ser1aL o, 4()

Navy Department - Office of Research and Inventions

NAVAL RESEARCH LABORATORY
WASHINGTON 20. D. Ca

CHEMISTRY DIVISION -~ PROTECTIVE CHEMISTRY SECTION

N
QQ\QQ:)\S\\Q 14 August, 1945

'\Q CHAMBER TESTS WITH HUMAN SUBJECTS

Q\@'Q\CD&\@ IX. BASIC TESTS WITH H VAPOR

% Je He Heinen, Lt MC(S USNR
\§Q (<§;3 Q$\> H. Weo Carhart )
<<>, W. He Taylor
AN B. Ne Stolp, T« USNR
Je Cs Commer, Jr., Lt(jg) USNR
N. M. Clausen, Lt(jg) MC USNR

- Report P-2579 =

Approved by:
Dr. We C. Lanning, Head, Protective Chemistry Section

Dre. P, Borgstrom Rear Adm. A. He Van Keuren, USN (Ret.)
Superintendent, Chemistry Division Director, Naval Research Laboratory

Preliminery Pages ¢ ¢« ¢ o = d
N‘mber@d Eages s o o @ 28
Plates o o ¢ o ¢ ¢ o o 17
Distribution List ¢« o« o ©

NRL PrOblem P=60Q=3 w 8 -



ABSTRACT

This report describes the results of exposures to H vapor of men
wearing ordinary clothing and unprotected except for masks and, in some
cases, protective shorts, over a wide range of exposure conditions. Various
methods for the evaluation of the results obtained are presented and dise
cussed.

The severity and locations of buras from a given CT of H vapor
were markedly influenced by the temperature of exposures At low tempera-
tures (70® F.,) active sweat secretion and H vapor burns were predominent-
1y in the axillary and genital regionse At high temperatures (90° Fo)s
both sweating and H vapor burns were generalized, The threshold tempera-
ture for generalized sweating, and consequent increaséd susceptibility to
H vapor, was approximately 86° Fo for lightly clothed, resting men.
Variation in relative humidity had the most pronounced effect on suscepti=-
bility to H vapor at 85° Fe

Conditioning of the men before exposure, either artificially or
because of climatic conditions, had a significant efflect on the reactions
produced from exposurc to H vapore Suppression of swéating by application
of aluminum chloride to tho axillae prior to exposure, reduced the severity
of the resulting H burnse The application of lanolin to the skin prior to
exposurc had no effect on the resulting H burns, whercas wetting of the skin
with artificial sweat increased the severity of the burns,

The scrotal region was the most vulnerable area of the body to
H vapor and would be the most important area in the production of casualticse
It wos found thot ulcerated and crusted lesions of the penoscrotal region
roquired from three to four weeks to heal with the men at bed rest,
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INTRODUCTION

Ae Authorization.

1. This work was authorized under Project No. 547/41, "Maintenance, Bureau
of Ships" dated 16 December 1940., The problems which were proposed for
study were given in BuShips letter S=S77=-2(Dz), serial 811 of 17 December
1940,

2¢ Participation of volunteer Naval personnel in tests for the study
of vesicont gases was approved by the Secretary of the Navy (Acting Sece
Nave ltr. to OSRD dated 8 May 1942)e Performance of such tests at the
Naval Research Laboratory wos approved by the Chief of the Bureau of
Medicine and Surgery (BuMed ltr Serial Noe 446 X:0A All/EN10(430320)(SC)
dated 20 March 19433'.

Be. Stotcment of Problem

3« This investigation wanec undortaken to determine the effect of H vapor
ot differcnt concontrations, and at various conditions of temperature and
relative humidity, on men woaring gas masks and ordinary clothings Tho
results obtained would serve two purposes, namely, & more complete know-
lodge of tho effects which would be expected from an H attack in the field,
and also, by comparison with othor chamber data, a more adequate evaluation
of the protoction afforded by different types of protective clothing under
diverse conditionse, Duwring the course of the invostigation, it became
evident that it would be worth=while also to determine the extent of sweat-
ing of different areas of the body under various conditions of temperature
end relative humidity and to correlate the results with those obtained by
exposure to H vepor under thc same conditions.

Ce Known Facts Bearing on the Problem.

4, It hns generally been recognized that whon men arc exposed to H vapor:

(1) Ordinary clothing offers very little protection;

(2) Increase in CT, by ihcreasing eithor the concemtration of the
agent or the time of exposure, incroases the severity of the
skin reaction;

(3) A% o given concentration, more sovere reactions occur at higher
temperatures and humidities, in summer, and during oxercise;

(4) In ony individual, morked differences exist in the susceptie
bilitics of many of the body regions; and

(5) There is olso comsidorable variation in the susceptibilities of
differont individuals,

S5¢ Little prccise information pertinemt to the above statements or the
mochonismas involved has been available. However, it is suggested in much
of the availablc literaturc that, dircetly or indireotly, the suscepti-
bility of the skin to H vapor is clesely related to the sweating process.

6e In CeDe (Australia) Repert Noe 40 dated 22 Moy 1944, it is stated that
mon exposed in the chamber to H vapor at CT 150=200, 90° F., and 62857 RH,
received scvere goneralized erythemn. The men wore regular clothing and
were sweating profusely during exposure so that théir clothing was saturo-
tod with sweat, Exposure at similar CTs at 70° F., 66957 RH, offectod
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mainly the neck, exillae, and scrotum, but two-thirds of the men showed
generalized erythemne. The skin of these latter men was described as

demp and the clothing as dry. All subjects performed moderate exercise
while in the chomber., The writers concluded that temperature playéd an
important part in determining the severity of the lesions but that, within
the range tested, humidity played no significant role. In CeDe (Australia)
Report No. 41, dated 19 May 1944, it is stated that oxercise of the subjects,
during field or chamber cxposurc to H vapor, plays an important part in
incroasing the severity of tho lesionse

7. Experiments carried out at Porton indicated that the important factor
in increasing the susceptibility is the moisture present on the skin sur«
face, but no correlation was found between skin temperature and physiologi=
cal effectss

8. By means of exposures of human forearms on the vapor train at UCTL,

Dr. Simon Black, et al, have demonstrated that H vapor in moist air caused
much more severe reactions than H vapor in dry air at any given CT. = Sweat-
ing skin was found to be somewhat more susceptiblc than nonw=sweating, but
the difference was slight compared to the increcased susceptibility when

the H vapor was in moist air rathor than in dry (OSRD Report Noe 3944,

dated 30 August 1944).

94 In CeDeReEs (India) Report Noe 285, datod 29 November 1944, it is re-
ported’that two men, wearing tropical battledress suits and CC=-2 imprognated
shorts, wore exposed in a chamber to H vapor at an integrated CT of 750
(T=16 minutes), 87° F., and 84% RH. The mon who had been cxercising so

that their clothing wos sweatesaturated at the time of entry into the chome
ber, sustained generalized second degrec burns with edema and vesication
and were both incapable of furthor military duties for four hours to four-
toon days oafter oxposurces

10. At tho University of Chicago Toxicity Laboratory, studics have been
mado of the vesicancy of HN3 smokcs on the foroarm held in the wind tunncl
(NDRC, Division 9, Informnl Monthly Progress Report Noe 9=4wl.23 dated

10 Doccmber 1944)e Since active secrction of sweat lowers elcctrical re-
sistance of the skin, skin resistance measurements werc tokcne "In any
single run it was possible to prodict which man would develop more severe
reactions on the basis of skin resistonce measuremontse The predictions
are mich loss relioble betwocn runs and do not appear to bo useful between
profusoly sweating observers and those at the incipicnt swoating level."

11, In Porton 1601 A(Ve1358) dated 7 February 1945, chamber tests on reste-
ing men (prosumably not showing' generolized sweating) at cven highér CTs
[cT 1190 (T=85 minutes), 58° Fe, 59% RH and CT 1860 (T= 60 minutes, 47% F.,
57% RH] arc reported. Intense roactions were observed om the necks and
axilloo, and edoma and vesication of the penis ocourred in most of the mon.
Reactions on the rest of the body were much milder. Simllar results wore
obtained with ¢T 1170 (T= 6 1/2 Minutes), 58% Fe, 59% RH, and it was con-
cluded "that tho rule (T=oonstont had been demonstroted with sufficient
accuracy”" for mon wearing plain clothing.
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12. In OSRD Report Noe 5169, "Observations on the Role of Woter in the
Susceptibility of Humon Skin to Vesicant Vapors", dated 12 April 1945,
Renshaw has reviewed the literature pertinent to the mechanism by which
sweating skin is more susceptiblc to H vapor and has pe rformed some
original cxperimentse He found that the skin of tho arms of mon who
wero notvisibly sweating suffered a greater injury from H vapor (applied
by vapor cups) if tho skin were wet with a film of distilled water ot the
time of vapor exposurc than if the skin were "unwotted" or "dry", In-
croased susceptibility was not observed if the wobted skin were allowed
- to dry before exposure to H vapore, Wotting tho skin after H VOpOr eXpo=
surc did "not markedly influonce the severity of the injurics which sub-
soquently developed". No marked diffcerence was found if thc skin were
wotted with 4% NaCl instead of distillod water. Tt was concluded that -
the prosence of water on and in the surface layers is, to a considerable
dogroe, responsible for the well known hoightoned susceptibility of hot,
sweating skin to H vapor, '

13+ Rocont mom~chamber tests conducted by Lte Comdr. Jo F. Troxel, MC.
USN(Rot.), at UCTL (Informal Roport Nos NeSe 1, dated 15 April 1945),
which aré especinlly significant because of tho large ‘mumbers of subjects
employed, demonstrated that, at any given tomperature, an increase in re-
lative hunidity resulted in an increased severity of reaction to H vapor

at CT 100s Conversoly, ot ony constant rolotivo humidity, a rise in tome
perature also resulted in an incroascd soveritye The greatost increase in
sovority for a 10° Fe rise in tomperature occurred botwoen 80° F. and 90° Fe

e Theoretical Considerations

14, Recording and evaluation of datas Almost every group studying the
effects of vesicants on humon volunteers employs a different: system of
nomenclature, recording, and evaluation of data. While a more wniform
mothod would be desirable, it is'also evident that particular problenms
involve different considorations, cege studies on wprotected men as
compared with those in which protective clothing is worn and studies on
small skin areas as compared with those in which total man exposurc is

employed.

