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FOREWORD

;} The work described in this report was authorized under Project
g 1G522301A079, Non-Defense Medical Aspects of Chemical Agents (U). The
work was started in April 1965 and completed in September 1966.

3 In conducting the research described in this report, the investi-

3 gators adhered to the "Guide for Laboratory Animal Facilities and Care' as
promulgated by the Committee on the Guide for Laboratory Animal Resources, %
National Academy of Sciences-National Research Council,

Reprors tion of this document in whole or in part is prohibited » | 4
except with pern. - ..on of the Commanding Officer, Edgewood Arsenal,
ATTN: SMUEA-TSTI-T, Edgewood Arsenal, Maryland 21010; however, DDC
is authorized to reproduce the document for United States Government
purposes.

The information in this document has not been cleared for release
to the general public,
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DIGEST

This report summarizes the toxicological testing ofdiphenylamino-
chloroarsine (DM) in animals during the pericd from 1918 to 1965, Included i
are determinations of the toxicity of the compound disseminated bylaboratory
methods in early work and from military and commercially available thermal
munitions in later work. The most probable human LCt50 estim:tes are
derived from these experiments for the various methods of dissemination. All
work described under the animal testing section of the report pertains to
either field or chamber whole-body exposures of eight species of test animals.
Other portions of the toxicity studies deal with the pathological changes in
exposed animals, times to death, and toxic responses.

All available information on hurman exposure to DM, including
accidental exposure of US and alien troops and Army personnel, is included,
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THE TOXICOLOGY OF DM

1. INTRODUCTION.

: DM is the code name for diphenylaminochloroarsine. It is also
h. 1 known as G-322, chlorodihydrophenarsazine, arsenic sneeze, and adamsite,
X It was synthetized by an American, MAJ Roger Adams, in 1918. It is onc of
g a series of compounds known as toxic smokes, irritant smokes, sternutators,
e or sneeze gases by the US, and as Blue-Cross gases by the Germans, The
chemical formula is:

N
[
H

ot

The compound is a canary-yellow crystalline solid when pure, but
dark green when impure. It melts with slight decomposition at 195°C and boils
at 410°C at 760 mm Hg. It is insoluble in water and moderately solublein
organic solvents.l-5

R

el

DM can be dispersed as an inhalable aerosol from pyrotechnic
mixtures and from solvent sprays by volatilization and condensation. It can
also be dispersed as a preground dry powder.

e

e

The initial biological data on DM were developed during andimme -
diately following World War I. At that time, the irritating and incapacitating
effects in man were studied by Lawson and Ternple,6 Eldridge,7 and others.™ 8
Human and animal data developed prior to 1922 were reviewed by Craighill and
Folkoff. I

R W
-

Between 1922 and 1957, little work was done with the compound. !
In 1957, Wilding and coworkers* conducted a series of human exposures. to
- determine the tolerable inhalation dose. In 1958, Gongwer and coworkersl0
| T compared the effectiveness of chloroacetopherone (CN), pelargonicmorpholide,
and DM in human subjects.

i

% Wilding, J. L., et al. Aerosol Branch. 1957. Unpublished data.
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DM inhalatior experiments were conducted between 1957 and 1964
with rodents, dogs, and monkeys to determine the relative toxicity of 2 par-
ticular sample of agent that was intended for filling chemical munitions. The
results of these studies were highly variable.

in April 1965, the Preasidential Scientific Advisory Commitiee,
following a review of the availabple toxicity information on DM, requested that
a definitive series of toxicity studies be performed to characterize the agent
when it was dispersed by laboratory methods or from standard and cornmercial
thermal munitions. Between April and September 1965, these investigations
were performed by the Aerosol Branch, Toxicology Department.

IL. EFFECTS IN MAN.,

A, Incapacitation.

