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Median Lethal Conoo:;trntion for Mioo,

ABSTRACT

DbJoot.

The objeot of projest A 10,4 ies to oolleot “exmob
infcrmation on all those metarials whioh may be indiceted by the liter-
ature or by Chemioal Warfare Service research ag of' possible interest
for offensive ohemionl wariare agents®,

"y

The obJeot of the work desoribed in thie repert was to
determine the medlan lethal concentration of ohlorine for white mien
for smn ezposure psriod of 10 nin, and an cbeervatiocn period of 10 days,
Direstions regarding the work were given by the Chlef, Chemioal Warfure
Service, an followsy “In order that a oconsistent basis of oomperison
oan be waintained on all toxic oompounds, it is desired that the median
lethal oconsentration of ochlorine for white mioce on a 10=-min, exposure
be obtained experimentally and in sufficient detaill to be reliable amd
that this value be used ae & standard™

4

Results,

Lethallty to mice; Filfteen runa, using & 10-min, sxposure
period and an ¢baervation period of 10 days, gave the following results; ;

- RS P = F S

+ 2nd ind,, OWS 319.1/2183, C, OWS, April 12, 1941 to CG, EA, on letter,
C, OW3, March 24, 1941, Frojest A 10e4, S0 0G, BA,
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ABSTRACT (Cont'd,)

T WA < 1%
UNCTASSIFIED
j Analytioal Fraotion Per oent
f Jonen, desd deatho
REe/dn )

1,10 2/20 10
A 1469 9/20 48
[ 1,69 6/20 26
' 1.89 1/20 6

1,83 8/20 40

1.86 9/20 46

24,00 3/20 15

2,06 12/20 80

2,086 11/20 (13

2416 14/20 70

2,30 156/20 78

2,38 20,/20 100

2,44 8/20 40

2,62 20/20 100

2468 20/20 100

Conolusions,

The mediun lethal oconocentration of chlorine for selected
male white mioce of the Carworth Ferms'CF=1 strein, for an exposure period
of 10 min, and an ebssrvation poriod of 10 days, is 1,88 mg./1. with an
average deviation for 12 runs of ¥ 0,19 wg,/l. The majority of desths
were due to savere pulmontry edems,

Recomuendetiona,

Nono.
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CHLORINKE.

Median Lethal Conocentration for Mice.

I, INTRODUCTION,

The objeot of projeot A 1044 is to collect “axeot
information on all those waterials whioch may be iudiscated by the liter-
aturs or by Chemioal Warfare 8S8ervice reaemrch as of possible interest
for offeneivs chemioal wurfars sgents®,

The object of the work desoribed in tl.is report was to
deternine the xe limn lethal consentration of chlorinme for male whi‘te
mioe of certain apecified charmoteristics for an exposure period cf 10
min, and an observaticn pnariod of 10 days, The immediute purpose of
these determinations was to sooure resulta which are direotly comparablo
with results ohtained by the N.DyReCe on the sams strein of white mige,
It wae elso desired to seaure acourcte date ow ohlorine with the ideea of
using ohlorine as a stenderd of oomparison [er other toxie compoundsy*

TI. BISTORICaLe

The medien lethal oonocentretion of chlorine for mise wes
reported in E.A.T.R. 3561 @as 1,62, with an averege devietion of # C.19 mg./1,,
for mice seleoted at random and 1,78, with an sverage deviation of 1 0424
q;./l._. for speclally seleoted mico,

The Unlversgity of Chisago Toxloilby lahoratory hes reportedsx
the median la:tlal oconsentration of chlorine for niice of the seame strain
a5 those used in this report as 1,82 mg,/1, with an svernge deviuticn of
0,20 mg, The mice used showed a 10~day desth rate of 1%,

II1, EXPERINENTAL,
A. _Ilt.riﬂl.
The chlorine used in the work desoribed herein wes obteined

from the Toxle Gas Yerd, Anslysis by the Auslytioal Department of the
Research Division showed it to be 99,97% pure,

*  2pd ind,, CWS 316,1/219%, C, CW8, April 12, 1941 to CG, Zi, on lettsr,
C» CWS, Maroh 24, 1941, Project & 1044, to CG, BAe

*»  The Toxloity of Chlorins Gas for Mice, NeDeReCe 131, Division Be
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B. hml'.

