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Kirner, Chief, Division 9.
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"In this report cre wssemoled the deata of &ll vesitant screening %’
teste carried out by the University of Chicago Toxlcity Labors- ‘ g
tory (Contruct NDCre-13k)." Medical officers of the Nuvy Depurt-
ment participited in the tests which were curried out on volunteers
at the Great Lukes Naval Truaining Statmn. .

_"Qver. 400 compounds h.nrs been ex‘,mned b; the applic&‘htm of mll
“emounta df liyuid to. tne. humen forecrm. - Dutz for compounds. bested
prior to 1944 wre given on puges 57-171. &4 Supplement (pp. X77- - -
184) covers compounds testad uuring 1944, .0nly i single. compounds
.8z tea in”.Lgés Jbefore tns termination:of the pontrLcy;:
L ﬂ. 5 & proauct of tharmel degtruction of cyunngss thlp
pr oniy 2/18 érjthemsis ihen testen (.t « aosige of" O
(NDRC B:4:1-25). " The testing methous wre described .(ppi 1-1{) :mu
the J.nveatlgutors' imgresuons of the V’u!‘il«-bl(.ﬁ m.tluencing the
result,a c:i‘ tepts .L.;‘a roqoraac (pp. 1:‘&-;7) RN . o ol
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* B L6 other vesicunts of particular interest {see tlso. OSRD 42
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vesicancy data obtuined at the Unlversug of Chic.hgo'
5886, 8501, 5942, 5943, 3944, 4176, -und 4658 OSRD: Hol‘qgg‘-
4230 describe devices for ‘the delivery. of, Imll doses ol
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{(2) from Walter R. Kirner, Chief, Division 9 to Dr. Irvin
Stewart, Executive Secretary of the National Defense Research Committee.

Forwarding ‘report and noting:

¥This report, in conjunction with OSRD report number 4176,
tStatus Rerort on Toxicity and Vesicant Tests of Compounds Re-
ferred to the University of Chicago Taxicity Laboratory!
summrizes the =creening of candidate chenx..cal warfare agents

- - -carrieq out by Division O NIRC during the preserd; These
.4 4 two, Teparts shodld b of value s & guide to i ggéﬁsm

UUF s fikure. resedreh: should take iri seeiing new tandidste

-+ . chemical warfare agents as well as to attempts at correlnting
toxicity and vesicancy with chemical structure, .

:*om.m:. acknmdcdgmt is-made for the assigtihce réndered

by the’ mr/aau of Medicine and Surgery, Navy Department, through
- Qaptain E. W. Browr, in providing human' volunteers from the.
, Grnt lakes Raval Training Station for the vesigancy studies

© .8 well as aaaistance by Naval orncm in the .setual candnct
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TESTS FOR VESICANCY ON BUMAN SKIN
t¢ January 1, 194k
(with supplement to January 1, 1945)

by

John F. Thomson
Hoylande D. Young
Joseph Savit
Fugens Goldwasser
Reymond G. Murray
Peter DeBruyn

Fugene M. K. Geiling, Official Investigator

R. Keith Cannan, Director, U.C.T.L.
William Bloom, In Charge of Vesicants, U.6.T.L.

The facilities for the tests requiring human volunteers were
fumished by the Senior Medical Officer of the Ninth Narval District.

The following Medical Officers were assigned by the Navy Depart-
ment as collaborators on the Vesicant Teating Program:

Lt. Comdr. A. F. Abt, M.C., U.S.H.R. - January 21, 1942 to
June 30, 1943
Lt. Comdr. T. B. Friedman, M.C., U.S.N.R. - July 7, 1942 to
May 25, 19kd
1t. J. H. Heinen, M.C., U.S.N.R., Jenuary 11, 1943 to
September 21, 19hh

The teste reported here were carried out by the Nevel Officers
and W. Bloom, P. DeBruyn, E. Goldwasser, P. Johnson, J. Last,
R. G. Murray, R. Merrill, J. Savit, J. F. Thomaon

None of these peraone participated in all of the tests. Most
of the work was dome while Dr. F. C. McLean (now Lisut. Col., M.C.,
A.U.8.) was dlrector of U.C.T.L.
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TESTS FOR VESICANCY ON HUMAN SKIN

SUMMARY

Thie report covere our results with: (1) criteria and
methods of vesicant testing and some of the variables involved,
{2) cumulative date on mustard and lewisite, obtainod from
February, 1942, through Docember 1943, {3) spot tosts for vesi-
cant action of over 40O compounds, carried out on several thousand
wmen, and (4) studiecs of somc mixturecs of vesicants and vesicant

comparisms.

The ection of veslcants on human skin is affccted by
temperature and humidity, exerclsc, and condition and type of skin.
Variatione in individual eensitivity roquire that largc groups of
mcn ba uscd for accurate comparlseone of vogicants.

The deta on H and L, compiled largely upon untreated con-
trols of tcsts of decontamimation and protection against liquid
veoicents, sfs preeented to show the variations which appesar from
day to day and even amamg scrics porformed on the cams day.

¥With a prescribed upper doso limit of 0.2 mg., we have
found that 107 compounds tested arc vesicants, 43 ere irritants,
21 arc mild or doubtful irritants, and the remainder have no effoct
on human skin.

In gencral, tho powerful vesicants arc cortain memboers of
the mustard and scsquimupttrd seriss, many of tho dichloroarsines,

. and a fow dichlorodiethylamincs.

Mixturcs of vesleonte arce no more powerful then thoir moro
actlivc compnents.

ey
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TESTS FCR VESICANCY ON HUMAN SiON
\

+ I, INTRODUCTION

Criterie of Vesicant Testing

Leboratory tests, conslsting of the applicatlion of small
ameunts of 1he compounds to humen skin, or large-doses to animels
are used to ascertain the relative potency of various céompounda as
vegicanta. These mey be carried out with liquide or vapora. More
importent and final tests must be carried out on men {(or on animals)
in chambers and in the field, In this report, we are concerned only

- with laboratory teste for veaicant action on human skin,

Selection of Dose - The firat step in the svaluation of a
new compound submitted to this laboratory hes been the application
of it to the ekin of animals to obtain & general idea of the potency
of the new material.l The dosage for the first tests on man 1s esti-
mated from the results ao obtained, In our expericnce with seversl
nundred compounds, thore have boen only & few instancee in which the
animal skin became necrotic and the human skin 4id not blister, and
only one cage in which the human skin wao more senaitivu than the
ranimal.

A committec composced of representatives of the armed scr-
visces cf Britain and Canada, and of the OSRD, which met in Boston in
September, 1942, pregeribed for us a dosage llmit of 0.2 mg. For
acreening purposcs we have adopted the followtng routina: 0.2 mg. of
the. agont, e¢ither undiluted or in a solvent ils evplled to the shaved
back of a mouse. If no irritation is produced a like quantity of the

ent is applied to the flexor surfaces of the forcarme of a group of
men, If non. of the men 18 irritated, the compound is clasned as a

. nchUeicant (NV). Compounds which give only erythemss at 0.2 mg. on

L One of tho obJectians to the use of enimal skin is that 1t doee not
“bifster as the rosult of the application of heat or chemicel agents.
‘This failure of animal skin tec blieter ie due, in part, to tho fact
thet skins of animals have & thin stratified eplthelium . Apparently,

" tho vesicant, or hoet, a8 ‘the casec may be, Injurcs this thin cplithelium

and- the underlying derma B0 repidly that blistering doee not occur.
. If, howover,  the cpithelium hes proviously been thickencd, the oppli-
cation of & .emall amount of vosicent produces typlcal blisters in tho

- ¢pitholium and at the line of Jjunction of the epithelium with the dorme.

(U.C.T.L, Informal Progross Roport. July, 1942).
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wn are classcd 2 irritents (E), end those that produce bilistere &t
this level or less are classed as vesicants (V). This upper dose
1imit has becn used throughout the year, although scme compounds only
rildly irritant at 0.2 mgy, in cold weather may be capable of producing
blisters at that dosgco in the summer.

If the applization of the vesicent to the skin of the mcuse
produces some damags, the first dese selected for crplication to human
gkin will vary from 50 to 100 mlerograms, denending on the scverity of
the resctlon of ti'c moucc'n alin,

Reacticns of Humen Bkin - Small excunte of an irrilant may
produce no react.cn ¢: en elythsme of varying intensity. Within this
erythematous aras a paprle or blister may devulop, Cccasionally, an
area of necroeis witkout visicetion or with resicaticn at the periphery
only, may result.?  With rzill dos.s of wusterd, instead of a sinfle
vesicle thers mav be mamerous pinhcad slzed vesicles in the center of
the crythematous ar:a. ' '

For eimplicity in recording end evazluating date, wc use the
three catugoriss "nil," erythema," and "blister." In moet cases,
the men are inspocted at 24 and 48 hours, end only the latter readings
are reported. Unfortunatcly, in the vast majority of the tepte, we
have boen unable to make roadinge latcr then U5 hours. Roadings are
made by tho Nauval Mcdicel Officers or by hospitnl corpsm.n und.r the
officers' supervision. The groatest diamcters of erythema cnd of
blister are recordsd in millimeters., From the size of the lesions
and from“the pcrcentage of each, & satisfactory evaluation of the

relative veeslcency can be made, . (

Those compounds which show Intense irritancy (i.c. give a’
percentags of blistors in the range of mustard) have been ovolusted
. further by direct compsricons with the standard vesicants.

2 The frequency of those typee of lesions may be gauged from the followir
data, Of 678 men recoiving Q.13 mg. of mustard, during the months of
February and March, 1943, 63 (or 3%) devoloped necrosos without dblister
formation. The percentagc thet blistered for this same period was 89.k
(including the 63 men with necroses in tho blister totel). The nocrosec
are tabulated as blisters bocause (1) most of the tests were comducted cr
8 48-hour besis, (2) blisters.and broken small blistors are hard to sopa-
rato from each othor, and (3) what scems to be & small aresa of necrosis
mey develop into a small blister a day later,

-
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Metlicds Used Tor Appllication ¢f Vesicanis

decause of the greet potoncy of some of the chemical com-
pounds used as vesicants, !t has been necessary to deliver exceedingly
smull amounts of these substances, Many difficultics are involved in
the cage of undlluted compounds, For the purpose we heve modified and
used two devices of other workers. One of these 1s the Edgewood Rod;
the other the microburetts or micropipette.

Rods - The usc of rods of etandard delivery arsa and welght
hag been deserided by ¢. C. Armstrong (1937) of Edgowood Arsensl, A
gerics of seven atainlzses stesl rode are machined and polished to sizesp
ranging (&t the tip) from 0,50 to 2.63 mm., in diameter, and calibratod
to deliver from 0.C15 mg. to 3.15 mg. of mustard., The dose dclivercd
to ths skin by cach »od followa:

Rod Araa | Dose H dclivorcd
Nc. 5q .mm. Total mo.! gﬁ.ésg.mm.
1 0,28 0.015 0.05%
2 3.79 5.023 0.029
3 1.25 | o.0%2 0,026
4 1,72 0,350 $.029
. 5 2,69 0.060 0,022
5 3.4 0.083 0.020
7 5.6k 0.150 0.027

In uss the rod ie rested by its own weight (about ome ounce)
on & specially preparcd pad seturatod with the vesicant and is then
applied in o pimilar way to the skin, Tho pad must be nonfriable so
that amall picces of lint do not adhere to the rod and carry cxcegs vesi-
cant to the skin. The pad must not react with the agsnt to be tested,
The Edgowood pads, prepared from mecerated paper, may be usod for mustard
over a period of scveral months, In our laboratory, new leathor pads are
uscd and discarded each day, The pads arc punchod from lsather preparcd
by the Eagle-Ottowa Leather Co. of Grand Haven, Michigan, who writo:
"The leather is tanned with approximately 504 hemlosk bdbark and 50% que-
bracho cxtract. It L6 later gliven 2 light tannege with & synthetlc tannin
¢alled 'Lenksnol' cnd sumac loaves, Thu sumac ig now off the market, dne
to wor conditions, =nd is buing repleecd by a South Amcricen shruhrsold
undsr the tr-d. nems of Sutan,” .
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ad coo: 3jony ly muchline pol’an o, mey thy woused #itd I oand other oraent-
/o ley oo thos wnnte corrod. tuc steel. In addition to th el roda,
yinae rods of elmllnr alze bhave din mod, 2 oo librated for ute with L.

The frogility of the gloss rodas ia the:wr yrineip-l shertceoming.

D.:livery of veniennts by rods of th Edgewood type nss sov rol ad-
ventigee, The mothed i pollenbl. fo =11 liquid vesic:inta wnd aclutions
-2 £t thoge of high vipor prossurs. A wide ronge of docage is possible
nd dulivery 1s ceay and repid. *The rods wméd the emall smountc of vesicrnts
neCoesary are casily tranaport.d ind eca by uend anywhoere without zuxilisry
ceuipmert, The delivery of E b7 thesn reds ig ratrlyecnstant undor corefully
ccntrolled cenditicrg, o

The rods hove certaln Aisadvantzges, the greateat »f whick arc veri-
<bility of dems by weight d:liver.d with clight chenges In the conditione of
the (xXperiment and the neccgsity of cnlibrating the rods for coch compound
tested, Changing the type of pnd, for sxample, mtry altor the dosc by 50% or
morc, and there is the pocsibility of rewctien of esome of the veslcante with
the ped when poveral of differint types urc to bo teetcd., Viecosity wnd
temperature affect the smount of voelecant picked up and delivercd by the rod.
The emounts of molsture wnd groces en the skin =lso influence tranefer of
vesicent to the ckin from tho red surfecs, Thoee vorietions mey affect the
rcsults obtsined from one veeicnt muck mor. thon thoswy from another,

Pipattes and Bur:tt.g - Many typus of plpettec znd burettos have boen
used. to dcliver vesicants. On: of the typ:ss wsed In thic leborotory is a
length of mercury thormometor tubing with ono «nd drawn to 3 fins tip. Onc
¢ :gree on this thormometer pipette eguolo 0.031 mg. of water, or 40 microgroms
of mustard. Thie instrum nt is difficult to handle, and cunnot be controlled
scourztely within 0.5 degroc, For compounds of low irritancy {or for very
dilute solutions), whore relutively lurge amounts (multiples of 1 cu.mm.) can
bo uscd, n micro Kahn Pipevtte 1s satisfactory. The delivery of the powerful
VGsicants requires & mors d:llecste apporatus,

Drol - This is = modification of .2 micrometer ayrings described by
oven (1622). McMaster {(1042) hes tppliﬁd 1t to the dellvery of small quan-
titice of veslcants., A mlcrémetsr ie attached to the barrcl of o 0,25-ce B-D
tubcerculin syringe in such o w2y that, ae the micromoter hoad le turned, the
rlungor of the syringe 1s forced forward. Each revolution of the micrometor
rag bsen divided inte twolve parts, =nd 2 click-otop crrengement provides for
vagy delivery of multiplos of 0.2 cu.mm, (or J. 26.mg.) of H.

The delivery tip is o stainless Etrhl surface perforzted by o fine
caplllary opening, prcsecd over the stump of ¢ #27-geuge syringo ncedle, A
similor glass tip hos beun devoloped for dulivering stecl-corroding liquids
such £8 L. : In the legest model the driving portion of the micrometor 1is
. gtteched to the heod of the syringe plunger by 2 ball-esnd-pocket joint. This

permite £illing the syringe by roverse revolutjon of the micrometer, without
the negagsity of a spring .08 in'thuofirst medul. The spring haa been un-
satisfactory because of n tonduncy tcw&rd,corrmaion. e W

Y
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Qur Modlfication of the "Dred" -- the "Micrometer Burette" of

this Report - We have modified the ''drod” go that e single inatrument
can be used to teat & large number of vesicants (frequently 20 in a
morning on groups of 20 men each), The alterations we have made enable
us to change rapidly from ons vesicant to another without the dealy
which would be necessary if the "drod" had to be decontaminated after
theuse of each vesicent. This apparatus has been described recently
(Bloom, Murray, Savit, Thomson, OSRD No. 1899, September 14, 1943). The
"drod", without delivery tip and filled with mercury, acts as the driving
mechanism. It 1s attached by a ground-glass Jjoint to a two-way stopcock
to which the delivery tip 1s also attached. The L-ghaped bore of the
core of the stopcock pormite the delivery arm of the pipette to be
connected either with e wastc bottle and aspirator or with the drod,
thus allowing liguids to be elithsr drawn up into the delivery tube by
agpirsetion or expelled by turning the micrometer.

The two original “drod" micrometers which we had were calibrated
to deliver 0.2 cu.mm. of liquid (or 0.26 mg. of H) per "elick" (1/12
roevolution). We have divlided each of thesc intervals into four, 8¢ that
one "small click" (1/L3 revolution} delivers 0.05 cu.mm. of liquid, It
has also boen possible by the addition to the micrometer hoad of & polinter
arm and a 6-inch indicator dlsc marked off in 192 divieions, to deliver
1/2 or 1/ of a "small click". Thesc are equivalent to deliveries of
0.025 cu.mm. or 0.GlE5 cu.zm. of liguid resgpectively.

Inequalities 1n delivery render the accuracy of individual doses
at s given rango questionable, but the average dose over & merics of
applications must be nearly constant. Deliveries of amounts groater
than 0.05 cu.mm. have produced reesonably uniform lesions in most of our

experiments.

Benosh® Micropipette - During e great part of the year, even the
modified drod dolivers too mich liquld for the evaluation of the relative
potoncy of the most effuctive compounds., . We have modifled the apparatus
with tho ald of Mr. M. E. Benesh, and M.E. Benesh, Jr., who have made
for us a precieion micropipette that advances 2.5 of H with each cog
of the retchet on the micrometer. This apparatus ie provided with re-
placcable deliveory tips so that wo are able to test a large number of
voesicante in repid succcssion. From our calibration of thc apparatus,
there can bo no question of the officlcncy of thles machlne in advoncing
smell emounts of ligulds, We hove used this machine on about 10,000 men
and arc convinced thet it will bo o docided ald in cveluating diffcrences
betweon the potont veslicents. Striking and conatant difforoncos have
becn obtained betweon 24, 5, 74, 10, 124, 15, and 20 micrograms of H and
cther compounds. Somc of our findings havo been pudblishod togother with
a dctailod doscription of the cpperntus (OSRD No. 4230, October 194h)

All of the date obtained with' this machinc havo appeered in UCTL Informal

Roports of 1944,
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There ie still the problem of the delivery of the small amounts of
lilquids from the delivery tips onto the skin. Only a part of the vesicant
is delivered on gingle applications, a small amount remaining on the delivery
tip. This we have verified by two methode. In one, with the aid of a
binocular microecope, we examined the delivery tip after application to skin
of propylene glycol colored with Nile blue sulfats, On the polished glegs-
tipped surfaces, after each application to the arm, a smell amount of blue
liquid was even, even after delivery of 2 micrograms. The amount seemed to
be constant aftor ocach application. In another teet, in a group of 20 men,
sfter the last application to an arm, the delivery tip wes touched once
more to the arm without having morc vesicant brought to the tip., It was
found that the small amount of the vesicant remaining on the delivery tip
was sufficlent to causv traces of tranelent erythema in a fair percentage
of the casus, '

The Benesh micropipetto docs deliver approxinmetely the same emount
of 1liguid on successive applications at cach dosage lcvel so that theo re-
sulting lesions cre satisfactorily comparable as to sizc and intenseity. (’
Heonee, this apparatus offers us a wmeans of compering undiluted ligquid
vesicants in amounte smaller then those obtainable with ecither the drod or
the Edgewood rods. As montionzd abave, it ie neceesary to be able to do-
Iiver these small amounts without solvents, for the addition of a solvent
has changed the vesicancy of sore compounds.

Veeslcant Vapors -- Statlc Systum - The vesicant vapors may boe tested
in static or dynumice systoms, Tho elmpleet method of exposing the skin to
vesicant vepors is by means of & vapor cup similar to thet In usc et Edgo-
wood Arsonel. A thimble-sized cup contalning n pod peturated with mustord
ig mede with an inwcrd-curling lip so that freo liquid from the pad will
not run down the sides of.thu cup znd contaminctc tho subjuct's z2rm. The
sir in the cups is seturatcd with veslcant vapor. The concentretion of
vapor, of o particular coupound, in euch cups dopends on thce environmental
temporature as well ac thet on tho ekin of the subject. The cffectivencaa
of tho vapor alsc doponda on the amount 'of mcisture within the cup. [

Our main uee of the Edgewood cups has beon in the toste of protective
ointments for pereistency of protection cgainst B vepor. The results of
thoso toets hevo béen roportcd by Sevit, Thomson, Goldwasscr, DeBruyn, snd
Mergeret Bloem (OSRD No. 3386, March 19kh)

A wodificetion of this wapor cup is a smell vial placed in & thormos
bottle filled with fluid, the tempereturc of which can be controlled cnd
stebilized over = wide rango. A more sccurate comtrol can be obtaoined by
immeresion of tho vials in a thermostatically controlled wator bath. Such
en oprorcatus, in use in Britain and Canade, necossitates dringing the mon
to the leboratory, whereas. tho thermos bottles tey be treneported (25 wo

have hed to dc).

f D A
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In tne winter =nd spring of 1943, we madc A few attempts to
evaluate vesicant vapors in this etatic system. Ths technlque consisted
first in lining the small glesa vial (16 x 50 mm.) with filter paper and
saturating the paper wlth tho ligquid vesicant. The vial wae cepped, and
placed in un ordinary thermos bottle filled with weter, 8o that tho tempera-
ture of the vial remalned constant. A strip of cellulosc tape with en
8 mm., hole punched out w:s placed on the man's crm in order to eliminate
rim burns, and the mouth of thu viul was set agalast the tape. The time
of exposurc was carefully regulated with the aid of a stop-watch.

he results obtulncd, although consistent within themselvos, do
not cgreoe with those obtaincd in a dynamic systom. We were unable to pro-
duce more th~n_25% blistors with mustard at o &' cxposurc at 27°C., (Ct -
6700 mg.min./w?, acsuming sctureted vapor), aznd could not get 50% crythemas
with locwieite vapor et 2 €t of approximet:ly L4600.

Vuglcent Vanors -- Dynamic Flow Apparatus - The cpnaratus used ot
the University of Chicago Toxlcity Luboratory for tisting vesicant vepor
conalata of & bubbler of vecicint through which ¢ strcam of nitrogen is
pasged. The degroc of scturation of the nitrogen ig calculated from the
wolght lose of the bubbler and tho rate of flow. Tho atream of vapor is
lod to four orifices so dealgned that the gus flows out ageinst the skin
from an opening cbout 8 mm. in diemetor cnd flows oway in en outer jacket
about 1% mm, in diameter. When the skin of the cublect, mouse or human,
is epplied to thie orifice, only the outer Jacket 1s in cantact with tho
Bkin although ohly 2 millimeter or itwo scparctos the skin from the 1lip of
the innor (delivery) orifice. The exhaust gos la collocted by bubdling
through o suitablo zboorbent and an analysis of the concentration mado to
cheek the colculated nomincl concentration of vapor. A bubbler containing
weter 1o used for zdding moisturc to the wepor. (For a description of the
apperatus cnd tho results obtained with 1t seo Black, DuBois and Lipton,

OSED No. 394k, Jury 194k},

The Ct's (mg.min,/m>) which will cause erythemas &nd blisters on

human akin, in 50 or 100% of the cases, may be taken as end polnts,
Vapors of other vesicents may be, compared with that of a standard vapor,

puch &s R.

A similar apparatus was constructed at the Naval Regearch Labdoratory,
but wee not used extensively, having been superceded by the arm chember
end théman chamber, both of which are agitated static eystems.
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MUSTARD VAPCR
Tewp . Time Temp. | No. | Ecythemas | Blisters
Serieg | Vapor Cup on R. H. Men | No. Siue lc. Stze
E - R
2/15/43 i
v % min. - 8 ) 1 5 0 -
W 21.5C +min, 62°F, 10 3 i 0 -
X 5 mwin. 28% 1
] |
e/1r/u3 | |
I S min, o 10 10 O ]
J 250 fwn. PP 0 3 A
K |1 man. 51% N LI o -
2f22/43 . !
A . min, 10 1 L0 7 0 -
B 2h.5%¢ | 5 qin. | TR%F. 8 | & 3 T 6
N 6 min, | 3% 0 110 9 2 s
3/2/43 |
W 27%¢ 6 min, 6%, | 28 1 27 9 [ 7
1% !
. LEWISITE VAPOR
3/17/%3 |- o ' {
FF 200¢ 45 gec. &5°F, 14 0 - 0 -
414
b/27/43 ) 1.
L 21% 60 sec. 67°F, 9 0 - o} -
62%
M 21°c 75 sec, 67°F, 10 2 5 Q -
62%
N 21°¢c 90 sec. 67°F. 10 2 10 0 -
. 62%
5/k/43
¢, D 21°C 120 mec. T6°F. 20 g8 9 5 7
2% .
ST,

. TG ET R
L[{\j{‘,l’r‘\gblf”h—l}
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Absolute Vesicatlon - Loac of a compound by evaporation from the
cskin 18 & fector in dutermining 1ts vesicant power, and this fector be-
comes increasingly critical as the dose 4s low:red., Accordingly, it is
cometimes dcairable to deternine tho cbsolute veslcancy of agents under
conslderation. To do thig, ovaporation 1g controlled by application of
a picco of cellophane or o glans coverslipy over the drovloet of vesicant
after it has beon spplicd to the skin. Tho cover 1s loft in place for
intervols verying from 5 to 10 minutes. Some volatilc sgente which do
not blietir the.skin even when epplicd in large amounts will ceusoc blisters
at low dosco.under conditions of "absoluts" or "cloacd" veoication, and
1t 1s probuble that the veaicancy of all compounds is increassed under
theso conditions. We should rin closed tests on all of the very velatile
compounds which have beon found to bhe nonvesicant in opon teste.

By our routinc nothods of tosting ED would hevo been classced non-
vesicent; in 2 dose of 0.4 mg. it falled to produce an~ irritation on
10 men In o test on Octoder 1k, 1942, Sorics I, However, by the "closcd”
or "eboolute" method of test, ED is & potent veetiecint, .. )

On Seoptember 1k, 1 42, ID was applicd with ths - Edgowood Rod #3
to two gites on the same cxrm of 9 men., Tho lower eite was coverced for
5 minutes by & glass coverslip held down with cellulose tape. Care was
taken to select an area without ‘hair so that the coverslip would be
directly againet the skin. The upper site was left uncovered.

The results show that ED is a very good vesicant when 1t is not
ellowed to evaporate (cf, September, 1042, data for 1).

- Doge: #3 Rod
Indoor Temp, 759F. Indoor R. E. T2%

T8-Four Readings
hemas Blioters

No. Size

VYesicany - ED

Series
of/1b/hk2 | open vesication
Y

cloéad veslication
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Other sorlies with ED show the samu striking differcnce, for
example the fellowing:

' Tcmp. L3-Hour Roedings
end | No, (Erythemas | Blistcrs
_Scrie:s Doce R. H. | Men |llo. Sizoc { No, Sizc
- 02‘ cn
. 10/7/k2  {0.2 mg.| 6207|110 |0 - o -
F T4
10/1k/k2 Ot mg.| T7hoF| 10 | O - 0 -
I 52%
Closed 5 Minutes
10/7/42 #3 Rod | 620P|{ 18 [12 5 [10 b
-G W | -
10/26/42 #3 Rod | S7OFP{ 20 j16 - 7 |1+ &
P 29%
Closcd 10 Minutes
10/1b/k2 #5Rod | TPl 20| 9 7 T T
KK 52%
10/1k/42 #3 Rod | 7HOF| 10 10 7 6 7
1L - 52%

Further cvideonce of the diffcerence Betwgsen closced and open
vesication mey be found in the following two serics in which H was
compared with throe of 1its homologuca undnr conditions of open and

closed vesication.

On Soptomber 14, 1942, a comparison was made of redistilled
Levinstein H (TL 328) with Q {TL 86), 1,2-bis(2-chloroothylmercepto)-
propane (TL 153), and 1 5-b1|(2-chloroethylmcrcapto}-2 ~-chloropropane
(TL 258), on opposite arms of thc same individuals, The vesicants,
diluted in diphenyl other, were applied with the #3 Rod.

¥
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’ Doge: Rod #3 of indicated dillution
Indoor Temp. 75°F. Outdoor Mean Temp. 789F. R. H. 72%

. Mustard ,‘ ' Homologues
No.{ Erythemas Bi1 sters|| No. Erzthema.s Blisters
Series| Concn.| Men _N-. _Size No. oize|| Men | No. Size | No. oize
TL %28 .
P 15% 15 0 - o - 15 15 16 |14 10
Q 104 15 1 o 15 15 11 |14 8
R 3 (151 0 - 0 - {115 | 12 L1 2
TL 328 TL 153
S 3¢ | 15 6 5 0 - 15 15 10 |13 3
T 0% (15| 1 3 o - |15 | 15 T4k b
i % |-15 0 - 0 15 N 3 1 1
L, 328 S : TL 258
v 3064 115 110 3 o - ll1s5 15 104115 8
v | % |WB]3 3 |o W | 1ol 8
x |- % 'is5}10 - |o 15 | 15 716 5

Extensive anslysis of these figures is not warranted because
of the small number of men in each series. It is clear, however, that
ell thres related compounds are several times more potent than E under

the conditions of this experiment.

On Februery 8, 19&5, thege same vesicants wero epplied undiluted
or 41luted with diphenyl ether, to opposite arms of thc samo mon with
a #3 Rod and covered for 10 minutea by & glass corerelip held down
with celluloee taps.
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Dosc: Rod #3 of indicated dilution
Outdoor Mcan Temp. 320F. Indoor Temp. t2°F. R.H. 3%

l Mustard , HOmoLOgucs
No. | Erythemss | Blictursy) No. | Erythemas | Blistors
Scrice | Concn.] Men | No. Slzc { No. Sizecli Men Ko. Size] No. Sizec
TL %28 L B6
L 15% 1 1% |13 6 5 Lfl ik ik 10 [11 6
M 104 16 8 5 1 3 16 16 8 ) 3
N 3% - - - - - i 1 510 -
T 328 TL 153
F 100% 15 |15 12 i3 8 15 15 12 112 8
0 300 |15 |15 9 2 5101 15 1 1| & 6
P 164 15 3 5 0 - 15 10 6 0 -
Q 3% 4 0 - o - n 1h 1 i 0 - (
T, 328 TL 258
¢ 005 15 |15 10 13 6 15 15 13 9 5
R | 3% 16 15 9 4 16 16 9 6 6
'S 104 (11 | 8 6 1 i 11 11 7 1 7
T 115 0 - 0 - 15 6 7 0 -

The wide differences in potoncy indicated in the open tcets is
not quito goépparont in the closed tests, It 3s~probable that theo
diffcrences botwoon the joets rofleet the highor velatility of H as

| compa.rod with the other compmmd.e testod.

It. should bo pointad out that on Scptember 14, 1942, tho date
of tho fipst comparison, undiluted B was much moro effootive than on
the datc of the sccond test, and that the “cloped" serles on Fobruary 8
approximatcly equale the open sorics on Soptember 1k, {

9/14/4%2-K | Mugtard, open

9
2/8/43-E | Mustard, closed.r 1 foa 12 [ 8
Mustard, open 2 ! 3

Vesicancy through Cloth - Veeicants may be modified in their
action on skinm if contamination takes place through clothing, since liqui
in emall emounte on clothing acte as vapor on the underlying skin. We
have not tested many compounds for vesicant action through cloth, and
thosc which we have tested will be reported elsewhere.

A

HNCLESSIFIED



’ -1%- iR

Condition of ihe Skin - Onue of the firnt nroblomg 1O be faced in testing
vepicants on the shin is that of whether +ne arme chovld be waghed with & so0l-
vent bofore applicatlion of the vesicant. game suthoritics yecommend tnat the
crim be gwabbed with scctone to remove all Fatty moturinls because theesc gub-
stanccs, tf prescnt, groutly Fucilitate ths runutration of th® vosicants into
the aking wushing with acctons will tund to give & more homog -Tie Jus t.et matord
Othors cobluct to th:s procudurc e boing 100 wuch of o “hot-hous:" test., In
srentically all of our tustn for veeicont action the crme wore not swabbed |

Tadtvidusd Scns'tivatr - 1f n small dozs of mustard 18 spplicd to 10 or
59 individuals und.r sontronled conditions, & yryioty of reactiond ig produccd.
gom. of those mon mEY duvelop blistern whil~ othors shovw only & VXY smell ory-
theme or no reaction. The ome 1o truc in verying dsgroc with all materials
t.otcd for vealcent ~etion. Any detorminatoon of irritancy maot thon be
cerricd out on & quffici.nt numbir of mon 80 thot the cffcet of individual oon-
sitivity is minlmizod. ndsr comparablc condit.ons, gcv.oral groups Of 20 mcn
-rch veuclly will show gim:lor avoragos for Lo numb.r ond vize of blisturs.
For fincl quontitative 4 teyminotions with th- more important goBud, largsr
groups nre dosirable but nro not Alwoys ~viilable.

An cxemplo of tho men-to-men varintion in 2 lrrgo group (145 men) 1s the
distribution of sizog of lcpiond produccd by 65 ¥ of H, given in tho followlng
tople nnd in Figure 1. (Thosc dctr arc discusnid ugnin on POEC 7.

fometiy | No, of Mcn

Expcrimontel Conditiond ¢ (mm.) | Brythomes Biistere
Deliviry by picromator 0 - 20
burctte 1 - 1
Dato: 4/13/k3,Scrice O,F,4 2 - b
Right 2rm 3 1 11
48-Hour Rcndinge b - 27
Tumporiturs: 5 T 33
Tndoor 65°F. 6 6 23
Qutdoor SHOF. 7 39 21
tndoor R. B. 27% 8 2] 4 .
9 31 1
10 21 -
11 8 -
I 12 1 -
. Totol 1hs5 /165 l125/1h5*

Aver. Slzc 9.1 mm. 15,1 mm.

The uxbromos wore o Jemt. crythemr. with no plister, #nd fn 1l-mo. erythome wi
r G-mm. blistor.

Tt ig posoibly thut somw of tho oprund Wi ~ttpibuteble to slight lrreg
1rritive in the dolivery of the vioterat. Even if 211 nf* the men werc not ur
identicrl conditions, the variztion 45 typlenl of our r.sults.

g * xcluding z.rod

-~
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Figure 1

Distritution of Erytheme cnd Blister Sizes
Aeong 1% men recelviag 8 § of ¥
(D=livery by nicrometer burette s Temp. 3LOF, outdoors,
159 1ndoors: relative humidity indosrs 27%)

L/13/u3
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Varistions in Size of lesions at Given Doses Delivercd by Micrometer Burette
(Modified "Drod")

in order to chsck the comalstency of delivery of the micrometer
burette, we applied 0.1 c¢u.um, of redistilled Levinstein E (130 X) to beth
arms of 41 men.

The 48-hour readings on each man are given in th: table below.
The tabulation is not in order of consecutive application,

Series M, 2/1/43, Indoor Temn,: 73°F., inddor R.H.: 25%, Outdoor Temp.: 20°F,

Right- Arm - Left Arm Right Arm - Left Arm
Sub- B B i3 B Sub- i B ) B
ject | (mm.) (mo.) | (wm.) (wm.} {| Ject !(um.) (mm.) ! (=mm.) (mm.)
= ==|='=6—_-.—__-_—-_~_..—-==m el S e T ————————— ]

1 10 & 12 7 23 1k 8 12 8

2 12 7 12 e* 2h 20 1h 15 9
3 1k 10 15 12 25 10 6 1k ™

4 1h g* 15 * 24 7 - 7 -

5 10 7 10 6 27 g 5 b 9

6 1k o )11 8 28 13 8 12 7

7 1k 10* 15 1% 29 17 12 16 10

8 18 . 12 1k 10 ]| 30 14 10 12 8
9 10 - 14 10% 31 1k 12 10 7
. 10 1 L 7 5 32 1k 10 14 9
11 15 10 112 - 71 23 1k 10 10 7
12 12 g 12 .10 || 3% 10 &* 12 8
13 11 8 11 - 6 %5 10 7 12 8
14 9 - 7 - 36 10 6 9 5*
15 15 1 1k 10% 37 18 12 17 8
16 15 12 12 8 38 8 & 7 -
17 11 7 10 7 39 12 9 g 7
18 10 7 9 6 ho 12 9 10 -
19 9 7* 10 5 k1 9 5 10 5

Average
gé lg i ig % || Size: 12.5 8.6 11.¢ 7.8
- T limo:  (b1/B1) (36/81)| (b1/b1)(36/41)

*
Denotes necrosls

O e
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The distribution of lesion dlameters was as follows:

Sizo in Right Arm : Left Axyw | Size in Rieht Arm | Left Arm
m. E B I B my, o B | Z B
0 - 5 - 5 11 3 1 2 1
1 - - - - 12 b 5 (110 1
2 - - - - 13 1 - - -
3 - - - - 1k 9 1 6 -
b - 1 - - 15 4 - 5 -
5 - 3 - L 16 - - 1 -
6 1 4 - 4 17 1 - i -
7 1 6 L 10 18 2 - - -
8 1 4 - 7 19 - - - -
g 4 L 3 & 20 1 - - -(
10 9 7 g 5
Average: 12,5 8.6 111.9 7.8
No. Men: L1/h1l  36/L1|L1/k1 36/41

The average pizes were larger on the right arm than on the left
arm., The spread was greater on the right arm (4-1% mm, B) than on the
left (5+12 mm. B). Twenty-four of the men had larger blisters on the
right arm than on the left, 11 had larger blistors on the left arm, and
€ had the same sized blisters on both arms, including 3 men who had no

blisters.

In many of our seriee, the distribution of lesion size ls much
morc evon &nd over & smaller range than in thie particular experiment;
however, this case ip illuetrative of thc errors inherent in owr work.

Statistical examination of these data shows that the coefficient
of correlation for blister diameters on the right arme with those on
the left arme is +0.553, ond that the difference between the everago
gizes 1s not significant (p s 0.2). The coefficiont of correlation for
erythemas is +0.555, snd the discrepaney in everage diameter is of little

significance,
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On April 13, 1ub3, we comparcd th: & liyvery of €5 & I by the
drod with o llo. 27-gauge ncodle tip, by the drod with the flot tip
{7 mm. in dismoter) and by two mleromaster burettes. The summary of tho
comparison 1o glven below

I i5-Eour B- 2dings
!No. Erythemag ) Blicters

Scrica | _NMode of Applicntion {Mcn 1No. Sizcj Fo. Size

b/13/43  Tomp, 3LOF. outdoors, S59F. indoors; R.H. 274 indoors
i

Micrometer burette 48 7.9 1 3¢ 5.1
5 3.5 mm. tip (right arm) L3

Microm:ter burette 1 8.2 {43 5.2

2 m, tip (left arm)

Micromcter burctte bs 7.8 | 0 5.4
5 3.5 mm, tip {right am) X

Drod, No. 27 gouge > ks 9.0 | 39 5.9

ncedle tip (left =awm)

Micromcter buretto 52 8,246 5,0
o 3.5 . tip (right arm) 52
© | Drod, 7 ma. 52 8.6 |39 5.2

flot tip (lsft arm) :

Both the number and averags: sizc of the blisters produced dy the
four instrmcnts arc comperabdble., Neithor the difference in size ob-
scerved in Ssries P nor the differonce in number observed in Series Q
is stotistleally significant (p = 0.10 for the former, p = 0.07 for the
letter). The differcnces in orythema sizes in Series P, however, arv

significant.

The 48-hour rcadings on cach man are given in tho following throc
tables. The arrengement 1s at rondom and doos not follow the original

crdor of consecutive application.

The corrclotion coofficicnt for blister size was found to be
+0.539 for the entire scrics. The diffcrence in averzge slze for the
145 men 1o of no comsoguence {p s 0,51). In the case of tho erythemas,
the correlation is slightly poorcr end the diffirencee betwecn the sizes
on oppoeite arms arc greater, although not significently eo; much of
this differcnce is in Serles P, whore tho oversge erythome size on the
left arm e significantly groater thon that on the right erm (p = €.05).

- ST

-
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On May 11,
revolution of L (0.625 cu.mm., ca. 48

-19-

The temperaturs indoors wes 659F., outdoors L79F.,:

wag 00%,

hetween the two arms.

