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SUMMARY

1. Trials have been carrisd out, with o‘bservers, to debermine
the protectlion agninst dosages up to 500 mg.m:.n/cu.g&m. of B (time

o5 min,) under conditions of high temperatures (100 F.) and high
humidity (85 per cent) of:

(a) Ordnance issue K.D. shirbs and trousers inpreghated
with A.V. bub otherwise unmodified.

(b) Ordnance igsue K,D. shirts and trousers impregnated
with A,V. and modified by the addition of A,V.
impregnated flaps at the wrist and neck openings of
the shirts and at the flics of the trousers.

=) It is concluded that uwndor thc conditions of the trilials
K.D. trousers, A.V. imprcgnated, but othorwisec unmodifled, afford
adquate protection when worn with anklets providing that the fly
gpening fits snugly. With unmodified K.D. shirts lecakages ot  the
wrigbts and neck openings cause vapour burns on the forcarm and
chost, Buch leoakagos can be ovorcome by tho provision of ALV,
ilmpregnated flops at these points.

3: During the course of the trianls tho dovelopmont of erythema.
and crustod lesions on the scalp was notod. It is suggosted that,
ponding the develo pmont of o roally gatigfactory o he
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IXPERIMANTAT STATION )
‘ SUFFIELD, ATEBERTA ,
- _ 8 Jun 4,

BCHNICAL NINUTE NO, H8

UHE PROTZCTION AGAINST MUSTARD GAS VAPOUR IN THE CHAMBER AfFORﬁED'
BY A.V. IMPRAGNATED KHAKI DRILL SHIRTS AND TROUSERS

Reference: OC.Wel. §-5-6—2 dated 11 April L4, .
Local Trial # 51 — Trial A carried out 9 May M,

Trial B " " 10 May Uk,

Trial O " 116 May
INTRODUCT ION
. 1. In tropical weather conditions, impregnated (A.V.) battle

dress is heavy and uncomfortable to wear. In an offort to find olothe
ing which would give protection againsi nigh dosoages of mustard vapour
and ot the same time would be comfortable to wear under tropical.
conditions,Khaki Drill (X.D,) shirts and trousers have been impregnated
with A,V. oand the degroe of protoction against mustard gos, liguild
and vapour, measurcd. The ponctratlion timos of ligquid mustord gos
through discs cut from samples of thosc gormonts hove beon dobormined
and havo been shown to be satisfactory. Tho OT!s of musbtard vopour
againgt which the imprognated matorial in the gorments hos beon shown
to protoet arci— ,

Shirts = 35,000 mgm.min/cu.m, ) C s 1000w 1800 mem.

‘ . POr CU,.N,

Trousers — 60,000 mgm,min/cu,m, )

Thogo OT!'s arc bolicved to be considorably above thoe protcoebion wvolucs'
the ontire garmont might bo oxpeoeted to givo against similar concontrar
tions, (CuW.L,~S-12~1, 5-5-1 dateod 19 Fob W), .

2; Tho presont trials have beon dosignod to dobtorminc vihothor
tho ordnancc issuc K,D. shirts and trouscrs, when impregnatcd bub othor—
wlsc unmodificd, protcct the woaror against mastard gos vopour.

3e Similar garments, modificd by the addition of flaps of A.Ve
imprognated matorial at the cuffs, front oponing and flye woro includod
in ono of the brisls to dotormine whoebther such modificatlons woro
necossary or coffcctive,

OBJECES.

