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ABSTRACT

*his report describes the results of an investigation to
evaluate, by means of chamber tests, the effect of concentra-

iun uf H vapor and the effect of time of exposure on the
protection afforded by 1-1/2 2ayer CC-2 impregnated clothing.

As a result of this investigation it has been concluded
that: (a) within the range of 10-1001 /., the protection is

Srelatively independent of the concen ation of agent, and (b)
the protection is primarily a functi n of the time of exposure.

It was indicated that, for sue essive daily H vapor
exposures, men wearing 1-1/2 layer 0C-2 impregnated clothing
are capable of tolerating a total of 4 to 8 e3p osure hours,
iz respe tive of agent conoentrat on v.thin the range of 10
to 100 H/1. This time of expo ure may be incurred as a
continu us exposure or as inte ittent daily exposures of any
duration from 1 to 4 hours.

It wa also indicated at under the most adverse condi-
tions stu ad in these so es of test (i.e. low concent.&a-
tion of H apor and long ime of-exposure), a CT of approxi-
mately 500 is the uppe limit for which 1-i/a layer CC-2
alothing ma be expects to provide adequate protection.

'I-

- A 1973 b



TABLE OF CONTENTS

TEXT PAGE NOe

ABSTRACT b

INTRODUCTION 1

A. Authorization 1
Be Statement of problemu 1
C.. Known Facts Bearing on Problem and

Theoretical Considerations 1
Do Previous Work Done at jhis Laboratory 2

4ý EXPERIMENTAL 2

As Effect of Concentration of H Vapor 2
B3 Effect of Time of Exposure 5

SUMMARY AND CONCLUSIONS 7

RECOMMENDATIONS 7

ACKNOWLEDGMENTS 9

APPENDIX 10

Tables V XXVI
Platee 1 3

.. '.,.

I!

Ii

"0"O



INTRODUCTION

A, Authorization

1. This work was authorized under project 547/41, "Maintenance,
Bureau of Ships", dated 16 December, 1940. The problems which
'rc proposed i i- vvc x, given in bureau of Ships Letter

S-S77-2(Dz), Serial 811 of 17 December, '940.

B. Statement of Problem

2. The purpose of this investigation 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 lI i, layer CC-PS
impregnated clothing.

"C. Known Facts Bearing on Problem and Theoretical Considerations

3. Work at this Laboratory and by other investigators has den on-
strated that the degree of skin damage incurred by unclothed

&, human subjects (or subjects dressed in plain clothing) on expo-
sure to-vesicant vapors is a function of both the concentration
of vapor and the t of exposure. Therefore the CT value (con-
centration in mg./m. or ,,/i x time in mn.) is used as a
means of combining these two factors in any evaluation of the
physiological effects of vesicant vapor exposures,

4. It has been demonstrated further that over a relatively wide
range of both time and concentration of vapor, for exposures of
unprotected subjects, O and T are inversely proportional (CT-•.k);
i.e., the same degree of damage is produced by a short exposure
to a high vapor concentration as is produ.edlby-a"long exposure
to a low vapor concentrationa

5. 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 indicating that, in,
the case of subjects wearing O-2 impregnated protective clothing,
C and T are not inversely proportional (CT~k). This evidence
was obtained primarily in chemical test.s in vhich it was found
that the total leakage of H vapor through CO-2 impregnated
clothing is not a direct function of the concentration of H
vapor to which the cloth is exposed. It is planned ,t6 describe
these and other chemical tests in detail in a separate report,
but the data are also briefly summarizpd in this report.

6. Preliminary physiological evidence that CT is not a constant
in the exposure of subjects wearing CC.-2 clothing was obtained
in the series of chamber tests conducted at this Laboratory and
reported in NRL Report No,. P-2208 "Chamber Tests wtth "Human
Subjects -% Part 11, Initial Teats of Navy Issue Protective
Clothing against H Vaporl"dated 22 December, 1943, In this
series subjects clothed in.00-2 impregnated clothing were
subjected to 80 ml ~ute exposuree at CTs ranging from 200 to
2800 (3,3 to 43 yHfl.). *t hex*posures at the higher oonoentraq.

iiiii•!•! !imtI~ii~~il~i•O•iia iiil iiienOa!tra"



tions produced only very slightly more severe reactions.

7. Subsequently, the CWS at Edgewood Arsenal has reported the
results of a similir A,•,i•a ,, +"te'!_ .inth . in
standard Army CC-2 impregnated clothing were subjected to single
exposures to H vapor at various CTs from 3,000 to 11,000. No
significant difference in effects was observed.

