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This Report is Informal and the Conclusions are only Tentative

SUFFIELD FIELD REPORT NO. 76
{12 June 1944)

Casualty Producing Power of Unthickensd Mustard Ges Sprayed
from Low Altibudes.under Temperate Weathey Conditions

Field Experiment No. 229 carried out 25 May 44.

U.S. Project Go—~ordination Board Meeting held at Edgewood
27 April 1944, :

N -

INTROQIUCTION

1. A series of investigations carried out in the U.S. has indicated
that unthickened HS Levinstein, when sprayed from A/C flying at low
altitudes and high speeds will not shatter so exocessively as to preclude its
uge egainst troops wearing all types of battle -~ dress. ( TIMR #821).

2, A series of trials, the first of which is reported hers, has been
planned by Suffield at t+he request of the U.S8. Project Co-ordination Board
for the purpose of investigating under temperate conditions the casualty
producing power of unthickened mustard gas sprayed at the contamination
densities and drop sizes likely to be encountered in low spraying operations.

S The trisls to be carricd out at Suffield are intended to be

only of a preliminary naturs. From ths data obtained here under temperate
conditions the U.S. C.W.S. hope to be in a position to assess the casualty
produeing power of spray when released from multiple fast-flying A/C

at low altitudes. It is intended that information along similar lines
will eventually be compiled foxr tropical conditions.

MATERIAL 7
4, (a) One M 10 Smoke Tank charged 526 lbé. HS Levinstein dyed Q.55
Dupont 01l Red. S U
(v) The tank was fitted with a No., 2 detonator at the air inlek
oo and a No. 3 detonator at the discharge outlete.
(e) The viscosity (G.V.) of the oharging at 25°C was 5.6 ‘
centipoises before dyeing and was 15 centipoises after dyeing.
(d) The specific gravity of the charging was l.54. l
(e} The i:emperature of the charging at takg—off was 13°C,
PROCEDURE ) '
.Lamut
Se A diagram of the layout is given in 1Appa‘n.d;'uc ',\‘..‘
Obsexvers , e
6. Twenty observers wore disposed in lines of fivea each, 60 yards,

80 yards, 100 yards, and 120 yards davnwind of the uwpwind edge of the

layout as indicated on the diagram in Appendix L. The interval betwsen
obsarvers on each line was 100 yardse. C ;
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PROGCEINRE {cont.)

-

7. During thé spraying, the observers stood faocing downwind. Thoy
were dressed as follows:

Battle -~ dress , non~impregnated. -
" Underwear, long—-linmbed, winter weight, non-impregnated.
Cotton shirtsa. : o

Anklets, socksa and boots.
gespirators at the "Gas" position.

(Note: In Canada it is eustomary to wear long«liﬁbéd underwear from
late fall to early P ring.) :

Impermeable olof-lii;ng (coat and trouéars) wers worn over the battle—

dress, an. impermeable hood over the head and rubber gloves on the
hands.

8. Windows, 4 in. x 4 in. were cut in the impermeeble clothing at
the following positions: :

{({a) A%t the back of cach shouldexr (where the clothing is normally
. in close contact with the skin).

{pb) Over escH buttock {where clothing is in close contact with
the skin and ‘is.pressad against the skin in sitting down) .

(e) Over each ‘cafl:f (where the clothing is usually loose over the
skin). ' _
e The edges of tho windows were sewn down to the battle dress sO

that no liquid =gent could flow d own botwesn the outer impermeable clothing
and ths battle dress, . S

10. After the spraying the observers moved off the contaminated arcsa
and the impermeable clothing was removed. The remainder of 4+ he clothing was
worn for four hours after the spraying. During this time ten of the men took
part in outdoor station fatigues, (digging trenches, raking, ete.). The
remaining ten men lay or sab sbout in a warmed (75°F) room.

Assessment of Ground Combtemination i

1l. Rloven rows of filter paper assomblies, 100 yards pbetwean ToOws,
were laid out parallel to the wind direction. Each row was 120 yards
3opg and consisted of filter paper assemblies gt 5 yard intervals. At

- each observer position threse additional papers and four large jump cards
were placed in proximity to t he observer as shown in Appendix I.

Vapour Samgli_x_x_g -

12 Two lines of 11 injectoxs and bubblexrs { coversd with A/G capes)
were set up in the downwind section of the layout at 100 vard intervals
as shown in Appendix T. A few minutes after +he spray the A/G capes werxe
removed and the injectors were turned on. Fifteen minute samples

were taken during the first hour and subsequently &bt the end of the second,
+hird, and fourbth hours. ’

Anilysis of the Spray

13. Samples o the sprayed mistard gas were collected in chloroform
“inpie plates one of which was placed at each obsgerver position, and 10

~ - yards upwind of aach obaerver position. " The emount of dye in sach plate
was determinsd colorimsetrically. The amount of magtard gas on sach plate
was estinated by the promine titration method.

