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TESTS FOR VESICANCY ON HUMAN SKIN 
V 

SUMMARY 

This roport covers our reau l t s  with: (1) c r i t e r i a  and 
methods of vesicant t e s t i n g  and some of the var iables  Involved, 
(2 )  cumulative date on mustard and l c x i s i t e ,  obtainod from 
Fzbruary, 1942, through Docember lgbj, (3) spot too ts  f o r  vesi- 
cant act ion of over 400 compounds, car r ied  out on several  thousand 
wn,  and (4) studios of aomc mixturee of vesicants and vesicant  
comparisms. 

Thc ect ion of vesicants  on human skin 10 affcctcd by 
temporaturc and humidity, excrciac, and condition and type of skin. 
Varintions Fn Individual acna i t i v i tg  roqulre t h n t  largc groups of 
w n  b;. uocd f o r  accurate comparisons of vosicants.  

Tho detn on H and L, coqJi lod l a rgc ly  upon untreated c m -  
t r o l s  of t c s t s  of bocontcm'hation aad p r o t e c t i a i  agninat l i q u i d  

b y  t o  day nnd even nm~ag acr:eo goriorm~d on the oam day. 

found thnt 107 cmnpounds tos tod  arc  vesicants,  43 &re Irritants, 
21 a x  mild or  doubtful irritants, m d  the  mmainder havo no e f foc t  
on h w  akin. 

V C O i C a n t O ,  &% prosentod to 8hOW thC 9 2 r I a t l ~  which Epp'3- 

With a preocrlbed uppor do80 llmlt cf 0.2 mg., we have 

In  goncrsl, tho povorful vesicauta a m  C 6 r t a b  mrabors of 
thc mustard m d  ~ ~ a p u l ~ ~ ~ a t c r d  sericw, !&my of tho dichloroareines,  

. m.d o f m  dlchlorodiothylamincs. 

MFrtu~s of voaiccntcl a m  no mom powcriul than t h o l r  morc 
ac t ivc  compnonts. 

. 
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TESTS FOR VESICANCY ON HUMAN SISJi 

I. INTRODUCTION 
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C r  i t e r j . a  of Ves icant  Test i n8  

Laboratory t e s t s ,  c o n s i s t i n ~ j  of the appl icat ion of emi l l  
amounts of  t he  com?ounds t o  skin ,  or  large-doses  t o  animals 
are used t o  ascer ta in  tho  rel.atj~ve potency of V W ~ O U S  compounds 26 
vesicants .  More 
important and f ina l  tests must be ca r r i ed  out on men ( o r  on animle) 
i n  chambers and i n  the  f i e l d .  In t h i s  report ,  we a r e  concerned only 
with laboratory testa for V O E i C a n t  action on h u m  skin. 

These m y  be c s r r i ed  out w i t h  l i q u i d s  or  vapors. 

Select ion of Dose - The first s t e p  i n  the  ovaluation of a - 
new compound aubnitted t o  t h i s  laboratorjr has been the appl icat ion 
of it t o  the  .sk.h of anlmtils t o  obtain a eenerul idea of the  potency 
of ths new material.' 
mated. from the results s o  oMa:ned, In  our expcricnce with several  
nundred compounds, t h r e  ham bcen only a few ins t ancw in which the  
animal s k i n  becarre necrot ic  end the  human skin did  not  b l i s t e r ,  and 
only one casti in wh!ch thc human skin wao more sei is i t ivc than thc 
animal. 

' 
The dosage f o r  t h c  first t e s t s  on is e s t i -  

A comi t t ao  composed of reyrcoentrctives of t h +  armed scr- 
vioes of Br i t a ln  and Canada,  and of the  OSRD, which a t  in Boston in  
September, 1342, prclrcr?lrud f o r  ua a dosage l i m i t  of 0.2 q. 
screening pu rp0~6s  we havc adopted tho following routin,): 
tho. agent, e i the r  ilndilutod O r  in 8 solvcnt le , 'a?pl ied t o  tho  shaved 
back of a mouos. 
a g m t  I s  Applied t o  the  f l exor  surfaces of t he  fcrrcarms of a group of 

For 
0.2 w. of 

If' no i r r i t a t i o n  is produced; a l i k c  quantity of t he  

. m n .  If nom. of thc. m n  i s  i r r i t a t e d ,  the  comp'crund is claeoed as a 
Compounds which givc only crythemas a t  0.2 mg. on . nonvusicent (NV)., 

.. . . .  , I , .  , : . 

,' . , 

-.*..--... ". ''Ai . . of , tho objections t o  the u8e of animal skin is  t h a t  it does not 
b1iott.r hd t h v  r e s u l t  of the appl icat ion of hGat o r  chemical agents. 

t h u t  skins of anim~li have a thin s t r a t i f i e d  epi thol ium. Apparently, 
tho vesicant,  o r  hoat;ak'thc ceae may be, fnjurk3 t h i s  thin cpitholium 
and. the u n d € r l y l n g  donna BO , rnpidly t h a t  b l io t c r ing  does not occur. 

.If, howovor, . t h o  epi thel ium~has propiously been thickoncd, the appl i -  
cat ion of. a .em11 amount d vesicant producop t&ica l  b l i a t c r e  in thu 
cpitholium and, at the  lino'of Junction of t& epithelium w i t h  the dorms. 
(U.C.T.L. Informal Progross Roport, July, 1942) 

' 
' 'This failure of animal. skin t o  b l i s t e r  is due; ia part,  t o  t h o  f a c t  

' ' " 

. .  
, .  
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2,-n live claos8-d 9s i r r i t a n t s  (x), and those that produce bljhteI-8 a t  
t h i s  l e v 6 1  or  ~ ? R S  are clnsood as vesicantA (v),. 
E m i t  hiis 5ecn used throu&out thc year, al thcu@ acme compomds Only 
mildly i r r i t a n t  a t  0.2 w. in cold weather m y  b6 chpable of producing 
b l l s t c r s  a t  t ha t  doer: i n  the s m r .  

T h i s  upper dose 

If the sppl isat ion of the vesictlnt t o  the skjn cf the mcuse 
produces eome damig-, '>he iirst dose sekc'ierl f n r  r.:>L.cstioon t o  h u W  
skin w i l l  va.ry fi-on 50 t,o 1.00 mlcropjarn8, d q o d i n z  on t h u  s i v 5 r i t y  Cf 
the reaction of t;'e ri3u:c '0 akin .  

Ittactions of Humn Skin - Smll eaomt:: of an i r r i t a n t  m y  -- ---.I __.-- 
produce no raact lcn 2,: en c:i,j-th:;ms. of vnryinl: i n t e n s i t i .  
erythematous arza a p q v l ~  01- b l i s t e r  m y  k - : ~ L ~ p .  Occasion&llj-, an f 
m e a  cf necros3.s u:i?;i.m+. y i s i ce t i cn  o r  wi%h :rssicct:m at t h e  p r i p h 5 r y  
m l y ,  my r m u i t . 2  Vi th  r m l l  Los-s u f  uuetaru, ins tead  of a s inr la  
vesicle  there may be n'mewus pinhsad sjzad. vesiclds in  the center Of 
t h e  crythematous ar;.a. 

Within thio 

For Eiimplicitx Ln recording m d  eval.uatlilg clata, wc use the 
threo c a t q o r i e a  "n i l , "  "trythema, " md "blister." In most caseo, 
the m n  are  inEpGCtCd n t  24 and 48 hours, ond only th;: l a t t e r  readdings 
a re  reportcd. Unfortunat:;ly, i n  the vast  majority o f  tho t e s t s ,  wa 
have been UnablC t o  mr;:e rcadingo l a t c r  t h p n  48 hours. Readings are  
made by tho  Naval M d i C F . 1  Officers or by hospitrrl corpsm-'n u n d o  tho 
o f f i ce r s '  'nupervieion. Thc gritatest diamctore of erflhcma md of 
b l i s t e r  a re  rocordzd in m i l l i m t e r s .  From the  s i ze  of the les ions 
cad from'the pcrcentzeo of oach, a sa t i s fac tory  evaluation of -the 
r e l a t i v e  V C E ~ C ~ ~ C Y  c m  be made. 

Those compoundn which ahox inturme i r r i t a n c y  (i.e. give a 
percentag.3 of b l j s t o r s  in  thu range of mustard) h n v ~  been evclueted 

. fu r the r  by d i r ec t  compmlcans'with the otmdard voslcfinto. 

T ~ L  frequency of t h w e  types of l es ions  may bc gauged from the f o l l m i r  2 

data. 
February and March, 1943, 6 3  (or $) dtlvolopeb n e C r C O O 6  vithout b l l s t o r  
i o r m t i o n .  The percentage t h a t  bl ie tcrod f o r  t h i s  e m ?  p6rlod Vao 89.b 
(including the 63 men with nocrmes in tho b l l a t e r  totcl)  . 
are  tabulated a s  b l i s t e r s  bocauee (1) most of the t e s t s  were conductod c: 
a @-hour basie, ( 2 )  blistoro.anP broksn em11 b l l s t o r s  a r e  hard t o  eops- 
r a t 0  from oach othfir, nnd (3)  what soem t o  be a a d  area'& necroefs 
mey develop in to  a sm~lll b l i s t e r  e. day Li ter .  

O f  678 E n  rocoivlng.D.13 mg. of mustard, during the mcnths d 

The neCr(MeE 

-amm- 
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Metliods Uscd r ' ) 2 . p l i c e t  ion cf Veslcantcl, 
--I 

Uncuuse cf the  g rea t  potoncy cf some of the  chemical com- 
pounds used us vesicants,  It has been necessary t o  de l iver  exceudin& 
s u l l  amounts of  thefie substances. Mny d i f f i c u l t i e s  a ro  involved in  
the cum of undiluted COnpOUIlds. For the ~ U ~ P O S O  we hcve modified @ad 
used two devices of o t h w  workers. Ono 6f thoeo is the  Edguwood Rod; 
t h e  other  the microb9uvtte cr rcicropipette. 

Xcds - The usr; of rods of 8tsrLclard delivury area and Weight - 
ha3 bcen described by G. C .  Amstrong (1937) of Bdpwood Arsenal. 
s S ~ i ~ ? s  of' Bdven ate.'inlsos a t c a l  rgd8 are  mchincd and poliohed t o  s i Z C 0  
r m @ q  (at  the tis) from 3 , %  t o  2.62 mm. i!~ di :mter ,  and cal ibrbtcd 
t o  d s l lve r  from 3.C15 mg.  t o  $3.15 nq, of mustard. 
t o  tho sk:n bg cach To? f3l.lOWs: 

A 

T h d  d33c- dclivored 

Rod 
Nc . 
1 

2 

3 

4. 

9 

6 

7 

- DO$!*:: I -.- 
rota- 

0,015 

0,023 

0,032 

0.350 

0 .a60 

0 . O M  

0.150 

- 
0.953 

0.029 

0.026 

0.029 

0.022 

0.020 

0 .027 

In uos tkz  rod io rus ted  by its own w e i g h t  (about m e  Ounce) 
on B EpWiaUy praparid pad eeturatod with th6 vosioant and la then 
applied in a simllar wey t o  t he  skin.  
tkiit nmall piccm of l in t  do not adhctre t o  tho  rod and ce-ry oxcc'ss vesi-  
cant t o  thc skin.  
Tha Edgcwood pads, proparod from msceratud pager, may be uscd f o r  mustard 
mvcr a period of several  monthe. In our leboratary, new l aa tho r  padB are 
uocd nnd dlecarded each day. 
by thc  .%gkJ-0ttOWh Lmther  Co. of Grand Havan, Mlchlgan; who w r l t o :  
"Tho l oa ths r  18 t m o d .  with appmximte lg  5% h c w k  bcrk and 3C$ qua- 
brcrcho zxtract .  
c s l lod  ' L e n h o l '  %d EWC lcnvbe. 
t o  war conditions, rad is b in( ;  ri+pl.-fi':L ay 5r * r t h  Amcricen 0 h - a  
unbr the ti-&. nfJp2 3f '.Sut,^n'.' I ' 

Thu pad mast bo nonfriablo so 

The pad mst not raac t  with the  agsnt t o  be test-d. 

The pads LWG punchod frcm leather praparod 

I C  :e l i l t o r  &ivm e l i g h t  tannage with a synthetic t&zmiz 
Thu sumRc i a  noY off t he  learket,, dr\s 



Pipe t tes  :and Bur:tt-,ii - M,my t . v p G b  of pipt.tti.2 a d  burc t tes  ham bzen 
used t o  dc l iver  vesicvlts..  On.: of thc.tm.38 uaLd In t h i c  labore tors  I s  n .- 
b n g t h  of mercury thcmomct~:r tubing with o n ~  m d  driwn t o  I fink: t i p .  
r' :grm on t h i s  thOrmmGt6r p ipe t t e  equdo 0.031 q. of w?.t,>r, or 40 microw-me 
of mustnrd. Thie inatrumLnt is  d i f f i c u l t  t o  h:mdlo, and c m o t  be controllcd 
nccur- t t ly  within 0.5 &cgrcs. 
d i l u t e  so lu t lons) ,  whnz r e l e t i v e l y  lzrge '  ?mounts (multipl-3s of 1 cu.mm.) can 
bo uscd, n micro Kahn f lpc t to  is 3zt isfactory.  
ves icu l t s  raquiroa a mor3 b.>lice.tu appcrztus. 

DroC - 1 W s  i s  c modific-tian of .,% m i c r ' m t e r  syrings dmcri.bed by 
Prpr-vtn (m. 
t1tii.s of vc6icnnto. 
tubercul in  syringo in  such c w-y thr.t, as tho micromoti;r h x d  is turned, tho 
plungm of tho syringe is forcod formad. Ecch revolution of tha mLCraWtr?r  
hac blen d i v i b d  in to  tw:;lvc pmts , .  -ad 2 click-atop crrcagemunt providcs f o r  
t:ssy dcl ivsry  of multlpl-o of 0.2 CU.I&, ( o r  3.26.w.) of A. 

c$plllnry opfning, p r c s 6 ~ d  pvcr the  stump gf + #27-gcu3e syring~ n c o u e .  A 
similpr @so t i p  h-s been Jevclopod f o r  dpl lvsr ing at;.c,l-corroding l iquidn 
such os L. ; In the l o t e a t  mods1 t h c  dr1v.ir.g port ion o f  tho micromotor is' 
qttttcchcd.to t h s  head of tho sy r i~ lg "  plungcr by 3 ball-md-pocket joint. 
p+rn i t e  f i l l i n g  the  ayring;. by, .rJvcrso.  revolutjon of, .the. micromctcr, without 
tho nucaasity of B . s p r a  .qs in,the!.fl@ modd. 
sa t i s f ac to ry  becarno of ,-. tcndbncy towcud.corrrslon. , .. a' ' 

o n ~  

For compolrilds of low i r r i t ancy  (o r  f o r  very 

The delivary of t h i  powerful 

McMcstcr (1342) hP.8 :tpplicd I t  t o  the  de l ivcry 'of  small QLX- 
A nicr6rni.t-r is attached t o  tho b z r m l  of c 0.25-co B-D 

. .  
Tho dblivory t i p  i o ' a  st:inli;ss &ul & f e c i  parforntcd by 3 f in6 

This 

The spr ing has boon Un- 
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Our Modlflcation of the "Drod" - -  the "Micrometer Burette' ' of 
t h i e  Report - Wo have modified the "drod" eo t h a t  a aingle i n s t m e n t  
c&i be used t o  t e s t  a large number of vesicants ( f requent ly  20 in A 
morning on p~oupa of 20 men each). 
us t o  change rapldly from one vesicant t o  mothor  without the dealy 
which would be neceeaary if the "drod" had t o  be decontaminated a f t e r  
theuse of each Vesicant. 
(Bloom, Murray, Savit, Thomaon, OSRD No. 1899, September 14, 1943). The 
"drod", without delivery t i p  and f i l l e d  w i t h  mercury, ac t s  88 the driving 
mechanism. It is attached by B ground-glnss j o i n t  t o  a two-way stopcock 
t o  which the  del ivery t i p  is  a160 attached. 
core of the stopcock p a r r i t e  the delivery arm of the p ipe t t e  t o  be 
ConnsCti:d e i t h e r  w i t h  a waste b o t t l e  and asp i ra tor  or  wi th  the  b o d ,  
thus  allosring l iqu ids  t o  be e i t h e r  drawn up in to  t'lc delivery tube by 
aEpir&tiOn o r  expelled by turning the micrometer. 

The a l t e ra t ions  we have made enable 

T h i s  apparatus h A 8  been described recent ly  

The L-shaped bore of the 

The two or ig ina l  "&rod" micrometere which w3 had were cal ibrated 
t o  de l iver  0.2 cu.mm. of l i qu id  (or 0.26 mg. of E) per "click" (1/12 
rovolution).  
one "small cl ick" (1/43 revolution) del ivors  0.05 C U . ~ .  of l i qu id ,  It 
has also been possible by the addition t o  tho micMmetcr hoad of a pointer 
arm and a 6-inch indicator  d i sc  marked of f  in 192 divisione, t o  dei ivor  
1/2 o r  1/4 of a  mall click". 
O.@5 C U . ~ .  o r  0.0125 cu.mm. of l i q u i d  reapectivclg.  

We have dividod aach of thesc Intervals  i n to  four, so that 

Thesc B ~ G  oquivalent t o  dol iver ies  of 

Inequel i t ies  in delivory render the  accuracy of individual doses 
at a given rango quaotlonablc, but  the average dose over a serics of 
appl icat ions m a t  be neer ly  constant. Daliverica of amounts granter  
than 0.05 C U . m .  have produced reesonebly w l i f O r U l  IseicolE in  LUO8t O f  O u r  
aIperimonte. 

BCnQah'MiCropipattQ - During a p a t  p a r t  of thc  year, evon the 
modified drcd dolivors too much l iqu id  f o r  the  evaluation of the  r c l a t ive  
potency of tho most effuctive compoundu. .We have modffiod thc 8ppRlatUU 
with tho aid of Mr. M. E. Bonosh, and M.E. M e s h ,  Jr., who have made 
f o r  us a p ~ ~ c i ~ i ~ n  micropipettc, that edvances 2.5 of H W i . t h  each cog 
of the  rc tchot  on the  uicromctor. This apparatus le prmidod with re- 
placoablo dcllvory t i p s  EO that we ere able t o  t e s t  a large number of 
vesicants  in rap id  succcssion. From our ca l lbra t tan  of thc apparatus, 
thcre  c?n bo no question of the officiuncy of t h i e  machine in a d v C n C i n g  
snell &mounts of l iquldo.  We hcvo usud t h i s  machine on about 10,m men 
k d  a r c  convinced t h e t  it w i l l  bo a docidod aid in evaluating dlfforencos 
betwcon tho potont ve8:cants. S t r ik ing  a d  c m o t m t  diffcjronccs have 
bucn obtained batman e, 5, 73, 10, le, 15, and 20 micrograme of E and 
othcr  conpounde. Socc of our findingo hevo been publiehod togcther with 
a dc ta i lod  dcscr ipt ion of the cppcrcrtua (OSRD No. h23O, October 1944) 
A l l  of thc  data obtainea w i t h ' t h i s  nachinc: hcvo nppoerod in UCTL h f o d  
Roports of 1944. 

-?!mmF 



There i o  s t i l l  the problem of the delivery of the small mount,s of 
l iquid8 from the  del ivery t i p s  onto the skin. 
is delivered on s ingle  appl icat ions,  a small amount remaining on the de l ive ry  
t i p .  I n  one, w i t h  the  a id  of a 
binocular microscope, we examined thz  delivery t i p  a f t e r  appl icat ion t o  sk ln  
of propylane g lyco l  colored with Nile blue su l f a t e ,  On t h e  polished glaes- 
t ipped surfaces, a f t e r  each appl icat ion t o  the arm, a sm11 emount of blue 
l i q u i d  was scen, even a f t e r  delivery of 2 m;croprrams. Tho amount seemed t o  
be constant cifter oach appl icat ion,  I n  anot te r  test ,  i n  a p m p  of 20 men, 
a f t e r  the l a s t  application t o  an arm, the de l lvwy t i p  wes touched once 
more t o  the  arm without having nore vesicant brought t o  the t i p .  
found t h a t  t hc  small mount of the vesicant ruma in in~  on the delivcry t i p  
was suf f ic icn t  t o  causu t races  of t r ans i en t  erjrthama i n  a f a i r  percentage 
of the cases.  

Only a pa r t  of the vesicant 

T h i s  we have ver i f ied  by two methods. 

It was 

-. Thi! B~neoh micropipette doos del iver  approxinctely tne same amount 
of l i qu id  on cucc.ssivc,crpplications at cach dosage lcvcl 80 that tho re- 
sultiry3 lenionn we s a t i s r a c t o r i l y  comparable ac t o  3izz and in tens i ty .  
Honcc, t h i s  appiratus o f f u ' s  ug a mans of comgering undiluted l i qu id  
vesicants  i n  amounts 3maller than those obtainable w i t h  t i t h e r  thc drod o r  
tho  Edgcwood rods. As EntionAd above, it in nccoeswy t o  bc ablo t o  dc- 
liver those smll mounts without ,solvents, f o r  thu addition of a solvent 
has changcd t h  vssicmcy of' som compounds. 

