
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB956567

Approved for public release; distribution is
unlimited.

Distribution authorized to DoD and DoD
contractors only; Specific Authority; 15 JUN
1984. Other requests shall be referred to
Commander, Chemical Research and Development
Center, Attn: DRSMC-CLJ-IR (A). Aberdeen
Proving Ground, MD 21010.

ECBC memo dtd 15 Oct 2015



f 0. 0' A Coloxi~*~ A.

4c..or CCim0-4go

TOXICIlTY OF PH0303NE TO WHITE MTCE BY II1FALATT13?.

By -

Lfl
WAR DEPA.R2MNT

I CKHIHICAL UARPAIM ERVICE
EDEWOOD iRSENAt, MD.

COLONSL 0E.BRIGHaM. COWAAND~IG

MAJOR E. MONTGOMERY, TROH14ICAL DIRECTOR.1* '4 HE. B. VEDDERs CHIEF, MEDICAL RESEARCH DIV.

<by sutlhor? cC

Sy$mbor Cl~uslilo R.v' p i t o
~QI £ tADLAS. A Cml C, Md.

DEC 20 '~i forwarded to Chief* Chsmioal Warfare Servios, rE T

~ .. 4 . 841 06 19913

ti -*& I - -



li 1930.

WN IsvetJOm -. \Ju1o

Vo W.A ONO Zf~t Iwloap Udp*Woo Awsml, Nd.

L. kt thS tp of pages 5 nd I of B.*TR 119 Vio titie
ot Us. colum sew roadtng Oacm of pMioamo* abould read "Con=,i of'
aWb3*mme' Ttis .inr ras mad whom t$. fisal spL of thlb v~por't
were Iped

I.. ADAMB,
Qemauder (NO)# 981

Asti& Obiefp Usdisa aecoai~ Div$.o~.

.1O



* TOXICITY OF PHOSGENE TO KHITE MICE BY ThHALTION.

USTRIUTION STATEMSNT D: DkrTf~ iitod to DoD and PQS
Gan~t zur orn1yt
Other tequmsts mua be roo.V10oft tor

Commander
alChemical Research and Development Center 4

Attn: DRSM-CLJ-mR (A)
Aberdeen Proving Ground, MD 21010

W.J.H.B. Wsll., A.B., Ph.G.

Aooession ParI

1A u1

SW.



S.-0

1 ..9..

TOXICITY OF PEOSGENE TO WHITE MICE BY INHkLATION.

ABSTRU&T

Objeots

pe

The object of this work was to provide aoourato and
adequate data on the toxicity of phosgene by inhalation on white
nioe for a 10-min. exposures

Discussion#

In the csse ofa &a as like phosgene, where the chief ,. ,
euse of death is pulmonary edema, it is possible that deaths
ooourring within 48 hr. after exposure are the best index of the
toxioity of the gase However, in order to provide all figures
that mya be required for comparison with other gased da. 5 ad " &:,
10-da, mortalities are also given.

Qono lus ito-.n._.... , ..,

.5 The experimental lethal concentration for phosgene for
a 10-min, exposure,, and an observation period of 2 da. (48 hr.), nan
be placed at 0,375-0.377 P4,,/1.

The experimental lethal oonoentration for phosgene for
a 10-mie exposure, and an observation period of 5 dam, is slightly
greater than 0368 mg./..

The median lethal oonoentration for phosgenh, as read
from the ourve, for a 1O-in. exposure (48 hr. observation), te 0.375

UPUASSFIED9

.. 
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TOXICITY OF PROSGEN'E TO W(HITE MIICE BY ThHALI.TI0ON.
I.7

1. INTRODUCTION.

The object of this work vas to provide soourate data
ontetxct fphosgens to white mico. The work warn carried .

out under Projeot A 10.2 as pert or the general program authorized
th. data on this standard agent included in the revised oulary of

mouse toxicity data now being prepared (E.A.T.R. 109) under Project
A 10 and are also of general interest in conneobion with Project A 3

As for the development of a nonprsistent agent superior to phosgene.

toleit don boh i Euopean

Phosgene was known and used during the World Warl,
c onqentlyon mucd periiods wok expoue, but fati toels a

theUniedStates. One European source (Ph 1 CXVIIU) shows a series

lethal figure* Miller and Gross (D.Mv XXXCU, 57) established 0.073
ago/Is as the lethal concentration for nioe by Inhalation for a 30-
mine exposure and a lO-da, observation period. Those same investigators
placed 0.006 mg/l. as the lethal concentration for a 4-hr. exposure,
but thsfigure oan be questioned sInce insufficient work was done to
really establish a lethal concentration. Kuhn and Cohn (PT. Il, A-127)0
on very meager data, places 0.4 ago/l. as the lethal concentration for
white nioe by Inhalation for a lO-mixi. exposure.

