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1. Heat rash was produced i n  every member of f o u r  groups o f  men com- 
pr is ing a t o t a l  of 27 individuals,  by subjecting them t o  e f f ec t ive  tempera- 
t u r e s  ranging from 88' F. %o 90' F, f o r  24 hours per dayo the rash appearing 
as ear ly  cis t h ree  days a f t e r  entering the  hot environment. 

2. 'When 17 hours o r  m r e  each day were spent in  a cool environment the  
incidence of heat rash w ~ n  grea t ly  reduced, 

3. Beat r a sh  is  a rap id ly  revers ib le  condition, at l e a s t  during the  
f i r s t  week of exposure t o  h o t  environmentc 

4. Exposure t o  u l t r a v i o l e t  r ad ia t ion  previous t o  entering the  hot 
environment inh ib i ted  t h e  development of heat rash i n  a l l  5 subjects  of one 
experiment, but not i n  any of 6 subjects  i n  another. The discrepancy is not 
easi ly  explained. 

' 
5 .  Cold baths appeared t o  have a s l i g h t  ameliorating e f f ec t  on the  rash. 

Neither press w e  nor f r i o t  ion, nor t h e  inh ib i t  ion o f  sweating by formalin 
prevented the  development of heat rash. 

6. Increase i n  white blood c e l l  counts with r e l a t i v e  lymphocytosis was 
observed i n  a l l  six par t ic ipants  i n  t h e  one experiment i n  which blood counts 
were made. 

7. Change i n  pH of  t he  sweat is  not associated with heat rash. 

8 .  No change i n  e l a s t i c i t y  o f  the  skin,  i n  rate of  histamine wheal 
formation o r  s a l ine  wheal disappearanse was found t o  be associated with the  
he at rash. 

9. These s tudies  a re  exploratory i n  nature  and serve ra ther  t o  point 
the  way f o r  f u r t h e r  s tudies  than as a basis  f o r  drawing conclusions. 

This term is used herein t o  designate a condition which begins as a papulo- 
vesicular  rash within akfew days of  exposure t o  very hot environments. 

* 
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BACKGROUND 

In the  course of studies of the e f f ec t s  of hot environments on m a n ,  
ca r r ied  out a t  t h i s  I n s t i t u t e  during the  period 1943-1945, it was found t h a t  
heat  rash could be produced a t  w i l l  by prolonged exposure t o  high temperatures 
(1s2)4  
X-479 was theref  o r e  formulated spec i f i ca l ly  f o r  i t s  study. 

Heat r a sh  became a serious problem i n  the Pac i f i c  Theater and Project  

1 Two experiments, one i n  April  1945, and one i n  June 1945 were carr ied \ 

out f o r  t h i s  purpose. 
when it became necessary t o  dismantle t h e  psychrometric room because of  new 
construction. 
m a y  fu rn i sh  a basis  f o r  f u r t h e r  investigation. 
es tabl ished findings,  but f o r  t h e  most p a r t  t h e  experiments require  r epe t i -  
t i o n e  
whereas others which yielded negative r e su l t s  appear not worth repeating. 

In July 1945 t h e  study w a s  prematurely discontinued 

As a r e s u l t ,  t he  mater ia l  herein presented is incomplete, but 
There a r e  a few c l ea r ly  

Some of, t he  approaches t o  t he  problem merit  f u r t h e r  exploration, 

OBSERVATIONS AND EXPERIMENTS 

Nature of t he  lesions.- The lesions which have been observedto result*Pra 
exposure t o  hot environments a re  bes t  described as a papulo-vesicular rash,  
but  morphology var ies  considerably from individual t o  individual. Macular 
erythema usually appears f i r s t ,  ra ised papules and ves ic les  developing l a t e r .  
The f l u i d  i n  t h e  ves ic les  i s  c lear  a t  f i r s t ,  but becomes cloudy after t h e  
f i r s t  day o r  two. 
t h e  presence of bac t e r i a  except i n  rare instances i n  which t h e  organisms 
were probably introduced from the surface o f  the skin. 
erupt t he re  is  opportunity f o r  infect ion t o  occur from the  outside,  and t h e r e  
can be l i t t l e  doubt t h a t  t h i s  contributes t o  and complicates t he  p i c tu re  
observed i n  later s t a g e s .  It i s  remarkable, however* t h a t  large papules 
several  mil l imeters  i n  diameter sometimes appear which one judges t o  be due 
t o  secondary infect ion but which rap id ly  regress  when the  subject is 
removed t o  a cooler environment. 

