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ABSTRACT

This report describes the experimental procedures and results of
chamber tests conducted primarily on modifications and new designs of
Navy Protective clothing. A modified design of the Navy Protective suit
was developed and found satisfactory which resulted in greater simpli~-
city of manufacture as well as wear. Later a gas proof fly opening was
designed, tested and recommended.

Special clothing submitted by the U.S.1.C. consisting of a mod-
jfied form of their utility suit was found to have satisfactory protec—
tive value after impregnation with the field set, M-l. Detached hoods
designed for use with these utility suits were also satisfactory.

Marine Corps protective suits impregnated by the solvent process with
CaC03 stabilizer were superior in protcctive value to the utility suits.

Several chamber tests were conducted on various types of socks,
gloves and protective shorts.

Many designs and types of hoods wiere investigated in chamber tests

in an effort to improve the design of the hood for both CC-2 impregnated
and carbon-rayon protective clothing.
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INTRODUCTION

A, Authorization

1s This work was authorized under Projcct 547/l1, “Maintenanec, Burcau
of Ships", dated 16 December 1940, The problems which were proposed for
study werc given in Bureau of Ships lectter S-77-2(Dz), Serial Bl of 17
December 19L0.

B. Statement of Problem

24 The purpose of this report is to present the results of chamber tests
irith human subjects on special types and designs of protcctive clothing
including suits, shortsi socks, gloves and hoods.

C. Knowm Facts Bearing on the Problem and Theoretical Considerations

L In the course of conducting many chamber tests at this Laboratory a
standardized procedure has becn evolved for testing new items of ¢lothing.
Chamber conditions are maintained at 90°F, and 65% rclative humidity.
Subjects dressed in protective clothing (usually 1-1/2 layer) and masked,
are cxposed in the chamber for one hour cach day. The subjects are exam—
ined for crythema or H vapor burns by a medical officer 2L, hours after
each daily cXposurces Subjccts are withdrawn from the test when they sus—
tain an intensc erythema (E) or more scvere burn on any part of their body.
The daily cxposurcs are continued until all the men have been withdrawn
from the test, though in some instances the tests have boen stopped before
all thc men arc withdrawn. The most convenicnt method of expressing pro-
tocbive valuec then becomes tho average mumber of exposures tolerated by
the subjects in a given test.

li. New typcs or designs of protective clothing such as suits, shorts,
socks and gloves may be tested by the procedure outlined above and usually
the itcm under test is run on one group in comparison with a control group
wearing standard items of clothinge.

De There arc many factors othor than protective value to be considered
in evaluating protective clothing items. It is important that the clothing
bo durablc and comfortablc on wcars Thesc factors can be evaluated most
gatisfactorily in wearing trials. In cvaluating certain designs such as
the gas-proof fly it was felt nccessary to conduct the chamber test with
subjects excreising in such a way as to test the fly under many conditiens
ineluding stooping, stretching and sitting. Certain other modifications

of the standard chamber test procedurc have been employed to evaluate
special designs of protective hoods.

D. Previous Work Done at This Laboratory

6. This is the nincteenth of a scries of reports on “WChamber Tests With
Humen Subjects®. No prior formal rcport has been issued on chamber tests
of special designs of protective clothing. The chamber employed in this
investigation has been fully discusscd in NRL Report No. P-2208, dated

52 December 1913, Many letter rcports on chamber tests on modificd items
of protective clothing containing recommendations have been forwarded to
the Bureau of Ships.
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EXPERIMENTAL

A. Description of Clothing and Procedures for Chamber Tests

(1) Modified Design of Protective Suits.

T Through the combined efforts of this Laboratory and the Naval
Clothing Depot, Brooklyn, a modified design of the Navy's protcctive
suit was developed carly in 19Lli. The aim in modifying the protective
suit was to simplify both manufacture and wear of the suit.

8. The essential features of the new design suit are listed below:

(2) Complcte slimination of buttons and buttonholes on jumpers.
A wide neck band, 26 inches, and wide facc opening in the hood, 28 inches,
permit the jacket to be put on with the hood around the neck. The gas
mask is put on and then the hood is pulled up over the head harncss of the

mask and dravn up snugly around the facepiece of the mask by neans of a
drawstring .

(b) Buttons on the shoulder straps are climinated and the straps
are ticd through buttonholes in the bib of the trouscrs.

(¢) The pockets on the jackets have been raised and the pocket on
the trousers was made larger.

(d) leny other small changes werc cffected such as reinforcement
of draweord cyclebs, lowering of tics on legs and cuffs, etc. The changes
noted above greably simplified the cutbting and sewing opcrations in manu-
facture of the suits and facilitated expanded procurement required by the
Navy. In addition, the changes greatly facilitated donning the sultsS. It
was hoped that the changes would also improve the protective value of the
suits.

9. The major change in the jumper was the elimination of the front open-
ing. Therefore the first two chamber tests were conducted as single ox-
posures without protective ointment in order to test specifically the pro-
tective value of the suits in the region of the nock. A third test was then
run in which ointment was used and the subjects were given successive daily
exposures. In these tosts each men cxposed in the chamber was supplied with
the following protective cquipment

(a) Navy diaphragm mask, Mark III or IV.

(b) Agucous CC~2 impregnated protective suit.

(¢) Standard Nevy issuc undershirt and drawers, unimpregnated.
(d) Ccc-2 impregnated cotton socks, (2 pairs).

(e) cC-2 impregnated clbow-lengbh wool gloves,

(f) Overshoes (Arctics).
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10, The subjects were given a gsingle (or successive daily) exposure to
H vapor in the chamber under the following conditions:

(2) €T = 1200 (60 min, )

(b) Temperature = 90 + 042°F.

(c) Relative Humidity = 65 + 3%
(d) Wind Velocity = 2 = 245 MePehe

The operation of the NRL chamber is described in detail in NEL Report
No. P-2208, “Chamber Tests with Human Subjects, I. Design and Operation
of Chember, II. Initial Tests of Navy Issue Protective Clothing Against
H Vaport, dated 22 December 19h3.

11, The clothing was worn by the subjects for four hours after each
chamber exposurce. The men were exomined and read by the medical officer
at 2L and L8 hours after the exposuresy. In the case of successive daily
exposures the readings were mede just before each chamber test and each
subject was withdrawn from the test when he had incurred a reading of B
(intense crythema) or greater on any part of his body. Successive daily
gxposures were continued until all the men had "broken®, i.c., reached a
rcading of E or greater, although occasionally some tests were stopped
before all the men had broken.

12. Control tests were run in conjunction with the modified design pro-
tective suits and consisted of standard design protective suits. This
provided a direct method of assessing the protective value of the modifica-
tion of the suit.

(2) U.S.i.C. Protective Suits,

13. Prior to 19L5 the standard protective suit adopted by the Marine Corps
was of the same design and the same fabric as the Navy's protective suit.
Greatly increased procurcment schedules resulted in consideration of a pol-
icy of vtilizing the regular herringbone twill utility suits for gas pro-
tection, Minor modifications in the utility suit similar to those adopted
by the CWs for the Army protective suitb, would mean that every suit in the
ficld and in reserve would be a potential protective suit and require only
impregnation to be effective. It would be necessary 1o stockpile protective
socks, gloves, hoods and shorts to complcte the essentizl feature of the
plan described.

1. At the request of the Plans and Policics Division of Headquarters,
Commandant, UeS.1.C., this Laboratory conducted a series of tests on cloth-
ing furnmished by the Marine Corps. The clothing worn in chamber tests con-
sisted of three groups of eight suits each. The first group of sults were
of modified utility suit design of herringbone twill, The eight detached
hoods supplied with this group, designated as Type A, had a small face open-
ing and were designed to be put on after the mask had becen put on and ad-
justed. Four of the hoods were of herringbone twill and four were of Arnzen
cloth. The second group of eight suits werec the same as the first but the
detached hoods, designed as Type B, had wide face openings and could be put
on around the neck before the mask was put on, The Type B hoods were de-
signed for use with hosetube type masks while the Type A hoods were for use
with masks having the canister attached directly to the facepiece., The
hoods and suits of both these two groups were impregnated by the field set
process using M-l scts.
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15. The third set of eight sults were of Navy design and made of Arnzen
cloth. They had been impregnated by the gsolvent process at a CWS Z of I
plant to contain 10% CC-2 with calcium carbonate stabilizer.

16. TIn addition to the suits and hoods described, the subjects were fur-
nished with impregnated socks, shorts and gloves; masks, overshoes, and
impregnated guarter sleeve shirts. No ointment was used. Repeated daily
exposures to H vapor at 1200 CT, with four hours wear after exposures, were
continued until all the men had a reading of E or greater on some part of
the body. Particular emphasis was placed on readings in the region of the
neck.

