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i.BSTRAC T . 

J. serie s of s0ns itivi ty tests on men before &nd 
afte r exposure to H vapor i s de scribed i n t his report. 
Dose s of 1, 1/2, 1/ 4 and 1/8 micrograms of H in mineral 
oil, worn a s closed patches on t he fore ~rm f or four 
hours, repre sented a satisfactory subve sicant l evel 
for de t e rmining altere d sensitivity . The inte ns ity 
of reaction to patch t ests by previously unexposed 
men showed a marked v ariation directly proportional t o 
the ou tside effective t empera ture at t he time t he patche s 
we r e wor n . In addition to erythema, edema and/or 
fol l i culitis were obse r ved in only 2 of 230 men tested 
prior to exposure to H vapor . After exposure , 26;fo of 
169 men -manifested ed0ma and/or folli culitis to patch 
t es t s. The s o men were a rbi trarily considered 11 s ensitize d 11

, 

This se nsitized group also showe d a more intense erythema 
for e ach dose and 2 lowe r threshold dose for perceptible 
erythema than the non-sensitized group. Cases of 
a bnormal generalized skin reac tion followi ng exposure 
to H vapor in the man-chamber are discussed. Eight 
kodachrone prints, i llustrat i ng pertinent features, are 
included. 
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INTRODUCTION 

h. huthorization 

1. This work w2.s authorized under Pro ject No . 547/41 , 

"Mt1 int em'!.nce , Bureau of Ships II dated 16 December 1940 . 

The pr oblems which were propos ed for study were g iven 

in BuShips l etter s-S77-2 (dz), seri&l 811 of 17 

December 1940 . 

2. P~rticipat i on of volunteer Naval personnel in 

the t ests for the s tudy of ves i cant gases,was approved 

by the SecretQry of the Navy (bcting Sec . Nav . ltr. to 

OSRD dated 8 May 1942) . Pe rfor mance of such te s ts a t 

the Naval Rese arch Laboratory wa s approved by the Chief 

of the Bureau of Medi cine ~nd Surgery (EuMed ltr. 

Serial No. 446 X:OA All/EN10(430320 )(SC ) dated 20 

March 1943 . 

B. St a t ement of Probl em 

3. A method for the quantitat ive esti mat i on of t he 

varia t ion in skin sensitivity to H would be useful 

not only for test i ng previ ousl y unexposed individuals 

but &lso for investiga ting possible change s in 

sens itivity as n r esult of exposure t o H vapor in the 

man-chamber. Reports on several d ifferent tests are 

av&i lable in the literature but there is c onsiderable 

vari ation in the results obt ained, espec i ally as r egards 

the threshold dosage for erythema in normal or in 

sensitized men . It was fel t th&t the men employed a s 

test subjeqts for testing pr otective c lot h ing agai nst 

H who usually sustained an i ntense generalized erythema 

woul d be excellent subjects f or sensitivity tests . 

Sueµ data would be obtained i ncidental t o and with no 

interference with the clothing testing program; and 

since these tests would be carried out during varyi ng 

outdoor and indoor clDnatic conditions, it might be 

poss ible to evaluate the effect of s uch condit ions on 

the results of the sensit ivity tests . Most of the 

studies in the liter~ture describe tests on exposed 

men as compared with similar tests on an unexposed 

control group. Very few large-scal e studie s are r eported 

in which tests were carried out on the s 8..me individuals 

be f ore and after exposure to H. I t was felt th~t the 

chamber test ing progrrun a t NRL of f ered a unique 

opportunity to carry out s uch test s on t he s ame 

individun.ls . 

- 1 -
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C. Known Facts Beari ng on t he Problem 

4 . t·1ell known is the fact t h a t the skin of certain 
indiv i duals will not tolerate con t act with amounts of 
v arious substances which ~re used with impunity by the 
ma jori ty of the population . Such i ndividuals are s a id 
to be hypersensitive t o these subs t ances. J.lth ough 
ms.ny maintain that previous exposure is necessary to 
develop hypersensitivi ty, such a h istory i s not always 
evident . 

5. Equall y definite is the fact t hat some individuals, 
through known r epeated contacts with a substance , may 
become sensitized to it and nQ longer tolerate these 
cont ac ts . Such hypersensitivities a re manifested in 
i ncreasing order of reaction intensity by erythema, 
edema, vesiculat i on , crusting E:.nd the other concomitants 
of dermatitis venanat~. 

6 . The possibility of the development of hypersensi­
t ivity to His a generally ac cepted fee~. I t has been 
r e ported for casua lties of World War I as well a s for 
l abor~tory ~hd fac tory workers who have been repeatedly 
exposed . h review of the lite r:,:tture 8.nd original observa­
t ions are presented by Sulzberger, et ul, in Volume III 
of the Fasci culus on Chemical.~arfar e Medicine prepared 
f or the CMR by the Commit te e on Treatment of Gas 
Casual ties, 1945 . Ji.ccord i n g to them '1 the incidence of 
hypersensitivi ty subsequent t o exposure varies from 
about 30% to about 65%11

• 

7. During the course ot' t he program for testing 
prot ective c l othi ng i n the man- chamber at this 
Laboratory, oc casional i ndivi duals were observed who 
sust~ined abnormal reactions followi ng exposure to H 
vcpor . In v i ew of these cas e s , which will be further 
dis~kssed be l ow , it became evident that a method of 
testi ng for hypersensit i v ity t o H would be highly 
desirable. 

D. Theoretical Cons i derations 

8 . The patch test. in which suitable dilutions or 
amounts of a subst~nce are worn in contact with the 
skin for varyi ng lengths of time, offers one of the 
simpl est means of testing f or epidermal hype rsensitivity~ 
A positive response consists of erythema, edema, 
vesicul ation, &nd crus t i n g in increasing order of 
int ens i ty of reaction . 

DECLA~ f Ff ED 
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9. Most substances tested by the aller gi st pr ovoke 
little or no reaction in the so- called normul skin so 
t hat interpretation of positive tests is r elatively 
simple . However. in sufficient amounts , H causes 
reactions on the ski n of eny i nd ividual which resemble, 
or appeE:r identic.a l with, those of a positive patch 
test . Hence, development of a suitable patch test 
for H will require a critical adjustment of dosages 
to be able to detect small changes of threshold or 
increase in sensitivity as distinct f rom t he nornml 
reaction . 

10. Since cutaneous reactions to H are inf luenced 
very markedly by external conditions, especially 
temper2ture and relative humidity, these f a ctors 
should be given careful consideration in the interpre ­
tation of the results. Evidence was presented in NRL 
Report No . P-2579, dated 1 4 August 1945 , which indicate s 
that t he effects of temperature and r elative humidity 
on the susceptibility of the skin to H vapor a r e 
exerted indirectly -- apparently by the influence which 
they exert on t he sweating machanism. 

1. Terminology 

11. In NRL Report No. P-2579. the term ''susceptibility" 
was used throughout t o re£er t o the re lative vulnerability 
of the skin to the e f fects of H vapor under varied 
conditions of temperature ~nd rel~tive humidity. The 
terms "sensitivity 11 and "hypersensitivity" were assid­
uously avoided because of the ir usUD.l connotation in 
the f ield of allergy . However, in the pre sent report, 
it is felt that some of the changes in vulnerability 
are closely related t o a true sensitization so the 
liberty is t&ken of' using these t erms . The justi·fication 
f or t his is reconsidered in the DISCUSSI ON . Variations 
i n rea.ction caused by alterat i ons of temperature and 
r elative humidity are still referred t o a s changes in 
" susceptibil i ty" . Thus, theoretically, both a .normal 
and a hypersensitive individual might show variation . 
i n susceptib i lity under altered physiological conditions. 

EXPERI MENTAL 

P~rt I. PROCEDURE 

Test Subjects 

12. It w~s not considered practicable to expose a 
sufficiently large series of men to H vapor under 
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uniform conditions solely f or t he pur pose of 
determin ing possible ~ite r ations in react i ons to patch 
t es t s. But it wa s felt tha t by perf orming r out ine 
t est s, before and afte r chambe r exposure, on t he men 
empl oye d i n testing t he va r ious types of protective 
c l ot hing, suf'f iciently useful dat a c ould be obt8 ined 
to warrant the procedure wort hwhile . 

13. The men who pa rticipated in the s e t e s t s we r e 
vol unteer Naval personnel from USNTC, Bainbridge, 
Maryl £,nd, and were usually se G.me n, second class . from 
e i gh t ee n to twenty years of age who had just c ompleted 
the ir 11 boot 11 training. Draft s (i.e. groups) 75 to 
82, e&ch consisting of about t hirty men, were employed 
in these tests during the period from 28 May 1945 
to 5 • Sept ember 1945 ( Table f ) . 

B.. Chamber Tests 

14 , The procedure for t h e chamber tests with H 
vapor has been described i n detail in NRL Repor ts 
No. P-2208 dated 22 Decemper 1943 a nd No. P-2579 
dated 14 August 1945 . SinGe the de.ta for these test 
subjects r,s related t o prote ctive c lothing, etc., has 
been presented in other reports f rom this Laboratory, 
only data pertinent to the ma i n t hesis of this r eport 
will be included. 

15. The chamber tests in which t hese subjects 
participated were of two mai n types : (1) basic, 
in which masks and dungarees were worn; or (2) tests 
of protective clothing of various t Jpes . In the 
second class, protective suits (either QC-2 impregnated 
or carbon types), CC -2 impregnated gloves and socks 
were worn as well as ~asks . All t h e subjects included 
in this report wore c~-2 impregnat ed shorts during 
exposure in th? chamber, Tp.e type of test, the CT 
employed, tpe nu.111be:r of exposures , and the resulting 
reactions are listed in Tabl e I. 

C . Chamber Test Reading$ and their Evaluation . . ( . ., 

16. The men were inspected daily by u medical officer 
for four to eight days or longer af ter exposure . A 
l ist of the abbreviation~ employed. is presented in 
Table X and the maxL~um read ing on any part of a given 
area is listed in Table I , These readings were 
a ss igned arbitre.ry values accor-ding to tne scale in 
current use at this Laboratory: 

DECLASSIFIED 



DECLASSIFIED 
0·= no r eaction 

1 = mild erythenw. 

