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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 gr eater simpli­

city of manufacture as well as wear. Later a gas proof fly opening was 

designed, tested and recormnended . 

Special clothing submitted by the U. S.H.c. consisting of a mod­

ified form of their utility suit was found to have satisfactory protec­

tive value after impregnation rith the field set, IJ-1. Detached hoods 

designed for use with these utility suits vrere also satisfactory. 

Marine Corps protective suits impregnated by the solvent process with 

Caco3 stabilizer were superior in protective value to the utility suits. 

Several chamber tests were conducted on various types of socks , 

gloves and protective shorts. 

Hany designs and types of hoods Herc 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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INI'P ODUCTI ON 

A. Authorization 

1. This v:ork was authoriz,;.:d under Project 547/W., 11.Maintenanc(.;, Bureau 

of Ships11 , date:d 16 December 1940. The problems which were proposed for 

study vrerc given in Bureau of Ships letter S-77- 2(Dz), Serial 811 of 17 

Dcc(.;mber 19LO. 

B, Statemont of Problem 

2. The purpose of this report is to pr~scnt the results of chamber tests 

·,rith hu.'!lal1 subjocts on special types and designs of protcctivE. clothing 

including suits, shorts , socks , gloves and hoods . 

C. Kno~.n Facts Bearing on the Problem and Theoretical Considerations 

J . In the course of conducting many chamber tests at this Laboratory a 

standardized procedure h~s been evolved for testing now it~ms of clothing . 

Chamber conditions ar~ maintain~d at 90°F. and 65% rulativG humidity. 

Subjects dressed in prott:ctive clothing (usually 1-1/2 lay..,r) and masked, 

arc exposed in the chamber for one hour each day. The subjects arc exam­

ined for erythcma or H vapor burns by a medical officer 24 hours after 

each daily exposure . Sub jccts are wi thdrmm from the test v:hen thc.;y sus­

tain an intcns- crythuma (E) or more severe burn on any part of their body. 

The daily ~xposures are continuod until all th0 men have been ,tit~ciravm 

from the test , though in some instances the t(.;sts have b~~n stopped before 

all tho men arc nithdravm. The most convenient method of Gxpr~ssing pro­

tective value then bL.comc:s the averagG number of exposures toloratcd by 

the subjects in a given test. 

4, New types or designs of protective clothing such as suits, shorts , 

socks and gloves may be tested by the procedure outlined above and usually 

the item under test is run on one group in comparison uith a control group 

wearing standard it ens of clothing . 

5, There arc many factors other than protective value to be consid0red 

in cvalunting protective clothing items. It is important that the clothing 

be durable.. and comfortable on ·wear. Thcs1.,; factors can be evaluated most 

s~.tisfactorily in wearing trials. In evaluating certain designs such as 

the gas-proof fly it was folt necessary to conduct the chamber test ,rith 

subjects ex,.,rcising in such a 1-,ay as to test the- fly under many conditions 

including stooping, stretching and sitting. Certain other modifications 

of the standard chamber test procedure have been cmoloyed to evaluate 
I 

special designs of protective hoods . 

D. Previous iiork Dont: at This Laboratory 

6. This is the nineteenth of a series of reports on 11Ch.:-.mber Tests ·1'iith 

Hwnan Subjects 11 • No prior formal report has been issued on chamber tests 

of special designs of protectiv~ clothing. Th~ chamber employed in this 

investigation has been fully discussed in NRL Report No. P- 2208 , dated 

22 December 194). Many letter reports on chamber tests on modified items 

of protoctive clothing containing rocolTll:iondations have been forwarded to 

the Burenu of Ships. 

- 1 -
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EXPERil:ENTAL 

A. Description of Clothing and Procedures for Chamber Tests 

(1) Hodified Design of Prot<::ctive Suits . 

7. Through the combined efforts of this Laboratory and the NavQl 

Clothing Depot , Brooklyn, a modified design of the Navy' s protective 

suit was d<.)voloped early in 194L.. The aim in modifying the protective 

suit we.s to simplify both manufacture and near of the suit . 

8 . The essential fcntures of the nm1 design suit arc listed bulow: 

(~) Complete elimination of buttons and buttonholes on jump)rs . 

A wide !'leck band, 26 inches, and wide face 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 harness of the 

mask e.nd dra.m up snugly around the fe.cepiece of the llk"..Sk by r.1e;:ms of a 

dro.v,string. 

(b) Buttons on the shoulder straps arc eliminated and the straps 

arc tied through buttonholes in the bib of the trousers . 

(c) Tho pockets on the jackets h~ve been rGised and the pocket on 

tho trousers ,ms msidc larger. 

(d) :1"'.ny other smD-11 changes were cffoctcd such a::; rcinforccncnt 

of dr..,11cord eyelets, lowering of tics on legs and cuffs , etc . Th ::i changes 

noted above greatly simplified tho cutting and sewing operations in manu­

facture of the suits and fncilit~tcd expanded procurement required by the 

Navy. In addition, the changes greatly f1cilitatod donning the suits . It 

wes hoped that the changes would also improve the protective value of the 

suits . 

9. The major change in the jumper vrc.s the elimination of the front open-

ing. Therefore the first tvo ch.::..mbcr tests were conducted as single ex­

posur~s without prokctivc oint~ent in order to test specifically the pro­

tective Vc!lue of the suits in th0 region of th(.; neck. A third 1,est was then 

run in ·•hich ointment wa$ used and the subjects were given succ~ssivc daily 

exposures . In these tests each man expos~d in the chamber w~s supplled with 

the following protective c<J.uipnent: 

(a) Navy diaphragri mask, ~·&-.rk III or IV. 

(b) Aqueous cc~2 impregnc:>.tcd protective suit. 

(c) St~ndard Navy issuo u..~d0rshirt and dr~wcrs# unimpr~gnatcd. 

(d) CC- 2 impregnated cotton socks , (2 p~irs) . 