(3) Gas-Proof Fly.

17. During many wearing trials conducted by this Laboratory, it was noted
that subjects would rip or cut the trousers to provide a fly opening. Con-
sequently, a gas-proof fly was designed by this Laboratory and submitted to
the Naval Clothing Depot for execution. NCD improved the design and made
up several trousers containing the fly opening. The fly is made by cutting
a vertical slip h—l/? inches long in the front seam of the trousers. A
semi-circular flap is sewed to one side of the slit to provide protection
on the under side of the opening. A one layer squarc of cloth, 5-1/2 inches
on a side, is sewed over the slit on the outside of the trousers but the
right edge of the square is left open. For gas to pass through this open-—
ing it must pass between the trousers and the outer square for a distance
of 2—L/2 inches, go through the slip, and then travel for an inch or two

in the opposite direction between the slit and the inner flap.

18. The chamber test of the gas-proof fly consisted of 7 men dressed in
protective suits with the fly and seven men wearing suits without the fly.
The first exposure was at 600 CT (20 y H/1 for 30 min.) followed by succes-
sive daily exposures at 1200 CT. The clothing was worn for four hours
after ecach exposure. During the exposures the men were required to perform
the following exercises:

(a) Perform 6 knee bends to a squatting position and back.

(b) Walk about chamber for 5 minutes.

(¢) sit in squatting position for 5 minutes with knees dramn up.
(4) Repeat above sequence until exposure time is ups

Both groups of men in this test were dressed in the standard manner with
masks, ointment on face and neck, overshoes, unimpregnated shirts and
shorts, impregnated suits, socks and gloves. The suits for both groups
were impregnated by the standard aqueous pProcess (75% CP system) to contain
approximately 0.5 mg. Cl+/cm.2. A special record was kept of reactions in
the pubic region.

(4) Socks, Gloves and Protective Shorts.
19. In the Fall of 19LlL an imminent shortage of wool led the Navy Depart-

ment to request the investigation of all-cotton socks to replace the cotton-
wool socks as an item of protective clothing. The cotton-wool socks used

3T ] b
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for protective clothing meet the Federal Spccification JJS-581A Class A
Type 1, and contain L8% wool. Two types of all-cotton socks were tested
as substitutes. One type was similar in construction and weight to the
cotton-irool sock and met Federal Specification JJS-566 Type A, while the
other socks were lighter in weight and conformed to the Specification
JJS-566, Type B.

I
20. In the standard procedurc for conducting chamber tests there is
very little cxposurc of socks dircetly to H vapor and skin reactions on
the feet or lower legs arc very rarc. However, the overshoes worn over
the socks in chamber tests were contaminated with H vapor from repcated
exposurcs in the chamber and would cause burns when unimpregnated socks
were worn. The all-cotton socks were not given a special test but were
subjected to repeated exposures in tests conducted for other purposes.
For such tests, the feet and legs of the subjects were carefully examined
to sec if the special socks exhibited inadequate protection.

21. The first special test of protective gloves were on gloves woven
from two-ply wool yarn, instead of three-ply yarn. During the imminent
shortage of wool in 19kl two types of cotton protective gloves werc tesbed.
These gloves were made of z heavy cotton knit fabric napped on onc side.
One type had a six inch ribbed knit wristlet and was similar to the cotton
glove used by the Chemical Warfare Service. The other type was similar
but had a 12 inch woven fabric gauntlet with a channeled tiecord at the
top for securing around the forcarm. Two other sets of cotton gloves,
similar to those described, also werc subjected to chamber tests.

22. The procedurc used for testing gloves was to subject them to a
series of chamber exposures after thoy had been impregnated. The standard
design woolen gloves normally used in chamber tests of fer complete pro-
toction for hands in rcpeated chamber tests. When new types of gloves
were tested in the chamber their full protective value could not be deter-
mined since they were not run until they had "roken®. The tests of spec-
jal gloves were clways included in a chamber test series conducted for
reasons other than testing protcetive gloves. If no significant burns
resulted on the area covered by the gloves after repeated cxposures, the
gloves were considcred as satisfactory for protection.

23, The development of protective shorts was carried out to provide a
satisfactory item of protective clothing for the Navy. In addition, the
use of protective shorts in chamber tests wes adopted as a standard pro-
cedurc whenever possible since burns in the genital region are incapaeci-
tating whereas much more severc reactions on other body areas are not
incapacitating.

Dlis Data relative to the protective value of one layer, one and onec-half
layer and one and three—quarter layer clothing has been presented and re-
viewed in NRL Report No. P-2603 and is not considered a part of this report.
Having decided that one and one-half leyer clothing was best suited for
Navy use, development of a satisfactory protective short was started.
Chamber tosts were first conducted on stendard Navy issue Nainsook shorts.

R Lk
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Although these shorts were satisfactory from a protective standpoint in
one and one-half layer clothing, they were not suitable for hard wear
under field conditions. This was brought out in NRL Report No. P-2313,
"Tropical Wearing Trials of Protective Clothing", dated 5 August 194k,

25, With the cooperation of the Naval Clothing Depot, Brooklyn, and the
Clothing Division of the Bureau of Supplies and Accounts, a satisfactory
short was developed. This short wes made of medium weight ribbed knit
cotton fabric and was of " jockey" type construction. Size adjustment was
provided by means of gussets and tie tapes at cach side of the waist. The
erotch area was reinforced by using two layers of fabric. 4 gas-proof

type fly opening was provided by having a three inch opening in the outer
layer of the reinforcement which was cut at an angle of L5 degrees 1o and
six inches below the waistband. The fly opening was completed by having a
similar opening in the inner layer of crotch reinforcement two inches below
the outer opening. Legs werc attached to the shorts extending to midthigh
and were held tight to the legs by a wide, heavy, double layer, ribbed knit
hem.

26. Chamber tests on proteetive shorts were a2ll run as one and one-half
layer tests, 1.e., impregnated protective suits were worn over the impreg-
natod shorts. Other standard equipment was used such as masks, socks,
gloves, overshoes and ointment. Successive daily exposures to H vapor at
1200 CT, followed by four hours wcar, werc continued until subjects had an
intense erythema (E) on some part of the body.

(5) Hood Designs.

27. The chamber tests conducted with rcference to hood designs may be
divided into four series. The rirst series has been described above in
the section "Modified Design of Navy Protective Suit" in which a major
design change Was made in the attached hood of the Navy protective suit.
The second series has also been described above and comprises the special
detached hoods worn with the .S.i.Cs Protective Clothing.

28. A third series of tests was run in an effort to determine the causes

of burns when no ointment was used in the face and neck in chamber tests of
standard Navy suitse. In addition to CC-2 suits, suits of carbon-rayon fabric
(Type 148) were run inasmuch as Some cvidonce had been obtained that pro-
tective ointment poisoned the carbon in such suits. The test was designed

to demonstrate the relative impertance of wearing time, leakage of gas
through fabric and leakage of gas past the hood and mask closure.

26, A total of 32 subjccts were used in this series and these were divided
into eight groups of L men each. Three groups of four men each were dressed
in standard 1-1/2 layer CC-2 aqueous impregnated clothing. The first group
used no ointment and wore the clothing for the customary four hours after
each daily exposurc. The second group were no ointment, did not wear the
clothing after each exposure (except for 15 minutes aeration) and the hoods
on the suits were lined with cellophanc. The third group used no ointment,
did not wear the clothing after exposure, but had a CC-2 cloth flange be-
tween the hood and the mask.

T BT -
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30. The cellophane hood lincrs were made of scrim-backed protective
cover material. They were stitched to the suit hoods just behind the
drawcord channel of the face opening. Tn addition they had a six-inch
shawl which was tacked to the suits front and back and over the shoulders.
Since the cellophane material was known to be impermeable to vesicant
vapors, it was considered that these hood liners would eliminate leakage
through the fabric yet not interferc with any leakage through the hood and
mask elosure. The cellophane liners were replaced as needed during the
trials.

31. The cloth flanges were circular with an outer periphery equal to the
full face opening of the protective hoods. A hole in the center of the
flanges had a periphery equal to the distance around the gas mask for normal
hood fitting. The flanges were permancntly fastened to the gas mask with
rubbor cdment. Eech day before the chamber tests, masks were put on and
the flanges were sewn by hand to the hoods on the protective suits. In

this menner a positive seal was obtaincd between the hood and the mask and
the factor of leakage between the mask and hood closure was eliminated.