2 == moderate erythema 

3 = i ntense erythema 

4 == a. eryt hema with 

b, dry scaling of 

C • maceration of 

5 = a. v.esicle 

edema 

scrotum 

axillary skin 

b. numerous pinpoint vesicles 

.. 

C • crust ing or ulceration of scrotum or axil la. 

These data a re presented in Table s II and I I I acc ording 
to the foll owing categories: (1) Maxi mum r eading for 
the individual regar dl ess of area; (2 ) Total r eaction, 
which represents the sum of t he readings lis ted for any 
of the 18 ureas; {3) Per J,.I-_. , whi ch r epr e s ents the 
average r eaction per area affec ted by the H vapor, or, 
in other words, t he total r eact ion divided by the 
number of areas affected . Re adings l isted i n Tabl e I 
f or the various body areas whi ch are underlined 
i ndicate that not only nn erythema of that intensity 
was pr esent but t hat i t was acc ompanied by a follicular 
r eaction. 

D. Patch Tests ( Sensitivity Tests) 

17. Solutions of redistilled thiodiglycol mustard(H) 
in ::i nerul oil were pr epared so that one ( 1) drop as 
delivered by a blunt No . 26 gauge hypodermic needle 
contained one (1), one-half (1/2). one-fourth (1/4) , 
and one - eighth (1/B ) _mic.rograms (gamma ) of H 
respectively . The size of the drops delivered by each 
needle wa s calibrated gruvimetrically and the same • 
needl es were used f or all the tests. Solutions were 
prepared fresh befor e each test and were applied within 
an hour of prepa r a tion . One drop of each solution was 
place d on a separate disc of filter paper one (1) 
cent i meter in diameter which was the n worn for four (4) 
hours on the volar surface of the for ear m covered by 
a strip of adhesive tape one inch wide (closed patch). 
The t est doses were applied in sequence so t ha t the 
l argest dose wa s applied proximall y and the smallest 
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distally . Initial tests were a lways pe rformed on the 

right arm; finals, on the left. 

E . Re ad ing of Patch Tes ts 

18. The tests were read ::.t approx imate ly twenty - four 

(21) and f orty- e i ght (48 ) hours aft0r application of 

the patches. h.t tho t ime of r emova l of the patches, 

the skin was not treated in any way . Since th0 graded 

test doses employed usuall y gave. a range of r eadings 

on the initial tests of intens e erythema t o questionable 

erythema , it was decided to assign numerical values 

to the readings proportional to the fraction of a 

microgram of H empl oyed . Erythema accompanied by 

edema , that is, a visible or palp&ble elevation of the 

ski n, was arbit·rarily g iven a value of double that for 

intense erythema . 

16 = erythema accompanied by edema 

8 = intense e rythema 

4 = moderE>.te erythema 

2 faint erythema 

1 = questione:.ble ery thema 

0 = no r 0c.ction ( l e f t blank in Table 1) 

An under], i n0d numeral in T&.ble I signifie s th8. t the 

e rythema wa s ~ccomp~nied by a f ollicular type of 

reaction , t h::.:. t is , c r ythema l oc&t ed mainly at the hair 

follicle s wi t h i nterm0diat e skin l ittle or less affected. 

F ~ Evulu2.tion of Pc.tch Tests 

19. I n T£,bl e s II i:nd I II, the sum of the readings 

( ec:1.ch of which was maximum a t 24 or 48 hours for a g i ven 

dos0 ) are pr e s ented for t he initi a l (I) &nd final 

(F ) t es t s . In or der to give follicular r eac t ions 

addi tions l we i ght, the underlined figures, indicating 

follicular r e action , we re &rbitra r ily doubled i n value 

in t &ki ng t his sum except in those cases where ed0ma 

was a l so pr e s ent . It wns f e lt t ha t in this latt e r 

case the f c c t or of pos sible sensitizat ion h~d been 

gi ven ~ddi tional W6i ght alre ady . In order t o 9bt~in 

a value for the fin~l test which d id not inc lude 

additiona l w0ighting for edems or foll iculitis , a value 

DECLAS ~FIED 
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Fx wa s c a lcula ted in which read ings of 16 we re a ssign ed 
the ir erythema value of 8 and underl ined figures were 
not doub l e d i n value. These Fx value s a r e lis t ed in 
Tabl e IV . 

G. Th r e sh olds for Reaction of Intensity 2 

20 . The lowest dosages t o give a faint erythema 
(va lue of 2) are take n a s t he threshold and a r e listed 
in Tables II end I II . If a figure is p receded by an 
L, meaning "less t han", i t indicates, as shown i n 
Tab l e I, that t he lowest reading ( except 1) was grea ter 
t h an a 2. Since i n t his c a se the t hreshold is proba bly 
lower, such sub jects were included in the group having 
a t h reshold of next l ower dosage. For example , if on 
a g iven subject t he 1/8 microgram dose produced a 
moderate erythema (v a lue of 4), the t hreshold for this 
sub j ect was arbitrarily t aken a s 1/16 microgrm11s of H. 

H. Temperatures a t v~~ich Pa tch Test s were Perf ormed 

21. The indoor and outdoor temperature and re lative 
humidity were determined hourly during the period in 
which the patches were worn and are l i sted in Ta ble V. 
Sinc e variations in.temperature and relative h umidity 
both influence sweating which, in turn , influences 
s usceptibility to H, the effective temperature ( outdoor, 
f or wind velocity = O) , as employed by heating a nd venti­
lating engi neers, was used in considering the effects of 
t emperature and relative humi dit y on the reactions t o 
patch tests (Table V) . 

Part II. RESULTS 

1-... Introductory Remarks 

22. The results of the tests h ave been collated under 
the following main headings: 

A. General Remarks 

B. Lverage Tota l React ions to Patch Test s . 

1 . Initial 
2. Final 
3 . Second Pre~exposure (Repeated Init i al) 

Tests. 
C . Differenc e s in 1 verage Tota l Arm Reac tions as 

Compared wi t h Difference s in Effec t ive 
Temfe ratures a t the Time the Tests were 
Performe d 

DECLA~SB:!ED 
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D. Averc.ge Reactions for " c, Given Test Dose 

E. Che.nges in Threshold 

F . Abnormal Skin Reactions Following 
Chamber Exposure to H Vapor . 

B. General Remarks 

23. The reactions t o the test doses employed were 
a lways within the range of erythema with edema ( 16) 
to ques tionable erythema (1). In n o case was 
vesication observed on either an initial or a f inal 
t es t f ollowing the t echnic for patch tests descr ibed 
above. Maximum react i ons (i.e. maximum a t either 
the 24 or 48 hour readings) for all patch t ests a re 
listed in Table I . 

24 . An illustration showing the general type of 
response to i nitial patch tests is presented in Plate 
l; however, the eryth~ma i s not reproduced quite as 
intensely as it actua l ly was . Far more accurate are the 
illust r~tions in Plat es 2 and 3 showing the reactions 
of a hypersensitive i ndividual t o patch tests. This 
degree of edema i s a s gr eat , or gre2ter than, t hat 
observed in any other i ndividual tested . 

25. Of 230 men who r ece ived ini tial te sts, only two 
showed erythema acc ompan ied by edema . One of these 
s ubjects manifested a s i milar reaction on his final 
test; the other did not . Since this is definitely 
an atypical r eaction to an initia l test , these values 
are not included in the aver ages. 

2 6. A total of 169 men receive d patch tests both 
before and after exposure t o H vapor i n the chamber •. 
Edem& and/or folliculit i s were present in 44, absent 
in 125 of the final tests. Of t hese 44 tests, 25 were 
accompanied by edema, 15 by edema with associated 
f olliculitis, while- 4 manife sted folliculitis a l one. 
In subsequent discussion a nd in the tables, these 44 
men a r e arbitrarily referred to as 11 Sensitized 11 whereas 
those 125 a r e designated as "Non-sensitized" . The 
validi ty of such ter minology is furthe r considered 
in t he DISCUSS ION. 

27. The intervals between the last chB.mber exposures 
and the f inal patch tests are .listed in Table 1. 
The s e show an average of 15 days for the sensitized 
as c ompar ed with 14 .5 days f or the non~sen~itized. 
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Th us the t wo groups show no appreciable dif fere nce in 
this respect. 

28. Most of the men considered in t hese t e sts were 
sub jected to repeated chamber exposures wearing masks 
and a given type of protective clothing unt il they 
sustained an intense erythema (i.e. until t he su it 
11 broke u). J: lmost all the men who late r showed edema 
and/ or folliculitis op the patch test h ad s ustained a 
moderate or intense generalized erythema f r om t h e 
chamb e r t est; however, there w~s no apparen t cor rela tion 
between t he intensity of chamber reaction a nd subsequent 
development of hypersensitivity. It should be added 
t hat an 8dequa te series with graded intensities of 
chamber reactions was not available in this s e r i es 
of patch tests. 

C. J.verage ·rotB.l Reactions to Patch Tests 

1. I nitial 

29. The average total react i on s of the groups to 
initial (Pre - exposure) patch tests are listed in 
Table V with the dates on which these tests were 
performed and the average outdoor effective temperatures 
prevailing during the four hour period during which 
the patches were worn . The values for these r eactions 
are p lotted chronological ly on Plate 9 ; and there 
appears to be a trend toward more i ntense reacti ons 
during the midsummer mont hs for the initial test s. 

30. However , if these same init i al reaction values 
are p lotted agai nst the erf ect i ve temperatures , as on 
Plate 10, i t can be seen t hat the i ntensity of reaction 
shows a very defi nite rel a tionsh ip to the effec tive 
temperature at the time the pat ch is worn. Since each 
point on thi s cur ve r epresents t he average value for 
patch tests on about thirty men, i t is felt that this 
result is fairl y well establ ished . According to this 
curve , a r i se in effective temperature of one (1) 
degree results i n ~n i ncr ease i n average total intensity 
of r eaction of 0 . 4 unit. This uppiies to initial tests 
on men who have had no previous exposure to H. 