( e) CC-2 impregnated elbow- length ;-,ool gloves, 

(f) OvcrshO€S (Arctics) . 
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10, The subjects were given a single (or successi ve daily) exposure to 

H vapor in the chamber under the following condi tions : 

(a) CT = 1200 (60 min. ) 
(b) Temperature = 90 + 0,2°F. 
(c) Relative Humidity- :::: 65 + 3% 
(d) ·,7i nd Velocity • 2 - 2, S-m. p .h , 

The operation of t he NRL chamber is described in detail in NRL Report 

No. P- 2208 , 1•Chamber Tests with Human Subjects , I. Design and Operation 

of ChaDber, II. Initial Tests of Navy I ssue Protective Clot hi ng Against 

H Vapor" .. dn.ted 22 December 1943 , 

11, The clothing ,w.s wor n by the subject s for four hours after each 

chamber cxposur .... . The men wer e exc.mined and r ead by the medical of ficer 

at 24 and 48 hours after t he exposures . _ In t he case of successive daily 

exposures the readings wer e made just before each chamber test end e;ach 

subject vro.s wi. thdravm f r om the test -r.-hen he had incurred a readi ng of E 

(intense er,Jthena) or gr eater on .'.illy part of his body. Successive dc~ily 

exposures were continued until all the men had ubr oken1'. i. e . , renched a 

reading of E or greater, although occasi onally some tests ~ere stopped 

before all the nen had broken, 

12 . Control t ests wer e r un in con junction with t he modified design pr o­

tecti ve suits and consisted of standard design protective suits . This 

provided a diroct method of assessing the protective val ue of the modi fica­

tion o~ the suit . 

(2) U .S. i-1 .C, ProtL.ctive Suits • 

13. Pri or to 1945 the standard pr ot ect ive suit adopted by t he Mar ine Corps 

was of the srune design and tho same fabric as t he Navy ' s protective suit . 

Greatly incre~sed procurement schecules resulted in consideration of a pol­

icy of u.t.ilizing the regular her r i ngbone t·v1ill ut i lity suits for gas pro­

tection. llinor modifications in the utility sui t similar to those adopted 

by tho C'\iS for the Arny protecti ve suit , vmuld mcen that every suit in the 

f ield and in reserve rrould be a potential protccti vc sui t and require only 

ir.lpregnation to be effective . It TTould be necessary to stockpile prot8ctive 

socks , gloves , hoods and shorts to complete t hG essential feature of the 

pl an described. 

14. At the request of tho Ple.ns and Poli cies Divisi on of Headquarter s , 

Com."'!landa.nt , U,S .::. c . • this Laboratory conducted a ser ies of tests on cloth­

ing furnished by the M.:?.rine Corps . The clothing worn in chamber tests con­

sisted of three groups of eight suits cech. The first group of sui ts wer e 

of modified utility suit design of herringbone twill . The eight detached 

hoods supplied v,ith this group, designat ed c.s Type A, had a snnll f~ce open­

ing and were designed to be put ~n after the nask had been put on and ad­

justed. Four of the hoods wer e of herringbone twill and four wero of Ar nzen 

cloth. The second gr oup of eight suits were tho same as tht- first but thC; 

detached hoods, designed as Type B, had wid~ f~cc openings and could be put 

on around the neck befor e the r.w.sk was put on. The Type B hoods were de­

signed for use with hosetubc type mnsks while the Type A hoods were for use 

with ::iasks having the cani ster atttichcd dir ectly to the faccpiecc . The 

hoods .::i.nd suits of both these tv;o groups ,1ore impr cgn.::i.ted by the field set 

pr ocess using ~i-1 sets . 

- 3 - DECLASSIFIED 



15. The third set of eight suits were of Navy design and made of Arnzen 

cloth . They had been impregnated by the solvent process at a C~S Z of I 

plant to contain 10% CC-2 with calcium carbonate stabilizer. 

16. In addition to the suits and hoods described, the subjects wer e fur­

nished with impregnated socks, shorts and gloves ; masks , overshoes , and 

impregnated quarter 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 e~phasis was placed on readings in the region of the 

neck. 

(3) Gas- Proof Fly. 

17 . During :nany wearing trials conducted by this Laboratory, it ~1as 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 

ur sevbral trousers cont~ining the fly opening . The fly is made by cutting 

a vertical slip 4-1/2 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 square 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 ~his onen­

ing it must pass betv,een the trouse;rs and the outer square for a distnnce 

of 2-1/2 inches, go through the slip, and then travel for an inch or t,··o 

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

18. Tho chamber test of the gas- proof fly consisted of 7 men dressed in 

protective suits ,Tith the fly a..--id seven m.m wearing suits without the fly, 

The first exposure vras at 600 CT (20 y H/1 for 30 mi n . ) followed by succes­

sive daily exposures at 1200 CT . The clothing was worn for four hours 

after each exposure . During the exposures the men were required to perform 

tho following exercises : 

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

(b) \'lalk about chamber for 5 minutes . 
(c) Sit in squatting position for 5 minutes h'ith knees drawn up. 

(d) Repeat above sequence until exposure time i s up. 

Both groups of men in this test were dressed in the standard manner with 

rr.asks, ointment on face and neck, overshoes, unimprcgnated shirts and 

shorts, impregnated suits , socks and gloves . The suits for both groups 

ucre impregnated by the standard Rqueous process (75% CP system) to contain 

approximately 0 . 5 mg . Cl+/cm.2. A special record was kept of reactions in 

the pubic region. 

(h) Socks, Gloves cmd Protective Shorts. 

19. In the Fall of 1944 an imminent shortage of wool led the Navy Dopart­

m0,nt 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 

- 4 ... 

DECLASSIFIED 



for protectj_ve clothing raec:t tho Fedcrnl Spc..cific<ltion JJS- .581A Class A 
Type 1, mid contain 48% wool. Tno types of all-cotton socks vrere tested 
as substitutes . One type was aimil2.r in construction and weight to the 
cotton-,:ool sock and met Feder·1l Specification JJS- 566 Type A, 11hile the 
other socks ,·:"'re lighter in weight and conformed to the Specification 
JJS- .566, Type B. 

20. In the standard procedure for conducting chamber tests there is 
very little exposure of socks directly to H vapor ~nd skin re~ctions on 
t!le fe:ct or 101,er legs nre, very rare . Hmmvcr. the overshoes worn over 
the socks in chamber tests were contaminated with H vapor from rcpcDtod 
exposures in the chamber and would cause burns whcn unimpregnatcd socks 
ucrc ·.·om. Th(; ,11- cotton socks i-rere not given a special test but ncre 
subjected to rcp~atcd exposures in tests conducted for oth8r purposes . 
For such tests, the feet end legs of the subjects were carefully examined 
to sc\., if the sp~cinl socks exhibited inadequate protection . 