-

19k (Beriea L), we attompted to deliver 1/9¢ of &
I} to both arms of & group of 25 men,

indeer relative humidi+y

A tobulation of the L8-hour reundings shows & very poor agreement
The lesion sizes are 1 um. larger on the left arm,

and the avernge discrepancy in blister dismeter bstween the arme {en 16 men

wh> had blisters on both arms),
drameter (3,0 mm,).

g 2.4 mm,, or £ of th: averugs blistor
Und:r aimilar conditions on the same day we &arried

vet e similar test (Soriss N} with 35§ (0.25 cu.mm.) of trie(2-chlorocthyl-
merecpto) phosphine (TL 6bs),

Doae 0.025 cuwm, (ca. ¥BH)L  fig,005 (35¥) TL 585
: !
Right Arm Left Arm ]Right Arm Left Arm
No. E B ) B E B E B
1 5 b 8 7 7 3 4 o*
o 7 & b 3 10 5 8 P
3 3 1 6 2 é - 1 8
b 6 6 7 6 13 8 3 5
5 27 - - - 10 g .1 10 7
6 2 o« | 3 1 8 6 & i
7 b3 % 2 0 - 87 |12 16
8 b 3 L - 120 5 9 7
9 .5k o7 4 10 6 3 b4
10 2° 1 - - 2. 7. 11 7
11 5 - k111 10 13 8 9 6
12 3 1 8 7 - 8 4 i 10
13 5 5 ) % - 8 L 1 -
14 -8 T 7 6 12 8 8 5
15 6 5 2 - 8 5 10 7
16 4 2 7 6 ik 10 1k 9
17 3 - 4 2 10 4 11 8
18 - - 7 5 10 6 10 7
19 7 3 5 b .5 3 7 L
19 2 1 5 i 9 7 12 -10
el -3 2 17 5. 9Ty 8 6
22 ~ R 2 3 12 8 13 9
23 -8 5 5 5 o 5 9 5
2 1 7 12 9
25 7 3 13 8
26 ‘ 11 s g L
Average | 4.5 2.5 5.6 .6 [} 9.9..-5.0 | 9.7 8.5
fitii? enfes xofan | 22/23 13/831] 25/26 25/26 26725 25/25
* Denotes necroa's
. . ;
* k_J § o a
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. In the <xp rircnt with TL 645, the wverage blister eizes wore
viry cloce (p = 0.27) but the corrcluation cocfficiunt for blisters wae
low (10.218), thuy Indleoting 2 consid.rable lack of unifornity of
blistor dluacters on the individucl sublocts.

The oppoelte oltuction holdse To» the group of men truoted with
L: o~ high coofficiont of correlation, +0.590, was czlculnted, but o
significzut difforonce in blistor sizee wuc found (p = 0.04). It
appetrs that this dlfference in blister dicmctor was falrly consietent.

Since relatively fow men were used in these tests, too much
ilmportence should not be attached to the statistical anslyses; however,
it is clear, not only from ths limtted stetistical treatment but also
from erpirical exeminetion of the reeults, tiat delivery of 0,025 cu,.zm.
with tae micrometer burette 1s erratic and hazardous.

We uged TL 645 one week later (5/1%/43, Scries EX) in attempts
to deliver & small click (0.0125 cu.mm., 17 £ of TL 645). The outdoor
temperature was 579F., the indoor temporaturv 65°F., and the relative
humidity 57%. The 38-hour readings wore as tollows:

Right Arm | Loft Avm 0 Rigit Arm| Loit Arm

Subject | B B ¥ B lsubject [ E | B B
1 8 - T - ! 5 -] 5 -

2 10 L 110 5 7 5 - l10 6

3 f - 7 - 8 10 ) >, -

L 5 - 8 5 9 10 - 1.6 -

5 10 & 10 5 [ Average T.Y BT717.7 5.2

. Total  9/9  3/919/9 &/9

Since only 9 men were used in this test, no quantitative evalua.
tion of the results may be made, Nevertheleass, appreclable dlscrepancies
In size or severlty of the lesions on opposite arms of the same man are
obvious in four inetances (Subjects 4, 7, 8, and 9).

We have reported a fow tests in which we delivered 0.025 or
0.0125 cu.mm. with the micromuter burctte, but we distrust their wvalldity,
We plecc much more rellance on data obtaincd at this doec range wlith the

Bcnosh mlcroplpetic,
Effcct of Tomporature and Exercisc

A toet carried gut on Junc 1, 1943 revoalcd how much tho «ffect
of B can be varicd by exercise prilor to application. Two groupe of men
wore chosen from the same company, 2nd congequently were presumsd to have
had similar activitics throughout the day. One group was cXercised out-
doors (temp. 83°F.) for 15 minvtcs boforc ths vosicant was:epplied; all
of theeu men were perapiring frecly. The other group remalned at rest
indocrs {tuvmp. 80°F., R.H. 59%) for th: same pcried., Thirty-two micro-
grems wore delivercd by micromctcr burcttc. The following readings

wers wods at 48 hours,
-

-

UNELASSIFIL
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Wo. Erythemap Blisters
Size No. Size %

Serien Conditicon of Men Men No.
Series AA  Men exercised 38 38 9 37 6 §7
Series BB Men at rest L7 L7 8 26 5 55

The above results indicate what can happen, and doubtless has happened
&t other times, under our present working conditions: namely, two compenies
of men tested on the same day have dissimilar activities before reporting fc:

tests, and react differently to the test.
The phencomenocn is most apparent in hot westher. A previous experiment

of thia type, attempted on October 26, 1542, using both H and L, revealed no
differences among seven seriss with verying conditiona of exercise and ten-

verature.

Dose: Rod # y Indoor temp.: S8°F.
Outdoor mean temp.: 30°F. Indoor R. H.: 29%
Time in
Exercise hall Exercise .
before after after L5-Hour Readings
appli- appli- | appli- X
Series | TL | cation cation | cation | No. Erythemes Blisters
10/26/h2 | No. (min.) {hrs.) | {(min.) | Men No. Size |No. Size
A 0 2 0 10 w 6 & 3
D 3 5 2 15 15 6 7 >
F 0 2 20 9 9 . 0o 3 2
B (328 0 1 0 10 1 6 6 3
J 5 5 1 T 6 5 3 3
0 Uimen | o 11 1 5 o3
L outdoors
for 1 hr,)
N 5 o"™ 0 10 10 4 4 5
B 0 2 Q 10 10 5 10 4 7
E 5 2 0 22 2 7 20 5
G 32 0 2 20 10 0 7 10 5
I 7 ) 1 0 10 10 7 15 5
X L 5 1 o 10 10 7 10 5
M 0 0 (men 0 9 9 7 9 3
ocutdoors
for 1 hr.)
0 5 o T 10 10 15 7 B 5

ST
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Januery 11, 1943,
another purpnse.
in & drlll hall.

Ty

¢f temperuture wag brought ovt on

in the course of an exper msnt planned for
At L:00 P,M.. four comranies of msn acrived

Tach

company made 1p one froun,

end the

groups were run thiouwh Y-dvcontamlnation tests at anproxi-

e

mately 30-minute inteivals, go that at tre
Tourth group had been indoora about 90 minuies longer than

the first. The outdoor temperaturs was 507F.:

the indoor

temperature was €3°F.; the indoor relative humlgl,y, 33%.,
Below ere the 48-heour resdings on the vntroated controls

each of whom had rc

time of feat the

ecoved 130 Qof redistilicd Levinstein H.

Note that there is & progreussive rise in bhliscer percentagss
wlth lncreased time indoors, and that the p-ircentuge of blisters
x blister diameter increases progressively.

(

s

Time indoors | .
bofora - 1 - h8~593r Peadings Av. Size
Serics appli« Dope | No. |Erythees E¢laters Blisters
1/11/43 cation (§)| Men [ No. Size| nou. 5.z0 & x %
(min.) : !
By 157 150 TG 70 7 L3 b A2 250
c st 130 | 88 |8 5 |58 6 651 koo
#
b 75 130 [ 6 |65 9| b 7 6 usp
E 105 130 65 65 W 55 6 86 520

- The arrect af a slight increase in temperature in hot
Wbather is demonstrated by the following experiment psrformed
July 20, 1943, Two zroups were testcd, one in the morning

(AAA-1} end one in the afternoon (AAA-E)

Mustard was applied

to both armés, by Rod #3 to the right and by Rod #5 to the loft.
Meterﬂiogiqal -data wore as follows:
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offects of Diluents on the Vesicant Action of Mustard

In the quantitative evaluation of one vegicant in terms
of another, 1t ia necessary to relete both to the same stendard.
At the beginning cf the work in this lsboratory, that dilution of
vesicant in diphenvl ether! which blistered 50% of the men with a
Rod #5 was chosen ag the arbitrary standurd.

The objections to thie method are several: first, the
fact that the dose del.vered by a rod is not known until time-
consuming calibrations have been carried out for eech compound
and each dilution tested; second, the effecct of a solvent on the
penstrabllity of the vesicant; end third, the effect of variable
doses per unit volume and doses per unit ekin area.

This ftrst obJ=ct10n ‘has been circumvented by the use of
the micrometer burefts; which; §inde-it deljvers s constant unit
volume, can be relied upon 19 deliVer a knOWH dose.

~- - An experiment performed on April 27, 1943, brings out

the second and third objectitns” In-striking fashion. Tae dats
show (1) that mustard diluted in dioxane is more veasicant than
muatard diluted in diphenyl ether {D.P.E.); eand (2) that a given

" ¥5lume of & 50% solution (in elther dloxane or DJ/P,E.) is not equal
to half of the volume of undiluted mustard; end similarly, that

a given volume of 50% solution is more potent that twice the volume

of a 25% golution.

Such strlking dlscrepancies resulting from the uee of
solvents heve led us to develop methods by which small amounts of ¢
vesicants may be applied full strength, Our comparisons are now
carried out with the Benesh microplpette.

When 1t is necessary for us to examine a solid, we use =
relstively nonvolatile solvent {D.P.E. dioxane, propylene glycel,
cellogolve), since evaporation at the delivery tip of the micro-
meter buretts would clog the capillary if acetone, benzens, chlore-
form, or ether was used.

1 The use of a nonvolatile solvent such as diphenyl ether
wag @a@sential in the case of a solld delivered by rod, eince a vola-
tile solvent would evaporate, leaving the solid material on a dry
pad.

IR
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Vesicent: H, delivered by micromcter burette Outdoor temp, 62°F,
Indcor R, H. 62% Indoor temp. 67°F.

S ¥Yol, Concn. i . #0-Bour Readings

s | (cnmm) | rant_|bon oo S TR Rt
AA g:gg 504 D.P.E. | 18 i? ? 13 °
o 0% e L 0 TY 3
cc g:gg & gg%?g%P.E..‘l9 13 g li 2
| 3R | 6 |eittomnd | 18 gl 3
= | 6§ = g i L5
o | ¢B | » el | 2l !
m | ow = 1Bermyel T 310
Gl I I T A% adl B R
m | 3B 12 el |33 bl t

When penteanc 1a added to H in a ratio of 1:9, at the dose used
in the test, thore is practically no change in the vesicant action as
comparcd with undiluted H,. -

Temp.: T89F. R.H. 65%

! i i 18- Hour Readi
I _E_Eﬂ.
Doee ; No. | Er nas isters

Seriss Yosicant 5 Mon [No, Bite| Ro. Bize
8/3/43 | H, 100% 15 8115 4

M 32 1as
HE, 90% in pentane 15 8 113 i

—
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Solutione of Lovinetuin redistilled H, 1% and 25% in cthyl
¢ollosolve, wore comparcd with undiluted mustard ot dozes of 0.025
and 0,1 cu.mm. Deliverive werce made with the micrometer burctie.

In every casc, undilutod H wes far superior to zn cqual
volums of the dilution.  Howover, delivery of 30 § of H as 0.1 cu.mm.
of & 25% solutlon produced spproximetecly the same percontage and
size of blisters ad did delivery of 0.025 cu.mm. (32 {) of 100% H.
This cbgcrvation may be criticlzod since the two scries weres not run
on the geme dey. It should be répoated on tie vame group of men

Y Yol, .Wt. i  HE-Hour Reedings
i Del, ;Del. | No. |Erythemts, Blistors
~Serdiecs.  {  Conen. H — _(cu.mm.); (Y) _Men i No, Sizel No. Bize

TOI'L’I.p.‘: A66OF-, R.H. 51%«

0.025 - 30

. S O e, e
11/9/43 | 1% in.cellosolve ?' 'i
N : ' |

o 1P [P le 1w s

0.3 |- ,wr 0 - 0o -

I Tomp,: 60%F., R.E. €3

11/22/43 | 14 1n cellosolve | ' 1 o - ]o -
0 21

0 18
100%

hso | {18 13 |17 8

TC’@ . SOOFL, R OH'- ) 63_%
11/22/43 | 25% in cellosolve) 30

P 0.1
100% 30

29 7 | 6 5
19 13 19 8

N s o Co )
o Ry ae o . .
) e LN LI .
. H THr VO e .
‘ -t
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Effect of Race -- Reaction of Negro Diin to I, L, wnd N2

That Negroce are less gensltive to the venicant actionsg of
H, L, and HN2 was demonstrated on March 23, 1943, Tacrc was an im-
preegive difference betwe n Negroeg and whites 'n the number and sizes
of erythemas and blistcrs with both H and HN2  In tuc cese of L,
nearly all of the Negrocs blistercd, but th: lesion s.izis were
appreclably smaller, Tho indoor temperaturss was 75°F. and the indoor
relutive humidity 405, Th: outdoor tump: raturc was 50°F,

Eorive No. T?%W%
x/23/43 Vesicant Dose Racc Mon No. 5iz. | No. Sizo
!
T " !
: {redistilled 65 Whitea 38 38 9 32 6
Lovinstoin)
W ! 65 4 | Negroes | 59 | 29 4 8 3
S L 1Rad e Whitoas 30 30 S 30 T
(redistillcd)
v L Rod #3 | Nogrocs 33 33 6 32 "
R N2 170% | wnites | 35 | 26 6 & 3
U . me 170 ¥ | Negroes | 30 3 & o -
Complexion
. Between February and December, 1942, records were kept on

- 29,000 men, involving hair and eye color, sensitivity to poison ivy,
and eensitivity to sunlight. <These data have not been subjected to
statiatical analysis,

Nutritional State

We have no dats on nutritional effects; all of cur human
volunteers are presumably well-nourished and are obtaining all dietery

segentiale, in abundance, -

iiw" S
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- II. BEDISTILLED LEVINSTEIN MUSTARD

A large number of data heve been accumilated from untreated
controls of decontaminatien and protectimm tests. Those for H, to-
gether with the other data on this vesicant, are presented here. A
similar occllection of tests with L are given in Section III.

The firat tables ere summaries of daily and monthly*blister
percontages, and the others are compiled by individual tests.

The first part of the work was done with an Edgewood Rod 53,
vhich was supplunted by & Rod #5 and then Rod 6 as the wcather became
colder, Tn January, 1943, the micrometer burette was uscd routinely
for the application of nustard.

The graphs of monthly variations (Figures 2 and 3) show a

paralloelism among the rods, and another between the two doses of 130
and 65 micrograms. Tho varlations from month to month, however, are
viry difflcult to uxplain. With both S5 and 1%0 micrograms, for
oxample, the porcoentages of blisters fell from Mzrch through May.
It was Jxpected that the perecentage would be loweat in December and
January, end thet it would begin to risc during Fobruury and Merch,
but the d.cline in April end May is uncxpleinable. Similerly, with
the rods, thore is an uncxplaineblc minimum in Octobeor, followcd by
& risc to « Noverbor average above thot for Suptember.

The s.cond table is arrcngsd by dosc =-- first the misecl-
lencous dnta of mustard in dilutions, cnd thon ths data with Rod #3,
Rod #5, Rod ;6, tnd micromotar burctt:.

100 T

Flgure 3

Monthly variatiem

% of H in % of H lesioens

lesions 70 +

60 1-

50 L — ooy ——p————————t
Nev. Dec. Jons Feb. MNore Apre Moy June
r42 143"

* Th.s. scme dota were uocd by'Dr. S.wall Wright in his disoussion
of ool offoct.
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Da'ly ung Mont..'il;, PCTC(J!’It&;;r-g of Rlist.mg

v wlellonr Tosta With Mustard

Sagar

. .f:‘{m"

UNCLASSIFIED

Duge.  bed £3 (32 microrrurs) e

| | T T T gug s

1 _3Bliste-s {ox o5 hours) 0 Ine in- door

? Av, ‘ door €20r  Mean
- ! r %lzr P ' %g;p. R.HE, Temp.
DT ool (o . ' ) e °F
s N7EN FHR - B a—— = LueJ
3/2/02 35/3% 5 wo V. - 34
3/17/42 Po3e/k0 5 % | - - ﬁe
z/26/h2 /A 2 o - 52
5/51/h2 l 12/15 5 57 - - 39
Totals for Mirch '42 % 192 /15% 5 g2 |
L/3/k2 Ig/n 6 100 - 39
L/z/h2 [o1s/e2 S 86 ' - - 38
L/16/k2 [ 3133 7 b - - 68
Totels for April W2 50/3k & P
¥ /B/hp 37/37 & 190 i - - 6l
6/32/u2 L5 3 92+ - - €7
Totels for Juns '42 85759 h 36 T
7/1k /b2 85/101 5 B85 1 €6 - 55
&fs/42 | 118/1e2 5 37 ! - 70
Rf31/ 42 [ 1p9/10 5 100 ¢+ - - 73
Totals for August ‘42 j‘ 128/132 I8 97 i_
g/1h /b2 bosupan G wo | 8 6h 78
g/16/he i* 154/158 T g ¢ 75 72 7
o/op/u2 | T8/232 3 30 59 L7 52
gfeg k2 15/22 3 68 ' 74 b2 L8
Totals for Sept. 'R2 | 30C/473 6 eSO '
12/19/k42 ; 18/60 L 30 f €8 41 58
11/5/ke P6k/T9 ) 8L 3 44 53
11/11/k42 . 59/57 3 68 i 73 31 A4
Totzls for Nov. 'Lz T 12315 A 5
12/14/k2 ; 13/27 4 8 55 . 1€
2/8/k3 /15 3 21 i 62 36 32
L/e/L3 . 12/16 6 75 76 28 38

- 7/20/b3 (4.M,) | 19/15 3 7 1 8o 62 80
7/20/43 (A.M.) . 25/2% 6 95 1 B6 50
Totals for July '43 . 35741 5 gy
(Table con't, on next puge)
OIANEVR, .
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Dcae: Rod # (60 microgramn)
o : out-
Bligters (at & nrse.)|In- In- door
Av, docr door Mevn
l Size ITemp. R.H. Tem;o
Date | o, (m.) & (F) (%) (°F.)
g/8/k2 8/10 5 W E 3718 N
sfofe /1o & 80 i+ 15 87 L
Totels for September 121 15/40 6 80 i
|
10/21/k2 1;/ L 85 7L 45 50
1p/25/k2 2312 3 k6 (5B 29 30
Totuls for October '42 | T56/92 3 5k .
i
11/9/k2 . | k955 1 89 {13 W6 sk
12/7/42 17/20 & B85 | .- -~ 15
Wfisfhe L A€/ 5. 76 55 - 16
Totals for Docember ‘L2 i 33/ 41 6 8
b6/u3 i 10/e0.. 5 50 -T 76 28 38
7/20/43 (A.M.) f 13/15 5 87 ! 8 6 &
/20743 (.M. ) i eh/fog 8 92 86 50
~ Totels for July h2 o E7L 7% T
11/22/43 . 3/9 755 160 635 35
‘Dése: " Hod #5 (88 mlcrograms)
11/9/42 , 218/236 6 92 73 % sl
w/rfie” 1 103/119 5 BT | -- - . 1
12/8/&2 146/183 5 80 -- - 18
12/9/u2 145/190 A 78 55 54 25
12/1k /42 283/335 7 3k 55 -- 16
12/28 /e : 15/32 5 5016 -- 3k4
Totels for December 'L2 596/858 £ 517
1/4/43 21/%0 7 53 68 25 16
- 2/16743 15/20 5 95 63 21 12
2/2L /43 i 19§w} 7% 169 a8 =30
Totals for February, 'bL3 20/31 5 93
3/e/b3 1bg/161 6 93 64 18 A
RIPIAE | l02/u1 7 92 7k 11 ke
{Tuble eun™t. at meyt page) %
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.32 .

Dopend wicrograms {wicrometer burctte}

[ ; Out-

I Blistere (b 42 hre,) = In- In-  door

: Av, b door door  Mean

| Sire | Temp., K. Tomp,
Drtz ; lio, (ma.) % i (°F.) (%) {°r.)
e et R S e et e LB W Eh dhmomRLt tem BB e AN E = i ek N = B e AR bt = & e s S
11,2/k2 A AU b g 113 L6 5k
12/7/42 g 13/20 3 65 | - 16
le/1b/he | _abfey 5 55 1 55 - 6_
Totale for Decumbey '42 ! 27/ 4 T (

g !
1/6/43 i 70/119 5 58 {; 69 kp eé
3/17/13 L 18fe0. 5 90 65 b1 30
2/23/43 o P 52/63 6 8 | 75 . W 38
Totals for March '43 i 70/85 ‘ .6 o8 -
Lfazfus o - pleface 5 85 |6 28 32
Wfa7/h3 - | Yeypn 5 m Loer e &
Totals Tor April 'L3 i 2GR 3ER 5 82 | .
5/ /43 e s e | T3 s
5/18/43 PR TR -7 5 6 n o 50 52
5/2%/43 - : l 8/10 1l an 175 ko Sh
Totals for May '43 - i 10 /175 bk i

’ ! : 7

61743 . 1fe .7 100 | 7 3 78 -
£/8/4% . 17/15 T go ; 62 75 56
S{15/43 P 08/12 6 94 | 8 56 78
Tatels for Juns '43 4 FE[G0 6 9k

(Teble con't. on next page)
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”HC‘E( ) -3 . - >
e 1DaTmicroprans JEARS TR A’.:_II_L"EI-L_&.) e
oat
| Rligterm [t 5 Lowm f‘) In- In- 3o
D hy . Aoor door  Mee
: SRR AL ¢ Teup. R.H. Tems
Drte o o (tm) % ~(“F.) (4) (‘v
DAy T T TSI 5B e - 17
if5/ks : sLS/LG3 5 a5 l 7L 17 13
L/ 543 . 575 5 by . 69 2k 2¢
L1 /04 VY f L) g 2 63 33 2k
1/L2fi3 . aeyfess o7 78 0 &b 53 10
/1743 \ 1R2/2u5 5 Y0 ho 4
20/ 30 5 s e 3T >
1/26/4 Y AR 7 95 €7 15 10
Totals for January '43 156/7h2 o N
2/1/43 | izh/1bo 3 33 ' 73 25 14
LS i b3 /47 T 1 70 21 26
2/3/43 ! 327 6 9 2 31 3
2/5/h3 i 16/19 5 89y 62 »€ 32
2fa/43 23/29 7 79 60 34 b1
2/10/3 ! 11/23 7 30 1 59 2¢ 32
2/15/43 . 13/28 o 37 | 62 2 7
ef23/h3 /86 7 B= 67 58 42
o/oh /b3 ' 1h/15 o ol 69 L8 30
Totals Tor Febrwary ‘L5 ,  S&.Jw: 7 3 _
3/3/b3 ! 534¢5 7 3¢ 7L 23 8
5/5/b3 ! 50/E1, S 95 7 72 32
2/17/b3 ! 151/1465 g op £5 41 30
3/23/43 127132 9 9T 75 Lo 38
3/26/43 . ! 1L/15 10 37 7L - - 6
Totals for March '43 ; Lo1/hza 8 w2
AT , 23/29 719 76 A 38
b/13/43 L g19/e%3 g ok 85 28 32
Lhfe7/h3 = h2/53 - S I £2 60
Totale for April 'L3 j Dl 32D Ja! 9
5/4/3 ; 56/89 7 55 & 28 55
5/11/43 ; b5 /54 9 90 %5 40 58
5/18/43 j 23 f2h 10 g6 | &5 70 52
5/25/43 L 20/29 7 63 | 10 b8 &k
Totals for May '&43 T 150/195 i23 T ,' —
11./2/ 43 } L0 /50 7 8 | &k 33 Ly
£} e - s H
11/9/L3 | 50/57 8 20 16 3l 32
11/16/43 : 1-56}/1914 5 86 Los 47 v
11/22/43 | 5013 S S 63 2
Tctels for November 'H3 | 53] 504 T By
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Tabuletion of Tndividunl Tests With Mustard

Temp. F.lilo. Eryt Kg@f{{_}_ﬁuoter_a H Tcmp Flo.|srythemes  bilsters
Ser.ea | ARy iMeal Ho. SlzeiNo., Size ,i Beries i R.E. Mer! No. Sizel No. Size
26 Yo, 2 (Cx D.PLE.] \ Fod Ho. A (PG T.F,
GfIafud R 7897261 15 | O - . 0 . “TZTTHL, M 710215, 2 "“l' ok D -
U| " 15 o - 0 ~1 (255 D.P.E.)
" 15 o - 0 efe/vs WIP2lg 17 8 6| 0o -
"8 0,27 | |
Q, 700*2% 51 1 5 0 - Rod Mo. 3 (100% E)
W‘ ) 3 3 0 - 272k /e Al Wr. S| 8 oE T 5
™ NEK. 151 1 % 0 -\ 3fafhe Al 19 | 19 i1y €
(15% D.P.E, Bl "™ 202 "j20 &
P 760725 15 Q - G -4l 3/17/42 By ™ 10| 10 " 110 5
{254 D.P.E.) el " 10| 10 " 6 b
7/6/53 AATESZBE 15 | 2 5 O L -pp3/ed/42 A " 1|11 "1 5
‘IU(: D. P E. ) B 1] 9 9 " 8 L
3/14 /42 g TR 15 6 5 c - cp " 2{ 9 "l 8 L
15 | 10 3 G - D" 10| 10 I o) 5
5729/ 4z c'"L°uc, 10 | 10 L -{i3/31/%2 Dl " 1015 1110 5
(0% D.P.G,) ; L/qfha 3i " 9 9 ©N.R! 9 6
L/5/ks  DieS3B 15 ) 15 7 1k 1 k/g/ke AL M 8 7 " 7 5
0/25/k2 B{THOLE% 1w s e 2 Bl 6 6 "l s 7
gtV 10 10 s } L 1 N, C :' 3 8 n 7 g
Rod No. 5 _(23F D,P, °,8.) | il &/1o/ke Ay " 91 9 1 9 7
TI/1175352 %55;5, 10| 0 - G - Bt " T80T 1l 5 7
D.P.E.) ci " 8 8 1 8 7
l/ll/h}A-%, 30337, 10‘i 9] - O - \ D ﬁ ‘9 3 1 9 6
10 D.P.%E, ' /6 ke 41 ! 371 37 M.R{ 37 €
1/18/43 AT7IO9REG 10 0 - o -1 6fee/baaar ] 52 | 52 "t k8 3
Slﬁ% D.P.E.) HoT/lk/he B 1660 55 | 55 S 3
1/18/43 BI71°h8 8 O . - 0 -1 1] Y6 46 7Tl 3
(55% D.P.EDE . 158/5/42 Q| W.R. 20} 20 10 |19 6
2/15/k2 A | L.n. BF | 22 W.R.| 5 N.R, R! " 204 26 13 {20 7
o/ek/he D 9! 8 " 2 T s| " e f|2 13|20 8
Lo% D.P.E !i T " 200 20 6119 5
2/16/k2 TR, “2k 23 N,R.i L N.R., o I 22 22 10 {21 6
{457 D, 3134) ‘ vi " 20! 20 10|19 6
2/17/42 4§ N.R, 20 MR 1% AU8/31fhz oAp " 10} W w010 5
(506 D, P. ) | 9/2/h2 AlBeoghg 10/ 10 w110 7
2/17/%2 Ay R.R., 20 | 20 W.R,| 5 61l 9/1bfi2 L 176°72% 2 2 1b 2 1
3/,/&2 Bt 20 [ 1., M. 13 L Kl 201 20 12 {20 &
{605 D,P.E.) | J| " 2] 20 1|2 8
2/23/u4 AN, Lo | 47 wWR.{ 22 slo/i6/ke K7W 20| 20 11|20 &
2/eh/u2 D] * 9 9 " 5 3. L 20 20 w20 7
2/e5/h2 A ¢ o2k | 24 " 9. 4 Ny " 20{ 20 & {20 6
2/es/h2 A1 2k | 2k AR [ &1 " 10} 10 11510 6
~('70% DLPLE.) ! 5, " 0] 10 110 7
2fesfuz AP RR, 24| o W.R. 16 4 uf " 0] 10 12,10 9
3/11/b2 4t " 51 | 49 LI 5 R ¥ o " 191 19 %19 8
{802 D.P.E.) I vi " 1010 | 9 7
3/3/k2 B[ N.R., 2C y 20 IR, 20 5 "2
§ 2] e Liells [N )]j Q, 20 20 9 19 6
%ﬁﬁﬁ—ﬁhiigb » < ; P| " 19| 19 110°!18 7
%/3/42  B] K.R. 20 2 MR 51 | i .
- SRR
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| _ - 35 - . g
. i“m’fﬁ ;ul N; vh;.:l" “?L:;‘;: f;' o q_’"_:‘:;“_rﬁff’imﬁ?&‘gm“B BL1:
T T e e e e S L size | No.

h . ‘,"'i e Ty b , : I Rod Na., & (.J’.C"C‘ L E) o
p ke F e e 2y b en nlh 2 !! EAYCYICE ';_:'““:i) 19} i & 7
U S T AT Y

! " ! 7 P a
;; . %g 13 2 i iu CE "oow 1w &l o

] - " . ' "

giol 20 (20 L {2 3 :' I I I
o " w1 Lz 2| = ol I R

S 5 2 2. P, " 200 17
oY 10019 k{3 4 | P IOl B
C.'._{ ! 12 15 b5 ) l.‘ g} 11 :f ,19 N 18
P 20 les b ojuh op | ol I
8 " G = 2 l 0 l:.'-\ N {2
ol ig i z 30 Jpo 23 p 20 7119
{ - 9 - l) 3 I(; ! 1- 4 p 8
, oy %01 P I T Ll i M 201
s/ofiz acboh2g 11|11 6 | 7 b IR L B
a2 nin o7l s Mo ol el

19/20/42 1053%1% 22 {21 5 1 ¢ & a7 | il B = B

SRR I B VPN I R IO B
K " . 20 &g 5 7 2 )j n b SI ¢
wipe shomss 315 BIv E e 1 2|2 12
Q[ 21121 7117 5 4 ' -
11/11/h? A:7, BAL N TN I R R 2 i 5& . ég 18 9117
B0 115 51w 3l oi v 20 911
C " T 15 5 10 p : E] y i7 17 piy ié
o " - kg o812 2 Pl 20 | 20 3} i
Ef " 15[15 {13 3! , 20420 8418
Flo" ik i & i1 35 g; " go 20 8115
12 "lh/h-? S )50 27 27 T 13 1{. : T I 0 £0 8 %’3
T EIE IR N A
s ViTEoR84 16 | U ‘ 5 ~ a ’

/d(fiﬁ Fole 18 1012 6 ) 1e/g/le MissOsui 10 [ 10 10| 9
daloosser 33|15 5 s Y0 212 27
AAA-2i86 . 26 5 = -

C50%6 26 126 g9 izz 6 ol " 30|30 8|23

Rod No. 1004 E Rl " 29{2 9126

0/ /h2 P|7678% 10 ;10 10| 8 6 g " ;g gg o éz
5/9/b2  A|TCOBTA 10 ] 10 11 8 ‘6 o

loﬁalﬁh 2L\7%%5% 20} 20 7 {17 & 18/1b/b2 g Rl gg gg lf 1 gg

10/26/k2 45802 10 [ 10 5 ! .

AIBROE 19,10 6] 6 3 o “ 18118 915
H oY 1e | 1 8 & B EL " 19418 8 12
]{ HH T 3 g 3 o F 7 20 { 20 12 18
" 31 | 11 2 3 T
(1 /ur Blvegses 0| 39 41,4 4 A A
s g gy 7l B RIn Bk
Py " 19019 815 6y i ig i; ig : 1§
12/7/% Ol NR. 20|20 10 V17 6 IR 13
i;/%:/h" 559 " 2rfor Wil 5 Lo 18118 lé ig
0y 3 X 7602 4 20 p ] T i 1"

1/20/43 ’ A T A i 22
ARA-1180°32d 15 | 15 7 (13 s | gt ef 51? %5 f 23
AMA-2)BAO508, 26 | o6 11 leh 8 ) ! P A

11/22/43 ElG0%3% 9] o 71 5 gl JnLo20 fes 9419

UHCLASSIFIRD e
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T SIFIED e

- !"}’s;mp.F.! No. }*rJ‘rhr@ag 5l strra riemp L Vo, Mruf‘tqr:quB'Lis—f-vt
_Sedng L P 'Mt‘n_j Fo.'Sir "\TD Gloe H Zopio FRVH, M nt Ne, i€1zg 0. 18 oo
tcl ko, ::TO(‘A_:. - { ' - e s A ﬂ) ; ' I

12/25 /e 8 680 15 115 6 ! 7 b WI,E;J R 818 7118 8
T " 15 115 7 f 3 & s; o0 L 20 74113 053
Ll eidsPisr 20 119 5 1l 7 ihas/y/ke o) BB, 20 ] 19 7113 3
Hr_, 20 |20 € f10 5 fioakesise  epi2s 7k s
2/14/43 Jju3%1% 10 (10 £ | 9 5 I e/s  aligoals 20 (20 812
f ki " 0 [0 5o 5 Bf " 202 8116 ¢
.__Jf_r.;_l(fL_vj THEokB% 11 111 11 il-j 7o ey 13 | 19 7113 4
3/0/4% v1f9018% 0110 1 1> w8 Df " 20 | 20 71111 5
Fi 10 /10 11 | a7 M El " 20 1 20 8 7T 5
Gt 93 |9 70 F| " 20]13 7|1 35
Hl " 11 |11 16 11 6 i 3/37/b3 IL1657k1% 20 | 20 & | 18 5
| " 22 122 11 j2v 6 i 3fesfhs Jitsohop o5 25 101 20 8
b 20 | 20 8 119 5 | Ty 38 | 38 9| % 5
Ki 20 |20 11 ll” 6 |l wi " x|z 5] 8 3
L, " 17 19 7 118 b 4/13/43% 01650284 43 | LB g1 3% 5
M 21 (22 9 j19 5 [ Mok orn L8 B8 9 | B 5
y: " 1911 7 116 b Ls/asAaste v L5 LS 944 9
Lf5/43 Di?honr% 13 |13 1 f12 7 fi  voeexp W L k5 3 ' B 5
K 25 |25 12 le2 8 | h/13/43* @i " 52 | 52 8§14 5
Pl 26 [ 26 13 125 9 |l al " s2i{s52 833 6
: gl v 25 |25 13 'e5 8 i L/21 /45 AA 679624 18 | 18 7112 6
’ glo" 2222 10 118 6 || oyl 7i15 s
_g}’ﬁzzﬁ _dioxare) . cc( "1 119 811k 5
ST QRI6ee% 22 ) o - b o - ] ;Y 19119 8 )1k 3
77 { o% dloxene P o/b/h3 AAITO2TE LS | 15 T [ 12 4
SThfus  Pi7E%8% 23 [k 3 | 0 - BB " 12112 9| 9 6
15 {25% dioxane) : J ccy " 1 | 1k 71 6 F
T/ufuE o[ 7Eo28% 22 118 k1o . Ul " 15 {15 710 5
2% (50% dioxane) . Mi76928% 24 { 2b 6, T &
' L3 NiF6Y28% 23 | 22 51 1Y 9 ViT7 3027% 13 | 13 g1ri11r 5.
1004, B) . W 12112 9! 9 5
5/25/13 Ml7001+8% ¢ 7 5 1 2 Xp" o1k |13 7! 9 ok
Q! i 1o - o - Yio" 1k | 1k T 7 b
25/&3 ZE|75%40% 1% | 10 6 2 4 yASEA 15 4 15 81 9 3
o/ /1/43  5;78°73% 29 |26 7 12 b li5/18/h3 EHi73050% 7| 6 9 4 &
6f22/43 8{79066% 2 |21 5 |8 3 - LI % 107 9% 1) 8 7
o/eg/hj NI69OS3% U8 [h0 6 12 2 || 5/25/k3cclrookog 0y 3 131 2 11
6/1/43 Ti7Bor3% 12 112 11 12 7
2% (100% 1 6/3/43 Rl62075% 15 {15 10 13 7
5/25/83  NiTook8s 15 8 4 o - 6/15/k2 T!80051% A2 | 62 12 | 61 6
Rl v 19 11k 6 ;3 b | ‘581840564 30 110 81 7 5
DDy75%k0% 19 | 5 b to - i |
7/5/%3 welthorrs 28 (27 8 j2s 5 [198¥ (100% E) ,'
waf "o 30 430 8 27 ko 5/25/ks BB7SOMO% 11 1 7 11 b 10
a/z/h3  K|78%5% 17 | 17 g i1 6 |
Ll a7 a7 8 ar b * Microburette (3.5-mm. tip)
Mp 15 |15 8 '15 & *% Mjcroburette (2-mm. tip)
10/13/43 a)69972¢% 152 1127 g 108 5 1| ¥ prod  (needle tip)
11/9/43 R|66934% 30 ! 29 7 i1l2 L || *¥ prog  (flat tip)




L. - g

- TTemy.F . No. Lrythemas Blistersi “Temp.F . Erythemas Blistc
__Geries | R.H. iMen: No, Blze Wo, 8ize) Serl-i ' R.H. 'Men: Nc, Size iNo, Si
173 T (1005 ) T [ 130% (1007 E)
AN/ 26l o6 10 es 60 1/18/A5 Finos sk w7 8
T 21 ;20 10 ! 15 6 | e " 58 156 7 (16
1/5/45  A'71907% 20 |20 10 |20 7 | H: v g3 L 63 8 | =7
B{ " 20 | 20 10 : 17T 7T 1/20/k3 I1:63957% 12 ¢ 12 9 8
el " =20l20 9 } i 6 g 1] T
Dt o 20 { 20 11l 20 8 : 1N.
E! " 19 | 18 6 i1k 5 1/26/L3 A§67015% 51 | 51 11 {50
FIo" 20 1 20 B 15 6 S -
a0" 20 | 20 Rl 1 6 ci " 29 | 3¢ 11 | 37
Bl " 20, 20 11420 8 ol " 50|50 12 |k
" 20 ; 20 10 18 5 2f1/43 J!73025m 15 116 11 | 14
Jo" 26 1 20 10 {19 8 Kl v 22 )22 12 {20
ki " 20 |l 20 718 @& " 20t 2 1118
Lf " 20|20 7,116 5 Moo b1kl 12 | 36
My " 201 20 7 ! 13 6 M! "L k1 12 | 26
Nt 19719 7.1 6| efefis L-2i71%1% 10 { 10 11 | 9
0 20 1 20 7 i 156 7 UL & A O U 5 115
p{ " 19419 10} 17 7 My " 20120 1 {13
¢ " 22(20 10119 7 o/3mn Mueosg 9| 9 11| 8
R " 16116 110115 7 w v 81 8 12| 8 -
sl 15|13 915 ! ol "™ 10§10 0] 7 -
T " 18,18 91k 54 2/8/k3 X629 10 | 10 10 | 9
U " 171 101013 6 Y " 91 9 i 7
1/6/53 R}69%4p 91 9 8 3 G 2/y9/hz  JiE09Zhs 29 | 29 10 | 23
1/11/b3 B)63933% 70 ) 70 7, k3 bl 2/i10/k3 Gis9o20% 22 | 22 10 ) 11
ci 88 | 8 9,58 6y 2/i5/k3 Tje2%R8p 9| 9 101 7
Dy " 65 P65 9 Y6 7 u o 9 g 1l 8
Bl " 5 1 695 10| 56 61 2/23/L3 A.67930% 22 | 22 12 | 17
1/12/%3 Aieh®33% 38 | 38 10 ! 30 6 Bl " 19)19 1015
B 331 38 11! 28 7 cl 18118 11116 ¢
E " 8; 8 9| 8 5 p! " 2121 10|19
F} " w1 g 7 & ‘ W 51 6 W | 5
G| " 19 119 10 | 16 6 2/2Uu/43 G 69%U3% 15 | 15 12 | 14
;I 0:19 9 5 94 3/3/k3 B;7192% 20 1 20 11 17
I " 8! 8 gt 8 8 B " 3 ;43 11 | 38
g " 7 7 10 & B 3/9/45 KI75972% 2 2 13 | 23 L
kj " ol 9 91 6 6, Ny " 1010 12110
L{ " 71 1 8 RN ¢ i oi o 8 8 12 8
M sl ¢ 101 7 8i R " 10110 11|10
wl €1 6 11, 6 7T s, " 91 5 11} 9
oy " 7 7 2] 5 9| 3/17/43 GIE5h1% 10 , 10 1C | 10
P, 8y 8 1| 7 8j i " 9 9 12 ] 9
Qr " 010 10! 6 74 i " 10 ;10 12 § 10
R| " 6| 6 114 5 &) g 731 9 1 8
s " 15115 10 415 7 o, " 291 9% 9 1
1/13/43 ¢i71ou8% 26 | 26 9 i20 ki Pi " 10,10 107 9
I 7316 711 6 I Q" 1r 1 12ln
BT b1, 39 7 ! 22 5 R " 0410 12 9
] i : f
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- 3 . -
o ‘ Rmtv Jud i Noy, 1_14 \T_r 1.0 31 L_"t lﬂ' Temp F o, ! srytiemas Blleters
Serios L iMen' By 5o WA Blet gorte _R.E, Mo e TeTee i Sl
1207 (10%, 5 , . | ; ERCE 10@ 0 : i#,
/177113 8 05”’41"" 7. 7T 13, 5 1) lj ll/ln k3 h 69%770 o5 af; 0117 8
T! 1910 1+ 9 10 & Bi 2k | 1,2 8
Ul " 010 1B, 7 91 c. " 2% ﬁﬁ 11 P 2k 8
v, °® 1 1,1 B8 D" 29 29 11 | 24 8
W o1 21210 7 f Eo" ohloh 10019 6
x " 10310 1 10 6 Fio"  25:25 10! 28 8
Yy " 1010 1 1 7@ G " 2685 1021 3
z " 1010 1. 8 8/ E " 1616 116 9
EE " 10110 12 9 B8 11/22/43 Gl60063% 16 1 16 12 } 15 8
5/e3/L K 75%%0% 25 125 12 ;21 G | Hi 20 {20 11, 1k 7
L " 23 | 25 1k . 25 10 i o " 18,18 13 |17 3
M " 30 30 1230 B4 P, " 19119 1315 8
N 4t 2? I 27 15 I 2? 8 !‘L“._...‘_ S SETOTISSIIILAN T TIUS TS YT AT LA S S I
o " 26 ; 26 1% . 26 10 CLOSED VESICATION TESTS
3/306/03%  Q 71 16 16 13 ik 10 'E {for technique see page
¢ N.K, ! h
W/o/us Cr7EceBd 29 ’ 29 11§ 2% 7 !Red NO__J.LE} D.P.E,) sclosed 5 minutes
5f13/%3 cC. 6)028% 20 120 12 19 8§ 1o/ik/E2 e 7l%524 9T 7 5, 0 -
D 20 20 120 8y (sﬂ D.P.E.). i i
E " 1818 10 1% 7| 9554 10+ 10 5i @
Fo" 20 120 11 17 B8 | Rog Mo, gﬁg;p dioxane) closed 10 ninutes
¢ " 1l n. 18 81 25 -weﬁbéi 5 ERE
: S 16 :16 1L . 1k 8 & 3
I " 20 120 11 20 & | 2/8/&3 0 - o -
" 17 l17 6117 8. 0 - O -
K " 20 i 20 12 ;20 8 i o -1 0
L, " 18 118 1218 9! (lgiadioxanej i
Mo 35 13 11 33 8 i 2/8/k3 S I L A Y
z. " 10,10 12110 8! D.P,E,
b/e7/bs C 670626 20 [.20 T 12t 17 G [ 2/8/43 M492 365 16 50 1 3
o " 20 20 1017 9 {g N 15 | 10 5 1 3
p; " 18 .18 10. 8 10 & P * 1B} 3 57 0 -
S/L/43 gi76%8% 90 9 12 5 8| s| " 11 8 61 1 &
K" 10,10 1 5 5k "W ko -
L v 10 "1 12, L g !: Lljj%p_gl;___,_j_
oo g0 160 1114 7 ! 2/8/43 LlG2Y%6% 1h 113 6| 3 4
5/11/43 x 65950% 39 | 39 13 | 36 g (305 dtoxane], ,
§,63935% 15 ' 15 11! 15 3 i 2/8/43 1[620;0% 15 (15 &l 13 5
5/18/k3 FF.65070% 2b | 2h 1k 23 1o | .{39% D.P.E.)
5/25/43 aa-730kogs 20 117 12| 11 S )] 2/8/43 0|02 365 15 15 9| 2 5
E70%u% 9 ie9 1L{ g 7 " 15 9 L &
11/0/43 HIERO3& WS b5 11 35 T 13 61 2 5
T " 51 5 11! 5 7 lRed No. 3 (1 ¢ B) el "clossd“
11/9/43 A, 55934% 3k 3k 12, 31 8 | 2/B/L3 2 3 % 12 1k 8
B " 33133 130 29 7 F! 15 15 12(13 3
g } t 5’ G| " 15 115 10} 13 6
* : i i ‘B " 1513 10]15 6

+
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Vesicant Comprriseong

Comparisons of Lifrerunt hinds eof l'wstard. Ta= duta siow that
redistilled Levinztein ausserd (TL 328&) ond tniediglycol mustard
(TL 159b), are scyally vasicant, and are sugericr to plant-run
Levinstein awstard (TL o,

TL 744, cbtuined Ly condensing the gases preduced in the
candling of usevinsteir musturd, is a sligntly better vesicant than
redistilled Levinste.n .wustard.

