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TOXICITY OF PHOSGENE TO WHITE MICE BY INHALATION.

ABSTRACT

Object.

The obJeot of this work was tn provide asourate and
adequate data on the toxioity of phosgene by inhalation on white
mioe for & 10-min. #xposure.

Disovss ion.

In the oase of a gas like phosgene, where the chief
cause of death is puluonary edema, it is possible that deaths
ooourring within 48 hr, after exposurc are the beat index of the
toxiolty of the gase. However, in order to provide all figures
that may be reguired for comparison with other gased feda, nad
10«da, mortvalities are also given.

Gonelusions.

The sxperimental lethal soncentration for phosgsne for
& 10-min, exposurs, and an observation period of 2 da. (48 hr.), omn
be placed at 0.375-0.377 mg./1.

The experimental lethal ooncentration for phosgsne for
e 10=min, exposure, and an obserwvation periold of B da,, is slightly
groster than 0.3568 ng./1.

The median lethal oonoentration for phoagens, as resd
from the ourve, for a 10e-nin. exposure (48 hr. obserwation), is 0.378

n‘c/lt
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TOXICITY OF PHOSGENE TO WHITE MICE BY INHALATION.

I.  INTRODUCTION. e

The obijeot of this work was to provide socurate data
on the toxioity of phosgene to white mice. The work was oarried PR
out under Projeot A 10.2 as part of the genersl program authorised -
for the Finoal Year 1932, The new data constitute a revision of NOCRAE)
the data on this standard agent inoluded in the revised summary of noe
mouse toxicity data now being prepared (E.A.T.R. 109) under Projeot
A 10 and are also of general interest in oconneotion with Projeoct A 3
for the development of & nompersistent agent superior to phosgene.
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I« HISTORICAL.

Phosgenie was known and used during the World War;
oconsequently, much toxieity work was done on it both in Europe and
the United States. Ome European source (Ph 1 CXVIII) shows a series
of oonoentrations and periods of exposure, but fails to establish a
lothal figure., Miller and Gress (B.M. XXXII, 57) established 0.073
ng./1s 88 the lethal oonoentration for mice by inhalation for & 30
min. exposure and & l0=da, cbservation period. These same investigators
placed 0.008 mg./l. as the lethal concentration for a 4=hr., exposure,
but this figure oan be questioned since insuffiocient work was done to
really establish a lethal econcentrstion. Kuhn snd Coln (P.T. II, A=127),
on very mesger data, places 0.4 u./l. a8 the lethal oonocentration for
white mice by inhalation for a 10-min. exposure.

III. THEORETICAL.

E.A.T. Report 62, which desoribes preliminary toxieity
and skineirritant test methods used at Edgewood Arsenal, defines the
lethal oonoentration as "that which kills 80X or more of the exposed
mioce" and states that this ooncentration will be known in future as the
"minimux lethal concentration (M.L.C.) for mice, 10 minutes",

Jo¥. Trevan, in an article entitled "The error of determination of
toxiolity", Proo. Roy. 800. Ser. B, 101, 483-514, 1927), calls attention
to the lsok of acourate definition of such terms as "minimal lethal
dose" whioch may mesan the dose just suffioient to kill only an ococonsionsl
animal, or that whioh kills 80X or that whish is just large emough to
ki1l all the snimals. It seema desirable to clear up this looseness of
definition and we have socordingly adopted the expression "median lethal
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by .
i oonoentratisn" suggested by Trevan and define it as the conocentration e
which will kill exsotly 80% of a large group of animals exposed to Ve
Y it. It will de determined by plotting the data on conoentration vs.
x per oent mortality cocordinates, drawing & smooth S-shaped probability ,
» ourve through the points and resding from this ourve the sconocentration el .
" which produces 60% deaths. For the purpose of comparison with
earlier methods used at this Arsensl, estimates will also be made
{ based on runs which gave exaotly 60% deaths, or thereabouts, and oo
o these estimates will be termed the "experimental lethal concentration". ORI
. e
In order to eliminate as far as is practiocable the e
) error involved in testing mmall groups of animals, groups of not less
) than 10 mice will be tested at & time. A new apparatus large enough
‘ to allow 20 mice to be used in one run has been built and is des- v
» oribed for the first time in this report. K
N IV, EXPERIMENTAL,
ﬁ‘ : .."’
! Ac  Materianl,
‘ pryene
N The phosgene used was produced at Edgewood Arsenal and
P had the following puritys >
,:f Phosgene (C0Clg), 98.9X based on total _-'.: o
o RN
¥ ohlorine. WL
Free chlorine, none. S/
R White mice were used as subjeots in this work. - :ij
l~ ;.:
« Be Apparatus. "“ .
i This new apparatus was built up around an air-tight b @
. metal ohamber which in the future shall bve imown as "metal chamber LA
- for inatantaneous exposure of mice". This ohauber is mude of steel O
: boiler plate about 1/4 in. thick and welded in all seams., The N
o ohamber has the following dimensions: 35.9 in. long, 36.9 in. wide, RN
‘i and 29.8 in. high, and has & oapaoity of 22.23 cu.ft. or G29.4 liters. ' .
I On the front the ohamber is equipped with a large -
N oiroular opening direotly in the center and two small openings in
Y opposite oorners, The large opening is olosed and made niretight
2 with & large diso of steel plate squipped with s rubber gesket and f:j.;—j
:"
o ww
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held in position by twelve sorew clamps. One of the small openinga
is closed and made air-tight by & suall disc of steel plate equippe!
with a gasket and held in place by "hex" onp sorews. The other
opening serves as the entrance for the gas-air mixture. The top of
the ohanber is solid and not equipped with any openings. The back
of the chamber is equipped with two small openings similar to thosoe
found on the front. These openings on the baok are also olosed and
made air-tight by small disos of steel plate fitted with rubber
gaskets and held in plece by "hex" cap sorews.