14, A sample taken from the sprey tenk before spraying was troated
in the same waye :
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Functioning of the M 10 Tank

1S5.
Boston TV A/C.

lé.

The M 10 Tank was functioned from the starboard wiﬁg gtowage of a |

The A/C flew at a height of 55 ft. at true alr speed of Bl mi/hr.

The track was indicated by & line of markers and was such that the upwind edge
of thg contamination fell just inside the upwind edge of the layout.

RESULTS

Meteorologlical Conditions

17, Time 1250 M.D.Te

Wind Velocility at timé of spraying

R} & wis

Sampling Periocds

Wind velocity at 2 meters (mi/hr.):
Measured R: ‘

Normal:

lateral:
vertical:

Aixr Temperature °C (°F):
Surface Temperature °¢ (9F):
Relative Humidity:'

Temperature Gradient:
39 ft. - 4 £t. °C.

Ground Contamination

i8.

. The ground contaminationafoun

: 12.5 mi/hr.
First "Second Third Fourth
Period Poriod _?,Period Periocd
13001315 |1515-1530 | 1600-1615 | 1645-1700
15. 11, 8. 14,
1.12 1.11 1.13 1.12
1.12 1.11 1.12 1.11
«52 64 .so-‘ .70
«29 o351 A .33 .32
19.4(67.0) 23.1(75.6) "18.,0(64.0)| 22.7(72.9)
26.1{79.,0)]30.0(85.0) | 20.0(68.0) 27.0(80.0)
54 30% 4% 29%
-1.8 -2.2 1.0 2. 0

and near observer positions are given in “#ppendix IX.

layout was approximately 45%,

though it was not

joss off the downwind edge of the layout.

mustard from the droplets while in flight.
determine the ground contamination dens ty

on the jump cards placed near the observer pos
density and patchy nature o the contamination found on the cards.

19

ecought in the chloroform—~filled plat
results indicate thet of the origina

of original charging)

Effects on observers

20 .

d on the layout filter paper assemblies,

Total recovery on the

ed that there was considerable

These results were obtained by

golourimetric estimation of the dye and take no account of eveporation of

It was found impossible to

by counting and sizing the stains
itions on account of the high

The results of chemical and colourimetric analysis of the spray as
es c.re given in Appendix ITT.
1 H content of the charging (0.7lgli/g
.. B8 g H/grem of the original charging was
uneveaporated when the spray hit the grounde. : s

Those

Of the 20 observers exposed to the .apray, nine developed vesication

on tho skin corresponding to the gite of the windows in the impermeable

clothing they wore.
buttocks.
exceeded srythoma,

The effects on the calves were

The vesication was most commonly on the ghoulders and
considerably slighter and never
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21, In spite of the fact that only linmited portions of the body were
ucprotected by impermeabls clothing, severe vesication developed in four
cases necessitidting the admission of these men 4o hospital. In these four
cases - oxtensive vesication involved the buttocks and natal cleft,
spreading forwards to the _ ~perineum. The scrotum was involved by sharp
erythema, swelling and vesication; the penis was markedly swollen and
erythematous., In additicn the arcas of vesication on the shoulders extendesd
for an inch or more beyond the site of the windows, and sharp erythema
extended in all directions outwards. The severity af these lesions was

such that treatment will be nocessary in hospital for a least 3 wesks.

22, In the remaining fivecasecs who developed vesication it was con-
sidared that the lesions wert such that, 1f impermeable clothing hed nob
becen worn, all these men would have become casualties.

25. A few observers, exposed to contaminstion densities varying from
1.5 to 2.5 g/sg.n., epproximately, developed effects the cagualty producing
significance of which is difficult to asssas. It may be assumed however,
that within this range a cerbtain number of delaysd casualbties (after 5 - 10
days) might be expected.

24, . The lesions on the remaining men were trivial and consisted of
erythema only. In most cZses the reactions on the shoulders and butbocks were
of egugl intenaity, the calves invariably showing milder effects.

25, A summary of the effects on observers together with the relevant
data on comteanination densities and predominant drop sizes is given in
Appendix IV. Descriptions of tle lesions produced on this trial are given

in Appendix V together with photographs of some of the more interaesting
[e34T- F: P

Vepour Sampling

26. The resuits of vapour sampling are given in Appendix VI. The mean

{erosswind) concentration found an the 80 yard line was 3.3 mg/cu.m. 15 min.
the spray bad beoh carried out, and had fallen 40 0.88 nge/cu.n. after
4 hours. On the 120 yard line the mean (crosswind) concentration was

1.3 mg./ocu.m. at % plus 15 minutes and had fallen to 0.6 mg./cu.m. after
4 hours.