Y, To detormine tho proteoction against mustard gas vapour in
tho chambor affordod by A.V. improegnatcd K.D, shirts and trousors
which arc (a) unaltorcd in design, or (b) modificd by the addiblon
of flaps at tho cuffs, front ovoning and filya

FROCEDURT
Se The main dotalls of the procedure in cach trial were idontical,
6. In cach of the throo (3) trials, four (4) obscrvors wero

oxposcd to a concontration of mustard gas vapour in an 11 cuble motre
chamber,



T In Trinls A and B, thoy woro drossod ns followsg {sco
Ploto 1)s ' , )
K.De- shirts - A,V, imprognatoed,
K.D, Trousors ~ A.,V. imprognotod,
Trunks (pantics) «~ A,V. imprognatod.
Anklots, Bocks .
and bootsg ~ Non-—imprecegnabtod.
Hoods (U,S,) ~ QCp imprognatod, .
Respirators, gonoral sorviecc, at the gas position .
Ointmont A.G. No. 5, applied to tho hands and wrists.

-

&, As controls in Trials A and B, two {2) obsorvors wcaiiﬁg
U,8¢ herringbone twill covoralls (005 impregnated) instond of K,Di
ghirts and trousors, but othorwisc drossod the same ns thoso degeribed

above, wors exposods

Se In Trial O, thc following modifications in dross woro nado,
(soc Plate II): ' :

Trunks (pantics) worc not worm,

Hoods (U.,S.) were not worn, .

Rospirators, light typc, wore substitubed for tho
goncral servico typo,

Ointmont, A.Ge No. 5, wos applicd to tho neck p,nd .
cars as woll as to the hands and wrisbs,

10, In Irial ©, throo (3) obscrvers woaring AJVe imprognoboed
X.D, shirts and trouscrs, modified by flaps at tho cuffs, fronk
oponing and fly, woerc included as controls (soc Plates III, IV and V).

ll; The chambor wasg hoatod by o numbor of clcetric hoaters:and
tlic hunidity increaoscd by tho injoction of stoam into the chombor,

124 In Trials A and B tho obscrvers ontored tho wnrmod chambor
fifboon (15) minutcs bofore tho concontration of rmustard gas wapour
was put up. In Trial ¢ tho concentration of vapour had boon pub up
prior to their ontoring the charmber, During the poriod of oxXposSure
(twonty—Ffive to thirty ninutcs) thoy carriosd outb Physical oxorolsog
for a poriod of onc to two minutcs ropoated overy fiveo (5) minubos,

13; Aftor oxposarc thoy continuecd to woear thelr bost clothing
for a poriod of four (4) hours, the first jour of wiilch wos spont in
& room warmod to a tomporaturce of 99 — 101 F. with o rolative hunidity

of 65 por conb,

1&; Tho vapour was pubt up by dropoving a measurcd qpantiﬁ& of
nustard gos (99 por cont purc) on to a hot plate in tho chambor, The
alr was nixod by ocleetric fansl '

15, Vapour sampling was carriocd outb through injcebore<wporatod
bubblers, two (2) in sorics (ton litres por ninute flow rate),
Duplicate sanplos wore btakon over ton (lo) ninute poriods during the
roriod of oxposurce of tic obscrvors,

16; Bompling timcs wore as followss

(a) zoro (2) . %o Z 4 10 minutcs;

(v) 2 % 10 ninutes to Z 4 20 ninutcs,

(¢) 2 4 20 ninutos to Z 4 30 nminutes, )
17 Annlyscs wore nado by thc iodoplatinato and bromine titraoe