The two sides of the ohamber are fitted with wired-glass
gas-tight windows, and these sides are also pierced by small openings
whioh are 0losed and made air-tight by small disos of steel plate
£itted with rubber gaskets and held in place by "hex" cap sorews, On
the left side of the ohamber one of the smllopenings his been fitted
with & oylindrioal container, of perforated metal, %IOO Photo. 6138)
for holding the mise to be gasseds This ocontainer has a hinged top
to faollitate the introduotion and removal of mice. This ocontainer
1s also fitted at its ends with stedl discs in order to make the open=-
ing air-tight both when the oontainer is outside and inside the chamber.

The bottom of this ohamber is solid save for a one-inoh
pipe whioh 1s exaotly in the center. This pipe is fitted with a sorew
oap &t its lower end, and ites upper end is flush with the inside surfaoce
of the floor of the chamber. The pipe was installed to facilitate
oleaning the ochamber and as an opening through whioch samples oould be
drew .

The most important feature of the entire apparatus ls
the air suotion oontrol, This oontrol apparatus (see Photo. 81368) ia
compossd of1 (1) & plate of stainless steel having & 3/4-in. knife-
edge orifice (other orifice plates having openlngs of 1/2 in. anl /8
in. are also provided), (2) s water manometer to measure the re istance
on either side of the orifice plate, (3) & valve to oontrol the sir
flow, (4) an equalising tank. This part of the apparatus was developed
by the Plants Department of the Munitions Development Division, who
rendered inveluable services in its planning and instelletion. Caloulated
calibration ourves for the orifice plates are shown on the attached
blueprint.

O« Prooedure,

1l Operation of Apparatus.

The sample of phosgene used in this work was in a




b L
W
‘:. . ..v".
‘ D

oylinder (1), (Photo., 8136)s It was passed over un equaliszer filled

with liquid petrolatwa then through & flowmeter (2) to measure the wl
- flow. From flowmeter (2) it passed into the mixing bowl (4) where e
o, it was mixed with air from the room,and from the mixing bowl (4) it REATON
" ased into the metal ohamber (5) The wet and dry dulb thermometers
P 8) were placed 2 in. from the outside opening of the mixing bowl (4), PRORh
“ The mouse oontainer (68) wus used to exposs the animals instantaneously OO

0 & desired concentration of phosgene by pushing it into the ohamber
- (8)s The wet meter (7) was used to measure the sample drewn from the
. ohamber (8) through the sampling bottles (8)¢ (For further details
s see Fhoto. 6138.)

The gas=air mixture was drawn {rom the chamber (&)
(Photo. 6188) by & pump operated by an elestrio motor (4) through e ot
b 8/4-in. knife-edge orifioce out in & stainless steel plate (1) whish A, &
oot was equipped with a wuter manometer (2) to measure the flow tmufh e
' the ohaxber in inches, thence through a metal equalising ohamber (8). R
‘o After passing through the pump (4) the gas=air mizture was passed on
- into the exhaust line of the hood in the building and thus to the outaide
" air, In the line betwem the orifice plate (1) and the squalising tank .

