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STUDIES ON FLASH BURNS:
FURTHER REPORT ON THE PROTECTIVE QUALITIES OF
FABRICS, AS EXPRESSED ﬁsy A PROTECTIVE INDEX.
By

George Mixter, Jr., M. D.¥

ABSTRACT

Exposure-response data are presented which define the protection
against thermal energy afforded to the skin of Chester White pigs by cer-
tain one-and-two layer fabric combinations. A dimensionless number, call-
ed the_protective index, is proposed as a quantitative measure of this
protection. It is defined as the ratio between the 2-plus median effec-
tive exposure under fabric and the 2-plus median effective exposure for
bare skin at the same exposure time:;

P, I. = 2+ EESO sub-fabric

2+ EE50 of bare skin

For the systems studied this ratio varies from 1.38 to 11.1.
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*Note: 'This study was carried out through the facilities of the University
of Rochester Atomic Energy Project, and its expenses defrayed under a grant
from the Quartermaster Corps, U. S. Army. -
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" previousireport by the author (1) presented: data on the protective
gualities of certain fabric combinations against radiant thermal energy,..
using anesthetized Chester White pigs as the experimental animal. This

paper presents the results of 81m11ar experlments on elght addltional fabric

LT o O , - LT e B . P,
assemblles, (table l), each one belng studled at a single exposure time of
RS S NSRS "a'ir T, i n;‘, Tt

0. 5 to 2.0 sec. The irradlances used were selected to center about the

level of the mlnlmal 2+ burn, as prev1ously defined by this laboratory (2)
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This burn is characterlzed by a barely detectable, spotty\whlteness or pearly
opaleScence Tra.nsepldermal necrosis is usﬁally complete R 'but dermal-epldermal
R S SR H i,« ,;4‘\ { A " "'," L : - P TP ;
separation is incomplete on mlcroscopic examinatlon.:. .
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R ‘~ METH‘ODS:&:;:A Sioie o PR TR
A i'ﬁﬁhé,sourCefof?controlled;radiant;thermal,energywuseduyasfthe,mogified
U0l carbont are as @révibuslyvdescribe&vby‘Dayisgngo}ak and Blakney- (3)..

i Chestér White @igsaoﬂvabout*zoﬁlbsesweight were snesthetized.with Dial-urethane,
71470 mgw/Kg intraperitoneally,  closely. clipped, washed and:dried...Replications
of the various exposutes were objectivelynrandomized~Qverg$heﬂglwto 36 avail-
able positions on %he pigst sides, asﬁﬁell a& from side;to side and from pig
to pig. Each systgm ;eoulged 75 to"lég‘exposures, a total of 828 burns were
~asséssed*Ln%thenstudy:oﬂ'the:elght,protectlvegsystemscﬁ_Theﬂlesgqns were assess~
“edrat ol hours . post-burn, and biops i-"es. ois‘.a.many;,;-vvwe_re;_-,’c&k,enrca;t;..:,thjl;s‘\ﬁ?iﬂle‘-_u; The
apﬁéﬁrangesofﬁthetmiérostbpic"sectionssinvgeneralqresempleﬂiﬁhat;seengin pre-
yidusTetudies fand s mot; reporte& inthis paper?: ,ﬁgu{ ST M CoLv

o ‘The" medlan"or'SO% "effective  exposure. for:the -2+ burn {2 ?AEE5OI:WaS

- calculated by the ‘approximate probit method of -Litchfield & Wilcexon (L),

%
b
I~
i




which also yields the 95% confidence limits., At this setting of time and
" irradiance, half the exposures Wlll give a 2+ burn or more, and half will

be ‘1ésg ' than 2+, -« - o ol

RESULTS
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| ) The results are summarlzed in the form of exposure response tables

(tables 2 - 9) The same data may be represented graphlcally as in Flgs

T

l and 2
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For practlcal purposes, 1t is de51rable to reduce the data to a 31mple
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numerlcal value for each comblnatlon° Table lO presents the 2+ EEBO s of
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each ensemble, together W1th the other pertinent data, from whlch are cal—

