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Attn:  TSCA 8(e) Coordinator Oi?f’a !'n NO =2 % sl
Re: 2.3-Dimethyl-2,3~dintrobutane (DMDNB) ?Bi
CAS #3964-18-9 ™~

Dear Sit/Madam:

The following information is being submitted by The Dow Chemical Company (Dow)
pursuant to current guidance issued by EPA indicating EPA's interpretation of Section 8(e) of

the Toxic Substances Control Act. Dow has made no determination as 10 whether a
significant risk of injury to heaith or the environment is actually presented by the findings.

DMDNB is apparently a taggant used to ma
Recently, Dow became aware of the attache
and other studies on DMDNB:

tk explosives for purposes of detection.
d U.S. Asmy documents summarizing toxicology

e “Toxicological Evaluation of 2,3-Dimethy! 2,3-dinitrobutane, Study No. 75-51-YI92-
93 (undated)

e ‘“Toxicological Study No. 75-5 1-¥792-93, The Acute Toxicity of 2,3-Dimethyl-2,3-
dinitrobutane” (October 1992)

The referenced studies were apparently commissioned by or conducted by the U.S. Army’s
Environmental Hygiene Agency (USAEHA).

EPA is already aware of some ot all of the studies referenced in the summary documents.
One of the studies referenced in the undated summaty document was apparently conducted

BRI
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by personnel from EPA’s Enviropmental Monitoring Systems Laboratory, published as
Reddy, et al. “Carcinogenic Evaluation of 2,3-Dimethyl-2,3-dinitrobutane via the Mouse
Skin Bioassay”, Journal of Applied Toxicology, 14(3), 231-233 (1994). The Reddy et al. .
study refers to some of the other studies referenced in the summary documents, and in
addition refers to a mouse study pot referenced in the summary documents. The Reddy et al.
study cites the following:

H. L. Snodgrass, J. P. Houte and J. G, Harvey, The Acute Toxicity of 2,3-Dimethyl-
2, 3-dinitrobutane, Toxicological Study No. 75-51-YJ392-93. U.S. Army
Environmental Hygiene Agency, Aberdeen Proving Ground, MD. (1992).

EPA personnel may have been aware of the remaining referenced studies as well.

Among the effects of DMDNB noted in the summary documents are the following:

e Hyperexcitability in acute oral and intraperitoneal rat and guinea pig studies. Among
surviving (non-moribund) animals, hyperexcitability was seen in only one rat, and
aggressiveness was seen in one other rat.

o PExtreme irritability and tail biting in a 4-howr rat inhalation study. It is unclear how
many of the surviving (non-moribund) rats exhibited these effects.

e Hyperexcitability at 700 ppm (or 600 ppm— the undated snmmary document refers to
both as the high dose level) and 200 ppm (nominal concentrations in the diet) in a 90-day
rat study. At the high dose, it is nat clear whether hyperexcitability was seen in sutviving
rats, or only in moribund animals (75% ortality was reported). At 200 ppm, the
hyperexcitability was described as mild and intermittent, and was noted in about 40% of
males and females. USAEHA considered 200 ppm to be the no observable adverse effect
leve] NOAEL).

e Hyperexcitability and convulsions, among other effects, were observed in dems in an oral
developmental study in rats. The study was conducted at 125 ppm, 250 ppm, and 500
ppm in the feed. It is unclear at what level(s) these particular maternal effects were
noted, or in how many animals, The undated summary document indicates that exposure
to DMDNB does not cause teratological effects.

Tremors and convulsions were seen in acute toxicity studies of DMDNB in mice and rais
submitted by Eastman Kodak, SEHQ-92-7143. It is unclear how many of the surviving (non-
moribund) animals exhibited these effects.
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Dow has no additional information on these studies. The undated surnmary document
indicates that all raw data and copics of all reports are available in the archives of USAEHA,
Bldg B1570, Aberdeen Proving Ground, Maryland 21010-5422. For more information,
please contact USAEHA directly.

Sincerely,

%&/W

Linda C. Burgert

EH&S Product Regulatory Management
PH: 517-636-1011

FAX: 517-638-9933

E-MAIL: Iburgert@dow.com

Attachments
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In conductiwg the studies described herein, the investigators adhered to
the “Guide for the Care and Use of Laboratory Animals,® U.S. Department of
Health, Education and Welfare publication No. (NIH) 85-23, 1985.

The studies reported herein were performed im animal facilities fully
accregited by the American Association for the Accreditation of Laboratory
Animal Cave. .

A11 Toxicological studies performed at USAEHA for 2,3-Dimethyl-2,3-
dinitrobutane (DMDNB) were under purview of the USAEHA Quality Assurance
Office from Jan 1992 thru Aug 1893. The Toxicological studies inspected by
the USAEHA Quality Assurance o0ffice for DMDNB include:

1. Acute oral toxicity in vats

2. Skin irritation studies in rabbits

Eye irritation studies in rabbits _
_ Skin sensitization studies in guinea pigs
. 9p-day feeding studies in rats

Metabolism studies

. Ames bacterial mutagenesis assays

Rabbit and rat teratology studies

Acute inhalation studies in rats.

W~

A1l raw data and copies of all reports are available in the archives of
the U.S. Army Environmental Hygiene Agency, Bidg E1570, Aberdeen Proving
Ground, Maryland 21010-5422.

EXECUTIVE SUMMARY

The purpose of the studies described in this report was to determine the
toxic potential of 2.3-dimethyi-2,3-dintrobutane (DMDNB) in various species.
This included studies on (1) shori-term toxic responses, {2) subchronic
toxicity, (3) dose response data, (4) evaluation of reversibitity of toxic
responses, (5) evaluation of metabolic parameters and target orgams, (6)
determination of mutagenicity, (7) wildlife effects and (8) carcinogenicity.
A number of difference studies are sncluded in the work performed on this
project and are described in the following sections.

Shori-ierm icit

Acute oral and intraperitoneal (IP) toxicity studies (Approximate Lethal
Dosages - ALD) were conducted using Sprague-Dawley rats and Hartley Guinea
pigs. The ALD of the test procedure is considered the lowest dose that causes
death during a l4-day observation period following exposure. ALDs of DMDNB
orally in male and femaie rats, and in female guinea pigs was 87 wo/kg. The
IP ALDs in male and female rats were 50 and 38 mg/kg, respectively. The
appearance of toxic signs was rapid with deaths occurring between 30 minutes
and. 72 hours after treatment. Signs at fatal doses included lethargy,
convulsions, prostration and death. Few signs were observed in- surviving
animals except hemelacrymation and hyperexcitability.

1
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Acute dermal toxicity studies were conducted with New Zealand White

. pabbits. A single 24-hour occlusive exposure to the skin of male and femsle

rabbits with a 14-day observation period was used. Ho.effects occurved at a
dose of 2000 mg/kg, the highest dose tested. No compourd velated lesions
were observed in rabbits at wecropsy performed at day 14.

The skin and eye irritation studies were conducted using New Zealand Hhite
rabbits. Technical DMDNB (dry; finely ground) did mot produce primary
jrritation on the skin of rabbits during a 24-hour occlusive exposure.

did not {nduce irritation to the conjunctival sac or the cornea of eyes at 24,
48 and 72 hours post exposure.

Skin sensitization studies were conducted $n female Hartley strain guinea
pigs. Dermally applied DMDNB (10 percent in acetone) did not cause a skin
sensitization response to a challenge dose following & 3-week induction.

Photochemical skin irritation studies were conducted with New Zealand
White rabbits. Irradiation of a dermally applied DMONB solution (18 percent
in acetone) did not produce a photochemical irritation response in the-skin of -
rabbit.

90-Da edi b4

A 90- day feeding study with DMDNG was conducted in male and female rats.
The substance was fed to rats, ground in their diet, at nominal concentrations

_of 0, 22, 66, 200 or 700 ppm. A recovery group {200 ppm level) was returned

¢o a nontreated diet after the 90-day study and held for an additional four
weeks to assess the reversal of DMDNB toxicity. in 211 animals clinfcal signs
wera observed daily and body weight changes and food consumption were measured
each week. At the end of the 90-day treatment, hematological and clinical
chemistry changes were measured. The effects of subchronic DMDNB treatment on
rat organ and tissue systems was observed daily and body weight changes and
food consumption were measured aach week. At the end of the 90-day treatment,
hematological and clinical chemistry changes were measured. The effects of
subchronic DMDNB treatment on rat_organ and tissue systems was observed
grossly at necropsy and later evaluated micrescopically. ‘

The test substance caused alopecia, hyperexcitability and deaths (about
75%) n rats fed 600 ppm DMDNB for 80 days. At 200 ppm DMDNE, alopecia was
observed in 10% of the animals and mild,. intermittent hyperexcitability was
noted in about 40% of male and female rats. The two lower dosage Tevels {66
and 22 ppm) produced 1ittle if any observable effects. Rat body weights for
the 600 and 200 ppm dosage 1evels were initially depressed, and despite a
raturn to normat food consumption rats, vemained lower than controls
throughout the study. Body weights, weight gains and food consumption for all
rats treated at 66 and 22 ppm DHDNB were within normal limits. At the end of
the 90-day the 90-day treatment, red blood cell counts and hematocrit Tevels
in treated rats showed a mild but significant depressig when compared to
gontrqu. There were, however, no dose-related effects on clinical chemistry
$ajues in the same animals. Al necropsy, male and female rats dying before
the scheduled necropsy (600 ppm Jevel only) presented lesions compatible with
terminal cardiac dysfunction. He specific cause of death could be identiffed.

