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OBJECT.

To determine the toxicity of CG, CK, and AC to goats and the
resniratory behavior of goats when exposed for short pericds, in order to
calibrate this animal for use in field studies of surprise effects.

RESULTS.

1. Exposures of "masked" goats to CG concentrations of 1.3 to 50
mg./l. causecd breath holding for 15 to 139 seconds while concentrations as
low as 0.6 mg./l. caused respiratory depression,

2. Thirty second total exposures of goats to CG resulted in greater
than 50% mortality only in the range of 10,C00 to 12,000 mg.min. / Above
this range the nortality probit showed a reverse trend. This pht,nomenon is
accounted for by breath holding at very high concentrations.

3. Exposures of "masked" goats to CK in concentrations of 2 to 50
mg./l. rcsulted in marked respiratory depression followed by stimulaticn, and,
in the case of casunlty doses, another period of depressed breathing.

L, The respiratory response of "masked" goats to iC was characterized
by a progressive onset of stimulated breathing followed by a marked depressicn
of breathing. Very high concentrations (20 to 45 mng. /1. ) caused an initial
respiratory deyression,

5., The L(Ct)50's for the total exposures of unmasked goats were
determined as follow:

CG 530 seconds) Indeterminate (Sce 2, above)
CG (2 minutes) 6500 £ 750 mg.min./

CK (2 minutes) 7000 £ 750 mg.min./

AC (30 seconds) 1300 mg.min./m3

6. The approximate L(Ct)50's for exposures of goats wearing special
m:.sks¥ were estimated as follow:

CG (t variable; average 100 seconds) 17,000 mg.min,/m3
CK (2 mimutes) 14,000 mg.min./m3
AC 15 secondsg 6,000 mg.min, /m3
30 seconds) 3,000 mg.min./m3
\C (2 minutes) 14,000 mg.min. /m3
Thirty second exposures to CG and CK showed no correlation be-
tween the concentration and mortality,

* without canister

A e it e et G e gt Attt Y
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1, The toxicity of nonvers. stont agents during short exposures is
largely dependent on the respiratory response of the subjact during exposure.

CONCLUSIONS .

2, Exposures to high corcentrations cf the irritant gnses, CG and
CK, result. in reflex respiratory depression, Thi: =c3nir-.cry depression
raavces the effecuiveoness of crash concentrat’ons ¢ thes: 2zents for srr-
rmcse offeces,

3. 0On the “asis >f physiological resvonc3, U is tne most de.irablc
st.ndard noapersisteat ngeut for surprise eflects.

L. S.ore Latsreo expesures of Mmoot ad" gores b @ v siarsi tuean goe
ot s 3w Jact Uy oche Sollowing, limitatlc Lo

2 The effectavencss of the oo ot ir  duead aprvo. imnte’y onw-
naTE vy oshe tvo.sence of tr. mask nder the ¢ onditbioqrn test.d.

n Th: Cand spece .7 the wosk ¢ iutes the -.cnb. arless ~uasulss
2.e behen Lo o reulote the atmesnhere through the nek.

<. Ixposures to irratant grses of two rinute dur.tloon o Tasg
roeclt 0 merked veristion in resnonse.

d. Exposur:s to irritant gascs .f 30 second durat.on or © .ys
sioW ne carrclation betweon the concentastion of agent anc mort *ity,

1. ¥ield rcaquiremcate for nonversistent agznts shonld be re-
vemired in the light of these results to cst.-hlish new criteriu for leothal

surpriss effects,

2, New mecthods fur controllel snov: =xpoanres of gorts in the field
tn a-npersistent ageats f10.)4 be investigate:!.

3. Field data ovizined with urwneksl and "mesked" goacs should be re-
ovaluntad,
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GLOSSARY

1, Breath holding: Total cessation of respiration for a finite
interval,

2. Dead space: The space in the goat mask between the nose of
the goat and the inlet and outlet valves.

3. Masked goat: A goat wearing a special gost mask facepiece with-
out a canister,

L4, Probit: A statistical unit suzh that "O of the usual statisticel
table of deviates has been equated to the dipit 5 and the deviate of the F
normal curve in terms of ' ¥ ' added algebra’cally to secure the probit
correspcnding to each percentage kill" (C,I, Bliss, Ann applied Biol,
22 134 (35)).

5. Respiratory depression: Diminution of the amplitude of the
respiratory excursion and/or the rate of respiration.

6. Respiratory minute volume: Volume of air respired over an
irterval of one minute.

7. Respiratory stimulation: Acceleration of the rate and/or in-
crease in the amplitude of the respiratory excursion.

8, OSurprise effect: Effective exnosure during the periocd before 2
soldier adjusts his mask,

9. Short interval exposures: Exposures of two minutes duration
or less.,

10, Agents: CG - Phosgene
CK - Cyanogen Chloride
iC - Hydrocyanic ..cid

11. Reference abbreviations:

D.P.G, - Dugway Proving Ground .

E.i M,R,D. ~ Edgewocd iLrsenal Medical Research Division

«i.T.R, - Edgewood .irsenal Technical Report

.R,L, (E,4,) - Medical Research Laboratory (Edgewood irsenal)
.g.c. - National Defense Research Commjittee
S

D

S

+CeS. =~ Project Coordination Staff, Edgewood ..rsenal

R, = Porton Report

«C. = Training Circular

.D.M.R, - Technical Division (Edgewood .rsenal)Memorandum Report

R.L.R. - Toxicological Research Laboratory (Edgewood ..rsenal)
T
C.h

_Haauy O2Z2 R

Report A
U.,C,T,L. = University of Chicago Toxicity Laboratory
U's- . { - 0080 Cheﬂlical Warfare SQWice

o 2. .. s il Sae - g

A~ SR OIEISS BRI S B
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MEDIC.L RESV/RCH L/BOR.\TORY

MEDIC/L DIVISION, OFFICE OF THE CHIEF, CWS
Dugway Proving Ground, Tooele, Utah

A STUDY OF SHORT INTERV.L EXPOSURTS OF GOATS T0 CG, CK, /ND AC

MRL (DPG) REPORT NO, 3
I,  INTRODUGTION. '

A, Object.

To determine the toxicity of CG, CK, and ..C to goats and the
res»miratory behavior of goats when exposed for short periods, in order
to calibrate this animal for use in field studies of surprise effects,

B, lathority.
1, CUS Project Program i 10,2 "Toxicity Determinations".

2. Medical Division Project Specification No, 86, "Bio-assay
of Surprisc Effects of Clouds Released from Munitions Charged with Non-
persistent .\gents", '

II.  HISTORICAL.
iie  Geperal.

In the tactical use of nonpersistent agents emphasis has been
placed on the use of crash concentrations to attain surprise effects
within two minutes. (U.S.C,W. Conference 102, OC-CVS; PCS Report No, 9,
17 May 1945; D.P.G, M,R, No, 21). Toward this end chemical warfare -
tactics have been developed for the use of such wospons as the 7.2"
chemical rocket, the 4.2" mortar, and large capaci'y 'aircraft bombs.
Estimates of munition requirements have emphesized 30 second to 2
minute exposures (P.C.S. Report No. 9), (T.C. 20, 26 ipril 1945).

In field trials of these woapons at Dugway Proving Ground, the
assoessment of surprise effects has becen carried out by means of short
interval chemical sampling and by corresponding short interval exposures
of spacially"masked"goats. Thirty sccond and two minute exposurcs were
controlled by a remotely operated canister-~bypass solecnold valve which was
designed to permit an exposure of the goat to the gas cloud during the
desired interval. (D,P.G. Vieekly Report Series 2 - Kgport 83 - Part B),
This apparatus was tormed the "surprise" mask because of its application
to the study of surprisc effects. The results of the bio-zssay obtained
in the 7.2" chemical rocket trials of CG wero erratic, particularly for
30 second exposures, and showod poor correlation with chemical data, (D.P.G.
Wackly Report, Series 2 - Keport 85, 86, Part B), In view of thcse results,
and since published data on toxicity of the nonpersistont sgents for goats
was limited by the small numbors of animals used, a caroful study of the

1



physiological effects of short interval cxposures to thesc agents was
During these studies it became appercnt that a study of the
respiratcry response of the goats was also nccessary to explain completely

the toxicity for short exposures.

undertaken.

