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HIV/CR/MVM.

—— . — ot

A trial has been carried out under temperate conditions, in which

the relative vesicancy, through clothing of HTV/CR, HTV/CR/MM and HTV/MM
was compared by applying 2 mm. drops (5.2 mg.)of each agent onto a striyp

of battle dress placed on each forearm of 10 observers.

The strips of

battle dress serge were left in contact with the skin for a period of four

hours.

2.

The lesions produced by the vesicant drops were measured at 24
hours, 48 hours and 72 hours.

At 48 hours the total areas affected by

individual drops had axial dimensions which ranged about a mean of aboutb
3.3 x 3,0 cms.

3.

A statistical analysis of the results showed that, whilst there

was no signiricant differernce between the area of vesication and exrythema
produced by HIV/CR/MM and HTV/MM; HTV/CR produced lesions which were on an
average significently greater (20 -~ 30 per cent} than those produced by the

other twoe.

A

It was noted that this slight difference in effectiveness appeared

to be related to the viscosities (4.65 p. for HIV/CR and 7.96p. and 8.9 p.
respectively for HITV/MM and HTV/CR/MM} of the materials under test.
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EXFERIMENTAL STATION
SUFFIELD, AL.ERTA

TECHENICAL MINUTE NO. 89

COMPARISON OF THE RELATIVE VESICANCY OF

HTV/CR, HTV/MM, AND HIV/CR/MM.

INTRODUCTION

Reference: Local Trial No. 95.

l. The trigl described in this report was designed to determine under
laboratory conditions whether any difference in vesicant power exigted
between 2 mm drops (5.2 mg.) of HIV/CR, HIV/MM, end HTV/CR "monkey
glanded" with MM, applied 0 non-impregnated clothing over the skin.

MATERTAILS
2.

HTV/CR I—I’I‘V[% HIV/CR/MM (0.3% i.‘@ﬁg
Density: 1.30 at 10°C Density: 1.26 at 10°¢C Density 1.30 at 10%C
Viscosity: 4.65 at 25°C Viscosity: 7.96 at 25°C Viscosity 8.9 at 25°C

PROCEIURE
3. Ten observers were used.

Lo On the front (volar surfsce) of each forearlm a strip of battle
dresa, 6 in. x 2 in,, was fixed so that it was held sscurely and daid
not slip with a change of position of the arm,

5. On each forearm a single 2 mm drop (5.2 mg.) of each of the
following types of thickened agent was applied to the strip of battle

dress;
{(a) HIV/CR/AM
{v) HIDV/MM
{¢) HIV/CR

G To exclude the possibility of variations in xvas®fdn robuliing from
differences in sensitivity of' the skin near the elbow and near the
wrist, on the right forearm the order of application was from above
downward:

On the left forearm: +the nrder was
()
(p)
(a)



2.

7o The sbrip of battle dress was removed after four hours.

8. The agent was applied by means of a throttled pipette in a
laboratory, the air temperature of which was 68°F, The four hour
wearing period was spent in the samerocom.

9. The lesions were measured and noted abt 24, 48, and 72 hours after
application of the agent. Photographs of the lesions were taken at
24 hoursa. .

RESULTS

10. From a normal visual inspection all the lesions appeared to be of
the same type, a slightly oval arsa of vesication surrounded by a ring
of erythema, and of gbout the same degrese of geverity. The results of
the measurements of the dimesions of the lesions are given in tabular
form in Appendix I.

DISCUSSION

11l. When the tabulated results were examinsd it was noted that the mean
areas of vesication and the erythema produced by the three vesicants
differed somewhat and that these differences were in the reverse order

to diffoerencss in viscosity. For example at A48 hours the mean areas of
srybhema for HTV/CR, HTV/AMM, and HIV/CR/MM were 8.9 sq.cm., 7.7 Sq.om.
and 6.9 sg.cm, reapectively. A statistical enalysis (Appendix II) was
made, therefore, to determine whether there were, in Faot any significant
differences between the lesions produced by the thres vesicants.

12. The analysis confirmed that the differsnces noted with HTV/CR were
gignificant and suggested that thig material produced lssions on the
average 20-30 per cent larger than did either HIV/CR/AM oxr

HTV,/MM « It did not indicate any significant difference between the two
latter materials.