21 . The first special test of protcctiv~ gloves were on gloves novcn 
from two-ply y;ool ye.rn, instead of throe- ply yarn. During the imminent 
shortncc of Hool in 1944 two types of cotton protective gloves Hore tosted. 
These gloves were made of a heavy cotto~ knj_t fabric napped on one side . 
One type had a six inch ribbed knit r.Tistlct and was similc.r to the cotton 
glove used by the Chemical 1larfare Service . The other type was similar 
but had c 12 inch wov0n fabric gc.untlct with a channeled ticcord c.t tho 
top for securing c:'.round the forwarn. Two other s\.,ts of cotton gloves , 
similm- to those described, also were subjected to chamb8r tests . 

22 . Tho procedure used for t-.3sting gloves vias to subject them to a 
series of ch::!.nbcr exposures .?.ftcr they had been :imprcgn..._tcd. The standard 
design ,,oolen gloves norn'-1.lly used in ch2.mb~r tests offer complct(.; pro­
tection for hands in r.:.peated chamber tests . When new types of glovc.:s 
were tested in the ch.:unbor their full protective value could not be detcr­
r:iinl1d sir..cc they ':1ere not run until th'-Y had 11broken11 • Th..; tests of spec­
ial gloves wer,, .:.lvta;'is included in a chcmber test series conduct0d for 
rcc:>.sons other than testing protective gloves . If no' significant burns 
resuJ.tad on the area covered by the glovos after repc:J.tGd (.;xposures , the. 
gloves were considcr(.;d as satisfr.ct.ory for protection . 

23 . The development of protoctivc shorts was carr j_ed out to provide~ 
satisf~ctory item of protective clothing for the Navy. In addition, the 
use of protective shorts in ch·mber tests Yi['.S adooted as a st.andard pro­
cedure ,.tionever possible: since burns in the gonitc.!l region ;rr1:.; incapaci­
t:2ting whereas much more sever<.: reactions on oth1:.,;r body e.rcas .:ire not 
incnpnci ta ting . 

24. Dntc relctive to the protective vnluc of one layer, one and one- half 
layer and one and three-quarter lay8r clothing h~s bc~n presented and r~­
viewed i.ri NRL Report No . P- 26O3 and is not considered a part of this report . 
Having decided that one and onc-h<'.lf 1.:-.yer clothing was best suited for 
N~vy use, dcvclopnent of a sctisf~ctory protective short vra.s ste.rt8d . 
Cha1:1bcr tests were first conducted on sk.ndard Nnvy issue Nainsook shorts . 
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Although these shorts were satisf~ctory from a protective standpoint in 

one and orn)-half layer clothing , they were not suitable for hard wear 

under field conditions . This was brought out in NRL Report No . P- 2343 , 

"Tropical Hearing Trials of Protective Clothing", dated 5 August 194h. 

25. '\"lith the cooperation of the Naval Clothing Depot, Brooklyn , and the 

Clothing Division of the Bureau of Supplies and Accounts , a satisfactory 

short n.::.s developed . This short vres made of mediur.i. weight ribbed knit 

cotton fabric and was of "jockey" type construction . Size adjustncnt wcls 

provided by means of gussets and tie tapes 2.t e.:.ch side of the waist . Tho 

crotch area was reinforced by using tno Lc.yers of fabric . A gas-proof 

typo fly opening was provided by having a three inch opening in the outer 

layer of the reinforcement which was cut at an angle of 45 degrees to and 

six inches below the waistband. The fly opcnL"'lg was completed by having a 

similar opening in the inner layer of crotch reinforcement two inches below 

the outer opening . Legs were attached to the shorts extending to midthigh 

and were held tight to the legs by a in.de, heavy, double layer, ribbed knit 

hc::n. 

26. Chamber tests on protective shorts were all run as one and one- half 

layer tests , i.e. , inpregnatod protective suits were worn over the impreg­

nated shorts. other standard equipment ~:ns used such as masks , socks, 

gloves , overshoes and ointment . Successive d~ily exposures to H vapor at 

1200 CT , follow(.;d by four hours -wear, Pere continued until subjects had an 

intense erythena (E) on some po.rt of the body. 

(S) Hood Designs. 

27. The ch~mber tests conducted with reference to hood designs rJE.y be 

divided into four series . The first series has been described above in 

the section 11llodified Design of Navy Protective Suit" in which a mnjor 

design change was made in the attached hood of the Navy protcctivo suit . 

The second series has also been described above and comprises the special 

detached hoods worn vrlth the U. S .h .c. Protccti vc Clothing. 

28. A third series of tests w2s 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 suits . In addition to CC- 2 suits , suits of carbon- rayon fabric 

(Type 148) were run inasmuch as some evidence had been obtained tha:. pro­

tcctiv~ ointment poisoned the carbon in such suits . The test was designed 

to demonstrate the relc.tive inportancc of wearing time , leakage of gas 

through f2bric and leakage of gas past the hood and ~~sk closure . 

29 . A total of 32 subjects wore used in this series and these were divided 

into eight groups of 4 men each . Three groups of four men each were dressed 

in standard 1-1/2 layer CC- 2 aqueous i.~prcgnctcd clothing . The first group 

used no ointment and wore the clothing for the customary four hours after 

each daily exposure . The second group were no ointmem; , did not wear the 

clothing after each exposure (except £or 15 minutes aeration) and the hoods 

on the suits v,ere lined vn.th c0llophanc . The third group used no ointment , 

did not wear the clothing a t'ter exposu:>"e , but had a CC- 2 cloth flange be­

t\'reen the hood and the mask. 
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30. The cellophane hood lin::.rs wore m.:i.dc of scrim- backed protective 

cover materinl. They were stitch..,d to tne suit hoods just b1.-hind the 

dr,Tfcord channel of the face opeming . In addition they hnd a six- inch 

shmvl which vras tacked to the suits front and back and over the sho,uders. 