32. There were five groups of four men each wearing carbon-rayon suits

of No. 148 fabric. None of the groups used ointment. The first group was
dressed in standard 1-1/2 layer equipment and wore the suits for the 23
hours after each daily eXposurce The second group was the same except that
they did not wear their suits between exposures. The third group had hoods
lined with cellophane but did not wear their clothing after each exposure.
The fourth group were equipped with carbon-rayon cloth flanges and did not
wear their clothing after each exposurce The fifth group used both cello-
phanz hood lincrs and cloth flanges and wore the clothing 23 hours after
each daily exposure.

33 For convenience, the test groups are shown in Table I with a descrip-
tion of the factors which each group was designed to emphasize. It should
be pointed out that the factor of desorption for carbon clothing is very
important and in these tests refers mainly to sweep—off of vapors from the
contaminated side of the fabric. Tt was suspected that such a sweep=off
might be appreciable during the first hour or so after exposurc when the
face and neck of unmasked men would be burned by vapors rising from the
outer surfaces of the garment. The desorption factor does not exist for
cc-2 clothing, since other tests have shovn that wearing time following
cxposure is not jmportant.

(Sl s
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Table I

Groups of Subjects Used in Chamber Tests of Hood Design

Group

1.
2,
3.
L.
5

CcC-2
CcC-2

CC-2

Carbon
Carbon
Carbon
Carbon

Carbon

Equipment Factors Excluded
None, U hrs. wear None
Cello liner, no wear Fabric leakage

Cloth flange, no wear Closure leakage

None, 2l hrs. wear None

None, no wear Desorption

Cello liner, no wear Desorption, fabric
leakage

Cloth flange, no wear Desorption, closure
leakage

Cello liner and cloth Fabric and closure

flange, 24 hrs. wear legkage

Factors Tested

A11*
Closure leakage

Fabric leakage

All

Fabric and closurye
leakage

Closure leakage
Fabric leakage

Desorption

% Consists of closure leakage, fabric leakage and desorption (for
carbon clothing).
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34. The daily chamber tests were run in the standard manner. Groups
of 5 to 10 subjects were exposed for one hour to a concentration of

20 Y /1 of H vapor at chamber conditions of 90°F - 65% R.H. Successive
daily exposures of the same men dressed in the same clothing were con-
tinued until each man was withdravn by the medical officer because of
an intense erythema of the neck or because the test was stopped.

35, Following the tests outlined above on hood design, a few CC-2

suits and carbon-rayon suits were made at NCD, Brooklyn, with a zipper
closure on the hood. The zipper covered a folded gusset which opencd

out to provide a suf ficiently large face opening on the hood so that it
could be thrown back over the head. ihen the gusset was folded down

over the head and the zipper closed the face opening ef the hood was
reduced so that the draweord had to pull up only a 1little dack in effect-
ing a btight scal around the mask. Screening tests were run on two carbon
suits and one CC-2 sult with successive daily exposures to H vapor at
1200 CT. MNo ointment was used in thesc tesbs and the clothing was r¢-
moved after cach eXpoSurce.

36. The fourth series of tests on protective hoods were conducted to
ovaluate the principle of providing positive pressure inside the hood by
virtue of expired air forcoed into the space between the mask and the hood.
A proliminary test was made on two detached hoods of Oxford cloth designed
to be worn with the Navy Mark IV mask and to cover the outlet walve. The
subjects were given successive daily exposures of one hour to H vapor at
CT 300. No ointment was used, the hoods were not impregnated, and wire
guards were fitted over the mask outlet valves to insure satisfactory
functioning undcrneath the hoods.

37. Another test was conducted on four poplin hoods of the same type
which Rad been improved in design to provide greater fullness around the
outlct valve. These hoods nad channeled drawcords around the nzck and
around the front opening. The front opening was dravm up tight around

the cycpicces and hose tube of the facepicce, so that the specch diaphragm,
outlct valve, and other parts of the mask were covered. In addition to the
four hoods of poplin cloth, two other special hoods were tested at the

same btime. One was made of impecrmcable fabric and the other was mede of
one laycr Oxford cloth Type IV. Both hoods surrounded an oxygen type

mask snd hose tube, and containcd a flexible plastic window. The hose
tube of the mask extenced through & hole in the back of the hood to an
adapter on which 2 canister could be screwcd. In usc, these hoods covered
the oxygen mask and hose tube, fastencd snugly around the neck by means of
2 tiecord and provided internal pressure by reason of cxpired air forced
into the space between the mask and hood.

38, A preliminary test was run on the two spceial hoods described above
against tear gas (CNB). No tear gas vas detected by subjects who were
oxposed 15 minutes in a chamber in which tear gas had been dispersed by
atomization. Nevertheless, when charber tests against H vapor werc Iuil,
the oxygzen masks were replaced by full face masks (Army LWS) to prcvent
possiblc eye damage to the subjects. This change meant that cffects of
H vapor penctrating the hood would be observed on the neck instead of
both the neck and cyesS.

' i
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32, Chamber tests on the four poplin hoods and two special hoods were
run as successive daily exposures for 30 minutes with an H vapor concen-—
tration of 10 y /1, (300 CT). The six subjects were dressed in standard
cC-2 1-1/2 layer clothing in addition to the hoods. After the fifth day
all subjects had been withdrawn from the test except the one wearing the
special impermeable hood and he continued with daily exposures of 15 min.
at 20 yH/1 (300 CT).

0. TFollowing the chamber tests against H vapor, additional tests against
tear gas were made on six of the special hoods of Oxford cloth. For these
runs oxygen masks were used instead of full face masks. In the first testb,
the subjects were dressed in 1-1/2 layer CC-2 clothing in addition to the
hood. One exposure was made against an average concentration of 6.7 Y CN/1.
The CN concentration was set up by aspirating air through an alcholic solu-
tion but the btemperature and humidity were not controlled in the chamber.

J1. A second tear gas test was conducted at a lower concentration (O.L
y CN/1) with several modifications of the hoods. Two of the Oxford hoods
were equipped with full face masks, three Oxford hoods were equipped with
an oxygen mask as in the previous tear gas test, one Oxford hood with an
oxygen mask was fitted with an air line through which a steady flow of
10 1/min. of pure air was forced in, in an effort to accentuate the inter-
nal pressure, and one impermeable hood with an oxygen mask was included,
The subjects were clothed in the same CC-2 clothing used for the first
tear gas test and the temperature and humidity of the chamber were not
controlled.

B. Results and Discussion

(1) Modified Design of Navy Protective Suit.

2. The results of the first two tests of the modified design Navy pro-
toctive suit are given in Tables IX and X at the end of the text. An
attempt was made to obtain a numerical comparison of the old and new design
suits by assigning arbitrary numerical values to the physiological readings
shown in Table VII. The average values thus obtained for the old and new
design suits are shown below in Table II.

Table II

Comparison of Average Numerical Values for Physiological
Roadings in Tests of Old and New Dosign Navy Protective Suit

0ld Design New Design
251 Hrse I8 Hrs. 2L Brs. L0 Hrs.
First and Second Tests 1l.h 147 1.5 1.h
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L3. Tt was concluded that no improvement in protective value for the
modified design suit was apparent from the data. In the third test, which
was run with successive daily exposures, the four subjects wearing modified
design suits tolerated an average of 6.3+ exposures while the seven sub-
jects wearing standard suits tolerated an average of 5.9+ exposures. The
data arc shown in Tables XI and XII at the end of the text. Thus there was
no marked difference between the new and old design suits when ointment was
used and successive daily exposures to H vapor were employed. One other
aspect of these tests which should be pointed out is the fact that the
modified design suits in the test were made from cloth which had been
impregnated in a textile mill with an aqueous CC-2 suspension, while the
standard suits were impregnated with an agueous suspension of CC-2 by the
usnal garment impregnation process.

(2) U.S.l.C. Protective Suits.

N The results of chamber tests on Marine Corps protective suits is
summarized below in Table III. More detailed results are shown in Tables
XIIT, XIV and XV at the end of the text. The data show that there was not
any appreciable difference between the Type A hoods with the small face
opening and the Type B hoods with the large face opening. Since the draw-
strings in the hoods with the large face opening must gather up the cloth
to fit around the mask, it may be concluded that gathering of the hood
sbove the eyepicce is not a source of H vapor leakage. Moreover, there
was no marked difference between the two fabrics, herringbone twill and
Arnzen cloth, as far as the hoods were concerned. The superior protective
value of the Arnzen suits over the utility suits is not attributed to the
differcnce in fabric but to the difference in impregnation. In meny dif-
ferent tosts with Navy protective clothing, it has been found that solvent

. process impregnation results in greater protective wvalue than aqueous impreg-
nation.

