
NAV1.950227.029 
Xovember 11, 1955 

The Director 
3iological and Medical Sciences Division. 
U. S. Naval ,%dialogical Defense Laboratory 
San Francisco Naval Shipyard 
San Francisco 24, California 

ATTN: Dr. E. L. Alpen, Head, Thermal Sranch 

Subject: AFSWP Thermal Data Handbook 

Dear Sir: 

We have received your letter of October 31, file 3-926/ELA:dgY and 

Enclosed, herewith, are revised drafts of data sheets 6a. l b  and 6e. 1 

appreciate the information on erythema that it contains. 

on which we solicit your comments. Should you feel that certain changes o r  
corrections a re  necessary we shall appreciate hearing from you at your earliest 
convenience. 

/ ---- _ _  
ver$ truly yours? 

James H. ]?amell 

Code: 

. .  



THERMAL EFFECT'S ON PERSONNEL 
~ 

10- 17-55 

FLASH SURNS OF SKIN 

CRITICAL ENERGIES FCR BURNING HUMAN SKIN 

Recent experiments'l) with human subjects exposed to a high-intensity carbon-arc source provide a comparatively 
sound baais for the prediction of effects in the field. The source equipment used at  the Medical College of Virginia included 
an elltpscddd mirror  irradiating an area of 1.27 sq cm, and means for  producing a simulated nuclear weapon pulse. Maxi- 
mum irradiance. H. occurred at 0 . 4 7  where T is the pulse length. and the width at half-maximum was 0.43 T . With no 
attenuating scree- the maximum irradiance was 23.5 cal/sq cm-sec avenged Over an area of 0 . 8  sq cm and fo r  the shonest 
exposures the ratio H / Q  was 4.2. This pulse was without a tml but the values used for t h g p d i a n t  exposure. Q, are a true 
measure of the energy a c t w l y  delivered. Consequently, in the field an exposure about +8 per cent greater might be required 
to produce the same effect. Groups of Caucasian subjects yanously pigmented were burned on the dorsal area of the upper 
arm. Initially, each of 14 subjects was given tnplicate burns a t  four different exposures with the following results: (total ex- 
posure t h e  held constant at 0.54 sec) 

Exposure 

TABLE I 

Burns Produced in Humans by Simulated Reld Pulses from a Carbon-Arc Source 

Bums Produced Climcal %ta 

2.0  cal/sq cm 
3.2 
3.9 
4.8 

none Some mld  erythema 
10 o r  superficial 30 
' 0  

deep 20 o r  So 

.mild eaema in ti4% 
Edema in Y39 f o l l k e d  by blisters in 86 J 
Blisters in 100% 

os953 

As the area burced was always small  en out$^ to heal without grafting, sle severest  burns were nominally 2O; but of 
those caused by 4.8 cal/sq cm it i s  estimated that 50% wouia be So i f  of larger area; however. no biopsies were performed. 
Cmsequently, the estimated exposures reqmred for 50% probaoility of first. second and third degree burns a r e  roughly 2.5. 
3.5 and 5 d / s q  cm respectively, for 0.54-sec pulses. By comparison. at SRDL(2) 3.7 to 4 . 0  cal/sq cm were required to 
produce persistent erythema from pulses simulating 30 and 250 IZT respectiveip. If allowance is made for differences in 
pulse shapes these numbers would be reduced to 2.3 and S. 0 cal/sq cm. See sheet 6b. 1@) for  further data on reciprocity 
law failure. 

Comparison of Simulated Nuclear 'XeaDon Mse with Square Wave: As a considerable volume of expenmentai data 
has been obtained by exposures a t  constant irradiance, a comparison was made between square-wave and simulated-fleld 
pulses delivering the same energy in the same total time. Vaiues of H for :he square-wave were about one-half those for the 
corresponding simulated nuclear wed~on pulse. Duplicate exposures to 3.9 and 4.3 cal/sq cm were made wth each pulse on 
each of 15 Caucasian subjects. dl exposures were of 0.60 second duration. n e  results indicate ?,more-severe injury- from the 
simulated iield pulse although the +fferences were am&. 

