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.... CE LORI. "

Median L*thal Concentration for Vice.

ABTRACT

The object of project A 10.4 is to colleot ee"ob
infcrmtion on all those mterlals which way be Indicsted by the liter-
ature or by Chmioal Warfare Service research as of possible interest
for oftoieive ohemical we 14re agents*,

The objeot of the work desoribed in this report was to
determime the median lethal concentration of chlorine for white io.n
for an iposure period of 10 mizo and an observation period of 10 days.
Directions regarding the work were giv.en by the Chief, Chemical Warfire
Servies, an follows, "In order that a consistent basis of comparison
ean be aaintasned on all toxic compounds, it in desired that the median
lethal concentration of ohlorins for white mice on a 10-min, exposure
be obtained experimentally and in sufficient detail to be reliable and
that thin value be used at a standard"*

Results.

Lethallty to mice, Fifteen runs, using a 10-min. exposure
period and an observation period of 10 days, gave the following reosultol

• 2nd ind., MS 319*1/2183, C, M3 April 12. 1941 to C0 VA# on letter,
C, W8, March 24, 1941, frojeet A 10t4, tO Cto G

LE , fD



ABSTRACT (Cont'd.)

Analytical Fract ion Per cent
ConoM dead deatho

1.1 2/20 10

1.59 9/20 45
1069 5/;0 25
1.89 1/20 6
1,83 8/, 40
1.85 9/20 48
2.00 3/20 15
2,05 12/2O 60
2,06 11/20 66
2 16 14/20 70
2,30 16/20 78
2.56 20/20 100
2'.44 8/2o 40
2,62 20/20 100
2.be 20/20 100

Conc lu. sions.

The median lethal concentration of ochlorine for selected
sale white noe of the Carworth Farna'Cf-1 strain, for an exposure period
of 10 mine and an observation period of 10 days, is 1.96 mg,.. with an
average deviation for 12 runs of :t 0.19 mg./19 The majority of death.
were due to severe pulmonLry edema,

Reoommendatione.
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~ rJNCLASSIFIED
CHLORINE.

Median I4thal Concetration for Mioe.

I. INTRODUCTION.

The object of project A 10.4 is to collect *exaot

information on all those uaterials whioh may be ineosoted by the liter-
sturm or by Chemical Warfare Servioe research as of possible interest
for offensive ohemioal, wrftare agents**

The object of the work described in tiis report was to
determine the s.etan lethal concentration of ohlorine for male white
iso of certain speoified characteristics for an exposure period of 10

rii. and an observation r'riod of 10 days. The immediate purpose of
these determinations was to secure results which are directly comparstbl,
with results obttined by the NDoR.Ce on the 3ame strain of white mes
It was also desired to seaure a~oou'atv data ou ohlorine with the ides: of
using chlorine as a stendard of oomparlion for other toxio ootipo~uds,*

71. HISTORIC"*.

The median lethal oonoentration of ohlorine for mice was
reported in EoA*T.R, Sb as 152, with an averate devietion of t 0.19 mg./.,
for mice selected at random and 1,7a, with an average deviation of J 0.24
3g./eA# for speoally selected mice,

The University of Chica&o Toxioby Laboratory has reported**
the median lat).al oon~entration of chlorine for mice of the sme atrain
a those used in this report as 1.82 mg./1. w.th .n mverkge deviation of
0.20 mg, The mice used showed a 10-day death rate of 1%.

III. EXPER1MENTAL.

A. Material.

The chlorine used in the work described herein wee obtained
- from the Toxri Gas Yard. Analysis by the Analytical Department of the

Research Division showed it to be 99*97% puree

2nd tnd. CM 51901/219% C, CM8, April 12, 1941 to CO, Z3, on letter,
C, CWR, arsh 24, 1941, Project A 104, to CO, RAO

*' The Toxicity of Chlorine Gas for Mice# NoDoPeCe 11, Division Be

I1.
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B, Animals.

The mice used were purchased from the Carworth Farms
under the following spotioations& White (albino). all maloo single
uniform strain (Carworth Flrm' CF-I strain), 18 to 25 go in weighto
6-l/2 to 6-1/t weeks of age on receipt from dealer# g..od phyicel oondi-
tion and appearanoe tree from parasitic or insoot inft-ation. Those
were purahased under the same specifications a uvtd %y tho FiDsRC.

