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PREFACE

This report was prepared 1n accordance with the Memorandum of Understanding
between tne Department of the Army, Deputy for Environment Safety and
Occupational Health (OASA(I&L)), and the U.S. Environmental Protection Agency
(EPA), Office of Drinking Water (ODW), Criteria and Standards Division, for
the purpose of developing drinking water Health Advisories (HAs) for

selected environmental contaminants, as requested by the Army.

Health Advisories provide specific advice on the levels of contaminants 1n
drinking water at whicnh adverse health effects would not be anticipated and

which 1nclude a margin of safety so as to protect the most sensitive memoers

of the population at risk. A Health Advisory provides health effects yuidelines,
and analytical methods and recommends treatment techniques on a case-by-case basis.
These advisories are normally prepared for One-day, 10-day, Longer-term and
Lifetime exposure periods where available toxicological data permit, These
advisories do not condone the presence of contaminants in drinking water; nor
are they legally enforceable standards. They are not 1ssued as official
regulations and they may or may not lead to the i1ssuance of national standards

or Maximum Contaminant Levels (MCLs).

The report is the product of the foregoing process. Available toxicological

data, as provided by the Army, on the munitions chemical hexahydro-1,3,5-trinitro-
1,3,5-tr1azine (RDX) have been reviewed and relevant findings are presented 1n
this report in a manner so as to allow for an evaluation of the data without
continued reference to the primary documents. This report has been submitted

to critical internal and external review by the EPA.

A companion document, "Data Deficiencies/Problem Areas and Recommendations for
Additional Data Base Development for RDX" is included in this report.

[ would ke to thank the authors (Dr. William L. McLellan, Dr, William R.
Hartley and Dr. Margaret E. Brower) who provided the extensive technical skills
required for the preparation of this report, [ am grateful to the members of
the EPA Tox-Review Panel who took time to review this report and to provide
their 1nvaluable input, and I would like to thank Dr. Edward Ohanian, Chief,
Health Effects Branch, and Dr. Joseph Cotruvo, Director, Criteria and Standards
Division, for providing me with the opportunity and encouragement to be a part
of this project.

The preparation of this Advisory was funded in part by Interagency Agreement
(IAG) between the U.S. EPA and the U.S. Army Medical Research and Development
Command (USAMRDC). This IAG was conducted with the technical support of the
U.S. Army Biomedical Research and Development Laboratory (USABRDL).

Krishan Khanna, Ph.D.
Project Officer
Office of Drinking Water
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EXECUTIVE SUMMARY

Hexahydro-1,3,5-trin1tro-1,3,5-trvazine, commonly known as RDX (Britisn

code name for Research Department Explosive or Royal Demolition Explosive), 1s
a white crystalline solid that has been extensively used 1n military munitions

formulations.

The pnarmmacokinetic properties of RDX have been extensively studied 1n
rats. RDX was found to be completely absorbed via the oral route; the rate
of absorption was reported to be a direct function of the particle size of
the powder 1n the slurry administered. The rate of gastro}ntest1na1 absorption
was found to be faster 1n rats than in humans or miniature swine; in rats, peak
plasma levels were reached in 2 to 3 hours, whereas in swine and probably 1n
humans, plasma levels peaked approximately 12 hours after dosing. Absorbed RDX
1s rapidly cleared from the plasma and distributed to tissues. The half-lives
of clearance of RDX from plasma are of a similar order of magnitude 1n rats and
humans: the t};» was found to be 10.1 hours in rats and 15.1 hours in the one
available human study. The highest RDX levels are found in the kidneys, followed
by the levels in the liver, brain, and heart. RDX 1s metabolized by the liver,
and its metabolites are excreted primarily in the urine. The metabolites have

not been 1dentified or characterized.

In numans, the toxic effects of RDX have been on the central nervous system
(CNS). Exposure of workers in a munitions plant via inhalation of dust
containing RDX has resulted in nausea, irritability, convulsions, unconsciousness,
and amnesia. Military personnel have been exposed to RDX while burning
composition C-4 explosives in the field to heat food; inhalation of the smoke

resulted in clonic/tonic convulsions. Ingestion of RDX has caused similar CNS

ef fects.
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Acute toxicity studies indicated oral LDgg values of about 80 mg ROX/kg 1n
mice and 118 mgy RDX/kg 1n rats. [ntravenous administration of single doses of
RDX to peayle doys caused convulsions and death at a dose of 40 myg/ky, central
nervous system hyperactivity and nonlethal convulsions at a dose of 20 mg/ky,
and decreased blood pressure and erratic electroencephalographic patterns at

doses of 3.37 and 6.78 mg/kg.

Subchronic 9U-day feediny studies 1n mice and rats indicate effects on tne
blood and liver. In mice of both sexes, i1ncreased liver weights were noted 1n
groups receiving 320 mg RDX/kg/day, and anemia was seen in males receiving
160 mg RDX/kg/day. In rats, anemia was observed at a dose level of 28 mg
RDX/kyg/day 1n males, and increased liver weight was noted at a dose level of
100 my ROX/ky/day 1n females. In a 10-day oral gavage study i1n monkeys, vomiting
and convulsions were seen 1n five of six animals dosed with ROX at 10 mg/kg/day,

but no central nervous system effects were observed at 1 mg/kg/day.

Lifetime feeding studies 1n rats and mice produced CNS effects, 1ncreased
mortality, weight loss, anemia, hepatotoxicity, renal toxicity, testicular
degeneration, and inflammation of the prostate. In male and female rats fed
RDX in the diet at a level to give a daily intake of 40 mg/kg, tremors and
convulsions, increased mortality, and enlargement of the liver were observed.
Anemia and enlargement of the kidneys accompanied by histologic changes were
also found in males receiving 40 mg RDX/kg/day. Inflammation of the prostate
was found when RDX was administered at 1.5, 8, and 40 mg/kg/day; no effects
were noted at a dose of 0.3 mg/kg/day. When mice were administered 175 mg
RDX/kg/day, increased mortality was seen within 10 weeks. The high dose was
reduced to 100 mg ROX/kg/day. Decreased weight gain was seen in females

receiving 100 my RDX/ky/day between 10 weeks postadministration and study
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termination. Increased liver weights were found 1n males and females
receiving RDX at 1U0 my/ky/day, and testicular degeneration was found 1n
males receiving 35 or 100 mg/kg/day; no important toxic effects were observed

at 7 mg/kg/day.

RDX was not found to be mutagenic 1n bacteria and gave negative results 1n
the dominant-letnal test and in an unscheduled ONA synthesis assay. RDX was
not carcinogenic in rats. In B6C3F; mice, a significant i1ncrease was observed
1n the combined incidence of hepatocellular carcinomas and adenomas i1n females
receiving RDX at 7, 35, or 100 mg/kg/day for 2 years. Mortality in mice
receiving the highest dose was excessive, and the dose was lowered from 175 to

10U mg/kg at week ll. RDX 1s classified as Group C: Possible Human Carcinogen.

In a two-generation reproduction study 1n rats, decreased fertility was
observed at %0 mg RDX/kg/day. Developmental effects (decreased pup weights)
were seen at 16 and 50 mg RUX/kg/day; there were no effects at 5 mg/kg/day. RDX
was found to be embryotoxic in rats at 20 mg/ky/day but was not found to be
teratogenic. In a study in rabbits, RUOX caused maternal toxicity at 20 mg/kg/day,

and there was suggestive evidence for a teratogenic effect at 2 and 20 mg/kg/day.

Based on these findings and on the results of a 90-day oral toxicity study
in monkeys where convulsions occurred in five of six animals administered 10
mg RDX/kg/day but no CNS effects were seen in monkeys administered 1 mg/kg/day,
the Longer-term Health Advisory (HA) for a 10-kg child nas been determined to
be 0.1 mg/L (100 ug/L). In the absence of adequate animal data to determine
a Une-day or Ten-day Health Advisory, the Longer-term HA for a 10-kg child, 0.1
mg/L (100 ug/L), is used as a conservative estimate of the One-day or Ten-day
HA. The Longer-term HA for an adult was established at 0.35 mg/L (400 wuy/L).

A Lifetime HA of 0.002 mg/L (2 ug/L) for an adult was determined based on a
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Drinking Water Equivalent Level (DWEL) of 0.100 mg/L (100 ug/L). The DWEL 15
based on a Reference Dose (RfD) of 0.U03 mg/kg/day where the effect was

suppurative 1nflammation of the prostate of male rats fed RDX for 2 years.
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I. [INTROBUCTION

Tie Health Adv'sory (HA) Program, sponsored by the Off:ce of Dr'nk*ng “arer
(ODW), provraes 1ntormation on the health effects, analyt'cal methondology, and
treatment technology that would be useful 'n deal*ng w*th the contam'nat-on
of drinkinyg water. Health Advisories describe nonregulatory concentrat-ons
of dr'nk'ng water contam'nants at which adverse health effects would not he
ant c'pated to occur over spec'fic exposure durat-ons. Health Adv-sor-es

conta'n a margin of safety to protect sensitive members of the populat-on.

Health Advisories serve as informal technical guidance to assist Federal,
State, and local officials responsible for protecting publ c health when
emergency sprlls or contamination situations occur. They are not to he
construed as leyally enforceable Federal standards. HAs are subject to change

as new 'nformation becomes available.

HAs are developed for One-day, Ten-day, Longer-term (approximately 7
years, or 1lU% of an indiv'dual's lifetime), and Lifetime exposures hased on
data describing noncarcinogenic endpoints of toxicity. For those substances
that are known or probable human carcinogens, according to the Agency
classification scheme (Group A or B), Lifetime HAs are not recommended. The
chemical concentration values for Group A or B carcinogens are correlated w'th
carcinoyenic risk estimates by employing a cancer potency (unit risk) value
together with assumptions for 1ifetime exposure and the consumption of drink'ng
water. The cancer unit risk is usually derived from the linear multistage
model with 95% upper confidence limits. This provides a low-dose estimate of
cancer risk to humans that is considered unlikely to pose a carcinogenic risk
in excess of the stated values. Excess cancer risk estimates may also be

calculated using the One-hit, Weibull, Logit, and Probit models. There is no
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current understand ng of the b'ological mechan'sms *nvolved *n cancer to suggest
that any one of these models 1s able to pred*ct r sk more accurately than

another, Because each model is based upon dffervng assumptions, the est mates

that are der'ved can differ by several orders of magnitude.
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[I. GENERAL INFORMATION

Hexahydro-1,3,5-tr'n tro-1,3,5-trvaz ne (CAS No, 121-82-4), an explosve
polyn*tram ne, s commonly known as RDX (Br t sh code name for Research

Department Explosive or Royal Demol-t-on Explosive).

RUX, a whte crystallne sol*d, is a completely N-n trated, s x-memher
heterocycl c rng compound, [t has been extens'vely used as a h gh-"mpact
explos've *n mrlitary mun*trons formulations dur'ng and s'nce World War 1.

RUX 1s also used as a rat poison (ACGIH, 1986; Windholz, 1983),

ROX is generally manufactured by the n tration of hexamethylene tetramine
(CgH12Ng). In the Un-ted States, RDX is mainly manufactured at the Holston
Army Ammunrtion Plant using the continuous Bachmann process (Pal and Ryon,
1986). Thrs method nvolves the nitratisn of hexamine with ammonium n trate

and nitric ac'd 'n an acetic acid-acetic anhydride solvent (Sullrvan et al.,

1979).

General chemical and physical properties of RDX are presented in Tahle
II-1. RDX (molecular weight 222.26) has approximately 130% the explos‘ve power
of trinitrotoluene (TNT) (Sullivan et al., 1979). It s considered a stahle,
relatively "nsensitive explosive, and can be stored up to 10 months at 85°C
without perceptible deterioration (Meyer, 1977; Pal and Ryon, 1986), The low
solubility of RDX in water (7.6 mg/L at 25°C and 1.3 g/L at 83°C) indicates
that much of the compound detected in wastewater consists of undissolved
particulates (Pal and Ryon, 1986). RDX preparations contain approximately 9%

octahydro-1,3,5,7-tetranitro 1,3,5,7-tetrazocine (HMX),



Table II-1. General Chemical and Physical Properties of RDX

CAS No. 121-82-4

Synonyms Cyclonite/Hexoyen
Cyclotrimetnylenetrinitramine
Hexahydro-1,3,5-trinitro-1,3,5-tr1azine

RDX
sym-Trimethylenetrinitramine
If3,5-Tr1n1trohexahydro-s-tr1az1ne
Molecular weignt 222 .26
Empirical formula C3HgNgOg
Chemical structure .
N W
I A
Physical state white crystalline solid-orthorhombtc crystal
Specific gravity 1.816 @ 20°C
Melting point 204.1°C
Heat of cambustion 2,259.4 cal/g

Solubility characteristics:

Water 0.00076% w/v © 25°C (7.6 mg/L) to
42.3 mg/L (20°C) reported

Cyclohexanone 12.7% w/w @ 25°C

Cyclopentone 9.9% w/w @ 25°C

Acetone 8.3% w/w @ 25°C

Nitrobenzene 1.5% w/w @ 25°C

Methylisobutenyl ketone 3.0% w/w @ 25°C

Methylacetate 1.9% w/w @ 20°C

Acetic anhydride 4.9% w/v @ 30°C

Conversion factors (air) 1 ppm = 9.09 mg/m3

SOURCE: Adapted from Hawley (1977); Small and Rosenblatt (1974); Windholz (1983);
Sullivan et al. (1979); Etnier (1986).
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ITl. SOURCES OF EXPOSURE

Occupat onal exposure may occur dur'ng manufacture and mun>trons
‘ncorporatron of RDX. Human *1lness results from repeated exposure v'a the
resprratory and gastro'ntest*nal tracts and by skin ahsorption {(Kaplan et al.,
1965; ACGIH, 1986.) Reports of tox'c'ty to humans were anecdotal and occurred
*n the early 1940s *n [taly and Germany. All incdents were probahly attr-hutahla
to poor 'ndustrral hyyvrene procedures and 'nadequate ventrlat on, wh ¢ch resyltran
*n contam'natron of workroom a'r wrth RDX dust. In one situation, no further
cases of tox'city were observed when remedral protect've measures were enforced
(Kaplan et al., 1965). No air monitor'ng sampling was performed 'n the early
stud'es. Hathaway and Buck (1977) surveyed U.S. munitions plants between
1972 and 1974 and faund no adverse effects in workers with average %-hour
time-weighted exposures to RDX of 0.28 mg/m3 and maximum levels up to 1.57
mg/m3. Exposure to RDX 1n an occupational setting with standard hygiene
and working procedures (e.y., protective clothing) is principally via a‘irborne
dust. ;n 1im ted geographical areas, humans may be potentially exposed to ROX

as an env-ronmental contaminant,

ROX manufacturing operations such as recrystallization, dewatering, and
incorporation are primary sources of RDX in wastewater., Load, assemble, and
pack (LAP) facilities also discharye RDX-contaminated wastewater from such
operations as washdown, explosive melting, and reject warhead steam cleaning.
These wastewaters coul& contaminate groundwater and public drinking water

supplies (Sullivan et al., 1979).

Wastewaters resulting from manufacture and loading of ROX may be discharged

1nto the environment and may present a potential for aquatic pollution. Sediment
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deposits 1n Army ammunition plants may also pose an environmental problem

because seepage 1nto the groundwater may occur (Etnier, 1986).
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IV. ENVIRONMENTAL FATE

The environmental fate of RDX has been tho~ougnly ~eviewed by Etrnier (19486).
[r expe~imertal studies on migration of [l4CJRDX 1n soils of various pH, texture,
and o~ganic matter typically found in the United States, RDX was assoc:ated
with downwa~d imovement and a ve~y low leachate level (less than 0.5 ppm, wh-ch
was the level of detection). Biological degradation to 14C02 rea~ the su-~face of
the so1l was also observed. RDX is resistant to aerobic bacte~1al degradat-or
in so1l. However, in activated sludye systems, 97% of a 20-mg/L solutior of RDX
was deyraded in 5 days. Bacte~ial degradation results 1n reduction to moro-,
di-, and tr1-nitroso de~1vatives, in reduction to a t~iazine, and in nyd-olyt:c
cleavaye of the t~iazine. Fo~maldehyde, methanol, and CO, are end products.
Photolys1s rapidly degrades ROX. Volatilization is not significant *n the
envirommental fate of RDX. Sediment abso~ption will not lead to a s:gnificant

loss in the aquatic environment,
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V. PHARMACOKINETICS
A, ASSURPTION

A dose, by gavage, of a slurry of coarse yranular RDX di1d not cause
convuisions 1n 10 Sprague-Dawley rats administered 100 mg/ky, whereas a gavage
dose of a slurry of finely ground RDX caused convulsions 1n all 10 rats 2 hours
after dosing at a level of 50 mg/kg. Measured particle Si1zes were not reported.
The plasma concentration, 24 hours after dosing with the coarser RDX, was
3.U4 uy/mL, whereas 1t was 4.7 ug/mL 24 hours after the smaller dose of
finely ground RDX was administered. The LDgy value for the slurry of finely
ground RDX was equivalent to that of a dimethylsulfoxide (DMSQO) solution of RUX
(Schneider et al., 1977). In preliminary studies with individual rats orally
given a single 50-mg/kg dose of (L14CIRDX 1n DMSU, 83% of the administered
radioactivity was found in the gut after 4 nours, 39.3% was found after 24 nours,
and only 2.1% was found after 48 hours. Oniy 1 or 2% of the dose was found 1n

the feces at 24 or 48 nours (Schneider et al., 1976).

Cholakis et al. (1980) dosed mice, by oral gyavage, with much higher
concentrations of RDX. Death occurred within 5 to 10 minutes at doses of 180,
225, and 350 mg/kg and within 30 minutes following a 140-mg/kg dose, indicating
rapid absorption. From data of Schneider et al. (1977), it can be estimated

that death would occur at plasma levels of about 14 uy/mlL.

Absorption was slower in miniature swine than in rats. The peak level
(4.7 ug/mL) was found in the plasma of swine 24 hours after a 100-mg/kg dose
of finely ground RUX. Schneider et al. (1977) suggested that the rate of
absorption via the gut in humans may be more comparable to the rate in swine,

because the latent period preceding RDX convulsions in humans (Stone et al.,
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1969) 1s of the same order as the period observed 1n swine and much longer than

the period observed 1n rats.

8. OISTRIBUTION

Schneider et al. (1977, 1978) studied the tissue distribution, metabolism,
and excretion of RDX in rats after single doses administered via parenteral and
oral routes and after multiple oral doses. Ten Sprague-Dawley rats (both sexes)
received a single i1ntraperitoneal (1p) dose of 500 mg RDX/kg. Eight of tne 10
rats died within 6 hours after experiencing severe clonic-tonic convulsions,

The two rats that survived were sacrificed at 3.5 and 6.5 hours. The mean RDX
plasma level (* SE) for all rats was 13.8x2.6 ug/g. The ratio of tissue
concentration to plasma concentration was approximately 4.8 for kidney, 3.3 for
liver, and 2.3 for heart or brain tissue., Two hours after an 1p dose of 50 my
RDX/kg, the plasma level was 1.1 uy/g, and the tissue-to-plasma ratios for
kidney, liver, heart, and brain tissue were 8.8, 5.7, 2.6, and 3.4, respectively.

No convulsions were observed at the lower dose (Schneider et al., 1977).

