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STUDIES ON FLASH BURNS: 

FURTRER REPORT ON THE PROTECTIVE QUALITIES OF 

FABRICS, AS EXPRESSED BY A PROTECTIVE INDEX. 

BY 

George Mixter, Jr., M. D.* 

ABSTRACT 

Exposure-response data a re  presented which define the  protection 

against thermal energy afforded t o  the skin of Chester ‘White pigs by cer- 

t a i n  one-and-two layer fabr ic  combinations. A dimensionless number, ca l l -  

ed the protective index, i s  proposed as a quantitative measure of t h i s  

protection. It i s  defined as the r a t i o  between the 2-plus median effec- 

t i v e  exposure under fabric and the 2-plus median effect ive exposure f o r  

bare skin a t  the same exposure time: 

P. I. = 2+ EE50 sub-fabric 

2+ E E p  of bare skin 

For the  systems studied t h i s  r a t i o  varies from 1.38 t o  11.1. 

*Note: This study was  carried out through the f a c i l i t i e s  of the University 
of Rochester Atomic Energy Project, and i t s  expenses defrayed under a grant 
from the Quartermaster Corps, U. S. Army, 



i INTRODUCTION , %, a 
1 

, I  A previousLi';report by tkie author ,( 1); presented. data on,,the protective 

qua l i t i es  of cer ta in  fabric  combinations against radiant thermal energy,,, 

using anesthetized Chester White pigs as the experimental animal. 

paper presents the resu l t s  of similar experiments on eight additional fabr ic  

assemblies (tab each one being st single exposure time of 

0.5 t o  2.0 sec. The irradiances used were selec 

leve l  of the 

This 
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t o  center about the 

nimal 2+ burn, as previously defined by this laborato 
> ; 5 c . -* _ _  i ;!-, ' 

, 3  -3: î 

d by a barely detectable, spotty whiteness OF pearly 
- .. -. 

-..I i 9 

opalescence. T r  necrosis is  usually c 

separation is incomplete on microscopic examination. 
- ,..*I ' I 6 . 1  3 0  . L  

~ r ,  - 

. *I' *&The source of!controllea radiantrtherma1,energy used waslthe modified 1 

3 it-',;24'-'- carbons a r c  as ,previously described by 'ITayfs_:, ~ Krolak and Blakney (3)-.,. 

White pigs: of about 2 0  lbs wehght were anesthetized with Dfal-urethane, 

c ' - z '  2 .7O.rngm/Kg intraperitonea-lly,; closely clipped, washed a d d q  dried 

of the various exposures were objectiveLy-. randomize-& qver .  she:. 
ReIgfcations 

to 36 avail- 
.* 

able positions on the pigs'? sides, a;s.Cwell a& from s ide ; to  side and from pig  

t o  pig. Each system required TOito 55 exposures; a t o t a l  of 828 barns were 

I {i I.-* ,.- -I . I * _  

he1 eight I( protective#-systems Q Tke2d=esJo-ns were assess- 

ed" at' -24 -hour and biop'sies, oG.many; were ,taken !th&s.,$ime 

appearance -POI?: the-'m?crosk'opic sect+on,scin @;energ> :re.se s ?that .seen- i n  pre- 

s :and*& not, reported i n - t h i s  paper;' -~J ,A  p;~:$,6 ,$:; i,, . ti 

- '-' ' 'The :%iedianiCoYc 5 6  -effective exposure. for.-the--2+, burn.:(+2k, EE50), -was 

d l c u l a t e d  by-:tEe -approximate probit method of a i tchf  keld & FJ,ilcoxon (4), 
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which a l so  yields the 95% confidence l i m i t s .  A t  t h i s  se t t ing  of t i m e  and 

irradiance, 'half  the exp'osures w i l l  give a 2+ burn or more,- Wd..half w i l l  

be Xess'than 24. +- - ' 

- -  

..e 

I The r e su l t s  are  summarized in  the form of exposure-response tables  
7 - 
( tables  2 - 9) e The same data may be represented graphically as in  Figs. 

I A. 

i .  it 1 'I ' 21  - - 1  
, -  

c t i c a l  purposes, it i s  desirable t o  reduce the data t o  a simple 
f . .  1 I  r 

numerical value fo r  each combination. 

each ensemble, together with the other pertinent aata, from which are cal-  

culated the  protective indices. 