Comparisgn of Mustard aad Vustsard Sulfonc. The sulfone 1s not as
effective as mustard in rroducing irritacions at low doses (kod
No. 3 of & &% dioxene solution, closed 1u'.)

Comparisons cof Mustard and Sescuinustard, TL Ios, T 206, and

TL «54. The data speck [or thomselves in ea¢h case. All four are
superior te mustard, and except for TL 153, are very close to cach
other in vesicant acticn. These comparisons have beun repeuted
with the Benesh microburette using undiluted ccmpcunds, and
analogous results have bzen obtained (thuse will be discussed in
& special repert on the Benuesh mieroburotte).

Comparisons of Mustard with Othor Vesicunts. Bromoacetyl bromide
was repotted to be a powerful vesioamnt’ however, ws were unable %o

find any indication of strong blistsring action.

TL 645, 63 stated before, was not actually tris{z-shloro-
ethylmerespto )phosphine, but wus largely soaguimustard.



Comparismmg of Different Mindy »l Magt.rd

mitoriata

L%

—— e mamir aim . e e ———

plant-ru L vinornein f

¥
Cl-aa

A LY wrinaton

TL 15 H prepaprcd ot UCTL from thiod! gl ool
TL 422 plant-run Weviastein B, redist’illed
TL 744 eondensciion »f gweos produced in candling Levingtein B
CTL Couen. G- Temp.  K.H. No. - Crythekzg  Blister.
Serise |70, Dose ; Sclvent ' (9F.) (%) !Mon  No.|Size . Nc,' Sizc
‘ 1 ' b ' .
ll/'f“.u’lh) O ! :22'5 = . e i . . H ' 5? 6 lr‘? 6
O ' ] : ,:"—‘:) R(Jd l!-lbp ; f:(‘ ll»() 58 : 56 _:) ;:a h‘
- ] -~
| ‘ ; i
afoofle 4 328 1, | i 6 7 4
v > e -~V 1 Loy -
A3 | #3Bed 100 i % k11 ill PO
ofocfie m  se8 | ’ |10 2 2
922/ > 32}  g3mee s oeE w bkeo on 022 5
' ' ' !
\ : .
| 3 ! [
ofenflz ¢ oiRd . 10 ko -
c i s ! #3 Rod 30 D.P.E. L o he 10 !10 Lo -
H I
f ) ! i -
9/29/1:!’) D ; 1'.55 - .'\d_. .. A . l -~ 1 : ll ? ! ':j 5
4 Rod 100 4 12 il - .
p sy T ’ L lve 7 b8
] i ' | '
: ; i | . '
sfesfhe 20155 1 . oy S, fo = 5 < -
' 3 cozag | 10 R ET R R Bl SRS
’ i ! :
seap: sl PR
s | quk ' 180 17 S D 3 S I S
: | | o :
cN15/h3 88 326 ] o o L r1e 8 7 5
' g L 65 1004, S 56 10 03y 1y 1w
! !
Cor ywrison of Mustard and Musturl Snifong (TL ) i !
2/8fks T izes i, o 15 3 i1z s
/ / 7 5 I b E k) Rodd‘ A% Droxanas be )6 15 12 5 .' G 3
| t ; ;
b - - — i - —
2/"3/“4_’_! dJ IEEC- ! " , ! ) e lh‘ 7 v b
gL 7L # Red® 17 Dicxsnz, G2 O 12 10 3 B
i ; 5 i
2/6/k3 Loyo3e8 0, * ro 8 T 12 3
i K | 3 E - #3 Rod % Dioxane | 62 36 13 1 6 ' 1 =
Compuriascn of Mustard and Sesquirmst.rd (TL 595) i
9/110-/142 F i 328 : iz 155 D.F.D. ; yE 72 15 0 - i 0 -
P Tgg | 3 Red R BB 15 16 |18 10
i H ;
Lo * |
o/ik/h2 @ 328 | ooy e opoew | 76 T2 15 i 5 90 -
! q . ga i e B B DEESDTO O TE R s 01 a8



' Tt Comeit, or . Toip. WLt [ No. ) Irythoemagt Bl tpter

S N ! - i et S e T T T

oerleg o NG, ! Dogs 0 Solvenr (“}}LL?; I Men No,18ize | Nooj@ir
- . ‘ e 4 +—-

Copzr.gon »f Muatird

and Seequimartord (T 50) (con't.)

/b fhe
273743
2 / YAy

Cotparignn

n
2
L
L

M
M

o7 Muatird

|
i
|
l
i

|

9/ LI_].{_/‘IQ
of/1h/u2
of1hfu2

2/a/h%

2/5/43
2/8/h2

Comprriaon

c =35 L1

s b

O

o e

28

of Muatard

523
153

328
135
529
133

b An
R
"N

= A [ =R Y] [
N h o
TS GO

AN
1%

Wi

!

+

¢/1k/Lz
/14 /L2

g/1k/h2
2/5/45
2/5/u>
2/~ /43

2/8/Lb3

* Moaed 10 minutes

DG b

11 g

33 nw

320

253
z208

258
328
258
308
258

325
o5

253
320
258

1

i
|
!
|
!

v m—— c———

oy

I

B sRa 5] | S

oA

b

U I ol h O ~ i N S n T 1

D : X » , J "
S Rod | vt DEEL L e 72 1Sy 0
l | l
' 5 15 6 1 3
[V -, e ~ ! ¥
ZERE S B L A S SR T IS
| i 8
45 Bod* 1o DR G2 35 156 16 é 2
and Promsleae his(@-chlorcethyl sulfide) (TL 153)
] : | = ' i !
1 : ‘ L] i
. - : ! b6 5 10
i
s
, 1,03 o
#3 Rod  10% N.R. N.R., 15 15 7 L
. -~ —_ O - O
- ! ! y P [
#3 Ro? 3 LG I S B !
i - et ! -, - = i l 12 l
#3 Rod* 1% 22 30 1] 12 B 12
i |
1 . 0 [ i l-) 9 ' 2
#3 Bod®  om o D.ps, : oz 30 15 ; 15 12 ¢+ b
! |
) - f . o 0
" Ve ] >
#5 Rod® 10p DLE.E. T AL 5T 15 100 6 | o
1
b , 0 S
#3 Red” 3P DA ER 26 ML 5y f g
and Provinc, ©-chloro-1,3-bis{2-chlorosthylthie)- (TL 25€°
: ; l i 10 : 3 8}
= 504 i1 D,P.EL 70 72 15 2
#3 Rod 30% in DLE l ] 15 15 10 15
. ; ads 7 3 3 .0
F5Red  10p ‘m BR.EGYS T2 WL g2y
: P n i - - = 9 - 0
.5 Rod Su 1o DJPUE, : T2 72 15 15 7 A
" * .- g - 15 16 13
45 Rot® 1ng S N T I
}
I T . i - : 13 g Y
w3 Rod” S0 PP ': ve 3o 1o 16 9 5
| . 8 6 1
75 Rod* 1% D,P.E. ELE 3o 1 11 7 1
L, . . - 0

(T%b1c con't, on nex't"page)
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A QU T |
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1

qalerorihyimircapiolata I ctun
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Compurigon or buetard nd Blals-
; : : ! |
2fa/bs F 0 22A 0 L e n ALV 1B
B hoh oo Red™ 103 R T S T S VA
. | ' v - !
/e dhs U L soe ; | ; '
‘ / 2 L I S ) ol o e ss 5 13 £ [ >
U } ]”53; I} HaR A e I‘ L :i r el L7 ) l;‘ 1z ;. 1z ?
2/8/by v | 323, * b b L, oo -
- ! . | i 1 #d e lua # e 3 \ t * i
v : }4514 =| ! 3 Rod D.F.K ! o ) l) : 15 8 ! 5 u
) | ; i :
ofnfl ENel i . ¢ Sy . - | & '
2/3/4n W | 229 4% Rod® 34 DLPLE. ¢ 08 34 15 | @ - ¢ -
WO hsh s o5 Lo
Comprrlgun ,‘jf_ Cuetard and T LS(:" chioy 0=tn"1merc“pto)puoamﬂne (TL ul;‘,_)
! |
s/ufhs oMb 125 65 : P N T
MoLoGhs g0y 9% 76 28 2 Lo g A g
! t '
- . L an | ; i
5/k/bs N 1 528 bEJ . e 1022 5 11 5
‘ ;%Y Dioxsne 76 23 2 =2
) | e | -y ! f j
SAAS 0 4 38 1Y o promae 16 23 22 018 by 0
o | @ 5 | 175 . a2 7T P20 4
. i j f |
sfufss p o o323 , T
7 P j AL i T 1% Dicxsne 76 2R 23 } 23 é ;l c 3
; ! ' ' !
s/ @ | 328 ! ﬁ'V' ' % 3 | o
’ - o s\ Dioxone | 7L : 3 - -
. Q Ehl:l ,, % Dioxone | [ 2K 2l 19 5 | = Y
Comparlsor of ustard with Acctrzl bromide, bromo- (TL H52)
! ! ' ! 1 .
L6/ ma | 32 o TR S
: A kol 250 DUBLE, ;G 25 S
AA 228 i i g & o -
! : ,
Bfg/us oz 1 gz i L A S 2 -
/¢/ ! ’1 | #Y Red 3% DRG] 76 22 15 v
Z 320 ; i i 15 7 L 1
I !
Y R G B ST . 5 b1 3 1
ol #Red 100g -T2 L ’ B
T }28;i ; {18 10 12 5
o ' | ’ ;
LTLTAI TS ¢ % 632 N “ g 13 3 - 9 -
| ¥3 Rod  100% ! 74 2% 19 |
X1 ozl ; } 1 10 5 7
: | | :
AT T SR =B S . | ! o) - o -
! ! 305 S
M ! A8 gy S b i i e = : >~
: ; e Pz . 1 : ) i 35 11 2300 8
E - - — B T I T S PO ——— ._.-_._.L._.__..._-_:- — _____:__. [P R ——— -_.5- .—-._...__I_ - e
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Vesicant Mixtures

Mustard - PD Mixture - Our couparison of a 1:1 by weight mixture of
mustard and phenyldichloroarsine with the components was done with

the micrometer dburette usiug small volumes (0.013 and 0.025 cu.mm.),
and therefore is open to criticism. The results are not clear-cut,

but it is apparent that the mixture 18 no better than either ingredient,
and thet the veslcant action is probably an average of those of its
componunts,

Mustard « Lewisite Mixtures - Here again most of the work wae done at
low dosea. The mixture, like the H-PD nmixture, is of Iintermediate
veslcant action.

Mustard - ED Mixtures - A 1:1 by weight mustard -~ ethyldichloroarsine
rixture is less vesicant thean 100% musterd or le¥isite.

Mustard - Sesquimustard (and Homologues) Mixtures - Additlon of 25%
sosquimistard by volume increases the veslicant action cf musterd to

a considerable extent. Mixtures of TL 153 and mustard are also more
vesicant then pure mustard. The data on TL 258 mixturea cannot be
conaidercd complete, beceuse of the socuewhat delayed actiocn of TL 258 --

1t doee nct produce maximum damage within L8 houra.

Aged Mirtures - Two mixtures of ED and mustard, 1:1 by volume which
had been stored for 8 months at 60°C,, were compared with freshly pre-
pared mixtures, In two separate tests, both of the heated mixturaa
were guperior.to the unheated controls.

o Seven other veeicent mixtures were tested later; anly the
b sesquimustard -EN3 mixture was a better vesicant after aging.

AT AT I N 5"
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Mustard (1T 155 or TL 328) - #D (TL £9) Mixture

Materinls
TL 3 plant-rmu H ™ 8 plant-run L
TL 155 UCTL thiodiglycol H TL 327 L
TL %228 plent-run Levinstein E, rodistilicd rodistllled
: Conca.o Temp TRUH. No. aryenemss  Blisters
Seri: | TL NO. ' Dusec! M:x*vru: (“F) - ( ) L P Ho.iSize | No., Size
_ i —j_ K ' —T : 1 ' T
5/25/b3 U 6o & 3287 10¥ 1:1 ) 70 W8 €5 16 5 1Bk
M,0 0 69 20y 10 " " 25 1.y 5 13 4
M,q % 220 12§ 100% - " " 25 7 5 0L 2
c,A! €9 ¢ 328 L T - A 2 B T
ceem ol e mmem aeeee - m-.._‘......i__ J— . v m e e i T.—.w—--. -
6/1/4% 04 €9 w6, 100% 78 7x 17 T b b s 3
;69 & 328 20¥ 1:1 " " 17 ;12 L | 2 3
- m— . et r——— s _....-.-__....;L.._..._._.._._.“ e i e ..il .
6/29/k3 Wi 328 16y 100% | 65 53 A3 LA 512 2
;69 207 100 i " It Lg | 23 5 11 b
4.2 ee 20¢ 1 c " M M 16 5 1 & 2
, . 135 15 1005 . 69 5% 48 36 7 Tz 3
6/29/b3 M| &9 20¥ 1wod " " k8 28 6 (18 4
1155 & 69 20y 1: _{; B " kg o2 N 1 A 2
e i S (P
5/25/4% W,R | 328 2y 1006 0 70 43 3k 122" 5 13 4
N,P, E9 oy wo0p 00 0" 200 6 8 Uz 0§
PR 69 &3  3%Y 11 0 " " 33 les 5 I a0k
i ' v ;
5/11/43 HE: 69 & 328 75 L:1 { 63 55 13 P13 18 113 1k
- - : ‘ i
5/es/b3 8 327 & 328 201 1:1 0t 70 8 22 113 5 g -
- 69 & 222 17y ti1 " "2 .10 .5 .11 3
\ T. 327 Wy - wop " " 2y i1 8 1y 5
N e PP e328 1Y 22 MY 3 116 5 i £ 3
Lewinlie - Humiﬁrd M. Xt o
o 3 & '5’:.5’; 15 3 I+ ¢ 8 3 25 522 5 007 Y
! o t !
6/29/43- K! 3 20Y 1004 . 69 53 43 3k 5 1§ 2
| B R5Y lo0% | " " k3 031 5 119 3
S -0 Nt @5 ol nono 0 k3 oiEs o Loj1h 3
6/29/k3 L1 3 20/ 1004 ] é3 437 uy T8 s {15 3
[ 327 25y 1003 ¢ " " by Iz £ 128 5
| 3 & 307 25y 11 | " i b 43 5 4 R7 3
P -y we—- - - S — - v A e Ao e am W - ‘- v -1' - P, — ..-.-.-1--- ek e
! e ¢ H \ ]
7/5/43 T 155 Y 100% 0 Th 37T 50 128 len 4
(3278155 3BY 0 11 0 " T g0 i3 7 130 b
1‘ 327 koY 100 4_ i " 30 ;85 7 12 4
1/6/k5 w328 s2¥  A00n . 7h 77 30 (30 & 27 ok
| 327 %328 3By v ) Y% 30 12 7 29 5
I o327 ko 1007 1 v 30 13 B8 |2 5
) " S A A S
)1 /he Al 327 & 328 #5006 | N.K. H.R.. 29 ’29 ra iy oy
? ' Rod ! : i :

{Tebhle con't.

E?' t.:- fj!\\ e ”"{

on next puge)

~
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T - 45 . “Rii—

l | Conca.or Temp. k.E,  Lo. LErytnemas Bilsters

Berieg | TL NO, | Dose ' Mixture (“F)'{x) i Men: No.Slze No,'Size
R T 0 L ?

N T

Mustard - ED Mixture

t/5/4s uu l 15¢, 32 ox  7h 77 23 26 9 2k 5
| BoeE 3% o v v 2.2 7 118
327 bos 0% M v 2828 9 ‘et 5
7/6/43 vV ! 328 22X 10U% , 77 28 ‘ 27 & |2 5
| 38 &ED 3% 1:1 0 " " 2828 7 ‘21 3
v 327 koy 100 " " 23127 8 ley 5
|
EQ Mixture |
f1/W3 T | 328 16 100 78 13 ev. 26 7 112 &
| 32888 16Y 3a¥; " " 25 ; 29 U 29 5
|
s5/L/43 W ! %28 5%  100%' 73 27 12,12 9 | 9 5
328 2 86 0¥ 31 ¢ 0" 12t 12 12 ‘12 7
Mixturss of Mustard end TL 153 1,2-Bis(2-chlcrosthylmercapto)propane ‘
1 :
5/1/k3 g } 328 1Y 1w00E: 78 73 12 12 9 | 9 5
K | 382153 15y 1% " " 2725 10 |21 6
L , 328&15% 16> 1:1 | " " 320 32 3 | 32 L
N i 153 1Y 1006 * " 2020 9 {18 6
H ' 1
. \ l
S/u/s3 U 328 65y 1o0t! 73 27 15015 7 10 5
i 153 5% 10050 " " 15; 1 11 ;| 13 7
! i :
5/4/¥3 X 1 328 65% 100&3] 3027 Wl 13 7 19 b
| 328%& 153 65% 310 " ahioakh 12 p Ak 7
! ’ Lo
v s ¢ wos| T3 o7 Ll o7 7 b
©328e153 Y 11 " " by 9, 90 6

Mlxtures of Musterd and TL 235 2-chloro-l,3-bis-(2-chiorcethylmercapto)propans
T : i :

6/1/43 I 328 157 ;oo:%: 78 3 12°12 9 | 9 5
X 328 258 15¥Y za*, v v p27t2r B 21 k4
L 328¢ 258 162 11, " ¢ 32,32 8 !2g
M 326 £258 16% 1:3 4 " " 25,25 8 {17 5
N ; 258 16 1041 M " 2020 11 97
. 1 H '
5/4/43 | 328 §5) 1004 73 27 12:13 & [11 5
. 258 5% 100, " " 13 13 13 £ 9 3
! . :
H , h ! !
5/4/4%3 z . 328 65% 10051 73 27 1515 8 9 3
; 328 & 258 65%F Al i " " 15 ; 15 11 7 5
5/4/5 AA | 328 X 1000 73 27 15015 7 12 b
i 328 & 258 A5Y¥ 11 ) " " 15+ 1% 10 7 8
5/b/4% BB . 328 65% qoof | 73 27 12 12 9 g 6
o 3B8ees8 65y (13 "o vl 12 , 8 61 7 .
* (My volume) ’ -
L e

g s . D
Iy o s e 2
V.\-._.«s,l|u-u£!|i_h;,i



- b6 - ipﬂﬁﬂﬂf‘-
[ J
Apgpd Mixturea
P el
t1e i
Doge: C.025 cu. mu. (micromster burette)
; R iy Vo A o
v . i
: . Stored | No.) E:Jthcmas Blisters
Surica Tf, NO. i Mixture ¢ a2t 609, Mon! e, Size No. Eize
, i ; i : ;
WAREE 3 93k E {(thiodiglycol) e . { )
‘ : ED (purs), equal .
§ parts Ly volume i o mo, ! 52 & 18 3
! : : 25
roan . | 355-21h Qontrel | Tresh | 22 L 9 -
6 SR T T
RoH, D935 ¥ (plonteran) & D | C !
200 I (purs), squal perts i ~ ;
: . by volume { Somo. 32 L2 5120 &
; : ; :
Pos-214 Control ; Frosh . 51 5 f 3 5
B e i el o L T IS P P .--..i;. - . + s s e = mmam e b eas e
/Ql/llr?) g ! o3l B (thlod%gl yeol) & ! : l ;
f ED (pure}, cqu:l | : : L
: parts by volum: . Omo. iy W1 10 ¢ 16
| 155-21h Control i Fycah { } 6 5. 2 @2
s | - -
e b o34 . f {(plwt-run) & ED ! ! : ?
”é@ } (mrﬂ,fwlqwﬁ% f i b ‘
' : by volume i 8 mo, ! 17 ! 17 &1 16 &
f z.mk Cont“oL k Fresh i Pt 510 0 -
Dogz: 0,05 cu, mm, Indo b of Tump.: 5?°F. Outdoor Temp . : 66°F,
(micromcter Laretto) Indoor R. H.: 40%
i T ﬂ_,'— o Dﬁyﬂ. S —'—h;:-Hour Rc:lfiingﬂ
v Starfd . No.!'frythemas Blisters
) | A
Serics . NO. Mixture 4 609 C. Men. K¢, Size. Fo. ,su..:
} 1‘_ o v i !
S I 10hk1 PD(purs) & I (pure) ) f ; f :
12/15 /43 ; aqual perts bJ volumo ‘ 97 ; 5 f s 1o ! 11 8
. 1097  Conmtrol i Frosh | 15 8 {‘ 10 6
. - - - . . . - . i . 1_..“-- O [
1o/ 147455 ‘4!— 1642 Pb{pure) & I (cruds - | ! s,
1 L. vLqun\,uun. ; g7 } ¢ 17 105 w7
! pirtn by voluame | I 17 ] !
] 1095 Contorrol f Fresh ; 17 i1z 7y

™



Docw: J2.0% cu. mm, Thdoer Temp.:  72°F. Indoor Tump.: 11°F,
e Amigromtor e otte) | Indeor R H.: 2

j oDy P! Ainge
' ! vt g 1[ Sturd o No, oy ey Blistors
n T - g ' .00 My T v, L
e GRO. g Mixtweo g R o S LR
LQ/‘E/h* Mo 1okz I PD (pur.) & H (stesm | \
diswillod), oqual . * .
! ports by voluma } EY ' 15 ? 15 +1 11 g
1100 | Control i Froop oy 07 § 1% 11 i3 7
) 104k f L {crud:) & sosqui- { ' E | !
| ructard {pur.), [ ; ! !
i -E5% by werwgnt 198 L. i1y 3 .13 5
} 1101 ;| Control ; Freeh | °7 | 15 12 i 15 &
P !1mwl i3 (purd) & H (cruds; 5 !
~ ¢ Loevinstein), egual | :
) | parts by volume 5 G s P < 9 5
F 1oz ! Control : Fresh 7 } 15 11 10 7
l
1L ICK R (pwe) ¢ @ (stes n: . !
. | gtstilled), cousl : i
| . parts by volume [ 80 i 13 I 12 7 2 5
"y 1103 ! Contrel o} Fresh ¢ 7 12 "6 1
1 . '
i [
b l 10k7 ; H5 (purs) & zesqui- | : I
. | mistard (pure), i : ; |
{ | T5%-25% by weight | 77 ' ' 15 11 0 1k 7
¢ 1104 | eontrcl | Frosh 2 P15 g - &' 7

A e i ——— - L — ——

Part of the renson for the incrense in the vesicont cction of tho
H-ED mixturc w 0 loaraed ag o result of heating mustard clone for 2 dogs
1329C. A sieilor "ropid-sging” procoss was carrisd out witlh H z2nd ED, ouqual

< ged
1.
2irts by volums, auid with Q-ID, >qual peris by welgh

Like the H-ED mixturcs storcd at G0V for 8 months, this mixturc was
more vecicnnt than the frosh eontrol. However, the insreascd vosicant wction
of R clone wes mors siriking.

Doszc: 0,05 cu. mm. Indoor Towmp.: 580F. Outdoor Term.: 34°F.
(micrqmctcr burstte) . . _Tndoor R. E.:..S&iﬂm___j___ e

: 1 43-Hour Readings
i . Ho.l Lr-thomua Bx*starn

Serics | VuSiChnt . M .JnL o.'S*zei No.Sizo

11/9/43 X | H (thicdiglycol) heatcd 2 doys ot 130 C-. 20 12 a0 8
H, unhoated S 19 0415 7
L | B-ED, horted {1:1 by volume) f 12l 9]15 6
H-TD, unheuted (1:1 by volume) Ll | 2. 9 {1l s

! {
M | E-Q, heated (1:1 by woight) I, ! 21 9 t1h 6
Peliel 13 138 6

i H ED hretad (1:1 by volumc)
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Yegleonnt "Potentistora”

A fow proeparationg bove boen dlsgolved n mugtard in wttompie to in-
cros e the rate of skin pon vrution to euhance the wetting power ondé hence 1o
nevends the contaminntlon skin ares, or to thicken musterd in order to cut
dovn loss by ovaporation,

Of the aix substances tiated on Jenuery 6, 1943, none had & positive
i ffoet, and the doducylamin: e hed & slight negetive offuct by diminishing
the pumkor of blisters,

C.llulose acctate butyrste testud us a thickener on April 27, 1343,
caused mustard te blister 17/18 men, but the loesion sizes wore oxtremcly
sralls The thicken'd sample wue v.ory viscous. Gulva #7 hud o doubtful posi-
ti.» s1Teet in inereasing mistard vesicancy,

wetting uwgent on September 7, 1043 produced u

Triton UE, tented me s
denreass in ths number of blistera. , (
5 : E ! Temp. ?_ 4L8-Hour Rindings
T Dosc, and ! No, Erythcmag Bligterg
Soriog mo, . Vosicant '{¥): R, U.! Men! No, Size : No.iSize
1/5/8% A | 328 1004 b g5 GaOF,” oo B 12 b
D328 5% totridodeoylaming P 2kg 20 i
; agatete addod f : ;20 7 : 9 3
Lo ] i
i i -~ i
B 323 1004 t 3> | oF°F. 50 | 20 8 |16 5
328 5% A.rogo. OF added | |2k 122 38 1k 6
' % i ! ;
¢ | 328 100% |95 §EP. g, (13 7 113 b
522 3% d'docverlimine sddod ; b, R S 5
: - i i ;
D {328 0% L o5 | 63°F.  an J 2 7 1148,
I 328 54 L.clthin ~&dwd 2ue - 15 7oLl 5
I ! i . _ [
2| s28 1004 B 1EF, .12 81 7 3
; 220 %4 Duponsl C -dd d j i 2bg R = 7 ' B 4
; ? i :
F | 3R 10% Boteor, P13 711 5
i 323 A% Lunolin «wddld i Loahd aC 13 7 i1l 5
W/ 71/%5 o i 328 100% : 1305 STOF.  po 1 20 1D fi7 9
| 323 5% Gulve #7 «8dsd RS p20 11 ‘e 7
. ! ‘ ‘
{ . ] 1 .
P o3Re 2007 . 57°F. S1d 1 3 & 10
i 528 0% Cellulos: westste | 130, 62% 13 " .
I hutvrete addod L 'E _ 18 j__ 17 3
(-1, LA . { " Cua . : nA - -
‘rf I‘f‘-r‘l o0 ’ _,12-.) ld‘\-)‘,a:l [ - {j‘l' i gh PED { ' lv 5
| 323 17 Triton NE -ddd . | oC | S S
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An obeervation that wheai E7) on the aslun 1s
trected w.oth triethenolamine there 1e «wn increass in
glze and nercentage of dlisters led us to attempt to
incrense the vegicunt zction of N3 by dlesolving 't
in triethenolam'n: (1:1).

The test woo not we striking as the decontaml.
nation tegts had been; altacugh the iegicng were con-
gideranly largsr, there was no increase in blister
porcentage (both of thcse obsorvat one could be =ttributed
to solvent effust).

A ginmllay experimont with EN3 znd pyridine chowed

no increisced vesicont uzetlon ovor undiluted ENZ,

Outdoor Temm, - TOCF,
Indoor " TSR,
Indoor .R. H., - 65%
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i s ? P BocHows Roadings |

J Dogg ! | Ho.. Erytrnoman . Blistors
Seriee (F' ' uui ﬂnu ' Men Mo, &j?v' N.. Sire

,1:;'11: 7 11

i
; 505 in
i

pyridine

5
1 : PR
i 123§ PoLo
b (A on | P [
i ; “j.sthenol- | (1o 7 15
i . ALingG : o '
- e . oman I._ . e r o - e - _.g_ - o ._-. . ;_-n.-« - -
&f3/%5 3| . wos . s w0
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LIT.  LOWTIITS

As in the case with mustard, menthly summaries have been
made of the lew®site data. Fewer men have been run with L, and
the graph (Figure L) is even leas revealing then the granhs of H
(Figures 2 and 3).

In ne menth did the percentags of »listere fall below
85%, and in most cascs .t was above 9JP Wn.le daily devietions
from this averags m ot be explained on tie bes:e of an msufficient
nuwbor of <xporimintol subjocts, no exodlinst-cn is available for
the feilurc <7 l.wisit. to produce mor. thwn L7 of bllsters on
114 men used in o tost on Seotomber 21, 1947,

F.gury T shows « month-by-month cowperison of mistard
and lLowisite from Docombor, 1942 throush Mey, 1943, Excost for
arci, when tacy wire cquil, lowieite wes a hoticr vesicant than
mustard. It should b. pointed out that l-wis.t  waa applicd to
congid:rably Tower men.

< 1943 >}
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Menths
(30)
100 250 (49
(38 (5/)/\182) )
-r H
%0 95 L 'ﬁOS) Figure ©
4, (47 N
% ao T (47) //X Comporison of H snd L
Blistors /\150 H (15)  Doos 142 - Moy 143
70 I42Q) (Number of experimental
subjeots indlcoted with-
in brockets)
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Doatly ol Matnly Percentnyr & of RBlisters
n WA-Home Tusta With Lewiol-e

Doge: Kod 7

- RET -

r ; Out-
i Blipters (uo 48 hours) ; In- Tn- deor
5 AV . | door deor  Mean
‘ ! Size | Temr, R.H, Temp
Dote L No., (min. ) £ 0 (CF.) {%) (°F
/L fhz /s 6 & - 26
zf2/u2 | 20/20 7 1001 = : 3k
3/5/k2 P17/18 " 95 -, - L1
3/5/42 LT 3 90 | - - zh
s/10/k2 i 33/%3 4 95 - - 38
s/1a/42 Y el 5 100 | - - 36
5/16/42 v 39/39 13 100 | - 43
3/17/42 L85 5 100 ¢ - 42
z/23/h2 . 35/39 5 100 ' - - 43
3/30/b2 | 23/23 5 100 | - - %3
3/31/k2 . o20/an 8 100 - - 33
Totels for Merch 'h2 : 206L7271 5 Go
i )
/% /b2 Y 205/298 5 100 | - - sk
L/7/h2 : : 5&[3& A 100 | - - 38
Totals for April 'he T 5727335 3 100 |
N AR
7/20/k2 | 108/108 7 100 ; 70 86 74
8/ /2 ) L ko/ko I 100 | 76 59 70
5/2hfh2 s/ 7 w00 - 59
8/21/k2 P 10/10 8 100 - - 70
Totels for auguet ‘42 ? 55755 7 100 i .
c/2/42 BV N T T I - - 76
g/16/kz | Ruh/okk 7 00 | 74 78 76
g/21/42 ¢ kp/11k 5 37 0 66 L8 sl
o/23 /Lo P19a/006 7 97 I A2 52 50
Totsls for September 4z © iy /ouh P k) ; -
10/7/b2 | 19/19 7 100 | 82 7 61
10/21/ha _9f10 5 9 | T b5 50
Totals fcr Cctober 42 i an/2s 7 97 i
3/23/43 i 30/30 7 100§ 75 40 38
o

(Tuble con't, on next pag:)
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beae: Rod 5
T e
; s . n ; door
3 Blist. ra (r.:L,_L3 hours}s T~ n- Mean
v, I door dcor  Temp.
| Slze ! Temp . R.H,
Date ' No, (mn.) % 5FO (8 (7D
| i
&/ /ho [ 55/60 5 92 | 76 59 70
$/1/be | 13/20 13 % | 74 75 £8
G/B ke . 1n/10 3 06 ¢ 73 78 71
afofhe t23/20 10 100 {75 37 71
o8/l L 18/20 7 Qo 3 72 L2 42
Tctals for September 'L ; /70 Q 97 |
. ; f
1@455u2 i 19/20 L 95 { 59 78 55
10/6/u2 _17/19 7___8 | & 72 56
Totals for Octobex 42 ; 35/3% 5 G2 T
P
11/10/42 | 188/170 5 g9 % 73 57 38
12/2/ke § 312/337 5 93 | L9 51 &
12/7/%e i 202/204 7 92 - - 16
12/9/%2 + 148/159 6 93 [ 55 54 25
12/15/k2 | B9f39s 6 98 | - - 22
12/16/h2 t185/195 4 95 | 6D - 13
Tovels for December 42 f1236ﬁ290 & 96 |
) f - -
14743 . [ 115/121 5 98 68 25 16
1/6/4% | 17/197 5 AL 69 2k 26
1/19/k3 | 204/286 & 73 66 32 é
1/20/43 b13/15 5 87 &3 37 2
1/25/43 o175/3820 6 96 &7 30 10
Totals for Jenmary 43 i OBT 801 5 86
‘ |
3/2/43 L 30/36 5 83 69 1 ¢
3/17/435 [ 37/40 5§ 93 65 by 30
Totals for March ‘43 53 6 57 1
S {Teble con't. on next page)
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Doge: 95 mj.cro;_;rs.ms (picrometer burette)
e e e R | T T e - i;-—-" - et T Ou:
‘Blistura | ~LE§£3E‘§) . In- in- dnor-
i A, ' dcor dcor  Mear
: Bize I Memn, R.H. Tenp .
Dete CNo, (om.) % L (¢F.) %) (cF
1z/16/k2 P 50/38 b 95 ; €0 - 13
1/20/kz S Ak/120 & gs | g3 37 2
1/27 /53 R AN 3 97 . 72 14 15
Tetals for Janusxy /43 L 279/290 & 0On :
H o
2/3/k3 S0/ 7 w0 ) 72 31 . 23
%//43 1168/182 7 92 i- 75 72 b1
4/6/43 Losse s 7 1 75 28 38
Lfor /by P 10/11 & gy | 67 £2 50
Totalas for April '43 . L7759 .5 96
5/4/43 /19 % e 76 88 s
5/11/3 | 35/35 5 g7 | 65 50 L8
5/18/43 L 27/20 709 73 50 52
2/25/43 3/9 7.3 15 4o 5h
Totels for Mey 'L3 I B0Jo3 5 8o
&/1/b% L 3h/37 13 92 . 8 59 78
i i
7/20/43 Y67 /eT 7 o 8% 50 8¢
. |
8/17/b3 Do 8 90 1 69 59 6k
11/9/4% Lo /us i 98 é 66 34 32
. = i ’ '
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S Lrdividnal bd-Tionr Teats With L

- Tewp.F.iNo, lFrythemasiﬁlgatezs

TrJtrrmas.b‘ aters

Srahsn ud i, *M n il L Sine ﬁ Tg 7ol Surise + R.H. ! Men Fe, SizquO..sjEE

P;_m o, = (22':5 DLPLE} 1 R Ho, ,,_j‘lO% L) : l '
252 TR 51 Aauﬁw 57 ﬁhmﬁéhn 10[10 N2 20 6
(30% D.P.E.) | < alw. 10] 10 N.h.} 10 10
,/h,he B, N.R., 20 20 H, R,y 20 & # L/E/We Al NJR. 1007100 N.R,[100 5
/2 4l woR, 51 | b6 E.R. ' Y 6 5, By MR, 202002 N.R.}lOl 5
“/1 /b2 Al mr,2 2k j2k MR, L ELR, ] G K.R. G197 N.R. 9T k4
2/17/k2 A WR.. 20 ;20 H.R. D 4 k4 LWk Ay NG 10l 10 WN.R. 10 7
(54 D,P.T.) i g B| N.Z, 9 9 N.R.I g 6
2/23/k2 A WRT "kg (k6 wm. oA D I} 5! K., g{ byt 3 3
o/ek/he DL OHLR, o & a i o 6 ¢l K., 15115 F.R. 15 6
zlesfh2 A N.p. ok TR O I | 7/29/b2 E| 709855 2k 1k o ! 1k 7
Bl N.R. 22 (19 W,R. | 18 5 | Iy " 1wy 2 15 8
fz/te A B,x 18 117 W.R. | 1% 5 [ g 1571 7115 5
{42 D, P, D P.E) g ¥ " 15 15 8115 7
£ MR, i 17 N.R.DOWS ; i " 15 15 G115 7
(55 D.PLEL) | M " 151 15 8315 7
4 A I8 117 WLk T h 1 " 151 15 7415 6
Red No. 3 (1005 L) | | E ol " M L el ko5
2/13/b2 A WET 20 |1k KR 13 by pt " ‘91 ¢ T} 9 5
A WRe 20 [11 MRy | 10 3 §is/4fke 0l 760594 20{20 9 20 7
B N.R 33 26 R 2b 3 pl " 2020 Slo20 7
B N.,R, 33 f55 N.R, § 29 3y ql " 20(20 8|20 &
a2foh/l2 Al NLR, g | 8 N.R. T 6 ' 8fzh/h2 Mt NLR =l 5 8 5 7
3/2/42 B N.R, 20 20 N.R, | 20 7 |'8/31/k2 J| N.E. 10110 13 10 8
3/5 42 | N.R. 9 | 7 N.R, & 5\l ofa/ha I[ g2C6hyn 10|10 16710 9
Cl N.R, 9 | 9 H.R. 9 Wk io/ig/ke Al THO78% i71i7 1) 17 8
3/9f/b2 A W,R, 10 20 MR, | 10 5y B " 19719 wl 1w 7
B N,R, 10 [10 N.R, 5 30 c ) 20120 9|20 &
€, MR, 1O 10 WR.{ 9 3! Dy " 20120 1012 7
D| N.R, 10 [10° R, 9 3 E " 19(19 101119 7
3/15/k2 A’ N,R, g | 9 N.E, g 4 F! " 20(20 9l 20 7
B W,R, 10 )10 NR.| § b1 i " 20}l20 8|2 6
) NR, 10 |10 H.,R. | 16 & i ;SR 20 20 gl 20 7
DI R, 9 [ 9 R, | 6 3 b 19119 w10 8
3/12fh2 Al R, 19 |19 N.R. 5 1 Ji " 2020 g9t 20 7
' B} ¥.R., 10 |10 N,R. 6l M| " 201 20 9,20 5
3/16/k2 &' N.R. 10 110 N,k | 0 6 ¢ T " 20{20 20({ 20 8
B, I.R, 10 (10 N.R.§ 10 6 wihon 101 1210 8
C! N.R, 9 3 N.R. G 4 ! ofei/hz A 68°43% 18115 Ylle 2
D, M,R, 10 |10 W.k. ! 10 € i Lo 19 1 b 1 2
3/17/%2  A; N.ER. 5 | 5 NR. ! 5 51 ¢y 200 -1 0 .
3/e3/b2 A! W.R, 10 10 N.B. | 10 4|, oy " 97T 3t 1 3
Bl MR, 10 10 WR. | 10 5 FioO" 20018 9| 5
C{ R, 9 | 8 m.E R o " 818 g9{ 1 6
D; N.E. 10 110 L., 35 O pr w09 &l 17 7
3/30/k2 A; N.R, 10 (10 N.R, | 10 6 L g/as/he A) 62924 18718 10) 17 5
B, NNB. 9 |9 NER ! 9 5 | B! 19119 9|18 6
£: N.R. Lojob meg.. b3 ; pntoo 5115 8!k 6

{Contimued on next set of columns)
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Tabie con t. Irow pruu#¢~~0 A AT

Trap. FooNoo ey thes ‘fos]B]i‘it“‘r‘L ; e wp.F.Ho, Erytnomas Blist
Heotag ' R,H, _-' Mr.'ﬂ lO "’: Jme ot T\‘C‘ Clen Sorioe p.:{. Mont {‘i{‘ C“" AT l"
WA T A0 1T T Rl W 3 (e I
T R Dioioseﬁ P10 15 o4k oL wyy/ke DONGRL 20020 ¢ 2
By 2y a0 PR E " cl | 2 5 el
5} v 20 By w A0 7y F " 1y ;1% 10 19
Gi " 19 B Y15 6 ¢ " =020 12 !leo
Bl - 15115 19115 7 b E, " 201! 2 10,20
T 1901019 o bag o7 " 20 1 1% 13 i 1
N 21 0 2y s i@y 8oy Jg.o0" 13018 A 19
gl o 1ms o1 3 o' 10,1 111
Lio W o1k 1o ik 8w 18/9/ke ASSOshE 20 | 20 8 | 17
W/ HH20TW 19 19 o l1y 74 B. 20 | 20 7 ! 19
10/21 /2 ¥ f10u5% 10 ¢ "9 Ay c, " 18 ¢ 1 115
fa3/hs SIENOE 30430 o]0 7 ol v 2olz 9110
Rod Ko. 3 jl.bi 1) i | i Ei " 20,2 7 i 20
CPuR T L EO5g 20 f 19 6Ty F; " 21,21 glaa
M 20 120 5|13 5 i & " 20i2 81iz20
N 22 320 K1y 5 4 B ' 20:19 816
afi/ec ¢ 'h07&% 10 5 10 17 ;o 13 ¢ 12/15/ke A[ JRe 20 i 19 9 ;18
Fl " W0 e 47! 2 12 B2 } 20 10 | 20
ofdfbe ni7fT% 10,0 11 5 c. " 20l2 9|20
Glo/ke 1(700Bm 10 L 10 Ik P13 1ioy Di " 2) ¢ 20 10 ;20
gl " 10100 iy o1 B 1yl 19 10119
afos/he Fl7eChey 10 {10 1000 10 G Fio" 17417 81217
¢l " wlw st & 51 G! " 17 17T 10 {16
10/ /60 A[599TS% 20 L 20 oo AT b B " 13119 829
¢u/=fhﬁ Flsyorad 19 118 9117 vl Ir " 19|19 819
11/:0/k2 1]75057% 23 | 23 517 S J " 13 | 18 Bt 17
al " 20 120 7120 53 v " 19119 10|19
X{ " 2020 6320 k¢ i " 21{21 821
L: " po {20 720 6 M " 20120 B8 1%20
p uloom 26 26 825 3 i N * 22aler golm
o 8118 78 5 0, " 2020 10 {20
o] " 2 22 6l 3 | P Y 21122 7 l22
ol * arlar Slal 5 v " 18118 717
12/2/k2 BI%9%31% 21 ! 20 7118 5 Ry " b | 1k 8 1 1k
o] I 19.[ 19 A 18 5 ;| s; " 17 {7 816
D " 20 | 20 5116 6 ? T, " 171 17 5 117
Bl 20 | 1% Lias ok U, " 18 ; 18 7 i 18
F{ " 20 j 20 1 L1031 12/ipfhe hg60°est 18 | 18 5118
a; " 20 | 20 8120 6 B Y 16116 515
Blo"oo 19018 8,19 6 ¢l " 1717 5,15
I, " 21 121 Tl2L 3 ;i D, To12 12 5 1
Jgio" 20 ! 20 T l 20 7 4 E: " 15 | 15 6 | 1k
Kl " . 20120 10120 81 Fi " 20 | 20 6 | 18
L " 20 120 6,18 6 | i " 18(18 5|18
M " 20 120 7115 5 i ¥ " 19[19 b |18
Ny " 20 {20 T i2c 5 e 717 %107
o] " 20 (20 B2:2 60 Joo® b ik 6k
P 20 j20 7il 6 ot o 3813 738
Qp " 19 P19 8119 6 ; L/BMA3 aA6825%20 )2 618
R[ " 18 L8 5,18 6 o B{ " 20313 7 119
12/7/42 A N.R, 20 120 w20 7 f c{ " 20 : 20 7 |20
Bl 20 oo w20 7 pi v 21{21 g {2
c‘ " 15 (15 w215 6 i Ej " 2 ;19 9 ;19
— e i N oKl M 2012 7T 119 ¢
‘ -SEARE P .

