and their 30-
minute exposure was initiated. In an attempt to minimize loss of the test atmosphere from the
exposure chamber, the stoppers in the faceplate were removed one at a time and an exposure
cylinder with a rat contained in it were placed into the faceplate immediately after removing the
stopper. Once all of the rats were positioned within the faceplate, a cover was placed over the
faceplate to prevent leakage of the test atmosphere into the laboratory where the exposure was
being conducted.
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Figure 3. Generation/Exhaust/Exposure System
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6.3.2 Exposure Chamber

The exposure chamber was constructed of stainless steel and glass with a nominal internal volume
of approximately 1200 liters. A different but identical chamber was used for the exposure of the
control rats. The exposure chambers were New York University (NYU) style with cubical
midsections and square-pyramidal inlets and outlets (Drew, 1978). The chamber distribution of
black smoke (PVA) particulate was determined prior to animal exposure. Analyses of the
distribution data indicated that the distribution of particulate test atmosphere was sufficiently
homogenous for inhalation toxicology testing (USAPHC, 2010a).

6.3.3 Exposure Mode
Animals were exposed to test atmospheres of black smoke (PVA) via the nose-only (head-only)

route of exposure. The nose-only exposure mode was selected for this study in an attempt to
minimize deposition of the black smoke (PVA) particulate onto the fur of the exposed rats, and
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therefore, minimizing inadvertent dermal and oral exposure of the test substance to the rats. Rats
were individually restrained during exposures in perforated, stainless steel cylinders with conical
nosepieces.

6.3.4 Exposure Duration

Rats were exposed for 30 minutes to the test atmosphere during each exposure in an attempt to
accurately mimic a potential human exposure scenario. Acute study rats were exposed to a single
exposure. The pilot study rats were exposed for 3 consecutive days. The 4-week study rats were
exposed 5 days/week, over a 5-week period (weekends excluded) for a total of 20 exposures.
Control rats were exposed to air only in a separate chamber for the same daily duration as the test
level rats.

6.4 Characterization of Exposure Chamber Atmosphere

6.4.1 Test Substance Atmospheric Concentration

The atmospheric concentration of black smoke (PVA) particulate in the exposure chamber was
determined by gravimetric analysis at regular intervals (e.g., beginning, middle, end) during each
30-minute exposure. Known volumes of chamber atmosphere were drawn from a sampling port in
the exposure chamber representative of the animals’ breathing zone. Samples were drawn through
a 25-mm filter cassette that contained a pre-weighed Gelman glass fiber (Type A/E) filter. All filters
were weighed on a Cahn model C-30 Microbalance. The atmospheric concentration of black
smoke (PVA) particulate was calculated from the difference in the pre- and post-sampling filter
weights divided by the volume of chamber atmosphere sampled. The vapor/gas component of the
test atmosphere was also characterized, however the analytical report for this analysis was not
available at the time of this report.

6.4.2 Particle Size Analysis

Samples to determine atmospheric particle size distribution (mass median aerodynamic diameter)
of the black smoke (PVA) particulate were collected 3 different times during the study from the low-,
intermediate-, and high-concentration level exposure chambers. Samples were collected with a
Sierra® Series 210 8-Stage Cascade Impactor fitted with a Cyclone Preseparator and Anderson
model SE113 Constant Flow Air Sampler. Particle size sample data were analyzed by log normal
regression of particle size versus cumulative relative mass (Sierra Instruments, Inc., 1979 and
USAPHC, 2010b). (Sierra® is a trademark of Sierra Instruments Inc.).

6.4.3 Environmental Monitoring

Chamber temperature was targeted at 22 + 2 °C and chamber humidity was targeted between 30
and 70 percent. Chamber temperature and humidity were monitored continually with an Omega
model RH411 Digital Thermo-Hygrometer and recorded 1-2 times during each exposure. The
exposure system was a static system so chamber airflow was not monitored during this study.
However, to ensure that adequate oxygen was available to the rats while they were being exposed,
the exposure chamber atmosphere was monitored for oxygen content during each exposure.
Minimum oxygen concentrations were targeted at 19%. Chamber oxygen concentrations were
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measured with a Teledyne Instruments model GB300 Oxygen Analyzer and recorded 1-2 times
during each exposure.