13, The trisal has indicated that the penetration of a droplet through
clothing is8 pogsibly affected by viscosity. It is not possible to say
to what extent this effect will bLe accentuated or diminished when other
drop sizes areo employed, when the clothing is different in amount and
type and when the air temperature is markesdly higher.

CONCLUSIONS

l14. It has been shown that, when applied through one thickness of
battle dresgs serge in 2 mm (5.2 mgL drops and sllowed to remsin for
4 hours with air temperature of 68°F, HTV/CR is more effective than
either HTV/CR/MM or HIV/MM applied in a similar meamnex, and that the
difference is possibly rslated to viscosity.

15. Although HTV/CR, under the conditions of this trial produced lesions
that were 20 per cent to 30 per cent larger than those producged by the
other two vesicants, it seems doubtful if this difference would be of
practical significance particularly in view of the fact that the increased
resistance to shatter of the higher viscosity matexrials would, in practiese
rogult in the distribution of more of the chargiung in the largexr and more
effective drop sizes. .

This repouxt was written by Lt—GolZ(W. Somerville. The statistical
analysis was made by Dr. B.A. Griffith.

L Lol /
Ws/EH , (E.L1., Davied] Chier Superintendent,

. e s




APPENDIX T

Measurements of the ILesions Produced by HTV/CR, HTV/CR/MM,

and HTV/MM (2 mm or 5.2 mg.) Applied through s Single Layer

of Clothing on the Forearm.

Dimensions of Lesions 24, 48, and 72 hours after application of the agents.

NOTE : f£f. All measvrements are in Centimeters.

ii, Thse lesions werse in all cases roughly cireular in outlinc.

The two messurements given for each area of srythema or

vesication represent the length of the two main axes of
the lesicons.



APPENDIX I

Observer No. 1809

o~

RIGHT ARM
Agent 24 hrs L8 hrs. 72 hrs.
B 247 * 20 Lk, X 249 Be3 X 4O
HTV/CR/MM
v 2.0 x 1.7 2e2 X la5 19 X 265
B 2;5 X 2,0 4—.2 X 3.0 2.8 .o l{-.o
HTV /MM
v 2.0 X le5 2e¢l X Yo7 1.7 x 2.2
B 3.0 X 2«5 307 X 3.3 209 x 3'5
HTV/CR
v 2,1 x 2.0 2s3 x 2.0 2el x 2.5
IRFT ARM
B 3.1 X 2.9 4-5 X 305 3-5 x l{wlk
HTV/CR : i
V 2-3 x 1.9 2-6 X 2bl 202 .o 3.1
i 2R K 2al Beb X 347 Re7 X 3.8
HTV/MM :
v 1.7 x le.5 2.0 x 1.7 1.6 x 2.2
) r 2e2 X 242 3.7 X 3.2 3¢l x 3.2
HIV/CR/MM
' 1.9 x 1.8 2.0 x 1.8 1.7 x 1.9
Observer No. 1811
RIGHT ARM
§iH 2Q5 x 2.0 3'2 p.9 2.2' 2:8 X 307
HTV/CR/AM
v 1s7 x 1.4 1.7 x L. lo4 x 1,7
m 3.8 X 2-9 3.9 X 2-9 3.2 X 19.5
HTV /MM
v 2,0 x 1.7 2;6 X le9 2el x 3.0
B 3.5 X 2.5 3.9 x 3.0 3¢5 x 5.0
HTV/CR
v 2.3 X L5 2e5 X 149 2el X 3.1
LEFT ARM
B B2 X 2e3 Bel x 24 348 x 2.3
HTV/CR
v 1.7 x 1.3 el X 242 1.6 x 2,0
" 3¢5 X 2u5 3.1 X 245 245 x LaO
HTV/MM
v 1.6 x 1.6 2.2 x 1.7 1.9 x 2.5
B 302 x 2.9 2.7 x 2.7 3.0 x 3-0
HTV/CR/MM
v 1.5 x L& 1.9 x 1.9 240 x 2.2
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Observer No, 1819
RIGHT A
Agent 24 hrs 418 hrs 72 hrs
B 39 X 3.0 B3eb X 244 2.6 X 3.8
HTV/CR/MM
v led x 1l le8 x 1.7 Broken
B 3.9 X 2.4 1{.-1 = 2.5 lpol p.9 2.3
HTV /MM
A\ l.5 x 1a5 2.0 x 1.5 2e2 X la5
5 3.7'x 2.1{, 1(,.0 x 2-5 lpao Py 209
HTV/CR
A2 le7 x 1.7 2.1 x 1.8 1.9 X 2.3
LEFT ARM
FoLS . S0
b 3.5 X 235 3Q8 P9 2.7 4.0 X 2.‘{0
HIV/CR :
v 1.8 x 1.6 2.2 x 1.5 Broken
4
B 3.0 x 2.9 2.5 x 3.0 3.1 X 245
HTV/MM .
v leb x 1.5 1.9 x 1.6 2«0 X la7
bt 245 X 2.5 3.0 x 247 3e2 X 247
HTV/CRAM
v 1.5 x 1.6 1.9 x 1.8 2.0 x 2.0
Obgerver No. 1827
RIGHT ARM
i 2.1 x 2.0 3.0 x 2.6 2.8 x 3.0
HTV/CR/MM ‘
v le5s X 1.2 1.9 x 1.7 1.9 x 1.9
B Z2e5 X 23 B2 X 2a7 248 % 3.3
HTV /MM .
v 1.6 x 1.6 Le9 X 1.9 1.9 X Ra2
E 3.0 x 1.6 2.9 x 240 3.1 x 3.6
HTV/CR ~
v 2.1 x 1.8 2l x 2.3 2el X 2
IEFT ARM
B 3‘6 - 2.1{. 3.5 X 2.6 3.2 X 11..0
HTV/CR
V¥V 2.2 x 1.7 2.5 x 240 2e2 X Rab
iH 2.9 X 245 2.8 x 2.6 2e5 X 343
HTV /MM
v 1.7 x 1.6 2.1 x 2.0 1,9 x 2.3
B 2.7 .% 2.7 Re9 x 31 3.1 x 3.1
HTV/CR/NM
tr I D> - T QO Lo D TR e P~ 1 o BNV A e N
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Observer No. 1831