The mice used were purchased from the Carworth Farms
under the following specifioations; White (albino), all male, single
uniform etrein (Carworth Farms*® CPel strain), 16 to 26 g, in weight,
6=1/2 to 6=1/2 weeks of age on receipt from desler, g.od phyricel oondi-
tion and appesrence, free from pareasitio or inseet infection, These
were purchased under the sume speoifiocations avw ured Ty the ¥,DeR4Co

Three lots were used, nemely, lots ., 38, 222 §/, Twenty-
five mice from each lot were set wside as controis to be ohrorved daily
in order to establish the daily desath rate, Tswential date are listed
b.l".

Lot 3 Date 1 Obsorvation ; Dally death . Used

N ' - t '
M 1i2/28/41, 23 8 0,0 8 leb
36 s L/T/42 20 s 0ol 3 6G=12
37 1/23/42, 19 ' 040 1 1316

Two new gassing chambers oonstruoted of monel metal were
installed in the rear rooms of bldge 113, These were similar in design
t0 the gassing ehamher in the fronmt room of the sume building and desoribed
in Be.A.T, reports 119 and 321, The volume of each chamber was 368 1,

One of these was used in the work desoribed herein,

The mouse ocage and omrrier uced wers identioal with those
desoribed in EeA(TeRs 1244 The apperatus for ocollection of gaseeir
ssmples from the ohsmber for analysis was the asame as that desoribed in
BehoToRe 319¢ All apparatus is shown in photo, 8798, atteched,

The airflow through the ohamber was messured by an orifioe
meter in the efflusat air line, This meter wes oalibrated by direst
motksuremsnt of the sirflow by moans of a large dry mete. pleced in the
line, The dry metsr was manufsctured by as American Meter Co,, New
York, NoY, and was guareanteed by its meke . to hare & maximm error of 1%,
This method of oslibration of the orifice weters used li weasuring chember

sirflows is dosoribed in detail in am EedeT, report now in preparation;— ..

De _’!“.‘"C.

Concentrations of chlorine were established in the gassing
chamber by the same method as that deveribed in B.A.T.R. 321, Brisfly,
the airflow through the chamber was first started and set at 250 1,/ain,




Qe r eue s

Then the chlorine was introduced into the oharber through & flowmwter
which was maintained at & constant level by means of an eqwaliser tube,
¥hen the flowmeler reached the desired ievel a stopwatoh was atarted,

From the caloulation, tgg = 4.8 X “1%;%"“' » & 388~1, ohamber

requires 7,1 min, to reach 99% of constent oconcemtration at an airflow
of 2850 1,/nin, Bampling was started after 3+1/2 min, had elapséd, The
nice were imtroduced at the 10th min, and exposed for 10 min,

The interior of the ohambor was protested from corrosion
Wy being sprayed with a nonreactive lacquer composed of oellulose sostate
dissolved in soetone and plactieized with triaeetin,

Samples of the gas=air nixture, withdrewn from the gassing
ohamber for analysis at the rate of ) 1,/min,, were uniforaly 10 1, as
nedsured by the wet meter, The true volume of the sample was calouluted
fron tha barometrie pressure ¢nd the meter manometer reeding,

Barometer (mm,) - Manometer (mm,.) , 1

True volume = Berometer )

Be Yomintl socnoontratione,

The oapillary flowmetur for ohlorine was ocalibrated by direst
snalysls of & timed sample, Tha setup desoribed in E.AT.Re 321 for
ealihration of flowmeters was used, BSeveral levels of the flowmeter were
oheoked in this way, The analytical results (in mg./ain,) were divided
by 350 1,/uin, (the airflow through the ohamber) and i:bs quotient, now
expressed in mg, Cl/1, was plotted ageinst the correspording flowaeter
heightse A smooth curve was drewn through these points sxnd the nominal
conoentration for any height was reed directly from the graph, This
surve is shown in ohart 2,