CUGCLASSIFLE
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frythiemss Blisters
Hc, SipeiNo, 57 -

f P"h

B
. A4
(" 25
‘ 1'}20,‘“-.'3 11
| 7 19
757785 10
i 8
? 2
l " 9
i1 l:)

B [{] 8
ccy " 10
ID| " 3
EE? i 7
FE! " G
Gl v 10
HH} 1t 8
Ty o 2
gyio 9
KKi 1t 5
LL']' " 10
MM! " 8
NN ll 1} 10
oo: 9
PP} " 11
! " k
P176928% 10

Qi " 10

‘-“; {} 9

sy " o

HIE79G2% 11

L1769284 19

Migs050% 26

Vv 63955% 10

K:73°50% 10

F; ] 10

Gi (1] 9

LLi75%40% 9
T :63059!’ 13

U, " 18

EX 869503 13
P‘Fi tr 12
GGi 1t 1}4
EHI " 1h
II; " 13
Ta I 15
CC [6995G% 20
H 66934 11

o 10

Noo" 2k

H C'\:/’ ‘ N :: %:':’” "{
R A
'zn-‘,": 17 ab "
ook {325
i 50 9| 39 &
Tl 1L 8
b1s w197
Lo 310 7
| 7 71 6 3
L ¢ 3 T 7
g 7 7 B
j1c 9110 7
g 71 8 4
|1 91 10 8
8 nl & 5
|l 7 11! 7 8
o ow! o9 7
10 101w 3
€ 10| 8 ¢
& ay & £
9 & 7 5
5 8 L ¢
10 9] 10 7
g 12 7 11
10 9 8 8
9 11 9 8
| 11 8§l 11 6
| & 10 L 3
;10 7110 5
t 10 91 10 6
| 7178 s
s 171 9 5
|1 71 1 &
’ 2 5115 g [
25 g! 25 6
] 10 7 10 &
P10 12| 10 11
i 10 10 5 8
L% 10 8 7
I 8 8 3 71
19 10 16 10
18 12 18 10
13 91 1% 8
12 g 12 7
i 14 811k &
i 81 6
13 8113 7
15 121 15 10
20 10} 18 8
i .wlnn 7
1 104110 ¢
2 w23 6
9 10 8 &

iden __E_JL : Mo, To, 'Sine Nr_ Size Serie
) 1___f==§ T Ly S 17 v,
/ / G- j 6{ 33}4 '»5 i ;‘9 .—{ | 5!—‘\ fj '
d.gi " 3T S
Rtoo" i3S oo ik Ly
L+ " 2L (21 72l 5
Moo 20 20 S5 2/5/h%
ot 20 |20 o205
¢t 20 11 5117 3 3/o/hx
oo 22 120 5 027 0%
/32/hs aAesEen 78 7B L T s
Ao TR T N S A
c " o8 €8 1 ibk3 g
D" 37 .36 1C 125 7 .
i 55 t53 & P27 5
1/23/k3 ¥ 73%37% 15 115 7 013 5 ]
Y20/t mO7o0R 35 135 24 35 6
300" 38 ;38 7. 37 5 Y
c " T R T B~ B
o sk (25 B, 5
i " 25 125 & 23 5oy
Fo" hls a5 5
3/2/4%  AT59%8% 10 f 9 6. 2 ko
B " ;19 85
¢; " 318 513 3
D, " 5o 9 5 3 b
3/ M3 Ki{65%1% 10 {10 B 9 5
L. " LA TR Ko T S T - S
o 01 7Ty ko
o 0110 2. 3 6 i hfe/k3
133 0100% 1) ! f !
=/28/L2 T |70%E% 31 |1y I W A S
S Y )
207_(179 ’ | 1 4/27/43
g cgfhgﬁ"i%zgoaa% by [3h 623 5 . 5/h/ks
30% (1009 1) oo P i 5/11/43
sfes/bz ma sohcpy 8 1 7 54 b L
b= % (1004 L 5 i i 5/18/43
=11/l3 1L65%ch 23 22 5113 Lo
25 ;21 sl 13 5
Mo 26 '23 7,19 6  5/a5/43
7/5/83 TTIWOTTE 3 26 725 L U gf1fk3
vup " go i23 927 5
vwi " 28 iep  Bier 5 & 7/20/k3
y Vi " 30 130 8129 5 |l
€47 (100% L) | i
5?@5 L3 MMi7so0% 8, 8 7, %3 by
9o (100% L) i b .
12/15/42 0, 38 (38 .64 3 Lo
1/20/83 a:63°37% 1 |14 o - 3 7 |g/a7/u3
B| 17 '17 8117 £ i 11/9/k3
c| 18 {18 213 6 .
Di " vy 12 iy 13 8
ap " % 11 5118 6
gi s (18 7113 3
v " 15 113 511 ¢
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IV, SCREENING TESTS OF COMPOUNDS FCR VESICANT ACTION ON HUMAN GKIN

In the following tables will be found the resulte of tests for
vosicant action on humen skin of over MO0 compcuncs which were sub-
aitted to the University of Chicago Toxlclty Labmnatory boiween August
1941 and Docerber 1943, We arc indebted to Dr. 7. E. Redemenn for ald
in the proparation of many of tho vesicants.

The arrangomsnt of the compounds 1s am follows:

Arasenic Compounds

Primory Arsines |

Sscondary Arsines

Tertlary Arsines

Argenoxides & Arsonic Aclds
Nitrogen Compounds

Amides

Amines

Aminos Containing Suifur

Ammoniunm Cormpounds

Cerbamates

Heterocylic Nitrogen Gompounds

Nitriles

Nitro Compounds

Oxfines

Phenylenediamines

Miascellancous
Phosphorus Compounds

Phosphorus Compounds

. Phosphonium Compounds

Phosphorus Compounds containing Sulfur
Sulfur Compoupds -

Thiale

Sulfides

Sulfoxides

Bulfones
Orgencmetallics
Acetylene Derivatives
Estora

2-Chloroethyl Esters

Miscellaneous
Acif Halides
Ethers
Catechols
Miscallaneocus

.|(\ (ﬁ;n":f'
i\ﬂrlp \' '
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The followlng abbrovititiune arc uged In the tables:

pemigg AQTH
AN A ST

—-D BTy - Diphenyl ether
.- - Compound irritent to one man in & group at 0.2 ng.
, - Compound which produces erythemas but not bligtors 2t 0.2 ng,
X. - Micxo Kehn pipettes
.V, ~ Compound which ie non-irritant ot 0.2 ng.
T.P. - Therwoneter plpette
Ve - Vuslecant « compound which produces blisters ot 0.2 ng. or leas

When compounds were deliversd by Edgewsod Reod, no dose is given.
Unless othorwlsc spocified, 21l compounds for which & dose 18 given were
delivercd by micromcter burstte, Exceptiona ere thermopeter pipettes
{T.P.) and micro Xzhn pipettes (K.). The dose 1s calculzted from the
denagity of the cormpound {or sclution) and the volume expclled in delivery.

The indoor temperatures and relative humidities are glven in the (j
tebles. The outdoor temperatures will be found in Appendix IT.

Bizes of erythemas end blisters are the dverage diameters of
lesions on those men who reacted posltively. 2eros are not included in
the average lesion sizes,

The stetus of a coupound is given with the first entry of the
coppound in the table. If & compound irritates one wan at & low dose and
is inective et & higher dose, it 418 clessed as non-irritont, since the
erythema observed in the first aserics "may have been on error in cheser-

vation.

-

Argenic Coupounds

4 large number of the-ersenicals are good vesicants; emong the
primary arsines; RAsX,, ‘the moet active compounds are those in which X
ig chlorine and R is butyl, n-amyl, n-hexyl, 2-chlorovinyl, k-pentenyl,
2-chloro-l-pentenyl, or phenyl.

Tho lower molecular welght alkyl derivatives {othyl and propyl)
ere of higher volatility and do not produce as Dany or as severe lesicns
e& the others. Replacement of the chlorine by bdromine or CN decreases
the vesicont action, Ring substitution diminiehes’ the veslcancy of
phenyldichloroargine.

Thewe are relatively few good vééicants enong the RaAsX compounds -
allylphenylehloroersine and chloromethyl({m-nitrophenyl)ersine are the two
rnost powerful, .

No active vesicants werc found among the RQAs'coupounds in which
R represents & hydrocerbon radical. Amcng the other tertiary arsines,
2-chlorcvinyldiethoxyersine 1sﬁoutstandin5.

Thooxides of L end ED are moderately go>d veslcants.

Nk,

DIMDLEQQIETER



PRIMARY ARSINES

Concn. L8-Hour Resdings
L and Torp. No. Brythemes ; Blisters
_Series _HNo. Dose Solvent R.H. Mon  Ho. 8ize | No, Slzc , Statug,
t
6/1/43 ] 625 " Arsine, phenyl- 5% | 1008 282“"" 30 {13 5 (1 kv
GG
| CoisheBy -
5 h ¥ 150¥| 1004 (8o°F.l20 | 27 8 {11 6 V
| _ : 2 -
h/27/h)] a2k : Arsine, E[tolyl— 130¥ 100% 272;}@' 14 12 5 G o iy
Q [ . F} . \
| | casCamyhotio r
W2l 21k ! Ars? d;chloroethyl'- ED No. 3| 100%. | TO°F. l'-(, G - ! 0 - v
onl Rl B Rod | 186 -
, | CHsCHaAet e No. 3! 1005 ! N.R. |20 0 - te -
8/5/42 N . |
D ‘ Rod : , ;
1 [ . :
g/1lk/h2 ! No, 31 1000 - T60F.: G 0 -1 © - ]
7 /Y / ' “ Rod | 72% 2
9/11}/2{,2 ! lNO. 5i 100}-) . TGOF- -9 9 9. '| G D
Y ) ‘ 1 72% "
\ (closod 5') : ‘ )
10/7/42 ‘ ' ‘No 5{ 100‘, 620F. {18 | 12 5 ‘Ilo- !
G l T '\ Rod ! - Th% ' "L \
'\ (closea 5 } ‘ ) l
- 1
9/1/42 . ) gNo 5| 50p - ’éB"F- 20 2 2y \ 12
D | Rod o

1




concon.

_4%-hour keadings
TL and Temp. wo. grythemus bliskere
jeries No. . Compound _ ___ pose Solvent K.E. ten .. Sizelyo. 3izs Stakgs.
10/19/2% 2l«  Arsine, dichlcrcethyl- i &OJf < YO0k ? T4 F. i0 v - 8] -« X
: , TePs | 525 1

k ' arsine, dichloroethyl- Information from cther sources:

" a B solution in alcohol applied to the skiy hed ro
‘ ; action?: 1uj% solution gave vesication in 1/¢ cases
i after 24 hours {(P.H. 964;. (.005% cc. of 12,45
' . solution produced vesication \F.Re,. Vesicent power -
. through clothing is considerably less thaa that of 7

‘:3

lowisite I and mustard gas (Porton net repertad) T

«++sBritish WRB (19¢0). -

© A vesicant of fairly rapid action....Porten Leme ff

, Wae 15 (1941) -

* Non-vesicant compared to He...V.1981s {(B=1w27; -

: " Visicant actiin on men is l/ath that of mustard B
: 5 . ..EaTR 825 -

‘ : ! Sxin irritant data cbtained bty difforent preecsdurcs

! f . are rather conflicting, but exposure cf men tc

' . concentrations of 0.48-12.2 mg. /1. for S5-minutes
gave negative results in most cases and preducced

i " nothing more than s slight burn in any casc....

, 4nTR $50 (1942)

Foer additicnal date on TL 214, see sectiens cn Vesicant Mixtures and on (Jlcosed Vesicabicn Tests

14/7/«2 485  irsine, dibromouthyl- o- 5 100% | Newo' v B c 0 - v
9 : : . kod . .
' (i15CHgusEry | -
12/15/@2. , - 200 f . 1005 defie 10 ? 5 g 1 10
R i ! i TePs ! : L



Conen. 48-Hour Readings
TL and Temp. No. Erythemas | Blisters
Series No. Compound Doge Solvent R.H. Men No. Size |No, Size Status
= = = = ]
9/1k/u2} 21k | Arsine, dichloroethyl- (cont'd) No. 5 | 80% in | 76%F.] 20 | 3 5 t 2 3 v
M [ Rod nitro | 72%
benzene | °
9f1hfu2 ) . No. 5 100% '{g?. 20 i{5. 5|4 3
M Rod 7%
8/19/421 No. 5 1004 | 67%F.] 20 | 7 2 L 2
c Rod 80%
9/1k /U2 No. 5 '100%6 | 769F.4.20 {2 5 {1 2
N Rod T2%
12/2/42 ) No. 5| 1005 i4°.j18 |1 2 |0 -
S Rod 519 ~
12/2/%e Thickened with cellulose No. 5 160% | bgOF.1 18 | 1 1 |0 -
st acetate butyrate (5%) Rod 51%
9/14 /42 _Arsine, dichloroethyl- §o. 5 1004 | 76°F | 20 11 8 a 7
i ' Rod 5 :
{closed 5')
I i -
6/8/1% 85¥ | 1004 | 629F | 36 ) o - lo -
B-J - 75%
9/7/42 100% 1008 | 7LoF.1 20 | © - 10 -
0 T.P. [ I
10/7/%2 ) 200 ¥ 1004 | 62%.] 10 | o -0 -
F - T.Pc 7!‘,’%

-1 -




TL

1e/lafas wBD
D=2

12 /21 fao!
vl
2/23/a2 | 54
s
2/25/2 .
B

2jes a2
B

;ﬁ/é/;z
B

. 55

=+

1

1

| Cila®Ha045CLy

l o - - -

. Arsine, dichlero(2-chlorecthyl-

C1CH,CH, 4801,

Informetion from othoer sourcos:

‘ arsine, dichloro{Z-methoxy~

ethyl )=

, CHLOCRaCH, 801,

;U, 01?2-0‘1}!}' -

iraine, dichlereethoxy-

Concn.

a¥~nour Readin, s
and

lemp. 0. Erythemas Llisters
e oo 2088 Golwont Reil.  len no.  Gize 0. Size Status
CoE). 100 57%. 10 1 R R
: % (. i
2407 100k ; 62°F.' 9+ 0 -0 -
. : =80
" No. b S0Ge ) Ne ke =y 1 ioeiie O o FRFIN
Rod DePalue
0. O 00> . HeKe <2 : O 0 9 N
}{Od i DOP&E- .
"No. 3 100 ! N.R. . & 0O 0o §
Rod ) :
Bo. 3 Y00k NeR. 20 G 0% 0 by
kod 1
!
cgr . The undiluted compound Jdoss not reddon Lhe sKiteos. N
Torton Memo No. 15 {(19=1). Rt
" Aleoholic molutions, b-1(fc produced irritaticn tut =
. nc blisters on mak....bauRD 26 (19C+ ). R
RN Y T I ‘. e 8 :'f)
,No« & 30 Heile “d 5} Iale 0 a "5
Rod . "DePuke ' -
ER
NO. & . 0%  HeRe  ZX B dere o & .
nod . " DePele
CRoe & - 100k | HeKe & 2 feite O 0

kod
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- t, .

- CLCH=CHas

ethyl ;-

__Compound

{cont'd. )

| arsine, dichloro{2-methoxy-

arsine, dichloro(Z-ethoxy-

etnhyl ;-

L, CH, 00 CHL ASCL,
i

1-

Arsine, dichloro{2~chloro-

zvinyl)- (Lewisite, plant-run;

Cla

stsine, dichloro{2-chlorc-

vinyl )~
LbWiSitGJ

Isomer I

| CLCR=CH.a5C1,

|

v 4o-h¢
and Tewmp. [o. Erythemas
__Dose _ Solvent R.:. ven 0. Lize
P TR S L L e T, e T T Tt T T o
N i . . . t
' Ne. 3! 1006 | TeR. 26116 Lok
4 nod | ; ' :
L Noo 3. 100 | NeBRs 4 26§ 9 MR
t H'O.d i l !
Caee Bio40e | WR. T 22, B e
H nod D-.T."- AT ; I
] ! S ' ! !
l.' . ' . : i .
J NQ- 6: ].OG;O ! :’oRo “ 9{ b Il-ho' .
1 Hod ! i
: : . ! .
i . ’ .
. No. o lOOjO i NeRs 201 20 .:'.i'{lrf
¢ hed | L :
i | ' '
] - ' ‘ .
¥oo 31 1006} MeR.T 26025 .
Rod 1 . l : 1
= - - e— R e - T -
Lo 287 « 1006 . 89T ws il 5
n : 1 5;5/'0 . .
B i : ) ! '
i i N
L, No. B 2 Wehe P UL 48 Tune
, Rod ! DePolis ' : ;
! : : ' ! !
NO- _5 H 25;’0 N’- Ro . 5} ! 50 I.'o;_{- !
' nod LaPals ' II t‘ i
P Noe B S0%  Heds | 2018 .,
| Hod | DaPali. | + ’ ;

Concrne

Blisters
L Wce osize Staras
18 4 !
}
8 S
S S
C 4 5
“ 4
1s $
1o o
19 S A
S0 & v
_&8 7
18 5

o TrrLr



Concn. ad=howr neadings.
and Temps Noe. Lrythemas blisters
go—m o — . _cCOMpound - pPese  Jolvent .l Len lice Size: No. Size
! <. - -l e LI LTI e ..i_ﬂh- __._',‘,,_,-. = ?'T'—:Tr:‘ —__..—v___.__'“*:‘:;.:“l,'_’_—k T .Th—n, T monam— e
; Ars?ne. dicnloro{z-chloro- i No. 51 8 :N-R- ; 51 5&9 HeRe ' 46 7
vinyl )= | kod \ D.P.R. | ‘ ;
, Lewisite, Iscmer I cont'd.) i ! i | t
H . - 1 +
: t Noo &5, 35% | NeR. - 9. Y W.B.| 6 o
. } Rod ; D-P-L. 'I i : |
: i o | 3
s E No. B i ‘:to;’lo ! Ne e i 20 E < Ny FAS) 6
; : ! Rod | DePub. : ; |
. - : SR ! r
! E NQ-.5; 43% | NeRe | 19 l1e dede o 17 g
' i Rod ! DePeb, ! :

o e —— o —— ce e e R .ﬁ'--_._- e e R u,?_,_ D U
* arsine, dichloro(Z-chloro- i Noo ' 3% neRe ¢ 20,12 ke = 8
. Vinyl )" i Rod i. InP.E. ! t -

i Lewisitey, Isomer II L i | | '
. to. 5 oB% ' NeRe 15 il 5 S
i ClCszcflflSClg ' Rod ﬁ DDP-E. i } i Ii
' , . I
: o ! : ' ;
| Mos 6 50 iR . 90 9 Rl 5 o
I Rcd z Da FPe Lo ' l .
P : f ! ‘ :
| Noe b 506 deks » o 19 PIE mema 12 .
l Kod I D-P.h- : H : i
| . H . ' '
Do i i ; !
: , Noe 5. 60 'NeR. ! o115 Hh.l1e
1 Rod i D.P.El ) t : :
i . i -
' . Noe 51 6B% flheRe | blia7  Hut.! 38 s
; + Rod ' DePalne - i ; ;
1 1 . -
f " o D 700, HeRe | 5150 Heke, 7 5
’ kod ! DOPOLO : 'g' i
I ’
: N
- —_

v‘t 2 us
Ve
¥

1
[N
oy
¥
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]
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For additional data on-%i- Bee paga 3% and Section III, page ql

8/%/%2 ]

9/1 /42
E

10/6 /a2

cc
11 /41 /2
i ;

i
t

o
B IR
o
[oF] t
-

3

e

3
i

.295 i

‘ Lowisite, Isomer II (cont'd.)

Cencn.
and

ursine, dlohloropropyl—

| Ol 5CH,CHaasC1,

r

Information from other sources:

S O

trsine, dicyancpropyl-

{(taCHaCllzas (CN g

e m——— o

srsine, diohloro{a-chlorc-

methoxypropyl )~

€16Ha0CH,CHLCHyusC1,

_ieme lic. 15 (19&1

7sf

'IP.

1

$1 1005
: Rod
! i
' ND. 15. 100‘}“’0
i Rod

DoPoEo

The undiluted compound

reddznsd the

_at-hour deadings

f

: oK. ' 20 - &
TEE

aEe . 22 D
tN.R. T 1
:N.R- . 20 O
.

Temps 0. uwrythemns, Blisters
(. Dose  Solvent MeH.  sen  fies  oizel i0. Siz. ot
P N8 5 T5% C Nege 8l « 50 n.R.; +6 &y
kod D.L.b. ;
NOQ .\51 lOOﬁ: | i\.-Ro Z-O : lO D 7 & t 1 -
Rod | | ' : ‘
| 3 ;
t
. Noe 51 1006 - TE°F. . 20 3 2 0 - -
Rod | 69% ' j -
. . . -
L2007 lo®x i59°F, 10 0 - ., 0 - B
. T.P. D78 : v
]
' 20008 po190k - T3°F. 9 5 s z 1 g
i TaPe | L Bl% . ,
T



Conen.

«8-hour feadings
L and Temp. No. wrythemas tglggenj
series  Ho. o Compound o Dose  Jolvent e H. hen MNo. blze Fo. Bize star.,

i ;
¢/5/+¢ | 296 | arsine, allyldichloro- Noe © 1005

i

I

v 1
i Rod ! | ‘ ; . |
CH5CHCH, CHy 1801 5 . ! : : i
' The undiluted compound produces marked reddening cf
- the skin....Porton iemo Lo. 15 (La-l ),
E 50/00 mixture with mustard is

(MePe 9°C.)s  Less effective i

Information from other sources:

i
E | NDRO ZO 5 0 - G - V-
11 | | Rod i ! |
, | iy "CHCH.SCL, | o j )
8/17/‘12: ; l' KO« 5[ 130 T‘ﬁémf'-; 1 - ¢ - 0 _
., ! - ! Ked N T | ' '
i o ‘ b ] } ] . I
10/5/a2 ; 4001 1 100% . 59%. 10 - 6 1 &
BN ! | - . i T-P;; i 78% \ 1 I
I ! :
3 { Information from other sources: | #an, no 1rr1tat10n at 0.05 mg. /1., in a closeq che e p
I ‘ { in 5 m¢nute creeste BLCD 107
I e I et e T T
6/ [kt ! 09’ lMsine, butyldichlere- i No. & ; 100% | WeRe | B: &3 . ;78 500
a g | i
! !
J
¥

quite effective vesicant
0 large dro;s....

1
[ BaliS 27 (19&1).
- bt ~'-"‘ = _‘""'_- - —_— = - - '_“'% _"_. ——— L'— - - - - _“"—'—"'— — “'_. ha - 1 -
3/@5/@3 {613 i hrsine, butyldicyano~ 3 100 F} 4o ? 75°F, - g 9 8 0y o v
JJ ! 1 © dioxane <« ; i '
i 3 ICilyns (CN ' ' . ' :
PR CE"E_HEIC_‘?_C_‘%_E.(__J_*‘_,__ e L I N N .
3/2/x2 i 67 |Ar31neL seg-butyldichloro- i NOw 3 1ok P MeRe 3 19 1 p.p. : 0 0 -
i | : | Rod i i : P 5 ;
i CF 5CHaCH.8C1, _ ' ' - ' ! i
* ci,,

) ‘The undiluted gempound does not reddsnp the skine....
.. Information froh other sourceg: ; Fortom Momo lo. 15 (19x1;

.
.
R
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Conen.

4v-hour Headings

TL and Temps nO. Erythemas . Bl}g&c_s_ rs
Series  Wo. Cempound  Dose Solvent R.H.  Men _ lo. Size' fo. Size Listug
- = — - I t—lr— B =T S gy =S i gacpad —l .,___i e e T T TR _"":"‘;- T 'T":‘_':‘;:.h._ t T tT TIT Ll T T T
13/@2: 164 : Arsine, amyldichloro- l No. & 100k ; B-R« | gy ”'H'i 8 4 1oy .
B : ‘ | Rod - “i i : : !
¢ ] CHa(CHg)ehsCly ; : : | .
v /7 /42 | t Noe D, 100 | 74°F. 8: & 15, 8 8,
I | ; Rod ! . 78R ; ; :
. i ! : ' i i ‘
/1/42 f . b No. 5. 10O% . T4*F.| 21 7 25 15 16 12 |
N i | Rod ; . T8% ’ ,
\ 1 | ! ! : . l
; ! Informatiop from other sources: | the undiluted compound causes marked reddening of th.
) : skin just short of ves1cat10n....Port0n Vemo 'c. 15
; . livsel). .
; i a5 8 vesicant < potent than N-l. 0.025 moe delivercd
; . { by oapillary apparatus to arms of each of 14 menm, 1o
' : i blistered. Produced smaller vesicles than did equal - '
| : ! quantltles of lew131te....TDMR 45& (1942). 5
e 4 v U R AV
1 ]
:,/-,31/‘*2 . 368 ! Arsine, amyldibromo- L, No. a,f 1000 ! 66° 1«,§ 19 - 16 4 ' g L v
G : i " hod l ! "18‘/0 ) ! !
‘ : c (CHB).L;.sBrd ! ; . j ,
P T - -} ———— e s s i e --7 e - am _.4_  —— - -—. - --4- - : — -*l;r - - -
1b/21 /a2! 428 | wrsine, smyldicyano- 0% | 27 ¢ Tr.! 10 O -0 - LT
Q . r i T-P- g! abse : *5‘]0 ; ' i
, . CiHa(Cily J a3 (CN )y . 1 elc. : : . !
11/11/&2‘ ! : 130J AT 7¢:5°§. 10 : 0 - G -
v ; -Pl &bs. 31/0 . H . '
! | : alcs i ' ;
- l "" TS ST e e e = e R T = ""‘T" [ “"-;’7"‘“ - - = ': T i - - el — - oo
d/%&/%E i 62  +rsinu, dichloroisoamyl- ! Yo.. 8, 100k NeRs | 26 g 1& Uelte 4 3 v
b I !
! ‘
| o

i | {CH, JoURCH,CH,. 5C,

. kod !



Conen. ab-hour Reading
n end  Temp. Bo.  EryGhemas! klistire
%S—E}?E_;j—_ l\LU_' . !‘"'- :;::.:_::—‘C—?El‘p;qupq ot Bl raniem i *"'";“:l‘):o:s_‘(";' :?—i*glﬁ_c_‘{l't';—l}';‘ﬁ::—_f;m}{t L_:_TEO;‘ = i,ii,?;{—‘;rij_;j,éi,;z—g;i‘,m_ i =
{ i . . i : ' ' -
O/Z/‘z'd i 6& | ursine, diehloroisoamyl- (cont'd ! No. 3’ 103 i NeRa 19 l 14 W.R. | g .
£ } ] Rod ] . i. . l % v
! | ! 1 i :
| s R . . d i
l ‘ Information from other sources: On men (14, minute qt.xantltles of the undilut.d liguidg
| Z . pr:oducﬁad smallar v_es:.c.les than did equal quuntititiec
L o i R A lewisitee.. . TDMR 452 (1942 ).
', . R
& fa fi2 ‘|129 * irsine, dichloro({s-pentqnyl j- Ho. 3. 100% i 76“1«‘.!' 20 i 15 + 4 I v
B | i © | Rod | Lo i f
| | Chg=CHCHaCHoCHznsCly o : o { | ;
9/1 =2 | . ‘No. 5! 100% | 78°%.} 19 1y 7118 5
L . Rod ! 69% . ,
e I R i I St S L i - e e
9 f21 /a2 | 282 ‘ arsine, dichloro{2-chloro- '; No. 5! 100k | 66°F.] 1£: i5 5 ' la z ¥V
I ‘ ' l-pentonyl )=~ | Rod ! I 486 | g | '
: : [ ! L ! » 2
10/5/42 ; ChgCH,CH,CCL=CHASC 1y ‘-Jq. 5' 100% ) &Pt 10 10 S T o
;B ; | Rod | 78% | | ( -
B S R Sy S R b
6/2/&2 v 231 | arsine, dichlorchexyl- iNo. 3 100% ' NeRe | 100 | 99 LeRs 'R “ v
* * kod ! '
-1 | ! ! | ' i {
| | CHy (CHg )gasCly L | R r
- T - i ’I“"'" T oms T s T e T e s T e e i —_— B , i e [ T
10/5/42 | 229 | irsine, dichloroheptyl- ENO- 5| 100 ! 59°F.| 10 Ij 7 6 . 1 . v
G’G ] : i ROd ) .1 7870 § : ' ‘
. " CHz (CHp )gasCly | : ! B [ |
10/19 /42! : ' Yo. 61 1o | 68°F.! 10 i 10 50 w2
_RO ] L _ | Rod 14 oebe ; l
- A —_ -}— - - - i - i B .- !" ! - Semes e aeen —_ - = {
2/2&/&2 ! 69 : .rsine, dichlorophenyl- PI INo. & ! 100% f NelHe | 8 N HeRe {7 6 v L
a i *5 | Red | 1| { | ‘: ‘ ;
| CgHehsCly } ; i ; i | |




TL
Series Moo !

Compeund

a/’d/&z !
Fi% i

i

i

-5/0]./‘&2 ‘ b
c . !

' !
-*/l“)/‘t:.. 3
5

2/18/42 I

2/16 /42 |

o/lfs/%z

.:a/ls/*z 4

3/18/42 i
.

2/17/42

2/25/42

3/4 fa2
B

irsine, dighlorophenyl- \cont’c:)T

[ — —

[

Conecne.

]

and Tomps Mo
_Doss _Selvent KeH. on
T e IR s
Noe 8. 100 1 Welte | 1y |
kod ‘ !
i i
How 31 100 ' R | ie
Rod ! ' y
N i
No. 51 100 | wR. | obe
Rod ¥ rog
! [
No. D ! cq’é ' e ke Dj.
kod ! D.Puk. ‘
No. 51 25% ' MR ' ua4
Rod | DePebva | :
Mo. 5 25% ¢ NeKe 51
Rod 1 Dep.i,
Wo. 51 A New.  2a
Rod i D-P-E- . :
: ! i
No. 5 o0k CHeRe 551
Kod ? DePoie l
, ;
fo. 5' 4% w.R. 20 .
Hed ; DeP.ki.
;’ .
d§oe 57 5% . N.R. 24
Rod : D-P'Lo ,
Nee 5. b Pk : o
fod | DuPulye :
. L

ab-hour foudings
brythemes blisterg
Hoe  size  so. Sz ottgs

¥ ke 1y 6 v -
14 e ils i 1l 6 {
]
S5hy Iveite vl o
35 mege 15 5
<49 ete dl I8
1
Sad iwile 15 o -
]
g deke 20 den.
i
w5 ietie ol &
20 HeHe by 5
2o N.H 16 7
ol ke EZ0O 3]
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Conen.

2=hour Headings
o TL nnd Tomp. Ho. Erythems . Blist_rg
Serles 1»07-#_&_ e COs_uPound“ . ;;_»——--___,iof’,&_—ﬂ bo}vunt‘ H, ’1',__ SSB KOs BIZC . wo. 5ize Gtutus
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"4 vesicant ns potent as lewisite whon wpplicd under
+++Porton ¥emo No. 15 (19&1}

‘No. 3
Rod |

‘u waslcant but less potent than
l (19 *1}

Concr.

the sumo oondltions.

10050

T5%
DIPILI T

100% {
l

T&OEf
8% !

b

76 °F..
87% !

i
76 “F o
*87%

48-hour Resdirgs

4} 59
!
]
20, O
19: 1

and Temps No.

bolv»nt _R.H. Mpn iio.

50k | 76°F W
DePaka. OTw | :
| i

+0% . B2°rd  aQy 39
D.P-L-i 64% i
|

80% , 82°Fy 35 33
DePei3e; 64% | |
. ; !
. : [

5% . Nok. . 19! 7
D.Pw‘bb' ' i
c , |

100%  76°F4 194 19
59% | i

100 7‘*°F1 10+ &
T8 | !

1
e n

_Size Status
!
9 113 5 v
| |
11 ! a8 & F
] .
10 | od 8 S k_
[ ) ‘.3_'
o - A
5 12 e
| g
6 115 -
E .
10 ] 9 7! '
L ! o

10

i

!
|

L;xggcmas: Blisters

Sle‘ No.

- ———— e

P27 £ . v
¥
o 7.-;73.5_.7
r
.o
o -
l

««Porton Liemo ijc.

15




=SL

g g T uFra ok . [

Conoue s8-hour Reudings
TL and Tom, Wo. brythomas Blisters
Series No. ____Compound : Do.ie Solvent HeH. Men Jo. BSize Jo. Size Status
» ; ———— = '*'= s = H"_:Z;_Tr‘l:_:’:_—.“‘
:5/9/‘*:, 553 ! areine, diancetoxyprepyl- , 100’5 100 | T5°F.T 8 2 6 z 5 5 v
R N T I U R S S
. b . (
8/17/22 1130 | arsine, tricyolohexyl- Nos 5% 25% : 68° E.; 20} 0 0: 0 0] NeV.
| 1 v
F ! / H,. \ | Rod idioxejna‘ 7% | ! : !
: { : i Lo - !
10/5 /42 f {H o cﬂ \ 1o ¥ 23 | sucF. ! 10) 0 0. 0 0
R . | = ,' i P&P.‘}diomel 8% | l {
. ! t l’Hgé CH; | za8 * S . | o i . |
i b R A o v i } \ i
10/19/*2 i € 12007 23% 1 68°F. 10 v 6 0 0.
) |L H, 7/ i T.P.:dioxma: 1% ! ' "
P 3 + S s B e S
3/5/*2 113 l .rsine, trioctyl- F 0. 3 100% | Neke 1 20y O 0. o0 ol nw.
! Red . \ H , F '
. .i ; ! ! ‘ :
: | (CBa(CHg)q]sue | : x i i ‘ )
e/.'w/‘*z o , w0« 5! 100% b 72°F.! 200 0 Cr 0 0
c , | Rod | ‘ Gpo { f .
1 | ! ! ] :
10/5/42 i b 200 ¢ ! 100% .| 89°r.| 10i o0 0" 0 O
11 l " ‘o T P-l i' 8% .
e e — S S A
8/3/42 502 | Lrsine, trla(f.a-tart-‘outyl- i io. 5{ 2000 - LieXe 20, © -0 - v
E é~furyl )- ! Red i dioxane. : | , ‘
--,-‘ (- i . . ! i' e ; J | i ‘ '}
10/8 /2 |/ Ee—tEy 20070 20h 1 B9°F.j 8.0 -: O -
o L {erg)act B laes T.p.) dioxano! 785 | |
t 1 \0/ / [ : H i 1 I ,
JESUUN S BSOS SO S ARUN SN SO S
]




Concn.

TL ona T . 48-hour Headings
Series _ No. = Cempound 5 empe No. Erythemas| Blisters
T T T TR e e —m:—13?3—"’,“???_‘3‘_‘1‘,_,“3:; Men No. Size, Ko, Size Status
. { g 7 . - i ' = —_—— e —— k
8/5/a2 | 213 i arsine, tri-2-thienyl- { No. 3, 1006 © heke | 20. o o o - .
| B r— ? | 2 | | | ; b‘
1 : i p—l ‘ ' . i
A N | o i :
§/17/52 i *HC\S/C-! a8 ; Noe 5, 100% ) HeRe | 19 ° 1 {0 -
1 Py ; | Rod | l l |
L | ' | | |
i [ Undiluted compound causes sous reddening of the
e .} skifiu...Porton hiemo No. 15 (19&1)
10/6/a2 | 362 ! Arslne, tri-Z-pyridyl- . Juﬁ’l 268% : 3095,‘ 7T 0 - 5 o '-i _
T ! '\ 1 ldioxane! 72% , ; V.
i ’ N i H ' !
‘ ; Ny foe i | o |
———e A . T I : ! | ¢
. - T X -t - T T T T T e e
/4/43 -suoi srsine, tri—&-phgnoxathiin— L2205 & o7s Fo; 14 . 0 N ——
FF : : | .chloro-1 274 : ,
‘ \VS\/“\\ ! | form ; : . :
' o K/‘ oA Hgis =. R '
- i - N " ! H
_— = . ;_ - -i R e e ‘.-_!-1____ S SIS T ITEEItT I En s o = —_— - \l_k - = Lﬁ —_ —
t J aRSLNIKLDES .
'9/7]{42, | 389 | ureine, ethyl- oxide ' No. 5| T76% . T«°F.' 19 - 9 7 o - v
i ' | od f D. P-[‘.ut 78/0 ' ! :
| | “HaCHzas0 ‘ P e t : f - !
8/19/42| l © No. 5] 100%  87°F., 19 i 1 ) S T
. ¢ e R i ' ;
i u ' R : . .
9/2542 ‘ i , i No. 5. 100% | 82°F.: 18 (1o 5 6 2
: - [ '? , ' . |  dod | t 64% l x
} 3 o b ' ; ¥ i : !
) - i +
¥

- 1::“,




."‘A

_Sompound

pe A e s mmw e e

TL
Series  No.
9/7/42 ' 369 :

’ !