The onset of signs produced by exposure to DM aerosols may be
immesdiate or may be delayed for several minutes. The initial effect is
irritation, followed by a burning sensation and pzin in the eyes, ncse, throat,
_ and respiratory tract. Uncontrolled coughing and violent, persistent sneezing
3 occur. Lacrimation and copious flow of saliva are produced. Congestion
appears in the conjunctiva, nose, and pharyngeal wall. These signs ofirrita-
tion subside, and after 20 or 30 min, headache, mental depression, perspira-
tion, chills, nausea, abdominal cramps, vemiting, and diarrhea may appear.
Mozset of these effects disappear within a few hours. 1,8-13

g
%
|
|

DM has been used effectively as a method of quelling riots, and
thousands of humans have been exposed to it. However, the few human deaths
that have occurred indicate that there is the risk of a few sensitive individuals
dying, especially if the agent is used in inclosed areas fron which escape is
not possible.

F B. Minimal Effective Dosages.

The lowest concentrations (sprayéd from alccholic solutions) that

1 are irritating to the throat and lower respiratory tract are 0. 38 and

: 0.5 mg/cum, respectively. The lowest concentration causing cough is v
; 0.75 mg/cu m.

e e m—




C. Effective Incapacitating Dosages.

1. Laboratory Tests.

Data sheets {from the files of the War Department, Chemical
Warfare Service, Edgewood Arsenal) relating to work with DM prior to
March 1921 were reviewed by Craighill and Folkhoff, 9 The data in table I |
were taken from this source or from the original reports.

Lawson and Temple6 developed a curve for tolerance time¥* at
various concentrations of DM. Several points on the curve for intolerable
concentrations for man are listed below. Additional results of this study are
shown in table II. (The data of Lawson and Temple may also be found in the
review by Craighill and Folkhoff. 9)

Intolerable
4 concn Time
3 mg/cu m min
3 49.00 0.75
‘ 22.30 1
5.80 2
2.20 3
3 1.00 4
; 0.72 5
0. 30 10
0.23 15
; 0.19 20
1 . 0.17 30
; 0.14 60

In these tests, the agent was administered through a mask and not
, by whole-body or whole-head exposures of the volunteers. The following
i symptoms were reported to Lawson and Ternple‘6 by the subjects used in
¥ v gathering the data listed in table II. Their descriptions are verbatim.

Immediate Effects - The earlier symptoms were relatively
N light. Burning and irritation of nose and throat were first
felt. This was often accompanied by a slight irritation of
eyes and lachrymation. The affected area seemed gradually
to spread downward into the chest, causing a warm and

% Time atwhichthe subject couldnolonger tolerate exposure and left the chamber.