6.5 Body Weights and Clinical Observations

Acute and pilot study rats were weighed and individually observed for clinical signs multiple times
during the exposure/recovery period. The 4-week main study rats were weighed and individually
observed for clinical signs of toxicity on a weekly basis (just prior to exposure). In addition, rats
were observed for mortality and clinical signs of toxicity while they were being exposed in the
chambers during each exposure and upon removal from the chambers immediately following each
exposure.

6.6 Food Consumption (4-Week Main Study Only)

The amount of food consumed by individual rats was determined throughout the study on a weekly
basis.

6.7 Ophthalmological Evaluations (4-Week Main Study Only)

Three ophthalmological examinations were conducted by the Attending Veterinarian for the rats
assigned to the 4-week main study. Prior to initiation of exposure to black smoke (PVA), all of the
72 rats to be used for the 4-week main study had both of their eyes examined. Just prior to
completion of the exposure period, the 48 rats exposed to 0 and 2100 mg/m® (12 rats/sex/group)
had both eyes examined. Following a one-month recovery, the 24 remaining rats exposed to 0 and
2100 mg/m? (6 rats/sex/group) had both eyes examined. Based on the lack of any adverse findings
observed during any of the ophthalmological evaluations performed on the control and high-
concentration rats, rats exposed to the low and intermediate concentration levels of black smoke
(PVA) did not have their eyes examined.

6.8 Clinical Pathology Evaluations (4-Week Main Study Only)

Clinical chemistry and hematology evaluations were conducted on 12 rats/sex/group immediately
following the exposure period. Following a one-month recovery period, the remaining rats in the
control and high concentration levels (6 rats/sex/group) received the same clinical chemistry and
hematology evaluations. All rats were fasted overnight prior to collection of blood samples. Blood
samples were collected just prior to necropsy via a cardiac puncture following anesthesia with
carbon dioxide. A portion of each blood sample was transferred to an EDTA microtube and
evaluated with an Abbott Laboratories Cell-Dyn 3700 Hematology Analyzer for the following
hematology measurements: white blood cell count (WBC), WBC differential (% neutrophils (NEU
%N), % lymphocytes (LYM %L), % monocytes (MONO %M), % eosinophils (EOS %E), %
basophils (BASO %B)), red blood cell count (RBC), hemoglobin (HGB), hematocrit (HCT), mean
cell volume (MCV), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC),
red blood cell distribution width (RDW), platelets (PLT), and mean platelet volume (MPV). The
remainder of each blood sample was transferred to a serum-gel microtube and evaluated with an
IDEXX Laboratories VetTest 8008 Chemistry Analyzer and VetLyte Na, K, Cl Analyzer for the
following clinical chemistry measurements: albumin (ALB), alkaline phosphatase (ALK P), alanine
aminotransferase (ALT), blood urea nitrogen (BUN), calcium (Ca), cholesterol (CHOL), creatinine
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(CREA), glucose (non-fasting) (GLU), globulin (GLOB), lactate dehydrogenase (LDH), phosphorus
(PHOS), total bilirubin (TBIL), total protein (TP), sodium (Na), potassium (K), and chlorine (Cl).

Coagulation parameters, including average prothrombin time (AVG PT) and average activated
prothrombin time (AVG APTT), were determined (MCA 210 Microsample Coagulation Analyzer,
BioData Corporation, 155 Centennial Plaza, P.O. Box 347, Horsham, PA 19044) on all valid
samples.

