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PRINC IPA L INK5 T I  G A T O S  

During t h i s  r epor t inz  period t h e  p r inc ipa l  invest i ,yators  were .~ 
F:dward L. Alpen, A .  Kennon Davis, E l l y  !“l, Jacobsen, D, M. Jones and 

F i i l l i e n  Lee. 

C OILABOIiATOrlS 

Olorkinp with the p r inc ipa l  i n v e s t i g a t o r s  were John A.  Alexander, 

IGI ,  Basil Scofirlio, Hlil ,  an? Charles %Kq?rty, In31 ( t o  13 October 1954). 

OBECTIVES 

On 1 February 1954 e new program proposal orientrd towards the l o c a l  

ef’ects of k.i@ i n t e n s i t y  thermal r a d i a t i o n  vas submitted and approve? by 

AfSLF‘. 

Wn;e 1. l h s i c  ConsiAeretions on t h e  In t e rac t ion  of Fabrics an6 l!iph 

I n k n s i t y  Radiant Fnerm w i t h  Reference t o  Effec ts  on Skin, 

T h e  phases of t h i s  pro,pax a r e  as follows: 

Tile primary objec t ive  of t h i s  task is t h e  eveluazion of  a l l  pars- 

metcrs h ~ i v i n g  an e f f e c t  on t h e  p m t e c t i v e  inf luence provi?eri by fabi i -  

corntinations a,gainst t h e  e f f e c t s  of h ioL i n t e n s i t y  raAiant thermal e n e r g .  

P k s e  2. Xiifiies on t h e  Xelationsbin of Seve r i ty  and Notiire of Burn 

Damre and Cer ta in  Parameters of Biolorrical Effectiveness,  
‘I 

A3 a na tura l  adjunct to Phase 1 it  b e m m t $  inperati tre t o  ascertain 

t h e  b i c loq ica l  e f fec t iveness  o? certain t,vpen of burn les ions.  

t e i n  condi t ions of erporru-c t o  mAle:,t e n e r c  t h o u &  fehric combinations 

e i t h e r  pure radiant enerp bmis, f l a v  h r  Q- contact  burns w i l l  arise. 

T!,e object ive of this tssl! I s  t;e e v a l u e t i m  of r e l a t ionsh ips  betveer. 

tbesr various types of lesions m d  RWE ‘cic,,lo;.icel endpoint should be 

k d e r  c e r -  



evaluated. 

a) study of mor t a l i t y  an8 body area -- b a y  size r e l a t ionsh ip ,  a n d  

b )  study of acute red bloo6 ce l l  des t ruc t ion  as a funct ion  of burn i n -  

t e n s i t y  and type.  

Phase 3 .  

I Prcduction and Survival.  

T h e  two subtasks of t h i s  phase as present ly  out l ined  are: 

S tud ie s  of t h e  Fffects of t h e  Local D m  Lesion on Ervthrocytrr- 

The ob jec t ive  of t h i s  t w k  is t h e  i n v e s t i f a t i o n  of t h e  relationship 

between ery throcyte  production in the  burned animal ana t h e  tile course 

of inflammatory processes i n  the  local  les ion .  

L P W E  1. PROGESS 

1.1 Febric  Studies .  C r i t i c a l  !‘:nerEies f o r  S k i n  Rehin4 Stansard 9 oz. 

:*ateen, 

The Guartermaster Corp of t h e  Army hss made ava i l ab le  t o  t h i s  ’&Sora- 

to ry  s s e r i e s  of f a b r i c s  i n  nhick t h e  r e f l e c t i v i t y  i s  varier! by incorpora- 

t i o n  of graded amo1mt.s of carbon black in a carboxymet%l c e l l u l o s e  binder.  

T h c  c r i t i c a l  energ ies  f o r  t hese  fabrics hove been measxlrerl a t  1 second 

square wave exposures a t  contac t  and a t  spncings of 2 m o r  5 mm. The 

r e x l t s  of these measuresents are  giver ir .  T e b h  1. 