2. Final 

31. The reaction values for final {Post-exposure } 
pa tch tests a re divided into two categories: those 
on men showin g no evidence of sensitization (i.e . no 
edema or fol ltculitis); and t hose showing evidence of 

DECLA~SiFiED 
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such sensitizat ion. In c ~ np aring the s e two classes of 
~en. the Fx values are employed for the men showing 
evidence of s ens itization .. This Fx value has been 
defined in paragra ph 19 &nd the va lues have been 
lis t ed in Ta ble IV. Briefly, it r e presents a score 
in which no a dditional weighting is added for e dema 
or folliculitis, only e rythema of v a rying degrees 
be ing assigne d value. It f acilitat es compa rison of 
initial and fina l tests with regard to possible 
differences i n i ntens ity of erythema . When plot ted 
chronologic~lly, as i n Plate 9, the values for the 
unse nsitized me n lie in fairly clos e proximity t o 
~hose for the initial t ests whereas t hose for t he 
sensitized men are consistently h i gher. The points 
on the curve for the f inal test s do not represent as 
many men as t hose for t he ini tial so that these p oints 
are not as f i rml y e stablished . 

32. On Plate 11 , the final reactions are . plotted against 
the effect i ve temperatures . The slope line for the 
initial tests (Pl cte 10) is inc l uded . The values for 
the unse~sitized men are rairl y c l ose to those for the 
i n i tial tests . Some temper atur e effect is evident but 
i s not as consistent a s f or the initial tests. The 
f inal tests on the sensiti zed men ffhow c onsistently 
h igher values than those for the initi al t e sts or for 
.those on the non- sensitized men . No consis tent 
t emperature effect is evident . ' 

33 . It is of paramount importance t o compare the values 
f or the initial tests on the men who sub s e quently 
became sensitized with those who d i d not t o see if 
t here was any fundamental diff erence before chamber 
exposure . These two categories of i nitia l tes t s are 
listed in Table V and averaged i n Tabl e VI I. The 
v a l ues of 11 . 7 for the non- sensitized as c ompared with 
11.0 f or the sens i t i zed are cons i der ed s u f ficiently 
c lose to indicate that both groups starte d from the 
s ame initial baseli ne . The average temper atures at 
which the patches were worn were 77° F . a n d 75°F .. 
r espectively . 

3 . Second Pre - exposure (Repeated Initial ) Tests 

34y Initi~l tests were performed on a group of men and 
were then repeated about two weeks later with no 
exposure to Hin the chamber during t he inte rvening 
period . These resul ts are p r esented in Ta ble VI. 
The difference between the first (avernge = 15.8, a t 
85°F ,) and the second (average= 13 ,2 , at 78°F.) 
are adequately expl ained by the diffe rences in 
temperature since both these poi nts lie in proximity 
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to t he tempe_rature curve established on Pl ate 10. 
If the correction of 0.4 uni t chenge in r eaction per 
degr ee r ise i n temper ature (Paragraph 30) is appli~d 
to the 13.2 value, i t becomes 16.0 _which is in complete 
agreement with the results obtained at 85°F. Thus, 
t he responses of this group of men to the patch t ests 
were not apprec i ably alt e r ed by living a bout t wo weeks 
under t he condit ions maintained a t the Laboratory 
and· without exposure to H vapor, nor was there any 
apparent sensiti zat ion caused by the first patch test. 

D. Differences in Average Total Reactions to Patch 
Tests as Compared wi th Differences in Effective 
Temperatures at the Times the Tests were Performed 

35. Because of the individual variation in i ntensity 
of reaction to initial patch tests and because of the 
very definite relation of the intensity of reaction to 
t emperature, it was felt that the most significant 
analysis of these data would be one in which the 
diff e rences between an individual's reaction before and 
after chamber exposure would be compared with the 
diff erences in the temperstures at which the patch 
test s were performed . These differences are list ed 
f or the sensitized men in Table III and for the non­
sensitized men in Table II. The overall averages for 
t hese differences for the various categories of men 
are listed in Table X and h1=-ve been plotted on Plat e 
12. 

36. It is e~ident that differences in temperature 
exe_rt a definite influence on the intensities of 
·reaction. If the average differences for the men 
showing a positive change in reaction and for thos e 
showing a negative change in reaction are calculated, 
a line may be drawn which shows the average change 
in recc t -ion per degree ( •F.) change in temperature . 
This change for the initial tests is 0.39 unit s/degree 
which is in very good agreement with the value of 
0.4 obtained in paragraph 27. The values for the 
sensitized men are 0.28 if the F values are used and 
0.31 if the Fx values are used. Thus changes in 
t emperature influence the reactions of sensit ized 
as well as non-sensitized men. 

37,. It is evident in Plate 12 that the curve for the 
sensitized men lies well above that for the non­
sensitized for any given temperature difference. This 
would be expected since the scoring system gives 
increased value for edema or folliculitis. But i f 
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the Fx values a re used, no such extra value is g i ven; 
and t he 'li n e still lies well &bove that for the initial 
t ests. The sensitized men show an average inc r ease in 
intensity of rea ction a s shown by erythemn alone with out 
considering e dema and follicul itis. 

38. The values for the patch tests on the men who were 
e x pos e d in the chamber to EN3 , but actually received 
little or no reaction, lie near the line f or the non­
sensitized men ( Plate 12 } . It should be r eite rated 
tha t the reactions of these men to HJJ3 were too mild to 
draw any c onclusions as to the presence or absence of 
cross s ensitization t o H. 

E. Average Reaction s for a Given Test Dose 

39. The average reactions for a given test dose are 
presented in Table XI and plotted on Plate 14. b nice 
gradation in intensity of reaction proportional to the 
size of the dose is evident. The reactions for the 
init i al tests on either the sensitized or n on-s ensit ized 
men are nearly identical. The r e£:ctions to t he fin al 
tests of the non- sensitized men lie in close proxL~i ty 
although slightly above those of the initial tests. 
On the other hand, the final reactions of the s ensitized 
men are marked ly greater for any given dose t han for t he 
non-sensitized. Since the maximum scoring value used 
was 8 (only intensity of erythema was considered with 
no extr a value for edemn and/or folliculitis) , t he curve 
for the finals on the sensitized men shows an apparent 
falling off as it approaches 8 . This is en a rtefact 
dependent on the arbirtary scoring system. S ince the 
overall average temperatures at which the tes ts were 
performed were identical for the sensitized and the 
non-sensitized men, these average reactions may be 
c om.pi .red as above without correction for tempe r ature 
~ffec ts . 

F. Changes in Threshold 

40. The threshold doses to cause an erythema of intensity 
2 are listed in Table II for the non-sens i tized and 
Table III for the sensitized men. These data are 
summarized in Table VIII and ar·e comp:::red with s imilar 
d~ta for chamber reactions, total reactions to patch 
test, ~nd temperatures in Table VII . The data f rom 
Table VIII have been summ&rized i n . Tfable I X to show the 
percentages of the men reacting to a given dose with an 
intensity of 2 or more . These percent ~ges ~re p lotted 
on Plt. te 13 •• 
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41. ,From Table VII, it c a n be seen that the average 
initia l thresholds were 0.36 micrograms (at 75°F .) 
for t h e n onsensitized and 0 .35 micrograms {at 79°F.) 
for the sensitized men. Henc e . the thresholds of the 
two groups of men before exposure to H in t he chamber 
were a s nearly i dentical as could be expected. The 
thresholds for t he final tests were 0.28 ( a t 76 .5•F.) 
for the n on-sens itize~ and 0.14 (at 76 .5°F . ) for the 
sensitized men. The average t h reshold had bee n 
lower e d for both groups but especially in the case of 
the s e nsitized men. 1'he average temperatures at which 
the tests were performed wer e quite comparable for the 
two groups and do not provide an adequate explanation 
for the marked changes in thre shold. 

42. F rom Plate 13, it is also evident that the 
thresholds expressed as percent ages reacting are 
approximately identical for the two groups initi ally. 
The final tests on the non-sens itized men show a sli ght 
l owering of threshold whereas there is a marked loweri ng 
f or the sensitized men. The level at which 50% of 
t he men show a faint e r ythema is below 1/8 microgram 
f or this latter group, indicating that most of the men 
i n this group showed a reaction of greate r than 2 to 
t he 1/8 microgram dose . 

G. Abnormal Skin Reactions Following Chamber 
Exposure to H Vapor 

43. The usual ( 11normal 11
) reaction to H vapor was a 

r elatively uniform generalized erythema . In the more 
i ntense reactions, the erythema was accompanied by 
edema; but the reaction was again uniform. On t he 
other hand, some individuals manifested a maculo-
p apular follicular type of reaction which was d i st i nctly 
different from the above. This follicular type of 
r Baction can be seen by close scrutiny of the i l lustra­
t ions in Plates 4-8. 

44. While there was no difficulty in recognizing the 
t wo types of extremes described above , there was 
considerable difficulty with very mild fo llicular type 
of reactions. These were accomp~nied by v e ry l ittle 
edema~ frequently bec~me confluent, and subsequently 
appeared like the 11normal 11 reactions. Such reactions 
were commonest in the popl iteal and cubital fossae. 
Their classification varied somewhat with the examining 
medical officer. Cases like those in the illustrations 
offered no difficulty and all agreed they were atypical 
r eactions . 
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45. tvcilabl e data do not permit a s atisfactory 
corre l ati on of the atypical ch8mber reactions with the 
s~bsequent fina l patch tests. Patch t ests were 
initiated quite l a t e in the chamber t e$t ing program 
and re l e..tively few of the men observed with marked 
follicular type of r eac t ions h2d patch tests. Some of 
the sub jects in Table I des i gnated as having follicular 
reactions to chamber tests actually hed very mild ones. 
Of 169 men who received Pre- and post-H-exposure patch 
tests, 25 men ( 15%) had shown some follicular r eaction 
followi ng their chamber te s ts. Of these 25 _men, 11 
(44%} ~howed edema and/or folliculi tis on patch t e sts . 
Hence t he patch tests, performed about two weeks after 
the chamber t ests, do not corre l ate well with t he 
abnormal reac tions to chamber test s . It is fe l t that 
the data as r egards t ime to develop an abnormal reaction 
to patch test and the t i me of persistency of t his abnormal 
reaction &re inadequate t o permit conclusions on this 
poin t . 