15, This problom has boen cogently discussed by the Physiology Section of
AeFeEeSs under Lte Cole Fe Gorrill in Phys/C/5, on intérim discussion "on
Roporting Results of Human Exposurc to Vesicant Vopor", dated 25 Jonuary
1945, 1In this discussion, it is rccommended that the body surface be
divided into o given nwiber of anatomical regions and scoring be donc "on
the basis of moximum lesion sustained by the subject in any given area,
irrespective of the time at which it occurs".

16s In CeDs Australia 556, by Lte Sinclair dated 18 October 1944, tho
effects under tropical conditions of H vapor from CT 50 to_ 765 on 98 mon
under varying conditjons of oxposure timo, tomperature, and RH have becon
considereds Losions for each area have beon evalunted by a coefficient
which combines incidence and soverity (mmber of men affectod in that
reglon’'x tho moon score por losion)s This method was used for a given
region, but was not used to assess the total severity of rcaction of o
group of men under specific conditions of tomporsture and RHe
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17. A similar system has been in use at NRL which combines incidence and
severity for a region. The average sum of this product for all the
regions represents the total damage index for a given set of conditions.
Recently it has been found desirable to increase the number of body sube
divisions described in taking -readings although these may he condensed
later to facilitate comparison with older data.

18. The index for a given region should probably take the following
factors into account:

(1) Intensity of reaction

(2) Area of skin represented by a region
(3) Casualty effect

(4) Regional Busceptibility

(5) Individual variation

19, Intensity of reaction. The scale of readings used at this Laboratory
has devoloped gradunlly and while the terminology is somewhat clumsy, it
has been found satisfactory for subsequent translation into numerical
volues, Since most of the sbudies in this report involve no damage greater
than a severe erytheme (except for the axillae and genital region) it is
evident that the description of severity is quite different then for the
more severe effects observed by the Australian groupe It would be ideal
to incorporate the time to reach maximum severity and the healing time
into an index, but the camplexity introduced indicates it is better to
treat these factors descriptively.

20. Areo of skin represented by o region. It is well known that the
total skin arca involved is highly important in thermal burns (and probably
for chemical burns) in determining the degree of shock produceds The
striking differences in area involved in reactions to mustard vapor ot
high end low temperatures made it evident that it would be desirable (for
special studies) to introduce a factor weighting arens so that regions of
totallly different arcas like the thigh and axilla would not be weighted
equally in the indexe The factors used in the present report are highly
arbitrary, but have been helpful in expressing the area effecte It is
felt that the moximum reading for any area is adequate and that it would
be impractical to attempt to delimit the readings any furthers

2le Cosualty effect. Casualty offect would be a desirable and most
practical factor in an indexe. It has been impossible to evaluate this in
the presont work excopt on a descriptive basise. ‘Most of the experiments
in this series did not result in truc casualtics, except thosc which
caused lesions of the axillac and scrotum which will be discussed belowe
Outstanding studies in the evaluation of cosualtics with great practical
importance have beon carried out by the Australion groupe

22. Rogionnl susceptibiliitye It would be ideal if the threshold CT ree
quired to producc erythoma and vesication were accurately known for cach
region undor a given set of conditionse It would be of interest to know
if the ratio of erythema level to vesication level is constant for differ-
ent rogions. Adequate data are not available to ascertain thise

.4‘
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23, Individual variation. A simple test to predict how a given individual
will react to H vapor has not been developed. The influence of this
variable must still be minimized by using as meny men as possible in each
test.

E. Previous Work Done at this Laboratory.

24. NRL Report Noe P=2208 dated 22 December 1943 contains a description of
the design and operation of a chamber for exposing humen subjects to known
concentrations of H vapor under controlled conditions of temperature and
humiditye NRL letters to BuShips, C=S77-2(459-HWC), C=459-604 dated 20
October 1944 and CmS77=2(459-HNC/JHH), C-459~119/45 dated 10 March 1945,
include a preliminary report on the effects of (T, temperature, and relative
humidity on the reactions of men exposed to H vapor when wearing ordinary .
clothings In the present report, all the basic tests with H vapor carried
out at this Laboratory to May 1945, are summorized,

EXPERIMENTAL PART
Part I = Procedure.

A. Basic Te_ests with H Vepor. '

25, Basic tests, as dei‘imd‘at this ILaboratory, are tests with vesicant
vapors carried out on men wearing ordinary clothing snd unprotected except
for masks and, in some cases, protective shortse

(1) General Procedure for Basic Testse

26, Test subjects. The men used in these tests wore volunteer Naval per-
somel from USNTC, Bainbridge, Maryland, ond were usually scomen second
class, from cightoen to twonty yoars of age who had just completed their
"boot" trainings Most of their homics were in the Atlantic Seaboard States,
both north and south of Washington, De Ce All men received a routine
physicol and laboratory oxamination (blood ond urine) and anly those
approved by 4 medical officer participated in the oxperimontse At the end
of the tests, the men were gronted specinl leave ond sm entry was mode in
their sorvice rocords attesting their attondance ot this activity. Recent-
1y, authorization has been granted for the commanding officer to give comm
mondation to especially doserving individunls,

27, Clothinge During chambor exposure, the men wore stundard issue skivvy
shirts ond Nainsook shorts, watch caps, blue denim shirts, dungaree pants,
stondard socks and shoes, Shirt collars were buttoned and shirt sleoves
worc buttoned et the wrist. All men wore ND Mark III or IV masks. In some
of the tests, the Nainsook shorts were'roplaced by CCm2 impregnated shorts.
Theso latter wore of the ribelmit type, impregnated by the aqueous process,
and contained about 0.5 mge C1*/om2, In all tests since 1 January 1945, the
men have worn suspenders mode of carbon coated cloth (August model)s The
protection afforded these suspenders causes a subjacent area of relative=-
1y normal skin which gontrasts with the erythematous areas and facilitates
observations (Fige 35, Plate 10)s Subjects dressed for o basic test arc
illustrated in Fige 1, Plnte I,
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28, The chambers The chomber has beon described in detail in NRL Report
Nos P=2208¢ Briefiy, it is 10 feet by 15 feot by 12 feet high and has o
volume of 1800 £t45s It is dperated as a static chamber, no air boing
passed through during a test, but the air present is kept in motion
(average velocity = 240 mepehe) by suitable fanse

29+ (Concentration of agent. Volatilized redistilled thiodiglycol mustard
was introduced into the chamber as needed to establish and maintain the dew
sired concentration on the basis of Northrop titrimeter analyses (bromine
method) which were made every five minutese The average concentrotions of
H vapor in this series of tests varied from 1467 to 11.7 micrograms H/liter.

0. Timo of exposuree All basic tests were single exposure tests. In all
cases the time of exposure was 60 (+ 2) minutes except the two tests at CT
50 in which the exposure time was thirty minutes.

3ls CT. CT represents the product of the concentration of the’ agent and
the time of exposure; and where the units are not expressed, is understood
to be in microgram minutes per liter. In this series of tests, the CT em-
ployed was varied from 50 to 700, A complete list of these CTs is presente=
ed in Table III.

82 Temperature and relativé humidity (RH), The chamber temperature was
elevated by electric heaters, and was lowered by means of ice. Humidifices
tion was accomplished by the introduction of steam; dehumidification, by
the use of ice. Both temperature and humidity were regulated and recorded
by a twowboint Brown recording controlling potentiometer which operated
through wet and dry bulb thermocouples. All temperatures given are dry
bulb temperatures of the ambient air expressed in degrees Fahrenheit;
Moasurements of radiant enorgy effects have not been made.

83, Actiwity in the chamber. The mon stood at ease in the chamber, but
were roquired to change positions about every five minutes. No tests on
the effects of exercise during chamber exposure are included in this series.

34, Activity before and after chamber exposurc. In goneral, before and

after chamber exposure, the men led a relatively sedentary existence with
occasional mild athleticse In nome of tho tosts in this series were the

mon: assigned to stremuous work aftor chambor oxposures

85, Season and climate, Tho majority of the tests wore performed as
listéd in Tablo III (Page 13), when the weather was relatively cooly Tests
% 4, 8, 13 and 16 wore carried out under the hot summer woather conditions
of Washington, De Ce The chomber exposuros wore usually performed between
the hours of 1000 and 1500, iecs during the warmer part of the day, When
the woather was fair, the men were allowed to be out of doors beforc and
after chombor tests; when the weather was cold or inclement, the men wore
kopt indoors at the conditions prevailing in the Laboratory,

36. Doily readings and the record of data. The men were inspected daily
by a medical officor for four to ei% days or longer after exposures To
facilitate recording and subscquent use of data, subdivisions of the body
surface were listed as ordinates on groph peper (oncequarter inch squarcs)
ond daily intensity readings for these aroas were recorded as abscissae, A

List of tho body roglons is given in Table I (page 10).
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7. Photography. Kodachromes wore taken of many of the groups of men
used in the basic testse These were usually token on the fourth day after
exposure; subsequent pictures were taken when deemed necessary. More
sotisfactory pictures were obtained after the skin had started to pigment
since mild degrees of erythema did not show enough contrast on the pictures.
It must be emphasized that kodachromes alone are not adequatc records and
thot the daily readings are a more relisble reference for following the
intensity of reaction. Inadequate illumination may lead to under=-exposure
of certain skin arcas with a resultant apparont orythema which is an artee
facte The prints which are included in the appendix were prepared by the
Ansco "Printon" processs Thé larger ones were prepared from 4 x & inch
transparencies; the smaller, from 35 mm. transparencies.