I t  has not  been possible rltt. t’-c p e ~ l  irrarliunce of t he  I t i t che l l  

sou r i e  t o  produce burns e t  5 m spac inr  emept where lone exposures are 

used w? , i ck  pro+uce des tn i c t im  of t b v  f cb r i :  . 

5 rim spacing in Tab:..: 1 r e e 8 r n 1 s  e 2.75 aec f u l l  beam exposure, 

Toe 6,: ca?/cm 2 exposure a t  



1.2 TemDeratwe Lteasurements, 

A thermoco1)ple f o r  intradermal  use has  been develope< I n  t h i s  Leborc- 

t o r y  of 0.8 m i i  constantan upon which a s i l v e r  junc t ion  h33'been plated.  

The w i n u r n  diameter of t h e  couple is 1.2 m i l  over t h e  r e ; l o n  of s i l v e ?  

p la t ing .  

s k h  systems a?d on bare Tabric. 

temperature h i s t o r i e s  f o r  bare sk in ,  white  f a b r i c  I n  c o n t x t  with sk'm, 

en?! da rk  grey f a b r i c  I n  contac t  w i t h  skin.  

of white f a b r i c  t he  time-temperature h i s to ry  of t h e  subc Itaneoiis couple 

a t  a depth of 200 microns is q u i t e  similar t o  t h a t  of t k '  same couple OII 

bare  sk5.n. 

a re  quite  sirniiar. !lowever, i n  t h e  case  of the  ?ark n e :  f a b r i c  the  SEF. 

cutaneous temperature h i s t o r y  is q u i t e  d i f f e r e n t .  

Frnlcnged wit1-, the  tl,ree couples a t t a i n i n g  equnl temperaiures in ab,ut 10 

se-onds,  

1, j -tral Measurements, 

Measurements have been made w i t h  these  couples 4.1 t h e  f a b r i c  

Figures  1, 2, and 7 are t r p i c a l  t i r e  

It is e v l h i t  t h a t  In t h e  ca:(j 

T1.e peak tenpera ture  a t tn ined  an8 the  dwa t i tm  of  hyperthermtr 

The r lso  i s  slow a.i 

I n  an e f f o r t  t o  expla in  certain d iscrepancies  between cr:t!cal mer- 

@e5 f o r  s k i n  determined on var ious  r a d i s n t  energy sources i n  ':Is Laborn- 

tory and t o  e l u c i d a t e  the  effect of f a b r i c s  I n  t h e i ?  r o l e  as s ,? lect ive 

spectra: f i l t e rs  a study has been pursued on the  c r i t i c a l  ener g f a r  burn 

production with var ious filters. 

f o u r  f i i t e r s  on norm1 an? blackece' rst ~ k i ~ .  These da t a  Are presented 

i n  Figure 4. F i l t c  I., 0.4 - 0 . 6 ~ ~  :'ilter B, 0.6 - 
C,O p, Fi l te r  C ,  0.8 - 1.9 + p  (peak ai 1.1 pj, F i l t e r  0, 1.0 - 2.0 4-31 

War:- ha? been completed w i t ' !  a s e r i e s  o i  

These f i l t e r s  are: 



(peak a t  l.5j.1). The c r i t i c a l  energies f o r  a l l  but Band nB1l a r e  i n  

t h e  range 3.8 - L.5 csl/cm2 f o r  a m i n i m a l  w h i t e  burn a t  2.0 see exposure. 

The B f i l t e r  has a c r i t i c a l  energy of 25 cal for  a 6 second bxposure. 

Shor t e r  exposures a t  fu l l  beam i r r ad iance  f a i l e d  t o  praduce a burn. Re- 

c1p:ocity fa i lure  a t  t h i s  l e v e l  of s k i n  damage would, however, no t  a l t e r  

t h i s  f i g u r e  by more t h a n  10 - ZO$ i n  t h e  downward d i r e c t i o n  f o r  t he  2.0 

SE.: burn. 