RIGHT ARM
Agcnt 24 hrs 48 hrs 72 hxrs

B 4Le5 X 3.5 52 X 342 551 X A3
HTV/CR/AM ' .

v 2.9 x 2.0 3ed X Ral 3.5 X 245

E he3 X 3.4 Le8 x 2.7 3¢5 X Leb
HTIV /MM ‘

v 2.6 x 2.0 3.2 X 2.0 2‘3 X 3.2

" Le9 X Lo5 hLe3 X L@ Le3 X 5.5
HTV/CR

v 3.0 x 2.4 3.9 x 3.0 2.7 x 3.9

LEFT ARM

B LeB X L0 5.2 X 3.0 369 X 5.4
HTV/CR

v 3.1 x 1.8 . Lel X 244 2.6 x Lels

B Lel x 3.2 © 4.0 X 3.0 3l X Le2
HTV/MM .

v 2.4 x 2.0 3e2 %X 2ok 2,5 x 3.3

B 3.5 X 3¢O 3‘4 X 3.0 3.3 X 1!4-02
HTV/CR/MM ,

v 2.0 x 1.9 2.6 X 245 2¢6 x 3.0

Observer No. 1833
RIGAT ARM

B 2.1 x 2,0 2.0 x 1.9 260 X 24,0
HTV/CR/AM

V 0.7 X Q.6 08 x 0.8 1.0 x 1.0

B Bed X 3.5 3ek x 3.0 34 x 3.0
HTV /MM ‘

v 1.4 x 1.5 1.6 x 1.8 2.0 x 1.8

»n 345 x 3.2 Lol x 365 LeO x 349
HTV/CR

v 1.9 x 2,0 2e0 X 240 263 X 2.1

LERT ARM

B LeO X 3,8 35 x 3al 3.0 x 3.0
HTV/CR .