( 

Vmiccnt V+orfl - -  S t e t i c  Syatum - Thc vcaicant vzpare nay be tostcd 
in o t a t i c  o r  a p a i c  aystoms. Thc e i q l e c t  mctkod of exposing tho  skin t G  
vcnicant vepors is by means of e vapor cup sinilar t o  tkt in us0 et Ed@- 
wood Arsonal. A tli!mbl.o-cizcd cup . cmta in ing  n_ pad ntituratcd with m s t c r d  
i s  =do w i t h  cn inwcrd-curling l i p  BO th.%t,frco l i q u i d  from th;: ped w i l l  
not  run d a x  t hc  fiiLees o f ,  tho cup rad contaninLtc tho oubjoct ' s  a2p. 
cir in  the cups i o  scturatcd with vcsicnnt -rapor. Tho conccntreti.on of 
vapor, of c. par t i cu ln r  cmpmnd, in  such cups di.pendo on t h e  cnvironncntol 
tcmpcroture 2"s us11 an Ynat on tho E k b I  of the  oubject. Thc cffectivences 
of tho vapor alsc dcponQ.on tho nnount'Of'&sture within t h e  Cup. 

Thc 

I 
Our min m e  of &e Edgewood cups ha3 boon i n  the  t i t E t S  of protsct ivo 

ointncnta f o r  pcrsistcncy of protcction winst H vepcr. 
thirso t ee to  hcva bLcn rcportod by Savi t ,  Thornson, bldwafiscr, EeBruyn, Cad 
Wrgarot  Bloom (OSRD No. 3386, Mcrch 1944) 

The reoults of 

A w d i f i c c t i o n  of t h in  vr,por cup is a snall v in l .p l cccd  i n  c t h o r n s  
b o t t l c  f i l l n d  with f lu id ,  the  tcnpcrcturc of wbich can be control lcd a d  
s t eb i l i zcd  w c r  u. Wi& r,-ngo. A more zccuratc contra1 can bc obtcined by 
i m c r s i o n  of tho vids in 3 t hc r rus t a t i cn l ly  c o n t r d l o d  water beth.  Such 
r,n .?ppmztue, ' i n  uoe in. Britain end Canada, nccosai ta tos  bring4- the  ncn 
t o  t h e  leborztory, whoreen. thc' t h o r n s  bc4Alia r z y  be trCnEpOfiod (an wo 
have had t o  do ) .  

. .  -=-k 
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I n  tile wintor m d  eprLnR of 1943, we madc 11 few ,attempts t o  

evsluate vesicant  vap@rs i n  t h i s  s t a t i c  flyotem. The technlque connsisted 
f i r s t  i n  l i n i n g  the amall @,less v i a l  (16 x 50 mm.) w i t h  f i l t e r  paper and 
sa tu r s t ing  the  papur  w i t h  t ho  l l q u i d  vesicant .  The - r i a l  w d s  capped, and 
placed -in t i n  ordinary thermotr b o t t l e  f i l l c d  w i t h  wcter, so that tho tempera- 
ture  of t h e  v i a l  remained constant. 
8 mm. hole punched out w L s  plnccd on the W ' O  c.rm i n  order t o  eliminate 
r i m  burns, and the mouth of tho  v i u l  was s e t  WoLnst thc t zpa .  The t i m o  
of txposuru w a s  carefu l ly  regulated w i t h  the aid or' il stop-watch. 

A s t r i p  of cellulooc tape wi th  an 

The r e s u l t s  obtciincd, nl.though consistent within themselves, do 
not  cgrcu wit,]] tho86 o b t - i n d  In u dynamic syatrm. 
duce mor* th.-n 25% b l i s t a r e  with mustard & il. 6 '  cxposurc at  27°C. 
6700 mg.min./m3, ncsumlng o c t u r c t d  vzpor),  r i d  could nut get  5 9  erythema6 
w i t h  lcwioi tc  vapor et a C t  of approximrt,r.ly 4600. 

Wc- were unnblc t o  pro- 
( C t  - 

V-oiccn': - V::yrs  -- D.mmlc Flow Appexctuo - m.c c.p?%rstus uaod et 
the Univursity cf C ~ ~ C C K O  Toxicit:{ L2borntor.v t o r  t:st!nu veolccmt vepor 
conois t s  of :.-bubbler of veciccnt-through which 2 strccuu-of nitrogen io 
psssed. The d c g s c  of srturation of thc nftrogon I s  calculated from t h j  
wcight looa of the  bubbler and tho rats of flow. Tho atream of vapor is 
l zd  t o  four o r i f i c f s  so deaignod that thc gas flows out apInot  thc  skin 
from on opcnlng =bout 8 m. In d icne tcr  cad flows away i n  an o u t o r  jncket 
about 15 mm. in diamoter. Whon tho okln of thc  oubJect, moue0 o r  human, 
is cp?llod t o  t h i s  o r i f i cc ,  only thc  outcr  jackct i s  in cmtect with tho 
sk in  although ciily e m i l l i m e t o r  o r  two ocporctos the  skin from the  l i p  of 
the  innor (dol ivery)  or l f ica .  
through a aul tzblo nboorbont and an amlyel.0 of the concontrction mado t O  
chcck thG c d c u l n t e d  nominal concmtratlon of vapor. 
wcter l o  usod f o r  ,;ddlna moloturc t o  the  vnpor. 
appcratus m d  tho  rosu l ta  obtolnod with It BOO B1nck;'hrBoie end Llp tm,  
OSRD No. 3944, July 1944) , 

Thc oxhcust gcs i o  colloctod by bubbling 

A bubbler containing 
(For 3 dosc r fp t im  of tbo 

The C t ' s  ( n g . m i n . / d )  which w i l l  cduee erythema and b l i s t e r s  on 
human akin, In 50 or  100% of the maes, Elfay be taken as end poin ts .  
Vapors of other  veeicante may be,compared v i t h  that of a standard vapor, 
such as H. ... . .  

' A similar apparatus waa constructed a t  the Naval Research Laboratory, 
but  was not  used et tenelvely,  havlng been maperceded by the  arm chamber 
and th$plan chamber, both of which & e i t a t c d  8tat i .c  eyetern.  

. , . ,. .. 

i 
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Absolute Vealcetion - - Loo0 of a compound by evaporation from the 

okin i s  a f ec to r  i n  dGtaminlng i t s  vesicant powcr, nr,d t h i s  fuc to r  bo- 
comc8 increaofng3y c r i t i c a l  ne the  dose is 1ow;red. Accordingly, it is 
oometimeo dzalrahlo t o  doternine t h o  cbsolute veslcancy of agents under 
consideration. '  To do t h i c ,  Lvq)oration io controllod by nppllcatlon of 
a picco of collophane o r  u &COG covcrolip m o r  the droDlot of vcoicant 
GftCr it ll8s baon Qpplfcd t 2  th:: okln.  Tho CovCr Is lvft in  place f o r  
in te rva ls  V c Y y i n e ,  from 5 t 3  lO-.zilnutcs. .Some v o l h t i l -  igunts which do 
not b l i o t z r .  thc .ak in  ovcn whrn cpplicd in lzrgc m o w t o  w i l l  CQUSO b l i s t e r s  
a t  low d.)ko,.undor conditiono of "cboolutc" o r  "cloocd" vcoicetion, and 
it I s  probrib4t t ha t  thc VCS~CQICY of a l l  sorqljundo is increased under 
thcao condit.lons. 
Compounds which hmc btcn fow,d t o  be n m w a i c m t  i n  opcn b a t e .  : ' 

We Bhmld '~"m ClOEcd t c s t s  on all of the very vo ln t i l c  

By our r o u t l m  mthodo of too t ing  ED would h w c  boon clcsocd non- 
veoiccnt; i n  e. dose of 0.4 mg. it f a i l o d  t a  produce an? i r r i t e t i o n  on 
10 mcn In c test on October 14, 1942, Ssrioo I. 
or "abooluto" m t h d  sf tmt,  ED I s  &. ;rotc;nt v c o l c m t ,  . . 

H m v e r ,  by the  "cloeod" 

On Saptcmbcr 14, 1 ,42 ,  &I was applicd with th?'.Edg3w3od Rod #3 
The lmcr site y e s  covcrcd f o r  t o  two si tes on the BBPU: c.nn o f . 9  men. 

5 minutes by a glase coverslip held down with ce l lu lose  tape. 
taken t o  s e l e c t  en area v l t h o u t . h a i r , s o  t h a t  the covereralip would be 
d i r e c t l y  against the  skin. 

allowed t o  evaporate (c f .  September, 1942, data for  L). . . '  

C a r e  WBB 

The upper s i t e  uas l e f t  pxve red .  . .  

The results show that is a very good vesicant when It i s  not 

?/14/42 
Y 

. Dose: #3 R o d  
Indoor Temp. 7 5 9 .  Indoor R. E. 72$ 

0 - 0 - open vesication 
9 

closed vesication 9 9 9 5  



O t h c r  sicrim w l t h  ED show thc 3- U t r i k h g  dlfforcnci, f o r  
example t h o  fol lowing:  

I 

I Closod 10 Minute8 

10/14/42 
KK 

- 
NO 
Me1 - 
10 

10 
I 

15 

20 - 
10 

10 
I 

48-Hour 
Erythcmas 
Yo. si20 - 
0 - 
0 - 

1 2 5  

16 . 7 

9 7  

10 7 

0 -  

0 -  

r 
10 4 

14 4 

7 7  

6 7  

I 
Fur ther  cvldoncc of t h e  difforonce b8tW6On cloeod and open 

veslc8tlon may bo found in tho following two sor ics  in  which H was 
compamd v l t h  throe of i t a  hcmologues per conditions of open aad 
closed .vaa lca t lm.  . -~ . .  . .. . . .  . 

On Soptcmbcr 14, 1942, 8 CWpUIEOn V88 Dk¶dO Of lY3dlStillCd 
Lcvinstcin H ("L 328) with Q (TI ,  86) , 1 , 2 - b i 8 ( 2 - c h l o r ~ o t ~ ~ r c a p t o ) -  
propane (TL 153), nnd 1 , 3 - b l B ( 2 - C h l O r o o t r C a p t ~ 2 - c h l o r o p 8  
(TL 2581, on opposlto arms of the aame individuals. The voslcclata, 
d i lu tcd  in diphenyl other, were applied wlth tho #3 Rod.  
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Dose: Rad #3 of indicated d l lu t lon  / Indoor Temp. 7 5 9 .  Outdoor Mean Temp. 7 8 9 .  R. E. 72$ 

Ser ies  

I Mustard Homolaces I No. 71' No. ErytheIuBE I B l i s t e r s  
Concn. Men No. S i z e ,  No. Size Men No. Size 1 No. Size 

TL 328 

TL 328 
P 15% 15 0 - 1 - - Q IC% 15 1 5 
R 3% 15 0 -- I 0 - 
- TL 328 

II 

TL 86 - 
15 15 16 14 io 
15 15 u 14 8 

4 1 2  15 12 

= 

Erteneive analysis of theee figures is not warranted because 
of the OW n*.llber of m n  In each rerise. It I s  clear, hoyemr, that 
all three m u d  ccllpounda are rweral t i m e  wm potent than H under 
the colditims of  th ia  experl-t. 

or di lu ted  w i t h  dlphanyl ether, t o  opposite  am^ of the B S ~ D  nwn w i t h  
a #3 Rab and o m r e d  for 10 minutes by a &so coverelip held down 
V i a  C K 0 1 l d O 0 t 7  *pa. 

OLI Fobruarg 8, 1943, them3 ~(LIIID vesicants vert' applied undiluted 

__. - 
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DOEC: Rod #3 of ir1dicati.d d i lu t ion  
OutdOOl Moan Temp. 32W. Indoor Tomp. 62OF. R.H. 3 6  

fie WMC diff&&Coe In potoncy Indicated in t h C  open t ce t a  I s  
not  q u l t u  eobppek.ont tho cloned tos ta .  It %e?probable that tho 
dlffcroncos bitweon the t 0 E t b  F f l C C t  thc,,bighor VOl&tll,lty O f  H OQ 
conpirod ki th '  tho oth& cox&&& tcetcd.  

. .  

. .  . ,  
~ . . I 

It. should bo pointcd out t h a t  rn Scptelaber 14, 1942, thG date 
of tho first comparison, undllutdd H XOE 6uch mom O f f Q O t l V 0  than Cn 
the  &%to of tho  6ooond t co t ,  a d  'that tho "clomd" aer loe (XI F o b m y  8 
approximatoly equals t h o  open sorics on Soptambcr 14. i . 

9/14/42-K 
2j8jh3-E 

Muetard, open 1 20 1 20 12 20 9 
Mustard, closed ' 14 12 14 8 
Muetard, open 1 l5 1 13 5 4 3  

Yeeicancy through Cloth - V e E i C a n t s  &y be modified In t h e i r  
action on skin if crntamination t a k e s  place through clothing, since l i q u i  
In am11 amounts on clothing acta  as vapor on the unde r lyhg  a b .  
have not tos ted  many compounds fo r  vssicnnt acticmthrough cloth,  aad 
thoao which we have tes ted  w i l l  be r+porteb elsewhere. 

We - 
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Erythema 

Blister n n 



Variations i n  Si7,e o f s i o n s  a t  Ciuep Doses D-liversd by Micrometer Burette 
(Mo$iflt:d "D-od") 

bure t te ,  we applied 0.1~ CU.'~. of r e d i s t i l l e d  Levinstein I! (193 8 t o  bc th  
iirma of 41 men. 

-__- 

I n  order t o  chsck the conslstency of delivery of t,he micrometer 

The 4S-ho~ir readings on each mnn aro glven in  th.? table  below. 
The tabulat lon is  not i n  order of consecutive a p p l i c a t l m .  

Ser ies  M, 2 / $ + 3 , ' I n d o o r  Teag?.: 7 3 9 . ,  indoor H.H.: 25$, Outdoor Temp.: 29%. 

sull - 
lect  

I. 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

21 
22 

-- 
10 
12 
14 
14 
10 

14 
14 

10 
u 
15 
12 
11 
9 

15 

15 
11 
10 
9 

10 
6 

18 . 

5 
7 

LO 
a* 
7 

5' 
lO* 
12 

4 
- 

10 . 
9 
8 

11 

12 
7 
7 

- 

7* 
- 
- 

10 7 
12 6+ 
1, 12 
15 7" 
13 6 

11 8 
15 u* 
14 10 
14 10" 

7 5 

12 ' 7 
12 . 10 
11 . ' ,  6 

14 10* 

10 7 
9 6 
10 5 

10 - 

- 7 

12 a 

12 7* 

- 
I 1:- 
I 24 

25 
25 
27 

28 
29 
30 

' 31 
32 

33 
34 
35 
36 
37 

38 
39 
40 
41 

Averem 

lit. 8 
20 14 
.li) 6 

7 
9 5 

13 8 
17 12 
14 10 
14 12 
14 10 

14 10 
10 6+ 
10 7 
10 6 
18 12 

8 6 
12 9 
12 9 
9 5 

- 

- -  
- 

Size: 12.5 9.6 
No.: (41/41) (36/41 

Lef t  A r m  
B 

12 
15 
1 4  
7 
14 

12 
16 
12 
10 
14 

10 
12 
12 
9 

17 

7 
9 
10 
10 - 
11.9 

a 
7* 
9 

- 
9 

7 
10 
8 
7 
9 

7 
8 
8 

8 
5" 

- 
7 

5 
- 

7.8 

* Emotes necrosis 

I 
\ 
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0 
1 
2 
3 
4 
5 
6 

8 
7 

9 
10 

The distributton O f  les ion diameters was (LB fcllowu: 

- 1 2 1  - 5  11 3 - - - 12 4 5 10 1 
5 

- - - 13 1 
1 6 -  - 5 

14 9 
4 - - - 1 -  

- 1 

1 - 1 -  
2 - - - 

3 
1 4 
1 6 4 10 18 
1 4 - - 19 
4 4 1 
9 7 

- - - - - - 
- 

Average : 12.5 0.6 
No. Men: 41/41 56/41 

The averagc sizes wore l a rgc r  on the  right arm than on the l e f t  
ann. The sproad v88 grea ter  on thc  r i g h t  arm (4-14 m. B) than on the 
l e f t  (5-12 mm. B) . 
r i g h t  a m  than on the l e f t ,  11 had largcr b l i s t e r s  on the l e f t  am, and 
6 had tho s ~ m o  sized b l i s t e r s  on both arm, including 3 mon who had no 
b l i s t c r a  . 

Twenty-four of the men had larger bliStorE on t h o  

. 
In m y  of our eerlos ,  the d is t r ibu t ion  of lesion sieo i8 much 

mom evcn and over a smaller range thnn in this par t i cu la r  experiment; 
however, t h i s  case i s  i l l u s t r a t i v e  of th2 e r rors  inhorcnt in  our work, 

of correlat ion f o r  b l i s t e r  dinmotors on tho r i g h t  821118 wi th  thoeo m 
the  l e f t  mnn is +0.553, and t h a t  tho difforence between tho evorago 
sizes is not s ignif icant  (p  = 0.2). 
erythema is 43.555, and the  discropsncy in  average dicUWter 1s of l i t t l c  
signif icancc. 

S t a t i s t i c a l  exrimination of theso data show6 t h a t  the coefficiont 

m e  coef f ic imt  af correlat ion f o r  

u . 9  7.8 
41/41 36/41 



Micromiter buret tc  j 
3.5 nm. t i p  (right E r n )  

Micrometer burct tc  1 48 

Microwtar burs t tc  
3.5 mm. t i p  (ri@ am) 

needle t i p  ( l e f t  am) 

Mlcrowter buretto I 
3.5 m. t i p  (right ara) 

Drod, 7 mn. 
f l 2 t  t i p  ( l c f t  arm) 

- 2 mu. ti ( k f t  am) 

45 

O L  

P 
bod, NO. 27 

I 52 e 

i 

48 7.9 1 39 5.1 
I 

48 8.2 43 5.2 

45 7.8 40 5.4 

45 9.0 39 5.9 

52 8.2 46 5.0 

52 8.6 39 5.2 
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In th, rxp, r i m n t  w i t i l  'iz 645, t h  wvt'r,-.Es b l i g t c r  e i z c o  w,,r'c 
I 

v7ry clocl  (p = 0.1'7) but t h i .  corr i l t i t ion cocff ic iunt  f o r  t l i o t c r s  wz8 
law (-f0.210), thuu  1ndlcc.tlng z c~nojd~~rc.bl..;. lack of uniforlnity of 
bliLitdr d i l -~ l i . t~ r3  on thc indi-JLdu;:l nubjccto, 

T ~ I J  o p p ~ s l t c  riitiiction i d d n  1'0: tho p x ~ p  of nt.n t n c t d  w i t h  
10.590, w m  calculctwd, but  c L: 

s i m i f i c z n t  diffcrcncc in  b l i o t s r  s ize? w x  fomd  (p = 0.04). 
ii~p&a t h i t  t i i i a  d i f fsrcncr  in  b l i r t w  dirmctor WCT, f r . i r lg  conaiotent. 

1'. Ligh cooff ic isnt  c?f correlation, 
It 

S k C C  i-olatlVCly f s w  iu3n w L r c  U s L d  in thLoe t e s t s ,  too much 
iiqortance should not bc: attached. t o  the st6.t iatical  a n e l y ~ t ? ~ ;  however, 
it i3 clear ,  not  only from t h s  l imited s t a t i s t i c a l  treatment but  also 
from mj i i r i ca l  extrminction of the  r i . E U i t E ,  t i lat  delivarg of 0.025 C U . ~ .  
wLth tne micrrrneter buret te  ie e r r a t i c  and hUZardOUs. 

We used TL 645 one week l a t e r  (3/18/43, Series  1x1 in a t teupts  
t o  de l iver  & small c l i ck  (0.0125 C U . ~ . ,  17 4 cf TI, 545). 
temporatwe wa8 579. ,  the indoor tompsraturo 65*., and the  r e l a t ive  
humidity 57$. 

The, outdoor 

Tht 48-hour rwdinga wcm ao followe: 

SubJect 

1 
2 
3 
4 
5 

Right Arm ; Lcft A r m  Right Am Left  Arm 
E 13 ! hB-1 'Subib j -c t  E B E B  

I 

r 8 ' 7  - 0 fj - 5 -  
7 5 - 10 6 

7 - 7 -  8 10 5 5 -  
5 - j a  9 10 - 6 -  
10 5 10 5 Average 7.8 4.7 7.7 5.9 . I Total 9/9 319 !9/9 4/9 

S.ince only 9 men were used In t h l s  t e s t ,  no quant i ta t ive evalua- 
t i on  of the  r e s u l t s  m y  be made. Nevertheloss, appreciable discrepancies 
in  s i z e  or seve r l ty  of tha lesions on opposite a m  of the same man are  
Dbvious i n  four instances (Subjects 4, 7, 8, and 9). 

( 

We h&ve reported a few t e o t s  .in which we delivered 0.@5.,or 
O.Gl25 C U . ~ .  with thz microrpter buret te ,  .but we d i s t r u s t  t h e i r  va l id i ty .  
Wo pleci; much mox rel iance on data obtained a t  t h i s  dose range with the 

Effect  of Tompcratwt- and Exercisc 

of H can bc vazicd-by exercist-, pr ior  t o  uppplication. 
wtire chasm from th; same. C O ~ ~ M Y ,  ?nd consaqucntly wre presumed t:, have 
had similar a c t l v i t i o s  thrmgkout t!a day. 
doors (temp. 839 . )  f o r  15 minutso .bc.fore th,; vosicant Was'Wpliid; d l  
of them mcn wcrc perspiring f r ~ o l y .  "hi. c t h i r  group mmalwd a t  r o s t  
indocrs ( t m p .  eo+., R.H. 5%) f o r  t i l ?  same pir iod.  
p e m a  my+, delivurod by micromctcr burot ts .  
wcr3 dc. at 48 hours. 