(2) Special Basic Tests.

38. Effect of envirommental temperature immediately prior to chamber
exposure, During the summer, the men were necessarily warm and often
sweating at the time of entry into the chamber. When the weather was
cool or cold, the men were usually indoors at a comforteble room tempera~
ture for one to two hours (or more) prior to exposures Tests 24 and 25
(Teble III) were carried out to sec if precooling had any effect on the
reactions from chamber exposuree Five men wére exposed nude to a temper-
ature of 55° to 60° F,, approximately 65% RH, for over two hours prior to
entering the chamber, Five other men remained clothed and at o comfortable
room temperature, approximately 76% F. and 50% RH, for a similar period
before oxposurce Both groups domned fresh clothing, including CCe2 im=
prognated shorts. and wére exposed in the chamber simultaneously to H
vepor at CT 300, 90° Fo, 65% RHe

39, Use of alumimum chloride. To suppress axillary sweating, in Test 28
(Teble III), o 25% agqueous solution of aluminum chloride was applied with
o cotton pledget once daily to the left axilla: of each man in the group
for threc successive days before ho onterod the chambors

40, Use of lanoline Since H is lipoid soluble, it was considered possible
that the prosonce of sebum on the surface of the skin night influence the
susceptibility of the skin to H vapore To simulate scbum, lanolin (hydrated
approximately 507) was useds A thin £ilm was applied shortly before entry
to the chamber over an area of about thirty squarc centimeters on’the force
arm, posterior neck, and posterior shouldoer of the men in Tost 28, who were
exposod to CT 500, 70° Fe, 487 RHe In o later test (Tost 24), in which tho
mon were exposed to CT 300, 90% Fe, 66% RH, lanolin wos applied to the
forearm, postorior shouldor, posterior meck, and left axillae No men took
showers for at loast four hours after oxposure in the tests in which lano=
lin was used,

4l. Artifiocial wotting of the skin. Om the basis of Dre Renshow'!s ine
formal report on the ef?,ects of H vapor on simulated wet, swoating skin,
tho following experiment was performed. Standard skivvy shirts were
treated with paroffin wox so that a waxed strip obout two inches wide exe

tended vertically tho length of the shirt in the midline front and réare
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One-half of the shirt was thoroughly moistened with artificial sweat, *

the other half was left dry. These skivvies were then domned by six men
who also wore denim shirts and the usual clothing for basic tests (includ-
ing CC=2 impregnated shorts)s The envirommental temperature was suffic-
iently low so that the men did not show generalized sweating prior to en-
try info the chomber. These non-sweating men were exposed to H vapor at
CT 300, 70° Fo, 45% RH on 2 April 1945,

(3) Evaluation of Data.

42+ Sinco it is impractical to present a detailed description of each
subject in every test, an ottempt has been made to present the data quanti=-
totively so that the results may be more readily visualized, Each degree
of reaction was givon an arbitrary numerical valuc as follows:

no reaction

mild erythema

= moderate erythema

= intense erythema

0+ Erythomn with edemn

b. Maceration of axillary skin

Ce Dry scaling of scrotum

5 = ne Vesicle

be Numerous pinpoint vesicles

Ce Crusting or ulceration of
scrotum or axille,

LN ROE SN e
-0 0

43. From thesc numerical values, threo quontitative methods of treating
data wore devised which are considerod in this roport; (1) Maximum
sevority; (2) Total damage indox; and (3) Percontage 'of exposcd arca.
affocteds Spocial cases, such as losions of tho scrotum, are discussed
separately.

FOOTNOTE.

* The synthetic sweat solution was proparcd according to a formula supe
plied by Dre Dona Burks ond is opproximately five times as concemtrated os
that secreted by the glands. ' A

Constituent Concentration
gnseor cc./100 cc.

Sodium chloride ' 34665
Ammonium acctate 0433
Ureca 0.47
Dextrose 0.085
Potassium chloride 0.48
Mognesium chlorido ' 0.036
Potassiun dihydrogon phosphate 0,045
Calcium carbonate 0.065
- Lactic acid (85%) 0.1

Five drops each of formic acid, acotic acid, butyric acid, propionic acid,
mothylomine ond trimothylomine, :
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44, Moximum severitye This method has been used at this Loboratory ond
has been described in provious letter reports (NRL lettor C=S77-2(459-HiC)
C=459=604 dated 20 October 1944), The mrerage maximum sovority roecorded
over o period of several days after exposure, regardless of the region of
the body affected, was token to represent tho effect of the agent on the
body under a given set of conditionse. A satisfoctory relationship between
CT and intonsity of rcaction could be demonstrated using this method as
long as all tests werc conductéd at 90° Fe, 65% RHe Howcver, when the
tomperature and RH wero var:.ed, it was fou.nd thot the moaximum sovcr:.ty
mothod was no longor applicable since men with an obvious difforence in
reaction to the ogent might, nevertheless, have the samo maximum reading,
For exampleo, onc mon might have as o moxirmm roading an intonse crythena
of the axillac with essontially no burns olsewhore ond another mon might
have an intonse erythema over most of his bodys By the moximum soverity
nethod of evaluation, both men would be classified as tho sames Figuro 4,
Plate 3 gives an illustration of this since the moen who do not show gonerale
izod erythemn did have intenso crythemn of the axillac.

45, Total damago indexe Sincc it was observed that often men cxposed to
H vopor ot various conditions of temperaturc and RH diffcred in their ro=
actions mainly in the arcas of skin affccted rather than in the intensitics
of reaction, and since it is common knowledge that the total area of skin
offocted is o highly important factor in determining systemic reactions to
thermal burns, it was felt desirable to obtain an approximation of the
percentage represented by a given body region of the total area exposed in .
a teste In order to facilitate use of older data, the areas were combined
in the manner shown in Table I. These areas were then marked off with ink
in a.rb:.trc.ry fashion on ten men of various weights and statures., The
regions were measured ond their arcas were calculated according to the
simplest geome'bric form reprosenteds Thoir sums represent the total arca,
considered in the basic tests, and each region has beon represented as o
percontoge of this sume These perccntages are called "area factors" and
arc listed in Toble I. It is of interest that for any given man, this sum
reprosents 73 + 6% of his thooretical total body oroa as obtained from
standard hoight=-woight nomogramse. Although these arca factors represcnt
only a crude approximation and arc highly arbitrary, it is folt that they
arc useful in evaluating thc dato obtained from the basic testse

46. 1In calculating the total damago index, the intens:.ty scale mentioned
in paragroph 42 wos useds Tho J.ntcns:.ty factor for a given area in o

tost roprosented the average naximum reading for that area for that group
of mene The product of tho intensity factor and the area factor described
above gives the total damage for thot arca for the group under considerations
The sum of these produects for the eighteen areas considered represents the
total domnge indexe An oxample of the mothod employed is given in Appendix
Be In order to comparc data on men who wore protoctive shorts with data
on those who did not, it was necessary to subtract from the final index the
figures for thosc areas on the unprotectod men which would have bcen cover-
ed hod shorts been Wworhe



Body Regions Described in Daily Readings

TABLE I

"Area Factor"
Percentage of total

Summarized oxposed skin rcpro=-
Completo List Abbreviation List gented by each regionk

Anterior neck ane
Posterior neck pne ne 244%
Lateral neck 1ne
Anterior shoulder ash
Posterior shoulder psh sh 549%
Anterior exillary fold aof
Axillae ax ax 248%
Posterior axillary fold paf
Scapuloe sc
7th cervical vertcbrae c7 86 3e3%
Vontral thorox vth vth 640%
Lateral thorax 1th 1th 3e5%
Dorsal thorax dth dth 5¢3%
Upper obdomen uab
Lower abdomen ladb
Ilioc il abd 11.1%
Lumbaor lum '
Inguinal region ing ing 2¢4%
Penis pen pen. 1.1%
Scrotum scr ser Ll.1%
Buttocks bt bt 6e3%
Anterior arms aar
Forearms fa
Posterior arms por or 1446%
Elbows cl
Cubital fossae cf of 049%
Dorsal hands and wrists wr wr 1e4%
Anterior thighs athi
Knees kn thi 22.4%
Posterior thighs pthi
Popliteal fossac pop pop 1,7%
Anterior log ale
Posterior log ple lo 7.7%

99.9%
* See paragroph 45,
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47. Percentage of cxposed area affectede This expression was developed
primorily to emphasize the difference betwoen oxposures at high and low
temperatures. The number of men in any ono group showing a moderate
crythema* or greater on ony particular area was multiplied by the corres-
ponding arca factore The sum of theso products for the eightcen areas
divided by the mumber of men in the group for any given test represonts
the average percentage of tho total skin surface oxposed showing moderate
orythemn or worsee This exprossion likewise must be corrccted for compari-
son with those groups which did not wear protective shortse It should be -
emphasized that sinco the area covered by the shorts represonts about 117
of tho oxposed surfaco, the maximm figure possible after correction is
89% and not 100%e Am oxamplo of the mothod cmployed in this calculation
is given in Appendix Ce °