12/1a/a5 | &8
i D-1
- |
‘ 1
.-r ‘
|
— i
- ' [
.'
l
|
.

4 fefad 1 61e

KK

- ————

t

!

T s - e

Conon.

48-hour Readings
and

Temp. No. Brythemas® Blisters

.raine, ethyl- oxide (comt'd.}

¢

nrsine, Z2~chlorovinyl- oxide I
Lewisite oxide

‘C1CH=CH..80

Information from other sources:

Lrsine, me~nitrophenyl- oxide

)ub

3
L\;ANOB

4

- e ———

— e e B e e - e ——— — b — e e ———————

- _Men No. Sizo' No. Size! Stabus

100%| 10Qe | 74°F-; 2111 4.4 5 5 ¥
T.P- 37&)’0 i :

; |

}
0.005 ce. of 3.7/ solution produces a lesion on human
skin (Fx)s++.NRB (1940).

504 25% in = §7°F.. 10 - 10 8, 3 o
Qiethylen? aQp : J .
iglyool : ; ' : iy

' e
i . L
' -

s vesicant equal to lewisitece.esPorton kemo lo. 15
(1941) )

Is capable of producing burns and blisters om th: scin
upon prolonged contact, but it is vory imeffective us o
vesicant egent vhon compured with L....TRLR No. B (1Y=uo)

n.2 mm. drop on the skin wus used throughout. «.6%

.

]
solution in alcohol produced 3 cuses of vesicetion and &
1 of erythema. 3.4% solution in water produced vesi- .

* ontion in 2/2 cases. 2.95% solution in xylene produced
erythcma in 2/2 oanses, the voriation being compirsble
with o solution of L at the seme concentratione...PDhs
0.005 cc. of 0.1-0.2% solution produces a lusion on th-.
Gkinﬁ"'FR" * o o .
200%] 12% | 75°F. 15 0 - 0 -. N.V.
| aqueous, 28% .
, JaHCOg ' _ , j
i .
. ' | I 1
| C ' G
|



Concn.

TL and

Temp.  No.

Series Wo. e smmlomPOUd Dose Solvent K.H.  Men  po.
e/5/s2 297 | Cucodyl oxide [ No- 5100 L Hexe 2o, o L,
1 , ) ) ' Rod | : ; ,
f , (CI‘I.’S)EL‘\.S-O"'AS(CHE)Q l ! ' :' "
8/18/s2 Iy Boe &1 100% | 729, 20 0 - 0
Qe i Rod ’ DoBuy ‘
4 } . R T B e T —— V -
T o . .
: | M..I_stc_a.‘ LLANGOUS -
i
| - ) * & ; : :
3/5/&3 485  arsonimide, ethyleN-cthyl- ﬂ 200 1005 ; 71°F, 10 5 6 |, z
(A | : o Colase T
. f . i
; C:H5=N02H5 i ; ' '
— ! i . ! i
;' LRSONIC .CIpg S
r , . B
5/23/43 i 509 fEthylenearsonic aeld, 2-chloro- . R00" 2o, ¢ osem, 10 1 6 | 0
: s ; y wator [ oaQp . - -
) _! - C1CH=CH-ks (OR), ! | R P
) : P Q T Now ow vesicant....Porton Mome M. .1h (19&1)
B R e N
i ! ; S . _ e -
3/23/45 | 598 . Lenzenuursonie ncid L2007 . 10 - 75°F.. g i 1 2 g
GG | ‘ . . wateor | 4% )
. i’ , 0 o . : }
N N # . .! . .-
. ; Cgﬂuiaﬂ (DH )3 . " ' 1
1 » ‘a
."- » T ..
! .
' L]
-~ »\ .

48-hour gr.

adings
Lrythem:g Blig tyrs,
Sizc_ Hoe Size:Status

I
= i WLV,
I

v

——
L-
j
L
Iz
1
| ]

-

.-

-

S
R

[}

lﬂi“j]’

boQ

P
1

304

-1
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Nitrogen Compounds

Amides: None of the amidse testcd was vesicant. (The carbamates
are not included under the amides).

Amtpme. Mose of the veplcant amines were of the type {Cl-CHp-
hr; N-R, either ag free bases or as hydrochlorides whers R
was msthyl ethyl, 2-chloreethyl, 2-methoxyethyl, £-cyanoethyl,
J-chlorobutyl, heptyl, benzyl, or furfuryl. The ethyl homologue
(HN-1) was active at 0.2 mg. only as the hydrochloride. Two
gulfide-amines wrre alego veslcant.,

Ammonium Compeounds: None of those was vesicant.

Carbamates: A fow of thege comnounds ware irritant, but none pro-
duced blisters with'n U8 hours. TL 185 showed a delayed vesicant
action after one weck, and it is probable that several dthers-
would have had a similar «Tfect had wo been able to observe the men

for longer pnriods

Eeterocyelic Nitropbn Compounde (_lscellaneoua) None of these was
of any effect a8 an irritant. .

Nitrilea: Bcnzylidenamalononitrile blistered l/lO as a dry powder
{exact dose unknown), and 1/20 in solution (Rod #5)., The o- bromo
derivative wag irritant (19/19 orythemas with Rod #5 of a 56%

-dioxene solntion). .l-Chlorqefumsronitrile was .a poor vesicent.

Nitro Compounds: Only nitroethylene and 2-chloro=-6-nitro-q(-
oromotoluene, both mild irritante showed any action,

Cximes: TL 867, the monoxime of 1- chloro-e-methylglyoxal wag a
good vesicant; the dioxime, TL 868, was mch less active.

Phunylcnediaminea: None of thes. produced blisters, and only a few
were irritant. - .

Miscellaneous: X -Triazocbutyric acid was & compound which produced
gevere necroses on mice, but was relatively ineffeetive on man.
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AMIDES

Concn. L48-Hour Rcadings
TL and Temp., No. Erythemes | Blistors
Serics Wo. .Compound Dose Solvent R.E. Mon _No. Size |No. Sizc Status
- Ji _! — ———
8/17/k2 1210 | Formemide, N,N-bile(2-chloro- Ko. 5y 1004 | N.R. | 20 0 - 0 - N.V.
E othyl) - Rod
8/s5/42 [y No. 3| 1004 |N,R. | 20 0 o0 {0 0
B HC-N{CHpCHoCL) o ‘ Rod
8/19/42 |33% | Cyanemide, bis(2-chlorcothyl}- |No. 5| 2006 |67%F.) 18 | o - | 0 - | mv.
G (C1CHoCHo ) N -CN | \Rod 8ot
2/23/43 459 | Formomtde, chloro-N,N-dtbutyl- {2008 1006 [67% |10} o - 1o - |uv.
s _ g : 308
9 ' ;
C1C-N(CHpCHoCBpCHz ) o |
: |
12/8/k2 {477 | Urca, tetrokis{2-chlorocthyl)- 200¥ | 1008 N.R. 9 0 - o L .V.
v - e T'P.
. (ClCHQCHE)EN-C'N{CHECHQCI)Q
0 . .
11/11/k2 No. 53 100% | 73°F | 10 o - ;0 - |,
HY Rod 51%
2/15/43 |51 | Acotamide, §-(2-chloroothyl)- |200¥ | 1006 |62 F | 11 o - {0 - |u.v.
M N-nitroso= i ' 289, -
P : .
CHxC -R(CHpCHoC1)

- f‘J
i
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Lo TR R DA S A o t s 3
| | Conecn. 1 LS -Hour keadlngs |}
TL and Temp. | Wo. |Brrtnemas | Blisters
Series ¥No. Comnound Dose | Solvent | R. H. |#en jlio. 51726 | No. Size [3tatus
8/17/%2| 248 fcetemide, W, N-bise- No. 5| 100% 639F. | 2w o - 0 - N.Y.
J (2-chlorcethyl) - Rod 19%
L : ) , .
8/5/42 (HAC-N{CHCH,CL) No. 3 | 100% N. R.| 20} 9 - ta -
¥ g - Rod g b
3/17/43] 502 | Acetamide, trickloro- . 20| 1% 6507, | 10| - 1w - ] NV,
AXA N,N-bis{2-chloroethyl}- . | dtoxane | ¥1%
Jo
C12CC-N(CHCHoC1) o
10/6f42 33| hcotamido, #(-chioro-N,N-diethyl-| oot | 10 50%%. | 1} o s Lo o | sy,
W 0 T.P. T
” s R 2 1
9[1_7%&; C1CH,-C N(cazqajl o Ng(.)d‘j 100% N. R RN p 3 0
B/ufi42 No. 3| 100% T6°F. 1 2L | O J 9) )
c Hod 59
10/5/42) 160 | Mandelamics, R-vanillyl- 230% ) 3% 56°F. | 10 | 5 1o 0 .
N OCH T.P. | dioxane ; T ‘
8/17/42 QH :J\ > 247
g O _&_ﬁ_cgg,/ o No. 5 | 3% N.R. | 201 0 2 lo v
H = Rod |dloxane
- T
}O/S/hz 76 | 10-Hendecenamide, N-vanillyl- c00¥ | 2% 56°%. | 10 | O 0 o 0o 1#.v.
I T.P, |dioxane | 2%
- - oN Az 329 .
9/7/%2 CH,=CH(CHp) 85-uloa2 ~08 fm( 23% THCF,. P 20 | © Q 0 0
M T.P. {dioxane { 8%
30
B/3/w2 ~ No. 5 | 23% N.R. |20 |9 o lo o
A . ) Rod 1 oXans

Cu -
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AMIRES

P ——————

e, A ——— ——_— s . % e

{ i Conen, 1 L8-Hour Readings
, T, and Temp. | No. |Erythemas Bllaters :
Serles No. Compound Dose | Solvent | R. H.| Men [lio, Size | ko, Sizei Status
2/23/k3 | Lhg Dimethylamine, N-{formoxy- 200Y| 100% 67°F.1 10 | O - l 0 - N.V.
M ethyl}- 30% \
)
(CHz) N -CECHy0C-H |
2/23/4% { L4s | Dimethylemine, N-{(2-acetoxy- 200¥| 100% &1°F. 9 1o - 0 - N.V.
T athyl) - ’ 30%
4
(CHz) oN *CB,CHO0C-CH;
11/11/42 | b2h | Dimethylamine, N-(2.chloro- No. 5{ 100% 73°%F.| 10 |0 - {0 - | mv
8 Propyl) - Rod 314, |
(CHy) oN *CH,CHC1CH; <
12/8/42 ) 200 | 1 N.R.{ 1 |0 - lo -
S . T.P. _ 1
I
2/e3/43 | W51 Triathylamine, 2-formoxy- [ 2w¥i 100% 67;]?. W0 {0 - g - J N.V.
0. ’ 0 i b |
c C d | |
2/23/43 |47 | Triethylamine, 2-acetoxy- 230 ¥ 1009 1.1 9 1o R B
K 0 30%
(CoHs ) oM * CHRCB,0C -CHy L
1
. 2/23/43 450 | Diethylamine, 2-formoxy-N-methyl- 200k} 100% 67°F . g o - O - [ N.V
K CHz_ 0 30% |
N +CB,CHp06-H | |
Colls - ,
, i | l
r .-' ‘.p' 'ﬂ:. A

Y]

-0t
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I i Conen. | 58-Hour Rendings |
TL ! and | Temp. | No. | Erythemas | Blistera’
Series No. Compound { Dose | Solvent | R. H. |Men |No. 3ize | No. Size| Status
[ 1
2/23/43 | b53 Diethylamine, 2,2'-diformoxy- 200 ¥ 100% GT°F. 61 0 - 0 - ! N.¥.
Q . - N-methyl- : 30% }
O R
CH,0¢A
CHzN (CE,CHy ‘ H)j - i i ]
2/23/43 | 452 | Diethylamine, 2-formoxy- 0¥ 1 1004 167011'._' 10} 0 -bo -l W
P 2*~hydroxy-N-methyl- ’ ) ] 306 | -
CHoCH,O0H _ ‘
CHBN(G CHoOCH I | |
HCHa i L :
-~ i | [ .
2/23/k3 | Who Diethylamine, 2-acetoxy- 200 | 100 67%F. 8l 0 - o - N.V.
J N-methyl- ‘ | 30%
CH Jo !
3 1
e |
2H5 : o i
2/23/k3 | 448 DPlethylamine, 2,2'-acetoxy- i 200Y 100% A N 9! qQ - 0 -~ WYL
L N-mothyl- : 1 oy [
| CHQN(CBQC}I?OLgCHZ_)Q t | J
. i ) I
10/6/42 | 385 | Dietnylsmine, 2,2'-dithiocyano- |[200% l L84 59°F. } 1010 - bt - N.V.
s . R-methyl- HCL TP, | watu 2% 7 !
2/15/43 | 526 | Diethylamine, 2-chloro- 200X | 100% G2OF. |10 | 0 - 1o - | WN.V.
P  CICRoCHp_ % . ‘

L
OEBCE\

[

- w6

r




Concn. 48-Hour Readings
T, and. Terp. | No. { Erythemans | Blieters
Series No. Compound Doge Solvent | R. H., |Men {No. S.izo | No. Size | Status
7/13/43 | 49 | Diethylemine, 2-chloro- 50X | 504 8719F. | 12 |0 -lo - =
IT 2'-hydroxv-N-methyl - water 514
8/3/h3 HOCHoCHp 200¥ | 504 moF. | 13 |3 b -
P NCH» water 65
2
C1CHoCHS”
7/29/5%2 | =05 Anilinz, N.(2-chlorcethyl) - No. 3 | 100% 70°% .| 17 |o - 0 - N.V. _
F N-ethvl Rod 8%
H
8/19/h42 , /EHCRC1 No. 51 100 6/%.1 20 |» - 0 -
i Ceaol ' Rod 8%
CHCH :
3/11/42 | 118 | Diethylamine, dichloro- No. 3 | 100% N.R.{ 5L {1 N.R.{ O 0 | Z.- .
A N-nitroso- Rod 3
(C1CHy ) N-N=0 '
3/11/b2 | 1.6 | Diethylamine, 2,2'-dichloro- Mo. 31 100% H. R.! %1 {18 n,R, 3 31 V.
A BESA { N-methjl- Rod
(CICE;CH,) NCH: ~ HNR E
3/19/k2 | 146 Ho. 3 [ 100  [w.R.| 10 D15 wm | 1 3
A Cole-| Rod
man
3/19/42 | 146 Mo. 3| 1006 |E.R. | 19 P¢ mr. | 1 2 '
A Kha- Rod
rasch|.
- h/lh/hE 1ho Wo. 3 | 100% H.R. 8 18 _ £ 3
A Rod



Ty "
. v

CSTT
i

i Concn. - IB-Hour Resdings |
L : : and Temp. } No. | Erythenas . Liiistors
Series | No. Compound Dose | Solvent |R.H. Men | No. Size | No, Shze |Statys
4/1/42 | 146 |Diethylemine, 2,2'-dichloro- [Ko. 3 | 10% in |N.R. 8 | 8 N.R.| 8 3 v
B N-mothyl- (cont'd.) Rod |83 Formip
acid
L2/l ) [Neo. 3§~ " N.R. 7 T - T 3
A Rod
6/11/u2 | 146 | No., 3 109 J®¥.R. |12 |12 N.R.|12 k
A {unheated) . Rod Formic
acid
6/11fue | 186 | No.3{ 0% in Inr. {22 | 1} wWR. {1 1
A {(x-2) Rod | 883% Formic
acid
6/11fu2 | 146 No. 3 104 IN.R, |12 |12 N.R.|12 3 !
A . |{vnheated) Rod | Glacicl | 9
acetic \
6/11/u2 | 146 ‘ No. 3 " N.R. {12 | 3 W.R.| 3 2
A k-1 Rod '
L/1/%2 | 146 ' No.3! 504 in 'N.R. i. 8} 8 MN.BR.|] 7 3
B Rod | 88% Pormio
acid |
kf2/h2 No. 3] 50% in lN.R. 7 7 - 7 3
A - Rod | 8% Formic
» ' ' acid
!
h/2/k2 . No. 5 1006 |N.R. { 10 {10 1 4 6
B Rod
1/12/k3 ' No. 5} 1006 |6LOF.| 73 {68 5 7T 4
C,D Rod t 334,
9/23/he No, 6 62°F. {212 {16k L 21 3
e . ) Rod 52%




Conen. 43 -Hour |Readings
TL, . and Temp. | No. | Brythemas| Blistera
Series lo. Compound. Dose -jSclvent |R. H.| Men] No. Sizel llo, Size| Status
2/8/h3 146 Diethylamine, 2,2'-dlchloro- 1 oY 1.00% 62%F. | 91| 53 5 1 3 Y.
A-D N-methyl- {cont.) . 3% A )
2/15/1;5- (rignt arm) 110¥ | 1004 52°F, 91 & 5 9] - -
4 20H, ST
o/2hfh3 | - 109 | w008 fsoow.t s8lse 7| s =
A-c , L% 3
5/25/%3 110% | 1004 9, | 17] 15 51 oo - s
™ o hog -
2/8/w3 170% | 100% 62%F.1 9| 2 [ S " ,
7 - : ; 3% : *
’ <O
2/15/43 (right arm) 220% | 100%  |&%.] 9| 9 1] b +
U Co 26¢, . '
3/23/43 165% | 100% . |759F.] 354 26 61 6 3
R - k0% (whites o
3/25/4x ' ; 165% | 100% 75°r.] 30§ 8 bl o -
U ! | : - {hog (Negroes)
3/30/43 1659 | 1006 |7%F. | 52| 7| 6 3
c-I A N. R.
5/25/43 155% | 1004 75°F. 1 10f 6 6] 2 &
| ko
2/8/43 2208 | wop 2%, 13| 4, 7| 1. 5
AA o 566 . - :



QJTJ:QL_

- 12/28/he
E

24 water

Conen. 48-Hour Readings
L and Temp. {No. |[Erythemas| Blisters
Series Ne. Compound Dose {Solvent {R. H. {Men |No, Size| No. Size | Status
2/17/43 | 146 | Diethylemtne, 2,2'-dichloro- 220¥ | 1008 ° |e69%F. |12 12 9 |s2 & | v,
A-H ] R-uetuyi-- {cont.) 51% -
“afxo/L3 | 146 230 | w0 |7%r im0 10 s
D~F N. R.
5/18,/43 |-1%6 i o20¥ 100% O, | 28124 9§ 5 3 ;
II-3J T : TO% P
"5/o5/4% | 145 220Y | 1008 r. |l 151w 3| o0 . I
EE Loxg ' .
5/11/43 | 146 200¥ | 1004 S5 T 2 O A B
JIT 55% '
4/1/4%2 | 146 | Dietnylamine, 2,2'-dichloro- No. 3 {104 88% N, Rr. 81 8 w.g.| 8 3 V. ;
B .| BHC1 N-mothyl- hydrochloride Rod |Formic - .
' acid
o (C1CE,CH,) ,NCHz *BC1
hfo/h2 - Y o - 2 Co No. 3 {104 88% [N. R. T 7T NR| 7. 2
A s ot Rod -~ |Formic ;
: acld
- b/1/ke No. 3 |50% '88% |N. R 8] 8 WN.R,| &8 b
B Hod (Formic
S T pecid ,
A - Rod {Formic -
acid )
c .
- wo¥ 68%.| 0w jw’ 6|2 3
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! i Conen, 48-Hour Readings
TL and Temp.| No. | Erythemas i{Blisters
Sereis (No. Dose | SolvenY R.H. Men | No, Size [No. Sizu | Status
12/28/42|146 | Diethylamine, 2,2'-dichloro- 6of | 68°F.| 10 |10 6 11 s v
¥ . |HC1 N-methyl- hydrochloride water ' i
12/28/k2 (C1CEoCHy) oNCH3 <HC1 100¥ 54, 68°r.l 10 | 9 5 |3 3 3
& water . P
<>
1/4/43 200¥ | 10% 680F,| 16 | 14 6 {2 & =
L water | 25% A
See also "Toxicity Deta on the Nitrogen Muptards” by Renshaw, NDRC, Division 9 Report (19hkL) E &2
— T
t

12/1%/43|1061 | Diethylamine, 2,2'-dichloro- |200% {13 in| 57°F.] 10 | © - 0o - #q.wv. o
E-Q |EC1 N-tris(chloroemthyl)mothyl- ethyl | k0% o w2
cellosolve

(C1CBp Y xC -N{CHCHCL ) o 1 .
12/28/42|329 | Triothylamine, 2,2'-dichloro- | koY 2% 68°F.| 11 '
K

3 7 0 - TP
HC1 " water - : 3
(cu Y NC Hil :
12/28/ke o)l 600 3% 68°F.4 9 | 3 9 0 -
1, water
12/28/42 100¥ { 5% 66°P.l 0l 3 9 o -
] water . :
1/4/43 100 ¥ 5% 68°%F.} 19 | 5 6 |1 3
0 water 25%
1/h/b3 ‘ 200¥ | 10% 68°F. 20 |14 6 |4 4
o -

water | 25% : )
Sce eleo, "Toxicity Data on the Nitrogen Mustards” by Rensahw,

NDRC Division 9 Roport (ighl)
7/13/%3 |801 | Triethylamine, 2-chloro= 200% | 168 g82%p.| 12 | o - o - v
n 2-hydroxy- picryl sulfonate water 51%
HOCH

“N-CoH (NOp) 5CHS05H




S

1/1% /42
h/l?hﬂ
A

L/B/h2
N

6/11/52
B -

6/11 /42
B

6f11/k2
B

6/11/k2
B,

h/1/h2
o

Concn. LY9-Hour Readirngs
and Temp. {No. | ¥rythemas ;| Blisters
Compound Dose |Solvent j{ R. H. |Men | No. Sire |No. Size | Stetue
Triethylamine, No. 3| 100% N.R.| 10 9 ©N.R.| & L V.
2,2',2"-trichloro- Rod
(01CHECHQ)5N B HN3 No. 31 100% K. R.{ 10/20 ©N.R.| 3 5 .
(01d : Rod el
mple . S
k5 No. 3] 100% N. R. 9] 9 N.R.| 9 2 T
; Rod g
145 - ' No. 3|10% 88|N.R.| 20{20 W.R. |17 3 E
1 Rod Formic =
acid .
1bs No. 3 }10% 38%IN. R.| 10|10 N.R. |10 3
Rod Formic
. acid
145 ’ No. 2 |10 884 {w.R.| 8| 8 me. |8 & | . o
[unheated) ° Rod | Form!c : ~
' acid !
145 No. 35 |10% B3 | N. R. 3} 1 W.R.} 1 1
K-3 Rod Formic
| heated) acid
1h5 . No. 3 109 N.R. ] 8] & w.ar. & 3.8
Funheated) Rod | glacial '
. acetic
acid .
1h5 Ne. ¥ 1% N. R. G2 w 2 2
R~k Rod | glacial
* fheated) acetic - :
actd
145 No. 3 |50% 83 |W.. R, | 20|20 N.R. ;15 3| V.
Rod Formic
acld

—



Concn.

43 -Hour Readings

TL - and Temp. | No. | Erythemas| Blisters
Serlen No. Compound Doss { Solvent |R. H. |Men! No. Size) No. Size | Status
4 /2 /k2 145 Triethylamine, No. 51 100% N.R.| 0] ILRJ| 2 7.5} V.
B ' - 2,2' 2"-trichloro {cont.) Rod
5/25/b3 15| 1004 |l w6l s s oo
FF¥ ILO% 7_-;
5/25/43 304} 100% i5°F. | 18117 ] o - 72
¢G , . 4% Es
_ . : N
5/25/43 50%} 100% 759F. | 15|13 7H1 % "3
HH Lo%
5/25/43 o0%f 1005 |%r.basfis  al 2 s
HH : Log -
: o
5/25/43 185 %1 100% . 8118 1wl e b .
oG : Lo,
1/20/43 | .. 125%| 100% » 180%F. | 1ot 13 tis g
VV-WW . : 32% e
5/25/43 190%| ¥R L soF. | 1717wl o4 g
00 - Oxd, .
6/8/43 G180% | 1005 TTOF. (147 {145 1 {3k 8
V.37 : B T -
T/ao/h'} 1800 10% 80%F. f 20|20 12 jib 9 ;
II-Yy 100% -
5/25/43 250¥] 1c0% | ysOr.fa6 13 ar | oo -
FF : . hO%




Conen. 48-Hour Readings
L and Temp.} No. ] Brythcmas | Blisters
Series | No. Compound Dose { Solvent [ R. H.| Men [No. Size | No. Size | Status
11/22/431 145 | Triethylanine, : 180¥} 100% 0% .0 W {ks 12 115 8 | v,
J-N 2,2',2"-trichloro- (cont.) 63%
12/21/43] 145 1807 | 1004 N 0 BT B S S N T
A-B-C h3%
b/1/h2 | 145 | Triethylemine, No. 31 106 83| N. R.}] 20{20 w,. {18 3 | v,
A HC1 2,2',2% frichloro- HCL Rod Formic
. acid :
L/8/%2 [ 145 No. 3] 104 88{N. R.[- 10.]10 ¥N.R.]10 3
- A" | HCL Rod Formic
o acid
6/11/42 | 1bs No. 31 1% 88%IN.R.] 7! - 117 2.8
c {(unheated) . Rod Formic )
ECL | acid '
) ; . =2
6/i1/ue § aks | No. 3} 10% 88%] N. R. 71 0 710 9 ;
C heated) Rod Formlc
RC1 acid
L/1/ke 145 . No. 3 00p 8B4l H. R.] 20.l20 wm.m.{17 3
A RO, Rod | Formic
.o acld
12/28/42! 1h5 b0¥ | 2% weter| 58%.] 10110 s 12
B HC1 .
12/28/h2| 145 w¥ | 3% vater| 58%.] 0] 5| o -
*C g: 1 .
12/28/u2] 145 100¥ 5% vater} 68°p.] 10|10 a 1 b =
D HC1 '




Conen, L3-Hour Readings |
TL, and Temp.|! No. | Erythemas| Blisters
Series No. Compound Dose | Solvent | R, H.] Men |No. Size] No. 8ize |Status
1/afs2 | 145 |, Triethylamine, 100%] 5% water| 680F.f 17 |1b g8l & 1 |v.
I HC1 2,2',2% ¢richloro- HC1 (cont.) ' 259,
1/b/42 o 200¥ |10% water | 689F.1 35 |35 6£1.5 4
J-K - 25,
For a summary of data from other s

ources see '"Toxicity Data on

NDRC, Div. 9 Report {194k)

the Nitrogen

Mistarda' by Renashaw,

1/20/43 | 785 | Triethylamine, 2,2'-dichloro- w008 208 Q°F.} 15112 1wl 2 5 | V.
W HCL 2'-methoxy- HCl Propylene | €2%
' {C1CH,CHp) GNCHACHLOCH | gtycol ' .
7/13/43 2t > 200% | 20t 81°F.f 1k j12 1} & 1
oD Propylene | 51% !
- glycol é
10/5/43 | 958 | Propionitrile, 47 i-bia- 120 1006 [ 67F.} 20|18 91 6 s | v. '
4 (2-chloroethylamino)’ - 55%
(C1CHACH, ) oNCH,ACHACN ) o
9/28/43 | 953 10051179 water{ 79°F.{ 11 {11 5{10 5
K-1 OO, 57%
10/12/43| 966 | Ethylenedsamine, { 100%[56% water| 8oor.} 1202 6] o - | m
W-2 "HCY1 | RK,N,N'N'-tetrakis- - 5he
B "} .{2-chlorvethyl)- 2HCL .
T | EpC-N(CHoCH,C1) o ;
S . -2HC1
) E,C-N(CBoCHRCL) {
10/19/u3f 200¥|565 water{ 77°F.{ 15| 1 51 o - .
. E - hig
— PUNSNETS IR 4




2R B ]

RIS

Conen. L8-Hour Readings
T and Temp.} Ho. | Erythemnag {Blisters
Series Noa. Compound Doge Solvent R. H.| Men }No. 3Size |No. Size | Status
2/5/43 431 Diethylamine, 2,2'-dichloro- 200% 100% 72°F.| 91 & 3 0 - V.
N . N-propyl~ : 319
(C1CB,CHy) N *CE,CHLCH; Lees vealcant then HN2 on the bare skin; coneiderably less
veslcant than S through clothing .... W. 5913 (C.D.R.1095, 1942’
8/4fh2 | %01 | Diethylemine, 2,2'-dichloro- No. 3] w004 - | 76°F.] 20} o - 0 - | E.
N-isonropyl- Rod 59%
(C1CHLCH,) N -C(CHz) o .
8/18/k2 | . g > No. 5] 100% 72°F.| 20 |10 b 1o -
R Rod 6h%
- ﬁ'
9/15/42 | oL 100 100% 75°%F.) 121 o - 0 -
F T.P. 8%
10/5/k2 | 591 100y 100% | 59%.| wio - |o - o
AA T.P. 78% =
12/28/42] 301 | Diethylamine, 2,2'-dichloro- %o¥] 2% water| 63°%%.] 9 2 2 o - K
H BC1 N-isopropyl- HCL
(CLCH,CR,) )M -C(CH3) " EC1
12/28/k2 © 1‘{ Joza 3% water| 68°F.| 12 o - }lo -
I
12/28/42 100%| 57 water) 68°F. B 0 0 -
J BRI
1/k/43 g 1007 % water| 68°F.1 16| 2 7 0 -
N : 25
1/b/u3 | = 200|105 water| 50%F.| 18| & = o - :
N - 25%)

Information from other acurces:

Dilute ecetone Bol. or eatd., vapor, skxin irritant effzct
alightly lese than H.

with No. 7 Rod (ca. 0,15 mg.) on 11 . a.

Much lcee than H when applied undiluted
. IDME 438 §1)k2)

i

Poqpreee
Il



Concn. 48-Hour Readings
. 1, and Temp.| No. | Erythemas
Series No. Compound Dose } Solvent R. H.] Men | No. 8Size |No. Size Statusg
2/3/%5 | 513 | Disthylemine, N-butyl- 200¥] 1003 7% .1 1wl 1 1 E.
. 0 2,2'-dichloro- 31% . )
Produced about game degree of erytheme as HN2 but ZINZ gave
(CLGHECHQ)QN-CHECBQGHQCH5 greater degree of vesication. .... Suffleld Tech. Minute
No. 16 (1943) ' -
'2/15/43| 525 Diethylamine, N-isobutyl- 200%¥} 1004 | 6°F.} 11} 2k E. e
0 2,2'-dichloro- . 284 o>
(C1CH,CHp) ol "CHC(CHz) o <
2/15/43) 50U Diethylamine, N-gec-butyl- 200% 100% 62°F, 8] o - K.V. -
N 2,2'-dichlora- 28% . '
(ClCHEC%)zN'éUiC%Cﬂa 3 o
3 | [
3/3/43 { 568{ Diethylemine, N-tert-butyl- 100% 1008 ;| TP 17| &8 5 LR
0 2,2"'-dichloro- 23% ;
(C1CHaCH ) N C(CH;) 5 .. :
3/17/43 ? 200%] 1005 65°F. 9| 3 5
11T W1,
11/5/43 1.011J Diethylamine, 2,2'-dichloro-- w003 204 58% .| 15| 7 5 V.
Q-2 HCH N-{3-chlorcbutyl}- HCL dloxane| 58¢%
cwnecnz)gm-cngcuegﬂcny HC1
; 1
’9/15/1&23 " 340} Diethylamine, 2,2'-dichloro- 7sxt 208 |- 75%F.{ 20l 16 i V.
I HC1 N-heptyl-, ECL T,P. | dioxane| 78% :
S (CLCBCH,) o * (CHp ) ¢CHs . HC1 :
10/6/42 |, 3 2008 | 20% 50°F.1 10( © -
U dioxane| 72y .



1
i

2

v 8

i

- 01 -

: Conen. L3-Hour Readinge
TL and Tewp.|[ No.| Erythecmaao | Blisters
Series { No. Compound Dose | Solvent | R. H.] Men| No. Size | Wo, S.ze | Status
2/3/43 | 512 | Diethylamine, 2,2'~-dichloro- 200%] 100% 72%F.| 8] 2 g ! o - | E.
N _N-cyclohexyl- 31%
Al ~CHo. .
(CLCR,CFp) N-CH 2.3
CH,-CB”
11/11/b2| 476 | Aniline, N,N-bis(2-chloro- 60| Log 739 .1 10! © -lo -1 n&y.

oG éthyl)- . , - dioxane | 3I% b

o (C1CHoCHp ) ol +C . _
12/8/h2 : & 200”| Lo N.R.] 15 ¢ . -1} o0 -

U dioxane ’
3/17/43 | 567 { Aniline, N,R-bis(2-chloro- 1007 5% | &5%F.] 1o o 1l e - | E
BER . ethyl) -p-nitroso- ) rdimczme: L1
3/23/43 2009l &5 |sor.| 13]13 7 o -

z (010112032)211-(:}-1:0 _ dioxane | ko
6/8/43 } 695 | Benzylemine, K,N-bis- No. 3 | 100% 71%F.| 301015 A B

i, (2-chloroethyl) - rod Ly

(CACH,CH,) SN -CH.C
6/8/43 et e No. 5 | 1004 7% .| 25|16 5 {6 -

00 Rod L% ' i
£/8/43 , 15 %] 100% TIF. ) 251 2 s oo -

PP b7 -

. 6/8/13 - 15w jrr.) 23l s s Lo -
. : b7
6/8/43 ' ‘ 50X | 100% 30} 13 310 -
NN ' =
-t A i - .




Concn,

43-Hour Readings

u
CICH,CH,) N~CH,-C  CH-HC1
(CLCH,CH,) o 032\0}

-

and Temp. | No. | Erythemas [Blisters
Seriles No. Compound Doae Sclvent R, H. | Men | No. Size |No. Size Statue
6/8/u43 695 Benzylamine, N,N-bis- T 100% TOF. [ 23] & o G - V.
ss (2-chloroethyl) - (cont.) b7 N
6/8/u43 | . w5yl 1009 79| 19| 3 7 1o . .
e Lyt
6/8/43 55 615 7.0 - e
® ' )
6/8/u3 85 ! 250 2 9 lo - e
PP | 5
6/8/43 115Y 19| 10 A N
m . ]
6/8/u3 . _ 140 ] 231 19 g o - S
6/1/b3 15 1Bo%.| 20}18 a0 |6 g
DD 159% : : ]
5/18/43 | 695 | Benzylamine, N,N-bis(2-chloro- | 100¥|13% methyl|{73°F.|:8{ 5 1w | o - { ¢
T HCL ethyl)- HC1 - {cont.) cellosolve |50 ,
.5/25/43 | 695 200 ¥| 13% methyl |70%%. | 10 512 Yoo .
J HCL cellosolve {484
12/14/43] 1055 Diethylamine, 2,2'.dichloro- 1007 | 356 water |57°F. | 10 10 7 5 7 V. '
F-2 BEC1 ¥-furfuryl- HCL _ ! b,
C ~—CH 5

- "




iy ‘-"_E"U".i '

SRR P
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Concn., 4L3-Hour Readings
1, and Temp. | o, | Brytiemas | Blisters
Serles No. Compound Dose |8Bolvent { R. H. { Men | Ho. Size {Ho. S5ize | Statue
11/9/43 | 995 Diethylamine, 2,2'-dichloro- 502’F€$ water{ 58°F. { 15| 5 L 1 1 V.
0-2 HCL N-tetrahydrofurfuryl- 58%
HoC —CHp
(010112032)211-01&2-110\0/0 :
12/21/43| 1120| Quinoline, 2-(2-chloroetiyl- 200X 508 wateri} 64°F; | 10| 0 - | o - | w.v.
F-1 HC1 : amino) - HCL : bsg |
(G -N-CHpCHC1 :
. H-HC1 =
11/21/42 | 421 | Dipropylamine, 2,2'-dichloro-~ No. 5 | 1004 :173°%F.., 10| 0 - Q - | wav. '
s H-methyl-, Rod 1319 ¢ .
(CHxCHC1CH,) oN *CH
12/8/42. £ - 2003/ 1004 N. R, |1k [ O - 0 -
- Q TaP-
A 2 mm, drop Just produces erythems. .... B-2487 (1942)
9f2e/k2 | 377 Diphenylamine, 4 ,b'-dithio= Wo. 7 22% 599F .1 16 u - N - | H.V.
T F cyano- Rod dicxane | 474 ;
ncs-f}:\
10/5/b2 \ R 200 ¥{ 22 59 I -1 9 -
I T.P, jdioxane 8%
i‘“l'——-r_—“‘—- e — Z ey




o luslyn

-

o

IR

AMINES CONTATNING SULFUR (AS SULFIDE)

sthyl)amino] ethyl)- 25c1

{(cre5m,) 0 m,] ,8-2HCL

Concn. LY8-Hour Readings
TL and. Temp .} No. | Erythemas| Blisters
Serles No. Compound Doge } Solvent | R. H.| Men | No. Size| No. Size | Status
7/13/43| 803 | Bis(ethylmercapto)amine, Y| 1008 87%r.l 131 5| o -1l &
HE 2,2',N-trichloro- 51%
(CLCH,CH,S) oNCL .
7/20/43 225X | 100% 80%.] 12| 3 bl o -
Z 62%
11/9/43 | 1002| Diethylamine, 2,2'-bia- 1008 | 209 s8%%.] 15115 w0! 4 8 | v,
Q-1 | ECL (2-chlorosthylwercepto) - dioxane | 584 -
N-methy;l.-_ HC1 '
r_d
{ C1CH,CH,SCELCH,) oNCH5 *HC1 2
11/9/431 1001| Aniline, N,N-bis [2-(2-chloro- 1003 |. 4564 58%.4 15{ 0 01 o -} N.V. -
P-2 HC1 ethylmercapto) ethyg -~ HC1 dioxane | 58% =
- (0101120323032059}2106115 "HC1 o
. y &’
11/22/4% 2008]  u8p  } au%r.| w0 o -{ o - oo
Q-1 dioxene | 224 '
12/21/&% 1109} Sulfide, bia(a-—BiB(E-chloro- 200¥ | 336 water| &°r.| 10| @ 5 3 3 V. r}
E-2 . BC1 Y34, L




e

....__._....a--__.___...p——-—'".,__,_—-—-—-‘l =
L8-Hour Ruosdinge
Erythonasd ___B_}.isters-

. Size Statusd
S 59%F .| 20\'0 _{t
\

Temp . | NO.
R. H. | Men No. 9Sitze it

ound , vis({2-chloro- No. 7

g/22/w2 379 Lmpoplul cONp
) c ethyl) dimethyl chloride Rod water
. ' v -
] (C1CHCH) N (CHz)p O ‘ |
- ol @le T b L
?—5 n/ze/h3 1032 carbamic acid, E-Eis(a-chloro- oo ¥| 2%% 61401«‘\ at 1 o 0 o lm,- ‘
::r -T2 athyl)a.ming ethyl ester water 32% o
(s :  ethochloride : ‘ 3
= 9 + :
r HQN-G-OCHQCEEI‘Q{GH?CEQ_CL)Q , \
“ - Clig €L . L
| | 1
gfeafue | 381 carpemic scid, N-methyl- no. T 1 b5 59)1?,‘ 5 - | wv.
D 2-(dimetbylamino)ethyl Rod |weter 7% \ |
' . egtor mthochlor;ﬂ.e L o

Cﬂa\ By + - -
IN -C —O-—CH?CHQN (01{3) 301
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CARBAMATES

- l;“U-L -

L R Tk N Y .
MR .

~

ﬁ

Concn. 43-Hour Readings
TT, and Temp. No.| Erythemas] Blisters
Series No. Compound Dose  iSolvent] R. H.) Men|[ Wo. S:zz] Hc. Bizs | Stetus
8/l fh2 34k | Carbamic acid, N-methyl- No. 3 | 100% T6°F. 19| o o0f 0o 0 | v,
D N-nitroso- ethyl ester Rod 59%
8/17/42 CHs O No. $ | 1004 §5°F. 201 o 0 o 0
E N-C'OCQHJj ___Rod- 19%
R~ 1 mm. and 2 mm. drops cause erythema and vesication GoF humen
skin, .... V. 20841, C.D,R. 1087 (i942) (B. 1203{x})
1/12/43 [ W78, § Carbamic acid, N-butyl- No. 5 1004 6lLOF, /8 0 -0 - i ON.V.
v N-nitroso- wethyl esater Rod 335 l !
1/20/43 CH5CBCHCHony, 0o 200711004 | 63%°) 10| 0 - o .|
Q o~ > 3% :
1/12/43} 430 | cerbamic acid, N-(2-hydroxyethyl) ¥o. 5 | 1008 64%r 1 1c] o N
W N-nitroso- metnyl ester Rod 33% !
HOCHQCHr Q 3 i
1/20/43 £\N-€-0035 220% | 1004 63%v. 7} o -l .
R OoN” 3 |
6/ /42 186 Carbamic acid, N-(2-chloroethyl)-{iio. 3 | 100% H. R 10} & 14 o 0 E.
B N-nitroso- methyl epter ) Pod. |
{
C1CECHy 0 KB-16 : |
- N'C'WH} ; i
on” . {
12/28/1) (closed vesication) No. 5 1 100% 68°F.] 15| L y | c -
A Rod l
(closed 5')
i
1/4/43 200Y | 100% 68%F.; 19| 7 Li o o
R 25%
1/204%3 200¥ | 1004 63°F., 9| o 6. 0 0
N r 37% . (LZ-nour Iunding)
T 1 2 Fdn:layed V.
(T—du;{ R Cﬂim)
Vesicunt action about 1/L that of H. ..