Bincsh micropipcttc. : 

A t c s t  C a r r i d  aut on ,Tunc: 1, 1945 ravcalod how much tho 9ffeCt 
Two groups O f  men 

One group wa8'0Xorcisod out- 

Thirty-two micro- 
l'be fo l lov ing  rclr&ings 

-3nmr . 
t. i 11,'::'i ...'- /ts;;lrii i.: 



- 
No. E r y t h e m o  B l i e t e r s  

Ser ies  Condition of Men Men No. Size No. Size $ 

Ser iee  & Men exercised 39 38 9 37 6 97 

Ser ies  BB Men a t  rest 47 47 a 26 5 55 

The above r e su l t s  indicate  what can happen, and doubtless has happened 
A t  other  times, under o w  preaent working conditions: n m l y ,  two companies 
of men t e s t ed  on the s e m  day have diasimilar  ac t iv i t ies  before report ing fc: 
tests, and react d i f f e ren t ly  t o  the  t e a t .  

The phenomenon l a  most apparent i n  hot weather. A previous experimnt  
of thie type, attempted on October 26, 1942, ueing both H and L, revealed no 
differencee among seven aer ies  w i t h  varying conditione of exercise and tem- 
perature.  

Dose: Rod #3 Indoor t a w .  : 58%. 
Outdoor mean temp. : 309. Indoor R. H. : 2% 

. . 

> .  $ . , '  
. !  



T!w sr'f-ct cf tempprsturr wns brought mt ?n 
January 11, 19!&3, i n  t h e  cmrse i;f NI exper:rcsnt p l m n c d  f:,r 
enother ?urpn,se. A t  ].:a0 P.M., f o u r  c,imymles of m n  R l - r l Y f d  
i n  e. drill h a l l .  Tic!-, campany made 11p one .~qup,  end t he  
CroLi.ps were run t~hi'mlrh ?-&:.contamination t e s t s  nt zigpr,?xi- 
mately 3O-m!niutG iiit,r?i.vnis, so  that 3t t1-e time c? G.CB: t h c  
fourth group had Seen  indonrn about 90 n i m l e s  loncar  than 
the f ; ra t .  The out,dmr 'tempci-aturo WGS 53°F.; the indoor 
tmpere ture  W ~ S  6 3 9 .  ; the  indoor relati-ve h i m i d i t y ,  3j5. 
Below Ero th:, 49-hcur readings on thi: m t r - a t e d  controls 
Cach of whom had rccc;veC 150 Kof r e d i s t i l k d  L w l n s t e i n  3 .  
Note that  there  js a Grqyessive r i s e  i n  b l j s i c r  percentages 
w i t h  increased tin6 Lndsors, and tka t  thc FsrcentLgs of b l i s t e r s  
x S l i s t s r  diameter ~IICI.C&WS progrcjssively. -- 

' The offiact.,.Qf a s l i g h t  incrcsoa in  temperature in hot 
wuather is demonstrated by the following experlmnt performed 
July 20, 1943.., Two s o u p s  were t es tcd ,  onc in the lnorning 
( ~ - 1 )  end ma in the afternoon (m-2). h s t a r d  m a  applied 
t o  both'az%; by Rod  #3 to the right and by RIA #5 t o  the l o f t .  
M&mvbgi&..data wcrc as f o l l m :  



/ -  

AAA-1 I #3 Rod 
(A.M.) 

#5 Rod 

AAA-2 #3 Bod 
(P.M.) 

- 23 - e 

15 5 10 3 

15 7 13 5 
26 9 25 6 

15 

26 

A . M .  P.M.  

Outdoor tcmporaturc Og*. 9 2 9 .  

Indoor tompcrhturo 80%'. 86%. 

Relhtivo humidity (:ndooro) 625: 5% 

. #5R& 

Noithcr group had boen cxarcieod etronously, and both groups 
ha& beon indoors about tho samo lengtb of tino bcforo appl icet lon of 
muetcrd. 

26 U. 24 8 

Seasonal Efiects 
I . 

Leslone roaul t lng  froui maall doses of  H on 75c9 mon have been 
analyzed t o  evaluate acmo of the factors t h a t  affect  the OCCUTXWRCO 
and eize of the lenicna, and more particularly t o  deternine whe+hor 
the  apparont seasonal differences ~ s e  due to til3Yct effocte of tempera- 
tm ma humidity or  am in&epen&xit cxccpt f o r  poesibla parellollam 
In trends. Our t o e t a  WON) not  deeigncd for this pmblom. An a ~ l p e i a  
of them w i l l  be round In a repor t  by Sevcl l  Wright. (OSRD No. 3943, 
July 1944). 

.... . 



Z f f o c t o  of D$.lUontti on the vesicant Actim of h s t a r d  

In the quant i ta t ive evaluatl-on of one vesicant i n  t e r m  
of another, it i s  necessary t o  r e l a t e  both t o  the  eame standard. 
A t  the  beginning cf the work in  t h i s  laboratory, t ha t  di lut ion of 
veEiCrint i n  diphenyl e t h d  which bl intered 5D5 of the men w i t h  a 
i?od fi was chosen as the a rb i t r a ry  atmdurd.  

The objectiocs t o  t h i s  method %re several:  first,  the 
f a c t  t h a t  the dose delivered by a rod i s  r,ot h o r n  u n t i l  time- 
consuming ca l ibra t ions  have been car r ied  cut f o r  eech compound 
and each d i lu t ion  tes ted;  second, the e f f cc t  of a solvent on the 
pens t rab i l i ty  of the  vesicant;  a d  t h i rd ,  the e f f ec t  of variable 

'' doses per  un i t  volume and doses per unit skin area.  
. .  

I 
. .  . , , ,  . . _  

. .  
1 . . .", ' .. . , , 

.' ., .. , , , .  . 

T h i s  f irst  objsctionn:.has been circumvented by the use of  
the  micrometer bure t t s ;  'WYii'ticii; &inbe.& de l ivers  a constant uni t  
volume, can be r e l i ed  upon t~ dolivor a lcnown dose. 

- .. Ar.e~yeriment performed pn A p r i l  $7, 1943, brings out 
the second and thiGd"obbjgctionri. fn- 8triICng fashion. The data  
show (1) tha t  mustard d i lu t ea  in  dioxane is more vesicant than 
mustard d i lu ted  in  diphehyl e ther  lD.? ...E.! 1: and (2) t h a t  a given 
v o M u e ~ o f a  .jC$ .aolutiQn. , ( i n  , .  either , .  dioxane o r  D:P.E.) i8 not  equal 
t o  half  of the volume of undi1utitd"'iiustard;- and s imilar ly ,  t ha t  
a Given volume of 5@ solut ion is more potent t h a t  twice the volume 
of a 25% s o h t i o n .  

-.. ... .. , , ,,. 

. 
..  , Sucfi s t r i k ing  diacrepanciR8,reaultine f ro= the use of 

solvents hsve led  us t o  develop methods by which small amounts of 
vesicants may k a p p l i e d  f u l l  s t rength.  
car r ied  out with the  Bnesh  micropipette. 

1 

Our comparisons a re  now 
, _  

When it is necessary for us t o  examine a golid, we u8e a 
r e l s t i v e l y  nonvo1at:le solvent (D.P.E. dioxane, propylene glycol, 
cel losolve) ,  since evaporation at the del ivery t i p  of the micro- 
met t r  bure t te  would clog the capi l la ry  if acetone, benzene, chloro- 
form, or  e ther  was used. 

The use of a nonvolati le aolvent such as diphenyl e ther  
was es sen t i a l  in the casu of a solid delivered by rod,' eince a vola- 
t i l e  solvent would evaporate, leaving the eo11d matcrlal  on a d r y  
pad * 



/ - 25 - L___ 
Veeicant: E, dsllvwred by mlcromter  burti t to Outdoor temp. 6 2 9 .  
Izdoor R. H. 62$ Indoor temp. 6 7 9 .  

When pontano is added to E in A ratio of 1:9, at the & O m  ueed 
ln t ho  test, there i e  practically no change in t h o  vesicant actim aa 
cornparod with undiluted H. 

Tom.: 789. R.H. 65% 

. _  

8/3/43 H, I 
M 32 15 

H. 90% in pentane 15 

U NCLhSS I Fi ED 



UNCLASSIFIED 

ll/22/43 
0 

Soluttonc of Lovlnst,;in r o d i s t i l l e d  E, 1$ and 25$ in  s thy l  
cellosolve,  w r o  cmpdrcd w i t h  undilutcd muatard a t  dones of 0.025 
and 0.1 cu.mm. DolivcriLis were madc wi th  th? m-1.cromctt.r bu r i t t e .  

1% in cellooolvc 1 0 -  6 -  1 : 1 8  
' 18 13 17 8 

1 0.1 
h33 I@$ ' 

... 

In every cauc, undilutod H woo fLw superior t o  zn equal 
volume of tha d i lu t ion .  ,Howover, dcl lvcry of ,TO of E as 0.1 C U . ~ .  
Of B 25$ E O l U t i m  produced&iproximtcly tha smc- pcrcmtag;' and 
s i z o  of b l i e t c r s  cd did di l ivcry  of 0.02j C U . ~ .  (32 r )  of lo@ H. 
This obscrvatim m y  be c r i t i c i zed  alnce thi two ocrics  wcrc not run 
on the aczc day. It ohould be rdpoatcd ori the [lam group of m n  

..: . .a.* :-.. .:. ...... 
. .  

... ...... 
.I .. - 

. . . . . .  

. 



/ IIffcct  cf 3ece .- geectim ,:,I' ?3ec;x Skin t? Ii, L, tmd BI2 -- - 
That Negrocs a re  less sens!,t'~.vc! t,, t!ie vt.o!.cant nc t i~onB of 

€1, L, and XN;? w a s  demonstrated on March 2 3 ,  1.343. Therc wis sn im- 
preseive di.ffernnco betwow Nspoeo and whites i n  thz  nunbvz und s izes  
3f erythoarss and b l i a t i r n  w i t h  both H and HN2 I n  t1ic C E W  of L ,  
near ly  a l l  of tho Negrocs bl lotercd,  but  t h , t  1ct;ion ~ i i z ~ s  wen: 
q p r o c i a b l  y a m a l l c r .  
r s l a t i v c  hiumltlty 4,:;. 

Thc hdoor  tempcratur:- wns 75'9.  mnd t h i  indoor 
Th; outdoor tL.mp: raturc; wzs :139. 

Complexion 

Between February and December, 1942, records were kept on 

These data have not been sub.iected t o  

:. -.. . .  . 
1 .  . .  

; . . .  . . ' 29,093 men, involving hair and eye color, eene i t i v f ty  t o  poison ivy, 
and aensitiv!.ty t o  sunl ight .  
s t a t i s t i c a l  analysis. 

Nutr i t iona l  S t a t e  

We have no data on nu t r i t i ona l  e f f e c t s ;  a l l  of om human 
volunteer8 are p r e s m b l y  wollinourished and are obtaining a l l  die ta ry  
ssgent ia le .  i n  abpdance. 

. .  
I .  . .  . .  r 



A l a rk?  numbcr of data hr.ve been accunulr.ted f m u  untreated 
controls of dtcontaminatien and p r o t e c t i m  teats. Those fci- H, t o -  
gether w i t h  the other data on th:a vesicant, are  presented here. A 
similar col lect ion of t e s t a  w i t h  L are  given i n  Section 111. 

The f irst  tab les  are  summariei of dai ly  and monthljr*blister 
percentages, and tho others are csmpilcd by Individual t e s t s .  

The f i . rs t  par t  of the work WOQ done w l t . h  an Edgewood R D d  .:=3, 
which was s u p > l m t d  b;. b Xod +3 and then 33d ;j% as th.- wcather bccams 
colder. Tn Januar:r, 1$3, the micrometer buret te  was uszd routhnoly 
f o r  tho application of mustard. 

Thi graphs of monthly var ia t ions (Figures 2 and 3) sh3w a 
pa ra l ld i em amone the rods, and rmothir betwocn the two doam of 133 
and 65 micrograms. Tn;. varlat ions f rom ;nonth t o  month, howcvcr, a re  ( 
v-ry d i f f l c u l t  t r ,  cxpl&in. With both 55 and. 1 j O  micrograms, f o r  
oxample, tlx porccntegLs df blfstoi-8 fell f rom March through May. 
It WOB v x p r c t d  t k t  the pcrccntagi would bi. lowcat in Duccmber and 
Jmucry, a d  thit it would b ig in  t o  rie; during Fobruuy and hkrch, 
but th, d - c l i m  in Apri l  and Mag is unLqlsinzblc.  Similarly,  with 
thc  rods, thcro is cn uncxplnincblbls manimm i n  October, followcd by 
a risi t o  G NOVCLU~W nvoroec- abovc t h i t  f o r  Sqtcmbcr.  

Tho a-cond tablo is nrrcngxl by dosc -- first thc m i S C C l -  
1cni.oua d-tn of lrmotard in .d i lu t lone ,  a d  th-n th3 &ta with Rod #3, 
Rod &, a d  ;,%; cnd micromctGr burctt:. . 

il i\i C L RS S ! F 1 ED 



! 

i 

- ,  - / ’  # e- 

I 



- 56 
70 
79 

3/5/42 lltj/122 3 

Totals for  Aufiust '42 I 128/132 97 j 
9/1h/42 ! 5!./51 9 100 i 82 64 78 
9/16/42 j 1-;,4/158 7 9y : 76 72 76 
9/22/42 1 78/232 . Z . 14 i 59 47 52 1 

68 : 74 42 48 

13/19/42 : 12/39 4 30 68 41 5a 

9/%?/42 

, 

- - 
i/lk/42 1 85/101 3 

T j  130 ! 9/51/42 I 19/19 ..- 

r; 
3 

Totals f o r  Sept. '42 6, I 

i 

4 L8 i 55 - 16 13/27 12/14/4 2 

3 36 72 2 i s  j43 : 4/15 
4/6/45 ; 12/16 6 75 I 76 28 38 

! 

i 
27 ; €2 

I 13/15 3 67 i 80 52 80 
7/23/43 (A.M.)  j 25/26 6 96 ~ 86 53 
7/20 i43  (A.M.) 

Tota l s  for July '43 1 35/41 5 05 

. . . . . - . , . , , . 





- - 16 
- 16 

4.2 26 

5 
! 13/29 3 6 i 
! 14/27 

4 5: j 21/47 
I 

55 ! 55 

58 I .  69 

12/7/42 
- 12/14/42 
Tota l s  for Dccumbur 'b2 I 

1/6/45 i I 70/llP 5 ! '  
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, , -  is$ ~ P . E . )  
1/15/43 B57lU4t3$ 8 

(35$ D.P.E.) 
2/16/42 A p-;;zX- -5-r 
2/24/42 D 9 

4%. D.P.Ei), 

{1+56 D.P.E,) 

(58; D.P.E.) 

2/16/41 A4N.R. 2 

.>/i7/42 A I  N.E. 20 

2/17/42 A j - E x . 2 0  
3/3/42 B !  I' 20 
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15 1 
9 N.R 
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6 " 

8 " 
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1: 
1-5 
19 
29 
10 
10 
11 
10 
10 
7 

11 
22 
20 
20 
19 
21 
19 
13 
25 
25 
25 
22 

0 

1k 

18 

22 

7 
0 
10 
26 
2 1  
k0 

3 
14 
5 

?7 
50 
17 
L7 
L5 
r7 
3 
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1: 
10 

11 
7 
9 
7 
'11 
1': 112 22 a 
13 I29 9 

- \ o  - 

13 ; 25 8 
io 18 6 

! 
3 1 3  - 
4 l o ' -  

I 

19 
26 
20 
29 
19 
20 
20 
13 
20 
25 
38 
29 
4e 
48 
45 
45 
52 
52 
18 
17 
19 
19 
15 
12 
14 
15 
24 
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8 il.7 
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Y '15 4 ' ** Microburette (2-mm. t i p )  
9 1.09 5 11 -* moa (needle t i p )  
7 j12 4 /I ! *H* ( f l a t  t i p )  
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Coingarisms of Li?i'er.,f[t_L,.i?ls cf :''u;Jaxd-l_ T w  d a t a  .s;iow t h a t  
r e d i s t i l l e d  Levinsteix iiustard (Ti, &f{) und tnionig1;fcol mustard 
(TL 13.5). are  soually v:sioact, a d  w e  s a p e r i c r  t o  plant-run 
Le-rinsteir. ~ i u s t s r d  (TL a;.. 

T i  7*5, rbtainLd ty sonGensinh thr: gasas produced i n  the  
candling of uavinsteii. ms ta rd ,  i s  a s l i g n t l y  S c t t e r  vesicant than 
r e d i s t i l l e d  Levinste ;c msta rd .  

ir a r i s m  of Uustard a.ip :fiust&rd Suifonc. Tic s d f o n e  i s  not  as m ---___ - --__ 
effect ive as mustard i n  rror',l;cicR i r r i t s t io f i s  h t  low doses (hod - 
No. 3 of a $3 dioxane solution, closed 10'. j 

Cosparisons cf Xustard ax? Sessuir;ust,ard., TL ?ti3. Ti 256. an3. 
TL r54 .  The data ;pe& :or thimselvis i n  each case. A11 f c u r  a r e  
sumrior  t e  mustard, m d  exceut f o r  TL 153, a r e  very close t o  =ach 
other  i n  vesicant acticn.  Thssa comparisons have bem repeated 
with t h e  Benes11 d c r o b u r e t t e  using undiluted compcunds, and 
analogou8 r a s u l t s  have been obtdnkd ( t h u s e  w i l l  be discussed :n 
a special  r epe r t  on the  S m a s h  misroburiltte). 

&marisms of blustard with G t i x  Vesic.ints.- 
w s  reported t o  b e  a powurful v t s iomt :  however, w~ were Unable t o  
f ind  any indicat ion of strong b l i s t e r i n g  action. 

Bromoacetyl bromide 

TL 6+5, 6s statvd bcfore, WAS not a c t u a l l y  tr is(2-.hloro- 
ethylmeraapto )pho sphine, but wcis la r g d y  8oaquiffiuotArd. 

. 
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Vcsicant Mixtwos 

Mustard - PD Mixture - 3ur c a p a r i s o n  of a 1:1 by weight mixture of 
mustard and phenyldichlorohrslne w i t h  t h e  couponente was done w i t h  
the micrometer buret te  usiiig small volumes (0.013 and 0.025 C U . ~ . ) , '  
and therefore  i s  open t o  crl t iciam. The r e su l t s  w e  not clear-cut,  
but it i6 apparent t h a t  ths mixture i.8 no b e t t e r  than e i t h e r  ingredlent, 
and t h a t  the vesicant act ion i s  probably an average of those of i ts 
componunts. 

Mustard - Lewlsite Mlxtures - Here again most of the  work wae done a t  
low doscs. The mixture, l i k ?  the H-PD mixture, is of intermediate 
vesicant action. 

Mustard - ED Mixtures - A 1:l by weight mustard - ethyldichloroarsine 
n i x t u r e  is less vesicant than &M$ mustard or  l e$ i s i t e .  

Mustard - Scsqulmuetard (and Homologues) Mixtures - Addltlon of 2% 
eeaqulmusturd by volme lncroases the vesicant ac t ion  cf mustard t o  
8 c&siderable kxtent. 
vesicant than purC mustard. 
conaidercd complete, because of the  sonewhat dolajed a c t l m  of TL 258 -- 
it d o e ~  not  produce m a x i m  damgo vithin 48 houra. 

Aged Mixtures - Two mixtures of ED end mustard, 1:l by volum which 
had been etored for 8 months at 60"C., were compared w i t h  freshly pre- 
pared mixtures. In two separcto t e s t s ,  both of tb heated lnixturee 
were supurlor.to the unheated cuntrola. 

Mlxtu-ea of TL 153 and mustard are a l s o  nore 
The data 0x1 TL 258 m i X t W G 8  C B n n O t  be 

Seven other vesicant mixtures were t e s t ed  l a t o r ;  m l y  the 
eesquimustard -EM3 mixture was a better vesicant d t e r  aging. 

. . . 
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P.s i n  the  case w!th mustard, rnon~thly sumaries have baen 
w d e  of the  1swis:te d.ata. and 
the  graph (Fi&urf 4) j s  even less revealing than the  graphs of H 

Fewer men have been run with L, 

(Figures 2 and 3 ) .  

a?$, and in most c m : s  ;t was above go.;;. !,rriL:.e dal.ly deVi6ti3IlS 
froin tn's avt~:?ug., n!';,;it bi. cxpluincd Qn t:ii @;si@ of an :nsufficicnt 
nuiubx 3f -xp.-rlznt,;l su'>,jicts, n3 ix:i;i-n;t'cn i s  avai lable  f o r  
the  failuri .  3p Lwisit.. t .J  produci mort. thul >75 of b l l s t o r s  on 
114 Qin -us<& in L t.;et on Si?timbcr 21, lg&. 

Ir, nc mcnth d<.d the  percentag.; af i l l a t e r e  fall below 

FLpnL: 5 showu o mont:'.-by-mx1th coq?krf son of m s t w d  
and I:w'.sl,ti.  :"ran D,sccmbi.r, 1942 throu?:? &y: l$j. Excc:?t f o r  
i.larc:i, whcn t k p  w i r i  b q u ~ l ,  Icwieitc v i . s  a b i t t c r  vialcant t h in  
mustard. it sliould bu po~in t id  out t h a t  1 , ' w i c : t ~  wca applied t o  
considrrablx fcwcr Illin. 