N

culated the protective indices°
Thev2+ EE5o"of pig's skin has been investigeted over a wide range of
{”fekpdsureftimesﬁ(s),"ThUS, the mean effective exposure-beneath fabric may
be' related to ‘the expected behavior:of. unprotected skin at that same exposure
e timed! ~ The' ratio’between these two mean effective exposures (beneath fabric
f' 'tvs'unprotected-skin) at any given exposure time has been:.called the protective

" ihdek.- Symbolicglly it may be defined as:

ER Cedr P IL L 2 2+ EBg, sub-fabric . o
UL ST . 2+ EESO _skin
B U @EXpressed'in’this*fashion,'the experiments~show'thatathe~degreel6f

vvvvv protectlon afforded. by'these one- and two - :layer systems- varies markedly in
response to" flameprooflng and to. separatlon of the fabric: from the- sklno‘vIn
contact with skln, both flame-resistant systems provided significantly less
protection~than'their»untreated~analogues; whereas when- separated from skin,
jthe flamédresistant"systems,inﬁboth‘instanceSegave:sjgnificantly-ggrgfpro-

tection than the untreated.
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Exposure-response data of Tables 2 - 9, piotting percent 2+ response
against exposure in cal/c:mg. S0lid lines, untreated fabric; dotted
lines, fire-resistant treated fabric. ’




:Although under intense irradiance the.fire-resistant fabrics will
give off an incandescent flare, they do not support any exothermic reaction
after»the exposure:is-completed. The'samevts;true of the untreated fabrics
in this series and in others (6), when they are in contact with skin. The
:flame-resistant cottons produce, and deposit on the skin, large amounts of
tarry substances, whether or not:an.inner layer is present. In marked con-
contrast to the untreated one-and-two layer -systems- composed purely of.cotton
-when separated -from:skin, the assembly -designated.as G (1ight cotton oxford
plus 50% cotton-wool, 5 mm separated from skin) failed in every instance to
support post-exposure flame or-:flow. The "underwear"” layer of this assembly
charred to a bubbly surface on the exposed side, -and gave off a thick smoke

which. failed to ignite. -

DISCUSSION
In the comparatlve study of the thermally protectlve qualitles of

fabrlc assemblles ’ the concept of the protective 1ndex has certain marked

o L

advantages over other methods of expres31on.
V On such a scale, where parlty is 1.0, a ratlo of less than unlty de-
A\:‘g B .:w': “'.' . N '

notes that the skln under such a system will sustain a more severe burn

. e, [
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than 1f the skln were exposed without coverlng. ‘Where values in excess of
[AEaN conet 1 -
unlty ‘are found the protectlve index affords a quantltatlve statement of

. - “‘\ o

the degree or extent of this protectlon, taklng into account the exposure

e _»':; R R A RS A

time employed N
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In the case of the fabrics studled, 1t is. clear that although all

TR ~.

comblnatlons gave some degree of protection, certain ones afforded vastly

more than others. It is qulckly ev1dent that the 1ntroduct10n of a 5 mm




Tepésin-treated cotton undergoes destructive distillation.. .

air space betiteen fabric and 8kif approximately doubles the -amount of pro-
itection. It is equally apparent that the addition' of -a firé-resiStant -
‘resin to theé: outer lsyer decreases protection in-contadét &nd ‘increases it
when' ‘thé system 1§ sepérated from the skin. -:* = . ..ia LT

' The ‘explanations for these facts are for the most part obvious: '5 mm
-of ‘airi'gpace greatly’ reduces-the efficiency of thermal transfei-between™
fabric and skin.t The dedrease-ofiproteétion'with,fire-proofing of “the out-
v uer “layer (when fabric-system-in.contact withiskin) appears~to result-from

the “Iarge amounts ofrtarrﬁxand»watéry'vaporsﬂcondensed on the skin when' the

+"On the other hand, the enhancement of protection afforded by fire-
proofing the outer layer of the fabrics when separated. from skin is not so

simple. It is evident in the case_of the single layer system that avoidance

..L.

of post exposure flamlng is of prlme importance9 as has been observed in

T

other studles (5, 6) In the case of the wool—cotton underwear, flame

3. [SYCN

after exposure was absent or negllglble even w1thout resin treatment and

LA - e

it seems probable that the heavy knlt inner fabrlc acted as an effectlve

N .

