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PHOSGE4'i,

MEDIAN LTHA CNC N RNTS FOR , I ;
AND 0-141NUT EXOSURES.

ObA ect

The object of project A I0.2 is to determine the toxicity
of various substances in order to estimate their value an posuible war
agents$

The object of the work doeoribed in this report was to
determine the median l~thal concentratione of phosgene for white mice
for exposure periods of 2 and 30 min. aad an observation period of ton
days. The work was done in order to secure additional data for oompar-:
ison of the toxicity of oyanogen chloride, hydrocymnic acid end phosene.

Re 3ti.

The results of 9 runs, uuin. an exposure period of 2 min.
and an observation period of 10 days, are as followsi

Analytical raotion Per cent

L 1.22 lb~
1.50 1~/20 185
1.68 0/20 0
1.88 8/20 40
2.08 9/20 45
2.36 15/20
2.65 9/20 45
21.87 12/20 60
2.99 14/20 70

I I
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The roeults of 8 r~uiki, using an exposure period of
00 min. Euid an observation period of 10 days, aro as follows:

Aalytical Fraction Per cent

0055 5/20 25
0071 4/20 20
0.11 6/20 30
0.162 12/20 60
O138 17/20 85

O0 171 19/20 93

0,217 19/20 95 V

1. The median lethal concentration of phomeene for white
mice, for an exposure period of 2 min and an observation period of I0
days, is 2.#5 me.1/., with an average deviation of O.,5 mg./l.

2. The median lethl concentration of phosgens for mice,
for an exposure period. of 30 min, and en observation period of 10 days,
is 0.12 mg./l,, with an average deviation of 0.016 mgo/l.

None, since the work was done in connection with that on
oyanogen ohloride (see BOAT.R. 341).

......... ..................................
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PH0SG -as

KI)& LETHAL& CONCLMNTlTIS F i jI C.&

of~ ~~ h vobojeubta c t of project A 1.0.2 is to detrmnine the toxicity
of arius ubsanes nodertostimate their vou spossible war

agents,

The object of the work described in this report was to
determine the median lethal concentrations of phosgene for wh...te mice
for exposure periods of 2 and, 30 min* end an observation period of ton
days. The work was done in order to secure additional d ate. for
comparison of the toxicity of cysanogen chloride, hydrocyanic acid And
Phosgenee.

Phosgene to a well known war agent and much work has
slresay been done on it, However, the only reliable information an its
median lethal conce.ntrations for mice is rather meager. Wells (IE.A*T.R,
119) gives its mo,cso for a 10-mmn, exposure and a 5.-day obsrvution
period as 0.366 mge/2.. Miller and Gross (B*Mo XXXII, 57) report 0.073
mg./la as the melsoe for a 30.-min. exposure R.nd a 10.-day observation
period.

The ni,1.o. of phosaene for dogs for various exposure
periods is reportedL by Armstrong and. Witherspoon (2B.AdvM.R.D. 15), Their
conclusions are as follows:

seconds m
30 16.19
60 8.41

180 (3 mini.) 1.51
300 (5 miii.) 0.85
450 (?#'1/2 min.) 0.,62

*4th inde, OWS 4006112/1,17 secret, OG, Uk, May 1. 1.941, to C, OWS
on basic letter, same file, CG, EA, March 6, 1941, subject, A, 3.1
X..TR 340, SON~, Stability in Shell, Sttatus Report, 1940, to

0, OWS.



No record can be fouiid reporting ti~ rn.loc. of phoegene
for mice exposed for periods of less thtn 10 min.

A. X~.rJ~

The phosgene used wan obtained from the Toxic T d
An~alysis by the Analytical Dept. of the Research Division %sh. v d. it o
be of the folowing oompositioni

Phosgens 98 90%

012 0. 0 4
Residue 0.001,0

B, nmas

The white mice used. in those exeriments were healthy
stock purchased from dealers. Mice from two lots, no. W~ and 24, were
uted, Twenty-five mice from each lot were set aside as controls in
order to establish the normal daily death rate. Data pertaining to
these mice are tabulate. belowi

hM Lo _Ue BQ2rce11 Ojervat Ioapoeriod ~.gtbrt
days5

1-7 1227/9/41 16 0.0
8-17 24 7/15/41 21 0.19

0- AU Aa~

All apparatus isshown in photo. 8798.

Do IMOV

The airflow through the gassing chamber was started and
adjusted, to 250 1./mins The phosgene was introduced. from a cylinder
through a flowmeter (adjusted to a predetermined prassu'es differential
for each run by means of the pressure equsilirner) into r-five-liter
mixing bowl, and thence into the upper right-hand front corner of the
chambers 7rom the equation tV9 a 4.6- o hber yol., we find that the

airflow
concentration in a 386-1. chamber with an airflow of 250 1./min. reaches
99% of equilibrium concentration after 7.1 min. Accordingly, sampling
was started after 8-1/2 minutes had elapsed; the mice were Introduced at
the tenth minute and ex~posed for either two or thirty minutes*

-2.