100 p =  1942: --- 1943 .-------d 4- 

. .  

I I I I 

3 5 7 0 11 11 3 5 7 9 11 70 

Months 1 

(Numbcr of experimental (ILZS) 
subjects indicotcd wlth- 

60 Doc. i,. . n , ~ ~ ~ - ~ d W  in 
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IV. SCREENING T B T S  @F COMPOU?IDS FCil W I C A N T  ACTION ON INMAD: ?KIN 

In the following t ab les  w i l l  be found thr? r t m u l t o  of t e s t s  f o r  
vooicant act ion on human skin of over 400 COIU~CWC.U which were sub- 
h l t t e d  t o  the University of  Chlcaeo Toxicity J .nb.xibry botwoen August 
1941 m d  Dcceuber 1943. We arc: .indebted t o  Dr. '2. Z. R e d o m  for a i d  
i n  the p r c p w a t b n  of may of tho veoicants. 

' 

I .  , 
The omangomnt of t h s  conpounds l o  SQ f'.)llars: 

, .  , 
' .  Arsonic Coupounb . . .  . .  

P I ' i U C r g A r E h c ? B  , 
. .  

. .  
, .  Secondary Arsinos 

Tert iary Arolnoo 
Areenoxides & Arsonic Acids 

Amides 
AuJnes 
Aminos Containing Sulfur 
Amnonium Conpounds 
Carbaktoo 
Hetorooylic Mitrogon CompOUndS 
Nitriles 
Altro Canpounds 
aflIWf4 
Phenylenediamine8 
M i  acellancous 

Phosphorue Compounds 

Phoaphorue Ccmrpounds Containing Sulfur 

Thibls 
Sulfides 
Sulf oxidea 
Sulfones 

N.J.trown Compounds 

Phosphorus compound8 

. Phcephmih  C O i i p u n d a  

sulfur coilpou3l&3 

OrgMWtdliCFJ 
Acetylene I)erivatlvee 
Eotore 

2-Chloroethyl Eaters 
Miscel lane~s .. 

Acid HalideE 
Ethers 

Miscn1.l RneFuEi 
, Catechols 



!l%d f o l l W h g  abbrivf?tlrJnB u 3 d  In the  tcbles:  

, .  .---,D,-P'.Tk - Diphenyl e the r  
%.- 
i3. 
K. - Micro Oh pipet tes  
'N.V. 
T.P. - Ttiemotwter p ipe t t e  
v. 

- Conp:iund i r r i t c n t  t o  mu um in a gmup at 0.2 ng. - Conppound which produceo erythcmao but not b l i8 tm-Q et 0.2 lug. 

- Cmppound which is n m - i r r i t a n t  E* 0.2 ng, 

- Vosicmt - compound which produces b l i n t c r s  a t  0.2 ng. o r  leas 

Whon Cmpounds wero delivered by Edgewood Rod, no dose i o  given. 
Unlaos cthorwiao spocificd,  a l l  cosrpounda f o r  which o dose i B  given were 
dLliverod b y  ciicronoter burette. 
(T.P.) and micro Kahn pipe t tes  (K.) .  
t e n s i t y  of the  compound (o r  solut ion)  a d  tho volune oxpcl lod i n  dnllvery. 

 exception^ ere thcmoaeter  p ipa t tes  
The dose is cnlculcted from tho 

The indoor tempsraturos and r e l a t ive  hunid i t ies  are given in the 

Sizes of erythomss end b l i s t e r s  am tho average d i m e t e r s  ef 

t eb le s ,  The mtdoor tcuperatures w i l l  be found in  Appendix 11. 

lesions on those m n  who r s&ted  pos i t ive ly .  
t he  average lesion sizes. 

Z6rOa are not  included in 

, .  . 
' The s k t u s  of 'a conpound is given wi th  t he  first en t ry  of the 

compound In tho table ,  
i s  incct iva a t  a higher dose, it I s  cleseed cs nm-irritmt, elnce the 
erythema observed i n  tho first s e r i e s  b a y  have.becn nn e r r o r  In  obsor- 
vat ion I 

If a conpound frritst6s one l~lon a t  e low dose and 

.. 
Arsenic Conpounda 

primry aroihcs;. Us$, ,the Llcat active conpounds nre those in which X 
is chlarfne and R is butyl,  n -awl ,  n-hexyl; - 2-chloroviny1, 4-pentcny1, ( 
2-chloro-l-penteny1, o r  phmFl. 

ere 3f higher v o l a t i l i t y  and do not produce as mrq or  as severe l e e i m e  
aa t he  others.  
th? vesicant action. 
phenyldichlc3r~3rslne. 

allylphenylchloronr8Inc and chloromethyl(n-nitropbewl)arsine are the two 

A la rge  number of the '&senicals are goad vesicants;  mor@ the 

Tho lower molecular weight alkyl dcrivst ives  ( e thy l  and propyl) 

Replacement of the  chlorine by branine, 'or ell decreases 
Ring eubat i tut ion di i inishee '  the p e ~ ~ i c m c y  of 

mew arr3 r e l a t i v e l y  few good uisiccnts mong the R2AsX conpounds - 
c o s t  poworPd. , .  

No ac t ive  vesicants were found a o n g  the @AB' C3trpOunda in which 
R rupreoents e hydrocarbon radical .  
2 - c h l o r ~ v ~ y l d i e t h o x y a r s i n ~  is outstznding. 

Anolig the  uther tert iary arsines, 

. , . .  I 

Thooxides of L end ED are  nodcrntely go,?d V e s i C S n t B .  
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1u/lr/+2! 21+ Arsine, dichlc,rc,ethyl- I 403; 1UG$h ~ 7r"F. 10 0 - I  u - , J 
5270 1 

! I ,-sine. dichloroethyl- Information froin cthdr sources: 
! 

! T-P- , 

a 5:: solutiofi  i n  alcohol agplied to the  skii ,  hed r . ~  
action: 
a f t e r  24 hours ( P a n .  96r: .  0.005 CZ. of 12.4):  
solut ion produced vesicat ion (F.R.  ,. Vesicent powvtr 
tkirougt. clothing i s  considerably l e s s  than t h c t  of :Z 
l ewi s i t e  I and m s t a r d  gas (i'orton nc t  r e ? c r t & j  

.. _ .  .. 

n vesicant  of f a i r l y  rapid action....Portm b c m  

1cP/. solut ion gave vesicat ion i n  11' cases I 
i 

..c. 
,- 

-, ,. I .... B r i t i s h  N R B  (1930)- 
I .  

.~ , 
.. .~ , Ti,>. 15 (1941) -. . 
.... tiin-vesicant compared .to H.. . .V.lYSlr (0:-1.&7j 

. . . . EIlTH a25 . 
V3sicant a c t i m  on man i s  l/dth t h a t  of mustF.rd .- . 

I .. ! 
i 

! Sliin i r r i t a n t  data  rbtainvd by different prGc<dur;s 
~ are ra ther  conflicting, but exposure cf men tc 
I concentrations of 0. + B - l Z .  i: mg. /1. f o r  5-mifiures 

gave negative r e s u l t s  i n  most cases and prcducc t  
' nothing more the? a s l i g h t  burn i n  any cast.... 

! 
1: ~ 

I 

.. ~ . I  . ~ .. . . .  A T H  350 (1992) - . .... ~~ 

F~~ additicnal data  cn TL 214, see sect ions cn Vesicant triixtures and on.Glosad Vesicaticn ' res ts  
~ .. . - ~ . . ~  - . - ~ . . . . . __ . . . ~ . ~ . . .  -.. . . . . . - . 

12/7/42 u 485 t r s ino .  dihromothyl- \' i o  - io. 5 lo@$ ' ! N.K. ' Y t j  
. .  hod , 



Series 

9/14/42 
M 

9/14/42 

- . --__ 

M 

lo. Size 

3 

8/19/42 
C 

9/16/42 
N 

Status - 

v 

12/2/42 
. .. S .. . .  

- .  12/2/42 
- S' 

9/14/42 
El 

6/8/43 
E-J 

9/7/42 
0 

10/7/42 
F 

TL 
vo . 
?14 
- __ 

. ~. 

Compound Dose 

imine, dichloroethyl- ( cmt 'd :  

. 

Pihickan& with cel lulose 
acetate butyrate (s) 

Ireine, dichloroethyl- 

. 
* 

* .. 
i 

No. 5 
Bod 

No. 5 
ROd 

No. 5 
Rod 

No. 5 
Rod 

No. 5 
Rod 

No. 5 
3oa 

No. 5 
RCA 

.osed 5') 

-_ 

Con?. 
and 

#-Hour I 
No. Ersthemas 
Men 

20 

- -- . .  

20 

20 

20 

18 

18 

20 

35 

20 

10 

3 

5 

? 

2 

1 

1 

L 1  

0 

c 

0 

2 

4 

4 

1 

0 

0 

Q C. 

0 

0 

0 

. 
3 

.2 

2 



2/25b=2 , . 

B 
I 

~~ Im-tion from o thc r  eourcoc': . The u n d i l u t a d  compound dons n u t  redL.:ri tnL s k i i , .  . . . 
P a r t o n  ;bierno hu. 15 (19=1). 
Alcoholic nol:ations, 5-1G produced i r r i t a t i - n  t u t  

, n o  b l i s t e r s  on man.... k,i~dtlJ 26 j lU2r) .  '/ I 

. -  ,- . ', ~- - .. - ..- - . . .. ._ , ~ . . .  i . . ~ 

.. 

2/23/12 j 55 ' .u-sine. dichloro(2-tnethoxy- JO. 5 aOL,a ii.ii. : j ?:.IC. 5 3 

1% e t h y l ) -  tiod , ' lLP&.  

.. 

-. 
. .  . .  

, . .  - .  . .  . . _ _  _. . .  .. . ... 



3/2/42 55 Arsine, dichloro(2-methoxy- 
etliylj- (cont'd. ) I E '  f 

I 5:/24/42 i I .  

-... ~ ~. . ,- 

,I 
..- . . _ ,  .- ~ .,~ 
ipL5/G 56 ! d s i n e ,  dichloro(2-ethoxy- 

t i :  1 ethyl)- 
I 
I 

2fL4/42 i fIi,Cli,~C!:zCI~,XsC1z 



D I  I Rod 

I 
I .  

I 
1 NO. 5 
! Rod 

I _* . .  ! 

6 

I .  

, 

t 

1 







5/7/42 I 

Ei 



1@/5/42 229 j kcsine, diohlorohaptyl- . .  
GG t 

I CH, (CH, )B,.sci, 



I 
1s , 1Y 

! b9 i i r s i n o .  di.chloropheny1- jcont'd)' No. 3 I lo@" j i4.i~. ' Rod i I i I 

~ NO. 5 
Ilad 

! '  . .  



S/l/*S ; , I 
0 '  





! 
11/11/*2: j 

3/3/43 '~ 557 

Z !  

dichloro (4-methyl- 
3,5-dinitrcphenyl j- , lU , 

! ! 
I. 

. 





(ClCH, ),.%SCl 

RO 1 
---I-- .- ~ .J  - -  

' 75 5- .! Arsine, chloromethylphanyl- 

_ _  -. ~ 

7/2 O/+ ?J 
cc 

j 226 



c 

i 



_. 

Concn. 

Compou7d --- ___ 
103 F 

- 
No. 5 

hl-sine. chlorodiethoxy- 

(CE3CHzO)2imC1 

osine, chloroethylpropyl- 

240 7 

hrsine,>ethylpropylthiocyano- 65% 

1 zoof 
I 

i 
0 -  

0 -  

0 - 

0 -  

I 
! 

I 

-. ,0 - I ir.v- 
I l 

0 - '  
i 

- 

0 - 1  I L 
i 
J 

0 - !  

- .  .. 

h 



. .  

, 

. .  



. 
~~ . -  

_I . 
. .  



' rt/27/%3 1 5.10-dihydro- . ' ' 

' idE.msit0 
T !  

I 
I 

. I .  
! 



. -. ... 

- TL 
Series- NO. ..... Compound 

12/k1/43/ 1105 \ kaetylene, bis (dimethylaraino )- 

-~__..._I_ --- -- .-- .. - __ . - . ~ -  

I I E-1 

\ . 8/3e3 
@39!  -atsine. dimethyl-2-pyridyl- 

I . .  +. 
I ~ . A i 8  ( C G  

. . ... -- .... 
g/31/43 ' 909 -mine, (2-ahloreethyl- 

I ! . msrcapto)dimcthyl- 
- K.V. 

. ::. 
4.: 

._ ....... 





e/+2 

9/?/*2 

G 

L 

9/7/92 
U 

a3 

. .  

2 

19 

9 

339 I ..mino, 2-o!ilorovinylbis- No. 3 lo@/@ j 7z0k:-1 -1: 39 LO ! 27 : v 
I =e tliyluicrcap to )- , Rod ; j ?ayq \ i I 

I 1 

, -  

I 
-- 

' T I  



". 

. -  

. _. 

. 
I .  - .  . .  

i 
t 



. .  I . .  
9/2/42 
.. U. j 

1 
. .  

i I 
9/7/42 i 

x 
369 I d s i n a ,  e-thyl- clxidz 

I 
5/19/?42 } 

H i  

. .  

. .  



TL 
Series- , . NO- 
.. _r- 

9/7/42 369 
Y 

,~, . 
. .  12/14/45 0 ;  3 10 v . . .. 

D-1 ; Lewisitb oxide diethylsn? ; .- - . .  
&8 ! arsine. 2-ohlororinyl- oxide I 

I .r : I I 
I i glyool 

is resioant equal to lewisite....porton imno 140. 15 
(1941) 

upon prolonged oontact. but it i s  v 0 4  iwffcctivt as 
VeriOMt agent vhon oomp~rud with L....TRiR m. 8 ( 1 ~ ~ 3 )  
,,,2 n m  drop on the skin wis used throughout. +.6yo 
solation in alaohol produced 3 cbses of vesicdtion and 

, 1 of orytham. 3-43 so lu t ion  i n  -tar produced vesi- 
+ ontion in 2/% cQseS. 2.5h solution i n  xylene produccd 

I erytbclrm i n  Z j z  cases. the variation baing coqksblt 
. .  nith a solution of L u t  tho s a m  concantrution....PD~~?; 

0.~05 00. df 0.1-0.270 solution produces a l3sion on th- 

i ! ~ClC.K=CCiI;.SO 

~ Informatim fram other sources: Is oapable of producing burns and blisters on th; sKin ' .; 
I . .  

i 
I 

$ I !  
' 1  .i.. 

I I 

' e .  

i 

I 

I 

. .  . i i  

, skin....Fk ' 
! 

. ,. - -___ . -. . .I_. , .._ . . . .. - - ~- ~ . .. ! . . . . . . . . .  



.. 

... 



, -  e 

Amides: None of t h c  amdm testod was vesicant .  (Thc ctwbamatcs 
a re  not included under the enidss) . 
k ~ l r . c w :  Mose of the vcslcant amines were of the t-ype (Cl-C€i,-  
w - R ,  e i t h e r  90 f r e e  bases o r  a s  hydrochloridss where R 
was methyl, e thy l ,  2..chl.oroethyl, 2-methoxyethy1, P -cyanclr thy1 , 
3-chlornbuty1, h n p t y l ,  benzyl., o r  fu r fu ry l .  The ethyl  homologue 
(3N-1) was act ive a t  3 .2  m(j. only as the hydrochloride. 
aulf !.de-amines were a l so  ves?cant. 

--- 

Two 

kunnonium Compounds: None of these was vesicant .  - 
- Csrbamates: 
duced b l i s t 6 r s  with 'n  4s hours. 
act ion a f t e r  one week, and I t  is probable t h a t  several  dthars  
would havo had a similar i f f o c t  had we boon able t o  obeeme the nen 
f o r  longer periods.  

A f 4 w  of these comTounds were irritant, but none pro- 
!€L 186 shared a delayed vesicant 

Ceterocyclic Nltrogvn Coqourida (Mlacall&oous) : None of these was 
of any e f f ec t  a8 an i r r i t an t . ,  . .  

N i t r i l e s .  
(exac tdose  unlmm) , and 1/20 i n  a o l u t i m  ( R o d  6). 
derivat ive was irritant (19/19 orythembm with Rod #5 of a 36$ 

,dioxane e o b t b & .  . l- .Cflorafwonitr , t l .e we -a poor yesicant. 

Nitro, Conpounde: Only nitroethylene and 2 - c h l o r o - 6 - n l t r o - ~ -  
bro-toluene, 

B~nzyl ldenemslononi t r l l~  b l i s t e r e d  1/10 a8 a dry powder 
The 0- bromo 

both mild i r r i t a n t e  ehwed m y  a C t l m i .  

Oximes: 
pod vpslcant; the  dloxime, !PI, 868, MB much lese ac t ive .  

PnljnylcnedlamlneR: _. 
wem i r r i t a n t .  

TL 367, thc! monorim of l-chloro-2-mthylglyoxal, was a 

Now of the& produced b l i s t z r e ,  and only a fow 

, :  

Misccllaneous: ~<-Trlazobutyrlc ac id  wa8 a compound which produced 
sevcre necrosee'on mice, but was r e l a t i v e l y  ineffect ivu on man. 



N.R. 20 

0 - ;I .v. 

C a l m .  
Ma 

4 8 - B o ~  I 
mmp. NO. Erythcmas 

.dingo 
lllstoro 
io. Sizc . S t a t u s  
-I_ 

TL 
-. .compound 

-__-_.- 

Formcmidc, N,N-bIs(2-chloro- 
ethyl) - 
0 

Hc'-If( CH$H$l) 2 

Cyanamide, bis(2-chloroothyl) - 
(C1WCH2) 'in -cN 

h a c  Solvent 
v- 

No. Sizc 

0 -  

- 

I 
0 0 1  0 0  

1 .. .- 
. 1  

- 
134 0 -  . .  

-1 7- 679 i o  2/23/43 
S 

o - j 1r.v. 

I 

0 ' -  

477 

I 

y21 

- 

200blI loorb N.R. 1 9 

i 
0 -  

T.P. 

No. 5 1 W p  
Rod 

73oF 10 

2& 
0 -  

T 2/15/43 
14 

A c C k i d e ,  ,~-(2-chlorcethy~) - 
N-nitmo-. 

0 -  

/ 



T.P. dioxane 
32O 
50$ 23% 

30 
T.P. di.oxane 

13 .Y. 

. ._ .- . . . 



Serlee - 

I 
_. . .  

c 2/2i/43 

, 

2/23/43 
I 

67%. 
3% 

11/11/42 
S - .  - 

y 

2/23/43 
K 

73%. 
31% 

N. R.  

. 2/23/43 
n 

10 

1> 
I 
I 200 

0 - 0  

c 

- 1 N.Y. . I  

\LI 

Concn . 
and 

Solvent 

l q  

100% 

I 
Tc?mp. No. 
tl. H. i I4en 

I 

679. I 10 

1 

i lo 
I I 

I I I 

I 
I 
I 



-m%GHea.dings 
E Q t h e m e  ! Bl'lsters: 
No. S i x  1 No. Size; Status 

I 1 

--- I 

.- 1 0 - 'N.V. 
1 

j i 
0 

I 
' 0  - 1 N.V. - I~ 0 



Serlee 

7/13/43 

a13143 

I1 

P 
-- 
7/29/"+2 

F 

8/19/42 

3/11/42 

F 

A 

3/11/42 
A 

3/19/42 
A 

3/19/42 
A 

4/14/42 
A 

- .  

. ..__ , 

118 

Compound 

Diethjlarnine , 2 - chloro - 
2 ' -hydroxy-N -methyl- 

nOca,c;r:, ~~ 

clc3$l?g 
N C H j  

-_ 
A n l l h j ,  N-.(2-chloroethyl) - 
N-ethyl 

CF*CH2C 1 
C A N :  

Ch2CHj 
II 

Diethylamine, dichloro- 
A-nitroso- 

(ClC2R4) 2N-NW - 
Ztiethrlanhe, 2,2'-dic:il,gro- 

N - W t ; i >  1- 

(ClCIJ2CR, - ,pcHi J m 2  

- ". . . - .. 
. -. 

Dose 

gsY 

2moF' 

.- 
N O .  7, 
Rod 

No. 5 
?:od 

No. 3 
Xod 

Yo. 3 
Rod 

NO. 3 
Rod 

BO. 3 
Rod 

140. 3 
Rod 

2oncn. 
and 

solvent 

Y$ 

506 
water 

water 

la%; 

100% 11. H. 

- 
N. R .  

iJ.  R.  

IG.3. 

i4.R. 

18 11.R. 

.b N.R. 

i. N.P.. 

3 - 

S t a t u s  

E. 

- ri . v.. 

- 
A . -  I 

W 



Series 

4/2/42 
A 

6/11/42 146 I 

c 

A (unheated) 
I 

TL 
No. ccmpound 

I 6/11/42 146 
A (X-2) 

.. 6/11/42 146 
_. A : (unheated) 

. .. 
.- 6/11/42 146 

A (K-1) 

4/1/42 146 
B 

- 
Doee 

KO. 3 
Rod 

NO. 3 
Rod 

NO. 3 
Rod 

- - 

NO. 3 
Rod 

NO. 3 
rid 

No. 3 
Rod 

No.  3 
Rod 

No. 3 
nod 

No. 5 
Rob 

No. 5 
Rod 

No. 6 
Rod 

Diethylamine, 2,'2'-dichloro- 
N-methyl- (cont I&.) 