11




s = vk i
Tabla I. DM Hwnan Tolsrance Tests ~Closed Chamber Triale
Tast Pulse Time aym; occarred Time of Approx
No. ["Betore | Aftar | Bafore | After Irritation | Coagh coleraaces| ~ Bubsequent eymptems iatolerable Ctes
bpm min, sec
A, cantration 'cu m 0. 00, 2
1y ”» “ " 16 2, 15 5, 0 5, 50 Nauses. coughing. salivation 12.0
3 2 0 n 16 14 1. 45 Mome 30 6.0
t; 3 “ “ 16 16 9, 35 a3 3 2, 20 4.6
r 4 &8 oo 20 20 9, 50 2, 50 6, 20 12.6
s nz 120 164 16 1, 0 1. 30 2, 50 8.0
6 ” 92 16 » 1, 43 . 3% 5, 32 ti.0
= 7 k7 100 20 20 0, 45 Lo 2, 40 .6
[ ] ”° 100 ié 20 0, 30 3, 25 15, 0o m.e
9 ”» 104 16 24 1.0 4, % T, 0 16,0 ‘
4 10 8 104 16 24 30 Noas 6, 40 15.6
113 ”? 100 20 20 1, 30 L 3 3, 13 B 6.5
. 12 o 16 16 16 .0 3 3 4, 40 9.2
; 13 n 96 16 20 2, 50 Nane 15, 0 30,0
14 "% 100 16 20 1,0 s, 0 5,0 Buraing throat, 10.0 ’
parapiratian for [ hr
113 120 120 16 14 1, %0 None 80 13.0
3 16 104 112 16 20 2, 50 2, 50 s, 10 Naussa, salivetion, 6.0
mantal daprasaion
3 17 T 76 i6 16 1, 15 3, 40 3, 40 Nausea, dinsiness, 1.4
F headachs
1 18 6 % 16 1} o, 30 3, 45 9, n Coughing. hurning, 18.0
P haudache
19 92 92 16 1€ e, 30 3, 30 3, 0 Hendache, eneaxing, 7.0
parspiration
20 o 10 20 28 2, 10 Mona 7, M 15.¢
13 84 9% zo 28 e, 30 Nona 15, 0 30.0
B. Comcentration, 5 mg/cu m {9,005 mg/i}
1 ] a0 16 16 8, 50 Noos 1, 20 Slight perapiration, assal 6.5
dischargs, burning throat
2 - - 20 20 1, 1% 40 5 ¢ Perspiration, burniag; 7.5
recovery in 1-1/2 hr
1% 113 1, 15 4, 0 s, 0 25.0
i . 96 96 20 20 2, %0 FRET] 5, 30 Snsening, coughicg, Hgktneey 218 .
in chest; recovery in 2 hr
] 80 ao 20 20 0, 30 0, 50 1, 1% Sosesing, coughing, tightness 628
in chest; recovery (n 1 hr
13 83 28 16 1% 1, 20 | ] 2z, 45 Nausen; racovery in 4 hr 13.13
k4 “ o 20 20 2, 30 4, 20 4, 20 Weaknsee, coughing, burning 21.50
8 16 n2 16 L) L. 40 2, 20 12, 30 Noas blasding, hendache 2.5
parsisting 13 hr
76 5 16 20 1,0 2, 3 5 0 Nausea 25,0
10 [Y) 9% 16 2e 1, 45 2, 10 2, 45 | Sceexing, coughing, tightaass
la chest 13,75
1 [T 100 16 20 Lo 2, 30 4, C Sneusing, coughing, Hghinacs 20.0
in chast
12 8a eo 16 X6 1, 0 1, 30 2,0 Baesxice, coughing, tightness 10,0
in chest
13 7 76 16 16 0, 30 Nans o, 45 Saeesing, coughiag, tighinesse 3,15
in chest
14 74 “ 20 20 0, 20 o, 20 1 30 Bnassing, coughing, tighinass 7.50 B
5 ia chast
15 L 84 16 16 o z,0 2,0 Boseslng, coughing, tightnees 0.0 L
ko chast
16 0 “ 16 20 2, 50 s 0 s, 0 Eneesing, coughing, tightness 25,0
in chest
17 1z 132 20 24 0, 20 Nooe 1, 10 Gasesing, coughing, tightness 5.0
in chast R Y
18 ] 68 16 16 2, 10 5 0 S5 U Saeesin,, coughing, tightaess 25,0
s chest
19 [ ] 100 1¢ 16 o0, 0 1, 40 2, 10 Baaesing. coughiug, tghtness 10,0
in chest
20 92 104 20 20 1, 1€ Nons 2,0 Snaexing, coughing, tighimess 10.0
in chest
21 9% 120 1t 20 1, 29 2.0 2, 10 Sneening, coughing, tightness 10,0
in chast
1z 72 72 20 20 0, 15 2, 30 2, 30 | Sosesiug, coughing, tightness 12.5
in chest
Tiote: The concentratinns wera laaccursie b ol pr in the . Ou#-Balf tha original amount of DM was added svery
S mla to replace this loss, Part of tha substunce wae decomposed by hesting it on the Aotplate. The mathod was rough, but it
gava the genaval trend of the iolerancs tinae.
%  Time at which subject could ao leager tolersts egent and left the chamber,
- in T '] . ¥ d Arssmal, 19685,




Table II.