Be SWG&'b Testse

48s The starche-iodinc method of Minor was used to demonstroto sweating at
the various conditions of temperature and relative humidity used’in the
testse An iodine solution (15 ge iodine, 15 go potassium iodide, 100 ml,
castor oil and 957 cthanol to make ono litor) was appliod to the entire

body with a cotton pledget. Aftor the iodine solution had dried, soluble
starch powder was applied with a powder duster or cotton puff. Immediotely
oftor the application of the iodine and starch the men donned clothing and
masks ond remnined in the chamber for one hour at the preseribed conditidns.
If sweat sceretion occurred, the starch and iodine dissolved and reacted,
changing color of the skin from o Iight brown to a dark purple, Except for
tho absonce of H vapor in the chamber, the test conditions were identical
with those of the basic tests described aboves Sinco the men wore dungarecs
during the exposure to H vopor,it wos considered a more comparsble test to
have them wear dungarees for the swont test, although clothing did tend to
rub off some of tho storchelodine complex, especially at the pressure points,
ond make tho subscquent photogrophs less spectacular. It should be mentioned
that this storcheiodine mixture washos off recadily with sonp and wator and
causes no inconvenience oxcopt for o ferporary smarting of the scrotum at
the time of application of the iodine, No cases of hypersensitivity to iodine
were observeds Eoach group consisted of ten men and the tests performed are
listed in Table IIe

TABLE II
Sweat Tests Performed

Group Date Tempeo rq.tgre RH : Swoatingik
I 2/5/45 70° F. - B1% Minimal
II 2/5/45 79° Fs 86% Minimnl
I 2/6/45 85° Fo 36% Minimal
II 2/6/45 85° Fe 75% , Moderate
I 2/7/45 97° F. 427 Profuse
Ir  2/1/45 90° Fo 62% Profuse

* Burns of moderate erythome or grontor were used in the calculotions since
it wos considered that they represent significant H burhs whoreas readings
of mild erythema moy not always bo due to H and thoir use would detract
rother than add to tho sigyificance of tho resultse

** On body regions other thon axillary and genitale
- 11 -



Part II - RESULIS.

A, Bagic Tests with H Vapor,

(1) Introductory Remarks.

49, In view of the number of men involved in the tests described in this
report, it is impractical to give a detgiled description of each case
historys Therefore, the data are presenited in tabular form and the results
are described in a generalized mamner., Summarized data ore presented in
Table III in which are listed the basic tests performeéd and thé average
meximum ihtensities of reaction for the neck, oxillae, scrotum, and'the
rest of the bodys. More detailed data are given in the following tables

in the Appendix:

(1) 1In table VI arc proscnted the maximm regional readings for
individunl subjects based on the mumerical system described
previously. Also included are the avernge, minimum, and
moximm days required for the lesions to reach maximum avorage
intensitios for the different rogions for cach group of mon.

In sevoro bwrns, the days tabulated do mot alwoys give a cone-
cise improssion of the maximim soverity since, for cxample,

o lesion might be recordoed as a 5 (vesication, crusting, or
ulccration) on the fourth day, but dovelop in size or depth

for several doys followinge The method may also give on im-
pression of greater severity thom really existed; for oxample,

o lesion may be rccorded as a 3 on only one day and the erythemo
thercaftor may fade to a 2 or o 1 by the next day. Such o lesion
is certainly less severc than onc which remanins of 3 intensity
for severnl days in succession. In spitc of these minor occasion-
al fallacies, tho method usually lecads to o fairly accuratc os-
timate of the sevority of skin damngee

(2) 1In Toble VII ore listed the mmber of mon in cach test showlng
moximm regional readings of a givon intensity and includes tho
average reglonnl intonsiticse

(3) 1In Table VIII are listed the domage indices for each arcs and
thoe total damnge indices for the various testse

(4) 1In Table IX are listod the "Area Factor" times the mumber of men
in each group showing moderate erythema or worse for each arca
ond the avernge percentages of skin area showing moderato crythoma.
or worsc in each teats ‘

(2) General Description.

504 Since the reactions to H vapor of the genorsl body surface (rest of
body), the neck, the axillae, and the scrotum (and pemis), were quite differ-
ent, the descriptive presentation of the results is facilitated by consider=
ing thom soparately. :

-« 12 -



TABLE III
Basic Tosts Performed

Average Moximm
Reaction Intensity

Test Temp. RH Hzo No. Rest
No Date ¢ _°Fe % mg/l Men _Neck Axilla Ser of body
1 3/28/44 50 90 65 22 6  0e3 0,0 0.0 0.l
2 7/25/44 50 90 65 22 5 le2 06 042 0e5
3 3/30/4¢ 100 90 65 22 6 le2 043 le2. 047
4 7/25/44 100 90 65 .22 5 16 1.8 0.8 049
5 1/25/45 100 100 35 16 6 1e5 042 1e3  0e6
6 1/25/45 100 100 67 30 6 1e5 040 0e3 046
T 4/4/44 150 90 65 22 10 240 062 0e3 047
8 7/26/44 150 90 65 22 6 30 340 202 24l
9 11/20/24 200 70 53 10 7 160  1le4 0ot 063
10 1/23/45 200 80 46 12 6 1.7 045 1e5 065
11 1/3/45 200 80 86 22 5 1le6 004 060 044
12 4/11/44 200 90 65 22 10 242  L1a3 2.1 le2
13 7/27/44 200 90 65 22 6 4,0 248 302 2ed
14 1/27/45 200 100 66 30 4 440 2.8 448 247
15 4/17-22/44 250 90 65 22 15 2¢4 240 3e2  leb
16  7/28/44 250 90 65 22 6 462 342 37 248

17 11/28/44 300 70 60 11 6 1.7 248 260 047
18 1/24/45 300 80 85 21 4 340 243 0s0 12
19 2/28/45 300 85 36 10 8 le5 243 * Oe6
20 2/e8/45 300 8 77T 2 8 2e8 243 * 18
21 3/10/45 300 90. 37 13 7 340 340 * 148
22  4/f24/24 300 90 65 22 5 o 244 * 202
23 11/28/44 300 90 65 22 6 303 340 * 2e4
2¢  3/22/45 300 90 65 22 5 Bed 340 * 2e9
25%xx 3/22 /45 300 90 65 22 5 248 240 * 240
26 12/1/44 400 70 62 11 6 2e2 342 2¢5  1le2
27 1/9/458 500 60 60 8 8 249 348 446 145
28 1/8/46 500 70 48 9 8 3e3 345 560 1,8
29 1/11/46 600 60 57 8 8 340 440 * 145
30 1/12/45 600 60 62 8 8 249 4.6 560 146
8L 3/10/45 600 65 69 11 7 3¢6  3Bel * 1.8
32 1/10/45 600 70 52 10 8 Bed 44l * 1e5
8 1/13/45 700 60 67 9 8 2e5 3ot * Le2

* Mon wore CC=-2. imprognated shorts
** Protective olntment applied to neck
*4% Mon precooled prior to chamber exposure

- 13 -



51, Gemeral body surfaces From Table III, it is evident that at a given
temperature, there was a progressive increase in severity of reaction with
increasing CTe Reactions below 140 were mild; eny average over 240 repre-
sented a fairly severe generalized erythema, Fairly severe reactions were
sustained at CT 200 at 100° F, or at CT 200~300 (depending on season) at
90° Fe; however, at 70° Fe, oven at CT 500 or 600, the reactions had not
attained this degree of generalized severitys It was not possible to
dotermine at what CT a severe genoralized erythemzx would result from exe
posure at the lower temperatures because of the severe reactions produced
on the genitalia ond axillac at CT 600e Tho extreme difference in severity
of the burns on the goneral body surface was the most salient feature of the
contrast in results obtained by exposures at high as compared with low
temperatures. The difference in reoaction at 90® Fo as comparcd with 70° F,
ot comparable CTs is strikingly illustrated in Figurcs 2 and 3, Plate 2 and
Figure 4, Plote 3.

52¢ Only limited data are available for considering the effects of rela-
tive humiditye The contrast between the rosults at high and low RH was
morked at 85° Fo, CT 300; 36% RH resulted in on intensity of 0.6 as come
parcd with 148 at 77% RHe Confirmatory pictures arc shown in Figures 8«13,
Plate S The some offoct of RH was cvidont at 90°'Fa but was not as pro-
nounceds It is interesting to note that at CT 300, the results obtained
at o’ low RH at 85% Fe wore comparable to thosc obtainéd at 70° Fe; and the
rosults at high RH were camparable to those at 90° Fo, 37% RHe The dif-
ference between 46% ond 86% RH ot CT 200, 80° F. was not appreciabloc, nor
wa.s it apprecioblc at 35% and 677 RH ot €T 100, 100° F.3 however, the ro-
actions were mild and tho CT may have beon too low to illustrate the effect
of RH under these conditionse No tests were run in which RH wos varied at
the lower temporatures (60° = 70° F.).

93+ Tests have beon carricd out in both tho spring and’in the summer at
the following CTs: 50, 100, 150, 200, and 250 at 90° Fe, 65% RH. It is
evident from the results listed in Table III that, at and above CT 150,
there was on appreciably greator severity of skin damage sustained in
summer tests as comparcd with those performed in the springs Tho sovere
goneralized erythemas susfained in the summer tosts at ¢T 250 arc illus-
trated in Figurces 6 and 7, Plate 4.