2
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Male rats surviving until the end of the study, and at all treatment Tevels,
had swollen kidneys which may have been associated with the observed presence
of hyalire droplet degeneration of the renal cortex. This lesion is commonly
-reported for maie rats speated with hydrocarbon compounds and may mot be an
accurate indicator of toxicity in man. This effect on the kidney was absent
in all of the female rats and males in the recovery agroup. Enlargement of the
liver in both male and female rats freated with DMDNB appeared to be dose-
related. The morphological change was associated with metabolism of the test

. substance. or an adaptive mechanism, and may not indicate fepatotoxicity in

the elassical sense.

Based upon the effects of contihuous DMDNB treatment to male and female
rats for 90-days, the no observed adverse effect level (NOAEL) is 200 ppm
DMDNB. The toxic effects appear to be reversible when exposure is

discontinued.

Developmental Studies

Developmental (teratology effects of DMDMB were studied in rats and
rabbits exposed by the oral route on gestation days 6-15 (rats) or 6-18
(rabbits). Rats were exposed to DMDNB in their feed at levels of 125 ppm, 250
ppm and 550 ppm; equal to a dosage of 6.4, 8.6 and 14.4 mg/kg/day,
respectively. Rabbits were dosed by intragestric intubation at evels of 0.7,
3.8 and 7.0 mg/ka/day.

Maternal effects in rats included decreased body weights, decreased bedy

weight gain; hyperexcitability and convulsions. There were increased
incidences of fetal resorptions in rats at 500 ppm (14.4 mg/kg/day). The

1owest dose level at which the maternal effects were observed was at 125 ppm
(6.4 mg/kg/day) in rats. The NOAEL for maternal effects was not established
;or ra:s. The NOAEL for developmental toxicity was 250 ppm (8.6 mg/kg/day)
or rats.

Rabbits: Oepressed body weights in maternal rabbits eccurred at 7.0
mg/kg/day. There was a2 significant decrease in the number of litters at the

. 7.0 mg/kg/day dosage level. No other adverse developmental effects were

observed at any dose level. The NOAEL for maternal effects was 3.5 mg/kg/day
and the NOAEL for effects on the fetus was also 3.% my/kg/day.

Both the rat and rabbit developmental studies indicated that exposure to
DMONB does not cause teratological effects. '

Inhalation

Groups of young adult male and female albino Sprague-Dawley rats were
exposed head only for a single four-hour period to several airborne
concentration of OMDNB dust. The mass medtan diameter (#0D) of DMDNB
particles in the exposure chamber was 1.6 micra. Surviving animals were
extremely irritable with signs of tail biting, blood around nose and mouth,
and body weight loss. There were no gross findings in the survivors at
ngc:oggy. 1The four-hour .LC,, was determined to be £90 10 mg/m’ with a slope
of 4.85 ¢ 1.45.
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Betabolism
A metabolism study was conducted to obtain data on the sbsorption,
distribution and excretion of [*C] DMDNB in the rat following intraperitoneal
&IP] and oral administration. Two single dosage levels were given based on
vactions of 1/5 and 1/25 of each of their respective approximate lethal doses
(ALD). :

. The bioelimination of [*'C] was very siow. About 50% of the oral doses
was recovered in urine during the 3-day collection period, while about 40% was
eliminated in urine following IP dosing.

Tissue and organ deposition data showed that OMDNB was highly concentrated
in the kidney with secondary deposition in the fat. The data also indicated
that the metabolism of DMDNB was wmore dependent upon DHDNB dosage than the
route of exposure.

utageni Studies

DHMONB was evaluated for mutagenic activity using various assays. In the
Ames Salmonella/Microsome Reverse Mutation Plate assay, the test article,
DMONB exhibited no mutagenic response in all five bacteria test strains, both
with the presence and absence of exogenous metabolic activation. -

Mutagenic activity of DMONB in a L5178Y TK+/- Mouse lymphoma assay could
not be resolved to completion due to the juability %o obtain high solution
cuncentrations because of Timited solubility. At this level, however, no
mutagenic activity was observed.

Results from a Chromosome Aberration Assay in Chinese Hamster Qvary (CHO)
Cells showed that OMDNB was clastogenic in the presence of but not in the
absence of metabolic activation.

Multiple treatments with DMDNB in the Rodent Bone Marrow Micronucleus
Assay in male B.,F, mice did not result in a significantly increased frequency
of micronucleated polychromatic erythrocytes (PCE). Heither dié it depress
the percentage of oCE in the bone marrow of mice. The test was negative.

t Dopinant Leth 5

Genetic toxicity of DMONB was evaluated employing the mouse deminant
lethal assay. This test examines directly in the gametic tissue of an intact
animals the mutagenic potential of a test article. :

Treatment of CD-1 male mice with suybacute doses of test article, 2,3-
dimethyl-2,3-dinitrobutane induced a significant and dose dependent increase
only in the fourth week of mating, in (a) the proportion of females with eariy
fetal deaths and (b) the mutagenic index. In the absence of a consistent
trend in the response of specific maturation stages of male germ cell, it was
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concluded that z,s-dimethyl-z,3-d1nitrobutane has no sutagenic effect in the
postmeiotic/meiotic stages of spermatogenesis in mice. The positive response
obtzined from the CP treatmenil group was consistent with those reported for

i other studies.
Aviap Toxicity ,
Three avian studies were conducted to determine the effects of DMONB on
wildlife. A LC50 Bobwhite Quail Stud determined the effects of a 5-day
dietary exposure to DMDNB, while a LD50 Bobwhite Quail study was run to
determine the effects of single graded oral doses of DMONB tc these birds.

Mallard ducks were used to determine the LC50 in ducklings of a §-dav dietary
exposure fo DMDNB.

A no-abserved-effect level (NOEL) was not achieved in the LC50 Bobwhite
Quail Study. The S-day acute dietary LC50 of DMDNB was determine to be 1,664
ppm, with 95 percent confidence Timits of 1,249 and 2,218 ppm. Food
consumption rates in test birds were depressed by about 50 percent or more,
compared to controls, during the 5-day treatment peried. Consumption,
however, returned to normal rates when birds were fed untreated food during
the 4-day recovery period. Gross pathology examinations of birds dying duving
the investigation generally revealed hemorrhaging intestines were noted in 11
of the 20 birds evaluated. The prominent clinical sign in responding birds
was lethargy which appeared by test day 4. Complete remission of all signs of
toxicity was achieved in suyrvivors by test day 7.

A NOEL was not achieved in the 1C50 Mallard Duckling study. The 8-day
acute dietary LC50 of DMDNB was determined to be between 312 and 625 ppm. No
deaths occurred at the lowest DMDNB treatment level (312 ppm) but 9710 birds
died at the next higher level (625 ppm). At the remaining three higher
dietary levels, all the birds died by test day 4. Signs included Jethargy and
inactivity which usually preceded death. Gross patholegical examinations
goted snternal hemorrheging in most ef the birds dying on test and in 5 of the

5 survivors.

A NOEL was not achieved in the LD50 Bobwhite Quail study. The acute oral
D50 of DMDNB was determined to be 39 mg/kg of body weighl, with 85 percent
confidence limits of 31 and 47 mg/kg of body weight. Deaths occurred anly at
the two high doses: 31.6 mg/kg (2/10) and at 46.4 ma/kg (8/10}. There was no
difference in mortality based upon sex. Body weight depressions was noted at
all treatment groups (except the Tow dose) at days 3 through 7. A1l had
recovered normal food comsumption and weight gaim by day 21. Lethargy was the
primary clinical sign observed in affected birds. This effect cleared by day
8 in surviving birds. Pathological examinations of the 10 birds that died
during the investigation revealed abnormal findings §n all 10 birds. Six
exhibited internal hemorrhaging. The remaining in both suvvivors and
nonsurvivers were of a miscellaneous nature.

Aguatic Toxicity

The objective of these studies was to evaluate the acute toxicity of DMDNB
to the Biuegill, the Rainbow trout and to Daphnia. The toxicity to Bluegill

i 5
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éLepomis macrochivus) and to Rainbow Trout {concorhynchus mybiss) was
etermined during a 96-hour exposure period under static test conditions. The
acute toxieity of DMDNB to cladoceran (Daphnia magna} Was determined during a
48-hour exposure peried under static test conditions.

The 96-hour LCS0 value for bluegill exposure to DMDNB was 8.8 mg/L (C.L.
7.2-12 mg). The 96-hour no mortality conceatration was 4.3 mg DMDNB/L. For
rainbow trout the 96-hour LCS0 was 4.6 mg DMDNB/L (C.L. 3.6-6.0 mg). The 96-
hour no mortaldty concentration was 3.6 mg DMONB/L. The 48-hour EC50 value
for daphnids exposed to DMDNB was >120 mg/OMDNB/L, the highest concentration
tested. The 48-hour no mortality/immobility concentration was 120 mg DMDNB/L.