Table 10 presents the 2+ EE50t~ of - 
r _ 1  

I 2" . I  
, i .  .,?J - - -, 

I F  - ,  . -  

The 2+ EE50 of p i g D s  skin has been investigated over a wide range of 

' eGo%uke"times'- (5)  Thus, the  mean effect ive exposure beneath fabr ic  may 

bel belated' t o  'the .eeeclted behavior- of unprotected skin a t  tha t  same exposure 

time:' -The ratio1 be'tween these two mean effect ive exposures (beneath fabr ic  

vs unprotected skin) at  any given exposure time has been ,called :the protective * 

index. Symbol.ically it may be defined as: < .  

I 2+ EE50 sub-fabric I i ' 

L _ * A '  2 1 -  . [ 2+ "50 skin 1 - -  t; 

' P * '  I. = 
- L  

I . * ,  -., 
d -  iExpressed in  t h i s  fashion, the experiments show that,.the_ des-e-e of 

'.\? protection' a%forded. by- these one- and two - Layer systems- varies markedly i n  

. response to' ?hieproofing and t o  separation of, the fabric-.from the-skin. ,  In 

contact with skin, both flame-resistant systems provided s igni f icant ly  - l e s s  

protection-than t h e i r  untreated analogues; 

the f 1ame;resistant systems i n  .both instances gave s ignif icant ly  - more 'p-ro- 

tect ion than the untreated. 

whereas when- separated from skin, 
# 

1 

I 
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Exposure-response data of Tables 2 - 9 ,  p i o t t i n g  percent 2+  response 
against exposure i n  cal/c-a . S o l i d  lFnes, untreated fabric: dotted 
l jnes ,  I'ire-rcsist,ant t rea ted  fabric. 
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Although under intense irradiance the f i re - res i s tan t  fabr ics  w i l l  

give off an incandescent flare, they do not support anx exothermic reaction 

. .  after the exp0sure.i.s-completed. The same i s  t rue  of the untreated fabrics  

i n  t h i s  se r ies  and i n  others ( 6 ) ,  when they are  i n  contact w i t h  skin. 

. .  

The 

flame-resistant cottons produce, and deposit on the skin, large amounts of 

t a r ry  substances, whe'ther or not-an inner layer is  present. In marked con- 

contrast t o  the untreated one-and-two 1ayer.systems. compos,ed purely of cotton 

when separated from skin, the assembly designated-as G (l ight cotton oxford 

plus 50$ cotton-wool, 5 mm separated from skin). f a i l ed  i n  every instance t o  

support post-exposure flame or flow. The "underwear" layer of t h i s  assembly 

charred t o  a bubbly surface on the exposed side,.and gave off a thick smoke 

which f a i l e d  t o  igni te .  

DISCUSSION 

In the comparative study of the thermally protective qua l i t i es  of 
, 8 ,  

fabric  assemblies, t h  

advantages over other methods of expression. 

concept of the protective index has cer ta in  marked 
.- - 

A 
I *I 1 

I -' 
O n  such a scale, where pa r i ty  i s  1.0, a r a t i o  of less than unity de- 

, '  
er such a system w i l l  sustain a more severe burn 

I . 8 l a  
. r ,  . 

than if  the skin were exposed without covering. Where values in  excess of 

unity 'are found, the protective index affords a quantitative statement of 

the'degree or extent of t h i s  protection, t the exposure 

time employed. 

.\. - ' ' !? 

* - I  , * - - J '  ' *  

" . t "  L . i 4 T * 2  ) !: , -  

I .  ;,, - . - *  

In the case of the fabrics  studied; it is clear  t ha t  although a 
T -.' 

combinations gave some degree of protection, cer ta in  ones afforded vastly 

more than others. It is quickly evident that the introduction of a 5 mm 

- 



a i r  space between fabric  and skin'approximately doubles the 'amount of pro- 

' :tection. It i s  equally*apparent t ha t  the addition of a f i re - res rs tan t  

res in  t o  thecouter iayer decreases protection i n  contact and increases it 

when the system i s  sep&ated from the  skin. - - .  . .I 
~ ' ' The explanations f o r  these f ac t s  a re  ifor the most par t  obvious 

of air.,spa&e greatly' reduces. the efficiency of thermal transfef -between 

' ?i?a%ric 'and skin. I. The decrease -ofJprotectioni with fire-proofing of the out- 