Concn . 
Solvmt  
ma 

1 6  

- 

?8$ Fomj 
acid 

,I 

Formic 
acid 

- 
Temp. 
R . H .  

N.R. 

_c - 

N.H. 

H . R .  

N.R. 

- 
No. 
& 

a 
- 

7 

12 

12 

12 

I2 

8 

7 

10 

73 

!l2 

48-HoW 
Crythemas 
30. Size 

8 X.R. 

. 
7 -  

L2 N.X. 

1 N . R .  

12 N.R. 

3 N.R. 

8 N.R. 

7 -  

10 1 

a 5  

64 4 

?a(; ingo 
:Liotors 
io. S h e  

8 3  

7 3  

L2 4 

11 1 

L2 3 

3 2  

7 3  

.I 3 

4 6  

7 4  

21 3 



.- c - -  

Series 

2/15/43 

2/24/43 

5/25/b3 

A 4  

rn 
2 1 ~ 4 3  

2 

2/13/43 
U 

3/23/b3 
R 

3/23/45 

3/jo/43 

5/25/43 

2/8/43 

U 

0-1 - .  

m 

XA 

. 

compound 

DLethylamine, 2,2 ' -dlchloro- 
N - w t h y l -  (cat.) 

(right -1 

! 

4'; -Hour 
Erythemas 
N q .  Size 

33 5 

6 5 

52 7 

12 ,j 

2 i 

9 1i 

26 6 
white0 

8 4 
Negroes) 

48 7 

5 6 

5. 7 

-. 

eadings 
Blisters 
110. s i z e  

1 3  

0 - 

3 4  

0 . -  

1 4  

i; ;* 

6 3  

0 -  

6 3  

2 4  

1 .  5 

V 
L 

~- 

... 

Status 



7 -  

. .  

i 

- -  
-1 
.-I 
17 

.- 

. - - .  . ,..~ 

DlethyLamine, 2,2 '-dichloro- 
R-w bibyi-' ( c m t  .) 

. .  . 

> I  
223Y lcK$ 

No. 3 1% €E%$ 
Roa Formic 

acid 

NO. 3 1% %$ 
R t d  . I mrmic 

- .  - - 
Temp. 
R. H. - 
699. 
>1$ 

71%. 

$9. 
7% 

7 3 9 .  
4w j  

63%. 
559 

N. H. 

N. R. 

N .  n. 

N. R. 

ri. R .  

68%. 
- 

4 8 - H W  
kytt1erUas 
Io. Size 

-61 9 

- -- 

71 10 

24 i, 

12 - 3 

9 4  

8 N.R. 

7 N.3. 

8 N.R. 

7 N J .  

i o  6 

52 

13 

5 

0 

3 

a 

7 :  

6 

7 

2 

4 

5 

8 

- 

- 

3 

2 

4 
. .  

3 

3 

v. 

V. 

. .  .. . -.. . 



I 1 

TL 
sereis NO. Doso 

~/28/42 146 Diethylamine, 2,2'-dichloro- 6or 
F .  Hc1 N-methyl- hydrochloride 

12/28/42 
L 

12/28/42 
N 

1/4/43 

Concn . @-Hour Readings 
and Temp. No. Erythemss 'Blisters 
Solvent R.H. Men No. Size No. Size Status 

3% 68%. 10 10 , 6  1 5 v 
water 

See aleo, "Toxicity Data an the Nitrogen Mus1 

7/15/43 801 Triethylamine, 2-chloro- 
picryl sfionate 

12/26/42 

1/4/43 

G 

L 

1 

(C1-cH2) 2NCE3 -E1 100r 689. 10 9 5 3 . 3  
water . .  

water % 
200y l@ 689. 16 14 6 2 4  

__ 

570s. 10 
4 9  

3 7 

3 9 

1 9 

5 6 

14 6 
+ I I 

-da" by Rensahw, NDRC Djvision 9 RGport (1941) 



.. 
~. ~- 

6/n/4? .. 
T - i  

... B 

6/11/42' 
B 1 

. 6/11/42 
B ., 

4/1/42 

~ I 

A '  
; 

, .- .. . . ., 

Compound - 
Triethylamine, 
2 J2' ,2"-trichloro- 

145 
K-3 
, beate 

145 
:UIlhsd 

145 
x-4 
heate 

145 

.I. 

- 

Dose 

No. 3 
Rod 
Bo. 3 
Rod 

No. 3 
Rod 
No. 3 
Rod 

No. 3 
Rod 

No. 3 
Rod 

No. 3 
R o d  

NO. 3 
Rod 

- 

N::. 3 
Rod 

No.  3 
Rod 

Cmcn . 
arid 

Solvent 

1w 
1- 

10% 

1% w 

1% .w; 

1% @% 

1%. w 

L 9  

Fornic 
acid 

Formic 
acid 

Fornlc 
acid 

Formic 
acid 

glacial 
acet ic  

acid 

glacial 
ncetic 
acid 

Formic 
acid 

l0"r 

5oqb w 

. .  . -.,. 
< '  

-. 
Temp. 
R .  H. 

N .  R .  

- 

N. R .  

N .  R. 

N. R.. 

N .  R .  

Iq. R .  

W. R. 

It. R. 

N. I?. 

I T .  .n.  

io. 
len 

13 

10 

- 

9 
20 

10 

8 

3 

n 

8 

20 

... . 

&%Hour 
E q t h e m s  
No. Size 

9 N.R. 

10 N.R. 

9 N.R. 

20 N.R. 

10 x.2. 

R r ? . k  

1 N.H. 

c N.R. 

2~ ?T.X. 

23 R.R,  

. . .~ 

4 

3 

9 

17 

-0 

a 

1 

;.< 

2 

-5 

.. . 

4 

5 

2 

3 

3 

4 

1 

3.8 

2 

3 

iadir4ge 
)li 8 ters 
io. Size 

.. . 

v. 

Y. 

v. 

- 

5tetue 

. .  



Series 

4/2/42 1 :  5/25/43 

5 / 2 5 / 4 3 
HH 

5/25/43 
. -  0 0 -  

I 

x 
lo. - 
L45 

... 

Compound 

Tr ie thy lamlne , 
2,2',2"-trichloro (cat.) 

. 

6/8/43 
V-JJ 

- 
(0. 
ten 

lo 

-- 

16 

18 

15 

15 

13 

19 

1; 

L47 

20 

16 

4 

17 

13 

I3 

1.3 

!ee.dings 
Blisters 
No. Size 

2 7.5 

0 -  

a -  

1 k  

2 5  

2 4  

15 9 

4 9  

j 4  8 

1 4  9 

9 -  

- 



-- Compourid 

Trtethylamino, 
2,2 ' ,2"- t r icNoro-  ( c m t . )  

Concn. 
and 

Solvent 

l* 

1w 

Formic 
ac id  

1% % 
Formic 
acid 
1:s sS$ 
Formic 
acid 

&% 
FormLc 
acid 

;0% 
Formlc 

acid 
24; water 

3$ water 

5% water 

Triethylamine, . 
2,2',2"-trichloro- z 1  , 

Temp 

&OF, 
6-V 

&OF, 
43qb 

R. H ,  - 

N. R.  

N. R .  

11. ii. 

N. R. 

fi. R. 

ba0y. 

63%. 

6a°F. 

A 

l2/2a/4e 
B 

' l2/28/& 
' C  

12/28/42 
D 

~. . 

HC1. 

145 
BC1 

145 
El 

145 
ECl 

- 
Dose 

180 

186 

No. : 
Rod 

No. : 
Ron 

No. j 
Rod 

No. : 
ROd 

. No. : 
Rod 

40 r 
d y  

100 Y 

No. 
Mefi - 

4t 

44 

20 

10 

'i 

.1 
I 

20 

13 

10 

10 

1 

- Statue 

V. . 

v. 

3 u 



Concn. 
TI, and Temp. 

Seriea No. Conp01md Doao Solvent R .  H. 

- I F .  0 

U-Hour Readings 
No. Xrytthemas B l i e t e r r  
Mpn No. S i z s  No. Size S ta tus  

1005 1/4/42 145 Trlethyiamlne, 
I €El 2,2',2"-trichloro- HC1 (cont.) 

54: water 17 14 0 4 1 . v .  
23% I 

6 , 5  4 1/4/42 " 

-I_-- 

: , - 
.. .. 
-, -.., -- 



TL 
Series No. 

2/3/43 481 
N 

8/4/42 331 

a j l a p  
R 

I 
Compound 

Diethylamlne, 2,2'-dichloro- 
N-propyl- 

' ( C1CH2C%)pT-CH$E$H3 

Dlethylmine, 2,2'-dichloro- 
N-isopropyl- 

( C l C % C Q  .p'$.(cH3)2 
E 

t I 
. .  

3ose 

2004 

Concn. 48-Hmr Reading8 
and Temp. No. Er,ytythems Bl is te rs  

Solvent R. H. Men No. Size  Ro. Size 

lcQ.% 7 2 9 .  9 4 3 0  - 
Less vesicant than HN2 on the  bare sk ir  
vesicant 

No. 3 
R o d  

No. 5 
Rod 

100-8 
T.P. 

loo$ 

40-6 

T.P. 

,;Oh' 

l ~ d  

100d 

200d 

than S 

1- 

1- 

loo$ 

loo$ 

P p  wcrtei 

s , w a t e i  

5$ watei 

watei 

1oc' wntei 

el0 

20 

- 

20 

I2 

10 

9 

12 

7 

15 

le . 1/4/43 
I 

ing .... k 

3 ' 
. -  

Information from other 801;pces: 

0 

to 

0 

0 

2 

2 

2 

2 

4 

i ta tus  

v. 

E. 

- . 

P 
Q 
r 
'i 

1 
Dilutr ecetone sol .  o? R n t d .  vqor . ,  s'iin irritant e f f e c t  
slightly l ese  than H. 
with No. '1 Rod (ca. 0.15 w:.) on 3.1 ..L..II. 

Much ~ C S S  ti1a:l 9 when applied undi1:Jted .,.. ?'DME: 438 llh2) 



Concn. 48-Hour Readings 
TL EUld Tew. No. Erythema _(Blisters 

Series No. C q o u n d  Dosf: Solvent R. H. Men No. S i z e -  No. Size Stot,ua 

2/3/45 jlj Diethylamine, N-butyl- 2NY LOO$ 72OF. 10 1 11 0 - , E. 
31% 2,2 dichloro- 

Produced about o w  degree of or:rthmm ae EN2 bu; 3 2  gave 
greater degree Of veslcation. 
No. 16 (1943) 

(ClCH$%) $3 *C€$C~CH2CH~ .... Suffteld Tech. %xit,e 

I , I I 

0 - ,  

-I 

1 4 .  v. 

0 - -  



- 
I I 7 
TL 

Serlee no. Compound 
1 I 

Dieth:~lamhe, 2,?'-dichloro- 
N N-cucloher~l- 

l l / l l / b ' 2 ~ ~  L76 1 Aniline, HYN-bie(2-chloro- , 
cc ethyl) - 

U I 
3/17/43 507 Aniline, NYN-bis(2-chloro- m .  ethyl) -p-nltroso- - 
3/23/43 

z 

6/8/43 693 1 ?in (2-chl.oroethy1) - 
B e n z y i d n e ,  A,N-blR- 

Concn . 
Doae 1 S$ 

200 'I 

dioxane 

dioxane 

1 3 o q  65$ 
dioxane 

dioxane -+ 

L 
I 

2 9 0 -  

7- 
----+-- 

;totus 

E. 

.N .Y . 

E. 

v. 

. 

t- 
0 
'd 

1 



Series 

6/8/43 
ss 

f% 

6/8/43 
PP 

Benzylamine, N,N-bie (2-cirloro- 

. .  
. I  6/1/43 .. . 

DD ._ 
.- 

1 

.. , 5/18/43 
T HC 1 

695 
HC1 

1055 
HC 1 

12/14/43 
F -2 

ethyl)- ECl . (cont.) 

- 
Diethyl-amino, 2,2' -dichloro- 
X-fUrfUr;fl- HC1 

T ---?I 
(ClC%CK)2N-CEp-C F H  *HC1 

\o 
_. 

Coqound - 
Bonzylamine, N,N-bin-  

(2-chloroethyl) - (cont .) 

: -  

--. 

.. LO I 



m- . 

12/21/43 1120 

. .  Compound 

Diethylamine, 2,2'-dlchloro- 
N-tetrRhydrofUrfury1- 

H 2 2 - R  
(clc€12c~)2N-cH2-Rc, 

0. 

Quinoline, 2-( 2-chlormtiiyl- 
amino)- HCl 

~~ 

Dipropylnmine, 2,2'-dichlom- 
A -methyl-, 

Diphenylamine, 4,1+ ' -df th  i b  
cyano- 

idin& - 
3lietero 
' IO. size 

1 4  

0 -  

0 -  

0 -  

itatxe . 
v. 

n.v. 

I 

I 

N.V. 

-. 

No 9 ' I  
Hod 

200 $ 
T.P. 

- 

I 
A 2 w drop juat produces ery them.  .... B-2487 (1942) 

dioxane 
1J.V. 



Series - 
7/13/43 

7/20/43 

11/9/43 
9-1 

El. 

Z 

i. 

n 
NO. 

803 

1 W  
HC1 

' 

1001 
HC1 

l l W  
HC 1 

,-:- 

I 
- 

. -  
11/22 f 4: 
Q-1 - * 

12/21/43 
E-2 

48-Hour Readings Concn . . 
and Temp. No. Erythemas Blietere 

Compound Doae Solvent R. H. Men NO. Size No. S i ze '  Status  
. ... 

Bia(oth~lmercqto)amine, 757 87%. 13 1 3 0  - E. 

(ClCH$H2S) 2NC1 

51% 2,2',N-trlcNom- 

225r  l o g  80%. 12 j 4 I i) - 

Diethylamine, 2,2'-bia- 1 C d  2% 58%. 15 15 10 ! 4 t? V. 
(2 -chloroethylmercapto) - dioxane !j8$ 

I 

0 
(I\ 

N-methyl- HC1 , . . .  

. (CNKC&-rSC&2%) $iCHJ*HC1 

i- 
-? 
b: .. 
,--- 

- N.Q. Aniline, N,B-bia [2-(2-chloro- 1OOoy . % 58%. 15 0 0 0  
ethy1mercapto)ethyy -- BC1 dioxane 58q; 

(OlcIL$~W$~)$W@5 'HC1 __ 

5 1  3 5, v. . '4 

.. . - .  . .  . 
.~ 

3. 
:r) 
:/ 3 
-r 1 
-. - 200 i' 48$ 64OF. 10 3 - 0 -  I 

dioxano 3% 

43% 

- -_ 
I v. 

Sulfide, bia(2-Gie(2-ck,loro- 200r 33% water  OF. la 3 

I e thyl)oming ethyl) - 21Ici 

.$+HCl 
. 





Series  E. 

12/28/42 
A 

1/4/43 
R 

.1/2ofl j  
N 

8/17/42 

1/12/43 
V 

- 

., 

: . ' .  

', . 

r ,. , ,  . 6/4/42 
B . -  .... 

la6 

clnnpo.Jnd Dose 

N-nitroso- e thyl  e s t e r  Rod 
Carbanic acid,  N-methyl- No. 3 

skin. 
no. 5 

293 1 

Carbamic acld, r l - (2-hf l rosye th~1~ Yo. 5 

Carbamic acid, N-butyl- , 
N-nltroso- methyl ester Rod 

N-nltroao- metin~l ester I Rod 

Carbamic acld, N-(2-chloroethyl) -1 ;io. 3 
N-nitroso- methyl ester I Rod. 

(closed vesication) NO. 5 

_. &$-Hour Readings 
concn. ' 

Solvent R .  H.: Men No. S ~ z s l  iic. Size S t e t i l s  
Temp. No. Erythemasl Blisters ._ and 

f 

5% 

79% I 
ula 2 

,0841, .D.R. 1087 (1942) (B. l2Oj(X)) 

- 1 H.V* 
- :  0 

i I 

10 i) - i  0 - 1  
i 

12 9 - i  - N.V.  
! d 

2 I CL 

'7 3 - ! I  Q - 
! 

- 
2 act ion about 

13 4 1 ;  3 3 
I 
I 
! 

1 
- ' ! I  15 4 

I 

! 
4 i  0 3 la 7 





Series 

1/12/43 
T L 1/2Q/43 

1/12/43 
u 

1/20/43 
. o  

1/12/43 

TL 
No. Compoiind 

154 Carbamic acid, N-(2-chloro- 
ethyl) -IY-nitrooo- e thyl  ea te r  

ClC%C%\ ,9 
N-C-OC$T5 

' ON' 

?20 Carbamic acid, N,R-bis- 
(2-chloroethy1)- e thyl  e s t e r  

$ 
' (ClC&C%) L .$i-c-Oc* 

514 Carbamic acid, N-rwthoxy- 

. ... .. . , 

. .  
. 

3/17/43 
'ERE 

3/23/43 
DD 

7/13/43 
m: 
.. 

- 

I- 

'I 

563 Carbamic acid, N,N-dichloro- 
e thyl  eater 

0 
CI$T-%-CC$I 

. .s . .  

790 Carbamic acld, N-mthyl- 
N-n:troso- 2-fluoroethgl eete:  

0 ' -  

. .  ?N- , ._c l cH&F 
. .  - -  - .  (34 . _ ,  

: : j ; - j N.V. 

- 



l l / l l / U  
K 

6/15/43 
I1 

Compound 

Carbamic acid, N-(2-chloroethyl) 
N-nitroeo- isopropyl e s t e r  

ClCH$%, 0 
N-~'-ocH( a3) 

ON' 

Carbamic bcid, N-(2-chloro- 
ethgl)-N-nitroso- butyl e s t e r  

CarbRulic acid, rT-ethylthiol- 
w t h y l  e s t e r  

kse 

IO. 5 
Rod 

IO. 6 
Rod 

IO. 7 
Rod 

103 9 
T.P. 

203'r 

io. 7 

- 

m 1, .e . -- 

I iDd 

U - H O W  
Crythemi 
Io. Sin 

0 - 

0 - 

0 - 

0 - 

0 - 

0 - 

2 1, 

'"i Blis te ro  

1 - 





I 

TL 
Series  NO. compound DOBE 

7/29/42 I 236 Acrylonl t r i le ,  (( NO. 3 
Rod 

rro. 5 
CBCI =cc1CN 

B I  R o d  

8/18/42 I 259 I Malononitrile, ,-chLoro- I '10 m&. 

53 $ 

(apyrox . J benzyli?.ene - 

T.P. 

dt31'45 1 I No. 3 
I 1 Rod 

, 

Concn . 48-Hour Readings 

Solvent R.  H .  Men No. S i z e ]  No. S ize  S ta tus  
Temp. No. Erythemal Blisters and 

I I I 



I 

Dose Compound I Ser ies  I NO. 

.. 

.. . 

Concn . 
and 

Solven 

! 
0 -  t: 

c 

- 
I 

0 

8/18/42 1 239 Maloni t r l le ,  2-bromo- 

Q 
benql idene  - 

CH-c (CN) 

B r  

i 8/1"K/"' 1 240 I Maluni t r i le ,  E-nitro- 
benzylidone- 

19 m g .  Dry 7 2 9  
FA$ 

73g  3@ lJ+% 

(aprox.) Powder 

T.P. dioxane ~(8% 

No. 5 3@ N .R. 
god dioxane 

10 mg. ' Dry 7 2 9  
(approx.) Powder 64% 



Bli otors 
N D .  SIZS f status 

I 

0 -  

- i J  1 E. 
I 

3 - I  
b- 

0 - 1 X.V.  ... 

I 
0 - 1  t: 
0 - j N.V. 

I 
1 

o - i w-v-  
I) - ~ j  



4/6/41 
BB 

. .  . . 
8/31/43 

H 

75/8/43 
KK 

I 
___1 

- 
TL 
NO. 

;23 

4 - 

c0,oma 

Chlorai oxime 



---I- 

and 
compound 088 Solvent 

I I 

I . . . .  I 

p-Phen: lenediamine, N,N'-&imethyl 2301( 
N,N'-dinitroeo- j il. 

- la-Phenylenediamine, 
N ,N, N ' , N  ' -tetraMthyl- 

burnln 
LTDS 2 

5% 
:hloro- 
form 

i 

~ d n a s s .  Application of the 5$ solution was followed t: 
4 mess l a s t d g  4 days. 

59% 
7% 

i o  

10 

__ -. 

r' 



Series 

5/18/43 
v 

TL 
No. 

4/6/43 

4/13/45 

a 

T 

and 
Compound 088 Solvent 

4/6/43 
EE _ _  

Temp. 
2.  H. 

739 .  
5% 

75OF. 
2w 

65%. 
28$ 

75%. 
2@$ 

62%. 
213; 

73%. 
275 

175%. 
I405 

-____ 

.. 
.I 4/13/45 

R ,  . .  

No. 
Men 

14 

r 

15 

25 

14 

16 

14 

11 

..~ ,. .' , 

3/23/43 
. .- BE 

o-Phenylenediamine , l90d 1% 
N,N,N',N'-tetramethyl- 

I /  

I I I 
I 

550 1 p-Phenylenediamine, 
N,N'-diethyl- M,N'-dimethyl- 

&?I 1 E-Phenylenediamine, 13ud 104 
N , N , N'- tri e th yl -N ' -m thy1 - 

547 2-Phenylenediamine , 2 0 0 6  10% 
N, N ,N ' ,N ' -tetraethyl- dioxane - 

I I 

1 43-Hour 
3rytnemaa 
Yo. - S i z e  

i) - 

1 2 

0 - 

5 2 

i 3 

i - 

0 - 

:adings 
3listers 
io. Size 

0 - 

0 -  

0 - 

0 - 

0 - 

0 - 

0 - 

Status 

m .v. 