(5) was & valve (8) to regulate the flow through the chamber. The b0
R sleotrio motor (8) and the pump (6') were used to draw gas=air samples o
" from the ohamber. (For further details of the air suotion oontrol
e apparatus ses Photo. 6136.)

e 2, Distribution of Gas=Air Mixture in Metal Chamber.,

p. The following checks were made for the purpose of showing RO

;‘ that the conoentration in the chamber was uniform throughowt. Such ]

» testa have been made befors in similar gassing ohambers but were not v

e resorded in reports. Chlorine was used on sooount of its oomparative NI
simplioity of analysis in gase=air mixtures and also for the aocoursoy e

al of the analysia.

»
P b N
£

The same air flow through the chamber (3/4-in. orifice PR
plate) was used for this test as was used in the phosgene and oyanogen
ohloride toxieity experiments, namely, 800 1. of air/min. (8.8 in. of
water on the manomster). The flow of ohlorine uver & water manometer e
into the mixing bowl of the ohamber through whioh 500 1. of air/min. RN
was drawn had & differential ranging from 34.9 om, to %8.1 om. for all A
raas.  All gas-eir samples for analysis were drawn with aspirating NI
: bottles at the rete of one liter a minute for 3 min. The gaseair .

. aixtures were colleoted in petticoat bubblers each containing 50 oo, O
{ of a 8% aqueous solution of potassium iodide. The sample thus colleoted L
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was titrated direotly in the bubbler with N/100 sodium thicsulfate
solution (0.009916), using 1 oo. of sterch ms the indicstor.

1_' 5 _-
hd GO

Nine sampling points were used for ocolleoting the
samples inside the chamber. Cheok runs were made on euch sampling
position and the eight ocormer positions of the chamber were cheoked
by drawing similtaneoue samples against No. 1 sampling position.

1
i
K

The sampling positions were as follows;

Position 1: The ocenter of the ohamber,

Py N4

Position 2: Four inches over the mouse oontainer.

’

Position 83 Eight inohes from the corner of the chamber at
the suotion outlet, (orifice plate).

Posltion 41 Elght inches from the ocorner of the chamber
direotly diagonal from the mouse container
(lower level).

Position 61 Eight inches from the corner of the ohamber
direotly diagonal from the suction outlet
(lower level),

Position 6: Eight inohes from the ocorner of the shamber
direotly over the mouse container.

Position 7: Eight inoches from thes corner of the chamber
over the suotion outlet,

Position 8: Eight inohes from the corner of ths chamber
directly over number 4 position,

Positicn 81 BEight inches from the corner of the ohamber
directly in front of the mixing bowl,

In this manner wll eight sorners of the chambrer were
cheoked againet the ocenter.
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o TTEer Comon, of A.T.* W.B.*  Flowneter RO
e o by different.isl e
':': 00, mge/1e . . om.

e Run 1 Position 1

lst bubbler 8.3 0.873 78 69 34.8 DR
. 2nd bubbler 0.0 0.0 e
s Position 2 :

lst bubbler 8.2 0,861 )

- &nd bubbler 0.0 0,0 .

. Twn % rosition 1 L

: 1st bubbler 8.08 0,943 78 59 34.8 Lo
o5 2nd budbbler 0.0 0.0 S

- Position 8 el
= 1st bubbler 8,0 0.988 OSSR
b 2ad bubblc s 0.0 0.0 ,,, RO
e Ta § FPosition L U b
b lst bubbler 8.8 0,978 7% 89 35.1 SRR
s 2nd bubbler 0.0 0.0

.
b Position 6

lat bubbler 8.3 0.878

' gnd bubbler 0.0 0.0

;'-:] Note: The use of the second bubbler was discontinued after obtalning

. =" the above three sets of blanks. A
- un 581t 1on 1! U.vET A ] o 1.0 e
""‘-: Posltion 6 8.4 0,984 " :.-"'v'
e Run § rosition 1 5.3 “0.01% kil 80 TBT e
“ Positicn B 8.8 0,973 e
o os8ltion %1} . ) A0 381 i

o Position 8 8.38 0.079 S
o osition . —o.8r 1w & 1179} RN
o Position § 8,18 0,985 S
:'.'- un 1] on . . W “ﬂ o
- Position § 8.3 0,873

v osition ) O L} L} 35,1 ‘

. Poaiticn 8 8,38 0,979

= osition N} L ~B1 L} LY
= Positica 8 8,8 0.973 Sl
- Tr 1T YosTolun n R0 L. S LR RO
! Position 4 8.3 0,073 .
Fus I FPositien 1 5% 0.0 “80 & LLD e
¢ Poaition 4 8.3 0,873 RN
o osition O B 81 3E.1 e