111 TUORZTICL.

L.A.T. Report 62, which describes preliminary toxicity
and skin-irritant teot methods used at Idgewood Arsenal, defines the
lethal concentration as "that which kills 50% or more of the exposed .
nice" and states that this concentration will be known In future as the

* "minimum lethal concentration (M.LoC.,) for' aioe, 10 minutesw
J.Wo Trevan, in an article entitled "The error of determination of
toi5oty", Proo. Roy. Soc. Sere B, 101, 048-14, 1927), calls attention
to the look of accurate definition 'Frouoh term as "minimal lethal
dose" which my mean the dose just sufficient to kill only an ocoasionale
animal, or that which kills 50% or that which is just large enough to
kill all the onimls. It seem desirable to clear up this looseness of

defnitonand we have accordingly adopted the expression "median lethal

*4law
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concentrati~n" suggested by Triuvn and define it as the concentration
which will kill exactly 50% of a large group of animals exposed to ",0
it. It will be determined by plotting the data on concentration vso
per ent mortality coordinates, drawing a smooth S-shaped probability , .. -
ourve through the points and reading from this curve the concentration
which produces 50% deaths. For the purpose of comparison with
earlier mothods used at this Arsenal, estimates will also be made
based on runs which gave exactly 50% deaths, or thereabouts, and
these estimates will be termed the "experimental lethal oonoentration".

In order to eliminate as far as is practicable the
error involved in testing w all groups of animals, groups of not less
than 10 mioe will be tested at a time. A now apparatus large enough
to allow 20 Meo to be used in one run has been built and is des-
cribed for the first time in this report.

IV. EERIMENTAL.

As Material.

The phosgene used was produoed at Edgewood Arsenal and
had the following puritys

Phosgene (00012), 99.9% based on total
chlorine.

Free chlorine, zone.

White zioe were used as subjects in this work.

Be* Apps~rtuu.

This new apparatus was built up around an air-tight ,
metal chamber which in the future shall be known as "metal chamber
for instantaneous exposure of ioe". This chamber is made of steel
boiler plate about 1/4 in. thick and welded in all seems. The ..
ohambor has the following dimensionsa 35.9 in. long, 36.9 in. wide,
and 29.8 in. high, and has a oapaity of 22.23 cu.ftt or G29.4 liters.

1 S4
On the front the chamber is equipped with a large

oirou3Ar opening directly in the center and two small openings in
opposite corners. The large opening is closed Lad made air-tight
with a large disc of steel plate equipped with a rubber gasket and

-2
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hold in position by twelve sorew olamps. One or the small openings
is closed and made sir-tight by a small dies of steel plate equippe-
with a gasket and hold in place by "hex" op screws. The other
opening serves to th. entrance for the gas-air mixture. The top of
the chamber is solid and not equipped with any openings. The back
of the chamber in equipped with two small openings similar to Lhos"

4. found on the front. These openings on the back are also olosed and
made air-tight by small discs of steel plate fitted with rubber
gaskets and hold in place by "hex" cap lOrews,

g The two sides of the chamber are fitted with wired-glass
1gas-tht windows# and these sides are also pieroed by wall openings
which are closed and made air-tight by small disco of steel plate
fitted with rubber gaskets and hold in plaoce by "hex" cap scrow. On
the left side of the ehamber one of the sallopenings has been fitted
with a cylindrical container, of perforated metal, (ee Photo, 6135)
for holding the mice to be gassed. This container has a hinged top
to faoilitato the introduction and removal of nice. This containor
to also fitted at its ends with .tel disco in order to make the open-

.. Ing air-tight both when the container is outside and inside the chamber.

i4. The bottom of this chamber is solid save for a one-inch ,",
pipe which is exactly in the center, This pipe Is fitted with a screw
cap at its lower end, and its upper end is flush with the inside surfaco '".' '
of the floor of the chamber. The pipe was installed to facilitate
cleaning the chamber and as an opening through which samples could be '. '+.

dra. O

The most Important feature of the entire apparatus is
the air auction control. This control apparatus (see Photo. 6136) is.:,

Aj4 composed oft (1) a plate Qf stainless stool having a 3/4-in. knife-
edge orifice (other orifice plates having openings of 1/2 in. ant 7/8
in. are also provided), (2) a water manometer to measure the re' istanoe
on either side of the orifioe plate, (3) a valve to control the air

1. flow, (4) an equalising tank. This part of the apparatus was developed
by the Plants Department of the Munitions Development Division, who
rendered invaluable services in its planning and installation. Calculated
calibration curves for the orifice plates are shown on the attached
blueprint.