After intravenous 1njection of 5 to 6 mg RDX/kg in 10 rats, there was a
biphasic disappearance from the plasma. The half-life of the distribution phase
was 6.32:0.18 minutes, the elimination phase had a half-life of 10.120.32
hours, and the apparent volume of distribution was 2.18 L/kg (Schneider et al.,
1977). This high apparent volume of distribution may indicate significant binding

to tissue,

The tissue distribution and RDX levels 1n the urine and plasma of rats at
various times after an oral dose of 10U mg coarse granular RDX/kg are shown in
Table V-1. Tissues were homogenized and extracted with benzene, and RDX was

quantitated following gas chromatography with electron capture detection. The
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Table V-1. Mean (= SE) ROX Concentration in Plasma, Urine, and
Tissues of Rats at Various Times After Oral Administration
of 100 mg RDX/kg?
Time Plasma Urine Brain Heart Liver Kidney
(nr) (ng/q)b (ug/mL) (uy/q) (ug/g) (ug/9) (s9/4?
2 1.50:0.26 2.4520.30 10.36£1.24 7.97=1.11 4,34:0.90 12.36:=1."
4 2.0920.09 5.46£0.96 7.71=0.98 6.4920.96 2.1620.56 12.30=1.-°
6 1.7820.15 5.02:0.81 7.51£0.57 7.1320.71 0.51:0.34 13.538=z1.2
8 2.3620.22 7.3120.85 5.57£0.67 3.8220.52 0.15z0.1» 10.90:29
12 2.26x0.16 5.49+1,03 11.28£1.60 11.08+1.82 8.51£2.24 22.02:=2.)~
18 2.0320.10 5.58x0.28 6.3U£0.20 5,58+2.24 0.48£0.20 12.12=0
24 3.04:20.438 6.87=0.84 8.911.07 7.89:0.83 2.56=1.15 16.35:zU. 2"

dRats were fasted 24 hours prior to dosing.

DConversion factor (micrograms per milliliter to micrograms per gram wet
weight) = 0.9737.

SOURCE: Adapted from Schneider et al. (1977).
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levels 1n kidney tissue were highest, followed by those i1n brain, heart, and

Tiver tissue.

Tissue levels after oral dosing of rats with 50 my/kg finely powered
[14C]RDX were also studied (Schneider et al., 1977). A time course of tissue
concentrations was not presented. Concentrations of tissue radicactivity 24
hours after a gavage dose of 50 mg [14cIrRDX (finely powered material) were
compared with a study using 100 mg of coarse granular RDX. It was assumed that
all radioactivity was associlated with RDX, and Juantitation was accomplished by
dividing the amount of radiocactivity of tissue by the speci1fic radiocactivity of
the administered RDX. No correspondence was observed between the 24-hour
tissue levels 1n this experiment and those determined after gas-chromatographic
quantitation of the 100-mg/ky nonradioactive dose. Since 1t has been shown
that [14C]RDX is metabolized to 14COZ. it is conceivable that labeled activated
one-carbon frayments are biosynthetically converted to tissue components

(schneider et al., 1977), thereby causiny the apparent discrepancy.

Ten female miniature swine {21 to 60 kg) were fasted for a day and then
adminmistered 10U mg RDX/kg by oral gavage; four convulsed and two died at 22
hours. Plasma RDX concentrations reached about 1.8 ug/mL 1 hour after dosing;
the level (measured at 30-minute intervals) remained fairly constant over
6 hours, then increased to 4.7 ug/mL prior to sacrifice at 24 hours postdosiny.
Tissue concentrations at 24 hours are shown in Table V-2. No marked accumulation
of RDX was found in any tissue, except stomach and colon, when compared to
plasma levels. This result is in contrast to that found for rats (Schneider et

al., 1977). A time course of tissue radioactivity was not available for sSwine.



Table V-2. Mean (x SE) RDX Concentration in Plasma, Urine, Feces, and
Tissues of Miniature Swine 24 Hours After Oral Administration
of 100 mg RDX/kg

RDX
Tissue concentration?d

(= 4

Brain

Heart

Liver

Renal cortex
Renal medulla
Spinal colon
Stomacn

Fat

Feces

Plasma

Urine
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aTissue RUX concentrations are expressed in micrograms per gram of wet weight.
Urine and plasma RDOX are expressed in microyrams per mlililiter.,
BThe number of animals sampled is in parentheses.

SOURCE: Adapted from Schneider et al. (1977).
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In a 90-day study conducted by Schneider et al. (1978), groups of 18
Sprague-Dawley rats (botn sexes) were provided with drinking water spiked witn
[14c] RDX (50 to 70 uy/miL containing 7 to 18 uCi/mL). Based on measured
water consuription, the daily intake of RDX was between 5 and 8 myg/ky. Groups
of s1x rats were sacrificed at 30, 60, and 90 days to determine tissue distripution
and body burden of RDX. Data for tissue levels are summarized i1n Table V-3.

No accumulation of RDX was found in any of the tissues examined after 90 days,
the levels 1n fat and brain tended to be slightly higher than those 1n other

tissues. No overt toxic signs were reported.

In another 90-day study, 30 rats were administered, by gavage, 20 my
RDOX/kg/day. Tissues were collected from groups of 10 animals sacrificed at
30, 60, and 90 days postdosing. In the brain, heart, liver, and xi1dney tissues,
the RDX levels increased only slightly from 30 to 90 days. The mean tissue
levels at 90 days (estimated from a bar graph) were approximately 1lU ug/y for
brain, heart, liver, and kidneys. The RDX level in fat was 7 to 8 ug/g dry
weight at 30 and 6U days, and i1ncreased to approximately 20 uy/g dry werygnt at

90 days (Schneider et al., 1978).
C. METABOLISM AND EXCRETION

In a 90-day study, groups of six Sprague-Dawley rats (both sexes) were
provided with drinking water spiked with RDX (50 to 70 ug/mL containing 7
to 8 uCi/mL [14CIJRDX). At weeks 1, 4, 8, and 13, radioactivity in exhaled
14COZ, as well as in urine and feces, was determined. The results expressed as
percent of administered daily dose are presented in Table V-4, From 27 to 50%
of a daily dose was metabolized to 14COZ and exhaled, 22 to 35% was excreted in
the urine, and 4 to 5% was excreted in the feces. The nature of the urinary and
fecal radioactivity was not investigated. Some variability in recovery, which
ranged from 54 to 89% (Schneider et al,. 1978), was observed.
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Table V-3. RDX Concentration of Tissues From Rats

Prov1ded With Drinking water Spiked with

[14¢] ROX (50 to 70 wy ROX/mL) at 30,

60, and Y0 Days

_ RUX concentrations (ug/g)

30 days 60 days 90 aays

Brain 0.59=20.312 0.40=0.23 0.65£0.15
Heart 0.84:0.67 0.20£0.09 0.45x0.07
Liver 0.80x0.64 0.09x0.04 0.20£0.05
Kidney 0.30£0,14 0.12x0.04 0.47=z0.11
Stomach 0.1320.06 0.11x0.05 0.35+0.08
Colon 0.2720.14 0.1120.04 0.40=0.10
Fat NDD ND 0.57+0.04

aThe values are mean £ SE for six rats for each
determination.
OND = Not determined.

SOURCE: Adapted from Schneider et al. (1978).



Table V-4, Daily Recovery of Radioactivity at Specific
Intervals During Administration of Drinking
water Spiked With [L4CJRDX to Rats

Percent of administered daily dose?

Tot al
Week of Exhaled recovery
study €02 Urine Feces (%)
1 35.422.7 35.3£2.5 4.0:0.8 74.7
4 34.822.0 24.6%1.6 4,0:0.3 63.4
3 50.5£3.9 33.7:1.3 5.320.3 89.4
13 27.4:0.8 22.2%1.5 4,3£0.8 53.9

@ Mean * SE.

SOURCE: Adapted from Schneider et al. (1978).



A 7-day study was carried out 1n five rats administered, by gavage, 20 mg/«g
[14CJRDX dissolved in DMSO. The percent of radioactivity recovered in exhaled
CJp, urine, and feces was 38.9:3.9, 33.6t2.3, and 4.8:0.3, respectively;
total recovery was 77.3% of the daily administered radioactivity (Schneider et

al., 1978).

The urinary metabolites of RDX have not been i1dentified. However, less
tnan 3% of a single dose of 50 mg/ky 1s excreted 1n the urine unchanged (Scnneider
et al., 1977;. The residual RDX remaining in the carcass 4 days after a sinygle
dose was 0.30:0.05 uy/g, which corresponds to U.6% of the original dose.
However, when radioactivity was used to monitor residues in the carcass after 4
days, 9.5*0.03% of the radioactivity was found. This would suggest that
metabolites such as bicaroonate and formaldenyde or formate (one-carbon fragments)

may be biosynthetically incorporated into the tissues of the rats.

One study was found in which rates of excretion were determined 1n humans
(Woody et al., 1986). A 3-year-old child weighing 14.5 kg ingested pellets of
composition C-4 (91% RDX). The peak RDX concentration in serum was 10.74 my/L
at 24 nours and dropped to 3.56 and 0.66 myg/L at 48 and 96 hours, respectively.
Disappearance of RDX from serum followed a monophasic exponential pattern, with
a half-life of 15.0U6 hours. The concentration in the cerebrospinal fluid (CSF)
was 8.94 mg/L at 24 hours, giving a ratio of 0.832 for CSF:serum. The rate of
fecal excretion was slower than the rate of urinary excretion; peak fecal
concentrations (4.49 mg/g) were reached at 96 hours compared with 48 nours for
peak urine concentrations (38.4 mg/L). Using ;n assumed value of 2.2 L/kg for
volume of distribution, it was estimated that a total of 1.23 g had been ingested

(84 mg/kg).
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VI. HEALTH EFFECTS

A. HUMANS

Chron'c RDX exposure via the inhalation route has been character*zed 'n
munitions workers by epilept form seizures (convulsions) and unconsctousness
(Ryon et al., 1984), These convuls‘ons may be preceded hy *nsomn-a,
restlessness, and *rritab'l'ty, and they may be followed by temporary amnes-a
and d sorientatron. Convulsvons have been reported primar:ly from exposure *to

the powadered form of RDX; complete recovery has been found to occur upon removal

from exposure.

Kaplan et al. (1965) reported five case h'stories involving convuls'nns
or unconscrousness among 26 employees in an explosives plant that was process'ng
RDX. These cases occurred within 3 months of startup of RDX-process'ng
operations., There were few prewarning symptoms; some workers had short per-ods
of headache, dizziness, nausea, or vomiting. Two convulsed and became unconsc'ous
while working. One to several hours after leaving work, three others became
unconscious without experiencing convulsions. These individuals were hosptal-zed
and treated, and they generally recovered within 1 day. No abnormalities were
observed in blood counts or urinalyses, and no symptoms other than CNS effects
were noted. Workers were exposed to finely powdered RDX dust, and abhsorption
was probably primarily via inhalation. When hygienic measures were taken in
the plant, no further adverse effects were seen. Kaplan et al. (1965) cited
previously reported cases involving industrial exposure to RDX in Russia,

Italy, and Germany that resulted in epileptiform symptoms and unconsciousness.

Ketel and Hughes (1972) reported 40) cases of RDX intoxication in .S.

soldiers in Vietnam. In these cases, exposure was primarily via inhalation since
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the soldiers freguently burned composition C-4 explosives to heat food 1n the
field. Composition C-4 contained Yl% RDX, 2.1% polyisobutylene, 2.1% motor

011, and 5.3% sebacate (a plasticizer). The patients showed symptoms of CNS
toxicity ranging from confusion to multiple sei1zures followed by amnesia.

Most patients (88%) experienced frequent nausea and vomiting. Three patients

had one generalized clonic/tonic convulsion, and 44% had intermittent generalized
convulsions that occurred from 24 to 36 hours after hospitalization. Phenytoin
di1d not control the convulsions, but phenobarbital controlled myoclonic activity.
Electroencephalograms (EEGs) were performed on 18 patients. EEGs performed at
the time of convulsions showed bilateral synchronous spike and wave complexes (2
to 3/second) on the frontal areas; there was also diffuse slow wave activity.
Eight days later, spike and wave complexes were absent, but the slow frequency

background rhythm persisted. EEGS usually normalized within 1 to 3 months.

Hollander and Colbach (1969) also reported five cases of convulsions 1in
which soldiers pburning composition C-4 to heat food in the field were exposed

to RUX or 1ts combustion products.

Systemic 1ntoxication was not found at a World War [l munitions plant that
employed a closed system of production. However, primary irritation and
sensitization dermatitis of the face and eyelids occurred in workers exposed to
production-related fumes. Patch testing with solid RDX failed to produce local
skin reactions; the irritation and dermatitis experienced were determined to be
related to an unidentified component in the fumes (Sunderman, 1944, as cited in

Ryon et al., 1984).

Hathaway and Buck (1977) conducted a study of 93 munitions plant workers
exposed to RDX and HMX; 69 workers were exposed to primarily RDX. The workers

were evaluated for abnormalities of the hematologic, hepatic, and renal systems,
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and for the presence of autolmmune disease. Atmospher:ic sampling of RDX was
corducted inrtermittently for several hours over a 6-week per:od; sampl-'nrg of
HMX was rot pe~formed. Exposures ~anged f~om undetectable to 1.57 mg RDX/in3,
with a mean detectable exposure of 0.28 mg RDX/m3 ., Duration of occupational
exposures was not ~eported. Results of the fluo~escent antinuclear ant-body
test, which had previously been used to demonstrate evidence of autoimmure
disease (systemic lupus erythematosus or SLE), were found to be highe~ in tne
nonexposed controls (3.5%) than 1n the RDX-exposed employees (2.2%). Results
of other blood chemist~y and hematoloyical tests were found to be similar
between cont~ols and RDX-exposed wo~ke~s. The authors concluded that med:cal
testing of RDX-exposed workers failed to reveal evidence of adverse health
effects for exposures up to 1.57 mg RDX/m3. Three cases of SLE previously

found at one ammunition plant were reported to be unrelated to RDX exposure.

Stone et al. (1969) presented case reports on four military personnel who
ingested from 25 to 180 g of C-4 plastic explosive (91% RDX). All were admitted
to the hospital because of generalized convulsions. Between convulsions, the
state of consciousness of the patients varied from coma to lethargy. Symptoms
included muscular twitching, hyperactive r~eflexes, headaches, nausea, vomiting,
hematuria, low-grade fever, and loss of memory. Although serum glutamic-
oxaloacetic transaminase was elevated, there wer~e no abnormal findings in liver
function tests, and liver biopsies appeared no~mal. Kidney biopsies did not
reveal any permanent histologic change. Recovery of mental capacity was complete

afte~ 1 to 2 months. No fatalities resulted.

Knepshield and Stone (1972) reported six cases of RDX intoxication in U.S.
soldiers in Vietnam who ingested unreported concentrations of composition C-4.

A1l patients exhibited symptoms of CNS toxicity including convulsions (100%),
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coma (67%), d'sorientation and confusion., Mental capac t'es were reported to
normal'ze with'n one to two months, Neuromuscular *rritab lity (muscular
twitch'ng), gastrovntest nal symptoms, hematur+a and fever ahated w'th'n

forty-e ght nhours of 'ngestion. Bifrontal headaches, occurr'ng in 50% of the
patrents, persysted for one to three weeks. The 1ngestion of larger concentrat-ons
of RDX were reported to produce extended per'ods of mental confus'on and anem@a,
S*milarly, Merr+11 (1968) reported case studies on two m'l*tary personnel whn
‘nyested unreported concentrations of compos:tion C-4, Symptoms of CNS tox ¢ty
(nyper rritabil+ty, muscle twrtching, convulsions, mental confus'on and amnes-a),

renal damage (ol'guria, hematur-a, elevated BUN) and hepatic *nvolvement normal- zed

w thin 10 days of 1ngestion.

Woody et al. (1985, 1986) reported a case of a 3-year-old, 14.7-kg ch*1d whn
was hospitalized in status epilepticus. [t was determ'ned that the ch'1d had
ingested pellets of plasticized RDX explosive. The child's mother worked 'n a
munttions plant, and clumps of the explosive had adhered to her boots and
clothing. Blood, urine, and stool samples were taken serially, and samples of
cerebrospinal fluid (CSF) were analyzed. CAT scans of the head were normal,

An EEG revealed no evidence of epileptiform activity; however, it showed d-ffuse
wave slowing, predominantly in the occipital regions. Hematology parameters

and urinary function were normal. Serum glutamic-oxaloacetic transaminase
increased from an initial value of 46 IU to 60 IU at 24 hours. Other serum
chemistry parameters were normal. The CSF showed slight increases in protein
and glucose compared with normal values. The level of RDX in the CSF at 24
hours, measured by high pressure liquid chromatography (HPLC), was 8.94 mg/L
compared with 10.74 mg/L for serum. It was estimated that the amount ingested

was 1.23 g (84.82 mg/kg). See Chapter V, Pharmacokinetics, for discussion of

dose estimation.
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B. ANIMAL EXPERIMENTS

l. Short-term Exposure

a. Acute

The acute oral LDgg values for RDX i1n mice and rats range from 59 to 97 mg/xg

and from 71 to 30U mg/kg, respect vely (Table VI-1). Schne'der et al. (1977)
reportea that the acute oral LDgg value for RDX depends on 'ts phys>cal farn and
on tne methods used to suspend or dissolve RDX. A s ngle oral administratqon

of 100 my RDX/ky 'n a coarse granular preparation d*d not *nduce convulsions 1n
Sprague-Dawley rats, However, when 1lU rats rece'ved, by gavage, a 50-mg/kg

dose of finely powdered RDX in a stable saline slurry, all rats exper-enced
convulstons and 2 dred. The LDgg value of ether the finely powdered RNX 'n

a saline slurry or DMSO solution was 100 mg/kg, whereas the LDgg value of the

coarse granular RDX was approximately 300 mg/kg.

Cholak s et al. (1980) conducted single-dose oral toxicity studres in male
and female B6C3F) mice and Fischer 344 rats. RDX was suspended 'n a 1% methyl-
cellulose and 1% Tween-80 mixture in water and administered, by gavage, to
groups of five male and five female mice at doses of 60, 100, 140, 180, 725, or
350 mg/kg body weight (bw). Groups of 10 male and 10 female rats received oral
doses of 100, 125, 150, 180, 200, or 250 mg/kg bw of RDX suspended in 1% methyl-
celluiose in water, The dosing volume was 20 mL/kg, and all surviving animals
were observed daily for 14 days. The RDX used in the study was contaminated
with 9% HMX.

In mice, death occurred within 5 to 10 minutes postdosing at the 180-, 225-,
and 350-mg/kg levels. Within 30 minutes, 60 and 90% mortality occurred at the
10U0- and 140-mg/kg dose levels, respectively. At the lowest dose (60 mg/kg),

three mice died on day 10 of the study. These animals exhibited central nervous
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yaiued 1w

AUA i LalOrdlory AMlllimars

LDgy
Species Strain Sex Route Vehicle (mg/kg) Referenca
Mouse Swiss-Webster M Ural Corn 011 <75 Dilley et
al. {1373%)
F 86 a
(8-124)
Mouse B6C3F M Oral Methyl- 97.2:8.7 Cholakis er
cellulose (81.6-115.8) al. (19480)
Tween-8U
F 58.9726.8
(24.8-139.5)
Combined 8V.3:9.6
(55.3-99-2)
Mouse --b -- Intra- DMSO 18.71
venous (15.66-22.24) McNamara er
al. (1974)
Rat Sprague-Dawl ey M Oral Corn 011 71
(56-85) Dilley et
al. (1973)
F 71
(50-75)
Rat Sprague-Dawley M/FC Oral OMSO or Schneider
. saline 100 al. (1977
slurry
Rat Sprague-Dawley M/F Oral Coarse 300
powder
Rat Fischer 344 M Oral Methyl - 119.0:4.6 Cholakis et
cellulose (l10.4-128.3)28 al., (19389)
F 8.7:24.5
(108.0-128.9)
Combined 118.1=22.8
(11108'12401)
Rat -- - Oral Gum acacia 200* von
Qettingen
al. (1949)
Guinea pig - - Intra- DMSO 25.1 McNamara er
venous (20.0-31.6) al. (1974)

a95% confidence limits.
bpata not reported.