Studies were conducted to determine the ability of DHDNB to imitiate skin
tumor formation in a sensitive two-stage skin tumor animal model system
employing female SENCAR mice. Anfmals receiving repeated intragastric
administrations of the test article were subsequently dosed with repeated
topical applications of a known promoter, 12-0-terradecanoylphorol-13-acetate
(TPA) and evaluated for skin tumor formation.

female SENCAR mice initiated with DMDNB and promoted with TPA via the
SENCAR mouse skin bioassay did not exhibit a significant increase in skinm
tumors. The mice were dosed at 20 mg/kg divided into six intragastric doses
over two weeks and promoted three times per week for 20 weeks.

Permissible Exposure iimit {PEL

Occupational PELs are considered necessary to protect the health and
welfare of employees who are potentially exposed to substances in the
workplace. Promulgation of a well documented PEL represents a2 of the most
significant steps to ensure the adequacy of health protection for workers.

No current regulations or advisory exists of a PEL for DMDNB. The
following suggested procedure for development of a PEL considers the resylis
from rat and rabbit toxicity data.

A supgested PEL of 0.15 mg/m° for OMDNB was derived from the 90-day rat
feeding study. A dietary no-observable-adverse-effect-level (NOAEL) of 200
ppm was used, The derivation of the PEL was as fol?ows:

Ingestion
NOAEL 200 ppm (V.2 mg DMDNB/g feed)
intake 20 g/day (rat)

Daily dose 4 mg/daj8-tkgvat- ©. 2 gj val”
20 mgfkg/da.

1400 mo/da/70 kg man

p W B B H

inhalation

$ Minute volume

@

20 L/min (man)
= 28,800 L/da

[
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1400 mg/da

Dose P _

28,80@' L/da

« 0.049 mg/lL/da or 49 mg/m’
49 mg/w’
PEL -
. U000 (safety 7aclor)

PEL (24 hr) = 0.05 mg/m'
PEL {8 hr) = 0.15 mg/m’

A less documented method for derivation of a PEL is the use of results
from the rabbit teratology study. In this study the oral admimistration of
OMDNB, 7.0 mg/kg/day, to mated female rabbits produced a depressed fertility
index when compared to controls and other DMDNB dusage groups. The Tow number
of 1itters in that group reflects aither ar inhibition of implantation or,
more probably, early embryonic death. This finding suggestis that oral
administration of OWDNB, 7.0 mg/kg/day, during the period of major
organogenesis represents the lowest ohserved adverse effect level (LOAEL) of

pMONR Tor developmental toxicity in rabbits. The NOAEL for DMDNB

developmental toxicity would ther be 3.5 mg/kg/day. Based upon the results of
this study, the derivation of the PEL of 0.26 mg/m’ for humans §s as follows:

Ingestion

Daily Dose {NOAEL)

3.5 mg/kg/day
= 245 mg/day/7¢ kg man

Inhalatiui:
Minute volume = 20 L/min (man)
= 28,800 t/day
245 mg/da
Dose =
28,800 L/da
= 0.0985 mg/L/day or 8.5 mg/m’
8.5 mg/m’
PEL =
100 [safety tactor)
PEL {24 hr) e 0.085 mg/m’
PEL (B hr) = 0.26 mg/m’

@o1s
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Either method for derivation of a PEL is acceptablie. The dependent
factors are the use of safety factors and the length of a exposure study. In
addition, monitoring of occupational areas should give some idea of the extent

of the potential exposure cendition.

Conclusigns

Based upon the coilective information, the greatest hazard to
eccupationally exposed individuals would result from DMDNB ingestion and from
jphalation of ‘the dry DMONB zerosol.

There was not evidence of tumor frritation from DMONS exposure in the

SENCAR mouse skin bioassay.

Developmental studies im rabbits and rats demonstrated that DMDNB does not
cause teratogenic effects in animals and should not be considered a
developmental hazard to humars.

The NOAEL in the rat 90-day feeding was 200 ppm (0.2 mg DMDNB/g feed).
The occupational PEL (8-hour) suggested from this study is 0.15 mg/m’.
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CAS No.
3964-18-4

{MDNB is
intended
to be used
. in Army

& jtems.
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BACKGROURD

CAS No. 78-11-5

Highly explosive

-organic compound used

in the manufacture of
detonators and as a
"tong-acting”
vasodilator. Cross-
sensitivity with
nitreglycerin has been
described.

CAS No. 121-82-4

An explosive
polynitramine commonly
known as cyclonite or
(British code mame for
Research Depariment or
Royal Demolition

extensively used as a

high-impact explosive
in military munition |
formulations during and |
since Wo.1d Mar II. It §
js also used as a vat ¢

Explosive, It has been i

[dois
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HEALTH HAZARD DATA

Oral LOLO™ - 7 gm/kg Oral LDSO -~ 59 eg/kg
| Oral ALD* - 87 mg/kyg (mouse) (mouse)
| (rat) Oral LDSO - 100 mg/kg
, (rat)
| 1.p.°° ALD - 38-50 mg/kg | I.P. 1D50° - > § gm/kg
| {rat) (mouse; I.P. LDLO - 10 wg/kg
% {rat)
| Deymal ALD - 780-800
| mg/kg (guineu pig) Dermal LD50 > 2 gm/ka
' (rabbit)
| perma’ ALD - >2 gm/kg
| (rabuit) :
Skin irritation - no ° | Skin jrritation -
jrritation (rabbit) | dermatitis Skin irritation - no
1 jrritation
| Eye irritation - no
jrritation (rabbit)
skin sensitization - skin sensitization - no |
| non sensitizer {guinea : evidence of é
2 pigs) sensitization
| Convulsions, tremors Similar to nitrite Acute doses produce
| and salvation at lethal | toxicity, acute convulsions, labored ;
© dosages. exposures may cause breathing and other CNS [
methemoglobin, | effects. Dermatitis g
vasoditation and and erthyema may result §
vascular collapse. from contact. é
Cyanosis, coma,
convulsions and death
may occur at high
doses.
S e e i

Si & toms

* ALD - Approximate Lethal Dose

++ 1.P. - Intraperitoneal

++4+ LDLO - Lowest Reported Lethal Dese
e LD50 Lethal Dose 50%
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| 50-day feeding study -
Rats

| NOAEL ~ 200 ppm

| NOEL ~ 0.3 To 0.8

mg/kg/da

Toxic signs alopecia,
| weight loss, death at
| high Tevels

Developmental Effects -
| Rats - oral 20-days -

500 ppm. No '

teratologic effects.

500 ppm s1ight weight
loss in dams.

B ﬂ 4/04/01 WED 14:12 FAX 5176389933
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One year feeding study
- Rats

7 mg/kg/da caused no
effects

Developmental effects -
no published data

90-day feeding study -
Rats

LOAEL - 160 mg/kg/da
NDAEL - 80 mg/kg/da

Developmental effects -
rat - oral 10 gm/kg -
22 days of pregnancy.
Effects on newborn - '
s¢111birth reduced live g
pirth index. %

Developmental effects:
20g/kg 6-15 day
pregnancy fetotoxic im
rats, but no
teratogenic effects.

8 et 54 R

LOAEL -~ Lowest cbserved adverse effect level
NOAEL - No observable adverse effect level
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| Mutagenicity

Ames test
House Lymphoma
Micronucleus
Chinese Hamste
Ovary (CHO)

negative
negative
negative
r +activated
-non-activated

{ Dominant Lethal negative

= [ouse

| Sencar Mouse
tumor study

! Metaboli<m
(**C labeled}

negative

in-life
complete
evaluation
in progress

Ames negative
Sister chromatid
exchange

Hamster ovary
positive @ 160 mg/L

Dominant Lethal - no
report

Tumerigenic effects

- Rat

Route oral - dose

12875 ma/kg/eyr
thyroid tumors

Equivocal

tumorigenic agent

Mouse

a 103 wk study -
negative Tor tumor
formation

Metabolism - animal
studies not reported

Mot found to be
mutagenic

Lifetime feeding
studies in rats and
mice showed
testicular
degeneration and
prostate
inflammation.
Decrease fertility
in 2 two-generation
reproductive study
in rats.

Induces
hepatocellular
carcinomas and a

denomas in mice.

Metaboiism -
completely absorbed
when ingested in
rats. Highest
levels are found in
kidneys, liver,
brain and heart.
ROX metabolized by
the liver and its ,
metabolites excreted
in urine. :

 ldo1s
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' Unknown

| Suggested

| Permissible

| Exposure Limit

j (PEL? - 0.15
mg /m

HUMAN HEALTH EFFECTS

Used as an orally and
sublingually administered
*Jong-acting® vasodilator in
the management of angina
pectoris. Absorbed slowly
from intestines and Tungs,
ng@ appreciably through
skia,

Rarely severe responses are
encountered consisting of
nausea, vomiting, weakness,
pallor, sweating and
collapse. Cross-sensitivity

with nitroglycerin has been
described.

Patch tests in 20 persoas
gave no evidence of skin
irritation or sensitization.

Suggested PEL TLY TWA - not
found.

Found: in EPA-TSCA chemical
jnventory .June 1990.