Culture of  t h e  c lear  f l u i d  of  t h e  ves ic les  d i d  not reveal 

When t h e  ves ic les  

In  general ,  t h e  development of t h e  primary lesions appears t o  be 
rap id ly  revers ib le ,  a matter which w i l l  be i l l u s t r a t e d  more f u l l y  below. 
This r e v e r s i b i l i t y ,  the lack o f  evidence o f  primary infect ion,  and t h e  
universal  occurrence of the r a sh  in a l l  subjects  when temperature conditions 
are s u f f i c i e n t l y  severe lead t o  the conclusion t h a t  heat rash  i s  pr imari ly  a 
physiological process 

The d i s t r i b u t i o n  of t h e  lesions as wel l  as t h e  morphology var ies  widely 
from individual t o  individual.  

Microscopio studies.-  A piece of sk in  about 30 x 7 mm. i n  a rea  was 
removed from the  lumbar region of one of t he  subjeots of experiment 5, f i ve  

because he showed very severe heat rash on the back i n  generalo but virtually1 
days a f t e r  the  f i r s t  appearance of heat  rash. The subject  was selected f 

no rash on t h e  area exposed t o  u l t r a v i o l e t  rad ia t ion ;  t h e  s k i n  removed i 
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included par t s  of both areaso 
f o r  s t e r i l i t y  was l i g h t  swabbing with iodine solution. Block anaesthesia WPBS 

used t o  avoid swelling of t h e  sk in  o f  t h e  biopsy s i te ,  T h e  biopsy a rea  was 
f ixed r 'igidly i n  a frame t o  prepent shrinkage, cur l ing o r  d i s to r t ion  during 
removal o r  f i xa t ion .  
assure high v a l i d i t y  t o  t h e  measurements of dimensions of sk in  elements. 

To avoid hyperemia, t h e  only precaution taken 

Fixa t ion  was by freezing and drying. These preoautions 

After drying, the sk in  sanple was immersed i n  absolute alcohol,  'embedded 
Most of  t h e  sect ions were i n  n i t roce l lu lose  and sectioned s e r i a l l y  at 2 4 F 0  

stained with hematoxlin and eosin and mounted i n  e l a r i t e ,  but a few were 
examined unstained t o  determine the  d i s t r ibu t ion  of melanin pigmento Measure- 
ments were made on enlarged project ion drawings (X300) of  t he  cross-sectional 
a rea  of t h e  epidermis and of the length of  t he  basal  ee l1  layer.  

The epidermis o f  t h e  heat r a s h  area was thickened, as indicated by t h e  
grea te r  cross-sectional a rea  in  t h i s  region as compared t o  t h a t  which was 
heat rash f r e e  ( t a b l e  1). 
l a t t e r  a rea  w a s  no doubt thickened as a r e s u l t  o f  exposure t o  u l t r av io l e t  
rad ia t iono  The basal  layer  i s  as i r regular ,  if not more i r regular ,  i n  the  
heat rash  area. than i n  the  heat  rash f r e e  a reaD even though t h e  l a t t e r  area 
probably showed g rea t e r  i r r e g u l a r i t y  than normal skin.  Helanin pigment was 
more marked i n  the a rea  whioh had been exposed t o  u l t r av io l e t  rad ia t ion ,  
e laborat ion of  epidermal pigment being one of t h e  r e su l t s  of such exposure. 
In the  heat r a s h  areao s m a l l  b l i s t e r s  containing wandering c e l l s  were 
v i s ib l e  i n  the stratum lucidum, and p a r t i a l l y  healed areas were marked by 
increased thickness of the stratum lucidum. 
b l i s t e r s  were r e l a t ed  t o  sweat glands o r  ha i r  f o l l i c l e s .  Only one of t he  
sweat glands examined contained polymorphonuclear leucocytes In a few 
regions of heat rash,  unusually large numbers of wandering c e l l s  had 
i n f i l t r a t e d  a l l  layers  of the epidermiso 