B, Toxicity of the /gents to Goats.,

The available data on the toxicity of short exposures of CG,
CK, and ..C for goats are given in Table I,

Time eof

Azent _Ixposure

CG
CG
CG
CG

CX
cX
CK
CK

iC
+C
oC
aC
(]

1-10 Min,
2 Min,
2 Min,
7 Kin.

1 Min,
2 Min,
2 Min,
3 Min,

30 Sec,
30 Scc.
2 Min,
2 Min,
3 Nin,

Notes

T.ELE I

Degree of No, Goats

Toxicity ct Used __

mg.min, /m’

L(Ctgno-so* sh,400(2) 1
L(Ct)50 4,600 1
L(Ct)50% 3,000 6
L(Ct)100% 6,600 8
L(Ct)50% 4,500 ) 4
L(Ct)100% 5,000(2 6
L(Ct)50 3,600 30
L(Ct)50%* 6,000 6
L(Ct)100% 2,900 10
2/4, Mortality 4,850 L
L(rt)50 2,200 1
L(Ct)50* 5,000 5
L(Ct)50 3,000 32

E. :L-LAQR.DD 5
T.R,L.Rs 20
P,R. 976
Morsha11(2)

P.R, 2603

Suffield Rgpori, No, 7l
T.R.L.R, 26

P.R, 2603

0.S.,R.D. 1432

P.R, 2298

T.,R.L.R, 23

P.R, 2298

T.R.L.R, 23 (Summary or
previous data)

(1) From \internitz, i.C., "Pathology of Yar Gas Poisoning",

Yale University Press, New H~ven, Conn, 1920
(2) Estimated from field exposvres

ca.

# Estimnted value

C., Physiclogjcal Effects of the /gents.
1.

o recent paper (0,S,R.D, 4637) reviews the literature and
Included are the L(Ct)50 values for

presents original experimental data.
various laboratory animals (but not including the goat), physiological
effects of the agent on the lungs, the effect of temperature and othor

variables,

Studies of the reactions of dogs ex

sed to CG (N.DQR.C.

Monthly Progress Report 9-4-1-14, 1C March 1944) have shown that respiratory
inhibition of 10 to 30 seconds duration occurred in anesthetized dogs when

2
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cxpose? o CG concentrations of 1.0 to 10,2 mg./l. Respiration rcturned
to normal during the remainder of the onc minutc cxposurc. It was also
found that during & one minute oxposure dogs may bc cexpected to breath
50 per cent of the calculated Ct, and 83 to 90 per cont during a 3 to 5
minute cxposure. Rabbits and sheep, (Porton Report 2555) showed apnea
on exposure to the agent, and horses roducoed their breathing for one to
two minutes when cxposed to concentrations of 0.35 mg./l. of the agent.

Respiratory studies on anesthetized dogs exposed through ]
a trachcal cannula for one minute to CG concentrations greater than 7.0 t
mg./l. showed the average rcduction of the minute luag output was 62 per
cent (0,5.R.D, 4637). In all except onc tost the first inhalation caused
complete cessation of breathing with the lungs in the deflated stnge.
Lpnca continued for 14 to 52 seconds and averazed 26 soconds. It was
a).s0 shcvn that, following vagotomy, res~iratcry inhibitica did not ocemr
avan thicugh the dogs were exposed to 23,5 mg /1. A4tropine,however, did
not abolish the reflex. A concentration of 1.0 mg./L. causcd 22 per
cent respiratory roduction in anesthetized dogs during the first minute
of cxposure, and respiration was somowhat stimulated during the fifth
minute of exposure,

2. CK,

Previous work on the toxicity of CK to various laboratory
animals, cxclusive of the goat, has been summarized (0,S,R,D, 500L). Data
was prescnted on the L(Ct)50 values, pathology, and symptomatology.
Original studies were made on the rosidunl effects of CK on dogs ond
moniceys, the effect of repeated exposures on mice and dogs, and the
toxicity of AC~CK mixturcs,

The pathology of CK (Modic-1 Division toport No. 34) and
studies of its specific toxic activity have becn presented(U.C,T.L, In-
formal Monthly Report N.,S, 1, 15 April 1545), Dutoxiestion by man was'
estimated to proceed at sr:zh a rate the” 0,315 mg./l. could be inhaled
indefinitely (E.A,T.R, 37V), Detoxication by goats was estimatoed to be
approximately C.15 mg./?. (T,D,M.R, 638),

Rospiratory deprossion during exposurc to CK was domonstratce
by Short and Viatt (P.R, 2603), Coon (0.S.R.D, 5001), and Silver (E.:i.T.R.
360), Rospiratory stimlation was shown to follow respiratory deprossion
(P.R. 2661), In ficld tests with rabbits at Dugway Proving Ground errntic
results were obtained on the toxicity of the agont. Thcse rasults have
been attributod to roflex respiratory inhibition (DPG Woekly Report 5k,
Series 2, 3 May 1944},

Eiiht dogs, totally exposcd CK for 15 seconds, in con-
centrations of 46.7 to 50.3 mg./1l, (nom:nal) survived, 8ix of thesa
showec no symptoms at any time. Two of soven dogs oxposed to CK for 30
scconds in roncentrations of Ll.4 to 47.9 mg./l. (nominal) survived. Five
dogs axposed to CK for ono minute to concentrations of 41,6 to 55.3 mg,/).
(nominal) died. (Mcdical Division Informel Monthly Report, Nay 1945).

Lo .
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3, AC.

Experimental studies on the toxicity of AC to various
laboratory animals including the goat have been fully summarized by
Coon et al (0,8.R.D: 1432, 13 April 1943). The stimulation of respiration
by injection of AC and NaCli has long been known; a similar reaction follow-
ing inhalation has been described in the literature (iLR,L. (EA) 15,
T.D,M.Rs 471, and T,D.i,R. 430). Respiratory depression following stimu-
lation was described in T,P,L.R, 15, The tire for the occurrencs of
convulsions was shown in T.R.L,R. 23, and thet this roaction was related
to concentration in 7,D,M,L. 698. It has beer reported that goats were
atle to detoxify the agent continuously when the concentration was 0.05
(0.5.R,D. 1432) and 0.10 mg./1, (T.R.L.R, 23),

L. Summary.

CG and CK in the concentrations required for lethal surprine
effects have been observed to produce depression of respiration. !ith
phosgene this depression was abolished by vagotomy and may be thevefore
presumec to be reflex in nature. AC and OK after the dapression neriod,
wera found to produce respiratory stimulation within the surprise period,
The data further demonstrated that for exposures of 2 minutes or less
detoxication of AC and CK could be safely neglected, The reported
data, for the most part, did not include an evaluation of the goat,
and the studies, involving only small numbers of °nimals, did not warrant
en extrapoletion to field requirements. It was clear, with regardi to
4C, CK, and CG, that 1) the "Ct" requirement for surprise bthal effects
differed in each case to an important degree from the requirement for prc-
longed exposures, and 2) that this difference could not be predicted frow
the reported data,

III., EXPERIMENTAL.
A, Materiels and Equivment.
1. Dynamic flow gassing chcmber (1150 liter volums)
2. Atomizers
3e Modified experimental goat mask
L. 7G, CK, and AC
5« Recording tambour
6. Sampling and analytical equipment

7. Motoair vacuum pump (capacity 35 liters per minute at one-
half atmosphere). 4

a, The dynamic flow gassing chamber (Plate 3) has a roller
equipped carrier on which three goats may be placed and introduced into

I



the chamber for given exposure periods. The time of exposure can be
controlled accurately within plus or minus one second. The chamber

pumps have 2 maximum copacity of 3100 liters per minute (ca. 3 chamber
volumes per minute). The inner walls of the chamber are porcelain

conted and 21l metal parts are of stainless steel. Ports are available
on the sides for introduction of agent and sampling, Glass windows permit
observation during the exposures. The chamber is dinstalled in a room
equipped for rapid removal of toxic vapors from its atmosphere.

bis The agents, UG, CK, and AC were dispersed from
atomizers of various sizes employing a stream of nitiogen over a capillary
tip (Plate 2), The atomizer was fitted into a glass flask containing a
weighed quantity of liquid agent. An ice-water bath was used to cool the
agent during the dispersion of CG and Cii, but with AC this measure was un-
ngressary. The concentration of agent in the chambe; was controlled by:
1) the rate of nitrogen flow through the atomizer, 2 the size of the atomi-
zer, and 3) the chamber flow rate.