Since the cellopham: t1:.terkl l'<!s known to be imperme~bl e to vesicant 

vapor&, it was considered that these hood liners would eliminate lenkage_ 

thr0ugh the fabric yet not interfere rrith ~ny leakage through the hood and 

mnsk closure. The cellophane liners were replaced as needed during the 

trials . 

31. The cloth flanges wer e cir cuhr vnth an out er periphery equal to the 

full fncc opening of the protective hoods . A hole in the center of the 

flar.ges h~d a periphery equal to the distance around the gas mnsk for normal 

hood fitting . rte flanges wer e perrumcntly fastened to the gas rosk with 

rubber cOJ"'cnt. £?.ch day before the chamber tests , masks were put on and 

the flc.ngos wcrc sewn by hand to the hoods on the protective suits. In 

this ~nner a positive seal ,.,.as obtained betYruen the hood end tho nask and 

the foctor of lenkage b.;;tween the .mask and hood closure was eliminated. 

32 . T11erc..; were five groups of four nen each wearing carbon- rayon suits 

of No . 148 fabric . None of tho groups used ointment . The first group was 

dressed in st,mdard 1- 1/2 layer cquipnent and vrore the suits for the 23 

haurs aftor each cbily exposw·c . The second group was the s.:irne except that 

they did not wear their suits bet"TTccn exposures . The third group had hoods 

linud •""ith cellophane but did not ,"icar their clothing after each exposure . 

The fourth group were equipped ·,;i th ccrbon- rayon cloth flanges and did not 

Y,e[l.r th~ir cl...,thing after each exposure. Tho fift h group used both cello­

phan•J hood liners and clot h flanges and wore the clothing 23 hours after 

each dnily exposure . 

33 . For convenience , the test groups arc shoHn in Table I v:it.h a descr ip­

tion of the f"ctors v:hich each gro..1p was designed t.:i err.phasiZ<J . It should 

be poi nted out that the factor of desorpti on for cnrbon clothing is very 

important and in these tests refers minly to sr:eep- off of vapors from the 

contaminated side of thG fabric . It was suspected that such a sweep- off 

might be <'-ppreciablc during the first hour or so after cxpusurc when tho 

face and n<:ick of uri.naskec..l ::ien would be burned by vapars rising from the 

outer surfaces of the garment. The des0rption fnct~r d0es nut exist for 

CC-2 clothing , since other tests have shovm th:i.t v,saring time follo,.i.ng 

exposure is n·t important . 
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Table I 

Groups of Subjects Used in Chamber Tests of Hood Design 

2 . CC- 2 

3. CC- 2 

1 . Carbon 

2 . Carbon 

3, Carbon 

4, Carbon 

5, Carbon 

F.quipment 

None, 4 hrs . wear 

Cello liner, no wear 

Cloth flange, no wear 

None, 24 hrs. wear 

None , no wear 

Cello liner, no wear 

Cloth flange , no wear 

Cello liner and cloth 
flange , 24 hrs . wear 

Factc,rs Excluded 

None 

Fabric leakage 

Closure leakage 

None 

Desorpt,ian 

Desorption , fabric 
leakage 

Desorption , closure 
leakage 

Fabric and closure 
lec1,kage 

Factors Tested 

All* 

Closure leakage 

Fabric leakage 

All 

Fabric and closure 
leakage 

Closure leakage 

Fabric leakage 

Desorption 

* Consists of closure leakage, fabric leakage and desorption (for 
carbon clothing), 
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J4. The daily chamber tests Y,ere run in the standard manner . Groups 

of 5 to 10 subjects wer E- exposed for one hour to a concentration of 

20 y /1 of H vapor at chamber conditions of 90°}? - 65% R.H. Successive 

daily exposures of the same men dressed in the same clothing were con­

tinued until each man .-,as withdrawn by the medi cal officer because of 

an intense erythema of the neck or bccause 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 , Br ooklyn, with a zipper 

closure on the hood. The zipper covered a folded gusset which opened 

out to pr ovide a sufficiently lar ge face op8ning on the hood so that it 

could be throi.m back over the head. ll'l-3n the gusset nas folded dovm 

over the :icad and the zipper closed the face opening of tho hood was 

re:duccd so that the drawcord had to pull up only a little:iack in uffcct­

ing a tight seal around the mask . Screeni ng tests were run on t':ro ca.rbon 

suits and ono CC- 2 suit with successive daily exposures to H vapor at 

1200 CT . No ointment was \:.SCd in thcso tests and the clothing was re­

moved after each exposure. 

J6 . The fourth series of tests on protective hoods wore conducted to 

cval~ate the principle of providing positiv0 pressure inside the hood by 

virtuc of expired air forced into the space bct,,ecn t he mask and tho hood. 

A preliminary test was made: on hro detached hoods of Oxford cloth designed 

t o be=:: worn with the Navy l1ark IV mask and to cover tho outlGt valve . The 

subjects were given succes sive. daily exposures of one hour to H ve.por nt 

GT JOO. No ointment was used, thc1 hoods ncrc not imprcgnet,;d, and .-lire 

guards ucrc fitted over the rr.ask outlet V<!lves t o insure satisfactory 

f unctioning underneath the hoods . 

-· 
37. Another test was conducted on f our poplin hoods of the sam~ type 

which fiad been improved in design to provide greater fullness around the 

outlet valve. These hoods had channekd drawcords a r ound the. n3ck nnd 

c1.round the front opening. The front opening was drc:i.v,n up tight c:.round 

thc eyepieces and hose tube of the facepiccc , so that the ~pcGch di~phragm, 

outlet valve, and othi:::r parts of the mask ,.rere covered . In addit,ion to the 

four hoods of poplin cloth, two other special hoods '!Tor e tostod at the 

same t ime . One: was made of irnpcrme:.s.blo fabric and th1_ othi::r ,,as me.de of 

one layer Oxford cloth Type IV. Both hoods surrounded an oxygen typ~ 

mask a...---id hose tube, and contai.ne:d a flcxiblo plastic window. The hoso 

tubi::: of the mask extcnccd through a hole in t ho back of tho hood to an 

adaptor on which a canister could be scrmmd. In uso, these hoods covered 

t ho oxygen mask and hos6 t ube , fasten~d snugl y around the neck by m~ans of 

a t i ecord and provi ded inter nal pressure by r eason of expired air forced 

i nto the space between the mask n.nd hood. 