Cestimated LOgy for male or female.

*Approximate minimum lethal dose.
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system s°gns that Incluaed gasp*ng/labored breath'ng, Straub ta'l-l'ke syndromes,
and clon*c/ton"c convulsions prior to death, In rats, all the an'mals rece'ving
the 150)-, 18U-, and 250-mg/kg dnses, and 95% of those rece'ving the 20N-mg/%g
dose, d'ed with'n 2 to 3 hours postadm'n stration; the mortality rate was 70

and 5% for rats at the 125- and 100-mg/kg levels, respect'vely. Rats also

exh*b ted central nervous System effects such as gasp ng/labored breath'nrg ard
convuls'ons. In both spec'es, there were no apparent sex d-fferences 'n respons=2
to RDX adm'n>strat-on, and gross necropsy did not reveal treatment-related

changes *n any tissues,

Von Qettingen et al. (1949) studred the acute toxicity of RDX *n rats
(stra'n and sex not specified). RDX was adminvstered as a 1 to 4% suspension
"n gum acac'a to groups of 5 to 15 rats. Doses delivered ranged from 25 to 410
mg RDX/kg. The authors established an approximate minimum lethal dose (MLDNg,)

of 200 mg/kg for RDX.

French et al. (1978) observed ultrastructural changes n the liver and
kidneys of rats following a single oral dose of 100 mg RDX/kg. The l1-ver and
k1dneys were examined 24, 48, and 120 hours postdosing. Examination at 24
hours revealed hepatocytes with dilation of the rough endoplasmic reticulum,
mitochondrial swelling, and the presence of concentric membrane arrays. In the
kidneys, changes were confined to the distal convoluted tubular cells; no
consistent alterations were observed in the glomerular cells, proximal convoluted
tubular cells, or the collecting tubular cells, At 48 hours, the liver showed
proliferation of the smooth endoplasmic reticulum (SER); hepatocyte alterations
were similar and of the same magnitude. No consistent changes were observed 'n
the kidneys. At 120 hours, the hepatocyte alterations persisted and SER
proliferation increased; no consistent changes were observed in the kidneys.

The minimal and transient effect of RDX in the kidneys, and the persistence of
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hepatocyte alterations and proliferation of the SER, 1ndicate a possible “nrduct-or
of the mixed function oxidase (MFU) system. However, no data on MFQ levels

were presented,

In a study with doys (breed and sex not reported), o~al administ-ation by
stomach tube of 5 or 15 ing of RDX/kg caused little, if any, changes :n the
animals' blood pressure, respiratory rate, minute volume, and spiral flu:d

pressure (Von Qettingen et al., 1949).

McNamara et al. (1974) investigated the toxicity of RDX afte~ 1rtraverous
(iv) dosing in mice, guinea pigs (st~ain and sex not specified), and beagle

dogs. LDgy values are presented in Table VI-1.

Beagles were injected intravenously with solutions containing 33% RDX in
OMSO, 7.5% in cyclohexanone, and 5.4% in acetone (w/v) in single doses of 0.125
mL/kg. Two dogs dosed at 40 mg RDX/kg in DMSO exhibited subconvulsive je~king,
twitching, and convulsions 15 to 30 minutes after dosing; both dogs died with:r
90 minutes. The convulsions were cyclic, and dogs exhibited inadequate respiratory
movements, dec~eased blood pressure (BP), and a flat line on the EEG. When
administered a dose of 20 my/kg, one dog exhibited CNS hyperactivity within
15 seconds after dosing and hyperreflexia fo~ 1 hour; the othe~ dog convulsed
within 90 seconds and did not recover until 16 nhours later. Dogs given 4.7 or
9.4 my RDX/kyg 1n cyclohexanone showed marked decrease in BP, cardiac arrest,
respiratory inhibition, and l;w-frequency EEG discharge. Dogs were semicomatose
to comatose, eyes were dilated, and the pain threshhold was elevated. Doys
given 3.37 or 6.78 my RDX/kg in acetone showed decreased BP and erratic EEG
disturbances (McNamara et al., 1974). The Lowest Observed Adverse Effect Level
(LOAEL) for this study was 3.37 mg/ky; a No Observed Adverse Effect Level

(NOAEL) was not established.
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Dilley et al. (1982) 1nvestiyated the short-term oral tox1city of a syntnetic
LAP (load, assemble, pack) munition plant wastewater mixture of u-TNT ang RDX
at a ratio of 1:0.62. A pnotolyzed mixture containing lU% RUX and U.32% u-T {7
by welynt, was designated LAP(1). The dose levels ranged from 234 to 119V
my/ky and 1738 to 1780 my/kg for Sprague-Dawley rats and Swiss-Wepster mice
administered LAP, respectively, and 250 to lUUU mg/kg for Swiss-Webster mice
adgministered LAP(1); these LAP mixtures were dispersed uniformly 1n corn o011,
Tne sinyle-dose oral LDygs for LAP were 947 (95% C.I. 707-1090) and 1130 (95% Z.1{.
946-134U) my/kg 1n male and female mice, respectively, and 574 (95% C.I. 432-623)
and 594 (95% C.I[. 502-6738) mg/kg in male and female rats, respectively., All
deaths occurred within 24 hours of dosing; many animals exhibited agyressive
behavior, depressed activity and discolored urine and many of those dosed at >
790 mg/ky exhibited convulsions prior to death. Longer dispersion periods
during preparation of the mixture lowered the LUDys presumably because of 1increasea
dissolution of RDX, considered to be the more toxic component. The LDyys for
LAP(1l) were 585 (Yo% C.I. 472-680) and 684 (95% C.I. 568-841) my/kg for male
and female mice, respectively. Deaths occurred between 0.5 and 1 hour of
dosing; animals exhibited convulsions, squealing, depressed activity, and

discolored urine.

Sprague-Dawley rats, Swiss-Webster mice and beagle dogs were treated 1n a
repeated dose exposure study. Groups of 5 male and 5 female beagle dogs were
dosed with gelatin capsules containing 0, 0.5, 5.0 or 50 my LAP/kg/day. Several
high-dose males exhibited convulsions following the second dose; one death
resulted. Depressed body weight, depressed food intake, anemia and alterations
in spleen (hemosiderosis), liver (hepatomegaly), and testes (atrophy) were
exhibited at the high dose. The LOEL was 5.0 mg/kg/day based on signs of

anemi a; the NOEL was U.5 mg/kg/day. Groups of 20 male and 20 female rats were



treated for 13 weeks with 0, 0.005, 0.05 or 0.5% LAP 1n the adiet; mice were
treated 1n the same manner with an additional group dosed at 0.2% LAP. The
compound-related effects exhipited 1n rats and mice were similar to those found
1n dogs with the addition of uterine hypoplasia exnibited in female rats.
Discolored urine, depressed activity and several biochemical changes were
exhibited in all species. The NOEL for rats was 3.6 mg LAP/kg/day and tnat of
mice was 8.3 mg LAP/kg/day, the lowest doses tested. A 4-week study 1n which
1rradiated LAP(l) was fed to rats at dosages of 0.003, 0.03 or 0.3% 1n the diet
1ndicated that the i1rradiated mixture was less toxic than the unirradiated

mixture,

b. Primary irritation and sensitization

In an acute dermal toxicity study, groups of five male and five female New
Zealand albino rabbits received a single dermal application of 2 g RUX/ky in 1%
carboxymethylcellulose solution; five additional males were retested. Animals
were observed for 14 days; the toxicological endpoints i1ncluded body weiyght
measurements (on days 1, 3, 8, and 15) and observations of clinical signs and
mortality. Except for a slight, transient 10ss 1n body weight, no other
s1gns of toxicity were observed. Two males died on days 3 and 9; however, the
cause of death (Tyzzer's disease) was unrelated to treatment. In the group of

five retested males, there were no mortalities (Furedi-Machacek et al., 1984),.

McNamara et al. (1974) studied the acute dermal toxicity of RDX (suspended
in tnhree solvents) in rabbits, guinea pigs (strain and sex not specified), and
beagles. RDX was dissolved in UMSO, cyclohexanone, and acetone at concentrations

of 33, 7.5, and 5.4% (w/v), respectively.

In a sinyle-dose study, 1 mL of each mixture was applied to the shaved

backs of six rabbits; controls received 1 mL of the solvent alone. All animals
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were observed for skin irritation and systemic toxicity for 30 days. Blood
samples drawn from each rapbit (time not specified) were analyzed for the
following parameters: red blood cell count, wnite blood cell count, nematocricz,
nemoylobin, alkaline pnosphatase, serum glutamic-oxaloacetic transaminase {3GUT),
blood urea nitrogen, creatinine, sodium, potassium, chloride, and carbon dioxide.
Two treated rabbits and one control raobit were sacrificed at | hour, 3 days,

and 3U days after dosiny for patnological evaluation. Topical applications of
RUX 1n the three solvents did not cause skin i1rritation, deaths, systemic
toxicity, or changes 1n any of tne hematologic and biood chemistry paramneters

in treated rapbbits. However, dermatitis was observed histoloyically 1n raboits
recelviny RDX irrespective of the solvent., DOermatitis persisted for up to 3V

days 1n rabbits treated with 33% RDX 1n DMSO.

In a repeated dose study, RDX (1n the three solvents, as described aoove)
was applied as a U.l- or l-mL dose to six rabbits/mixture/volume, 5 days/week
for 4 weeks; controls received solvent alone. All animals were observed daily
for 30 days, and blood samples were analyzed as described i1n the single-dose
study. Pathological examination was conducted in one control and two treated
rabbits sacrificed on days 7, 14, and 28. No skin irritation or changes 1n
blood parameters were observed. One rabbit died after the fifth O0.l-mL dose,
and one died after the tenth application of a l.U-mL dose of 5.4% RDX in acetone.
Another rabbit died after the eighth 1.0-mL application of 7.5% RDX in
cyclohexanone. Histopathology revealed skin lesions at the site of RDX application
that were characterized by a thickening or reddening and inflammation. Minimal
dermatitis was observed in animals receiving the RDX mixtures as well as in
some of the solvent controls. Rabbits treated with either 1, 10, or 20 l-mL
doses of RDX in DMSO had dermatitis at necropsy, while the DMSQ controls

receiving the same doses did not develop dermatitis. Two animals that received
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one 1.0-mL dose of RDX 1n acetone and two that received 20 l-mL doses of RUX 1in
cyclohexanone developed dermatitis, and the solvent controls did not (McNamara

et al., 1974).

Groups of four Juinea p1gs received a single topical application of a 3%
(w/v) RDX/DMSO solution at doses of 316, 510, 1,000, or 2,000 my/kg, or three
applications at a dose of 1,000 mg/kg. Single doses of 316 or 510 mg/ky had no
effect, wnile slight erytnema was observed at the 1l,UU0U- or 2,000-mg/%y dose.
When applied tnree times at 1,000 my/kg, slight erythema was observed after
the first application; later applications showed no further erythema. Applications

of 2 mL UMSQ alone produced no effects (McNamara et al., 1974).

Beagle dogs (sex not specified) received a single topical application of
1 mL of 33% RDX 1n DMSU (289.0 mg/kg), 7.5% RDX 1n cyclohexanone (65.7 mg/ky),
or 5.4% RDX in acetone (47.3 myg/kg); each mixture was applied to two dogs. Two
additional dogs received 480 mg/kg of 33% RDX in DMSO daily for 3 consecutive
days. Treatment produced no consistent increase or decrease 1n any of the
physiological parameters. One of the dogs at the 43U-my/kg dose was sligntly
more irritable and hyperactive for 20 to 30 minutes after tne first and second
applications; dogs appeared normal during the 2-week observation period (McNamara

et al., 1974).

Groups of two to four beagles (sex not specified) received daily topical
applications (on the dorsal area) of 1 mL of RDX in the three solvents (as
described earlier), 5 days/week, for 4 weeks; control dogs received 1 mL of the
solvent alone on the same schedule. Slight erythema and desquamation of the
back was observed in some dogs (number not specified) during the second or

third week of application of either DMSU alone or 289.0 mg/kg RDX in DMSO; no

VI-12



effects were seen at a3 dose of 65.7 my/kg RDX 1n cycionexanone or 47.3 my/ky

RDX in acetone (McNamara et al., 1974).

McNamara et al. (1974) tested RDX for evidence of sensitization 1n male
and female guinea p19s using topical or 1ntradermal 1njections of RDX 1n tne
three solvents. During the sensitization phase, topical (0.5 mL) or 1ntradernal
(0.U5 mL) doses were applied to the clipped dorsal thorax, 3 days/week for 3
weeks. Followiny a 2-week rest period, animals were challenged with a single
topical or intradermal dose of RDX prepared 1n 1:1 (v/v) solvent-saline mixture
(1ntradermal) and polyethylene glycol (topical). Althouygh one route per animal
was used for sensitization, both routes were used for challenge, one on eacn
thiyn at different times. Topical or 1ntradermal 1njections of RDX 1n the

three solvents produced no evidence of sensitization.

2. Longer-term Exposure

a. Ten- to l3-week Studies

Schneider et al. (1978) dosed 30 Sprague-Uawley rats (sex not specified)
orally with RDX in an isotonic saline slurry at 20 my/kg/day for 90 days. A
control group of 10 rats received isotonic saline on the same schedule. RDX
did not induce convulsions or overt neurologic signs. Rats became lethargic,
lost weight, developed rough hair coat, and had a blood-tinged exudate around
the external nares immediately prior to death. During the study, eight dosed
rats died (between days 42 and 77), apparently from exacerbation of chronic

respiratory disease.

Cholakis et al. (1980) conducted 90-day subchronic dietary toxicity studies
in male and female 86C3F) mice and Fischer 344 rats. RDX mixed in rodent

1aboratory chow was fed to the animals for 13 weeks; the RDX concentrations

VI-13



were adjusted weekly based on the animals' body weight and food consumption.

The RDX used 1n the study was contaminated with 9% HMX.

In the study with mice, groups of 10 male and 10 female mice, 5 weeks of
age, received RDX doses of 10, 14, 20, 28, or 40 mg/kg/day for 13 weeks. A
control group of 10 males and 10 females was given a normal diet. No meaningful
changes were observed in clinical signs, mean body weight and food consumption,
nematoloyy, and clinical chemistry values or terminal organ weiynts in treated

mice. Histopatholoyy was not performed.

In a followup study (Cholakis et al., 1980), yroups of 10 male an& 12
female mice were fed 40, 60, or 80 my/kg/day RDX in the diet for 2 weeks,
followed by 80, 16U, or 320 my/kg/day RDX, respectively, for 1l weeks. An
equal nunber of mice served as controls and received a normal diet. Animals
were observed daily, and body weiyht and food consumption were measured weekly.
Hematology and clinical chemistry tests were conducted at termination. Tissues

from the control and high-dose groups were examined histopatnologically.

Mortality occurred in 4 of 10 males (40%) and 2 of 12 females (16.7%) at
the highest dose (320 mg/kg/day). One female died during week 6 of the study;
the other mortalities occurred during week 11. No toxic signs were noted prior
to death. Hyperactivity and/or nervousness were seen in 50% of the males at
the highest dose during weeks 7 and 8; these signs were not observed in the
females. Males fed 320 my/kg/day RDX exhibited a significant (p <0.05)
increase 1n mean body weight gain during weeks 10, 12, and 13; females at this
dose showed a 5.8% increase during week 13 when compared to controls. No
changes were observed in mean food consumption during the 13-week period.
Statistically significant (p <0.05) changes were observed in some of the

hematology parameters. Males fed 160 mg/kg/day RDX showed a 12% decrease in

VIi-14



erythrocyte count, a 7% decrease in hemoglobin concentration, and an 3% increase
1n mean corpuscular volume (MCV); however, there were no effects on these
parameters at the higher dose (320 ppm). The mean corpuscular hemoylobin

(MCHB) was 1ncreased 6 and 5% 1n females fed RDX at 80 or 160 my/kg/day,
respectively. Tnis is not considered of toxicologic importance. In addition,
intermittent cnanges 1n platelets and neutrophils (increased) and 1n serum
glutamic-pyruvic transaminase (SGPT) (decreased) values were found 1n both sexes
of treated mice. The effects of SGPT are not considered to be of toxicologic
1mportance because the values were within the normal range and only 1ncreased

values 1ndicate an adverse effect.

Dose-related 1ncreases in mean absolute liver weight and mean liver weiynt
relative to body weiyht and brain weight were seen in both sexes of mice; the
1increases were significant (p <0.05) at 320 mg/kg/day. Histopathology revealed
minimal focal myocardial degeneration (five males and two females), mild tubular
nepnrosis (four males and one female), and periportal hepatocellular vacuolization
(five males) in the high-dose mice. Other tissue changes observed 1n treated
mice were mild fatty infiltration and mild focal subscapular fibroplasia of the
adrenals, mild microgranuloma, increased (minimal) karyomeyaly of hepatocytes
in the liver, and a dilated lumen of the uterus. The LOAEL for the study based

on anemia in males was 160 my/kg/day, and the NOAEL was 8V mg/kg/day.

In the 13-week study with Fischer 344 rats (Cholakis et al., 1980), 60
male and 60 female rats were divided into six groups, each consisting of 10
males and 10 females. Five groups were fed diets that provided an RDX intake of
10, 14, 20, 28, or 40 mg/kg/day. The sixtn group, serving as controls, was
given a normal diet. Rats were observed daily, and body weight and food

consumption were measured weekly. Standard hematology tests were conducted at
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30 days, 60 days, and at termination, and serum chemistry tests were conducted
at termination. Tissues from controls and the two highest doses (28 and 40

mg/kg/day) were evaluated histopathologically.

No mortality occurred in the treated rats. The mean body weilynt of males
fed RDX at 4U mg/kg/day was significantly (p <0.05) lower than that of controls
during weeks 2 to 13; at termination, the weight gain was 8.4% lower when
compared to controls. Females exhibited dose-related decreases 1n body weignt,
the weight gain at termination was 5.5% lower 1n high-dose females than 1n
controls. Mean food consumption was significantly (p <0.U5) reduced 1n males
fed the high dose during weeks 1, 7, 10, 11, and 13; a slight, but nonsignmificant,

reduction in food consumption was observed in the females at this level,

In males fed 40 mg RDX/kg/day, siynificant (p <0.U5) decreases 1n
hematocrit and hemoglobin (at 30 and éO days) and increases in reticulocytes
(at termination) were observed. In addition, a dose-related 1ncrease in platelet
counts was observed at termination. After 30 days, females fed RDX at 28
my/kg/day showed significant (p <0.05) increases in reticulocytes and decreases
in MCV and MCHB. The high-dose (40 my/ky/day) females showed a siynificant
(p <0.05) increase in leukocytes. After 2 months, the reticulocytes in females
fed 28 mg/kg/day returned to normal level, but the reticulocyte count decreased
(p <0.05$ in females fed 40 mg RDX/kg/day. No significant changes were observed
in any of the parameters for females at termination. Significant (p <0.05)
decreases were observed in ylucose, SGPT, and serum potassium (males), and 1n
SGOT and serum sodium (females) at termination; however, these values were

reported to be within the normal historical ranges.