Relation Between Concentration and Limit

of Tolerance of Man for DM

No. of men

Av limit of

Limit of telerance

Conen exposed tolerance Ct for individuals
Y mg/cm m sec mg min/cu m sec
61 6 41 41 50, 40, 40, 45, 50, 20
45 46 35 35, 40, 35, 50, 40, 60, 60
22 56 20 45, 55, 55, 75, 70, 35
14 10 77 18 60, 45, 30, 120, 45, 80, 80
: 105, 105, 105
6 123 12 180, 140, 165, 105, 90, 60
. 5 168 6 270, 135, 135, 120, 180
: 1 235 4 210, 280, 255, 240, 180,
330, 150
g 0.9 5 235 4 135, 225, 255, 270, 290
i 0.5 5 390 3 660, 360, 210, 450, 270
¥ 0.2 4 668 2 360, 616, 570, 1, 125
: 0.2 5 672 2 600, 870, 675, 780, 435
. 0.2 4 1,552 5 3,090, 600, 1, 020, 1,500
0.1 1 3, 600 6 3,600
E 0.1 2 3, 600 6 3, 600, 3, 600

13
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tingling sensation and eventually a short rasping, annoying
cough. This was almost coincident with the first feelings of
distress. It was at this point that the mask was usually
removed. With low concentrations where the exposure was
for several minutes or more, nasal irritation was generally
followed by nasal discharge.

Aftereffects - The more severe symptoms were usually felt
after exposure, when the subjects began to breathe fresh air.
In most cases with extremely low concentrations the after
effects were scarcely noticeable. As the concentration was
increased, the after effects increased, varying, however,
rather in degree than in nature. In the case of high concen-
tration, they were particularly severe, causing acute distress.
There was tightening and burning across the chest accompa-
nied by a feeling of suffocation, and a persistent short rasping
cough and acute general depression. These effects reached

a maximum in about 10 minutes, after which there was grad-

‘ual relief. The period of distress varied from zero with the

lowest concentration to from 2 to 3 hours with the highest
concentrations.

Delayed Effects - Delayed eifects were infrequent, an occa-
sional dull headache persisting for several hours, and in one
case, where the concentration was 0.06 mgm/liter a man
was incapacitated for work for 2 days, with stomach trouble,
dull headache, and general depression. A few other cases
were found where stomach trouble was caused by the gas, du
due, in the writer's opinion, tp individual susceptibility.

Field Tests.

Data from several fieid tests, conducted before 1922, are contained

in the review by Craighill and Folkoff. 9

In the first DM cloud test, DM cloud generators were placed on an
85-yd front to give a DM distribution of 2 1b/yd of front. Sixteen canisters
containing a total of 11 1b of DM failed to ignite, and considerable DM was
deposited on the ground from the cloud along the entire front. The time of
evolution was 25 rmin. Samples of air were taken at various distances from




the generators and analyzed. The averages of four samples taken across the
center of the line of discharge at the time of maximum cloud density are:

Distance from
source Concn

yd mg/cu m

500 12.29
1,000 4.95
1,500 3.54
2,000 2.47

Forty guinea pigs were placed at various distances in the path of the cloud at
7-yd intervals across it. Men were statiorned 1,000, 1,500, 2,000, and
2,500 yd from the source. The results of these tests are given in tables III
and IV. ?

Table III. Effects of DM on Guinea Pigs in First Field Test

Distance from No. of No.. No. No. not
source guinea pigs | killed | affected*| affected

yd

50 10 1 4 5
100 10 - 7 3
200 10 - 3 7
500 10 = 1 9

Total 40 1 15 24

* Guinea pigs that showed irritant effects.

In the second test, 53 1b of DM (dispersed from candles) were used
on a 200-yd front. The time of evolution was 10 min, the wind velocity was
from 5 to 10 mph, and the temperature was 58°F. The results of this test are
given in table V. 9

In the third test, 600 canisters (each containing 10 oz of DM) in
55 groups of 12, were distributed over a 6C-yd front. The time of discharge
of each canister was 2-~1/2 min; one canister in each group was ignited every
2-1/2 min. Excluding duds, 166 1b of DM were fired. The results of this
test are shown in table VI, 9 -
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3. CRDL Experimenis (1958).