8. As the result of these preliminary observations, it was
considered desirable to initiate an investigation to evaluate
completely the effect of conc-entiatiori Uf E vapor and'the effect
of time of exposure on the protection afforded by 1-1/2 layer
0C-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 effects
studied in this series of tests. This report is the 7th of a
series on "Chamber Tests with Human Subjects" in which the
results obtained in the evaluation of various protective devices
against the vesicant effects of persistent chemical warfare
agents are reported.

EXPERIMENTAL

10. The chamber tests described in this report were conducted
in the NRL chamber according to the general procedure described
in NRL Report No. P-2208 "Chamber Tests with Human Subjects,
Parts I and I1".j

.11. In all tests each subject was provided vwth the following
1-:/2 layer protective equipment3

(a) Standard Navy Issue Arnzen suit impregnated with
OC-2 by the water suspension process.
b) CC'S impregnated rib-knit shorts.
(a CC0. impregnated wool gloves.
d 2 pair of 00-2 impregnated cotton socks.(e) Arctics.

f Mark IV gas masks.
S1 S-330 Protective Ointment for the neck and around

the facepiece of the mask,

A. Effect of Concen ration of H Vapor

12, Groups of 5 - 10 men dressed in the protective equipment
,described above were subjected to successive daily exposures
to H vapor in the chamber. Each exposure was conducted for
exactly 80 minutes at 906F and 65% RKH. The clothing was worn
for four hours after each exposure. A subject was vwthdrawn
from the test when he incurred an intense erythema (E) on

- -m 2



any part of the body 24 hours after the last exposure (i.e.,
aIman break").

13. Nine groups of subjects were used. Each group was exposed 7N
a a 11 v•• Q•. nentrazion, varying from 5 eH/I. to 100 'r
H/i. (300 to 6000 CT).

14. The results obtained are summarized in Table I. Physiolo-

gical data are given in Appendix II.

Table I.

EFFECT OF CONCENTRATION OF H VAPOR ON STANDARD

1-1/2 layr CC-2 LEAK$1'

1-1/2 layer CC-2 clothing; 60 min. exposure; 90*F and 65% RH.

Date No. of Conc.of H CT of No.of Exp. Total CT Remarks
Started Subjects Vapor( Y/io) Exp. Tolerated Tolerated

4-11-45 10 5.0 300 11.1 3,330
3- 2-45 8 10.0 600 5.3 3,180Various 114 2010 1200. 4,5+ 5,400+ 21 men not

"broken"

11-14-44 7 33.3 2000 4.2 8,400
3 -12-45 6 40,0 2400 4,5 10,800
11-28-44 8 s0o0 3000 3.6+ 10,800+ 1 man not

"broken"2 -13-45 5 66,,7 4000 a's 15,2002 -20-45 8 83.3 5000 4,5+ 22*500+ 2 men not
"broken"

3 -5- 45 10 100 6000 4.8 28,800

15. Th• data in Table I are shown graphically in Plate Is
These data and graphs demonstrate clearly that, for exposure
of subjects wearing 1-1/2 2a.yer 00-2 impregnated protective
"clothing, CT is not a constant as regards the effects roduced,
Instead~it is shown that in the range of 10 to 100 YH/1. the
protection afforded by the 00-2 clothing is relatively Inde-
pendent of conoentration of H vapor. If C and T were inversely
proportional, as is the ease of exposure of unprotected men, a
constant value for total CT tolerated would have been obtained
for all groups, and the number of exposures tolerated would have
decreased progressively as the CT per exposure increased.

16. The greater number (11.1) of exposures tolerated at CT
300 is understandable and not unexpected. The curve shown in
Plate 1A should theoretically approach the vertical axis
asymptotically since at OT-O 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 vt th CC-2 impregnated shorts receive
an intense 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 1-1/2
layer protection is necessary to prevent severe damage as the
resuit or one exposure. Tnls test at CT 300 gives a measure
of the protection afforded by 1-1/2 layer C0-2 clothing at the I
lowest CT for which protentionr is reqi.ired.

18. The results obtained in this series of tests confirm
those jreviously.obtained in a series of chemical tests. In
these chemical tests, the leakage of H vapor through standard
suspension process C0-2. impregnated clothing at various H vgpor
concentrations was measured,

19. One side of a nmmber of 3 in. diameter discs of cloth was
exposed at 906F 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 streas, humidified at 65% RH, was passed
over the other side of the cloth at 0.2 liters/mmn. This air
stream collected any H vapor *hich passed through the cloth
and carried it into a modified Northrop titrimeter, where
analyses for H content were made every five minutes for one hour.