Table IIT

Summarized Results of Tests of liarine Corps Protective Suits

Suit Type Fabric Hood Type Fabric No. of Men Av. No. of Exps.
Tolerated
Utility HBT A HBT L 9+5
Utility HBT A Arnzen ly L0+
Utility HBT B HBT L 1.5
Utility HBT B Arnzen L 5.0+
Protective Arnzen - - 7 8.34
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(3) Gas-Proof Fly

5. The results of the chamber test on suits with a gas-proof fly and
control suits without the fly are shovm in Tables XVI and XVII at the end
of the text. The average number of cxposures tolerated by men in suits
with the gas-proof fly was 5.6+ compared to 3.9 for men in the control
suits. It was concluded that no leakage of H vapor occurred through the
special fly opening even under the various conditions of exposurc attained
by the prescribed exercise during the tests. It is possiblc that the
extra layers of cloth in the crotch region with a consequent lower leakage
of H vapor through the fabric was responsible for the greater protection
afforded by the suits with the fly.

(L) Socks, Gloves and Protective Shorts

6. The all-cotton socks under test as a substitute for the cotton~wool
socks were used in a standard tpan-break" chamber test which was conducted
in the study of another problem. These all-cotton socks gave complete
protection and were comparable in all respects 1o the cotton-wool socks.

In addition, 211 cotton socks which hod been worn in a wearing trial at

Camp Lejeune, Ne C., (see NRL Report No. P-2106) were tested in conjunction
with similarly worn cotton-wool socks. Both types gave complete protection
in the trials. Thus it wes concluded that no difference in protective value
of all-cotton over cotton-wool socks could be detected under the conditions
of the tests conducted.

L7. When woolen protective gloves made of two-ply yarn were impregnated
and tested in the chamber with woolen gloves of three-ply yarn, no differ-
ence in protection was apparent. Both types of gloves gave complebe pro-
tection in the tests and 2 recommendation was made that gloves made of two-
ply yarn were equal in protective valuc to gloves made of three-ply wool

y?‘.I‘I‘la

L48. The results of the tests on all-cotton gloves as replacement for
woolen gloves are shown in Tables XXIT and XXITI. Of the nineteen subjects
in these two tests only one showed a reaction on the hand or wrist that
could be considered due to lack of protection by the gloves. This subject
had an E° reading 72 hours after his last exposure in the chamber. It was
concluded therefore that from the standpoint of protective value in chamber
tests, all-cotton gloves are fully as satisfactory as woolen gloves.

L9. Observations made on the kit wristlet type compared to the gauntlet
type during the chamber trial showed that the former had a greater tendency
to slip down the arm and were morc likely to result in a faulty closure at
the wrist. A complete evaluation of the all-cotton gloves in comparison
with the woolen gloves would have to be made under field conditions where
extended wear and hard work would show which type of glove provided a better
wrist closure. Although the chamber tests indicated that the cotton gloves
gave complete protection, it 1s believed that further work should be done

on the design of the cotton gloves in an effort to improve the gauntlet or
wristlet construction.
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50. The effectiveness of imprcgnated shorts in reducing the incidence
of H vapor burns in the scrotal rcgion may be Seen by comparing the
readings in Tables XIII and XIV with the readings in Tables XVI and XVII.
Since scrotal region burns are morec apt to be incapacitating, chamber
tcsts were run whenever possible with subjects wearing impregnated shorts.

S1. Chanber tests conducted to comparc thc effectiveness of the standard
issue Neinsook shorts with the special ribbed mit shorts developed by NCD,
BuSandA, and this Laboratory, arc shovm in Tables XXIV and XXV. From the
standpoint of protective value there is very little difference in the two
types of shorts. A decision to rccommend the knit short was based there-
fore on results of wearing trials which showed that Nainsook shorts were
too light and flimsy to be satisfactory in the field, (sec NRL Reports

No. P-23)3 and P-2L06).

(5) Hood Design

52. Very early chamber tests had indicated that protective ointment was
required to prevent neck burns in chamber tests on Navy protective suits
(sec Tables X and XI in comparison with Tables XIT and ¥III). The use of
ointmont was adopted as standard for all chamber tests but no clear-cut
data was obtained showing why the hoods on the Navy suits failed to pro-
tcet the ncck or to what extent ointment was required. Some chamber trials
on carbon-rayon suits in which ointment had been used, showed that neck
burns occurred earlier than burns on other parts of the body. It was not
knovm whether this could be ascribed to poisoning of the carbon by the
ointment, leakage through the fabric, leakage past the hood and mask closure,
or desorption of vapors from the suits during wear following chamber ex-
posurcs when the hoods were worn thrown back around the neck.

53. The results of the serics of chamber tests carried out to indicate
the various factors causing neck burns are shown in summarized form in
Table IV. More detailed data is given in Table XVIII. It was deemed
adviseble to separate “breaks™ occurring at the neck and other parts of
the body in order to show the results more clearly. Men who broke" on
the body before the ncck were given inpregnated clothing for the affected
rogion and continued in the test. Examination of the data for the CcC-2
groups shows that leakage of H vapor through the fabric is the most im-
portant factor. It is not clearly cstablished that no leakage occurs be-
tween the hood and mesk closure but this factor is certainly not very sig-
nificant. Assuming that no closure leakage occurs in group (1) as well as
group (2), it is seen that a nock break occurs before a body break in one
case and not the other. Although the man breaks are somewhat low in this
particular series of tests, breaks at the neck and at other parts of the
body arc of the same order of magnitude.

i 5
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Summarized Results of Chamber Tests of Hood Design

Table IV

Group

¢c-2, L hr. wear
CC-2, cello liner,
no wear

CC-2, flange, no
wear

Carbon, 2L hr. wear

Carbon, no wear

Carbon, cello liner,

Carbon, flange,
no wear

Carbon, cello liner
and flange, 2L hrs.
wear

Region

Neck
Other

Neck
Other

Neck
Other

Neck
Cther

Neck
Other

Neck
Other

Neck
Other

Neck
Other

No. of Daily Exposures Tol.
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% These subjects were withdrawn from the test for reasons other

than 2 "break'.
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Sh. Examination of the data for the five groups wearing carbon-rayon
suits shows first that there is no leakage of vapor through the fabric.
This fact was known from earlier laboratory and chamber tests. The rela-~
tive importance of desorption and leakage through the hood and mask closure
is more difficult to assess primarily becausc of variation in making a gas
tight hood and mask closurc. A comparison of carbon group (1) with carbon
group (2) indicates that desorption is morc important than closure leakage.
On the other hand, desorption was not evidenced by carbon group (5). 4
comparison of carbon group (3) with group (2) indicates that closure leakage
is accentuated by the impermeable hood liner. This is attributed to the
fact that vapors leaking past the hood and mask closure were prevented from
being adsorbed on the inside surface of the carbon fabric.

55, In all carbon groups except the first the only "breaks" were those
occurring in the region of the neck. This correlates with previous tests
in which completc protection was oxhibited by #1L8 carbon-reyon suits for
morc than 8 exposures. However, comparison of the results of this test
with earlier tests show that it is unwise to use ointment for thc neck and
face when carbon clothing is worn. Patch tests have shown that ointment
(~5) can poison carbon and promotc release of adsorbed vesicant vapors.

56. Though the tests do not clearly show that closure leakage 1is more
important then desorption, there is certainly an indication of this view.
hnother fact which must be considered is that in these tests, hood and mask
closurcs were made under optimum conditions with trained persomnel. Under
service conditions it is more than likely that poor closures would be
effected frequently. It is belicved that the present design Navy hood for
carbon clothing will give adequatc protection for as long or longer than

CC-2 clothing. To realize the full protective value of carbon-rayon clothing,
an improved hood closure device is required.

57. The results of the screening test on the suits with hoods having a
zipper closure is shown in Table XIX. Unfortunately, the subject wearing
the CC-2 suit was withdrawn from the test before he broke and the two sub-
jects wearing carbon suits had not broken when the test was stopped after
the eighth exposure. The results may be taken as an indication that the
zipper closure on the hoods is at least as satisfactory if not superior %o
the standard drawstring closure from the standpoint of protective value.

58. The results of the screening test on the two detached unimpregnated
hoods of Oxford cloth are shown in Table XX. Both men tolerated 5 cxposures
(1500 CT total) before having readings of E or greater on the necks From
these results it could not be claimcd that the hoods were as effective as
the standard impregnated attached hoods of the Navy suit but it was believed
that the results were indicative of some protective value resulting from

the positive pressure inside the hoods.