The interior of the chanber was sprayed wi,,h protective

lacquer before runs were otarted. After 20 ru haD b :n iwde, 1Ai;ht.

corrosion of the chamber walls was 
observed,

Samples of the ges-air mixture were aspirated 
at the rate

of i l./mine through a Vigreux-type 
bubbler contaiu.ng 35 ml, of aqueous

5% sodium peroxide, The volume of the sample of gas-air 
mixture drawn

for the two-minute gassings was 
10 1. on the wet meter; for the 30-min.

rune 30 to 50 1. were taken. The true volume was calculated from 
the

formulal

True volume -!UL "011J reading -_wet mater n notr r x observed vol,

barometer roadirg

In order to test the efficiency 
of the absorbing system, two

of the bubblers, in series, were 
each filled with 25 ml. of 54 sodium

peroxide, an& 10 l. of gets-air 
mixture (concentration 2.6, m./l.) 

were

drawn through them st the relatively 
high rote of 1.8 l./min, No halogen

was found in the second bubbler.

After etch sample had been drown 
from the chamber, the

contents of the bubbler were transferred 
quantitatively to a 250-ml.

glass-stoppered Xrlenmeyer flask 
and boiled for twenty minutes to 

decompose

the peroxide. After beint cooled, the solution was analyed 
for chlorides

by a modification of the Volhard methods 
A slight excess of lil nitric

acid (free of nitrous acid and 
oxides of nitrogen), a measured ecems of

standard silver nitrate (approx. 
0.02 M), and a few drops of nitrobenzene

were added. The flask was shaken vigorously 
to floccuate the silver

chloride, The excess of silver nitrate wae 
titrated with standard potassium

thiocoyanate (approx. 0.02 M), 
using ferric alum as indicator.

The concentration of phosefne was 
calculated by uae of the

Lfollowingl form.lat

fcllconon(mg./l.) (ml.A OC3 X N.FXe)-(ml,1(CN. i .F4*)) 5

.nal. t v"e olume

In order to test the analytical procedure under 
operating

conditions two samples of gas-air mixture were 
withdrawn on sucaceeding days

(7/21/41 and 7/22/41), the lettings on the flowneters 
remaining unchang5ed.

Ten-liter samnles were drawn. 
The empty mouse carriage was 

introduced

into, and withdrawn from, the 
chamber in the normal fashion during 

se.mpling,.

The analytical concentrAtions on 
these runs were 2,59 and 2.50 mg./1.,

respectively. These were regs.rded as satiefsectory 
checks.

• normality fictor.
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Eo Rmoults.

The r ut1s of the two-mino runs are tabulated. in
table 1.

".tg . .... ..........sjjr

RunlDatel Anal,:- Isydets caU.tvs)
nosi loonenlmmed.6*, 1 1 2, 3 4 1 5 1 8 9..-101 10 day

1 :?in14: 1.22 8 0 1 0 1 1 2 3 2 : 2 1 2 1 2 13 t 3 1 3 115
4 :7-141 1.50 1 0 ;2 3 3 13 3 1 3 : 1 15
2 :7-14: 1,68 1 0 8 0 1 0 0 a 0 1 0 a 0 : 0 a 0 1 0 a 0 1 0
3 :7-14i 1,88 1 0 5 1 8 1 8 1 8 8 1 8 1 8 1 8 1 8 1 8 : 40
5 17-151 2,08 0 I 8 9 :9 9 9 9 9 9 9 a9 45

15 :7-211 2.36 a 0 113 113 113 :14 114 :15 I15 115 :15 &15 1 75
6 1711 2,651 0 1 7 8 8 t8 8 8 1 9 a 9 9 9 145

16 1P.221 2.87 a 0 ill 112 112 112 a12 112 112 112 112 112 1 60
7 7-15a 2.99 0 110 114 :14 114 :14 114 114 114 114 114 1 70

The resultv of the thirtymmin *posures are tabulated in
table 2s

T Oxi i of.. P,,a:ene to Micet 3O_-im. N grsure

R. Date: Anale. P_ 1 _ .t _ a_ mit.L .__

;194:zj;.!1a _ . .. _daa a

11 07-18t 0,055I 0 1 2 1 4 1 4 1 5 1 5 8 1 B 5 1 5 1 5 1 25
12 I7-211 0,0711 0 1 3 1 4 1 4 1.4 1 4 1 4 1 4 1 4 1 4 1 4 1 20
13 :7-18: 0.11 0 0 5 6 6 1 6 1 6 1 6 1 6 1 6 1 6 1 30
8 07-171 0*1321 0 il11:.2 112 112 112 112 112 112 :12 :1 aB 60

17: 7-22t 0,1388 0 1 17 al? 1 i :17 :17 :17 117 85
14 :7-21: 0.160: 0 116 116 117 117 W1 W1 :1?17 W 1 :l W1 85
9 :7-17: 0.171: 0 119 119 :19 :19 :19 t19 :19 119 119 :19 1 95

Deaths were classed as iimnediato if they occurred during the exposure
period or wthin 1 hr. thereafter.