200 The data obtained in this series of tests are presented
in Table II•

TABLE II

EFFECT OF CONCE1NTRATION OF H VAPOR ON "LEAKAGE"
L THROUGH_ 0 IMPREGNATED CLOTHYNG " MTCT T

Standard 00-2 cloth; 60 min. exposure; 90F ,and 65% RH.

Conc. of H Vapor CT of Total Leakage for,
C ( /i.) Exposure 60 Min, Exp. (6H)

10.0 600 13
25.0 1500 23
48.0 2700 34
65.0 3900 53
98.0 5700 33

135.0 8100 28

21, It may be seen from the above results that for 60 minute
exposures within the range studied the leakage of H vapor
through the impregnated cloth is 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 I. A comparison of the two curves shows that
there is a good relationship between chemical leakage and
number of chamber exposures tolerated; e.g. at OTs 3000-5000



the greatest chemical leakage is observed, and, in this range
of CTs, fewer chamber exposures are tolerated than at higher
or lower CTs.

22. It was concluded on the basis of both chemical and chamber
tests that withii" eof .. 0 tc"- n'/.. Lht protection
against H vapor afforded by CC-2 impregnated protective clothing
is not primarily a function of the concentration of H vapor to
which it is eaposed. It was indicated that the controlling
factor is the time of exposure.

B. Effect of 'Time of Exposure

23, Groups of 4 - 8 men, dressed as previously described in
1-i/2 layer CC-2 protective clothing, were exposed to H vapor,
in the chamber at 90*F and 685% RH under the conditions as indi-
cated in Table III.

TABLE III

EAPERIMNTAL CONDITIONS FOR TIME OF EXPOSURE TESTS

Group No. of Cone, of H Time of C,T. ,,o Type of
NO. Men, Vapor (,/i.) Exposure Exposure Test

1 8 10 60 600 Man Break
2 5 . 10 120 1200 "
3 7 10 240 2400 1 Exp. onl

4 114 20 60 1200 Man Break
5 6 20 120 2400 U
6 7 20 240 4800 1 Exp. only

6 '40 60 2400 man Break
8 4' 40 120 4800 " II

9 7 40 240 9600 . 1 "zon~ y

24. "Man break"' tests i.e. successive daily exposures unti.lan intense erythema (ES was incurred, were conducted at 10, •.I
and 40 tH/l., with exposure times of 60 and 120 minutes at
each concentration. In addition single 240 minute exposures
were conducted at 10, 20 and 40 sH/l.

25, The results obtained in this series of tests are summarized
in Table IV- Physiological data are given in Appendix III.

• 5- i



TABLE IV

EFFECT OF TIME OF EXPOSURE ON STANDARD "MAN BREAKS"

1-1/2 layer CC-2 clothing; 909P and 65% RH.

Date No. of Conc.o± Time of CT of No. of Exp. Total Exp. Remarks
Started Subjs. H Vapor Exp. Exp. Tolerated Hours

-- / .) ( in ) - _....Tolerated.

3- 2-45 8 10 60 600 5.3 853
3- 2-45 5 10 120 1200 5.6 11.2
3- 1-45 7 10 240 2400 X.Y (st)* 6.8* 5 men not

"broken"

Various 114 20 60 1200 495+ 4.5+ 21 men not"broken"
3-12-45 6 20 120 2400 3.5 7.0
3-11-45 '7 20 240 4800 lo6(est.)* 6.4* 4 men not"broken"
3-12-45 8 40 80 2400 4.5 4.5•
3-12-45 4 40 120 4800 4.0 840
3-17645 7 40 240 9600 , '2*4(1 ,)* 8.0+* ' men not

"broken",

*Since the men in these tests were subjected to only one exposure,
the number of exposures tolerated was ,estimated by assuniing that.
a l he subjeots who did not "break" as a result of the -single
•xposur, but had incurred a moderate erythoma (V') would have
broken" on a second exposure, In view of the result; obtained

* and the magnitude or the reactions exhibited by these subjects
S(Appendix II), it is believed that this is a valid assumption
aMd tt the: estimated valuoes are significant.

26. The data in Table IV are shown graphically in 'Plate 3, In-
aspec~tlon of .th~ease' da a'shows again that, for exposure of s:" ii': :".eii•(•L~i2"•p•e~nte•' roeetvao~l~kn•,CT.is not a constant,,

Instead it I demonstrated that within the range of conditions
, .,studied, the -protection afforded, by this: type of clothing is,
i."marily u5ncition .of the- time of exposure and is almost en-
tire .unaffected by the concentration of agent.