46 . Most of t he test sub jects employed in the NRL 
clothing tests were subjected to repeated exposures 
i n the chumbe r we£:.ring protective clothing and masks. 
When the m~n sust&ined an intense erythema on any part 
of the body, the suit was considered to h£:.ve nbroken" 
a.ft er t hat many exposures . J.,,lmost all of the men who 
developed follicular types of reactions were in thi s 
type of clothing test , i.e. subjected to repeated 
exposures (2-12) and received repeated small dose s 
t hrough the clothing until the erythema level was 
r eached. The follicular reuction was usually not 
eviden t until 48 to 96 hours after the last chamber 
exposure. These reactions might occur on any part of 
the body or be generalized ( See Plates 4 and 5), but were 
most frequent in the cubital fossae, popliteal fos sae, 
ls. tcl'al and ventral thorax . From the above illustrations, 
it is evident that these reactions were usually 
observed on sites which h&d sustained an erythema f rom · 
H and were not conspicuous on the more protected, 
unaffected skin. In Figure 4, iv is evident that 
the areas covered by the protective shorts and suspenders . 

and the interscapular area on which the cannister 
of the Navy mask r.ested, are free from the maculopo..pul ar 
erythema. 

47. It may be added here , pare nthetically, that most 
of the men who were tested wore cC-2 impregnated pro­
tective gloves which covered the f orearms on which the 
patch tests were run. The forearms were much less 
affected by the chamber tests than the rest of the body. 
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It i s n o t cle2r whether hypersensitivity to patch 
tests (forea rm ) is due to the effect of a mil d local 
r e action to H from leakage through the impregnnted 
glove s or wh ethe r it represents an effect transferred 
t o t h e skin of the forearm from the more seriously 
affe c ted areas. 

48 . J~l t hough most of the genera lized follicular t ypes 
of reac t ions to chamber tests occurred in men w~o h ad 
received several exposure s, such reactions nl so 
occurred in a few men who had r e ceived only one 
exposure (i.e. in basic tests or after wearing n 
p rotective suit which "broke" after only one exposure). 
Such men h ad Blways sustained at least a moderate or 
intense erythema. The atypical reacti on s developed 
48 to 96 h ours following the chamber exposure. 

DISCUSSION 

49 . While there is a lmost u n iversal a gr eement that 
trµe sensitizat ion t o H may occur, the methods and 
criteri a for determining t h is ho ve been somewhat 
var i ed . From the mos t recent review on this subject 
by Sulzberger, et a l , ( paragraph 6) , i t i s e vident that 
t he most frequentlyused method of tes ting i s the 
udrop" method , i . e . the- appli cati on of drops of various 
dilµtions to the s kin and 8ll owing them to r emain there 
without cover . The solve n t used has f requent l y been 
benzene although absolute alcohol or mineral oil have 
also been used. Sulzberger , e t a l, have used pat ch 
te sts in test i ng for hypersens i t i v ity to lewisite . 

50 . Regardless of the test, the c riteria for hyper­
sensitivity are crit i cal. Mos t workers have employed 
t he threshold dose for e rythema a s the baseline from 
whi•_· ·~ to reckon an individua l I s susceptibility or . 
s 01 .. .-, . Givity . Subjects who react to a d ilution 
s i gniricantly bel ow t hat to whi ch normals just react., 
are said to be hypersensensiti ve or to have been 
s ensitized . bccordi n g to Sulzbe r ger, et al , almost a1i 
n ormals r eact to a d ilution of 1 :500 (benzene) and strong 
r e a ctions to dilut i ons of greater.th an 1 :5000 indicate 
a very sensitive ski n . 

51. It is evident that the closed patch test causes a 
much more intense react ion for a given dilution t h on the 
open drop test . This would be expected since t h e agent 
is held in close contac t wi th t h e skin, the evapora tion 
of the age nt (H) is grea tly hindered., and the sweltt · 
beneath the pa tch undoubtedly increases the susceptibility. 
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Converting our dosage s into uni t s comparable t o those 
of other workers leads to the following approx i mate 
scale: 

1 microgram = 1:5000 Weight/weight➔~ 

1/2 microgram = 1:10,000 " 
1/4 microgram = 1:20,000 fl 

1/8 microgram = 1 : 40,000 II 

' Since our t hreshold f or uns ensitized men was about 
0.35 micrograms (1:15,000) on the average (a nd less 
than 0 .25 micrograms (1:20,000) as deter mined by the 
50% method on Pl ate 13 ), it is evident that t he patch 
test leads to a somewha t l ower threshold than t he 
11drop" test . 

52. In interpreting the patch tests , we have emphasized 
edema and/or folliculitis as be ing good criteria for 
sensitization. In the f irst place, these were observed 
in only 2 of 230 pre - exposure patch t es_t s (0.9%). But 
of 169 men who h~d pre - and pos t-H-exposure patch t ests, 
44 manifested edeme. and/or folliculitis on their final 
p~.tch tests (26%) . The s e are criteria which are readily 
observable and do not require t he differentiation 
of fine degrees of erythema. For &ny individual test, 
edema is probably u simpler criterion than a change 
i n e rythema . • 

53. The more frequent a ssociation of folliculitis with 
edema than the occurrence of fol liculitis alone on the 
patch tests, and the fac t that t he follicular type of 
r eaction is conspicuous in the abnormal (probably 
s en~it ized) reactions fr om chamber tests, have been the 
r&a~ons for considering both the se sym.ptons as evidence 
of sensitization. It is well underst ood that most 
dermatologists emphasize that f or rout ine patch tests, 
only edema is to be cons idered a s indicating sensitiza­
tion whereas folliculitis does not . It is felt that in 
t he case of H, availabl e evidence indicates t hat 
follicular types of reaction wit h or without edema 
probably also represent a sensitization. 

* Some workers employ volumetrically prepared solutions. 
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54. Further justification for these criteria is the 
fact that, if a group of men is selec t ed according to 
the se criteria, there appears i n that group a very 
s i gnificant change in threshold. This threshold 
represents a n expression of i ncreased reaction as 
determined by erythema , a lone. 

55. The oc currence of edema and/or folliculitis 
definitely represents a n altered response in some of the 
men following chamber exposure and probably indicates 
a more intense ·response. As to whether this e dema is 
caused by the same :..nechanism as the urticaria observed 
in other patch t ests for ot her hyper sensit ivities or 
as to wheth er it represent s merely a more intense 
response to the vesicant act ion of H, being analagous 
to the prevesication edema obser ved fol lowi ng exposure 
to H, cannot be stated. It i s n ot i ncon9e ivable that 
the two mechanisms are clos e l y related. 

56. I t is impossible t o comment on the pract ical 
signifi cance of these t e s t s . It can me r e ly be said that 
about two weeks after chamber exposure unde r the 
conditions employed , about one - fourth of t he men showed 
an abnor mal react i on to patch te s ts probabl y ind icating 
an increased sensitivity to H. How long t h i s sensitiv i ty 
persists or wh~t it would mean in . terms of c ombat using 
Hare quest i ons which would require furthe r test s . 

DECL!.\SSiFIED 
- 17 -



DECLASSIFIED 

SUMNARY AND CONCLUSIONS 

1. Doses of 1, 1/2, 1/ 4 and 1/8 micrograms of H 
in mineral oil , worn as closed patches on t he f orearm 
for f our hours, represented a sat isfac tory subvesicant 
level for determining altered sensitivity t o H. 

2. The tota l reactions t o pat ch tests on previously 
unexposed men ru1owed a marked variation proport i onal 
to t_he outdoor effective temperature at t h e time the 
patches were worn. 

3. Edema and/or folliculitis were observed in only. 
2 of 230 men previously unexposed to H vapor. On t he 
other hand, of 169 of these men, tested after chamber 
exposure to H vapor, 44 (26%) showed edema and/or 
folliculitis on patch tests. These 26% were arbitrarily 
designated as i;sensitized" and the others as "non­
sensitized ';. 

4. The 1'sensitized11 men a lso showed a more intense 
erythema or reaction t o any given dose and also showed 
a lowered threshold for the appearance of a faint 
erythema. as compared to the ';non~sensitized" men. 
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RECOMMENDATIONS 

1 . It is .r ecommended that if , i n the future, any 
program be i n itia t ed in which men are exposed to H 
under controlled conditions, t hat some type of pre ­
and pos t -H- exposure sensitivity t ests be performed . 
The test presented in t h is report is suggested a s 
one such possibl e test . 

2 . It is recommended that the effects of temperature 
and humidity on the r esponses to patch tests of any 
type be given more conside ration than they have in 
the past. 
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1,-J e 4 2 l :no Cil!&l 
2'lO 8 4 l 1 
201 8 8 2 2 
202 6 h 2 

~ 8 2 2 
8 L l 

h5 8 8 2 
2\1& 8 h 2 
~7 no eu.t ,oe 8 h 2 2 
209 ll-0 tAlt 
2lD 8 4 

"' 2ll 8-27 0• Ii 2 2 .. tln&l 
2U 4 
21J 4 4 2 
2'1L 8 4 2 
<ll 4 2 2 
21i 
217 

2 2 l 

hs 4 l 

2l9 
8 l I 

~ 
l 2 L 

~1 
l 

Z:2 e 2 

z,5 4 l 

;,i_ 4 l l 

~ 
8 4 2 
8 e 1 

Z7 L I l 

~ 
2 2 

z.-, 8 4 2 

~ 4 4 4 2 
i,, 4 2 2 I 
,::, 4 2 2 l 

~,J 6 2 2 

~ -

4 8 

'·'-"-1 ( 4ya) 1o L'>o _.,.,. or d•:,s rro2 lu: •-r ""l'OO""' Q ~ C ,l 
l 2 ---,, -f 

~" 



ECLASSIFJED 

TABLE I (continued) 

Abbreviations employed ~or body regions. 

ne neck 

ash anterior shoulders 

ax axillae 

aarm anterior arms 

er antecubital £ossae 

pe.rm posterior arms 

pah posterior shoulders 

so scapulae 

dth dorsal thorax 

1th lateral thorax 

vth ventral thorax 

uabd upper abdomen 

athi anterior thighs 

lm laiees 

al eg anterior legs 

pthi posterior thie}ls 

pop popliteal £ossae 

pleg posterior thighs 

P-2760 
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DECLASSIFIED 

':'a~.11e II. Su:.-.=-.ar:,,' o De.ta on ,,en s:,o,:iuc; 1:0 Bvidcuce o!' ,.,,, ;;~t: •ntion by Pntch 'rest. 