59. Data on the six special hoods designed to provide positive pressure

between the mask and hood are shown in Table XXI and have been summarized
in Table V below.

el -35-
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Table V

Symmarized Results of Tests on Special Hoods

Hood No. of EXpS. Total Readings
Tolerated CT (After withdrawal)

Trpermeable 12 3600 E° ant. neck & sternum.

oxford 5 1500 E lat. & post. neck,
sternum.

Poplin 2 600 E ant., post., lab., neck

Poplin 2 600 E post., neck & rt. post.
auricular area

Poplin 3 300 E post neck; E° ant. lat.
neck & sternum

Poplin 3 900 E post. neck.

% Subject had not broken when test was st opped.

60. It is apparent that the impcrmeable hood afforded practically complete
protection throughout the length of the test. The Oxford hood afforded
appreciable protection but was less effective than the impermeable hood.

The Poplin hood afforded little protection and cannot be considered effective.
The relative air permeabilities of the impermeable cloth, Oxford cloth, and
poplin cloth (0, 2.3, and 7.7 cu. ft./min./sq.ft. respectively), may explain
the rclative protective efficiencics of the three type hoods. Apparently,
oven the closely woven Oxford cloth permits diffusion of H vapor through the
hood against flow of expired air with resulting neck burns. It was further
noted in these tests that whereas the Oxford and Poplin hoods were comfortable
4o wear, the impermeable hood was hot, collected perspiration around the hood,
and readily became fogged up.

61. 1In the first tear gas test against the relatively high concentration of
6.7 Y CN/1. all the men were forced to come out of the chamber within six
minutes. In this case sufficient gas entered the hood to cause eye effects
despite the interncl positive pressure of expired air. The second test
against tear gas at an average concentration of O.lt ¥ CN/1 was more successful
and the results are shown in Table VI.

Table VI

Results of Second Tear Gas Test Against Special Hoods

liask end Hood Combination Mins. Tolerated in Chamber
WS full fase mask; Oxford hood 16
IWS full fzce mask; Oxford hood 16
Oxygen mask; Oxford hood 16
Oxygen maskj Oxford hood . 16
Oxygen mask; Oxford hood with air line 60%
Oxygen mask; Oxford hood 60
Oxygen mask; impermcable hood 60

% Though this subject stayed in the chamber for a full 60 min., he showed
severe eye symptoms and stated that he was forced to close his eyes after
the first 15-20 minutes in the chamber.
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The results of this test are somewhat conflicting. The failure of the full
face mask must be attributed to a faulty canister, faulty hose tube seals,
or contaminated hose tubes. The failurc of the two hoods with oxygen masks
is in line with the results at the higher concentration. It is suspeeted
that the hood fitted with the air line failed after about 15 = 20 minutes.
However, the one Oxford hood with oxygen mask which gave complete protec-
tion suggests that under the right conditions the combination is effective.
The complete protection afforded by the impermeable hood corresponds with
earlier results.

62. TIn conclusion it may be stated that the principle of maintaining posi-
tive pressure inside a hood by covering the outlet valve has not becn found
to afford complete protection against gas vapors when the hood is made of a
pernmcable fabric. When an impermecable fabric hood is used, complete protec-
tion is afforded. It is quite possible that a combination of permeable and
impermeable fabric might be used to construct an effective hood to work on
the principle of positive internal pressurc.

T -
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SUIMMARY AND CONCLUSIONS

63. A modified design of Navy protective suit was tested in the chamber
along with standard design suits as controls. In two single exposure tests
conducted without protective ointment reactions on the neck were svbstan-
tially equivalent for subjects wearing the two types of suits. A third

test was conducted with successive daily exposures and ointment was used.
Again a substantial equivalence in the protection of the two types of suits
was revealed. It was concluded that the new modified design of Navy pro-
tective suit should be recommended because it was simpler to manufacture and
£o wear, and had shown a protective value equivalent to the old design suits.

6li. Chamber tests were conducted on Marine Corps utility suits equipped
with two types of detached hoods, and on Marine Corps protective suits made
of Arnzen cloth. The utility suits and detached hoods were impregnated by
the aqueous process with Field Sets, M~l, while the protective suits were
impregnated by the solvent process with CaCOj stabilizer at a CWS Z of T
plant. Subjects wearing the utility suits tolerated an average of 1 -5
exposures to H vepor at 1200 CT and no difference was found between the
hoods with a small face opening and the hoods with a large face opening made
from either Arnzen cloth or herringbone twill. The subjects wearing the
plant impregnated protective suits tolerated an average of 8.3 cxposurcs
and the superior protective value of the suits over the utility suits is
attribubed mainly to the method of impregnation.

65, Chamber tests were conducted on suits containing a gas-proof fly
developed jointly by this Laboratory and the Navel Clothing Depot. OSubjects
wearing these suits and control suits without the fly followed prescribed
exercises in the chamber designed to test the fly realistically. It was
found that a somewhat greater number of exposures to H vapor at 1200 CT was
tolerated by men wearing the suits with the gas-proof fly in comparison to
the plain suits.

66. All-cotton socks similar in construction and weight to the cotton-wool
socks used as a standard item of protective clothing were found satisfactory
during repeated exposures in the chamber.

67. Chamber tests on woolen protcctive gloves made of two~ply wool yarn
showed they offered complete protection and were in every way equivalont
to gloves made with three-ply yarn.

48. Two different serics of chambor tests were carried out on cotton
gloves designed to replace woolen protective gloves. Two types of gloves
were included in both series; onc type with a ribbed knit wristlect and one
type with a wewen gauntlet. Ropeated chamber tests were run with these
gloves which showed that they gave almost complete protection. They were
not as satisfactory as the standard wool gloves inasmuch as they had a
tendency to slip down the arm.

YRR -1 -
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69. Upon the basis of chamber tests illustrating the need for an impreg-
nated protective short to be worn with the Navy protective suit, a ribbed
knit short was designed with the help of the Naval Clothing Depot and the
Bureau of Supplies and Accounts. Though theo protective value of this short
was no greater than that of a standard Nainsook short, the former was pre-
ferred upon the basis of results of wearing trials.

70. A scries of chamber tests was conducted on both CC-2 imprcgnated and
carbon-rayon protective suits to evaluate the various factors contributing
to neck burns when a complete outfii of Navy protective clothing is worn in
H vaper. It was concluded that the major factor contributing to neck burns
for CC~-2 suits was leakage of H vapor through the fabric. However, elimina-
tion of leakage through the fabric for CC-2 suit hoods would not greatly
improve the overall protective efficiency of the CC~2 clothing.

7l. There is no leakage of H vapor through the fabric for carbon-rayon
Type 148 clothing but both desorption and leakage through the hood and neck
closure occur. The present design of Navy protective clothing limits the
protective value of carbon-rayon clothing for these reasons.

72. Preliminary tests on Navy protective suits equipped with a zipper
closure for the hood indicate that this feature was desireble and should
be investigated further.

73 Chamber tests against both H vapor and tear gas have been conducted

on special detached hoods designed to operate with a positive internal pres-
sure provided by expired air from o mask. Limited protection against H vapor
and CN was exhibited on such hoods made of Oxford cloth. Hoods made of pop-
lin fabric were less effective while a hood made of an impermeable fabric
offered complcte protection. It was concluded that internal pressure pro-
vided by expired air was not sufficient to prevent H or CN vepor from dif-
fusing through a permezble type hood.

- - -
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RECOMIENDATIONS

7). The modified design Navy protective suit described in this report
was recommended in a letter to the Chief of the Bureau of Ships, dated

21 February 19hl. This design was adopted by the Navy and has been under
procurement for more than 18 months.

75. It is recommended that the utility suits of herringbone twill supplied
by the USHC be considered satisfactory for use as protective clothing after

field set impregnation. The two types of detached hoods furnished to be run
with the utility suits are equally satisfactory and the type adopted should

he based on the type of masks with which troops will be equipped.

76, The gas-proof fly developed jointly by this Laboratory and the Naval
Clothing Depot was recommended in a letter to the Chief of the Bureau of
Ships, dated 7 November 19LlLi. The gas-proof fly was adopted and has been
included in all protective suits manufactured recently.

77. A recommendation was made that the all-cotton socks described in this
report be considered suitable for impregnation and issue as an item of pro-
tective clothing in a letter to the Chief of the Bureau of Ships, dated 21

October 194li. Procurement of all-cotton socks was never effected since the
shortage of cotton-wool socks eased up.