tion mothodsa,



18. In summary, the results were as follows:

Cone. Total Relative
TRIAL | . of Dosage of Exposure |Temperature | Humidity Results
Migtard Mhstard Time in Chamber in {Observation period: 6 days)
Vapour Vapour, Chamber ﬂ
(mamdeu,n, ) Jin/cu.m.) ,.
Z to Z 4 10 min, 7.5-9.2 " .
A Z 410 to Z + 20 min. 0:9-0,15| 84 - 9 30 minse | 100°F, | g7 por cent Wh. Yo effect,
Z 4 20 to Z + 30 min, 0,0-0,0
Zto Z 4 10 min, 19,2 -
50,3 . . |
B % + 10 t0 2 + 20 min, H_.Nom - b‘NO - A‘QO N@ nins, L 101 “m_v wm per cent NT\N_; mw,m.u...@ mH.%.d.uﬁwgm on
g 18,0 , outer aspect of farearms
420 %0 Z 4 30 min, 17,0 - stretéhing from wrist to
18,0 elbow, In H\b‘ mild erythema
on back, Controls wearing 0Co)
{U.3.) tmpregnated coveralls
. showed no effects,
Zto Z 4 10 min, 20,7 =
8.8 | - ;
¢ Z+10t02Z4+20 nind5,1 ~ | 440 - 380 25 mins, 103°E, 89 per cent #\x_‘. Erythemé on forearmg
C 1344, as in Trial B, Erythema
Z+20t0 %+ 25 swwewm.wmnm on upper ahbdomen and lower

chest fidm navel to angle
of ribs;.

3/4. “Crusted lesions on
séalp. Controls, wearing
AV, shirts and trouserg
modified by fleps showed
no effects except emisted
lesions on the gealp.
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DILSCUSSION

19; The results of thoso trials show that the AV, improgaotod
K.D, shirt allows the onbtranco of mustord vopour through tho s1lit
above thoe cuff, '

20+ In Trinls 4 and B no vapour, cffocts wore socn alonz bthe
1Linc of thoe front oponing of tho shirt, oven though, in sonoc cnecs,
'vo buttons wore badly placed and sonc puckoring occurrod whon tho
buttons wore fastonod, This nay have boon duc bo tho prossurc of
tvo rogplrator haversack on tho front of the shirt forming an aeffcetive
socnls In Trial €, viwon the gonoral sorvice rosplrator wos roplocod
by bthoe light type rospirator, orythona doveloped on thoe upper obdonon
cond lowor chiogt in 211 four ZH) gascg indicating o lezkoagoe along pard
of %o frontal oponing. Thorosfore, the imprommatod K.Da. shiry
roguircs modification in dosign boforc it is o a goneoral issuo as
an orticle of anti-gos cquipnont,

21, In Trials A and B impregnated hoods were worn, In Irial ©
the hoods were omitted and the exposed skin of ths face and neciz was
wrotected with ointmont A.G, Wo, 5. In those casas in which the collars
fitted too loosely, a tape or tic was worn around tho neck. Yo wvapour
lesgion developed on the nock or upver part of tho chast,

204 In Trial B one obsorver dovolopod a mild orythemn on, ho
back, shorply limitcd above by the linc of tho imprognatod hoods. In
this case, the causc of the losknge was not dotorminod. .
23a In Trial ¢ imprognabed trunks {pantics) worc not worn,
No loakage occurrcd Fhrough the fly in any of the obscrvers woaring
oijhor the uvnaltored or tho modificd trouscrs,

24 Apart from crustod losions on the sealp, no vopous cffocts
d.evclo:pod in tho obsorvors woaring tho KeDs trousors and shirts
modifiocd by tho inclusion of flaps at thoe cuffs, front oponing and flye.

25. No toxic roactions abttributable to tho wooring of the AJV.
imprognated clobthing worc dobtocbed in any of the obsorvorse

26w ‘The obscrvagions wore made undor sovorc condltlons of
tamporature (101 - 103 F,) and rclative humidity (83 —~ 89 por conb).

27, Whon in tho chombor, and for one (1) hour afterwords
during which the mon wore kopt in a warm room, the shirts of all |
obsorveors woere dronchod with swoat. The browscrs wore all doamp and
in most cnses, swoat had appoarcd through at the knoos and 'thighe'.‘

2B, The trial garmonts used in Trinls B omd C have boon sube
mitbod to C.W. Laboratorics, Ottawn, for ostimsticon of A,V. contont,

SUMIZARY ASTD CONCLUSIONS

D

Lo,29; Chembor trinls have boon carwricd out to doboremine the
|

degroo of protection against mustard gas vopour afforded BY AeVe
~impregiateod Khalel Drill (K.D.) shirts ond trousors, :

304 At CT's of 40O - 500 (T = 25 min opow

ptos), leakage of o
occurrod through tho oponing above the cuff. rosuiting izgl vopour,
burns oxtonding from the wrist to tho clbows



e

3le Vapour burns developed on the lower portion of bthe fronk

of %tiie chest due to leakage through the front opening of the shirb.

