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\ ABSTRACT

4&his report descrlibes the results of an investigation to
evaluate, by means of chamber tests, the effect of concentra=

tion of H vepor and the effect of time of exposure on the

protection afforded by 1=1/2 layer CC~-2 impregnated clothing.

As & result of this investigation 1t has been concluded
that: (a) within the range of 10-100(YH/l., the protection is
relatively independent of the concentfetion of agent, and (b)
the protection is primarily a functign of the time of exposure,

It wes indicated that, for sucgessive dally H vapor
exposures, men wearing l-1/2 layer/CC-2 impregnated clothing
are capable of tolerating a total/of 4 to 8 ex osure hours,
irrespective of agent concentratfon wl thin the range of 10
to 100/PH/1. This time of expofure may be incurred as a
continuqus exposure or as intesfmittent dally sxposures of any
duration\from 1 to 4 hours,

It wa} alsc indlcated at under the most adverse condi-

" tions studied in these serdes of tests (l.e., low concentra-

tion of H Yapor and long Aime of exposure), a CT of approxi-
mately 300Q is the upper/limit for which 1-1/2 layer CC=2
to provide adequate protection,
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INTRODUCTION
A, Authorlzation

1. This work was authorized under Project 547/41, "Maintenance,
Bureau of Ships", dated 16 December, 1940, The problems which
WeXS PIOPECSSA IO slLudy worw given in pureau of Ships Letter
S=377-2(Dz), Serial 811 of 17 December, 1940,

Be Statement of Problem

2, The purpose of this inveatigation was to determine t he e ffect
of (a) variation in H vapor concentration and (b) variation in
time of exposure on the protection afforded by l=12 layer CC-2
impregnated clothing. , '
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C. Known Facts Bearing on Problem and Theoretical Considerations

3. Work at this Leboratory end by other investigators has denon-
strated that the degree of skin damage incurred by unclothed
human subjects (or subjects dressed in plain clothing) on expo-
surs to veslcant vapors is a function of btoth the concentration
of vapor and the time of exposure, Therefore the CT value (cone
centration in mg./m.° or ¥/1 % time in min,) is used as a

means of combining these two factors in any evaluation of the
physiological effecte of vesicant vapor expoaures,

4, It has been demonstrated further that over a relatively wlde
range of both time and concentration of vapor, for exposures of
unprotected subjects, ¢ and T are inversely proportional (CT--k);
l.0,, the same degree of damsge 1s produced by a short exposure
to a high vapor concentration as 1s produced. by.a long exposure
te a law vapor concentrapion.

b, At this Laboratory, in the evaluation of CC~2 impregnated
clothing as a means of protection against the effects of expo-
sure to H vapor, evidence has been obtained indlcating that, 1in,
the case of subjects wearing (C-2 1mpre%nated protective clothing,
¢ and T are not inversely proportional (CT zk). This evidence
was obtained primarily in chemlcal tests in which it was found
that the total leakage of H vapor through CC+2 impregnated
clothing is not & direct function of the concentration of H
vapor to which the cloth is exposed. It ls planned %o describe
these and other chemical teats in detall in & separate report,
but the data are also brlefly summarized in this report,

6, Preliminary physiclogical evidence that CT 1s not a constant
in the exposure of subjects wearing CC-2 clothing was obtalned
in the series of chamber teosts conducted at this Laboratory and
reported in NRL Report No. P-2208 "Chamber Tests with ' Human
Subjects = Part II, Initial Tests of Navy Issue Protective
Olothing against H Vapor" dated 22 December, 1843, In this
serieg, subjects clothed in 0C=2 lmpregnated clothing were
aubjeo%ed to 60 minute expcsures at CTs ranging from 200 to
2600 (3.3 to 43 YH/l.). The sxposures at the higher concentra-
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tions produced only very slightly more severe reactions,

7. Subsequently, the CWS at Edgewocod Arsenal has reported the
results of a similar asearias of tests In which mcnn drosscd in
standard Army CC~2 impregnated clothing were subjJected to single
exposures 5o H vepor et warious CTs from 3,000 to 11,000, NXNo
slgnificant difference iln effects was observed,

8, As the result of these preliminary observations, it was
considered desirable to initiate an investigation to evaluete
completely the effect of concentration 6f H vapor and the effect
of time of exposure on the protection afforded by 1-1/2 leyer
CC=2 impregnated clothing,

D. Previous Work Done at this Laboratory,

9. No previous chamber tests have been conducted at this Labora-
tory with the primary purpose of evaluating the two affects
studied in this series of tests. This report is the 7th of a
series on "Chamber Tests with Human Subjects" in which the
regults obtained in the evaluation of various protective devices
against the vesicant effects of peraistent chemical warfare
agents are reported, ,

EXPERIMENTAL

10, The chamber tests described in this report were donducted
in the NRL chamber according teo the general procedure described
in NRL Report No. P=2208 "Chamber Tests with Euman Subjects,
Parts I and 11",

All. In all tests each subject was provided wl th theAfollowing
1-1/2 layer protective equipment:

(a) Standerd Navy Issue Arnzen suit impregnated with
CC«2 by the wator suspension process,

b) CC£ impregnated ribsknit shorvs.