2'.. ,Froib1 this series of tests it is indicated that, for success-
ive daily H vapor exposures, men wearing 1-1/2 layer 0C-2
protective clothing are 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 duration 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

clothing,

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

3. In "man break4 ' tests at various CT values from 600 to6000 (10 to 100 1H/l. for 60 min.) the average number of exposures
tolerated ranged from 3.6+ to 5.3. The average total CT tolerated
ranged from 3,000 to 30,000. These data showed that the effects
of concentration and time are not inversely proportional (CTMk)
for subjects wearing CC-2 impregnated protective clothing. It
was indicated that the protection provided is a function of time
of exposure, not concentrationof agent.

"4. Chemical tests also furnished evidenge supporting this *on-qlusion , Within the range of 10 to 135 d'H/l. the leakage of H
vapor through CC•. impregnated olothing is almost entirely inde-

.. pendent of the concentration of H vapor to which the cloth is
exposed,,

5,r It was observed that slightly greater chemical leakage..-oc ured at CTs .3000-5000 (50 to8 0 I/ , for ,0 m n.). Also

in this range of OTs slightly fewer chamber exposures were
tlleratsd than were tolerated at higher or lower OTN within the
-range ot 800 to.6000.

"8. "Man break" tests.at nde, 20 andv40 rH/l. with exposure
e ofie 8 and 120 minutes at each concentration, and single

"that ;CT is ftot a onsan for subjects wearing OC-2 im.pregnated
clothing, but that time of exposuren s the controlling factor

24 iuthe exposures at to hesconoeitratiyer aO lsothange shown

te protection It was indatedthat for successive4alyHvapor exp~osures., men wearing 1-!1/2 layer 06.2 protect-
'~ve lotti~g, are capable of tolerating a total of"4 to 8 exposure

liours.* This time of exposure may be incurred as a continuous
ew p F ur or as intermittent daily exposures of any duration
from I to 4 hours,

7, It is indioeted that under the most adverse conditions
studied in these series of tests (ine, low concentration of Hvapor and long time of exposure), a CT of approximately 3000
is the upper limit for which 1-1/2 layer CC-2 clothing may be
expected to provide adequate protection.

RICOMvIENDTI6NS

1s It is recommended that In the evaluation of the protection
afforded by 00-2 impregnated clothing, more emphasis be placed

7 -



'I
on the length oI� time during which protection is provided (i.e.
time of exposure) than on the concentration of agent or CT of
exposuro.

It ii recommended that an effort be made to increase
px*oteotion provided by 00.2 impregnated clothing under adverse
o�ndit�ons of oxposure, i.e., low conoentrationa or H vapor
fc�r ionS periods of time.

4
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APPENDIX I

PHYSILOGICALREADINGS L~EGEND

Sy'mbol Raton

EO Moder'ate B'ythems,

E Intense Orythema

E# Papular Erythoma,

NPV Nw~erous PUn-Point Vesicles

NV 'Numeirous Vesicles

V Vesicl.e

P3  M~oderate Pigmentat ion

Ps I nterim* Pigmentation

c~b * 10



Table VI

BODY AREAS -LEGEND

Abbreviation Area

anterior~ &XIllary foldsaar anterior arms
ab abdomen
ales anterior legs
ar amash atrio: shouldersa~thi anterior thighs
ax Bazillae
bt buttocks
C 7th cervical

07 oubital fossa.
.01 clavicle;
dh dora'um of handsdth dorsal th~orax

fa forearms
i~ntordglutell. fo3ds

irisinguinal
kn knees.

ith laeoral thor~ax
J.1 ~lumbar 4

4par posterior axi llar7 foldspar PoOter'±or armsl
peni'ls

pieposter'ior loe.

pahpout~rica' shouldera
pp thosterior thighssouopi

umz'upper Medial -taa"
~rt~ ventral thorax



APPENDIX II

DETAILED PHYSIOLOQICAL DATA FOR TESTS ON EFF~ECT

Qj4 U QJi'J1ThA'i'±Ui UY~ AUNIT~'

Table VTI

TEST NO, I - "MAN BREAK" AT CT 300 (T 6 0 Minj

Date Started: 4-11-45

No, of Epoures: Readings (Hograz after-Last Exposure)

13 Epuhose Idthopop '3 umar,aar,ot~athi,kn,ale,
Soumar,ath'i51cr~als,' paf,puhopar,so~dth~pthi,
pal',pthi,ple ' pop,ple

9 'pop 'Epop.
3e abb±,lcn~ale~paf$ 'So athi kn wlempaf~psh,.o,,

plah~5o,dtho-pth±j, dtho th $ple

PIS.