This is pa r t i cu la r ly  s ign i f i can t  because t h e  

Neither t h e  thickenings nor t h e  
' 

In the dermis, t h e  pap i l l ae  were edematous i n  the  heat rash area, as 
indicated by the looseness of the collagen bundles, and were i n f i l t r a t e d  with 
wandering oells. In the deeper layers,  the blood vessels i n  the heat rash  
a rea  w e r e  surrounded by markedly th icker  collars of  wandering c e l l s *  
Chromatophores were not g rea t ly  d i f f e ren t  i n  number i n  the  two areas. The 
epithelium of t h e  s w e a t  glands of t h e  heat rash area was  normal, but  the 
r e t i c u l a r  connective t i s s u e  of the  sweat glands was more edematous than tha t  
of t h e  areas which had been exposed t o  u l t r a v i o l e t  radiat ion.  

The findings on t h i s  biopsy may be s m a r i z e d  as ' fol lowsl  Theepidermis 
of t h e  heat rash  a rea  i s  hyperplastic.  
stratum luoidum, and a r e  not  r e l a t ed  t o  t h e  sweat glands o r  ha i r  f o l l i c l e s .  
The dermis is edematous, and gives every indication of inflammation. Some 
o f  t he  inflammatory c e l l s  have ihf ' i l t ra ted the  epidermis, and i n  one case the 
duct of  a sweat gland. 

The b l i s t e r s  have formed i n  t h e  

Three more biopsies were taken from subjects  of experiment 6, One of 
these was a large sec t ion  including an a rea  of skin exposed t o  u l t r a v i o l e t  
rad ia t ion ,  and another area n o t  exposed t o  this agent. The other two were 
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small punch biopsies including only  asolated lesions Unfortunately the  
heat rash wag not as marked in these s1Ab;jeot.s as i n  tho subjec t  exmined fron 
exporiment 5 and t h a t  which had haen present was nearly healedo The findfngr 
were'. howevero i n  general  agreament. 

The mater ia l  exmined is of p w - t ; i c ~ u X ~  i n t e r e s t  i n  that  it, does not  shoi 
evidence of primary involvement of the  sweat gPends- which axis general ly  supg 
posed t o  be primarily involved in thc development; of haat, rash ( 3 ) ,  
mater ia l  i s  t o o  Umitetd,  howeverL t o  ps rmi t  my gsneralicatAono, It Pa q u i t e  
possible t h a t  t he  morphological pic ture  varies wxth the s tage of development 
of heat  r a s h p  and that we have s tudred BD oarIiez o r D  perhaps,  a di f fe ren t  
s taga than have other  invest igators ,  
have examined should be col lezted at dLffferent stages In the developent  of 
t h e  Lesions 
This might be an advantagsaus mothod of skudy i n  oonCrasi; t-.c b x p s i e s  from 
the  na tu ra l ly  oocussing rash produced under uncontxcbled cc.nl-lxt.ions 
unknown dura t ion ,  

Tho 

N h r e  bispsy mater ia l  of t h e  t-ype we 

f rom subJt?c.ts exposed t o  con.t;mll.ed tecmperatu~i) r,ondikfons 

md of 

Conditions under which hea t  sarlh Q C C U ~ " S ~  - The conditiitns aid results of 
six experiments are sunmarized b r i e f l y  i n  GLle 2, In the  f i r s t  f c u r  experi- 
ments the subjects  pexforr;led physic.al wrk i n  a hot anvircnncni; ciuring a pa& 
of each day, but spent the  remainder o f  the  day arid s l q t  at, night i n  
quarters having a somewhat d i f f  eyent envkronmenx. (see ref e renw 2 f o r  fu r the r  
d e t a i l s ) ,  In experiments 3 a n d  4, the  enT&mmen+, was condortable, and i n  
both cases t h e  ineidenc,e of heat rash was :ow, only one nian in each group 
developing it, and then  only t80 a s l i g h t  extent;, XI1 s q o P 3 m x t t s  5 and E t h e  
subjects  spent the  whale day In a hot. mrc-l;o.L-nmnt. h9.t did rio work; a l l  thc  
subjects  developed heat  rash, 