6.9 Necropsy and Histopathology Evaluations (Acute and 4-Week Main
Studies)

For the acute study, 10 rats (5 male and 5 female) were euthanized with carbon dioxide and
necropsied following a 14-day recovery period. Gross examinations were performed on all rats and
the lungs were removed and weighed. In addition, representative samples of the respiratory tract
(lungs, trachea, pharynx, larynx, and nose) were removed and preserved in a suitable medium for
future histopathological examination. For the 4-week main study, 12 rats/sex/group were
euthanized with carbon dioxide and necropsied following the exposure period. Following a one-
month recovery period, the remaining rats in the control and high concentration levels (6
rats/sex/group) were also euthanized with carbon dioxide and necropsied. All rats were fasted
overnight prior to the necropsy. Gross examinations were performed on all rats and the following
tissues were removed and weighed: adrenals, brain, heart, kidneys, liver, lungs, spleen, thymus,
epididymides, testes, ovaries, and uterus. The following organs and tissues, or representative
samples, were removed and preserved in a suitable medium for future histopathological
examination: all gross lesions; brain (including sections of medulla/pons, cerebellar cortex and
cerebral cortex); pituitary; thyroid/parathyroid; thymus; lungs; trachea; pharynx; larynx; nose; heart;
bone marrow (either femur, sternum, or rib at the costochondral junction); salivary glands; liver;
spleen; kidney; adrenals; pancreas; testes; epididymides; seminal vesicles; prostate; ovaries;
uterus; aorta; esophagus; stomach; duodenum; jejunum; ileum; caecum; colon; rectum; urinary
bladder; representative lymph node; peripheral nerve; sternum with bone marrow; mammary gland,;
thigh musculature; eyes; femur (including articular surface); spinal cord at three levels (cervical,
midthoracic, and lumbar); exorbital lachrymal glands; skin. All collected tissues from rats in the
control group and high concentration group that were necropsied immediately following the
exposure period were processed and received a full histopathological examination. Lungs, trachea,
pharynx/larynx, nose, liver, heart, spleen, adrenals, and eyes were processed and examined from
rats in the low concentration and intermediate concentration groups that were necropsied
immediately following the exposure period. Lungs, trachea, pharynx/larynx, and nose, were
processed and examined from rats in the control and high concentration groups that were
necropsied following a one-month recovery period.

6.10 Statistical Analysis of Data

For variables that were measured only at the end of the exposure (week 4) and at the end of the
recovery period (week 8), the dose groups and sexes were compared using a two-factor analysis of
variance (ANOVA). Organ to brain and organ to body weight ratios were calculated and analyzed
similarly to the other parameters measured at weeks 4 and 8. If a significant dose group by sex
interaction was observed, then a one factor ANOVA was used to compare dose groups for each
sex. If the dose group effect was significant, comparison of dose groups were made using a
Tukey’s multiple comparison test if the variance of the groups were similar and a Dunnett’'s T3 test
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if the variances were unequal. Variance equality was determined by a Levene’s test. For absolute
organ weights, comparison of the dose groups and sexes was made using a two-factor analysis of
covariance (ANCOVA) and body weight at the end of the exposure period was the covariate used.
Even though the dose groups were assigned at Day 0 to keep the average weight for each dose
group similar, the weights can change during the study dependent on the dose group. The
ANCOVA adjusted for any differences in body weights among the dose groups at the end of the
study, because heavier animals would tend to have heavier organs. If the dose group effect was
significant, a least significant differences post hoc test was used to compare pairs of doses. Sexes
and dose groups were also compared with respect to absolute body weights, as well as weekly
changes in body weight and net weight changes using a two-factor ANOVA. Sexes and dose
groups were also compared with respect to weekly food consumption and net food consumption for
the study using a two-factor ANOVA. If the ANOVA was significant, a comparison of dose groups
was made using a Tukey’s multiple comparison test if the variance of the groups were similar and a
Dunnett’s T3 test if the variance were unequal. Variance equality was determined by a Levene’s
test. SPSS 16.0 was used to perform all analyses and statistical significance was defined as p<.05
for all tests. In addition, descriptive statistics (e.g., mean, standard deviation) were used to
summarize experimental data (e.g., atmospheric concentrations).