Discussion of Results

27« gorrelating the contamimation density with the severity of the
lesions, the findings indicate that for drops of 0.4 mn in dlameter
(0,045 mg) a ground contamination density of 3 gf/sq.m. is likely 1o

. produce a significant percentage of casualties under the cgonditions of

_ density approximates to 3 &/sq.m

this trial, i.e. amongst troops wearing thres thicknesgses. of clothing :
on the upper part of the body. : . g
28, | It has also been shown that conbamination densities less than

3 g/sq.m. consisting of drops smaller than 0.4 mm. diameter {0.045 mg)

are liksly to produce effects varying fran a mild to a fully developed
erythens, with a mamber of casualties increasing as the contamination

i i n

.29, °7 The trial did not provide suffiecient data to indicate contamination

dengities which might be cagualby producing for drops less than 0.3 mm, iR
diemotor. A second trial®i¥®tH hand to.obtain data on this point.

3Q. With reference to the a

pray samples collected 1
chloxroformfilled fplates it should be noted that these samplgs
:ere bottled within fifteen minutes of the spray striking the ground
y which time the chloroform solution had cooled to approximately 006.

Controls carried out have indicated that 1
oss of mast
the solution before boettling was negligible. 8¥d vapour fxom
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31. It should be pointed out that the donsitiss-—ef groeund contamisntion
used in analysing the physiological effecots of ths gp ray were the means of
densities found at four positions 2% yards from each of the cbserver
positions and that the density in some cases varied considerably between
sampling points about the observer position. (See Appendix IX.) TRe position
of the filter paper assenbly showing the highest density of contamination

of the four asseriblies placed near each observer appears to be randomly
‘distributed witl. resgpect to wind direction.

e

32. In correlating ground contamination densities produced by mustaxrd
gas sprdy wit™ the phyiological effect on human observers exposed in
regions of wvarious donsity it must be borne in mind that the amount of
mustard falling upon a nan exposed to a spray of fine droplets (less then
0.5 mm. diameter) may bo more dependent upon the wind spesd under whioch
the exposure takes place, than is the case where the spray consists mainly
¢f Arops greater than 1 mm. dismeter. The larger hoxrizontal component of
velocity involved in the fall of fine droplets mey tend to incrsase the
anount of mustard falling upon & nan standing in & region of a given ground
contanin: “ion density, as compared with the amount of muestard falling wpon
him in a rcgion of equal deneity but where the spray consists of droplets
of greater than 1 mm. diameter. This effect will, however, be offseot to.
a certain extent by the decreasing efficiency with wnich a man's body
collects fine. 'roplets as compared with coarse droplets.

.’55. The limitations sct forth in para's 31 and 32 must therefore be
given due consgideration bofore tie conclusions set forth helow are
congidered as generally &ppllcabla to low sprays with unthickened nustard.

- GONCIUSIONS

34. The results of this trial indicate that for drops of 0.4 mma
diameter (0.045 mg.) a ground contamination density of 3 g/sq.m. is likely
to produce a significant percentage of casiialties among men wearing three
thickuesses of clothing on the uppex» -part of the body. {battle-dress,
cotton shirts, winter-woight- underwear)

35. It has also been shown, that under the conditions of this trial
comt amination densities less than 3.0 g/sq.m. consisting of drops smaller than
0.4 m. diameter (0.045 ng.) are likely to produce effects varying from a mild
to a fully developed erythema, with a number of casualties increasing as the
contamination density approximates to 3 g/8qen. .

36, Unthickened ‘HS Levinstein, when sprayed from an M 10 tank on a
Boston IV A/C flying at a height of 55 feet at a speed of 215 mi/hr., has con=-
taminated a rectangle 400 yards crosswind by 100 yds. downwind to a density
greater than 1 g/sq.m. when the wind speed at two metres is 13 mi/hr. The dxrop
size produnad under these conditions varies between 0.1 rm. &.lzm, dikma (0.0007 ngz.

0.7 mg.)}, the p.. 17iinent drop size bauzg 0-2 t.oo.ﬁm. d.iamater. (0.005 to
Q.09 mg-)- : - 3

Je - - —

w(

37. Under the conditions of this trial the mesan doeage of mustard vapour
accunulatad along a 1000 yard front, 80 yards downwind of the upwind edge of
contamination within the first 4 hours after spraying, was spproximately 450 mg.
min/cu.m. Similarly the mean dosage accumulated along a 1000 yard froant 120

yards downwind of the upwind cdge of contemination was approximately 250 ng/cu.m.