~>rai't : 'a:1 Ched:>or }{en.ct.ion i=:e:isi ti vi t y Thr eshold :c:fi'ecti ve Te!!lp. • 

~ J!o. ! '.nx. 'i'otal Per A. A. I .- b"-I I F ?-1 I ;.· r'-I 

75 l s 10 0.2 7 7 0 l/2 1/2 0 78 75 - 3 
2 s Il' 1.2 7 11 + 4 1/2 1/2 0 78 75 - s 
3 s 32 2. 3 8 14 +6 1/2 1/4 -1/-1 78 75 . - 5 
4 5 13 1.4 8 15 +7 l/2 1/4 -1/4 78 75 - 3 
5 s 19 1 . 9 7 24- +17 1/2 Ll/8 - G3/8 78 79 + l 
6 2 13 1 . 3 7 7 0 1/2 1/2 0 78 79 + 1 
8 3 26 2. 2 7 15 +8 1/2 l/4 - 1/4 78 79 + l 
9 s 31 1 .8 5 14 +9 L l 1/4 - I.3¾4 78 75 - 3 

10 3 18 1.6 7 10 +S 1/2 1/4 -1 4 78 75 - 3 
11 s 34 2. 1 7 22 +15 1/2 1/8 -S/8 78 75 -: 3 
12 s 31 2.1 7 15 .a 1/2 1/4 - 1/4 78 75 - s 
14 3 24 1.7 11 8 -s 1/2 1/4 - 1/4 78 75 - 3 
15 s 18 2. S 8 14 +6 1/2 Ll/2 -G 0 78 79 + 1 
16 s 28 2.0 5 7 +2 l 1/2 - 1/2 78 79 + l 
17 s 39 z.s 7 11 +7 1/2 Ll/2 -G 0 78 75 - 3 
18 3 24 1.8 10 7 - 3 U/2 1/2 -L 0 78 75 - 3 
19 s 38 2.2 7 7 0 l/2 1/2 0 78 75 - s 
20 3 27 1.9 12 12 0 1/2 1/2 0 7C 75 - 3 
21 3 S4 2.0 8 7 -1 1/2 1/2 0 78 75 - s 
22 3 28 1.8 7 7 0 1/2 1/2 0 71:l 75 - 3 
25 3 so 2.1 5 18 +13 Ll 1/8 -L7/8 78 79 + l 
27 s 31 2.1 7 16 +9 1/2 1/8 -3/8 78 79 + l 
28 3 32 2.3 7 9 +2 1/2 Ll/2 - G 0 78 79 + l 
23 3 So 2. 4 8 15 +7 1/2 1/4 -1/4 78 86 + 8 

76 31 3 t.l - 2.4 5 12 +7 Ll 1/2 -U/2 62 75 +lZ 
«2 0 0 0 9 7 -2 Ll 1/2 -u1s2 62 75 +13 
33 3 29 1.8 7 18 +11 1/2 1/8 -3 8 62 79 +17 
34 s 2(i 2. 2 6 15 +9 1/2 1/4. -1/4 62' 79 +17 
ZS 3 :;, . 2.1 1 16 +12 1/2 l /6 -3/6 62 79 +17 
&6 s Z1 1.7 6 9 +:; 1/2 1/4 -1/4 62 79 +17 
37 s '12 s.o 3 16 +13 l 1/8 -7/8 62 79 +17 
::.a 3 39 2.6 7 7 0 1/ 2 1/t. -1/4 62 79 +17 
40 s u; 2 . f 7 6 -1 1/2 1/2 0 62 79 +17 
12 3 31 2.1 7 7 0 1/2 1/2 0 62 75 +13 
,:,3 2 G 1.2 7 9 +2 1/2 l /4 -1/4 62 75 +13 
14 3 34 2.1 s 18 +13 1/2 1/8 -3/8 62 79 +17 
4Q 3 32 2.1 7 15 +8 1/2 1/4 -1/4 62 79 +17 
'.7 3 32 2. 3 12 16 +4 1/4 1/8 -1/8 62 79 +17 
54 2 20 1.3 5 20 +15 1/2 1/8 -s/s 1;2 79 +17 
£i5 6 13 2.4 7 22 +16 1/2 L¼8 -GZ/8 62 77 +15 
56 3 ,.1 2.3 5 14 +9 Ll l S -L¼8 62 77 +15 
57 3 « 2.4 3 • 15 +12 l 1/4 -3 4 62 86 +24 
f.9 s 10 2.0 3 15 +12 l l /4 -S/4 62 77 +15 
60 3 17 2.1 3 17 +14 l U/4 -G3/1 62 77 +15 

77 61 3 16 2.7 14 15 +l l/4 1/4 0 76 79 + 4 
62 3 14 1 . 8 7 16 +9 1/2 1/a -3/8 .75 77 + 2 
63 3 21 2.3 7 H. +7 1/2 Ll/2 -G 0 75 86 +11 
64 3 16 2. 3 8 13 +5 1/2 1/4 -1/4 75 77 + 2 
67 3 16 2.7 8 14 +6 1/2 Ll/2 -G 0 75 86 +11 
68 3 11 2.2 13 8 - 5 Ll/2 1/2 +G 0 75 86 +ll 
70 3 17 2.1 17 15 - 2 Ll/4 1/4 +-G 0 75 77 + 2 
71 3 20 2. 5 11 16 +5 1/2 1/8 -3/8 75 77 + 2 
72 3 15 2.5 6 14 • +8 1/2 Ll/2 -G 0 75 77 ... 2 
75 3 11 2.2 13 15 +2 Ll/2 1/4 -Ll/4 75 86 +11 
76 5 8 2. 0 14 15 +l 1/4 1/4 0 '15 e G +ll 
78 s 11 2.7 15 15 0 1/4 1/4 0 75 86 +11 
80 3 10 2.5 7 16 +9 l/2 1/8 -3/8 75 79 + 4 
82 5 w 2. 5 13 15 +3 Ll/2 1/4 -Ll/4 75 7'3 + 4 
83 2 6 1.7 15 11 -4 1/4 1/4 0 75 77 ... 2 
85 5 11 2.2 14 14 0 1//f l/4 0 75 6 6 +ll 
86 3 13 2.5 13 13 0 l/4 Ll/2 +U/4 75 86 +11 
87 s 3 3.0 11 15 +4 Ll/2 1/ 4 -1/4 · 75 86 +11 
88 2 2 2.0 11 18 +7 1/2 1/e -3/8 75 86 +11 8~ 3 13 2.6 19 15 -4 1/4 1/:,, 0 75 72 - 3 !iO 3 R 1.7 15 7 -8 1/~ 1/2 +1/-. 75 69 - 6 

E 
., 

P-2.i,.so IFIED 



DECL-ASSIFIED 

Taol~ II(oont 'd) Zu:n,;:;.ry o~· i:>1,~iil. Oll N<m ;1<.Wd.:1 , iI;> :.v~;,.;onoe c;I: ~c~1s~ ~lziiLion. by i a ~ch T.:,ct. 

::r aft J.!nn C~.:1.nb~r .:\'.ouc ti on . e:isit.h'"ity- 'Lr·. ~hold :.;ffcct i ·.ie Ter.1p . 

~ !:o. l!ax. Total f er A. ..... I }' ~·-r I i-' ~' -I l F l~- I 

78 91 3 45 2.8 11 10 -1 1/2 1/4 -1/4 7'.J 59 . - 10 
92 0 0 0 8 11 +3 1/2 1/2 0 79 72 - 7 
96 3 ·15 z.o 15 15 0 1/4 1/4 0 79 72 - 7 

100 3 33 1.9 u 4 - 10 Ll/2 1 +::n/2 79 69 - 10 
101 s 30 2 . 7 15 13 - 2 1;.1 Ll /2 +L¼4 '/9 69 -10 
102 3 27 2.1 15 11 -4 1/4 1/2 +l 4 79 69 - 10 
103 3 41 2.7 16 7 - 9 1/8 1 /'.!. +s/a 79 69 -10 
104 3 31 2 . 2 15 25 +10 1/r. Ll /4 -G 0 7S 69 -10 
105 4 42 2.6 13 10 +S L1/z L1 +1/Z 79 69 -10 
106 3 36 Z. 5 25 15 -10 Ll/4 1/4 +G 0 79 72 - 7 
107 4 46 3.1 15 15 0 1/4 1/4. 0 79 69 -10 
108 3 46 2 . '.J 13 15 +2 U/2 1/4 +Ll/4 '/9 G9 - 10 
111 3 31 2.. ~ 14 11 -3 Ll/2 1/2 +G 0 79 72 - 7 
112 3 33 2.5 16 15 - 1 1/8 1/4 +1/8 79 72 - 7 
111 4 '15 2.8 16 15 -1 1/8 1;.1 +1/8 79 72 - 7 
115 5 23 2.1 16 16 0 1/G 1/6 0 79 72 - 7 
119 4 3G 2. 1 16 16 0 1/8 1/6 0 79 85 + 6 
120 3 26 2.2 15 21 +6 1/4 Ll/,,;, -GO 79 72 - 7 