78. A recommendation was made that woolen protective gloves made of two-
ply yarns be considered satisfactory as an item of protective clothing in a
letter to the Chief of the Bureau of Ships, dated 13 April 194k.

79 It is recommended that further work be carried out on the design of
an all-cotton protective glove with particular reference to a better method
of wrist closure.

80. Tt is recommended that the cotton ribbed knit protective short des-
cribed in this report be adopted as a standard item of protective clothing.
The specification for these shorts has been prepared by the Bureau of Sup-
plies and Accounts.

8l., It is recommended that further work be carried out to improve the
design of the hood on Navy protective eclothing especially for carbon-

rayon fabrics. Preliminary results indicate this work should follow along
the lines of the zipper hood closure described in this report.
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Table VII

Physiological Readings - Legend -

Symbol Reaction

E- 1ild Erythema

E° loderate Erythema

E Intense Erythema

E+ Papular Erythema

NPV Numerous Pin-Point Vesicles
NV Numerous Vesicles

Y Vesicle

Py 1ild Pigmentation

Po Hoderate Pigmentation

P3 Intense Pigmentation

Readings of questionable erythema are not included since they
are not considered significant in tests of this naturec.
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Table VITI

Body Arcas = Legend

Abbreviation Area Abbreviation Arca
aaf anterior axillary folds le legs
aar anterior arms 1th lateral therax
ab abdomen lum Jumbar
ale anterior legs ne neck
al anterior and lateral paf posterior axillary
folds
ar arms paur post. auricular
ash anterior shoulders par posteriar arms
athi anterior thighs pa palm
ax axillae pen penis
bt buttocks ple posterior legs
Cr Tth cervical pne posterior neck
cf cubital fossae pop popliteal spaccs
chb checekbones psh posterior shoulders
cl clavicles pthi posterior thighs
dh dorsum of hands sc scapulae
dth dorsal thorax scr scrotum
el elbows uab upper abdomen
fa forearms uar upper arms
igf intergluteal folds ulth upper lateral thorax
il iliac crest umar upper medial arms
ing inguinal umthi upper medial thighs
kn knees ust upper sternum
lax lateral axillary uvth upper ventral thorax
lar lateral arms vth ventral thorax
Ine lateral neck wr wrist
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Table IX AL RESEARCY LABORAT Ry

Comparison of Standard Design (0ld) With Modified
Design (New) Protective Suits

(A1l subjects given one exposure at 1200 CT - no ointment used).

Date Started: 2/15/LL

Readings (Hours After Last Exposure)

Design No. lien 2l Lo
0ld 9 SE 3 E+
; E° neck S E
1 E° neck
New 10 1 E+ 1 E+
L E SE
5 E° neck 2 E° 2 E- neck
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Table X

Comparison of Standard Design (0ld) With Modified
Design (New) Protective Suits

(A1l subjects given one exposure - no ointment used).

Date Started: 3/6/LL

Roadings (Hours After Last Exposure)

Design 2l L3
0ld E- sc E- dth, sh, sc
0ld E- sc, dth E- sh, se¢, paf, cf, dth
0ld E-~ pne, lpa, ac E- pne, sh, sc, dth
0ld E° pne E° vth
E-~ sc E—~ pne
0ld E° ne

E- ¢f, sc, aaf, dth E° 1lne
E- c¢f, sh, se, dth

New E~- 1lne E— pne, cf, sc

New F— ne, ar, sh, dth, cf No remarks

New None No remarks

New E- sc, dth E- lne, sc, sh, dth
New E=- 1ne E~ lne
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Table XTI

Tests on Modified Design Protective Suits
(liade from fabric impregnated in the piece-goods)

Date Started: 4/25/LlL

No. of Exposures Readings (Hours After last Exposure)
Tolerated 2l s}
L E sh, sc E 1th, ar, sc, dth
E° sh
T E° sh, sc No readings
73 E° bt, pop No readings
T E° sc No readings
Av, 603 s

* In this and succeeding tables, an asterisk denotes subject withdrawn
from test for reasons other than a "break".
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Table XTI

Tests of Standard Design Protective Suits
(Standard Aqueous Impregnation 75% CP)

Date Started: L/25/Lh

No. of Exposures
Tolerated

8

T

Ave 5.9+

Readings (Hours After Last Exposure

ey

E sc, dth
B° kn, ash, 1lth, ar,
aaf, cf, thi, pop

E sc
E° sh, aaf, 1lth, pop

E® cf, ash, sec, dth

NPV scr
E®? 's¢, dth

E sc
E® &h, ar; saf, th

E dth
E® scr, thi, le, vth
1th, z2af, sec, bt

B se, dth

Lo

No readings

E ash, sc
E°® 1th, ax, dth, bt

E° cf, ash, sc, dth

NPV scr
E® sh, aaf, se¢

E se, dth

E° sh, ar, 1lth, thi, pop, le

E ash, aaf, 1th, sc¢, dth

E® thi, pop, le, scr

E ef, dth, sc

E® ash, cf, aaf, 1th, le E° ash, 1lth, bt
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Table XIIT

Tests of liarine Corps Utility Suits and Type A Hoods
(Aqueous Impregnation by Field Set, M-1)

Date Started: 5/10/L5

Hood No. of Exposures Readings (Hours Aifter Last Exposure)
Fabric Tolerated 2N 4t
HBT I E aar, cf, pthi, kn, E aar, pthi, kne, ple,
ale, paf, psh, vth, paf, psh, 1lth, sc, dth,
sc, dth, pop pop
E° 1lne, ust, C7, par E® vth, par, C7
HET 6 E paf, psh, C7, sc, dth E lth, pne, psh, C7, sc,dth
E® ane, lne, pne, ust, E° alne, ust, aar, ef, ax,
ax, lth, kn, el kn, ple, paf, el, pthi,
pop
HBT 6 E paf, psh, sc, dth E ust, athi, kn, pne, paf,
E° ane, lne, pne, ust, psh, sc, dth
ax, 1lth, kn, el, pthi, E° alne, ale, C7, pthi
pop, ple
HBT 6 E ane, lne, pne, ust, E ane, lne, pne, ust, le,
paf, psh, G?' sc, dth lar, paf, psh, sc, dth
E° athi, kn, ale E°® aar, cf, pthi, kn, ple,
pop, C7
Arnzen 2 B lax, psh, sc, dth E lax, ane, lne, pne, ust
E° ane, lne, pne, ust, psh, sc, dth
par, el, Gy E° kn, par, el, C7
Arnzen 9 NV umer, psh NV umar, psh

E°® alne, ust, kne, paf E ust
E® 2lne, lar, kn, pop

Arnzen I E ane, ust, 1lth E ane, ust, el, vth
E® 1lne, pne, vth, psh, E° 1lne, pne, paf, psh, C7,
C7, ®c, dth sc, dth
Lrnzen 2% Sick E pth, dth, lum, lne, cl

E® alne, ust E° ¢l, lne, kn

Averrf‘.gf;’ I'BT = 5 . 5
Average Arnzen= L.O+

Grand Average = L.8+
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Table XIV

Tests of larine Corps Utility Suits and Type B Hoods

(iiqueous Impregnation by Field Set, -1)

Date Started: 5/10/L5

Readings (Hours After Last Exposure)

Hood No. of Exposures
Fabric Tolerated

HBT 5

HBT 2

HBT L

HBT 7

Arnzen 5

Arnzen 3%
Arnzen 6

Arnzen 6

iverage HBT = L.5
Average Arnzen= 5,0+
Grand Average = l.B+

2L Lo
E ane, c¢l, lax E ust, ¢l, paf, ax, 1th,
E® ust, aar, paf, ax, vth, sc, dth, pop
kn, psh, sc, dth E? ¢, kn, ale;, psh, Cy
E ane, ust, cf, dth E ane, ust, cl, aar, cf,
E° 1ne, pne, kn, paf, paf, pne, sc, dth
psh, par, el, sc E° lne, pne, ax, lth, vth,
kn, par, el, 07
E ane, lne, pne, ust, E ane, lne, pne, ust, paur,
paur psh, C7, sc, dth

E°® psh, el, Cq, sc, dth E° cf, kn, el

E umthi E umthi, pop
E® ane, lne, pne, ust, E° ane, lne, pne, ust,
psh, G?, sc, dth, pop athi, kn, ale, psh, par,
el, sc, dth