54, Tho nock. Undor the conditions of tho tosts roported in this sories,
& lorge part of the nock was exposed directly to the H vapor with no in-
tervening clothings In Table III, it can be scen that the trond in ro-
action with varying CT or temporature was identical with thot of the gen-
erol body surface, but the neck reactions were one wnit (or more) of in-
tensity greator thon the avorage reactions on the rest of the body for a
given set of conditions. '

55¢ At 85% Fe, CT 300, high humdity (77% RH) ocaused much more scvere
neck reactions than low (36% RH), the average intensities being 248 and
1¢S5 respectivelye Variations in'humidity did not couse pronounced dif-
ferences in the tests run at 80°, 90%, ond 100° F,

56 Vesication was observed on the nocks of ‘only six mon in the entire
seriess Four of those ocourrod in swmer tosts (Tésts 13 and 16), one at
CT 500, 70° Fe, 487% RH (Test 28) and ono nt CT 200, 100° Fo, 66% RH (Tost 14),

w 14w
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57. Subsequent pigmentation of the meck was ususlly darker than for the
other arcas of the body (except the axillae), a fact which correlated
well with the observation that neck reactions were generally more intense
than those of the rest of the body,

58, As in the case of the general body surface, neck reactions were con-
siderably more severe when tests at any given CT were performed in the sume
mer than when performed in the spring (Teble III)e

59« Axillase In contrast to the pronounced effect of temperature on ro-
actions of the neck and general body surface, temperature of exposure did
not exert’a marked effect on the severity of burfis of the axillae. Thus,
at CT 300, comparable tests at 90° F, and 20° Fo, carried out on the samo
day (Tests 17 and 23) showed that tho severity'of axillary reactions was

- essontially the some in both testse Thore was, however, in general, a
diffcrence in the appearance of axillary reactions observed in men exposed
ot high tomperotures (90° F.) as compared with low (70° F)e At the lowor
tomperatures, tho orythomn begon in the contral hairy ares and with in- °
croasing CT inwolved a larger area, finally including fthe axillary folds,
upper medial arm, and upper lateral thorax (Figures 32, 33, Plate 9)e At
‘the highor temperaturcs, most ofton this central aren was spared while the
more peripheral axilla and folds showed intense reactions if the CT were
sufficiontly high (Figure 31, Plate 9)s The above statcments woro gonerally
true, but it must be addod that the types of roactions which wero usually
observed after exposure to the higher temporatures have ‘been also observed
in some individuals at lowor tomporaturcse Furthormore, it is of interest
that at o low RH (37%) at CT 300, evon at 90° Fe,the reactions in the
oxilleo rescmbled those usually occurring at the lowor temperatures,

60+ There was a pronounced difference in the severity of the axillary re-
actions sustained in the surmer tests as compared with the spring tests at
corresponding CTs at 90° Feo, 65% RH (Tests 1 and 2y 3 and 4, 7 and 8, 12
and 13 and 15 and 16) In the summer tests, the intensities were an aver-
age of le5 units higher than in the spring tests (Table III)e

61s Occasionally, although rarely, men have been observed who manifested
no axillary reaction even though other membors of the group received
severe axillary burns (for example, Subject 504, Figure 5, Plate 3).

' 624 TVesication (ie.ee actusl bleb formation) has not been observed in the
axillad of the subjects in this series of tests. Pollowing the more scvere
burns (eege at CT 500-600), the skin underwent maceration followed by cruste
ing and ulceration of tho axillary folds(Figure 36, Plate 10), Elcvation
of the arm caused pain in such casese

6%, - Intense pigmenmtation was conspicuous in axillary roactions (Figures 32
end 33, Platec 9)e The mon woro not obsorved. sufficicatly long to deteormine
how long the pigmentation persistede

64, Scrotum and Penise From the standpoint of casualty production from
H vopor omong men wearing gos masks, the scrotum and penis werc the most
vulnerable rogions of tho bodys In order to minimize tho nmumbor of such
losions in this sorics of tests, men wora potective shorts in most cases

™



when it was anticipated that the scrotum would be severely affected,
This proccdure has somewhat curtailed the data on the effects of CT,
temperature, and RH on scrotal susceptibility to H vapor, '

6oe Since various dogrees of scrotal erythemm are difficult to read
accurately and since crusted lesions arc far more significent from =
military point of view, only the lattor type of injury will be discussed,
With this in mind, it is evident from Tables VI and VII in the Appendix
that thero is considerable individual variation'in the vulnerability of
the scrotum to H vapor up to CT 400, At CT 200, if the tosts'at 90° F.
and 100° F, are considercd collectively (Tests 12, 13 and 14), it can be
seon that six out of twonty mon sustained crusted losions. Similar le-
sions wero observed in eight of  twenty~one mon exposed at CT 250, 90% F,
65% RH (Tosts 15 and 16)s Only one of ten men showed a crustod losion
from exposure at CT 300, 70° Fo, and 80° F, (Tests 17 and 18); but the
rest of the men exposod to ¢T 300 at & highor temperaturc all wore CCw2
impregnatod shorts so that it is not known if this CT would have caused
o larger number of casunlties at a higher tomperature (cege 90° Fo) of
exposures Crusted lesions occurrsd in two of six men exposed at CT 400
nt 70° F,

66s In spite of a low temperature of exposure, twenty-three of twenty=four
men exposed to CT 500 ond 600 (Tosts 27, 28 and 30) sustained crusted lo-
sionse Because this group of cases is considéred the most important, the
portinont data has been presented in Table IVe

67« The course of the lesions in these twenty-three cases showed some
variation but, in genoral, twenty=four to forty-oight hours after expo-
sure, marked scrotal crybhemn was prosent. Dry scaling appeared on about
tho third day (Figure 19, Plato 7, and Figure 25, Platc 8) on tho depen~
dont surface of the sorotume This scaling was followed by oozing and
crust formation, Crusted losions were usually prosont by about the
fourth or fifth day, gradually increased in scverity to o maxirum at about
tho eloventh to the sixtoonth day and wore healed by obout the twonty=
second day aftor cxposures Removal of the crusts revealod ulcers which
wore, in genersal, fairly shallowse

68. In none of the tosts described in this report was vesication (that is,
actual bleb formation) observed on the scrotum or penise '

69, Nineteen of the twontywfour men listed in Table IV developed losions
of the ponis ond foreskin, Thoso usually appearod latér than the scrotal
losions (fifth to ninotconth days, average fowrteenth), reached moximum
soverity obout sewenteenth to twentieth days and were hoaled by about the
twenty-aixth doye Thoso ponile lesions most frequently involved the pro=
puce and the swrface of tho penis in conmtact with the scrotal lesionsg
howovor, o few coscs merc obsorved of independont lesions on thé anterior
surface of the body of the penis. Preputial edemn was frequent, but in no
-eose was sovere enough to hindor micturitions :
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70. Illustrations of these penoscrotal lesions are presented in Plates 6,
7 and 8 of the Appendix,

7l. No treatment, except confinement to bed, was used. The course of
healing was uneventful, although slow, and no clinical symptoms of  infec=-
tions were observeds Although the lesions were painful on conmtact, pain
was not a conspicuous feature while the men were at rest.

72. When healed, the scrotum presented o mottled appearsnce, being
pale in the areas which had been ulecerated and deeply pigmented in the
less severely injured areans (Figures 17 and 18, Plate 6)., Scarring was
only rarely observed since the lesions were usually superficial. (An
exception to this generalizaotion is shown in Figure 30, Plate 8e)

(3) Special Tests.

73. Effect of envirommental temperoture immediately prior to chamber exe
posure. (Tests 24 and 25, Table III, Page 137. All of the five men who were
kept at a comfortable room temperature for two hours prior to exposure showe
ed intense generalized erythemne Four of the men who had been precooled
showed mild to modorate erythema whilo one at first showed on intense ery-
themn; howover, ofter eight days, the erythemn of this mon had begun to
fade wheroas that of the controls remnined intonses The contrast in pigmen
tation at fourteen days was very marked (Figure 35, Plate 10)s In view of
the previously noted small effect of temperaturc of expostre on the sevor-
ity of axillory burns, it is particularly noteworthy that, in this test, the
severity of the axillary rcaction of the controls was le0 units higher thon
that for the procooled groups This difforence appears to be closely reclated
to the differences found in axillary burns in the summor as compared with
the spring series of tostse It is obvious that precooling resulted in much
loss sovere reactions oven when the mon were exposod simultancously to a
very cffective CT ot 90° Fo, 65% RH.