V 1.7 x 1.5 2.1 x 1.8 242 x 1.9

B 3.3 x 2.9 2.5 x 2.6 24 X 242
HTV /M4

V 1.2 x Ll.3 le5 X L2 le5 x 1.3

E

2e3 X 2.5 2e5 x 2.1 2.5 x 2.5

HTV/CR/NME
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Observer No. 1836

RIGHT AR
Agent 2 hrs L8 hrs 72 hrs
] 2.2 x 1.6 3.0 x 2.2 Be2 X Rab
HTV/CR/MM
v 1.5 x 1.1 l.6 x 1.3 2.0 X 1.5
B 2,0 x l.é 3.2 X 242 Bel X 2.6
HTV /MM
v l.s X l-.&. 1-7 x 1,0 1.9 X 1.8
B 2.1 x 2.1 2.7 x 2.5 2.8 x 3.0
HTV/CR .
v 1.6 x 1.5 1.7 x 1.8 1.9 x 1.9
LEFT ARM
B 2e5 x 2.1 3«5 x 2.4 3.5 x 2.6
HTV/CR
v le6 x 1.3 1.7 x 1.4 1.8 x 1.4
B 2.5 X 21 3.3 X 2-3 3.2 x 3.0
HTV/MM : :
v 1.5 x 1.4 1.7 X le5 240 x 1.9
B 2a5 X 2.3 "3BT X Rek 3.4 X 2.8
HTV/CR/MM ‘ : -
v 2¢0 x 1.5 2.2 x 1.6 2.5 x 2,0
Obsgexrver No., 1838
RIGHT ARM
B 340 x 2a5 3.1 x 2.6 2.8 x 32
HTV/CR/MM
v 1.7 X 1.4 Le9 x 1.6 1.5 x 1.8
ki 3,0 X 2.4 3.1 x 205 2-6 X 2.5
HTV/MM” : '
v 1.5 x 1.4 2.0 x 1.6 1.6 x 2.0
hid 3.5 p.9 2.5 3’6 X 3.0 3.1 x lp.o
HTV/CR
v 1.7 X la9 22 x la9 2e2 x 245
LEFT ARM
B 300 x 3.0 3-1 X 2o8 3.0 X 3-0
HTV/CR ’
v 1.7 £ 1.6 1.9 x 1.7 1.9 x 2,0
E 3«0 x 2.5 Fe2 X 2e5 2e5 % 3.0
HTV /MM :
v l.9 x 1.8 2el x 107 242 X 109
B 245 X 245 2.8 x 2.7 3.0 x 3,0
HTV/CR/MM :
.V 1.6 x 1.6 262 x 1.7 2el X 2,0
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Obgerver No. 1839

RIGHT ARM
Agent 24, hrs 48 hrs 72 hrs
n Lhe2 % 3.0 Le8 X 3.1 5,0 x 3.5
HIV/CR/MM
v 2e5 X 240 Re7 X 23 2.9 x 25
= 3.6 x 2.6 Le7 X 3al Le5 X 3,0
HITV /MM . :
v 2.4 x 1.8 2s7 X 2.0 3e2 X 285
E 3.9 x 3.1 Le9 X 3e4 3.6 X 3.2
HETV/CR :
v 245 X 2.3 2.6 x 2.1 2.8 X 2,3
LEFT ARM
B Z{,.l x 3.6 4.3 x 3‘7 4.5 X 3.8
HTV/CR
v 2.6 x 2,0 2.6 X 242 2.8 .2.2
hi 3.0 X 2.5 4eQO X 3.0 4eO X 3.0
HIV /M , i
v 1.9 x 1.8 2.2 x 1.9 2.8 X 2.3
E 3.0 x 2.5 3.5 X 3.0 3.5 x 3.0
HTV/CR/MM
v 1.8 x 1.6 2.3 X 2.0° 2.8 x 2.5
ObserverrNo. 189
RIGHT ARM
o 2.9 x 2.0 3.6 x 2.6 3.5 x 3.0
HTV/CR/MM :
v 1.6 x 1.5 1.7 % 1.5 1.9 x 1.6
E 2e¢5 X 1.9 3.1 x 2.6 3.l X 2.5
HTV /MM :
v 1.5 % 1.3 1.6 x 1.8 1.8 x 1.6
ki 3.0 X 2.8 309 X Re8 - 3.5 X 3.2
HTV/CR ' '
v 2.0 x 1.9 2.2 x 1.8 205 x 2,0
LEFT ARM
B 2.7 X 2.3 2e5 X 2.8 3¢9 X 36l
HTV/CR
v l.é x l.& 107 X l¢5 le9 x 107
i 302 x 205 14».2 x 2.9 1(.06 x 3.2
HTV /M
v 2el X 1.9 2.5 X 2,0 2e5 X 243
B 3.0 X 2.5 3.0 x 2.6 3¢5 X 34k
HIV/CR/M .
v Leb x 1ab 2.0 x 17 2.0 x 1.9




APPENDIX IT

Statistical Analysis of Data on the Relative Effectiveness

of HTV/CR, HTV/MM, and HTV/CR/MM Applied Through Clothing.