'er layer (when fabric  system i n  contact with'skin) 

the 'laege amounts of t a r ry '  and watery vapors :'condensed on the sk in  .when the 

res in- t r ea t  ed c ot  t on undergoe S destruct ive ais t i811at ion * 

appears'sto r e su l t  from 

' On the other hand, the enhancement of protection afforded by f i r e -  

proofing the outer layer of the fabrics  when separated from skin i s  not so 

simple. 

of post-exposure flaming i s  of prime importance, as has been observed i n  

other studies (5,  6 ) ,  

a f t e r  exposure was absent or negligible even without res in  treatment, and 

it seems probable tha t  the heavy kni t  inner fabr ic  acted as an effect ive 

baff le ,  condensing out tars and vapors f r o  

It is  evident i n  the case of the  single layer system that avoidance 
T - L  I- - 

< y .  

In  the case of the wool-cotton underwear, flame 
, '  , I *  

-., I 1 ' -  

> *  - .  

I ,. .I I ' 
8 -  

The increase of protection i n  t h i s  ance appears t o  be related t o  
1 %  _ I  1 

several  factors .  The t reated material i s  s l igh t ly  l igh ter  i n  color than the 

untreated, and presumably absorbs l e s s  energy, 

the  t rea ted  material is  approximately 25% heavier, and i s  by gross examina- 

t i on  less porous. 

1 I +  , 
For a , .  given area exposed, 

' . A  - , -  

Finally, the char from the t reated fabr ic  i s  firm and 

par t ica l ly  opaque, thus serving as a bar r ie r  t o  incident radiant energy f o r  

a longer time than the untreated fabric,  which has a loose and almost com- 

p le te ly  translucent ash. 
_-  
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It must be understood tha t  these explanations a re  based upon the 

observed phenomena at the- - -" exposure times andairradiances studied. A t  short, 
1. :: , \ 

high-irradiance exposures or at  long, low-irradiance exposures, the type and 

degree of fabr ic  par t ic ipat ion may be expec 

shown i n  other studies (7). 

t ec t ive  index obtained 

t o  other exposure times. 

t o  be al tered,  as has been 

Consequently, one cannot expect t ha t  a pro- 
-i I .- 

a cer ta in  exposure time may be widely extended 

This simplified numerical statement of protection, further,  applies 

only t o  the 2+ EE50 leve l  of burn, by definit ion,  and cannot be assumed t o  

apply t o  lesser  or more severe degrees of damage. Finally,  i f  the exposure- 

response data show marked divergence from "normal" dis t r ibut ion,  it is  not 

possible t o  make a valid statement of the 2+ EE50, and the protective qual- 

i t i e s  of fabr ic  cannot be s ta te& i n  terms of protective index. For the 

systems studied, however, ana within the s ta ted l i m i t s ,  the  protective in- 

dex affords a useful, simple statement of comparative protection afforded. 

SUMMARY AND CONCLUSIONS 

1. The protective qual i t ies  of 8 fabric assemblies w e r e  stufiied 

using the carbon arc as thermal source and Chester White pigs as the indicators. 

2. The introduction of air  space between skin and fabr ic  enhances the 

protective e f fec t  markedly. 

3. Fire-proofing of the outer layer of fabr ic  reduces protection slight- 

l y  i f  the skin i s  in  contact with it, but enhances protection when the fabric  

is  separated, 



- 4. The r a t i o  5076 effect ive exposure through fabric at  any 

given exposure time is defined as the  protective index of tha t  system at 

tha t  exposure time. 

50$ effect ive exposure on bare skin 
a -  I 

* 

- ,  - I  
.j' . t  

5 .  The protective index affords a convenient iumerical statement . 
i 

. f a  i . I 
of the protective qua l i t i es  of fabr ic  systems under radiant thermal energy. 

. I .  . . . . . .  

. .  . .  

. . . . . . .  ?: I.. - .  

. , I  'pi , ..r.- ;,' , 
' . f A  . , . . ,. 

. . .  ....... ... 2. * .. . . I  . , ' . 2 -  , I . _ .  
, . , I . > & .  

