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FOREWORD

This toxicological profile is prepared in accordance with guidelines developed by the Agency for Toxic
Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA). The
original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects
information for the hazardous substance described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a substance’s toxicologic properties. Other pertinent literature is
also presented, but is described in less detail than the key studies. The profile is not intended to be an
exhaustive document; more comprehensive sources of specialty information are referenced.

The focus of the profiles is on health and toxicologic information. Each toxicological profile begins with
a public health statement that describes, in nontechnical language, a substance’s relevant toxicological
properties. Following the public health statement is information concerning levels of significant human
exposure and, where known, significant health effects. The adequacy of information to determine a
substance’s health effects is described in a health effects summary. Data needs that are of significance to
protection of public health are identified by ATSDR and EPA.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a toxic substance to ascertain the levels of significant human
exposure for the substance and the associated acute, subacute, and chronic health effects;

(B) A determination of whether adequate information on the health effects of each substance
is available or in the process of development to determine levels of exposure that present a
significant risk to human health of acute, subacute, and chronic health effects; and

(© Where appropriate, identification of toxicologic testing needed to identify the types or
levels of exposure that may present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the Federal, State, and
local levels; interested private sector organizations and groups; and members of the public. We plan to
revise these documents in response to public comments and as additional data become available.
Therefore, we encourage comments that will make the toxicological profile series of the greatest use.

¥ I A, .'! ~t f ) )
Christopher J. Portier, Ph.D.
Assistant Administrator
Agency for Toxic Substances and Disease Registry
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous
substance. Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation
of available toxicologic and epidemiologic information on a substance. Health care providers treating
patients potentially exposed to hazardous substances will find the following information helpful for fast
answers to often-asked questions.

Primary Chapters/Sections of Interest

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating
patients about possible exposure to a hazardous substance. It explains a substance’s relevant
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of
the general health effects observed following exposure.

Chapter 2: Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets,
and assesses the significance of toxicity data to human health.

Chapter 3: Health Effects: Specific health effects of a given hazardous compound are reported by type
of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length
of exposure (acute, intermediate, and chronic). In addition, both human and animal studies are
reported in this section.

NOTE: Not all health effects reported in this section are necessarily observed in the clinical
setting. Please refer to the Public Health Statement to identify general health effects observed
following exposure.

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health
issues:
Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 3.7 Children’s Susceptibility
Section 6.6 Exposures of Children

Other Sections of Interest:
Section 3.8 Biomarkers of Exposure and Effect
Section 3.11  Methods for Reducing Toxic Effects

ATSDR Information Center
Phone: 1-800-CDC-INFO (800-232-4636) or 1-888-232-6348 (TTY) Fax: (770) 488-4178
E-mail: cdcinfo@cdc.gov Internet: http://www.atsdr.cdc.gov

The following additional material can be ordered through the ATSDR Information Center:
Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an

exposure history and how to conduct one are described, and an example of a thorough exposure
history is provided. Other case studies of interest include Reproductive and Developmental


http:http://www.atsdr.cdc.gov
mailto:cdcinfo@cdc.gov
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Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.

Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials
incident. Volumes I and Il are planning guides to assist first responders and hospital emergency
department personnel in planning for incidents that involve hazardous materials. Volume H1—
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care
professionals treating patients exposed to hazardous materials.

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances.

Other Agencies and Organizations

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease,
injury, and disability related to the interactions between people and their environment outside the
workplace. Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta,

GA 30341-3724 « Phone: 770-488-7000 « FAX: 770-488-7015.

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational
diseases and injuries, responds to requests for assistance by investigating problems of health and
safety in the workplace, recommends standards to the Occupational Safety and Health
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains
professionals in occupational safety and health. Contact: NIOSH, 200 Independence Avenue,
SW, Washington, DC 20201 « Phone: 800-356-4674 or NIOSH Technical Information Branch,
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998
* Phone: 800-35-NIOSH.

The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for
biomedical research on the effects of chemical, physical, and biologic environmental agents on
human health and well-being. Contact: NIEHS, PO Box 12233, 104 T.W. Alexander Drive,
Research Triangle Park, NC 27709 ¢ Phone: 919-541-3212.

Referrals

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics
in the United States to provide expertise in occupational and environmental issues. Contact:
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 ¢ Phone: 202-347-4976
* FAX: 202-347-4950 « e-mail: AOEC@AOEC.ORG » Web Page: http://www.aoec.org/.

The American College of Occupational and Environmental Medicine (ACOEM) is an association of
physicians and other health care providers specializing in the field of occupational and
environmental medicine. Contact: ACOEM, 25 Northwest Point Boulevard, Suite 700, Elk
Grove Village, IL 60007-1030 « Phone: 847-818-1800 « FAX: 847-818-9266.


http:http://www.aoec.org
mailto:AOEC@AOEC.ORG
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chapter of each profile for consistency and accuracy in interpreting health effects and classifying
end points.

2. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to

substance-specific Minimal Risk Levels (MRLSs), reviews the health effects database of each
profile, and makes recommendations for derivation of MRLs.

3. Data Needs Review. The Environmental Toxicology Branch (proposed) reviews data needs
sections to assure consistency across profiles and adherence to instructions in the Guidance.

4. Green Border Review. Green Border review assures the consistency with ATSDR policy.
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PEER REVIEW

A peer review panel was assembled for RDX. The panel consisted of the following members:
1. Ping Gong, Ph.D., Senior Scientist, SpecPro, Inc., Vicksburg, Mississippi;

2. Sam Kacew, Ph.D., Associate Director of Toxicology, McLauglin Centre for Population Health
Risk Assessment, University of Ottawa, Ottawa, Ontario; and

3. Sharon A. Meyer, Ph.D., Associate Professor, Department of Toxicology, College of Health
Sciences, University of Louisiana at Monroe, Monroe, Louisiana.

These experts collectively have knowledge of RDX’s physical and chemical properties, toxicokinetics,
key health end points, mechanisms of action, human and animal exposure, and quantification of risk to
humans. All reviewers were selected in conformity with the conditions for peer review specified in
Section 104(1)(13) of the Comprehensive Environmental Response, Compensation, and Liability Act, as
amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer
reviewers' comments and determined which comments will be included in the profile. A listing of the
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their
exclusion, exists as part of the administrative record for this compound.

The citation of the peer review panel should not be understood to imply its approval of the profile’s final
content. The responsibility for the content of this profile lies with the ATSDR.
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1. PUBLIC HEALTH STATEMENT

This public health statement tells you about hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) and the effects

of exposure to it.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in the
nation. These sites are then placed on the National Priorities List (NPL) and are targeted for long-term
federal clean-up activities. RDX has been found in at least 31 of the 1,699 current or former NPL sites.
Although the total number of NPL sites evaluated for this substance is not known, the possibility exists
that the number of sites at which RDX is found may increase in the future as more sites are evaluated.
This information is important because these sites may be sources of exposure and exposure to this

substance may be harmful.

When a substance is released either from a large area, such as an industrial plant, or from a container,
such as a drum or bottle, it enters the environment. Such a release does not always lead to exposure. You
can be exposed to a substance only when you come in contact with it. You may be exposed by breathing,

eating, or drinking the substance, or by skin contact.

If you are exposed to RDX, many factors will determine whether you will be harmed. These factors
include the dose (how much), the duration (how long), and how you come in contact with it. You must
also consider any other chemicals you are exposed to and your age, sex, diet, family traits, lifestyle, and
state of health.

1.1 WHAT IS RDX?

Other names for RDX RDX stands for Royal Demolition Explosive,
also known as cyclonite, hexogen, and
hexahydro-1,3,5-trinitro-1,3,5-triazine.

White crystalline solid RDX is an explosive on its own, and can be
combined with other ingredients to make plastic
explosives (C-4 contains 91% RDX). Its odor
and taste are unknown. When heated, acrid
fumes may be released.
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Used in explosives

RDX is used as an explosive. It is a synthetic
product that does not occur naturally in the
environment.

1.2 WHAT HAPPENS TO RDX WHEN IT ENTERS THE ENVIRONMENT?

Found in water, soil, and air

Removal from soil, water, and air

1.3 HOW MIGHT | BE EXPOSED TO RDX?

Air

Water and soil

Food

RDX particles can enter air when it is disposed
of by burning. RDX can enter water from
disposal of waste water from ammunition
plants. RDX can enter water or soil from spills
or leaks from improper disposal at plants or
hazardous waste sites and at current and
former military installations.

RDX is slow dissolving in water. It does not
bind significantly to soils and can leach to
groundwater from soil. In water and air, RDX
can break down in hours, but breaks down
more slowly in soil. It does not build up in fish
or people.

You may be exposed to RDX by the inhalation,
oral, or dermal routes, or by any combination of
these routes. Typically, only people who work
with RDX can potentially breathe RDX dust or
get it on their skin. You can be exposed if you
breathe RDX fumes from explosions or bombing
ranges of burning RDX.

You may be exposed to RDX by drinking
contaminated water or by touching
contaminated soil if you live near facilities that
produce or use RDX. RDX has been found in
water and soil near some ammunition plants,
current or former military installations and
storage areas.

You may be exposed to RDX by ingesting
agricultural crops grown in contaminated soils
irrigated with contaminated water.
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1.4 HOW CAN RDX ENTER AND LEAVE MY BODY?

Enter the body
* Inhalation

* Oral

* Dermal contact

Leave your body

RDX can enter your body if you breathe in fumes of burning
RDX or from the detonation of munitions containing RDX or if
you breath in the dust from powdered RDX.

It can also enter the body if you drink water contaminated with
RDX or accidentally or intentionally ingest explosives
containing RDX.

Much less RDX can enter the body through the skin if you
come in contact with dusts of RDX or with liquids containing
RDX.

Based on observations made in humans and results from
studies in animals, most of the RDX appears to be broken
down rapidly in the body. These products, as well as
unchanged RDX, are eliminated in the urine and exhaled air in
a few days. RDX is not expected to accumulate in the body.

1.5 HOW CAN RDX AFFECT MY HEALTH?

Humans

Laboratory animals

Cancer

If you breathe in dusts of RDX or intentionally or accidentally
swallow large amounts of RDX, you may develop seizures.
The seizures are temporary and will stop after the RDX is
eliminated from your body.

Some people exposed to large amounts of RDX also have
alterations in blood pressure and in some components of the
blood, but these effects may be secondary to the seizures.

We do not know the effects of long-term, low-level exposure to
RDX.

Animals that had large amounts of RDX placed in the stomach
with a tube or that ate food mixed with RDX for longer periods
of time suffered seizures.

Rats and mice that ate RDX for 3 months or longer had
decreased body weights and slight liver and kidney damage.