E psh, sc¢, dth E ef, ax, kn, paf, sc, dth
E°® ane, lne, pne, ust, E® ane, lne, pne, ust, 1lth,
cf, ax, 1th, vth, athi, vth, ab, athi, ale, C7,

kn, ale, paf, pop, ab pop

no E _ no E
E° ane, lne, pne, ust E° ane, lne, ust
E dth E pne, paur, dth

E° ane, 1lne, pne, kn, E° ane, pne, pthi, kn, ple,
psh, sc, pthi, pop, ple pop, psh, €l, sc

E kn, sc, dth, pop E gths, pthl, kn,dlo, op 2,dth
E° ane, lnc, pne, ust, E° ane, lne, pne, ust, cf,
cf, 1th, pthi, ple, ar, paf, psh, ple
el, psh
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Table XV

Tests of Marine Corps irnzen Protective Suits
(Solvent Impregnation with CaCOj Stabilizer)

Date Started: 5/10/LS

No. of Exposures Readings (Hours After Last Exposure)
Tolerated el Lo
13 Sick -
12 V ef, fa V fa; NV, dh

E® ane, lne, pne, ust, E ane, ust, cf, paf, psh,
psh, aar, kn, paf, el, el, sc
sc, dth E° ash, ar, aaf, kn, pne,
sc, pthi, pop, le

B¢ E ane, lne, E ane, lne, pne
E° ust, kn, pne E° ust, cl, pne

6 E paf, psh, sc E apne, paf, psh, sc, dth
E° pne, ust, el, dth E® ust, cl, umar, kn

L E ane, lne, ust E ane, lne, cl, ust

E® kne, pne, psh, sc, dth E° ar, cf, kn, pne, psh,
el, sc, dth, pop, le

12 W kn W kn

E ane, lne, pne, ust, E® ane, lne, pne, el, psh,
psh, ¢el, sc, dth sc, dth
T E ane, ust E ane, lne, ust
E° 1ne, pne, ash, psh, E° ash, psh, athi, kn, ale,
kn, paf, sc, dth paf, sc, dth, pop
! NV aar NV aar

E° ane, pne, ust, ser, E aar, cf
kn, psh, el, C7, sc, E°® ane, pne, ust, kn, psh,
dth sc, dth

Av. 8.3+
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Table XVI

Tests on Single layer Aqueous Impregnated Suits with Gas-proof Fly

(Subjects following prescribed exercises in chamber)
(First exposure 600 CT-subsequent exposures 1200 CT)

Date Started: 10/17/LL

No, of Exposures
Tolerated

6

Tt

Ave 5-6'!'

Readings (Hours After Last Exposure)

el

Lo

E 1th, ax, ar
E® bt, pop, ash, uar,
cf; sec, dth

E ser
E°® ust, ne, sc

E ser, ab, vth, ash,
ne, face

Blotched E se¢, dth
(allergy?)

E scr, ing

52 ash, Yth, thi, kn,
bt, paf, ple

E aaf, lax, uwar, cf

E° sc, paf

E® cf, ser, Sc

E ash, aaf, uar, sc, dth
E® ef

E scr
E® ane, ust, ash, ax, sc

E chb, vth, pne
dth subsiding allergy?

B nose
E°® scr, paf

E ash, ax, =aaf, cf, iusr,
sc, paf
E° ab, bt, el, pop

No reading E° or greater

s Denotes test stopped in this and succeeding tables.

DECLASSIFIED



Table XVII

Tests on Single layer :queous Impregnated Suits
(Controls for Suits with Gas-Proof Fly)

(Subjects following prescribed exercises in Chamber.

at 600 CT - subsequent exposurcs at 1200 CT).

10/17/Lk

No. of Exposures
Tolerated

L

Date Started:

Av. 3 -9

First exposure

Readings (Hours ifter Last Exposure)

4N

E ing, pen, scr, ash,
aaf, kn, cf, sc, dth,
bt, el, pthi

E ing, umthi, kn
5° chb, upst, ax, 1th,
cf

E ing, ax, 1lth, sc, dth
E® ax, uth, dh, wr, scr,
bt, el

E ing, ax, lth, sc, dth
E°® ash, vth, bt

E sc
E° ash, ar,; dh, se, dth,
pne, el, bt

E+ ser
E ing,
P s,

umthi
dth, pop

E ash,
E® ef,

aaf, sh
sc, paf

DECLASSIFIED

4o

E ing, pen, ash, aaf, 1lth,
cf, apthi, kn, sc, dth
E° ser, ash, ax, pop

E ing,. ax, ith, cf, athi,
kn
E° ash, vth, pne

E ing, ash, vth, ax, 1lth,
cf, kn, sc, dth, paf
E°® pen, scr, pne, ¢l, bt

E ing, ash, ax, lth, uar,
sc, dth, paf
B® ax, lth, 8cr

B ash, ar, abthi, ki, 8¢,
dth, paf, bt
E° chb, 1lth, el, pop

E ing, upthi
E° secr, sc, dth

E ing, ash, paf, uar, cf,
upthi, se, dth
BE° ax, cf, bt, pop



Table XVIII

Chamber Tests on Aqueous CC-2 Suits and Carbon-Rayon
Type 1L8 Suits with Various liodified Hoods

Date Started: 12/12/LL

No. of Exposures Readings (Hours After Last Exposure)
Tolerated 2L L8

Group (i) Aqueous CC-2 suits, L hours wear after
last exposure.

L E ane, lne, pne, ust, c¢l, E+ ane, lne, pne
ash, psh, sc E ust, c¢l, ash, psh, aar,
E° aar, cf, kn, dth ef, athi, kn, se¢, dth,
pop
E°® ax, par, chb
3 E pne, psh, sc E ane, lne, pne, cl, rash,
E® alne, ust, cl, rash, psh, sc, dth, paf
aar, psh, dth E° ash, ear, cf, ax
5 E ane, lne, pne, lth, (E+ ane, 1lne, pne at 72)

psh, sc, dth, paf; SK~L E ane, lne, pne, ust, psh,
E® ust, ash, aaf, ax, athi, aar, cf, ax, lth, paf,

kn, ar athi, pthi, kn, psh, sc,
dth, pop
B ¢l, par
2 E ane, lne, pne, ust, fh ¥+ ane, lne, pne, ust
E° chb, ser, psh, sc, E face, pne
dth E® scr, psh, sc, dth

Group (B) Carbon-Rayon Type 1L8 Suits, 2l Hours
Wear Daily.

L3¢ Sick E- ane, 1lne, pne, face,
E® ane, ust ust, kn
S E pne E pne, ash, dh
E® rash, psh
7 E 1lne, pne E+ 1ne, pne
E° ane E° ane, ust, lne, fh
7 E lne E ane, lnec
E° pne E® 1lne, pne, face, ust

DECLASSIFIED



No. of Exposures
Tolerated

Table XVIII (Cont'd.)

Readings (Hours After Last Exposure)

Baes¢

B¢

L

23

cly Lo

Group (C) Carbon-Rayon Type 1L8 suits not worn
after each exposure.

E- anc, 1lne, pne E° ane, pop
E- lne, pne, psh, sc

E° pne E° fh, pne

E~ lne, ust, CT E~ lne, dth, sc
E° 1ne E° fh, lne

E- pne, ane E~ ane, lne, pne
Sick- E~ E-

Group (D) Aqueous CC-2 suits with cellophane
hood liners, no wear after exposurec.

Sick - SK-3 E°® ash, thi, kn

E ane, lne, cf, 1lth, E ane, 1lne, ax, paf, face,
paf, ash, psh, athi, 1th, athi, pthi, kn, le,
kn, sc, par, pop, ple, pop
dth E° pne, lne

E° face SK=3

E+ pop, psh, sc, dth E+ pop

E ash, aar, cf, lne E ane, lne; pne, psh, sc,

E® fth, ane, pne, eaf,SK-3 dth, paf, pthi, ple, cf
E° pne, face, athi, kn,ale

E 1lne, ax, lth, psh, sc, E ane, lne, ax, aar

dth, pop E° pne, athi, pthi, kn,
E° ane, pthi ale, ple
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No. of Exposures
Tolerated

Table XVIII (Contt'd.)

Readings (Hours After Last Exposure)

Dt

63

2l

Lo

Group (E) Carbon-Rayon Type 1L8 suits with
cellophane hood liner, no wear after

eXposure.
Emergency leave

E ane, lne
E° 1lne, pne

NPV lne SK-L
E+ cl, ust, pne
E lum

E lne
E° pne

-- 11 days - no remarks.

E— ane, lne
E° 1lne, pne, face

NV'!'s entire 1lns.
E+ cl, ust, pne
E lun

E Ilne
E® pne

Group (F) Aqueous CC-2 suits with cloth flange
between hood and mask, no wear.