On blackened sk in  t h e  c r i t i c t i 1  anergy is, as woiild be predicted,  i n -  

cjependent of wave length.  

2 burn  i s  2 . b  caljcm , 

The value f o r  production of a minims1 white  

The conclusions from these d a t e  are t h a t  t he  white  f a b r i c  a c t s  as 

L n e u t r a l  t ransmission f i l t e r  without  i t s  own temperature being remaritatly 

e leva te ,? ,  and the  black f a b r i c  acts as e hea t  t r ans fe r r inE  medtum wi thout  

6irc:t t ransmission of an appreciabie  proportion of r a 3 i s n t  e n e r a ,  Frnn 

EIiga-c 3 it can be seen t h e t  a burn behind black f a b r i c  is  e s s e n t l a l l g  

equiva len t  t o  a contac t  type burn. 

i , 4  Warnan Stuc'ies. 

A comparison has been made of t h e  c r i t i c a l  e n e r m  for  f irst  degree 

burn production on t h e  human forearm a t  simulated weSpon y i e l d s  of 100 k t  

and 10 m t .  and 6 cal/cm , respect-  

ively,  The da ta  is as yet incomplete but these  figures are considered t o  

be co r rec t  wi th in  t 0.5 cal. 

1.5 Pulse S h o e  Studies, 

2 2 These have been foun8 t o  b~ 4 cal/cm 

S tud ie s  on t h e  Critical energy f o r  ra t  skin as a h c t i o n  of weapon 
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y i e l d  over the  range 20 kt t o  40 m t  have been completed and t h e  report 

published. 

t a i l “  of t h e  pu lse ,  o r  i n  o ther  words s imula t ing  evasive ac t ion .  S t d i e s  

at t he  250 k t  y i e l d  hsve been completed. The data are presented I n  Table 

2. I t  caq be seen from t h i s  table t h a t  even a t h r e e  second cu tof f  succeeds 

ir. making B small d i f f e r e n c e  in e f f e c t i v e  radius f o r  production of a mini- 

ms.1 white burn and t h a t  a 1.0 seconc! cutoff  makes an tipureciable d i f fe rence .  

Frsr;, cGhmn t w o  of t h i s  t a b l e  t h e  e f f i c i ency  of t he  tF.ree pi:lse shapes can 

be d i r e c t l y  compared. 

S tudies  are now i n  progress on t b e  effect of “ c u t t i n e  of t h e  
. .  

The parameters used f o r  t h e  nuclear  pulse  are those presented i n  

S t r e e t s  (:SSVi.P 503). 

orly 8% of the  energg is delivered i n  t h i s  i n t e r v a l .  

f a c t o r  must be mede i n  ex t r apo la t ion  t o  t r u e  pulses.  

Ten t p  is taken as 8 nominal full pillse even though 

Correc t ion  for t h i s  

It must be recognized t h e t  c e r t e i n  assumptions a r e  mads i n  tbess 

s t d i e s  which d~ n o t  ho l6  for the  f i e l d  con0i t ion.  

t e n t .  of these a re :  

nit?. t ime,  ao-! b) the  e n e r a  reaching the  in”vidus1 is not  apnreciably 

sca t t e red .  

Two of  t he  most impm- 

a )  t h e  s p e c t r a l  + is t , r lbu t ion  of energy 6oes not  chanee 

2 *  PRASE 2. PROGRESS 

2 .1  Acute 3ed Blood C e l l  D e 3 t x u c t l : ~  

S tud ie s  on acute  red blood ce l l  des t ruc t ion  a r e  nearly completed a t  

t h i s  time. The d a t a  a r e  presented i n  Figures 5 t o  8 .  

2 The des t ruc t ion  measured f o r  I2 o r  16 oal/cm given i n  1 sec a r e  20 
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and 2& r e spec t ive ly  a t  24 hours after exposure. 

increased  by t h e  s h o r t e s t  exposure time (0.5 s e c )  but  unaffected by i n -  

Destruct ion ia a p w r e n t l g  

c reas ing  t o  2.0 sec. 

