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be Purpose: To determine the physiological heat load induced by the
wearing of insect repsllent clothing. :

" 2, DISCUSSION:

4 /
The Army Committeo for Insect and Rodent Control desired studies.on the

3 ~‘:

physiological heat load of a aew insect repelient herrirzbone twill uniform, Pre=
liminary investigations had shown that the benzyl benzoats, vinylite resin impreg-
nation submitted for test was effective and resisted laundering. It was the purpose

’ of this study to determine whether or not this impregnation imposed a heat load
troops wearing the garment in hot environments, )
3> GOKCIUSTONS: )

@ “Herringbone twill uniforms impregnated with 5% benzyl benzoats ard
5% vinylite resin do not impose any greater heat load on weclimatized men than

ordinary herringbone twill, Tests were performed in both hot dry (D.B, 120°F,,

on

W.B. 86, R.H. 26%) and hot humid (D.B, 88%F,, W,B. 84°F., R.H, 85%) envirorments.

/.
. ¥ All of the subjects complained cof skin irritation produced by the
new impregnated fatigues, :
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he RECONTFMDATICNS:

That if the Chemical Warfare Service tests in progress indicate
that this impregnation is not lost by coniinued wear and laundering, and
does not produce a serious dermaticvie, these inrect repell-n*t zarments be
considered suitable for iassue.
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APPENDIX

1. SUBJFCTS, EXPERIVENTAL CCNDITYONS AM'D PROCEDURES:

This investigation was conducted in the laboratory hot room during
August and September 1945. Twelve normal heaithy soldiers were studied,
Their ages ranged from 20 to 31 years (average 25); heights from 67 to T
{hiches %averago 69); weight frem 125 to 190 pourds (average 155) and surface
. areas Lrom 1,7 to 2,0 squive xeters (average 1.9).

- The clothing was tested on men in two different environments ¥hich
were representative of two types of hot climates,

°
a. Hot dry = D.B. 120 [., W.B, 86°%,, R.H, 263
b. Hot humid = D.B. 88 F&, WOB. &OF" R.Ho 85%

Throughout, the tests, the dry and vet bulb temperatures were measured
every fifteen minutes with four motor driven fan psychrometers at a level of
four feet from the floor. Tho values rarely varied from the desired dry or
woet bulb temperature by more than 1°P. The texperature of the walls, floor,
and ceiling was meatured twice daily., In the 120°F, envircnment the average
of these measurcments was 116 { 1°F. and in the 88°F. environment the average
was 87° i OQBOFO

, A mildly turbulent air movement in all parts of the room resulted

fram combination of hot air inflow from four anexzostats in the ceiling and four
16=inch fans operating oa the floor in the center of the room, Wind velocity
was not measured but was essentially that produced by the movement of the men
marching at 3 mph.

The men lived in barracks and were in the hot room five hours each
day. The standard test work consisted of carrying a 20-pound pack and walking
for four continuous hours at 2,9 mph around a 67 foot track in the hot reoom.
This work rate was praviously determined to be approximately 250 Calories per
hour, Acclimatization to the heat was achieved by having the men march in the
hot room for 25 days before the clething was tested, Afternoon marches were
taken to attain physical fitness,

A1l water drunk during the test periods was 2 0,1% solution of scdium
chloride, In the 120°F. envircrment the saline solution was kevt at a tempera=
ture of 96°F; in the 88°F, enviromment, it was kept at 88°F,

A Latin Sguare method of testing was used. Each of the men wore new
insect repellent herringbone twill fatigues and new untreated herringbone twill
uniforms onco in each of the two environments, The insect repellent uniforms
had been treated with 5% benzyl benzcats and 5% vinylite resin and showed an
add-on of about 20%, This impregnation has been shown to bo effective and to
resist laundering. The tost clothing had not been laundered,
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The clothing was always worn in the saze manner to give greatest
protection against insects; trouser legs were tucked inside of the pulled
up socks, Jacket shirt tucked into the waist of the trousers, and top button

of the jacket buttoned. Since this reduced bellows action of clothing and gave '

paximum cover these tests were carried out with the clothing imposing & maxi-
sum heat load at the given enviroament.