There are no studies reported of cancer in people exposed to
RDX.

The EPA has determined that RDX is a possible human
carcinogen based on the presence of liver tumors in mice that
were exposed to RDX in the food for 1-2 years.



RDX

1. PUBLIC HEALTH STATEMENT

1.6 HOW CAN RDX AFFECT CHILDREN?

This section discusses potential health effects in humans from exposures during the period from

conception to maturity at 18 years of age.

Effects in children

Laboratory animals

Breast milk

There are no studies of children exposed to RDX, but a child
who accidentally ingested RDX had seizures, which is the
same effect that occurs in adults exposed to high amounts of
RDX.

We do not know whether children are more susceptible to the
effects of RDX than adults.

We do not know whether RDX causes birth defects in humans.

Exposure of animals to RDX during pregnancy has not caused
birth defects in newborn animals. However, rats exposed to
RDX during gestation gave birth to babies with smaller weight
and length than rats not exposed to RDX.

In rats exposed to RDX during pregnancy, RDX was able to
pass through the placenta and reached the fetus.

Young deer mice (21 days old) were more sensitive than older
deer mice (50 days old) to the acute toxic effects of RDX.

There are no studies that looked for RDX in human breast milk.
However, rats exposed to RDX during pregnancy had RDX in
their milk, suggesting that the same can occur in humans. This
means that women exposed to RDX who nurse their babies
could transfer RDX to the babies in the milk.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO RDX?

Consumer products

Drinking water

RDX is not found in consumer products. Therefore, families
are not expected to have contact with RDX through the use of
consumer products.

Families whose tap or well water may be contaminated with
RDX may choose to drink or cook with bottled water or to install
activated carbon water filters.
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1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN EXPOSED TO
RDX?

Detecting exposure RDX can be measured in blood and urine, but these are not
routine tests that can be performed in a doctor’s office.

We do not know whether the presence of RDX in the blood
indicates that you were exposed briefly a few days before the
blood was collected or that you are experiencing constant
exposure.

Measuring exposure The tests for RDX in blood and urine cannot be used to
determine how much RDX entered your body.

The presence of RDX in your blood does not necessarily mean
that you will suffer adverse health effects. The usual immediate
health effects are seizures, muscle twitching, or vomiting from
very high exposures. These would probably occur before you
had the blood or urine test.

1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health. Regulations
can be enforced by law. The EPA, the Occupational Safety and Health Administration (OSHA), and the
Food and Drug Administration (FDA) are some federal agencies that develop regulations for toxic
substances. Recommendations provide valuable guidelines to protect public health, but cannot be
enforced by law. The Agency for Toxic Substances and Disease Registry (ATSDR) and the National
Institute for Occupational Safety and Health (NIOSH) are two federal organizations that develop

recommendations for toxic substances.

Regulations and recommendations can be expressed as “not-to-exceed” levels. These are levels of a toxic
substance in air, water, soil, or food that do not exceed a critical value. This critical value is usually based
on levels that affect animals; they are then adjusted to levels that will help protect humans. Sometimes
these not-to-exceed levels differ among federal organizations because they used different exposure times
(an 8-hour workday or a 24-hour day), different animal studies, or other factors.

Recommendations and regulations are also updated periodically as more information becomes available.

For the most current information, check with the federal agency or organization that provides it.
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Some regulations and recommendations for RDX include the following:

Levels in drinking water set by EPA The EPA has determined that exposure to RDX in
drinking water at concentrations of 0.1 mg/L for one
day or 0.1 mg/L for 10 days is not expected to cause
any adverse effects in a child.

The EPA has determined that lifetime exposure to
0.002 mg/L RDX is not expected to cause any
adverse effects.

Levels in workplace air set by OSHA |OSHA had previously set a legal limit of 1.5 mg/m3 for
RDX in March 1989; however, the standard was
vacated in 1992.

NIOSH has set a 10-hour time-weighted average
recommended exposure limit of 1.5 mg/m®.

1.10 WHERE CAN | GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department, or contact ATSDR at the address and phone number below.

ATSDR can also tell you the location of occupational and environmental health clinics. These clinics
specialize in recognizing, evaluating, and treating illnesses that result from exposure to hazardous
substances.

Toxicological profiles are also available on-line at www.atsdr.cdc.gov and on CD-ROM. You may
request a copy of the ATSDR ToxProfiles™ CD-ROM by calling the toll-free information and technical
assistance number at 1-800-CDCINFO (1-800-232-4636), by e-mail at cdcinfo@cdc.gov, or by writing
to:

Agency for Toxic Substances and Disease Registry

Division of Toxicology and Human Health Sciences (proposed)
1600 Clifton Road NE

Mailstop F-62

Atlanta, GA 30333

Fax: 1-770-488-4178


mailto:cdcinfo@cdc.gov
http:www.atsdr.cdc.gov
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Organizations for-profit may request copies of final Toxicological Profiles from the following:

National Technical Information Service (NTIS)
5285 Port Royal Road

Springfield, VA 22161

Phone: 1-800-553-6847 or 1-703-605-6000
Web site: http://www.ntis.gov/


http:http://www.ntis.gov
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2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO RDX IN THE UNITED
STATES

RDX is a military explosive produced by the nitrolysis of hexamine with nitric acid. It is a synthetic
compound that does not occur naturally in the environment. Effluents and emissions from Army
ammunition plants and many current and former military installations are responsible for the release of
RDX into the environment. RDX can enter the air, water, and soil as a consequence of these releases.
RDX is expected to exist as a particulate in the atmosphere. RDX has low water solubility and is subject
to photolysis (half-life of 9—13 hours). RDX undergoes biodegradation in water and soil under anaerobic
conditions to form several biodegradation products. RDX is mobile in soil and can leach into
groundwater, and can be transported from soils or water to terrestrial and aquatic plants. RDX is not very

lipid soluble, and therefore, has a low potential for bioaccumulation in aquatic species.

RDX has been identified in environmental samples, primarily near army munitions depots. Indoor air
samples collected at ammunition plants were found to contain RDX in concentrations ranging from
0.032 to 60 mg/m’. In water, RDX has been identified in a variety of groundwater samples from
ammunition plants in the United States (<20—13,200 pg/L) and Germany (21-3,800 pg/L). Sediment
samples from Army depots have been found to contain RDX in concentrations ranging from <0.1 to
3,574 mg/kg and in composts prepared from contaminated sediments (>2.9-896 mg/kg). Additionally,
RDX was identified in plant species irrigated with or grown in contaminated water (<20-3,196 ug/L).

For the general population, including children, exposure to RDX is limited to areas around Army
ammunition plants where it is manufactured, used in munitions, packed, loaded, or released through the
demilitarization of antiquated munitions. The most likely route of exposure is ingestion of contaminated
drinking water or agricultural crops irrigated with contaminated water. Exposure can also occur though
dermal contact with soil containing RDX or by inhaling contaminated particulate matter produced during
incineration of RDX-containing waste material. Children playing in contaminated water or soil may also
be exposed via ingestion. Children can also be exposed if workers inadvertently bring home RDX

adhered to shoes or clothing.

Occupational exposure to RDX can occur when workers handle RDX at Army ammunition plants. Under

these conditions, exposure can occur as a result of release of dust into the workroom air, principally
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during dumping of dried RDX powder, screening and blending, and clean-up of spilled material.
Exposure to RDX can also occur through dermal contact during manufacture, handling, and clean-up of
RDX. RDX was detected at a concentration of 0.052 mg/m® (0.47 ppm) in the particulate fraction of only
one of eight indoor air samples taken from the incorporation area of Holston Army Ammunition Plant in
Tennessee in 1986. Based on the observed concentration, the potential for exposure to RDX is considered

to be negligible.

2.2 SUMMARY OF HEALTH EFFECTS

There is limited information on the toxicity of RDX in humans; the database consists of studies of
workers exposed to RDX dust, soldiers using C-4 (a plasticized explosive containing 91% RDX) as a
cooking fuel, and case reports of individuals ingesting RDX. Most of these studies involve acute
exposure to RDX and provide limited exposure information. Neurologic dysfunction, primarily seizures
and convulsions, was the most commonly reported effect. The seizures/convulsions typically occurred
within several hours of exposure, and in some cases, convulsions were noted for several days after
exposure. Other neurological symptoms that have been observed in humans include disorientation,

lethargy, muscle twitching, and marked hyperirritability.

Studies in laboratory animals support neurological effects as a sensitive end point of RDX. Seizures,
convulsions, and tremors have been reported in rats, deer mice, dogs, and monkeys orally exposed to
RDX for acute, intermediate, or chronic durations. As with human exposure, the clonic-tonic convulsions
and seizures are often observed shortly after exposure; however, a study in monkeys did not report
seizures in some of the animals until after 34-57 doses of 10 mg/kg/day. In acute-exposure studies, the
lowest adverse effect level for seizures and convulsions was 17 mg/kg/day, with no seizures at

12.5 mg/kg/day. In addition to these neurological effects, decreases in motor activity and impaired
learning were observed in rats following administration of a single gavage dose of 12.5 mg/kg/day;
however, no alterations in motor activity were observed in rats administered 10 mg/kg/day for 16 or

30 days. A lower adverse effect level (8 mg/kg/day) was reported in an intermediate-duration study, with
a no-observed-adverse-effect level (NOAEL) of 4 mg/kg/day. At higher doses (>40 mg/kg/day),
hyperactivity, hyperirritability, hyperreactivity, and increased fighting have been observed in rats.
Although the database is mostly comprised of studies in rats, intermediate-duration studies in monkeys
and dogs do not suggest species differences in RDX-induced seizures/convulsions. In chronic-duration
oral studies, seizures and convulsions were observed at 40 mg/kg/day; this dose was also associated with

88% lethality. No neurological effects were observed in rats chronically exposed to 8 or 10 mg/kg/day.
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The animal data suggest that there may be other targets of RDX toxicity, including the hematological
system and liver following oral exposure. Small, although significant, decreases in hemoglobin and
erythrocyte levels were observed following intermediate-duration exposure, but this was not consistently
found in other intermediate or chronic studies. Several studies found minor changes in serum chemistry
parameters suggestive of a slight impairment of liver function. These alterations include decreases in
alanine aminotransferase and in serum triglyceride and/or cholesterol levels and increases in serum
cholesterol levels. A decrease in blood glucose levels observed in one study of rats may also be related to
impaired liver function. Hepatomegaly and hepatocellular vacuolization have been reported in rats;
however, most studies did not report histological alterations in the liver. An intermediate-duration study
in monkeys reported an increase in vomiting following gavage administration of 10 mg/kg/day RDX; the

occurrence of vomiting at 0.1 or 1 mg/kg/day was similar to controls.