¢, A goat mask developed in this laboratory for contiolled
ficld exposures was modificd for the respiratory studies (Plates 1, 4).
The masik consists of a metal nose piece held in position by straps around thc
goat's head, Two rubber diaphragms within the nose piece insure a tight
fit and still permit free na:al breathing. The goat, however, cannot open
his mouth while wearing the mask. A vecuum pumo drawing 30 to 34 iiters of
air per minute was connected to the mask. An outlet valve, a tube (1 inch
in diameter and 12 inches in length) fitted with en inlet valve, and pressurc
tubing leading to a tambour for rccording breathing were all attached to the
nose piaeca,

d, The CG and ..C used were standard CW fillings obtaiund
from the Toxic Gas Yard, Dugway Proving Ground. CK was obtained from lotc
of CK under surveillance at Dugway Proving Ground ond known to be of high

purity,

. B, inimals.

380 .ngorn goats - Those animals weighed betwoen 55 and 110
pounds with an average of 80. pounds. They were obtained from southern Utah
and normally lived at altitudes from 8,000 to 10,000 feet. Hemoglobin
values for the herd averaged about 9,0 gm. per 100 cc blood with a range
Of 700 to 11.0 gra.mS-

C. Methods,
1. L(Ct)50 Doterminations for Short Expesures,

Total exposures of unmasked goats were made in the dynamic
flow gassing chamber in order to determine the L(Ct)50 for 30 sccond and 2
minute exposures to CG, 2 minute exposures to CK; and 30 second exposures
to .iC. Goats were cxposed in groups of eithor two or three for the desired
period, The chamber was opernted at 1 to 3 chambor volumes per minute and

“5
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at lcast 5 minutcs werce allowed before exposures to pormit the chrmber to
reach cquilibrium. Samples of the chamber atmosphere were collected during
the exact period of cxposure either by two bubblers fastened to the carrier
or by two bubblers samplirg from the chember ports. inimals exposed to

CG were kept undor obscervation 10 days; those cxposed to .C and CK, until
decath or complete raocoveryi Goats exposed to ..C were weighed.

2. Determination of hespiratory Behavior.

To determine the respiratcry behavior »f the animal during
e¢xposure to the gns in question, tho appnratus shown .n Plates 1 and 4
was used, ..fter equilibrium was estnblished, the inuxzke hose of the goat
mask was ronnected to the chamber and the chamber ~tmosphore circulotod
through the mask at a rate of 30 to 34 liters ver minute for tho Jdesired
intarval, This was done to elimin~te the decd spnce of the mask. The
slight nejative prossure so produced did not sn»Hpear to affect the respirntory
behavior of the"masked"goat, .t the terminntion of the exposurc veriod
the inlet hose was disconnected from the chamber and the mask flushed vwith
clean air. Tracings showing pressurc differences duc to the geata!
resniration were tnken before, during, and after the exposure by means of
tha recording tambour, During tho exporiments with CG the inlot was
conuected to an MIXA2 canister bofore tho oxposurc to prot:ct th: anima’.
from any g~s in the room. The resistancc of tlic canister uas found to
alter the respiratory pattern slightly ~nd, siuce thce canistor was founc
unnecessary, its usc was discontinucd thereafter,

Samples of gas were withdrawn from the chamber in duplicatc
during the neriod of cxposurc, Samplcs werc nlso withdrawn from tho mash
in four insteances during the CK exposures in ordor to comparc mask and
chamber concentrations. The results ~ro prescnted in Table IX, and shov
that the concentrations werc cssenfially the samc.

3. .nalytical Methods, .

Samples of the chomber atmosphicre were collected at a flow

ratc of one liter per minute regulated by critical pressurce orifices, Fiow

" rates were checked frequently with a calibrated wet test meter. The
absorbing solutions uscd were 4% hexamethylenetetramine for CG, 4% sodiur
hydroxide in 30% cthanol for CK(2 bubblers), and 4L¥ sodium hydroxide* for
#C, Titrations for CG and CK content of the absorbing solution vere
mnde ~ecording to tho mersuric nitrate method for chlorides in ~cid
solution using diphenylcerbszone as indicator. Scveral drops of carbon
tetrachloride were added to anssist in seeing the ond-point (Moody P,R.
2423 (1942))., .C was detemmined by the silver nitrate titration method
of Liebig (.nn. Chem. und Pharm., 77, 102 (1851)), using votassium iodide
as indicotor.

# 8% NaOH was usod ot concentrations of 13 mg./liter and groator.
6
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PLATE 3

Dynemic Flow Gassing Chamber.

Toller equirped carrier for introducing anrimals,
Atomizer ir ice tath,

Mancmeter for measuring nitroren flow,

Vigreaux type bubbler sampling from post.
Bubbler sampling on carrier.

Filter to protect orifice.

PLATE 4

Lpraratus Used to Study Respiratnry REehavior of Goats.

Goat mask.

Tambour.

Pecorder for tambour,
ivbe tc vacumn pumpe.
Tube to tambour,
Outlet valve,

Intake hose leadins to chamber post,




Plate 3. Dynamic Flow Gassing Chamber

Plate 4. Appratus used to study Plate 2. Atomizer for Dispersing

Respiratory Behavior CG, CK, and AC.
of Goats.

ro Photo No. 1585
LR 4 -
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L, Opcration of the Chamber.

The chamber flow rates and raotios of nrnalytical to nominal
concentrations for cach scrics of runs ore given in Table II., .nelytical
velucs are usad in »refercence to nominal concentrations throughout this
report for the following roasons: 1) The atomizers used for dispersing
the agents tonded to deliver more rapidly at the start of the run, 2)
Zyaporation losscs occurred in weighing the cgent. 3) nalytical samples
were taken at a constant rate during the exact period of cxposurc nnd were
thus not subject to errors causod by fluctuations in concentration.

T.BLE II iverage Ratio of
Time of inalytical to
Agent Study Sample Chamber Flow  Nominal Concentratior
minute L, /mieute 5
CG L(Ct)50 2 1,050 0.75
CG L(Ct)50 0.5 1,05C 0.79
CG " Respiratory 0.5, 2 1,000 0.66
CK L(Ct)50 2 1,000 0.73
cX Respiratory 0.5, 2 1000, 750, 1650 0.65
LC Respiratory 0.5, 2 1000, 75G, 500 0.76
oiC L(Ct)50 0e5 2,900 0.79

4 furthor check on the accuracy of sampling in the chamber
vas made comparing rosults obtained from collection bubblers mountcd on
the carrier and bubblers sempling through ports of the chcmber, The
carrior with the bubblers operating and with 3 goats was introduced into
2 chamber concentration of ..C for a 30 sccond period, Port samples were
taken for the same interval. The results of 20 such exporiments yiclded
an averagoe ratio of carrier teo port concontrations of 0.99 with o standora
error (0" ) of 0,09, It is thus evidont that the homogoncity of the
chamber atmospherc vins not appreciably disturbed by the introduction of
animals, and that samoling on the cirricr or from tho ports was equally
reliabla,

D. Results,
1. L(Ct)50 Determinations

2o CG (t = 2 minutes, 30 scconds)

The L{Ct)50 for 2 minute total exposures of unmasked

0ats to CG is 6500 £ 750 mgemin./m3, calculated by the method of Bliss
C,I, Bliss, Quart, J. Pharm., 11, 192 - 216 (1938%- The determination

is bascd on the exposure of 72 goats. For 20 sccond cxposurcs using 66
goats, tho L(Ct)50 was indcterminate because mortality greator thon 50%

was attained only at Ct's between 10,000 and 12,000 mg.min./m’. .t groater
Ct's the mortality probit curve oxhibited a reverse trend. Dotailed ro-
sults are givon in Tables 1Iland IV, wherc the dote are grouped for
;onvgnience in plotting. The Log Ct-probability curves arc shown in Figures

s an 2.
ot - 7

S



- @ B

e

b
1]

FUNEFERE R T, -

H

T
L
! | -
i
L]

+

Vi

i

s fosidiidide s

11 LT
b EERY MR B L+++ PR

[T PRS- .