. Fin. Memo, No, 2K (1¢



~SEC

A S

— 1] Conen. | T Lir weadings )
TL and Tem?y ‘ Y. | wrythenas Blisters |
Serice No. _1___ Compound Doae aolvent{ R. H. Men | Ho. gigel No. Bize Status
&/1/4% l TO0 Carbamic acid, E—(Enbromoe‘chyl)- 2%5 1009 ao’r.l 20l © - 0 - N.V. o
R N-nitroso- methyl ester 59% T
BrOR Rz, P S
IQI-*C--()GH.:,:.l =
— i e
5/18/43 . 7ok | Carbamlc acid, N-nitrosoc- oo ¥} 1005 73?}?. 1510 - 3 I VR '
R H-phenethyl— methyl ester 5% l
‘ CERCH Oz @ /
. )—C—DC‘H§
Ol _}
1/e0/u3 ) bi5| Cardemc acid, N-(2-chloro- zoo¥) 100k | &% 34 v I DR AT
P ‘ propyl} ~N-nityroeo- metinyl eater ‘ l AT ‘ .
CH,CHCICH, 0 . | o
A o s . .
. )‘-‘-é‘-mﬁj ! \ \ T
ON - ! ) I S 1
gferfue |. 337 Carbamic aq—id, N-2-cnloroetiyl- ‘NU. 51 1% t B F\ ] 1 5 O -« |} N.V.
J R-nitro- wethyl eeter ' l Rod } b0, ‘
CLCE,CHL 4 ' .
11/11/4 Rt “J-C-OCH; ‘ 15‘:-0'?5i 1005 ;‘,f:OF.\ w2 -1l o -
J 0N ’ ! T.P.] 3%
10/5/k2 son¥] 1008 1 99%F W0 4 -
U ’ 7.7, A ,
- [ 2
12/8/h2 . 200¥l 100% N R.‘, 15 10 b - ¢
K i T.P. :
1/12/k3 | 528 Carbamic scid, N-ethyl- No. 51 100% 64%F.) 9 | O I DR R B
Y ¥-nitroso- ethyl ester ‘ Rod 3 %%
1/20/%3 ‘3235\1 i P o oooX| w0s | 83°%F. T 1O St -
T \ AR B Bl o
_m______.-—-——-—.--"—_"___.._.—-——--.m—-..—- - M’—_—*M



Conen. L3-Hour Readings
TL, and Tegp . No.| Erythemas| Blisters
Serles No. Compound Dose Solvent R. HJ Men| No. Size|l No. Size| Status
1/12/43] 15k Carbamic acid, N-(2-chloro- No. 5| 1004 64 Op 31 0 - O - { E.-
T ethyl) -N-nitroao- ethyl ester Rod 33%
CICH.CH, 0 :
1/20/43 ’ N-C-0C,H, 200  100% 63% ) 10 1 71 0 0
5
M oN’ 37%
1/12/431 220 Carbamic acid, N,N-bis- No. 5| 1004 &rt  &i o -1 o -} wv.
U {2-chloroethyl}- ethyl ester Rod 339
gy
1/20/43 +|  (CLCH,CH,) oN-C-OCoR, 200¥] 1004 63%F. 10} © -1 0 -
.0 . 37%
1/12/43] 514 |  Carbamic acid, N-methoxy- Fo. 5| 1004 &°r.) 101 o -t o - | un.v.
X : ethyl eeter Rod 334, '
035 N o =
1/20/43 N-C-00, Hy 200 Y] 1004 65°F4 71 0 -1 o - o
S 37% .
3/17/83] 563 | Carbamic &cid, N,N-dichloro- 100%} 1009 . 6501;. 10} O - 0 -1 N.V. -
" HHH athyl ester - kg .
o
3/ 25/"‘5 CIQN‘G'OCQH 23‘0& 1004 fi) F 10 0 - o - i
% bl
DD s 'h\)?g L-j
7/13/83] 790 Ccarbamic scid, N-methyl- 260%) 1004 ar°rl 15 s S 9 -1 E. =
KB’ ‘ N-n;troso- 2.fluoroethyl ester 51% b
c‘Eﬁ35 D
N-C- ocaecrxgr




Concen., L8-Hour Readings
TL and Temp . No. ] Erythemas{ Blisters
Seriles No. Compound Doge | Seclvent] R, H.J Men |No. Sizel Wo, Size
10/5/h2 | 397 Carbamic acid, N-(2-chloroethyl)-{No. 5 | 100% 59%. 10| O - 0 -
G N-nitrogo- isopropyl ester Rod. 78%
10/19/42 C].CHQCHQ\ ” No. & § 100% 68%. 10| o -t 0 -
W 0011(033) Rod L1d,
. on”
10/21/&;* No. 7| 100% 71°¢.) 10} 0 - 0 -
G Rod hed,
11/11/42 100Y] 100% 3%, 9] 0 -l o -
K T.P. ‘ 31%
12/8/u2 2007 100% | Ry 151 0 -1 0 -
L T.P {
1
10/6/2 } 316] Carbamic acid, N~(2-chloro- Fo. & | 1009 55°00 1wl oo R T
E ethyl)-N-mitroso- bulyl ester Rod 725
Clcz»L,CH2
10/19/42] -c OCyE,, 200¥ | 1004 &8°F 1wy 2 y 4o -
T u” T.P. b1
6/15/431] 743| carbamic acid, N-ethylthiol- 21594| 100% ST I VA B S
11 mothyl ester 565
C ",
Q%N-é-scﬁ ;
. 1 3




Serisa | No. ! Compound
L -
8/3/k2 188 ; Carbazole, g-( ﬁ -chloroethyl) -
E :
i
Foo CH,CHpC1 :
o]
- b/8/k3 727 Carbazole, 9-vinyl-
o Oz 0
"N

!
i

i HG=CH,
i T —
5/7/%3 ? &79 ' Quinoline, 2. (p-dimethylamine- 2004
]
OGO ey,
N o
! 12/28/42! 500 | Plgeroliduse, 2-mothyl- [ No. 5
Q ¢ jI Ep Rod
! n
K=y !
= o }‘{\ o~ HCH:)
b 1,
2R3 T 75 | Aeira ine, -carbomsthoxy-
v CHp D
| “n-¢

S

" —— T T e T

CEx”  bon-
87187&2 [ 330 IJ Piperiding, 1-

i
[ 2-1/2¢ ip)
i chloroform
iChlorcogsane '

1007,

(fg_vcllloro-
ethyl)-

,CH;:-CHQ\

- b
H,C\CHQ:OHQJy CH,CHpC

2

-—4._-._.“_...__.—--—‘___ — —— A

T4,




NITRILES

Conen. ' L8-Hour Readings
TL and Temp.| No. | Erythemas; Blisterg
Series No. Compound Dose [Solvent | R. H.] Men |No. Sizel FNo. Size | Status
L 7/26/42 | 236|  Acrylonitrile, f:(,,ﬁ-dichloro- Fo. 3 | 100% TOOP.| 161 0 - 0 - H.V.
"B Rod 864
CHCY =CC1CHN ’ : . -
a/18/42 ) No. 5 | 100% 729F.} 20} o -1 o - E
B Rod. 64
10/5/42 . 200% | 1004 59%F. 10 0 -0 . -
X | T.P. 75% .
!
i L
8/18/h2: 237 Malonourzrile, benzylidene- 15 mg.| Dry 72°F. 10 i K.g. i 1 V.
1 C6H50H=C(CN)2 (approx.* Powdor | L%
. : . } ¢
9/7/42 sy i 2 hoF.y 201 0 ~ i - -
3 ; T.7. dioxane [ 7 ' &
8/3/h2 ; No 5 27% N.R.|] 201 1 % 1 1
H ! Bod  |dloxane
i
8/18/k21 2381 Malononitrile, o-chloro- 1O mg. Dry | TROF.) 10§ 0 - o -] .
J : benzylidene- (approx.} Powder | Gl
) _ )
g/7/W2 i ( )'CHfC(CN)Q 55‘5 27% moF. 1w | o - o) -
Q — T.P. {dioxane | (&%
i Cl
IR | No. 5 | 21% |N.R.| 20| 0 -1 0o -
I Rod  {dioxane i




¥ T Concn. L43-Hour Readinge
T and Temp. | No. | Erythemast Blisters
Serles No. Comp ound Dose |Solvent! R. H. ! Men | No. 3Size| No. Bize | Status
8/18/4k2| 239| Malonitrile, o-bromo- 10 mg.' Dry IQ?F. 10| o -1 o - | E.
T benzylidene- {approx.} Powder ol
= 4 7l OF el = "y "
42 CH=C {CN) i) 3&% IWORd 20 1 7 ",
9/T£ Q 2 T.P, [dioxane| 7%
Br
8/3/u2 : No. 5 36% N.R. | 19 )1y 3 % -
J Rod [dioxene
8/18/h2 ! 2404{ Malonitrile, m-nitro- 10 mg. Dry 72°F. 101 O -4 0 - | NW
K benzylidene- (approx.) Powder 6k
9/ 7/ ~CH=C(CH)5 55% 284 749F.j 20 | © -l o - g
8 T.P. {dioxane 78% =
NO, )
8/3/h2 ) No. 5 | 28% N.R. 119 | © -1 0 -
K l Rod (dloxane
o .
8/3/b3 | &h4| Fumaronitrile, i-chloro- 120% | 1004 78%F.) 12 3 ¥ o - ! V. -
X 65% -
' H ¢i - E:"
8/17/43 NC-G-C-CH 240X | 100% G99F. 15 | © -1 © - %
FF 59% =
2u0¥ | 1004 81%.} 15| 2 71 1 9 rT
1/b : -
8/3(;,/ 2 5%




NITRO SUBSTITUTED HYDROCARB™ *

Concn. 4O-Hour Roadings
TL angd Terp. UHo. | Erythemas! Blisters
Series No. Componnd Doss Solvent R. H.) Men | No. BSize| No. Size | Status
10/21/42] 10| Methans, tris(chloromethyl)nitro- 60% 354 71°F4 9] o -1 o -1 W.V.
1 T.P, ' { dioxmne | 45%
(C1CHp) 2C-NOp
11/11/42 > 1| 3% | or] wlo -] o -
N T.P. | dioxane | 31%
12714 /B3] 1066 Ethylene, nitro- 230% | 100% szF | 8 S 0 - E.
E"l Dl‘ﬂ i
12/21/43 . CHo=CH~NO2 6% | 100% %4 1w 6 5 1 0 -
F-2 {closed 5') L%, i
1 |
9/15/42 | 347{ Bthylene, 1-{2-furyl)-2-nitro- 75¢ 1 29% 75F4 211 0 -0 o -1,
M BC-—CH T.P. | dicxane | T3%
10/5/k2 H ﬁ—CH%‘HNOg 200% | 297 50°F. 8] 0 o '
N Y T.P. | dioxsne | 8% =; e
1 W
8/3/h3 219 2-Propene, 1,1,l-trichloro- 225% 100% 78°%f.) 12{ 0 - 0 - ; N.V. .
N A-nitro- 65%
i {71 5CCH=CENOp
9/15/h2 | 348 Propene, 1,(2-furyl)-2-nltro- 75% 55¢, 5OF) 201 o - 0 - N.Y.
J ‘ Hg —CH T.P. d:oxsne 76%
10/5/42 BG  8-crsg-cE; 200X | ss% ! s 10 o P
M o} ¥y T.P. | dioxane | b
9/15/b2 | 349 | Propens, 2-nitro-l-phenyl- (R4 35% 759F . 17} 9 - 0 - | N.V.
K O_CquCHi T.P. | dioxans | 785 .
10/5/42 L NOp 2o0¥ | 3k 59°F.f 0 |0 - fto - 2
L T.F. (dioxens 79,
9/ 15/ 42 351 Tolueng, CLbromo-E-chlorg- L~ MI:..: ?52{ RS T5°F . o0 o i J _ E.
L CHpBr T.P. Rioxane |78
OcN 1
|
! .
- + e srantemadrarvem et




OXIMES

Conen. “8-Hour Readings
) TTL, o . and Temp .{ No. Srythemag| Bilsters
_Series No. Compound Dose | Solvent] R. H.| Men No. Sizel No. Size | Status
3/30/431 356| Chloral oxime 1007% 100% 71°F.f 10 0 -1 o - N.V.
R .. T : N. R.
' C15C-CH
4/6/u3 NoH 200% | a0 | 5% 230 Ll o,
BB y Q:C%F.
Reection product of chloral and nitrosyl chlorids shows mild
vesicant properties. .. Ptn. Memo, No. 15, October, 1941,
T | .
8/31/43 | 857 Acetone, l-ghloro- 230y 265 81, 137113 3 i 10 6 V.
H l-isonitroso- dioxane % )
%l
CH:-g- ~NOH i
- {
! f
L R i
8/31/43 | 368 Glyoxime, l-chioro-2-metnyl- -~ 1 "209% 134, 31%.0 {9 - o - | wo.
I cello- 5%
ClL solye
CH, C( =NOR) ~C=NoH *
6/8/43 | 20{ Pormaldenyde, chloro- 20% | ME L oveor| ol 5] o V.
KX cyanoc- oxime dioxane{ 47y
NECCOL, ! i
F!OH .‘ ) }

9T -



JTONN
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PHENYLENE DIAMINES

Conicn. LS -Hour Readings
TL , and Temp.| No. [ Erythemas| Blisters
Series Yo. Compound [Dose Solvent R. H. Men {No. Size| No. Size | Status
8/3/u2 2 p-Phenylenediamine, N,N-dimethyl- Wo. 3 194 N. R 1w} o O 0 0 N.V.
C Rod D,P.E.
8/18/42| & (035)2N-<}NH2 fo. 51 19% 72°F) 19 © o]l ¢ 9
B Rod | D.P.E.| 64
3/17/43] 548 | p-Phenylensdiamine, 100% | L7% 65°F.] 10| 9 61 o - | E
D N,N'-dimsthyl- dioxene| h1¢
B H
sfeafus | | BSO el 200%| 4794 | 75%F.) 10{10 9| 0o -
cC ) : g dioxanes | L0%

Absolute alcohol solutions €1¥ "to 5%) when applied to
! numan subjects produced immediate marked smarting and
rednoss. Application of the 5% solution was followed
eleo by burning snd soreness lasting 4 days.

. E.A.TDS 25 (1941)

- LT -

3/17/43| 5k; | p-Phen;lenediemine, N,N'-8imethyl- 200Y 54, &5°F, 1 o - 0 -1 nN.v.
EEE N,N'-dinitroso- X. |chloreo-| MW1%
. Form
o~ “HO
10/5/42| 85| p-Phenylencdiamine, 200¥ | %1% 50 30| o of{ o ol N.v.
.S N,N,N',N'-tetramethyl- T.P. | D.P.E.| 78%
.{CHz, ) o - n(cnj),
5/25/43] 707 | w-Phenylenediamine, 2009 | 100% TO:F- 0] 9 - v - v,
K “N,N,N',N'-tetramsthyl- 484
(CHz)p -
D D ~N{CH3)p . . |




Concn. Li3-Hour Readings
I, and Temp.|] No. | Erythemas ; Blisters
Series No Compound Dose | Solvent! R. H.| Men| No. Size |Ho. Size | Status
5/18/43] 0B| o-Phenylenediamine, 100X | 1004 | 1] wl o - lo - | my.
v N,N,N',N’-tetramethyl- 50%
N(CHz),
(e
m -
T T
4/6/43 | 564| p-Phenylenediamine, N',N'-disthyld100% | 100% 5.0 15 1 2 {0 -1 ygv.
%G 284, .
: (CoH.) o --O—N(CH )n |
h/13/4% 7 ? _ 200 Y 1 1009 &6°%F.] 251 o - 0 -
T : 284
4/6/43 | 550| p-Phenylenediamine, 100¥ | 1004 5% .0 1wl 5 o o~ 4w
EE N,N'-diethyl- N,N'-dimethyl- ' 284,
4/13/43 HsC._ _CHy 2o0¥ | 1005 | 65°F.f 16 ¢ 9 o -
R - N-O‘H\ 2%,
Col5” Coly
5/4 /43 623 p-Phenylenediamine, wo¥ | 1009 2%, il o - 3 . K.V.
KK N,N,N-triethyl-N'-methyl- 27%
c . I‘I}'EH3
( 235)2“‘0 o
a2
3/23/43} 547 | p-Phenylenediamine, 200 106 | (75°F.] 11 ] © - |0 - | N.V.
BB N,N,N’,N'-tetrasthyl- = - dioxane | h4O%
(0235)2N—Q-N(02H5)2
I
|

- ﬂ-[‘[ -




P T e e, g
BRI I
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| Concen. 43-Hour Readings
T, i and Tempd No. | wrytnemas | Blisters
Series | No.| Compound Dose| Solvent{ R. E! Men| No. Size |No. Size] Status
6/15/%3 ?551 p-Fhenylenediamine, 100% ¥, SLOF L 131 O - o . N.V.
JJ | N,N'-dicarbethoxy- dioxane! 5ds
.6 /29 /1;3 i Reaction product with HNOo 200Y o 71°F. el o ) o )
W : dioxane} 1%
1
6/15/43| 754 p-Phenylenediamine, 200%¥ &% ShOF 4 134 O - O - N.V.
KX TN,N'-ad ca.rbethoxy -2,6-dichloro- cello- 56%
sclve
CoH500G ::; “CO0CH
6/15/43] 755! p-Phenylenediamine, N,N'-dicarbethoxy-
1L F N'-bxs(r—chloroethjl)— r200% | 219 BAOF. 1k 0 - 0 - N.V.
; C]CHECHQ\N ﬂ,ﬂﬂQCHQCl d%oxane | 56% g
CpHl500C” “COOCoH: e
5/18/43 | 706| p-Phenylenediamine, 200¥ | 214 739F .1 12 {11 7 10 _ . .
U . ¥ ,N-bia{2-chloroethyl) - dioxane | 50%
CICH,CH CHoCH,CL
. )\T-/ N: . #
t : . .
12/14/1% 1061 | p-Phenylencdiamine, 200% | 114 57%.! 10 {10 &€ lo - § =,
G-1 N,N'-bis(2-chloroethyl) - water 40g
dthydrochlorids
C1CHCHp CHpCL
,N-Ql/'c % -2HC1
it hit
#5/18/43 | 705 | p-Phenylenediamine, N,N'-dinitroso- |200% | 10% Tk, 1 1% | 0 - 1o - | N.v.
8 K,N'-bpis{2-chlorcethyl) - ' dioxane | 50% '

on NO

=OX
C1CH,CH,” Nr_LiIpCl




-Jx_/\‘j LN

i1
i

3

e
TL
Serisg Yo, Compound Dose
9/e2/k2 | 338 Ethy1 chloroacetimodosther ‘
B BCL ‘
C1CH, ~C=NH,BCL
0
Cngj
-'-—_-__ g,
i ;
8/31 /b2 890 Sutyric acia, A ~triazc. 60% |
? l
CH:CH,.CHN COOH
9/7/43 370 ‘|
KX .

319,
5%

—_—

|

‘ 1+8-Hour Reading
« L &rythemag
Men | No, Size

1t
o
P
o
&
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Phosphorus Compounds

The phosphorus compounda are divided into three
general groups: phosphonium compounds, phosphorus com-
pounds containing sulfur, and cthers. IZxcept for a few
very mild lrritants and one vesicant (triphenyl-2-bromo-
ethylohosphonium bromide), all of the compounds of interest
are 1n the sulfur-containing secticn.

The sample TL 645, tris(2-chloroethylmercapto)-:
phosphorus was the cutstanding vesicant; 1t was discovered
later, however, that the compound decomposed rapldly and
that we had actually tested a mixture containing a large

amount of Q. The bromine analogue of TL 645 appeared to
be a fair veslcant, and two compounds of the (C1CE,CEp)p IR
claes, TL 1029 (R®= ethyl), and TL 762 (R= phenyl) were
veglcants. .



PHOSPHINES

-SEC

Conen. 48-Hour Readings
L and. . Temp. | No. | Erythemas |Blisters
Seriea No. Compound Dose | Sodvent | R. H. | Men [No. Size [No. Size | Status
b/6/43 | 536 | Phoephine, phenyl- 2009} 100% 75°F. | 15 | © - 1o - | n.v.
D CeHoPHD 284
2715J43 | 53% | FPhoephine, tris{chloromethyl)- 200y| 100% 620F. [ 10| © - 10 - | R.V.
Q {C1CH2) zP Y = | 28%
3/9/43 540 Phoaphine, diethylphenyl- 100_3’- 1004 | 759%. | 10 ] o - 0 - N.V.
uU ES o 1% _
3/17/k3 L Yape 200%} 1004 1 6s°F.1 w0} 0 - 1o -
toc (CoBe) 2P Cely , c | aig
11/16/h2| 464 | Phosphine, dibutylphenyl- No. 54 1006 {73°F. | 1o - ] o - | n.v.
2 . Rod |- - 574,
11/11/42 (CH;CHACE,CHp) oP *Celis 200%{ 1004 3%, | 10| 2 - 1o -
cC - 7.7, | 514
11/11/42| 411 | Phosphine, tricctyl- Xl 53 139F. | 20 | © - o lnw. L
0 T.P. | absolute { 31% n
EHB(CHQ)HBP . ]alcohol .
12/8/k2 dl 200% | -5%% N.R.} 1510 - 0 -
¢ T.P. | absolute
alcohol
© 4/6/h3 | 583 | Phosphine, tridecyl- 2009 | L04 759F. | 15 1 0 - {0 - {mnv.
11 [CHA(CHp) g 5P " | dioxane | 28%
o L/13/43° | GOk Phoephine, tri-l-piperidyl- 200 ¥ | 1004 | E59F. | 2k 10 - 0 - N.V.
U ! H/CHQ-CHE‘\ \ ' T e8%
\.CHp -CHp ~ - :
2/15/831 535 Phosphine, diethoxyphenyl- 200 100%. f%OF- =210 - |0 - | N.V.
R (Col0) oP-Cefls ' 2 | 5
3/3/43 503 Phosphine, bie(o-chlorophenoxy)- 2005" 100% 7% .1 ki 0 - Q - N.V.
R phnenyl- : 23%
(CiCgHLO) P "Cllyg




EEAE

ESTERS OF PHOSPHOROUS ACID

Concn. L3-Hour Readings
T, and | Temp. } No. | Erythemas| Blisters
Serles No. Compound Dose | Solvent | R. H.j Men | No. Size| No. Size | Status
3/23/43 | 585 | _ Phosphorous acid, dimethyl ester| 100¥ | 100§ Z5°F. w] o -1 0o - | wv.
FF % -
(CH0) oPOR
3/30/43 200% | 100% 71°F. | w0 0 -l o -
T N. R.
3/3/43 | 586 { Metayl phosphite 200¥ | 100% 71%F.| 17} o N R
» 234,
' (CH50) 5P
]
2/23/h3 | W63 Ethyl phosphite 200Y 100% 67%.1 12] © - Q - N.V. 5;;
T 309
(CoH50) 5P '
3/3/83 587 Phospnoroua acid, 200% | 100% 7. ] 16! o - 0 - | m.v,
Q tris(2-chloroethyl) ester 234,
(C1CE,CH,0) 5P
7/13/k3 | 187| Phosphorous acid, 180% | 1004 | 87%.f 12{ 1 4| o - | m.-.
D tris(2-bromoethyl) ester 51%

(BrCH,CE,0) xP




PHOSPHINE HALIDES

Concn, { M3-Hour Readings
TT, and Temp.| No. | Erythemas| Bligters
Serieas No. Compournd Dose Sol\'rent K, H.{ Men { No. Size{ No, Size | Status
3/23/43 6161 Pnosphine, chloro- 200% 1004 759F. 91 0 - 0 - N.V.
KK ble(2-chlorcethoxy) - L4, _
(C1CH,CH,0) ,PCL ~
3/17/83 | 584 | Pyrocatechol phosphorus 1007 | 100% 65°F.] 8| 0 -1 0 - !NV,
KKK ; monofluoride L1
- ~
3/23/43 O\O 3.F 200% | 100% 75°F.] 94 0 -1 0 -
EE Lo
3/9/43 539 Pyrocatechol phosphorous 200% 100% 75°F. 711 4 o - E.-
TT i monochloride 72
(OS5
i ~0
12/14/43] 864 | Phosphorus oxyohloride, diphenyl-|1907 100 57°F.0 W | 0 - 0 - N.V.
E-1 P boge
/d
(CgH:) P
i Ti i
1 ) . !
7/1}/1&3 782| Phosrhine, (2-chloroethoxy)- 200’-( 1009, 87°F.| 13 | 0 - 0 - N.V.
Ge i d:fluoro- 51%
| CICHCE,QFF,
|
9/28/43 | 952 | Phoaphine, dichloro(2-fluoro- 210% 1004, T19°F . 9|0 - 0 - N.V.
E-1 i sthoxy) - 57%
FCH,CE,0PC,
'h/s/hj 615 | Phosphine, dichloro- 2001’ 100% 5% . 13 | 0 - C - N.V.
LL ‘ {2~-chloroethoxy- 284
| CLCHCHOPCly ‘

L



PHOSPHINE CYANTDES

Conen., 43-Hour Readings
TL and Temp.} No. | Erythemas| Blisters
Serien No. Compound Dose Solvent | R. B.,] Men | No. B5ize|{ No, Size | Statue
10/21/42| 432 Phoaphine, dicysnophenyl- No. 5| 100% 7°%¢.1 10| o - O - N.V.
R Rod 45g,
A 1102 | GBI w0d| 1006 | 73°F.) w00 -] o -
U 5T%
/
/112 - 200Y| 1006 | 3%.] ulo .| o -
pA ' 1%
2/22/3 | 55| Phosphine, phenyl- . 200%) 1006 | 72%. 18lo | o - | mv.
Q dithiocyano- 31%
CelsP(CNS) o
/1n/hs | 6h6 Phosphine, {2-chlorcethoxy)- 2?-’)‘5 100% 6°F.] 23] o - 0 - K.V.
v dicyano- 284 '
C1CH,CEpOP{CH)2 |
—— . = ——— ¥ — ———
PHOSPHINE (OXIDES
5/4f43 | 618 | Phosphine oxide, trimethyl- 200% | 58% 3%, 15 ] 0 -1 0o - | Ewv.
JJ (CH3} 3P0 water 27%
11/11/b2| 433 Phosphine oxide, triethyl- No. 5| 100% 73°F. 91 0 - 0 - W.V.
v (C2H5) 3P0 31% __—
¢ ARy | ! 200%! 1006 | N.R.| 15{ 0 -1 0 -
R T.P.
5/11/43 | 575| Phosphinimine, 200¥] 25 | &%) 15) 0 -1 0o - mv.
JJ P,P,P,N-tetraphenyl- dioxane | 55% ' '
(Cls) sP=NCH, ; | ' |

T




ESTERS

OF PHOSPHONIC ACID

‘ Conen, L3-Hour Readings
TL, and Temp.! No. | Erythemas | Blisters
Seriua Ho. Compponnd Doge | Solvent | R..H.| Men {No. Size| No. Size | Status
6/15/h3 | 7L3 Methylphosphonic acid, aho?( 100% 8°%r.1 1k | O - 0 - N.V.
FF dimethyl ester 56%
- Yo .
‘ Cﬁa}?(OCHB)Q
) 0 -
| 1o s <
6/1/43 738] Meti;1vhosphonic acld, 205 1004 80°F.| 16 © . 0 - | W.V.
FF | bis{?-chlurcethyl) ester 59%
CE3P{OCH,CHRCL) 5 ‘
] B |
6/15/43 | Th2 Tsopropylphosphonic acid, 200?1 1004 849, | G - 0 - N.V.
EE dimetuyl ester | 565
| (CEx)p5-2(O0Hs)
TR
€/1/43 73S Isopcaylphosphonic acid, 010 % 1o 80°%F. 1 16 | o } o ) -
FF bis(2-chloroethyl) ester 599,
L T
|
11/10/h2] 465 | Acetic acid, diethyl- No. 5 | 1v0% 73%F.! 10 |0 P R B O
v | phosphono- ethyl ester Rod 5%
11/11/4 | (CoH 0)  POHACO0C i, 200 ¥| 1004 73%F.] 10 | o - jo -
mo 0 T.P. 314

-98'[-



PHOSPHONYIL. HALIDES

R Concn. L8-Hour Readings
L and Temp.| No. | Brythemas| Blisters
Seriles No. Compound Doge | Solvent| R. H.| Men |No. Size| No. Size | 8tatus
5/18/43 | 685| Phosphonyl chloride, 150% | 1004 7°F.] 14| o -l o - E.-
S N-(2-chloroethyl) -N-methyl -~ 50%
amino-
5/25/43 C1CH,CHy, L1 225% | 1004 T0°F.| 10| 1 71 0 -
I N-P=0 184,
CHz” Cl
5/11/43 | 680| Phosphonyl chloride, 210¥ | 1004 | 63%.] 150 - 0o - |w.wv.
MM N-{2-chloroethyl) - ) 55%
N-ethylamino-
C1CHLC AC1
P20
CoB” “C1
7/13/43 | 802 | Phosphonyl fluoride, 185% | 1004 87°%.| 13| o -} o - | w.v.
HH bis(2-chloroethyl)amino- 51%
F
(C1CH.,CH, ) ,N-P=0
[ \F
5/18/43 | 686! Phosphonyl chloride, 2000 |  25% 3%%F.] 12| o -1 o -} N
U. bia(2-chloroethyl)amino-~ \ dioxane | 50%
o c1
(ClCHECHQ)EN-F;O
el

b



ESTERS OF SUBSTITUTED PHOSPHCRIC ACIDS

Concn. 48-Hour Readings
T, and Temp.] No. | Erythemas | Blisters
Series No. Compound Dose | Solvent| R. H.i Men [No. Size |No, Size |Status
9/e1/w2 | 345 | Fluophosphoric acid, No. 7| 1004 66°F. 19| 0 -l o -1} 8w,
L diethyl ester Rod L8y
(CoHx;0) LPOF
6/1/43 | 627| Fluophosphoric acid,- 200%| 1004 80°%.{ 20} O - to - i n.v.
ce 2-chloroethyl ester 59%
(C1CH.CH,0) oPOF
11/10/42| 466 | Fluophosphoric acid, No- 5| 100% 73°F.| 10 0 - o < 1A,
R diisopropyl eater Rod 57%
11/11/42 [(CH3) 260 oPOF s00¥| 1004 | 75%.] w00 - o -
EE "7 H T,P. 31%
3/9/43 | 541 | Chlorcphosphoric acid, 200%} 1009 73%.| 10| 0 - lo - | rmw.
\'A diethyl ester 2%
(CoH50) POCL
5/18/k3 | 699 | Amidophosphoric acid, 200%| 1004 73°F.) W oo - 1o - | u.wv.
v N,N-diethyl- diethyl ester 50%

W

(Cais0)ofr(czas)e
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PHOSPHONIUM COMPOUNDS

Conen. 48-Hour Readings
iy and Temp.| No. | Erythemas | Blisters
Serlea No. Compound Dose | Solvent{ R. H.] Men |No. Size| No. Size | Statua
3/2/u3 461 Phosphonium cowpound, 2008 hog, ) 0%.] 1w} o - 0 - N.V.
X tetrakig(cl}loromethyl)- chloride water 15%
(C1CH, ), PCL
5/4f43 | 610 | Phosphonium compound, LooY 34 73%F.) 11 o -} 0 - | ANV,
GG triallylphenyl- Ybromlde - water 27'%_.
x
6H5
4/6/43 581 Phosphonium compound, 200-¥ - 66% 5.1 151 0 - 0 - N.V.
B triethylphenyl- iodide water 28
i
”~
(CEBS)EP\06H5
- 3fexfh3 | €09 Thosphonium cotmpound, 200% 56% T5°F. 3 10 - 0 - N.V.
11 triethyl-p-tolyl- iodide water Lo
I
(Coli5) 58
- CoHyCH;




Concn. 4L8-Hour ,Reedings
1. and Temp.] No. | Erythemag| Blisters
Series No. Compound Dose | Solvent | R. H.| Men | No. 3ize| No. Size | Status
5/4/43 607 Phoesphonium compound, 1807¢ 15% 73°F.d 154 © - 0 - N.V.
BH Z-chlorocacetonyl-triphenyl- Propylene| 27% :
chloride glycol
(CeHs) 7
6°573
“CHpCOCHCL B
10/21/42| 436| Phosphonium compound, 60 49% 71°F.} 10§ © - 0 - | N.v.
W - 2-bromoethyltriethyl- bromide T.P. water L5,
11/10/%2p  * _Br 1007| hog 3% . 101! 0 -1 0 - -
W (CEH.j) 3P\c}]20 T.P. water 57% clp
/sl s ' 2 200¥ | hoe, 73%F.) w0i o0 -1 o o
Y T.P, water 31%
10/21/42) 435 Pnoapndnium compound,, | oY 25% n.| 1w} 2 5 1 2 Y. L
8 2-bromoethyltriphenyl- bromide| T.P, vater 45% )
. 1
% s
(CgRis) 5 o ~ o
'3 NCHoCHoBr
3/23/43 | 606| 1,2-Oxaphosphetene, 2000 | 15% 75°F 81t 0 -1 o - | NV g
HH h.oxy-2-triphenyl- dioxane | k0% '

0
VN
P C=0

06 “ous”

—




R T

1A
IR

£
NS T
! v

SULFUR CONTAINING PHOSPHORUS COMPOUNDS

mf%__

Conen, _4B-Hour Readings
TL and Terp.{ No. { Brythemas | Blisters
Series No. Compound ‘Doge | Solvent| R. H.] Men [No. Size| No. Size | Status
11/22/43 1020| Phosphine, chloro{2-chloro~ 250% |  100% 6% 1w o - 0 - n.v.
Q-2 ethylmercapto)ethyl- Ty 32%
1
C1CH,CHpS *B, Avout:1/5 ae vesicent as H. ... P.R. 2563 (19kh) (B-3960)
CoHs
8/31f/43 | 910{ Phosphine, {2-chlorosthyl- 250% | 1004 81%.! 13| o -1 o - K.,
W mercapto )diphenyl- 75% ‘
UlCHeCHQS “B{ 06H5) o
7/13/43 | 78| Phosphorus, dichloro- 160¥] w004 | e%r. 137 sl o - &
ce (2-chloroethylmercapto) - 51%
7/20/43 C1CH,CHpS *PCL, abo¥ | 1008 | 80%.] 16|45 2| o0 -
v 2%
2/15/43 | =3 Phoephine, bis(butylmercapto)- 200% 100% 62°F, 510 - Q - N.V.
. .- 8 phenyl- 284
CeHsP(SCLHg) 2
2/22/43 | 577| Phosphine, b*s(methylmercsmto)- 200% |  100% 72%F.] 16| o N R
P phenjl- 31%
11/22/43] 1029 Phosphine, bis(2- chloroetnyl— 12-% 100% 61#?F. 11 11 12 O 7 V.
R-2 mprcapto) ethyl- 32,
CoH5P(SCHACHRC1)
6/15/%3 | 7¢2| Phosphine, bie(2-chloroethyl- 95%| 100% BU°F.| 151 S Sk b N

&



Coner. L3 -Foar Toadings |
TL and Temp.] He. Srythemas; Bligters
Series No. Compound Dose Solvent | R. H.) Menl No. Sizel No, Size | Statua
8/3/43 |1 859 Thosphine, bis(2-chloroethyl- 100%¥ 3% 8% . 13| © -1 0 - | NV
¥ mercapto) -{p-dimetnylamino- dioxene | 5%
phenyl) - monosthylate 51 op
8/11/%3) 859 f} comn_on | 200 38% 9% . 15( o -1 0o -
/FF/ (CHz)ol-{ _)-P(SCHACHLC) - GoHis0H diommne | 50
" 5/18/43| 645 Fhosphine, tris{2-chloro- 2% 2ub 73%. 13| & L Q - V.
X athylmercapto) - ) dioxane | 50%
5/4/43 (CLCERCHZS) 5P 5Y¥ 5% 76% . 21} 15 51 3 4
Q dioxane | 25%
5/18/43 5Y- 5% T3°F.1 13} 12 0 I T
X dioxane | 50%
5/b /43 107. 1% 767F.; 23] 23 6 5 3
P dloxane | 23%
5/ /43 20 | 255 | 76%.] 22{e2 7 {20 & .
) dioxane | 28¢ W
5/19/43 ] 20% | 100% 650F.] 18] 18 /2 I A '
K o T0%
/43 | z5¥ | 50% | 76%.) 23ie3 9 |3 5 .
" - dioxane | 23% ~
5/11/43 4 3sY { 100% 659F.] Th| Th 9. |72 & A
N,0 50% . o
b/27/43 707 | 100% E7°F.| 15|15 12 |15 ¢ B
U 62% BN
5/4/43 : 0% | 100% 76°F. 2k | 24 12 | 24 7 ' '
M , 284
5/11/k%3 : 70Y | 1008 639, | 116 15 10 L.og 6
¢,X-G3 ’ 55%
5/18/43 70F | 100% 3F.0 W0k 11 |39 ¢
P ~ 50
For additional date see Veslcant Coﬁ;z;r?isuns, P
‘ Pure matevial is 1/2 as veficant as H, High vesicor..y of
i f crude may be due to unremoved Q.,.P,P.2560(19k%) (B-39€9)

T -




Conen., LM8-Hour Readings
TL znd Yemp . | No. | &rythemas| Blisters
Series No. Compound Dose { Solvent | R, H.| Men [ No. Size| No. Size | Status
g/21/4% | 933| Phosphine, trie(2-bromoethyi- S 90% | 100% &5°F.| 10|10 51 3 3 | v.
L-1 mercapto) - . 60% p
(BrCH,CHS) 3P
4/6/43 602{ Thiophosphoric acid, 200% 100% T5QF-- 12 D - 0 - N.V.
JJ trimethyl eater 284 -
(CH30) 3PS
3/9/L3 495 | Thiofluophospnoric acid, 200Y | 1009 75OF . 1 o - 0 - | N.V.
RR diethyl ester : 2%
(CoH 0) PSF
11/10/k2 462! Phosphine, dichlorophenylsulfo- No. 5| 100% T39F, g 0O - 0 - N.V.
Y ' ’ : Rod 57% )
P-Cl : .
11/11/42) \ >s 2 200%|  100% 73%F.{ 10| 0 -1 o -
BB . _T.P, 319,
3/9/43 | 29| Thiopnosphonyl chloride, ethoxy-| 200%| 100% 7SOF.| 10| © -1 o - 1 awv.
b £1 |- 726
CoB-0E=S
: 2R50R°S !
10/21/42] W22| Thiophosphonyl chloride, Fo. 5| 1008 | no%.] 1] o -1 0 - | w.v.
L {diethylamino) - Rod Lsg
11/9/42 e 100} 1004 73°%F.| 101} 0 -1 0 -
> hog
T H5\DI-P=012 g TP %
11/11/42| | Colis S - 200¥ | 100p 73%F.| w| o -l o -
Q T‘P- 31?0
9/21/43 | 932 | Phosphine, {bis(2-chloroetnyl)- | 1M0¥ | 0% OLOF.| 12| 8 7] o - | E
- eming~ biB(2echloroathyl)- 604
- mercapto)- oxide
{(C1CoHL ) pN -P(SC2HLCL )
—_— b

- CCT -

-
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Sulfur Compounds

Thiols: There were no vesicants in this group, end only
one irrltaqt 1,3~dichloro-2-mercaptopropane; however,

TL 308, chloroethanethiol irritated one man with Rod #5,
clesed B minutes.

Sulfides: Included here are a large number of excellent
vegicants, including H, Q and ite homologues. None of

the "eme-armed” mustards was particularly effective, al-
though TL 344, the methyl compound, blistered 1h/EO with
Rod #5 closed 5 minutes. '

Replacement of the Z2-chloreethyl radical by
2~chloropropyl, dichloroisopropyl, or 2-chlorobutyl
diminishes the wvesicant action of mustard.

Hydrocarbons with two 2-chloroethylmercapto
substituents are, in general, excellent vesicants; for
example, TL 905 (metha.ne), TL 86 (ethene), TL 153 (1,2-propane),
TL 843 (l 3-propane), etc. The only exception is
TL 654 (2,2-propane). )

Bulfoxidea: Oxidation of sulfides to sulfoxides results
in & totasl loes of vesicant action.