There is limited information to suggest that RDX is a reproductive toxicant following oral exposure. An
increased incidence of spermatic granuloma in the prostate was observed in rats following exposure to

40 mg/kg/day for 6 months; however, this effect was not observed at longer durations (1 or 2 years) in the
same study. A nonsignificant increase in testicular degeneration was also observed in this study in rats
exposed for 6 months to 40 mg/kg/day, but testicular effects were not observed in another study of rats
exposed to 100 mg/kg/day for 13 weeks. Adverse developmental effects have been observed in rats,
particularly at maternally toxic doses. Decreases in pup survival and increases in the occurrence of
stillbirths were observed at 50 mg/kg/day; this dose also resulted in maternal deaths. A decrease in pup
body weight and an increase in the incidence of renal cysts were observed in F, pups at 16 mg/kg/day in a
two-generation study of rats and a decrease in fetal body weight and length were observed in the offspring
of rats administered 20 mg/kg/day on gestation days 6-15. No adverse developmental (or maternal)

effects were observed in rabbits.

The carcinogenic potential of RDX was evaluated in orally exposed rats and mice; no evidence of
carcinogenicity was observed in two rat studies. In mice, an increase in the combined incidence of
hepatocellular adenomas and carcinomas was observed in females only. However, a re-evaluation of
these data using current diagnostic criteria resulted in a reclassification of some hepatocellular adenomas
as foci of cytoplasmic alterations. As a result of the re-analysis, the combined incidence was significantly
higher than concurrent controls at 35 mg/kg/day, but not at 100 mg/kg/day and the incidence in the

35 mg/kg/day group was within the range of historical control data. The investigators suggested that the

study provided equivocal evidence of carcinogenicity. The International Agency for Research on Cancer
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(IARC) and the Department of Health and Human Services (DHHS) have not classified the
carcinogenicity of RDX. EPA classified RDX as a group C carcinogen, possibly carcinogenic to humans;
however, this evaluation was done prior to the re-evaluation of mouse tumor data. EPA is currently re-

evaluating RDX.

2.3 MINIMAL RISK LEVELS (MRLS)

ATSDR has made estimates of exposure levels posing minimal risk to humans (MRLs) for RDX. An
MRL is defined as an estimate of daily human exposure to a substance that is likely to be without an
appreciable risk of adverse effects (noncarcinogenic) over a specified duration of exposure. MRLs are
derived when reliable and sufficient data exist to identify the target organ(s) of effect or the most sensitive
health effect(s) for a specific duration within a given route of exposure. MRLs are based on
noncancerous adverse health effects only and do not consider carcinogenic effects. MRLs can be derived
for acute, intermediate, and chronic duration exposures for inhalation and oral routes. Appropriate

methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive levels posing minimal risks to humans (Barnes and
Dourson 1988; EPA 1990b), uncertainties are associated with these techniques. Furthermore, ATSDR
acknowledges additional uncertainties inherent in the application of the procedures to derive less than
lifetime MRLs. As an example, acute inhalation MRLs may not be protective for adverse health effects
that are delayed in development or are acquired following repeated acute insults, such as hypersensitivity
reactions, asthma, or chronic bronchitis. As these kinds of health effects data become available and
methods to assess levels of significant human exposure improve, these MRLs will be revised.

Inhalation MRLs

ATSDR has not derived inhalation MRLs due to the limited data available on the toxicity of RDX
following inhalation exposure. Several studies reported convulsions in humans acutely exposed to
unspecified amounts of RDX (Hollander and Colbach 1969; Kaplan et al. 1965; Testud et al. 1996a).
Nausea and vomiting have also been reported in humans (Hollander and Colbach 1969; Ketel and Hughes
1972); however, these individuals may have been exposed to RDX via inhalation and ingestion. Deaths
due to bronchopneumonia, pneumonia, or pulmonary congestion were observed in rabbits and guinea pigs
exposed to an unspecified concentration of RDX (Sunderman 1944). The lack of dose-response data for

the human and animal studies precludes derivation of inhalation MRLSs.



RDX 13

2. RELEVANCE TO PUBLIC HEALTH

Oral MRLs

Acute-Duration

e ATSDR has derived an MRL of 0.2 mg/kg/day for acute-duration oral exposure (14 days or less)
to RDX. This MRL is based on a NOAEL of 8.5 mg/kg/day and LOAEL of 17 mg/kg/day for
convulsions/seizures observed in rats administered RDX via gavage 7 days/week for 14 days
(U.S. Army 2006). A PBPK model was used to predict peak brain concentrations in the rat and to
estimate human equivalent doses (HEDs). The NOAELgp of 6.45 mg/kg/day was divided by an
uncertainty factor of 30 (3 for extrapolation from animals to humans with dosimetric adjustments
and 10 for human variability).

The acute toxicity database consists of several human exposure studies reporting convulsions and seizures
following oral exposure to RDX (Hollander and Colbach 1969; Kasuske et al. 2009; Ketel and Hughes
1972; Kiigiikardali et al. 2003; Merrill 1968; Stone et al. 1969; Woody et al. 1986). Although some
studies provide exposure estimates, these values are not considered reliable. Animal studies have also
identified convulsions and seizures as the most sensitive effect following acute-duration oral exposure
(Burdette et al. 1988; Meyer et al. 2005; Schneider et al. 1977; U.S. Army 1980b, 1986d, 2006). The
lowest adverse effect level for convulsions/seizures was 17 mg/kg/day in rats administered RDX via
gavage for 14 days (U.S. Army 2006); an increase in the incidence of mortality was also observed at this
dose level (U.S. Army 2006). Several other studies have identified similar lowest-observed-adverse-
effect levels (LOAELS); convulsions were observed in rat dams administered via gavage 20 mg/kg/day on
gestation days 6-15 or 19 (U.S. Army 1980b, 1986d) and seizures were observed in rats administered a
single gavage dose of 25 mg/kg (Burdette et al. 1988). The dose-response curve for seizures/convulsions
appears to be fairly steep, with no effects at 8.5 (U.S. Army 2006) or 12.5 (U.S. Army 1985b) mg/kg/day
and seizures at 17 mg/kg/day (U.S. Army 2006). Additionally, decreases in motor activity and learning
were observed at a lower dose (12.5 mg/kg/day) in rats receiving a single gavage dose (U.S. Army
1985b).

There are limited data on the non-neurological toxicity of RDX following acute-duration exposure. U.S.
Army (2006) monitored body weight, hematological parameters, clinical chemistry parameters, and organ
weight in male and female rats administered gavage doses of 2-17 mg/kg/day for 14 days. No
biologically relevant alterations in these systemic toxicity end points were observed. Decreases in fetal
weight and length were observed in the offspring of rats administered 20 mg/kg/day on gestation days 6—
15 (U.S. Army 1986d); however, this exposure was associated with maternal convulsions/seizures and
death.
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Based on the available data, impaired neurological function was identified as the critical effect for
derivation of an acute-duration oral MRL. Although the acute database lacks studies adequately assessing
systemic toxicity, intermediate-duration studies have found no systemic effects at doses lower than those
affecting the nervous system. The lowest adverse effect level for neurological effects is 12.5 mg/kg/day
for decreases in motor activity and learning in rats following a single gavage dose (U.S. Army 1985b);
this study did not identify a NOAEL. In a repeated exposure study by this group (U.S. Army 1985b), no
significant alterations in motor activity were observed in rats following 15 or 30 days of exposure to
doses as high as 10 mg/kg/day. At a slightly higher dose (17 mg/kg/day), convulsions and tremors were
observed in rats administered RDX for 14 days (U.S. Army 2006); no neurological effects were observed
at 8.5 mg/kg/day. The U.S. Army (2006) study was selected as the principal study because it identified a
NOAEL and involved repeated exposure, and it is likely that an MRL based on this study would be
protective for the neurobehavioural effects observed at 12.5 mg/kg/day in the U.S. Army (1985b) study.
In the U.S. Army (2006) study, groups of 6 male and 6 female Sprague-Dawley rats were administered
via gavage 0, 2.125, 4.25, 8.5, 17.00, 25.50, 34.00, or 42.5 mg/kg/day as a suspension of RDX/1%
methylcellulose/0.2% Tween 80 in distilled water 7 days/week for 14 days. Rats were monitored daily
for toxic signs and morbidity. Body weights and feed consumption were measured on days 0, 1, 3, 7, and
14. Additional parameters used to assess toxicity included clinical chemistry and hematology values,
organ weights, and gross necropsies. A significant increase in early deaths was observed at

>25.5 mg/kg/day. Tremors and convulsions were observed in rats exposed to >17 mg/kg/day. In the
males exposed to >17 mg/kg/day, blood stains around the mouth and nose and low arousal were also
observed. Increased arousal, blood around the mouth and nose, barbering, and lacrimation were observed
in females exposed to >17 mg/kg/day. No signs of neurological alterations were observed in rats exposed
to <8.5 mg/kg/day. Significant decreases in body weight were observed in male rats exposed to

>17 mg/kg/day on days 1 and 7, but there were no significant alterations in male body weight at
termination. In female rats, significant decreases in body weight gain were observed at >34 mg/kg/day on
day 1 and in the 8.5 mg/kg/day group on day 14; however, the magnitude of the decreased body weight
was <10% and no significant alterations were observed at higher dose levels. Significant decreases in
food consumption were also observed during the first 7 days of exposure in males and females exposed to
>8.5 mg/kg/day. Significant decreases in absolute liver weights and liver-to-brain weights and increases
in blood cholesterol levels were observed in females exposed to 8.5 mg/kg/day; these effects were not
observed at higher dose levels or in males. Due to the lack of dose-response relationships for the

alterations in liver weight and blood cholesterol levels, these changes observed in the 8.5 mg/kg/day



RDX 15

2. RELEVANCE TO PUBLIC HEALTH

female group were not considered biologically relevant. No significant alterations in hematological

parameters or other clinical chemistry parameters or organ weights were observed.

