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e
/SUMMARY

1. Twenty-four men were exposed in groups of aix
under hot humid conditions to a Ct of mustard vapour of 1210-1250

when {t) was varied from 40 minutes to 240 minutes,

2, Under the conditions of thege trials, no great difference

could be detected in the lesions produced.

3e The number of meon exposed in each group was limited

by the capacity of the chamber.

(H.M. Barrett)
A/Chief Superintendent
Experimental Statioh,
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OOPY NO-..vob

13 Aug 45
EXPERIMENTAT, STATION
SUFFIELD, ALBERTA
TECHNICAT, MINUTE NO. 103
Effoctiveness of Given Ct's of Mustard Ges Vapour for Long
BExposure roriods Under Tropiocal Conditions
INTRODUCTION AND OBJEGT
1. The results,in some instances communicated privately, of work which

has been carried oubt ab different times in the United States amd in the
United Kingdom suggestsesd that the direct relationship between the physio-
Jogical effect =nd the product of the concaentration and the time of
expceure ("Haber's product") may not hold for the aotion of Mustard Vapour
on the human skin when the times of exposure ars short. For example 1t
appeared that a Gt of 300 might possgibly be more effective when the time
of exposure was 3 min. than when it was 30 min.

2. Since,
{a) Estimates of ammunition expenditure are normally based

on the asssumption that the time of sxposure will be from 4 to
6 hours,

(b} The present estimates as to the physioclogical effects
of given dosages (Ct.) of mustard vapour have, for the most part,
been exbrapolated from exposure times of from 20 to 60 minutes
duration,

it wag felt desirsble to carry oubt trials to comparc thoe physiological
offect on men whon the dosage (Cht.) of muctard vapour remained constant
but the time of exposurc varied from about 30 minutes to 4 houxs,.

3. A Gt of 1000 has been accopbted as that likely %o make casualties
of the majority of men exposed under tropical conditions when protectsed
only by a reapirator and wearing non-inpregnated clothinga

Lie The investigation abtbempted to determine, wder simulated tropical
conditions in the chamber, the differences in geverity, if any, between

the physiolggical effsects on the human skin produced by a concenbtration

of 33 mge/m” of H vapour over 30 minubcs (ct » 1L000) and a concentration

of 4 mg./m> over 240 minutes (Ct = 1000).

Se For obvious reasons, unprotscted men could not be sxposed to thess
Ot's of H vapour. The technique of exposing 1imited areas of bare skin

to vapour by means of vapour cups is open to the criticlsm that in achtual
warfare, only smsell areas of bare skin would be oxposed to vapour, the
greater portion of the gkin being covered by olothing which may well

afford somse degrcee of protection. Ths application of wvapour cups to
clothing epplied over the skin is also of doubtful validity since H

vapour probably produccs its effects partly by penetration of thse cloth-
ing snd partly by passing through the spertures in the clothing, c.g. at
the cuffs, ankles, snd various closures. )

é. In this investigation, limited arcas of the skin were exposed
to = Cb of 1200 by means of a technigue which atbempted to avoid the
errors mentioned sbove. It was assumed thet the onemy would not have
impregnatod clothing avallable and would wear long—sleeved and long-—
legged non-imprognated garmonts.




PROCEDURE

Te 8ix observers per trial were oxposed in the chamber to a Ot
of about 1200; t #* 40 mins; 2 hours} 4 hours.

8a They were dressed as follows:

Undershirts, long-slceved, impreognatoed.

Undsrpants, long-legged, impregnatod.

Shirts, XK.D., long slceved, non-impregnated,

Trousors, K,D., long leggod, non-impregnated,

Hoods, U.Ss CC2 impregnatbted,

Resplirators -~ light typoe.

Socks - impregnated.

Boots
9. The slecevoes of the undershirt were rolled up to just above the
olbowsa and fastenoed with tapes in Trials I and IXL, In Triasls III and IV
the slesves wore rolled to a point below the bend of the slbows and
sceured in the same way. Anti-gas ointment No, 5 was applied to the
hands and wrists. '

10, The legs of tho underpants worc rolled up and sccured with
tapes just bolow thoe kneoes.