S




2 T it e

- e e arma
| v

e g,

s e 0
11 . W

I

ik
gt

e ® O

I L B

o R

i




),

T4{BLE. III
TOXICITY OF 30
SECOND EXPOSURES OF GO.TS TO PHOSGENE
analytical
Run No, Concentration Ct Mortality Deaths
ng. 1, mg.min./m) %
2 47.50 23,750 1/3 33.3
25 43.28 21,640 1/3 33.3
17 31,28 . 15,610 1/3 33.3
13 26,22 13,110 2Y
18 23.70 11,650 1/3
14 23,60 11,800 ;éz
4’LV. 12,250 l& 9 Idiolb
11 22,73 11,370 3/3
19 22,26 11,130 2/3
2 21.7, 10,870 1/3
Av, 11,120 67 66.6
9 21.64 10,820 2/3
10 21.32 10,660 1/3
6 21.16 10,580 2
ive 10,690 5/9 55.5
8 20.06 10,030 2/3
16 19.70 9,850 1/3
12 18.83 9,420 1
ave 9,770 L/9 Liob
3 18.36 9,180 1/3 \
15 18.10 9,050 1/3
5 17.44 8,720 152
-IAV. 8,980 3 9 3303
22 16.36 8,180 0/3
1 16,04 8,020 /3
AV. 8,100 1/6 16.6
4 13,80 \ 6,900 1/3 .
20 11.52 : 5,760 :
ive 6,330 2/6 33.3
8



T/BLE IV
TOXICITY OF TWO MINUTE EXPOSURES OF GOATS TO CG
analytical
Run No, Concentration Ct Mortality Deaths
mg./1. mg.min, 7
30 17.50 35,000 3/3 - 100
29 10,23 20,460 3/3 . 100
27 8.98 17,960 2/2 100
28 6:98 13,960 2/3 67
14 L4463 9,260 3/3 100
18 L4l 8,820 3/3
15 439 8,780 3/3
16 431 8,620 2/3
19 4,420 8,40
AV, E:'lé'z% 1% 92
20 3.93 7,860 2/3
é 3.90 7,800 2/2
5 3,69 7,380 1/2
A 3.61 7,220 1/2
21 3,55 12100 1/2
AVO 7,500 7 11 6‘0
24 3.4 6,880 2/3 '
26 3.36 6,720 2/3
7 3.32 6,640 2/2
12 3,27 6,540 2/2
23 Bgli 6"’88 i/
13 3107 2"‘2
v, 6,5 12/17 71
13 3.96 5,920 0/3
11 .8 630 0
25 RS ?@%8 8?3
Av, 5, 0
2.46 4,920 1/2 50
9 1.97 3,940 0/2
2 1.91 3,820 0
Av. 3,860 o/L 0
10 1.49 2,980 0/2
J 1.46 2,920 0/2
ive 2,950 o/l 0
9



be CK (t = 2 mimutes)

The L(C4)50 forr 2_minute total exposurcs of unmasked -
goats to CK is 7000 £ 750 mg.min./mB, calculated by tho method of Bliss,
Fifty-ninc goats were used. Detailed results are shown in Table V and
Figure 3.

ce AC (t = 30 seconds)

The L(Ct)50 for 30 secund total exposure of unmasked
goats to .C is 1300 mg,min./m3 (48 animals)., Grouping of the data for
plotting is shown in Table VI and the log Ct-probability curve used to
determine the L(Ct)50 is given in Figure 4. «: no correlation was found
between weight of the animal and toxicity, weights are not given.

2. Geperal Response of Goats.
a, CG.

Goats exposcd to casualty producing concentrations of CG
axhibited no carly symptoms except struggling during oxposure. Difficulty
in expirstion immediately following exposurc was severe enough in some
instances to cause retraction of the intcrcostcl spaces. .bout four hours
afver gassing, difficulty in respiration had increased and thore was audiovle
and visible svidence of pulmonary edema. Cyanosis followed and all symptoms
increascd until the time of death,

b, CK and ..C.

animals exposed to CK and ..C showed an cssentially
similar train of symptoms. The first noticeable effcct was dilatation cf
the pupils, which was more marked after oxposure to CK than to .C. Respira-
tory stimulation then occurred and after about 30 seconds the goat bleatcd
and struggled violently. The abdomen usually became distended at this
time, /A few scconds after struggling started the goat collapsed (25 to
60 scconds from the start of exposure). Rospiratory stimalation continued
for about 30 soconds and was followed by rospiratory paralysis. Vhile
the animal was comatose tetanic spasms occurred and then changed to clonic
convulsions. The convulsions continued at intervals until death or
start of recovery of the animal, The goats that died usually struggled
briefly Jjust bofore doath, In somc instances (with both CK and .'~C§,
pulmonary and nasal hemorrhage were noted. Deaths usually occurred within
10 minutes of cxposure, s .

Those animals which recovored resumed normal rospiration
slowly. Return of consciousness was gradual, and animals frequently rc-
lapsed after mciiing too great an effort to rise. Upon recovery, the
forologs were weak, but in a short time the goat was alert and apparently
unaffeocted. Thore were no rosidual symptoms or delayed deaths due to JiC,
Three of tho gonts totally oxposed to CK axhibited soverc residual neuro-

logical signe., .

Cyanosis was presont in both AC and CK gassed animals but
was morc pronounced with CK, /Animals totally exposed to CK also exhibited
merked lacrimation, ~

10
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TABLE V

TOXICITY OF TWO MINUTE EXPOSURES OF GOATS TO CK

Run No,

21

&R

14
19
17

Notes: (1) One goat suffered severe neurological symptoms for three -
It was then sacrificed but counted as
a survivor in the calculation of the L(Ct)50,

(2) One goat showed severe after effects for three days but

alytical
9222225522122
ng./le
8.10
5,89
5.38
4.90

4.88
4,70

days after exposura,

Ct
mgcmino/

16,200
11,780
10,760

9,800
9,760

Av, g:%%%

8,680
8100
AV. 8,390

7,800
7,200
7,080
7,000
Av, 7,520

6,840
6,400
Av, 6,620

5,840

5,620
av, 5,730

4,660
4,340

4,320

AV. h,“&o .

3,880

2,820 -

2240
Av, 2’530

slowly recovered,

b

Mortality Deaths

3/3
3/3
3/3

3/3
2/3

¥
2/3
103
376
3/3

0/3
0/3

74

o

100
100
100

50

83

1

17

0

PO

e i it ot



PRI DS S I [ e — rr————— —— — e ——




———

TABLE VI

TOXICITY OF 30 SECOND ZXPOSURES OF GOATS TO AC
Time from Start

Run Lnalytical of Exposure for
No, Concentration Ct, Death Mortality Deaths
nge/1s mg.min, /m’ Min,

1 6,22 3,110 7, 8, 4 3/3 100
2 5,38 2,690 §, 7, 4 3/3 100
13 510 2,550 7 1/1 100
12 4,37 2,185 3 1/1 100
3 L4 2,070 T, 8, 5 3/3 100
14 3.4k 1,720 10, 10, 11 3/3 100
8 3,09 1,545 7, 6, 10 3/3 100
7 2.7 1,370 13 1/3
20 2.72 1,360 - 0/1
IN 2,71 1,355 255" 2/3
9 2,69 1,345 10 1/1
10 2,64 1,320 7 1/1
16 2.63 1,315 8, 12, 6 2&

AV. 1,3‘&5 8/12 66-7
19 2,41 1,205 - 0/3
15 2.39 1,195 - 0/3
18 2,36 1,190 35 1/3
7 2.27 1135 = Qfl

Ave 1,180 1/12 8.4
11 2,2, 1,120 - o/1 0
5 2,12 1,060 e o/3 0
6 1.9 995 - 0/3 0

/
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3. Respiratory Behavior of "Lasked" Goats.