a Poppoppa

I 9S

ViT~ ~~3pop ' tpop pe

pat 'wo to lnaparpop 3 V ',ath1,lcn,&l.pAr,pthioyl

POP aaIth pthopopl I
PIS

14 S knaspa3o Io aa3r,ao~thik,po epapt
go abhl,atieuo,'3 Rp±S.,PhDt±.e

* ' dth,pthi~ple

14 EPOP 'pop
So ath±i1cmialegpoh, go3 athi. kn,aie~psh,pbhi,ple,
$ pthiople ' ao~dt.

AVI



Table VIII

TEST NO. 2-"MAN BIREA " at CT 600 (T *60 Min.)

Date Startedi 3-2-dr,

Noq of' Exposures ýGadiamga(ouars Af'ter Last EXROBU 0)
Tolorated 48

6 R pah~sc~dtht,pAf,1th91E B s,dth,paf~uzuar.&ar,cf,
aaf~umar ' th±,kn,pop

I3S aaz',ct,,pop 'E' &pa~,par~el

6 'E athi±paf~psh,soo OE paf~pah~uo~dth,pthi,pop~ple,
dth,pop ' ax ltki,wiiaz,aar

Be ash,,aar.Ocfax,1th, Ef ash~ck,aaflcn
kri,ale~pth±1ple

So3 ash* db1 'E0 asaaf,aathiab±kniale

4 S01av,&r~ma~cfE athi,ak*o,pthr,az1toa

EPOP ,:.'Ell,:dth

4 3~~S ota,path,psi unafthkpafpe

3*h Pa.m21a2,x asla fAflx1ht
"Es ~aar t~r~aOel( 1ab 11g'thpo

I so.,8thi~k,dcdhE*sharet~a

- 3' dbhpop 'PP

g o 8ph$,dhphko~~

eVcO&~k',1



TABLE IX

TEST .NO, 3 - "MAN BREAK" at CT 1200 (T 60 Mir -IV '

This test represents the standard exposure conditions
used in connection with ohamber tests at this Laboratory.
Consequently "man break" tests under these conditions have
been conducted with a large number of subjects (114) during
the past 18 months. The complete physiological data on
these subjects will be given in a later report*

1I

1:1



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Xf
TEST NO, 4 -"~MAN BREAK" at CT 2000 (T u60 Min.)

No, of Exposures Reading ( Hours after L ajtjEx omure)
Tolerated 44

3 IS ax,psh~so,dth E ashjaaf~aa~r,tb±i1cn,psh,so,
BeS ash,aaf,par~pop I dth,paf,pop~ax

'~E ' e f~ple

3 'S ax.psh S ax
'Be s~o~dth~pthi,pop EsB ash,cf,&thi~kn,psh~ao,paf

IS' psahso E+ pop
'Be ax,lth,dth,pop E ax,psb,so,pat

Beasohthi~lkn,ofodth
* I

7 13 ax,of,dth E B 1noax
IS, puh,so~pop V B tbiý,le,mo,dth~popl

3 IS psh,so,dth,pop S ash,ar,of~ax-,par,paf,ao,
13, paX',Pthisle ' d-th,pop

.3 'B ashazoaxlth,pah~sol S ash,aafb,aar 'ax, th±k,lc 10,l
dthhgpthi~popople 'psh,paf,ao~dth~pop,par

'Ea- of~ath±51cn,ale, 'Be of
par

'7 'Bax sojpop E of,axopop
SB or ,psh,dth#*pthiI,, Be psh,so,dth

av 4.2



TBEXII
TEST NO,.j5j"MAN BREAK" at CT 2400 (T -60 Min.)

:.iate Startedi 3-12-45

Noo of Exposures Readings (Hours after Last Exposure)
Tolerated '4

a iE psh,so,dth ZE ash,cf~psh~soodth
I& IEo pthi,pop~ple :3o ol~umsr,aar,1th,athi,kra,a1.,

-pthi,pop,,ple

M. 5 E cf,ax,psh,so~dthjE of,ax,psh~so,dth
1pop, . wPP Z aeh~aar,lthathi,kn~ale,pop,

tEs ash,mar,lth,krn1' pie if par* o1,pthiplq9

# E pat1psh iE ax,paf~peh
#Sw,&afi,ax,sc~dth '3' ol,,aub~aar,of,aat,lth~so,dth

4 is ash,psh,so~pop. t3 &sh,unaraar,of,lth,athi,kri,
tE. otfax,lth,,athi,.i. al.e,poh,so,pthi,,pop