0. Procedures ....

.1 *. Opration of Appratue,

The semple of phosgene used in this work was in a

-3- .
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oylinder (1), (Photo. 6136). It was passed over un equaliser filled
with liquid petrolatum then through a flowmeter (2) to measure the
flow. From flowmeter (2) it paused into the mixing bowl (4) where .
it was mixed with air from the room, and from the mixuJ S bowl (4) it
palmed into the metal ohamber (5) The wet and dry bulb thermometers
(8) were plaoad 2 in. from the outside opening of the mixing bowl (4).
The mouse container (6) was used to expose the animals instantaneously
to a desired oonoentration of phosgene by pushing it into the ohamber
(5). The wet muter (7) was used to measure the sample drawn from the S
ohamber (5) through the sampling bottles (8). (For further details
$so Photo. 6135.)

The gas-air mixture was drawn from the ohamber (8)
(Photo. 6156) by a pump operated by an oleotrio motor (4) through a
5/4-in. mife-edgo crities out in a stainless steel plate (1) whioh
was eqaipped with a water manometer (2) to measure the flow theough
the ohamber in inehes, thence through a Nutul equalising ohamnber (5).
kfter passing through the pump (4) the gam-air mixture was passed on
into ths exhaust line of the hood in the building and thus to the outside
air. In the line between the orifioe plate (1) and the equaliming tank
(6) was a Valro (5) to regulate the flow through the ohamber. The
eleotrio motor (S) and the pump (6') were used to draw gas-air samples
from the chamber. (For further details of the air auotion oontrol
apparatus see Photo@ 6136s)

2. Distribution of Gas-Air Mixture in Metal Chamber.

The following oheoks were made for the purpose of showing
that the oonoentration in the chamber was uniform throughout Suchtests have been made before in similar gassing ohambers but were not

. recorded in reports. Chlorine was used on aooount of its oomparative
simplicity of analysis in gas-air mixtures and also for the saoouraoy
of the analysis.,

T The same air flow through the ohamber (3/4-in. orifioo.
plate) was used for this test as was used in the phosgene and oyanogen
ehloride toxilty experiments, namely, 800 1. of ai/miin. (5.8 in. of*1 water on the manometer), The flow of ohlorine over a water manometer

,into the mixing bowl of the chamber through whioh 500 1* of air/min,

was drawn bad a differential ranging from 34.8 03, to 85*1 am. for all
ruen. All Las-air samples for analysis were drawn with aspirating
bottles at the rate of one liter a minute for 3 min. The gas-air
mixtures were colleoted in pettiooat bubblers eaoh oontaining 50 oo.
of a 2% aqueous solution of potassium iodides The saMPle thus oollooted

-., .W+.
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was titrated direotly in the bubbler with V/1O0 sodlu, tluiosulfate.
solution (0-009916), using I so, of staroh as the indics,tor.

Nine sampling points were used for collecting the "
samples inside the chamber. Cheek rums were made on each sampling
position and the eight corner positions of the chamber were cheoked
by drawing siultaneous samples against No. 1 sampling position.,

The sampling positions were as followos

Position It The center of th, chamber.

Position 21 Four inches over the mouse container. N

Position 3a Eight inches from the corner of the chamber at
the suction outlet, (orifice plate).

Position 4t Eight inches from the oorner of the chamber
directly diagonal from the mouse container( l o w e r le v e l ) ,,,' . , ,

Position So Eight inches from the corner of the chamber
directly diaponel from the suction outlet(lower level, ,

Pomition 6, Eight Inches from the comer of the chamber
directly over the mouse container.

*1. Position 71 Eight Inches from the corner of the chamber
over the suction outlet. .,

Position St Eight inches from the corer of the chamber ,."*.t' directly over number 4 position.

Position go light Inches from the corner of the chamber

directly in frost of the mixing bowls

In this ma=ner all eight corners of the ohamber were
cheoked against the center.