TABLE IV

Crusted Losions of Sorotum ond Ponis *

Test Noe 27
500 cT
Temperature 60° F,
Relative Humidity 60%

SCROTUM ‘ PENIS
Moximum Moximum
Subject Stort Severity = Hoalod Start Severity = Healed

494 4 4-17 Mild 21
495 4 17-18 Mod 20 17 18 Mild 20
496 4 13~17 Sev 28 18 18=2% Mod 26
497 5 5 Mild 20 ~
498 NONE v _
499 6 11-15 Mod 21 18 18-21 Mild = 21
500 4 8=16 Mod 23 :
501 10=19 Sev 24 19 21l=23 Sev &0

* Figures repreosent number of days aftor chamber exposuree
v l7 -



TABLE IV (Continued)

Crusted Lesions of Scrotum and Penis *

Test Noe 28
- 500 CT
Temperature 70° F,
Relative Humidity 48%

SCROTUM PENIS
Maximum Maximum
Subject Start Severity Healed Start Severity Healed
486 5 8«17 Sev 23 8 17-23 Sev 32
487 2 8«15 Sov 23 16 18 Sev 26
488 14 19 Mod 23 14 14=22 Mod 32
489 4 21 Mod 25 21 Sev 27
490 5 10«16 Mod 19 16 17=20 Sev 28
491 5 8~18 Seov 28 17 17«24 Sev 28
492 5 8«16 Sev 21 19 20-21 Mild 22
493 4 9 Mod 2Z 19 19.20 Mild 23
Test Noe 30
600 (T
Temperature 60° F,
Rolative Humidity 62%
SCROTUM PENIS
Moximum Moximum
Subject Start Sevority Healed Start Sevority = Healed

518 6 14 Mod 20 6 14-17 Sov 27
519 4 10-15 Sev 19 6 15=-19 Mod 25
520 4 5«14 Sev 16 6 7«13 Mod 16
521 4 12«15 Seov 24 10 13=21 Sov 27
522 4 11-15 Sew 19 ] 16-20 Mod 26
523 5 16-16 Sov 28 17 19-20 Mild 27
524 5 12.16 Sov 21 14 17«21 Mod 27
5256 6 16 Sov 20

* Figures reprosont number bf days after chamber oxposure,

74e Use of al chlorides The rosults of this test (Test 28), in
vhich the left axillae of the men were troated with aluminum chloride prior
To oxposurc to H vapor, aro prosenfed in Toble V and typical cases arc ile
lustrated in Figures 37, 38 and 39, Plate 1le It is'ovident that protreote
ment with alumimum chloridé, in most opses, resulted, not only in less ine
tense reactions to H wapor, but also in reactions involving o lesser aresa.
Consideration of both arec ond intensity is ossential to bost oppreciate
the effect of nluminum chloride on the roactions.

= 18 w»
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TABLE V

Effect of Pretrecatment of Axille with Algminum Chloride

(Tost Noe 28 = H at CT 500;

70® Fo, 48% RH)

-Picture
Sube , in
Jeet Intensity Aroa Involved Appendix
Right Left
(Control) (Treated)
486 Erythema with cdemn Moderate erythema:  Much less on left Fige 37
Maceration
Crusting
487 Intense erythema Intense erythoma No apprecioble
differcnce
488 Moderato erytheman Mild erythoma Much less on left
489  Erythema with edemn Intensc erythonn Much lcss on left Fig, 39
Moceration
Crusting
490  Erythema with odemn Erythemo with edema Slightly less on
‘ left
491 Intense erythema Mild erythems Slightly less on
left
492  Erythemn with edemn Intense erythensa Much less on left Fige 38
498 Intense crythoma Moderatc crythema  Slightly less on
left
75. Uso of lanolin. Application of lanolin irmediately prior to entere

ing the chomber to seve

rol areas of the skin of
CT 500, 70° Fo, 48% RH (no genoralized sweating)
90° Fo, 65% RH (generalized swoating),

creased the intemsity of reactions.

76,

Artificial wetti

by the dry skivvy shirt,

axillae of two of the six men,

subjacent to the wet skivvy shi
in the axillae, oxillary folds,
which areas tho men all sustained intense orythemnse

side showed a very mild erythemn which faded in o few dayse
able that the wot shirt interfered with H vapor penetration t
whoreas tho open end of the short-longth skivvy shirt sleeve

v

That ortificial wetting
in Figurc 34, Plate 10,

reody access aftor it had passed through the dry outer deninm
~of the skin did enhonce the reaction is well shovm

-319-.

nen exposed to H vapor at
» (Test 28), or at CT 300,
(Test 24), neither incrcased nor do-

; of the skin, The right holf of the body, covered
showed no sighificant reaction except in the
Conversely, on the left side, the skin

rt was obviously more severely affoctdd
upper medial arm, and lateral thorax, in
The thorax on this

It is probe

o the thorax
permitted
shirt sleeve,



(4) Zotal Damage Index.

77« Thoe corrccted total damage indices given in Table VIII are presented
grophically in Plate 14, in which total damage index is plotted against

CT for the wvarious tests performéds The indices, corrected for the ares
covered by the protective shorts, were used to permit comparison of a
larger mumber of testse It can be seen that for my given temperature,
there is o progressive incrense in total damnge index with increase in
CTe Higher temperctures of exposwre result in a higher totd damnge in-
dox thon lower ones at ony given CTe It was found that correction of

the data for the area. covered by the protective shorts lowered the

points very little and did not apprecisbly change the slope of the curvess

78s It moy also be noted in Plate 14 that the indices for the summer
series of tests at 90° F, are consistontly higher than those for the
spring serics at the same temperature, s fact which correlotes with the
proviously mentioned descriptive differences in paragraph 53

79+ In Plate 15, total damage imdex is plotted against temperatures

At CT 200, there is relatively little change in the total damnge indox
from 70° Fe to 80° F., whereas from 80° F, to 100° Fe, therc is a sharp
risce Tho curve for CT 300 parallels that for CT 200s Several points
at 60° Fe to 70° Fs are included for CT 500 and CT 600 and can be seen
to lie well above those forr CTE 200 ond 300, It may be inforred that
even ot those lower temperatures, severe gomeralized erythomn may ocour
if tho CT is sufficiently highe

80e In Plate 15, it may also be seen that there is o marked difference
in tho points for high and low humidity at CT 300 at 85° Fe ‘The point
for the low humidity at CT %00 lies on the curve for CT 200  Thore is a.
similar differonce for the high ond low humidities at 90° F., but the
effect is not as marked,

(5) Porcentage of Exposed Area Affected.

8ls In Plate 16, the percentago of oxposed area which sustained o modere
oto orythems or worse is plotted as ordinate against CT as abscissa; and
in Plate 17, the same ordinate is plotted against temperature, These
curves arc similar to those for the total domnge indices (Piates 14 ond
15)s The sharp rise of tho curves on Plate 17 above 80° Fo, showing a
great increase in the area involved, is, indeod, spectacular and corre=
lates vory well with visual impressionse

Be Sweot Testse

82+ The results of the sweat tests are illustpatsd in Figures 40 » 51,
Plotes 12 and 13, ond are summarized in Table IIs An opprecisble mnount

of sweating was evident in the axillae and genital regions of most of the
men even at the lower temperatures.s Even from this semi-quentitative test,
it was evident that there wis considerable individual varistion in the
amount and distribution of sweatinge Sweating was minimal over the general
body surface ot 70° Fe, 51% RH, ond 79% F., 86% RH, and profuse at 90° F.,
62% RH, and 97° Pe, 42% RHe At 85° Fo, the effect of RH wos marked, The
men exposed at 36% RH showed minimnl sweating whereas those at 75% RH showed
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& moderate amount as is evident in the photographse Thus, at this teme
perature, variation in RH hod a marked effect on the amount of sweat
secreted and on the areas involved as demonstrated by this method,

Part III - DISCUSSION, \

Ae (Correlation of Skin Susceptibility to H Vapor with Sweating.

83¢ It hos been repeatedly obsorved in reports by mony investigetors
that sweoting mon (whether sweating is induced by high temperaturos or
exercise) are much more susceptible to the skin effects’of H wapor thon
non-sweating mene No report has been observed, howewer, in which sweat
tests have been performed undor the same conditions as tho § Vapor eXs
posures in en attempt to arrive at a more exact understanding of this
facte ’ ‘

84, The storcheiodine method of demonstrating sweating hns been in come
mon clinical use for many yearse It offers an oxcollent simple way to
dotermine whether or not on arca is nctively swoating, Insensible perw
- spiration is not sufficlent, apparently, to give a positive reactions
With regard to the absolute amount of sweat secroted in a given areo,
this method is, at best, semiquantitatives It rmmust be emphasized that
the intensity of color obscrved is influenced by the lateral spread of
swoat aftor it leaves the porose Theoretically, there is a. smnll ronge
in which the amount of sweat secreted would be proportionnl’to the color
intensitye However, in most cases in which swoating occurs, it is sufe
ficlently profuse to maximally darken the arens The rate ot which sweat
~ evaporates from the skin surface probably modifies the results somewhat.
Thus, ot low humidities, tho rapid evaporation of sweat might fend to
give readings of lowoer intonsityes In spite of its limitations, the
mothod has prowed very useful and correlates well with more qummtitative
studies by othor workors in which water vapor was collected and weighed,

86. It is gemorally sccepted that, below a dry bulb tomperature of 85-87°
Fe, most 1lightly clotheq, resfing mon show active glandulor sweat secro-
tion only on the palms, soles, axillae, and gonital regionse The main
body surface, under those conditions, shows only m rolatively smnll water
vopor 1loss, presumably by direct ovaporation through the skin (insensible
perapiration)s Above 85=87° Fe; most individuals show generalized active
swoat seoretion over the entire body surfaces The temperature at which
generalized sweating begins is lowered by exercise and by wearing heavy
clothinges Winslow and Gagge found that this threshold was’' lower for exe
ercising mon in the surmer thon £or exereising men in the winter (Americsn
Jowrnal of Physiology 134¢ 64=68L, 1941)e This-fact may be related to
the difference in results of H vopor exposures in spring as compared with
sumer, . '