38. - Under the conditions of this trial, loss of mustard vapour from the
spray before it hit the ground was approximately 18% of the mnatard content of

the charging. .
AWB:pkn ZA.W. Birnie) Capt. “R.C<E.

ReSe
.Ez:perimantal Station



(*(p) pue *{o) ‘(q) (®) yed spaso pue (o) pus E ‘(e)ged psyreu - }

11J TBUOTITDPB UST3 QT 38 odon .Ho.ﬁmmno )

prros szeded .
un&& .HSHE 1n0fet ac.d mcn& €2 f19A308Q0 0

.ma&& ﬁﬂ Jo mm% I9910 mﬁaogp spieo dum{ o3xaT D

s

..Ho?houno woLy. mcng .mw mnom& 2091137 TeWIR X : : : : :

‘g e *p ‘g
‘g 'q sM0x To §Z BUB £2 ‘Tz 6T ‘AT.'ST ‘€T ‘11
guoraisod 48 umomﬂm Eouzoﬂo mﬁﬁmﬁoo gayeTd eE.‘ .

or oo v
e s

., JT18q asﬁ ma mn&& I01TYS

pue spaes dumf Haﬂ. J1DDPR 9ABY 03 JdAI08qO UoBg
(sxeazesqe () 10487 oU3 JO. oSpe putadn eyj
w1 Egas@ st =4 02T PuB 00T ‘08 ‘09 ‘m. pue
5y 'wfq mmﬁﬁ 1 pauoradisod eq TTIM §a0AID8QY °

“yuofer g0 eBpe "l 30 puramsop *spk 2T (q)
*anof8T Jo o¥pe . tadn Jo pupmmmop gpaei 08 (B)
spevotqtsod -

9q 03 818/ .. 59Ul spaef 00T 38 SI0j0eluwl TT

, *(sxeded ¢Z) qaede sprsd -
¢ saaded xej .7 Jo SuT3sTSUCd MOL Yoee Jxede
spas4 QT 5¢. quosee Joded 9471 Jo smox 1T

°I pue g s#ox sgtsoddo
~spaed dum{ 93 M ~ e{IBW FuroRl} [CUOTIIPPY

“X 3 D ssox aysoddo (N9YY 43 ¥ A pegsany
7 w0} WY 9pIEd ANA[ TGN) SXINU FTPAORL

+

- a w— w gi

. Sty .mn&& nmﬁd pé%g 0

o

f 1
. : Q e )

-

*PTOIJ O3 TT *§°Nr"d £q POUTIND 8q 03 BOUISTD S

I XIQuasy

I £ 1 EBE 9 & ¥ 4 0 4§ V |

noﬂomﬁm
PUM

2008

. e

<

-""*

off g T .......:D;..n_tﬁﬁ FTE Toao Toum

PonoTIamny XUy O0IK



APPENDIX XTI

Ground Qontamination (g/sgq.m,)

c D E g o) = ¥ K L
. ' —r— —~
l .067 .a .0032 .
2 «23 5L 24 .22 .
3 1.1 1.5 <66 260 L0026 0036
4 1.7 3.1 1.1 1. .10 +0L7 40053
5 2,3 2,9 201 . a6 3k 025 4047
6 20045 3.3 1.9 342 83 12 0019  ,023
7 #0034 1.8 5.8 1.1 3.9 018 | ,053 ) 174
8 L0056 3.6 243 5.3 1,1 2.3 2035 043 -O013
9 <0026 1.1 3.0 1. 3ek 3.5 2038 <041 .018
10 +010 2,0 1.7 9.9 2.2 .16 027 1.9 .12
11 018 1.9 1.5 6.3 2e4 .81 .13 089 015
12 012 1.8 1.3 5.7 2.7 .51 36 094 OL7
37 MY ‘3017 «30 ’ C o
13 «016 1.402,0 x 0 o0 5.70he3 La9@L, 4 .57@,53 39 <056 «013
0,37 x5 20 T8
14 .016 3.0 2,3 bui, 3e5 «37 75 - W034 «0052
15 «029 2.5 2.3 3.6 249 43 45 2028 <024
16 047 2.1 3.7 546 4,6 «39 26 «028 #0260
2.1 x - . Re9° 33 : ' B
17 0011 1.4@.76 x @14-.0 -7@4Q4 L- 5@206 n310027 f35 0059 0022
. 37 x 4l _ R0 . . .
18 <014 242 349 349 3.1 57 k2 s VA <029
19 »027 1.6 2.3 6.2 1.7 +36 o244 13 .012
20 038 1,6 2.9 4l 720 B39 W 013
21 ) 1.5 x ..2Q6 ) plg ) " .
«094 5381 ,6 x @244 1,7@7 .6 2 6@1 1 242,10 35 X7 +0070
- . o4l x 4+0 o4 068 . ) .
22 046 1.4 1.3 be5 143 048 «36 026 -016
23 =037 23 1.5 97 1.3 2050 +33 «19 *024
24 032 1.1 1.2 1.9 1.6 032 .17 13 027
25 ) - 17 7.2 "9ed’ 1,7 T #0040 ’ ’ i
+032 o54CL.T  o35@L40  3,506.3 489Q1L,2 ,0790,068 13 13 «012
92 243 2,0 o2 «051.