More recently, Gongwer and coworkers!® and Punte and co-
workers!! reported the following tolerance times for men exposed to DM
aerosols dispersed as preground powders.

Exposure " Tolerance¥*
concn time
mg/cu m sec .
4 > 180 (4)%*
6 150, >180 (2) »
7 168, >180
8 165, >180
12 174
13 150, 154
15 >180 (2)
16 >180 (2)
17 102
22 >120
25 >180
30 >120
33 >180
77 >120
92 92

These experimentslo’ 11 jndicated that concentrations ranging
from 5 to 100 mg/cu m could not be tolerated during a 2- to 3-min exposure
Period by some subjects.

D. Lethality.

There have been thousands of human exposures to DM. Except in
a few isolated cases, the men have survived and recovered without known
aftereffects.. A few deaths have occurred.

% Where times are marked >, the exposures were terminated by the
"investigator.

%% Number in parentheses indicates number of volunteers driven from
exposure atmosphere.

o




E, Summary of Effects in Man.

The studies performed by Gongwer and Punte in 195810, 11 1.4 to
median incapacitating dose (ICt50) estimates of 10 to 350 mg/cu m for a 0, 5-
to 2. 0-min exposure period. Since nausea, headache, and other systemic
effects were noticed at Ct's of about 100 mg min/cu m and in view of liver
damage noted in mice at Ct's of 4, 000 to 6, 000 mg min/cu m, it was deemed
inadvisable to increase the dosage in human exposures. These experi-
mentsl0, 11 also indicated that the ICt50 for systemic effects is not less than
100 mg min/cu m, because at lower Ct's, none of the volunteers vomited or
became nauseated.

Studies performed in 1957 by Wilding and coworkers* revealed that
although the men showed resistance and tolerance to greater ccncentrations
for longer times than those noted by Lawson and Temple (60 min at 0.14 mg/
cu m),° the agent was detectable (had irritant effects) at very low concentra-
tions, Men could detect DM after 5 to 20 min at concentrations of 0. 03 to
0.15 mg/cum. At 0.2 mg/cum and above, its presence was usually noted
in 5 min and often immediately. The latter value is in agreement with that
reported in 1918 by Sherwood and Gavin (cited in Craighill and Folkhof£9), who
gave 0.38 mg/cu m as the lowest concentration that is irritating to the throat.

The smoothed curve developed by Lawson and Ternple6 for intoler-
able concentrations of DM in man included concentrations of 22.3, 0,72, 0.23,
and 0. 14 mg/cu m for exposures of 1, 5, 15, and 60 min, respectively. It is
likely that the ICt50's of 22 mg min/cu m for a 1-min exposure and 8 mg min/
cu m for a 60-min exposure reported elsewherel? were derived from the curve
by Lawson and Temple.

The results of field tests, shown in tables V and VI, indicate that
some observers tolerated Ct's of DM near 100 mg min/cum. Table V
discloses that three unprotected observers tolerated Ct's of 83, 124, and
149 mg min/cu m, respectively. Table VI shows the responses of three men
exposed to Ct's of 35, 50, and 155 mg min/cu m, respectively.

The ICt50 of 22. 3 mg min/cu m for a 1-min exposure, asestimated
by Lawson and Temple, is in disagreement with the experiments performed in
1958 by Gongwer and Punte. 10,11 The earlier study~ showed that men could
tolerate concentrations from 22 to 92 mg/cu m for 1 min or more. In the
latter tests, 10,11 the men were told to resist the agent, and the airborne

* Wilding, J. L., et al. Aerosol Branch, 1957. Unpublished data.
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concentrations were determined chemically. In the early study, the men were
told to terminate the test when there was a feeling of distress and not to fight
to the last limit of endurance. The airborne concentrations were estimated
nominally in this study. (The quantities of agent in the exposure atmosphere
were calculated from the amount of material disseminated in a given area).

No chemical analysis was performed.