6.11 Benchmark Dose and Human Equivalent Dose Determination

Benchmark Dose (BMD) is an alternative approach to the No-Observed Adverse Effect Level
(NOAEL) / Lowest Observed Adverse Effect Level (LOAEL) approach in the development of a Point
of Departure (POD) that has been used for many years in dose—response assessment. The BMD
method gained favor with the risk assessment community because it incorporates and conveys
more information than the NOAEL/LOAEL method. The dose—response assessment is a 2-step
process, one defining a POD and the other is extrapolating from POD for relevance to
environmental exposure. The BMD and its 95% lower confidence limit for 10% effect levels
(BMDL10) were determined from the dose—response relationship of the incidence of alveolar
histiocytosis following 4 weeks of exposure, which was the most sensitive dose-responsive adverse
event in this study. The BMD analysis used Benchmark Dose Software (BMDS, version 2.2) to
calculate the POD using the standard suite of models (Gamma, Logistic, Log Logistic, Log Probit,
Multistage, Probit, Weibull, and Quantal-Linear models) for dichotomous data (Davis et al., 2011,
Gephart, et al., 2001 and USEPA, 2011a). Of the models that yielded acceptable data fits, those
with large-scaled residual were excluded. The mean of the BMDL,q of the remaining models was
used as the POD for low-dose extrapolation. A dosimetric adjustment factor (DAF) was calculated
and used to derive the HEC (USEPA, 2002 and USEPA, 2011b).

7 Results and Discussion

7.1 General

7.1.1 Purity and Stability of Black Smoke (PVA)

A Good Laboratory Practice (GLP)-analysis of the test substance was not performed prior to
initiation of the study. However, the test substance composition information supplied by the
sponsor (see Table 2) is considered to be sufficient and the black smoke (PVA) used in this study
was considered to be stable and within acceptable limits for conduct of this study.
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7.1.2 Generation Method Development

Prior to the initiation of the test exposures, pre-test trials were conducted to determine the most
suitable method of generating test atmospheres of black smoke (PVA). The goal of this preliminary
work was to achieve reasonably stable atmospheric concentrations at the targeted levels of test
particulate for the acute study (approximately 2000 mg/ms), the pilot study (apéproximately 2000
mg/m?®), and the 4-week main study (approximately 100, 700, and 2000 mg/m®). The generation
system used for the animal exposures was selected based on its ability to generate relatively stable
atmospheres of black smoke (PVA) at the targeted concentrations.

7.1.3 Chamber Distribution of Test Atmosphere

Prior to initiation of the test exposures, a study of the chamber distribution of the particulate
concentration of black smoke (PVA) was performed in the exposure chamber. A series of
gravimetric sample sets were collected at various times following the ignition of a single black
smoke (PVA) pellet unit in the chamber. Each sample set consisted of 4 individual samples, with 3
of the samples collected at the same time from different spatial regions of the chamber faceplate
and 1 sample collected from the chamber sample port. No significant differences were observed
from gravimetric samples collected at 6 different spatial locations in the exposure chamber at
different time intervals, and therefore, the test substance was considered to be homogenously
distributed throughout the area of the exposure chamber where the rats were being exposed.
Gravimetric samples collected from the chamber sampling port during this pretest trial also
indicated that the chamber concentration was similar at the exposure chamber sampling port when
compared to samples collected from the chamber faceplate in the area where the rats were to be
positioned during exposure. Therefore, all gravimetric chamber samples were collected from the
chamber sample port during the animal exposure and this data was considered to be
representative of the breathing zone of the rats. Chamber distribution data are presented in
Appendix D.