Rows A, B, C, D etc, were 100 yards apart
Lines 1, 2, 3, etc, were 5 yards apart.
Where no contamination is rscorded, ground
was uncontaminated,

x = migsing

@ = obgserver position



LPPENDIX IIT

Estimation of Mustard Content of Spray when it Raached ths Ground

Samples of sprayed HSA were collected in chloyoform. The figures
quoted are the ratiocs af the amotnt ‘of MelO tank charging present @s estimated

by dys, and the amount of pure H present, as egbimated by titzration with
103 N Brominoc, o

The original chargilng showed an hH contanh of 71 3'3%. The’ sprayed
- product, a8 it reached the ground, showed an average Becontent of 53 1 % in
terms of thé original charging. Detalled results are Ziven below,

‘Position H/ml CHClz (By Br Position H/ml OHGls (By Br)
, che_.rgigg]ml GHGlg%by dyo ) , charging mi GHCYE {by dye}

D11 . 0.60 Fll Qe66
13 . Q.56 : . 13 : Q.sb
15 0.53 o 15 0e62
17 0.60 o o Qa1
19 . o.69 . - 0461
21 0.69 - 2 -
. 23 0.73 o R - T T 0439
D 25 _ o072 . F 25 0472
- Av. Q.64 e o Av, 0,60
E 11 ) 0.62 s  0.74 ;
13 h .61 . 1s T a4 )
15 ' 0.59 - TR Q.48
17 . 0.48 o L 1y " 0.70 ]
19 N 0.47. - .. e .Qu80
21 ’ " .45 R -4 | 0.65
23 ’ 0447 " | 23 ) 0.8
E.25 T - 7 a5 | 0,69
AV, 0,52 R o . Ave Q.64
. - . H11 : Qe69
N T tas T 048
) 15 0,40
) 7 » c.f 0-48
[ - oA 04T
' - 21 - 0.55
: T < g3 Nr ' 0.52
- R el 25 0.44
R Ave. 0.50

Overall fLverage Ratio = 0,08
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AFPFENDIX IV

Contamination Densitz . Drog Size Data

CONTAMINATION®* TYFE OF LESION CASUALTY OR
OBSERVER DENSITY DROP . SIZE IRODUCED NON-CASUALTY
(e/sq.m.) {mm, ) (mg.) -
® 13w 6.6 0.55 0.12 v Casualty
25F 53 Q.4 Q,045% v s
* 17e 4e3 10,35 0,032 v "
178 4,0 ' 0.4 0.045 v "
* 3 4.0 Ok 0.045 v -
. 21F 4.0 0.45 d,oés v "
17w 3.5 L5 0,065 v .
* 13¢ ‘ 2.8 0.45 0.065 v .
= E 2.4 ' 0435 0.032 E NenwCasualty
13D 1.9 0.35 0,032 v Casualty
210 1.3 0.2 0.006 E - Non Casualty
25D N -] 0.2 03006 B ' Non Casualty
® 17D 1.2 0.35 0.032 E 4 .
25a 1.0 0.2 0,006 E "
21D 1.0 ) 042 0.006 E "
13H 0.53 0.2 0.006 E - "
= : \ exom ’ E
258 0,43 0.3 - 0.02 E "
® 178 0.33 0.35 0.032 E' - »
*® 21 0.15 0.35 0,032 E - "
25H 0.06 ' 0.35 0.032 E - "

% ~ During the wearing period of /4 hours after the spray, these men
were)engaged in working in the open, (digging trenches, raking,
etec.). .

ax -~ The contamination density given here is the mean of the ground
contamination densities recorded on filter paper assemblies placed
on the ground at four positions 2% yards from each observer,
(See Appendix I). :

bove table the oclassifigstion of csaualty oF nonwcasuslty
:: m on ke affscta whish would be expeetad 37 imparmezble
slothing had pot bewn worn. IV xmay be noted however thmt observers
2SF, 17C, iSZ and 16 beoorss sususities regquirisg adsission to et
hospital in spite of heing protectad by isparmeable slothing excel:
for winiows as desarived in ®e body of tials TEpOPL.