Effect of Swctral QualiW ( S o h e  TemperatureL: Equi-energy - exposures of 0.54 second duradon were 
@van through Corning fllters to 10 subjects. Each subject was exposed once to 3.9 cal/sq cm though each of 10 filters which 
had sharp cut-offs a t  the lower wavelength. The resuits of this experiment are  presented in Table 11. and show the effect of 
high spectral reflectance in the red. 

___- 
. .-I--.- 

TABLE II 

Burns Produced by 3.9 cal/sq cm in 0.54 sec Lkrough Various Rlters 

Corning Filter 
0-53 
0-52 
3-69 
3-68 
3-67 
3-66 
3-73 
2-61 
3-58 
2064 

Cut-off (70% transmittance) 
0 . 3 2 0 ~  
0.370 
9.535 
0.550 
0.565 
0.580 
9.590 
I). 625 
D. 650 
0.680 

I 

n 

Clinical Data 
30% clearly de5ned a~ 2O 

transient erythema 
100% 10 

n W 

n 1 

n I 

n I, 

* 1 

deep transient erythema 

An the wavelength at the cut-off is increased. the eifective diathermancy of the skin becomes greater, resulting in 
a lowered temperature profile and, consequently, less severe injury. SMn is especially diathermanous in the band 0.65 - 
0 . 8 5 ~  where the thermal energy absorbed to produce persistent erythema is increased three-fold over radiation in the visi- 
ble spectrum(3). __ However it-kda<thLen wavele ha above 0.53s is  relativ i ' usi b t humans. as 
UM s h a w h - a d e s t e r  t4), and the z l E : i o n  is a? surface bursts .  b a v m g ~ ~ ~ m p % t u ~ o f  ~OOO'OK and a 
lower thermal partition are also relatively ineffective. 

Refs. : (1) Evans. Brooke, Schmidt. Williams and €!am: 
Surgery 37, 280 (1955) 

(2) USNRDL Thermal P. R. No. 7 

I 
(3) USNRDL-TR-46 
(4) VR-36 
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t LATE DEATHS FROM COMBINED INJURY 

As mmmres are taken to protact the hdlvldual from thermal Injury, the outer boundvy of the annular reflon of Interest for casualty pro- 
duction contnc ts  c o w u d  gmund zero. At rad1 where dtln hurnr are produced under mo& umfom.a. the effect. of b l a n  prcdomlnate. but 
n u c l u  n d k U o n  la a1.o a factor and undsr condltIons where injvrv by mlsslles o r  by tmnslatlod m o t h  Js unllloly. fonlting raadirUon may Iw- 
come the d o m h t  lethal effect. Tberefom. I t  Is of interest to dctermlne the probrblllty for murvlval mon( l  permnr  e a p s e d  to sub-lethal doses 
of bo& thermal and lonlclng radiation. 

remplratbn and body temperature, .\nd a marked hemoglobinuria. It 10 accornpsnled by con.ILrable pain whlch may l a d  to hymterla. 
ThernuJ Lnjuy of aerlous proportloas produce. an lmmedkte Rote of ahock; a fall In blood, plasma. and r e d  cell volume: a depreaelon of 

Nuclear ndlarim d the order of a frw hundred roentgen Sroduces only omsea 4 t Y n  me or two hours. M u s l v e  doles. several c b o r u d  t. 
des* In .bout 3 

nuclear rad*tka may 
m e a  Of *e order of 1000 r do not produce many c u l v l t l a  In b e  nnt  bour. cmmqucntly for aome tactlcal plrpcnrm 

d b c m t d .  It Is to be expecred. therefore. that the augmenuUm of thermal casuaIUes by rrdlaUm w d d  not be aa 
-. appreot L. tba cmverae.- -.. _I - - -z .  __. 