baffle, condensing out tars and vapors from the degeperatlng outer layer

:A;‘A

The increase of protectlon 1n th1s 1nstance appears to be related to

w

‘several factors° The treated materlal is sllghtly llghter in color than the

B IR

untreated and presumably absorbs less energyo For & glven ares exposed

syt g
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the treated materlal is approximately 25% heav1er, and is by gross examlna-
.tlon less porous° Flnally, the char from the treated fabrlc is firm and
partlcally opaque, thus serv1ng as a barrler to 1ncident radlant energy for

a longer time than the untreated fabrlc, whlch has a loose and almost ‘com-

pletely translucent ash,



It must be understood that these explanations are based upon the

obsgerved phenomena at the exposure times and: 1rrad1ances studied. At short,

.
{i:k. S E . ‘

high-lrradiance exposures or at long, low-irradiance exposures, the type and
degree of fabric partic1pation may be expectea to be altered as has been
shown in other studies (7) Consequently, one cannot expect that a pro-

N

tective 1ndex obtalned for a certain exposure time may be w1dely extended

to other exposure times.

This simplified numerical statement of protection, further, applies
only to the 2+ EESO level of burn, by definition, and cannot be assumed to
apply to lesser or more severe degrees of damage., Finally, if the exposure-
response data show marked divergence from "normal" distribution, it is not
possible to make a valid statement of the 2+ EESO’ and the protective qual-
ities of fabric cannot be stated in terms of protective index. TFor the
systems studied, however, and within.the stated limits, the protective in-

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

SUMMARY AND CONCILUSIONS

1. The protective qualities of 8 fabric assemblies were studied
using the carbon arc as thermal source and Chegster White pigs as the indicators.

2. The introduction of air space between skin and fabric enhances the
protective effect markedly.

3. Fire—proofing of the outer layer of fabric reduces protection slight-
lybif the skin is in contact with it, but enhances protection when the fabric

is separated.




"2 "k, The ratio =~ 50% effective exposure: through .fabric - . at.any
' 50% effective exposure on bare skin

glven exposure tlme is deflned as the protectlve index of that system at

that exposure tlme. ;
5. The protective index affords a convenient numerlcal statement

HECEEUE at ¢ .o T f. N .

of the protective qualitles of fabric systems under radiant thermal energy.
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Table 1

Fabric Systems Studied

Designa- Fabric Separation Exposure
tion from Skin Time
Inner Outer (mm) (sec)
A None 9 oz. 0G Sateen 0 ‘0.5
B " FR¥* Q oz. Sateen 0 0.5
c " 9 oz. 0OG Sateen 2 0.5
D " FR¥ 9 oz, Sateen 2 0.5
E 50% Wool- 5 oz. Green Oxford 0 1.0

cotton

F " FTR¥ 5 oz. Green Oxford 0 1.0
G " 5 oz. Green Oxford 5 2.0
H " FR* 5 oz, Green Oxford 5 2.0

Table 10

Summary of Date on Protective Qualities of Eight Fabric Systems

Fabric | Expos- | Bare Skin| Sub-fabric ' 95% Cénfidence Protec-
Assem- | ure 2+ EEg, 2+ EBq, Interval tive
P ey | (eat/en) | (cal/en?) Tndex
A 0.5 3.8 5.8 5.5 - 6.1 1.53
B 0.5 3.8 5.25 5.0 - 5.5 1.38
c 0.5 3.8 11.5 10.9 - 12.2 3.0
D 0.5 3.8 6.4 15.7 - 17.1 h.3
E 1.0 k.45 2.7 234 - 26.1 5.5
F 1.0 L.Ls 17.7 6.4 ~ 19.k4 L.,o
¢ 2.0 5.2 .o 42.0 - 46.0 8.5
H 2.0 5.2 58.0 54,0 ~ 62.0 11.1
*Treated with 25% add-on of a brominated phosphate resin.
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Table 2

Summary: 1 Layer 9 oz. Sateen (Plain) Contact (A)

Time H o Q 0 1+ 2+ 3+ % 2+
(sec) (cal/cm®/sec) (cal/cm?) Mild Sev Mild Mod Sev
0.5 9 k.5 5 5 1 8
10 5.0 3 7 6 8 33
1‘1' 5.5 8 2 4 6 3 1 Lo
12 6.0 2 3 7 6 5 1 50
13) 6.5 2 L 5 6 6 1 5k
1L 7.0 2 b 6 100
16 8.0 1 0 1 & 6 2 83
18 9.0 1 2 ‘ Y 5 100
20 10 1 1 2 8 100