79 121 0 0 0 15 11 -·: 1/4 1/2 +l/4 ;;c 72 - 14 
123 3 23 1.4 7 11 +f 1/2 1/4 - 1/4 66 76 -10 
l::!-. 2 22 1.4 1$ 14 -1 1/4 1/1 0 66 76 -10 
125 3 24 l.t, 19 10 - '.J 1/1 1/2 +l/1 86 76 -10 
126 3 28 1.,; 14 6 - 8 1/4 L1 +LS/-,1 36 72 -11 
127 3 n 1 • . 1 15 16 +l 1/4 1/8 -1/8 86 72 -14 
128 3 30 1.8 14 9 -5 1/4 1/4 0 86 72 - 14 
1 29 3 35 2.2 14 6 - 8 1j,; 1/2 +1/4 u6 76 -10 
130 :s 30 1.8 g 13 - 1 Ll /2 Ll/2 0 86 85 - 1 
152 3 33 2,2 H 14. ·o 1/•i 1/:. 0 U6 76 -10 
133 3 27 1.9 16 15 - 1 1/S 'lj-. +l/5 i.'6 72· -H 
135 4 zu 1.9 18 15 - 3 1/8 1/4 +l /6 !lo 72 -14 
136 4 36 2. 6 l C 16 0 1/8 Ll/4 +Ll/G 86 72 -1'. 
1::;7 4 32 2 . 3 HI 11 - 7 1/8 1/2 +3/B 86 85 - l 
138 ,:. 35 ~-~ H 20 +6 1;,; 1/8 -1/8 a ,.; 8!.> - l 
139 3 23 1.6 11 ·l -7 1/2 Ll +Ll/2 ~(j 65 - l 
140 3 23 1.6 15 15 0 1/1,. 1 /4. 0 ~G 76 -10 
1-11 3 13 1.6 16 12 - 4 1/3 1/4 +l/8 36 72 -1-, 
1-13 2 ~o 1.5 Hi H. - 1 1/4 1/6 .-1/8 J 6 35 - l 
14-1• 0 0 0 12 H. +2 1/: 1/4 0 E6 68 -16 
1'±5• 2 7 1 .2 18 ,. -12 1/C 1/4 +1 / 8 86 l "O - 13 
14-6+: 2 2 2.0 15 12 - 3 1/t. 1/~ 0 UG 03 -16 
1-<7• 3 13 1.1: 15 6 - '.J 1/; l/4 0 ( ,6 <i8 -HJ 
1~: .. 2 4 2.0 17 12 - 5 Ll/1: 1/2 +Gl/1 LB GG -18 
l•,9• 2 2 2.0 17 13 -2 Ll/i 1/4 ...,, 0 S:G 63 - 3 
150• 0 0 0 13 1/4 86 

80 1:;1. 0 0 0 12 17 +5 1/e Ll/4 +Ll /8 e;; ·38 -17 
152• 0 0 0 7 8 +l 1/2 Ll +Ll,/2 C5 (;(J -17 
153 .. 0 0 0 20 9 - 11 Ll/8 Ll +7/6 oz, GB - 17 
1&.;. 0 0 0 14 14 0 1/2 Ll/S - G3/S 85 63 -17 
l fiS• 0 0 0 15 4 - 11 l/4 1/2 +l/4 81, 63 - 17 
1E6• 0 0 0 24 13 - 11 Ll/8 Ll/1 +l/3 (/;, ~(J -17 
157• 0 ·J 0 8 8 0 1 /:.. 1/! 0 8& r, · -17 
158• 0 0 ~ H 8 -C lj,1 1/4 0 C•V :<., - 17 V 

le '.'• 0 0 0 8 5 - 3 Ll/2 Ll +l/2 25 '.;,(', -17 
l CO• 0 0 0 1~, 12 - i 1/4 Ll/2 +Ll/4 es 63 - " 151 5 5~ 3.0 15 18 +3 1j,, Ll /2 - Ll/4 Ub cc - 17 
1G2 3 t>l 2.5 19 12 -7 1/~ Ll/2 +l,l. /4 -17 
1C3 3 .;o 2.5 15 e -7 1/,;, Ll/2 •Ll / :,. 2- :.,. !,, 

- . ' 
b1 3 21 t. l 16 10 - 6 1/8 1/4 +l/8 85 as - 2 
165 0 0 0 J.J; 9 - 6 1/; Ll/2 +Ll/4 es Ge -17 
15C 3 1~1: 1.6 15 10 -5 1/4 Ll +L:5/4 l3)' ca -17 
167 5 -19 3~ l 1 ,. .,..., +l:) lj,; Ll/4 - G 0 05 d3 - 2 -" res 3 50 2.8 15 lS +-~ 1 /4 1/4 0 cu e ;; - 2 1~9 3 t.0 2. 5 ll 12 +l 1/1, 1 j,; 0 ' ' ~<l -17 
170 3 13 2. 6 19 G - 11 1/1, Ll/2 +Ll/k 8~ c::; - 2 
171 3 .!:7 2.c 14 12 - 2 Ll/2 Ll/2 0 c;.; CB -17 
173 s 1,7 2. ::, 22 !i - 1~ l/$ L l +t,7/ ~ vt. ,~i; ~11 

* Cl·..o.;~t"'"'.;;r ~.: t : .. ••-i;;:-0 ·:rj_t:~ E!l3 - --r&rJ· :~J.ltl !'C:<,,1,ction . 

P- 2760 
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. ·i _. \. ':. I• . --.... ". 

, . . 
Table H (co11t1d) Su:-.--.a.ry or ~ ~a on :.!c-::,. !::. cr.ai D! !~o _ vi de!lCe "0Ls1.1, ation ~y Patch Tot • 
~ 

..... 
1 

~&ft :.:an Ch&a~r t•aatio11 Se::.atti>ity T:,roahold El'f•ctiY• Tc:,p.: ~~ Uu. Total Per .l. A. I F F- 1 I F t-1 l F Y- 1 
80 175 l5 42 2.6 16 16 0 1/a l/8 0 86 83 - 2 176 4 44 2,9 16 15 -1 1/8 1/4 +l/8 86 76 - 9 177• 0 0 o.o 16 1/8 85 178 20 1/8 86 179 10 1/8 85 180 19 1/4 86 
81 16h 0 0 o.o 1 7 0 1/2 1/2 0 8-0 76 - 4 182-. 2 8 1.6 18 8 -10 1/4 1/4 0 80 76 - ,l • 183• 2 6 1.5 14 H 0 1/4 l /4 0 80 76 - 4 •' 184• 2 16 1.8 17 6 - 11 Ll/2 Ll +1/2 80 76 - 4 1£6 3 23 2.6 20 10 - 10 1/8 1/4 +1/e 80 76 - 4 186 3 32 2.1 1:5 u + l Ll/2 1/ 4 - U¼4 80 76 - 4 187 :5 14 1.e 16 14 - 2 1/8 1/ 4 - 1 8 80 76 - 4 188 3 46 2.8 16 8 - 8 1/8 1/4 - 1/8 80 76 - ,4 , 180 l5 36 2. 4 14 16 + 2 Ll/2 1/8 -L3/8 80 76 - 4 -~-190 3 38 2. 6 13 12 - l U/2 1/4. -Ll/4 80 76 - 4 l~l :5 23 1.8 15 9 - 6 1/4 l/4 0 80 76 - 4 l 192 :5 34 2. 3 1:5 14 + l U/2 1/4 -Ll/4 80 76 - 4 194 3 30 2. 3 19 13 - 6 1/4 1/4 0 80 76 - 4 199 16 1/4 60 200 14 U/2 aO 201 20 1/8 bO 202 14 1/4 tO -.., 203 12 1/4 <30 204 -:. 13 U/2 00 206 18 l/4 fO -266 15 l/4 no 208 _ 16 1/e GO 210 13 U/2 BO 

82 211 9 1/4 69 212 4 L l 69 213 11 1/4 ii9 214 15 1/4 ~9 215 9 1/4 c~ 216 5 1/2 !i9 ,. 217 6 L l ,::.., r 218 10 L l <.:~ 219 7 1/8 l,!.1 220 l G9 221 11 1/2 69 222 6 L l es 223 6 L l eo 224 16 1/8 3S 225 17 Ll/2 6& 
. -1 226 6 L l 5!l 227 4 1/2 c:, . , 228 14 1/4 '33 229 14 1/8 'Jo.' 2:50 9 1/4 ()!) 231 9 1/4 63 2:52 12 1/4 0..1 233 12 Ll/2 !j~ 234 3 l /2 , .. 
-,, 

DE S~FU::D 
,, 

,..,. 



'fable III. S~ or Data. on lien Shcnrl.l.lg Evidence of Senaitiation by Pa.toh Teat. 

Dro.ft &n 
o. No. ---

75 7 
13 
23 
24 
26 
30 

76 39 
41 
45 
48 
49 
50 
51 
52 
53 
58 

77 66 

78 

7fl 

66 
69 
73 
74 
77 
79 
Bl 
84 

93 
94 
95 
98 

109 
110 
113 
116 
117 
118 

122 
131 
lM 
142 

0 172 
174 

Bl 193 
195 
197 

Chamber Reaction 
!Sax. Total Per A.A. 

. . 

5 
3 
3 
3 
3 
5 

3 
3 
3 
3 
3 
3 
5 
5 
5 
3 

3 
3 
3 
3 
3 
3 
3 
.s 
2 

3 
3 
3 
3 
3 
3 
4 
3 
3 
3 

5 
3 
3 
4 

3 
4 

3 
3 
3 

• -◄-~ .. 

35 
29 
'tt:l' 
'3! 
33 
42' 