An important consideration concerning DM is its persistent inca-
pacitating effects. The effects usually referred to are malaise, mental )
depression, nausea, and vomiting. In the experiments performed in 1958,10,11
systemic effects, such as nausea and vomiting, were seen infrequently. Of 25
subjects exposed to Ct's ranging from 5 to 144 mg min/cu m, only two became 4
nauseated. They were exposed to Ct'sof 18and 22 mg min/cu m. A similar
indication is seen in the older data, 9 which shows that nausea was produced in
three of 21 men exposed to a concentration of 2 mg/cu m for 140 sec to 15 min
(Ct's of 4. 6 to 30 mg min/cu m) and in two of 23 men exposed to 5 mg/cu m for
periods of 45 sec to 12-1/2 min (Ct's of 3.75 to 62.5 mg min/cu m). The
immediate effects given by Lawson and Temple indicate that a low frequency of
systernic effects occurred in their experiments.

‘A summation of the available data indicates that the ICt50 for
systemic effects has not been achieved in human exposures.

The safety factor for inhaled DM, based on the relationship between
an LCt50 derived from animal data and the ICt50's for intolerable irritation and

systemic effects, is discussed in section 1IV.

III. EFFECTS IN ANIMALS.

Appendix A describes in detail the experimental methods used by
the American University (1918), Hazleton Laboratory (1963}, and the Aerosol
Branch, Toxicology Division, CRDL (1957 to 1965) for the determination of
the inhalation toxicities of DM dispersed by laboratory methnds or from
thermal munitions. The reports from these laboratories include descriptions
of the following: (1) materials—agent used for laboratory dispersions and test
munitions, (2) animals, (3) expczure techniques, (4) particle-size determmina-
ticns, (5) chemistry and biocassessment of D, (6) animal obsevrvations, and
(7) pathological studies. ’ ' '

A. Laboratory Toxicity Studies.

Laboratory Wo. 1 - War Department, Chemical Warfare Service,

Re=search Divisien, American University Experimental Station, Washington,
D. C.; investigators, Ransom and Bogart; 1918.
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These experiments were performed with pure DM disseminated by
dropping solutions of the material onto a heated surface. Ouly dogs were
exposed during these studies.

The following observations are quoted from Ransom and Bogart. 4

Signs During Exposure - In dogs exposed to Cts of from
33,000 to 3", 300 mg min/cu m there was immediate irritation
of nose, eyes,but in only 5 of the 26 was there any sneezing.
Possibly the most striking finding during the exposures was
a delayed excitement. In paractically all cases, the animals
were quiet or only moderately active during the first 5- to
15-minute exposure, This inactive period was followed by

a sudden and prolonged period of excitement. The animals
became frantic, and struggled furiously to get out of the box.
During this excitement there was vomiting, retching, and
defecation in practically every case. Marked salivation and
lachrymation was also present.

Signs After Exposure - There was always markeddepression
in the animals exposed to 0.53 mgm/liter or more. Lach-
rymation, salivation, and purulent conjunctivitis were also
present, in most of the animals. Emaciation was common in
all but the 4 animals exposed to the lower concentrations.
There was nothing noteworthy in the symptoms before death,
of the animals dying acutely.

Laboratory No. 2 - Hazleton L.aboratory, Falls Church, Virginia;
investigators, J.  Mennear, H., Jennings, D. McCarthy, H. Bolden, J. Ott,
B. Smith, and P. Warman; September 1963.

The following is quoted from Hazleton Laboratories Contract
Report, September 1963. 15

The usual toxic manifestations following exposure to irritants,
included lacrimation, ptosis, piloerection, nasal discharge
(blood preceding expiration), frothing, salivation, urticaria,
emesis, general depression, and decreased activity, dyspnea,
hypernea, apnea, wheezing, tachycardia, anorexia, ataxia,
asthenia, excessive urination and defecation, diarrhea, and
prostration were observed.
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Dogs exposed to DM (Ct's of from 1, 610 to 64,200 mg min/cum)
exhibited a severe hind limb araxia. Also, 3 cf the dogs
exposed to the highest dosage levels were comatose upon re-
meval from the exposure chamtbter and were dead within
several hours,

The towxic effects seen in the monkeys exposed over the same
Ct range as the dogs, seemed to be less severe. The effects
peculiar to monkeys were palpebral and penile edema.