Theso experiments do not ac.surat.ely dttlimxt. the tsnplamture Gondit3.om 
which, e l i s i t  heat rash, shc .e  conditions other thnn temperature were not  the  
same i n  a l l ,  For  example, the subjects  added to the i r  heat  Load i n  some 
experiments ,by doing physical worko but not in others ,  
t o  e s t ab l i sh  t h e  exact  X h i t i n g  conditiarx f'os;hea.P, nwh  hy a s e r i e s  or" 
s tudies  in whkh only tho eemperstur? ccnditions vmm -mra.edo 
enviromienta in e.xperb-en2;s 1 t~ 6 were veq- ixmiid$ aqd ;1ntorl~: ~ w e ~ G i i 2 g  
without h e d : , a t e  svaporaaticn O C G U ~ T ~ ~ ~  Tho s f f e o t  sf dzy  hsat  where the  
sweat evaporates immediately sild the sk in  xc3rmai4~ relativeljr dry shou.ld be 

1% would be desirable  

41.1 the ho% 

s tudiud o 

When t h e m  is a re sp i t e  f rcn hot environment during a ccnsiderabls p a r t  
o f  the  day,, heat rash is not nearly so praira!ent ( t a b l e  2 I c  
appears t o  be a r e l a t i v e l y  reversible  conci5-tfsn i s  also attested by t h e  rap id  
dfsappearmce of t h e  ful.3y de*relopr,d rash when t h o  subject. is xmoved t o  ~b 

coo 1 eua;iromont 

That heat rash 
' 

Ubtua.viol.et rad ia t iono  c1 Sw;?r ar~ning has been t r i e d  widely m1mg tho f o roes  
i n  U l e  Pacff fc  area as psaphyhxLs against heat rash,, and th3-t: has beer soma 
favorable o m e n t o  
radiation under c.or,tsolled condit.fona ware made i n  experiments 5 and 6' 

Attempts t o  study the a f f e  t of exposure ':A' u l t r av io l e t  

-. 4 0 

~-.- . . . . . . . . _I _.__ . 
.- _ -  . . _ " _  . .~. ., _"_ ._-_, "~.. . . ... --.-- --- --- 

_ .  .. ___I 



In  experiment 5,  f i v e  subjects  were exposed t o  r ad ia t ion  from a carbon 
arc using "therapeutic C" carbons, f i l t e r e d  through Corex D glass ,  
areas of the  baok, eaoh approximately 5 x 6 inches, were exposed once each 
day fo r  f i v e  days previous t o  and .two days a f t e r  entering t h e  hot environment. 
The dosage was adjusted t o  t h e  individual erythanal threshold,  which wab 
determined by exposure of several  s m a l l  areas t o  a s e r i e s  of graded doses, on 
the  day before the  f i r s t  exposure of a large areao 
f i r s t  f e w  days consisted of  doses 25 per cent higher than t h e  threshold; t h i s  
was ra i sed  another 25 pes ceat on the t h i r d  o r  four th  day according t o  t h e  
response of the  individual,  and in  some cases a t h i r d  r a i s e  of 25 per cent 
was made later. 
quamat ion, WRS i n  general  successful ,, although mild desquat ion occurred i n  
some cas es . 