There was an apparent dose-related reduction in absolute and relative (to

body weiyght and brain weight) terminal heart weight in both sexes fed 4V
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mg/kg/day RDX. The organ weight cnhanges correlated with an increase i1n the
1ncidence of myocardial degeneration (minimal) 1n females, 6/1lU at the high
dose compared witn 2/10 1n controls. In addition, there was an 1ncreased
incidence (minimum degyree) of liver portal i1nflammation in females receiving 4u
my/ky/day (7/10) as compared to controls (1/10). Based on anemia, the LOAEL

was 28 my/kg/day, and the NOAEL was 20 myg/kg/day.

Levine et al. (1981) fed RDX in the diet to groups of lU male and 1V
female Fiscner 344 rats for 13 weeks at doses of 1luU, 3U, 10U, 3UU, or 6UU
my/ky/day; a control group of 3U males and 30 females was ygiven a normal diet.
At termination, hematology and clinical chemistry tests were conducted, and all
major organs (not specified) were weighed; 25 tissues from controls, from 3U-
and luV-my/kg/day-dosed animals, and all major oryans from the remaining groups
were evaluated histologically. Male and female rats fed RDX at 300 or 6UU
mg/kg/day died within 1.5 weeks of dosing. The mean survival times were i1nversely
correlated with the dose level, and there was no apparent sex difference. A
dose-related and significant (p <0.05) reduction in body weight gain was observed
1n males but not in females. Food consumption was significantly (p <0.05)
reduced in both sexes fed 1U0 mg/kg/day or above during study week 1, and 1n
males (1U0 mg/kg/day) during study weeks 5 and 9. Dose-related and significant
(p <0.U5) decreases in serum triglyceride levels were seen in both sexes; the
levels were significantly (p <0.05) lower than those of controls in the groups
receiving 30 and 10U mg/kg/day. A slight but significant (p <U0.U5) increase 1n
leukocyte count was observed in females at all doses; however, this 1s of
doubtful toxicoloyic importance because there were no effects on differential
white blood cell ratios. Males showed sliyght increases in leukocyte counts,
but the effect was not significant. No other hematology or serum chemistry

changes were observed. The absolute and relative liver weights were significantly
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(p <0.U5) 1ncreased 1n females fed 10U mg/kg/day; however, histopathology
1ndicated no treatment-related changes in the liver, Based on effects on liver

weights, the LUAEL was 10U mg/kg/day and the NOAEL 30 mg/kg/day.

Von Uettingen et al. (1949) conducted lonyger term tox1City studies witn RUX
1n rats (strain and sex not specified) and dogs (breed not specified). Groups
of 15 rats received RUX 1n the feed at doses of 1lb, 50U, or 1lUU my/kg/day for lU
weeks., RDX concentrations were based on the weekly body welyht and food
consumption of the rats. No deaths occurred at the 15-mg/ky/day dose; however,
the mortality rate was 60 and 86.6% 1n the 5SU- and- 1UU-my/kg/day dose yroups,
respectively. Most of the rats died during the first month. Necropsy revealed
congestion of the lungs and gastrointestinal tract. Mean body weilyht of rats
fed RDX at S0 or 100 mg/kg/day was lower than that of controls, while rats at the
1>-my/kg/day level showed normal weight gain. Hyperirritability and clonic/tonic
convulsions were seen in rats fed 50 or 100 mg/kg/day RDX. No abnormal pehavioral
activity was seen at the lower dose. Based on CNS effects, the LUOAEL was 5V

my/kg/day and the NOAEL was 15 myg/kg/day.

In a followup study, groups of 2U rats were administered RDX 1n the diet
at doses to provide an intake of 15, 25, or 50 my RDX/kg/day for 12 weeks; a
control group of 20 rats received a normal diet. Mortality occurred in 1, 8,
and 8 rats fed 15, 25, or 50 my/ky/day, respectively. Necropsy revealed
congestion of the lungs and gastrointestinal tract in most animals that died.
The death in the low-dose group was not compound related. Body weight loss,
hyperirritability, and clonic/tonic convulsions were observed 1n rats fed the
two highest doses; these effects were not seen in rats fed 15 mg RDX/kg/day.
Erythrocytes and hemoglobin content were reduced in all rats, including controls,
during study weeks 3 and 4. However, normal values were observed in all rats
by study week 8, except in rats fed 25 my RUX/kg/day; recovery in these rats
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was not complete until termination. No treatment-related changes were observed
1n rats sacrificed at termination (Von Uettingen et al., 1949). The LUAEL
based on mortality and body weight loss was 25 mg/ky/day, and the NUAEL was l>

my/kg/day.

In the study with dogs, seven healthy females were force-fed RDX (molded
1in a moistened pellet) at 50 my/kg/day, 6 days/week for 6 weeks. Une treated
doy that died at the end of week 5 had many congested areas on the walls of the
small 1ntestines. Treatment caused hyperirritability, convulsions, and weight
loss. The gross and microscopic changes 1n the organs and tissues were negligiole

(Von Oettingen et al., 1949).

Hart (1974) observed no signs of toxicity, except for temporary episodes
of vomiting in beagles following dietary administration of RUX for 90 days.
The vomiting only occurred sporadically and during the first 2 weeks. Groups
of three male and three female doys were fed RDX at U.l, 1, or 10 my/ky/day
for 90 days; an equal number of control animals received a normal diet. All
animals were observed daily, and body weights were recorded prior to 1nitiation
and at weekly i1ntervals. Uphthalmoscopic examinations were conducted prior to
initiation and at termination. Hematology, clinical chemistry, and urinalysis
tests were performed on all doys twice prior to initiation and during study
weeks 4, 8, and 13. At necropsy, the heart, kidneys, liver, thyroids, adrenals,
spleen, and testes (with epididymis) were weighed. Histopathological examinations
of 12 selected tissues from the control and high-dose animals were conducted.
No signs of toxicity, except for temporary episodes of emesis, were seen.
Laboratory tests, ophthalmoscopic examination, and organ weiyghts, as well as
gross and microscopic examination, revealed no important differences from

controls.
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Martin and Hart (1974) conducted a 9U-day subchronic oral toxicity study
in cynomolgus monkeys. The animals ranged 1n age from 36 to 54 months; the
males weighed 2.6 to 4.6 kg, and females weighed 2 to 4.2 kgy. Groups of tnree
male and tnree female monkeys were administered oral gavage doses of RUX 1n a
1% aqueous suspension of methylcellulose at V.1, 1, or 10 my/kg/day for YU aays.
An egual number of monkeys, serving as controls, received a 1% aqueous suspension
of methylcellulose alone on the same schedule. Animals were observed dally,
and body weilghts were recorded prior to initiation and at weekly i1ntervals.
Ophthalmoscopic examinations were conducted prior to 1nitiation and at termination.
Standarh hematology, clinical chemistry, and urinalysis tests were conducted
before study 1nitiation, at study weeks 5 and Y, and at termination. The
bromosulphalein (BSP) liver function test was conducted twice before 1nitiation
and during study weeks 4, 8, and 13. Additionally, plasma levels of RDX were
determined for each monkey at study weeks 5 and 9, and at termination. At
necropsy, the thyroid, heart, liver, kidneys, and adrenals were weighed.
Selected tissues and lesions from the control group and from the animals
admlﬁtstered 10/mg/kg/day, and liver, kidneys, spleen, and gross lesions from
the animals administered U.l and 1 mg/kg/day, were examined histopatholoygically.
Vomiting and central nervous System disturbances were the major toxic signs
observed 1n dosed monkeys. Vomiting occurred in one low-dose, three mid-dose,
and five high-dose animals. Five of the six monkeys receiving 10 mg/kg/day
showed 12 instances of CNS disturbances, usually involving tonic-type convulsions.
One male animal at the high-dose level was sacrificed during study week 5 due
to severe CNS disturbances. Eye examination, hematology and clinical chemistry
parameters, urinalysis, BSP test, and oryan weights showed no toxicologically
significant changes. Body weights of treated and control monkeys were comparable,
Histologic examination revealed necrotic and deyenerative megakarocytes in bone
marrow sections, and increased amounts of iron-positive material 1n liver cord
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cytoplasm 1n monkeys given 10U mg RDX/kg/day. However, the authors were uncertain
regarding the toxicological significance of these findinygs. Based on effects on

the CNS, the LOAEL was 10 my/kg/day and the NUAEL was 1 my/ky/day.

b. Lifetime studies

Levine et al. (1983) evaluated the chronic effects of RDX in ygroups of 485
male and female Fisher 344 rats fed doses of 0.3, l.v, 8.V, or 40.0 my/kg/day
for 24 months. RDX purity ranged from 89.2 to 98.7%, and particle size ranged
from <22 wm (51.7%) to 44U um. Mortality was 1ncreased in nigh-dose males and
females throuyhout tne study (e.y., 83 and 41%, respectively, at week 88 as
compared to 32 and 33% for respective controls) (Table VI-2)., Tremors and
convulsions were frequently observed prior to deaths of high-dose males and
females beginning at week 25. Behavioral hypersensitivity to stimuli resulted
in fighting among cohabited high-dose males. Histologic evaluation failed to
detect lesions of the central nervous Eystem. The incidence of cataracts was
significantly i1ncreased (p <0.05) in nigh-dose females at weeks 78 and 104; the
eyes of high-dose males appeared normal. These observations were considered to

be treatment related.

Significant dose-related reductions (p <0.05) i1n body weiyght gain were
seen throuyghout the study for males receiving RDX at 8 mg/kg (5 to 6%) and 40
my/kyg (20 to 30%) when compared to controls. Females were less affected than
males. Sporadic reductions in body weight gain were found in females receiviny
8 my/kyg (5 to 6%) and 4V my/kg (1U to 15%). Food consumption was slightly but
significantly reduced for high-dose males at various intervals throughout the
study; sporadic i1ncreases and decreases were reported for other dosed males and

females.
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Table VI-2. Representat ve Results of Mortal 'ty and Percent Survival
*n Rats Fed RDX n the Diet for 104 Weeks

Dose group Mortality (percent surv‘va\)a at week
(mg/kg/day) 26 52 66 88 104
Males
0 3 (96) 16 (79) 21 (72) 24 (68) 39 (48)
0.3 3 (96) 16 (79) 21 (72) 27 (84) 39 (48)
1.5 4 (95) 19 (75) 24 (68) 31 (59) 48 (36)
8.0 3 (96) 17 (77) 20 (73) 24 (68) 46 (39)
4.0 7 (91) 39 (48) 52 (31) 66 (12) 72 (4)
Females
U 3 (96) 18 (76) 22 (71) 25 (67) 36 (52)
0.3 3 (96) 17 (77) 20 (73) 23 (69) 33 (56)
1.5 3 (96) 16 (79) 22 (71) 25 (67) 35 (53)
8.0 a4 (95) 17 (77) 21 (72) 23 (69) 36 (52)
40.0 3 (96) 22 (71) 28 (63) 31 (59) 49 (35)

a .
Percent survival was based on 75 rats/sex/group.

SOURCE: Adapted from Levine et al., (1983).
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Hemoylobin and hematocrit values, and erythrocyte counts, were decreased
1n high-dose males and females throuynout the study; males were affected to a
greater extent than femaies. The study authors reported tne anemia to be mild,
since compensatory mecnhanisms (e.g., reticulocytosis) were not ooserved.
Reticulocyte counts were not reported. Bone marrow was reported as appeariny
to be within normal limits. Spleens were reported to appear enlarged, with
secondary splenic lesions in high-dose males and females (e.g., extramedullary
hematopoles1s and sinusoidal congestion); however, spleen weights were not
significantly increased. Individual pathology data were not availapble for

review.

Hepatotoxicity, primarily at 4U my/kg/day, was evidenced by hepatomegaly
(although histological chanyes were not reported to be apparent), hypocholesteremia,
hypotriglyceridemia, reduced serum albumin/total protein levels, and increased
lactic dehydrogenase (LDH) levels. More specifically, cholesterol and triglyceriae
levels were significantly decreased in hiyh-dose males and females throughout
the study. Total protein and albumin were decreased in females receiving 3 and
4 mggkg at weeks 92, 78, and 1U4; total protein was decreased 1n high-dose
males at 52 weeks. LDH levels were increased in high-dose males at weeks 13 and
26 and decreased in mid- and high-dose females at week 26; LDH levels were not
reported for weeks 52, 78, and lU4. Absolute liver weights were increased for
high-dose females, and relative liver weights were increased for high-dose

males throughout the study.

Compound-induced renal toxicity was found primarily 1n high-dose males.
Absolute kidney weights were siygnificantly increased in high-dose females, and
relative kidney weiyhts were significantly increased in high-dose males throughout
the study. Absolute and relative kidney weights were sporadically increased in

males and females receiving 8 my/ky. Blood urea nitroyen (BUN) levels were
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significantly 1ncreased 1n high-dose females at week lU4. Histologic examination
of the kidneys showed renal medullary papillary necrosis 1n 15/19 males that
received 40U my/ky for more than 6 months and died by 12 months, but not 1n the

same yroup sacrificed at 12 months or 1n any controls.

In nign-dose males that died after 12 months or were sacrificed at
termination, there was a significant (p <0.05) 1ncrease 1n kidney lesions as
medullary papillary necrosis, pyelitis, and uremic mineralization. Distension
and cystitis of the bladder were also observed 1n high-dose males (Table VI-3).
No corresponding chanyes were found 1n the urogenital system of females. Males
receiving 1.5, 8.0, and 40.0 my/ky/day exhibited increased pigment 1n the
spleen (possibly a nematopoietic response and not adverse) and suppurative
inflanmmation of the prostate (Table VI-3). The only siynificant (p <0.05)
nistoloyic change 1n females was an i1ncrease 1n lenticular cataracts (32/48 1n

the nigh-dose yroup compared with 15/53 1n controls).

Additional toxic effects found in high-dose males and females included
hypoglycemia and thrombocytosis. Glucose levels were significantly decreased
at thi1s dose level throughout the study. White blood cell counts and platelet
counts were increased in high-dose males and females throughout the study.
Adrenals were found to be enlarged in males receivinyg 40 mg/kg/day, although
histologic changes were not reported; adrenal weights were increased in high-
dose males at 27 weeks and in high-dose females at 52 and 104 weeks. Absolute
brain weights of high-dose females and relative brain weights of high-dose

males were significantly increased tnroughout the study.

In summary, when RDX was fed at levels of 0.3, 1.5, 8.0, or 40.0 mg/kg/day
to Fischer 344 rats for 24 months, major toxic effects included increased
mortality, weight loss, hepatotoxicity, hypoglycemia, anemia with secondary
splenic lesions, renal toxicity, urogenital lesions, testicular degeneration,
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Table VI-3. Histologic Lesions in Male F-344 Rats Fed RDX for 2 Yaarsa

Nose level (mg/kg/day)

Organ/lesion 0 0.3 1.5 8.0 a0
Kidney (55)b (54) (52) (55) (31)
Medullary pap>llary necros?s 0 1 0 U 13*
Pyel trs 0 1 a 1 S*
Uremic mineralrzat*on 1 1 2 0 13*
Bladder (54) (55) (52) (51) (317
Distenston 0 2 1 3 25*
Cystitis 0 2 1 1 13*
Prostate (54) (55) (52) (55) (31)
Suppurative inflammation 2 4 g* 12* 19*
Spleen (55) (52) (52) (55) (31)
Increased pigment 3 1 11* 15+ 13*

alncludes rats that died or were sacrificed moribund after 12 months and those
sacrificed at termination,

DThe numbers in parentheses are the numbers of animals for which a specific
tissue was examined microscopically,

*Significantly different from control incidence, p <0.05.

SOURCE: Levine et al. (1983).
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CNS effects, and cataracts. Based on suppurative 1nflammation of the prostate
of males receiving 1.5 mg/kg/day and above, the LOAEL was 1.5 my/ky/day and

the NOAEL was U.3 mg/kg/day.

Hart (1977) fed RDX to male and female Spragyue-Dawley rats at doses of
1.0, 3.1, or 1U my/kg/day for 24 months., Survival was comparable to controls
1n nigh-dose males and females. 8ody weilyhts 1n females receiving 3.1 and
lUu my/kyg/day were significantly decreased (p <U.05) from week 96 to week 44,
nonsignificant decreases in body weilghts were seen 1n males recelving lU my/ky/aay
from week 60 to termination. The study authors, however, considered these
f1nd1n§s to be toxicologically i1nsignificant. Histopathologic evaluations
were comparable between control and dosed animals. The LOAEL was determined
to be 3.1 my/ky/day and the NOAEL to be 1 myg/ky/day based on decreased body weljnts

in females.

Lish et al. (1984) evaluated the chronic effects of RDX in ygroups of 35
male and female B6C3F) mice fed doses of 1.5, 7.0, 3%.U, or 175 mg/kg/day for
24 months. RDX purity ranyed from 89.2 to Y8.7%; particle size ranygyed from
<22 um (51.7%) to 440 um. The hiyh dose was reduced from 175 my/kg/day to
100 my/kg/day duriny week 11 due to high mortality; mortality rates were 35 and
42% for high-dose males and females, respectively, at week 12 (Table VI-4),
Survival was similar between dosed and control groups from week 12 to study
termination. A high incidence of skin lesions (associated with fighting) was
found in high-dose males during the first year of the study; study authors
attributed this finding to treatment-related behavioral changes. ODuring the
second year, all dosed male and control groups exhibited this behavior; histoloyy
revealed chronic dermatitis and skin ulcers in all dosed males. This was

reported to be a secondary treatment-related effect. Convulsions were exhibited
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Table VI-4.

Representative Results of Mortality and Percent Survival
1n Mice Fed RDX in the Diet for 104 Weeks

Dose yroup Mortal 'ty (percent 5urv1'va1)a at week
(mg/kg/day) 6 12 35 39 104
Males
0 0 (100) 1 (99) 11 (87) 32 (62) 39 (54)
1.5 0 (100) 0 (100) 13 (85) 34 (60) 43 (19)
7.0 0 (100) 0 (100) 13 (85) 31 (64) 41 (48)
35.0 0 (100) 0 (100) 13 (85) 33 (A1) 43 (44)
100.9 18 (79) 30 (65) 46 (46) 60 (29) 63 (26)
Females
0 0 (100) 0 (100) 10 (88) 29 (66) 36 (58)
1.5 0 (100) 0 (100) 11 (87) 25 (71) 40 (53)
7.0 0 (100) 0 (100) 11 (87) 24 (73) 33 (61)
35.0 0 (100) 0 (100) 10 (88) 29 (66) 39 (54)
100.0 25 (71) 36 (58) 44 (48) 56 (34) 60 (29)

a
Percent survival was based on 85 mice/sex/group.

SOURCE:

Lish et al. (1984).
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during month 24 1n one male receiving 35 mg/kg and 1n one female receiving 100

my/ky.

The body welynht yains of nign-dose females were siynificantly decredsed
(p <0.05) from week 10 to study termination; the body weight gains of high-dose
males were significantly decreased (p <U.U5) from study 1nitiation to week 12
only. Sporadic increases and decreases were observed 1n food consumption
throughout tne study period. Slight but siynificant reductions 1n hemoyglopin
and hematocrit were found in high-dose females at week 53; however, RBC counts
were 1ncreased at this test i1nterval, and these effects on erythroCcyte parameters

were not reported at any other time during the study.