the 1eth.l bum ze~ for 50% mortdlty of r a t s  witbin 48 hours &creases f rom 33%, for  DO mdlatlon; to 24$ for 500 r. Furthermore. deaths at 
Mer tinas. whlch are cauaad pr imvi ly  by the radtatloo. u e  rore probable for anlmale whlch were burned am well as Irradiated than for those 
whicb were Irradtrted only. This effect Js Illustrated by the hisogram below that ahowa the p r  cent mortdlty aa a functlon of &-ea burned and 
X-ray  do^ recelvcd among anlmdm aurvivlng 4 day& 

E ~ r l m e o t s  wlth raw (1) and dogs (2) lndcrta that death mav result from a comblnatlon of rublethal burn and whole-body irradhtlon. Thua. 

BURN AREAS: A.0;  B:l6-20%; C*21-25%; Da26-30X; E*31-35% 
I I 

I 

LxprlmeUI: Fenul. S p n y o - b w l e y  nu were lrndated by a 250 KVP X-ray nuchlw at 43 r /mh and were burned by 
in water a t  SO°C for 25 .scmdr or by a F u h  burn. Edema developed In a fer houra and #utrldcd after two &ys. 

ConflrmUlon of UN .yrurgiNc sffee: of thermal and ndktlonal inJurlea ha. tern ob(rlnorl by v r l m e n t r  on d q s .  *me were produced 
over 20 por cmt of the body nrm by contact with a brass pkte at GO'C. X-radktion wu dollvemd by a 1000 KVP machlne at a rate of lTr/min. 
The 20 por con: hrn a u v d  a mortdlty of 120 whereas tbe largen doses of radiation. 100 r, alone n u d  no &atha. Xowever. a c o m b h d o n  
of tbe two caund e 73% mortlllly when no mtlblotlc trestment uaa given. AI1 death8 rem11t.d from ln fwtbn  of the blood through the Lurn wcund 
by k9 henulytlc #rreglwoccl. Thlr hcreremla was 8ucceadully controlled by penlclllb lnjecthma kqrInnlng 24 hours rftcr exposure. Table I 
sumnuitas h e  result. of this awe. 

lrnmenlm 

TABLE I 
Effects of Combbed Injury on Mortality In Dogs 

!!&Y xo. 0fAnirmlm 
20% burn 40 
100 r 10 
20% burn and 25 r 25 

40 

28 

20% bum and 100 r 

20% bum and 100 r 

MorClllty CIMcaI nu 
12% (514 &).a) 

200 (Anemla 

7 3 0  (6-14 &yB) (Anrmh. reptlcemla. 

1406 Penlcflllu therapy 

~ ~ m ~ r r  to &ep 2" 
0% No effect. 

(Septlcemis 

(bronchopwumonk 

MonJIty of tbe l n j d  b g s  can bo correlated In both Lire and fmquencg with the coacentntlon of Leu hemolytlc nrepvrcoccus In the 
blood. Sucuadul tmaUn& Wlth  p.nlCfl:ln c o d m a  the dll@Oals. 

In applylag thew results to h u m s .  It  la necessary to eonaldcr that human burns are p a r r a l l y  mom g r o u l y  lnfeorad for longer prlod. 
and aucceuful mtlblocIc treatment would depend on an early IdontlfI=Uon of the brctarla preunt.  On the other hmd, depression of p h 4 o c . ~ l o  
aetlvlty as a r + d t  of tolamble &Ha of loniclns radiation m a y  bc e m t e d  to I n c r a w  drnnlmlly the number of lata d a t b s  caused by septicemla. 

Refs.: (1) USh7IDb420, 413, 423. 433. TR-45 
(2) Urwks. Evans. Ham. Reid: Annals of Surgery g, 533 (l9.52) 
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