APPENDIX V

TESCRIPTION OF IESIONS PRODUCED BY LOW SFPRAY OF
UNTHICKENED MUSTARD GAS

{Note: It should be borne in mind that during the spray the
observers, whose lesions are described below, wore impermeable
clothing., A window, 4% x 4", was cut out of the impermeable
clothing over each shoulder, over each buttock, and over eacgh
calf exposing the clothing beneath., The impermseable clothing
was gewn down at ths edges to the Battle Dress so that no
1iguid agent could flow down between the outer impermeable
clothing and the Battle Dress. The classification of casualty
or non-cgsualty is based on the effects which would be expected
if impermeable clothing were not worn.)

ad During the wearing pericd of 4 hours after the spray, these men
were engacged in working in the open, {digging trsnches, raking
etc.). The remaining men lay or sat in a warmed room (75°F.) for
4 hours.

# OBSERVER 13F

Contamination Density 6.6 g/sq.m.; Drop Size 0.55 mm. {(0.12 mg.).
Twenty-four hours after the spray the left shoulder showsd intense
vesication and the right shoulder erythema, After 48 hours the
- 1 right shoulder had developed pinpoint vesication. (See Plate I.)

Cagualty.

# OBSERVER 17G

Contamination Density 4.3 g/sq.m.; Drop Size 0.35 mm. {0.032 mg.).
Twenty-~four hours after the spray both shoulders were vesicated,
Erythema extended from both vesicated sites downwards betwesn the
shoulderblades to the waist. The buttocks showsd intense erythema
which at 48 hours had proceeded to vesication at the upper part of the
matal cleft. The calves never developeu mnre /. 2 mild erythema. / than
On the 4th day after the spray the scroturi showed intenss erythema

with arcas of excoriation. The poenis was slightly swollen.

(See Plate II).

T Qasuaclty.

OBSERVER 25F

Contamination Density 5.3 &/sq.m.; Drop Size 0.4 mm. (0,045 mg,).
Twenty-four hours after the spray both 8houlders showed areas of
intensge vesication. Erythema extended from the nape of the neck to the
waist, The buttocks were involved by vesication whiech sxtended
far beyond the areas exposed by the windows. Vasgication involved
the entire natal cleft. By the 2nd day the vesication had spread
‘forwards to involve the perineum. The scrotum was intensely inflamed
and swollen and numerous asmall blisters were scattersd over it.
The penis was swollen with small areas of excoriation due to
minute broken blistors. The left leg showed an area of erythenma
which by 48 hours had proceeded to vesication. On the 4th day after
the spray this man was very distressed, the vesication on the buttocks
and perineum having continued to . develop.. Hven gftq; application
of different types of tmeatment to the, lqsions, h@vqomplained
of incedsant pain and irritatiopn, particularly of the scrotun.and
penis. Ths temperature.reaghed 102°F._ Tha glands in"tla groins
became swollen and tender a&nd ingomnia was marked. ‘O tHe Sth day
the condition had improved and irritation was lds8 markKed. By
- this time the losions had sppsrently reached their full maturity.
When considering the soverity of the lesions produced on this
observer, it should be borne in mind that only windows, 4" x 4v,

C X



OBSERVER 25 F (cont.,)

were cut in his impermeable clothing. If no protection had existed,
it mey be assumed thet the sevsrity of the lesions would have besn
considerably greater. (See Plates III & IV.)

Casualty.

OBSERVER 17E

Contamination Density 4.0 &/sq.m.; Drop Size 0.4 mm. (0.045 mg.).
Twenty-four hours after the spray erythema was preseat on both

shoulders, 2 mild erythema on both buttocks and no reaction had
developed on the calves. On the 2nd day aPter the spray there wers
.areas of pinpoint vesgication on both shoulders,.” 'On the following

day thiébo ayeda . of pihpoint’ vesfeation on thae shoulders hagd progressed
to truo vesication. Neither the buttociks nor the legs showed significant
lesions at any time, :

Casualsy.
% OBSERVER 13E

Contamination Density 4.0 g/sq.m.; Drop Size 0.4 mms, {(0.045 mg.}.
Twenty~four hours after the sgpray both shoulders showed vesicated
arecag which continued to increase in size and intensity during the
second day. Severs vesication developed on the buttociks chiefly
over the =site of the windows and extending to the upper part of the
natal cleft. These lesions also continued to inerease in severity
until the second or third day after the spray. On the second day
mild erythema developed on the penis and acrotum. The calves
showed a nmild erythema. (See Plates V and VI).

Casualtye.
OBSERVER Z21F

Contamination Density 4.0 &/8Gem.; Drop Size 0.45 mm. (0.065 mg.).
Twenty~-four hours after the spray both shoulders showed areas of

pinpoint vesication. The buttscks showed diffuse srythema and the

calves a slight degree of erythema, By the 48th hour both shoulders

were vesicated, the orythema on the buttocks more intense, with vesication
on the upper part of the natal cleft.