Large 1ndividual variations were found in clinical birochemistry data for
dosed and control mice throuyghout the study. Hypercholesteremia was found 1n
dosed males and females; elevated cnoiesterol levels were found earlier (week
14) and were more pronounced in females than in males. These 1ncreases were
significant (p <U.0%) in high-dose females at the four i1ntervals of measurement
from week 14 to 79 and 1n high-dose males at weeks 26 and 53. Triglyceride
levels were found to be significantly increased (p <U.U%) 1n females recelving
35 my/ky at week 79 (high dose not tested) and nonsignificantly increased 1n
all dosed females at week 105, Absolute and relative liver weights were found
to be 1ncreased in high-dose males and females at interim sacrifices (weeks 26
and 53) and at study termination. The increases in absolute liver weights were
significant (p <V.05) at 53 and 105 weeks for females and at 10% weeks for
males. Relative liver weight increases were significant (p <0.05) at 26, 53,
and 1U5 weeks in high-dose males and females. With the exception of hepatocellular
tumors, which will be discussed in Section VI.B.5, Carcinoygenicity, histopatholoyic

lesions of the liver were not found.
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Blood-urea-nitrogen (BUN) levels were siigntiy but sigynificantly 1ncreasad
(p <U.U%) 1n high-dose females at week 14 and in 35-my/kg females at week 7Y.
Absolute kidney weights were found to be nonsignificantly 1ncreased at week 53
1n lUU-myg/kg males and signficantly i1ncreased (p <U.U5) in 35- and 10U-mg/kg
males at 105 weeks. Relative kidney weights were significantly 1ncreased
(p <VU.Ud) at 26, 53, and 10 weeks 1n 100-mg/kg males and at 105 weeks 1n
35-my/ky males. The 1ncidence of renal tubular cytoplasmic vacuolization was
reported to be 1ncreased 1n males at all dose levels when compared to controls
at 26 weeks, however, the 1ncidence of this lesion was increased in control
males at 53 and 1U5 weeks and was comparable to dosed animals. Tnis findiny
was reported to be compound related at 26 weeks. Additional toxic effects
1ncluded siygnificantly decreased (p <0.Uv) brain weights in males receiving luv
my/ky at week 93 and in females recelving 35 and 1UU my/ky at week lus. Enlaryed
hearts were found in high-dose males and females. The incidence of testicular
degeneration in mice that died or were sacrificed moribund after 12 months and
those sacrificed at study termination was 0/63, 2/6u, 2/62, 6/59, and 3/27 at
doses of U, 1.5, 7.0, 3%, and lUU my/kyg/day, respectively., The increase over
controls was significant (p <0.05) at the two highest doses. No increases 1n

other nonneoplastic histologic lesions occurred in males or females.

In summary, when RDX was fed at levels of 1.5, 7.0, 35.0, or 100.U my/kg/day
to B6C3F) mice for 24 months, major toxic effects included weight loss, increased
liver weights, and testicular degeneration. Based on testicular deygeneration
1n males, the LOAEL for systemic toxicity was 35 mg/kg/day, and the NOAEL was

7.0 my/ky/day.

3. Reproductive Effects

Cholakis et al. (1980) conducted a two-yeneration reproduction study 1in
Fischer 344 rats. The initial group of parental animals (Fg), consisting of 22
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males and 22 females, was fed ROX in the diet at nominal doses of 0, 5, 16, or

50 myg/kyg/day for 13 weeks. After treatment, the animals were mated and the

dams were allowed to litter. After weaning, yroups of 26 males and 25 females
(F1) were fed the same dietary concentrations of RDX as their parents for 13
weeks and were allowed to mate following completion of treatment. The dams

were allowed to litter, and after weaning, male and female rats (F,) were
necropsied for histopathological examination. Parental toxicity was demonstrated
at SU my/ky by 1ncreased Fy mortality (18 versus U% 1n the otner yroups) and
siynificantly reduced body weiyhts and food consumption. Transient reductions

1n body weilyght and food consumption were aiso noted at 5 and 16 mg/ky.
Reproductive and developmental effects noted at 50 my/kg were reduced matiny

and fertility rates and decreased litter size and pup survival. The numbers of
live Fy litters were 17, 21, 19, and 1V in the U-, 5-, 6-, and SU-my/ky groups,
respectively; the respective mean litter sizes were ll.7, 13.8, 12.3, and 7.6.
Only one high-dose litter survived to produce a second yeneration. Significantly
reduced pup weights reflected developmental toxicity at both the 16- and 5U-myg/ky
dose levels; mean F) values at day 25 were 53, 47, 43, and 41 g 1n the 0-, 5-,
16-, and 5U-my/ky groups, respectively. The LOAEL for reproductive effects was
S50 my/ky/day, and the NUAEL was 16 mg/kyg/day. The LOAEL for developmental

toxicity was 16 my/kg/day, and the NOAEL was 5 my/ky/day.

4. Developmental Toxicity

Cholakis et al. (1980) conducted developmental toxicity studies 1n Fischer
344 rats and New Zealand rabbits. RDX did not induce a teratogenic effect. RDX

was suyyested to be teratogenic in the rabbits, but only at maternally toxic doses.

In the study with rats, groups of 24 or 25 rats received RDX, by yavage,

at 0, 0.2, 2, or 20 mg/kg/day on days 6 through 19 of gestation. Maternal
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toxicity was demonstrated at 20 mg/kg/day by mortal-ty, hyperact v 'ty, convulsianc,
reduced body we'ght ga'ns (adjusted for gravid uterine weiyghts), and decreaseq

food consumptron. Although one dam recelv'ng 2.0 mg/kg/day had convuls-ons,
Chotaks et al, (1980) reported no compound-related effects at 2.0 or 0.2
mg/ky/day. Embryotox'c 'ty was demonstrated at 20 mg/kg/day by increased resorpt-on
rates. The means of post'mplantation loss per litter were 6.8, 2.4, 5.1, and

18.6% at the 0-, 0.2-, 2.0-, and 20-mg/kg/day groups, respectively, Teratongen c ry
was not demonstrated at any of the dose levels tested. Rased on emhryotox'c 'ty

and maternal toxicity, the LOAEL was 20 mg/kg/day and the NOAEL was 2 mg/kg/day.

This study s not suitable for calculation of a Ten-day Health Adv'sory due to

the severity of the effects (convulsions) at 20 mg/kg/day.

Iln the study with rabbits, dams (number not reported) rece‘ved R0X, by
gavage, at levels of 0, 0.2, 2, or 20 mg(kg/day on days 7 through 29 of gestat on,
and 11 to 12 l11tters/group were delivered by cesarean section on day 30,

Maternal toxicity was evidenced at 20 mg/kg/day by nonsignificantly reduced
weight gains, Uterine implantation data and fetal weights were comparable for
all groups; however, a nonsignificantly increased incidence of fetal abnormalitres
(e.g., spina bifida, meningocele, misshapen/enlarged eye bulges, gastroschisis,
1imb reductional defects, tail abnormalities) suggested developmental toxicity
at 20 my/kg. Cleft palate was not found on gross examination of 94 to 110
fetuses in 11 to 12 litters at doses of 0.2, 2.0, or 20 mg/kg/day, but it was
found on soft tissue examination in 1/46 fetuses at 0.2 mg/kg/day and 1n 2/44
and 2/52 fetuses in the 2.U- and 20.0-mg/kg/day groups, respectively. No cleft
palates were found in controls; the normal control incidence in rabbits fis
about 0.1%. Spina bifida was found in 3/110 fetuses (two litters) from dams
dosed at 20.0 mg/kg/day; this anomaly was not found in controls or at the two

lower doses. No maternal or developmental effects were noted at 0.2 or 2.0
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mg/kg/day (Cholakis et al., 1980). Thus, based on matarnal tox'c 'ty and

developmental effects, the LOAEL was 20 mg/kg/day and the NOAEL was 2.0 ma/kg/day.

Angernhofer et al. (1986) 'nvest-gated the developmental tox'c effects of
RDX 'n rats. The authors conducted a range-find'ng study using groups of s'x
pregnant rats treated with RDX, by gavage, at dose levels of 0, 10, 20, 40, 80,
or 12U my/ky/day on gestational days 6 through 15. Treatments w th 40, 30, and
120 mg/kg/day were lethal 1n all females. An'mals in the 20-mg/kg/day group
exh'bited urogenital and nasal discharge throughout the dosing period; no s gns
of compound-related toxicity were noted at 10 mg/kg/day. Fetuses from the
gyroups dosed with RDX had significantly reduced body weights when compared w'th
controls. The teratogenvc 'ty study consisted of 39, 40, 40, and 51 mated
females dosed with RDX on gestational days 6 through 15 at 0, 2, 6, and 20
mg/kg/day, respectively. A total of 0, 1, 1, and 16 animals, respectively,
dled in the above groups. No clinical s gns were noted for the animals dosed
at 2 and 6 mg/kg/day; however, antemortem signs for animals in the 20-mg/kg/day
yroup included urogenital discharge, nasal and oral exudate, convulsions, and
prostration. Necropsy findings did not provide evidence of spec'fic causes for

the deaths of these animals.,

Among the surviving animals, maternal body weights for the high-dose group
were significantly (p <0.05) reduced when compared with controls at gestational
days 10, 13, and 16; however, body weights in this group were comparable with

those of controls on gestation day 20.

The incidence of fetal resorptions was slightly increased for all groups
dosed with RDX, but these fetal effects were not significantly different from
those of controls and the effects were not dose related. Fetal weights and

lengths were reported to be significantly (p <0.05) reduced at all dose levels
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when compared w'th controls. However, when statistical analys's was repeated
on the data, using the l:tter as the bas's, 't was found that fetal we'ght an4
length were significantly decreased compared to controls only *n fetuses from
dams dosed at 2U mg/kg/day (Table VI-5). The male-to-female rat'os were 0.83,
0.88, V.94, and 0.99 for the U-, 2-, 6-, and 20-mg/kg/day groups, respect vely.
No teratogenic effects were noted *n this study. Based on maternal deaths and
tox city and a decrease 'n fetal we'ght and fetal length, the LJAEL s 20N

my/kg/day and the NOAEL +s 6 mg/kg/day.

5. Carc nogenic 'ty

RDX was not found to be carcinogenic when fed to rats (two stra'ns); however,
1t was found to produce hepatocellular and alveolar/bronchiolar carc'nomas and
adenomas when fed to mice.

Levine et al. (1983) evaluated the incidence of tumor formation in male
and female Fischer 344 rats fed RDX in the diet at doses of 0.3, 1.5, 8.0, or
40.0 mg/kg/day for 24 months. Following treatment, animals were examined for
occurrence of tumors 1n various organs/systems., RDX was not found to be
carcinogenic 1n rats at doses up to 40.0 mg/kg/day. This study is reviewed in

detail in Section VI.B.2.b., Lifetime Studies.

RDX was not found to be oncogenic in male and female Sprague-Dawley rats
fed RDX in the diet at doses of 1.0, 3.1, or 10 mg/kg/day for 24 months (Hart,

1977). The incidence of neoplasms was found to be comparable between dosed and

control animals,

Lish et al. (1984) evaluated the incidence of tumors in groups of 85 male
and female B6C3F; mice fed RDX at doses of 1.5, 7.0, 35.0, or 100 mg/kg/day for

24 months (Table VI-6 and Table VI-7, respectively). The incidence of
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Table VI-5. Fetal Weignt and Length (% SD) 1n Progeny
of Rats Administered RDX

Dose
level Weirght (g) Length (cm)
0 3.81x0.47 3.7120.16
2 3.70£0.39 3.68z0.17
6 3.72+0.34 3.67=0.15
20 3.45x0.43* 3.52=z0.21*

*Significantly different from control value usinyg analysis of
variance and Duncan's test for multiple comparisons, p <0.05; the
analysis 1s on a litter basis.

SUOURCE: Adapted from Angernofer et al. (1986).
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Table VI-6. Incidence of Neoplast c Lesions *n Male BAC3F| Mrce
Fed RDX 'n the Dret for 24 Months

Dose level (mg/kg/day)
Orygyan/f nd nga 0 1.5 7.0 35.90 100.90
L ver (63)b (60) (62) (59) (27)
Malignant 1ymphoma 0 1 a 5 0N
(0%)c (1.7%) (6.4%) (8.5%) (0%)
Hepatncellular carc noma 13 20 16 18 5
(20.6%) (33.3%) (25.R%) (30.5%) (22.2%)
Hepatocellular adenoma 8 6 1* 7 7
(12.7%) (10.0%) (1l.5%) (11.9%) (25.9%)
Hepatocellular adenoma and 21 26 17 25 13
carcinoma combined (33.3%) (43.3%) (27.4%) (42.4%) (48.,1%)
Lung (63) (60) (62) (59) (27)
Alveolar/bronchiolar carcinoma 3 6 3 7 5
(4.8%) (10.0%) (4.8%) (11.9%) (1R.5%)
Alveolar/bronchiolar adenoma 6 5 5 7 1
(9.5%) (8.3%) (8.1%) (11.9%) (3.7%)
Alveolar/broncniolar adenoma 9 11 8 14 5
and carc noma combined (14.3%) (18.3%) (12.9%) (23.7%) (22.2%)
Kidney (63) (60) (62) (59) (27)
Malignant 1ymphoma 1 2 4 4 1
(1.6%) (3.3%) (6.4%) (6.8%) (3.7%)
alncludes animals sacrificed at study termination and those that died or were

sacrificed moribund in the course of the study.

DNumber of animals with specific tissue examined histologically.

CPercentage of incidence.

*Significantly different from control value (p <0.05).

SOURCE: Adapted from Lish et al. (1984),
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Table VI-7. Incrdence of Neoplast'c Lesions 1n Female B6C3F| M- ce

Fed RDX *n the Dret for 24 Months

Dose level (mg/kg/day)

Organ/find nga 0 1.5 7.0 35.0 100.0
Lrver (65)b (62) (64) (64) (31)
Hepatocellular carcinoma 0 4 3 6 3
(0%)c (6.4%)  (4.7%)  (9.4%) (9.7%)
Hepatocellular adenoma 1 1 6 6 3
(1.9%) (1.6%) (9.4%) (9.4%) (9.7%)
Hepatocellular adenoma and 1** 5 A 12* 6*
carcinoma comb'ned (1.5%) (8.1%) (14.1%) (18.8%) (19,4%)
Lung (65) (62) (64) (64) (31)
Alveolar/bronchiolar carcinoma 3 1 3 3 4
(4.6%) (1.6%) (4.7%) (4,7%) (12.,9%)
Alveolar/bronchiolar adenoma 4 2 5 9 3
(9.2%) (3.2%) (7.8%) (14.1%) (9.7%)
Alveolar/bronchiolar adenoma 7 3 8 12 7
and carcinoma combined (10.8%) (4.8%) (12.5%) (18.8%) (?72.5%)
alncludes animals sacrificed at study termination and those that died or were

sacrificed moribund in the course of the study.
bNumber of animals with specific tissue examined histologically.

CPercentage of incidence.

*Significantly different from control value (p <0.05), Fisher's Exact test.
**Significant trend (p <0.05), Cochran-Armitage test; analysis by reviewers.

SOURCE: Adapted from Lish et al. (1984),
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hepatocellular carcinomas and adenomas combined was reported to be significantly
increased (p <0.U5) 1n females receiving ROX at 7.0, 35.U, and 1UU.0 myg/kg
(14,1, 13.8, and 19.4%, respectively) when compared to concurrent (l.3%) or
historical (7.9%) controls (Tables VI-7 and VI-8). These findinygs were
considered to be compound related in females. In addition, 1t was reported

that the 1ncidence of hepatocellular adenomas 1n females recelvinyg 7.0 and 35.)
put not 1UU my/ky/day was significantly (p <0.U5S) i1ncreased when compared to
nistorical controls. Historically, the 1ncidence of combined nepatocellular
adenomas and carcinomas 1n untreated male B6C3F) mice 1s 3l.1% as compared to
7.9% for untreated females of this strain (Table VI-8) (Haseman et al., 193d4).
The 1ncidence of combined hepatocellular adenomas and carcinomas 1n nigyh-dose
males was 48.1% as compared to 33.3% for the concurrent control ygroup; the
increase was not signmificant (Table VI-6). A nonsiygnificant i1ncrease i1n alveolar
and bronchiolar carcinomas was found in high-dose males and females; histiocytes
were reported to be increased in the lungs of high-dose females. Malignant
lymphoma of the kidney was reported to be slightly increased (nonsignificantly)
in males receilving RDX at levels of 1.5, 7.0, and 35.0 mg/kg (3.3, 6.4, and
6.8%, respectively) when compared with concurrent controls (1.6%). This findiny
was not seen in female mice. In summary, the incidence of hepatocellular
carcinomas and adenomas (combined) was significantly increased in ROX-treated
female mice. Based on EPA Guidelines for Carcinoyen Risk Assessment, RUX is

classified in Group C: Possible Human Carcinogen.

This study had some technical flaws. The high dose was lowered from 175
mg/ky/day to lUU myg/ky/day duriny week ll due to nigh mortality in both sexes.
This mortality substantially reduced the number of high-dose animals at risk
(see Table VI-4). Since there were four doses in the study, the high dose

could be removed for guantitation purposes and still provide an acceptaple
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Table VI-8., [Incidence of Primary Liver Tumors
1n Historical Control B6C3F) Mice

Tumor 1ncidence

Finding Maies Females
Number of tissues examined (2,334) (2,469)
Hepatocellular carcinoma 498 101
(21.3%) (4.1%)
Hepatocellul ar adenoma 240 98
(10.3%) (4.0%)
Hepatocellular adenoma 725 196
and carcinoma combined (31.1%) (7.9%)

SOURCE: Adapted from Haseman et al. (1984).
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potency estimate. The RDX used contained 3 to 1U% HMX. The increases in
hepatocellular adenomas or carcinomas were not significantly (p >0.U5) increasea

in dosed females wnen analyzed separately but were significant when compined.

6. Ganotox1Ccity

RDX gave neyative results n all genotoxicity studies conducted.

The mutagenic potential of RUX was evaluated 1n two studies using tne
Salmonella/microsomal preincubation assay. Salmonella strains TA93, TAluu,
TA1535, TA1537, and TAl1538 were exposed to RDX at concentrations of 1, 10, lu0,
304, or 1,000 uy/plate 1n one study {Cholakis et al., 1980), and at 0.625 or
1.25 my/plate 1n the second study (Whong et al., 1980). The assays were
conducted with and without metabolic activation (S-9 fraction from livers of

Aroclor-induced rats). In both studies, RDOX was nonmutagenic.

Simmon et al. (1977) tested the mutagenicity of several munitions
wastewater chemicals before and after chlorination or ozone treatment., ROX was
evaluated in Salmonella strains TA98, TAlQu, TA1535, TAl%37, and TA1538 at

several concentrations ranginyg from U.24 to 14 ug/plate, and 1n Saccharomyces

cerevisiae strain D3 at concentrations ranging from 0.00004 to VU.U023%. The
assays were conducted with or without metabolic activation (S-9 fraction from
Yivers of Aroclor-induced rats). RUX was nonmutayenic before and after

chlorination in these assays.