' kn~ale,,paf~dtkl,t3O dth
pthi

6 vE kn1&1ODpaf~pPop 93 &thi~kfl,&lSjp~hDso~dth,pthi.
iles ash~aar of ax.' pop~ple

i w ,pihpsA,sýdb;E6 aat,paf
I pthi.pple

tE*, ash~of-ax~lth, Es ash,aar',cr
w3 at 0 1~u,'w

'pMPe I A v



TABLE XII

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

Date Startedi 11-28-44

No# of Exposures Readings (Hours after Last Exposure)
Tolerat,,d ' 4

2 ir psh~paf tE of,psh,paf
'E* so,dth fEv so~dth

5 I3 of, pop '3 of,pop
'Be axopsh~pthi.

2 '3 psh IE psh,pat'
'3 so, dt. 'E, soodth

4 9 o1&,Pax,ptOt '3 ofoax~ai'
E*pah,so,dth,paf Bes ashoathi±Dkn

2 1S psa.o, E3 psh

8IS '3o ,popafh '3' pafrac,dth

3cf,popqpthijp&.I. pu~ahi,lso ,pat~spop

89, a psh~pa p tOa~dh,
I I

Av36* E'os4oth'a..0Nn



TABLE XIII

WAIP'1 VAt I7 "MA UWAIIW nit. tP AMMM rr (i. AM~ 114v%

Date Startedt 2-13-.48

No# of Exposures Readings (Hours afiter Last jxposure)
Toleratod I Z4 48.

5 E pah,so tE pakh.Io
E*o ash~f,athi~kn, t~e ax~athi,kn~parol,pthi,

ptkdspop,ple t pop'Ple,

3 oE psh, so. dth tE paftpsh,sotdth
'E& ash,db,wr~ax# tEs ash,aar~cf,aaf,ax,lth~athi,

I lth,athiskn I kn~el,bt,pth±,pop~p2.e

.3E pah'Iso.0pop AS agh. Faf~, ath±1.kn~paf,psh,sl$

athisknodth., t~e air',of axlth d-th,pthi pops
" pthiople *i ple

3 1~ patjpish~,so dth 'E of,plr,peh,cO~dth

5z eE oaafopgI'1pop,
"E'ash~j W, pshparEe ' x;at 0kpsp re1

ppthippl

K- r ~Ave .



TABLE X-IV

TEGT NO, S - "MARi BREAK" RJ V('- O5VM)U (T -bO MI.

Date Starteds 2-20-45I

No, of ExposuresW Readin~g (Hours after Last Ex~osuw.)
Tolerated

S Eash,aar,of,as.f, IRash,&ar~of~athi',lcn,ale,
axeathi,k1%,paf, pal'.pah,so~dth.,pthi,pop,plo