Ay




Summary: Burn Response Beneath 1 Layer 9 oz. 0OG Sateen (FR), Contact with Skin (B)
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Table 3

Time: - H Q 0 1+ 2+ 3+ % 2+
(sec) (cal/cn®/sec) (cal/cu®) Mild Sev Mild Mod | Sev or more

0.5 8.8 boh 1 9 3 1 7

9.7 L. 85 8 8 9 3 43

10.7 5.35 2 13 8 L 1 L7

11.8 5.9 L 10 7 7 86

'13.0 6.5 3 10 6 7 2 90

1.3 T.15 1 3 7 3 100

€T




It

Table b

Summary 1 layer 9 oz. Sateen (Plain), 2 mm Separated (C)

Time H Q. 0 1+ 2+ 3+ % 2+

(sec) (cal/cm®/sec) (cal/cm®) T Mild Sev Mild | Mod Sev

0.5 18 9 T 3 1 1 8
20 10 6 i 1 1 8
22 11 5 2 2 2 0 0 1 25
2l 12 2 2 1 1 1 3 2 58
26 13 1 1 0 0 1 2 7 83
28 b 5 T 100

HT
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Table 5

- Summary: 1 Layer 9 oz. Sateen (FR), 2 mm Separated (D)

Time . H A Q | 0 1+ 24 3+ % 2+
(Sec) (cal/em®/sec) | (cal/em?) Mild Sev Mild Mod Sev
0.5 22 o1 3 3 | 0
oL | 12 0 5 1 0
26 13 3 L L 1 8
28 1k 0 8 2 2 17
30 15 1 8 5 2 | 2 22
32 16 0 L 10 1 3 22
3k 17 0 0 9 6 2 1 50
6 18 0 1 3 6 7 1 78
37.5 18.8 0 0 1 2 3 8l

ST




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

1¢

Table 6

Time | - H - Qq 0 1+ . 24 13+ | %2
(sec) (cal/cu®/sec) (cal/cu) Mild Sev | Mild | Mod Sev
1.0 17.5 17.5 3 7 0
20 20 1 5 3 1 10
22.5 22.5 b 3 3 30
25 25 1 8 5 5 53
27.5 27.5 3 9 5 2 8l
30 30 1 5 3 89
32.5 32.5 1 2 i 2 89
35 35 2 3 L 100
37.5 37.5 1 7 1 | 100

9T




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

]

Table 7

?iﬁi) A.(caiiéﬁz/sec) , (cal?cmg) 0 Mild - Sev Mild "ﬁéa Sev + b e

1.0 15 o 15 2 7 1 10
17. 17.5 3 5 2 70

20 | 20 - 2 6 2 80

22, 22,5 1 T 1 100

25 25 2 7 7 3 89

é?i 2 L 3 100

30 30 1 1 4 > 1 90

32. 32.5 1 Iy I 100

35 35 1 T 1 100

37. 37.5 2 2 3 2 100

Lt
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Table 8

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

Time . H Q . 0 1+ | 2+ 3+ | %2+
(sec) (Cal/cm?/sec) (cal/cu®) Mild Sev Mild Mod Sev or more

2.0 157 o 31,4 L 3 0

173 C 3.6 > | u 1 0

v 38 9 5 0

21 L2 | 5 5 L 29

23.2 TR 2 8 3 1 86

,es.ﬁ ~ 50.8 ‘ 1 5 | 1‘ 100

28 . 56 . 1 6 100

81




Summary: Burn Response
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Table

Beneath H-W (FR) 50/50, 5 mm Separation (H)

9

Time H Q ‘ 0 1+ 2+ 3+ % 2+
(sec) (cal/cm?/sec) (cal/cw?) Mild Sev Mild Mod Sev- ~or more
2.0 Too21 Lo 1 6 0 .
23.2 L6,k 1 5 1 1h
25.h 50.8 1 L 6 2 1 21
28 56 1 8 L 1 36
31 62 L 6 3 1 T1
3k 68 1 2 3 1 86
37.5 75 1 6 100
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