CC=2 impregnated wool gloves,

d) 2 pair of 0C-2 impregnated cotton socks,
(e Arcticso
zr Mark IV gas masks .

g) 8+330 Protective Olntment for the neck and around
the facopliece of the mask,

A, Effect of Concentration of H Vepor
12, (Groups of § = 10 men dressed in the protective equipment

- desoribed above were subjJocted to succesalve dally e xposures

to H vepor in the chamber, Each exposure was conducted for
exactly 60 minutes at 90*F and 65% RH, The clothing was worn
for four hours after each exposure, A subjoect was wl thdrawn
frum the teat when he incurred an intense erythema (E) on
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. any part of the body 24 hours after the last exposure (1l.e.,
8 "man break").

. 13. Nine groups of subjects were used, Each group wes sxposed

&t a given Il vapur evncentration, varying from 5 rH/l, to 100 »
H/1, (300 to &GCC CT).

14, The results obtained are summarized in Table I, FPhysiolo-
gical data are given in Appendix II.

. Table I.

i . EFFECT OF CONCENTRATION OF H VAPOR ON STANDARD

§~ 1-1/2 layer CC=2 clothing; 60 min, exposure; 90°F and 65% RH,

. Date No.,.of Conc.,of E CT of No,of Exp. Total CT Remarks
Started Subjects Vapor( s /1.) Exp. Tolerated Tolerated

4-11-45 10 5.0 300 11.1 3,330
3- 2«45 8 10.0 800 B3 3,180
Various 114 20.0 1200 4,5+ 5,400+ 21 men not

"broken"
lleld=44 333 2000 4,2 8,400
3 =12e45 40,0 2400 4,5 10,800
11l-28=44 50,0 - 3000 3 .64+ 10,800+ 1l men not

"oroken"
2 =1l3«45 66,7 4000 3,8 15,200
2 =20~45 83 .3 OO0 4,5+ 22,500+ 2 men not

: "oroken"
}; 95- 456 10 100 6000° 4.8 28,800

o O3

15, The data in Table I are shown graphically in Plate 1.
These data and graphs demonstrate clearly that, for exposure
‘of subjects wearing l-1/2 layer CC-2 impregnated protective
clothing, OT is not a constant as regards the effects produced,
Instead,it is shown that in the range of 10 to 100 ¥H/l. the
protection afforded by the CCe«2 clothing is relatively inde-
pendent of concentration of H vapor, If C and T were inversely
proportional, as 1s the case of exposure of unprotected men, a
oonstant value for total CT tolerated would have been obtalned
for all groups, and the number of exposures tolerated would have
decreased progressively as the CT per exposure inoreased,

16, The greater number (1l1l,1) of exposures tolerated et CT
300 is understandable and not unexpected, The curve shown in
Plate 1A should theoretically approach the vertical axia
asymptoticaelly since at (T=0 an infinite number of exposures
should be tolerated. This test shows that the inflection point
lies between CT300 and 600,

17. It has been demonstrated'previously that subjects wearing
» .3-
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plain dungaree clothing w th CC=-2 impregnated shorts receive

an intenge erythema over the unprotected areas of the body on
one exposure at CT 300 (T« 60 min.,) Thus, it is indicated that
CT 300 may be considered the minimum CT for vhich 1 or 1l-1/2
layer protection is necessary to prevent severe damage as the
result ol one exposure, This test at CT 300 gives a measure

of the protection afforded by 1-1/2 layer CC=-2 clothing at the
lowest CT for which protsction {3 raquired,

18, The results obtained in this series of tests confirm

those mreviously obtained in a series of chemlcal tests, In
these chemical testa, the leakage of H vapor through standard
suspenaion process CC-2 impregnated clcthing at various H vapor
concentrations was measured,

19. One side of a number of 3 in, diameter dises of cloth was

< exposed at 90*F to an air stream containing definite concentra-

tions - of H vapor, The air stream had a flow~rate of 0,5 liters/
min,, and the exposure was conducted for one hour., During the
exposure another air streap, humidified at 65% RH, was passed
over the other side of the cloth at 0,2 liters/min., This air
streem collected any H vapor which passed through the cloth

and carried 1t into a modified Northrop titrimeter, where
analyses for H content were made every five minutes for one hour,

20, The dats obtalned in this series of tests are pressnted
in Teble II,
TABLE II

EFFECT OF CONCENTRATION OF H VAPOR ON "LEAKAGE"
T = — =~ CHENTOAL TESTS

Standard CC-2 cloth; 60 min, exposure; 90°F and 65% RH.

’

Cone. of H Vapor CT of Total Leakage for .
( x/1,) Expo sure 60 Min, Exp, (H)
10,0 600 - 13
25.0 : 1500 23
45.0 2700 o4
65,0 . 3900 ' 53
98,0 B'700 33
135,0 : 8100 : 28

21, It may be seen from the above results that for 60 minute
exposures withln the range studied the leakage of H .vapor
through the impregnated cloth 1s relatively independent of the
concentration of H vapor to which the cloth is exposed. The
data are plotted in Plate 2 together with curve A previously
shown in Plate 1. A comparison of the two ocurves shows that
there 15 a good relationship betwesn choemical leakage and
number of chamber exposures tolerated; e.g. at CTs 3000-~5000
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the greatest chemlcal leakage is observed, and, in thils range
of CTs, fewer chamber sxposures are tolerated than at higher
or lower CTs.

22, It was concluded on the basis of both chemical and chamber
tests that within the mense 2 10 40108 . 4/1L, ihe provecvion
agalnst H vapor afforded by CC~2 impregnated protective clothing
is not primarily a function of the concentration of H vapor to
which it 1s exposed, It was indicated that the controlling
factor 1s the time of exposure,

B, Effect of Time of Exposure

23, Groups of 4 - B men, dressed as previously described in
1-1/2 layer CC-2 protective clothing, were exposed to H vapor
in the chamber at 90°F and 65% RH under the conditions as indi-
cated in Table III.