Gasualtiy.
» OBSERVER 17F

Contamination Density 3.5 g&/s8q.m.; brop Size ©.45 mm, {(0.065 mg.).
Twenty-four hours after the sp ray, both shoulders were involved by
pinpoint vesication and both buttocks and calves by erythema.

Forty-eight hours after the s ray, vesication appeared on buttocks
and in the natal cleft,

casualty.
;& OBSERVER 13G . T -

Contamination Density 2.8 g/sqem.; Drop Size 0.45 mm. (0.065 mg.).
Twenty~four hours after the spray both shoulders showed areas of
pinpoint vesication. There was no reaction on bubtocks or calves.
By the third day the left shoulder was vesicated and the right
shoulder showed an intense erythema which did not progress to
vesication. No effects appeared on the buttocks or calves.

Caguslty.



% OBSERVER 21E

Qontamination Density 2.4 g&/s8q.m.; Drop size 0,35 mm, {0.032 ng.).
Twenty—four hours efter the spray both shoulders wero involved by
erythema. The buttocks were erythematous. The calves showsd no
reaction. Over the succeeding few days these lesions showed no
appreciable increase in intensity. Since only six smsll circumscribed
"areas of uncovered battle dress were expoged to tho spray, it is
difficult to say in the case of observers contaminated to densities of
this order whether or not the lesions would be of casualty severity
if the impermeable clothing had not been worn. Until the question
is settled by further observatiosn, these men are classified as non-
casualtioes with the resservation that a number of them may becoms
casualtios after an interval of § to 10 days or later,

an—casualty.'

BSERVER 13D

Contaemination Density 1.9 g/8q.m.; Drop Size 0,35 mms {0.032 neg.).
" Twenty-four hours after the spray the left shoulder was vesicated.

The right shoulder showed pinpoint vesication. Erythema involved

both buttocks and a mild erythema hed developed on both ealves,
Farty-sight hours after the spray the vesication on the shoulders had .
increased in intensity. Vesication had appeared at the top »f the
matal cleft, The scrotum and penis were involved by a sharp erythema,
Four days after the spray the penis and scrotum wers still severely
inflamed with small areas of sxcoriation and exudation oan the scrotum,

Casualty.
OBSERVER 25D

Contamination Density 1.2 g/sq.m.; Drop Size 0,2 mm. (0.006 mg.).
Twenty-four hours after the sprey wth ghoulders and buttocks
showed & mild erythema, Mild erythema also involved the penis
and scrotum. QOver the asucceeding days these losions did not
increase in intensity. '

Non—-casualty,

OBSERVER 211G

Contamination Density 13 gfsq.m.; Drop Size 0.2 mne (0.006 mge).
Twenty~four hours after the g ray a mild erythema had developed on
the shoulders. No effects were produced on the,buttocks or
calves, Over the succeoding days no changs in the lesionsa
dsveloped. B

Non=casualty.

OBSERVER _£5 G

Contamination Density 1.0 g/sq. m.}; Drop Size 0.2 rmm. (C.008 mSe )
Twenty~four hours after the spray a mild erythema had developed on
the shoulders. The buttocks were involved by a slightly more
intense erythema. No effects were produced on the calves. Over
the succeedings days these lesions did not develop any further.

Non=-casualty.

OBSERVER 21D

Contamination Density 1.0 g/8q.m.; Drop Size 0.2 mm. (0.0086 mg.).
The lesions produces on this observer wers confined to areas of
mild srythema on the shoulders, back and calves.

Non—casualty.




>k OBSERVER 17D

Gontanination Density 1.2 g/8g.m.; Drop Size 0.35 mm, (0,032 mg.).
Twenty-four hours after the spray a mild epythema had developed on the
shoulders, back and calves, Farty-sight hours after the spray the
jesions on the shoulders and back had developed in intensity but did nob
progress to vesication, 8Slight srythema acecompanied by itching of

the serotum and penis had daveloped., |

Nonwcasualiy.

. OBSERVER 1BH R -

Contaminé%ion Density 0.53 g/sq.m.; Drop Size 0,2 mm, {(0.006 mg.).
Beyond & mild degree of erythoems on tho buttocks this obssrver
devetoped no effects.

Nonwsasualty.,

- OBSERVER 25E

Contaminati on Density 0.49 g/sg.m.; Drop Size 0.3 mm. (0.02 T2e )
This observer developed a mild erythema on the shoulders, back
and calves. Thc lesions did not increasse in intensity.

' Noawcasualty.

4 OBSERVER 17H

N GContamination Density 0.33 g/sq.m.; Drop Size 0,35 mm. {0.032 mge. ).
The only cffocts produced. on this observer werc two arcas of mild
orythems on the shoulders.,

>y OBSERVER 21 H

Nonw-casualty.