- ——— ——— ——

a, CG,

Seven goats wearing ti.e riodified rask were exposed for
30 seconds to 'G_in concentrations of 25 to 50 mg./l, (Ct's of 12,500 to
25,000 mg.ndn./m3). Six of these animals showed complete breath holding
during the entire exnosure, and exhibited no symptoms of CG poisoning.
One goat exposed to 35.3 mg./l. took 18 shallow breaths and died as a
result,

In another series of exwneriments 19 "masked" goats were
exYosed to concentrations of 0.6 to 15.7 mg./l. of LG for the duration of
breatit helding nlus 30 seconds thereafter. BYreath holding of 15 to 139
seconds vas a constant resionse to concentrations above 1.3 mg./l. Be-
low this concentration breath holding was not »rescrt in animals exposed
for two minutes but respiration was denressed. .t 0.37 mg./l. breathing
was essentially noqnal., In one instance a goat was exposed to_a con-
certration of 1.5 mg./l. for 12 mimutes (Ct = 18,000 mg.min./m3) without
adverse effects, because of depression of the respiratory minute volune
(figure 7). Details of these results are shown in lable VII and representa-
tive tracings of the respiratory patterns are presented in Figures 5-8.

b, CK.

A total of 42 "masked" goats was exposed for 30 seconds
or 2 minutes to concentrations of CK ranging from 0.54 to 51.6 mg./l.
(Table VIII and IX). The general respiratory pattern for both exposure
periods consisted of an initial neriod of respiratory depression with or
without actual breath holding, followed by a period of respiratory stinu-
lation and another period of depression. The initial depression (25 to %0
'scconds) was observed in all exposures to concentrations of 2,0 mg./l. or
higher. Zleven out of 42 goats exhibited breath holding. -elow 2.0 mg.,1.
the initial respiratory phase was essentially normal. The depressed phase
was followed by a stimulated phase characterized by deep, rapid, and regular
breathing. The second depressed phase was characterized by slow, regular
breathing of approximately normal depth. Representative tracings of these
exposures are presented in Figures 9 to 15,

c, AC,

A total of 45 "masked" goats was exposed to AC for 2
minutes, 30 scconds or 15 seconds at concentrations of 0.8 to 45.0 ng./l.
(Tables X and XI), .ith this gas, the immediate response to exposure
differed from that to CG and CK in that respiratory depression occurred only
in concentrations higher than lo.4 mg./l. In all other exposures respira-
tion was normal for a brief initial period (5 to 60 scconds), This initial
period of normal respiration was followed by progressive respiratory stimu-
lation, usually occurring afte:r .the first 5 to 10 breaths. It was
characterized by deep, rapid, and regular breathing. The stimulaved phase
was followed by marked respiratory depression,

13




T.3L5 Vil

e 8
) .m W.u o RZSPTRATORY BEHAVIOR OF GOATS#XPOSTD TO CG .W
2 qd B =
M 2 m q E 4., ‘3 o dRespiratory Behavier £
- t, S & 5 mad Character of esumed mu
g - M g 2 .m A Respiration During =
¥ 3 S & < . Em Exposure llesponse of Goat to igent
g Mg./1. Sec. mg.rin./m Sec.,
X 737 50.1 30 25,000 30 Complete breat. holding No symb>toms
5 1396 35,3 30 37,706 0] 18 shallow breiths Died - 26 hours
862 34.5 30 i/,20C 30 Complete breati holding No symptoms
! O  32.5 30 15,300 : 30 Complete breati holding o symptoms 5
20 3.3 30 15,700 30 Complete breat. holdiig o symptoms .
242 26,8 30 13..,00 30 Complete breati holding No symptoms
€15 25.9 30 13,000 30 Complete breat1 holding No sym>toms
14, 15.7 65 17,000 35 11 shallow breaths Died - 12 hours )
60  15.1 85 . 21,400 55 6 shallow breaths No symptoms =
61 12.9 15 21,800 85 15 shallow bre iths Died - 12 hours
€18 11.9 29 15,7C0 49 11 shallow breaths Died - 24 hours 6
183 6.9 102 15,300 72 5 shallow breaths No sympntoms
354 8.5 82 11,600 52 6 shallow breaths No symptoms
UNG 8.5 157 22,200 127 11 shallow breaths Died - 24 hours
403 8.2 68 9,300 38 13 shallow breaths hioderate casualtv-recovered
1301 L.2 102 7,100 72 8 shallow breaths No symptoms
25 3.6 169 10,100 139 4 shallow breaths xno symptoms
541 2.4 76 3,000 L6 12 mod. shallow breaths Died - 24 hours
401 1.5 720- 16,000 60 ixtremely shallow, slow No symptoms 7
6G3 1.4 77 1,870 L7 8 shallow breaths No symptoms
389 1.3 L5 1,000 15 7 shallow breatis Ho syn>toms
73 1.0 120 2,000 0] i.od. shallow, irregular No symntoms
382 0.98 120 1,860 0 tiod., shallow, isrcgular No symt>ous 8
762 0.85 120 1,690 0 lod. shallow, slow, irrcg. No symptoms
17 0.60 330 3,300 0 Shallow, slow, irregular No symptoms
711 0.37 120 740 0 Hormal breathing No synptoms
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NC. 11.9 mg,

Ct 15,700 mg.min./m®
DIED 12 HOURS

~N
L%

EXPCSURE TIME 79 sec.

B D S
MRL(DPG) REPORT NO. 3
AGENT CG

GOAT NO. 818

C

- .«b——-,-'ﬁr S e b

CF:?::
|

_ START OF EXPOSURE

NCRMAL R¥SPIRATION
SAMPLING PERIOD
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833
51

TABL", VIil

RESPTRATORY BEHAVIOR OF GOAT-TXPOSTD TO CK_FOR 22 SICCHDS

5 L 3
ord f=i ]

43 4 . Z
O 5 Q 54

2g b K 2 &
5 0 S Response 3 5
3 2 3° Other Than ¢ K
28 =z . Character of Respiration During Sxposurc Cyanosis = b
Mg./l. mg,win./m’ tin.

51.6 25,800 HModerate deoth, rapid, irr:gular Died -

L6.0% 23,00C  3B:recth holding-12 sec.extremely shallow-18 seconds None I

3.2 19,600 Shaitow, rapid, irregular : Kone I

35.4 17,700 Shallow, rapid, irregular None I

35.0 17,500 Ixtreiely shallow, rapid, irregular None I

21.9 10,950 Extremely shallow, rapid, irregular sone i

21.56 10,800 Hormal depth, ranid, irregular Died -

21.4 10,700 Slow, irregular, 2 dee) breaths None I

2.1 10,550 Breath holding-6 scc. shallow, slow, irreg.-24 sec. None g

19.7 9,850 Shallow, irregular, rapid, 2 deep breaths Convulsions 23

19.6 9,800 Extremely shallow, irregular vone 1 15
19.2 9,600 Breath holding-6 sec.,shallow, rapid, irreg.-24 scc. None i

18,2 9,100 Shallow, rapid, 22 scc., deep, rapid-6 sec. Died - 13
18.2 9,100 Normal depth, irregular, rapid ] Convulsions 14

17.3 8,650 Breath holding~l17 sec., slow, 2 deep breaths-13 scc. Convulsions 10

16.8 8,400 Normal dcpth, rapid, irregular Convulsions 20

15.6 7,800 Breath holding-10 sec., rapid 3 deep brcaths-20 sec. Convulsions 10 14
13.2 6,600 Breath holding-20 scc., shallow, rapid-10 scc. None 1

1 Wearing masks

¥ Analytical Sample Lost.