The acute-duration oral MRL was derived using the NOAEL/LOAEL approach; the lack of incidence
data for the neurological effects precluded using a benchmark dose approach. The MRL is based on the
NOAEL of 8.5 mg/kg/day and a LOAEL of 17 mg/kg/day identified in the U.S. Army (2006) study. The
available mode of action data suggest that the induction of seizures and/or convulsions is likely associated
with the binding of RDX to GABA receptors in the brain and the onset of seizures is directly related to
the levels of RDX in the brain (Gust et al. 2009; Williams et al. 2011). A physiologically based
pharmacokinetic (PBPK) model (Sweeney et al. 2012) was used to predict peak brain RDX concentration
and mean brain RDX concentration for each administered dose in the U.S. Army (2006) study. Based on
a comparison of predicted brain RDX concentrations to the NOAEL and LOAEL values for
seizures/convulsions observed in intermediate and chronic studies, ATSDR determined that peak brain
RDX concentration was a more appropriate internal dose metric for derivation of the MRL than mean
brain RDX concentration. To determine the point of departure for the MRL, the PBPK model was used
to predict HEDs from peak brain concentration data. Detailed discussions of the PBPK model and
support for using peak brain concentration as the internal dose metric are presented in Appendix A. The
PBPK model predicted a peak brain concentration of 6.19 mg/L in rats administered 8.5 mg/kg/day 7
days/week for 14 days and a HED of 6.455 mg/kg/day. The MRL of 0.2 mg/kg/day was calculated by
dividing the NOAELgp of 6.45 mg/kg/day for neurological effects (U.S. Army 2006) by an uncertainty
factor of 30 (3 for extrapolation from animals to humans with dosimetric adjustment and 10 for human

variability).

Intermediate-Duration

e ATSDR has derived an MRL of 0.1 mg/kg/day for intermediate-duration oral exposure (15—
364 days) to RDX. The MRL is based on a 90-day study which identified a NOAEL of
4 mg/kg/day and LOAEL of 8 mg/kg/day for seizures/convulsions in rats receiving gavage doses
of RDX 7 days/week (U.S. Army 2006). ATSDR derived the MRL using benchmark dose
modeling of seizure/convulsion incidence data and PBPK modeling to predict peak brain
concentrations in the rat and to estimate HEDs. The BMCLgp of 4.13 mg/kg/day was divided by
an uncertainty factor of 30 (3 for extrapolation from animals to humans with dosimetric
adjustments and 10 for human variability).

No human studies have examined the toxicity of RDX following intermediate-duration exposure. Data
from laboratory animal studies suggest that the nervous system is the most sensitive target of RDX

toxicity. Convulsions, seizures, and/or tremors have been observed in rats at doses of >8 mg/kg/day (U.S.
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Army 1983a, 2006; von Oettingen et al. 1949), monkeys at 10 mg/kg/day (U.S. Navy 1974b), and dogs at
50 mg/kg/day (von Oettingen et al. 1949). In addition, hyperactivity was noted in rats exposed to

100 mg/kg/day (Levine et al. 1981, 1990). The results of the U.S. Army (2006) study suggest that there is
a steep dose-response curve for seizure induction. The occurrences of seizures were 0% at 4 mg/kg/day,
20-30% at 8 mg/kg/day, 45-50% at 10 mg/kg/day, and 80-90% at 12 or 15 mg/kg/day. An increase in
mortality was often reported at the lowest doses associated with seizures. Less serious adverse health
effects have been observed at similar or higher dose levels. Several studies have found changes in serum
chemistry parameters suggestive of impaired liver function, although histological alterations were not
generally found in the liver. Decreases in serum cholesterol and/or triglycerides were observed at

>8 mg/kg/day (U.S. Army 1983a, 2006; Levine et al. 1981) and decreases in serum alanine
aminotransferase activity levels were observed at 28 mg/kg/day (U.S. Army 1980b). The magnitude of
these alterations was small and not likely to be biologically significant. Small, although significant,
decreases in erythrocyte and hemoglobin levels were also observed in rats exposed to 40 mg/kg/day (U.S.
Army 1983a) and mice exposed to 160 mg/kg/day (U.S. Army 1980b), but this finding has not been
consistently found in intermediate-duration studies (U.S. Army 1980b, 2006; von Oettingen et al. 1949).
Emesis was observed in monkeys administered via gavage 10 mg/kg/day for 90 days (U.S. Navy 1974b);
the incidence in monkeys administered 1 mg/kg/day was not considered to be different from the controls.
There is limited evidence that RDX is a reproductive toxicant. An increased incidence of spermatic
granuloma was observed in the prostate of rats exposed to 40 mg/kg/day for 6 months (U.S. Army
1983a). In a two-generation study in rats, decreases in F, pup body weight and increases in the incidence
of renal cysts were observed at 16 mg/kg/day and increases in the number of stillbirths and decreases in

pup survival were observed in the F; generation exposed to 50 mg/kg/day (U.S. Army 1980b).

Impaired neurological function was identified as the critical effect for derivation of an intermediate-
duration oral MRL. The lowest adverse effect level for this end point is 8 mg/kg/day with a NOAEL of
4 mg/kg/day (U.S. Army 2006). A slightly higher LOAEL of 10 mg/kg/day was identified in monkeys
(U.S. Navy 1974b); a NOAEL was not identified in this study. The rat study (U.S. Army 2006) was
selected as the principal study. In this study, groups of 10 male and 10 female F344 rats were
administered via gavage 0, 4, 8, 10, 12, or 15 mg/kg/day as a suspension of RDX/1% methylcellulose/
0.2% Tween 80 in distilled water 7 days/week for 90 days. Rats were monitored weekly for toxic signs
and functional observational battery (FOB) observations (home-cage, hand held, and open arena
observations), and body weights and feed consumption were measured weekly. Additional parameters
used to assess toxicity included neurobehavioral tests after week 11 (motor activity, grip strength, and

sensory reactivity to different types of stimuli), ophthalmic examination, urinalysis, clinical chemistry,
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hematology, coagulation, organ weights, gross necropsies, and histopathological examination of major
tissues and organs from rats exposed to 0 or 15 mg/kg/day. Significant increases in mortality rates were
observed at >10 mg/kg/day. Convulsions were observed in most animals dying early. Transient clinical
signs included changes in arousal, inflammation of eyelash follicles, increased salivation, blood stains
around mouth and nose, rough haircoat, tremors, and convulsions; the incidence and severity increased
with dose. The incidences of convulsions were 0/20, 0/20, 3/20, 6/20, 13/20, and 12/20 in rats exposed to
0, 4,8, 10, 12, and 15 mg/kg/day, respectively. Although the incidence of convulsions was not
statistically significant at 8 mg/kg/day, the increased incidence of seizures was considered biologically
significant and the 8 mg/kg/day dose level was considered a LOAEL. The tremors/convulsions were
observed within the first week of exposure in the 12 or 15 mg/kg/day groups and persisted throughout the
study. No significant RDX-related alterations in foot splay, front limb grip strength, or response to
stimuli were found. Hematological tests showed significant increases in erythrocyte mean cell volume at
8 (males only), 10, and 12 mg/kg/day and significant decrease in serum cholesterol in males exposed to

>8 mg/kg/day. No significant increases in the incidence of histopathological alterations were observed.

The intermediate-duration oral MRL was derived using benchmark dose modeling and PBPK modeling.
As discussed for the acute-duration oral MRL, a PBPK model (Sweeney et al. 2012) was used to predict
peak and mean brain RDX concentrations. Comparisons with empirical seizure data following
intermediate- or chronic-duration exposure with predicted brain RDX levels provided support for using
peak brain concentration as the internal dose metric for the MRL derivation. The incidence data for
convulsions in rats were fit to several dichotomous models using a benchmark response (BMR) of 10%
and the internal dose metric of peak brain concentration. Detailed discussion of the benchmark dose
modeling, the PBPK model, and support for the selection of the internal dose metric are presented in
Appendix A. The log-probit model provided the best fit to the data and was used to estimate a 95% lower
confidence limit on the benchmark dose (BMDL,) of 3.9624 mg/L. Using PBPK modeling, a HED of
4.1308 mg/kg/day was predicted from the BMDL,,. The MRL of 0.1 mg/kg/day was calculated by
dividing the BMDLgp 0f 4.1308 mg/kg/day for neurological effects by an uncertainty factor of 30 (3 for

extrapolation from animals to humans with dosimetric adjustments and 10 for human variability).

Chronic-Duration

e ATSDR has derived an MRL of 0.1 mg/kg/day for chronic-duration oral exposure (>365 days) to
RDX. This MRL is based on a NOAEL of 8 mg/kg/day and LOAEL of 40 mg/kg/day for
convulsions/seizures observed in rats exposed to RDX in the diet for 2 years (U.S. Army 1983a).
A PBPK model was used to predict peak brain concentrations in the rat and to estimate HEDs.



RDX 18

2. RELEVANCE TO PUBLIC HEALTH

The NOAELgp of 4.223 mg/kg/day was divided by an uncertainty factor of 30 (3 for
extrapolation from animals to humans with dosimetric adjustments and 10 for human variability).

The chronic oral toxicity of RDX has been evaluated in two rat studies (U.S. Army 1983a; U.S. Navy
1976) and a mouse study (U.S. Army 1984c). A number of adverse health effects have been observed in
rats exposed to 40 mg/kg/day including tremors, convulsions, and hyperresponsiveness; decreased
hematocrit, hemoglobin, and erythrocyte levels; hepatomegaly and decreased serum cholesterol and
triglycerides; renal papillary necrosis and increased blood urea nitrogen levels; testicular degeneration;
and cataracts (females only) (U.S. Army 1983a); no adverse effects were observed in rats exposed to

8 mg/kg/day. The 40 mg/kg/day dose was also associated with an 88% mortality rate. In addition to
these effects, significant increases in the incidence of suppurative inflammation were observed in the
prostate of rats exposed to >1.5 mg/kg/day (U.S. Army 1983a). U.S. Army (2006) noted that
inflammation of the prostate gland is a common condition in older rodents and is generally not due to
toxicity; additionally, the prostate effects in the U.S. Army (1983a) study were predominantly found in
rats dying early.

In the U.S. Navy (1976) rat study, no adverse effects were observed at doses as high as 10 mg/kg/day.
This study did not include a histological examination of the prostate and the animals were monitored
weekly for overt signs of toxicity. In mice, increases in serum cholesterol levels were observed in
females exposed to 35 mg/kg/day and increased relative kidney weights and cytoplasmic vacuolization in
the kidney were observed at 100 mg/kg/day (U.S. Army 1984c). The toxicological significance of the
increased serum cholesterol level in the absence of other indications of hepatic damage is not known.