Two 

The exposures for the 

The attempt t o  produce erythema and tanning without des- 

In t h i s  experiment a l l  f i v e  o f  t he  subjects developed he.at rash, but a l l  
showed less  rash on t h e  areas of the back which had been exposed t o  u l t r a -  
v i o l e t  rad ia t ion  than  on the  surrounding skin,  a t  least a f t e r  t he  f i r s t  day 
or two following appearance of the rash. In some cases the  difference between 
t h e  exposed and unexposed areas was s t r ik ing ,  and the re  can be no doubt t h a t  
i n  t h i s  experiment t he  exposures t o  u l t r av io l e t  rad ia t ion  d e f i n i t e l y  inhibi ted 
the  development of the *heat rash. 

l a t e r  than  experiment 5, were most surpr i s ing  because they showed no d e a r  
evidenoe of the inh ib i t ing  act ion o f  u l t r av io l e t  radiat ion which was so 
obvious i n  experhenti 50 In soma instances the heat r a s h  was more severe on 
the exposed than on the surrounding areas, i n  others l e s s ,  

The r e s u l t s  o f  experiment 6 ,  which was car r ied  out about two months 

In the l a t t e r  experiment ( 6 )  t he  dos'ages were applied somewhat d i f -  
f e r en t ly ,  but this would no t  seem t o  account f o r  t h o  s t r ik ing  dirferences 
in  the r e s u l t s -  
o r  t he  abdomen were exposed da i ly  t o  carbon a r o  rad ia t ion  a t  d i f f e ren t  
periods before entrance in to  the  h o t  environment ( e , g .  4 weeks, 3 weeks, etc.) 
and rad ia t ion  f r o m  an intermediate pressure and from a l o w  pressure mercury 
a rcp  was applied t o  other a r e m e  The schedules and other de t a i l s  of thg 
exposures f o r  both experiments 5 and 6 are shown i n  t a b l e  3* 

Areas approximately three inches square on e i t h e r  t h e  back 

While none o f  the dosages i n  experiment 6 was exactly comparable t o  
my one of those i n  ex2eriment 5, a wide range was covered i n  the  l a t t e r ,  and 
it seems unlikely t ha t  t h e  difference i n  the r eau l t s  of  t he  two experiments 
is t o  be accounted f o r  on t h e  basis  of dosage. 
were somewhat smallsr  i n  the  second experiment, but w e r e  anply large t o  
de tec t  any marked difference between t h e  exposed and unexposed skin. There 
seems no reason t o  expect that the  s i z e  of t h e  a rea  exposed should e f f e c t  
t h e  development of heat rash within the  area9 pa r t i cu la r ly  s inee i n  experi- 
ment 5 t he  absence of heat rash was sharply l imited t o  t h e  exposed areas. 
The exposures t o  u l t r a v i o l e t  r ad ia t ion  were somewhat shor te r  i n  experiment 6 
( s i x  days) than  i n  experiment 5 (eight  days) 
t h e  doses i n  the  former corresponded exact ly  with those i n  t h e  lat ter.  

The areas of sk in  exposed 

and as t ab l e  3 sliows, none of 
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It must be ranembaredo howevers t h a t  t he  response of the individual t o  ul t ra .  
v i o l e t  rad ia t ion  is qu i t e  var iable  and not subject  t o  exact quant i ta t ion  so 
it is d i f f i c u l t  t o  believe t h a t  t h e  differenoes in dosage would produce suoh 
sharp differences i n  r e su l t s  f o r  the two groups o f  subjects .  It also seem 
improbable t h a t  the  s t r ik ing  difference i n  the  r e s u l t s  of the two experiments 
is explainable on the bas is  of individual differences,  i.e. that i n  experi- 
ment 5 f i v e  individuals happened t o  be used whose skins  were, with regard t o  
some pa r t i cu la r  character,,  spec i f i ca l ly  different  f r o m  those o f  the s i x  sub- 
jects used i n  expe rhen t  6. It seems more l i k e l y  t h a t  some seasonal d i f -  
ference was involved, s ince  experiment 5 was carr ied out  i n  l a t e  Apri l  before 