I Immediate recovery

All times are from start of exposure.
Deaths occurred within 5 minutes a<tor start of exposur..

Concentration calcul2ted from an &4/N ratio of 0.60
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Analytical

RISPIL..TOR

BaEAVIOR

Character of Respiration During Exposure

OF GUATS*:XPCS3D TC CK rCR 2 LINUTES

- ® o £
Concentration ”m oe =2 Stimu- 5
£, s - .m Depressed Fhase lated £
3 2. S Shase 2 e
Goat 5 o g2 — Dura- Dura- Respounse Other St m .mc .
< £ o + @ - ~ O
No. O | OO - &) tion tion than. Cyanosis & & =
mg./l. mg,/1, nz.min, /m? Secz. Sec. Min.
829 12,5 2.,2C0 OShallow, slow, irregular 60 60 PDied -
437 8.51 : 17,020 £xtremely shallow, irrejular 60 60 Died -
838 8.10 . 16,20  Breath holding-40 sec., shallow 75 L5 Died -
irreguiar-35 sec.
1337 .00 7.76 0.97 10,000 1lod. shallow, irregular 130% After None I 1
Ixposure
196 6.85 12,780 ixtrerely shallow, irregular 30 90 Convulsions 25
737 6.83 13,600 Shallow, irregular 60 €0 Convulsions 10
565 6.75 13,500 Breath holding-6C sec. shallow- 80 4C Convulsicns 20 10
20 sec, .
618 6.65 13,300 Shallew, irregular 30 90 Convulsions 18
520 6.24 6,00 0.96 12,430 Breathlwlding-20sec.irreg.lLOsec. 60 60 Convulsions 90
112 6.03 5,37 0.89 12,060 Shallow, slow 25 155 Convulsions 5C
326 5.30 -10,600 Shallow, irregular 60 60 Died -—
577 L, 38,820 3Breath holding 70 50 lieakness 5
351 4,25 8,500 Shallow, slow 60 60 None I
195 2.59 5,150 Dreath holding 25 95 Died _— 9
29 2.54 5,080 Shallow, irregular 30 90 iNone I
53 2,11 4,820 Shalliow, irregular 60 60 None I
650 1.98 3,960 iormal Respiration 30%* 90 hone I
411 1.90 3,3C0 HNormal Despiration 60 &6C ..eakness 5
175 1.32 3,640 Normal Respiraticn 35%% 85 Convulsions 9
69 1.72 3,440 HNormal Resriraticn ¥ L5 None 1 12
32 1.55 1.46 (.94 3,10 Slow, iroogalar 85 35 None I
PMM W.WW 2,620 Mo&:ﬁw flespiration None I
md* 054 o WM mwm %w%% St ot icn None 1
epress ase lagted upt’: afiecs .riocsuce ended., I - Immediat> Recovery
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MAL(DP3) REPCRT K. 3

FLGURE 13

170

EYPOSURE TIME 30 SEC.

18,2 =g/l
Gt 9100 mg.min. /s®
DIED IN & MIN.

NC.

INHALE ————3
EXHLE &——rvo

AGENT CK
GOAT HO.

1
"

¥ EXPUSUR

e

START




e elbics]

'F EXPUSURE
CMA AND CONVULSICNS ©

START OF EXPOSURE

,END ¢

(¥}

RECOVERED IN 10 MIN.
EXHALE &

INHALE

CYANOSIS,COMA , CONVULSIONS;

MRL(DPG) REPCRT NO. 3
EXPOSURE TIME 30SEC.

CONC. 15.6 mg/l

GOAT NO. 833
Ct 7800 mg.min,/m?®

AGENT CK
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R.5VIRATORE B& AVIOR OF G048~ _3:_c 1C AC FOR_15 S 0MDS
Fespiratory Behavier
g 54
54 A Depressed Phase o 3
: 35 4 ( o E
2 58 o £ 0L o0 > e
=4 ] -rd (] « 0O n oy 4 -
= Do ) ] + Q Og O o
2 2 3E 55 % & :
8 o2 o Character of Depressed . £.4 w< 20 o &
nw .m o G = z . 3 O £ 0 AL C A R rk od
A, R _respiration a_ 0 oo & =) LeMarKs e
Mg. /1. omin. /nr Sec, Sec, Sec., Min. Hin,
433 L4L5.0 11,250 Shallow 15 15 4% 12 - Pulmonary hemorrhage 20
12 35.5 8,370 Shallew 0 7 L5 17 —-- Puliicnary hemorrhage
G* 32.7 §,17C woderece snallow 10 10 30 3 -- Pylmonary hemorrhage !
LLO 28,4 7,100 Shallow 8 13 LO 8 - Coma and cenvulsions preceded death
UNG 27.7 6,930 iione — SR 6 — Coua and convulsions preceded death
L, 27.6 6,900 Shallow 7 7 35 4 -~ Coma and convulsicns preceded death
8, 27.4 6,850 Nene — 7 35 8 =- Coma and convulsions preceded death
Lol 26.9 5,720 None — 18 45 ~- 30 Convulsions b
g8l2 26.0 6,500 Nene — 15 45 -~ 50 (gavalsicns
575 25.4 6,350 Shailcw, 8 sec., 15. 21 None - I HNo symptoms 22
brealn heclding-7 sec.
211 23.0 5,750 Shallow 15 15 60 - 12 Clonvilsions
486 20.2 5,050 Shallow, slow i5 15 iHone -—- I No symptoms
35 18.4 4,600 Mone — 8 30 7 =~ Coma and convulsions proceded death
3 16.4 4,100 None — 7 40 7 — Coma and convulsions preceded dasth 21
173 14.9 3,720 Kone -_— 8 45 — 30 Canvulsions
305 13.6 3,400 moso — 18 90 — 2 Convulsions
mmo HW-O WuNmO one — WW bc — W Cernvulei OnE
1 - Yearing masks
A1l times are from start of exncsnre
I - Imiediate Recovery
% Un-numbered Qoat
{3 .




TABLE -
RESPIRATUR! BaraVIOR OF GOATS'EXS0SED 1, 4. -0l 2 LINJIES silD FOT. 30 SECONDS

Respiratory Behavior Response of Goat

[ =3
& m S g o .
2 45 9 S <8 = :
5 o8 5B 3 vh §% vE vg o, &
= °3 L8 g » .m um o0 v °F B
2 m % —~ © — [~} « O & D~ Q o [33 .m
5 S& 25 % g5 B3 g5 29 ER &
S & Z8 K . cn An oA SO & Liemarks
15n, mg./l. am.s.w:.\au Sec., Sec, Sec. Sec., Min, lin, .
336 2 8.10 16,200 14 30 L, L5 L5 0 — Coma mmaaoma@wﬂoa
precede ea
537 2 L.7% @ Lo 22 58 80 80 5 —_ Coma and convulsions
preceded death
847 2 L.15 8,200 15 L, 59 50 6 —_— Coma and convulsions
preceded death
1316 2 2.64 5,280 22 58 1530) 55 - 27 Convulsions
L2 2 2.36 4,720 11 62 73 L5 5 - Coma and convulsions
preceded death
200 2 2.32 4,640 25 75 100 85 - 77 Convulsions
345 2 2.14 4,250 37 71 108 80 10 — Cciaa and convulsions
Jreceded death
118 2 2,08 4,160 22 57 79 65 L.5 -~ Coma and convulsions
. oreceded death
AP 2 1.96 3,920 5 75 80 75 - 52 Convulsions
UNG 2 1.63 3,260 30 93 123 85 8 — Coma and Convulsions
breceded death
286 2 1.62 3,240 15 56 71 50 - 52 Convulsions
305 2 1.24 2,480 59 3135 None 125 — 7 Convulsions
374 2 1.2, 2,480 30 90 120 110 - 22 Convulsions
603 2 1.10 2,200 24 96 120 73 —_ 15 Cenvulsions
a7, 2 1.07 2,140 26 100 126 1.0 —= 15 Convulsions
362 2 0.98 1,960 22 131 153 65 - 38 Convulsions
197 2 0.89 1,780 38 96 134 140 — 32 Convulsions
498 2 0.87 1,740 35 78 113 None  ~— I No symptoms