TABLE III

EXPERIMENTAL CONDITIONS FOR TIME OF EXPOSURE TESTS -
Group No. of Conc, of H Time of C.T. of Type of

No. Men, Vapor (X/1,) Exposure - Exposure Test
1 8 10 60 600 Man Break
2 5 10 120 1200 . » :
3 7 10 240 . 2400 1 Exp, only
4 114 20 60 12000~ Man Break
5 6 20 120 2400 n "o
6 7 20 240 4800 - 1 Exp. only
‘g 8 40 80 2400 © - Men Bresk -
'8 -4 40 120 - 4800 weoow o
9 " . - 40 240 9600 . 1 Exp, only

24, "Man break" tests, i.s. successive daily exposures unﬁiia
.an intenss erythema (ES
and 40 ¥H/1., with exposure times of 60 and 120 minutes at .

" eath concentration, In addition single 240 minute exposures

were conducted at 10, 20 and 40 yH/1,

25, The results obtained in this series of tests are summerized
In Table IV~ Physiological data are given in Appendix III.

was incurred, were conducted at 10, .




TABLE IV
EFFECT OF TIME OF EXPOSURE ON STANDARD "MAN BREAKS"
1-1/2 layer CC~2 clothing; 90°F and 65% RH,

Date No, of Conc.,of Time of CT of No, of Exp. Total Exp, Remarks

Started Subjs. H V or Exp. Exp, Tolerated Hoursa
1,) (Min,) Tolerated
3= 2e45 8 10 60 600 543 5.5
3= 2«45 5 10 120 - 1200 546 11.2
3= le4b i 10 . 240 2400 1,7 (dat)® 6,8% 5, men not
: : "broken"
Various 114 20 60 1200 4 5+ 4,5¢ 21 men not
' K "broken"
3=12=45 6 20 120 2400 345 7.0
3-11=45 . 7 20 240 4800 1.6(est.)# 6.,4% 4 men not
. ~ "proken"
J«12=45 8 40 . 60 2400 4,5 4,6
- Z=12«45 4 40 ‘120 4800 4.0 8.0 .
5-17*45 Vi _ 40‘ 240 9600 *2.!+Cest)* 8,04% 7 men not
R _ . "broken"

; *Since the men in these tests were subjeoted to only. one exposure,
. 'the number of exposures tolerated was estimated by assuning that
. 8ll. the subjects who did not. "break" as & result of the single .
- ‘exposure but had incurred a moderate erythema (E¢) would have
© - Pppoken™ on a second exposure, In view of the results obtained
- and- the magnitude of thé peactions exhibited by these subjects
. (Appendix II), it is believed that this is a valid adsumption
. and that the estimated values are aigniricant.

26, 'The data in Table IV are shown grephically in Plate 3. Ine

spectian ‘of ‘these' data’ shows again that, for exgosure of subjects
wearing ¢Cs2 impregnated proteetive olothing, ¢T -is not a oonstant.
. Instead it is demonstrated that within the range of conditions

studied, the protection afforded by this type of clothing 1s -
,imarily & function of the time of exposure and is almost en=
“tirely unaffected by the oconcentration of agent,

R, Frol’ thia series of tests it ia indicated that. for success-
‘ive daily H vapor exposures, men wearing l-1/2 layer CCe2
protective clothing sre able to tolerate a total of approximate-
ly 4 - 8 exposure hours, This time of exposure may be incurred
as a continuous exposure or as intermittent daily exposures of
any duratlion from one to four hours,




SUMMARY AND CONCLUSIONS

1. Standard "man break" tests have been conducted to deter~
mine the effect of time of exposure and concentration of agent
Av Fhaa mmabAasblan A O dad tlue 1T 4 I -

Toa vaal PUOLOC VLGN QMAUTUSU W) aras e 15&61' G- impregnateu

clothing.,

2, These tests have demonstrated thet (a) the protection is
relatively independent of the concentration of agent, and (b)
the protection is primarily a function of the time of exposure,

3, In "men break" tests at varicus 0T values from 600 to

8000 (10 to 100 ¥H/1l. for 60 min,) the average number of exposures
tolerated ranged from 3.6+ to 5,3, The average total CT toleratsd
-ranged from 3,000 to 30,000, These data showed that the effects
of concentration and time are not inversely proportional (CTak)
for subjects wearing CC-2 impregnated protective clothing, It

was indicated that the protection provided is a function of time
of exposure, not concentration of sgent, :

"_ 4, Chemical tests also furnished evidenge supporting this cone

clusion , Within the range of 10 to 135 yH/l, the leakage of H

- vapor through cc-z,impre%nated clothing is almost entirely inde~ -
" -pendent of the concentra

ion of H vapor to which the cloth is
exposed,

"B, It was obgerved that slightly greater chemiocal leskage

.' ¥~306onrred at OTs 3000~8000 (60 to 80 yH/L, for 80 min.), Also
- dn this range of (Ts slightly fewer chamber exposures were