In a dominant lethal assay, male Fischer 344 rats were fed ROX-containing
diets providing 0, 5, 16, or 50 mg/kg/day for 13 weeks and then mated with
virgin females. RDX did not induce a dominant lethal effect. There was no
evidence of a preimplantation loss of blastocysts or postimplantation of embryos

(Cholakis et al,, 1980).
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RDX yave negative results 1n an unscheduled UNA synthesis assay usiny
WI-38 (human fibroblasts) when tested at a maximum concentration of

4,000 uy/mL, with or without metabolic activation (Dilley et al., 1973).

7. Neurotoxicity

MacPna1l et al. (1985) studied neurobehavioral effects after acute or
subchronic oral administration of RDX to Sprague-Dawley rats. In acute studies,
RDX 1n corn 01l was administered, by gavage, 1n doses of 12.5, 25, or 50 my/ky.
Testing for behavioral effects was conducted 2 and 24 hours after administration,
In subchronic studies, doses of 1, 3, or lU my/kg/day were yiven for 30 days,
and testing was performed prior to dosing and after 16 and 30U days of dosinyg.
Between 24 and 64 rats of each sex were studied 'n a series of neurobenavioral
tests. After acute dosing, a wide ranygye of sensory, motor, and coynitive
effects were found i1n the rats, but no overt neurotoxic effects were found.

Little evidence of behavioral toxicity was observed after subchronic dosing.

ﬂotor activity was tested in a figure-8 maze with blind alleys that
converyed on a central open area; photoelectric cells monitored total activity
as well as temporal and spatial distribution of motor activity. In the acute
study, there was a significant dose-related decrease in activity (all doses)
with some indication of a residual effect at 24 nours. Landinyg footspread,
measured in the same groups of rats, was consistently decreased at 2 hours, but
no dose-related effect was observed. In an acoustical startle response test,
a2 13-kHz startle stimulus was presented 10 times in each testing session in the
presence of three different backyround noise intensities. A dose-related i1ncrease

in response latency was observed after single doses of RDX (MacPhail et al., 1985).
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In a schedule-controlled behavior test, male rats were trained to press a
key to deliver sweetened condensed milk 1n response to a light cue over the
milk dipper. KDX administration decreased the overall operant response rate
and, at the hignest dose, recovery to baseline performance did not occur until
3 days after dosing. There was a dose-response effect on recovery. In a
flavor aversion conditioning test, RDX-treated rats preferred water to a

saccharin-flavored solution.

In the subchronic studies, no clear behavioral effects were observed 1n any

of the above tests after daily dosing at levels of up to 10 mg/kg/day.

Burdette et al. (1988) studied spontaneous seizure activity, audiogenic
serzure activity, and the phenomenon of kindling 1n Long-Evans male rats
after oral administration of RDX. 0Oral gavage doses of RDX (class > particle
s1ze) dispersed in carboxymethylcellulose by ultrasonic treatment were
administered to groups of 10 to 12 rats, and the animals were observed for
8 nours. Spontaneous convulsions occurred in about 20% of the rats dosed at
12.5 mg/kg RDX within 2 hours and subsided by 4 hours. At 25- and 50-mg/kg
doses, spontaneous convulsions occurred in 80% of the animals and seizure
activity persisted for 2 and 6 hours, respectively. The tnreshold plasma level
of RDX at seizure was 3.1 ug/mL. Susceptibility to audiogenic seizures,
elicited by exposure to an ultrasonic source, was significantly increased
with dose and persisted for up to 300 seconds after a 60-mg/ky dose of RDX;

this dose resulted in death of 6 of 16 rats.

To study the kindling phenomenon, electrodes were implanted in the
amydaloid nucleus of the brain. Kindling is characterized by development of
seilzure activity by repeated daily electric stimulation of the amydaloid at

a current that 1s a fraction of the normal threshold current for seizures.
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RDX given at nonconvulsive dally doses of 6 mg/kg/day acted as a chemical
kindling agent. Convulsions could be i1nduced by low currents a week after
cessation of RUX dosinyg, i1ndicating that the effect was not due to accumulation
of RUX 1n the body. The results i1ndicated to Burdette et al. (1988) that tne

primary target for RDX toxi1¢ity may be the limbic system of the brain.
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VII. HEALTH ADVISORY DEVELOPMENT
A. SUMMARY OF HEALTH EFFECTS DATA

In numans, the major toxic effects of RUX have been on the central nervous
system (CNS). Exposure of workers 1n a munitions plant via 1nhalation of dust
containing RDX has resulted 1n nausea, irri1tability, convulsions, unconsciousness,
and amnesia (Kaplan et al., 1965). Military personnel have been exposed to RUX
and 1ts decomposition products while burning composition C-4 explosives 1n the
field to heat food; 1nnalation of the smoke resulted 1a clonic/tonic convulsions
(Ketel and Hughes, 1972; Hollander and Colbach, 1969). Inyestion of RDX has

caused similar CNS effects (Stone et al., 1969, Woody et al., 1986).

Acute toxicity studies by Cholakis et al. (1980) indicated oral LDg, values
of about 80 mg/kg 1n mice and 118 mg/kg in rats. It has been estimated that
convulsions occur 1n rats when plasma levels reach 13.8 ug/mL (Schneider et

al., 1977).

Subchronic 90-day feeding studies in mice and rats indicate effects on the
blood and liver. In both sexes of mice, increased liver weilghts were seen 1n
groups receiving RUX at 320 mg/ky/day, and anemia was seen in males receiviny
160 my/ky/day (Cholakis et al., 1980). In rats, anemia was seen at a dose
level of 28 my/kg/day in males (Cholakis et al., 1980), and increased liver
welyht was seen at a dose level of 10U my/kyg/day in females (Levine et al.,
1981). In a 10-day oral gavage study in monkeys, vomiting and convulsions were
seen in five of six animals receiving RDX at 10 my/kg/day, but no central

nervous system effects were seen at 1 mg/kg/day (Martin and Hart, 1974),
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Lifetime feediny studies 1n rats and mice produced CNS effects, 1ncreaseq
mortality, weight loss, anemia, hepatotoxicity, renal toxicity, testicular
degyeneration, and 1nflammation of the prostate. In male and female rats fad
RUX 1n the diet at a level to give a daily 1ntake of 40 my/ky, tremors and
convulsions, 1ncreased mortality, and enlargement of the liver were observed.
Anemia and enlargement of the kidneys accompanied by histoloyic changes were
also found 1n males receiving 40 my/kyg/day. Inflammation of the prostate was
found at l.v, 8, and 4U my/kg/day, no effects were noted at a dose of U.3
my/ky/day (Levine et al., 1983). In a study 1n mice by Lish et al. (1334},
1ncreased mortality was seen 1n the first 10 ;eeks of the study when mice
received 17% mg/ky/day. The nhigh dose was reduced to 100 my/kg/day. Decreased
wergnt gain was observed in females receiviny lUU my RUX/ky/day between 10
weeks and study termination. Increased liver weights were found 1n males and
females receilving lUU my/ky/day. The males receiving 3% or lUU my/ky/day
exhibited testicular deyeneration. No important toxic effects were found at

7 my/ky/day.

RDX was not found to be mutagenic in bacteria (Whonyg et al,, 198U, Simmon
et al., 1977). It gave negative results in the dominant-lethal test (Cholakis

et al., 198VU) and in an unscheduled DNA synthesis assay (Dilley et al., 1978).

RDX was not carcinogenic in rats (Levine et al., 1983; Hart, 1977). In
B6C3F) mice, there was a significant increase 1n the incidence of hepatocellular
carcinomas and adenomas (combined) in females receiving 7, 35, or 100 mg/kg/day
for 2 years. Mortality in mice receiving the highest dose was excessive and
the dose was lTowered from 175 to 100 my/kg at week 11, RDX is classified

as Group C: Possible Human Carcinogen.
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In a Two-generation reproduction study 1n rats, decreased fertility was
observed at SV myg/ky/day. Developmental effects (decreased pup weights) were
seen at 16 and SU my/ky/day; no effects were observed at 5 mg/kg/day (Cholakis et
al., 1980). RDX was found to be embryotoxic 1n rats at 20 mg/kg/day (Cholakis

et al., 19380; Angernofer et al., 1986) but was not found to be teratoygenic.
B. QUANTIFICATIUN OF TOXICOLOGICAL EFFECTS

Healtn Advisories are generally determined for One-day, Ten-day, Lonyer-
term (approximately 7 years), and Lifetime exposures 1f adequate data are
available that 1dentify a sensitive noncarcinogenic endpoint of toxicity. The
HAs for noncarcinogeni¢c toxicants are derived using the following formul a:

HA = (NOAEL or LOAEL) (8W) - mg/L (
(UF) (___ L/day)

ug/L)

where:

NOAEL or LOAEL No- or Lowest-Observed-Adverse-Effect Level

(vn mg/ky BW/day).

BW = assumed body weight of a child (10 kyg) or an adult (70
kg).

UF = uncertainty factor (10, 100 or 1,000), in accordance with
NAS/ODW guidelines.

L/day = assumed daily water consumption of a child (1 L/day) or

an adult (2 L/day).

1. One-day Health Advisory

In numans, RDX intoxication results in central nervous system effects such
as convulsions and unconsciousness. Good yuantitative data on the minimum dose
that causes the effects are not available. One study on acute intoxication of a

3-year-o0ld child who consumed RDX measured blood and spinal fluid levels of ROX
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and estimated the dose ingested (Woody et al., 1986). However, since
assumptions were made to estimate the dose, and a single 1ndividual was exposed,
this study was Jjudyed to have inadequate data for HA development. In a study

1n doys, a single intravenous dose of 3.37 mg RDX/ky was reported to cause an
erratic electroencepnhalogram (EEG) pattern and decreased blood pressure.
However, yraphic data for this dose (the lowest dose tested) were not presented,
only one doy was tested, a NOAEL was not established, and the route of exposure

may not have been appropriate for setting a One-day HA value for RDX.

Since these data were not judged suitable for determining a Une-day HA
value for RDX, 1t 1s recommended that the Longer-term HA for a 10-kg child (J.l

mg/L) be used as a conservative estimate for the One-day HA value.

2. Ten-day Health Advisory

No data found 1n the available literature were suitable for determination
of the Ten-day HA value for RDX, It is therefore recommended that the Lonyer-
term HA for a lU-kg child (0.1 my/L) be used as a conservative estimate for the

Ten-day HA value.

3. Longer-term Health Advisory

In a 9U-day study in cynomolgus monkeys, convulsions occurred in five of
six animals receiving RDX, by yavage, at 10 mg/ky/day. No CNS effects were
seen in three males and three females receiving 1 my/kg/day (Martin and Hart,
1974). Based on this study, the LOAEL is 10 my/kg/day and the NOAEL 1s 1
my/ky/day. In rats, tne LOAEL for CNS effects was 25 myg/kg/day and the NOAEL
was 1% mg/ky/day in a 9U-day feeding study (Von Oettingen et al., 1949).
LOAELS and NUAELs were available for effects on liver weight and liver pathology

in mice (Cholakis et al., 1980) and in rats (Levine et al., 1981), but they
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were not considered because the values were much less sensitive than those for
CNS effects 1n monkeys. Tne Cholakis et al. (1980) developmental toxicity
study was considered but rejected due to the severity of the effects (convulsions)

at the LOAEL (20 myg/kg/day).

The Longer-term HA for the 10-kg chi1ld 1s calculated as follows:

{1 mg/kg/day) (10 kg) = 0.1 mg/L (1UU wug/L)
(1 L/day) (1lu0)

where:

NOAEL, based on CNS effects 1n monkeys following YU-day oral
dosing at 10 mg RDX/kg/day.

1 mg/kg/day

10 ky = assumed weight of a child.
1 L/day = assumed water consumption of a 10-kg child.
100 = uncertainty factor, chosen 1n accordance with ODW/NAS

guidelines using a NOAEL from an animal study.

The Longer-term HA for a 70-kg adult 1s calculated as follows:

1 mg/kg/da 70 kg) = 0.35 mg/L (rounded to 400 uny/L)
) '(3 L/day{"{ 1'00Tﬂ

where:

NOAEL, based on CNS effects in monkeys following 9U-day oral
dosing at 10 mg RDX/kg/day.

1 mg/ky/day

70 kg = assumed weight of an adult.

2 L/day = assumed water consumption of a 70-kg adult.

4, Lifetime Health Advisory

The Lifetime HA represents that portion of an individual's total exposure

that is attributed to drinking water and is considered protective of noncarcinoyenic
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adverse health effects over a l1i1fet'me exposure. The Lifetime HA s der>vod

*n a three step process. Step 1 determines the Reference Dose (RfD), formerly
called the Acceptable Daly Intake (ADI). The RfD *s an est'mate of a da’ly
exposure to the human population that is Il rkely to be without apprecrable r sk

of deleter+ous effects over a 11fet'me, and *s der*ved from the NOAEL (or

LOAEL), ~dent:fred from a chron'c (or subchron'c) study, divided by an uncerta'nry
factor(s). From the RfD, a Drinking Water Equvalent Level (DWEL) can 4“e
determ'ned (Step 2). A DWEL IS A MEDIUM-SPECIFIC (I.F., DRINKING WATER) L[FET{™E
EXPOSURE LEVEL, ASSUMING 100% EXPOSURE FROM THAT MEDIUM, AT WHICH ANVERSF,
NONCARCINUGENIC HEALTH EFFECTS WOULD NOT BE EXPECTED TO OCCUR. The NWEL s
derived from the multiplication of the RfD by the assumed body weight of an

adult and divided by the assumed dally water consumption of an adult. THE
LIFETIME HA IS DETERMINED IN STEP 3 BY FACTORING IN OTHER SOURCES OF EXPOSURE,
THE RELATIVE SOURCE CONTRIBUTION (RSC). THE RSC FROM DRINKING WATER IS BASED

UN ACTUAL EXPOSURE DATA OR, IF DATA ARE NOT AVAILABLE, A VALUE OF 20% IS ASSUMED,
If the contaminant is classified as a Group A or B carc'nogen, according to the
Agency's classification scheme of carcinogenic potential (1).S. EPA, 1986), then
caution should be exercised in accessing the risks associated with 1-fet-me

exposure to this chemical.

Three 24-month continuous feeding studies, one in B6C3F; mice and two in

rats (F-344 and Sprague-Dawley), were considered. The LOAELs and NOAELs

established are presented in Table VII-1.

[n the study with rats by Levine et al. (1983), F-344 rats were fed doses
of RDX at 0.3, 1.5, 8.0, or 40 mg/kg/day for 24 months. Based on a dose-related
1ncrease in the incidence of suppurative inflammation of the prostate of males
receiving 1.5 mg/kg/day and above, the LOAEL is 1.5 mg/kg/day and the NOAEL is

0.3 mg/kg/day. This study is the most sensitive for deriving a DWEL.
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Table VII-1, Summary of Candidate Studies for Derivation of the
Drinking Water Equivalent Level (DWEL) for RDX

Species/ NOAEL LOAEL
strain Route Duration Endpoint (mg/ky/day) Reference
Rat/F-344 Qral/ Lifetime [nflammation 0.3 1.5 Levine et al. (1933)
diet of prostate
Rat/S-D Oral/ Lifetime Decreased body 1.0 3.1 Hart et al. (1977)
diet weight 1in
females
Mouse/ Oral/ Lifetime Testicular 7.0 35 Lisn et al, (1983%)
B6C3F diet degeneration

*The NUAEL is 7.0 mg/kg/day for systemic effects based on the absence of
systemic effects at this dose and the separation by EPA of tumorigenic and
systemic changes; it 1s recognized that hepatocellular adenaomas and carcinomas
were exhibited in female mice at this dose level,

VIii-7



In ¢ 24-month feeding study 1n Sprague-Dawley rats (Hart et al., 1977), no
histoloyic changes were seen at the doses tested (1, 3.1, and 10 mg/kg/day).
However, siynificant decreases were seen in body weight gain in females at 3.1

and 10 my/kg/day. Thus, a NOAEL of 1.0 mg/kg/day was determined.

In a 2-year feeding study i1n B6C3F; mice, an increase in testicular
degeneration was found 1n males receiving 35 mg/kg/day but not 1n those receiving
a dose of 1.5 or 7.0 my/kg/day (Lish et al., 1984). There was an increase 1n
absolute and relative liver weights in males and females administered 100
mg/ky/day and an i1ncrease in combined hepatocellular tumors 1n females receiviny

7.0, 35, or 100 mg/kg/day.

Data on phamnacokineti1cs 1n numans are inadequate, and no data are available
for mice. Therefore, it cannot be determined which species most closely

resembles man in absorption, metabolism, and excretion of RDX.

The study by Levine et al., (1983) has been selected for calculation of the

DWEL, since it has the lowest NOAEL (U.3 mg/kg/day) among all the studies.

Using this study, the DWEL is derived as follows:

Step 1, Detemmination of the Reference Dose (RfD)

RfD = (0.3 Tgékg/day) = 0,003 mg/kg/day

where:

0.3 my/ky/day = NOAEL, based on increased incidence of suppurative
inflammation in the prostate of males receiving 1.5
mg/ kg/day.

100 = the uncertainty factor, chosen in accordance with ODW/NAS
uidelines using a NOAEL from a chronic animal study
?10x for intraspecies variation and 10X for interspecies
variation).
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Step 2. Determination of the Drinking Water Equivalent Level (DWEL)

DWEL = (0.003 mg/kg/day) (70 kg) = 0.105 mg/L

2 L/day (rounded to 100 ug/L)
where:
0.003 myg/ky/day = RfD.
70 kg = assumed body weight of an adult.
2 L = assumed daily water consumption of an adult,

Step 3. Determination of Lifetime Health Advisory

Lifetime HA = (U.105 mg/L) (0.2) = 0.002 mg/L (2 ug/L)
10

where:

0.105 mg/L = Drinking Water Equivalent Level (DWEL).

0.2 = Assumed Relative Source Contribution (RSC) if actual
data are not available.
10 = ODW policy, additional factor of 10 to account for equivocal

evidence of carcinogenicity for Group C chemicals.
C. QUANTIFICATION OF CARCINOGENIC POTENTIAL

The carcinogenic potential of RDX has been evaluated in Fischer 344 rats
(Levine et al., 1983), Sprague-Dawley rats (Hart, 1976) and B6C3F1 mice (Lish
et al., 1984). RDX was not found to be carcinogenic when fed to the rats (both
strains). However, it was found to produce significant combined hepatocellular
adenomas/carcinomas in B6C3F1 female mice. RDX is classified Group C:

Possible Human Carcinogen.

ROX was not found to be oncogenic in male and female Sprague-Dawley rats
fed RDX in the diet at doses of 1.0, 3.1, or 10 mg/kg/day for 24 months (Hart,
1976).
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Levine et al. (1983) evaluated the carc'nogenc 'ty of RDX *n male and
female Frscher 344 rats fed doses of 0.3, 1.5, 8.0, or 40.1) mg/kg/day 20X for
24 montns. The major tox'c effects observed 'ncluded anemva w'th secondary
splen ¢ lestons, hepatotox'city and urogenital lesions. Based on adverse

systemic effects at 1.5 mg/kg/day, the MTD was ach-eved.