'psh,so,dths'pthi~t

POP
Be umar, 0,7

5'E psb.,eo,dth. vE pah,se,dth
Be paDpthi.,POP, tB* athi,lcn,ale~pthi,pop

ple

Be I *Of,pop :S Otfpop
Ile'&&f Oathi,1Xn~o &18,;af JIM~

ucoodthapthiopo.e

8 B athi.8kznpaf, 13 umar,&&r~of,athicn~alo,
08h1.$so aQ '' 'a ,P.s*,Oth.pth±,pop#

so umia'w Ofale, I Pie
* ~~~pat',,eXdtho I'ea5.pzel

pbb48 pop.'p2e

Epsh n6 dth. :B pah~sc,dth
~* o9abh~knaleE. l,ash~aar~ct,aaf,ple,ath±,

par~e,@ *th. krn,ale,piar,eI5 O'C7 'pth.,,POP7*ph
5'ES ashopatopsh, 'e* ash,paf,psh~eo~db1h

"y 'a atbkrol~ae part.2 ao.at1hi±,kriale pat,psh,sco'
* ' pshose,dth, pt., dth~pthi~tpopapie

pop~ple al olasb-,aaCmdh~wx,aaf

3 puh,so~dth :E paf~ps1h*sc~dth
Be £blli~kfPaf Be ash,aaf,&thi,kn~ale,pthi.,

Ave 4.5+9



TABLE XV

TEST NO. 9 - "MAN BREAK" at CT 6000 (T- 60 Min~.)

Date stai'tati? A..-Ai.

NoTf xo~e aut edig (Hfours after Last Exposure)-

8 '3 paf,pah,.9o~dth '~ash,umar,ot,lth,atbi,

f3. aoh~umar,aar,or, kn,ale,psh,sc,dth~ptkii,
lth~ath±i~kn,pth± pop
pop,ple ISOe3w l

3 3pah,soidth 's ashapsh,so~dth

6 :Zpaf~pmh~mo~dthjpop'E+po
'3 0,*pthi IE 0 hkn,paf,pshjao~dth,

pthim1pl

5 ' athi~pop H+ POP
IS? olahlt3k, I lth,athi lcn-Olejf,parpah,

jPBeopt~ph 'p±'phsod

19 '3ph)so~dthpop '3 ax paf,peh,,Io,dbh

.ax~lthpop PISe

83 umar~athi,1cfl~pot, :3 ash~umar,of.aai,knpa,pekI.sh
pago,pop 3so
'3,ahaar,af,a1p, EV lth~atihi~aloe1,dth#

Odthpthiple pthi,ple

4, ipaf,pu1h..odths '3ahpfpm~c*t
ist IS* of,ax,athi,1an

M* ofathi1kn,el.

.6 IS ash~of,pef,pah, :z axh~umar~aar,cf,&aatlth,
I.so, dth tatiknaepfph
'3' umar,aarz,ax~lth, I so dth,pthipopOple

athlolcn,aleole, '3 .
I pthi.,popgple

IS' par~pnh,so,dt1h, '3 psb~so,dth
Ipop '3, umar,ax,paf~pop

1134 umar,ithi,lcn,
.'pthi,ple

Ave 4.8
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APPENDIX III

DETAILED PHYSIOLOGICAL DATA FOR TESTS ON

TABLE XVII

TEST NO. 10 -"MAN BREA" at 2T -§00 (10.091J1. for' 80 via.)

Date Star'ted: 3-2-45

This test in the smeiu test as r'eported in'Appendix 11, Test No. 2*

TEST NO. 11. "MAN BREAK" at CT, 1200 (10.0 ,'RA. for 120 Min.)

Date Btartedi 3-2-45

Noe of Exposu~res Reagdiggs (Hiour~s after' Last Un~sure)
Toleratld ml

7 ' pop .3Umar,*,ar,aaf~athl,k'n,&le,
I g umar abhi kn ale,v pat~so,dth~pthi~ppploP,PG

part mhoso,dth, 'pah

*4 ' auphs 9 iarlth,pat,pih,sa
go aah,umar,aar,of, ISO ash,aar,athi,kn,ale,dth,,

Itshoathi,lcn,ale, ptbi,popople
dth,pthi~pop,'plo

7 . NV pah,,NPV ashoaaf, INV psh,auhoso
sIS 9 l~amh,umai',aar,of,aiX,

ashwumar~aanr,of, 'ax,lth~athi,kn ale,paf8
$ af#&x,3.th,athJ., I psh a,PB,1.,0 so,dth,pthls

9h I

3 ~ 3 ath±,1in~ale'pah, 13 umrqrc,&~ttl
I par,uso~pthi~popl knvalejpsh~pawre2.,uo~dth,,
I pie pthi,pop,ple,
Be umar,aar,ocV,dh, IS* ax

wr,aaf,paf,el,
*dth

7 '3 umar~puh is Umar,paf,poP
Be E*th,pat,.1,so, 'IV pabico

dth,pop

Av. 56.



TABLE XIX

113 NO, 12. - ING-LSE EXPOSUIREAT-CT 2400 (10.041/1..for 240 Min.1

Date Starteds 3-1-45

No. of Exposures Redn (Hoursatrgoue
Tolerated Z4~iE5atrExoue

1 ' p~,~1so 3 psh,so~dth.
:3 sr .paf,079dth 'EO kn.paf,07

2 * '3 par, p sh,aoe dth :3 Ps~o~t
* , EO of~paf

2 * '' mar'3' paf,pthi

1 'E Pat~puhgp~z'.e1D3 EPah.par.sa,dth.lum
no,dIýh BO paf,e1

Avul.7

2 Pphppe oI*olah*k~lpfph



TABLE XX

TEST-NO, 1,_ "MAN MM~AK" at CT 1200 (20.0-,'H/l. for 60 Mine)

This test is the sime test discussed in Appendix 11, Test No. 3.