:tolerated than were tolerated st higher or lower OT$ within the

";:apge of 600 %o 6000,

& ./ "Man break" tests at 10, 20 and 40 sH/L. with exposure

SR : :
imes of 60 and 120 minutes at each concentration, and single
40 minute exposures at thess concentrations also have shown
thet CT 1s not-a constant for subjects wéaring 0C=2 impregnated
‘elothing, but that time of exposure is the controlling factor
i -the protection provided, It was indicated that, for successive
ily H vapor exposures, man‘wearing 1=1/2 layer OC~2 protect- .
e clothing are ocapable 6f tolersting a total of 4 ta 8 exposure
ours. This time of exposure may be lnourred as a continuous
‘exposure or as intermittent dally exposures of any duration
‘from 1 to 4 hours,

7. It is indicated that under the most adverse conditions
studlied in these series of testa (l.e. low concentration of H
vapor end long time of exposure), a CT of approximately 3000
is the upper limit for which 1-1/2 layer CC-2 olothing mey be
expected to provide adequate protection,

RECOMMENDATIONS

1, It is reccmmended that in the evaluation of the protection
afforded by 0G-2 impregnated clothing, more emphaasis be placed

NN "7




on the length of time during which protection is provided (i.e.

time of exposure) than on the concentration of agent or CT of
exposuroc, '

Ze It is recommended that an effort be made to increase
pxrotection provided by CC-2 impregnated clothing under advarse

eonditions of ecxposure, l,e., low concentrations of H vapor
for long periods of time,

-
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APPENDIX I

IADLE V

PHYSIOLOGICAL READINGS - LEGEND

Symbol

. o ewsam

Reaction

Moderate Erythema

Intenaa Erythema j

Papular Erytpoma

Numerous Pin-Point Vesicles
-Nunoroda Vesicles |
Voiicie

Moderate Pigmentation

 Intense Pigmentation

o 10 =
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Abbreviation

‘aaf
aar
ab
ale
ar
ash
athi
ax
bt

Teble VI

BODY AREAS = LEGEND

Area

anterlor axillary rolds
anterior arms

abdomen -

anterior legs

arms

anterior shoulders
anterior thighas

axillae

buttocks

. 7th cervical

cubltal fossa
claviclew

dorsum of hands
dorsal thorax
elbowa

forearms
dnterdluteal rolda
11ias ovest .
inguinal

. kneea

gertl thor&x -
lumbar '
posterior. axilllry tald
posterior arms

penis

posterior lesa
popliteal. spuces

" posterior shoulders

posterior thighs

. scapulas

schotum . ‘
upper mediul arm
veft:al thorax

‘ .




P APPENDIX II
; DETAILED PHYSIOLOGICAL DATA FOR TESTS ON EFFECT

OF GONCBNIRATLON OF AGENT

i g Table VII
} 3 TEST NO. 1 - "MAN BREAK" AT CT 300 (T « 60 Min,)
§ . .o '
| § Date Started: 4=-1l-45
} & No, of Exposures Readings (Hours after L st 0 ufe_
; g Tolerated ! T —
i 13 ' B psh,sc,dth,pop 'E umar,aer,cf,athi,kn,ale,
¥ ' E umar,athl.kn,als,’ paf,psh,par,sc,dth,pthi,
: ' paf,pthi,ple : pop,ple
' "‘, v '
F ' B pop !B pop |
‘ ' Be athi,kn,ale,paf, ' Ef athi kn,ale,pal,pah,se,
'~ psh,so, dfh,pthi, pthi plo
| ple . , o
J 'Ep 'E pop
- : Be thi kn.alo.pthi 'E' athi kn.aln.pthi plo
' p ¢ ' v ‘ :
. ' m_pcp ‘ 'Bp
3 : B¢ psh,sc,dth o 'E* kn.alc.psh sg.dth,p&hi
f ] R . ' '
‘ l;'m pap S ' 'E p p
- L VB athi kn,llo.puh.ae dth,
: A . Pthi,ple
i 1 g pop "B pop,paf “
) R E Pa r.par,lo,pth TR’ uthi kn.tle,par,pthi,plo
: YT ple P8 sh’ o |
| 1B pop "5 pthi,pop,ple
B wmar, or,par.pthi m- umnr kn,alo,par puh.pnr.
' ple TIY
t'E kn,ale,par,pop 'y aar.athi,kn ale,par pthi,
: E* aar,athi : pop,ple
14 ' E pop ' '® kn,s0,dth,pop
' Be athi,ale,pah,se, 'E* abhi ale plh,pthi ple
: dth,pthi,ple :
N L ' 8 pop 'Bp
g ' ! B¢ athi,kn,ale,psh, ' B¢ nthi kn,ale,psh,pthi,ple,
s | ! pthi,ple ; sc,dtn
S .0 : -




- Table VIII
TEST NO, 2 -~ "MAN BREAK" at CT 600 (T = 80 Min.)
% Date Started: 32«48

No, of Exposures Readings (Hours After Last Exposure)
Tolerated ! & ' - 48
; o ] A\
| 6 ' E pah,so,dth,paf,lth,! E s¢,dth,pal,umar,ear,cfl,
{ ' aaf,umar athi ,kn, pop
{ : Ee aar,cf,poy 'E' psh par,el
| :
T é ' E athi,paf,psh,sc, 'E paf,pah, sc,dth,pthi,pop,ple,
| ' dth,pop ax,lth,umsr, aar

! §e ash,ear,of,ax,lth,’ E' ash or aaf,kn
kn, ale,pthi,ple

E psh,sc . 'E psh,so,dth
BE* esh,dth 'E' aah aar.nthi kn ale
E ¢l,ash,aar,umar, cf,'E* athi, kn,pthi,pop

athi kn,paf,pah.ao,'g ash,aar suf,paf,psh,sc

-pop ath
E* fa,lth,vth,par, '

1
0, ,dthptl o

e ST TR AR T T T e e

E ash,sfl,paf, pah.ac,' Ps paf psh,sc '
dth’ P. alh,aar cr.aar.ax 1th,aths,
B¢ aer,el | ' "® kn,ale,sl,dth
; E of ,paf,psh ' B umer of.athi kn,pal,psh,se,
? E+ aah,user, uar, ax, .