DOW CHEMICAL EHSRA

{CNS) dysfunction
coma.

Inhalation of dust
nausea and CN3

convulsions and

distributes to body
tissues.

Ingestion causes symptoms '
of central nervous system

fncluding convulsions and ;

containing RDX causes
dysfunction including
unconsciousness. RDX

completely absorbed when
jngested and vapidly

TLY - 1.5 mg/m’® (skin)

Zo1g
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DEPARTMENT OF THE ARMY
9. $. ARMY ENVIRONMENTAL WYGIERE AGEMCY
ABERDEEN FROVING GROUND. MARYLAND 270105422

GEPLY B0
ATTENTION OF

, EXECUTIVE SUMMARY
TOXTCOLOGICAL STUDY NO. 75-51-¥J92-93
TEE ACUTE TOXICITY OF 2,3-DIMETHYL-2,3-DINITROBUTANE
. OCTOBER 1992

AN

1. PURPOSE. The purpose of this study was to determine the
acute toxicity of 2,3-dimethyl-2,3-dinitrobutane {DMDNB) . -

2. FINDINGS. The DMDNB is not a primary skin or eye irritant To
animals following a single exposure nor does it cause skin
gepsitization or photochemical reaction. It is a toxic hazard by
ingestion having an oral approximate lethal dose between 50 and
87 mg/kg in rats and guinea pigs. The material is not xeadily
absorbed by the skin nor do its vapors have any adverse effects
in animals when inhaled for 8 hours. The material was mutagenic
in one of four assays but required activation to elicit the
podgitive response. To the avian species, ducks and quail, DMDNB
is moderately toxic. :

3. RECOMMENDATIONS. Pending the results of planmed and in-
progress toxicity studies in animals, it is recommended that

_ personnel who may be exposed to DMDNB be protected f£rom inhaling
the dry material and/or ingesting the substance in any form.
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DEPARTMENT OF THE ARMY
U.S. ARKY ENVIRONMENTAL HYGIENE AGENCY .
ABERDEEN FROVING GROUND. MARYLAND 21010-8423

QREPLY TO
ATIENTION OF

HSHB-MO-T

POXTCOLOGICAL STUDY NO. 76-51-¥J92-93
THE AGUTR TOXICITY OF 2,3-DIMETHYL—2,3-DINITROBUTANE
- OCTOBER 1992

3. REFERENCES. See Appendix A for a 1isting of references.

5. AUTHORITY. Letter, U.8. Army, Office of the Surgeon General,
23 September 1931, subject: Request for AEHA Agsistance.

3. PURPOSE. The studies were conducted to decermine the acute
toxlecity of 2,3-dimethy1-2,3-diniarobutane (DMDNB) .

4. CENERAL. The DMDNB is intended to be used in Army items.
puring production and storage of these items, exposure to DMDNB
may occur. Before the Government Contractoy will initiate
production of these items, the toxicity of the DMDNB must be
egtablished. This report provides the results of the initial
acute or short-term tests. . Subchronic tests, involving repeated
exposures, are in progress and will be reported separately.

5. MATERIALS.

a. Test Substance. The test substance, DMDNB, was provided
by the spomsor, the U.S. Aymy Armament Research, Development and
Engineering Center, Picatinny Arsenal, New Jersey. It was a
white crystalline material with little, if any, odor. It is
1isted in the TSCR inventoXy as CAS No. 3964-18-4. Three
sproduction® lots (20312, 21957, and 71958} and a "pure product”’
1ot (20311) were received. The four camples were analyzed L
Organic Bnvironmental Chemistry Division, U.8. Army Enviroon -
Hygiene Agency (USAEHA) , using IR spectroscopy and gas
chromatography with electron capture detector. When compared to
che pure pxoduct gample, the analyses of the three production
iots resulted in a purity of 9é percent or greater.

Use of trademarked names does not imply endorsement
by the U.S. Arxmy but is intended only to assist in
jdentification of a specific product.
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b. BAnimals.*t

(1) Teésting for primary eye and gkin irritation,

photochemical skin irritation, and dermal toxicity was conducted

using New Zealand White rapbits (2.8-4.5 kg) obtained from
Hazelton-Dutchland Laboratories, Denver, Pennsylvania. For the
dermal toxicity test, male and female groups were identified. 1In
the remaining studies, the sexes were mixed. Female Albino-
Hartley guinea pigs (375-423 g) also from Hazelton-Dutchland
Laboratories, were used for gkin sensitization’ studies and for
determination of oral coxicity. Male and female Sprague-Dawley
rats (175-225 9) obtained £rom the Charles River Laboratories,
Wilmington, Massachusetis, were used for oral toxicity tegting
and for inhalation studies. The animals were in acceptable
health after quality conotrol determinations were made during a
2-week guarantine period. :

(2) Rabbits, guinea pige, and rats were housed
individually in wire-bottom atainless steel cages. Drinking
guality water and feed (Purina® Certified Rabbit Chow 5322;
Purina Certified Guinea Pig Chow 5028, and Purina Certified
Rodent Chow 5002) were available ad libitum. Ambient
temperaturesg in the animal roomg were maintained at 21 to 25 °C
with relative humidity between AC and 60 percent. The light/dark
cycle was 12-hour intervals. ‘

¢. Contract Studies.
(1) Mutagenicity Studies were performed under commercial
contract DARDO5-91-C-0018 by Integrated Laboratory Systems,
Research Triangle Park, North Carolina.

{2) Avian Toxicity Studies were performed under
commercial contract DAADO5-90-P-9510 by Bio-Life Aggociates,
Nellisville, Wisconsin. :

(3) Histopathological evaluation of animal tissues was
performed by George A. parker, D.V.M, Ltd., Stexling, virginia,
under commercial contract DAADOS-90-C-0040.

* In conducting the studies described herein, the investigators
adhered to the "Guide for the Care and Use of Laboratory
Bnimals, " U.S. Department of Health Education and Welfare
publication No. (NIH) 85-23, 1985.

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

® purina is a registered trademark of Purina Mills, Imc.,

st. Louis, Missouri.

o2z
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6. METHODS.

a.. Ezimg;z_akig_zgxlga;ign. An acute dermal irritation
test, based upon the method of Draize, was conducted in rabbits.
The procedure (reference 1) involved the single application of
0.5 gm of DMQNB to the clipped backs of each of six rabbits. The
material was f£inmely ground and moistened slightly with saline and
placed on a 2X2 inch gauze pad. The pad was applied to the skin
surface then overwrapped with Coban®, an occlusive covering.
Exposure was for 24 bours, after which the caverings were removed
and irritation scored ome nour later. Evaluations were also made
at 48 and 72 hours and at 7 days. Scoring of irritation was
based on the Draize method in which erythema and edema were
evaluated on a gcale of 0 to 4 for severity. Categorizing the
rasponses was baged on the mean of the sum of the 24- and 48-hour
scores.

b. . Primary Bve Trritation. BEye irritation studlies were
performed in rabbits following a standard method (reference 2).
2 single 0.1 gm dose of the dry, finely ground DMDNB was
administered to the coninnctival sac of one eye of each of six
rabbits. Eyes were scores for irritation at 24, 48, and 72 hours
after rreatment and again at 7 days. Scoring of irritation
effects followed the method of Draize in which the total score
for the eye is the sum of all scores obtained £or the cormea,
{irig, and conjunctiva. Categorizing the responses was based on
the 24-hour evaluation. - ,

c. Photochemical skin Irritation. A photochemical skin
irritation study was performed to assess the potential of DMDNB
to become chemically reactive when exposed to sunlight. Studies
were performed (referénce 3) by applying 0.05 mb of the test
solution (10 percent in acetone} to the right side of the clipr
backs of six rabbits. After $ minutes, the backs were expos?
ultraviolet (Ov) light (365 om) for about 15 minutes at &
distance of 10-15 cm. Following UV exposure, the left side oL
the same animal’s back was treated identically to the right side,
except that it was not jrradiated. O©0il of Bergamot, a knewn
photoicritant, was included in the exposSure regimen to assure the
respoasiveness of the test system. Photochemical, irritation, as
determined by the net difference between irradiated and
ponirradiated scores was evaluated at 24, 48, and 72 hours post-
exposure. Scoring of erythema and edema was pased upon the
method of Draize.

® coban is a registered trademark of Minnesota Mining and
Manufacturing Co., St. paul, Minnesota.

3
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d. ‘Skin Semsitizatiom. Sensitization studies were performed
to determine the potential of DMDNB for causing skin sensiti-
zarion reactions in humans. The test procedure (reference 2) was
pased on the method of Buehler. The test material (DMDNB,

10 percent in acetone) was applied under Webril® patches to the
shaved backs of 20 guinea pigs. The occlusive exposure was for

6 hours, once per week, for 3 weeks. This was considered the
winduction" phase. Following & 2-week rest period thre animals
were "challenged", meaning that 2 single application of the test
material was applied to a naive gite. Ten additional maive
animals also received the challenge dose. Twenty-four and

48 hours after the challenge, the skin was depilated, then
irritation scored 3 hours iater. The appearance of erythema
and/or edema at the challenge gite which is significantly greater
than that observed on the maive animals (no induction) is
considered anm allergic response.

