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ABSTRACT

Oblect,

The objeot of project A 10,2 is to determine the toxlcity
of various substances in order to eatimate thelr valvue as posaidble war
agente,

The cbject of the work descoridbed in this report was to
dotermine the medlsan leihal concentrations of phosgene for white mice
for exposure periocds of 2 and 30 min, and an observation period of ten
dayss The work was dons in order to secure additional data for comperw
ison of the toxicity of oyenogen chloride, hydrocyanic acid end phosgene,

The results of 9 rune, using en exposurs periecd of 2 min,
and an observetion period of 10 days, are as followss

Anelytiocel Fraotion Per cent o
__anﬁf;m.. ~Sepd ~deathy | Ao
Mg/ de : :
1,22 3/20 15
1,80 3/20 16
1.68 0/20 0
1.88 8/20 40
2,08 9/20 45
2,36 15/20 78 ;
2.68 9/20 48 ’
2.87 12/20 g0
2,99 14/20 70
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The results of 8 runs, using an exposure period of
20 mine and an observation period of 10 days, ere as followss

Analytical Fraction Per cent
congn ~fesd —deaths
nge 1
04085 8/20 25
0,071 4/20 20
041l /20 30
0,182 12/20 80
0.138 17/20 86
0,160 17/20 88
0.171 19/ 20 85
04217 19/ 20 98

Sonclusions.

1. The median lethal concentration of phosgene for white
mice, for an exposure period ¢f 2 min. and an observation period of 10
doys, 1s 2,35 mge/l., with an average deviation of 0,28 my./l.

2¢ The median lethal concentretion of phosgens for mice,
for an exposure period of 30 min., and en ohservation period of 10 days,
is 0,112 mg./le, with an average devimtion of 0.016 mg./l.

R-commendations.

Nons, since the work wis done in connection with that on
oyanogan chleride (soe DA T.Re 341),
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PHOSGINI,
MUDIAN LETHAL CONCENTHATI(NS FOR JICH;

2= NI 30MINUTH BXPOSURES,

1, INIRODUCIION.

The object of project A 10,2 iw to determine the toxicity
of verious substances in order o estimate their velue as possible war

agents,

The object of the work describved in this report was to
determine the median lethal concentrations of phosgene for white mice
for exposure periods of 2 and 30 min, and an observation pericd of ten
days, The work was done 4in order to securs additional date for
comparison of the toxiclty of oyeanogen chloride, hydrocyanic acid and

phosgene®,

II. HISTORICALe

Phosgene {¢ a well known war agent and much work has
elready been done on it, However, the only reliable information on ite
medien lethal concentretions for mice is rather mesger, Wells (E.A.T.R.
119) gives 4its mil.¢s for a 1lOwmin., exposure and a S=day observation
period as 0,386 mg./l. Miller and Gross (B.M, XXXII, B7) report 0,072
ms./l. a8 the melice fOr & 30=min. exposure and a 10=day observution

period,
The mslso. of phosgene for dogs for various exposurs

periods is reported by Armstrong and Witherspoon (B.AJMJR(De 15),
conclusions are as followsi

Their

Iime of exposure Bhl72;
seconds : mge /L.
30 16.19
80 8441
180 (& min.) 1.61
200 (5 min.) 0.88

480 (7w1/2 min.) 0462

-

*  4th ind,, CWB 400,112/137 secret, CG, EA, May 1, 1541, to C, OWS
on baeic letter, same file, OG, BA, March 8, 1941, subject, A 3,5=]
B.AsTeRs 340, HON, Stability in Shell, Ststus Heport, 1940, to

0, OWS,
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No record can be found reporting ti:» m.l.c. of phosgene
for mlce exposed for periods of leses than 10 min,

111+ SXPERIMUNUAL.
Ay Meterial.

The phosgene used wes obteined from the Toxie Far Y. d.
Analysis by the Analyticel Dept. of the Research Divielon wh v 4 4t 4o
be of the following compositions

Phosgene 98,92%

HCL 0.64%
01z 0,04%
Residus 0,001 %

B.  Animels.

The white mice used in these sxperinments were healthy
stoeck purchased from demlers. Mice from two lots, no, 203 and 24, were
uted:. Twenty=five mice from eech lot were set aside as controls in
order to establish the normal dally death rate, Data pertaining to
these mice are tedbulated below:

Zup Lot wsed Date recolved Qbservation period enth rat
days ;
1=7 23 7/9/41 16 0,0
Bl ? 4 7/15/41 21 0,18
O Anperstus.