!
lth,athi kn, 80 dth;EO aah.aar lth,pop
poP- \
E pop ' 'B psh 8¢ dth.pthi.pop,ple
1 B aah ef,kn, pnr psh, E' el cf.aut kn,ale
80, dhh,pthi.plc ‘

Ellth.par.psh.-o 'E ax,lth,paf,psh,s6,dth

]
1
f
'
t
]
'
!
1
1
[]
1
!
'
'
[
1
1
'
t
t
!
1
t
]
1 Be dth,pop . 'Be umar,pep

t
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TABLE_IX |
: - TEST No, 3 - "MAN BREAK" at CT 1200 (T = 60 Min.)

+
[ .

; This test represents the standard e xposure conditions
& used in connection with ohember tests at this Laboratory,

o Consequently "man bresk" tests under these conditicns have
been conducted with a large number of subjects (114) during
the past 18 montha., The complete physiological data on
these subjects will be given in a later report,

OIS S
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TABLE X

ST NO, 4 - "MAN BREAK" at CT 2000 (T = 60 Min,)

8
tod 1 24

Exposures Readings (Hours after Last Exposure)
re 48

'E ax,psh,sc,dth

PRI P i

'E* ash,aaf,par,pop
'
-
3 3 'E ax,psh
% , 'Be go,dth,pthi,pop
b “;‘ . '
§ 3 | 'E psh,sc

'Ee ax,lth,dth,pop
'

1

'8 ax,of,dth
'E* psh,sc,pop
]

'E psh,ac,dth,pop
'E* par,pthi,le
' .

!

'E ash,ex,lth,psh,sc
t  dth pthi,pop,ple
1B or.athi kn,ale,
' par

!

'E ax,86,pop
'E' o{.psh ,dth,pthi,
ple

ST E A st ) € 8 v

AT AP D A s ap AWen ap W A W A - W D W ww b wm W W W -m - = - -

E ash,aaf,sar, thi, kn,psh,sc,
dth,paf,pop,ax
Ee c¢f,ple

E ax
E* ash, or athi,kn,psh, sc,par

BE+ pop
E ax,psh,sc,paf
B¢ aah,thi.kn.of,dth

E kn,ax
BEe thi le,sc dth,pop

E ash,ar,ef, ax,par paf, sc,
dth op
Be anr ar,pthi le

B ash saf.aar,ax,thi,kn le,
ge ps?.paf ,8¢,dth,pop, par

B of,ax,p0p

e psh s0,dth




TABLE XI

TEST NO, &5 = MAN BREAK" at CT 2400 (T « 60 Min.)
Tate Started: 3712-45

'No, of Exposures

Tolerated

Readings (Hours sfter Last Exposure)
' ’Iﬁi ] ‘I 1)

3

COMPONRNEE AL

TR ISy e e

: pthi,p )
a’m pan sc,dth’ 'E umar,lth,paf,psh,sc,dth

' , t
tE psh,so,dth 1B ash,cl,psh,sc,dth

+E* pthi,pop,ple 1Be el umar aar, lth athi, kn, ale,
' N ! .

' - pthi,pop,ple

!

'E cf.ax,psh,ao,dthgn cf,ax,psh,s¢,dth

't pop 1| aah sar, 1th athi, kn,ale,pop,
tE¢ ash,aar,lth,kn,' ple

1 par, cl,pthi,plqo

oE pal,psh oE ax, par,psh
'E' aal,ax,s8¢,dth ‘vE' ol aph asr,of,aal,lth, s6,dth

OE ash.psh so.pop 1E ash,unar, aar ef,1th,athi, kn,

1Be cr.ax,lth athi,». ale,psh sc.pthi,pop
' kn,ale,par dth vE' dth
( " pthi -

vE ¥n,eale par pop fE athi xn ale.psh sc,dth pthi,

1He aah aar, of ax, ..t pop, pl
t athi psh 33 d%h;E‘ aaf,par

tBe. ash or ax,lth, 'E* ash,aar,cf
!

B "pargel x




TABLE XII

TEST NO. 6 - "MAN BREAK" at CT 3000 (T = 60 Min,)

Date Started: 11-28-44

No.'or Exposures

Readings (Hours after Last Exposure)
Tolerat.d ! 24 k]
[B !
2 I psh,paf tE of,psh,paf
1Ee 3¢,dth tE* so,dth
MR . t
b tE of, pop tE ef,pop
' tB* ax,psh,pthi
] ! '
2 'Ep 'E psh,paf '
'E' sc dth tE* sc¢,dth
! .
4 'E ol,ax,pafl,of 'E of,ax,ar
. 1 Ee pah,se,dth,par 'E' ash,athi,kn
' Lt '
2 '8 psh,soc” 'E psh
' 'E‘ dth,pafl 'E* paf, sc dth
6 'E ef,pop,pthi 'E cf,athi,le,psh, sc,pop
'Bv ax,pah.pop , tE‘ ax,dth,par B
) 'E° cf.pop,pthi pah.'E° Nona
! ¢,dth 'Pﬂ psh,sc,dth, paf, pop
!
2 'E psh se 'E' psh,dth,sc,paf
'E° dth,paf : '
AV@ 3064 *
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TABLE XIII