‘e. Oxal Toxicity. A&n approximate lethal dose (ALD) ' study,
which uses a small number of animals, was performed tO determine
the minimum lethal dose of DMDNB. Single oral graded doses were
given by gavage to male and female rats and to female guinea
pigs. For oral administration, DMDNB was suspended in either
distilled water or corn oil at concentrations of 50 mg/mls. Gum
tragacanth was added to each vehicle (5 percent) to enhance
guspension. After treatment, the animals were examined daily forx
che onset and reversal of toxic sigms. Bnimals surviving the 14-
day cbservation perilod were sacrificed for gross pathological
examination. ‘The ALD of the test gubstance is congidered the
lowest dose that causes death during the 14-day observation
period.

f. Dermal Toxicity. A "limit” study was performed in
apimals to determine the toxicity of DMDNE resulting from dera’
absorption. ‘A single dose of 2,000 mg/kg of DMDNE wasg appli
the clipped backs of six male and six female rabbits. 7The
material was finely ground and moistened slightly with saline and
placed on a 4X4 inch gauze pad. The pad was taped to the skin
surface then overwrapped with Coban, an occlusive covering-
Exposure was for 24 hours, after which the coverings were removed
and remaining DMDNB removed from the skin. BAnimals were examined
daily for toxic signs through 14 days. Survivors were euthanized
st day 14 and examined gro=sly for pathology.

® Webril is a registered trademark of Professional Medical
Products, Inc., Ann Arbor, Michigan.

o24
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. g. Saturated Vapor. The acute effects of inhaling DMDNB
vapors were separately measured in male and female rats. Six
male and six female rats were expoged to DMDNB vapors
continuously for 8 hours. For testing, dried air at 10 pai
passed through a rotameter, then into a 2 L flask with 3 angle
necks which gontained about 150 g of dry DMDNB. The flask was
mounted on a heating mantle which maintained a constant
temperature of 100 °C at the bottom of the flask. From the
flagk, the air passed through polyethylene tubing containing
glass wool and into the inhalation exposure chamber. The
exposure chamber was a 3 I glass desiccator with six individually
soreened compartments which held the rats. The animal chamber
temperature ranged from 22 to 30 °C and the air flow was 1.0
L/min. Control groups of male and female rats were exposed in
the same fashion but to room air only. Animals were observed
dally for the onset of toxic signs and were weighed on days 0, 1,
3, 7, and 14. At the end of the 14-day observation period, the
rats were euthanized and cbserved for gross pathology. Selected
cigsues were harvested for histopathological evaluation.

k. In Vitro agenicit 8.

(1i Ames Test. The DMDNB was evaluated for mutagenic

" activity using the Ames Salmonella/Microsome Reverse Mutation

plate Assay. The Ames test uged Salmonella typhimurium indicatoxr
stroins TA-1635, TA-1537, TA-1538, TA-98, and TA-100. The sample
was tested directly and in the presence of liver homogenates (89
fraction) from rats treated with aroclor® 1254. Concurrent
positive and solvent controls were runm along with five dose
points of the test sample. Sterile dimethylsulfoxide (DMSO) was
used as the diluent in preparing stock solutions. All tests were
run in triplicate plates at doses of 10. 1, 0.5, 0.1, and 0.05
mg/plate. .

(2) Mouse Lymphoma Test. The DMDNB was assessed fo:
mutagenic activity in the L5178Y TK+/- Mouse Lymphoma Mutager..:. -
Assay in the presence and absence of Arocior induced rat liver
c9. The nonactivated cultures selected for cloning were treated
with DMDNB at a maximum dose of 2,400 pg/mL. The S9 activated
cultures selected for cloning were treated with doses up to
2,500 pg/mL. The diluent was gterile DMSO. The cultures were
evaluated for elevated mutation fregquency and clastogenic
response.

®aroclor is a registered trademark of Monsanto Company,
St. Louls, Missouri.
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.. {3) CHO Cell Assay.. The DMDNB was tested for its
mutagenic potential .in the Chromosoae Aberration Assay in Chinese
Hamster Ovary (CHO) Cella. In the nonactivated study, duplicate
cultures of CHO cells were exposed to DMDNB {(in DMSQ) at 25, 50,
100, 200 and 400 pg/mL for 18 hours. In the S9 activated study,
cells were exposed to 100, 250, 500, 750, and 1000 pg/mL for 4
hours, washéd and incubated for another 8 hours. Metaphase cells
were then harvested, stained, and examined. The percent of
structurally damaged cells in the total population examined and
the frequency of structural aberrations per cell was calculated.
The positive control was Mitomycin C in the nonactivated portion
and cyclophosphamide in the S9 activated portion.

{4) Micronucleus Assay (In Vive). The potential for
DMDNEB for causing mutagenicity was assessed in the Rodent Bone
Marrow Micronucleus Assay in male BEC3F; mice. Mice were treated
by intraperitoneal injection of DMDNB in corn 0il on days 1
through 3. Treatment doses were 0.0, 17.5, 35.0, and 70 mg/kg.
The positive control was dimethylbenzlalanthracene. Selected
animals were euthanized 24 hours after each treatment day and the
hone marrow removed. The frequency of micronucleil in

.

polychromatic erythrocytes (immature red cells) was scored in

>

addition to an evaluation of clastogenic and/or aneugenic damage.

i. Avian Toxigciity.

(1} LCS50 Bobwhite Quail. To determine the effects of
DMDNB toxicity on wildlife, a 5-day dietary exposure in bobwhite
quail was conducted. The test material was fed in the diet at
312, 625, 1200, 2500, and 5000 ppm DMDNB to five groups of ten
12-day-old quail. Treatment was for 5 days followad by a 4-day
recovery period. Control groups received the stock diet only.
Birds dying during the investigation were gubjected to gross
pathological examinations as were selected survivers from eac
treatment level.

(2) LC50 Mallard Ducklings. To determine the effects of
DMDNE toxicity on wildlife, a S-day dietary exposure in mallard
ducklings was conducted. The test matexial was fed in the diet
at 312, 625, 1200, 2500, and 5000 ppm DMDNB to five groups of ten
5-day-old ducklings. Treatment was fox 5 days followed by a 3-
day recovery period. Control groups received the stock diet
enly. Birds dying duriang the investigation were subjected to
gross pathological examinations as were gelected survivors from
each treatment level.
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(3) 1D50 Bobwhite Quail. To determine the effects of
graded oral doses of DMDNB in bobwhite quail, six groups of 10
birds (5 males and 5 females per group) were treated via gelatin
capsules containing the test material. Dose levels were 0, 10.4&,
14.7, 21.5, 31.6, and 46.4 mg/kg DMDNB. Contryols received only
an empty gelatin capsule. All birds were observed on the day of
dosing and for 20 comsecutive days thereafter. Birds dying
during the investlgation were subjected to gross pathological
evaminations as were selected survivors from each treatment
level.

7. RESULTS.

a. Primary Skin Irritation. Technical DMDNB (dry; finely
ground) did not produce primary irritation in the skin of rabbits
during a 24-hour occlusive exposure. The resulte indicated
assignment to USAEHA Category I (see Appendix B) and to U.S.
Environmental Protection Agency (EPA) Toxicity Category IV (see
Appendix C). The individual animal data appear at Appendix D.

b. Primayy Eye Irritation. Technical DMDNB (dry; finely
ground) did not produce primary eye irritation in rabbits. The
material was assioned USAEHA Category A (see hppendix E) and EPA
Category IV. The individual animal data appear at Appendix F.

c. Ehotot 2]l Skin Irritation. Irradiation of a dermally
applied DMDNB solution (10 percent in acatone} did not produce
photochemical irritation to the skin of rabbits. See Bppendix G
for individual animal data. The positive control substance,
Bergamot 0il, caused photochemical irritation in the same
animale. (See Appendix H).

d. Skin Sengitization. Dermally applied DMDNB {10 perce-
in acetone} did nct cause a skin sensitization response in g e
pigs. The individual animal data appear at Appendix I.

e. Oral Tosigity. The ALD of DMDNB orally in male and
female rats, and female guinea pigs was 87 my/kg. The two
vehicles used tn suspend the material, either corn oil or
distilied water, had no apparent effect on toxicity. The
appearance of toxic effects was rapid in the guinea pigs,
occurring between 4 and 36 minutes after treatment. 1In rats, the
earliest effects appeared at 14 minutes with deaths eccurring
between 30 minutes and 72 hours after treatment. Signs at fatal
doses included lethargy., convulsions, prostration, and death.
Few signs were observed in purviving animals except
hemolacrymation and hyperexcitability in one rat and
aggressiveness in another. Gross pathology observations were
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unremarkable. Several treated and control rats had mild
congestion and diffuse hemorrhage of the lungs. ' Passive
congestion of the liver was alsgo obzerved in a few rats, bait none
of the cbservations could Le conclusively associated with DMDNB
rreatment. Appendices J and XK provide the ingdividual aci.xal data
for male and female rats where corn 0il was the wvehlcle.
Appendices L and M provide the data for male rats and female
guinea pigs where distilled water vas the wvehicle. ‘

£. Dermal Toxicity. The 24-hour occlusive exposure of DMDNB
to the skin of male and female rabbits did not produce cobservable
effocts at & dose of 2,000 mg/kg (see Appendices N ani 0). The
ALD was »2,000 mg/kg which equates to BPAR Category IIX. No
compound-relared lesions were observed in rabbits at necropsy
performed at day 14. Due to the absence of effects at the
01imit" dose, no further dermal toxicity tests were conducted.

g. Sagurated Vapox. dMale and female rats exposed LO .Vapors
of DMDNB heated to 10C °C were not effected by the single 8-hour
exposvre. No clinical signs were observed during the exposure or
through the 14-day observation period. Body weights remained
comparable to control animals as did oxgan-to-body weight ratios
determined following Rnecropsy- Histopathological evaluations
performed on tissues harvested at necropsy were unremarkable.
Rccording to the pathologist, "There were no histopathologic
findings that were considered to be a result of exposure to the
rest material [DMDNB]}. All lesions were considered to be
incidental findings or part of spontaneous disease complexes of
laboratory rate."

h. In Vitro Munagenicity Assays.