38 
4-0 
ff 
TI 
'S'S" 
47 
56 
54 
S5 
46 

20 
22 
14 
24 
15 
16 
11 

9 
5 

43 
48 
50 
41 
36 
48 
38 
42 
36 
43 

~o 
21 
29 
28 

zo 
39 

27 
35 
24 

2. 5 
1.8 
2.5 
2.1 
2.1 
2.3 

2.5 
2.8 
2.3 
2.7 
2.1 
2.3 
2.2 
3. 0 
1.3 

2. 7 
2.7 
2.9 
2.1 
2.6 
3.0 
2.9 
2.5 
2.4 
2.5 

2.9 
1 . 8 
2.1 
2.0 

2.2 
2.4 

2.1 
1.9 
1.8 

Senaitivity-
I F F-I 

7 
7 
4 
4 
9 
6 

15 
5 
7 
7 
8 
7 
7 

11 
8 
5 

12 
14 
11 

6.. 
H 
15 

7 
13 
13 

12 
15 
16 
15 
10 
16 
16 
15 
15 
13 

10 
17 
15 
14 

22 
14 

17 
14 
16 

64 
17 
40 
56 
44 
50 

29 
56 
30 
64 
52 
38 
56 
64 
49 
24 

40 
35 
21 
41 
29 
48 
50 
32 
23 

35 
48 
52 
42 
26 
56 
52 
23 
19 
38 

35 
a 
27 
64 

&O 
56 

16 
50 
4-0 

P-2760 

+57 
+10 
+36 
+52 
+35 
+44 

+14 
+51 
+23 
+57 
+44 
+31 
+49 
+SS 
+41 
+19 

+28 
+21 
+10 
+35 
+15 
+33 
+23 
+19 
+10 

+23 
+33 
+36 
+27 
+16 
+40 
+36 
+ 8 
+ 4 
+25 

+25 
+24 
+12 
+50 

+za 
+42 

- l 
+36 
+24 

l'hreahold 
I F Z-I 

1/4 
1/2 
1/2 
l/2 
1/4 
1/2 
1/2 
1/2 
1/2 

L 1 

1/4 
1/4 
1/2 
1/2 
1/4 
1/4 
1/2 

L 1/2 
L 1/2 

1/4 
1/4 
1/8 
1/4 
1/4 
1/8 
1/8 
1/4 
1/4 
1/4 

1/2 
Ll/4 
1/4 
1/4 

1/8 
Ll/2 

Ll/4 
1/4 
1/8 

u/a 
U/2 
U/8 
u/s 
1/8 
1/8 

U/4 
u/a 
1/8 

U/8 
1/8 
1/8 

Ll/8 
Ll/8 
Ll/4 
Ll/2 

Ll/8 
1/4 
1/4 

U/4 
Ll/4 
Ll/4 
1/8 

Ll/8 
1/4 

1/4 
Ll/4 
Ll/8 
1/8 
1/4 

Ll/8 
Ll/8 
1/4 
1/4 
1/8 

1/4 
Ll/4 

1/4 
Ll/8 

- 05/8 
-G 0 
-07/8 
-G7/8 
- 1/8 
-17/8 

-G 0 
-G3/8 
- 3/8 
-G3/8 
-Ll/8 
- 3/8 
-G3/8 
-G3/8 
-Gl/4 
- 1/2 

-Gl/8 
0 

-1/4 
-Gl/4 
-G 0 
- G 0 
-3/8 
- 3/8 
-Ll/4 

0 
- GO 
-c-0 
-1/8 

0 
-GO 
- GO 

0 
0 

-l/8 

-1/4 
0 
0 

-Gl/8 

1/8 0 
11/8 -3/8 

Ll/2 +1/4 
1/8 -1/8 

Ll/4 -Ll/8 

DECLASS!F.ED 

Effective Temp. 
I F F-I 

79• 
79° 
79• 
79° 
79° 
79° 
79° 
79° 
79° 
79° 

as• 
es• 
86 ° 
86° 

as• 
as• 

so• 
80° 
so• 

77° 
es• 
77° 
es• 
as• 
as• 
79• 
79° 
77° 

72° 
12• 
72° 
72° 
69° 
72° 
76° 
76° 
76° 
76· 

+13° 
+17° 
+17° 
+17• 
+17° 
+15• 
+24° 
+10' 
+14° 
+24• 

+ 2• 
+11° 
+ 2· 
+11° 
+11° 
+11 ° 
+ 4• 
+ 4• 
... 2• 

- .,. 
- 'f - ., 
- 7• 
-1'1 
- 1' - ~ 
- 3° 
- t 
- 3• 

-10° 
-1cr 
-ll 
-1.r 

-11' 
-11 

- ,f 

- .f 
- 4• 

J 
!~ 

··:~ 

·A 
:JI 

• ~11 . . 
I 

-! 
I 

.1~ ,. 1 
j 

. . 
• 

'I 



Table IV. Total Roaotion.s to final Plltoh Toste (Fx value•)! 

Draft !.:an 
No, l~o. Ro&ction Avorago 

76 7 32 
13 13 
23 28 
24, 32 
25 22 
30 26 

26 

75 39 21 
41 32 
45 22 
48 32 
49 26 
50 22 
51 32 
52 32 
53 25 
58 15 

25 

77 65 28 
66 19 
69 19 
73 25 
74 21 
77 24 
79 22 
81 24 
84 15 

22 

78 93 19 
94 24 
95 28 
98 26 

109 18 
110 32 
ll3 28 
us 15 
117 15 
118 22 

23 

79 122 19 
131 21 
134 19 
142 32 

23 

80 112 26 
174 52 

29 

81 193 12 
195 26 
197 20 

19 

lh"orall A.vorago 23. 7 

i, No extra valuo added for ed9lll& or foll:1.culith. 

P-2760 
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'l'ablo v. Average Temperature• and Relative Bumiditiea during Time Patohea .... re worn, A..-erago Total ReactioDJI to Patoh Te•ta• 

Initial Patch Teats Final Patch Te•t• 
Daw Di-aft Indoor Outdoor Outdoor Nonson. Sena , Combined llonaen. Sene . • Sew,, h 

No,• 
T,°F, 

lttteotifl No, No, No, No, No, No, 
T, °F, Rlf" Rtf' Temperature Men Av, 1:en Av, l.!6n Av, }:an Av, lien Av, M.n A:-r, - -

5-28 75 83 67 83 68 78 24 7,5 6 6.2 30 7,2 

6-4 19 75 112 65 50 62 20 5,9 10 8,o 30 6,6 
• ' 

6-u ,77 82 55 80 57 75 21 12,0 9 12.0 }() 12.0 

6-20 - 82 55 80 57 75 19 10,8 4 36 4 24 ·t!J .. a 6-25 78 86 66 84 cf) 79 18 l4,9 10 14,3 28 lli, 7 22' 14.2 8 47 8 27 m·:' .. 
ft 6-27 82 43 85 43 77 10 15,4 5 35 5 22 0 ~, () 7-2 79 92 59 94 57 86 26 14,9 4 16.0 :,) 14,8 12 14.2 6 39 6 23 

~ ~ 7-11 78 46 74 53 (1) 10 11, 7 l 26 1 18 
F 

7-18 78 72 74 82 72 17 13,8 8 49 8 27 er., 
en 7•19 81 79 77 91 76 6 11.7 7 37 7 21 · w ! 

(JJ ~ ,., - 7-26 80 90 75 90 75 85 28 15,7 2 18,0 24 15,8 6 13,0 0 0 0 0 .rn Tl 8-7 61 84 62 - 85 78 33 13.0 33 13,0 
·,l,:.f0· ~ , rn 6-13 81 85 61 86 61 80 23 15.0 3 16.0 26 15,0 ':-• I -- -a 

C 
' . • 

8-27 82' 75 47 73 49 cf) 24 9.0 2/.1 9,0 22 9, 7*• 2" 53 2 29 
"r ■ • 

e-29 92 50 83 7 1540-, .. 0 " - .. 0 0 0 

9-5 81 61 80 65 76 14 11.4••••3 35 3 l<) .:~ 

·- ... ~."::' 

--~~ 
·, - 4 

• Draft, Nos, applr only to Initial Patoh Teat1p Finale lfflre not run aooording to drafts but when mon "re a...._ilable, ~ •• This 1noludee l,i. mn who lftlre exposed to~HN3 in ohamber, eustained little> or no renotion t'rom ohamber tot, -

••• Thia inoludea 2 HN'3 men . 
• "'I, 

•••• This inoludea 4 llll3 111en, 
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~.. I I I j.ti•., '\. ) ~ 
,••11 l::.:.: .,,....;, ''-- ,1 ' -+ - ►•• A .J •4 I ,-, ~ ... • • t• t ''I - ., f • •· ,a• -• '• I •u'' 

¥'• I t, .T • I ' '(:' ••~ • :'. {-)+• • •j· ...... ••• •, : ''•• t,~• • • • - -• • .. ➔• •• • : 

16-11~~·- --~-- ~:... • ..1'.'".--, ___ .. _:r-. ;.;t..,.. ..... &.,.. ~ ~ ... -= 2'tl\,-~1il~ -4 · ~ .... -c==h.,. c... . ..J •-,......,_ &1.6.. ... - - .... ~ ~...._ ............ J. 



DE:CLASS D 

Table vt. 'Second Pre-exposure Patch Testa. 

Draft Man First Pre-expo6Ure Pabch Teat Seoond Pro-eX'Dosuro Patch Test 
No. No. Dato E.T.• 1 l/2 l/4 1/8 To~• Date E.T.• 1 i/2 l/4 1/8 rot. --

79 145 7- 2 86 8 4 4 2 17 8- 7 78 8 4 2 1 
146 8 4 2 l 15 8 4 4 
147 8 ~ 2 1 15 8 4. 2 
148 8 4 4 2 18 8 4 2 
149 8 4 4 l 17 8 4 2 

80 151 7-26 85 4 4 2 2 12 8 4 2 l 15 
152 4 2 1 7 4 2 2 1 9 
153 8 4 4 4 20 8 4 2 '14 
154 8 4 1 1 14 8 4, 2 14 
155 8 4 2 l 16 1 1 2 
156 8 8 4 4 24 8 4 2 1 15 
167 4 2 2 8 4 2 2 1 9 
158 8 4 2 14 2 1 1 4 
169 4 4 8 8 2 l 11 
160 8 8 2 1 19 8 2 2 l 13 
161 8 4 2 l 15 8 4 2 1 16 
162 8 8 2 l 19 8 2 2 1 13 
163 8 4 2 1 15 8 4 4 16 
164 8 4 2 2 16 2 2 1 6 
166 8 4 2 1 15 8 4 2 l 15 
166 8 4 2 1 15 8 2 2 1 13 
167 8 4 2 1 15 8 4 2 14 
168 8 4 2 1 15 8 4 2 1 15 
169 4 4 2 1 11 4 2 2 8 
170 8 8 2 l 19 8 2 2 12 
171 8 4 1 1 14 8 4 2 14 
172 8 8 4 2 22 8 4 2 l 15 
173 8 8 4 2 22 8 4 2 2 16 
174 8 4 1 l 14 16 4 2 22 
176 8 4 2 2 16 8 t,, 2 1 15 
176 8 1 2 2 16 8 8 4- 20 
177 8 4 2 2 l.6 8 4 2 1 15 
178 8 8 2 2 20 8 4 2 1 15 
180 8 8 2 1 19 8 2 2 12 

Average 16.8 13.2 

P-2760 DE_ LASS E 



C s 
al r n! .. 

r 
Yl 1/16 .! g :]_ Av . l. L1 l.!:. .!::!...... l..!... _;._ .. .:. 

1 3 ~ 

1 11 3 l 

3 1 7 l 7 

15 l o. 7 . 
I) l 4 11 

6 l l . 2 4 

l 2 li l l l L 1 7 
., 2 

2 C'. . . . ; 

2 l ll l l 

2 ? , 

9 ') l 1 

l l:> 

l 

J_ o.-- -
1.r: 9 • > l > . 3{, 1 

t 2 ~ 2 1 '2 
~ 

2 } 1 . l. 