® P
Position 8 8,8 0.97 PO
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Ti{Cer  Conon. off AT«% WeD.¥ Flowwetor
el dif'ferential
Q0 REe/do & Fe Fe Ollke
Run 14 Position b Y 8.3 0.873 82 8l 36.1
Position 8 8.3 0.978
un osition . D.0718 1] L} 6.1
Position 7 8.3 0,973
un osition . TS )Y B 36,1
FPosition 7 8.3 0.973’

*A+Te = alr temperature,
WeBs = web=buld temperature.

The above data indioate that the distribution of the
gas-air mixture is uniform throughout the clhiamber.

S Determinstion of (onoentrations of Phonpno.

The following teohnique was employed in determihing the
oonoentretiuns of phosgene used in the tests. A 4% solution of
sodium peroxide, which had Laen boiled to remove the oxygen waas used
to absord the phosgene. A pailr of petticoat bubblers, esch oconteining
50 co. of this soluticn, was used for each exposure., Thirty liters
of the gas=air mixture, messured by a wet meter, were drawn through
the bubblers by & pump, et such & rate that the sample wus being
oont inuously withdrewn during the 10-min., run,

The ocontents of the bubblers were then washed into a
beaker, oare being taken to keep the volume below 300 66,3 10 oe.
nitric aoid (oono.), and 20 cos N/5O silver nitrate were added. The
precipitated silver chloride weas removed by filtrations and the excess
AgNOg back-titrated with N/100 potsssium thicoysnate using 1 co. of
forric alun as an indicator. Oaloulations were made socording to the
fornula:

((00e AENOs X N.F.) w (c0e XKSCN X N.Fo)) X 1/8 mol, wt, phosgens

vm"r.'.%ore“'m'rm = mg. phosgene per liter.

Experimental runs using a third bubbler, upon analysis,
showed no phosgene earried through the seocond bubbler. Therefore it
was only neocsssary to use two bubblers in this work. All phosgene
semples were taken from position (1),

‘!."
«
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. 4. Subjeots. -
» S .-

White mios weighing from 18-30 g. were used for the R R
s toxicologioal study of phosgene. One hundrod white mioe were set SR
" aside in order +0 deteruine the normal death rate for 30 da, The