o
Upon arrival in the morning, the men remained in o room at 75 F.
until individually called into the hot room $-10 minutes before beginning to

- walk, Each man entered the hot rocm campletoly nude, urinated, dried off any

sweat present and was weighed (within 10 grame), Simultaneously the gacket and
trousers he was to wear (placed in the hot room 30-45 minutes earlier) were
individually weighed (within 5 grams), The subject quickly dressed in these
garments and stood erect 4 minutes during which the heart rate, rectal tempera

ture and skin temperature were determined, He then began marching, During

the walking period all water drunk, urine voided and vomitue were carefully
measured, At hourly intervals, the heart rate and rectal temperatures were
determined, After 4 hours of walking, the sudbject stood erect while the .
heart rate, rectal temperature and skin temperature were measured, He then
stripped completely, urinated, dried off all of the sweat and was weighed.
At the same time, his removed clothing was weighed. Throughout the entire
test, records were kept of the general appearancs and reactions of ths men,

The skin temperature of five areas of the body, three covered and

_ two uncoversd (chest, forearm, calf, cheek, palm) were determined with a

radiometer. For clothed areas, the clothing was pushed aside just sufficient~
ly to permit placing of the radiometer. Undue exposure of clothed areas

. wag avolded, The skin temperatures of individual areas were integrated into

an averags skin temperature by the following weighting formula based on the
original formula of Hardy: Chest O.i4; forearm, O,14; calf, 0.23; cheek, 0.10;
palm, 0,09, Henceforth the term ski: temperature will refer to this weighted
average skin temperature., Rectal tcuperatures were measured with calibrated
rectal thermometers,

2. RESULTS:
& Heat load at a High Dry Bulb Temperature:
" D. B, 120°7., W.B, 86°F., R.H. 263

This environmant simulated that found in buttoned-up tanks operate

ing in the suzmer at Camp Polk. The humidity is higher than that found in desert

enviromrents, Tae responses of the men working at this temperature show that ~
impregnation irposed no adaed heat load on the men (Table I).

‘. be Heat load at a Low Bulb Temperatures .
. . s
D. B. 88°F., W.B. & F., R.H. 85%
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This simulates a typical tropical environment.

Again the

responces cof the men ind’ated that the impregnation imposed no added

heat load (Table 2),

6o FPhysical Characteristica of the Clothing:

o -

(1) Cross Characteristics:

Tie insect repcllent clcthins resembled untreated
herringbone twill in appesrance (Photographs 1 and 2),
The fabricewas slightly mose ccarse than herringbone
However, none of the
. men in the test had any complaints about the odor. The
intensity c¢f the odor diminished greatly during two

twill and it had a pungent odor.

wearings.

It is possible that the passage of large

quantities of eweat through the garment leached out

sowe of the

active agent,

(2) Absorption of Sweat:

The following table presents the average data on 12
men and their clothing:

Ciothing
Average Four-Hour Uptake of | Percent of 'Total
Sweat Loss per lan Sweat Sweat in
Test Clothing Grams Grams Garnernt !
Insect Repellent .
W,.B, 86°
Herringbone Twill
Uniform 7,035 ' 883 i3
. Insect Repellent
D b 8g° Uniform 3,410 778 23
¥.B. 8° -
Herringbone Twill
.. Uniform 3,300 1,037 31
3
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Similar patterns in sweat uptake by the clothing occurred in both
environments, In neither environment was this uptake equivalcent to the water
absorption capacity of the clothing, as detcrumined by immersioa studies,

Tno sweat uptake characteristics of ths insect repellent garment
are satisfuctory, although elightly infericr to those of the herringvons twill
wilforme The water repellency of the treated garment was ranifested by the
greater accumidation of sweat, in the shoes resulting from f{unneling of sweat
down the logs. The amount of sweat in the ..hoes at any tinme was dependent
on the sweating rate of the individuzl., ~ o high ocweatinz rite of the right
hand subject in Photograph 3 rssulted in odcdt being squirted from the shoes
even before he had marched & single hour. °