(1) Ames Test. The test article, DMDNB, exhibited a
negative mutagenic response in all five Salmonella testsr
strains, both in the presence and absence of exogenous metabc
activation.

{(2) Mouse Lymphoma. The test .siaterial could not be
tested to sufficiently high concentration to obtain a conclusive
result in the Mouse Lymphoma Assay because of limited solubility.
Test criteria calls for the chemical to yield a relative total
growth (RTG) in the culture of about 10 to 20 percent. The
lowest RTG values for DMDNB was about 40 percent. Although some,
a1beit insufficient, toxicity was observed under the conditions
of testing there was no evidence of a clastogenic or mutagenic
response; concentration-related increases in induced mutation
frequencies wers not observed in the absence or presence of

. metabolic activation.
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(3) CHO Assay. The test article, DMDNB, was clastogenic

(positive response) in the presence of but not the absence of

metabolic: activation. Under these conditions, the lowest
effective dose was 1,000 pg/nl.

(4) ‘Micronucleus Assay. Multiple treatments with DMDNB
did pot result in a significantly increased frequency of
micronucleated polychromatie erythrocytes (PCE) and did not
sigunificantly depress the percentage of PCE in the bone marrow of
male B6C3F1 mice. The test was negative.

2

i. pAvian Toxicity.

(1) LCS0 Bobwhite Quail. A no-obgerved-effect level
(NOEL) was not achieved in this study. The 9-day acute dietary
1050 of DMDNE was determined to be 1,664 ppm, with 95 percent
confidence limits of 1,24% and 2,218 ppm. Food consumption rates
in test birds were depressed by about 50 percent oOr more,
compared to controls, during the 5-day treatment period.
Consumption, however, returned to normal rates when birds were
fed untreated food during the 4-day recovery pericd. Gross
pathology examinations of birds dying during the investigation
generally revealed hemorrhaging in or around the crop area. In
the surviving birds, hemorrhagic intestines were noted in 11 of
the 20 birds evaluated. The promipent clinical gign in
responding birds was lethargy which appeared by test day 4.
Compiete remission of all signs of toxicity was achieved in
survivors by test day 7.

(2) 1CS0 Mallard Ducklings. A NOEL was not achieved in
thie study. The 8-day acute dietary LCS50 of DMDNB wag determined
to be between 312 and 625 ppm. No deaths occurred at the lowest
DMDNB rtreatment level (312 ppm) but 9/10 birdg died at the n- -
higher level (625 ppm). At the remaining three higher dieta
lcvels, all the birds died by test day 4. Signs included
iethargy and inactivity which usually preceded death. Gross
pathological examinations noted internal hemorrhaging in most of

the birds dying on ctest and in 5 of the 25 survivors.

(3) LDS0 Bobwhite Quail. A no-observed-effect level
{NOEL) was not achieved in this study. The acute oral LDSO of
DMDNE was determined to be 39 mg/kg of body weight, with 95
percent confidence limits of 31 and 47 mg/kg of body weight.
Deaths occurred only at the two high doses: -31.6 mg/kg (2/10)
and at 46.4 mg/kg (8/10). There was no difference in mortality
based upon sex. Body weight depressiomns were noted at al:i
treatment groups {except the low dose) at days 3 through 7. All
had recovéred normal food consumption and weight gain by day 21.
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‘Lethargy was the primary clinical sign observed in affected

birds.  This effect cleared by day 8 in surviving birds.
Pathological esxaminations of the 10 birds that dised during the
investigation revealed abrormal findings in all 10 birds. 8ix
exhibited internal hemorrhaging. The remaining findings in both
survivors and nomsurvivors were of a miscellaneous pature.

8. DISCUSSION.

a. Acute toxicity tesgting is a means of determining the
immediate health hagards associated with the use of a chemical
substance. It further provides the direction and ratiomal forx
more in-depth investijations. Ideally, the tests address the

‘three potential routes of human exposure: dermal, oral, and

inhalation. In the case of DMDNB, gkin contact is not an acute
hazard based upon the absence of local oOr systemic effects

. observed in animals. No primary irritation to the skin or eyes,

or skin sensitization, or photochemical reactivity has been
observed following DMDNB treatment. The substance is minimally
absorbed through the skin, probably due to its limited solubility
in organic solvents and its near jnsolubilicy in water. Heating
of DMDNB to 100 °C does not produce vapors of suffjicient volume
or toxicity to cause adverse effects in rats when inhaled for

8 hours. Orally, DMDNB is "very toxic” using the criterion
described by Gleason (reference 7) in that the LDSO ranges from
50-500 mg/kg. The EPA criteria (2ppendix C) for the same range
equals Toxicity Category II.

b. Hexahydro—l.s,S-trinitro-l,z,S-Criazine (RDX) is the
major componeat in a formulation that DMDNBE will be combined
with. The chemical and toxic properties of DMDNE and RDX are
remarkably similar (reference 8). Both are white crystalline
materials which are mnearly insoluble in water and have limite~
solubility only in polar organics such as acetome (<10 percer
Neither material is an acute hazard to the skin or eyes nor i
there appreciable dermal absorptiomn. When ingested, they produce
nearly identical toxicities of between 50 to 125 mg/kg for most
species tested. Absorption from the G.I. tract following
ingestion is prolonged for either DMDNB or RDX, with deaths in
rave occurring nearly 24 hours after treatment.

c. The mutagenicity studies performed with DMDNB were all
negative except for the CHO assay with activation. This result
indicates some clastogenic activity but only in the presence of
the 59 promoter. This response was not observed in the mouse
lymphoma test which also measures clastogenic activity.

Two in viveo studies, Dominant Lethal and SENCAR mouse bioassays,
already in progress, will help to resolve the significance of tha
gingle positive finding.

10
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4. Based upon the collective toxicity information to date,
the greatest hazard €O occupationally exposed personnel would
regult from DMDNB ingestion. The effects from inhaling the dry
substance must also remain of concerm until the toxic levels
from this exposure route can be established.

Y
g. RECOMMENDATIONS. .Pending the results of plamned and in-
progress toxicity studies in animals, it is recommended that
personnel who may be exposed to DMDNB be protected from inhaling
the dry material and/or ingesting the substance in any form.

Biologist
Master Consultant
Toxicology Division

! '-"‘"r),?

JOHN P.  HOUPT
Biologist
Toxicology Division

| j ,

| ‘ . /' AL
JDEN G. HARVEY /

iplogical Laboratory Technician
Toxicology Division

g

APPROVED:

Wi s 41V e

Chief, Toxlcology Divisgion
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APPENDIX A
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Saturated Vapor Inhalation.
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APPENDIX B

USAEHA CATEGORIES FOR SKIN IRRITATION EFFECTS

CATEGORY I - Compounds producing no primary irritation of the
intact skin or no greater than mild primary iryitation of the
skin surrounding an abrasion. Score Limits: Intact 0-0.5;
Abraded 0.51-2.0; Total 0-2.0 (INTERPRETATION: No restricticn
for acute application to the human skin.)

CATEGORY II - Compounds producing mild primary irritation of the
intact gskin and the skin surrounding an abrasion. Score Limits:
Intact >0.5; Total 0.51-2.0 {INTERPRETATION: Should be usged
only on human skin found by examination to have nc abrasions or

may be used as clothing impregnant.)

CATEGORY III - Compounds producing moderate primary irritation of
the intact skin and the skin surrounding an abrasioun. Score
Limits: Total 2.1-5.0 (INTERPRETATION: Should not be used
directly without a prophetic patch test having been conducted on
humans to determine irritation potentcial to human skin. May be
used without patch testing, with extreme caution, as clothing
impregnants. Compound should be resubmitted in the form and at
the intended use concentration so that its irritation potential
can be reexamined using other test technigues on animals.)

CATEGORY IV - Compounds producing moderate to severe primary
irritation of the imtact skin and of the skin surrounding an
abrasion. Score Limits: Total 2.1-7.9 (INTERPRETATION: Should
be resubmitted for testing in the form and at the intended use
concentration. Upon resubmission, its irritation potential will
be reexamined using other test techniques on animals, prior !
possible prophetic patch testing in humans, at concentration:
which have been shown not to produce primary irrxitation in
animals.)