Te mgp_ion Conoentration,

Bamples of the gas=air mixture frow the ehamber wers absorbed
in 26 nl, of an 80X solution of sodium peroxide in water contcined ia one
absorption tube, Experimental werk showed that there was no necessity for
e seccnd abaerption tube, After oclleotion of the sample the solution was
hated to bolling for 30 min,, amd the water lost by boiling wes repleced,

It was then oooled, and neutralised with 131 nitrie soid using phenolphthalein
a8 imdicator, Then & few ni, exoess of aeid were added and ohlorine was
deterained by the Volhardt wethod, A definite volume of 0,02 N AgNOg was
added and the selution wes titrated with 0,08 X MHON using ferrio slum ae

the indiestor,




The oonocexntration of chlorine was ocaloulated by tae uae
of the following formule;

(mle AgNOy = ml, WaSCN)

Anal, oonom, (mge/ds) = eorrested volume

X 0,72

The ovolleotion of chlorine in alkaline peroxides, yielding
all the ohlorine in the form of chlorides, may be expressed by the
following squations+,

Nag0g + ZHaQ = 2MOH + Hy0p
g Hp0p +Clg = 2HCI + Op
- HC) <+ MCE = MaCl + Hgo

This method of analysis indioates total ochlorine and is independent of
hydrolysis of ohlorine by water vapor in the eires,

Gy Results.

The results of 16 runs using different conoentrations of
ohlorine are shown in table 1, Twenty micoe were used in eaoch run,
Ruils are listed in order of inoreasing analyticsl consentration,

Table 1
Toxieity of Chlorine to Mice; 10»min, Exposure,

Run siouse; Date ; Anal, sTompetneles Deaths (totuI’ by days]
‘ s lot t 8181 4 T 1718430 N
[ ] ] ] L} ] t ] | ] s [ ] ] ]
21 331/ 3110 3 28 535304504012 31 1313148 24 10
. 12 ¢ 36 s 1/10 9 1069 o 17 4 33 ¢ 3 s 4 ¢ 6 1 5 46 46 g8 ;8 g8 O 46
16:87.2/8 gt 169 3 23 3 29 31 11 31 2232 32¢2:243: 5, 25
31 34 318 1460 1 284335 ¢1 510232823220 1s1s 1, B
11 0 365 9 1/10 5 1,88 4 17 ¢ 35 18 37 1 7 47 181898 48,8, 8, 40
‘ 14 ¢4 37 1 2/8 1186 ¢ 23426 36 38 ¢ 6386 3837 748108, 9 45
1s ¥ ¢1/28 28,00 ¢ 28 ¢35 4043933343 ¢8523:333,¢ 5, 18
18 4 57.3/3 t 2,08 o 23 4 26 81l 3511 1) 421 411 411 511 51) 411 4 QR 4 6O
10 ¢ 36 ¢ 1/11 ¢ 2,08 .4 1€ ¢ 32 3 7 410 311 11 11 11 411 o11 411 5 11 ¢ 66
s 35 4 1/01 4 2,06 ¢ Q8 4 32 11 412 413 424 14 424 214 14 424 404 4 TO
B¢ 34 511/8 5 2,30 ¢ 17 4 38 5 T ¢ 9 411 g18 413 24 414 ¢16 15 ¢ 18 4 78
s 354 1/00 3 2,88 1 20 4 50 ¢ 3 420 420 120 520 420 420 420 420 4 20 4 100
43 303 0/8 R4 ¢ 21 432 07 ¢TTe 783838988, 8, 40
6 4 354 1/10 5 2,68 1 20 ¢ 83 ¢ 4 320 430 320 £20 420 120 20 4R0 3 20 y 100
T o 38 3 1/00 5 2488 3 20 o 23 ¢ § 380 ¢80 430 4230 280 480 430 20 ; 20

3
100 i
*  Iriss Bphrain, Inorganio Chemistry, 1939, p, 383, i
¢ RolaToRe 321,




| Conocentration data (analytiosl) and total desths in

' 10 deys are plotted in ohart 1 from whioh the median lsthel concentra-
tion of chlorine is found to be 1,98 mg./l., wWith an sverege devistion
for 12 runs of + 0,19,