38. A preliminary t est \,as run on the two special hoods described above 

against teer gas (CNB) . No tear gri.s was detected by subjects who 11ore 

exposed 15 minutes in a chru:nbor in which t ear g~s had been dispersed by 

atomization. N1..,verthcloss , -when chamber t ests against H vapor wcro run , 

t h8 oxyzen masks wer e replaced by full face m~sks (Army LWS) to prevent 

possibl~ ~ye dc'!lllagc to t he subjects. This chQnge meant that eff ects of 

H vapor penet rating the hood would be observed on the neck instc~d of 

both the neck ~nd oyos. 
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39. 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 im?ermeable hood and he continued mth daily exposures of 15 min. 

at 20 yJVl {300 CT). 

40. Following 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 test, 

the subjects were dressed in 1-1/2 layer CC- 2 clothing in addition to the 

hood . Ono exposure was made against an average concentration of 6.7 Y CN/1. 

The CtJ concentration was set up by aspirating air through an alcholic solu­

tion but the temperature and humidity were not controlled in the chamber. 

Ll. A second tear gas test was conducted at a lower concentration (0.4 

y CN/1) 'l'li th several modifications of the hoods . Two of the Ox.ford hoods 

were equipped with full face masks , three Oxford hoods ,vere 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 in1 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. 

42 . The results of the first two tests of th0 modified d~sign NaV'J pro­

tective suit are given in Tables IX and X at the end of the tE:.Xt. An 

attempt v.as made to obtain a numerical comparison of the old and new design 

suits by assigning arbitrary numerical values to the physiological readings 

sho,m in Table VII. The average values thus obtained for the old and new 

design suits ~re shown below in Table II. 

Table II 

Comparison of Average Numerical Values for Physiological 

Readings in Tests of Old and 1-.l'eu Design Navy Protective Suit 

Old Design 
24 Hrs. 48 Hrs. 

New Design 
24 Hrs. 48 Hrs . 

First and Second Tests 1.7 LS 1.4 
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43. It was concluded that no improvement in protective value for the 
modified design suit vra.s apparent from the data. In the third test , which 
was run ,rith successive daily exposures, the four subjects wearing modified 
design suits tolerated an average of 6.3+ exposures while the seven sub­
jects wearing st~ndard suits tolerated an average of S.9+ exposures . The 
data are sho1m in Tables XI and XII at the end of the text . Thus there was 
no marked difference between the new and old design sui ts when ointment was 
used and successive daily exposures to H vapor were employed. One ot her 
aspect of these tests whtch should be pointed out is the fact that the 
modified design suits in the test wero made from cloth which had been 
impregnated in a textile mill with ~n nqueous CC- 2 suspension, whi le tho 
standard suits were impregnated with an aqueous suspension of CC- 2 by the 
usual garment impregnation process . 

(2) u.s.M.C. Protective Suits . 

44. Th0 results of chamber tests on M~rine Corps protective suits is 
summarized belo-w in Table III. More detai led results are shown in Tables 
XIII, XIV and XV at the end of tho text. The data show that there v,as not 
txny appreciable difference between the Type A hoods with the small face 
opening Md t he Type B hoods with th0 large face opening. Since the draw­
st rings in the hoods with the large face opening must gather up the cloth 
to fit around t he mask, it may be concluded that gathering of the hood 
above the eyepi ece is not a source of H vapor leakage . Moreover, there 
was no marked difference between the two fabrics, herringbone twill and 
Arnzen cloth, as f ar as the hoods were concerned. The superior protective 
value of the Arnzen suits over the utility suits is not attributed to the 
dif ference in f abric but to the difference in impregnation . In me.ny dif­
f erent tests with Navy protective clothi ng, it has been found that solvent 
process impregnation results in greate~ protective value than aqueous impreg-
nation. 

Table III 

Summarized Results of Tests of Marine Corps Protective Suits 

Suit Type Fabric Hood Type Fabric No . of Men Av. No. of Exps. 
Tolerated 

Utility HBT A HBT 4 5.5 
Utility RBI' A Arnzen 4 4. 0+ 
Utility HBT B HBT 4 4.5 
Utility HBT B Arnzen 4 5.0+ 

Protective Arnzen 7 8.3+ 
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(3) Gas-Proof Fly 

45 . The results of the chamber test on suits with a gas- proof fly ~nd 

control suits without the fly nre shorn in Tables XVI and XVII at the end 

of the text . The average number of exposures tolerated by men in suits 

vn.th the gas-proof fly was 5. 6+ conpared to 3.9 for men in the control 

suits. It Yms concluded that no le1:..kage of H vapor occurred through the 

special fly opening even under the various conditions of exposure attained 

by tho prescribed exercise during tho tests . It is possible that tht; 

extra lnyers of cloth in the crotch region with a consequent lower leekage 

of H vapor through the fabric was responsible for the gre?.ter protection 

afforded by the suits with the fly . 

(4) Socks . Gloves and Protective Shorts 

46. The all-cotton socks under test as a substitute for the cotton-wool 

socks ncrc used in a standard 11man-break" chamber test which was conducted 

in the study of another problem. These all- cotton socks gave complete 

protection and were comparable i n all respects to the cotton-wool socks . 

In nddition, all cotton socks which hnd been worn in a wearing trial at 

Crunp Le jeune, N. C., (see NRL Report No. P-2406) were tosted in conjunction 

vd.th s imilarly vrorn cotton-wool socks. Bot h t ypes gave complete protection 

in the trial s . Thus it w~s concluded that no difference i.~ protective value 

of all-cotton over cotton-wool socks could be detected under the conditions 

of the tests conducted. 

47 . When wool en protective gloves made of two-ply yarn were impregnated 

and tested in the chamber ,Ii.th uoolon gloves of three- ply yarn, no differ­

ence m protec~ion was apparent . Both types of gloves gave complete pro­

½ection in the tests and a recommend~tion ..ro.s made that gloves made of two­

ply yarn wer e equal in protocti ve value to gloves made of three-ply wool 

yc:.rn . 