L'sh et al. (1984) evaluated the ‘ncidence of tumors 'n groups of 35 male
and female B6C3Fl mice fed doses of 1.5, 7.0, 35.0, or 100 mg/kg/cay RDX fnr 24
months, The 'nc'dence of hepatocellular carc nomas and adenomas combined was
sign*ficantly 1ncreased (p <0.U5) 1n females rece'ving 7.0, 35.0, and 100.0 mg
RDX/kg (14.1, 18.8, and 19.4%, respectively) when compared to concurrent (1,5%)
or historvcal (7.9%) controls. These findings were considered to be compound-
related 'n females. Historically, the incidence of combined hepatocellular
adenomas and carcinomas in untreated male B6C3F1 mice s 31.6% as compared to
7.9% for untreated females of this strain (Haseman et al., 1984). In addition,
the incidence of hepatocellular adenoma in females receiving 7.0 and 35,0 but
not 100 mg/ky/day was significantly (p <0.05) increased when compared to

historical controls.

The incidence of combined hepatocellular ademomas and carcinomas in high-
dose males was 48.1% as compared to 33.3% for the concurrent control group; the
increase was not significant. A nonsignificant increase in alveolar and

‘bronchiolar carcinomas.was found in high-dose males and females; histocytes
were reported to be increased in the lungs of high-dose females. Malignant
ymphoma of the kidney was reported to be slightly increased (nonsignificant)

in males receiving 1.5, 7.0, and 35.0 mg/kg when compared with concurrent

controls. This finding was nnt seen in female mice.
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Thrs study had some techn'cal flaws wh ch may have compromised “ts
sens'tivity to evaluate oncogen'c'ty. The h‘gh-dose was lowered from 175
mg/kg/day to 100 mg/kg/day during week 11 due to h'gh mortality 'n both sexes.
Th's mortal ty substantially reduced the number of h'gh-dose an'mals. The RDX
used conta'ned 3 to 10% HMX. The 1ncrease n hepatocellular adenomas or
carc nomas were not s'gn ficantly (p >0.05) increased (when compared to

concurrent controls) 'n dosed females when analyzed separately but only when

combned,

DOSE-RESPONSE DATA (CARCINOGENICITY, NRAL EXPOSURE)
Tumor Type =-- 1>ver
hepatocellular carcinoma
and adenomas (combined)
Test An'mals -- mice/B6C3Fl/females
Route =-- diet/oral

Reference -- Lish et al, (1984)

Dose
Human*

Administered Equivalent Tumor
(mg/kg/day) (mg/kg/day) Incidence

0.0 0.0 1/65

1.5 0.13 5/62

7.0 0.58 9/64

35.0 2.90 12/64

100.0 8.30 6/31

* Administered dose # (70 kg/.040 kg).33

The human equivalent dose was determined using a standard surface area
correction factor., The animal study dose is divided by the ratio of the human
weight (70 kg) to the mouse weight (.040 kg) raised to the 1/3 power. The high-
dose data was not used in the slope factor calculation since it was lowered

from 175 mg/kg/day to 100 mg/kg/day during week 11. The unit risk should not
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be used 1f the water concentration exceeds 3,000 ug/L. Above this concentration

the slope factor may differ from that stated.

SUMMARY OF RISK ESTIMATES

Without High-dose

Oral Slope Factor (mg/kg/day)"1 l.1€-1
Drinking Water Unit (ug/L) RISk 3.1E-6
Extrapolation Method Lineari1zed Multistage

Procedure, extra risx

Drinking Water Concentrations at Specific Risk Levels:

Risk Level Concentrations u.g/L)
E-4 (1 in 10,000) 30.0
E-5 (1 in 100,000) 3.0
E-6 (1 1n 1,000,000) .3

The multistage model was used for high-to-low dose extrapolation {(Crump
and Watson, 1979; Howe and Crump, 1982). Global83 was used to fi1t the data 1n
the experimental dose range and to obtain upper 95% confidence limits on risk.
Tne multistage model conforms to a biological model of tumor initiation and
promotion (Crump et al., 1977) and provided an adequate fit to the dose-response
data for RDX. The relationship of the concentration (ug/L) of a chemical in
drinking water to cancer risk is expressed as follows:

35000 x R = C
q1

Where:
}* = (mg/kg/day)'l, human slope factor

R = (10-4, 10-9, 10-0, etc.)
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(]
1}

concentration of chemical 1n ug/L

35000

conversion factor for mg to g and exposure
assumption that & 70 kg adult drinks 2L of water/aay

DISCUSSION OF CONFIDENCE (CARCINOGENICITY, ORAL EXPOSURE)

There are three animal bioassay studies to evaluate the carcinogenic
potenti1al of RDX. Both well conducted rat studies {(Fischer 344 rat and Sprayue-
Dawley rat) were clearly negative. The RDX was found to be carcinogenic in
the female B6C3F1 mice. This study had some previously discussed technical

problems but is clearly positive for liver carcinomas and adenomas combined.
OTHER CANCER RISK MODELS

For comparison purposes the drinking water concentration assoclated with
an excess cancer risk of 10-6 was 0.3 uy/L for the One-hit model. The
drinking water concentrations associated with an excess cancer risk of 10-6
for the other models (Multihit, Logit, Probit, and Weibull) were all
<0.002 ug/L. The estimates for these models were calculated with RISK81

(Kovar and Krewski, 19Y81).
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VIII. OTHER CRITERIA, GUIDANCE, AND STANDARDS

The thresnold Timit value (TLV) for ROX recommended by the American
Conference of Lovernment Industrial Hygienists s 1.5 mg/m3 (notation skin)
(ACGIH, 1986), and the short-term exposure limit (STEL) 1s 3 mg/m3. OSHA has

also recommended a TLV of 1.5 mg/m3 (National Research Councii, 1982).

Schneider et al. {1978) suggested an 1ngestion 1imt of U.l mg/ky/day or 2

to 3 ppm 1n potable water.

In 198U, the United States Army Medical Bioenygineering Research and
Development Laboratory recommended an ROX l1imit of U.U3 myg/L 1n drinking water

as an 1nterim standard (National Research Council, 1982).
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IX. ANALYTICAL METHOUS

Published methods for analyzing RDX fall 1nto two broad cateyories:
analysis of bulk material and trace analysis. Volumetric methods 1avolving
reduction, hydrolysis, or acid-base titrations are used for bulk analysis.
Methods for analyzing trace guantities (below 10 ppm) of RDX i1nclude the
following: thin-layer chromatography (TLC), high-pressure li1quid chromatoyrapny

(HPLC), gas-l1quid chromatography (GLC), and single-sweep polaroyraphy.

Polaroyrapny has a detection limit of 0.US mg/L for RDX, an analysis time
of approximately 5 minutes, and reproducibility of * 1U%. However, metal 10ns
and some anions can interfere with the analysis. Since these interferences
have not been completely characterized, polarography is not routinely used for

RUX analysis (Whitnach, 14976, as cited 1n Sullivan et al., 197Y).

Since the detection 1imit for RDX using TLC is 25 my/L for direct
determination (Leach and Hash, 1972, as cited in Sullivan et al., 1979), TLC 1s
generally not used for guantitative determination of RUX (Sullivan et al.,
1979). TLC may be useful for qualitative identification of RDX when it is

present in mixtures with other munitions components (Sullivan et al., 1979).

GLC is one of the two preferred analytical techniques for determination of
RDX at low concentrations (below 10 ppm). Each of the GLC methods 1nvolves
extraction of RDX into a solvent prior to determination. Hoffsomer et al.
(1977, as cited in Sullivan et al., 1979) extracted RDX with benzene/acetone
followed by GLC determination using an electron capture (EC) detector; the
detection limit for the method is 0.002 ppm. Jain (1976, as cited 1n Sullivan
et al., 1979) used benzene as the extraction solvent and either an EC or a

flame 10on1zation detector (FIU); the detection limit was U.03 ppm. Sullivan
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et al. (1977, as cited 1n Sullivan et al., 197Y) used ethyl acetate as the
extraction solvent and either EC or an alkaline earth FID; the detection limits
were 0.UUS ppm for water samples and 0.2 ppm for sediment samples. One
disadvantage of the GLC methods is that other, less volatile munition components
(e.g., HMX) tnat may be present 1n the same sample cannot be codetermined

(Sullivan et al., 1979).

HPLC methods would appear to be the methods of choice for detection of RUXS
at low concentrations. Even though the detection limits are not quite as low
for HPLC (V.05 to V.4 ppm) as for GLC (U.UU2 to V.2 ppm), advantages include
low operating temperatures and determination of RDX with less volatile components.
The HPLC methods have the following features 1n common: solvent extraction, an
aqueous methanol mobile phase, and use of an ultraviolet (UV) detector. Hale
et al. (1978, as cited 1in Sullivan et al., 197Y) obtained a detection I1mit of
0.05 ppm for RDX in both soil and water samples using ether extraction, a mobile
phase 5f 3U0% methanol in water, Zorbax-0DS stationary phase, and detection at
230 nm. Spanggord et al. (1978, as cited in Sullivan et al., 1979) determined
RDX levels in "load, assemble, and pack" (LAP) wastewater using a mobile phase
of 6U% methanol:40% water and a stationary phase of M-Bondapak L)g; detection
limits were 0.4 ppm at 254 nm and 0.2 ppm at 210 nm. Stilwell et al. (1977)
determined RDX in wastewater from the Holston Army Ammunition Plant followiny
extraction with ethyl acetate. A mobile phase of 40% methanol:60% water was
used with a stationary phase of Partisil 10-0DS; the detection limit was V.05

ppm at 230 nm. HMX was determined concurrently with a detection limit of 0.05

ppm.
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X. TREATMENT TECHNOLOGIES

Moss and Chyrek (1934) stud'ed the degradat*on of RDX us*ng ulfravrolet
radrat'on, hydroygen perox'de add-t-on, and ultrasound cavitatron. Hydrogen
peroxide alone had no effect on mun-tions degradat-on. Simelarly, ultrasound
cavrtatqonal processes y'elded no benef 't when used alone or when comb ned w*th
other treatments. Hydrogen perox‘de applied at *n tral concentrat nns less
than 0.Ul% enhanced RDX decomposition by ultravrolet photolys*s. Dur'ng treat-
ment w'th ultrav-olet rad'ation in combination with 0.0l% hydrogen perox-de,

RDX (18.9 mg/L) was degraded rap*dly (half-11fe = 8,0 minutes).

The use of an ultraviolet light-hydrogen peroxide system for treatment of
RDX °n wastewater was studied by the Naval Weapons Support Center (ESR, 1985),
RDX and ts organic reaction products were completely destroyed using a system
with 0.05 to 0.15% hydrogen peroxide and a minimum of 10 megawatt-minutes of
ultraviolet light at 254 nm/mole of explosive. Kubose and Hoffsommer (1977,
as cited in Sullivan et al., 1979) have shown that concentrations of 20 to
4U my RDX/L in aqueous solution could be reduced 98% by photolysis using the
full spectral output from a medium-pressure mercury vapor lamp (220 nm to

1367 nm) with irradiation periods of 15 seconds.

Kubose and Hoffsommer (1977, as cited in Suilivan et al., 1979) have
indicated that strongly basic ion exchange resins may be a potential single-
step waste treatment method for the degradation of RDX. This process involves
RDX adsorption onto the resin and reaction with quaternary ammonium hydroxide.
Sullivan et al. (1979) commented that this procedure is only feasible for

aqueons solutions that have fairly low acid and/or anion concentrations.
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Chemical ox“dation using potass‘um dichromate, potass'um permanganate, or
calcum hypochlorate will destroy n tram'nes. Jackson et al. (1976, as c ted
'n Sull-van et al., 1979) found that concentrat:ons of Ca(0Cl),, KpCrody, or

KMnO4 at 1,000 my/L completely oxid*zed 50 mg RDX/L w thin 72, 48, or 24 hours,

respectively.

Chemrcal coagulation using 1ime was also stud-ed by Jackson et al, (1975,
as c'ted *n Sullivan et al., 1979), Ninety percent RDX removal was ach-eved
using a 50U-mg/L 1'me dose. Castorina et al. (1977, as cited 'n Sull-van et al.,
1979) have caut-oned against the use of polymer flocculants because of

incompatibrlities with RDX.

Jackson et al. (1976, as cited in Sullivan et al,, 1979) reported that
complete adsorptive removal of RDX (1.5 to 12 mg/L) was achieved using actvated
charcoal and Rohm and Haas XAD-2 resins. Activated carbon was found to
be superior to res'n at a hydraulic loading of 10 gpm/ft3. Viahakis (1974, as
cited n Sullivan et al., 1979) found that activated carbon had a capacity of
125 mg RDX/g carbon for RDX alone and 76 mg RDX/g carhon when in the presence

of TNT.

Nata regarding aerobic microbiological degradation of RDX are mixed.
Pilot plant studies by Green (1972, as cited in Sullivan et al., 1979) suggested
that RDX could be at least partially degraded by aquatic microflora. Green was
able to remove 42% of the RDX from manufacturing wastes using an activated
sludge reactor dominated by Pseudomonas and Alcaligenes. Conversely, Soli

(1973) concluded that aerobic heterotrophs could not degrade RDX.

McCormick et al. (1981) reported that RDX is biodegraded under anaerobic

conditions, yielding the following products: hexahydro-l-nitroso-3,5-dinitro-

X-2



1,3,5-tr1az1ne; hexahydro-1,3-d1ni1troso-5-nitro-1,3,5-tr1azine; hexanydro-1,3,5-
trinitroso-1,3,5-trvazine; hydrazine; 1l,l-dimethylhydrazine; 1,2-dimetnylhyara-
z21ne; formaldehyde, and methanol. Jackson et al. (1976, as cited 1n Sullivan et
al., 1979) acnieved 100% removal of RDX by anaerobic fermentation from waters
containing 50 mg ROX/L 1n conjunction with supplemental carbon sources: sucrose,
methanol, and hydroxyethyl cellulose. Times required for complete removal of
ROX ranged from 1 day for nydroxyethyl cellulose-supplemented wastewater to Y

days for sucrose-supplemented water.
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XI. CONCLUSIONS AND RECOMMENDAT IONS

Based on the available animal data and on adverse effects on the central
nervous system of monkeys administered ROX by oral gavage for 90 days, the
Longer-term HA for a 10-kg child has been determined to be 0.1 mg/L (100 wy/L).
In the absence of adequate animal data to determine a One-day or Ten-day Healtn
Advisory, the Longer-term HA for a 10-kg child, V.l mg/L (100 ug/L), s used
as a conservative estimate of the One-day or Ten-day HA. The Longer-term HA
for a 70-kg adult was determined to be 0.35 mg/L (400 ug/L). A Lifetime AA
of U.U02 mg/L (2 wg/L) for a 70-kg adult has been determined, based on a
Drinking Water Equivalent Level {(DWEL) of 0.100 mg/L (100 uy/L). The DWEL 1s
based on a Reference Dose of 0.003 mg/kg/day where the effect was suppurative
inflammation of the prostate of male rats fed ROX for 2 years. Based on the
study by Lish et al. (1984), RDX is classified as Group C: Possible Human
Carcinogen. The classification of RDX in EPA Group C is based upon Timited
animal data. A guantitative cancer risk assessment, based on the l1mited
animal data, 1s provided to support selection of the uncertainty'factors for

the recommended lifetime HA.

A comparison report "Data Deficiencies/Problem Areas and Recommendations
for Additivonal Data Base Development for RDX" (Appendix A) summarizes the scope
of existing data reviewed for this HA. This comparison report delineates the
areas where additional data and/or a clarification of existing data would be

appropriate,



XIT., REFERENCES

ACGIH. 1986. Amer-can Conference of Governmental I[ndustrial Hyg-en-sts, Inc.
Documentatron of the Threshold L'm't Values and Brolog*cal Exposure Ind-ces.
5th Ed*t-on., C> nc'nnat', OH: Amer-can Conference of Governmental Industr-al
Hyg'en'sts, Inc. p. 162.

Angerhofer RA, Dav's G, Balezewski L. 1986, Teratolog'cal assessment of
tr'n*tro-RDX 'n rats. Un-ted States Army Environmental Hyg-ene Agency,
Aberdeen Provvng Ground, MD, Study No. 75-51-0573-36.

Burdette LJ, Cook LL, Dyer RS. 1988. Convulsant propert-es of
cyclotrimerthylenetr netram ne (RDX): Spontaneous, audrogen'c and kindled
sevzure act'v'ty. Tox'col., Appl. Pharmacol. 972:436-4413,

Cholakys JM, Wonyg LCK, Van Goethem DL, Minor J, Short R, Sprinz H, Ell'g HV-III,
1980, Mammalian toxv'coloygical evaluatron of RDX. AD A092531. M-dwest esearch
Inst tute, Kansas City, MO. U.S. Army Med'cal Research and Development Command,
Contract No. ULAMD17-78-C-8027.

Crump KS et al. 1977, Confrdence internals and tests of hypothes's 'nferred
from animal carc'nogenicity data. Biometrics. 33:437-451,

Crump KS, Watson WW. 1979, GLOBAL79: A Fortran program to extrapolate
dichotomous animal carcinogenicity to low doses. Prepared for the O0ff-ce of
Carcinogen Standards, OSHA, U.S. Department of Labor, Contract No. 41USC252C3.

Dilley JV, Tyson CA, Newell GW. 1978, Mammalian toxicological evaluation of
TNT wastewaters: Acute and subacute mammalian toxic 'ty of TNT and

the LAP mixture, Vol. [I. SRI International, Menlo Park, CA. U.S. Army Med-cal
Research and Development Command, Contract No. DAMD17-76-C-6N50,

Dr1ley JV, Tyson CA, Spanggord RJ, Sasmore DP, Newell GW, Dacre JC. 1982,
Short-term oral toxicity of a 2,4,6-trinitrotoluene and hexanydro-1,3,5-tr nitro-
1,3,5-triazine mixture in mice, rats, and dogs. J. Toxicol. and Environ,

Health. 9:587-610,

ESB. 1985, Development of design parameters for an explosive contaminated

wastewater treatment system. Explosive Sciences Branch, Naval Weapons Support
Center, Crane, IN. Report No. WQEC/c-85-297.

Etnier EL. 1986. Water quality criteria for hexahydro-1,3,5-trinitrn-1,3,5-
triazine (RDX). Oak Ridge National Laboratory, Oak Ridge, TN, 1.S. Army
Medical Research and Development Command, Contract No. 84PP4845S,

French JE, Bradley SL, Schneider NR, Andersen ME, Jenkins LJ Jr, 1978,
Cyclotrimethylenetrinitramine (RDX)-induced ultrasonic changes *n rat liver and
kidney. Toxicol. Appl. Pharmacol. 45:122.

Furedi-Machacek EM, Levin BS, Lish PM, 1984, Determination of the chronic
mammalian toxicological effects of RDX: Acute dermal toxicity test of hexahydro-
1,3,5-trinitro-1,3,5-triazine (RDX) in rabbits. IIT Research Institute,

Chicago, IL. U.S. Army Medical Research and Development Command, Contract No.
DAMD17-79-C-9161.

XII-1



Hart ER. 1974, Subacute toxicity of RDX and TNT 1n dogs. AD A035717.

Bionetics, Inc., Kensington, MD. Office of Naval Researcn, Contract No.
NOUU14-73-C-0162.

Litton

Hart ErR. 1977. Two-year feediny study 1n rats. AD AQ40161. Litton Bionetics,
Iinc., Kensington, MD. Office of Naval Researcn, Contract No. NOOU14-73-C-0162.

Haseman JK, Huff J, Boorman G. 1984, Use of historical control data 1n
carcinoyenicity studies 1n rodents. Tox. Path. 12(2):126-135.

Hathaway JA, Buck CR. 1977. Absence of health hazards associated with RDX
manufacture and use. J. Uccup. Med. 19(4):269-272.