A1l times are from start of exnosure
I - Immediate recovery
1l -~ VYiearirg masks

Figure Number

18

16



TABLE X7 {Continued}

T
7

RESPIRATORY BIHAVIOL OF OObewHHMmomuU TO _\C. FOR 2 LINUTSS AND FOR 30 SEQ NDS

Respiratory Behavior Respense of Goat

o
: %4 ] o “ g
a dw " a °3 § wo >
g e Sk S v3 s§% wa ©%& 5
= Q8 TE ...m..t a9 » £ @ ©O >
0 >0 (&) + \m + .m + m Q u ...m w m
5 88 48 4 88 ®% 3E& 37 3% 31
nm & Z38 5 & MS S8 °o A = Remarks
liin, Ug./l. mg.. ﬂs.\m.w Sec, Sec. Sec. Sec., lkin. Lin.
439 0.5 15.5 7,750 11 35 L6 31 I — Coma and corvulsions
przceded death
83 0.5 14.9 - 7,450 8 36 INA 30 3.5 — Coma and convulsions
preceded death
871 0.5 £.9 4,450 17 60 77 60 6.5 -_— Com.. and convulsions
) preceded death
378 0.5 7.3 3,650 13 43 56 45 5.5 - Coma and convulsions
. preceded death
581 0.5 6.7 3,350 31 >80 None Jdone — I No symptoms
11 0.5 6.6 3,300 20 60 80 60 - 20 Convulsions
531 0.5 6.3 3,150 30 >150 None None - I No symptoms
UNG 0.5 5.9 2,950 7 35 42 58 18 —_ 2ulnonary hemorrhage
632 0.5 5.3 2,650 15 »180 None 55 -_— 11 Convulsions
8l 0.5 L,2 2,100 30 150 Nene 70 — 2 Convulsions

All times are from start of exposure.
I - Immediate recovery.
1 - Vlearing masks
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Devressed respiration occurred from the onset of exposure
in 8 of 12 goats exposed to concentrations over 18.4 mg./l. It was
characterized by complete breath holding in one goat and very shallow,
slow respiration in the others, This phase continued for 7 to 15 seconds
after initial exposure and was -immediately followed by stimulated respira-
tion. Respiratory depression as described above followed the stimulated
phase, All goats exposed for 15 seconds to concentrations of 27.4 mg./l.
or higher died regardless of the nature of their respiration during ex-
posure, llepresentative tracings of the respiratory pattern for goats
exvosed to oC are presented in Figures 16 -to 22,

L. Toxicity for Ixposures of "Masked" Goats,

From the results of studies on respiratory behavior it.was
possible to estimate the toxicity of CG,CK, and AC for short exposures of
goats wearing the spccial rask. Since a relatively small number of animals
were cxposed, the values can be comsidered as only aproximate. The follow-
ing L(Ct)50's werc obtained graphically,

Agent Time of ixposure No, Goats Exnosed Aoproximate L(Ct):0
mg.min./m’
CG Variablec®*; average 17 17,000
100 scconds
CK Two minutes 24 14,000
AC 15 Scconds 17 6,000
AC 30 Seconds 10 3,000
AC Two minutes 18 4,000

# Nesults of 330 and 720 sccond exposures were not included,

Thirty second cxnosurcs te CG and CK showed no corrclation between con-
contration and mortaiity (7 and 18 goats oxposed, rospectively). Use of

a greater number of animals would not be expected to change this conclusion,
since breath holding of 30 szconds duration or longer occurrcd in 20 out of
21 goats for CG concentrations of 1.3 mg./l. and higher; and since 31 out
of 34 goats cxposcd to CK concontrations of 2.4 mg./l. and higher ox-
hibited respiratory deprossion for 25 seconds or longer. For each of the
three agents studied individual respiratory behavior accounted for every
pronounced variation from the plated log dosage-mortality probit curve,

In order to cvaluate the effects of skin absorption of ..C dur-
ing short total cxposurecs, six '"masked" goats werc placed in the chamber for
30 scconds and thc chambor atmosphere circulated through the mask at-34 .-
1l./min. Nc significant difforence was found betwcen the offects on thesc
"masked" goats and "masked" goats placed outside the chamber (Table XII),

Eleven additional goats with their rouths taped shut to simu-
latc the effect of the mask were placed in . the chambor and cxposed to AC
for 30 scconds. In this manner possiblo absorption of agent through the
micous membranes of the mouth was climinated, The approximate L(Ct)50 for
these goats was 1700 rrg.min./mB. The details are presented in Table XIX,
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FIGURE 16
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AGENT AC

P GOAT NO. 345

EXPCSURE TIME 2 MIN,

CONC. 2,14 mg/1
- Ct 4280 mg.min./m®

DIED 8 MIN.
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. START OF KIPCSURE

EXPOSURE TIME 2 MIN,
CONC. 2.64
Ct 5280 mg.ﬁ/-l

COMA; RECOVERED 25 MIN,
INHALE ———)
3 CTVR. J —

MRL(DPG) REPCRT NO. 3
FIGURE 17
GOAT NO. 1316

AGENT AC
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VRL(DPG) REPORT NO.3

FIGURE 20

AGENT AC

GOAT NO. 133
EXPCSURE TIME 15 SEC.
Ct 11,250 mg.min,/m?
CONC, 45,0 mg/1

DIED 12 MIN.

INHALE =————)
EXHALE g
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START (F EXPOSURE .
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EFFZCT OF CLOSILG MOUTH OF GOATS IXPOS&ZD TO ..C FOR 30 SECONPS

< o
) o
g § 33 4
.m Mu [3] m 5} [v] e P
- S 8 d 2 3 g3 8% 153
S 25 &9 a8 8 48 T2
ng./l. mg.w'n /m® Sec., Min. kKin.
L2 Masked 5.10 2550 L5 i 50
389 Lasked L.57 2285 62 —_— 2
428  hasked 4,37 2185 40 30 —
1307 Masked L.27 2135 L5 -_ 8
167  ilasked 2,69 1345 50 - 3
108 lL.asked 2,64 1320 40 —_— 2
8 Taped L .0L 2020 25 g -
UNG Taned L.,04 2020 25 — 90
1339 Taped 3.49 1745 N} 30 -
806 Taped 3.49 1745 35 — 9
306 Tapcd 3.32 1660 L5 —- 23
398 Tancd 3.32 1660 35 —_— 60
79  Tapcd 232 1660 INR _— 6
429 Taned 3.32 1660 37 - 8
292 Taped 3.27 1635 35 15 —-——
303 Taped 3.27 1635 35 15 -
70  Taped 2.2 1120 L5 — 5
B

Remarks

Chamber Gas Drawn Through kask at 34 1./min.
Goat Insidc Chamber

Coma, convulsions
Cyancsis only
Zpistaxis

Coma, convulsions

Cyanosis only
Coma, convulsions

douth of Goat Taped Shut. 4ixpeosurc liede in
the Gas Chamber

Coma and convulsions preccded death
Coma, convulsions
Coma and comvulsions preceded death
Conma, convulsions
Comz., convulsions
Coria, convulsions

Coma, convulsions
Coma, convulsions
Cora and convulsicns pruceded death
Coma and convulsions precceded death
Coma, convulsions

.
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oo A, Dotermination of Toxicity of Nonpersistent Agents for Short
Zxposures.

It is cvident from thcsc and other studies that the toxicity of
nonpersistent agents is largely dependent upon the respiratory behavior of
the subject during exposure. This is particulerly trae for short exposurecs;
while in longer cxposures ( ~5 min.) the effects due to initial changes of
brecathing assumc decreasing importance. Becausc of differcnces in respira-
tory rcsponse to widely varying concentrations of CG, Ch, and iC, it is
likely that the log dosage-mortality probit relationships will not always bh.
lincar (e.g. 30 second CG cxposurcsg, and the 1(Ct)50 value will not havec
its usual significance, For this roason it is most i.aportant that de-
torminations of toxicity for short period exposures t> thase agents includ.
a wide range of concentrations. Omission of fn¢ extromes has misled in-
vestigators, and has resulted in a misinterpretation of data, The individuzl
differences in respiratory reswonse of the animals, particularly to the irri-
tant gases, CG and CK, often result in unusually wide disversion of the
mortality data. In thesc cascs a determination of L(Ct)50 may be improctical

IV, DISCUSSION.