8hortly sfter introduotion into the gaseing ohember the
mice experienced severs irritation of the upper respiretory traect
eapscislly in the nasal passages, This oaused & vigorous pawing of the
! nose¢ and mouth, very often so violent as to break the skin and acsuse
slight bleedinge The irritation soon passed to the lungs and was ohar-
aoterized by lebored breathing or dyspnes, gasping, yswning, and spasmodioe
oontraotion of the intercostal musoles, In the final stuges the mioce
wont into marked oonvulsions snd died shortly thereafter,

He l‘!tholosz °

All of the mioe dying in runs 13, 14, and 15 were autopsied
eand a pathologloal study made of their orgens,

Deaths apparently ocould be the result of one of three
osuses, The firet type showed & slight amount of edema in the lungs,
socoompanied by ocongostion, In the second, edems of the lungs seemed to
be the predominating faotor, The edema wus patohy with a marked amount
of ocongestions, In the third, & seoondary pmeumonia was present, The
bronchioles and neighboring alveoli ocontained ms&ny polymorphoneuclear
lewoocytes, debris and fibrin,

The animsle from the three above~menticned runs whioh survived
the 10=day observation period were killed and also exemined under the
miorosoopey, In every ocase the lungs were praoctiocally fres from pathologieal
changes,

The diatribution of the typea of death showed that the great
preponderanse of the ohlorine deaths were due te severe edema and oongestion
(ssocond type mentioned sbove)es There was only one death due to mild edems
and oongestion (first type, above) and but two due to pmeumonia, There
was noe partioular correlation between tha type of death and the time of
death although meat of the total deaths, end therefore most of the severs
sdema deaths, ocoourre. during the first 24 hr, after exposure,

1v, DIBCUSSION,

Ao Conoontration Data,

The agreemsnt between the nomirval end the analytiocal eoncen~
trations is showa in table 2,
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Teable 2
Comparison of Nominal and Analytioal Conmoentrations
~of Chlorine,
“Run s Toncentration T Ce/Cn
s ] ot ]
|} WEe/de Be/de t

1 202 g 8 1 O.04

2 1e2¢ 1,10 1 0.89

3 ¢ 1,83 ¢ 1,89 1 O.0

4 8,82 1 2444 g 0,97

8 2432 ) 2,30 s 0499

8 2,88 2,82 s 0O.94

T 2,62 3 2,68 s 1402

"t B | 8.‘2 ] 2.86 ] 0.97
{ ? 1 2,18 2,16 r 0,99
10 [ 2.00 ] 8.06 ] 1.08

11 1,78 3 1,33 N 1,03

13 | 1'58 [ l.bﬂ | 1.01

13 2,11 1 2,06 3 0,97

14 , 1,88 1,86 1 0498

16 1,70 t 1,89 t 0,94

For the fifteen runs the analytical conocentrations average
97,3% of the nominal concentrations, Analytiocal concentrations were used
for the computeation of the medisn lethal conocentration for mice

Bouroes of sxperimental error sre tabulated below;

Source of error, Peroent error

& le¢ Chemiosl and physiosl,

. ®e  Ocmpound
| { Purity 99,97% 0,03
‘.3 I be Anslytionl comceutration, op = m/v

g | » = total milligrems foumd, depending on
' titrating solution
W mle AgHOy Used near meleo, = 4

i

+ 0,02 m1, (VN ]

v = voluws of semple, measured on oorrected
neter = 10 t 0'01 1. OQI




>l

W’-\l‘"?"”"

Peroent error

0¢ Nominal oconcentration, Cp = R/ﬁ

R = weight loss/time, measured on a

flommeter, scouracy about 4,0
Q = airflow through chamber 4,0
2, Blologils,
&y Anlmals

Physiologio variations due to age, wsex,
former nutritional history, eteo, Indeterminable

Be Median Lethal Conoenstration,

The median lethal oconcentration of chlorine for mice as
found in this work (1498, with en average deviation of # 0.19 mge/1le) is
in good agreememt with that found by the Chicago laboratory of the NyDeReCe
(1682, with ean average deviation of + 042 mge/ls)e