225, no s i g n i f i c a n t  d i f f e rences  a r e  detected.  

t h a t ,  hea5 in jured  c e l l s  are no t  completely removed i n  4 hours f o r  ir. near ly  

every measurement des t ruc t ion  at  & hours is increased. 

Over t h e  ranee of area involvement s tud ied ,  15 t o  

It is obvious front t h e  d a t a  

I t  has been 6emonstrated t h a t  t he  e a r l y  anomalous r e s u l t s  obtained i n  

t h i s  J.ahx-&tory w i t h  Cr510 

fe rcnce  of etber anes thes i a  w i t \  CrO l abe l ing .  

subject t o  this shortcoming. 

labeled erythrocytes  were because of t h e  l n t e r -  

FeT9 lebeled c e l l s  a r e  not 
4 

4 

The r epor t  on t h i s  phase is i n  preparation. 

2 , 2  Sev.-.ritu-i.!ortality S tud ie s ,  

E'ari: temporarily suspended on t h i s  phase. 

2.3 k rea -Koi t a l i t y  Stut ' ies ,  

Vi;rrk temporarily suspended OQ t h i s  phase. 

L, 5 P H S L  jc PRU;RESS 

3.i i r o n  Ut i l i za t ion  and Surv iva l  of Autolornus Cel l s ,  

Stud ies  on rats are nov comolete a d  htve  been reported in ENRDL 

unclassified r epor t  433. 

Issue of t h e  Journa l  of  Clinical  Invest ignt ion.  

Th i s  sane data has appeared in t he  January i?55 

The s tud ie s  on dogs have progressad t h e  poin t  t h a t  prel iminary 

s t a t e o e n t s  may now be made. 

cess exists i n  t h e  dog q u i t e  s imilar  to t h a t  seen I n  t he  rat. 

I t  is apnarent that a rapid hemolytic pro- 

Figure 0 



.. . . 

i n d i c a t e s  t h e  apparent  uptake of radioiron i n t o  t h e  e ry throcptes  of burned 

dogs. Because c o n t r o l  uptakes are done before burning, t h e r e  i s  a measur- 

E b l b  amount of r a d i o a c t i v i t y  i n  t h e  bloor?, and t be re fo re  If hes t ruc t ion  i s  

more rajili t h a n  f o r m t i o n  of c e l l s  it is poss ib le  t o  ob ta in  "negative" o r  

l e s s  thar. zero  uptakes.  

decree burns on our  dcgs. 

r'epressed serum i ron  turnover i n  t he  e a r l y  phase followed ty increased serup  

i r c n  turnover i n  t h e  pos t  i n fec t ion  s tage.  

shor: evidence of a c t i v e  extramedullary hematopoiesis. 

3-2 

T h i s  i s  t h e  case  i n  seve ra l  i n s t ances  i n  15% t h i r d  

Accompanying these hemolytic phenornenr is a 

The t i s s u e s  of these  anirn~ils 

S r v l v a l  of Transfused Red Cells, 

T h i s  sturiy is complete and t h e  r epor t  is i n  preparat ion.  No changes 

:r. t he  d ~ t s  presented I n  the  last semi-annual progress  r e p o r t  a r e  r e q u i r e d .  

3.3 -ma UematoDoietic Factor Studies ,  

I n  t h e  counesf  t h e  s tud ie s  on the  burn anemia I n  t h e  ra t ,  i n t e r e s t  

w s  s t i r n ~ h t e d  i n  the  f a c t o r s  c o n t r o l l i n g  blood voiume. The work of Gzr= 

s m k  e t  c! on the  hematopoietic f a c t o r  seen i n  t h e  s e r m  of  anemic r a b b i t s  

c m  use3 as a p o h t  of  departure. 

f r a c t i o n  a i t h  e ry th ropo ie t i c  s t imu la t ing  a c t i v i t y .  

p e r i d  a i i  e f f o r t  ha5 been on prepara t ion  of a c t i v e  plasma f r a c t i o n s  by 

bcth the  hemorrhagic metho? and t h e  method used by t h e  o r i g i n a l  authors ,  

1.e. i n j e c t i o n  of phenyl hydrazine. 

prepare a c t i v e  plasma f r a c t i o n s  from r a b b i t s  made anenic with phenyl hydra- 

z ine,  but  i n  every case where r a b b i t s  were d e  equal ly  anemic by bleeding 

no hematopoietic a c t i v i t y  was found in t h e  plasma. 