Sulfones: Three sulfonee, divinyl, 2-chlorosthylvinyl,
and bis(Z-chloroethyl), were good vesicants,
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. ? Concn. 4B8-Kour Readings
T ) and Temp. |No. | Erythewas | Blieters
a Serien No. Compound Dose [Solvent | R. H. |Men [No. Size| No. Size | Status
L
¥ .
10/6/42 | 308 | Ethanethiol, 2-chloro- No. 5 | 1004 599, 81 0 - 0 - E.-
c * { Rod 72% -
C1CHoCHpSH b
12/16/h2 Ho. 5 | 100% N.R.| 20} 1 51 0 -
-~ i 3 Rod
b {clomed 5')
12/14/k3 1109k | Sulfenyl chloride, 2-chloroethyl- | 1k0¥ 1004, 579, | 11| o - 0 - | N.V.
1-2 ' ko4, '
| CICHCH5SC1 &
12/21/831 210%| 1009, 6hoF,. 1 9| o -l o - e
_ b2 \ b5% '
8/31/43 | 883 | Propane , 1,3-dichloro- 2-mercag£o- 200 % 100% 810y, 8! 6 7 o - E.
X G108 qi-ChoOL 5%
3/9/h3 545 | Propane, 1l-chloro- 2,3-dimercapto] 200% 100% T59P. 8| o - O - N.V.
XX , 2
EQQHCHQC]. \ | 2% .
SH : ;
8/k/42 72 | 1,6-Hexanedithiol No. 3 | 1004 76%F.| 201 o ol o o | wnv.
A ( Rod “{ 59%
HS(CHp) ¢SH ‘ '
8/17/u2 No. 5 | 100% 63°F. | 16§ © 0 o 0
‘ A Rod 794
_ ”




SULFIDES
Concn. 38-Hour Resadings
T, and Temp.| No. | Erythemas | Blisters
Beries { No. Compound Dose | Solvent{ R. H.} Men [No. Size | No. Size Status
12/16/k2] 344 sulfide, (2-chloroethyl) methyl | No. 5 1004, N. R.] 201k 9 lis s | vy,
] Rod
. C1CB,CH,S-CH (closed) .
g/e1/u2 | - P2t > No. 7} 100% 66%.] 201 o - 0 -
X Rod L84,
1/20/42 ' 100¥] 1006 | Boor.| w|s 5|0 - |
T ‘ 2%
8/3/u3 | - 200¥ | 1004 78%.1 13 |19 s |1 5
) C . EL . 6)‘%
- Information from other sources: On human skin 0.005 c¢¢. of 0.13-0.2%% solution produces
- lesion (FR). Vesicent power about 1/10 that of mustard.
h, .+++ N.R.B. (19%0) -
> Vegicant action 0.2 that of mustard. .... EATR 50 (1931)
E?f - Abgolute vesicant action &) that of mustard. .... Ptn.1753
= (5. 2867), (1942)
oy *L. «e.. Klrner, J. Am. Chem. Soc. 50, 2kks (1908)
- o 1/i0 H. ".... Porton Memo. No, 16 OSRD 1377

9/21/h2 | 360 culfide, 3-chloropropylene-1,2- No. 71 1004 .| &6°P.| 181 1 4 0 - E.~
N

E,C-CH-CH,CL Rod 454
g Non-vésIcant When applied €6 Murdns. - Povion Memo .

No. 15 (1gh1)

9/7/43 | 862 culfide, 2-chloroethyl etbyl 1007 | 100% gh;F. 117 1 8170 1 %.-
‘HE 5

9/1/43 | 77 1 ClCRCHLS Cp 200¥| 1004 | &oF.| 29| 1 bl o .

H-1. e " 80%

Information from other sources: Negligible 'empirical’ vesicancy relative to B ; 'absolute!
(cover glass over applied liguid) 6/100 that of mustard
«ves C.D.R, 1087, W-155-22, v.20841, (1yh2) (B-1663)

. R I _ ) Undiluted compound cauees some reddening of the skip.

‘ | o ' .++. Porton Memo. No, 15 (1941) _

-

—~
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Concn. W-Hour Readlinge
T, and Temp.|] No. | Erythemas| Blisters
Series No. Compound Dose | Solvent| R. H.| Men|No. Size! No. Size | Statuas
11/22/43| 1023} Sulfide, 2-chlorcethyl cyclohexyi4 100¥| 1004 6hor.l 11} o -1 v -1 NV,
o C1CH,CH,S CH/EQC-CHQ\C : * '
la/lll»_ﬂ}j CH2 e \EQC—CHQ/HQ 200% 100% 5719F. 10l 0 - 0 -
E-2 i 0%
11/22/b3| 1030| Sulfids, (2-chloroethyl) - 200%) 374 éhor.l 10t 0 -1 0o -1 nv.
8-1 (p nitrophenyl) ’ dioxane| 32%
ClCHQCH?_S-C)-NO-a
11/22/43{ 1031] Sulfide, (2-chloroethyl) l 2007( 22% 6iOF. | W01 0 - v} - K.V, .
s-2 (o-nitrophenyl) dioxane | 329 |_,
NOo e
cmn?cags-D '
8/17/43 [88h |sulfide, 2-chloroethyl ) oY 1004, 5%, i2] 1 2 0 - V.
D 2-fluoroethyl 59%
8/25/43 CCHLCHp -5 -CE,CHF 2s0Y {1004 g1oF, ! 13 |12 71 5 6
C 70%
€/25/55 ] 3 | Cuifide, pls{2-chlorosthyl)- 50% | 100% BOOF. ] 92 |3 5 122 2 [ V.
K Plent yun Levinstein 53% .
9/29/k2 No, 3 30% TAOF, I 10 |10 T 2
c C1CE~CH-) .S Rod | D,P.E. 427
9/29/42 (CICE o)y No. 3 50% TAOF.1 11 |11 6 b 3 -
B Rod |[D.P.E. | 42%
9/29/h2 No. 3| 100% THOF. L 11 [11 4 % 3
A Rod Lkog,
11/9/u2 No. 3 | 100% 73°F. | 58 |58 6 139 4
o Rod Leg

- ma i e e am A w E ——
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Concn. hi-Hour EKeadings
1, and Temp. No.| Erythemas Blisters
Series No. Compound Doge | Solvent| R. H.] Men] No.- Size] HNo. 8izs | Status
6/29/8b3| 155] Sulfide, bis(2-chloroethyl)- 15%| 100% 5% . 48| 36 71 3 v. .
M (Thiodiglycol process) by
. b .
7/6/43 ;1 (CICECHp) o8 30¥| 1006 | 74%. 58|56 8| a8
TT,UU
9/29/42 Ho. 3| 504 #oF.p 10|10 51 0 -
E . Rod |D.P.E, L2,
g/f29/h2 No. 3 | 1004 74CF .4 114 11 { 8 3
D Rod L2q,
For sddiilonal data on plant run Leviastcin mustard and
thiodiglycol mistard, see sections on Vesicant Comparisons
and Ves cant Mixtures.
Por data on redistilled Levinstcin msterd, ses sections
on Mustard, Veplcant Comparisons, <nd Vosicant Mixtures,
1
10/6/42 | 393| s&ulfide, bis{2-chloroethyl)- flo. 3 b 5% 59°F . 217 51 v - by,
B (Prepir:d by photochemical re- Bod [D.P.E. 729
ection of HoS and vinyl chloride) .
- 10/6/h2 (CLOELCE,) 58 To. 3 | 100% s99%F.| 10| w0 Al 5 3
A - Rod 7%
——— e e e —
6/22/hz | 7L%, culfide, Lis{2-chloroethyl)- 5% 1004 199F.| 24 {21 51 13 h v.
8 66
{(Obteinsd by condensing the e
671574 gages prodvced in candling & 113 oh% . 10 1 w0 1 1
' / Sg/ > Levinsicin matard) > 00% 565 2
(C1CH,CHL) 8
“6/15/43 \ Ttala 2008 | 1006 | 84%.] 10l 12l 4 |
R 564 .
For addltional data on TL TW4, see Vesicant Comparisons,
] poge kLo,

Fagie R
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Concn. 43-Hour Readings
T and Temp.| No. | Erythemas|] Blisters
Series No., Compouhd Doge | Solvent] R. H.| Men | No. Size| No. Size | Status
9/28/43 | 957| 1risulfide, bis(2-chloroethyl) wo¥| 1006 1 79%°. 9 o -1 o -] W,
J-2 , 5T
C1CH,CH, -5, -CHCHCL
10/5/13 3 210¥| 1006 | 67°F.] 15] 0 1o
N 55%
Mot a vesicant. .... Porton Memo. No. 15 (19k1)
9/28/4% | 956 | FPentasulfide, bis(2-chloroethyl) 150 1006 ! 79°F. 91 1 2 0 - N.V.
J-1 - C1CHLCH, -Se ~CH,CHpCL : 5T%
10/5/1;.5 HE 0 e 2253 lOO'i 67°F. 15 0 - Q -
M 55%
£/31/43 | 903 | Sulfide, bis(2-bromoethyl) go¥] 1004 | 81°F.} 15115 211 8 | v.
3] T 5%
{BrCHLCHp ) o8 1. man vesicant power roughly the same as H.
-+++ British NRB 1940 g
8/3/43 | 42| culfide, 2-chlorocethyl 120X 1004 78%F.| 11 |1 51 & 5 | . N
4 2-chloroisopropyl- 65%
¢HaCl Vesicant properties are ahboult one-half aa potent as thees
C1CE,CH,S-CH of H. .... C.D.R. 1086, Vv.18194, w-93-18 (1941} (B-11k2)
CH
3
2/8/43 | bsh | Ether, bis{2-(2-chloroethyl- No. 3 3% 62°F.| 1515 51 06 - 7V
w mercapto)ethyl] ' ( Rod ) D.P.E. 36%
{ CLCHoCHLSCHLCHA ) o0 T closed : -
2/8/43 e No.'3 | 104 | 6°.| 15 |15 81 5 L
Ty - Rod |D,P.E. | 36%
(closed)
2/8/43 No. 3| 30% | 6°F.| 15115 11|12 7
U ‘Red | D,P.E. 364
{clomed)
2/06/43 No. 3 | 1004 2. 15 {1 13| 1+ 8
H Rod 364 '
(closed) |
For & review of the work of other lahoratcries cr the
veaicant action of T on man see: CWS Field Iab, Memc. 1-4-5
page S4b (194h) _ _




—————

Concen.

b8-Hour Readings

TL and Temp.| No. | Erythemas | Blisters
Series No. Compound Doge |Solvent] R. H.l Men | No. Size |to. Size | Status
11/9/43 | 1000 | Ether, bis{2-(2-chlorosthyl- 60% | 100% s8°F.) 15115 9 |2 2| v.
P-1 mercapto) -1-methylethyi] 58¢%
@1052CHESGHQCH(C}15)] 20
7/13/53 | 780 | Sulfide, bie(2-chloropropyl) 115% | 100% 87°F. 151k 8 11 61v.
BB 51%
(CHzCHC1CHp) 58 . 1/7 aa effective &g mustard applied undor Lhe same
conditione. .... Portom Memo. No. 15 (1941)
Not nearly es powerful & ekin irritant asg wustard,
«ree CoW.M, Vol. 49, 1919
1/29/%2 | 293 Sulfide, bia(e-dichloro- No. 3| 1004 70°F.1 171 9 3 0 - | E.
D 1sopropyl) - Rod 865
8/18/42 C1C C1 No. 5| 1004. 72%F.1 20716 5 1o -
> T e Rod 6 |
C1CE,CHCH;CL ‘
8/1g9/2" ' - -No. 5| 100% 67°F.] 19|12 ¥ o -
E Rod ) 80%
10/15/%2 No, 6} 1004 | 68%F.] 0|2 & {0 -
8 Rod - 4%
11/10/42 200X | 304 3%.] 10] o0 - {o -
S T.P. |D.P.E, 57%
12/14/53{ 1063! Disulfide, bia(l,3-dichloro- -200% 5k, 5s7%.] 11| o - to - | NV
I-1 isoproovyl) - | dloxane} LO%

N
(C1CH,) 5C-S-8-C(EHC1)

_O?.{'[_

TN
i
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Conen. 48-Hour Readings
TL ) and Temp.| No. | Erythemasj Blisters
Series No. . Compound Doge | Solventy R. H.|] Men | No. Size} No., Size} Status
6/1/43 | 34| Sulfide, bis(2-chlorobutyl)-3-| 220 100% 80°r.! 20| 0 -1 0 ~ i N.V.
EE 1 L 504
enjcg-gncga Non-veslcant. .... Porton Memo. No. 1% (1941)
3§
: CH,CH-CECH
&L 2 .
8/31/43| 905| Methene, bis(2-~chloroethyl- &f| wop | &%) 13|13 w1 1| v
T mercapto) - 5%
Man: 0.0l cc. drops of 5% solution in alcohol produced
(ClCHQCHES)QCHQ erythema in 3/6 cases. Drop of pure subsiance 0.3 mm.
- - ]
in dismeter produced vesication in &/% cases. Burns
thru clothing develop more slowly than those caused =

by mustard or HT 50/50. Skin lesions produced by 0.005 cc.'
of a 2.3 selution., .... British NRB {1540) '
Twiee as powerful as H. .... Perton Memc. No. 15 (1941)
Very dilute acetone solutiocns applied to animal or humans

i - skin, twlce as vesicant as mustard {erythema the criteriom).
vees (EATR 104} .. EATR 359 (1942)

7/20/33 | 781| - Thioorthoformic acid, tris- 65X, 1006 | 8%, wlis 8} 6 5 | v
R 1 (2-chloroethyl) ester | 62% .
HC{SCH,CH,;C1) 5 ]
1/13/43 : ) 195% |- 1004 87°F.} 115115 1|12 g9 W
BB 51%
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Concn. 48-Hour Readings
TL and TempdJ No. | Erythemas] Blisters
Series No. Compound Dose | Solvent] R.'Bd Men |lo. Size| No. Slze | Status

For additional

deta on TL 86, TL 153, and TL 258

sesc Bections on Vesicant

Compariaons and Vesicant Mixtures. .

f
‘.—l
[
n
'

9/ibfh2 | 86} FBthene, 1,2-bis(2-chloroethyl- | No. 3| 3% 76%F.] 15 |12 4 1 ;l V.
R mercapto) - Rod |D.P.E. T2% o
_ Sesquimustard Q
9/1hfh2 y : No. 3 | 10% 76%. 15 {15 1§ 8
Q neg_sgnegnezi . Rod |D.P,E, ‘ 2% | -
9/1k /42 1 B0 -5CHaC8, ‘ No, 5| 15% 76%F.) 1515 - 16 1'1s 10
P - Rod {D.P.E, 2% 1.
o/8/h3 | ¥ "Moo | omp|eeorr] 1507 5] 0 -
R .| .Rod. 'D.P,E. .| 364 -
*. | (closed)
2/8/u3 N ! No. 3 { 10% 62°F,| 16 ;16 B 2 3
M Rod 'D.P.E. 36% i e
(closed) -
2/8/k3 No. 3 | 15% €oF.f 1k k. 10 {11l 6
L Rod- DuP.Ea - 3%
(cldse%} ST
9/14 /43 . T 15%¢ 25% 65°F. 31 /3L . 23 | 30 16
L . ' D.P.E. 80%
For a summary of the work of other laboratories
on the vesicant action of § on human skin see
CHS Fleld Lab, Memo. 1-%-5, page 327 (15kh)



> AR L & i s o ey e el

DRETET Oy o

e
%, B

he: o T et

Concn. - 43-Hour Readings
L, and Temp.| No. } Erythemss| Blisters
Series No. Compound Dose {Solvent! R. H.| Men { No. Size| No. Size | Status
9/1k/43 | 9ok | Ethane, 1,2-bis(2-bromoethyl- . 15¥| 234 5% 31l )| o - | E.-
I mmaptro) - / R DQ?IE' N m
9/1/43 v| BrCECHSCHp 50 | 234 g};"r. 9(3 33} 0 -
MM D.P.E,
BrCELCH,SCHp . : %
9/21/43 100¥| =20 | 65%°. i 3| o -
M . D,P.E, 604
10/12/43{ 985! Ethene, 1,1,2,2-tstrakin- 70¢ 1004 g0% .1 1k) O -1 0 - | nmv.
I-2 (2-chloroethylmercapto) - 54%
10/19/u3 (CLCH,CES) oCH , c0¥{ 1006 | 77¢] wlo -l o -
¥.0 (CLCR,CHLS) ,CB 5h%
g/ik/h2 | 153 ] Propane, 1,2-dbis(2-chloro- No. 3 >% 5%, 151 & 301 11w,
U ethylmercapto) ~ Rod |D.P.E, 7%
9/1k/k2 H No. 3 10% 76%F.1 15|15 7 L L
|| SIS )
9/1k/k2 5 208 CHCRy No. 3 { 30% 76%.1 15115 1013 7
8 Rod {D.P.E. | 7%
8k /b2 No. 3 | 100% 76°F.| 20|20 13 |20 g9
r Rod 59%
2/8/13 No. 3 3% 62, 14 1 oo -
Q Rod |D.P.E. | 36%
{clomed
- ef8/h3 No. 3 | 10% 62°F.l 15{10 61 o -
P Rod [D.P.E, | 36%

{closed)

—F;ﬁﬂ-
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Conen . L8 _Hour Readings
TL and Temp.| No. | fryihemas] Blisters
Seories No. Compound Dose Solventi R. H.{ Men | No. Size| Ho. Size | Status
2/8/45 | 155| Propans, 1,2-bis(2-chloro- No. 3 |  30%] 62%.| 15115 12} & 5| v.
C ethylmercapto) - Rod D.P,E.| 36% .
{clomed)
2/8/43 . No. 3 | 100% | 62°F.] 15115 12)12 8
¥ Rod 3
{cloaed)
9/1/42 ' No. 5 5% T89F.] W848 18 | ko 12
A Rod D.P.E.| 69%
9/1/42 .No, 5 15% | 78°F.| 48148 27 | 48 13
C Rod | “D,P.E.| 6%%
8/19/h2 No, S 254 67%.| 19119 1% ] 18 8
A Rod D.P,E.| T5%
8/19/h2 No. 5 65% 67°F.] 20120 19 2o 12
. B Rod, D.P.E.| 80% .
6/1/43 15¥% 1004 | 78%.] 2020 918 6
N S
5/4/43 60¥% | w04 | 3F.) 1Blis w1 7
U 27%
8/3/43 | 843 | Propanme, 1,3-bis(2-chloroethyl-| 60¥ | 1006 | 72%.| 1{1x 2o 1 1w | .
W mﬂrcaptos- 55% ‘

HpC-SCHLCH,CL
H?- A
H,C -SCH,CH,C1

Comparison of ves

E-27% (Rorton)
‘Vesicant powér 1s about 4-5 times greater than H

when applied in benzene soln. directly to skin of
cies Vo 18617, B-1275 (Ptu. 1/5/42)

man, .

lcant activity of benzene solns.,
mustard 100, this compd. 300, Q 504.

v+ ETF 550

-~

-l -



(closed)

. Conen. 48-Hour Readings
TI, and Temp . No. | Erythemas| Blistere
Series No. Compcm_xd Dosae Solvent | R. H.] Men ! No. Size| No. Size | Status
k/e7/43 | 654 Acetone mercaptol, 120 1004 67%%. 151 1 2 0 - E.
vy bis{2-chloroethyl) - ‘ 624
CHz) AC CH,CL
. 5/u/us {CHz) ,C(SCH,CR,CL ), o8 | 1004 |73%r. 15] 8 w0} o -
RN 27%
6/29/43 | 768 | 1-Propanocl, 2,3-bie{2-chloro- 70 | 1006 |n%.) 2121 g 116 5 b v,
Y ethylmercapto) - . k14
6/15/83 H,C-0H 2K | 1004 |8u%.] 10}10 19 10 10
PP HG~SCH,CHCL 564
HoC -SCH,CHLCL ﬁ '
10/14/42| 258 | Propane, 2-chloro- No. 3 * | T4°F. 9| 9 61 0 o }v.
“J _ 1,3-bis(2-chloroethylmercapto)-| Rod D.P.E. | 52% -
gfikfh2 | - B,¢-SCH,CHyCL No. 3 ¥ |76°%F.f 15 )15 716 5
X . HC-C1 Rod D.P:E; { 72% ‘ -
*ofwafhe | - .| HaC-SCHCELCL No. 3 106 76%F.f wfin 10 |1s 8 -
W Rod | D.P.E. | 72% - T
9/ik/h2 | - | No. 3 506 [76°F.] 15415 10 |15 8 :
Y 1 Rod- D-I'P.E‘ 72% ‘T‘
7/1/42 - ‘| No.s | 1004 }n.R.] 2929 o [28 b -
YA Rod
2/3/43 No. 3 1006 | 72°F.] 10]10 1§ 8 5
18 Rod . 31% _
2/8/13 No. 3 % [er.d 15| 6 7 0 -
T Rod D.P.E. | 364
(closed)
2/8/h3 No. 3 104 J62°F.] 11| T,y 7
8 Rod D.P,E. | 365

- g.rl"[.-



U

Conen., LB3-Hour Readings
T, and Temp. No. | Erythemas| 8listers

Series No. Compound Doge Solvent| R. H. Men | Wo. Sive| Ho. Size | Status
2/8/43 | 258 | Propane, 2-chloro- | No, 3 306 | €2°F.f 16|16 91 6 6| v.

R 1,3-bis(2-chloroethyl- " Rod D.P.E, | 36% “

meyrcapto) ~ {closed)

2/8/43 No.3 | 1006 €% 15]15 13| 9 5

G Rod 36%

{closed)

7/20/82 . Ko. 5 14 |N.R. 21 121 10 0 -

A Rod D.P.E,
8/3/ue > No. 5 24 |[N.R. 21|21 710 -

M . Rod D.P.E,
8/3/h2 1 7 No. 5 % |N.R.[ 19|19 9 [ 6 X

1 Rod D.P.E.
8/18/42 No. 5 3% | 72°F.[ Lo |38 g | L 7

N Rod D.P.E. | 64%
8/18/42 No. 5 56 {72%.] 38|38 13 |13 8
. M Rod D.P.E, | 6L% ' L
7/13/82 | 258 No. 5 204 | 81oF.] 27t27 10 |26 6 =

A Site 3 Red D.P.E. [ 4% )
7/13/k2 { 258 No. 5 bog 181°.) 27 fer 11 {26 7

A Site 2 Rod D.P.E. | 67 ‘
1/83/%2 1 258 No. 5 % &0, 271 {27 10 |26 7

1 Rod. | D.P.E, {644 |-
6/1/43 | 258 16% | 100% 7897} 20420 n ju9 7

K ' N 5%
5/k/43 : 70% 1006 |73°F.F 13 {13 133 ] 9 8

v 279 | -

Information from other

gources §

When applied wndiluted to the forcarm of men (10) by means
of & capillary pipette, produced large blisters and a
greater area of erythems than equal weights of pure mustard
{0.05 mg.). Onset of erythema and blister formaticn. cc-
curred later then with H. Not an effective pasin producer.
veeo TOMR 470 (19L2)

Vesicant 10 times as effective as H applied under same eon-
ditiona. .... Porton Memo. No. 15 (19h1)

Arce of erythome on skin greater than with H. Also vesicle
formed was larger. Docs not peneotrat. clothing.

.e.s B-6h Sufficld Expcrimental Station, April 12, 1943,

r3

-~
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Concn., L3-Hour Readings
. and Temp. | Ro. | Brythemns | Blistere
Cerles TNo. Compound Dose Solvent)! R, H. | Men | No. Size| Ro. Size | Status
7/6/s3 1'767 | Butene, 2,3-bis(2-chloroetnyl- | 30¥ | 006 | 78%.| 33035 9 |32 % | v.
, mereapio) - Ti%
7/6/43 HC 60X | 1008 | 7hOP.| 201 20 9 112 6
2z B-SCH_CRLCL 1%
{~SCH,CH,
BC-SCHACHLCL
6/29{43 H5C nsy | w0t | n%.{ 29[/20 1 {16 10
b ¢ hig :
+__l
6/15/43 225( 100% 8’ .| 10| 10 19 | 10 12 I
ce . 569 2
: Vesicant action about 1/3 that of mustard.
¢... Porton Memo, No. 15 (1941)
T e '
:"-‘g- .
- 8/3/43 | 241 | Butene, 1,3-bis(2-chloreethyl- | 120% | 1004 | 78%.; 13{13 17|13 13 | v.-
U mercapto) - f 65 - .
E,Q-SCHACHACL
B¢
HZ-SCH20H201
Hs

-
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SULFOXIDES

Conen. 43-Hour  Reedings
TL and Temp. | No. | Erythemas| Blisters
Seriss No. Compound Doge Solvent] R. H.} Men No. Size| No. Size Status
9/21/43 | 907 Vinyl sulfoxide 210% 1004 659F . 8] o - 0 - N.V.
1-2 {Cri,*CH) oS -—0 60%
Undiluted compound causes soms reddening of the skin.
« - Porton Memo. No. 15 {1941)
9/21/43 | 905 | Sulfoxlde, a-chlorosthyl vinyl | 2ko¥ 1004 | &6°%.) 8| 5 -1 0 - | Rv.
I-1 cngzcn-;-cnecneu 60%
18/5/42 | 70 Sulfoxide, bia(2-hydroxyethyl) 200Y T 59;1'. 71 v - 0 - N.V.
g OCH,CH, ) n3-20 T.», 95% | 0%
(ROCH,CHp ) 53—+ alcohol
o/1k /43 | 795 Ethane, 1,2-bis{2-chlorosthyl~ 210¥ S 5% 11| v - 0 - N.V.
K aulfin;l) - thiodi-| 804
0 - glycol
4
CHp-S-CH,,CHE;C1
CHy -5-CH,CHACL |
9/14 /43 | 9L ithane 1,2-bis(2-chlorvethyl- 190Y b, 65°F. | 10| o -1 0 - | NV,
J sulfinyl) - thiodi~{ 0%
0 glrcol
|
%-S“CH?CHQCI ¢
. CHQ-S%CHECHECJ_
J——— S -

- ont -

ot



\r SULFONES w
j i
! Conen., ! 4B-Hour Readings
TL ( and Temp.| ‘No, | Erythemas | Blisters
Series No. | . Compound. « Doge | Golvent ! R. H.| Men [ No, Sire| No., Size | Ssatus
T/20843 | 797 | Vinyl sulfone 60X | 1009 80°.] 1510 b1 3 .8}y,
Y . 624
| { '
7/13/43 i (CHp=CH),S 1154 | 100% 81°F.1: 16 |14 g {13 7! v.
" '_ N 514 ||
0 Veaicant power roughly 1/40 that of H, but poiscmous
effect greater. Undiluted liquid applied to skin of
man produced sharp erythema in 5/6 cases and vesicatin
in 1/6. .... British NRB (1940)
7/20/43 7796 Sulfone, 2-chlorcethyl vinyl 0% 1 100% 862? 123 T 1 9 5 V.. .
x J .
'._l
C1CE,CH,, ,0 ‘ =
7/13/43 , St sl 135%¥ | 1006 | 87°F.{: 15|15 13 |13 9 ©
EE li C32=CH/ ¢ 51$ !
. |
. 12/14/43} 1038 E Sulfone, 2-chloroethyl 2007 27% 57°F. ’ 10| © - o) - N.V.
F-1 | p-nitrophenyl dioxane | 40of |l
' B
0 I
N
110205-03205201
0
[]
10/21/%2] k13 | sSulfome, bis(2-hydroxyethyl) 0¥ | . 304 7°F.] 101 0 -to -] Nwv.
K 10 vater hse, :
{HOCHACH» } »2
12/8/k2 Raele * 0¥ 1 304 N.®J] 13| 0. -]o0 - L
P ° wﬂ.ter
| -




cmcn.‘"r 48-Hour Readings
L and Temp. | No. | Erythemas | Bligters
Serles No, Compound. Dose Solvent] n. H.| Men | No. 3ize | No. Size | Statua
2/8/h3 k| Swifone, bis(2-chloroethyl) Fo. 3 ¥ | °F.] 13] 1 6t1 5 |V,
J o Rod. dioxane| 364
sx {closed)
. (ClCH?CHQ)E “J
2/8/43 0 Ro. 3 104 | 6°.} 151}10 312 3
K Rod dioxane} 364
(closed) -
2/8/43 Ho. 3 | 06 | 6%.} 15|12 5] 9 3
I Rod | dioxane| 364
{closed) 1
10/6/42 200% | 45 [59%.7 919 sV 6 3 "
Z T.P. { dioxane| 724 2
1L/4/¥3 200% | 4 {68%.] 19({13 & 111 3 '
Q - | dloxane| 25% .
In weak solution wore vesicant thean H., Man: 0,005 cc.
of 0.09% solution produces skin leeion (¥.R.), 2 mm,
drop (0,005 cc.} of 0.1% solution in water produces a
vestcle. .... Britieh NEB (1940)
7/13/43 { 798 | Suifonium selt of 2008} 7% | 8%.| 16| 0 ~ 10 - |~V
423 : thiodiglycol and water 51%
bis(2-chlorcethyl) sulfone ’ }
3 7 8]
{HOCH,CHp) oSCBRCHp [
Q
v T ) T e
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ORGANOMETALLICS ..

-

all fowr cf the meroury compcunds tested were vesicauts, and TL 955, 2-furylmercuric chloride, was
quite active. The tributyl tin halides were fair vesicants, and selenium oxychloride blistered 15/18
mez. The selenium analogus eof mustard was only mildly irritant.

Cempounds of antimony, lead, silicer,
and thallium were non-irritant.

i Antimony f
Concn. \ 4B~hour Readings
L ' : © and ' Temps Ne. &Erythemas; Blisters
Series Yoo Compound . Degs Solvent R.BH. Men No. Sizel No. Size Status

8/5/42 [216 | Stibine, tri-Z-furyl- . No. 5{ 47 |W.R.{ 2010 L ’
/ , _ .

- C - LeVe
Rod !dioxans .
RG—CH |
- i . “ 9
10/5/42 | A 200f | 47 |69°F.f 10 | 0 -i 0o -
P ot . dioxane | 78k
9/22/42 | 366 | Stibine, tri-2-pyridyl- 75% | 48% | 59°v. 20 | ¢ -1 0o -1 wv.
A . dioxene | 47%
(‘ND )asb

Lead
- K| 1
S/EVQZ 246 | Triethyl lead thiecyanate No. 3{ lo0% N.R.‘ 20 1 © -] o - \ HeVo
E : Rod
- (CqHg )aPtSeCN
§/19 /42 ‘ : ¥o. 5| 1004 | 87°F.f 20| o -} o -
D ' -~ o Rod 80

- T6T



Concn. 4d~hour keadings
TL and Terp. Lo. Lrythimes | 3listers
Series No. Compound Dose GSolvent R.i. Men He. Bize | Lo. Size Status
L I L T ety S S
P t— )
7/20/43| 747 | Mercury, 2-thienyl- chloride 160} | 200 | 66 F.| s=ter 10 | 8] ¥
S5-VV (cont'd. ) ‘dioxane 505 -
Y 6/15/45 . _ 200 2o | GeF g e s s
HH 1di.o;cm:m 567 |
Selenium
¥ _ i l ] :
11/5 /45| 992 | Selenium wxychloride 1208 | 1000 outi ) 18 11e 5 |1s s | v
0-1 | 58% - | |
Sﬁmlz ‘ i
Corrosive action on skin, producing burns which are slow
to heal, the selenium absorbed through the skin acts ss
. _ a systsmic poisones..british WRE (19=0}.
8/51/43] BT+ | Selenide, bis{4-chloreethyl) go¥ ! 1005 | 81°F.) 19| o - 10 -] B
S - T5% :
M . [ 3
|
(C 1CH,Ciy szB ) ' : l ; I l - '
. ' ' 2«0¥ 1 100 | 7¢°¥.] 9l 5 9 {0 -t
9/1/45 R R, 1 : ‘
I = | | |
- . e 1 i.
- $ilicen? _ )
P BN v 1 o | ' - o) “ ] KeVe
s At ' tetraethyl- - No. o 1007 | 7J'F.) 20y 0 "
7/‘4:-/‘*5 245 | Slilicane, Y ‘ R 1 ege R
) ) (CaHs)e81 . | No. 98] 100% Te F. 20 O - 0 -
. E/{lﬂ/&g | iy ) : Red | 64l
L { . =
N )
- L]
- L i
! { i

- 241 -



~ j“‘-—. s
Meroury ) ‘
. Cenocn. 48-hour Readings
TL and Temp. HNo. Erythemas I Blisters
Series RO Compound Dose Solvent R.H. Men No. Size| lo. Size statug
5/4/45 617 | Merocuric shloride- - - 100¥ 1% 75Fo | 1e] 13 8 5 5 v
1I acetylena: complex : dioxane| 275
CeBeHECl, or may be i .
CoHe "HgClg > CLCA%CHHEC1
9/28/35 | 955 | Mercury, 2-furyl- ohloride 008 | 206 | 79°F.| 1ol 1o Bl 9 7. v
1-2 dioxmane} 57
C-nCH
1 ’ Undiluted compound causes some reddening of the siciz,
PHGC ., . .caPOrton Mm Na. 15) lgtl-l
8/3/42 |215| Mercury, di-2-furyl- No. 3] 51% ! N.H. 20117 3 I'n 31y
¥ iod [dioxene
!}—— -CH .
8/18/42 No. 5§ 3% | N.R. | 20)x0 & {12 o
G Rod dj.oxape
6/29 /43 | 747 Hercury, 2=thienyl- chloride I.OOX 206 T1°F. 15110 5 4 0 - v
v l . o . dioxane!| «1% " K24-hour readings)
i ]
(;)*Hsﬂl 18] 2 7 i p -
= o (48~hour readings)
- o L :
7/6/a3 -' 100¥ 1 206 -] 7a°Fu] 16 |1 6 3
xx ", |dioxene| 77%
/1343 0¥ | zap {e7or| aalie s s s
I. Ny - dioxane 51%

T -
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Thallium
i et Srlbrancl Conon. 4«B-hour RKerdings
1, and Tomp. No. Brytheras! isters
Serieas  No. Compound Dose Solvent R.H. den lios  Sized NWo. Sizo Status
1 — I - T T T e e e,
9/¢2/ee | 366 | Thallium, {ethylthio)dimethyl- No. 71 &4% | S5v“F.! z0! o - o T Y
L] B . Rod diox&ne ‘*Tfa
(CHz )2T1SC Hy
,3/6/‘:3 1531 | Dithioccarbamic acid, 2&0! 425 T1F. 10] 0 - 0 - | V.
L N,i-diethyl-, dimethyl- caloro~! 2%
*  thellium ester form
g
. (CoHg )oNC-STL({CH, )z
X - - _ : - —
3 3/3/&3 532 | Dithiocarbamle acid, 2203' 22% T1“F. 1D 0 - 0 -1 M.V,
. M N,N-diiasopropyl-, dimothyl- ochloro-{ 23 |
; thallium ester form ;
2 s . |
- { {CHg )2 CRILNC-ST1(Ciy ) -
" 9/A5/«z {464 | 2-NHonen-2=ol-4~one, 75¥ 1 27 | 75%%.] 201 o -1 0o -1
N 1,1,1-trifluoro~, T+Pe |dioxanc| 784
dimethylthallium salt :
GHCOCgH,y
{CH3)2T10C
N CFa
N - )
Tin
3/2&/42 25 | Tin, br‘omtributyi— Ko. 3! 1005 i e Re 26 121" i{.KH. % u { v
A e Rod
) {CHaCHLCHLCH,, ) SuBr N
i

-- w\



Tin (continued )

Concrhe. sHehour headings
| TL and Temp. Lo. Lrythemas !Elisters
Series _ No. Compound Dose Solvent]_ Reila den  lo.  bSize | jo. SizeéStatus
s/2=/<2| 2« | Tin, tributyliode- Noo 3} 100 | LRe | 26 [16 Tewe | 2 | v
A . - Rod

(CH,CH,CH,CH, )xSnI

among the compounds in.this group, lodopropargyl mlccaol (TL 771) snd bromopropiolic acid (TL 770)
good veaicants, and propiolio soid (1L +98) was a poor vesicent.

ACETYLERE DLRIVALTIV.LS

4

all cf the rest were non~vesicant.

s VEre

L, T L T ' T N
4[@?/&5l 661 | 2-Propynyl ohloride 215Y | 100 67“F.: 13 ?o - O =} T
x ! 62‘/3 i I
CH:C-Cil,CL i | '
1 ] I -
M : A"
4/27/+3 ) 662 | Formic acid, Z-propynyl ester 206Y | 1o | 67¥. ] 1o lo - 1o - -y 7
a Y ) .- . . 6’)"’0 [}
Propargyl formste v
0
BE-OCH, € CH |
- - ——— - +
7/13/«3| 771 | 2«Propyn-1-ol, 3-icdo- 100Y T2, s7F. 1% @b 7T 411 B } 5
it - dicoxane| 51,
I-C=C~Ciig OF
3/0/=3 | i98 | Propiolic acid 100¥ | 100% 7o b g 6 4 0 - v
88 72y
. ”-0 -
3/17/45 HC CC-OH - 200¥ | 1o0% | 65°F.| 10 |5 « | x 2 E
27 - - SV !

e



J
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Conen. s=C~hour keadings
TL und Temp. No. LErythemas! Blisters
Series No. Cempound Dcsg solvent h.eid. ien  no. Tiwet no. Size Status
: . = —_‘::TL:‘::_‘_f_ je——
7/15/43 { 770 ' Prapiolie acid, bromo- 100Y | 68 | emr !l 151« 7 01, st v
ah l . water | 81, |
t 19 ‘
[ Bre:cc-om §
+
1/a/43 497 | Propiolic amcid, methyl ester 200Y 1000 | 68'F.} 9] 0 -1 0 - .
U , 25%
9 | .
12/28 /a2 HC2CC-0CH, : Mo« 31004 {68%¥.| 98i0 - {0 -
P Rod :
12/28/42} 496 | Propiolio acid, ethyl ester No. 31 100% 65°F.| 1o 1] o - 0 - i
0 Rod |
L
1/s/3 HC: CC-0C-Hs 200¥ {200 |&8%.| 101 1 {0 = '
T ; 25% !
—— =
3/17/%3 {570 | Propiolic acid, 2-chloro- 2007 ! logs 65°F.| 12 | O - o I =)
JJJ ! ethyl ester =1y !
D l i
EC:CC~0CH,CH,C1 ! |
- — i A
9/21/53 830 | Tetrolic acid, methoxy- 210 | 100Y% 65y, 12 Vo - 0 - oY
K'l 60/6
by
9/21 /43 |929 ; Tetrolic mcid, methoxy- 200Y ! 100w |e&5¥.] 9 o N
J=-2 | methyl ester &0 ;
s -




- i

) Conen. : «8=-hour Resdings
TL , and Temp. No. bLrythemas!| Blisters
Seriea No» Compound Dose Solvent R.H. lien No. SiZGI Ho. Size Status
B T i
5/@/&3 631 | acebtylenedicarboxylic ecld, 1151' 100%-_T To Y. 1w 0 - l G - e Ve
LL dimethyl ester 270 ‘
- O . P :
: v 2307 | 100 | 63F.| 13 - -
5/11/«3 o d-ocis ¥ | 100 | 65| 12 0 x )
KK “-G—OCH /o :
c \\0 3 o |

Vosicant action to man vhen epplied undiluted or in
0«1-50» weight volume solutions in acetone is less than
1/10 that of mustarde...BalR 28s (19.2)

- B! " I 3 "T_ !
l/%l/%b 1912 ‘ acetyleaedioarboxylic acid, 200Y 1 100p Bl*Fe } - 17§ © - Y0 - | 1TV
Y . diethyl eater i 755 t .
' i i
0 neport of an mccident occurring durings its preparation
CeC-OCily {1¥éb) indicated the compound to be a severe vesicant.
C*C-0CH5 eee FATDS 66 (1941)
C

It

Veslicant actien to man vhun epplied undiluted or in
0-1-50/ welight volume solutions in ucetone is less thaxn
1/10 that of mustard....@.TR 284 (1y=2)

1
12/28/42] «93
N .

1/4/45
s

Carbinel, ethinyl-

H
(0Hg joC=CE-C-C Cf
: ¢H

8/81/s3. ] 915
z

!

z-Pontyne-4-one, l-mathoxy-

CHy O-CHg -C: c-g-cna

No. 5| 1004 | 68°F.| 10{ 0 - o0 - iunv.
Rod i
200Y {1006 |68r. ] 161 0 - 10 -
- 25%
1
2007 | 100% | 81“F.| 1| 0 - | 0 -= {nu.v.
| 7By

-=L0T -

NI

L



LESTER3

2~Chloroethyl vsters: Three vesicants, bia(Z-chloreethyl; trithiceerbenrt (TL Y&0). »r veidentificd
roactien product (TL 959) isoluted in the preperation of TL 960, and 2-caluvroctinyl ritrite {IL o2s),
sre in this clascification. Of the others, bis(2-chloroethyl) thicoxalste {TL vb+) was thy only
lrritert.

hsters of Fetty Lecids and Halogeonated Derivatives! unone was lrritent or vesicant.