48. The r esults of the tests on nll -cotton gloves as replacement for 

woolen gloves are shmm in Tabl es XXII and. XXI II. Of the nineteen subjects 

i n these t wo t ests only one showed a reaction on t he hand or wrist tho.t 

could be considered due to lack of protection by t he gloves. This subject 

had an E0 reading 72 hours after his l ast exposure in the chamber . It was 

concluded therefore that from the standpoint of protective value in chamber 

tests, al l-cotton gloves are ful ly as satisf actory as woolen gloves . 

49 . Observations made on the knit wristlet type compared to the gauntlet 

type during tho chamber trial showed th.ct the f ormer had a greater tendency 

to slip down the arm and were more likely to result in a faulty closure at 

the wrist . A complete evaluation of the Qll-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 bc;;tter 

wrist closure . Although t he chamber t ests indicated that the cotton gloves 

gave complete protection, it is believed that further work should be done 

on the design of the cotton gloves in an effort to improve the gauntlet or 

,vristlet construction. 
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50. The effectiveness of i..:Jpregnc.tcd shorts ~-n reducing the incidence 
of H ~por burns in the scrotal region m.:-.y be seen by comp.::i.ring the 
readings in Tables XIII and XIV ,rith the rc~dings in Tables XVI and XVII. 

Since scrotal region burns arc more apt to be incapacitating , cho.mbcr 
tests vrcrc run whenever possible 17ith subjects nearing irnprcg:n~ted shorts . 

51. Chnraber tests conducted to compare the effectiveness of the standard 
is:3uc Nc.insook shorts with the special ribbed knit shorts developed by NCD , 
BuSandA, c..nd this Laboratory, ,:>.re shovm in Tables XXIV and XXV. Fron tho 
standpoint of protective value t here is very little difference in the two 
types of shorts . A decision to r oco1mnend the knit s hort we.s be.sod there­
fore on results of wearing t rials which showed thc?.t Nrtinsook shorts wore 
too light and f limsy to be satisfactory in t he field, (sec NRL Reports 
No. P-2343 and P-2406) . 

(5) Hood Design 

52. Very early chmnbcr tests had indicated that protective ointment Y:c.s 

requi red to prevent neck burns in chamber tests on Navy protective suits 
(soc Tv.bles X and XI in comparison with Tables XII and XIII) . The use of 
oi ntment was adopted as standard for all ch~nber t ests but no cl ccr- cut 
datD. wG.s obtained showing why the hoods on the Navy suits failed to pro-
tect the neck or to what extent ointr.ient was required. Some chamber trials 
on c;,;.rbon- r ayon suits in which ointment had been used, showed that neck 
burns occurred earlier than burns on other parts of t he body. It was not 
known l7hether this could be ascribed to poisoning of t he c~rbon by the 
ointment, leakage through the fabric, leakage past the hood ~nd mask closure , 
or desorption of vo.pors from the suits during wclir following chnr,1ber ex­
posures nhen the hoods wer e worn thr own back around the neck. 

53. The results of the series of chl4Jbcr tests carried out t o indicate 
the various fo.ctors cnusing neck burns nre sho,m in summarized f orm in 
Tabl e IV. llore detailed data is given in Table XVIII. It w~s d0cmcd 
l:\dvise.ble to separate 11breaks 11 occurring at the neck and other parts of 
the body i n order to show the r esults mor e cleD.rly. Men who 11broke" on 
the body bef ore the neck were given :i.r.lpregnatcd clothing for t ho affected 
regi on and continued in the t est . Exaiti.nation of the data for the CC-2 
groups shows that leakage of H vapor through the fabric is tho most iI:t­

portant factor. It is not clearly established that no leakage occurs be­
tween the hood and r:lc'.Sk closure.; but this factor is certai nly not very sig­
nificant . As suming that no closure l eakage occurs in group (1) as vrel l as 
group (2) , i t is s~en that a neck br eak occurs before a body break in one 
c~sc and not t he other. Although the raan breaks are somewhat low in t his 
particular series of tosts, br oD-ks a t t he neck and <2t othor pe.rts of the 
body arc of the same or der of magnit ude . 
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1. 

2 . 

3. 

1. 

2 . 

3 . 

4. 

5. 

Table IV 

Summari zed Results of Chamber Tests of Hood Design 

No . of Daily Ex-posures Tol. 
Group Region 1 2 3 4 5 6 7 8 - - -

CC- 2 , 4 hr. wear Neck 1 1 1 1 
Other 1 1 1 

cc-2, cello liner , Neck l.;'" 2 1 
no wear Other 3 

CC- 2, flange, no Neck 2 1 l* 
wear Other 3 1 

Carbon, 24 hr . wear Neck l x 1 2 " 
Other 1➔, 1 

Carbon, no wear Neck l ·"· " 
Other l

,,_ ,. 

Carbon, cello l i ner , Neck 1 1 ( 1➔~) 1 
other 

Carbon, flange , Neck 
no wear Other 

Carbon, cello liner Neck 
c.nd flange, 24 hrs. Other 
wear 

Average 

3.5 
4.0+ 

6.7 
3.0 

4.0+ 
3.3 

6.3 
6.7+ 

8. 0+ 
8. 0+ 

5.J+ 
8.o+ 

8.0+ 
8. 0+ 

8 .0+ 
8 .0+ 

-~ These subjects wer e ,vithdrawn from the test for reasons other 
than a 11break'1 • 
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54. 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 t ests. The rela­
tive :importance of desor ption and leakage through the hood and mask closur e 
is more difficult to assess prinP.r ily because of vnriati on in making a gas 
tight hood and mask closure. A comparison o:f carbon group (1) with carbon 
group (2) indicates that desorption is more impor tant than closure leakage. 
On the other hand, desorption was not evidenced by carbon group (5) . A 
comparison of carbon group (3 ) with group (2) indicates that closure leakage 
is accentuated by the impermeable hood liner. This is attributed to tho 
f act that vapors leaking past the hood and mask closure were prevented from 
being ndsor bed on the inside surface of the carbon fabric . 

55. In all carbon groups except the first the only 11breaks 11 were those 
occurring i n t he region of the neck. This correlates with previous tests 
in which complete: protection was exhibited by #148 c.:i.rbon-rayon suits for 
more tho.n 8 exposures. However, c '.)mparison of the rcsul ts of this test 
with earlier tests show· that it is umvise to use ointment for tho neck and 
f ace when carbon clothing is worn. Pnt ch t ests have shovm that ointment 
(M-5) can poi son carbon and promote r elease of adsorbed vcsicant vapors. 