nornal death rate on one hundred white wmice for 30 da, wus found

" to be 44. This gives a daily death rate of l.46%. R
After the desired oconoentration of phoagene had bLeen § “.
3 obtained in the ohamber (8) as shown by w cheok run, the white mioce e
o were exposed to the gas instantansously by placing them in the mouse "
v oontainer (6), (Photo. 6135), and then pushing the container into the come
o ohamber, Exposure was for 10 min, Sl
' D«  Results. V@
':jZ; The data on all the runs made on phosgene follow
- Table 1.
{ Exposure of Mioe to Phosgene. L
» RunibDate s0onen.: ALlr sWet IKel.iNG, i1__ NO. mioe dead iDilT.oniTine %3 ‘_LS;I;‘Z};IZ
o Noet 3 s bemp. 1bulb shum, smioes? das18 daes10 dn,.. flows i1take gase DOSRN
Y used { : 1 metor iair samples PR
B 0 ' ! i : : : imin. seo. SN
*1:111/8 10,368 1 68 168 + 76 1204 3 1+ 8 1 & 1 30 18 B8 e @
o 8111/8 10,377 169 168 487 4 20, & 1+ 7T + B8 1 30 9 2 *
o 8111/8 10,368 1 86.5: 63 (71,8 10 ; 8 : 3 1 3 ¢ 30 18 66 R
¥ 4311/8 10,337 s+ 73 160 : 73 4 10 & 1+ 2 1 2 i1 30 18 47 :
B1ll/9 10,376 + 74 4 68 1 B0 ;201 6 1+ & 1+ © 1 38 18 6
- +#8111/1010,409 + 70 1 89 1 BL 4 19 4 18 1 17 17 4 39.8 18 19 '
v 7:111/1050,508 s 78 1 60 4 486 1 20 ;17 18 ;18  39.8 1 8 9 v
' 8111/11:0,488 4 78 1 63 1 48 120 1 10 120 120 1 44,538 17 e
= "No. 1 oapillary used in teats 1 to 5, inol.
. *+No, 8 oapillary used in tests 8 to 8, inol. )
V4 LS
q In all runs tabulated above the length of exposurs of -
v the mioe to phosgene was 10 min., 30 1. of the gas«air mixture was SOUR
i drawn for analysis, and the air flow through the chamber was 80O 1./min,
v, o
. Ospillary No. 1 was 4.1 om, long and had & 1/2-mm. bore. v
! tapillary No. 2 was 8.0 om, long and hed & 1/4emm. bore, "'..
-8-
&J'_;‘ N @ T - ‘- - - - B J - - - - » -
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" Pertinent toxieity data from labla 1 are re- naNa b
arrangsd in Table 2. R
Table 2. 9
s ~ Toxisity of Phosgene to Mice. :
\'t:
b Uonon. iNumber of i No. ol mice dead 17otal deaths
y ‘ imice used 12 de,: »3 o3 v
mge/1e 3 s 8 s :
e 0,468 + 20 ¢+ 103 203 20 20 o
N 0.409 19 s 183 17T s 17 17 o
. 0.396 20 : 173 M8 18 18 p
ol 0.377 10 s Bs Ts 8 1 8 e
) 0376 ¢+ 10 : B¢ B 0 9 e
v 0.388 10 s 331 b6 6 ] L
o 0.588 10 t 831 831 8 s e
B 0,387 ¢+ 10 s R 23 8 2 RN
-3 BORNN
q V. DIBGUSSION. S
o In the osse of a gas like phosgene, where the ohief
3'-.‘." sause of death is pulmonary sdema, it 1a possible that the 48«hr. N
o deaths are the best index of the toxioity of the gas, However, in PO
oM order to provide all figures that may be required for oomparison A
LR “w
with other geases, B-da. and 10=da, mortalities are aleo given in the @
table. The 2=da. wortality figures have been used in the scoompany=- ;\-_-;-..; K

ing plot from which the median lethal concentration oan be read.

:-'. 'f.-‘.- "-.’ ‘L

VI. CONGCLUSIONS.

a
e

B S N ¥
PP

.* The experimental lethal consentration for 50% deaths , (T,
o for phosgene for a 10=min. exposure, and an observation period of
2 2 da, (48 hr.), may be placed at 0.575-0.377 ug./l., (see Table 2).
'::j The experimental lethal oonocentration for 50% deaths \~
o for phosgens for a& 10=min, exposure, and an observation period of RO
,1 B da,, is slightly greamter than 0.568 mg./l., (ses Table 2), )
f:fl The median lethal oconcentration for phosgene, as read \

o from the ourve, for & 1l0«min, exposurs, and an sbservation period of :-.;:.';.-,;j\.
% 48 hr., is 0.376 ag./1. :‘.;.;:;::;
. S
o

”~ T
&
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Metal Chamber for Instantaneons Exposure of Mioe.

DESCRIPTION

To show set up used in gassing mioce in gas=air mixtures
of oyanogen ohloride and gas=-air aixtures of phosgene.

(1) Gas oylinder. (2) Flowmeter for measuring inflowing

a8 (3) Wet and dry buldb recorders for ineoming air.

4) Mixing bowl, (8) Chamber. (8) Mouse,container, which
slides into chamber., (7) Wet meter for measuring liters
of air froa mixture drawn through gas sampling bottles.
(8) Gas sampling bottles,

A 10,2,

Photographwd at Edgewood Arsenal, Md., Nov. 28, 1932,
for E.A.T.R. 118,
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OBJECT To show orifice aet=up and equalising tank. N j}

N

DESCRIPTION: (1) Orifice plate. (2) Water manometer for measuring air kN

flow through chamber. (3) Valve for regulating air flow, i

(¢) Motor for oponting pump for drawing sir through RS

ohamber. Sise "D" Leimen pump and 2=h.p. motor. e

(6) Bqualising tank, (6,6') Motor snd pump for operating RN

wet meter. Ry
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, Mb 21010-5424

REPLY TO
ATTENTION OF

RDCB-DPC-RS . 15 Octobey 2015
MEMORANDUM THRU Director, Edgewood Chemical Biological Center, (RDCB-D/Dr.

Joseph Corriveau), 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 for the following documents as listed in attachment.

2. The listed documents 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 Eilo, ECBC Security Specialist, (410) 436-2063 or
adana.l.eilo.civ@mail.mil.

Encl NALD L. STAFFORD / Z

Security Manager
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