The lowest LOAEL identified in chronic-duration studies is 1.5 mg/kg/day for prostate inflammation; the
NOAEL for this effect is 0.3 mg/kg/day. However, U.S. Army (1983a) suggested that this effect is likely
secondary to a bacterial infection in older rats dying early; thus, it was not considered an appropriate basis
of a chronic-duration MRL. The effects observed in rats (including convulsions/tremors, hematological
alterations, impaired hepatic function, and renal lesions) exposed to 40 mg/kg/day (NOAEL of

8 mg/kg/day) were considered as the basis of a chronic-duration MRL. Based on a comparison of the
effects observed in rats exposed to 40 mg/kg/day and those observed in mice exposed to 35 mg/kg/day,
rats appear to be more sensitive to the toxicity of RDX than mice; thus, the mouse study was not

considered for MRL derivation.
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In the U.S. Army (1983a) study, groups of male and female Fischer 344 rats (75/sex/group) were exposed
to 0, 0.3, 1.5, 8.0, or 40.0 mg/kg/day RDX in the diet for 2 years. The following parameters were used to
assess toxicity: daily observations, ophthalmic examinations, hematology, clinical chemistry, organ
weights, and complete histopathology of major tissues and organs of rats in the 0 or 40.0 mg/kg/day groups,
and histopathological examination of the brain, gonads, heart, liver, kidneys, spleen, and spinal cord of rats
in the 0.3, 1.5, and 8.0 mg/kg/day groups. Actual RDX doses were within 3% of the intended dose. Deaths
were observed at 40 mg/kg/day; 88% of males and 41% of females died by week 88. The mean survival
time for the 40 mg/kg/day males was 14.6 months compared with 22.3 months for the control males. A
20.6 month survival time was seen for the 40 mg/kg/day females vs. 22.0 months for the control females at
40 mg/kg/day. A significant decrease in survival time was also observed in the males exposed to

1.5 mg/kg/day (21.0 months); however, no alterations in survival time was observed in the females exposed
to 1.5 mg/kg/day (22.2 months) or in the males (22.2 months) or females (22.4 months) exposed to

8 mg/kg/day. Additionally, there were no significant differences in mortality incidence in the 1.5 or

8 mg/kg/day groups, as compared to controls. Statistically decreased body weight gain was observed in
males (20-30%) and females (10-15%) exposed to 40.0 mg/kg/day; statistically significant decreases in
body weight gain were also observed at 8.0 mg/kg/day, but the body weight was within 10% of controls.
Tremors and convulsions were observed prior to death at 40 mg/kg/day; the animals were hyperactive to
approach and had increased fighting. No adverse clinical signs were noted for the lower dose groups.
Significant decreases in hemoglobin and erythrocyte counts were observed in the 40 mg/kg/day group
beginning at week 26; the study investigators noted that the anemic state was considered slight and there
was no evidence of physiologic compensatory responses. Thrombocytosis was observed in rats exposed to
40 mg/kg/day and elevated platelet counts were observed in 8 mg/kg/day males during weeks 13 and 26.
Significant decreases in blood glucose, total cholesterol, and triglyceride levels were observed in the

40 mg/kg/day group starting at week 13. Significant decreases in serum alanine aminotransferase levels
were observed in males exposed to 8 or 40 mg/kg/day at weeks 26 and 52 and in females at 40 mg/kg/day at
week 26. Other clinical chemistry alterations included decreases in globulin and albumin levels at weeks 52
and 78 and increases in serum potassium levels at weeks 26, 52, and 78. A significant increase in the
incidence of cataracts was observed in females in the 40 mg/kg/day group during weeks 78 and 104.
Histological alterations observed after 2 years of exposure included suppurative inflammation of the
prostate in the 1.5, 8, and 40 mg/kg/day groups; renal medullary papillar necrosis, renal pyelitis, and urinary
bladder luminal distension and cystitis in males exposed to 40 mg/kg/day; splenic extramedullary
hematopoiesis in female rats exposed to 40 mg/kg/day; and hemosiderin-like pigment in males exposed to
1.5, 8, or 40 mg/kg/day. In the absence of altered hematological parameters or other effects on the spleen,

the increased pigment levels observed at 1.5 or 8 mg/kg/day were not considered adverse.
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The U.S. Army (1983a) study identified a NOAEL of 8 mg/kg/day and a LOAEL of 40 mg/kg/day for
tremors and convulsions in rats exposed to RDX in the diet for 2 years. ATSDR derived a chronic-
duration oral MRL using the NOAEL/LOAEL approach; benchmark dose modeling could not be utilized
because the investigators did not report incidence data for neurological signs. As discussed for the acute-
duration oral MRL, a PBPK model (Sweeney et al. 2012) was used to predict peak and mean brain RDX
concentrations. Comparisons with empirical seizure data following intermediate- or chronic-duration
exposure with predicted brain RDX levels provided support for using peak brain concentration as the
internal dose metric for the MRL derivation. To determine the point of departure for the MRL, the PBPK
model was also used to predict the HED for a given rat peak brain RDX concentration; detailed
discussions of the PBPK model and support for selecting peak brain RDX concentration as the internal
dose metric are presented in Appendix A. The NOAEL from the U.S. Army (1983a) study corresponds to
peak brain concentrations of 4.051 mg/L and a HED of 4.223 mg/kg/day. The MRL of 0.1 mg/kg/day
was calculated by dividing the NOAELgp of 4.223 mg/kg/day by an uncertainty factor of 30 (3 for

extrapolation from animals to humans with dosimetric adjustment and 10 for human variability).
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3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of RDX. It contains
descriptions and evaluations of toxicological studies and epidemiological investigations and provides

conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure
periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELS) or lowest-
observed-adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the studies.
LOAELSs have been classified into "less serious” or "serious" effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress
or death). "Less serious" effects are those that are not expected to cause significant dysfunction or death,
or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious” LOAEL, or "serious” LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR
believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
"less serious” and "serious" effects. The distinction between "less serious™ effects and "serious"” effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which

major health effects start to appear. LOAELs or NOAELSs should also help in determining whether or not
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the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELS) or exposure levels below which no
adverse effects (NOAELS) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of RDX are
indicated in Table 3-1 and Figure 3-1. Because cancer effects could occur at lower exposure levels,
Figure 3-1 also shows a range for the upper bound of estimated excess risks, ranging from a risk of 1 in
10,000 to 1 in 10,000,000 (10 to 10°"), as developed by EPA.

A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLSs.

3.2.1 Inhalation Exposure
3.2.1.1 Death

No studies were located regarding death in humans after inhalation exposure to RDX. Death attributed to
impairment of the respiratory system was observed in rabbits and guinea pigs exposed to an unspecified
concentration of RDX (Sunderman 1944).

3.2.1.2 Systemic Effects

Four studies were located regarding systemic effects in humans after inhalation exposure to RDX alone.
The available studies have reported adverse gastrointestinal, hematological, hepatic, and renal effects in
workers exposed to C-4 (an explosive composed of 91% RDX) or RDX dusts via inhalation. Since the
exposure concentration and/or duration were not described for these studies, they are not presented in
tables or figures. No studies were located regarding respiratory, cardiovascular, musculoskeletal, dermal,
ocular, or other systemic effects in humans after inhalation exposure to RDX. Case reports are available
regarding systemic effects in workers exposed to unknown levels of RDX via the inhalation or oral routes
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(Ketel and Hughes 1972). These studies are also discussed in Section 3.2.2.2. Only one study is
available regarding systemic effects in animals after inhalation exposure to RDX (Sunderman 1944).
This study is limited by insufficient numbers of animals tested, no controls, and no data on exposure

levels. No studies were located regarding gastrointestinal, hepatic, or dermal effects in animals.

Respiratory Effects. Three of 6 rabbits died from bronchopneumonia; death of 7 of 18 guinea pigs

was attributed to pneumonia and pulmonary congestion (Sunderman 1944).

Cardiovascular Effects. Histopathology revealed the absence of striations in the cardiac muscle of

guinea pigs exposed to unspecified levels of RDX for 4-67 days (Sunderman 1944).

Gastrointestinal Effects. Soldiers who were exposed to an unspecified amount of C-4 (91% RDX)
as a cooking fuel for an unknown duration experienced nausea and vomiting (Hollander and Colbach

1969; Ketel and Hughes 1972); the soldiers were exposed to RDX via the inhalation and/or oral routes.

Hematological Effects. Two studies of workers exposed to RDX dusts are available, but neither
revealed any adverse hematological effects. In one study, workers who were presumably exposed acutely
to unknown levels of RDX dusts had normal blood counts (Kaplan et al. 1965). In the other study,
workers exposed to an average of 0.28 mg/m? of RDX dusts in the workplace, presumably for a chronic
period, showed no hematological changes compared to controls (Hathaway and Buck 1977). Transient
elevation of the white blood count was frequently observed in individuals exposed to C-4 (91% RDX).
Normal red blood count, leukocytes, and hemoglobin were reported in rats following intermediate
exposure to RDX. However, in the same study, hemoglobin counts were decreased in guinea pigs
(Sunderman 1944).

Hepatic Effects. No liver toxicity was revealed by blood or urine analyses of workers exposed to

RDX in the air; the duration of exposure was not reported (Hathaway and Buck 1977).

Renal Effects. Blood and urine analyses of workers exposed to RDX in the air for acute (Kaplan et al.
1965) or chronic durations (Hathaway and Buck 1977) did not reveal any kidney toxicity. Although no
renal toxicity was observed after exposure to RDX dust, there were some manifestations of renal damage
after possible inhalation exposure to C-4 (91% RDX): transient oliguria and proteinuria in two patients
and acute renal failure in one case (Ketel and Hughes 1972).



RDX 24

3. HEALTH EFFECTS

There was no kidney pathology in rats or guinea pigs exposed to RDX, but degeneration of the kidneys
was found in rabbits exposed to unspecified levels of RDX for an intermediate period (Sunderman 1944).

This study is limited in that no controls were used, and details of the study were not specified.

3.2.1.3 Immunological and Lymphoreticular Effects

Workers at an Army ammunition plant who were exposed to an average of 0.28 mg/m® of RDX dusts for
an unknown period of time showed no significant differences in a test for antinuclear antibodies as
compared to nonexposed workers. The results of this test provide no evidence of autoimmune disease

(Hathaway and Buck 1977). No other immunological function tests were performed.

No studies were located regarding immunological effects in animals after inhalation exposure to RDX.

3.2.1.4 Neurological Effects

Convulsions and unconsciousness, accompanied by headache, dizziness, and vomiting, were noted in

5 out of 26 workers who were exposed to unknown levels of RDX dust in the air (Kaplan et al. 1965).
Similar findings, such as convulsions, muscle twitching, and confusion, have been reported in five case
studies of men exposed to C-4 fumes (91% RDX) when it was used as a cooking fuel (Hollander and
Colbach 1969), and in a worker hand-sieving RDX (Testud et al. 1996a). The workers recovered a few
days after they were removed from the source of exposure. Testud et al. (1996a) noted that CT scan and
MRI (performed 1 week after exposure) were normal and electroencephalogram only showed signs of the
administered anticonvulsant therapy; in the other studies, tests of neurological function were not
performed. In a study of workers at an RDX facility, no increases in the occurrence of subjective
symptoms were reported (Ma and Li 1993). Significant differences in performance on tests of memory
retention and block design were found in workers exposed to 0.407 or 0.672 mg/m®, as compared to
controls; however, no differences were found between the two exposed groups. No significant alterations

in performance on tests of reaction time were noted.