CATEGORY V - Compounds impossible to classify because of
staining of the skin or other masking effects owing to physical
properties of the compound or compounds producing necrosis,
vesiculation, or eschars. Score Limics: Total 8.0 or not
scorable. (INTERPRETATION: Not suitable for use on humans.)
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APPENDIX C

EPA TOXICITY CATEGORY CRITERIA®

Hasgard Category Category Category Category
Indicators I Ix IIX Iv
Qral LDSO TUp to and >80 thru 500 »500 thru »5000 mg/kg
inel s9O mg/ky 8000 mg/kg
ng/kg
Dermal LDSO Up to and »200 thru 2000| >2000 thru »20,000
inel 200 mg/kg 20,000 mg/kg mg/kg
mg/kg
Inhal LLS0 Up to and >0 2 thru 2.0 »2.0 thru 20 »20 mg/L
{Chmbr conc){ inmcl 0.2 mg/L mg/L
mg/L '
Eye Corrosive Corneal invelv| Corneal involv) Min effcrs
Effectst (Ixzevers or irrit elrng] or irrit clrmg| clrmg in
destruc of -in 8-21 davs in 7 days or less than
ocular tiss) leas 24 hrs
or corneal
invplv or
irrit pergimst
for more than
21 days
Skin Corrosive Sev irrit at Mod izrit at Mild or slt
BEffects (Tiss destruc 72 hrs (gev 72 hrs {(mod irrit (no

into dexrmis
and/ox
secarring}

erythema or
edema)

erythema)

irrit or slt
erythema)

o

+

for and Cateqorization of Bye lrritatiom.

40 CFR 156.10.

Lakeling Reguirements.

Reviged 1 July 1950.

{EPA] PR Notice 81-3; Label Improvement Program: Change in Test Methodr

Septembexr 22, 1381.

1034
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APPEMNDIX D
g 1"1 PRIMARY S'!FIN IRRITATION STUDY !
N f
Study No. 18=-51-YJ92-93 Protocol No. _21-9-3 SOP NHo. _91.8
Tesgt Subgtance g,3-Dimeggx;-2,g-ginigrgggtggg (DMDNR]
Study Director _}, Wesks Investigator _B, Smodgrass

INDIVIDUAL ANIMAL SCORES

TIME ORSERVATIOR RABBIT NO. / SCORE .
{Hours)
‘.. 811 | 812 814 81s B17 B18 MEAN
24 , 6 0 o 0 1 o
0.1
72 Brythema o o o 0 o 0
7 DA ‘ 0 o 0 0 ) o 9.0

0.5 g of the finely ground DMDNB was moistened with saline and placed
rhe animal’s back under a gauze pad. The pad was covered with an
occlusive wrap. After 24 hrs the covexing was removed. Skin irritaticn
was scored at 24 and 72 hours according to the method of Draize.

The test substance did not produce significant irritacion to the skin of
rabbits.

USABHA Categery - I (Slight to mo irritation)
{ BEPA Category IV
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APPENDIX E

USAEHA CATEGORIES FOR EYE IRRITATION EFFECTS

CATEGORY A - Compounds nouninjurious to the eye. Score Limits:
0-10 (individual conjunctival score for chemosis, redness or
discharge not to exceed 1). (INTERPRETATION: .Irritation of
human eyes is not expected if the compound should accidently get
into the eyes, provided it is washed out as soon as possible.)

CATEGORY B - Compounds producing mild injury to the cornea.

Score Limits: 210-20 (individual conjunctival score for chemosis,
redness or discharge not to exceed 1). (INTERPRETATION: To be
used with caution around the eyes.)

CATEGORY C - Compounds producing mild injury to the cornea, and
in addition some injury to the conjunctiva. Score Limits: 5-30
(individual conjunctival score for chemosis, redness or discharge
exceed 1). {INTERPRETATION: To be used with caution around the
eyes and mucosa [e.g., nose and mouth] .)

" CATEGORY D - Compounds producing moderate injury to the cornea.

Score Limitg: «20-50 (individual conjunctival score forx
chemosis, redness or discharge not to exceed 1}. .
(INTERPRETATION: To be used with extreme cauvtion around the
eyes.)

CATEGORY E - Compounds producing moderate jinjury to the cormea,
and in addition producing some injury to the conjunctiva. Score
Limitg: 20-50 {(individual conjunctival score for chemosis,
redness or discharge exceed 1)}. (INTERPRETATION: To be used
with extreme caution around the eyes and mucosa.)

CATEGORY F - Compounds producing severe injury to the cornea and
to the conjunctiva. Sore Limits: 50 or greater.

{(INTERPRETATION: To be used only with extreme caution; it is
recommended that use be restricted to areas other than the face.}

@oss
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Teat Substance

Study Director

N
Study No. 75-51-¥J92-91 Protocel Wo. _91-2-3 SOF No., _391.7
-2,3:Dimethyl-2,3-dinitrobutane (DMDVE)
M, Wecks Invegtigator _H. Snodgrass

INDIVIDUAL ANIMAIL SCORES

RABBIT WO. / SCORE

TIME STRUCTURE 813 81s 819 820 821 822 HMEAN
i o e e e e e —
Cornea . 4] G 1] 0 1] 4] 0.0
24 HR Irig 2] 0 4] 0 0 [»] 6.0
Conjunctiva o 0 0 a 0 0 .0 ‘
jrmms
Commea ] 0 (4] 0 4] o 0.0 !
48 HR Irise 0 0 1] o] 0 4] 0.0
Conjunetiva o 0 o 0 0 0 6.0
Mm A
Cormnea
P 72 HR Iris
_ Conjunctiva
r============= = oo
Cornea
7 DA Iris
Conjunctiva
-

USABHA Category
BPA Category IV

0.1 g of the finely ground DMDMB wag placed in the conjunctival sac of
each eye. Scoring by the method of Draize began 24 hys after application.

The test substance ‘did not produce adverse eye effects in rabbige.

- A {Noninjurious to the eye)
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APPENDIX G

. S— PHOTOCHRMICAL SKIN TRRITATION

b e

\

Study No. 715-51-¥J392+-91 Protocel No. _21-9-3 SOP Mo, _91.12

Test Substance 2,3-Dimethyl-2 3-dinjtrobutane (DMDNB)
Study Director _}M., ¥Weeks Investigator _H. Sn 888

INDIVIDUAL ANIMAL SCORES

UV IRRADIATED SITES NONIRRADIAYED SITES

S -

Exythems BEdema

hr hx hr hr hx

" No. 24 48 72 24 48

781 8 0 0 ] 0

782

783

e
[ = I =]
L~ = I~ ]
L= B~ B~ ]

785

[
o
(]

ofl o OOOOHS

4]
0
,{ 784 | 0 § 2
0
o

Wilo | o
(=)
o]
=

786 |

s A B o |

WET BRYTHEMA SCORE = {A - A’} + No. of Observ. {18) o.l.i
NET EDEMA SCORE = (B - B8’) + No. of Obgerv. (18) ————i §.00

st

0.05 ml. of a DMDNE golution {ca 10% in acetone) was placed on opposite
sides of the rabbit’'s back. One pide was irradiated with UV-A light.

At 24, 48, and 72 hours after irradiatiom, skin irritation was scored by “
the methed of Draize and comparicons made between the UV and pon UV

exposed gites. Bergamot 0il (10%) was the positive control substance.

DMDNE did not produce photochemical irritation in the skin of rabbits,

ldoss



[ Qacosvor

WED 14:18 FAX 5176388833

DOW CHEMICAL EHSRA

. Toxdeelogical Study No. 75-51-Y¥J92-93, Oct 92

APPENDIX H

Study No. _75-51-¥J92-91

Tagt Subsgtance

.

INDIVIDUAL AWIMAL SCORES

'V IRRADIATED SITES

NONIRRADIATRD SITES

No. || 2¢ | &8 | 72 W 24 | 48 | 72 2¢ | 48 | 72 || 24 | a8 | 72 ]'
br | hr | hx || hr | hr | hy hr ) hze | hr §| hr | hr | hr
1l 2| 2] 28 2| a2l 2 2 2} 24 o a1} o
782 | 2| 214 24 2| 2} 1 H 2| 2| 2§ 6] o] o
783 ) 2| 3| 3 2 " 6| o
784 | 2] 3| 3 2 ﬁ 6| o
7as | 2] 3] 3 1 | o .o
786 | 3| 3| 2 L_ of of
s A 45 1
KET ERYTHEMA SCORE = (A - A’) « No. of Observ. (18) [ 0.6
NﬁT EDEMA SCORE = (B - B’} + No. of Observ. (18) 1.44
[ 0.05 mw of Bergamot 0il solutiom (10% in acetome) was o

|

rritation in rabbits

{i.e. net exyth

t edema

sides of the zabbit’'s back. One side was irradiated with DV-2 light.
At 24, 48, and 72 houxs after irradiation, skin ixritaticn was scored by
the method of .Draize. The net erythema and edema scores were determined.