* t h e  hot season had cammenoed, and experiment 6 was performed i n  mid-June. 
In experiment 5 t h e  period o f  exposure t o  u l t r av io l e t  radiat ion p r i o r  t o  
entering t h e  h o t  environments was comfortably cool, whereas during the  cor- 
responding period of experiment 6, t he  weather was hot, and t h e  men no doubt 
sweated a good deal. 
o f  t h e  experiments i s  a matter of conjecture at present, bu t  it is qu i t e  
poss ib le  t h a t  the  skins were i n  d i f f e ren t  conditions i n  the two experiments, 
both during the period of exposure t o  u l t r av io l e t  radiat ion,  and a t  t he  
beginning of the  exposure t o  ho t  environmento 

The exact bearing o f  these conditions on the  r e su l t s  

From a p rae t i ca l  standpoint,  the  experiments do ncPt suggest that sun- 
t a m i n g  o m  have grea t  usefulness i n  t h e  prevention of heat rash. 
of u l t r a v i o l e t  rad ia t ion  obtained by exposure t o  na tu ra l  sunl ight  are 
necessar i ly  very var iab le  (4) 
than  are t o  be found between experiments 5 and 6 o  
t r u e  if seasonal f a c t o r s  o r  individual differences account f o r  t h e  d i f -  
ferenees i n  the r e su l t s .  Our experiments suggest t ha t  qu i t e  dramatic 
i nh ib i t i on  of  heat  rash may sometimes be obtained as a r e s u l t  of exposures 
t o  na tu ra l  sunl ight ,  which a re  apt t o  outweigh i n  the  observer's mind other  
negative r e s u l t s  t h a t  may be observed. They a lso  suggest t h a t  divergence 
of  opinion with regard t o  t he  therapeut ic  use of  u l t r a v i o l e t  radiat ion i n  
cutaneous diseases m a y  be due t o  unknown fao tors  such as appear t o  have 
affected our  experiments, 

The doses 

and must represent much grea te r  differences 
The 8ane i s  obviously 

Certain experiments with u l t r av io l e t  rad ia t ion ,  not involving hot 
environments were  car r ied  out  subsequent t o  the experiments discussed aboveo 
and w i l l  be described br ief ly .  
u l t r a v i o l e t  r ad ia t ion  considerably above the  erythemal threshold, it was 
found t h a t  inh ib i t ion  of the  appearance of  erythema occurred when high doses 
with the  longer wavelengths of the  erythema spectrum were applied. There 
r e s u l t s  an apparent optimum dose f o r  erythema production, but sk in  damage 
does not  show suoh an optimum. The phenomenon seems explainable as due 
t o  ' the inh ib i t i on  of t h e  response of the minute vessels  by the act ion of 
t he  longer wavelength u l t r a v i o l e t  which penetrates  t o  them. 
t o  the e f f e c t  of u l t r a v i o l e t  rad ia t ion  on the development of heat rash,  
t h i s  phenomenon introduces one more var iab le  t o  be considered and suggests 
t h e  p o s s i b i l i t y  that d i r e c t  act ion on the minute vessels  may be involved. 
In addition, it renders ex is t ing  concepts of the erythemal threshold as an 
index of individual s u s c e p t i b i l i t y  t o  u l t r av io l e t  radiation, and as a basis  
for therapeut ic  doaage, qu i t e  inexaot. 

In  exploring the effect of heavy doses of 

With respect  
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Pressure and f r i c t i o n o -  To examine the  possible e f f ec t s  of  rubbing OF 
pressure of clothing, pressure bandages were placed on the  wrists of some 
subjects ,  and lea ther  w r i s t  bands on others.  There was no evidence t h a t  
e i t h e r  of these devices markedly diminished or enhanced the heat rash. . 