E 1lne, pne, ash, aaf,
psh, paf, 1lth, sc,
dth SK-3

B2 ane, ust, aar, cf,
athi, kn

E lne, pne, psh, C7

E® dth, chb, ane, ust,
¢l, ash, aaf, paf,
ax, sc

Sick SK-L

E psh, sc, dth, ax

E® 1lne, pne, ust, cl,
paf, thi, pop

E pne, pop

E°® alnec, ust, ash, psh
ar, et ax; 1bh; &,
dth, se¢, chb

DECLASSIFIED

™

E ane, lne, pne, ust, cl.
psh, ash, aaf, paf, lth,
athi, kn, le, sc, dth,

paf, C7, pop

E+ lne, pne

E ane, ash, psh, ust, cl,
aaf, 1th, Cp, sc, dth

E® ar, cf, ax, athi, ka,pop

No reading

E pne, psh, ust, cf, ax,paf
E°® Ine, ash, lth, 8c, dth,
el, par



Table XVIII (Cont'd.)

No. of Exposures Readings (Hours After Last Exposure)
Tolerated 2l Lo

Group (G) Carbon-Rayon Type 1L8 suits with cloth
flange between hood and mask, no wear.

Bt E-? E- Cy
Baeae E® lne, pne E° pne

E- ane, ust, sh, thi E- lne
B E® sh E® kn

E- sc E—- psh, sc

8t E~- sh, sec, dth E° ane, lne
2 E— pne, lne, kn, psh

Group (H) Carbon-Rayon Type 1L8 suit cellophane
head liner and cloth flange between hood and
mesk, 2L hours wear each day.

Bae E® fh, sc, sh, par E® ane, fh, face, ust,
kn., psh, sc
B3¢ E- sc E-1
Baese E® fh E° kn, athi
-~ kn E- ane
8wt E- face SK=5 E° kn
E- ust

Note: Subjects who had a reading of E or greater on the body before
the neck were given a CC-2 impregnated shirt and continued in
the test. SK-3, SK-L, etc., indicates the subject was given
the shirt on the 3rd, Lth, cte., day of the test.

[HC R DECLASSIFIED



Date Started:

Suit
Type

cc-2

Carbon

Carbon-
Rayon 193

Table XIX

Screening Tests on CC-2 and Carbon-Rayon Suits

with Zipper Closures on the Hoods

Tolerated

6/13/L5

No. of Exposures

Readings (Hours After Last Exposure)

4 T

g

T3¢

B3t

Bisse

E® Py, ane, pne, kn
E- P1, lne, ust, el

E- P1, ane, lne, pne,
ust, el

E° Py, pne, pthi, pop,
kn
E- P;, ane, lne, ust

DECLASSIFIED

E ane
E® Py, ust, lne, pne, kn

E® Py, ane, lne, pne, ust
NV

E° pthi, pop, P, pne
E°~ Py, ane, lne, ust



Table XX

Screcning Test of Oxford Cloth Hoods Designed
$0 Cover Outlet Valve of Navy Mask
(Daily Exposures to 300 CT H Vapor)

Date Started: L/19/L5

No. of Exposures Readings (Hours After Last Exposure )
Tolerated 2l 48
5 E ane, lne, pne, ust, E ale, pne, lne, ust, paur
paur ) E® athi, pthi, kn, ale,
E° pop ple, psh, sc, dth
5 E P, pne E P;, pne

E® ane, lne, paur, pop E- Py, ane, lne
E° P, athi, pthi, kn,
ale, ple, pop
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Table XXI

Tests of Special Hoods Designed to Provide Positive
Pressure Between lask and Hood

(First 5 exposures for 30 min. at 300 CT, subsequent
exposures 15 min. at 300 CT.)

Date Started: 10/15/L5

Type No. of Exposures

Readings (Hours After Last Exposure)

Hood Tolerated 2l LG
(r2)
oxford S E lne, pne E pne
E° ane, ust, psh, el, E° ane, lne, psh, sc, dth
sc, dth
(72)
Impermeable 12 No 2l hour readings E- ane, lne, pne, ust
P1 pne
Poplin 2 E pre, raur, paur, 07 E pne, Cy
E°® laur, paur E® paur
Poplin 3 E pne E pne
E° ane, lne, ust, paur E° ane, lne, ust
Poplin 3 E pne E- lne, pne
E° paur
Poplin 2 E pne, raur, paur, kn E pne
E® ust, athi, pthi, ale, E° athi, pthi, kn, ale, ple,
ple, psh, sc, pop paur, pop
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Table XXIT

Tests of Cotton Gloves Worn in Chamber

Date Started: 3/27/L5

No. of Exposures

Readings (2L Hours After Last Exposurc)

Tolerated
6 E athi, pthi, kn, ale, psh, sc, dth, pop
No reaction dh, wr.
8 NV ane, lne
E athi, kn, psh, sa, dth
No reaction dh, wr.
L E athi, kn, ale, pne, pop
No reaction dh, wr.
3 E psh, sc¢, dth
No reaction dh, wr.
5 E ax
No reaction dh, wr.
L E ax, psh, sec, dth
E° reaction dh, wr, 72 hrs. after last exposure.
D¢ Sick; E° psh, sc, dth, pthi, pop, ple
(411 E at LB hrs.)
No reaction dh, wr.
Av. 5.0+
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Table XXIIT

Test of Special Cotton Gloves Worn in Chamber

Date Started: 9/27/L5S

No. of Exposures Readings (2l Hours After Last Exposure)
Tolerated
T E cf; No reading gloves.
5" E- psh; No reading gloves.
9 E- kn, le, pop: No reading gloves.
5 E~- thi, le; No reading gloves.
7 E thi, kn, le, pop; No reading gloves.
5 E~ ash, psh, athi, kn, ale, paf; No reading gloves.
2 E thi, le, sh, sc, dth; No reading gloves.
2 E psh - No reading gloves.
i E pthi, pop, ple; No reading gloves.
3 E gencralized; No reading gloves.
2 E goneralized; No reading gloves.
2 E- kn, ale, ple, pop, pthi; No reading gloves.
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Date Started: 3/21/LL

No. of Exposures
Tolerated

Table XXIV

Chamber Tests on Navy Protective Suits Womn
with Impregnated Nainsook Shorts

3

Sie

33

Lve 3 o O+

Readings (Hours After Last Exposure)

7L

E sc, ing
B® ¢f, a3f, ash, dth,
thi, pop

E~-sh, ar

E ing

R ar, 4ash, 1th, sc,
dth, thi, le

V hand

E sc, dth

E se, dth

E° ax

E lower pne (suit);
E° vth, sc

V pa

E° cf, sc, dth, thi, le

E sc
E° dth

E se, dth
E° ser, med, thi, lne

DECLASSIFIED

Lo

E sc, dth, Py, ash, ar,
thi, pop
E° ing

E® ar, ef, sh, vth, sc

V hand
E° ar, sh, sc, dth, bt,

pthi, ing
E°® pen, scr, cf, ax, vth,
ne, sc, dth

E sc
B2 sh, ar, &th

E sc
E° vth, sc, dth

V pa
BY of, se, dth, thi, pop;
- 8CrTr

E ash, psh, aaf, cf, sh,
g6, dih
E° pthi, le

E sc, dth
E® sh, 1lth, pthi



Table XXV

Chamber Tests on Navy Protective Suits
with Impregnated Special XKnit Shorts

Date Started: 3/21/llL

No. of Exposures Readings (Hours After Last Exposure)

Tolerated 20 Jitsj
13 Sick; - E-
2 E se¢, dth E ash, ar, ef, sc, dth

BE° ser, wth, sh; a¥,
1th, chb

E° 1th, pthi, ple, thi

3 E agh aaf, ar, sc, dth E sc, lth, dth, ash, ax
E°® pthi E° pop, thi
3 E° ser, sc, dth E° scr, thi, sc, dth, pop,
thi
L E sc E® thi, le, dth, sh, sc,dth
E° ash, cf, sc, dth,
pop, thi
3 E sc, dth V styloid process;
E® ser, ne, sh, ar E ef, ar, sh, sc, dth
' E® 1th, pop, thi
1 Sick - no reading No reading
2 E sc E 1thi
E® aaf, ash, ar, sc, E® cf, ar, sc, dth, pop
dth
2 E sc, cth E vth, sh, &ar, ax, aaf
E° sh, ne, ef E° se, dth, pen, pthi, le
va. 2.7
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Distribution

Bu Ships

Bu Med

ORI

C0, Naval Unit, EA
CWS, Tech. Div.
CWs, Med., Div.,

CWsS, Med. Div. EA
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