Hawley GD. 1977. The Condensed Chemical Dictionary. 9th Edition. New York:
van Nostrand-rReinhold.

Hollander AlI, Colbach EM. 1969. Composition C-4 i1nduced seizures: A report
of five cases. U.S. Army Vietnam Med. Bull. 14(31):1529-1530.

Howe RB, Crump KS. 1982. GLOBAL82: A computer program to extrapolate quantal
animal toxicity data to low doses. Prepared for the Office of Carcinogen
Standards, USHA, U.S. Department of Labor. Contract No. 41USC252C3.

Kaplan AS, Beryhout CF, Peczenik A. 1965. Human 1ntoxication from RDX. Arch,
Environ. Health 10:877-883.

Ketel WB, Hughes JR. 1972. Toxic encephalopathy with seizures secondary to
ingestion of composition C-4: A clinical and electroencephalographic study.
Neuroloyy 22:871-876.

Knepshield JH, Stone WJ. 1972. Toxic effects following ingestion of C-4

plastic explosive, In: Keup W. ed. Drug abuse: Current concepts and research.
New York: Charles C. Tnomas. pp 296-301.

Kovar J., Krewskl D. 1981. RISK8l: A computer program for low-dose

extrapolation of quantal toxicity data. Department of Health and Welfare,
Canada.

Levine BS, Furedi EM, Gordon DE, Burns JM, Lish PM. 198l1. Thirteen week toxicity
study of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) in Fischer 344 rats.
Toxicol. Lett. 8:241-245.

Levine BS, Furedi EM, Rac VS, Gordon DE, Lish PM, 1983, Detemmination of the
chronic mammalian toxicoloyical effects of RDX: Twenty-four month chronic
toxicity/carcinogenicity study of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)
1n the Fischer 344 rat. AD Al60774. Phase V. Vol.l. Chicago, IL: [IIT Research

Institute, U.S. Army Medical Research and Development Command, Contract No.
DAMD17-79-C-9161.

Lish PM, Levine BS, Furedi EM, Sagartz EM, Rac VS. 1984, Determination of the
chronic mammalian toxicological effects of RDX: Twenty-four month chronic

toxicity/carcinogenicity study of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)
in the B6C3F, hybrid mouse. AD A160774. Phase VI. Vol. 1. Chicago, IL: IIT

Research Institute: U.S. Army Medical Research and Development Command, Contract
No. DAMD17-79-C-9161.

X1I-2



Martin DP, Hart ER. 1974, Subacute toxicity of RDX and TNT in monkeys.
AD AU44650. Kensington, MD: Litton Bionetics, Inc. For Office of Naval
Research, Contract No. NUOUl4-73-C-U162; NR1lu8-985.

McCormick NG, Cornell JH, Kaplan AM. 1981. Biodegradation of hexahydro-1,3,5-
trinitro-1,3,5-tr1azine, Appl. Environ, Microbiol., 42:817-823.

McNamara BP, Averill HP, Owens EJ, Callahan JF, Fairchild DG, Cruchta HP,
Renystorff rRH, Biskup RK. 1974, The toxicoloyy of cyclotrimethylenetrinitramine
(RDX) and cyclotetramethylenetetranitramine (HMX) solutions 1n dimethylsulfoxide
(DMSU), cyclonexanone, and acetone. AD 780010. Edgewood Arsenal, Aberaeen
Proving Ground, MD. Report No. EB-TR-73040.

McPhail RC, walker QU, Cook LL., 1985. Neurotoxicoloyy of cyclotrimetnylene-
trinitramine (RDOX). AD Al168266. U.S. Environmental Protection Agency. Researcn
Triangle Park, NC. Army Project Order 2813,

Merri111 SL. 1968. Ingestion of an explosive material composition C-4, U.S.
Arv. Med. Bull, 3 (March-April): 5-11.

Meyer R. 1977. Explosives: Verlag chemie. New York: Weinheim., pp. 150-
215.

National Research Council Committee on Toxicology. 1982. Evaluation of nealtn
risks of ordnance disposal waste in drinking water,., Prepared for Department
of Navy. Washington, DC: National Academy Press. p. 28.

Noss CI, Chyrek RH. 1984, Tertiary treatment of effluent from Holston AAP
1ndustrial liquid waste water treatment facility. IV. Ultraviolet radiation
and hydroyen peroxide studies: TNT, RDX, HMX, and TAX. U.S. Army Medical
Bioengineering Research and Qevelopment Laboratory, Frederick, MD. Technical
Report No. ADA141135.

Pal BC, Ryon MG. 1986, Database assessment of pollution control 1n the military
explosives and propel lants production industry. Oak Ridge National Laboratory,
vak Ridge, TN, U.S. Army Medical Research and Development Command, Contract No.
PUB3PP3802.

Ryon MG, Pal BC, Talmage SS, Ross RH. 1984. Database assessment of the health
and environmental effects of munition production waste products. Oak Ridge
National Laboratory, Oak Ridye, TN. U.S. Army Medical Research and Development
Command, Contract No. PO83PP3802.

Schneider NR, Bradley SL, Anderson ME. 1976. Toxicology of cyclotrimethylene-
trinitramine (RDX): Distribution and metabolism in the rat and the miniature
swine. AD A026892. Armed Forces Radiobiology Research Institute, Bethesda, MD.
Report No. AFRRI SR76-34.

Schneider NR, Bradley SL, Anderson ME. 1977. Toxicoloyy of cyclotrimethylene-

trinitramine: Distribution and metabolism in the rat and the miniature swine,
Toxicol. Appl. Phammacol. 39:531-541.

XII-3



Schneider NR, Bradley SL, Anderson ME. 19Y78. The distribution and metaonolism
of cyclotrimethylenetrinitramine (RDX) 1n the rat after subcnronic administra-
tion. Toxicol. Appl. Phammacol., 46:163-171.,

Simmon VF, Spangyord RJ, Eckford S, McClurg V. 1977. Mutagenicity of some
munition wastewater chemicals and chlorine test reagents. SRI International,

Menlo Parx, CA. U.S., Army Medical Research and Development Command Contract
No. DAMD17-76-C-6U13.,

Small MJ, Rosenblatt DH. 1974. Munitions production products of potential
concern as waterborne pollutants - Phase II. U.S. Army Medical Bioengineering
Researcn and Development Laboratory, Aberdeen Proving Ground, MD. U.S. Army
Medical Research and Development Command. Technical Report No. 7404,

Solv, G. 1973. Microbral degradaion of cyclonite (RDX). Naval Weapons Center,
China Lake, CA. Report No. NWC TP 5525.

Stilwell JM, Ei1schen MA, Margard WL, Matthews MC, Stanford TB. 1977.
Toxicological 1nvestigations of pilot treatment plant wastewaters at Holston
Army Ammunition Plant. AD AQ42601. Batelle Columbus Laboratories, Columbus,
OH. U.S. Army Medical Research and Development Command, Contract No. DAMD17-
74-C-4123.

Stone WJ, Paletta TL, Heiman EM, Bruce JI, Knepshield JH. 196Y. Toxic effects
followiny 1ngestion of C-4 plastic explosive. Arch, Intern, Med. 124:726-730.

Sullivan JH Jr., Putnam HD, Keirn MA, Pruitt BC Jr., Nichols JC, McClave JT.
1979. A summary and evaluation of aquatic environmental data in relation to
establishing water quality criteria for munitions-unigue compounds. AD AQ87633
Part 4: RDX and HMX. wWater and Air Research, Inc., Gainesville, FL, U.S. Army
Medical Research and Development Command Contract No. DAMD17-77-C-7027.

U.s. é?A. 1986. U.S..Environmental Protection Agency. Guidelines for
carcinogen risk assessment, Federal Register 51(185):33992-34003.

Voyel W. 1951. Hexoyen poisoning in human beings. Zent. F. Arbeitsmed. U.
Arbeitsschutz (German) 1:51-54,

von Oettingen WF, Donahue DD, Yagoda H, Monaco AR, Harris Mr, 1949, Toxicity
and potential dangers of cyclotrimethylenetrinitramine (RDX). J. Ind. Hyg. Tox.
31:21-31.

Whong WZ, Speciner ND, Edwards GS. 1980. Mutagenic activity of tetryl, a
nitroaromatic explosive, in three microbial test systems. Toxicol, Lett.
5:11-17.

Windholz M, ed. 1983. The Merck Index, 10th Edition. Rahway, NJ: Merck and
Co. pp. 392-393.

Woody RC, Kearns GL, Brewster MA, Turley CP, Lake R, Sharp G, Lake RS. 1985,
Neurotoxicity of cyclotrimethylenetrinitramine (RDX) in a child: A clinical
and ph;rmacok1netic evaluation., Vet, Hum., Toxicol. 28(4):303-304 [abstract
No. 64].

XII-4



Woody RC, Kearns GL, Brewster MA, Turley CP, Lake R, Sharp G, Lake RS. 1986.
Neurotoxicity of cyclotrimethylenetrinitramine (RDX) 1n a child: A clinical
and pharmacokinetic evaluation. Clin, Toxicol. 24(4):305-319.

XII-5



APPENDIX A

Data Deficiencies/Problem Areas and Recommendat-ons
for Additional Data Base Development for RDX



DATA BASE NEVELOPMENT

A. UBJECTIVES

The object ve of th's document is to provide an evaluatron of data def'-
crencles and/or problem areas encountered 'n the review process for RDX and to
make racommendat ons, as appropr-ate, for additonal data base develnpment,
Th*s document s presented as an ‘'ndependent analys's of the current status of
RDX tox'cology, as related to 'ts poss'ble presence 'n drink ng water, and
‘ncludes a summary of the backyround informat on used 'n development of the
Health Advisory (HA). For greater detail on the toxicology of RDX, the Health

Advisory on RDX should be consulted.

B. BACKGRUUMD

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) is a white crystali'ne snl d
that has been extensively used in military munitions formulations., It *s
relatively 'nsoluble in water but can be expected to be found in wastewater
from RDX-manufactur'ng operations. RDX can be removed from water by the use of
ion exchange resins or charcoal and can be decomposed by ultraviolet photolysis
in the presence of hydrogen peroxide. It can be biodegraded by anaerobic

fermentation (Sullivan et al., 1979),

The pharmacokinetic properties of RDX have been extensively studied in
rats. Schneider et al. (1977, 1978) found that, in rats, RDX was completely
absorbed via the oral route and the rate of absorption was determined by the
fineness of the powder in the slurry administered. The rate of
gastrointestinal absorption in rats is faster than that in miniature swine or
humans; in rats, peak plasma levels are reached in 2 to 3 hours, whereas n

swine and probably in humans, plasma levels peak approximately 12 hours after
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dosing. Absorbed RDX s rap'dly cleared from the plasma and d'str nuted to
t'ssues. When drink'ng water saturated w'th RDX (7.5 mg/L) was offered to rats
for 90 days, there was no accumulat*on of RDX *n the tissues. The half-livesg

of clearance of RDX from plasma are of a s'milar order of magn-tude *n rats and
humans. The ty;2 was 10.1 hours in rats (Schneider et al., 1977) and was 15.1
hours *n the one ava'lable human study (Woody et al., 1986). RDX *s metahnl-zed
by the 1 ver, and its metabol tes are excreted pr'mar*ly *n the ur'ne, The

metabol tes have not been ident fied and characterized.

In humans, the tox'c effects of RDX have been on the central nervous system
(CNS). Exposure of workers 'n a munitions plant via inhalation of dust con-
ta'n'ng RDX has resulted in nausea, irritability, convulsions, unconc'ousness,
and amnesta (Kaplan et al., 1965). Military personnel have heen exposed to RDX
while burning composition C-4 explosive in the field to heat food; inhalar-on
of the smoke resulted in clonic/tonic convulsions (Ketel and Hughes, 1972;
Hollander and Colbach, 1969). Ingestion of RDX has caused sim*lar CNS effects

(Stone et al., 196Y; Woody et al., 1985, 1986).

Acute toxicity studies by Cholakis et al. (1980) indicated oral LDgg values
of about 80 mg/kg in mice and 118 mg/kg in rats. Intravenous administration of
single doses of RDX to beagle dogs caused convulsions and death at a dose of 40
mg/kg, central nervous system hyperactivity and nonlethal convulsions at a dose
of 2U mg/kg, and decreased blood pressure and erratic electroencephalographic

patterns at doses of 3.37 and 6.78 mg/kg (McNamara et al., 1974),

Subchronic 90-day feeding studies in mice and rats indicate effects on the
blood and liver. In both sexes of mice, increased liver weights were observed
in groups recelving 320 my/kg/day, and anemia was seen in males receiving 160

mg/kg/day (Cholakis et al., 1980). In rats, anemia was observed at a dose level
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of 28 mg/kg/day *n males (Cholakis et al,, 1980), and *ncreased 1'ver we'ght
was seen at a dose level of 100 mg/kg/day 1n females (Levine et al., 1981}, In
a lU-day oral gyavage study n monkeys, vomit'ng and corvulsions occurred n

frve of s*x an'mals at 10U mg/kg/day, but no central nervous system effects were

seen at 1 mg/kg/day (Martin and Hart, 1974).

L fet'me feed'ng studres 'n rats and m ce produced CNS effects, 'ncreased
mortality, weight loss, anemia, hepatotoxicity, renal tox'c ty, testrcular
degenerat on, and 1nflammation of the prostate. In male and female rats fed
RDX 1n the dret at a level to give a darly ntake of 40 mg/kg, tremors and
convulsions, increased mortality, and enlargement of the liver were ohserved.
Anemia and enlarygement of the kidneys accompanied by h stologic changes were
also found n males recelving 40 mg/kg/day. Inflammation of the prostate was
found at 1.5, 8, and 40 mg/kg/day; no effects were noted at a dose of 0.3
mg/kg/day (Levine et al., 1983)., In a study in mice by Lish et al, (1984),
1ncreased mortality was seen 'n the first 10 weeks of the study when mice
recelved 175 my/ky/day. The high dose was reduced to 100 mg/kg/day. -Decreased
weight gain was seen in females receiving RDX at 100 mg/kg/day between 10 weeks
postadministration and study termination. Increased liver weights were found
in males and females receiving 100 mg/kg/day. The males receiving 35 or 100
mg/kg/day exhibited testicular degeneration. No important toxic effects were

found at 7 mg/kg/day.

RDX was not found to be mutagenic in bacteria (Whong et al,, 1980; Simmon
et al., 1977). It yave negative results in the dominant-lethal test (Cholakis

et al., 1980) and in an unscheduled DNA synthesis assay (Dilley et al., 1978).

RDX was not carcinogenic in rats (Levine et al., 1983; Hart, 1977). In

B6C3F, mice, a significant increase was observed in the incidence of
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hepatocellular carcinomas and adenomas (combined) 1n females receiving 7, 33,
or lU0 mg/kg/day for 2 years. However, mortality i1n mice receiving the highest
dose was excessive, and the dose was lowered from 175 to 100 mg/kg at week ll.

RDX 1s classified as Group C: Possible Human Carcinogen.

In a two-generation reproduction study 1n rats, decreased fertility was
observed at 50 mg/kg/day. Developmental effects (decreased pup weights) were
seen at 16 ana 50 my/kg/day; no effects were observed at 5 mg/kg/day (Cnolakis 2t
al., 1980). RDX was found to be embryotoxic in rats at 20 mg/kg/day (Cholakis
et al., 1980; Angerhofer et al., 1986) but was not found to be teratogenic. In
a study in rabbits, RDX caused maternal toxicity at 20 my/kg/day, and there was
suygestive evidence for a teratogenic effect at 2 and 20 mg/kg/day (Cholakis

et _ .980).

Based on the findings in these studies, One-day and Ten-day HA values
were established at 0.1 myg/L, and the Longer-term HA value was established
for an adult at 0.35 myg/L (400 ug/L). The Lifetime HA for an adult is 0.002

mg ROX/L (2 wuy/L).

Methods of chemical analysis utilizing extraction and gas-liquid
chromatography reviewed by Sullivan et al. (1979) are adequate for detection of
RDX at low concentration in water. RDX in wastewater can be degraded by
ultraviolet irradiation in the presence of hydrogen peroxide (ESB, 1985).

Uther methods using ion exchange resins or charcoal have been reviewed by

Sullivan et al., (1979).
C. DISCUSSION

Avarlaple data on the pharmacokinetics, health effects, analysis, and

treatment of RDX have been reviewed.
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Pharmacokinet c studies in rats 'ndqcate that RDX 1s effectrvely absorbed
v'a tne oral route, and "t °s rapidly metabol-zed and excreted. Ava-lahle dara
ind cate that the rate of clearance 'n humans *s approx'mately of the same
order of magnrtude as that n rats. Further studies in animals are unl-kely to

y'eld add t-onal data pert'nent to the development of HA values.

Avarlaple acute toxv'city stud'es of RDX »nclude oral LDggps *n mce and
rats and a study n dogs using the intravenous route, *n which a LOAEL for
nonlethal CNS effects was estahlished but a NOAEL was not achieved. S'x longer
term studies (90 days) were avallable in mice, rats, dogs, and monkeys. In
five of these studies, LOAELs and NOAELs were established for various endpn'nts:
CNS effects, anem+a, liver weight changes, and histologic effects on the liver,
Three 1 fetime studies were ava'lable, two in rats and one in mice; LDAELs and
NOAELs were established. Additional short-term, longer term, and lifet me
studies are not likely to be pertinent in development of HA values. A
carcinogenicity study in mice was flawed because the high dose exceeded the
maximum tolerated dose (MTN) and was lowered from 175 to 100 mg/kg/day at 11
weeks, Althouyh mortality was high at this dose, sufficient animals were
available to assess carcinogenicity (Lish et al., 1984)., There was a carcinogenic
response, but time-to-tumor could not be analyzed from the available data. The
animals with hepatocellular tumors could be identified from individual animal
histopathology tables, but the identification numbers for histopathology d-d

not correspond with the animal numbers on the disposition tabulation.

A two-generation reproduction study and several mutagenicity studies were
available. Not all categories of genotoxicity were investigated. A mutagenicity
test in a eukaryotic microorganism with and without activation and a test for

chromosome aberrations and sister chromatid exchange would fulfill this data
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gap. Two studies on developmental tox'C'ty in rats were available that
‘ndcated embryotox‘c, but not teratogenic, effects. A study in rahb ts
(Cholak's et al., 1980) gave results that suggested a poss ble teratogenc
response. Cleft palate was seen on soft tissue analys's of fetuses from cosed
females. However, it was not recorded on gross exam'nation or found *n the
fetuses exam'ned for skeletal anomalies. It s recommended that a teratology
study be repeated 1n rabb'ts using 20 pregnant dams/dose group to reevaluata

the teratogen~c potential of RDX.

The methods for analysis of RDX 'n wastewater appear to be adequate to
detect levels that may be cons'dered hazardous to health. The methods of

treating RDX-contaminated water appear to be adequate.

E. CONCLUSIONS/RECOMMENDATIONS

Based on the above discussion, the following conclusions/recommendat-ons

can be made:

1. The available studies on RDX toxicity are generally considered
adequate for development of Health Advisories useful in dealing with

the potential contamination of drinking water.

2. It is recommended that a teratology study in rabbits be repeated.
Additional genotoxicity studies in eukaryotes and a test for chromosome

aberrations are recommended to fill data gaps in genotoxicity.

3. Additional carcinogenicity bioassays should be considered to clarify

the carcinogenic potential of RDX.
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