7.2 Acute Study

7.2.1 Exposure Chamber Concentration and Particle Size Data

One test exposure with 10 rats (5 male and 5 female) was conducted. Rats were exposed nose-
only to a single, 30-minute exposure. The mean atmospheric concentration of black smoke (PVA)
particulate in the exposure chamber was determined to be 2500 + 360 mg/m>. The particle size
distribution of the test atmosphere during the exposure was characterized by measurement of the
mass median aerodynamic diameter (MMAD). The MMAD of the test atmosphere generated was
2.2 um, the geometric standard deviation (GSD) was 1.5, with 3% of the particles less than 1 um,
93% of the particles less than 4 um, and 100% of the particles less than 10 um. Exposure
concentration data are summarized in Table 3.
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Table 3. Acute Study: Summary of Black Smoke (PVA) Particulate Chamber
Concentration and Particle Size Distribution

Mass Median Geometric
Atmospheric Aerodynamic Standard
Concentration (mg/m°) Diameter (um)® | Deviation® % Particles by Mass®
Mean S.D. Range n <1 pum <4 um <10 um
2500 360 2000-2900 | 5 2.2 1.5 3 93 100

Note:
@ 0One particle size sample collected during the 30-minute exposure.

7.2.2 Exposure Chamber Environmental Conditions

Chamber temperature remained constant at 20°C, chamber relative humidity ranged from 53% to
57%, and oxygen remained constant at 21%. The environmental conditions within the exposure
chamber were considered to be acceptable for the conduct of this study.

7.2.3 Body Weights of Rats

Rats were weighed on test days 1, 2, 3, 6, 9, and 15. Slight body weight losses were observed in
some rats on the day following exposure, however, all rats exhibited normal weight gain patterns
following post-exposure day 1 and experienced an overall weight gain by the end of the 14-day
recovery period.

7.2.4 Clinical Observation of Rats

Immediately following exposure, clinical signs observed in rats included black/gray-stained fur
(primarily on the head), red nasal discharge, and salivation. The nasal discharge and salivation
had resolved by test day 2. The black/gray-stained fur was observed in some rats up to test day 3.
No clinical signs were observed in rats following test day 3.

7.2.5 Gross Necropsy and Histopathology

All ten rats received a gross necropsy with limited histopathology of the respiratory tract following a
14-day recovery period. Alveolar histiocytosis with hemoglobin crystals was noted in one male rat,
however, this lesion was considered to be an incidental finding and not related to exposure to the
test material.

7.2.6 Mortality and LCso Determination

All ten rats exposed to 2500 mg/m® black smoke (PVA) particulate survived the exposure and

recovery period. Therefore, the 30-minute, inhalation median lethal concentration (LCsg) of black
smoke (PVA) in rats is greater than 2500 mg/m3.
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7.3 4-Week Main Study
7.3.1 Atmospheric Concentration of Black Smoke Particulate

A total of 21 animal exposures were conducted. In order to accommodate a reasonable necropsy
schedule at the end of the exposure period, the initial exposure for the male and female rats was
staggered by one day. Male rats were exposed from exposure #1 through #20 and female rats
were exposed from exposure #2 through #21. All rats received a total of 20 exposures. Although
slight differences in the chamber concentrations of black smoke were noted between the male and
female rats (Table 4), the slight differences between them has no toxicologically-relevant
consequences in the interpretation of the data. Therefore, the combined exposure concentration
data for black smoke will be reported. The analytically determined overall (combined) mean
concentrations + standard deviation of black smoke in the exposure chambers targeted to 100, 700,
or 2000 mg/m® were 130 + 55, 670 + 180, or 2100 + 570 mg/m®, respectively. Combined chamber
concentrations for black smoke were calculated by including all chamber concentration data
collected over the 21 exposures conducted. The overall mean concentrations were 130, 96, or 105
percent of the targeted concentrations of 100, 700, or 2000 mg/m®, respectively. The daily mean
concentrations ranged from 61-190, 63-150, or 78-140 percent of the overall mean concentrations
of 130, 670, or 2100 mg/m°>, respectively. The difference between the overall actual mean
concentrations and the targeted concentrations, the range of daily mean concentrations, and the
standard deviations (daily and overall) were greater than what is typically desired (e.g., <10
percent), however, the difficulties associated with maintaining consistent particulate atmospheres
are to be expected with the type of generation system used during this study. The mean
concentrations for black smoke particulate were as consistent as can be reasonably expected for
generating test atmospheres with pyrotechnically disseminated pellets, and therefore, were
considered acceptable for evaluating the toxicity of the test substance in this study. Exposure
concentration data are presented in Appendix E and summarized in Table 4.
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Table 4. 4-Week Main Study: Summary of Chamber Concentrations of Black
Smoke Particulate