-I'.. ll 1 7 2 1 2 ; I.. 

a 2 5 L . l ; 

3 2 t, 3 ,? 

; 6 -· " 5 . l 

7 !. l C ; 

7 3 . 1 } 

2 ., 
1 

l 2 2 

l l l 

0.1; 

1 1 1 l 

l 2 0.13 l 2 .P 

2 15 20 7 o. •5 12 l!I 14 

t-.,; r r t S'll >p,' .._ ti! l"'•a•~io ,.... t 1 r t; '"" 2. &. ... •t .~ • r• 

I ea! ,le. ""':.h 41-v•~ ,O.!!;. + • • L 11 er,. ore . 4 .,~ ~ . " x~ 0 r " .. • ... en 1 .. f 

raft. 
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D-GLASSI IED 

•• 
ABU: :rx. Peroentages of cen reacting to a given ~ose.llith inten1ity of 2 or more. 

lfo. Test Dose 
Group Men Test 1 1L2 1L4 ILB lf!~* 

o lS SITIZED 

S ITIZED 

125 

125 

44 

44 

Initial 

Final 

Initial 

Final 

100°/o 96% 57% 16% o% 

100% 99% 77% 22% 2% 

lOOfo 95% 

l0Of. 100% 1000ft 

• Although a dosage of 1/16 microgren H was not used., ii' at 1/8 a man reacted with 
a greater intensity than 2 (mild erythet1a) • his threshold was arbitrarily con­
si dered as 1/16. 

•• This represents a summary of' the data in TE.b le VIII and has been plotted 
on Plate 13. 
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'l'ABLI r. • Relation of C~e 1n Ef'.t.'eoti ve Temperatur.e to Change in total Reaction to Patoh Teat. 

T~ of Men 

No~enaitized 

" 

" .. 

(/)- . . 

$ensitfaed 
(
1
Caloul,ated 
,with F ) • 

X . ~ 

NoMensi tized 'c 
(Exposed to BN3 
in chamber) 

" No.Yen 

49 

.76 ·· 

21· -

23 

-

21 

23 ., 

20 

- E.T.£. - E.T.i. {°F.) -Chango in Reaction (F•I) 
!:!:.• 

,f, 10° 

0 
-7.5 . 

no.9°-

·---10 .. , 

+10.9 
0 

.. 70 

0 -13 • 

. 

- Range Iv. Range 

o'· • 
♦, -1° to· +24 , +5.6 -5 to +11 

•1° to -17° · -1.25 •13 to +15 

0 0 -
L t 1 to t24 "~ _• +3.3 +10 to -f-57 

• -1° ~ .:.·-17° ·" . - -f-26 + L. to -f-52 

. 
' .a.1 °· to ·+24° - +15.5 ,f-2 to ♦27 

1:; - l 
- . ' ' • 

,:_ .• ·-. :-1° to •17° ... " 
' +9.9 -5 to. +28 

•2° to -18° -4.8 .. 14 to +5 

• No men were exposed to HN3 'When E.T.f. - E.T.1. was plus. 

P-2760 

Av.Reaot.Change/OE.:r. Change 

0.39 

0.28 

,I 

-

0;31 - . 

0 rn 
0 

> en 
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NO?l-SEllSITIZED Dre.ft 
,. Initlal Tost Final Teat 
a.-o • . 

No. Men 1 1/2 l/4 1~ 1 1/2 1,14 1/8 

75 24 4.3 2. Q 0.9 , 0.3 6.; 3.5 1, 8 0,7 

~ 

76 20 3.7 ] . 7 o.6 
' ' 

o.o 6.6 3.}, 2.1 1.6 

71 21 I {,,8 3.2 1.5 0 . 4 7.4 3. 7 1.6 1.0 

78 18 7. 8 4.0 2. 0 .l. l 7,2 3. 7 2 . 0 0.7 

79_ 19 ,, ?".a 4.o 2. 0 0.9 7,2 :,.o 1.6 0.5 

~ 

. 4.9 80 lh 1.i' 2.0 1.3 6.1 h.9 1.6 0.5 . ·o 
~ ,. "'il \ : • y-

81"" 9 I • 8,1) 4.9 .1.6 1.0 6.7 3.1 2. 0 o.h 
-· . 

I , 

,,Vei°e;hted Avor. - - . G~3 3. 3 1. 5 o.6 6.8 ;.6 1.5 o.e 

.SENSITIZED ~ .75 6 ,-.. 3. 3 _ :1.5 . , r 1, 2~' 0.2 8.0 7,"5 6.2 L. O 
. 

76 • , c, 10 4.6 ,2. 1 1.1 0. 2 8, 0 u.o 6. o 4.o 
' Jr r' I• , • ; .'. • J 

T7 ,_ .. ,9 •: - 7~1 . ,, 3;1 . 1,.3 _ _,. 0.1 8.0 7. 1 5 . 1 , 1.7 

~ ~... r _,_. -~ ! ,,, l •. 

78 - • 19_ ~ 7.2·. 3. a . ~- 2.0 1.3 o.o 1.2 5.2 2.3 
,1. . ,i r• ,. ':;. ,,,.,. .• • • ~ - ~ 1 

79 • 4-: ~· a.o ·,.:5 : , 2.0.· • - 0. 5 , , e.o a.o 4.o 2. a 

6.o -"r~.2. 5·,• 1.5 a.o ~_.a.o _a.o 
' ' -~ ' , .. -

.4:0' ' '; 2;7 
• J ,,, 

f .o•- •:•1. 6 , 
l ~ -, ...: ~'"' ... • :...1·.., -~- .J :,_t-C.;,,~lr-·: -- - L ,.- -

! j~ M~- • · ~ ,'"' f 

r .;Final Tests·:were 'oa.loulA:tod w1 th·.F. 



DECLASSIFIED 

FIG . I 

SECOND PRE- EXPOSURE PATCH TEST ON SUBJECT 163. E. T. 78° F. 
REA DINGS WERE 8-4-4-0. FIRST PRE-EXPOSURE TEST HAD BEEN 8-4-2-1. 
THE ERYTHEMA WAS CONS IDERAB LY MORE INTENSE THAN SHOWN BY THIS 
Pl CTURE . 

DECLASSIFIED PLATE 



DECLASSIFIED 

FIG. 2 
SUBJECT K.W. 24 HOURS AFTER PATCH TEST. E.T. 78° F. READINGS AT 24 HOURS WERE 16-16-16- 8; 48 HOURS, 16-16- 16-4. NO OTHER INDIVIDUAL SHOWED A TEST AS STRONGLY POSITIVE. KW., A CHEMIST, HAD SUSTA INED ABOUT 15 MINOR BURNS FROM H DURING A 3 YEAR PERIOD, ABOUT 10 OF WHI CH WERE ACCO~lPANIED '3Y VESICAT ION; AND HE WAS AWARE OF AN INCREASING SENSITIVITY 0 H. HE HAS NO KNOWN HYPERSENSITIVITY TO OTHER SUBSTANCES, •o AL LERBY TO FOOD, NO HAY FEVER. 

DECLASSIFIED 
PLATE 2 
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FIG . 3 
SAME SUBJECT AS SHOWN IN FIG . 2 BUT PHOTOGRAPHED SO AS TO EMPHASIZE ERYTHEMA RATHER THAN EDEMA . 

DECLASSIFIED 
PLATE 3 



DECLASSIFIED 

FIG. 4 

SUBJECT 878 WORE I½ LAYER STANDARD CC-2 IMPREGNATED SU IT 
PLUS CC-2 IMPREGNATED SHORTS FOR 4 EXPOSURES TOH VAPOR AT 
CT 1200, 90° F., 65% RH. 24 HOURS AFTER THE LAST EXPOSURE, 
HE MANIFESTED A GENERALIZED MACULOPAPULAR ERYTHEMA WITH MARKED 
EDEMA. PICTURE TAKEN 5- 5-45, 48 HOURS AFTER THE LAST EXPOSURE. 

(NOTE THAT THE INTERSCAPULAR ~REA, SUBJACENT TO THE 
CAf'NISTER OF THE NAVY MASK, WAS SPARED. l 

OiC\.ASS\F\ED PLATE 4 



DECLASSIFIED 

FIG . 5 

SAME SUBJECT WAS IN FIG . . 4. NOTE TH E MARKEDLY PAPULAR CHAR­
ACTER OF THE RASH ON THE ANTERIOR THIGHS AND THE SPARING OF 
THE AREAS COVERED BY THE IMPREGNAT~D GLOVES, SHORTS, AND SOX. 
SOME DEGREE OF PROTECTION WAS AFFORDED BY THE UN IMPREGNATED 
SKIVVY SHIRTS . 

DECLASSIFIED 
PLATE 5 



DECLASSIFIED 

FIG. 6 

SAME SUBJECT AS IN FI GS . 4 AND 5 . CLOSEUP OF THE ANTERI OR 
SHOULDER SHOWI NG THE MACU LOPAPULAR RASH. TAKEN THE SAME 
TIME AS THE OTHER PICTURES. 

DECLASSIFIED 
PLATE 6 
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FIG. 7 
SUBJECT D.L . H., SUIT NO. 89 . WORE 2 LAYER CC-2 IMPREGNATED IZnO, SOLVENT) SUIT DURING 10 EXPOSURES TOH VAPOR AT CT 1200, 90° F., 65% RH . 24 HOURS AFTER THE LAST EXPOSURE, HE MANI­FESTED A GENERALIZED MACULOPAPULAR ERUPTION. PICTURE WAS TAKEN 2-5-44, 48 HOURS AFTER THE LAST EXPOSURE. 

DECLASSIFIED 
PLATE 7 
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FIG. 8 

SUBJECT 515 WORE DUNGAREES AND CC-2 IMP.REGNATED SHORTS DURING 
ONE EXPOSURE TOH VAPOR AT CT 600, 60° F., 65% RH. THE PICTURE 
WAS TAKEN 1-19-45, 8 DAYS AFTER EXPOSURE, AND SHOWS A MACULO­
PAPU LAR ERUPTION OF THE ANTERIOR SURFACE OF THE THIGHS. 

DECLASSIFIED 
PLATE 8 
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