Bergamot 0il, the positive contyel substance, produced photochemical
agma mcore >1.0 and/or ae

‘=20.5,

do39
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APPERDIX I
F { GUINEA PIG SENSITIZAEESEnL———*—f 3
Study No. __25-51-¥792-91  Protocol No. 919 S0P No. _91.35
Teat Substance _2,3 dndtyoh {DMDNEB}
Induction Sol. _30% in acetone = Challenge 2ol, 10% in acetone
Study Dirxector _M. WHeeks Investigator _J, Harvev
= T
Inducticn Group Challeage Naive Challengs
Hnmd ., @4 Hzx . .48 Hr . . 24 Hx .48 Hr | Anmi 24 Hr 48 Hr
Wo. Br> Bd= Exr Rd Br B4 Br Ed Yo, Br E4 Br ‘E4
H 311 o 0 o 0 i 0 0 0 331 e 0 o o
312 4] 1] 0 2] 0 [¢] ] 4] 332 Y] ) 0 g
313 ¢ 0 e 0 g O ¢ 0 333 o o ¢ 0
314 0 0 1] O ¢ 1] 4] G 334 ] Lo} 0 ]
315 0 0 1] (3] 0 0 (] 0 335 ¢ ¢ 0 g
316 -0 o 4] L] ¢ Q [y; 1] 33¢ 0 ] 1] o E i
11 3317 ] ¢ o 8 0 0 0 4] 327 0 0 0 0
318 2] 0 0 4] 4] O o] o] 338 ] 4} 0 1]
313 4] ] 1] Q 1] g (4] O 338 0 ] 9] 1]
320 1] o O o] 0 (2] 0 o) 340 4] 4] 4] 4]
321 O 4] g 3] 1] e 0 0
322 4} s G 0 0 0 [+] v}
323 0 Q 4] 0 0 4] 1] 0
324 (3 ] 7} g ] o o (4]
325 0 0 ] 3] 4] 4] 0 0
326 6 0 b 0 0 0 0 0
327 0 3] 4] 0 1] 1] Q 0
228 0 0 1] 0 g ¢] 1] o
329 ¢ 0o 0 o] 4] 0 (4] 1]
334 6 4] 0 0 1] 0 0 0
Incidence of Grade 2 erythema 0/20 . 6720
Inc:.dence of Grade 1 erythema 6/10 0/10
+ By - erythema (ak:.n irrd tation) Ed - edema. (akin :.n:;tat:zon)
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APPENDIX J

APPROUXIMATE LETHAL DOSE (ALD)

l Study No. ?5-51~-¥J92~-81 Protocol Fo. 42;-2-3 80P Be. _92.17

Tegt Substance 2.2-Dimetrhyl-2,3-dinitrobutans (DMDNB)
Rouge _Qral - gavage Speecies _Rat Sex _Male

Conc. Test Substance (w/v} ___ 50 ma/mL  Diluent _Coxn oil {suepension) +
Gum tragacanth (5%)
Study Director _M. Weeks Investigator _H dgra

INDIVIOUAL ANIMAL EFFECTS

aoml | Wght | Doge Vol Effect Recov | Death |}
Mo, kg mg/kg . 8«/min to onget min: min
870G 0.246 29 1.44 g1/80 75
880 0.248 i85 0.87 81/14 30
885 0.235 130 0.61 £1/103 143
899 06.243 87 f.41 : 214~
o.M,
205 0.233 50 0.23 52/24Hx 724y
$3/24Hr i
907 0.233 28 6.18 ‘
917 | 0.231 | 26 0.12 "
860 0.225 | 5.88 1.32 Corn oil eontrol
aL/kg
A . s ‘m&i‘;“:.—-
Signe: 81- Convulsicuns 83 - Hyperexcitable 85~
£2- Hemolacrymation 5é- Q.N.- Overnight
=t
48 Hr _ 4/7 72 Hr __4/7 14 Da __4/7
ALD (mg/kg) __ 837 ' BPA Toxicity Category _ IT
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APPENDIX K

Study No. _25-532-¥J92-93 Protocol No. _21-2-3 -SOP No. _93,17

Test Substarce _2.3-Dimethvl-2, 3-dinitrobutsne (DMDNB)
Route _Qral - gavage Species _Rat Sex _Femzale

Conc. Test Substance (w/v} __ 50 ma/mL_ Diluent _Corn gil {guspension) +
Study Directoxr M, Weeks  Investigater

Gum tragacanth - (5%)
He Spodograeses 00

| No. kg mg/kg ml S*/min to cmset min min
{
1606 | 0.169 439 1.48 " 81/85 115 <
o9se { 0.173 | 293 | o.65 || 18Hr
O.N.
994 0.167 195 0.65 18Hr
O.W.
992 0.186 130 0.48 ' 48Hr ||
O.N,
991 0.165 87 0.29 728
|
989 0.167 50 0.17 "
986 0.282 28 D.14 ' ]
il V
§2/66Hr 7Da
! Co:r:n oil aanti.ol

. 81i- Lethargy  S3. e 'Hss:a'”

82 - Aggresgive 84 - Qvexnight
- . 7 48 Hy 448 T2 Hr 5[@ 14 Da i

EPA ‘Z‘Ox:l.ci ty Cacegory
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APPENDIX L

Study No. T8=-51-¥J92-91

apmoxmm mmr. DOSE (

Protocol No. _91-9-31 S0P No. 21.17
Test Substance 2,3-Dimethyd -2,7 zdinitrobutanes (DMDNR)

Route - N,

Species _Rar

Conc. Test. Substance (w/v) 50 ma/mL,  Diluent Dis
Study Director M. Weeks . Invegtigator

INDIVIDBAL ANIMRL BFFECTS

water

Gum tragacanth (S%)

Sex _Male

Anml Dose Vol Bffeot Ragov Death
No. ke ng/kg 8*/min to .onset min - min
862 0.265 439 81/163 I198r
C.¥.
863 0.273 233 1.6 72Hre
O.N.
864 0.254 185 1.0 §1/16¢6 i9Hr
DK,
868 0.247 120 0.6 188y
C.K.
869 0.275 87 g.5 19K
O.N.
874 6.220 8§D 0.2 “
875 0.25¢0 38 8.2
Lsoz 0.280
Signs:
S22~
z Moxtality:

MO (mg/ke) _87.

R BRA c:.ty Category __ YT
B o A i
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APPENDIX M
Il APPROXTMATE LETHAL DOSE (Annirr—~——r—
Study No. _\75-51-YJ92.91 . . Protecol No. _91-9-3 S0P No. 91,17 |
Test Substance 2 3-Dimethyl-2,32-dinitrobutane (DMDNB)
Route _Oral - gavage Species _Guinea pig Sex _Female
Conc. Test Subgtance (w/fv) 50 mg/ml, Diluent Di water
Gum bragacanth {(5%)
Study Director _M, Weskn Investigator _dJ. Harvev
“ 091 | 0.360 | 38 0.27
141:F) £.360 50 0.36 : L
|
093 0.324 87 0.58 S1/10 36
82/18%
- 0
054 0.354 139 0.87 §1/2 13
u “ £2/8
095 0.366 135 1.42 s1/2 17
§51/8
H1TS 0.354 293 2.07 s1/1 27
82/1
097 | 0.274 | a40 | 3.29 | si/2 ' 04
" s2/2
098 0.368 |vehicle| 3.29
Contzol
81- Convulsiong S3- 85-
84- 0.N.- Overmight

48 Hr __4/7 12 Hr _ 4/7 14 Da _ 4/7
) P IQXi ‘Ca.l:egry 1: ——
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APPENDIX K

= Appapam LETHAL DOSE (ALD)

Study No.. _J5-51-¥792.81 Protocol No. _91-9-3 SOP Ro. _9],17

Test Substance =Dim 48 = NE
| Route _Dermal Species _Rabbit Sex _Male
I Cona, Test Subgtance (w/v) Neat Diluent _None

Study Director M, Week Investigator . Snodqrags

INDIVIDUAL ANTMAL Ep?ncrs'

Ef:Eect
&S%/min to omser

u__s 3.010 | 2000 | 6.0 H

i G |
|

11 2.93 | 2000 | 5.8 E “u
13 2.75 | 2000 | §.9 n ‘"H
14 2.96 | 2000 | 5.9 “ u
Signa: Si- 83- 85 ‘I

24 Hx ___L§_~

A

AID (mg/kg> ___2992___

82- &4- - o N. o\remlght B

ﬁortdiity:

BPA Taxzm.ty Category
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APPERDIX ©

Tegt Substance

Route _Dermal
Conc. Test Substance (w/v) Reat Diluent _Neoge

M. HWeekp Investigator _R, Snodgrass

Sex Pemale

Study Director

S

INDIVIDUAL EPYECTS
om S*/min to onset min -
819 3.50 2000 7.00 ] ,
a20 | z.520 | 2000 | 7.08
822 | 2.97 | 2000 | 5.9 “ }
822 | 3.37 | 2000 | .78 ﬂ
H 824 | 3.83 | 2000 | 7.2¢ ” T
825 | 3.56 | 2000 | 7.12 u
T e
g2- Sé- 0.N.- Overnight
Mortality: 24 Hx __0/§ 48 Hr __0/8 72 Hz __¢/6 14 Da 0/8
ALD (mg/kg) __>2000 BPA Toxicity Category I¥T
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