Throe lots were used, namelys lots '.j 3, a.. Srs Twenty-
five nice from each lot were set aside as oontroe to be obLorved daily
n order to establish the daily death rate, sseontial data are listed
below,

Lot i Date a Observation t Dily death Us*;[
nos t rootdo .poriod I rat. t in runs

* * days a
34 .12/8/41, 23 0.0 2 1-6
36 ,1//42 a 20 0.0 6 6-12
37 8 02 19 0.0 1 13-15

C. Apparatu ,

Two now gassing chambers oonstructed of nonol metal were
installed in the rear rooms of bldg. 113o Those were similar in design
to the gassing ehamber In the front room of the same building and described
in oeAsT, reports 119 sad 321. The volume of each chamber was 36 1*
Onie of those was used n the work described herein*

The mouse eage and carrier uoed were ideatioal with those
deseribed in .A6T*R* 124o The apparatue for oollection of gas-air
samples from the chamber for analysis was the same as that desori bd In

qAo.ToE. 319. All apparatus is shown in photo. 6798. attached*

The airflow through the ohamber was measured by an orifice
mtor in the effluent air line* This motor was calibrated by dirot
measurement of the airflow by oewan of a large dry note-., placed in the
lines The dry motor van nsnufaotured by 3e American Motor Co., Now
York, lo. end was guaranteed by Its mak. to hav_ a mximna error of 1%.
This method of calibration of the orifice mtores usedi i eauri chamber
airflowe Is desoribed in detail in an g.AeTs report now in proparatLbbh.-...-

Do Procedures

Conentrations of chlorine were established in the gassing
chamber by the ,lo w thod as that deeribod in K..T.1. 321. Briefly.
the airflow through the chamber was first started and mot at 260 1.Iain.

L - p



Then the ohlorine was introduced Into the oharbor throuh a flwveter
which was maintained at a onstant level by nse of an oqualiser tube,
Thom the flommoter roanhed the iesired lel a stopratch was startges

- . oX~l, of chamber 81.*5bFrom the calcultn t99 - 4.6 x arld w af 3W10shbor

requires 1.1 mina to reach 99% of onsttnt ooncentration at an airflow
of 260 1./aim. Sampling was started after 8-1A/ mA had elapasd. The
mice were introduced at the 10th aimo and exposed for 10 mine

The Interior of the chamber was protested from corrosion
%y being sprayed with a nonreaotive laoquer composed of oellulose *etate
dissolved in acetone and plaotiolsed with trisotine

Samplo of the gaseair nixture# withdran from the gassing
obamber for avalsis at the rate of I 1./ain., were uniformly 10 1# as
measured by the wet motor* The true -volume of the sample was oaloulitod
from the baromotrio pressure & d the meter mnoasor reading.

True vlume = Brometer (m) - Manometer (m.) X 10aroeer tm.)

Be 3smnlal toncontrationse

The oapillary flowneter for ohlorine wa calibrated by direst
analysis of a tivod semple. The setup described in Z.AoT.*R 321 for
calibration of flowmters was used, Several levels of the floumeter were
chooked in this wayo The analytical results (in uag/mn.) were divided
b7 260 1./Las (the airflow through the ohamber) and the quotient# now
expressed In age CIo, was plotted against the correepording flowaetor
heights. A smooth curve was drawn through these points sad the nominal
oonaentration for sV height was read directly from the graph* This
ourve Is showm in ohart 29

1o Analt ical Conoentratione

Samples of the gae-air mixture fram the ohamber were absorbed
n 25 mIl. of an 8% solution of sodium peroxide in water conttined iA one

absorption tube. o periental work showed that there was no ncessity for
a second abseorptlon tube* After colleotion of the sample the solution was
Meated to boiling for 30 mnt., and the water lost by bolling was replaoed*
It was then ecool d and neutralized with l l mtrie acid using phenolphthalein
as indisatore Then a few ale exoess of acid were added and chlorine was
deterainod by the Volhardt method, A defintto volume of 002 1 AgNOS was
added and the solution wes titrated with 000X2 1 RuO using ferrio alum as
the Indliaterg

.3.



The oonoentration of ohlorine was oalculated by tie use
of the following foralas

Aal, oono.. (Ago/%) = A 3 - * x 0.71
correoted volume

The colleotion of ohlorine in alkaline porozidoio# yielding
all the ohlorine in the forn of chlorides, may be expressed by the
following equations*

Na2 02 + 2H2 0 - 2KON 4 H202
N202 + 012 = 2HC + 02
HC3 + NiCR - WaCI + 120

This method of anlysis indilates total chlorine a" is independent of

hydrolysis of chlorine by water vapor in the air***

0. Results.

The results of 1 runs using different ooncentration* of
chlorine are shown in table 1. Twenty mice were used in eaoh run*
RwA are listed in order of increasing analytioal concentration*

Table 1

Toxicity of Chlorine to gilos 10-aine Exposure*

nMouse: We I AA1. iTsp*#Reloi Deaths ttI Sby days)
Islot I se0One I thufts., 1 1 1s5 4 1 .6, 1 6 7 110 a I
- 194 Z 3 n 6.f. I IC. 1 1 1 1 I I I I I I