‘d. Skin Irritaticn Liiduced by Insect Repellent Clothings

All men complained of skin irritation when wearing the treated
clothing. This was localized to the areas of contact. Only a transitary
erythend was noted in the involved areas. The irritation was generally do-
scribed as similar to having sandpaper rubbed over the skin,

One man wore the insect repellent clothing for four hicurs on
each of seven days., He complained of minor irritation on each weswing,
Sowe men found that wearing an undershirt eliminated much of the disccmfort
associsted with the garments, PFurther work on skin irritation was not con-
- ducted as extensive studies are being done elsewhere,
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TABLE 1

[ T s i d

The E.Qmwowomwo Responses of Vorking Xen Clothed in Insect Repellent
mﬁa Uamsamun Herringbone Twill

.

D.B. wwoom ~ B, 86°F ~ R.H. 263
o T arpa - 0 - SKIN TP, }.EIGHT LO3S
m RECTAL T2:PARATURE °F PULSE RATEALIN. (AVge . ios.) (Smeat)
Q m Hours Hours :
g [ = o 1 2 3 L, Jo 1 2 3 & linit, 4 He. on/ir.
. JAbE [98,8 100,5 10,5 100,86 100,39 |90 123 111 102 11| 96.6 97.0 5220
g laur 98,6 100.9 100.9 101,1 100.7 |102 117 126 120 117] 97.1 98.3 1669
5 |piz [98.0 100.0 1001 100,0 100.1 |87 117 120 114 17| $6.4 96.1 1722
5 [trv [92.3 100.3 1001 100,0 99,9 | 87 102 120 117 120) 96.8 96.5 1678
o Jren (92,6 1009 1011 10L.3 1014 | 96 120 117 123 19| 96.4 97.3 1€24,
m var  [97.9 "120.4 100.5  99.9. 100.3 |305 114 117 120 120] 96.9 96.9. 1525
B frev [9g.6 100,0 100,5 100,5 100.6 |99 123 126 120 1cs| 96.4 98.6 1300
o f¥ol [98.0 100.4 1003 1003 100.3 02 1, w4 108 1) 97.4 98,1 127
2 luco [97.7 100,6 100,6 100.6 100.3 |96 123 120 11 17| 98.3 98.2 1452
G |peb [98.2 100.7 100.8 100,5 100.3 f105 117 14 11, 126] 97,k 97.9 1768
2 |ws |08.h 17,0 100,1 100,1 100.0 [102 117 108 11, 11L) 96.8 96,0 1792
m Tho 98,3 1 0 100,7 100,6 100,4 |99 120 105 11 317} 97.6 98.7 1624
- AVG. [98.3 1...5 100.5 100.5 100.4 |98 117 117 15 17| 97.0 97.5 1645
Abb  |98,2 10,6 100,7 10C,7 100.7 {108 168 123 14 105) 97.2 96.5 230
Aur  |98.7 100,9 100.5 1C0.5 100,0 [102 111 114 105 108| 98.4 97.5 1689
3 Ioig [97.9 00.4 100.2 100.2 100.2 f102:117 17 17 132 96,3 97.1 2007
B |Ire [98.0 1004 99.7 99.9 1w0.0 | 96 120 117 117 1c8] 96.6 97.8 1554,
g {Mam 92,9 171.0 10,2 101,2 100.9 {168 120 120 120 123} 97.3 97.3 1671
e (¥ar [98.1 10C,L 100,1 100,0 $3.9 105 114 120 114 117} §7.1 96.9 145)
yeb [99.0 101,1 1@.3 1.0 1004 {105 123 126 129 135| 97.9 99.0 1173
| w ¥ol' [98.3 100,7. 100.6 100,8 100,5 [102 126 114 114 14| 97.5 97.5 1528 .
§ iPeb [98.57°100,4 100,0 100,1 1001 | 60 120 120 11k 108} 97.3 97.1 1759
o |wes [98.8° 100.4 10C.5 100,7 10c.5 | 99 114 114 120 117} 97.4 97.2 2126
m Tho @mto PS.P H.S.om 101,1 10,4 H-O“ FNW H'H.-N 120 H.UUQ @-NOW @oow ;Q@
(2] .
R |ave. l98.4 02008 100,6 100,6 100,5 101 118 118 116 W17} 97.3 97.6 1696
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TABLE 11