1. The data consisted of areas of erythema and vesication produced by
drops of equal sigze applied to clothing fixed to the right or left forearm of
human observers, These areas were measured at three observation times -

24, 48 and 72 hours after application of the vesicant drops.

2 The first step in the analysis dealt with the possibility that
equal drops of the same vesicant material would produce sffects of different
magnitudes when épplied to clothing near the elbow of one arm or the wrist

of the other arm. For each of the ten observers treated, resulis are available
for drops of one of the vesicants {HIV/CR/MM) applied near the elbow of the
left arm and near the wrist of the right arm. Similar results are also
available for a second vesicant (HTV/CR). The third vesicant, HIV/MM, was
applied on each forearm intermediate between the other two. The ares of
vesication on the right arm {due to HTV/CR/MM) at onse time of obssrvation

(24 hrs.) was subtracted from that on the left arm (due to HTV/CR/MM) of the
same obgerver and a set of ten differences (one for each of the ten observers)
was obtained. By considering other times of observation, the other two
vesicants and areas of erythema as well as vesication, a total of 18 sets of
such differences was obtained. Student!s t test was applied to determine

if the mean difference (for each set) was significantly different from zero.
It was found that, of the 18 mean differences obtained, only one differed from
zerc by an amount which could be considered possibly significant. These
results provide definite evidencs that drops of equal size and of the same
vesicant material produce, when applied through clothing on the same man,
effects which are essentially independent of the position of the drop on the
forearm and independent of the arm (right or left) to which they are applied.

3. From the results sstablished by the argument of para, 2 it is clear
that all drops of one vesicant materisl applied to a single obsgerver can be
treated on an egual basis. Accordingly areas of vesication or erythema on
each observer furnish four comparisons of any two vesicants (A and B) at any
one time. Areas of vesication (and erythema) at any one time and on any one
observer were differenced in all possible ways (L) for each observer and the
differences analysed to determine if their mean was significantly different
from zero. In all, § comparisons (3 for each of HIV/CR/MM vsa. HTV/MM, HIV/MM
vs. HIV/CR and HIV/CR vs., HTV/CR/MM)} were possible for areas of vesication and
a similar 9 comparisons for areas of erythema. It was found that the mean
differences for HTV/CR/MM and HIV/MM were not significantly different from
zero, although one of these sSix mean differences was possibly significent -
in this case, the observed mean difference {(in areas of erythema at 48 hrs.)
could be expected to occur, due to chance alone, in only about one trial out
of 40. On the other hand, the mean differences in areas of veslcation {and
oerythema) produced by HTV/CR and HTV/CR/MM or HIV/MM were all found to be
significantly different from zerc — in most casgses the differences were highly
significant. In all cases the drops of HIV/CR produced, on the average,
greater arsas of vesication {or erythema) than did drops of HTV/CR/MM or
HTV/MM. This result is interesting in view of the fact that the viscosity

of the HTV/CR was only slightly more than half that of the HTV/CR/MM and the
viscosities of thes HTV/MM and HTV/CR/MM were not greatly different from each
other. It would appear that the material of lower viscosity penetrated the
cloth more readily. However, the observed mean differences in areas of
vesication (or erythema), due to HIV/CR and HTV/CR/MM or HTV/MM amounted to
at most 20 to 30 per cent of the mean area of vesication {(or erythema) producsd
by either HTV/CR/MM or HTV/NM,

PN ‘It is concluded that there is no significant difference in areas of
vegication (or erythema) produced through clothing on the human forearm by drops
of equal size of samples of HTV/CR/MM and HITV/MM having approximately the same
viscosity. The areas of vesication (or erythema) produced through clothing on
the human forsarm by drops of HTV/CR are significantly greater (20 to 30 per
cent) than those produced by drops of the same size of HIV/CR/MM or HTV/MM,
when the viscosity of the HIV/CR ia approximately half that of the other
chargings.
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