2 34 1 1/2 : 1 S10 1 28 1 33 , 0 O 0 1 0 1 1 1 1 1 3 2 10
12 , 1 I .I 1,59 1 17 33 1 3 4 1 5 6 5 6 I 8 8 9 , 45
15 IT , 2/ 1.59 , 23 2 29 s1 : 1 s 1 2 a2 , 2 , 2 1 2 a 3 u5 t 25
5, 34 :1. 6 I 33 1 l l ls 1 1 1 lI s 1 5

11 36 11I 1e3 17 I?33 3 7 .7,7 e ,I 87 7 6 , o 40
14 I s.1.85 a 1 / 2 5 2 1 6 6 6s 6 ,7 7 1 8 9 1 45
1: 1 /2 .. 00 1 26s8 3 O 0 1 3 5 1 38 3 : 3 1 3 , 3 , 3 . 15
1 7 1 2/3 21906 1 21 25 Ill Ill ll all l Il Ill Ill Ill l 1 60
10 so 1 55. 1 2 .0 14. 1 32 1 7 81O Ill 1 Ill ll ill Ill ll 111 1 55
9 3I 1 41 I2.1 I 6:3I 1U Ill :13 114 114 :14 sl4 :14 1,4 114 I 70
5 i 34 1/ s. 0  1 17: 32 a T , 9 ll I 115114 114 Il5 *15 t 16 . 75
i a 351 I 236 . 20 50 ta 20 Io SO 0 SO i ISO I SO W I0 0 0 20 30 100
4 1 86 s 1/6 1244 I 21 1 2 a 7 7 1 7 l 7 1 8 I 8 1 6 t 8 l 6 1 8 1 40
6 1 3I /10 1 2.52 1 20 u t35 1 6 20 .20 :20 .tO 120 20 lO 20 s l 20 8 100
7 _ 5,1 1/0 1 296, a 20 1 13 1 9 SlO .20 I30 .20 IS0 20 1 0 O 1 20 1 100

Fritz Rpbralm, Inrganic Chemistry, 1959& pe 585.
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Conoentration data (analytioal) and total deaths in
10 days are plotted in chart 1 from which the median lethal oonoentra-
tion of chlorine Is found to be 1.96 mgo/l., with an average deviation
for 12 runs of + 019*

Shortly aftor introduotion into the gassing chamber the
ioce experiened severe irritation of the upper respiratory trat

espeoially In the nasal passages* This caused a vigorous pawing of the
nose and mouth, very often so violent as to break the skin and cause
slight bleedinag The irritation soon passed to the lung@ and was ohar-
aoterised by labored breathing or dyepnea, gaspiM, yawnming, and spasmodic
oontraotion of the interoostal masoles, In the final stages the mioc
went into marked convulsions and died shortly thereafter*

H.e t log.

All of the mice dying in runs 13, 14, and 15 were autopsied
and a pathological study made of their organs*

Deaths apparently could be the result of one of three
oSuses. The first type showed a slight amount of edema in the lungs
aoompanied by congestione. In the second, odena of the lungs seemad to
be the predominating factor* The odema as patchy with a marked amount
of congestion. In the third# a secondary pneumonia was present. The
bronchioles and neighboring alveoli contained many polyaorphoneuclear
louoooytes, debris and fibrine

The animals from the three abovo-mentioned runs which survived
the 10-day observation period were killed and also examined under the
larosoope, In every case the ltngs were practically free from pathological
changes*

The ditz'ibution of the types of death showed that ihe great
preponderanse of the ohlorine deaths were due to *evere edema and congestion
(second type mentioned above)* There was only one death due to mild edema
and congestion (first type, above) and but two due to peumo na There
was no particular correlation botwen the type of death and the tine of
death although mest of the total deathse and therefore most of the severe
edema deatbe, ooeurre' during the first 24 hr. after exposure,

IV, DIeCU88ION,

A* Cencentrat ion Data.

V The agreement between the nominal and the analytical concen-
trations is shaim in table 2o

-5-



Table 2

CoNparison of Noiminal and Amalytioal Concoentrtions
of Chlorlue.

Run i Conoentrats o C.C
Io-mMTl I TAW aa U.Th° n U./..

1 o 212 1 2000 8 0.94
2 1 1.24 a 110 8 0.69
3 t 1.83 a 1.69 1 0.93
4 a 2.52 1 2,44 a o0g
6 a 2032 a 2.30 2 0.99
a 1 2.68 a 2.62 6 0.94
7 2 2e62 1 2068 a 1-02
S 1 2e42 a 2*36 a 0,97
9 1 2.18 2.16 1 0.99
10 a 2.00 * 2.06 1,03
11 a 1,78 1.83 a 1.03
12 1 1968 a 1.59 a 1.01
13 2,11 2,06 a 0,97
14 1,88 1 1.85 0o98
15 1,70 a 1.69 0.94

For the fifteen runs the aalytloal oonoentratione average
9703% of the nominal oonontrations, Aaalytioal oonoentrations were used
for the ocapytation of the median lethal oonoentration for mico.