56. Though the tests do not clearly show that closure leakage is more 
important t han desorption, there is cer tainly an i ndication of this view. 
Another fact which must be considered is that in t hese tests , hood and mask 
closures wer e made under optimUJ~ condit ions with t rained personnel. Under 
service conditions it is more than likely that poor closures yrould be 
ef fected frequently. It is believed that the present design Navy hood for 
carbon clothing will give adequate protection for as long or l onger than 
CC-2 clothing . To realize the full protective val ue of carbon-rayon clothing, 
an improved hood closure device is required. 

57. The r esults of the screening test on the s uits with hoods having a 
zipper clos ure is shown in Table XIX. Unfortunately, the s ubj ect wearing 
the CC-2 suit was withdravm from the t est before he broke and the two sub­
j ects wear ing 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 i s nt least as sati sfactory if not superior t o 
t he sto.ndar d drawstri11g closure from the standpoint of protective value. 

58. The results of tho screening tost on th0 two detached unimpregnated 
hoods of Oxford cl oth are shm•m in Tnble xx. Both men tolerated 5 exposures 
(1500 CT t otal ) before having readings of E or greater on t he neck. From 
t hese results it could not be clnimGd t hat the hoods were as effective as 
t he standard i mpregnated attached hoods of the Navy suit but it was believed 
that the results were indicative o;f son:re protective -v2lue resul ting from 
the pos i tive pr essure inside the hoods. 

59. Data on t he six special hoods designed to pr ovide posit ive pressure 
between the mask and hood are shovm in Table XXI and have been summarized 
in Table V below. 
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Table V 

Sumrorized Results of Tests on Speci2l Hoods 

Hood 

Impermeable 
Oxford 

Poplin 
Poplin 

Poplin 

'Poplin 

No. of Exps . 
Tolerated 

12 
5 

~ 
2 

3 

3 

Total 
CT -

3600 
1$00 

600 
600 

900 

900 

Readings 
(After withdrawal) 

E0 ant . neck & sternum.* 
E lat. & post . neck, 

sternum. 
E ant ., post ., lat ., neck 
E post., neck & rt. post . 

auricular area 
E post neck; E0 ant . lat . 

neck &. sternum 
E post. neck . 

* Subject had not broken when test was stopped. 

60. It is apparent that the impermeable hood afforded pract ically complete 

protection t hroughout the length of the test. The Oxford hood afforded 

appreciable protection but was less effective than the impermeable hood. 

The Popl in hood afforded little protection and cann~t be considered effective . 

The relative air P3rmenbilitios of the impermeabl e cloth, Ox.ford cloth , and 

poplin cloth (0, 2.3, and 7.7 cu. ft./min./sq.ft. respectively) , may explain 

the relative protective efficiencies of the three type hoods. Apparently, 

even the closely w~ven Ox.ford cloth permits diffusion of H vapor t hrough the 

hood against flow of expired e.ir with r esulting neck burns. It was further 

noted in thGse tests that whereas the Oxford and Poplin hoods wore comfortable 

to wear, the impermeable hood was hot, collected perspiration around the hood~ 

and readily became fogged up. 

61, In the first tear gas t est agninst the relatively high concentration of 

6. 7 Y CN/1. all the men vrere f orced to come out of the chamber within six 

minutes. In this case sufficient gas entered the hood to cause eye effects 

despite the internal positive pressure of expired air. The second test 

against tear gas at an average conc0ntration of 0.4 Y CN/1 was more successful 

and the result s are sho,m i n Table VI. 

Table VI 

Results of Second Tear Gas Test Against Special Hoods 

Mask end Hood Compination 

LW'S full f noe mask; Oxford hood 
LWS ful l face mask; Oxford hood 
Oxygen mask; Oxford hood 
Oxygen mask; OXfo:rd hood 
Oxygen nasY-; Oxford hood with air line 
Oxygen mask; Oxford hood 
Oxygen mask; impermeable hood 

Mins. Tolerated in Chamber 

16 
16 
16 
16 
60* 
60 
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 1,5-20 minutes in the chnmber. 
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The results of this test are sonc,m~t c0nflicting . The failure of the full 
face mo.sk must be attr ibuted to~ f~ulty cnnistcr, faul ty hose tube seals , 
or contaninatcc1. hose tubes . Tho f::?.iluro of the two hoods with oxygen rn.:isks 

is in line with the results at the hi@1er conccntrn.ti on. It is suspect ed 

that the hood fitted 1.ith the .:i.ir line f2ilcd after about 15 - 20 ninutcs . 

However, the one Oxforc. haod with oxygen mask which gave c.Jmplete protec­

tion suggests that under the right conditions the corabinc1ti2n is effective . 

The canplcte pr:>tccti:m affordcJ by the inpc.,rmeablc. h,X)d c:)r r espontls m.th 

ocrlicr r esults . 

62 . In conclusion it ~ay be stated that tho pr inciple of maintaining p0si­

tivc pressure inside a hood by covering the outlet valve has not boon found 

to afford complete pr otecti::>n against g.:i.s vapor s when t ho hood is made .:if a 

pcroonblc fa.bric . When an ir:lpermc2.blo fabric hood is usef.. , complete pr:..>tec­

tion is nffJrce~. It is quite p~ssiblc thct a combinati~n of pcrncnblc and 

impcrr.ic.:i.blc fabric might be used to constr uct an effective hood to W'.)rk on 

the principle of pJsitivc intcrnD.l pressure . 
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SULC1ARY AND CONCLUSIONS 

6J . 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 vrere substan­
t i ally equivalent for subjects wearing the: two types of su.i ts. A third 

test was conducted with successive dail y exposures and ointment was used. 

Again a s ubstantial equivalence in the protection of the two types of suits 
was revealed. It was concluded that the new modified design of Navy pro­

t ective suit should be recormnended because it nas simpler to manufacture and 

to wear, and had shown a protective value equivalent to the old design suits . 