Contamination Density 0.15 g/sq.m.; Drop Sizse 0.35 mm. (0.032 mg.).
Beyond = mild erythema on the shoulders this man digplayed no
effects.

Non~casualty.

OBSERVER 25H -

Gontaminstion Density 0.06 g/sq.m.; Drop Sizs 0.35 mm. (0.032 mzg.).
A mild erythema developed on both shoulders. No effects were
produced on the buttocks or calves.

Non~casualty.



.. Vapour samples were taken at 100 yd.
yards, and 120 yards downwind fram the upwind edge eof the layout.

APFENDIX VI

intervalas on lines 80

Semples

were taken from 2 4 7 to Z ¢ 22 min,, Z 4+ 2 hras. to 2 4+ 2,17, 2 4 3,18,
Resgults were snalysed by the bromine titration

Z 4 L.Bx8. t0 Z 4 41T
method, and corrected for bubbler efficiency.

‘Mean Concentration Over Sampling Peried (mg/eu,.m,)

80 yd line Z s 7-Z % 22 Zw 2 hrseZ & 2,17 Z & 3 hrseZ ¢ 3,18

Position 1

Avérage

120 yd line

O ® ~ o0 w o~ W N

[
Q

11

Average

1.29

0.17

. 0332

8252

. 135
8,40

.2?22

5.70
0.20

0.63
734
3.3

2.6 .

Q.64

0.19
.29

2.0

2.0

l.l .

0.88
0.74
2,75
0.80

1.27

0.25
2,04
4ol
0.21
. 1.36
| 2.79
0.30
114
7.09
8.30
1,21

1.9

R 7A
0.47
0.20
0431
1.33
3,68
0,20
0.17
2.92
0.42
0.35
1.07

0.30
1,01
2,31
2,18
0.19
0,15
0,15
0,16
0;40
0g43
0432

0¢59

0,18
1451
4435
409
3435
0426

0g55

1,00
0,56
0426
0.30
1.49

Ze hobad?

1,73
0.24
0320
0.09
10,10
1«10
0171
0.34
O:BO
4485
Q.36

0,87
SPYAN
0414
Q.57
0,@4
1.00
2,53
0.13
022
0,16
6T
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© T {Appomdix S).

Plate I ‘ 6=B~37-790~6

Observer 13F. 24 hours after spraying with unthickened mustard
gas. One large vesicle surrounded by an area of intense erythema
with pin point vesication has developed under the site of the
window on the left shouilder,

B

Plate II 6~B~37-790~9 ‘

Sserver 17G. 24 hours after spraying with unthickened mustard gas,
The portions of the skin corrcecsponding to the windows cut in the
impervious clothing are occupied by vesication. Erythemae spreads
outwards beyond these areas, 1is coalescent in the mid-line, and
spreads downwards towards the waist., This observer also sustained
vesication on the buttocks and in the natal cleft,




Plate ITT T T T T T 6 =B-37-790-1

Observer 25F, 24 hours after spraying with unthickened mustard
gas. Areas of intense vesication have involved the skin benesth
the windows In the imgermcable clothing. Erythems has spread in
all directions, is coalescent at the middle of the back and has
spread downwards towards the waist, (See Plate IV)

Plate IV ~ 6rB-3T~790=~3

CbserXver 25F. The same obsorver as illustrated in Plate IIT. BRoth
buttocks are involved by intense erythema and vesigation spreading
far beyond the limits of the skin unprotected by the impermeable
e¢lothing. Severe vesication has invelved the ngtal ecleft and has
gspread forwards to the perineum, serobtum and pehis. For 4 houra
after the spray this obscrver lay or set about on hls contaminsted
clothing. Such behaviocur frequently accenbuates the sevsrity of =
lesion due to pressure of contaminatad clething on the underlying ski
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Plate IIT 6~-B-37-790-~1

Observer 25F. .24 hours after spraying with unthickened mustard

gas. Areas of lintense vesication have involved the skin beneath
the windOWS'infthe'impermeable clothing., Erythems has sprecad in
all direetions,” is coalescent at the middle of the back and has

spread’ downwards towards the walst. (See Plate IV)

|

'

Plate IV 6~B~37-790-3 .
Observer 25F. The same observer as illustrated in Plate IIT. Both
buttocks are involved by intense erythema and vesication spreasding
far beyond the limits of the skin unprotected by the impermeable
clothing. Severe vesication has involved the ngtal cleft and has-
spread forwards to the perineum, scrotum and pénis. For 4 hours
after the Bpray this observer lay or set about on his .contaminated
clothing. Such behaviour freguently accentuates the severity of =a

lesion due to pressure of contaminated clothing on the underlying skin.
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