No studies were located regarding neurological effects in animals after inhalation exposure to RDX.
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No studies were located regarding the following effects in humans or animals after inhalation exposure to
RDX:

3.2.1.5 Reproductive Effects
3.2.1.6 Developmental Effects
3.2.1.7 Cancer

3.2.2 Oral Exposure
3.2.2.1 Death

No studies were located regarding death in humans after oral exposure to RDX.

Deaths were reported in animals following acute, intermediate, and chronic exposures to RDX. Three out
of 12 rats died during induced seizures following acute exposure to 50 mg/kg RDX, which was
administered by gavage (Burdette et al. 1988). LDs, values for single gavage doses were 71-118 mg/kg
in rats (U.S. Army 1978b, 1980b), 86-97 mg/kg in mice (U.S. Army 1978b, 1980b), and 136-319 mg/kg
in deer mice (Smith 2007). Apparent age-related differences in LDs, values were found in deer mice; the
LDs, values were 136, 319, and 158 mg/kg in 21-, 50-, and 200-day-old mice (Smith et al. 2007).
Miniature swine died (2/10) following single gavage doses of 100 mg/kg (Schneider et al. 1977). Rat
dams that were fed 20 mg/kg/day of RDX during gestation had mortality rates of 24% (U.S. Army 1980b,
1986d).

In 90-day feeding studies, levels as low as 25 mg/kg/day (von Oettingen et al. 1949) and 100 mg/kg/day,
produced deaths in rats (Levine et al. 1990), and levels of 320 mg/kg/day produced deaths in mice (U.S.
Army 1980b). Increased mortality (25%) was observed in rats administered via gavage 10 mg/kg/day
(U.S. Army 2006); however, no deaths were observed in dogs (U.S. Navy 1974a) or monkeys (U.S. Navy
1974b) also administered 10 mg/kg/day. In chronic-duration studies, an excessive number of deaths was
observed in rats exposed to 40 mg/kg/day for 1-2 years compared to controls (U.S. Army 1983a).
However, an excessive number of deaths was not observed in rats administered 10 mg/kg/day of RDX
(U.S. Navy 1976). The LDs, values and all reliable LOAEL values for death are recorded in Table 3-1
and plotted in Figure 3-1.



Table 3-1 Levels of Significant Exposure to RDX _ Oral

Exposure/ LOAEL
Duration/
Key 5 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
ACUTE EXPOSURE
Death
1 Rat once . .
50 M (3/12 died during Burdette et al. 1988
(Long- Evans) (GW) seizures)
2 Rat once :
50 2/10 di Schneider et al. 1977
(Sprague- (GW) ( ied)
Dawley)
3 (Rsat ?Gncoe) 71 M (LD50) U.S. Army 1978b
prague-
Dawley) 75 F (9/10 rats died)
4 Rat Gd 6-19 .
; 20 F (6/25 U.S. Army 1980b
(Fischer 344) (GW) ( died) y
5 Rat once 119  (LD50) U.S. Army 1980b
(Fischer 344) (G)
6 Rat Gd 6-15 .
20 F (31% U.S. Army 1986d
(Sprague-  (GW) (31% died) Y
Dawley)
7 Rat 7 d/wk )
25. 75% U.S. Army 2006
(Sprague- 14d 5.5  (75% mortality) y
Dawley) (GW)
8 Rat once . ;
100 409 von Oettingen et al. 1949
(NS) (GW) (40% mortality) [¢]

S103443 HLVIH €

Xday

9¢



Table 3-1 Levels of Significant Exposure to RDX _ Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain (Route) i
g ( ) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
9 Mouse once 86 M (LD50) U.S. Army 1978b
(Swiss- (GO)
Webster) 75 F (5/10 mice died)
10 Mouse once 97 M (LD50) U.S. Army 1980b

(B6C3F1)  (G)
59 F (LD50)

Pi i
11 s once 100 F (2/10 died)
(NS) (GW)
Systemic
12 Ré.lt Gd6-19 Bd Wt 20 F (12% decrease in
(Fischer 344) (GW) maternal body weight)
R 7 d/wk
13 at 14d£jw Hemato 17
(Sprague-
Dawley) (GW)
14 Mouse daily .
Hepatic 68 F
(Peromyscus 14 days P
leucopus) (F)
Renal 68 F
Bd Wt 68 F
Neurological
15 Human once 357 M (seizures)
16 Rat once 125M 25 M (seizures)

(Long- Evans) (GW)

Schneider et al. 1977

U.S. Army 1980b

U.S. Army 2006

EPA 1999

Stone et al. 1969

Burdette et al. 1988

S103443 HLVIH €

Xday

LC



Table 3-1 Levels of Significant Exposure to RDX _ Oral (continued)

Exposure/ LOAEL
Duration/
Key t5 Species F’(%qouuigfy NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
17 Rat once 87 F (convulsions in 2/2 rats) ~ Meyer et al. 2005
(Sprague- (GO)
Dawley)
18 Rat once 50 (convulsions) Schneider et al. 1977
(Sprague- (GW)
Dawley)
19 Rat Gd 6-19 2F 20 F (convulsions and U.S. Army 1980b
(Fischer 344) (GW) hyperactivity in dams)
20 Rat once 12.5  (decreases in motor U.S. Army 1985b
(Sprague-  (GW) activity, taste aversion,
Dawley) learning, and auditory
startle response
amplitude)
21 Rat Gd 6-15 6F 20 F (convulsions, prostration U.S. Army 1986d
(Sprague- (GW) in dams)
Dawley)
22 Rat ngwk 85 17  (tremors and U.S. Army 2006
(Sprague- convulsions)
Dawley) (GW)
23 Pig once 100 F (convulsions) Schneider et al. 1977
(NS) (GW)

S103443 HLVIH €

Xday

8¢



Table 3-1

Levels of Significant Exposure to RDX . Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(%qouuigfy NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
Developmental
24 Rat Gd 6-19 2F U.S. Army 1980b
(Fischer 344) (GW)
25 Rat Gd 6-15 6F 20 F (9% decrease in fetal U.S. Army 1986d
(Sprague-  (GW) weight and 5% decrease
Dawley)

INTERMEDIATE EXPOSURE

Death

26 Rat 13 wk
(Fischer 344) (F)

27 Rat 13 wk
(Fischer 344) (F)

28 Rat 7 diwk

(Fischer- 344) 90 d
(GW)

29 Rat 90d
(NS) F)

30 Rat 10 wk
(NS) A

31 Mouse 90d

(B6C3F1)  (F)

in fetal length)

100

100

10

25

50

(65% mortality)

(13/20 died)

(25% mortality)

(8/20 died)

(60% mortality)

320 M (4/10 died)

Levine et al. 1981

Levine et al. 1990

U.S. Army 2006

von Oettingen et al. 1949

von Oettingen et al. 1949

U.S. Army 1980b

S103443 HLVIH €

Xday

6¢



Table 3-1 Levels of Significant Exposure to RDX _ Oral (continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
Systemic
32 Monkey 30(:17 ) Resp 10 U.S. Navy 1974b
(Cynomolgus) / 9/W!
(GwW)
Cardio 10
Gastro 1 10  (vomiting in 5/6 animals)
Hemato 1 10 (necrotic and degenerate
megakaryocytes in bone
marrow)
Hepatic 10
Renal 10
Endocr 10
Ocular 10
33 Re"t 13 wk Resp 100 Levine et al. 1981
(Fischer 344) (F)
Cardio 100
Gastro 100
Hemato 10 F (increased leukocyte
counts)
Hepatic 10 30 (10-14% decrease in
serum triglycerides)
Renal 100
Bd Wt 30 100 M (17% weight loss)

S103443 HLVIH €

Xday

0¢



Table 3-1

Levels of Significant Exposure to RDX . Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
. : (Route) :
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
34 Rat 3-13 wk Resp 100 Levine et al. 1990
(Fischer 344) (F)
Cardio 100
Gastro 100
Hemato 100
Hepatic 30 (decr serum triglyceride
levels)
Renal 100
Bd Wt 30 M (13% decrease in body 100 M (29% decr body weight

weight gain)

gain)

S103443 HLVIH €

Xday

L€



Table 3-1 Levels of Significant Exposure to RDX _ Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
3%  Rat 90d Resp 20 U.S. Army 1980b
(Fischer 344) (F)
Cardio 28 F 40 F (decreased absolute
heart weight, myocardial
degeneration)
Gastro 40
Hemato 40
Musc/skel 40
Hepatic 40
Renal 40
Endocr 40
Dermal 40
Ocular 40
Bd Wt 40

S103443 HLVIH €

Xday

ce



Table 3-1 Levels of Significant Exposure to RDX _ Oral

(continued)

Exposure/ LOAEL
Duration/
Key t5 Species F’(%qouuigfy NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
36  Rat 6 mo Resp 40 U.S. Army 1983a
(Fischer 344) (F)
Cardio 40
Gastro 40
Hemato 8 40 (decreased hemoglobin
and erythrocyte levels)
Musc/skel 40
Hepatic 8 40 (decreased serum
triglyceride and
cholesterol levels)
Renal 40
Endocr 40
Dermal 40
Ocular 40
Bd Wt 8 40 (17% decrease in body
weight gain)
Metab 8 40 (decreased blood

glucose levels)

S103443 HLVIH €

Xday

€e



Table 3-1 Levels of Significant Exposure to RDX _ Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
. : (Route) .

Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
37 Rat 7 diwk

Res| 15 U.S. Army 2006

(Fischer- 344) 90d P
(GW)

Cardio 15

Gastro 15

Hemato 15

Hepatic 4F 8 M (decreased serum

cholesterol levels)

Renal 15

Ocular 15

Bd Wt 15
38 Rat 90d Bd Wi 15 25  (weight loss) von Oettingen et al. 1949

(NS) (F)

39 (RNa;) ZS)WK Bd Wt 15 50  (weight loss) von Oettingen et al. 1949

S103443 HLVIH €

Xday

ve



Table 3-1 Levels of Significant Exposure to RDX _ Oral (continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
40 Mouse 90d Resp 320 U.S. Army 1980b
(B6C3F1) (F)
Cardio 160 M 320 M (slight myocardial
degeneration)
Gastro 320
Hemato 80 M 160 M (12% decrease in
erythrocyte count and 7%
decrease in hemoglobin
concentration)
Hepatic 160 M 320 M (hepatocellular
vacuolization)
Renal 160 M 320 M (mild tubular nephrosis)
Endocr 160 M 320 F (mild focal subscapular
fibroplasia in adrenal
gland)
Bd Wt 320
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Table 3-1 Levels of Significant Exposure to RDX _ Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
41 Mouse 6 mo Resp 100 U.S. Army 1984c
(B6C3F1) (F)

Cardio 100

Gastro 100

Hemato 100

Musc/skel 100

Hepatic 100

Renal 100

Endocr 100

Ocular 100
42 (DNoSg) ZS) d Resp 10 U.S. Navy 1974a

Cardio 10

Hemato 10

Hepatic 10

Renal 10

Endocr 10

Ocular 10
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Table 3-1 Levels of Significant Exposure to RDX _ Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
43 (DNOSg) g\év/l\(/vk Resp 50 F von Oettingen et al. 1949
©
Cardio 50 F
Hemato 50 F
Hepatic 50 F
Renal 50 F
Endocr 50 F
Bd Wt 50 F (unspecified weight loss)
Immuno/ Lymphoret
44 Rat 7 diwk 15 U.S. Army 2006
(Fischer- 344) 90 d
(Gw)
Neurological
45 Monkey 3Odjjwk 1 10  (convulsions and U.S. Navy 1974b
(Cynomolgus) seizures)
(Gw)
46 Rat 13 wk 30 100  (hyperreactive to Levine et al. 1981
Fischer 344 (F) approach)
47 Rét 10wk 30 100  (hyperreactive to Levine et al. 1990
(Fischer 344) (F) approach)
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Table 3-1 Levels of Significant Exposure to RDX _ Oral

(continued)

Exposure/ LOAEL
Duration/

Key 5 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference

Figure (Strain) (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments

48 Ra.lt 25 wk 8 40  (tremor, convulsions, U.S. Army 1983a
(Fischer 344) (F) hyperreactive)

49 Rat 30d 10M U.S. Army 1985b testing conducted 24
(Sprague- (GW) hours after dose
Dawley) administration

50 Ra}t godik i 8 (tremors and U.S. Army 2006
(Fischer- 344) convulsions)

(Gw)

51 Rat 90d 15 25 (convulsions, von Oettingen et al. 1949
(NS) (F) hyperirritability and

fighting)

52 Rat 10 wk 15 50  (hyperirritability and von Oettingen et al. 1949
(NS) (F) convulsions)

53 Mouse 90d 160 M 320 M (hyperactivity and/or U.S. Army 1980b
(B6C3F1) (F) nervousness)

54 Dog o 50F (hyperiritability and von Oettingen et al. 1949
(NS) © convulsions)
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Table 3-1 Levels of Significant Exposure to RDX _ Oral (continued)
Exposure/ LOAEL
Duration/
Key t5 Species F’(%qouuigfy NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
Reproductive
55 Rat 3-13 wk 100 Levine et al. 1990
(Fischer 344) (F)
56 Rat 2 generation;
50 U.S. Army 1980b
(Fischer 344) 13wk
pre-mating,
mating,
gestation, &
lactat.
()
57 Rat 15 wk 16 M 50 M (decreased fertility) U.S. Army 1980b Decreased fertility may
(Fischer 344) (F) be due to RDX-effect
on general well-being
of males
58 Ra}t 6 mo 8M 40 M (spermatic granuloma in U.S. Army 1983a
(Fischer 344) (F) prostate)
40 F
Developmental
59 Ré_it isg\(levrll(eratlon; 5 16 (decreasein F2 pupbody 50 (increase in number of ~ U.S. Army 1980b
(Fischer 344) pre-mating weight) stillbirths; decrease in
mating, ’ pup survival in F1)
gestation, &
lactat.
(F)
60 Rabbit Gd 7-29 20 U.S. Army 1980b
(NS) (GW)
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Table 3-1 Levels of Significant Exposure to RDX _ Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
. : (Route) :
Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
CHRONIC EXPOSURE
Death
61 Rat 2yr 40 M (88% died) U.S. Army 1983a
(Fischer 344) (F)
Systemic
62 Ra_t 1&2yr Resp 40 U.S. Army 1983a
(Fischer 344) (F)
Cardio 40
Gastro 40
Hemato 8 40 (decreases in hematocrit,
hemoglobin, and
erythrocyte levels;
splenic extramedullary
hematopoiesis)
Musc/skel 40
Hepatic 8 40  (hepatomegaly,
decreased serum
trigylcerides and
cholesterol)
Renal 8 40  (renal papillary necrosis
with increased BUN)
Endocr 40
Ocular 8F 40 F (cataracts)
Bd Wt 8 40 M (20-30% decrease in

body weight gain)
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Table 3-1 Levels of Significant Exposure to RDX _ Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
63  Rat 2yr Resp 10 U.S. Navy 1976
(Sprague- (F)
Dawley)
Cardio 10
Gastro 10
Hemato 10
Hepatic 10
Renal 10
Endocr 10
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Table 3-1

Levels of Significant Exposure to RDX . Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
64 Mouse 1&2yr Resp 100 U.S. Army 1984c
(B6C3F1) (F)
Cardio 35 100 (increased relative heart
weight)
Gastro 100
Hemato 100
Musc/skel 100
Hepatic 7 35 F (increased serum
cholesterol levels)
Renal 35 100 (increased relative kidney
weights and reversible
cytoplasmic
vacuolization)
Ocular 100
Bd Wt 100
Neurological
d
65 Ra}t 1&2yr 8 40  (tremors, convulsions; U.S. Army 1983a
(Fischer 344) (F) hyperresponsive to
stimuli)
Reproductive
66 Ra,lt L&2yr 8M 40 M (testicular degeneration) U.S. Army 1983a
(Fischer 344) (F)
40 F
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Table 3-1 Levels of Significant Exposure to RDX _ Oral (continued)

Exposure/ LOAEL

Duration/
Key 6 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
67  Mouse 1&2yr 100 M U.S. Army 1984c

(B6C3F1)  (F)
100 F

Cancer
68 Mouse L&2yr 35F (CEL: hepatocellular U.S. Army 1984c
(B6C3F1) (F) carcinomas and
adenomas)

a The number corresponds to entries in Figure 3-1.

b Used to derive an acute-duration oral minimal risk level (MRL) of 0.2 mg/kg/day based on a PBPK model predicted internal dose metric (peak brain RDX concentration) of the
NOAEL dose; a human equivalent dose (HED) of the NOAEL was also estimated using a PBPK model. The NOAELHED of 6.45 mg/kg/day was divided by an uncertainty factor of
30 (3 for extrapolation from animals to human with dosimetric adjustments and 10 for human variability).

¢ Used to derive an intermediate-duration oral MRL of 0.1 mg/kg/day based on a BMDL10 estimated using using a PBPK model predicted internal dose metric (peak brain RDX
concentration); a human equivalent dose of the BMDL10 was also predicted using a PBPK model. The BMDLHED of 4.1308 mg/kg/day was divided by an uncertainty factor of 30 (3
for extrapolation from animals to human with dosimetric adjustment and 10 for human variability).

d Used to derive a chronic-duration oral minimal risk level (MRL) of 0.1 mg/kg/day based on a PBPK model predicted internal dose metric (peak brain RDX concentration) of the
NOAEL dose; a human equivalent dose (HED) of the NOAEL was also estimated using a PBPK model. The NOAELHED of 4.223 mg/kg/day was divided by an uncertainty factor of
30 (3 for extrapolation from animals to human with dosimetric adjustments and 10 for human variability).

Bd Wt = body weight; (C) = capsule; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; (F) = feed; F = Female; (G) = gavage; Gastro =
gastrointestinal; Gd = gestation day; (GO) = gavage in oil; (GW) = gavage in water; Hemato = hematological; Immuno/Lymphoret = immunological/lymphoreticular; LD50 = lethal
dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; M = male; min = minute(s); Metab = metabolic; mo = month(s); Musc/skel = musculoskeletal; NOAEL =
no-observed-adverse-effect level; NS = not specified; occup = occupational; Resp = respiratory; wk = week(s); yr = year(s)
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Figure 3-1 Levels of Significant Exposure to RDX - Oral
Acute (214 days)
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Figure 3-1 Levels of Significant Exposure to RDX - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-1 Levels of Significant Exposure to RDX - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-1 Levels of Significant Exposure to RDX - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-1 Levels of Significant Exposure to RDX - Oral (Continued)
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3. HEALTH EFFECTS

3.2.2.2 Systemic Effects

No studies were located regarding respiratory, musculoskeletal, dermal, or ocular effects in humans after
acute oral exposure to RDX. No studies were located regarding systemic effects in humans after
intermediate or chronic oral exposure to RDX. The highest NOAEL values and all reliable LOAEL
values for systemic effects in each species and duration category are recorded in Table 3-1 and plotted in

Figure 3-1.

Respiratory Effects. Adverse respiratory effects were not observed in animals following acute,
intermediate, or chronic exposure. An acute-duration study in 3 anesthetized dogs showed no significant
changes in breathing rate when 15 mg/kg RDX was administered by gavage (von Oettingen et al. 1949).
No histopathology was seen in the lungs, trachea, or bronchi of rats exposed for 3-13 weeks to

100 mg/kg/day of RDX in the diet (Levine et al. 1990), 40 mg/kg/day RDX in the diet for 90 days (U.S.
Army 1980b), or 15 mg/kg/day via gavage for 90 days (U.S. Army 2006). Similarly, no histopathological
alterations were observed in the respiratory system of mice exposed to 100 or 320 mg/kg/day in the diet
for 3 or 6 months (U.S. Army 1980b, 1984c), dogs exposed to 10 mg/kg/day in the diet for 90 days (U.S.
Navy 1974a) or 50 mg/kg via capsules 6 days/week for 6 weeks (von Oettingen et al. 1949), or monkeys
administered 10 mg/kg/day via gavage for 90 days (U.S. Navy 1974b). Chronic-duration studies also
revealed no histopathology in rats (U.S. Army 1983a; U.S. Navy 1976) or mice (U.S. Army 1984c).

Cardiovascular Effects. Sinusoidal tachycardia was observed in five men who accidentally ingested
37-250 mg/kg RDX (Kiiciikardali et al. 2003).