I t  has been poss ib le  t o  prepare E piasma 

During t h i s  repor t ing  

I n  OUT hands I t  has  been poss ib le  t o  

Certain observations 



have been made t ha t  provide p a r t i a l  explanat ion f o r  t h i s  phenomenon. 

r a b b i t s  bled on success ive  d a p  u n t i l  t h e  hematocri ts  were equal t o  the  

I n  

pa i red  animal made anemic by phenyl hydrazine, t h e r e  I s ,  never the less ,  a 

1 m a r  oxygen ca r ry ing  capac i ty  i n  t h e  phenyl hydrazine t r e a t e d  enimls. 

The l a t t e r  have methemoglobin concentrat ions amounting t o  20% of t h e  t o t e l  

biood pigment, while  i n  the  bled animals t h e  methemoglobin concentrat ion 

i s  p r s c t i c a l l y  zero.  

tLons a r e  seen i n  phenyl hydrazine t r e a t e d  r a b b i t s  only when accompanied 

by 6 c i r r h o t i c  l i v e r .  

produced only when t h e  e f f e c t l v e  hematocri t  i s  below about 12 t o  15% and 

when t he  l i v e r  I s  not  capabls  of  raplfl  des t ruc t ion  of t he  f a c t o r .  

In d d i t i o n ,  it has been observed t h a t  a c t i v e  prep&-e.. 

The conclusion t o  be $ram I s  t h a t  t h e  f a c t o r  i s  

&- FLLN; FOfi NEXT PERIOD 

I .  1 Ph%se I, 

L - l , l  Febr ic  S tud ie s ,  

AS soan as the  4 cz white underwear i s  made a v a i l a b l e  it is 

p;ei:fied t o  measure c r i t i c e l  energy as a funct ion  of weapon yield f o r  t h E  

4 oz white -- 9 cz OG 107 combbination i n  con tac t  an? w i t h  2 m spacine,  

I n  addi t ioo ,  s t u d i e s  on e f f e c t  of fabric water content  are planned for 

t h e  neer  future. 

-: 

4.1.2 Temueratwo Uessur menta 

These s t u d i e s  w i l l  continue aa outlined ln t he  progress  sec t ion .  

I n  addi t ion ,  it is planned t o  make some exploratory s tud ie s  I n  t h e  com- 

para t ive  temperature responae of skin and t h e  NKL slmulant. 



G - . 
4.1.3 W M  1 yaasuremntg, A mm expanded series of filters are 

available rhlch rill be used fn the .same fashion a8 the earllor gmup. 

These filters an as lollme: 
.. 
0- d - 

0,L p 5 .O cal/cm*/sec 

0-6 p 5.3 cal/cm / ~ e c  

0.7 ,U 7.8 cal/c$/sac 

c*9 ,u 4,7 al/c&/sec 

2 

1,2 p 7.3 cal/crn2/sac 
2 L 7  p 2,5 ctil/cm /set. 

In d d i t i o n  aacther longex- wavelength filter of costad AgCl I s  on order 

fron ILuehsw Chemical Cornpang. 