All epparatus isshown In phato. 8798,

D.  Erocedure.

The airflovw through the gassing chamber was started and
adjusted to 280 l./min, The phosgene was introduced from & oyliuder
through o flowmeter (mdjusted to a predetermined pressu-e differential
for each run by means of the pressure sguelizer) into - fivesliter
mixing bowl, and thence into the upper right=hand front corner of the
chamber, TFrom the equation t99 = 4,8 X chamber vol,, we find that the

airflow
cencentration in & 386=l, chamber with an airflow of 250 l./min. reaches
99% of equilibrium concentration after 7,1 min, Accordingly, sempling
was started after 8=1/2 minutes had elapsed; the mice were introduced at
the tenth minute and exposed for either two or thirty minutes,

vt v B Bt g b e e maeim s m aeegcia - = g e sdhs sy v cm o b s
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The interior of the cheamber was spreyed with protective
lacquer before Iruns were ptarted. After 20 rune had Leen mede, slight
corrotion of the chamber walle was obeerved.

Samples of the gam=sir mixture were aspirated at the rate
of 1 1,/min, through a Vigreux=type bubbler contein.ag 35 mle of agueous
6% sodium peroxide, The volume of the sample of gasweir mizture drawn
for the two~minute gassings was 10 1, on the wet meter; for the 30=min,
rans 30 to 50 1. were teken The true volume was cnloulated from the

formailat
True volume = ihﬂlﬂﬂﬂ&!!Ll!ﬁﬁﬁd&L:LlﬂﬁLﬂEﬁJﬂLJMEENEU&ELlEE@iB&l X observed vole
berometer resding

In order to teet the efficiency of the absorbing symntem, two
of the bubblers, in series, were eech filled with 26 ml, of 5% sodium
peroxide, and 10 1, of gas=air mixture (concentration 2462 mge/1e) were
drawn through them st the velatively high rete of 1,8 1l,/min, Yo halogen
was found in the second bubbler,

After epch sample had been drawn from the chamber, the

contents of the bubbler were srensferred quantitetively to & 250mml .
; glass=atoppered Lrlenmeyer rlask and boiled for twenty minutes to decompose , ;
{ the peroxide, After being cooled, the golution was annlyzed for chlorides ;
: by o modification of the Volhard metheds & slight excess of 111 altrie
E acid (free of nitrous acld and oxides of nitrogen), & measured excess of
” standard silver nitrate (approxs 0.02 M), and o few drops of nitrobenzene
E were added, The flask was shaken vigorously to floccuate the silver
1 chloride, The excess of silver nitrete was titrated with standard potassium
% thiooyanete (approx. 0402 M), ueing ferric slum as indicatoTs
&

4 The concentration of vhoggone was calouleted by une of the
g following formulal 1
? (mleh@NCz X NoB,*)=(ml KCNS X NE ) o o '

E Anal, donon.(mg‘./l.) =
3 true volume

In order to test the enalytical procedure upder opereting
conditions two samples of zas=air mixture were withdrewn on suoceeding days
(7/21/41 end 7/22/41), the settings on the flowmeters remeining unchangeds
Tenwliter samples were drewn. The empty mouse carrisge wes introduced
into, end withdrawn from, the chamber in the normal fashion during sempling. -
£ The analyticel concentrations on these runs were 2,59 and 2,80 mge /ey g
k. respectively. These were regarded as patisfactory checks. ¥

» = pnormality factor. t%
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E.  Results,

R 24

The results of the twowmin, runs are tebuleted in

table 1,
Table 1
Zoxdolty of Fhoegene to Mice) Pemin, Exposure
RuniDatei Anal.t Deily deaths (cumulative)

10 gonen,tlmmed.*t 1t 2 4 3.8 4 4 B3 68 ¢ 73 849 4 103 10 day
t194lamc.71.l $ $ : H : H $ H t $ $
1l t7=141 10238 O $ 0311 212:2t21 213133318 16
4 37=14¢ 1.50 t 0 1213183131833 1 331333383 16
217143 1,681 O $ 01 0:010310¢010: 01030 O
8 t7=143 1,88 1 0O 1By 8181818 181818186818 : 40
Bi7=18; 2,088 O 1 8149 19¢9 1919191919391 45
15 17=211 2436 ¢ o] 113 113 113 14 114 115 116 315 3116 11851 7B
6 7181 2,661 0O 1 7183181818181 93919%1973 45
18 17=221 2,87 ¢ 0 11) $12 312 312 $12 112 112 112 112 1121 80
? 1TwlBy 2,99 ¢ 0 110 314 314 114 3114 114 114 114 114 324t 70

The resultu of the thirtysmin. exposures are tabulated in

teble 2,
f ene Do T
RuniDatet Anal.s Daily desthe (cumuladfve)
Ao Tt LI LA LLAIE LB O e
110411 mge /e bt 0t ¢ 0t 1t 11 1 1 %
11 17=188 0,088y O ¢ 2t 41 415161658 b5340631618B1¢1 28
12 17313 0,07L 0 1214141414141 41414348 20
12 1718 0,10 1 0 101 B¢ B 1636316161618 161 20
8 17wl 01328 O 311 112 112 $1R2 112 112 3123 112 11211231 60
17 17=228 0,138 0O 318 t17 17 117 117 3147 117 117 17 117y 8B
14 17=218 0,160 O 118 $18 p17 417 417 117 117 117 117 17y 8B
9 17=178 01711 O 119 119 319 119 119 119 19 119 119 119 9B
10 47=173 0,2273 O _ t17 117 317 418 119 319 419 139 419 319 4 88