1l The cuffs of tho non-—impregnatod K.D. shirts woere fasbtenod
in the ordinary fashlou. The trousers weres lofbt open at tho bottom.

12, In cach trial the mon moved from chair to chalr evory 15
minutes during their exposure. After tholr sxposure they continued to
wear their clothing and romalined in a warm room for a minimum of 2 hours,
After sach trial tho men wore examinod at intervals of 24 hours until
their lesions were fully doeveloped.

Chamber Conditions

13. Temp srature and humidity were both difficult to maintain ab
any sclected lovel ag thero was no regulating equipment by which they
could be combreolled. Hoating was by means of clectric radiant hesters
and cooling was achieved by cooling the room in which the chamber was
located, The relative humidity was incrsased by injccting steam through
one of the ports in the wall of the chamber aftor tho walls, ceiling and
floor had becn thoroughly webttecd by mesng of a powsr drivon spraysr.

The only means of docrcasing the relative humidity was by shutting off
the flow of sbeam. The sought~for chamber tempsrature was betwson
80~85°F, and the relative humidity 80-85 per cent. Those figures varied
somowhat and are shown with the portinont triale Appendix I gives
dotails of chamber conditions and chemical analysis of the concentrations
employed. Appendix III shows the btempoeraturs variations and relative
humidity of the externsal conditions during the four days following the
trial. .

RESULTS

Trial T

1a The exposure was for A0 rinutes to a botal Ct of 1250, The
tonperature was 97°F. and tho R.H, was 90%. Tho noxt 3% hours wero

spent in a room at 80°F. Erythoma had commenced to develop within
2 hours of exposure,




Lt 24'hours.

15. A1l of the men showed erythems and ocedema of the arms which
involved the olbow joint and mads movement very uncomfortable., Four
of the men had pin-point vesication of the exposed areas on the arms.

16. Three of the men showed erythema and Oedema of the lags

and thres of the men had intense erythema without osdema of the tissue.

17. One men @Qomplained of systemic symptoms of nausea and vomiting.'
At A8 hours

18. Five of the six observers showed gkin effects which ﬁere of

the seme order of severity, the affected areas on the arms being extensively
vegicated and swollen,

19. The involved skin on the legs showed erythema and oodema with
commeneing pin-point vesicastion on blanched areas,

Trial IT

20. Exposure was for four hours to a Ct of 1250. The tempsrature

was 87°F. and R.H. varied between 75-85%. They were removed from the chamber
at the end of each hour for 10 minutes. The 12 hours following exposurs
were spent in a Toom at 75°F.

At 2/ hours:

21. The unprotected areas were involved by erythema. The effects
on the arms were more marked than those on the legs.

Lt A8 hours:

22« Three men showed erythema and oedoma of forearms and legs and
three men showed erythema alone of thesgse areas.

At 72 hours:

23 Three of the men showed erythema and oedema of the forearms and
legs with scattered areas of pin-point wvesication.

Teiel III

2l HExposure was for 2 hours and five minutes to & Ct of 1250.
The temperature was 88°F, and the R.H. 84%. The men 4id not leave the
chamber during the trial. At the end of the sxposure the men remained
for sn sdditional two hours at room temperature (75°F.).

At 2/ hours:

25. A}l of the men showed intense erythema and oedema of the srmsg
end legs. 'Three of the men showed vesication of the forearms and one
man had vegication of the calf of one leg.

At 48 hours:

26, Al11 men showed intense erythema and ocedema of the forearms.
Three of the men had larggagesicles on the forearms, 2 men showed many
small vesicles and one med pipepoint vesfcation in this region.

A

27 « All of the men héd intense erythema and ocedemsa of the calves
of the legs, one man having scveral large vesicles and two men showing
exteonsive pin-point vesication in this arcsa.