86a A good ocorrelation between sweating and skin susceptibility to H
vapor was observede This was woll demonstrated wheh men were oxposed

at CT 40Q ot 70° F¢, 627 RH ond at CT 300 at 90° Fes 667 RHe In the
former caso, intense serythema was confined to tho axiline, whereas the
rost of the ekin showed only minimal effocts (mon woreprotective shorts).
In the lotter case, the men showed intense generalized erythern, even
though the (T of exposurc was actually lower (Figures 2 and 3, Plate ,
2)e The excellont corwelation of those results with the extent of sweote
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ing of the areas involwved im =een readily by comparison with “he illus-
trations of the sweal tesgtse In Figures 40 end 41, Plate 12, it is ap=
perent that at 70° ¥., &8 RH, the men weré sweating only in the axillae
and genital regions, a.nd Figures 44 and 45, Plate 12 show that generalized
sweating ocourred at 90° Fa, ﬁ(@ RHe

87. Since 85° F. is approximately the temperature above which resting
men begin to show generalized sweating, it was felt that this would be the
optimum temperature at which to study the influence of reletive humidity
on the active secretion of sweat and on the effects of exposure to H
vopore Sweat tosts ot 85° Fe, 367 RH, gove results similar to thosc at
70° Fe, 51% RH, nomely, sweating confined to the axillaec and gen:.'bal re=
gions (Figures 46 to 49, Plate 13); whereas at 85° Fe, 75% RH, the men
showed moderate genernlized sweating which approo.ched that at 90° F.,
62% RH (Figures 50 and 61, Plate 13)e Similarly, tests with H vapor

at CT 300, 85° Fy, 36% and 777 RH, showed, an apprediably greater inten-
ity of erythemn at the higher RH (Figures 8 to 13, Plate 5)s Since the
sweat;mg threshold vories from man to man, it can be expected that at
85° Fe, theré would be considerable individual varistion in sweating.
Nevertheless, it is evident that elevation of humidity at this tempera~
ture, which does increase the wotness of the skin, also increases the
intensity of reactions to H vopors It is of interest that the results
with the lower RH at'85% Fe Were similer to those renctions at a low
temperature (70° Fo), whoroas those ab the higher RH were similar to
those at 90° Fe

88. Definite as is tho effobt of sweating in inoroasing the suscepti-
bility of the skin to H vapor, it may be modified by differences in re=-
gional susceptibilitys For exomple, the palms: and soles, which are
swoating at the lower 'bempera'bures employed ond wore certoinly sweating
.ot the higher tomperatures, are very rosistant to H vapore The soles
were probably protected by the shoese Tho skin of tho unprotected palms
is in ifself more resistant than the skin of the rest of the bodys Con
versoly, starcheiodine tosts on tﬁe genital rogion reveal few or no
sweat pores on the scrotum itself, although the adjacent inguinal, pubic,
and perineal skin is richly provided with them; and yot, the scrotal
skin is the most suscoptible skin to H vapore It is felt that thesc ex=
ceptions in no woy vitiate the thesis on the effect of sweating on the
susceptibility to H wvapor of the skin of the rest of the body swurface
but morely emphasize the importance of the primary differences in
regional susceptibilitys

Be The f'Radia.tor"‘ Effect.

89, ° It wans mentioned in NRL Report P=2219 that "in genernl, exposures
in the large chomber produce reactions which are approximately twice as
severe os those produced in the ‘arm chamber! at the same CI". In "oarm
chamber"” exposures only the forearm was exposod at 90° Fe, 657 RH where=
as the remainder of the body is at 70=-80° Fo, 20-30% RHe In large
chomber exposures the whole body is exposed %o 90® Fo: 65% RHe Expori-
nents in which the orm wos exposed o:b 90° Fey 657 RH in the arm chomber
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and the room was also maintained at 90° Fe, 65% R.H, yielded resul'bs
which approached those of the large chamber in severity. At this

time it was stated that the rest of the body "is capable of functione-
ing as a 'radiator! and thus succeeds in altering the reactivity of the
exposed surfaces and reduces the severity of the reaction" when the
body is at o comfortoble room temperature (70=80° F.).

90. From the present sories of tests it is evident that the "radiator"
effect’is due to the fact that ot 90° Fe, 657 RH, generalized sweating
occurs, whereas at 70-80° Fe it probobly does not (or is mild)e. Thus,

in the former case, the exposed forearms would ‘be sweating, but not in
the latter. Exposing the whole body at 90° Fe., 65% RH couses generalized
swoating and, under this condition, the forecorm in the arm chomber reacts
more as it does in the large chomber (at 90° F. 65% RH).

Ce Casunlty Production.

91,  The many ond often ambiguous commotations of the word "casualty"
moke a discussion of "casuanlty production" difficult. For the purpose
of this report, o man who is unable to carry on his complete duties as
a rosult of exposure to a. chemical warfare agent, would be a "casualty".
In general, casunlties from H vapor are produced in two ways which may
be observed independently or in combination:

(1) sSystemic Effects
(2) Local Effccts.

92¢ Systomic Effccts. Under the conditions of the tests included in
this report, none of the men showed any systemic offectse No malaisec,
nousea, vomiting, headache or shock wore observed even in the mer with
sovero genoralized orythemns However, it must be omphasized that, for
the most part, fhe men wore living under temperate conditions before and
oftor oxposure and were loading o rather se&en‘tary existences The
Austrolion investigators, on tho other hand, in CeDe (Australin), Ree
port Noe 55, doted 18 October 1944, hove observed a relativelly large
number of mon showing systemic effects aftor exposure to H vopor at
CTs of 50 to 750e Thoy omphasize that their tosts were performed un-
dor tropical conditions and regard climate as an important factore

93« Since many of tho symptoms which are described in the literas
ture as systemic effects of H vopor may also be obascrved following sune
burn, thermnl burns or heat oxhaustion, end since many of these symptoms
mey have a strong psychlie or suggestive basis, their ascription to H
vopor is often guestionnblee

94, Local Effectses In this series of tests, the local reactions

" most Iikely to be casunlty producing were observed in the axillae and
on the genitalios Even tho worst axilldry reactions could hardly be
called “"casualty produoing" Pain on elevotion of the arm was present
in the more severe oases, but was never of such o degree as to hinder
o mon significantly under the stress of combate This pain might be
sufficient to Lower morale during routine activities.
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9b. ﬂany of the penoscrotal reactions observed in this series of tests were
severe, and while not rendering a man unable to take part in emergency
defensive combat, would definitely have hindered offensiwe operationse
Although these penoscrotal lesions reached a casualty producing degree

only after several days, it must be recognized that the men were kept

ot bed reste Had they Ween forced to march and carry on regular military
routine, it is likoly that the lesions would have developed sooner and

become much morc scvere.

96e Somc mon suffored from generalized itching, especially in hot
weather, but this was not of casualty producing magnitude.
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SUMMARY AND CONCLUSIONS

l. ~ Basic tests, that is, tests with H vapor on men wearing ordinary
clothing and wnprotected except for masks and, in some cases, protece
tiveshorts, have boon performed under the following cxposure conditions:

Tempe Relative
Timo of Year °Fo Hunidity (%) CT
Jon, 1945 100 35 and 65 100
Jone 1945 100 65 : 200
Mor. - Apre 1944 20 €5 50 to 250 (300%)
July 1944 90 65 50 to 250
Nove 1944 90 65 (300%)
Febe 1945 85 35 and 75 - (300%)
Jan. 1945 80 45 and 85 200
Jane 1946 80 856 300
Nove 1944w-Jone. 1945 70 65 200 to 500 (600%)
Jone 1945 ' 60 55 500 to 600 (600=700%)

* CC=2 impregnated shorts worn during exposure to H vapor

2e The systenm of taking readings and recording data in use at this
Loboratory is describeds It was found that when the tempoerature of ox-
posure was varied, the method of toking the maximm’ sevority of skin rew
action, rege.rdles_é of what body rogion was involved, as the index of rcw
action to that CT, was no longer applicables The data from these tests
has been evoluated and discussed in several different ways: (1) descripe-
tion; (2) total damage index, in which regionmal intensity readings are
weighted on the basis of the amount of skin area involved; and (3) the
percentage of skin‘ orea exposed showing moderate erjthemn or worse.

Se The severity, type and location of burns due to H vapor at o
given CT aro influonced markedly by the tomperature of exposwre. At
low temperatures (80° Fe or below), the burns are localized and are
limited mainly to'the axillae and genitaliae At high temperatures

(90° Fo or sbove), the burns aro generslized and covor most of the body.
The differences in reactiéns at high and low temperatures, as regards
the area of skin involved, is nicely depicted by the total domage in-
dices and percentoges of skin area showing moderate erythoma or worse.

4. From H vapor exposures at 90° Fe and CT 250 and 100° F and CT 200,
intense generalized erythemn was observed over most of the body, with
scrotal reactions somewhat morc severes At 70° Fo and CT 500 and 60° F,
ond 600 CT, only moderate erythema was mroduced on most of the body, but
maceration and mild crusting were produced in the axillae, and severe ulcer-
oted ond crusted losions occurred on the gonitalio,

Se In contrast to the pronounced effect of temperature om reactions ‘
of the neck and general body surface, temperature of exposure did not exert
o morkod effect on the severity of burns of the oaxillac, Temperature did,
howover, influence the configuration of oxillary burns. Burns occurring at
low temporatures involved primarily the central oxilla; those at high tem-
peratures usually spored the central axille and affected the more peripheral
axillory foldse

m
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6o The effect of the relative humidity during exposure on the vesicant
power of H vapor on clothed, resting men was pronounced at 85° F. which is
near the average temperature threshold for generalized sweating. The same
effect of RH was evident at 90° Fe but was not as pronouncede

7o  Tests at CTs 150, 200 and 250 at 90° Fe, 65% RH, resulted in appre-
ciably more severe reactions when carried out in summer than when perfnrmed
in the springe

8e Exposure to H vapor at CTs above 500, even under temperate conditions
of exposure (60=70° Fe), and under temperate living conditions produced
crusted and ulcerated lesions of the sorotum and penis in 23 out of 24 un-
protected men, These crusted lesions appeared at three (3) to five(5) days
end required three (3) to four (4) weeks to heal in men at bed reste Cruste
ed lesions of the penis were less frequent and were slower to appear, the
average beoing 14 days after exposure. CC=2 impregnated shorts completely
protected againat genital injuriese

O Proogoling men prior to chamber exposure markedly diminished the
sewerity of the skin reactions from H vapors This may be one of the factors
causing less sevoere burns in spring tosts than in summer testse

10s Suppression of oxillary swoating by pretreatment of the axille with
aluminum cl}loride resulted, in most cases, in not only less intense reactions
to H vapor, but also in reactlons involving o lesser ares.