MRAT NA . 7 o MMAN BRWAXM at OT 4000 (M- AA Min )

i —— = - > oo

ooy

Date Starteds 2+13-45

No, of Exposures Readings (Hours after Last Bxpoaure
Tolerated ' , 1 ' _ .
) 1 1
5 ‘E psh,so 'E psh,sc
1Be aah cf,athl, kn, 1E* ax,athi,kn,par,el pthi
' pthi,pop ple ' yop, ple
3 nE psh,sc,dth tE paf,psh,se¢,dth

: ;:_ pzp.p le

'E* ash,dh,wr,ax, B¢ ash aar, cf eafl,ax,lth,athi,
1 1th athi, kn l kn, el bt,pthi,pop,ple

oE psh,sc,pop
1E* -ash,sar,c

:u athi kn d

'E paf.psh,sc

tE* ash,s88r,0
t athi kn.p
' pop .

ef

,A'

on ash, aar.athi kn .paf,psh,el,
1,aar, sc
th, 1B agr ,of, ax 1th dth,pthi,pOp, .
1. ple :

dth |E cf,pafl,peh, 50, dth :
f,80f, 'E*- abh,asr,aaf,lth,athi,kn,el,
thi, ' 07 w Db, pthi.pop ple
!
!

B of aar,paf,pop

 !3* ash,aar peh,par!Ee gar,athi,ln psh,par.el 8¢, -

+8C, dth.pthi. bt,pthi.ple




TABLE XIV

-
Ll ialoi e - Haus an - = I . e = s : .
. . o04 nYe O T MAN DRODAR - B UL DQUU (T = 50 Min,)

Date Started: 2-20-45

§ No, of Exposures Readings (Hours af or Last Exposure -
- Tolerated , ' 48

[}
Y T
5 ' B ash,aar,ef aar, tE ash,aar,of ,athi,kn,ale,
_ ' ax, athi kn,par . paf, puh.ac dth, pthi.pop ple
' plh LT dth,pthi '
! pop )
' E* umar, Cy ' ‘
L ' '
6 ' E psh,ac,dth . t+E psh,sc,dth
. ! E¢ pir,pthi,pop, tE* athi,kn,ale,pthi,pop
. Ple S e .
N o
S ' E* of,pop tE of,pop
' - : B aaf,athi, kn.alo,par,pah.»
' v s dth.pthi.ple -
1 t
- ' B athi kn.par tE umar,aar,ocf,athi, kn,ale,
L B pah.ao - - v paf, psh so dth pthi pop,
B¢ umar,ef,ale, ' ple
' - pap, el dth, 'E° aah par el,
' pthi,pop,ple
. ' l .
- 1 E'psh,ss,dth 'E pah sc,dth -
K ' B ol athi kn,ale,'E¢ ¢}, aah aar,cf, aaf »Ple, uthi,
, : par al, 07 pthi ' kn ale.par el, Ov.pthi.pop
%fsa 1 g ash.paf,psh | 'E' ash.pnr.psh.so dth
".“ » : ' ao'dth _' . . .
e "B athi kn.nle,par 3 cr,athi kn,ale par.pah;so."
' - psh, sc dth,pthi ! dth,pthi.pop pi ,
:', pop,ple . 'E‘ ol a.h,aar dh W, aal
1B el . :0 '
] 1
3 ' B pah,sc,dth " 'E paf,psh,sc,dth
' B* athi,kn,pafl 'E* ash, aaf athi kn,ale,pthi,
! ' ' pop,ple
AV, 4,5+ y
ole, TN




| TABLE XV
TEST NO, 9 - "MAN BREAK" at CT 6000 (Tw 60 Min.)

Daute Startad: B-KRadh

No. of Exposures Readings (Hours arfter Last Exposure
Tolerated ,——Jeadipgs (ours fier Jqst Bxposwpel

RE G SRR KRR

: y — .
f ' 8 . 'E paf,psh,sc,dth 'E ash,umar,cf,lth,athi,
P 'E* asgh,umar, aar ef, ' kn,ale,psh,sc,dth,pthi,
; ' lth, athi, kn, pthi, Pop
‘. ' pop, ,ple 'E* el,ple
i 3 'E psh,se,dth 'E paf,psh,sc,dth
'E° 07 . 'Ee ash,aaf,lth,vth
o
!
3 - 'E pah, ac,dth . 'E ash,psh,sc,dth
'E' of'
5 : "E paf,psh,sc,dth pop'E+ 2? ‘
o 1E¢ C .p thi E athi,kn,paf,psh,sc, dth
! . ! pthi pla
* ' :E‘ ef, alo
SURARRE R : 'E athi,pop ' 1B+ pop
PER ' 'B* ol,ash,lth,kn, 'E lth,athi kn,alo,par.pnh
T C v ale,paf,psh,0, ' ao dtn,p%ni.plo
U . eo ,ath,pthi,ple 'pe ol,00,0,
R . I 'E pah,co dth,pop 'E -ax,paf,psh,sc,dth
o 'E' 1th 'Be ash,of,athi, kn ale,pthi,
| ' : ' . pop,ple
8 © 'B umar, ahhi kn,paf, :E ash umar ,of,aaf, kn,par.pah,