The average deviation of the runs from the line (4 0.19)
appears at first glenoe to be quite large, but on comparison with the melete
it is actually less than 10% of the latter, indiocating s feir degree of
internel oonelstenoy of the runa made,

The difference in the oontrol death rates (C,0% in 10 days
for Rdgewood Arsenal as compered to 1% in 10 days for the Chioago laboretory)
might be sn indioation o.' the differences in resiatance of the mice at the
two laboratories whioh made the Edgewood Arsenal me,l,cs the higher of the two,

Deaths ocourred mostly within the first 24 hr, after gassing,
eontinuing et a lesser rate until 48 hr, after gassing, then were only
sporadio for the remainder of the 1lO~day observation period,

The work described in this report was oarried out on J
male mice of the CP=1l strain, purchased from the Carworth Farma, Rarlier
reported work on chlorine, B.heTsRe 361, oarrisd out on healthy mios with
no regard to sex ratio, when ocompared with present results give rise to an
interesting spesulation based on the following

(a) When the mice used were seleoted for one strein with no
regard te sex ratlo the milec, of chlorine was 1,62 mge/le wWith an aversge
deviation for 20 runs of + 0,19 mge/1e

R N e e R e e et ety sttt ..
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(b) When a seocond series of rune on chlorine was made
using 10 runs of the original strain of mice (wame as in (a) above),
and § runs of the CF~l strain (half males and half femsles), an m.l,.c.
of 1,73 mg.,/ls with an average deviation for 20 runs of + 0424 mg./le

was obtalined,

(o) When another laboratory (University of 1ioago Toxioity
laboratory) using male mice of still another strain d rmined the mel.c.
tor chlorine, the figure obtained was 1,62 ag,./ls with .n average deviation
for )0 runs of + 0420,

(d) The median lethal conoentration of ohlorine using male
mioe of the CF=1l strain was shown in thicz report to be 1,96 with an average
deviation for )6 runs of + 0.19, '

These resulty would soem to indloate thut the m.l.c. for
ohlorine on male mioe is higher than on a mixture of rale and femeale
mlose This tende to ocorrotorate unpublished findiugs at this laboratory,.

V. CONCLUSIONS,

The median lethal conocentration of chlorine for selected
male white mioe of the Carworth Farms' CFe=l strain, for an exposure period
of 10 mine amd an observation period of 10 davs, is 1,96 mg./1, with an
average deviation for 12 rune of + 0.19 mge/*. Tho majority of deaths
were due to severe pulmonary edema.

VI. RUCOMMENDATIONS.

None,

|
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Apparatus Used for Determination of Medisn Lethal Concentrestion of

Desoription:

Project:

Dates

Chlorine for ifice,

To show setup of apparatus,

1. Cylinder containing chlorine,

2o Pressure squelizar tube,

3¢ Chlorine llowmetor,

44 Tower containing absorbent for excess chlorine from
equalizor tube,

54 Glass nmixing bowl,

6., Gessing chamber,

7. lMouse-cage oarriaze,

8, Twoenty-compartment mouse cage,

9, Semple sbsorbing bubbler,

10, Wet meter equipped with thormomcter and menometer,

for measuring gas=air sample volunms,
A 10,4, Cclleeticon of Toxicity Datn,

Fhotographed at RBdgewood Arssne), July 9, 1941, for use in
tashnicol reports,
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Subaitted; Supervised;

5.1, Sﬁgﬁ

1'* Ltey ColfeB,

' . Bdited:
e FOrgul ‘
) ‘_ ‘r. NS

chior. Informmt on Diviuon.

L htllorl.
ORLORINE, Approval resommended
WedIan Yethal Conaentration for
Nioe,
| ] [ ] »
Colonol. C.W.B..
Chisf, NMediosl Researgh Division,

Bxperimental work,

Started; Juauary 2, 1942
Oompleted; February B, 1042
Notehook: 792

Aua's, Chief,
Research & Development Depertment,

EeloToRe 373,

e s mee

APPROVED s )
Projects A 1044 Z
L ol antte |
1
10 cepies mog Celensl, CeWeB,,
Typed b ", ] Chief, Researsh & Development Dept,

Jorwarded, July 17, 1942,