At 72 Houxrsg

28. A1l of the men showed intensive erythema and oedema of the
forearms with wide spread vesgication of these areas.

29 Six men showed exitensive erythema and osdema of the calves
of their legs. Two men had large vesicles of the legs and oné man showed
pin-point vesication.

30.- No further progress was made in the leasions after this time.
Trisl IV : -
31. Exposure was for /4 hours to a Ct of 1210. The temperabure was

92° and the R.H. was 90 per cent. 'Movement while in the chamber was
carried out as in Trials II and III. The men were removed from the chamber
at 2 houra for a 10 minute period. At the end of their exposure the

men remained in a werm room for 2 hours (temp. 8S0°F.).

At 24 Hours
32; All of +the men shcwed erythema and oedems of the skin of

the forearms. Three men showed pin~point vesieation of this area.
Five of the men showed erythema and oedema of the calves of their
legs, one man showed erythema with no oesdema of this area.

At A8 Hours

33. All of the men still showed erythema and ¢edema of the skin
of the forearm., Thrse of the men showed extensive vesicabion of +this
area with moderete sized vesicles. Two of the men showcd pin~point
vegication of this aresm,.

34e All of the men showed erythama and oedema of the legs. One
man had large vesicles of the e¢alves of his legse. Three men had pin-
point wsisles on thls areca.

DISCUSSION . - : - - '

35. The resulbts {(Habulated in Appendix IL) do not indicate any
gilgnificant difforences in effects bstween exposure times of 40 min.,
125 min. end 4 hours (Trials I, III and IV). In Trial IT, in which
the exposure was /4 hours, the Issions wore gsomewhat milder, but it
should be noted that, in this trial, the men were removed from the
chamber for 10 minutes in overy hour instcad of for the one period of
10 minutes at the ond of 2 hours sdopbod in Trial IV. Althouwgh the
aggregatc cxposure was for 4 hours thesc breaks may have had some
mitigating effect on the rceasullts.

36. The results afford some confirmation that, for unprotectod
men under hot, humid conditions, = dosage (Ct.) of the order of 1000
ghould cause a high percentage of absolute casuvaltics with any period
of ocxposurc likely tc caome under consideration. It is possible that

a dosage of this magnitude is too high for small differencos in the
goverity of the burns to bocome apparcnt, and that if the series

of trials were repeated at a dosage of (say) 500 the diffeorences, if
any, causcd by varying the time of exposure, might boc more apparonbe.




CONCILUSIONS

37 - Under the conditions of these trisls, no great

difference could be detected in the reaction of men exposed to a Ct
of mugtard vapour of 1210 to 1250 under hot humid conditions when the
times was varied from 40 minutes to 240 minutes.

RECOMMENDATI ONS .

38. If this triasl is to be repeated, it is recommended
that a lower concentration be selected and a mores rigid control
be maintained on tomperature, relative humidity and the uniform
addition of mustard vapour throughout the trials.

o
These ;Eials were carried out by Lib. Col.XSomerville
R.AM.C. and S/I”Dobson R.C.A.F. of the Physioclogy Scetion,
Experimental Station, Suffield, Albexrta.

(.5, Barrett)
A/Chief Superintendent,
Experimental Station.

HMB /EW



APPENDIX T

Trial I (Carried outll Feb 45)

The following H concentrations were found:=-

Time C, mg/md

242 -2+ 7 = 23 mp/s
Z+7 -2z %12 = 27 mg/md
Z 13 - Z 4 18 = 25 mg/m®
Z 418 -2 4+ 23 = 36 ng/md

Z - 7 + 18 - 28 mg/mB ct = 500

ft

Z % 18 = Z 4% 40 = . 34 " v Ct z 750

ct, 2 - Z2 + 40 1250

lMeteorological Conditions

At start T = 97° R.H. = 83%.