., ... - ' psh, so.pop X P P
R 1 aah,aar ¢f,ale, 'Ev lth,athi ale,sl dth.
: Gv.dth pthi,plo pthi.ple v

4 'B paf,psh,s0,dth, E ash,par psh,sc,dth
' 1gel o 'Be of,ax, athi kn
:E0 ef,athi, kn,el :

b '® ash,of,pafl,psh, 'E ash,umar,aar,cf,aaf,lth,
' . ge,dth ' vth,athi, kn alo,paf,pah
© 1ge umer,aer,ax,lth, ' se, dth pthi,pop tle
! athi kn, alo.ol 'Be ol
! pthi,pop,ple !
8 'E paf,psh,sc, dth, 'E psh,sc,dth
pop 'E* umar,ax,paf,pop
. 'E‘ umar,sthi, kn. !
. ' pthi,ple :
1
AV, ‘.8 ’
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APPENDIX III

DETAILED PHYSIOLOGICAL DATA FOR TESTS ON
5 FRv OUF Tikg OF EASUSURG

TABLE XVII
87 NO, 10 = "MAN " at 800 (10,0 ¥H/1l, for 80 Min
Date 8tarted: 3-2-45

This test is the.uamo test as reported in Appendix II, Test No, 2,
TABLE_XV

EEQT NO, 11 - "MAN BREAK" at CT 1200 (10,0 vH/1, for 120 Min,)

- Date 3tarted;: 3-2:-45

No, of Exposures

Tolerated '
1 1
7 ' B pop . vE umar aar.aur,athi kn.ulo.
t E* umar,athi kn,ale,! par,sc dth.pth&.pop ple,
' par.puh.ao dﬁ 1 puh
- pthi,ple ‘
]
4 t E paf,psh, "0 o oE umer, lth par.plh ae
o t Be ash,umar,aar,ef, 1B aah,anr athi kn.ale.dth.
: ' lth,athi kn ale, ' pthi,pop.ple
S ! dth pthi,pop,plort
: ! . ' S
7 t NV psh,NPV ash,aaf, 'NV psh,ash,sc
' Al 8¢ 1B ol,ash, umar aar,of,aal,
v £ ash,umar,aar,of, ' ax, lth.athi kn.ale,par.
t  aal ax.lth athi,. ' pah.par el,C, so,dth,pthi,
t kn,&le,pal, pah. ' pop,ple 7 T
. 80,dth ' _
" Re ol.pthi,pop plo '
[} ] .
3 t'B athi kn,ale,psh, 'E umar,aar,of,aef,lth,athi,
! par,no.pthi,pop, ' kn,alo,pah par, el,lo ath,
' ple ' pthi,nop, ple
' B¢ umar,asar,cf,dh, 'BE* ax
' wr,aaf.paf.ol. ! ‘
L] dth !
t ]
7 ! B umar,psh 'E umar,paf,pop
t B lth,paf,el, ss, 'Er psh,so
! ath,pop !
1 U
Ave 546




|

e e AT ARt Ewee 44 e

'"*%§V815e0 th9.mnn-1n this test were subjected to only one sxposure,

t ' TABLE XIX

IEST NO, 12 - SINGLE LXPOSURE AT CT 2400 (10,0 H/1. for 240 Min.)

Date Started: 3I=1-45

No, of Exposures . Rgadingg {Hours after Exposure) -
Iolersted ! ‘ o,

\4 T
1 'E psh,el,sc _ 'E psh,sc,dth.
:E' lor.par.cv,dth :E' kn.par,cvl
2w 'Be paf,psh,sc,dth 'E psh,sc,dth
: A:E' of,pal
2 @ VE* sor ' 'Ee paf,pthi
4 | .
1 . 'E paf,psh,par,eX,"'E pah,par,sc,dth,lum
' ge,dth 'E* paf,el
! Ee umar Lt
¢ ) 1]
2 % 'E* pah,papr,el,sc, 'He ol,athi,kn,ale,paf psh
' athibt,pthd, © ' seath | ¢ T rPon
. PoP N |
2« ':E° psh,so,dth :E' par,psh,sc,dth
2 “ 'Be paf,psh,sc,dth 'EB* paf,psh,se,dth
] pop 1
' . [ ?
. AV. 107 . , . 1]

- 'the number of exposures tolerated was estimated by assuming that
all the subjects who did not "break" as a result of the exposure
~but had inourred an B¢ would have broken on a seoond exposure,
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: TABLE XX

TEST NO, 13 - "MAN BREAK" at CT 1200 (20,0 vH/L. for 60 Min)

This test is the sane test discussed in Appendix II, Test No, 3.
TABLE XXI

TEST NO, 14 - "MAN BREAK" at CT 2400 (20,0 iH/1, for 120 Nin,) :

Date Starteds 5-12-45

No. of Bxposures edinga (Hours after Last Exposure)
' Tolerated ' [
v i .
3 'E paf,psh,sc,dth 'E umer,ax,paf,psh,sc,dth
'E‘ umar,cf, ax 1th :Fi ash cf,athi kn, ale,pthi pop,
ple
I 0
4 'S auh.aar of,ax, 'E ash, sar, or.ax,lth vth,athi,