. . .  . . . . . . .  . . . . . . .  
* -  . _ I (  .. . . .  i . .  . . ,  

. . .  . .  

I .  
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I I 
Fabric 

Outer 

9 oz. OG Sateen 

FR* 9 o z .  Sateen 

9 o z .  OG Sateen 

FR* 9 o z .  Sateen 

5 oz. Green Oxford 

FH* 5 02. Green Oxford 

5 oz. Green Oxford 

FR* 5 02. Green Oxford 

Des igna - 
ti; 

Separat ion 
from Skin 

(mm) 

0 

0 

2 

2 

0 

0 

5 

5 

B 

C 

D 

11 

11 

I! 

50 2+ EE 

( cal/ci') 

3.8 

3.8 

3.8 

3 .El 

4.45 

4.45 

E 
cotton 

*+ " 5 0  
( cal/cm2) 

5.8 

5 -25 

11.5 

16.4 

24.7 

17.7 

,5.2 

5.2 

Exposure 
Time 
(see) 

44.0 

58.0 

0.5 

0.5 

0.5 

1.0 

1.0 

2.0 

2.0 

T6ble 10 

Summary of Date on Protective Qualit ies of Eight Fabric Systems 

Fabric 
Assem-  
b lY 

A 

B 

C 

D 

E 

F 

G 

H 

0.5 

0.5 

0.5 

0.5 

1.0 

1.0 

2.0 

2.0 

Bare Skin 1 Scb-fabric 95% Confidence 
In te rva l  

5.5 - 6.1 

5.0 - 5.5 

10.9 - 12.2 

15.7 - 17.1 
23.4 - 26.1 

16.4 - 1.9.4 
42.0 - 46.0 
54.0 - 62.0 

Protec- 
t ive 
Index 

1.53 

1.38 

3.0 

4.3 

5.5 

4.0 

8.5 

11.1 

Wreated with 25% add-on of a. brominated phosphate res in .  
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n
 

3
 



Summary : 

Table 3 

Burn Response Beneath 1 Layer 9 oz. OG Sateen 

9.7 

10.7 

11.8 

4.85 

5.35 

5.9 

Sev 

3 

8 

13 

4 

3 

(FR), Contact w i t h  Skin (B) 

P w 



Summary 1 Layer 9 02. 

Table 4 

Sateen (Plain) ,  2 mm Separated (c) 

Mild 



L
n
 

0
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Table 6 

Time 

Summary: B u r n  Response, Chester White Pigs Beneath H-W 50/50 Contact (E) 

H 

3 

3 

1.0 1 17.5 

1 

3 

35 

37.5 

Q 

17.5 

20 

(cal/cm2) 

22.5 

25 

27.5 

30 

32.5 

35 

37.5 

0 

3 

1 

1 
M i l &  

7 

5 

4 

1 

Mild =I= 

2 

2+ 
Mod 

5 

5 

3 

4 

3 

1 

Sev 

2 

2 

4 

7 

3+ 

1 

0 

10 

30 

53 

84 

89 

89 

100 

100 



. 

Table 7 

Summary: Burn Response, Chester White Pigs Beneath H-W (FR) 50/50 Contact (F) 

15  

17.15 

- 20 

17.5 

20 

22.5 I 22.5 

25 

27.5 

30 

25 

30 

I 32*5 
32.5 

35 

37.5 

35 

37.5 

0 
M i l d  

c-' -a 



D 

2.0 

Table 8 

Summary: Burn Response Beneath H-W 50/50, 5 mm Separation (G) 

15.7 

~ 17.3 

19 

21 

23.2 

25.4 

28 

31.4 

34.6 

38 . 

42 

46.4 

50.8 

56 

2+ 
Mod 

3 

5 

1 

4 

. 

4 '2+ 
or more 

0 

0 

0 

29 

86 

100 

100 



Mod 

-.p.sB 

Table 9 

Summary: Burn Response Beneath H-W (FR) 50/509 5 mm Separation (H) 

Sev 
Time 

2.0 21 1 

1 

4 

23.2' 

6 

5 

6 

1 46.4 

25.4 

28 

31 

50.8 

56 

62 

0 

1 

I+ 
M i l d  I Sev Mild 

3+ ;no 2+ 
or  more 

0 

14 

21 

36 

71 

86 

100 