--_ 
N.V. 

E. ' I  - . .  
rl ~. c; . 



6/15/43 
JJ 

100s 

200d 

7551 p-Phenylenedj.amine, 
! N,N'-dicarbethox;i- 

~~ ~ 

6/15/43 754 p-Phenylenediamlne , 200 'd 
KK N,N'-dicarbethoxy-2,h-dfchloro- e1 

- 
I 

6/15/45 755 1 2-Phenylenediamine, N,N'-dicarbetiiozy- 
Lc I N .N' -bie(2--chloroethyl).- ; 2 d  

Concn . 
and 

Solvent 

9$ 

CY$ 

8% 

d i O ~ A  

dioxwe 

cello- 
solve 

21% 
dioxane 

739 .  
5% 

579. 
4% 

I- 

7397. 
5@ 

- - 

Status 

N.V. 

\ 

N.V. 

N.V.  . ,  

I t  

'= 
-. 
5,. 

E. 

N.V. 

. ~ .. 

= 





Phosphorus Compounds __ 

The phosphorus compounds are divided i n t o  three I 

general groups: phosphonium compounds, phosphorus com- 
pounds containing sulfur, and others .  Zxcept f o r  a f e w  
very mild irritants and one vesicant  (triphenyl-2-bromo- 
ethylohoephonium bromide), a l l  of the compounb of in t e rne t  
are Fn the  sulfur-containing sect ion.  

, . . . .  . 

The sample 5 645, tris(2-chloroethylmercapto) - :  
phosphorus w m  the cutetanding vesicant;  l t 'was  diecovered 
later, however, t h a t  the  compound decomposed r ap id ly  and' 
t h a t  we had ac tua l ly  t e s t e d  a mixture containing a la rge  

The bromine analogue of TL 645 appeared t o  
be a fair veslcmt, and two compounds of the (ClCH$H2)2 PR 
c lass ,  TL 1029 (R= e thy l ) ,  and TL 762 (3. phenyl) were 
vesicants. 

amount of Q. 



TL 
Ser ies  N o .  Compound 
4/6/45 536 Phosphine, phenyl- 

C@5PE2 
Phosphine, t r i s ( c h l o r m t h g 1 ) -  

. ) 2:;,43 534 (ClCH2) 9 
3/9/45 540 Phosphine, diethylphenyl- 

3/17/45 .* 

w 
ccc 

Z 

(CP;)2P'C@> 

l l / l0/42 464 Phosphine, dibutylphenyl- 

11/11/42 (CR3CH$H$+) 2p'c@5 
cc i 

11/11/42 411 Zhosphine, t r i o c t y l -  
- 0 
. .. ., . 

12/8/42 .. 
0 . 

~' 4/6/45 588 Phosphlne, t r i decy l -  
I1 rij (cH2 1 g :'Jp .. 

. .  
'.> 
':.:. 4/13/43. 504 Phosphine, t r i -1-p iper idyl -  

U 

\CH2 -CH2 ' 
2/17/43 535 Phoaphlne, diethox.ypheny1- 

R (C2H50) ,P.CgH:, 

bis(o-chlorophen0xy)- 

C oncn . &Hour Readings 
U, . %W. N o .  Erythema Bl i s te rs  

Dose =vent R. H .  Men N o .  Size No. Size . Sta tue  
20-d lee$ 75%. 15 0 - 0 - N.V.  

2w 

~. -> 2816 
200# l q  &OF. 10 0 - 0 - N.V.  

lO0Y. 'lcq.. 75%. l o  0 :  - 0 - N.V.  

230'6: .lO%', 659.  IO 0 .  - 0 -  
: . 7 6  , 

.. 

, ,  41$ 
NO. 5 ,  -lOC$ 73%. 11 0 - 0 - N.V. 

- 0 - 57$ 
200Y 1Lqi 73%. 10 3 
T.P. 3 1% 

T.P. absolute 31$ i\) 

2005 --53$ . N. R. 1.3 0 - 0  - 

B* . . ,~ 

FJ 
N 

&$ -.35 ( 3 9 .  20 0 - 0  - ~ N.V.  

. . alcohol 

T.P. absolute 
alcohol 

200f 4@ ,{>OF. 15 s - . 0 - N.V. 
. , dloxane~ 2% 

200d loo$: ' 650F.-. 24 0 - i) - N.V. 

28% . 
. .  

. -  . ~ . .  , .  

200y , lm$. . <Q9. 1.2 0 - 0  - N.V. 
25% 

l* TIOF.. 
phenyl - 

___  

235 



BWERS OF PHOSPHOROUS ACID 

TL 
Series  No. compound 

3/23/43 585 _Phosphorous acid, d imthy1 ester 

3/33/43 

FF I 

( CH3O) 2PoIi 

T 

3/3/43 1.586 
P 

Concn. W-Hour Readings 
and Temp. No. Pythemar B l i s t e r s  

Dose Solvent R. H. Men No. Sizc No. Size Status  

l O O r f  l* 7 5 9 .  10 0 - 0 - N.V. 

2m0'6 10% 7l0F. 10 9 - 0  - 
4+ 

N. €3; 

0 - 

0 - 

0 - , 

N.V. ' 

J 

P N.Y. N 

I 

H.V. 

Methyl phosphite 

(CH30)jP 

Ethyl phosphite 
(C2H50) 3P 

Phosphoroua acid,  
trLs(2-chloroethyl) e s t e r  

t ClCH2C%O) 3P 

Phosphoroua acid, 
tris(2-broapoethyl) ester 

(WJJ$H20) 3p 

2 0 d  

203'6 

200d 

I € d  

.. . . 

1- ' 87%. 12 1 4 
5146 

0 . - E.- 



PHOSPHINE HALIDES 

t8-Hour Readings 
TL 

Series p No. 
c__ I 

- 0 - N.V. 

i 

3/23/45 616 I Phosphine, chloro- 2w.d la$ 

3/17/b3 5134 Pyrocatechol phosphorus loo$ loo$ 

200% 75%. 9 0 - 0  3/23/43 l* 

KK I bis(2-ch1oroethox.y) - 
(ClCH$H20) 2PC1 

Km 

j 4 6  I 

4 0  - E.- . 

m 

- 0  - N .V. - . ~  

3/9/45 539 1 Pyrocatechol ?hosphorous 
TI monochloride 

I 

12/14/43 864 Phosphorus ozyohlorlde, diphenyl- 

I 

' ! +-- I 

E-1 

- N.V.  . 13 j - l o  7/13/43 782 I Phosyhino, (2-chloroethoxyj- o 
d l f  luoro- 

i 1 C1CEI$%OPF2 
cc 

I 
- 0  - N . V .  

-- 
- N.V. 

ethoxy) - 575 1 

200i  106 7 5 9 .  13 1 0  - 0 

I (2-chloroetho+ 2ak 



5/4/43 JJ 1 61E 

Temp. 
R .  H .  

71%. 
45% 

57% 

31% 

7 2 9 .  
3 1% 

-73OF. 

73%. 

65%. 
2€$ -- 

I iy 

No. 
Men 

10 

10 

11 

18 

23 

.... , . .  __.. - - 

PIIOBPBllYE CYANIDE! 

Dose 

NO. 5 
Rod 

1004 

2 0 0 i  

200'6 

270< 

Compound 

Phospnine, dicyanophenyl- 

and 
Solvent 

lo.$ 

loo$ 

!loo$ 

looqb 

lo€$ 

Phosphine, phenyl- 
ditiiiocyano- 

c 6 3 p  (as) 2 

Phosphine, (2-ch1oroethoxy)- 

- ClCH2CH20P(cF1)2 = 
dicyano- 

Phoephine oxide, trimethyl- 
(CH3) 

Phosphine oxide, t r i e t h y l -  
(C2H5)3PO 

Phoaphinimine , 
P , P , P , N -te traphenyl- 

, .  

( C  ) P=NC6Hs 
6% 3 I 

I PHOSPHINE OXIDES 

200'4 

No. 5 

2002 
T.P. 

200.d 2% 1 dioxane 1 $7.1 l5 

0 - 

3 - 

-.-__ 
?eadinga 
Blisters 
No. Size' 

0 -  

0 -  

0 - 

3 - 

0 -  

. .. 

Status  

N.V. 

. .~. . 
- .  . 

L~ 

- 
N.V. 

1 

k- 
h) u R.V. 

e__ 

B.V.  

N .V . 
. .  

N . V .  s 



ESTERS OF PHOSPHONIC ACID 

‘ I  I T L  
Serias 1 N O .  Corppoimd 

6/L>/lt3 I 743 1- Methyl.phosphonic acld,  
FF I dimethyl e s t c r  

I 
11/10/b2 I 465 Acet i.c acid, d ie th> l -  

phucptonw e thy l  e s t e r  
i 

Concn. 

D o s e  Solvent R.. E 

I I 

N O .  
Nen 

14 

- 

16 

10 

0 - 

0 - 

adings 
El- is ters  
No. Size 

0 - 

0 - 

0 - 

0 -  

status 

N .V. 

N.V. 

. .. 
N.V. : 



Temp. 
R. H. 

73%’. 
5% 

7 0 9 .  
4w 

63%. 
55% 

87%. 

. 
5 14: 

73OF- 
50$ 

No. 
Men 

14 

, -  

13 

15 

13 

-. 

12 

Seriiie 
TL 
No. compound 

-, 7/13/43 1 802.1 Phosphonyl fluoride, 
HE b i s (  2-chloroethyl) amino- 

5/18/45 635 

5/25/43 

Phoaphonyl chloride, 
U .  bie(2-chloroethy1)amino- . .  h 

Phosphonyl chloride, 
N - ( 2 - chlorw th yl)  -N -methyl - 
amino - 

c1c€J#H2, F1 

LL- 

5/18/45 635 

5/25/43 

Concn. 

Phosphonyl chloride, 
N - ( 2 - chlorw th yl)  -N -methyl - 
amino - 

c1c€J#H2, F1 

5/11/45 
m 

680 Phoephonyl chloribe, 
N-(2-cliloroethyl) - 
N-ethylaudno- 



Concn . 
TL and Temp. 1 Serra No. compound Dose Solvent R. H. 

9/21/42 345 Fluophoephoric acid, No. 7 im (6%. 
, w  die thyl  ester noa 

(C230) $OF --. 
6/1/43 627 Fluophosphoric acid,.. 200g 106 ' 8O0F., 
cc 2-chloroethyl e s t e r  598 

-.. 
r ~ _ ^  ( C1cHdC%0)2p~ 
C i  -. 

lW 73%. 
R diliaopropyl e s t e r  "&d 1 578 

5- 11/1O/kZ 466 Fluophosphoric acid, 
; 7 ,  
..I ,- ~, ... . 

~... -" U/ll/42 .' UCHj)$g$QJ ' . 2WjI  1- 73'F. 
. -  

EE H I T.P. 31% 

diethyl e s t e r  7 % 

. .  

Chlorophosphoric acid, 200$ lCq% 7 3 9 .  3/9/43 541 
W 

(c;?rso)p~ 

200f I.(*, 1 '73%. 
m 5/18/43 699 Amidophosphoric acid, 

V _ -  N,N-diethyl- die thyl  e s t e r  

(C2H50) 2mC2H.j) 2 
8 

* 

48-IIou.r Readlngs 
No. Erythemas Blioters 
Men No. Slze .No.  Size Status 

19 1 o - 0 - N.V. 

- I 0 - N.V. 

1 
20 0 

I - - N.V. P 10 0 0 
N 
4 
I 

LO 3 - 0  - 
__ 

- 10 9 0 - N.V. 

14 0 - 0  - N.V. 



PHOSPHONIUM COMP- 

ti Series 
3/2/43 

X 

4/6/43 
E5 

3/23/43 
11 

- 
TL 
No. 

461 

610 

- 
581 

- 
509 

Compound 

Phoaphoniwn compound, 
tetrakis( c h l o r w t h y l )  - chloride 

(c1C%)4PCi 

t r i a l l y l p h m y l -  brattide 
Phosphonium compound, 

Phosphonium ccmpound, 
trlethylpfianyl- iodide 

l'hosphonium compound, 
tr iethyl-E-tolyl-  Iodide 

Concn . 
and 

Solvent 

b% 
water 

34% 
water 

@% 
nater  

5G 
W a t e r  

4- 

0 - 

0 - 

0 - 

-I- 
o - N.V. 

! 



DOBE 

Concn. 
and 

Solvent 

183d 15% 
Pro7ylene 

glycol  

60? 
T.P. 

49% 
w a t e r  

&Hour 
Ergthemas  
Yo. Size  

:eadings 
B l i s t e r s  
No. Size 

Temp. 
R.  H. 

No. 
Men comPound j t a t u s  

N.Y. 
L 

Series 

73% I 

27% 
Phosphonium compound, 
3-chloroacetonyl-triphenyl- 
chloride 

15 0 - 

. 

0 - 

Phosphonium cmpound, 
. 2 -bromoethyltriethyl- bromide 

10 

10 

10 

0 - 

0 - 

0 - N.V. 

0 -  

. 

0 - 0 - 

13 

- 
a 

2 s 1 2  TT. Phosphonium compound, 
2-bromoethyltriphenyl- bromide 

. .  
N.V. 1 3/23/43 

HE 4 

1,2-0xqhospheta?e, 
4-OXY-2 -tri?henTl- 

0 - 



Series 

11/22/43 
9-2 

8/3q'43 
w 

7/13/43 
CC 

7/a/43 

2/15/45 

V 

. '~ s 

2/22/43 
P 

l l /Z! /hj  
R-2 

6/13/43 rn 

_-- _, 
c' 

U-Hour Readings Concn. - 
!rL and Temp. N O .  Erythemas B l i s t e r s  
No. Compound ,Dose Solvmt  I?. E.  men^ No. S ize  NO. S i z e -  Status 

- 0 - N.V. 

I 
. 3% 6 4 7  10 0 

1020 Phosphine, chloro(2-chloro- 250f lo@, 
ethylmtrcapto) e thyl-  

- 
About:1/5 as vesicant  a8 H. ... P.R. 2582 (1344) (B-3969) 