11¢ Application of lanolin to the skinm, shortly before chamber exposure
to effective CTs of H vapor, neither increased nor decrensed the intensity
of the reactions of sweating or none-sweating mens

12, Wetting of the skin with artificial sweat rosulted in increased sever-
ity of reaction to H vapors

13. Tests (starcheiodine method) carried out to dotormine sweating of

the different body areas under the sume conditions as the H vapor 'erosure,
showed o close correlation between the extent of sweating and the soverity
of H burns produced on the samo orcase At low tomperatures (70° Fe), active
sweat secretion was confined to the palms, solos, axillee, and genital re=
gion; with the exception of the palms and soles, these were the arens most
affected by H vapors At high tomperatures (90° F.), both sweating and H
vopor bwumns were generalizeds The ‘threshold temperature for generslized
swoating and susceptibility to H vapor for most of the body occurred between
80° and 90° Fe for lightly clothed, resting mene
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TABLE VII
NUMBER OF MEN IN EACH TEST SHOWING MAXIMUM REGIONAL READINGS OF A GIVEN INTENSITY. AVERASE REGIONAL INTENSITIES.

Test No. 1 Test No. 2 Test No. 3 Test No. L

3/28/L, 7/25/1k 3/30/l 7/25/ll

CT = 50 cr = 50 eT = 100 cT = 100

900 F. 65% RE 900 F. 65% R 900 F. 65% RE 900 P, 65% RH

6 men 5 men 6 men S men
Intensity 12345 Av. 12345 Av. 123L5 av. 123L5 av.
neck 2 0.3 22 1.2 32 1.2 N 1.6
ax 1 0.6 1 0.3 221 1.8
sh 2 ol 1 0.2 11 0.6
s 1 0.2 1 0.2 12 0.8 2 1 1.0
vth 1 0.2 L 0.8 21 0.7 131 2.0
1th 2 0.7 2 0.k
dth 1 0.2 41 1.2 32 1.2 L1 1.2
and 11 0.6 1 0.3 131 2.0
ing
pen 1 0.3
sor 1 0.2 32 1.2 11 0.8
bt 2 ol 2 0.3 2 [N
arn 1 0.2 1 0.2 2 0.7 21 0.8
of L 1.2 12 0.8 212 2.0
wr 1 0.2 31 0.8
thi 2 0.l L2 1.3 2 Oy
pop 1 0.2 2 0.l
leg 2 0.4 5 0.8

Tost No. 5 Test No. 6 Test No. 7 Test No. 8

1/25/L5 1/25/45 LA/ 7/26/;

CT = 100 CT = 100 . CT ® 150 | CT = 150

100° F. 39% RH 1000 F. &7% RE 90° P, 65K RE 90° P, 65% RE

6 men . men 10 men 6 men
Intensity 12345 Av. 1234 Av. 12345 Av. 123L5 Av.
neok 33 1.5 IT1 1.5 282 2.0 € 3.0
ax 1 0.2 1 0.2 6 3.0
sh 51 1.2 51 2 3 1.1 11 0.8
s 5 0.8 51 1.2 71 1 1L 2l 2.7
vth 3 0.5 . 1 0.2 33 0.9 6 3.0
1th 3 0.5 1 0.2 1 0.2 113 2.0
dth 5 0.8 21 0.7 6L 1.4 2L 2.7
abd 1 0.2 1 0.2 51 3.2
ing 1 0.3
pen 2 0.2 3 0.5
sor I 113 2 0.3 3 0.3 213 2.2
bt 6 1.0 6 1.0 21 0.l 221 1.5
arm 2 0.3 11 0.5 L3 1.0 123 2.3
of 6 1.0 6 1.0 3L 1.1 6 3.0
w 6 1.0 L1 1.0 1 1 0.7
thi 5 0.8 3 0.5 51 0.7 L2 1.3
pop 2 0.3 2 0.3 131 1.7
leg 1 0.2 2 0.3 51 0.7 L2 1.3

Test No. 9 Test No. 10 Test No. 11 Test No. 12

11/20/L; 1/23/L5 1/23/L5 LA/l

T = 200 CT = 200 6T = 200 €T = 200

70° F. 53% RH 80° F. L6% RE 80° F. 86 RE 90° F.  65% RE

7 men 6 men 5 men 10 men
Intensity 12345 Av. 12345 Av. 12345 Av. 12345 Av.
neck 3Tz 1.0 L - 1.7 B B2 2.2
ax L e 1.4 3 0.5 2 0. 132 1.3
sh 31 0.7 L 0.7 2 0.l 171 1.8
80 31 0.7 4 0.7 2 o.L 3L1 1.k
vth 1 0.1 322 1.3
1th 2 0.y
dth 31 0.7 - 31 0.8 2 0.l 2L3 1.9
abd L3 1.0
ing
pen 3 0.3
sor 3 S ol 21 1 1.5 323 1 21
bt 6 1.0 L 0.8 52 0.9
arm 1 0.2 2 ol 3321 1.9
of 1 o.L 31 0.8 31 1.0 sLi1 2.6
wr 22 1.0 5 1.0 2l 1.0
thi 2 0.3 3 0.5 2 0. 32 0.7
pop 3 0.l L 0.7 2 BN 2 0.2
lag 2 0.3 32 0.7

Test Fo. 13 Test No. 1 Test No. 15 Test Fo. 16

7/27/uy 1/27/k5 : L/17-22, 7/28,

cr = 200 CT = 200 T = 250 cT = 250

90° P. 65% RH 100° P. 664 RH 90° F. 65% RE 90° F. 5% RH

6 men L men 15 men 6 men
Intensity 123L5 Av. 1234 Av. 123L5 4Av. 12345 Av.
Dack 222 L.0 121 Lo 177 2. 132 Lo
ax L 1 28 13 2.8 181 2 20 51 3.2
sh 2111 2.7 L 3.0 L82 1.7 212 3.3
s0 51 3.2 L 3.0 153 1.3 15 2.8
vth 1L 1 32 112 2.3 Lé63 1.7 L2 3.3
1th 13 1.8 13 2.8 172 1.l L1 2.7
dth Li11 35 13 2.8 285 2.2 1 2.8
abd 6 3.0 103 2.5 333 1.2 E 11 3.5
ing 1 0.8 11 0.3 L 2.0
pen 1 0.3 661 1.4 13 1.8
sor 31 2 3.2 13 Lae 252 6 3.2 1212 3.7
bt 132 2.2 22 2.5 L2311 1.k 24 2.7
arn 14 1 3.2 L 3.0 374 1.9 31h2 3.2
of é 3.0 31 2.3 3813 2.3 321 3.7
wr 11 1 1.5 13 2.8 762 1.7 1 2 2.0
thi 33 1.5 13 2.8 031 1.3 13 1.8
pop 22 1.0 112 2.3 26 0.9 123 2.3
leg L1 1.0 211 1.8 8 L1 1,3 122 1.8
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Total Damage Indices
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TABLE VIII (Con't.)

Total Damage Indices
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APPENDIX B
Calculation of the Total Damage Index

The following is the method used in calculating the total
damage index, using Test No.9 as an example:

It will be seen from Table VII (Test No. 9) that out of seven
(7) men, three (3) sustained a mild erythema of the neck (numerical
value= 1), two (2) sustained a moderate erythema (numerical value -
2) and two (2) sustained no burn. On a numerical basis for the
group, therefore, the average is 1.0 (3 X 1+ 2X2* 1.0)., On the
axillae, one (1) had no burn (=0), four (L) /had mild erythema
(Lx1= L) and two (2) had severe erythema (2X3= 6) giving an average
of 1.4y (6¢h=10; 72 1.4). The method is continued until averages
for all areas involved are obtained.

The average intensities are then multiplied by the "area factors"
given in Table I. Thus, for the neck, the intensity times the "area
factor" is 1.0 X 2,4z 2.1, for the axillae, 1.4 X 2,82 3.9 etc.

These values (the damage indices for each area) are listed in Table
VIII. The sum of the products, then, gives the total damage index
for any one test,

APPENDIX C
Calculation of the Percentage of Exposed Area Affected

The following is the method used in calculating the percentage
of exposed arca affected, using Test No. 9 as an example:

It will be seen from Table VII (Test No. 9) that only two (2)
out of seven (7) men sustained burns of the neck S6f moderate erythema
or worse. The two (2) is multiplied by the "area factor" given in
Table I to give a value of 4,8, Similarly for the axillae 2 X 2,8 =
5.6, for the shoulder 1 X 595 5.9, etce These values are listed in
Table IX. The sum of these values, then, gives the total area
involved for the group, which, divided by the number of men in the
group gives the average percentage of area involved per man.
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