L < 1 &  Jjumm s tu6 ie& 

A0 anniysis of critical energy for human s k h  as a function of 

y i s 2  from 3P kt 10 at l a  phaned.  It is not possible to tC, IPs?@r 

ylelcs Th.5 end points useid ail: be 1' an? 2' burn% the ~ o h r  sufrce 

-10- 
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1 
5 

1.2.2 W t Y  -MortalltY Stud- 

This study rill be activated agab during the coming . .   porting 
~ 

period. I- 

i 
4.2.3 &g a-ld~rtall tr  S t u d l a  

T h i s  study will ba activated a s i n  during the c&ng reparting 

peri cd e 

4.3 BAS@ Ze 
4.7-1 &on &llisstAen & n ~  1 S d r a l  of Autolcmus C ell& 

S t d i e s  rill be continued in dogs w i t h  emphabls on the role of 

infe-tion in 3spmszlnz red ce l l  prchction, 

4 - 3 . 2  $.urviwl iof Transfused Red C ells, 

The report ,on t h l c  phose w i l l  be complete shortly. 

p iasma Huratoccietic Factor 3tx3ie3, 4i3,3 

Stu“es aim& at preparstlon of a0 act i re  substance rill con”,niie~ 

Viher. -he  piasne fmtm I s  obtahed in hi@, enough ptaency it vIli ke ap- 

p l i e i  I n  b i l r n ~ d  rat6 w ruehsu-e %tx effet on irm metahcliaa in the blmed 

fir...:U”1:.. 

5‘  

i E. L, A l p f n .  J. A .  Alemrder and A. K, Davis. Combbed Effects of 

T c - t a l  &dy I-Xrradiatiim an8 Radiant Energy Thonaal Burns on t.he Simile 

ani‘ Wechfdcal FragllLty of the Erythrocyts .  

2. II; M. Davis, A -  E .  Davls, W. h a  snd E. L, Alpen. Tne ComMnsd Ef- 

f e c t s  of Thermal Burns and Whole-Body X Xrrldlation, 

WPGEE AND P L ~ L I C A ‘ ! ’ ~ O ~  DUKINC TiUS KEPWXr‘G P&RIOCL 

Am, J. Phyaio!, (in p m w j .  

111. Study of Blod 
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t ' Q for 
Time cf m i n e  white 
Cutoff 
(sec,) 

ncne 6.9 

3 .o 6,7 

1,o 5;8 

oal/cnj! ) 
krrn 

i 

Q, 2 total nuclear pulse energy 

Q,, c total enern delivered ap t o  catoff point 

D critical energy radius for uiiiimuia white b 

f i m t i o n  of totdl energy in p u k  to time of cutoff 
QCG 

D (alles) sie QP (dS. = .98 Ratio 
Qco 

1.0 6.9 5.6 

.89 7.,6 5.4 

.m 10.: 2 ' 4.7 
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I I 1 I I f .J 1 d 

I a 3 Y r c 7 0 9  
Time (Sac) 

Fig. 2. Time-Temperature Wstary -- w h i t e  fabric in 
contact 1.0 sec exposure -- Q : 19.1 caIfc&. 
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Fig. 4 .  
Regions (exposure time 2 second except 

Energy f o r  Minimal White Burn with Various Spectral 

,: 

" f  



8 12 16 - 
Calories Per Sq. Cm. AppUed 

.r, 't 
8 

Fig, 5 .  
Destruction of Red Blood Calla. 

Ralntionship Between Intensity of Thermal Radiation Burn and 



8 12 
Calories Per Sq. Cm. Applied 

16 

Fig. 5. Relationship Between Intensity af Tim-1 Radhtlon Burn and 
Destruction of Red Blood Cells. 
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2s c 
r: 
P 

1 Sec 2 Sea 

Fig. 6. 
of Red Blood Cells (12 cal/cm , 15% body area burn). 

The Effect of Expas? Tima Upon the Acute he.tmct.i& * 

i 

F 

! 



lot 

I I 

G 
L Sec 0.5 Sec 

The Effect of E r p o a y  Time Upon the Acute Destruction Fig. 7.  
of Red Blood Cella (8 cal/cm , 15% bady area buI'n). 
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Fig. 8. The Effect of Burn 
of Red Blood Cells (U c a l / c x  1 eeaand exposure time). 
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