.44



Upon i-troductio into the gassing h,'Tber for the

,-min. expouures, the mice became excited. Tho eyes were half-closee
and the mice were observed to be scratchlng thieir noses. Within one
minute they invariably beceue quiet and were appareatly holding their

brenths. At about 1-1/2 minutes some lacrimation was usually

noticeable.

Amon: he mice exposed for .10 min., a mnoerate amount of
lai tmat0n was noticed.. The mice did not hold their breaths for
extended periods of time, but thetr breathing was shallow. Some gaap-
ine was observod.

Microsoopic examination was made of sections fromu the
lun ,s of two nice from run 10 (30-min, exposure to a concentration of
0."2.7 me./I.) whioh had died botweoa 16 anct 17 hours after eposure.
In the major portion of the alveoli a pinkish-red, finely granular
material was found. The alveolar walls were thick in otae areas ad
thin in other. The capillaries were distended with red cells. Areas
of emhysem a ware found i however, this condition was more marked near

the pleura. The bronohioles contained pinkish re6, finely grntular
material such as was foun&£ in the alveoli, In several of the bronohloles
the pithelium had hlo-aghod and was lying in the lumen of the bronchiole.

Microscopic examination showed m marked edema of the lungs,

slou~hing of the bronchlole epithelium and congesticn of the luauge

Only analytical concentrations were used. in tie work. In
order to set up the wide rande of concentrationa necessary for the toyloity 4

cleterminations a number of different phosgene flowmeters were utilized,

This made it highly impractioal to calibrate eaEch one for the purpose of i

calculating the noiniiisl concentrationa. The use of two absorption bubblers

in stries showed, that all the agent was collected in the firut one, and

the method of analysis was one approve& and euggested by the Analytioal

Department of the Research Division. It is, therefore, considered that

tho analytioal concentrations give a true picture of octual conditions in

the gaceing chamber.

. 5.-
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B. Known sources of error.

Pc1 cetit orror

1. qh I aISiOC~
a# Purity of phosgene 98.902 1.08

b. Nominal concontrations were not used.

c. Anlytical concentration C. - m/v
m a weight found by an1yelis
depending on titrative volume.
Nenr M1.1.c volume - ?5 0.05 el5 0.2

(2-mi. exposure)'
Ntsar m.lc. volume = 4 + 0,06 ml. .62BC O-.inin, cxoo 0ur )

v - volume of sample 0 10 " 0.0. 1. 01
(2-mn e7:~Posure)

v = volume of ewnple S 1 + 0.01 1. .S3
( O-min. exposure)

a. Aimal 1
Lot 2-, 10-day death rate 0,0 -' iadeterminble
Lot 24, , It ,
Ph siologic variations due to differ-

ences in a.ge, sex, nutritional
history, etc.

From table I the concentrttions were plotted nnitiust the
per cent 10-day deaths (chart 1). The median lethal concentration for
a P-min. exposure was remd from chtirt 1 to be . m15 ./., with kn
average devistion of 09,5 1%/l. FProm tiible 2 the concentr&ettone were
plotteed rgainst the per cent 10-dy, deaths (chart 2). The mediau leohel
ooncontr~tion for a ,0-min. onosure wsns read from chsrt 2 to be 0.113 mg./l.,
with an average d.evintion of 0,016 mg,/l. The average devibtion is used P.s
a measure of the intern.l consistencies of charts 1 And 2.

A compnrison of at vklues for tho two differnt exposure times

as well as for the 10-min erposure s.o rroorted in N.A.Ta . 119 follows.

.6
A .,A



11xposure time~ (t), in min 21

Median lethal conan. (o), in mg./1.. 2,3 0.127t 0.112

ct 4.70 3,75 3.131A6

It appears that the ot value is fairly oonstent, The
high value in the 2..min, exposure run might be asoribed to the fact that
the mice seemed to hold their breathB for an appreciable part of the
exmposure.

V. 0Oj$0S

1. The median lethal concentration of phosgen, for white
mice, for sn exposure period of 2 mine nd an observatlon perio, of 10
daye, io 2.76 mg./l., with an average deviation of 0.25 mg./l.

N. The mediaun lothal concentration of phnegene for mice,
for an exposure period of 30 min. anM an observation period of 10 days,
is 0,112 mg,/I., with an average deviation of 0.016 mg./l.

None, since the work was done in connectinn with that on
canogen chloride (Bee N.AST.R. 341).

I
iI
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