Souroom of experiNontal error are tabulated below#

Source of error. Percent error

1 OhmitoL1 and p!.Zslol,

Purity 99997% 0.03

bo Anlytical concentration, O* - S/

a total umllireme found, depending on
titrating solution

*I* AgND3 used near mloes = 4
+, 0.02 IRIO 0,5

v volms of ow~le nmasured *A oorroaoed
mer - 10 + 0,01 1 001

- - ,1,.,*6a +. , ,



Peroent error

o Nominal ooncentration, C. = RA

R = weight loss/time. measured on a
flo meter, aoouraoy about 4,0

= airflow through chamber 4.0

2, Biologic.

a. Animals

Physiologlo variations due to age, sex,
former nutritional history, esto Indeteramrable

Be Median Lethal Conoentration.

The mod.au lethal ooncentration of chlorine for nioe as
found in this work (1996, with an average deviation of 1 0.19 ug,/,l) is
in good agreement with that found by the Chioago laboratory of the ND.Pe.Ce
(1*82, with an average deviation of + 02 ag/l).

The average deviation of the runs from the line (t 0.19)
appears at first glance to be quite large, but on ooamprison with the ia.laoe
it is aotually less than 10% of the latter, indicating a fair degree of
internal oonsistenoy of the runs made.

The difference in the oontrol death rates (0.O% in 10 days
for Idgewood Arsenal as oompared to 1% in 10 days for the Chioago laboratory)
might be an indioation o. the differnoes In resistance of the nice at the
two laboratories which made the Edgewood Arsenal .le*o the higher of the twoo

Deaths occurred mostly within the first 24 hr, after gassing.
oontinuing at a lessor rate until 48 hr. after gassing, then were only
sporadio for the remainder of the lOuday observation period*

The work described in this report was carried out on
malo mice of the CF-1 strain, purchased from the Carworth Farmso larlier
reported work on chlorie, EJ.*ToR. 361, earried out on healthy aloe with
no regard to sex ratio, when compared with present results give rise to an
interesting speoulation based on the following#

(a) When the mice used were seleoted for one strain with no
regard to sex ratio the melee* of chlorine was 1062 mg/le. with an average
deviation for 20 runs of + 0o19 age/i.



UNCLASSIPIED
(b) mn~en a second series of run. on ohlorine was made

usian 10 runs of the criginal strain of mice (sae as in (a) above),
and 6 runs of the CF-i strain (half males and half females), an m.lo.

of 1.7t mg.,/. with an average deviation for 20 runs of + 0.24 m./i.
was obtained.

(o) When another laboratory (University of Aioago Toxioity
Laboratory) using male mice of still another strain d. trained the aelso.
for ahlorine, the figure obtained was 1.82 age/lie with -n average devlation
for 10 runs uf + 0#20.

(d) 1te median lethal conoentration of ohlorine using male
mieo of the CF-i strain was shown in thic report to be 1,96 with an average
deviation for 15 runs of + 0.19.

These resulti would seem to Indioate that the m.l.o. for
ohlorine on male mice is higher than on a mixture of rale and female
Sice, This tends to corroborate unpublished findimgs at this laboratory.

V. CONCLUSIONS.

The median lethal conoentration of ohlorine for selected
male white mice of the Carworth Farm' CF-1 strain, for an ep osure period
of 10 mine and an observation period of 10 days, is 1.96 me./l * with an
average deviation for 12 rune of t 0,19 ag,/., Thu majority of deaths
were due to severe pulmonary edema.

VI, RCO MDATION.

None.

UNCLASSIFIEL
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Apparatus Used for Determination of' Media~n Lethal Concentrt Iton of'
chlorine -Tor luliae.

0Objects To show setup of' apparatus.

Deseriptiont 1. cylinder containig chlorine.
?, Pressure equalizer tube.

3. Chlorine flowrnetoro
4-, Tomior co'ataininZ- absorbent f'or excess chlorine f'rom

equalizar tubOa,
5, Glass mixing bowl,
'5. Gassing cheamber,
7" 1.jouso-oage oarriae.
86, Twenty-osompartment mouse eftge,
9, Ssmple abnorbing bubbler.
.10. W~t mator equipped with theoraicter &tnd wauometer,

for mieasuring gas-air semiple volurae.

Project- Ai 10.4, Ccllncton of' Toxicity Da~ta.

D-tte: ihoto -rcphed at Edgevfood Arsns'), July 9, 1941, for use in
technical reports.
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