1W W W W W W I W W 1W W W
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Titer Cono. of A.T.* .B.* T1ovmieor,
0 differtkial10 0 , T . - O r . " ".. . ""

Run 1 Position 1
lot bubbler 8ob 0.973 78 59 34.08
gad bubbler 0.0 0.0 

Position 2
lot bubbler 8.2 0,961
End bubbler 0.0 0.0

Run Position I
lot bubbler 8.05 0.943 78 89 34.8 .
2nd bubbler 0.0 000

Poilion 2
lit bubbler 00 0,958
2nd bubblo : 0&0 0.0

lot bubbler 6.8 0.973 79 69 35.1
2nd bubbler 0.0 0.0

Position a
lit bubbler 8.3 0.097
Bnd bubbler 0.0 0.0 ' 

Lotot The use of the secoond bubbler was disoontinued after obtain. ,
the above three sOts of blnm"-

Run 4 FooRon 1 . 4 U.,04 7V 50 35.1
PoIltion 6 8.4 0.984RUA 5 P'eltion I Boa 0''' @ V7 79 '.31

Position 5 8.3 0,973
Run 6 Poiti lo I .IS 0.979 79 Ro 39.1

Position 6 8.35 0.979
WU 7 posiRao n I .G5 o.8a7 V G0 o . .

Position 9 6.15 0.955
I=- a Position 1 Goa 0.7 79 so 35.1

Position 9 8.3 0.973
WE v Posi'lon 1 -8.-8 .IT 51 31 35.1

Position 3 8635 0.979
P o iton 1 ' .4 O.85, 61 61 ST, - •
Positirw 3 85 0,73

I urn 1"' ' a.1 .a75 al go .... 5.=
Position 4 6.3 0.975

Position 4 6.8 0.973 " .
iMi Is Poitio 1 5 O . .975 am 61 as.1.

Position S 8.b 0.978

4* -e - , , w"
V +'+.qp,+. . .. W 'W W - w - S '

i mI I
i
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A. w

Titer Conon. of A.T'* W.B. Flowetor
€-I I  

difftrential.-

Run 14 Position 1 8.3 0.973 82 81 35.1
Position 8 8.3 0,973 0run 5 Fomiton 1 5 .z 0.973 83' al 39.1":.,.

Position 7 8.3 0,973
Run 16 'ositon I Goa 0.173 -11 VU 3.1

Position 7 88 00,97S

-AT. air temperature.

W*Bs w wet-bulb temperature.

'., gal-air mix The above data indioate that the distribution of the
-gas-air mixture is uniform throughout the chambers

5. Determination of Conentrations of Phosgen.

The following teohnique was employed in deteradlhing the
oaooentrationg of phoogene used in te tes** A 4 solu tion of

sodium peroxide, which had boen boiled to remove the oxygen was used
to absorb the phosgene. A pair of pettioat bubblers, each containing
50 0o, of this solution, wa, used for each exposures Thirty liters V

of the gas-air mixturo, measured by a wet metor, were drawn through
the bubblers by a pup, at much a rate that the sample was being
oouinuously withdrawn during the 10-min. run.

The contents of the bubblers were then wauhed into a
beaker, oars being taken to keep the volume below 300 oo.l 10 as. ,
nitric aoid (cone.), and 20 Io. W/5o silver nitrate were added. The
preoipitated silver chloride was removed by filtrations and the ecoe. .
AgV03 back-titrated with N1100 potassium thiooyaa using 1 os. of
ferrio alum as en indicator. CalOulations were made according to the
formula i

((cc. AgO X No.) -. (ce. ISON X W..)) X W/ mol. wt, phos"ene. .

.1000

voi. staple in liters 2 a. phoagene per liter.
0

hdperimental runs using a third bubbler, upon analysis,
showed no phosgese carried through the seoond bubbler. Therefore it
was only necessary to use two bubblers in this work. All phoegene
@emples were taken from position (1)*

5",.. 4 9
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4. Subjeata.

White mioe weighing from 18-30 g, were used for the '.
toxiaologioal study of phosgene. One hundred white nioe were set
aside in order to determine the normal death rate for 30 da. The
normal death rate on one hundred whie miso for 30 da., was tatund
to be 44. This gives a daily death rate of 1.46%.

After the desired oonoentration of phosgene had been
obtained in the ohamber (8) as shown by a ohook run, the whitoe mioe
were exposed to the gas instantaneously by plaoing them in the mouse
oontainer (6), (Photo. 6135), and then pushing the oontainer into the
ohamber. Expoisure was for 10 min.

Do Results. .

The data on all the rue made on phosgene followi .

" Table 1.