Laboratory No, 3 - Aerosol Branch, Toxicology Division, Direc-
torate of Medical Research, CRDL, Edgewood Arsenal, Maryland; investi- .
gators, J. T. Weimer, T. A, Ballard, W. E. Hickman, and C. L. Punte;
1957 to 1964. .

These experimnents were performed using pure DM disseminated
either as a dry dust or zprayed in an acetone solution.
4

The following is quoted verbatim. 16

Imm.ediately upon expesure, the animals (rats, mice, and
: : 2. .guinea pigs), exposed to IIM concentrations varying from

o ©7 11 to 2,940 mg/cu m, were hyperactive. Within a minute,
nasal and ocular irritation were evident at all dosages. After
saveral minutes of exposure, lacrimation and salivationwere
observed. After 5 to 13 minutes, the exciternent was gener-
ally suppianted by lethargy and labored breathing. The latter
signs often persicted tor an hour or two after exposure. The
other signs usually subsided within 5 to 10 minutes.

Laboratory No. 3 - Investigators, J. T. Weimer, R. L, Farrand,
T. A. Ballard, T. E. Hess, G. ¥. Egan, C. F. Hoffman, J. W. Hiddeman,
W. .U. Thomas, G. L. Sell, J. S. Olson, R. P. Merkey, J. Burns, and
W. M, Lawson; 1965. '

i, ' Bigns From Acute Exposures.

In these studies, rats, guinea pigs, rabbits, dogs, monkeys, and
swine were exposed acutely to DM aerosols disseminated by various methods.
The respounses observed in these species followed the same pattern whether
exposure was to pure DM disseminated from 10% acetone solufions or to DM
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disseminated from the M6Al or No. 113 Federal Laboratories* thermal gre-
nades. The signs produced by exposures to the three systems of DM dis-
seminated were very similar, Based on these observations, the three systems
are treated as an entity. The times to onset of clinical signs and their dur-

ation are shown in table VII. A résume of the responses observed in the seven
species tested follows.

a. Rats and Guinea Pigs.

¥ Signs occurring during exposure were irregular respiration, hyper-
activity, and death. Postexposure signs were gasping, hypoactivity, decreased

* consumption of food or water for about 7 to 10 days, loss of weight, pilo-
erection, and loss of fur.

Upon death, all animals appeared extremely dehydrated. Surwvivors
began to appear normal after 14 days.

i s it

b. Rabbits.

W

During exposure, ocular and nasal irritation, lacrimation, rhinor-
rhea, respiratory difficulty, hyperactivity, squealing, convulsions, and death
were seen. After exposure, survivors became hypoactive, exhibited eyelid
ptosis, and developed conjunctivitis, After 7 days, lossa of fur was noted in a 1
large number of the animals. Loss ofappetite was a precursor of death, but
all animals continued to drink water. Convulsions, in most cases, were
followed by death.

Irnmediately upon exposure, the dogs became extremely restless
and jumped and barked. Salivatien, retching, and vomiting occurred., The
animals appeared intoxicated and became very unstable or ataxic to the extent

that they actually fell and had difficulty standing. They had difficulty keeping
their eyes open.

Upon removal from the charnber, the dogs were hypoactive and
R pawed at their faces. Gagging and vomiting persisted for about 24 hr. They !
consumed little or no focd or water until about 7 days after exposuré and were
dehydrated and constipated. After 7 days, the animals appear®d to be normal
and resumed eating and drinking. There was a definite weight loss. Retching
persisted throughout the ocbservation period. Mostdeaths occurred inthe first

7 days.

LN
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% Federal Laboratories, Inc., Saltsburg, Pennsylvania,
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d. Monkeys.