2-Chlorcethyl msters \

-

Concn. =B-hour Readings
1L 0 and Temwp.  ho. bryticwas: Blisters .
Series Ko. Sompound Doese ovolvent n.H. Men No. Sigel jio. Size Status
; ; ooy | i !
5/&1/%5 677 | Formic acid, azo- tis{2-chloro~ 210Y | 1000 63*Fe v le | O -, O - i NeVe
1L ethyl} ester 556 1 ; 3
. i } '
C1CH,CHeO-Cy 1 2
' C1eH,CHpO-C=N - § - l ,
I R “__%“*ﬂ_“gﬁ_,m — '*,_wqw____u__nﬂ._uﬂf_ﬂ_m
5/@/@3 671 | aeetic acid, fluerc- 1957 1004 ' TS“F.: 1} 0 - 0 - ] LieVe
[4'0] 2«chloroathyl eater 2Th i
0 l
FCHgC-OCHCH.CL u % N
. 2 WY ' ] -
B/a/42 | 3835 | acetic aoid, thiol- . Ne. 5 { 100n e {19 50 - 0 = lN-V-
- K 2~chloroethyl ester -+ +k Red 59, N
8/17/—*2 s} No. 3 | 100 83%F . 1v 0 - G - \
N CHoC~SCH,CH,C1  kod | 79 ) ; | )
¥ - R .
_ a



—rmp——

Ccnon. [ «8-hoyr Roedings
TL ~and Temps No. Lrythemas Blisters
Serive __No. Compound Dese Solvent R.de. Men No. Sizol No. Size Stakus
- T ? T_--"" = S e
o fez/az| 353 | acetis aeid, thiol- No. 7| 100 | 89°F.l 21| 0 o -1 wv.
1 2-shloreukhyl ester (oemt'd.)} Red I‘ %7y
o
10/6/42 soo¥ | 1006 © B9°F 10{ 0 -} O -
v Tpe| L Teh
1/100 as- offective as B appliuvd under the sume comdition
---caritlﬂh
—_ . - f-——--#-—--—r--'--»--—-—'i——*--—- -—-T—-—- -—-o--,—u-—-——-r—a— ] B —_—
9/28/a3] 954 | Oxallc aoid, aithiocl- 1008 | 44% | 79° ol 9 1wl o -k
-1 vis{2-chloroathyl,; ester dioxanc 57%
| G-SCHLCHLCL l
‘{ G-SCHLCYHLCL !
O .
- '
10/5/5 yoof | s |67° | 11 10l 0 -
L ' dioxenc | 554
afofas | 555 carbonio seid, ¢-ohloroethyl t 100% | 1004 | 7%*’1-‘." 10| O -0 - | uve
FF \ methyl ester ‘ : ! 28
: I
w/lofso | cnao-g-oc:faamium 200¥ | 1009 | 63%¥.| zi o0 -} O 7
S l ‘ : i 28k I R
' 9/e8/i3 960\ carbonic sold, trithie- 70| w05 | ™ | 7 ‘ 17 71 7 s} Vv
T e \ Bic(z-ohloroo_thyl) aster . ‘ 57,10. |
. - ) - . . . 1
L | §=C (3CHaCH,CL /2 1 1 J

- "6 -



Concn. 48-hour Readings
. TL and Towp. to. wcrythemes Blisters
35_31}-.&___14_0: _ Compgund Doso  Solvent Refle  hun No. B8ize! No. Size Status
1 - | - e e
9/28/-:3! 90¥ | lLeaction product of thiophosgene 70| 100, 1| 9 E 11 |11 6 . 1¢ 5 1 v
K-2 ] ! and 2-ochloroethyl mercaptan | | 5% |
. twaction produot of | :
| Ciel, and i
i C1CH,CH, 81
. S - S — —f— — —e L
9/2.1/%2} 480 Isceyanide, Zidxloroet}g:l- Fo. 51 100% 86 F. 20 0 - 0 - Ve
R ‘ ' dichlorid. . ned ' 487 t
10/5/42 ClCEuCHR=CC1, Ezooé’ | 100, | 59°F. | 10 0 -1 0 -
k'] 1 { T-Po 78}3
1 i r—— - et el Rt e -y ——— - __‘_‘ - e ———— == _ = - -
2/15/‘:2:'[ tlo Isocyanio aoid, Z-chlorocthyl 200 ¥ o0, < TAd 13 | o - 0 = {1 H.V.
— K i ester ) 8% I
1..:- " '
iy 1
i ‘ | CLCH, CHARK=C=0 _ =
—-- i ! SIS VRPN U Ep P . e e
. 8/6/+2 | 535 ' Thiccyanic acid, 2-chloroethyl |No-.3| 100z | Newe | 20 | 0 - Lo - juwv -
""" L : . estuer | Hod i ' i
I i : !
— . . . i
8/17/2 | . ClCH,C4,.3CX No. 5| 100+ | 6o l'.i 20 | 0 -1 0 - |
S ! . . kkod < THE | ;
) . - ) s
. lofs/faz : 200¥ | 1000 85| 1o lo - | o .
Y | . 78
- T SN S - —t— - S
9/‘2/&2 CY-LN l Hitrous acid, Z-chloroothyl L jo. Bl 100G BED . ' 1y 1 2 0 - v
T | estor | koa 61
9/15 fa2 C1CH,CH,ONV ' 100 X 100, 75F. | 20 [18 2 410 oz |
- B . . . TeP. ) 7!‘3‘/_ i |




T T

. Concn. 48-hour Rreadings
T4, R and Temps no. Erythumas Blisters
Saries No. Compound Dose Solvent R.n. M¥Men HNo. Slze No- Slze 5tatus_
V - T T o o | : T T
9/7/42 | 3256 Sulfurous acid, 2-chloro- ‘| Roe 5 1006 T4 F. 20’ 1 4 o) -t g.uv.
othy)l ester i Rod | 78% i
y i . By ! L)
9/c2 /a2 (C1CHCH,0 580 ! Noe TI 1000 59°F.j 21 0 - 0 -
/H/ A t Kod 7% i
9/15/42 ! , . 100X} ook | 75°%.| 20| o -1 0o -
O A T.P. 8%
10/5 /4% ! R o 200¥ ) loos | 5u°F.| 101 o - 0o - |
/z/ a4 T.P. 79% | LT
: ‘ ‘ Net a vesicant....Porton kemo no0. 15 (:E:.:Fg_l)r -
T Na— l ' T
9/21/43 {917 ! I1s{2-fluorcethyl j.sulfste 260 1000 | 65° 5,0 - } o - lu.v.
. T .' ) ‘. .- — ol SG{% ;
. (FCHQCHZ0)50, -
o S +- —t—— -
7/29/42 | 503 | Silicic mcid, 2-chloro- . T Nos- 3 100k 70°F. 1 151 0 - | 0 - ] K.V,
k ' athyl cstor i Rod C|-88% | ‘
, (C1CHACHL0) 81 _ ‘ ‘ '
8/6/42.- : . ," J Na. 3] 100 | N.R. { 201 0 - ! 0 -
ok a vesicant....Porton emo No. 15 {1vel)

71°%F. 10

| !
10/31/4 423 | lormic acid, ohloro- . l No. 5! 1007 Lo - ‘ 0 - iu.V. -
M 3‘ athyl ocster 45) l |
| P | | i | i
' CIF'OCQHG . - - " I ’ i 3



Conens 4f-hour Kecadings

. TL and Temps Noo Lrythomas Blist.rs
geries  Noe« ‘__Eggggund Dose Solvent e wen Ko. Size | wo. Size Status
|13 ] T R S _T—-———"f#——__*—_—_":::—'_—_—hr_p",_———_..‘*
11/u/sz | 4gs | Formo scids ehloro- 100 &} 1005 °F. |
U athyl ester {(cont'd.) T.P.
1111/42 ] 200% | 100%
) R TePo
11/&1/&2] 38| Formioc aoid, chloro- No. 5‘ 190%
L ‘ phenyl ester . Rbd )
12 /8/4% go .| 200¥ | 1005
u Cl "msﬁﬁ ToP»
11/11/42] 699 jormic acid, ohloro- Ho.- 5 | L0
] 2, 4,6+trichlorophenyl Rod
ester
12/8 /42 2008 | 200 '
N o Gl ToPe B
018: _ o
Cl cl 1 '
s f6/t0 | 529 heetio scids 1,¢-dichloro- 2005 |100%
cC " ethyl ester’
Cﬁaé-)OGHCICHgGI [ i
— e
3/3/s5 | 620 Aoetic acid, dichloro- 200§ ‘11ocr,,
S flucroethyl ester
CIQCF(jemaau

5
_,_........._—e--———L—-._.— - x i __,____.——~——-‘-‘“—"a—-._,_._--———'--—-—_-—- i . II
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Conon. 48-hour Readings

and Temp. ko. Erythemas, kliscers
Series _ No. Cogound Dose Solvent K.H. _ben No. Size! No. Size Status
2/15/43| 516 | Asetio acid, trifluoro- zoof | 100 | 6zr.| 7l ¢ -1 o -dwv.
L rethyl sater 267
F:,CC;-,OCH;,
6/15/43] 765 | Acetio acid, iodo- 2508 | 100% | 8a*r.| 12 | 1 310 < g
NN othyl eater . : 46%
K Renders akin abrasions very liable to infection....
ICHgé-)OCaH, NaB British (iveQ)
¥ ]
5/5/43 | 621 | Butyrie scid, o{-fluoro~ 2008 [ 1006 | 75%%.] 7o - o =1y
YY othyl ester T3
cr-ac&acm@ocgn,
3/23/a3| 619 | Butyric acid, ¥ -fluoro- 200% | 100% | 75°F. 6 |0 -0 = lav.
LL othyl ocator : 40%
FCBgGHﬁCHngCaHu
' 9f/uz | 364 | Valeso acid, dimethyl ester No. 3| 100 | 74°F. | 22 | o - 0o - {wnvV.
‘ 4 K Kod 785
9/21 /a2 K -g-OCH,, No. 7| o0 | 66.| 20 |0 - {0 -
ﬂu/ Hgé ~OCHg Rod 48%

-g‘r}'[-



conecn.

&6 hour Keadings

T, and Temp. No. - thomes 3lict.rs.
Seri.s  No. Compound Dose 3olvent H.H. Nien NO'_nEEEt__NO' Sizu Stutus
N ¥ 1 1 ) A E
10/11/22[407 Mi.leio acid, chloro- No. 3] 1004 74"F. 10 © - 0 = | 1eV.
| dimohyl ester xod St
10/19/‘;2! 9 No. 5{ 100% | 68°F. 91! o -1l 0o -
i C1G=-C~0CH, iod 41%
| B~b-g-ocﬂa ,
10/c1 /a2 0¥} 1006 | 71r.| 910 -1 o -
H ‘ \ T.Pe} - «5%
Q/iéfih Suwe| Fumarlc scid, dimethyl eater No. § 9% 764l 2041 0 - 0 - | 8.V
P . : Bthyl 78:/0 -
3'- acatate
-, . HG-C-OCH,, “
10/5 /a2 cna-o-g—cn 200! 9% |59F.| 8| 0 -lo -
| T.P. | ethyl | 78y
‘ acetato
12/28/8421501 | Fumeric asid, chloro- No. 5] loUe | 68°k.| 10| O - o - L.
R ethyl ssser Rod
1/4/e3 Q 200X | 100% | 68F.{ 10| 0 -1{o -
v C; n.oc- cl 25%
3OGBHE
4/15/«3 (655 | Vinyl isadochlorate 100¥ | 1000 | 65%Fe| o510 - -~ | 0 - {wmv.
Y - 285
. CClm-Cl
4/27 /43 cn,.-cn—o- 37 . zo0f | 100%» |67F.| 15 o «- {0 A
W~ . C=0 62y

- %97 -
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Conzn- T 48-hour acadings
“rl \hp.  No. Erythomes Blistsrs
___g_o_lgound bosa Solnnt__lz_.r{. lienn  [o. ——ij. Size St.tus
2/23/43] 466 | e-Dichloroisepropyl chloro- 2003 1005 87°F, lll o . _
. R ) sulfinate o6 i
ClcH, !
- ' CH-030C
Clcdg
_ ' ‘ -—— — 4
0/4/42. 78 1,6-Hoxanediol diisccyanate Ne. 3| 1o |, 76°F. 19 0
B nod 5%%
OCH{CH ) NCO
8/17/42 | No« 5| 1005 BoF.} 20 0
AC/ i L. Rod 79?’0
10/5 /«2 . 200% | 100% | 89°F.| 10 o
HH T.P. 78‘/u

Bromoscctyl bromide blistered ohe man out of 16 with « Ko.
Rode In all other tusta it was non-irritant.

ACID HALIDES

The othur compound
i

4/6/u3
FY
--./6/&5
:» P z
4/6/43
i

832

Acetyl bromide, bromos

BrCﬂ,;ceBr =

No. 3
Hod™

NOO 'b
Kod

Now 3

“Rod’

254

) D'P'L-'

50/\1

DQP-I_'.-

1005 .

28,

?_6 ul’ .
285

76°F,
28%

15

15

16 112

S Rod, :nd irritated 13/19 with g
§ of the group wore inuctive.

e — e

T6°F, |

. ————— .

ey
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Concn. 48~hour Headin:ss
L and Temp. No. Lrythemas| Elisters
Series No. Compound Dose Solvent K.fl. Nen NO. Size! No. Size Status
+/6 /43 652} Acetyl bromide, bromo- (cont'd.,| ho. 5i 100% 76°F« 19 1o 5 | 0 - v
% kod 26%
4/13/a3 1168 | 1004 | 65°F«f 5| 0 -1 0o -
M 28%
; 1/¢/23 | 508| Oxalyl chloride 200¥ | 1000 | 68°F. 310 -1 o -1 uw. -
W ' 25% - :
€10ccOCL .
6/1/43 | 691| Butanesulfonyl fluoride - 250% {-100% ‘| 80°F.] 20| O - 0 - .
DD - P . 59% -
C BgSOF . . : e
10/21 /42| 443| Sulfamyl chloride, dimethyl- No. 5§ 1005 | 71°¥.] 10| © - 10 - | NV ,
Y " Rod 45% y
.t (CHz)oN80,C1 . X
118 /a2 100Y | 100% | 75°F.] 1o | o -1l o - .
w o T«Pu 46% -
1111 /42 . 200Y | 100% | 73°F.] 91 o -io -
AA TePe | 315 I R

ETHERS

- Bis{isothiocyanomethyl) ether (TL 275) was irritant with No. 9 nod und vesicant (2/7) at 0.2 mg.
The other ethers {including epoxy ocompounds) were non-irritant.

X 8/4 /a2 I 2735 | 5ther, bia(isothiocyano- o. ;e,‘ 100% {VGE‘F?l 20 | 3 s 1o -y
’ B methyl) Rod 1 59% 1 i
" ($»C=NCH, )50 ! ‘ ‘ ]




T T TRITE T TR RETTT R WERTIT LTI . T R T - -
‘ By % AL Ky
> < i o N : : -
’ ) o Concn. 48-hou sadi
TL . . ) ‘ and Temp. No. brythomas: Bligters
« Series ]-No. Compound Do_s_; 3olvont R.H. Man lo. Sue‘ ios Size Stutna
8/i7/a2 | 273| Bther, bis{isothiocyano- ¥o. 5| 100% | 65°F.| 20| 6 61 0 -1 v
' nc_thy].) (oont'd } Rod 79%
M ok fen | g 200% | 100% | 59%.] 9 o -0 -
t FF T .TI_P! 78?’:- . )
nAv/s2) ' : « -« 1.200% | Lo | To°F.l 7 6 6 | 2 2
R B R T TePel .. 151% i
3/9/45 | 58 Ether, hia(z-ohloroethyl ) 100¥ 100 |75°F.! 6lo - | o - |nv.
cec R 72% .
(CICHgCﬂg)aO . '
SAT/S | 200Y | 100 185°%.] 10: 0 - ]lo -
. . . ‘ %1% !
4'- hd — - ,_],,.__...__ - - —T -——!—‘— —_-
2/23/a3 | 469 a,s-npommohuena 200¥ | 100 {67F. ] 11jo0 - 1o - jmv.
o U 1. , - : 3o v
S n.c’zﬂ\:n
= Co P 3.‘! n}
- L ———h R N [ DR
8/17/a2 | ‘Tal4,T-Epoxy= - o Fo. 5| 6% [6s°Fu| 180 o {0 0 inv.
. ; ‘ fl.S-vilpbenmfurondiuna Rod -} dioxanc: 79%
' ’ ~i‘3-"~5 SR 200¥ | 6% [ssr.l 8lo o lo o
42
10/»?1'/ ey 0’ : o K. | dioxanc|72%
::r- A

Lot -
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3-211yl omtechol, the two geranyl catechols, und pyrocatecholphospliorus monochloride worc irritant

Yut not veaicant.

CATLCHO

Conon. 46-hour deadings
TL Aa.nd Temps No. Lrythemss Blisters
5 Ho. Compound LDoso Solvant «.H. Menm Noe  S5izg No. 3ize Status
= 7 —
3/19/42 142} . Pyrocatechol, 3-allyl- l No. 31 1uuhk NeRe 19 6 Ne ke 0 0 &
A . .. | Rod

.- OH i
H . Some skin irritancye...Hawni, Sci. Pup.rs Inst. Phys.
RoCH=CH; . | Chem. Tokyo 3 263 (}925)

—_ , } — — f ‘ | .
6/16 /42| 223| Pyrocatechol, 3-benzyl- No. 3| 1004 ! W.k. | 151 © - e - EB2
A - . Rod :

OH .
HpCaBg b e
6/16/42| 224} Eyrocatechol, 3-(l-vinylethyl)- | No. 3| 100k NeRe 15 } 0 - 0 -~ (i.V.
A ' Red
T 0l
H 8
HCH=CH,
3 Hy ) ————
6/16 /;*2 225| Pyrocatechol, d-geranyl- No. $; 1005 HeHe 15 11 Neke 0 - -
A . Rod ’
. OH * . i
H Merkod vesicant wctiome...Hawai, Sois Papers Inst. Phys.
S 26 A
ﬁzCH'C‘CEucﬂuCH'g'cuo (Chem. Tokyo, 5 (1925)
- vi; By .
i T

r

-99'[-
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A TR T FE
L / C:ﬁgn- . . h&B-hou: Readings
ierieﬂ No. Compound SMpa O« T ama Elj sters
mp Dose dolvent n.H. kon Ho. Size| No. Size Staty
8/42! 144 $m - . ; =
3/?5/ 1 ?yroontechol. $=gerany) H?- Sl 100k N-.R. 19 4 Noke o 0 A
- rod .
g-cacu,ac g -0 =CHCH,
: L85
. " e .
3/17/%3 584| Pyrocatechol phosphorus . 100‘ o0k 65°F, 8{ 0 - r_ 0 i
KK monofluoride 21% N
3/23/;3 0331’31 2008 | 100 Z?fp s1lo - o -
/ﬂ
__._._,...___._4_. : - -
il H i o
34 /ad 539 | Pyrooatechol phasphorus 200 | LG 75° 711 + 0 - b=
1T . monochloride 72% & '
o En
. a u \O
: Crow -
- N 3 z
HISCELLANLJUS
tne of tlu five compounds not elsewhore olaanified. nhloroallyl wlechol, ;uas uh irritents The

cihars were non=irritant.

- Lluﬂhol} .
B/4fa2 | 292 2-Propen-l~cl, S-chlore- No. 3 |300%. [76°%. [ 20 {1 & 0O - | ®
’ 59%

' C1GH=CHCHg OH

fa

-t

Rod |
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Concn.

48-hour headinys

TL and Temp. No. hrytheme.s. Blisters
Serius Kow Compound Dese Solvent R.H. Men No. GSizel Lio. Yize Statug
8/17/%2 292 | -Propen~l~o0l, é=-chloro= No. B 100k 63%Y. 18| o - 0 - ! B, )
L (cont'd. ) Rod 79%
10/%/@2’ 200¥ 10 59°F. 101] 2 a9 Q -
. EE TOP. ?87‘31
|
Singlp 2 mm. diemeter drops of compound udplicd to the
forcoapms of each of b men. A vory feeble skin reaction
occurfed (loss than u similar reaction of 1% solution
' w/w o{ mustard in dry benzene. It is therofore con-
cluded thot the compound is not apprucicble vesicant
.| beingjless than 13/100...+B-1205, CDR 110= (Y.20346 )
. -
: |
Quinone
10/6/42 | 396 |1,4-Naphthquinone, 2-methyl- 60f | 22 | 59°F.| 10 | O I L T
R v TePu{dioxane | T2%
10/19 /a2 g 2008 | 22% |es°p.] 1210 - T
v . : T.P.jdioxanc | +1j
- MISCLLLANLOUS HalOGuN COMPQUNDS . -
9/21/43 936 |Lthane, l=chloro=2«fluoro- . 330! 160% 65° 10 j 0 - 0 - Ne Ve
L-2 : 60
ClCH CHF —
8/3/*2 80 Iutene-z, l,l&-dibrom- .No. 3 43% NeHe 18 O 0O 0 D N.V.
5 Hod | dioxane
' ErCH,CH=CHCH;Br : .
T?Eﬁi ! !
) s ~

< e QLT <

U S
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:’F‘ ’t“:.;_';, ‘\\/. ° '%:‘f -:é"-ﬂz:: : {'
Conen. By _ab~houp eadin
TL -and . Tomp: : No, Mugug g;n; T
. A : -‘-_ * [s)
ég;ﬁlﬁegﬂ_ﬂg-_n____ Desc- .Solvont™ K,3H. ) Men Mo Size | Nd.- 'Sizg- Status
SR P i i .
8/18 /2 BGTBHtGHC-ZJ 1,4~dibromes oo 6| “aZk. | 72°p.] g, 0 ofo: o N
A (cont'd. ) Rod dioxune| 84% R A T S :.X-,_r.
16/5 fa 200 | o .| setr.| 19 o, ol o 0
T ToPoldiﬁmﬂ 78‘% )
l .
Mico - Undilut.d compound, No, § ilzod *
TDMR 369 O > 110 nscrosis...,
—_— . - H 4
10/12/43)| 971 | Benzenu, 1,3,5-tris- 2008} 10m! . 80° le] 0 - - ‘o KoV
%1 {chlereancetyl ) ! |dioxaie | 54% i e
o ' X
—— . - ]_ - x
f_.l
]
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References to vesicant studies by other lasboratories cm
specific compounds are given with those compounds in Section IV,

1. Armstrong, G. C., A Method for Quantitative Application of
‘ Minutes Measurable Amounts of Undiiuted L1 uiai seuicantl to the
SEE {Ea FEEE&I; m 555, March ES?.

2. Black, S., DuBois, K. P., and Lipton, M. A., A Vepor Train Study
of the c%w Vesicancy of Mustard and Several ﬁoIam '
Amines and dss on Human Skin; . ; .

‘5. Bloowm, W., Murray, R. G., Savit, J., and '.l‘homeon, J. r., A Hodi.ti-
cation of the “Drod”; OSRD 1899, September 194k, T

4, Bloom, W., Thomson, J. F., Goldwasser, E.,, Savit, J., snd’
DeBruyn, P. P. H., The Benesh Micropipette; OSRD bz}o, October 19&

5. McMaster, P, D., A Msthod for Deliverﬁ nguaJ. Anounta of Fluids
of Differing Physical Propertiea; O , Seri s .
6. Savit, J., Thomson, J. F,, Goldwasser, E., DeBruyn, F. P. H., -
and Bloou, M. A., Tests of Chlercemide-~Containing Ointments for }‘d

Protoction and Docontamination of Human Skin againat Liquid
Voslcante; OGRD 35806, March 19Uk,

7. Trevan, J. W., Lancet, April 22, 1922, p. 786. __-4

v w2

8., Trevan, J. W., Biochem, J., 19, 1111 (1925).

9. Truckle, T. W. N., Tochnique of tho Physiological ] Experiments
Carricd Out on Human Obgervers at The (hemicel Delense Regearch s j .

Dopartment, Porton. NoO Gate. .

10, Wright, S., Analysis of Variaticns in Size of Blister after Appli-
cation of B; OSRD zgu3 , Juno 194k,
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Appendix 1

.

COMPCUNDS ROT TESTED

The following compounde, submitted to the Toxicity Laboratory
for veslcant tests, could not be examined for the rsasons given.

L

No.. Name ' Reason
73  Pyroeulfuryl chloride Hydrelyzed in air
149 Lead, triethyl- sclenccyanate Decomposed
268 Phosphine sulfide, tris(smyl- Entire sample sent
naphthyl) - to C.S. Marvel, 4/2/L3
kY 286 Arsine, chlorodimethyl- Oxidized by air
31k Acrylonitrile High volatility
357, Pentane, %= chloro—3-nitrosoi High volatility and
! decomposition
!
- . 358 Chloroform, nitroso- High volatility and
fﬁf;’ R A . ) . decomposition
Rl R 359 Propans, 1,2-dichloro-2-mitroso-  High volatility and
: dscamposition
375 Phosphoryl dibromomonofluoride ~  Decamposed '

39h Arsine, ethylbia(ﬁathylmafcapto)- Hydrolyzes ia air

| kaj Arsine, ethyl- . .- Hig velatility
) hé'r Arsine difluormethyl- L De'ec-@p;Qd |
" *‘ h7h h»!‘ridibenzothiophenemme‘ . Wo' #uitable solvent
b8k Araine, emyl- Decouposed
«v M99 . Pyrrosoline, @-methyl- HCl - Decompossd

Woa -

-' h e -' ’ - - »
A ' o o -
o SR




Arsine, dlphenylthiocyanc-

Tom—

oy F {0
v [ P RPN
N W A A TRV

- 174 - -ty
L
Na. Name Reasgon
519  Cerbezole, 9-vinyl- Same compcund & TL 727
523  Areine, difluorc{dimethylamino)- Sample not avallsble to
) Vesicant Laboratory
5%7 Phdsphorus, tetrafluorophenyl- Sample not avallable to
Veslcant Laboratory
538 . Phosphenium compound, Decouposed
(2-chlorosthyl) triethyl- icdide !
. 576 Phosphine selenide, triphenyl- Nc asuitable solvent (f
580 Phospuine, dicyano(2-phenoxathiin)- No suitable solvent
582 Phosphorus, dibromodichlorophenyl- No suitable solvent
580  Arsine, tris(N-ethyleerbazolyl-3)- No suitable solvent
5580 Carbezole, 3-dlchlorcersino-N-ethyl- Decomposed
591 Quinoline, 8-dichloroarsino- HCL No sulteble solvent
502  Benzothiazole, 6-dichlorocarseno- No suitable solvent
2.phenyl- HCL
593  Areine, dichloro{m-trifluoro- Decomposed
methylphenyl) -
601  Arsine, tri-b-dibenzofuryl- No suitable solvent (
608 Carbazole, j-dichlorophoaphino;‘ Decomposed )
9-ethyl- S '
622 Quinoline, 3-bromo-2-(p-dimethyl- Held for further
aminophenyl)- . . .- ... ‘. . instructions -
€3 Adamsite Seme as TL 64k (which was run)
65% Hemlacetal of chloral aitd = . . ' Request withdrawn
_ chloretons '
683 Decomposed by moist air

g
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TL
Na. Nam Reuason
693  Diethylamine, 2,2'-dichloro- Decomposged
N-phenethyl-
703  p-Phenylened sm’ne, N,N'-dicarbo- No suitable solvent
methoxy-
718 Sulfide, blsl_?-(chloroformyloxy)- Deccmpesed to COp and H
ethyl -
752  p-Phenylenediamine, N,N'-dicarb- Sample not available to
ethoxy- Veslcant Laboratory
\y~ 155  p-Phenylenediamine, N,N'-dicarb- No sultable solvent
Y ethoxy-2,5-dichloro-
757  p-Phenylenediemine, N,N’-dicarb- No seultable sclvent
- . - sthoxy-N,K'-dimethyl-
| " 758  k-Pyrindane, l4-.carbethoxyamino- No suitable solvent
. 2-p-toxyloxy-
. L':": S i 786  Phosphine, dichloro(bis Sample not available to
iy : (2-chioroethyl)emino Vesicant Ladoratory
B )
K 788  Phosphine, [bis(&-chloroethyl- Decomposed,

amino )Jbia (2-chloroethylmercapto) -

605 Araine, ethyldifluoro- ! HEigh volatility; attacks

glags
£48  Diphenylaminc, hexanitro- Request withdrawn
877 Arsine, 2~chlorovinyl- seleaide No suitable eolvent
' 908 Phosphine, dichloro(2,2'-41- . Decomposed _ oo
chloroisopropyl)mrcapto-» ‘ S A e e
972 Chromyl chloride Too reactive to be handled
by present techniques
- 975  Arsins, nsthylphanyl- - . -+ . Oxldized by air o
97k  Furan, 2 5-bia(chloronercuri)- " do suitable solvent. "'
1027 Arsine, tris{phenylmercepto)- No suitable solvent -

rn e e A ks B S . s
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Supplinent
to
Univuraity of Chicago PToxicit;r Loboratory Repoct Jdo, LE
NDCre 132, Divielon 9, WDRC
TISTS FOR VESICANCY ON HUMAL SIIN
Jenuzry 1, 1G4S - Januery 1, 1945

Daring the yoor 1944k, 31 new compounds wer. cxaminud for vesicant
action on humen siin. ALl tests were carried out on the flexor surface
of thoe foroonrm. '

Nine of these compounds.wore veslcent (V) 2t doses of 0.2 mg. or
less, eslx were irritant (E) 2t 0.2 mg., onc wac doubtful (E-), and tho
remeining 15 produced no cffect (NV) on humcn skin at 0.2 mg. Compounds
werc dclivored by micromster burette. -

With the excepticn of TL 1263, 2,2'.dichloroiscpropylmercapto-
bis(2-chlorovinyl)ersine, rll of the vesicants wore compounds with
2-chloroethylmercapto- groups. The only vesicant amine, TL 1347, is in
effect HN1 with the chlorine atoms replaced by ClCEpCHES-.

The effect of this substituent in TL 1137, 2-cklorcethylmercapto-
bie(2-chlorovinyl)arsine, ig doubtful, since the 2,2'-dichloroisopropyl
analogue, TL 1263, is of the same order of vesicancy.

Among the sulfides, the "one-arm" musterds which showed vesicant
action were benzyl (TL 1344), 2-chlorovinyl {TL 1302}, 2-chlorocyclo=
pentyl (1%L 138%), and 2-chlorocyclohexyl {TL 1200). The 2,2-dichloro-
ethyl (TL 14%20) end p-tolyl (TL 1199) derivatives were non-veaicant at
0.2 mg. and allyl 2-chlorcethyl sulfide (TL 1164) produced only erythemas.
TL 1220, a more complex compound, was a mild vosicant, while the cloaely
related TL 1219 wes inactive. ‘

- TL 1302 and TL 1420 are of interest because of thelr presonce
1in E which has been stored in stcol (Woodhouse, et. al., OSRD 3179) .

Also of intorest ies TL 1301, 1,2,2'-trichlorodisthyl sulfoxido.
This compound wag among thosc isoleted from cloth containing CC-2 which
had been oxposed to E. The irritancy of this compound 1s- very slight

" LLOMOVOT.

. Among the miscellancous compounds, TL 1175, tetrakie(2-chloroothyl-
mercapto)silicane, was one of the better new compounds cxamined during

the yoar.

In addition to tho compounds liested bulow, we have tested 87
samples of standard vosicants and mixturos during 19kh. All of owr
vesicant tests have been reportod in detall and discussed in NDRC In-

formel Roporte 9-4-1-12-2% (194L).
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AMINES

Concn. L8-Hour Reudings.
TL and Termp. No. Erythemeag| Blistors
Seriean l‘ho.T Doss  Solvent R.E. Men No. Size| No. Size ,Status
/25 /b 11%09| W-(3-fluoro-2-hydroxypropyl)- |200¥| 100% {760F4 15! o -1 o - 1 om.wv.
N2 ‘ dimethylamine 59%
| FCH,-CHOB-CH, -K(CHx) » ,
zf7 /14.1[_-'_1 2301 h-Chloropentyldiethylamine 200% . 26% 620 151 1 1 0 - E-.
L-2 hydrochlorido . in 2y,
wetoey
CHzCHCICH CHpCHp -N(Colls) 5 - HOL
3/7/4% | 119% | N-(2-Chlorosliyl)-2,2'-ai-  |200%| 29% 1n |58° 15 0 -6 - | WY
N-1 chloro- disthylamine collosolvel 274
035-0301-03-3(03203201)2
7/u/8% 113791 2,24 pla{bia(2-chidrosthyl) - 200% | 244 in {8a° st s 91 0o o |a&.
J-1 amino]-propane dihydrochloridd- water |57h
. . ‘ |
KC1CHaCH ) oN] oC(CH Yp - 2HCL
=/1A/4s | 13411 1,3-bia{bie(2-chlorocthyl)- 200¥| 474 1n [79° gl 9 9l 0o - |E
A-2 . amind|- propenc dihydrochloride vator | 65%
{C1-CH2CH2 ) oN-CHoCHLCH, -N ( CHoCHOCL ) 5
+2HCL )
5/16/uk| 1347 | 2,2'-bis(2-chlorocthylmorcaptd- aoo)’ 504 in {79° 15| 15 1k 7 10 Y.
c-2 triethylamine- hydrochloride water |65%
CH3CHp -N{CHpCHo-S-CHoCHoCL) ECL

"

¥t
4

Wh
.
)
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éoncn 48-Bour Rendings
TL and Tomp. WNo. Erythemas BLi stors
Serles No. Compound Dose  Solvent R.H4. Mon No. Size Ko, Size Status
5/13/bb| 1228 2,20 -Dichlorodiothyl(o-nitro- 20¥ 1t { 759 | 20 0 .| o _ i N.V.
B-Z phmylsulrenyl)amina dioxane| 27%
Q— -N(cnecnaclja
—_ :.JI.._. H% — - i
3/29/Wh | 1297 Dl[bia(i’-chloroathyl)anino - 200§ | 51% 1n } 700 2| o -1 0 - i RV
T T2 ‘qulfide. - . . : ; Gloxano! 294
| “Her-crocme)on)zs " o |
A " =
T > ARSENICALS
—_— i _T_'—"‘"—"‘_.-_H——_—"—'"'—'-rb—-q_"‘—
3/7/% | 1137 2-Chlorcothylmercapto-bis- 160¥ | 1008 | g2 15 {10 612 51
L-1 Q-cﬂominxl)mﬁiﬂ . 2hg, }
R N ]
(C1CH-CH), AcSCH,CR,CY _ 1:L
S - ; e
3/29/uk| 1263 | 2 2'-D1chloroiaopropylmrcnpto- go¥ 1006 | 69© 31 |16 6 1 2 Vs
R3-1 Ma(e-chlorwi.nyl)nraine | 34
,cnacl
(clcn-cn)al\a-s |
Cl I ]
o PHOSPHINES
3/1/w | 1380 2-chlorootqy1mroap toyano- | 2008 | 1004 | 580 14 f11 71 o E
M-2 rhosphhm : t'?d ' 27% [ )
AR oI (ON)p, | |
e ‘::;_ - i K

l\Ji‘
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- 6LT

~LE

b
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Conen. L8 Hour Rendings
TL ‘ | and Temp. No. Erythemas g Blisters
Sories No., poggmmti Dose  Solvent R.H. Mcn Né 8ize + Ne., Sizc Status
3/13/uk| 1214 2-Hethy1-2-n1tro-l-propoxy— 200Y} 304 in | 75° 201 o - 1o N.V.
H-1 dicyanophoaphino dioxmne| 27% '
NOp /
CEg-é-CHaO—P(CN)g
¢ :
3/26/uk | 1264 | Bis(2,2*-dichlorotscpropyl- 210 1004 | 69° 31| o -1 o0 N.V.
RS-2 morcepta)phenyl phosphine 35% '
Ol
-P-|S-CH' ;
\03201 i
SULFIDES '
o
} : :
3f7/%% ) 1164} 2-Chloroethyl allyl sulfide i 215Y | 1004, | 62° 19 |1k 8 0 E. C,)
K-2 : _ _ 2hd,
C1CH, -CH, -8 -CH, -CHCHp
5/16/8k 1 13k | L -Chloroothyl benzyl sulfido 1208 | loof | 79° 15 (14 10 2 V.
c-1 65%
CHsCH »-S-CHaCHCL
3/1/4 11169 | 2-Chlorocthyl p-tolyl sulfide [230¥ | 1006 {58° | 15to0 - | o N.V.
N-2 , 27%
C1CHpCH,S-CgHLCHs,
3/29/bk | 1502 | 2-Chlorootnyl 2-chlorovinyl Y] 1006 {700 | 18|18 6 |2 V.
> Y2 29%
CLCB,CH, -5 -CH=CHCL
LA , : :‘m.ll . - 4
Sl BT : - )
"m‘; Fd A
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‘ . Conen. - 48-Hour Reudings
1%, ) . and Temp. No. ZErythemas Blizters
Sericsg No. Compound Dome Solvent R.H. Men No, Size +No. Size,Status
— ~ : il
- 3/29/uk | 1302 | 2-Chlorcethyl. 2-chlorovinyl 1303_' 004 | to° 15 115 3 1 1 V.
T, U2 e sulf lde (cmt'd.j) ) 29%
1/25/%4 } 140 | £,2,2'-Trichlorodlothyl sulfide| 210! 1004 | 76° 15 0 -1 0 -1 R.v.
c ) - . . 59%
C1CH,CH, -S-CH, -CRCL,
7/%/%e 11365 | 2-Chloroethyl 2-cHlorocyelo- . | 220Y | 1004 | 80° Wiy ot |3 fg v
J-2 pentyl sulﬁde,c 1! 5% !
k ‘ ,.-CH . f
. C1-CH, Clip-5-Cf ;' {
13 - ~ -1 .
3/1/ 1206 | 2-Chloroethyl 2-chlorocyclo- 2b0Yil yoop | 530 i3 413 1% 3 7 v
0-1 hexyl sulfide ' 27%
e Ry et - . -
CiCHp-CRp-8-CB - CHp ,
' c1CH 0 .
5/26/%% | 15k3 .313(2-‘ch16i-0cyélohéxyl)eulride'l 200} Mg | o0 0o S I VR R 2
3-1 ' ' T - - ‘ in 65%
) [ ~—CH2- l“ dioxene
CBy - i8
| CE-CEy Lo
‘ T ¥ i 1 v
I e At A 4 :
= WL L gime iR )

..T;a-[_
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Concn. L3. “our Readings
L and Tomp. No. prythewss| Bliaters
Series No. Compound Dose  Solvent R.H. Men No. Sire ! No. 8220, Status
3/7/4% 11220 | 1,1,1-Tris(2-chlorosthyl- 6Y | 1004 |s80 1210 15| o - V.
P-2 mercaptomsthyl)ethane 27%
3/13/4k (CLOR,CH, -8-CHp) 5CCH; 130f | 1006 |75 | 31050 15| 0 -
i-2 |- : 27%
3/52/hk 260 | 1006 750 | ajix 19| 2
A-1 . 27%
3/23/%h {1219 | Tetrakis(2-chlorcethyl- 260Y | 100% {75° | o | o | gy
1-17 mercaptomethyl) methane 27% '
(CLCH,CHoS-CH,)1,C |
h/19/54 3311 E-Xylene,f-‘(,"('—bie(a-chloro- 50¥ 33% | 72° 32 {29 5 0 - E.
N ethylmercapto) . in 394,
dioxane
‘ CBa «8-CHy -CEXC1
5/5/4 . 100V N i BN B I B
0-1 . ki,
5/ 1o/l SCH"‘-'CB? c1 200¥ " |90 91 8 6| o -
A-1 _ 65%
7/25/44 | 1408 | 3-Fluoro-2-hydraxypropyl 215¥ | 1004 |76° 5| 0 -t o - wu.
A-l Propyl sulfide - 59%

¥CHp -CHOH-CHa-S-CHéCHgCH;
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=% gour Readings
Temp. No. Erythemaa | Blistare
Series No. Compounds Dose Rolvent R.H. Men No. Size| No. Size Stetus
10/17/44} 95 | 2,2'-Dichlorodiethyl sulfoxids |200% flb; ] 750 15( o - {0 - { ¥V,
J nitro- | 244 .
ethanc
3/22/Wk 11301 |1,2,2'-Trichlorodiethyl - 200¥[ 38 m{ 75° | w!3 5|0 -! g
A-2 sulfoxide (< -chloro- bentgene] 27%
H Bu].i‘o.tlda)
C1CH,-CHC1 -80-CH,CH,CL
' HISCELLANEGUS _
3/7/8% 11175 | Totrakis(2-chloroethylmercapto)-] 210 ¥ 1006 | 58° | 141k 6| 6 3 V.
M- silicane ‘ 2%
(C1CHoCHOS) )51
3/29/8h 1265 Tris(?_-chloroethyl)horate- 250% 100% | 70° 321 0 - 0 - N.V.
T-1 ' ‘ 2
(CLCERCH0) 3B o
5/7/%% 11095 | Mothyl ¥ -fluorcbutyrete 210Y 1004, Eﬁ; 19 0 ol o -1 w.v.
K-1 . 2
CB300CCHCRoCHo R
5/16/44 (1347 | Thiophosgene polymer 210V 1006 | 79° 1wl o -1 o -1 wv.
B-1 ‘ &%

. "%-‘;.-.k
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Glx additional cvmnounds gubnitted to the Vesoicant Section
of tno Unlvereity of C}"icago Toxicity Leboratory were not tested
for respons as followse:

-

TL No. Nuins
1136 Ethanethiol, 2-fluorc- Decomposed
1177 Arsine, tris{2-chlorcethylmercepto)- Decomposed’
1189 Arsindole, 1,3-dichloro-2(diethylemince No suitable
msthyl)- hydrochloride golvent
1213 Phosphine, dicysnocethyl- B Hydrolyzed (
) ' during test
1378 Chlorocyanoformaldehyde oximc . Too reactive
: 1o be handled
by present
technigues
1428 Disthylemine, 2-acatoxy-2'-chloro- Polymerized
N-methyl- -

&
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-
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The Mechanism of Cutaneous Injury by Mustard Gas. An Experimental
Study Using Mustard Prepzsred vith Radicactive Sulfur

Formal Progress Report

Contract NDCrc 169 Division 9 N.D.R.C.
to

Lovember 10, 194%

by
F.C. Henrlques, Jr. and A.K. Moritz (Official Investigators)
and
h.,5, Breyfopgle and L.A. Patterson

This report is based upon experiments reported in the Informal
Monthly Progress Reports on Physiological Machanisms of Chemical
Warfare Agents, Section $-5 of Division 9, N.D.R.C. (Formerly
Section B4-C of Division B).
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