The apparent failure of the L(Ct)50's of all of these agents to
comdly with Haber's Ct law can be ~ccounted for by the respiratory behevior,
Axtremely high values found for short period oxposures to CG and CK are due
to respirntory dopression during the initial part of the cxposure. It is
also cvident that the rclationship of the L(Ct)50 values for"masked'"goats
for 15 sccond, 30 second, and 2 minute exoosurecs to AC cannot be fully
accounted for by the usual equations (T.D,M.R, 699; ledical Division Repcre
No. 22) taking detoxication into account, The value of 6,000 mg.min./)
for 15 sccond cxposurcs is high becnusce respiratory stimulation docs not
usually occur during that period, For 30 second and 2 minute exposurcs
lower values of 3000 and 400. mg.min./m’ arc found becrusc respiratory
stimilation during that period results in a much higher reosniratory volume.

B. Usc of "iaskcd" Goats.

; It is apparent that the toxicity figures for cxnosures of "masked®
and unmesked goats are not in agrecment. In each casc whers a comperisor is
affordod the L(Ct)50 valucs for'masked"goats arc about two times greater.

These are shown as follow:
Time of L(Ct)50 for Approximate L(Ct)50
Agenpt Exposure Unmgskgd Go§ ts for "lasked" Goats
min. Ing.fnino/ ’ngtminc/
CG 2 6500 £ 750 17,000%
cK 2 7000 £ 750 14,000
AC 1/2 1300 3,000
AC 2 22003 4,000
¥t 2 45 to 169 scconds, average 100 soconds
## T,R.L,R, 23
= 22
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It was found that total oxposurcs of goots with their mouths bound shut
resulted in slightly incroased rosistance to ..C (approxim~te L(ct)50

1700 mg.min./m3§ when compared with total coxposures of unmasked goats (L(Ct)50
1300 mg.min./m3). This incrccase was less in degree than for total ox-
posurcs of "maskod" gonts with the chamber atmosphere circuloting through

the mask (Table XII).

Scveral possible sources were consicdered fo- this difference in
toxicity, Possible dilution of thc mask ronccntration by oxhaled air was
not thought to bc a significant frector beccausce of the rapid circulation
rate usced through the mask and because, in thce ersc of CK, mnsk concen-
tracions wore found to vary by less thar 102 from that of the chamber(Tablo 3
Bodv obsorotion was shown not to bc an immortzat factor for short cxposurcs
It wos obscrved that unmasked goats freceoontly ~pened their mouths and lich .
thoir lips during cxmosurc, whereas "mosked" gots wesce unable to open thoir
mouths., This could jermit additional absorptic.. of ~gent, perticularly
.C, through thc mucous rembrone of tho mouth of unmasked goats. However<
sineec the ratios of toxicitics are identical(i.c. about 2 for cach agent),
it scems likely that the differences nre couscd by a similar factor for caci
agent,  south absorption for AC would thercfore appear to be of minor im-
Jortence. In view of all thesc obscrvetions, it scems most Jikely that
the mosk to sone dogree discournges the breathing effort of the goot. This
would result in a decreesc in the resvir~tory minute volume and,conscquently,
a decroascd amount of agent insnired by the animels. There is, however, no
rcason to belicve that the qualitative picturc of res»mirntory behovior or the
goat is essontinlly chenged by the mask,

As n rcsult of this investigation it is apparent that tho use cf
"masked" goats for ficld bio-assay is subject to soveral marked limitatious.
Exnosurcs of goats for 30 sccond intorvals tc the irritant gascs yiclds ne
uscful informertion, The toxicity dnta for comprrison to ficld findings of
2ll ~gents roquires corrcction for tihe effoct of the surprisc mask upon the
pont, Ubhiro this device is ugod, etons abinudd Y¢ tokon to rofuen o clim-
innte dead sprce within the mask to prevent dilution of tho inspired zir
through rebreatning cffacts.

C. Lirnitations of Surprisc Effccts.

Exposurc of goats to high concentrations of CK and CG causcd morked
respir~tory deprcssion of varirble duration. That reflex action, mediatced by
the affcrent fibers of the vogus nerve, accounts, at least in mart, for this

effcet has been shown on ~nesthetized dogs (N.D,R.C. Div. 9 Report of U.C.T.L, -

9-4-1-15 lpril 1944). In many c~scs, the duration of respiratory deprossion
cxcuoded the presumed period of exposurc to a crash concentration so that the
amount of gas inhaled by the ~nimnl, ~nd honce the offective dosage, wos
markedly ' rcduced. )

AC, on thc other hond, ~ppeared non-irrit~ting in concentrcotions
below 20 mg./1. Even nbove this level, whore initial respiratory depression
was obscrved, the amount of ~gent inhaled in 15 scconds was often encugh to
producc denth, Its non-irritant sropertics, combined with respiratory
stimulotion;nake AC the biologienlly prefarcblce standard nonpersistont ngent
for obtaining surprisc effeccts., Difficultics in its ficld disporsal however,
raduce its uscfulness at the prosont time,
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The dote herein presented emphasize the importrncc of non-
irritancy in the usc of resviratory lethel agents where surprise is sought.

V.  CONCLUSIONS.

As The toxicity of nonpersistent ngents during short cxnosures is
lorgely dependent on the resniratory respensc of the subdject during ox-
posure.

B. ixposurcs to high concentrations of %le irrit-nt gases, CG and
CK, casult in roflex rospiratory depression, This resniratory depression
reduses the offcetivencss of crash concentrations of thiose agents for sur-
nrise off .cts,

C. ©On the basis of »hysiologic~l rcuspons., 0 is the most desirable
stancard nonpersistent agunt for surprisc cffecus,

D, Short interval cxposurces of "mnsked"gonts te a nonpersistont gos
clo-d arc subject to the following limitotionss

1. The coffcctivencss of the ~ cnt is reduced avproximaicely onc-
heliy by the nrescnco of the mnrsk under the conditions tested.

2. The dend soace of the mask dilutes the ~gont, unless measures
arce tnken to circulatce the atmosphere through the mosk.

3. BExposurcs to irrit-nt gascs of two minutc.s durntion or lesc
result in marked variation in rcsnonsc.

L, Zxposurcs to irritant gascs of 30 scconds durntion or loss
show no zorrclation botween the concentration of ngent and mortality.

VI. 1COI1 CNDATIONS .

{s  Figld requirements for non-dorsistent ngents should be re-
cxamined in the light of thesc results to establish new criteria for
lethe) surprisc effects.

B, Necw methods for controlled short oxposurcs of goats in the ficld
to nonversistent ~gents should be investigated.

C, Figld data obtrinad wita unmasked ond "masked" gocnts should be r.-
cevnluated,
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
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MEMORANDUM THRU Director, Edgewood Chemical Biological Center, (RDCB-D/Mr.

Joseph Wienafd), 5183 Blackhawk Road, Aberdeen Proving Ground, Maryland 21010-5424
FOR Defense Technical Information Center, 8725 John J. Kingman Road, Ft Belvoir, VA 22060

SUBJECT: Internal Request for Change in Distribution:

* 1. This action is in response to an Edgewood Chemical Biological Center (ECBC) Internal

Request for a Change in Distribution on documents related to cyanogen chloride.

2. The listed documents in the attachment have been reviewed by ECBC Subject Matter Experts
and deemed suitable for the change in distribution to read “Approved for Public Release;
distribution unlimited.”

3. The point of contact is Adana L.'Eilo, ECBC Security Specialist, (410) 436-2063,
adana.l.eilo.civ@mail.mil.
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