Inhibi t ion of" sweating by formalino- In experiment 6 an area approximtely 
th ree  inches square on the thigh of eash subjeet was subjected t o  formalin 
caused t o  enter  the  sk in  by electrophoresis,  following the method described 
by Pfnsoii (51, 
Heat rash developed on these areas, t o  approximately the s m e  extent  as on t h e  
surrounding untreated skin,  ThS8 finding is of i n t e r e s t  beoause the re  i s  a 
general  tendency t o  connect heat  rash with excessive sweating. The experi- 
ment should be repeated befare our f inding is  construed as disproving' t h i s  

. In a l l  eases sweating was inhibi ted if  not completely abolished, 

hypothesis o 

Cold baths,- In both experiments 5 end 6, some of the  subjects  were 
permitted t o  bathe with cold water once a day. 
average somewhat l e s s  heat  rash than those who did not baths,  but the d i f -  
ference was  not  grea t ,  

These subjects  showed on t h e  

Changes Aocompanying t h e  Development of Heat Rash 

Blood changes0- During the exposure t o  hot environment, the  subjects 
were allowed t o  take water and s a l t  ad libitum, and there  was  no evidence of 
hemosoneentration, 
plaama were determined and progressive changes were not observedo In experf- 
ment 6, hematocrit measurements indicated some hemodilution during t h e  per iod 
of exposure t o  hot environment, and t h i s  was also suggested by a correspond- 
ing f a l l  i n  the  red ce l l  countso 

- 
In experiment 1, hernatoorgt and ref raot ive index of 

White c e l l  aounts were made i n  experiment 6 onlyo A l l  s i x  subjects  
showed a r ise  i n  w h i t e  c e l l  count, even though hernodilution oocurred, In 
about five subjects  t h e  white counts remained high throughout the exposure 
t o  heat, 
rise (allowance being made for hemodilution) 
counts pers i s ted  i n  some subjects  17 days a f t e r  leaving the  hot environment. 
The data ,  which are  plo t ted  i n  f igu re  1, show t h e  rise i n  wh&e o e l l  counts 
t o  have been vexy grea t  in some subjec tso  
r e l a t i v e  bymphooytosis in ab1 subjects,  indicat ing tha t  t h e  r a i sed  white se l l  
count was not a s i g n  of  an acute pyogenic condition, but probably a physio- 
logioal  response t o  heat,  
t o  acscept t h i s  change in white c e l l  count as def in i t e ly  associated with 
exposure t o  hot environment o r  with heat rash, bu t  t h i s  is a lead t h a t  should 
ce r t a in ly  be followed upa 
exposures t o  heat has been reported previously ( 6 ) o  

In one subjeet  the count fell t o  prs-exposure l eve l  after i n i t i a l  
S l igh t ly  r a i sed  white ce l l  

Di f fe ren t ia l  oounts showed 

1 ' :  
Without r epe t i t i on  of t h i s  experfnent one hes i ta tes  

Increased white 0011 count accompanying short 

Hydrogen ion concentration of the  sk in  surfaoeOO In experiment 5 #  the 
pH of t h s  sk in  surface was explored with ind ica tor  paper, and in experiment 6 
t h i s  ra ther  rough method was supplemented by measurements with a glass  electrode. 
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The moasureaaents w e r e  made before, during and af ter  enter ing t h e  hot envfsonl 
menfig the  areas explored were the  ehxflka, groin,  and the  foot between the 
t o e s ,  with a smaller number of determinations on the  forehead and necko 
consis tent  change i n  pH was associated with entrance i n t o  t h e  hot environment 
nor with appearance of the heat  rash. These seema no reason t o  believe tha t  
the  development of hea t  sash i .a  associated with ohange of pH o f  the sweato 

No 

No eonsfs tent  difference was found between areas exposed t o  ultraviolet 
1 

1 )  rad ia t ion ,  and surrounding a r e a  o' 
I 

Sweat r a t e s o -  The l o s s  of water by sweating w i t h  the subject  standing at 
r e s t  during periods of two hours w a s  measured as the difference i n  body 
weight at t he  beginning and end af t he  periodo 
t o t a l  amount of sweat and the  degree of heat r a sh  was found, but the number o 
subjeots was t o o  few t o  pesnit a conclusive statemento 