DESIGN GROUP MEASURED CONCENTRATION
CONCENTRATION IDENTIFICATION (mg/m®)
(mg/m?)
MEAN S.D. RANGE N
0 Male Rats 0 N/A 0-0 20
Female Rats 0 N/A 0-0 20
Combined 0 N/A 0-0 21
100 Male Rats 130 56 66 — 300 59
Female Rats 130 56 66 — 300 59
Combined 130 55 66 — 300 62
700 Male Rats 680 180 320 - 1200 61
Female Rats 670 190 320-1200 61
Combined 670 180 320 — 1200 64
2000 Male Rats 2100 580 940 — 3800 62
Female Rats 2100 580 940 — 3800 62
Combined 2100 570 940 — 3800 65
Legend:

mg/m> = milligrams per cubic meter
S.D. = standard deviation

N = number of samples collected
N/A = not applicable

7.3.2 Nominal Concentration of Test Substance

The generation system used during this study utilized a single black smoke (PVA) pellet unit to
generate test atmospheres for all 3 dose concentrations. Since the amount of material that was
disseminated for each dose concentration could not be accurately determined, the generation
process used for this study did not lend itself to the calculation of a nominal concentration. In
addition, since the actual exposure chamber concentrations of black smoke (PVA) particulate were
measured on a frequent basis for each dose concentration, the determination of nominal
concentrations was not considered a useful parameter for this study, and therefore, was not
calculated.

7.3.3 Particle Size Distribution of Test Substance Atmosphere

The black smoke (PVA) particulate atmospheres generated during this study were considered to be
respirable in rats. The particle size distribution of black smoke (PVA) particulate atmospheres
across the 3 dose concentrations was similar. The mass median aerodynamic diameter (MMAD)
for the test particulate atmospheres ranged from 2.7 to 3.4 um, the geometric standard deviation
(GSD) ranged from 1.4 to 1.6 with 0.3 to 1.3 percent of the particles less than 1um, 37 to 64
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percent of the particles less than 3 um, and 98 to >99 percent of the particles less than 10 pm.
Particle size distribution data are summarized in Table 5.

Table 5. 4-Week Main Study: Summary of Chamber Atmosphere Particle

Size Data
CONCENTRATION EXPOSURE MMAD GSD % PARTICLES BY MASS
(mg/m?) NUMBER (um)
<1 pm <3 um <10 pm
130 7 3.0 1.6 1.0 50 >99
12 2.7 15 1.2 56 >99
20 2.7 16 1.3 58 >99
670 5 3.1 1.4 0.30 46 >99
10 3.4 1.6 0.90 39 98
18 3.4 15 0.55 37 99
2100 2 2.7 1.4 1.0 64 >99
8 3.1 1.6 11 47 99
17 3.0 15 0.40 51 >99
Legend:
mg/m® = milligrams per cubic meter GSD = geometric standard deviation p1m = micron
MMAD = mass median aerodynamic diameter % = percent