TABLE XXI

TES.T NO, 14 - "MAN B§EAIC at CT 2400 (20.0 ýH/1. for 120 Min.)

Date Starteds 3-12-48

No* of Exposures Roadings (Hours aftec Last Enosgre)

3 IS paflpsh,co~dth IS umar~ax,pa±',psh~so,dth
:so umar,ot~axc,lth 'EO ash~of,athi,knr,alelpthi,pop,

I thiathi,1cn,ale,' lcna&l*eh,pspar,ol~so~dth,

d-thapthilpops

Be vth

4 Eaef 'Eumar,of,&aatpat~pshaodth,
a Ba ash,umar~ax, APthi pop PIG

* th 'kn paf psh,'Ee &shaar~1bh.&thi,1rn,a~t
* so dth~ythi,

3 1B patopah bo~dth IS ax Ith~pat,psh,so,dth,pop,
'3 o1,~h~umRO 'a ahjcf6&th±,kn,4Ae

knC

4 E ash~aatlax,,pat, 'B &eh~umar.&ar~otaatflth,athl,
psh~acgdth 1knipaf,pah~so

Is* Cowa,Qof '1* B par'el,C,,dtki,pthijpop,pl*

07

3 :2 aah,psh,movdth i IE ash,cf,'pmh,sc.-dth
#Be, of$ athigknoale9,1 0I aar,a6x,lth athi~kn~als,
I 1 *I pthispopapis

I I

Ave 3.5



TABLE XXII

TEST NO* 15 - SINGLE Wb$OURE AT OT 4800 (92.*0 ý'H/l. ror 240 Min,)

Date Starteds 35-11-45

Noo of Exposures Readings (Hours After Enpo'ure)
Tolerated '2

I IS of,athi,kne9l,so*' E ot,fa,athi,kn~ale paf,
Idth, t psh~el~so~dt4,pth1#poP0
E*ash,aar ale'paf,' PIS
I pah,pthil~pop,ple, go ash,i=araz.aV,.1th

2 130E wuar,1cn,a~e,paf,' SO wuar~ph,bo~dth
I psh~so,dth,pb11i,'

pop

I tS of~pafopshiel E oftath±,knr,paf~psh,psr,

I so,,dthi,pop I Be tar,'ale
I,

* 2* '5' paf,pusiosoodth I Do axc~paf,psh~so,4bh

2 IS'5 psh.P1,O1 Is No readings of Be 01r greater

9 2S * 3aflpshoel,saodth' So p~fspsh,soodbh

1. is Psho'el8o I E patgpshoso
* IS* ash,agz',of,athiet He aar~ofta,paz',elgdth

Ave 1,16

Si~inoe the men~ in thin test were subjected to onlyr one exposure,
the aumber op~ exposures tolerated was estimated by assumi~ng that
all ths suabjects who did nzot "break" as a result of the exposure,
but had incurred an go, would have broken on a second exposure,,

Vft A u9



TABLE XXIII

TEST NO. 16 -_ "MAN SREAK"I AT CT 2400 (40.0 -F.A. for 60 Min.)

Date Started: 3-12-C,

This teat I~s tho same as reported in Appendix II,. Test No. 5.

TABLE XXIV

TMST gO. 17 I'M.) BREAK " Al -01 4800 (40. 0 :H/l. for 12 0 M.n a);

Date Started: 3-12-45

N~oe of Exposures t~eadinms (Hours After Last Rxposure)
Woneted41

1B a3l NV colaleople.
3*o psh,mo~dthopthipt 3 ol,~miaz

POPOPleb ' 2 poh,*oodt1hpthippop,
Ole

I3 pyato~pa1h,,o$dth 3 ofspaf,pua.,so dth.

* 4 1~ ath±*lcnialsopsh, '3 ofsthab~±1cxalespsho
* so~pop,ple ' oodthipopsple
IV0 e1,dth ' *ashoe2.

4- q; pih 0 aos4 th E pahlsoodtli
f9o aho ass I hl atis'

*7



TABLE XXV

TEST NO. 18- SINGLE EXPOSURE AT CT 9600 (40 -:R/1. for 240 dMn.1

, - .' . . JViv •.d, v. , t..n --.JM. I' --

No. of E~posurem Readings (Hours After Exposure)
Tolerated 5'4 48

2 * 'El kn,el 3E" kn

2 * 'E ash,kn,psh, s 'E kn,psh,so,dth

'No readings of 'No readings of E0 or greater,
E or greater.

2 * 'E" pshso,dth 'No readings of ES or greater.
I I

2*• 'E* lcnpsh, el,ac, 'E' kn~psh, el~so~dth

dth
I I2 * 'E* psh,so,dth 'E" ash, psh, so,dtb

2 * 'SE umar~cf,psh,so,tEo psh,so,dth
dth I

I I

Av. 2o04*

* Since the men in this test were subjected to only one exposure,
•the number of exposures tolerated was estimated by assuming that
all the subjects %ho did not "break" as a result of the eV osure,
but had incurred an Ee, would have broken on a second exposure.
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