*  Dgaths were aclassed as imnediate if they occurred during the exposure
period or within 1 hr. thereafter,
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Upon iatroduction into the gassing chamber for the
fe=min, exposures, the mice twcpme exclited. The eyves were halfwclosed
and the mice were observed to be acratching thelr nosos. Within one
minute they invariably became quiet and were appareatly holding their
brenths, At about lel/2 minutes some lacrimation was usually

noticeable,

Among the mice exposed for 30 min., a mdderate amount of

lacrimation was noticeds The mice did not hold thelr breaths for
extended pariods of time, but thelr breathing was shallow. Some pagpe

Ang was obasrved,

Miocroscoplc examination was mada of sections from the
lungs of two mice from run 10 (20wmin, exposure to & concentration of
0,217 mg./1ls) which had died botween 1€ and 17 hours after sxposure,
In the mejor portien of the elveoll & pinkishmred, filnely granular
material was found, The alveolar walls were thick in aome areas and
thin in others. Tho capillaries were dlstended with red cells, Areas
of emphysems were found; however, this condition wes more marked near
the pleura, The bronochioles contained pinkish red, finely granular
material such ap was found in ths alveold, In several of the bronchiocles
the epithelium had sloughed and was lying in the lumen of the dbronchiola,

Mioroscopic examination showed a merked edema of the lungs,
sloughing of the bronchiole eplthelium and congestion of the lungs.

1V, DISCUSSION.
A m&rﬂﬁ!,gg Qﬁtﬂ-o

Only analytical congentrutions were used in this worke In
order to set up the wide renpe of concentrations necessary for the toriolty
determinations a number of different phosgene flowmetors wers utilized,

This mede it highly impractionl to calibrate each ¢ne for the purpose of
caloulating the nominal concentrationss The uee of two mbsorption bubblers
1n suries showed that all the acent was collected in the firet one, and

the method of analysis was one approved and suggested by the Anelytloal
Department of the Research Division. It is, therefore, oonsidered thot
the enalytical concantrations give a true picture of nctual gonditionan in

the gassing chamber,
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B.  Known sources of error.

Eor cent error

L. g_lle_m_i‘ggé_l_ Bl ldl‘iu Bic.n.l.o

a. Purity of phosgene 98,92% 1,08

b, Nominal concentrations were not used

¢o  Anslytical concentration Cp = m/v
m = weight found by analysis
depending on titrative volums,
Near milecs volume m 25 + 0,05 ml,
(2=min. expesure)
Near meloc. volume = 4 + 0,05 ml, .2
(mOwmin, oxposure)

v = volume of semple = 10+ 0,01 1, 0,1
(2mmin erposure)

v = volume of eample = 30 + 0,01 1, 0,033
(P0=min. exposure)

2, Blologle.

8. Animals
Lot 27, l0=day denth rate 0,0%
Lot 24, i " 1l 1.gg
Phyelologle variations due to dlfferw
ences in age, sex, nutritional

history, eto,

ludeterninable
0

e Medlan lethal qopcentrationa.

From table 1 the concentrotions were plotted againat the
per cent 1N=dsy deaths (chert 1). The medien lethel concentration for
n Pwmin, exposure was read from chnrt 1 to be 2,38 mg./l., with an
avornge devistion of 0,25 mgs/1lse  From tnble 2 the concentretions were
plotted sgainst the per cent 10=day deaths {chart 2), The median leihel
concentration for m MNmnin., oxposure was repd from chart 2 to be N.112 mg, /1.,
with an aversge devistion of 0,018 mg./l,  The average devintion is used rs
a mepsure Of the internsl coneletencles of charts 1 and 2,

A compnrison of ¢t values for the two diffavent expoesure times
as well as for the 10Nwmin exposure as reporied in BiATehs 119 follows,

T
mae e e o i Skl o ke, o ke .
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Wxposure time (t), in min, o 19 on
Median lethal concn. (o), in mg./l. Be35 0s375 0ell2
et 4,7 %75 3,36

It eppears that the ot value ims falrly conetent, The
high value in the 2«min, exposure run might be asoribed to the fact that
the mice seemed to hold thelr breaths for an apprecisdle part of the
exposure,

Ve  CONGLUSIONS,

1. The median lathal concentratlon of phosgene for white
mice, for an exposure period of 2 min. and an observation peried of 10
doys, is 2,78 mg./d., with an average deviation of 0.25 mg./l.

2o The madlen lethal concentration of phosgene for mlce,

for an exposure period of 30 min. and an obwervation peried of 10 days,
18 0,112 mg. /1., with an average deviation of 0.016 mg./l.

Vi. RECOMMENDATIONS.

, None, since the work was done in connection with that on
cyanogen chloride (see k,A,TeR. 74l).
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