. During the exposure, the following signs were noted: salivation,
vomiting, respiratory difficulty, ataxia, and rhinorrhea. Upon removal from
the chamber, the animals wheezed, exhibited ptosis, and were lethargic.
Coughing and vomiting persisted for about 24 to 48 hr. Open breaks in the skin
around the eyes and face were noted, possibly due to the agent or to pawing by
the animals. FPrior to death, the animals were face down and motionless;
their breathing appeared to be depressed.

e, Goats,

Signs during exposure were hyperactivity shaking the head, rearing
on the hindlegs, licking, chewing, frothing at the mouth, ataxia, convulsions,
bloating, and death. For 7 days after exposure, the survivors were hypoactive,
knelt on their forelegs, gagged, and vomited. The animals showed rhinorrhea,
loas of weight, and generalized weakness. They knelt over and convulsed prior

.to death., All animals were bloated upon death.

f. Swine.

The signs seen during exposure were salivation, frothing at the
motuth, ataxia, and irregular respiration. During the 14 days after exposure,
the pigs nhad respirvatory difficulty; they lost weight, and were dehydrated.

2. Pharmacolaogy.

A joint program was initiated between the Basic Toxicology and
Aerosol Branches of the Toxicology Department to determine the pharma-
cologic action of inhaled DM aerosols in dogs. The effects on the respiratory
and cardiovascular systems were determined by J. E. Vestweber, R. K.
Biskup, H. L. Snodgrass, R. L. Farrand, J. T. Weimer, and J. W. .. .1 .-
Hiddemen, Aerosol and Basic Toxicology Branches, Toxicology Department,
Medical Research Laboratory.

a. Methodology.

Beagle dogs weighing 20 to 27 1b were anesthetized by intravenous
administration of sodium pentobarbital, Continuous measurements were made
of intracarotid blood pressure (by direct cannulation), arterial oxygen content
(by a constant recording oximeter), respiratory rate and depth (by a plethys-
mograph) and intrathoracic blood pressure (by cannulation through the internal
jugular vein); continuous electrocardiogram recordings were also made.

[




DM aerosols were dispersed from an acetone solution into a
chamber. In two experiments, the dogs' muzzles were inserted directly

into the chamber. The Ct's were 17,000 and 28, 000 mg min/cu m. One dog
receiving the lower dose died in 2 hr, and two others were sacrificed after

5 hr., In another test, the aercrol! was breathed from the chamber through a
cannula directly into the trachea. This animal received a Ct of 22, 000 mgrain/
cu m. Death occurred 56 min from the start of the exposure.

. Cne anesthetized and one unanesthetized dog were exposed to .
acetone vapors alone to furnish control data for animals exposed to the DM
acetone spray. No toxic effects were seen in either animal during a 30-day
postexpusure observation period. *

b. Results.

The percent increase or decrease (as related to control values) in
the above-mentioned measurements for cne dog surviving an inhalation
exnosure of 28, 000 mg min/cu m and for one that died following an exposure
of 17,000 mg min/cum is shown in figure 1. The progressive pharmacolog-
ical effects produced in one dog exposed by endotracheal administration to a
concentration of DM aerosol of 287 mg/cu m for 56 min are shown infigure 2.
Despite the use of heparin, accurate measurement of the arterial oxygen in
the surviving dog was difficult because of clotting (figure 1).

3. Local Effects of Topically Applied DM on Eyes and Skin
in Animals.

Local effects of topically applied DM on eyes and skin have been
reported by Loevenhart, 17 Punte and coworkers, 10 and by the Aerosol
Branch, Edgewood Arsenal, 1965.

Loevenhart stated that weak alccholic solutions of DM applied to
the skin of dogs caused slight hyperemia, with petechial hemorrhages and
slight edema. After 7 days, a scab covered the area.

Punte and coworkers stated that DM doses of 0.5 and 1.0 mg in .
the eyes of rabbits caused immediately lacrimation and conjunctivitis, No
permanent eye damage occurred.

The study of ocular and cutaneous effects of DM (suspended in
corn oil) by the Aerosol Branch is reported as follows.
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