The Physiologic Responses of Working len Clothed in Hﬂmmaa wmvoﬁ_buo
wnﬁ Standard Herringbone Twill

UQWO mm N hd .zow. mp 1 had wo:. m““

N N SKIN TeuP, | WBIGHT 1055
4 “ RECTAL TR!PERATURE F PULSE RATEAUN, ?<mm§,m.v (Sveat)
= s
W M Hours Hours G/,
g8 0 ). 2 3 L o_1 2 3 4 1init. L Hr,.
abb | 98,4 99.7 997 9.8 99.9 | 87 102 99 93 96| 93.7 9ul 1341
Aur | 98,6 69,7 99,6 99.5 99.6 | 90 93 90 99 93 | 95.0 94.0 597 -
B ] Dig| 98,0 99,3 99.5 994 996 | 90 90 90 96 93 | 93.4 9u.3 970
= | Inv ] 98,7 99,6 99,5 99.6 99.6 {102 99 99 93 96 | 93.6 93.8 768
5 | ¥od | 99,1 100,0 100,3 100,5 100.8 { 117 99 99 111 117 | 93.8 95.1 655
vem | 93,7 100,5 100,5 100,6 100.5 | 137 120 117 117 114 | 94.7 9L.7 761
H | var| 98, 98,9 996 995 99.6 ) 96 96 99 99 96 | 94,6 94.0 852
& | Mol | 98,4 99.6 9.6 99.9 100,0] 93 99 93 &, 84 | 95.2 9u.5 670
o | Eool 98l 99,8 99.9 99.9 100.2 | 87 93 87 & 87 | 9h.3 94.0 802
75 | Feb | 98,1 99,5 996 996 99.7 | 102 102 99 302 108 | 93.2 94,7 639
Q | Wes | 98,3 99,5 97.7 99,7 99.7 | 105 108 105 93 93 | 94.1 93.0 898
m Tho | 98,7 99.6 925 99.5 99.5) 96 90 87 87 93 | 93.6 9h.b 75
| AVG.| 98,5 99,6 99.8 99.8 99.9] 98 99 97 96 98 | 941 9h.2 789
Abb | 98,2 99.4 99.6 99.4 99.7 | 8 96 105 102 108 | 94.9 95.0 1327
| Aur | 98,7 99.9 1000 99.9 99.8 | 102 102 99 96 93 { 95.5 Gh.h 588
S | pig| 98.3 99.5 99.7 99.8 99.8 {102 99 99 99 105 | 93.9 Ih.h 1165
B 1re | 981 99.2 99.4 99.3 99.7 ) 99 102 99 105 105 | 93.3 93.5 806
S ! y¥eb | 99,5 100,6 100,8 101,0 10,1 | 111 114 117 114 108 | kel 95.2 606
& | Mam | 99.4 100,9 100,7 100,9 10,1 | 108 114 108 131 111 | 95.9 95.1 753
Yar | 98sh  99¢5 99,4 99.6 99.h | 1R 96 105 102 105 { 95.7 9ke6 515
Yol | 98,3 99.6 99.6 99.5 99.9 | 96 108 99 102 99 | 94l 95.2 601
Koo | 98.3 99.9 100.0 100,0 100.2 | 87 93 93 96 99 | 945 94,0 614
8 | peb {979 99.6 99.7 99.4 99.3 | 87 11 111 108 99 | 93.9 94.0 3
m es 98,9 3.0 99.7 99.7 0@.0 99 1l 111 108 108 9L OPoP QNG
3
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Froject No. T-11

Insect repellent uniforms after one hour
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