Expos.Of Mioe to Phoesons,

Rmn i Uto sConn.: Air Moet MI.l Mwo. i No. mice aead MIapirnaLIM4 'W .

Nose I obomp.ebulbihum, tioorda.'5 da.alO di'.. flow- itake gas-
I ,usedt, I I Meter iair samples

*1$11/8 iO 6 a 63 170 1101 3 a 5 a 6 a 30 8 58
I I11/p 0477 1 69 1 62 1 67 1 10 1 5 7 8 3 30 a 9 2 *
811/8 s0.388 168.5183 ,71.,5 101 3 c 3 1 3 1 30 1 568

41ll/A o0.37 1 6 7 9 1 72 j 10, I21 2 1 2 a 30 1 8 47
5,1V/9 0.375 74 a62, 50 , 10 5 8 a 9 a 39 j 8 6

**Ga11/10:0.409 1 TO I 5 a 51 a 19 a 15 a 17 a 17 1 39.8 1 8 19
711/1003961 T2 1 59 4 1 20 j 17 l t 18 39.8 1 8 9
GaVOs~l!O.458 j78 18 63 48 s 20 1 19 j 20 120 1 4405 1 8 17

*Mae 1 *apillary used In tests I to 5j incle
* *No* 9 oapillary used In tests 6 to 8, inol.

In all rmn tabulated above the length or exposure of "•
- the xioe to phosgene was 10 nine, 30 le oC the gas-air mixture was

drawn for analysis, and the air flow through the ohamber was 5O l./Sino

., Capillary No, I wAs 4.1 om. lone, and had a 1/2-mm, bore.

,apillary No. 2 was 8.0 om. long and had a 1/4-nm. bore. .

W. W 'W w w. .W. ": T
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Pe- .c d. f

• ".. arranged in Table 2. ",

.*.

-' ,, Toxicty] of Phonjone to Mole.

-". 0oon.mn s~umbor of , No* of Aloe 3Ma iTotal deaths,,
nrrne uded if r.T ble 2.

0T4a6 e0 19 20 120 1 0.

0" 409 19 s15 s17 117 1 17 ,""" .,
0%394 1 O 20 8 1 8 I" Is""i
06377 1 10 5 1 ? 8 1 a''""-,

. 0.36 10 3 1 5 1 ,6 1 -"
-"0 0366 10 3I 1 3 3 "" "" 3

1' -. DBQ8ZN• ,....

'.,'" In the easeo of a gan like phongeno, where the chief '","

..' -.: OAU4e Of death i0 puBL~Oniry sea, it is possible that the 48-hr.', ,-
d[eths are the4 beso index of the toxici.yo the o Miowee., in
order to provide all :fire tr hat my be required for oomparson

wit;h ot;her gases, 6.da. ad 10-da, morta lities are also g~ivsn in1 thoe.. O
--bleo The -da. mortaliy fig|ures have been used in the aompadny- ,

t~ng plot frm which the mdian let;hal concentration can be road. ,.

Via CONCLUSIONS0.'.6,20"s"t 2"80i 2

~~~~The experimental lethal concentration for 0 deaths , , .
for phoeone for a O-an expos1e, and an observaion period of-

'-' 02 da. (48 hr.), 6 y bo place at 0375-0377 18./. (see Table 2)o

'"' ~~The experimental lethal concentration for 50% deths .....37for ph7ono for a 10- o exposure, and an observaton period of,..-"
,3 daes 6 slightly greater than 06 ago/Is, (see Table 2)o

The median lethal o oengs1or phosgen e hee, a read.

from the srve for a lmn exposrie, and an obsrlvation perio of46 hr., to 0prvd al/1l figa

VI. .OCLUSIOS"

heeermna ln

0o heeefrabm .epsrada bevto eido
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Metal Ubmber fr Istananeous mxposuro of Mice.

,, JSCTi To show set up used in gassing aloe in gas-air mixtures
o oyanogen chloride and gas-air mixtures of phoOgene.

DESORIPTIOW, (1 Gas cylinder. (2) Flowmeter for measuring inf lowing
ra-. (8) Wet ad dry bulb recorders for incoming air.

,M ixi bowl. (5 Chamber, (6) Mouseontainer, which
slides into chambor. (7) Wet moeor for measuring liters
of air from mixture drawn through gas sampling bottles.

V. (6) Gas saqpling bottles.

PROJIUTs A 10.2. 0

DATI' Photograpld at Edgewood Arsenal, Md., Nov. 28, 1932,

for E*A.T6R. 119o
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