! lth,athi kn,ale, ! kn.ale.plh par,el,sc,dth,
' pah,par, el s8¢, pthi,pop, ple

N ]
BN ' dth,pthi pop. '
. ' pl ]
:E° vth :
S v 4 'S aaf " E umapr, or.unr.pnr,puh s0, dth
Te , 'B* ash,umar, ax. t pbhi,p p,Ple
B ' lth kn.pa pah,'E’ alh.anr.lth,athi kn.ulo
ERRE ' - ' s dth.p hi
Chee :- pop ple : ' .
o ’ 3 'Y paf,psh,sc,dth 'E ax,lth,paf,psh,sc,dth,pop

'3 el, aah.umar 'E"alh or.athi kn,qle
' alr,o , 8%, l%h :

et e -, G, '
*11.\1{‘ W o . ’ ‘I‘ B g 1 . . . I
‘ 4 'E ash,oaf,ax,paf, 'E a:h.umar.anr cf,eaf,lth,athdi,

N - ! psh, ae,dth ' kn,pal,psh,se

| YHe ol.ntr.or lth, 'E* par,el o,.dtn pthi,pop,ple
' athi,kn,ale,el,’
] o '
' 7 . '
! !
'

) +E ash,psh,s¢,dth uE ash,of,psh, sc dth

1E* of,athi,kn,ale,'E* anr nx.lth athi ,kn,ale,
' ol ' pthi.pop.p .

Avy 3,8




TABLE XXII

TEST NO, 156 - SINGLE EXPOSURE AT CT 4800 (20,0 H/1, for 240 Min,)

Date Started: 3=-11-45

Nos Of EXposures

Readings (Hours After osure )

Tolerated ! )
1 T ) )
1 'E of ,athi, kn,el,sc,' E of,fa,athl, kn,ale,paf,
t dth, : ' pah.el,sc;dth,pthi,pop.
'E* ash,aar,ale,paf,!’ ple o
' psh.pbhi.pop,pla' E* ash,umar,aay,lth
! {
2% 'E* umar,kn,ale,pafl,' E* umar,psh,sc,dth
t psh, se,dth,pthi,!
' pop ' {
. ' ' .
1l ‘g of,paf,psh,el ¢ E ef,athi, kn,paf,psh,par,
tBe ol,umar,athi,kn,! el,sc,dth,pthi, pop,ble
't 80,dth,pop ' BE* aar,ale ‘
t. _ ) '
2 # 'E* paf,psh,sc,dth ! Be ax,paf,psh,so,dth
] o '
2w tE* pah,par,el ! No readings of Be or greater
, ! 1
g w ‘B of,psh,el,sc,dth' E* paf,psh,so,dth
t ) ]
b 'E psh,el, 80 '+ E paf,psh,sc
tE* ash,aar,of,athl,' E* aar,of,fa,par,el,dth
' .kn,psl,par,dth, ' . : .
't ptht ' ‘
- !
 Avelew

'1‘#" Since the men in this test were subjected to only one exposurae,

the number of exposures tolerated was estimated by assuming that

all the subjects who did not "bresgk! as a result of the exposurs,

but had incurred an B*, would have broken on & second exposure, .




]

. ’ TABLE XXIII
IEST NO, 16 - "MAN BREAK" AT CT 2400 (40,0 #B/1, for 60 Min,)

Date Starteds 3-l2-4¢

This test is the seme as reported in Appendix II, Test No, 5.

TABLE XXIV
TEST NO. 17 = "MAN BREAK" AT GT 4800 (40,0 H/1, for 120 Min,)

bete Starteds 3-12e48

No. of Exposures {Readings (Hours After Last Rxposurs)
.golegnted " — 2 J 8

) ] R N
8 B ol ' t NV ol,ale,ple
' : 1B* psh,sc,dth,pthi,' E el, umar
! popaple E* psh,sc,dth, pthi pop,
' ' : ple '
: t
3 1B par.pah.so dth

13e um‘r.or athi kn,
S ale,pthi,pop, ple

kn.ﬂv

_--—-‘-“-a-*‘—-‘-_

E of,paf,pah,s0 dth
Be ash anr.ax,l%

o X
4 - 18 athi,kn,ale,psh, ' B of,athl ,kn,sle,psh, -
T it sc,pop,ple 8¢, dth.pop.pla
. ,_W“1E° el, dth Ee ash ol
4 N WE pah.uo.dth E psh,sc,dth
S B &Bh'“olmoath‘-a
NI |
]




e ki et ot a

TEST NO. 18 = SING

TABLE XXV

No, of Exposurea

LE EXPOSURE AT CT 9600 (40 ¢H/1, for 240 Min,)

, Readings (Hours After Exposure)
o o4 "'L“T"'““'"ZE"'E

Jolerated
t . k)
2 'E* kn,el 'Be kn )
1 )
2 % :E' ash,kn,psh,s¢ 'E* kn,psh,sc,dth
t
2+ 'No readings of 'No readings of E® or greater,
' Ee or greater, !
' , ', ‘
2 # :E° psh,sc,dth 'No readings of E° or greater,
. !
2 % ‘BE® kn,psh,el,sc, 'E® kn,psh,el,sc,dth
1 dth ! '
1 ' . ‘
2% 'Ee psh,sc,dth 'B* ash,psh,sc,dth
' [ .
2% 'E* umar,of,psh,sc, 'E* psh,se¢,dth
' dth ' -
1 t
AVe 240+

‘¢ Since the men in this test were subjected to only one exposurs,
_the number of exposures tolerated was estimated by assuming that
‘all the subjects who did not "break" as & result of the ex osure,
‘but had inocurred an E°¢, would have broken on & second exposure,

-
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