7.3.4 Exposure Chamber Environmental Conditions

Chamber environmental conditions were considered to be reasonably similar between the 3 test
chambers and the control chamber. The temperatures in the 4 exposure chambers during the 21
exposures generally ranged from 19-21 °C, with 2 isolated instances in which the chamber
temperature was as low as 18°C. Although the chamber temperatures were below the targeted
range of 20-24 °C, the lower temperatures did not appear to have adversely affected the health of
the animals based on their clinical appearance. The relative humidity in the 4 exposure chambers
during the 21 exposures was generally in the targeted range of 30-70 percent (%), however there
were several instances when it was as low as 25% and as high as 91%. Although the chamber
relative humidity exceeded the targeted range of 30-70 percent, the instances of lower/higher
humidity did not appear to adversely affect the health of the animals based on their clinical
appearance. In addition, even though the relative humidity in the control chamber was generally
lower than the relative humidity in the 3 test chambers, the difference was considered to be within
reasonable limits. The oxygen concentration in the 4 exposure chambers during the 21 exposures
generally ranged from 20-21%, with a single instance in which the oxygen concentration was 22%.
Overall, the environmental conditions in the exposure chambers were within acceptable comfort
levels for the rats and were considered adequate for conduct of this study. Chamber environmental
conditions are presented in Appendix F and summarized in Table 6.
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Table 6. 4-Week Main Study: Summary of Environmental Conditions in
Exposure Chamber

CONCENTRATION GROUP TEMPERATURE RELATIVE HUMIDITY OXYGEN

(mg/m®) IDENTIFICATION (°C) (%) (%)
RANGE N RANGE N RANGE N
0 Male Rats 19-21 40 25-87 40 20-21 39
Female Rats 19-21 40 25-87 40 20-21 39
Combined 19-21 42 25-87 42 20-21 41
130 Male Rats 19-21 38 41-89 38 20-21 37
Female Rats 19-21 38 41-89 38 20-21 37
Combined 19-21 40 41-89 40 20-21 39
670 Male Rats 18-21 40 54-91 40 20-22 40
Female Rats 18-21 39 46-91 39 20-22 39
Combined 18-21 41 46-91 41 20-22 41
2100 Male Rats 18-21 40 43-89 40 20-21 40
Female Rats 18-21 40 39-89 40 20-21 40
Combined 18-21 42 39-89 42 20-21 42

Legend:

°C = degrees Centigrade

% = percent

L/min = liters per minute

N = number of samples collected

7.3.5 Body Weights of Rats and Food Consumption

Mean body weights, body weight changes, and food consumption for rats exposed to black smoke
tended to be decreased compared to controls in a generally dose-dependent manner. However,
the only instances of statistically significant decrease for these indices were in male rats exposed to
2100 mg/m®and only occurred during the recovery period. Group and individual data for body
weights, body weight gains, and food consumption are reported in Appendices G, H, and | and
summarized in Figure 4. The no-observed-adverse-effect level for body weight and food
consumption data in rats exposed to black smoke (PVA) was considered to be 670 mg/ms.
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Figure 4. 4-Week Main Study: Body Weight and Food Consumption Data
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7.3.6 Clinical Observation of Rats

All rats from the study survived the exposure and subsequent recovery period. Rats were observed
prior to each exposure, while they were in the exposure chamber, and immediately following
exposure. In addition, all rats received a detailed evaluation on a weekly basis on the same day
that they were weighed. No adverse clinical observations were noted in rats while they were in the
exposure chambers. Immediately following exposures, clinical signs observed in rats exposed to
the test material included black/red stained fur (especially on the head/face), black stained tail,
black/blue stained ears, orange stained fur (primarily on forelimbs), orange stained bedding,
salivation, and red nasal discharge. These signs were observed across the 3 treatment groups in
an apparent dose-related manner (e.g., staining was more prevalent in 2100 mg/m? rats than in the
rats exposed to 130 or 670 mg/m®). Most of these clinical signs were related to the staining effect
on the outward surfaces of the rats (e.qg., fur, skin) resulting from exposure to the black smoke dyes
and were to be expected. The presence of these signs, even in a dose-dependent manner, was
not considered to be necessarily adverse in and by themselves and the presence of the test
material on the fur/skin of the rats did not appear to have any immediate or obvious adverse
effects. Clinical observations not necessarily related to exposure to the test material were also
noted in rats during the study when they were weighed on a weekly basis or during the daily
observations conducted during the recovery period (e.g., hair loss). The individual clinical signs for
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rats are reported in Appendix J. The no-observed-adverse-effect level for gross clinical
observations in rats exposed to black smoke (PVA) was considered to be 2100 mg/ms.