No re la t ionship  between tho 

E l a s t i c i t y  of the s k i n o -  Msasurernen-ts of  e l a s t i c i t y  of t he  skin of t h e  
abdomeno poetoral  region and thigh,  by means of the tensitonlotel: of Sodeman 
and Burch (71, were macle on three subject8 at in t e rva l s  before end a f t e r  
entrancre into +he h o t  environment i n  experiment 6 0  There was no avidenoe 
2f' change in e la s t i c . i t y  of t he  skin dwing exposure t o  tho  hot ellvi.ronment, 
or  development of the  heat rash, and the measurements were disc,ontfnued, it 
being concluded t h a t  such changes as might o c c w  would nc t  ha  detected by 
t h i s  method, 

I His tmine  and sa l ine  whealso- Using a "whealometer" devised by Dso C o  C. 
P f e i f f e r  f o r  determining the change i n  v o l m o  of wheals with time, the 
development of wheals r .esukting from h i s t m i n e  pr icks  and t h e  disappearance 
o f  wheals sauaed by in t r ademal  in j ee t ion  o f  s a l i n e  were s tudied,  The result1 
were q u i t e  nariabbe, and do not  suggest any da f fn i t e  changes i n  formation or  
disappearance of such wheals upon enter ing  a hot envisonnent, nor any pso- 

1 gress ive  changes during expcsure t o  hea t  or aasoeiated with heat  rasho 
,I 
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Table 1.- Measurements of epidermis in four 6-eotions ( 2 4 A  thiok) 
_I 

Sec- 
t ion 
NO o 

7 

1 

31 

71 

.01 

- 
* 

Por- 
t i o n  
of skin 

* 
u o v o  

bore** 

u o v o  

hop. 

UoVe 

h e P o  

yovo 

h o r o  

Length o f  
epidermis 

( o r n o )  

Length of  
basal 
layer 
(-1 

Ratio of 

layer to 
length of 

length of basal 

epidermis 

1 I 

0067 0086 l o  51 

lo42 2056 l o 8 0  

00 52 -0086 1.65 

1002 1083 l o  79 

0.78 1021 1. 55 

1033 2.11 10 59 

0087 l o 4 8  1.70 

1.19 &9 6 1065 

Area exposed tg ultraviolet radiation. 
Area exhibiting heat rasho ** 

k e i  of 
cross- 
section 
o f  epi -  
dermis, 

2 cm 

0.008 

0.025 

0,007 

0.019 

00010 

0.022 

0.011 

0 0022 

Ratio o f  oros8 
section of 
area of  epi-  
dermis t o  
length of 

epidermis 
, 

1.4 

1.7 

1.3 

1.3 

l o 7  

1.3 

108 

-- . . . . , .. ... 
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Table 3,- Schedule of exposures t o  u l t r a v i o l e t  rad ia t ion  

Exp erirr'ent Area I ~~ - 

Approximat e 
6 ize  

of area  

5 x 6 inn 

3 x 6 in. 

3 x 3 in.  

3 x 3 in .  

3 x 3 i . n .  

3 x 3 in. 

3 x 3 in ,  

3 x 3 in ,  

3 x 3 in. 

3 x 3 in ,  

-~ ~ 

Type of 
rad ia t ion  

carbon arc** 

carboa a rc  

carbon a rc  

carbon a rc  

carbon arc  

oarbon arc  

carbon a r c  

carbon a rc  

mercury A 

2 5376 

*** 
+ 

$,+ lays exposed 
( inclus  ive) 

- 5 t o + l  

+ 4 f o + 8  

-28 t o  -23 

- 2 1  t o  -17 

-15 to - 9 

- 7 t o - 2  

O t o + S  

+ S t o + 8  

- ? t o - 2  

- ? t o - 2  

0 The pos i t ion  of any given area  on the body was d i f f e r e n t  
in  each subject ,  t o  avoid misinterpretat ion due t o  
grea te r  incidence of heat ra8h i n  some areas. A l l  
i r r ad ia t ed  areas were on t h e  back, thorax or  abdomeno 

*'Therapeutic C" oarbons 

*** * 

+ 
++ 

Intermediate pressure mercury arco 

Low pressure mercury arce 

Day 0 is  the day of  entrance in to  the hot environment, 
negative values days before 0, pos i t ive  values 
day a f t e r  0. 

r 