El ClC%CH2S.P, 
'2'5 

I 
910 Phosphine, (2-ohloroethyl- 2503 lw ' 81%./ 13 0 - 0 - N.V. 1 75$ 1 

pl lOn~- l -  1 2@ 1 
31G I 

~~~~ ~~~ ~- 

I mercapto )diphenyl- 
clc€L?c%s-P( CgHg)2 

C ~ C I E ~ C H ~ S  mi2 2406 loq6 mol?. 1.6 4 2 0 -  

:';? Phosphine, bls(buty1mercapto) - 2:13-d l* 62%. ,; :) - 1 3  - N.V. 

I 
3 0 - E ,  7& Phosphorus, dichloro- 13 1 7 

1 9  I (2  - chloroc t h y w r c a p t o )  - 

62$ 

I 
.- 

c @ j p ( ~ 4 ~ ) 2  

- 577 Phosphine, b?.s(methylmercapto) - 200$ 130$ 72%. l& 5 ir - N.V. 
phenyl- 

C;R~P(SCHJ)~ ' . 

1029 Phosphine, bls(2-chloroethgl- 12?$ 10% &OF. 11 11 Y2 I V 7 I V. 
wrcap to )  e thyl -  32% 

CZH~P( SCH$H2C1))2 

762 Phosphine, bis(2-chlor3eth:rl- 1.95 $ loO$ 84%. 1 5 1  5 ':; 4 4 N.V. 
mrcap  t o ) -phenyl - 

C&P (scH$H$~) 2 . 

I 



1 
Series 

8/3/43 

8/17/43 
FF 

Y 

5/4/43 

5/18/43 

5/4/43 

5/4/43 

5/19/43 

Q 

X 

P 

0 

-~ 

. .  - 
, .  K-5 
-:, 6/4/45 
.. 1 N 
. - ~  >/u /43  

N>O 
4/27/43 

5/4/43 

5/11/43 
c,x-cir 
5/1e/45 

P 

. I  

, , /  

+ u  

M 

m 
No. 

853 

859 

Corllpound 

rhosphine, b i s(2-chloroethyl- 
mrcapto) -(pd\metiiylrimho- 
phenyl) - monoethylate 

(CH3) SCH$I+,Cl)2 *C;H50€l 

_ .  

19 

12 

23 

22 

18 

23 

74 

15 

24 

15 

4 0  

. ~- - 
toadinga 
B11 stem 
No. Size 

3 - 

0 - 

- 

4 

- 

3 

4 

4 

5 

L' 

'i 

7 

6 

6 
-- 
3on8, p .  

t '  \* 
P9 



Series 

9/21/43 
L-1 I 

I 

TL 
No. 

933 

602 

495 

46? 

429 

422 

' 

932 

-. 

, ' 1 4/6/43 
JJ 

Compound Dose 

Phosphine, tris(2-bromoethyi- 90 ?t 
mercapto) - 

(B*%CR;S)jP 

Thio?hosphoric act&, 200d 

( c y )  3'"s 

"hiofluopLo8pnoric acid,  2x8 

trimethyl ester 

d?ethgl ester 
(C&0)$3F 

Phosphine, dichlorophenylsulfo- No. : 
aon 

' s  1 T:P. 

Tblopiiosphunyl chloride, ethoxy- .~ 2 O O v  

2w d . .  
pp 

Fl c&oq=s 
c1 

Thiophosphonyl chloride, 80. 5 
(diethrlamino) - Rod 

lWa' 
T.P. 
200 if 
T.P. 

Pitosuhine, ~ i s ( 2 - c K L o r o e t h ~ l )  - 140% 
tmina- ~ ~ ( ~ c h l o r o e . t h y ~ )  - 
mercapto) - oxide 

( (2 C?HI+ ) 2N .P( SCPH4C1) e 

. .  . .  , 
C 

% W C 1 *  , .  . 
C&' i 

R ~ _ _  - 

3/9/43 
m 

l l / l O / k  

ll/u/& 

3/9/43 

Y 

RB 

w 

10/21/4< 
L 

T 

Q 

11/9/42 

ldll/42 

9/21/43 
K-2 

- -- 
lemp. 
R. €I. 

65*. 
60% 

75%'. 
2w . 

No. 
Men 

10 

12 



, 

.. Sulfur Compounds 

Thiols: There were no vesicants in this group, and only 
m e  irritant, 1,3-dichloro-2-mercaptopropane; however, 
TL 3oe, 2-chloroethanethiol, irritated oae man with Rod fi, 
clcsed 5 minutes. 

-.- 

sulfides: Included. here are a large number of excellent 
vesicants, including H, 0 and it6 homologues. None of , 
the "me-armed" mustarde was particularly effective, al- 
though TL 344, the methyl compound, blistered 14/20 with 
Rod fi closed 5 minutes. 

-- 

Replacement of the 2-chloroethyl radical by 
2-chloropropyl, dichloroiaopropyl, or 2-chlorobutyl 
diminishes the vesicant action of mustard. 

Hydrocarbon8 with two 2-chloroethylmercapto 
substituents .we, in general, excellent vesicants; for 
example, TL 905 (methane), TL 36 (ethane), Tt 153 (1,2-propme), 
l'L 843 (l,j-propane), etc. 
TL 654 (2,2-propanej. 

Sulfoxidee: Oxidation of sulfides to aulfoxidcs ZWsUltE : 
in a total loss of veaicant action. 

Sulfones. Three eulfonea, divinyl, 2-chloroethylvinylJ 
a n d ~ - c ~ o r o e t h y l ) ,  were god vesicants. 

Ths only exception is 

c 



,i 

/ 

Campound 
I 

I 

Etnme t h  i o l ,  2-chloro- 

ClC32CH2SH * ,I 
-- 

Sulfenyl chloride, 2-chloroethyl- 

Cl~C€l,2Sl 

- I 
Propane, 1,j-dichloro- 2-mercapto- 
c 1 q -  E CH2Cl L- 

g2gc82c1 

Propane, 1-chloro- 2,3-dimercapto- 

1,6-He&edithiol 

E(C%)@H 

. .  

I 
concn. @-Iiour Readb4s 
and Temp. No. Erythema Bl i s ters  

Dose Solvent R. H. Men No. Size No. Size Status 

No. 5 1% 59%. a o - 0 - E.- 

I -  Rod 7% 

- 
NO. 5 lOO$ N. R .  20 1 
Rod 

(closed > ') I 

4% 

43% 

7% 

~. 

- 0 .  - N.V. 140% 109 . 57%. 11 o 
P w u 2103 loo$ 649. 5, 0 - 0 - 

~/ 0 - E. 230d lm 819, 8 6 

- 0  - N.V. 2003 look 75%. 8 o 

I 
72%- 

O N * V *  0 0 0  

7 6 9 .  20 o 

639 .  16 o 

No. 3 lo$ 
Rod ' 59% 

Rod 7% 
NO. 5 l q  

8/31/43 
N 

883 

3/9/43 
Ix 

8/17/42 1 
A 

545 

8/4/42 
A 

72 



I . .  

ClC%C€$S -CH3 

Information from other sources: 

I.- 

Eulffde, 3-chloropropylene-l,2- 
E2C-$E-CELC1 

\s 

ClcE$C+S c*!$ 

Information f r i  other s w c e e :  

- 
. . .  - .  . 



I . !  

-, 

TL 
Series No. Compound Dos e 

11/22/45 1.023 Sulfide,  2-chloroethyl cyclohazyl- 100% 

42c-C&2\ R-1 

cH2 mod 12/14/43 : - c q  

11/22/43 1030 Sulfidn, (2-chloroethyl) 2ood 

, C L ~ C E ~ S - C H  

- f 
E-2 

s-1 (;e nitrophenyl) 

.. ClCH,lCH,S-C)nq, I 

_. 

11/22/45 1031 Sulfide, (2-chloroethyl) 1 2 m d  
s -2  (0-ni trophenrl) 

N e 2  
.~ city Q s - 0  

8/17/45 884 Sulfide, '2-chloroethyl I Load 
DD 2-fluoroethyl 

8/25/43 . CZCE$H2 -S-CK$H2F 240 ./ 
C 

5/29/45 3 Sulfide, bia(2-chloroethyl) - 20 ?f 

9/29/42 

9/29/42 

K Plmt run Levinatein 

C (c1c%c%)2s 

B 
9/29/42 

A 

11/9/42 
- _ I  0 

739. I 4h% I 58 

IW-nour 
Ekythemas 
No. S i z e  

0 - 

0 - 

0 - 

0 - 

1 2 

12 7 

32 5 

13 4 

11 (1 

11 4 

58 6 

Sadings 
Blisters 
No. Size 

0 - 

0 -  

0 - 

Status 

N.V. . 

N.V. 

V. 

V. 

\ 



Dose 

13 -? 

30% 

!IO. 3 
Rod 

NO. 3 

65?/ 

200d 

Concn . 
and 

Solvent 

l* 

10% 

5% 

1- 

D.P.E. 

12@ &%. li) 1,1 l i j  la 5 v"p I 
5% 

Y$ 
1- &OF. 10 10 12 l i r  a , 

749.1 11 

itional uata on plun- 

36 

56 

10 

11 

3 V. 

4 

- 

3 

. 
c 

I I 
run Levins te in  metard and ~~ 

t h j  rxliyl!;col. mistard, see srct iono r n  Vesicant Comparisons 
and VesIcant Mixtures. 
Bor data  on red is t i l . l ed  Lsvinst.-i;I ? ~ ~ s t ; ~ . r . d ,  SP'; s e c t i m s  
on Mustard, VCE'LCmt Conr+riomo, ;.I?? V.:sicmt Mixture-a. 

I I 



Series COmpOMd Dose 

Irlsulfide, bie(2-chloroethyl) l 4 d  
clcEt2cE2-s3-cH2c~cl 

210d 

9/28/43 

9/28/43 
J-1 

- 
Concn. 
and Temp. No. 
Solvent R. H. Men 

loog 7 9 9 .  g 
57% 

lo@$ 67%. 15 
550 

Pentasulfide, bie(2-chloroeth~l) 
ClCIi2CH2-Sg -CH2CH2Cl 

~. 

SuLf ide , b i s  (2-bKnaoethyl) 

(Bfl%a2) 2s 

Sulfide,  2-chloroethyl 
2-chloroisqrapyl- 

(iH2Cl 

CHx 
ClC~CE$-$H 

0 

0 

Not a V66iCCUIt. .... Porton Memo. No. 15 (1.9h1) 
150’g lo@$ 7 9 9 .  9 1 2 0  - N.V. 

57$ 
225t loo$ 67%. 15 o - 0 -  

55% 

’ .*I. ?% 
90% lOO$ 81%. 15 15 12 14 8 V. 

__ 
LI man vesicant power roughly the same as If. . . . . British NRB 1940 
1208 109 78%. 11 11 ,5 4 5 T. 

of R. . .. . C.D.R. 1006, v.18194, w-93-1a (1941) ( ~ - 1 1 4 2 )  

656 
Vesica& properties are about one-half E ~ B  pLtent ao t h c s  

2 

Ather, bis[2-(2-chloroethyl- 
NO. Rod 3 .D.P.E.  3% mrcaptn) ethyl] 

(clcE2~”c~c~2.)2o T (closed) 
NO+‘3. 10% 
Rod D.P.E. 

(closed) 

(closed) 

Rod 

NO. 3 m. 
30. 3 10% 

Rod D.P.E. 

629.1 15 

36$ i 

15 13 

I 
the work of other laSc 



Serlee 

11/9/43 
P-1 

TL 
No. 

~330  

780 1 7/13/43 
BB 

Cmcn . 48-Hour Headings 
and Tsmp. No. Erytliemas Blisters 

Compound Dose Solvent R. H .  M e n  No. Size  P!Q. Size Stat:ls 

Ether, bisf2-  (2-chloroethyl- 6od - loOg 58%. 15 15 J 2 2 V .  
78% mrcapto) -1-methylethyg 

~ l%cH2SC~CH(~3)3 ]  20 

Sulfide, bie(2-ChlO1~pr0pyl) 1153 loo$ 87%. 15 14 8 7 6 v .  
51% 

(CHJCHc1CH2) $3 
' 

1/7 as sffecttre aa muetard applied under the erne 

7/29/42 
D 

. 

l0/19/k 
S 

clc~pcH2cl  ?lo. 5~ 
S Rod 

. . _ .  ClC~hCH2Cl 
-xo. -5. 
Rod 

NO. 6 

200Y 

. .  Rod . '  .~ 

ll/lQ/k 
S 

12/14/43 
1-1 
- 

lw. 

10% 

1- 

3% 

54% 

).P.Z. 

L i m e  

72%. , 20 
, 

67%. ig w 
689. 10 
415 

73%. 10 
57% 

57%. 11 
4% 

I I .... . . .  

1 ! T.P. 

Dimlf ida, bia (1, j-dichloro- 
isopronyl) 

10931 

F 8 . .  
( C l C E 2 )  ,c-S-S-C( c&$1)2 

0 - 

1 

' . i  , ~. . 



. . 

I ca$n./ Temp. 
Dam Solven R. H. Series 

no. 1 4 p  jReadinua 1 Er h e m s  Blis ters  
Men No. SIze No. S i t e  Status 

6,'1/43 
E 

1 

lK$ 220 d 

8/31/43 
T 

80%. 20 0 - 0 - N.V. 
5od 

I 

65d lW$ . 81%. 13 13 19 13 11 
7% 

ria. 

Y. 

734 I Sulfide,  bis(2-chlorobutyl)-3- 

905 

C@i-CHCE3 
61 

Methane, bie(2-chloroethyl- 
arsrcapto) - 

1 

I 
~ . . . -  

1 

w 
in diameter produced vesication in k / 4  cases. BLirns 
thru clothing develop more slowly than those caused F 

by.mustard or fiT W/>O. Skin leaions produced b:? L l . 0 3  cc. Y 

of a 2.s solution. .... British (1940) 
Tvim ae powerful aa H. .... Porton Memo. No. I5 (1941) 
Very dilute acetone a o l u t i a a  applied to animal or humar+i 
e m ,  t w i c e  aa veaicant a8 =tar& (erythema the criterion).  .... (EA!I!R 104) .. EATR 359 (1942) 

, 

' !!$ 51% 

14 8 

13 14 

6 5  

12 9 

v. 



For edditlonal deta on TL 86, TL 155, W d  TL 258 880 SeCtiCm8 On Vesicant Comparisons md Vesicant Mixtlui-es., 

9/14/42 1 9/14/42 R 

Q 

' 9/14/43 
C 

- 
56 

2 

1 

t 

.. 

. 

Ethane, 1,2-bis(2-chloroeth~l- 
mercapto) - 
Sesquimuetard Q 

% p % C W  
~ c s c H 2 c ~ c l  

...... 

(closed) 

(oloeed) ., _... . :,~i5 ;.' 1 ~ 

D.P.E. 

1 2  

14 8 

14 10 

0 -  

2 3  

. .  
U'-  6 

30 16 

For a sunmvlry of the work of other leboretories 
on the veaicant action of Q on human s k h  Bee 
C@S Fie ld  Lab. Memo. 1-4-5, page 327 (1944) 

. .  



. 
- ,  

Compound 

Ethane, ~,2-bie(2-bramoethyl- I 

nercapto) - 1 

= % ! W y 2  
-c%-=% 

Propane, 1,2-bls( 2-chloro- 
ethylmercapto) - 

H 

Concn. 
and 

Dose Solvent 

13% 4% 
D.P.E. 

%-A 2% 

1004 2& 

D.P.E. 

D.P.E. 

7Od 1- 

2004 loog 

- 
No. 3 3$ 
Rod D.P.E. 

No. 3 1 6  
Rob D.P.E. 

no. 3 3@ 

ro. 3 lW 

No. 3 3% 

BO. 3 1 6  

Rod D.P.E. 

R o d  

R o d  D.P.E. 
(clwed: 

R o d  D.P.E. 
(cloclsd: 

48-Hour 
Erythema8 
No. S ize  

19 14 

-- 

39 33 

14 36 

0 - 

0 - 

7 

7 

10 

13 

4 

6 

kadings 
Blistere 
N o .  S ize  

0 -  

0 -  

0 - 

0 -  

0 -  

xatus 

E.-  I 

R.Y. .- 

r 
F 
L h  

1 v. 

1 



?-- 

Dose 

No. 3 
Rod 

(cloaed) 

No. 3 
Rod 

(closed) 

No. 5 
Rod 

,NO. 5 

Compound 

Propane, 1,2-bis(2-chloro- 
e th  ylmer cap t 0) - 

Cmcn. 
m d  Temp. 
Solvent R. H, 

. 3G 62%. 
D.P.E. 36% 

10% 62%. 
35$ 

% 7 8 9 .  
D.P.E. 6% 

1% 78%. 

, .  

I 

7l.P.E. 

No. Rod 5 I 2% 
Rod. D.P.E. 

NO. 5 6% 
Rod D.P.E. 

Propane, 1 3-b l s (2 -ch lomthy l  
843 I mercaptoj - 

6% 

6 7 9 .  
'I>$ 

67%. 
eo$ 

a$ I l o a  I 78%. 

- 
No. 
Men 

15 

- 

15 

48 

48 

19 

20 

20 

15 
- 
11 

rcti 
I I j5r; 

C q a r i s o a  of vesicqt 
mustard 100, t h j a  compd. 500, Q 5OU. . 
Ti: -?7k (Tmrt.rn\ 

~ 

11 2J 

ty of ber 

s t a t u s  

v. . 

r. c c 

.. 

. .  

II - - 1  ' x- -- - - - J ~  

.Vesicant pordr 18 about 4-3 t i m e 8  greater than H 
when applied in benzene s o h .  directly to sk in  of 
mea. . .,.. V. 18615, B-1275 (Ptn. lf i /42) 



i 

Series 

4/27/43 
v 

5/4/43 
m 

6/29/43 
Y 

6/13/43 ' 

PP 

. .  

1.0/14/42 

g/i4/42 

9/14/42 

.. J 

I 

u 
9/14/42 

v 

' A  

2/3/43 
L 

2/6/43 
T 

2/0/bj ~ 

7/7/42 

S 

_- .- 

Concn. 48-Hour Readings 
and Temp. No. Erythema Blietere TL 

Bo. Compound b e  Solvent R. H .  Men NO. s i z e  NO. Size Status 

- 

654 Acetone mercaptol, : 1~~ lM$ 67%. 15 1 2 0 - E .  
bis  (2-chloroe thyl) - w 

27% 

ethylmercapto) - 41% 

5@ EKbScH2CH2Cl 

2 4 d  lM$ 73%. 15 8 10 0 - ! (mJ)2c(qcH2c1)2 

9 16 I; V. 768 l-Pmpanol, 2,j-bie(2-ohloro- 709 1- 71%. 21 21 

I q - m  84%- 10 10 19 13 10 

E&CEyl$Cl  

258 m e ,  2-chl0r0- No. 3 3$ 74%. 9 9 6 0 0 ~ .  
P 
c 

1,3-bis(2-0hloroethyImercapto) - Re D.P.E. 5+ . 
b?. 

lo. 3 3$ 76%. 15 15 7 6 5  
Rod D.P;E; 72$ ,~ - 

No. 3 lO$ 76%. 14 14 i o  14 a , .  

 ob D.P.E. 72% , .  

3 6  76%. 15 15 io 15 a .'I no. 3 
Rod D.P.E. 7% .. . 

NO. 3 10% N. R.  29 29 3 28 4 .. 

%? -2cw: 

: , Ei2c-scH2c&2c1 
HC -C 1 

_. 

-. 
7 . ,  , -  . 

_1 .. 
! 

Rod 

Rod 

Rob D.P.E. 36$ 

lo. 3 lo@ 72%. 10 10 13 8 5 

31% - \, lo. 3 3$ 629. 15 6 7 0  

(cloeed) 4 
' No. 3 1 6  62%. 11 11 7 1 7  

Rob D.P.E: %$ 
(closed) , 



Serlee 

R 
2/8/43 

8/3/42 
M 

L 
8/18/42 

A 

M 
' 7/13/42 

A 

8/3/42 

8/18/42 

' 7/13/42 

c 

Compound 
Propane, 2-chloro- 
1,3-bis(2-chloroethyl- 
mercapto) - 

Informetion from other 8ource; 

Dose  
No .  3 
Rod 

(closed: 
No. 3 
Rod 

(ciosea; 
NO. 5 
Rod 
NO. 5 

Rod 
NO. 5 

Rod 
No. 5 
nod 
No. 5 

Rod 
No. 5 
Rod 

NO. 5 
Rod 
NO. 5 

R o d .  
16 2( 

70 

When ai 

:men. 
and 

;olvent 

3* 
n.P.E. 

10% 

1% 
D.P.E. * 
D.P.E. 
3% 

D.P.E. 
316 

D.P.E. 
% 

D.P.E. 
2@% 

D.P.E. 
4$ 
D.P.E. 
60s 

D.P.E. 
106  
10% 

Lied UT 

73% 
73% 
7 3 9  

No. 
Men 

16 
- 

15 

21  

21  

19 

40 

38 

27 

2'7 

27 

20 

13 

E.5 

9 

13 

10 

7 

9 

9 

13 

10 

11 

10 

11 

13 

f o r c a m  i 

-- 
eadings 
d l l  oters 
?IO.  s i z e  

6 

5 

- 
- 
Ir 

7 

8 

6 

7 

7 

7 

a 
- 
men Ilol 

5tat11s 

v. 
.I 

1y means 

P 
t m 
I 

. I  
. lute 

of a capi l la ry  pipet te ,  produced large b l i s t e r s  and a 
greater area of erythema than e q u d  weights of pure mstard 
(0.05 mg.) . 
curred later than wlth H. . . . . TDMR 470 (1942) 
Vesicant 10 t l m w  a8 ef fec t ive  8 8  H &?plied under s a m  con- 
d i t ions .  .... Porton Memo. No. 15 (1941) 
Aroa of erythcm on skin graa te r  than wit5 H. Us0 vcsicle 
formed VBB larger. . , . . 2-64 SufflLld Expcrimzntal Stat ion,  April  12 ,  1943. 

meet of erythema and S l i a t c r  formatim- oc- 
Not u l e f f c c t i v e  pain producer. 

DOCQ not pcnotrat,2 clothing. 
~-1~ _._ -. - -_ P 

,1 



~ ~ 

Series 

6/15/43 
co 

... 
8/3/43 

u 

- 
TL 
No. 

767 

. .  

c. 

Compound 

Bu-Lwe, 2,3-bis(2-chloroothyl- 
mercapto) - 

Butane, 1,3-bis (2-cuor0ethyi- 
mercapto) - 

. .  E 2 F - S C H 2 C W  
%? . .  .. . 
H -SC€$CH$l 

E3 8 

Co l rCn .  
and 
Solvent 

71oF.l '& 
41% 

a c t l m  about 1/3 t 
,tcm Memo. No. 15 (1  

@-HOW 
lkrythemas 
No. Size 

33 9 

20 9 

29 14 

io 19 

13 13 .V. . 



.. . . 
, .  

, .. 

P 

o -  

. .  ~ 1 y c o l  0 
? 

j Ca,-S-CH,CK,$I 
. c ~ - s - c ~ c ~ c l .  .a . .  

-. 

0 -  

0 - 

- 
0 -  

. .  

.. 

N.Y. 

1 

. 



t 
I 

115f lCQ% 67%. 
51$ 

7/13/43 
FF 

’ 16 14 9 13 7 V. 
I 

7/20/43 
I 

7/13/43 
EE 

12/14/4. 
F-1 

10/21/4: 
. K  

12/8/42 
P 

.038 

413 

I 
compound 

\ 

Vinyl  sulfone 

Sulfone, 2-chloroathyl vinyl 

1 Sulfone, 2-chloroethyl 
I p-nltrophenyl 
I -  

o 

I 
Cmcn. 48-Hour R e d -  
and lbq. ,No. Ergthem 1 Bli~te~ii  

Dose Solvent iI. H. :Men No. Sim( NO. S i z e  
I 

0 - 

0. - 

9 5  

13 9 

0 -  

0 -  

0 -  

1 



Series 

798 

2/8/43 
I 

Sulfmimealt of 
thiodiglycol and 
b is (2- C h l O r o e t h g l )  sulfme 

7/13/43 w 

- -  

Compound 

SUlfme, bis(2 -chloroethyl) Eo. 3 

; cloeed) 
d1omJAe 

Rod dionrne 
:closed) 

3% 

:closed) 1 

I 
In V84k S o l U t i O n  lDFFI Ve8iC-t thRn E. Man: 0.005 cc. 
of Q.W eolutlon produces skin leeion (P.R.), 2 mm. 
drop (0.005 c c . )  of 0.1% solution in vater produces a 
resfole. . :.. British IWB (1940) 



ORGANOIGTALLICS . . < 

kl1 folr cf &e meroury oompcunda teated were veslcmta,  and TL 955, 2-furylmerouric chloride, x=5 ...~. 
quite active. 
men. 
and thallium were non-irritant. 

Antimonx - 

The t r i b u t y & t i n  hal ides  were falr VSsicantS.  and selenium oxychloride bl istered 13/15 
The selenium analogue of mustard w118 only ,mildly irritant. Compounds of antimony, lead, s i l i ooo ,  

. .. I 
\ 4 Brhour Readings Concn. 

TL and Temp. No. Erythemci Blisters 
.~ . 

/ .  
Seriea ?!on Compound Does Solvent R.H. Yen No. S i z e !  No. Size Status 

- -. 
, . .. 

- 3 -- I--- I _  

' .  8/3/42 216 Stibine, triy2-furyl- ~~ 

0 

. .  

r . ~  lo/5/42 i 

P 

9/22/42 365 Stibine, tri-2-pyridyl- 
dioxane 

-.- 

P 



. .  
.- 

5 .  

TL 
Series No. Compound __- I _I__ 

Mercury. 2-thiefiyl- chloride 
(cont'd. ) 

Selenium 

Selenium rsychloride 

S6w1z 
Corrosive action on &in, iroaucing burns -hi& are a l o r i  
t o  heal, the  selenium absorbed throuch tha skin a c t s  as  
a systwic poison.. . .Liritisii ;WE( (IY-0). 

Selenide, b i s  
. .  

i (ClCHaCI1, )&e . . .  



6/4/f3 
I1 

1s 

. .  .. 

10 

F 

6/18/*2 
G 

- 
13 8 