Few, if any, changes were observed in cardiovascular parameters measured in animals exposed to RDX.
An acute-duration study in 3 anesthetized dogs showed no significant changes in heart rate when

15 mg/kg RDX was administered by gavage (von Oettingen et al. 1949). Intermediate-duration studies
revealed no histopathology in the heart of rats exposed to 15-100 mg/kg/day of RDX (Levine et al. 1981;
U.S. Army 2006). Slight myocardial degeneration was observed in rats exposed to 40 mg/kg/day and
mice exposed to 320 mg/kg/day in the diet for 90 days (U.S. Army 1980b). No pathology was seen in the
hearts of dogs (U.S. Navy 1974a; von Oettingen et al. 1949) or monkeys (U.S. Navy 1974b) exposed to
RDX for intermediate periods. Hyaline degeneration of the heart muscles was observed in rats following
intermediate exposure to 50 mg/kg/day of RDX (Sunderman 1944). Chronic exposure produced no
cardiac histopathology in rats (U.S. Army 1983a; U.S. Navy 1976), but it increased relative heart weights
in mice (U.S. Army 1984c).
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3. HEALTH EFFECTS

Gastrointestinal Effects. Humans who accidentally or intentionally consumed unknown levels of
RDX for an acute period had nausea, vomiting, and abdominal pain (Kasuske et al. 2009; Ketel and
Hughes 1972; Kiigiikardali et al. 2003). In three of five cases in which men accidentally ingested 37—
250 mg/kg, an endoscopic examination conducted 3 days after exposure revealed erosive gastroduodenitis
(Kiigtikardali et al. 2003).

Vomiting was reported in dogs acutely exposed to 100 and 300 mg/kg/day RDX (Sunderman 1944).
Vomiting was also observed in five of six monkeys administered via gavage 10 mg/kg/day for 90 days,
compared to one of six in the control group (U.S. Navy 1974b). There were 15 episodes of vomiting
(excluding vomiting, which occurred during the gavage procedure) in this group compared to 1 episode in
the control group. In monkeys administered 1 mg/kg/day, two of six animals (three episodes) vomited;
one other animal in this group vomited only during the gavage procedure. Following intermediate
exposure of rats to 50 mg/kg/day RDX, mild congestion of the intestines was reported (Sunderman 1944).
No histopathology was seen in the stomachs or intestines of rats (Levine et al. 1981, 1990; U.S. Army
1980b, 1983a), mice (U.S. Army 1980b, 1984c¢), dogs (U.S. Navy 1974a; von Oettingen et al. 1949), or
monkeys (U.S. Navy 1974b). Chronic exposure also did not produce histopathological alterations in rats
(U.S. Army 1983a; U.S. Navy 1976) or mice (U.S. Army 1984c).

Hematological Effects. Humans who accidentally consumed unknown levels of RDX for an acute
duration generally had normal blood counts (Ketel and Hughes 1972; Woody et al. 1986). Temporary
decreased hematocrit and leukocytosis were reported in a study of six men who consumed C-4 containing
RDX (Stone et al. 1969). Similarly, leukocytosis and methemoglobinemia were noted in a report of five
men accidentally ingesting 37-250 mg/kg RDX (Kigukardali et al. 2003).

Decreased hemoglobin and erythrocyte levels, increased platelet counts, and splenic extramedullary
hematopoiesis were observed in male rats exposed to 40 mg/kg/day RDX in the diet for 6 months (U.S.
Army 1983a). However, oral doses of 15 mg/kg/day (administered via gavage) (U.S. Army 2006) or

40 mg/kg/day (administered via the diet) (U.S. Army 1980b) for 13 weeks did not result in significant
hematological effects. Similarly, decreased hemoglobin and erythrocyte levels were observed in mice
exposed to 160 mg/kg/day for 90 days (U.S. Army 1980b). No significant hematological effects were
found in mice exposed to 100 mg/kg/day for 6 months (U.S. Army 1984c) and dogs exposed to

50 mg/kg/day for 6 weeks (von Oettingen et al. 1949). Species differences in hematological responses to

RDX may relate to differences in their activity of erythrocyte methemoglobin reductase (Rockwood et al.
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2003; Smith and Beutler 1966). Slight, but statistically significant, increases in the number of leukocytes
were observed in rats exposed to >10 mg/kg/day for 13 weeks (Levine et al. 1981). Necrotic and
degenerative megakaryocytes were observed in the bone marrow of monkeys given 10 mg/kg/day of
RDX for 90 days (U.S. Navy 1974b). Chronic administration of 40 mg/kg/day of RDX in the diet for 1-
2 years produced decreased hematocrit, hemoglobin, and erythrocytes in rats; the effects were not
considered biologically significant and there were no compensatory responses (U.S. Army 1983a).
Significant increases in platelet levels were also observed at 40 mg/kg/day (U.S. Army 1983a). No
significant hematological effects were observed in mice chronically exposed to 100 mg/kg/day (U.S.
Army 1984c).

Musculoskeletal Effects. No histopathological alterations were observed in muscle or skeletal tissue
of rats (Levine et al. 1981, 1990; U.S. Army 1980b, 1983a), mice (U.S. Army 1980b, 1984c), or dogs
(U.S. Navy 1974a) exposed for intermediate periods. Muscles and bones were also normal in rats (U.S.
Army 1983a; U.S. Navy 1976) and mice (U.S. Army 1984c) exposed for chronic periods.

Hepatic Effects. Slightly elevated serum aspartate aminotransferase and/or alanine aminotransferase
(Kugiikardali et al. 2003; Merrill 1968; Stone et al. 1969) were observed in humans ingesting unknown
levels of RDX after using C-4 cooking fuel for an acute duration; other studies reported normal liver

enzyme levels (Ketel and Hughes 1972). Liver biopsies were normal (Stone et al. 1969).

Minor adverse hepatic effects have been noted in some animal studies. Slight decreases in alanine
aminotransferase levels were observed in rats exposed to 40 mg/kg/day for 26 weeks (U.S. Army 1983a).
Decreases in serum triglyceride levels were noted in rats exposed to >10 mg/kg/day RDX for 13 weeks
(Levine et al. 1981, 1990), decreases in serum cholesterol were observed in male rats administered

>8 mg/kg/day for 90 days (U.S. Army 2006), and decreases in serum triglycerides and cholesterol were
observed in rats exposed to 40 mg/kg/day for 6 months to 2 years (U.S. Army 1983a). Increases in serum
cholesterol were also observed in female mice exposed to 35 or 100 mg/kg/day for 1-2 years (U.S. Army
1984c). Increases in liver weight have been observed in rats exposed to 30 or 100 mg/kg/day (Levine et
al. 1981, 1990) and mice exposed to 100 or 320 mg/kg/day (U.S. Army 1980b, 1984c); hepatomegaly was
observed in rats exposed to 40 mg/kg/day (U.S. Army 1983a). However, most studies did not find
histological alterations in the livers of rats (Levine et al. 1981; U.S. Army 1983a), mice (U.S. Army
1984c), dogs (U.S. Navy 1974a; von Oettingen et al. 1949), white-footed mice (U.S. Army 1999), or
monkeys (U.S. Navy 1974b). Two studies did find histological effects; hepatocellular vacuolization was

observed in mice exposed to 320 mg/kg/day for 90 days (U.S. Army 1980b) and fatty degeneration was
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observed in rats exposed to 50 mg/kg/day for 78 days (Sunderman 1944). Although the alterations in
serum clinical chemistry parameters may be indicative of minor changes in liver function, the lack of
histological damage at similar or higher doses suggests that the liver may not be a sensitive target of RDX

toxicity and the alterations may not be biologically significant.

Renal Effects. Humans who accidentally consumed unknown levels of RDX for an acute duration
showed no (Woody et al. 1986) or only slight (Ketel and Hughes 1972; Stone et al. 1969) changes in renal
function parameters. Proteinuria and glucosuria were observed in men after accidental ingestion of RDX
(Kiigtikardali et al. 2003; Merrill 1968).

Few adverse renal effects were reported in animals. No histopathological alterations were observed in the
kidneys from white-footed mice following 14-day dietary exposure (U.S. Army 1999) or from rats
following intermediate exposure periods (Levine et al. 1981, 1990; U.S. Army 1980b, 1983a, 2006).
Normal kidney parameters were also observed in dogs (U.S. Navy 1974a; von Oettingen et al. 1949) and
monkeys (U.S. Navy 1974b). In contrast, mild tubular nephrosis was reported in mice given high doses
(320 mg/kg/day) in the food for 13 weeks, but was not seen at lower doses (160 mg/kg/day) (U.S. Army
1980b). Following chronic exposure to 40 mg/kg/day of RDX in food, renal papillary necrosis and
elevated blood urea nitrogen levels were observed in rats (U.S. Army 1983a); these effects were not
observed at 8 mg/kg/day. Other studies showed normal renal parameters in rats at lower levels

(10 mg/kg/day) (U.S. Navy 1976). Increased kidney weights, but no other signs of kidney toxicity, were
observed in mice chronically exposed to 100 mg/kg/day (U.S. Army 1984c).

Endocrine Effects. No histopathological alterations were observed in the adrenal glands of rats (U.S.
Army 1980b, 1983a; U.S. Navy 1976), mice (U.S. Army 1984c), dogs (U.S. Navy 1974a), or monkeys

(U.S. Navy 1974b) exposed for intermediate periods. One study (U.S. Army 1980b) observed mild focal
subscapular fibroplasia in the adrenal glands of female mice exposed to 320 mg/kg/day RDX for 90 days.

Dermal Effects. No significant skin lesions were seen in rats (U.S. Army 1980b, 1983a) exposed for
intermediate periods to RDX in the food.

Ocular Effects. No significant ophthalmologic alterations were observed in rats administered
15 mg/kg/day via gavage for 90 days (U.S. Army 2006). Female rats exposed to 40 mg/kg/day of RDX

in their food for 2 years had cataracts (U.S. Army 1983a), but this was not seen in the male rats in this
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study, in male or female rats exposed to 40 mg/kg/day in another study (U.S. Army 1980b), or in mice
exposed to a higher level (100 mg/kg/day) (U.S. Army 1984c).

Body Weight Effects. Weight loss or lack of weight gain of >10% was seen in rats fed 25—

40 mg/kg/day (Levine et al. 1981, 1990; von Oettingen et al. 1949) and dogs fed 50 mg/kg/day (von
Oettingen et al. 1949) for an intermediate duration, and in rats receiving 40 mg/kg/day RDX (U.S. Army
1983a) and mice receiving 100 mg/kg/day (U.S. Army 1984c) for a chronic period.

Metabolic Effects. Hyperglycemia, hypokalemia, and metabolic acidosis with anion gap were
observed in men accidentally ingesting 37-250 mg/kg RDX (Kiigiikardali et al. 2003). In rats exposed to
40 mg/kg/day RDX in the diet for 13-78 weeks, significant decreases in blo