7.3.7 Ophthalmological Evaluations

All observations in rats examined prior to study initiation, immediately following the exposure
period, and following the recovery period were within normal limits. No adverse ophthalmological
findings were observed in any rats examined during this study. One female rat exposed to 2100
mg/m- had an iris pigment effect following the one-month recovery, but this was an isolated finding
and is not considered toxicologically relevant. The no-observed-adverse-effect level for
ophthalmological changes in rats exposed to black smoke PVA was considered to be 2100 mg/ms.

7.3.8 Blood Chemistry

Following the four-week exposure period, male rats exposed to 670 mg/m® black smoke (PVA)
exhibited a decrease in cholesterol (p=0.034) but not in the 2100 mg/m® group (p=0.13).
Cholesterol was also decreased following the four-week recovery period (p=0.039). Sodium and
chloride values were respectively decreased (p=0.026) and increased (p=0.038) in rats exposed to
130 mg/m3 following the 4-week recovery period. The only other clinical chemistry findings noted in
the male rats were decreased LDH (p=0.036) and TP (p=0.013) values (following the recovery
period), however, these differences were not within ranges considered to be biologically significant.
Only the decreased cholesterol finding exhibited by the males exhibited a potential for a dose
response relationship. Immediately following the exposure period, female rats exposed to 2100
mg/m3 had increased ALT values (p<0.001) and female rats exposed to 130 mg/m3 had decreased
TP values (p=0.021), however, these findings were not considered biologically significant. The
individual clinical chemistry data for rats are reported in Appendix K. The no-observed-adverse-
effect level for clinical chemistry findings in rats exposed to black smoke (PVA) was considered to
be 130 mg/m®.

7.3.9 Hematology

Following the four-week exposure period, there were no treatment related hematology differences
in male rats exposed to black smoke (PVA) compared to control rats. There were also no
hematological differences noted in male rats following a four-week recovery, with the exception of
an increase in RDW (p=0.019), which was not considered to be biologically significant. Female rats
exhibited a greater hematological response to the test material than the male rats. Following the
four-week exposure period, female rats exhibited increased NEU and NEU% values in rats
exposed to 670 and 2100 mg/m® (p=0.028 and p=0.015; and p=0.012 and p=0.001; respectively).
Decreased NEU values were also evident following the four-week recovery period (p=0.035). No
other differences were observed in female rats exposed to the test material when compared to
control rats following the exposure period with exception of a statistically significant increase in
HCT (p=0.047) in female rats exposed to 670 mg/m*. EOS and EOS% values were decreased
(p=0.033 and p=0.028, respectively) following the recovery period, however, the differences were
within normal ranges for these parameters and therefore not considered biologically meaningful.
The individual hematology data for rats are reported in Appendix L. The no-observed-adverse-
effectslevel for hematology findings in rats exposed to black smoke (PVA) was considered to be 130
mg/m®.
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7.3.10 Gross Necropsy

Multifocal black discoloration of the Iun%s and tracheobronchial lymph nodes were noted in all male
and female rats exposed to 2100 mg/m” black smoke (PVA) immediately following the exposure
period. This finding was also observed in rats exposed to 130 and 670 mg/m?, but in a less
frequent manner and intensity. The black discoloration was assumed to be a result of the black
smoke particulate imbedded in these tissues. Although the effect from this discoloration is not
clear, the mere presence of the black smoke particulate in the t