10 8 

6/??9/43 
V 

617 

955 

Meraurlc Muride-  . - 
aoety lsh:  oo%lejc 

Cp&,Hgcl, or =y bo 

C , ~ ~ H g C l ~ ~ C l C E W i E g C l  ~ ' 

Uercury,' 2-furyl- ohloride 

215 

-4- 
747 I Hercury, 2-thienyl- 'onloride 
" t 

H$-----CH ,- ' . . 
!: 

I ,  

Mercury, di-2-furyl- 

--'- 

eadings 
Blis ters  

Undiluted oonpound causes some reddening of thc 5kia. .... Porton kern Nu. 15, 1941 

lWXI Zcqc 

ldio- 

I 

20 

20 

- 
15 

15 

16 

21 

17 5 

20 '+ 

Y 
"1 
.a 

11 3 F--- , I  

i 

-- 
10 3 v 
24-hour readings j 

I 
2 7 ' 0  

48-hour readings) 

1'i 6 

18 '3 

3 -  
. .  

. .  

15 5 

. . .  . . .  . .  



3/&/*2 
A 

2S Tin.. biomtributyl- 
. - .  ., 

(CEI,CH~C&$H~ ),mr 

Thallium 

- - 
No. 7 
Rod 

Thallium. (ethy1thio)dimethyl- 

(CH&T~SC,H, 

54% 
tioxme 

20 

10 

0 0 -  

0 +- S/d/.S 
L 

2*0 Y 

- 
zzor 

*2& 
mloro- 
form 

- 
22% 

3hlaro- 
form 

Dith iocarbdc  acid, 

' thallium ester 
N,N-diathyl-, dimsthyl- 

9 
( C ~ H , ) ~ I J C - S T ~  (cH,), 

Dithiocarbamio acid. 
N,N-diiaopropyl-, dimethyl- 
thallium ester 

B 
[ (CH~) ,CK]~NC-STl (Ci l ,  )a 

10 

2-1Jonen-2-ol-.i-one.' 
l , l , l - tr i f luoro- ,  
dimthylthdlium salt 

75 r 
T. P. 

-- 

~ 75°F' ' 7&/i 
20 

Tin 



-- 
Tin (continued) 

--,.- 

I Concn. 'tu-hour headings 
TL and Temp. No. Lrythenas ' 6 l i c ters  

Solvent ~ i i .  ;den ;io. bize It;cl. S i z e  

Rod 

ACXTYL%h?; D? ;H I\T;,TIVLS 
I .  

- , .  

S t n t u s  

v 
-__ _ _ _  



TL 
Series 

7/13/*3 
A 

No. Cempound 

770 ' Propiolio aoid, bromo- 

9 I BrCICC-OR 
Y - 
497 1 Propiolic acid, tuethyl ester 0 - 0 -  

I P 
I mCC-OCHa 0 - KO. 5 j loo/. 

Rod i 
0 -  

--__ 
0 -  

&_. - 
*96 3 Propiolio acid, ethyl es ter  : 12/20/1 

0 
0 - 

1 1 

.. 
Y- 

1/&s 
T 

I 0 -  

I - 
570 I Propiolic acid, Z-chloro- 

I ethyl ester 

D 
! 

Ecic<-oc~cHzci 

0 - 0 -  

--A- 
i:.v. 930 1 Tetrolic acid, methoxy- 

! 0 
j CB,OCH,B&OH 

0 -  0 - 65'1.. 12 
6U,b * I 
--A 

9/%l/YY 
5-2 

i 
929 ; Tetrolic acid, methoxy- I methyl ester 

0 
CA,OC&C=C&OGR, - 1 i 

0 - 



.~ . J-. - .  

5/4/45 
u 

631 1 aoetylenedicurboxylio acid. 
d i m t h y l  ea te r  I 

-.--j-:+ - 
8/31/4 i 91': aceiyleiledioarboxylio acid, 1 die thyl  e s t e r  

' i ~  

- i i  
-----ti 

lZpe/u2l293 I Carbinol, athfnyl- 

- 
Conan. i -8-hour RbudinCS 

and Temp. No. Lrythemrrsl B l i s t e r s  

Vasicant aot ion t o  umn vheh applied undiluted o r  i n  
9.1-50p weight volurm solut ions i n  acetone i s  l e s s  t h m  
1/10 t h a t  of mustard.. .fiiA'R 29- (19-2) . .  

I 

i I I 
kegor t  of an accident  occurring dwings it.s preparstion 
.( lYJb) indicated t h e  compound t o  be a suvero vesicant. 

Vesicant aot ion t o  man %bun applied undilutzd o r  in 
O.l-SO/; m i g h t  volume solutions i n  ncotone is l a s s  th- 
1/10 t h a t  of mustard....Ili.Ti( 28+ (19-2) 

.... FdTDS'56 (19*1) 

_-  -- 
- i : d . ~ -  

I - i o  I 

t. 

. .  
. .  4. 

I .  



2-Chloroethyl dstors: 
reaction product (Ti; 959) i so lated i n  the preparatiotr of Ti, Y60, and 2-c;ilo;oGt,ilyl Litrit; (:L ;zt), 
are i n  t h i s  o last i f icat ion.  
irritr&t. 

Fhree VeaiCantS, b i s  (2-ohloroethyl; trithiGna~rhc?r,t,. (TL yep j .  :,? L.r,id3n 

Of the others. bis(Lchloroethy1) thiooxalute (TL y h )  w s  thb ~~~l~ 

-_ i  

haters of FLtty Loids and Halogenated Derivatives: done was irr i tant  or vwsicsnt. 

-- - 

-- 2-Chloroethyl iisters 

Concn. &-hour RcadinAs 

0 - .  \ 0 - ; f b V .  

I'L 

677 I F o r d d o  aoid, am- bis(2-ahloro- ' 2lOr I 
1 ethyl )  estor 

671 I a s s t i c  aoid,  fluoro- 
2-ahloroethyl eater 

FCIizC -OCXzCii, C 1 

Nod 

No. 3 
kod 

2-ohloroethyl ester .... 

9 
CH,C - S C h  CJ3,Cl 

t I - .  

I .  r' 

i 

I 

, 
P 
'..I 
73 

. I  

0 

, 
P 
'..I 
73 

i 
. I  

i I 
0 





TL 
Sefi-.s.-li!? Co mp- ouud 

9/28 /4 [  953 I ixaction product of thiophosgant 
Y,-2 I 1 and 2-chloroethyl mercaptan 

- -. I_---_ 

I 

tuacticn produot of 
CSe1, and 
ClCH,CH,SS -- . .  

Iscoyanide, 240h10FOCthyl- 
diohloridY 

I 
1 C1C&C&h:-CCl, 

-. .-__ __ 
2,45/.t> 1 515 Isocyanio acid, 2-chloroothyl 

astar 
K I  

! clclt,c&~i-c=J 
.- . . . ._ __. - 

8/5/*2 1 S"5 Thiocyanic acid, 2-chlorocthyl 
L '  . ostur 

i 
I 

S/l7/*2 1 I CICH&LdSCh' 
' 0  I 1 .  . .  

I \ . .  I .  

- _  
9/2/*2 1 5i.r 1 Nitrous acid. 2-chloroothyl 

9/15/22 1 I ClCil,CHyONO 
- B  . .  

' I 



' .. . . . . . .  -9- 
. ,. 

11-  . .  
(. 

./- - 

5 9 v .  
47% 

75'Y. ' w 
7% 
5Y'F. 

21 

20 

10 

0 - 

0 - 

0 - 

Seers of Fatty Adds  and ,pAogenated Derivatives. 
. . . . . .  

i No. f 
' I 

. .  I : ' ~  

l o d o  aoid, ohloro- . . 
ethyl ostcrr I Bod 
P I : _ I  

i . . .  
I. C1C-OcpB, ., 

, ,  
. .  

, >  

I .  

71'F. 
r5;; 





-- . 

- .  . .  
. , . ~  

. .  

;totus - 
N. V. 

h- 

I . . .  

N.V. 

- \. 



I . .  
12h8/42 1501 F-io aaid. chloro- 

n i  e w f  eater 

1/4/43 
V 

'A 

.. 

Dose 

NO. S 

-- - 
nod 

NO. 5 
hod 

2ool l  
T.P. 

No. 5 
- 

2 0 h  
T.P. 

- 
No. 5 
Hod 

200 r 

Concn. 

. .  i 



.I 

t 

1 



. 

' (SWSNCH, )a0 
. .  

TL 
Series No. Compound Do 

I _. 

I I 

Conon. 46-hour 1teadinL:a 

Solvent K.ii.- hEn !io. S e e .  Yo. S i z e  Status 
Temp. No. .&rvthemas I Blisters  and 

__~ - 

ZOOY 

cloccocl 

Butanesulfonyl . f luoride - 230 K 

10/CLl/r2 4u3 S u l f m l  chloride. dimethyl- No. f 
Y ' .  Hod 

, (CH3j)aNSO&1 
lOOY 

T.P. 
ll/b/*2 

W 



, 
TL 

Con-. 

Seriee . No. Coppound Dose - 
273 Bthtr, blsfiaothioayeao- MO. 5 

' (oont'd.) Rod . .  =thy11 

... ., :, ~ .i i i,, . .  ..... , 
f -,' 

.> ' 

" 

- 

7 6  6 

-----t---- -~ 

I 
-1-- 

0 

0 

i o  
8 1 0  

! 



CATLCEOLS 

. .  

3-Allyl orteohol. the two geranyl oatachola, und pyrocotecholphosphorus monoch.lorido wero irritant 
but not vesicant. 



2-Propen-l-olr Y-ohloro- 

ClCHWiC&C@ . . 

:r '. 

. .  
' I I 

. 



6-chloro- 

zmll 
T.P. 

No. t 
Rod 

. .  

Quinone 

10/6/?2 396 l,it-Naphthquinone, , . . . :  Z-methyl- 
R 

10/19/42 v 

I I 

Sing1 
foro. 
OCCUI 

lI/" c 
OlU& 
being 

SOY 
T.?. 

2OOT T. P. 

3 2 ma. diamoter drops of compound u ! > p l i s d  t o  t he  
'm3 of ench of 5 men- A vary foablc skin rcac t ion  
wd (lass than u similw r -ac t ion  of l y e  solut ion 
: mustard in dry bmZQne. It i s  tneroford con- 
1 t ha t  the compound i s  not apprecicblo vesicant 
less than :i/100 ...*B-1205, CDR llh (Y.20346) - 

I I I 

I 

' 9/21/43 
?! L-2 

__-- 
M 4 2 .  

B 

. 
YISCALtiNL?US B;LOGLN COX'OJh'D3 . .~ 

.ZSdr 100% 65" 936 I thmo,  1-chloro-2-fluoro- 

ClCH,Cf&F 

80 t utena-2, 1, Y-dibrow- .NO. 3 4% N.K. 3 1 N.V. 
Had dioxane 





- 172 - .  -- 
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References t o  realcaht studies by other laboratories & 
spbclfic caupounda are given with those ccmrpoUnda In Section IP. 

.. 
1. mtrmg, C. C., A Method f o r  Quantitative Applicatfcm of 

wt4 m u 0  &CUIit8 Of ulld i lu ted  Liquid Veaicauta t o  the 
(Rod i ?am 2 3  1 h ? x h  1937 .. 

a .  
2. Blaok, S., &Bole, E. P., and Lipton, M. A., A Vapor Train StuQ 

of the  C- tire Yesicancy of b t a r d  and Several Ralatsd 
Aminea and Sulfide s ~1 Hurnan Skin; -2% ' 

I 4. Bloom, W., Thunaon, J. F., Oaldwaaser, E., Savlt, J., aab' 
k?p, October 

c 

D a m ,  P. P. E., Ths Banesh hifcrapfpette; 

3. lW&mter, P. D., A Method for Deliver 
of Diiier ing Phgeical Proportlea; 0 , Serial 287 a J U y  1942. 

6 .  Sayit, J., Thanam, J. F., Ooldraeser, E., DeBmyn, P. P. E., 
snd Bloom, M. A,, Tests of Ch3.cro8inlde4mt8lnlnu 0iOt.arts for 
Protection and Dccontaminaticn of Eumac Skln against Liquid 
vos icmts ;  OSRD 338b , March l9U.  

7. "revan, J. W., Lancet, April 22, 1922, p. 786. 

8. Trevan, T. W., Biochcm, J., 9, 1 U  (1925). 

9 .  Truckle, T. W. n., Tochnlqm of tho Phpsioloalcal Erper imnts  
Carrlcd Out  an H w  Oboemore a t  the Chemlcel Dafonee Resoarch ' I , 
Department, P ~ i - t ~ n .  No &to. 

10. Wriglt, S., AnalysL~ of Varlatiana in S h e  of Blister &tor Appli- 
cation of E; CSRD 3943 , June 1744. 
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Appendix 1 

COMPOUNDS NOT TPSTEIj 

The following compounds, submitted t a  the Toxicity Laboratory 
fol. veslcant teats ,  could not be examined f o r  t he  reaaona given. 

TL 
No.. Name ReaBon 

73 Pyroaulfuryl chloride Eydrclyzed in a i r  

149 Lead, t r i e t h y l -  aoienocyanate Decomposed 

268 PhosphFne sulfide,  trie(,amyl- Eht i re  sample g e n t  

206 Arsine, chlorodimethyl- Oxidized by air 

314 Acryloni t r i le  High v o l a t i l i t y  

naphthyl) - t o  C.S. Marvel, 4/2/43 

357. Pentane, 3 -chloro-J -nitroad- High v o l a t i l i t y  and 
decmpoei t f cn 

f 394 Anine, eth,vlbls(bthylpercapto) - 

484 Araine, q l -  

High v o l a t i l i t y  and 
decanposlticm 

H i @  v o l a t i l i t y  and 
decmpoaiticm 

Dscmposea 

ai@ v o h t i i i t y  

mo&wed 

Ilo'ntltable rolrsnt . . 

. .  

,.. : 

Eydrolyzee ih air 

. I . ,  . ~. . .  

, .  . . ,.- 

Decmpofled 

DOo-86 



T s  
Nu. 

519 

523 

- 

537 

593 

601 

608 

622 . .  . 

643 

6 3  

683 

Name Reason - 
Carbazole, 9-v h y l -  

Arsine, diPluorc (t:methylaino) - 
Same compoun0 as TL 727 

Sarcple not availsble to 
Vesicant Laboratory 

Phosphorus, tetrafluorophenyl- Sample not available to 
Vesicant Laboratory 

Phosphonium compound, Decomposed 
(2-chloroethyl! triethyl- iodide I 

Phosphine selenide, triphenyl- No 8Uit8ble solvent 

Phos2hine, dicyano(2-phenoxathiin) - No suitable solvent 
?hosphorus, dibromodichlorophenyl- No suitable solvent 
Arsine, tris(N-ethylcarbezolyl-3) - No suitable eolvent 

Carbazole, 3-dfchloroarsino-N-ethyl- Decomposed 

Quinoline, 8-dichloroarelno- HC1 No suitable solvent 
Benzothiazole, 6-dichloroareeno- No suitable solvent 

Arsine , dichloro (m- - trif luoro - 
2-phewl- HC1 

mthylphenyl) - Decomposed 

. _ .  , .  

Are ine , tri -L-dibenzof uryl- No' suitable solvent 
( >  \. . .  

Carbazole, 3-dichlorophosphino- Decanpoeed 

Quuinoline, 3-bromo-2-(p-dimathyl- Held for further 
. , .  . . +ethyl- . .  , , .  .. 

aminophenyl) - . .  . :... 1 ' . :  .. inetmcticaie' 4. 
. .  

Adamsite ' .. SW BS TL 644 (Which YBB nU3 
Hemiacetal of chloral &l '?. u : ' Request withdram .. . 

ohlore t one 
Arsine, diphonylthiocyano- Decomposed bp moist air 

, .  

3 l ? h  

\ 



690 

703 

7 18 

752 

7 55 

757 

758 

786 

788 

6% 

E18 

677 

908 

972 

973 
974 
1M7 

Diethylamino, 2,2 '-dichloro- Decomposecf 
N-pheno thyl -  

E-Pi,enylened',.aol'ne, N , N '  -dicarbo- 

Sulfide, bisL2-(c~,lorof~rmyloxy) - 

No suitable solveat 
met hox;? - 

cthyl3- 

- 
Decomposed t o  C02 and H 

2 -Pheny lened iWe,  N,N'-dicarb- 

2-Phenylenediamine, N,N'-dicarb- No su i tab le  solvent 

Sample not available t o  
ethoxy- Vesicant Laboratory 

ethoxy-2,5-dichloro- 

p-Phenylenediamine, N,N '  -dicarb- No su l tab lc  solvent 
ethoxy-N,N ' -dimethyl- 

l-pyrlnbane, 4 -carbethoxyamhJ- 

Phomphine, dichloro E i a  

Phosphbe, Eis (2  -chloroethyl- Decompoaad 

&wine, ethyldif  luoro- 

Dlphenylaminc;, hextinitro- Request withdrawn 

No aui table  solvent 
2 -2- toxylory- 

Sample not avalla3le t o  
(2-chloroetkyl) amino3 Vealcsnt Laboratory 

amino)~b  i s ( 2 -cliloroe thylmor capt 0) - 
. .. 

Hi@ v o l a t i l i t y ;  attach 
@as 

Aralne, 2-chlororlnyl- aelesibe HO aui tbble  B0l-t ., 

, .  . . I  

, '  ... < 
Phoephina, dirAloro(2,2.'-di-, . D e C o a p o M d  
chloroiecprapy1)laurcapto- . .  . 

Chrmyl ckloride 

heins, wthylphenyl- 
Furan, 2 , ~ - b l a ( c b l o r o l P e r l ) -  80 mitable aolrent? 

Too reactive t o  be haadlad 
by preaent techniquea 

. ,  ', Oxidlrced by air, I' ', ,: , ., 
, i " , .  , ,- . .  . -  . . 

Areine, tris (phsnylmercapto) - BO su i t ab le  rOlVOUt 



3 
4 
5 

23 41 
27 44 
26 43 
26 46 
28 5? 

e9 50 
33 36 
72 32 

< 31 
32 
39 

50 4i 16 
Lo 56 j 4  
32 39 3 l  
9 h2 34 
35 kj 34 

39 26 44 
35 24 4L 
44 34 34 
56 26 3b-. 
56 24 32 
46 33 

I 
1 
i I 
I 
! 
I 
I 
i 
I 

69 5: 40 26 12 

69 57 5s 46 

72 54 62 36 29 ' 

64 52 k.3 36 20 

63 63 L8 41 34 I .' 
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Ntnc of these compounda.worc v a s i c m t  (V) r.t doocn of 0.2 mg. m 
l esE ,  Six w3rc i r r i t a n t  (E) et 0.2 mg., one wac doubtful (E-),  and tho 
romining  15 produced no e f f ec t  ( W )  on humn skin u t  0.2 mg. 
werc dclivorod by micromitor burotto. . 

bls(2-chlor~nrinyl)crsina,  cl l  of tho vcsicants vera compounds with 
2-chloroethylmercapto- groups. The only vesicant mine, TL 1347, is In 
e f f e c t  HN1 with the chlorine atoms replaced by ClCH2CH@S-. 

b i s (  'C'-chloro~-inyl) ars ine,  i u  doubtful, since the 2,2 I -dichloroieopropyl 
analogue, 'I!L 1263, 1s of the same order of veeicaucy. 

actim were'benzyl (TL 13U), 2-chlorovinyl (m lw), 2-chlorocyclo- 
. .  penty l  (12 l m ) ,  and 2-chlorocyclohexyl (TL 1200). The 2,2-bichloro- 

ewl (TL 1420) and p- to ly l  ("I, 1199) derlvativbe wem nOrI-VeEiCBnt at 
0.2 mg. and a l l y l  2-chloroethyl ,&fide (TL 1164) pmduced m l y  erpthwas. 
TL 1220, a more complex compound, was . _  a ~ mild vo_slosnt, whxle the closely 
related TL 1219 was l m c t i v o .  

TL 1302 and TL 1420 are of i n t e r e s t  'because of their presonce 
ln H which ha8 bccn storod in o tco l  (Woodhouso, ,et.  d., @RD 3179). 

This compound was among thosc isolntod from clo th  cmta ln lng  CC-2 which 
$ad been oqosed  t o  E. 

Cmpnmda 

With tho exception of TL 1263, 2,2 ' - d i c h l o r o i s ~ p r o p y l r c a p t o -  

The e f f ec t  of this aubsti tuent in TL 1137, 2-chloroethylmsrcapto- 

, *  

Amcng the sulfidee, the  "om-arm" m e t a r b  which showed vesicant 

,'. 

I .  
I .  

.. z.,.:. , .  ... 

. .  . .  . , * . . .  , ,  ~. 
. ' .  ? , I  . _  

A l s o  of i n t e rca t  I s  TL 1301, 1,2 ,2 ' - t r ich lwable thyl  S u V O X l d o .  

The i r r i t ancy  of this compound i s v e r y  s l i g h t  
, .  i l aovor  . 

. Ammg tho miscellaneous compounds, TL 1175, t e t r ak l~ (2 -ch lmoo tby l -  
mercapto)s i l IcW,  waa one of th6 b c t t c r  new compounds oxamlned d U h 6  
t ho  yuar. 

I n  addition t o  t h o  compuunda l i s t e d  b c l w ,  wa have toeted 87 
A l l  O f  O W  samples Of standard v;.QiC€UltI3 and m l x t u r o o  &Wing 1944. 

v c s i c m t  t C s t 6  havo been reportod In d e t a i l  an& d1sWseed in mc a- 
f o r m 1  Roporte 9-4-1-l.2-23 (1944).  
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c. . 

r:. -. 

.. 
. .  

Seri 
I 

TL 
Solvunt 

1- 

28% 
in 

water 

2% in 
colloeolvi 

Concn . 48-Hour Readingo. 
and T-. No. E r y t h e m a  B l i c t a r s  

Men No. Sizc No. Size ,Status 

15 0 0 - 1 N.V.  - 

17 1 1 0 - E-. 

15 0 - 0 - 1 N.P. 

I I I 

2,2'-bis(2-chl~.wths~rcnptd 200x 5C$ in 
water I -  tr iethylanine - hydrochloride 

7 9 O  
4% 



! 



f- 





Seriele 

' 5/7/44 
P -2 

i5 

5/13/44 
1-2 

0 - 

3/w/44 
A - 1  

3/23/44 
I-I' 

' . 7/25/a 
A - l  

I *'.-' 
h 

TL 
no. 

1220 

- - 

1219 

1311 

- 
1408 

- 

- 

Concn. 
and Temp. No. 
blvent R . H .  Men 

12 

- - 

31 

14 

31 

43. I h I  
Erytnemi 
No. S i x  

10 15 

30 15 

14 19 

0 - 

29 5 

12 b 

:eadings 
Il l iJters 
No. S i z c  

0 -  

0 - 

2 4  

-__ 
0 - 

0 -  

0 -  

0 - 

0 -  
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,_ 1 .. , r 
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six additIons1, cum?oun& Eubmitted t o  the veoicant Sect ion 
of t n o  Unlvmslty of Chicago Toxicity Laboratory were n o t  tes ted  
f o r  ressone as fol.l.ows: 

1136 

1177 

1189 

1213: 

1378 

1428 

Ethcznethiol, 2-flu3rc- 

Arsine,, tris( 2-chloroethylmercapto) - 
Arsindole, 1,3-dichloro-2(diethylamlno- 

methyl) - hydrochloride 

Phosphine, dicyanoethyl- 

Chlorocpnof ormaldehyde oximo 

Diethylamine, 2-acetoxy-2'-chlom- 
N-tiWWl- 

. 

.. ._ . . -_ . .. 

Decomposed 

Decaupoeed 

N 6  EUitable 
solvent 

Hydrolyzed 
during test 

Too react ive 
t o  b,e hamile& 
by preeent 
techniques 

Polymerized 
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