At finish T = 98° R.H. = 93%
Average . 7 = 97° R.H, = 90%




APPENDIX I (Cont'd)

Trial TII (Carried out 8 Feb 45)

Time C, mg./m® ot

Z 9.1 o}

Z 4 15 6.1 140

‘ Z + 30 4.8 250

45 5.3 300
60 4.0 380 B
75 5.5 440
90 6.l 525
105 6.0 815
120 - 4.2 705
135 . 4.0 765
150 5 825
165 3.9 885
180 5.2 945
195 ‘ 6.3 1025
210 .. 5.4 ' 1120 -
225 4.5 1200
240 1260

Rest periods were not counted in the exposure time. *Phey ocourred at
Z + 60, 4 + 120, 2 4 180.

Total Ct = 1250

Meteorological Conditions

At start T = 88° R.H. = 75%
At Finish T = 88° R.H. = 85%
Average T = g7° R.H. = 81.5%

An independent trial in which samples were baken from a chamber céntaining
men in CCz impregneted clothing showed essentially no ¥ present.

The impregnite does not give off vﬁpours which react with the iodoplatinate
reagent under these conditions.




APPENDIX I (Cont!d)

Trial III {Carried out 25 April 45)

zZ

Z

-2 4% 15

+ 15 30

+ 30 45

+ 45 60

+ 60 75

+ 75 90

+ 20 105
+ 1056 . 125

Cumulative Ct by Todoplatinete lethod

150
330
430
630

710

1060

1250

‘‘eteorological Conditions

At start

At finish

Average

T = 87° R.H. = 75%
T = 88° R.H. = 84%

T = gg® R.H. = 84%

tinalyses were done by the ilodoplatinate method, and the DB3 method.

Results arree well, the Ct by DB3 method being 1400.

Lowest concentration of H wepour = g5 mg,/ﬁs'(ls nin. av.)
Highest concontration of vapowr = 12.5 mg./’m3 (15 min. av.)

Average concentration of H vapour = 10.0 mg./m® (15nmin. av.)




APPEUDIX I (Cont'd)

Trisl IV (Carried out 12 Jun 45)

H Concentrations

Time - Cumvlative Ct
By JTodonlatinate By DB3
7 - 4 4 30 140
60 230
€0 370
120 530 - © 710
150 720
180 900
210 1060
235 1210 ‘ 1610

The ngreement bobtween Cts found by iodoplatinste and DB3 methods
is not good. No explanation can bs offered, other than inhomogeniety
within the chamber. In all four trisls to date, the icdoplatinate
samples heve been taken =t the serec port, nnd resvlts should therefore
be comparable. -

*etoorologicesl conditions

Termpersturs R.pte
AVESTrage 7 g2° 20% A
e ximum o3 95%
Minimum . ) 8g° . 75%

Lowest concentration of I vapour = 2.80 mg./ﬁs (15 i, ave. Iodo. method)
Highost " "oog u 7.00 n uoon n W n

Average " w H i1 5,10 t i1 1 it I 1
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: APPENDIX IIT

%

TEMPERATURES AND RELATZI;’VE‘HUMIDITIES ON DAYS OF TRIALS AND

FOLLOWING 96 HOURS.,

¥
¥

DATE . MIN. . MAX. MEAN R.H. %
TEMP. i TEMP :
(GF) (OF) - R T
TRIAL X
1 FEB 45 14 6 95
2 FEB 45 -4 4 93
1 FEB 45 -8 6 90
4 FEB 45 -1 33 87
5 FEB 45 8 22 91
TRIAT. ITI
25 APR 45 23 37 83
26 APR 45 16 50 76 .
27 APR 45 32 38 91
28 ATR 45 29 38 86
29 APR 45 26 59 48
TRIAL IX
12 JUNE 45 | 39 66 57
13 JUNE 45 36 60 71
1/ JONE 45 43 66 70
15 JUNE 45 FAR 67 64,
16 JUNE 45 43 72 71
NOTE: Temperature imside buildings is maintained around
75 & 5 °F. ’

As all arms and legs were bandaged from Z 24 hrs.
for the following week the temperature of the lesions
was probably around 98°%F,
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