Whon the general serviee respirator haversesk was worn, bthis leakasge
did not occur,

32:. Those vapour burng on the arms and trunk d4id not ococur
whon thoe shirt was modifiod by the inclusion of flaps abt the culfs
gnd. along the front oponing,

33, A.V. imprognatod K.D. trouscrs with a properly Fitiing
£ly and worn with anklots gave ocffoctive protoction agninst Cots
of OO ~ 500,

3)—!-:. When imprognated hoods wore nod worn, corythoma omd erustod
logions dovoloped on tho S3O1Pe

35,:, Thoso brials worc carricd out under conditions of hlgh
tomooraturce (101 — 103°F,) and high rolative humidity (83 ~ 89 por
cont)e

RICOMMENDATION S
36:. Laboratory and chamber tosts should be made with kholdd

drill shirts and trouscrs impregnated wilth A.V. to dotecrmince tho ‘
offecet of profusc swoabing on tho imprognitec contont of tho gormonbdes

37w If thosc gorments arc othorwisce accephoble, tho shivrt
should be modified by %hc inclusion of flaps ot the cuffs and ot tho
front oponing, If tho cuffs and collar do not it woll, thoy should
be fastonoed by tapese

38, - In tho caso of the XK,D, troixsors, providing tho fiy is
Toosonably woll tailorod ond anklots arc worn, no modifiecation is
nocossary to protoct against OT's as high as 500 :

39. Somoc form of protoction agninst mustard gos vapour for the
scalp should bo adoptod for gomcrnl issuc with anbl-gos cquipmont,
Until on ontircly sabisfactcry ontl—gas ointmont has beon dovelopod
warich will proteet the oxposod porbions of tho face, cars and ncolc,

tho possiblc advantages of the imprognatoed hood should be recohsidered.

Hotei Tho garmonts usod in thoso trials worc imprognatboed and
gupplicd by tho.Chomical Warfarc Laboratoriocs, Otbown,
at whosc roguosb tho trials wore carricd outs - -

. . These trials were carried out by Major W, Somexville,
RyAuM,Ce, Surge Lt.Omdr, D.D, Bonnycastle, R.C. N,V Ry, and
F/L HelL. Dobson, ReCedsFe, of the Physiological Section, This
- report was preparsd by Major_W. Somerville,

*

. (B, I1l. DAVIES)
Chief Superintendent
Experimental Statlon.
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TECHNICAL MINUTE No. 58

«

Plate No. 1 5.P.151.782.4
Observer wearing Khaki Drill shirt and trousers as in
Trials A and B. The only lesionsgs which developed were
on the foreamms. The respirator haversack forms an effec-
tive seal at the fromt opening of the shirt.

' Plate No. 2 5aP.151-782.5
In Trial C, the light type respirator replaced the general
service respirator. Without the -haversaeck on the chest to form
or act as a gSeal, vapour gained entrance through the front
opening of the shlrt. As a result, vapour burns developed on
the chest and upper abdomen as Well as on the forearms.
(See Plate 6)




TEGHNICAL MINUTE Nd.- 58

. . Plate 4
Khak: Drill shirt, A.V. impregnated,
sewn on to the leit side of the fron
over to the right. The cuff flabp is
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showing flap which is
t -opening and buttons
sewn on toc both sides

of the cuff opening. Shirts modified in this fasshion,
projected against a concentration of mustard gas vapour

whizh produced burns on observers we

aring unmodified shirts.
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