64. Chamber tests were conducted on :Marine Corps utility suits equipped 
,nth two types of detached hoods, and on Marine C0rps protective suits made 

of Arnzen cloth. The utility suits and detached hoods were L~pregnated by 

the aqueous process ,,d.th Field Sets, M-1, while the protective suits v1ere 

impregnated by the solvent process ;·ii.th CaCO3 stabilizer at a C1'1S Z of I 

plant. Subjects wearing the utility suits tolerated an average of 4 - 5 
exposures t o H vapor at 1200 CT and no d..ifference was found between the 
hoods v,ith a small face opening and the hoods with a large face opening made 

from either Arnzen cloth or herringbone twill. The subjects wee.ring the 

plant impregnated protective suits tolerated an average of 8.3 cxposuros 
and the superior protective value of the suits over the utility suits is 

2ttributed mainly to the method of impregnation. 

65. Chamber tests were conducted on suits containing a gas- proof fly 
developed jointly by this Laboratory and tho Naval Clothing Depot. Subjects 
wearing t hese suits and control suits without the fly follovred pre~cribed 
exercises in the chamber designed to test the fly realistically. ·rt was 

found thet a somewhat greater number of exposures to H vapor at 1200 CT was 

tolcra~ed by men wearing t he suits with the gas-proof fly in comparison t o 

the plain suits. 

66. ill-cotton socks similar in construction and weight to the cotton-v1ool 

socks used ns a standard it~m of protective clothing were found satisfactory 

during repeated exposures in the chamber. 

67. Chamber tests on woolen protective gloves mnde of two-ply wool yarn 
shovred they offered complete protection and were in every way equ:i,valont 
to gloves made with three- ply yarn. 

66 . Two different series of chamber tests were carried out on cotton 
gloves designed to replace woolen protccti ve gloves. Two types <>f gloves 
were included in both series; one type with a ribbed knit ~rristlot and one 

type mth a wcven gauntlet. Rop~~ted chamber tests were run with these 
gloves which showed that they gave almost complete protection. They were 
not as sat isfactory as the standard wool gloves inasmuch ~s they had a 

tendency t o slip dovm the ann. 
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69 . Upon the basis of chamber tests illustrat ing the need for an impreg­
nated protective shor t to be worn with the Navy pr otective suit , a r ibbed 
knit short was designed with the help of the Naval Cl othing Depot and the 
Bureau of Supplies and Accounts . Though tho protective value of this short 
was no greater the.n that of a standard Nainsook short, the former ,ms pre­
f erred upon the basis of results of wearing trials. 

70. A ser ies of chamber tests was conducted on both CC- 2 impregnat ed and 
carbon-rayon protecti ve suits to evaluate the various factors contributing 
t o neck burns when a complete outfit of Navy protective clothing i s worn in 
H vapor. It was concluded that the nIBjor factor contributing to neck burng 
f or CC-2 suits was leakage of H vapor through the fabr ic . However, elimina­
tion of l eakage t hrough t he fabric for CC-2 suit hoods would not greatly 
improve t he over all protective efficiency of the CC-2 clothing . 

71 . 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 clothi ng limits t he 
protective value of carbon-rayon clothing for these reasons . 

72. Prelimimry tests on Navy protect ive suits equipped with a zipper 
closure f or the hood indicate that t his feature was desirable and should 
be investigated further . 

73. Chamber tests against both H vapor and tear gas have been conducted 
on special detached hoods designed to operat e with a positive internal pres­
sure provided by expired air from n mask. Limited protection against H vapor 
and CN WJ.S exhibited on such hoods mnde of Oxford cloth. Hoods made of pop­
lin fabric were less effective while a hood made of an impermeabl0 fabric 
offered complete protection. It was concl uded t hat internal pressure pro­
vided by expired air was not sufficient to prevent Hor CN v2por from dif ­
f using through a permeable type hood. 

- 19 -
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REC<llliENDATIONS 

74. 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 1944. 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 USMC 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 
be 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 reconnnended in a letter to the Chief of the Bureau of 
Ships, dated 7 November 1944. The gas-proof fly was adopted and has been 
included in all protective suits manufactured recently. 

77 . A recom.~endation 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 1944, 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 1944. 

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. It :is recommended that the cotton ribbed knit protective short des­
cribed in this repor t be adopted as a standard item of protective clothing. 
The specification for t hese shorts has be~n prepared by the Bureau of Sup­
plies and Accounts . 

81. It is recommended that further work be carried out to improve the 
design of the hood on Navy protective elothing especially for carbon­
rayon fabrics. Preliminary results indicate this work should follow along 
the lines of the zipper hood closure described i n this report. 

- 20 -
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Symbol 

E-

E 

E+ 

NPV 

NV 

V 

Table VII 

Physiological Readings - Legend 

React i on 

Hild Erythema 

Moderate Erythema 

Intense Erythema 

Papular Erythema 

Numerous Pin- Point Vesicles 

Num0rous Vesicles 

Vesicle 

Hild Pigmentation 

Hodcrate Pi gmentation 

Intense Pigmentation 

Readi ngs of questionable erythema are not included since they 
ar e not considered signifi cant in tests of this nature. 
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Table VIII 

Body Areas - Legend 

Abbreviation Area Abbreviation Arca 

aaf anterior axillary folds le legs 

aar anterior arms 1th lateral thorax 

ab abdome:n lum lumbar 

ale anterior l0gs ne neck 

al anterior and lateral paf posterior axillary 
folds 

ar arms paur post . auricular 

ash anterior shoulders par posterior arms 

athi anterior t highs pa palm 

ax axil lae pen penis 

bt buttocks ple posterior legs 

C7 7th cervical pne posterior neck 

cf cubi tal fossac pop popliteal spaces 

chb cheekbones psh posterior shoulders 

cl clavicles pthi posterior thighs 

dh dorsUI!l 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 thor ax 

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 

l;:ir lateral arms vth ventral thorax 

lne lat:iral neck wr wrist 

DECLASSIFIED 



Table IX 

c.ompari son of Standard Design (Old) With Uodified 
Design (Ncvr) ?rotective Suits 

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

Date Started: 2/15/44 

Readings (Hours After Last Exposure) 
Design No. lien 

Old 9 5 E 3 E+ 
4 E0 neck 5 E 

1 E0 neck 

New 10 1 E+ 1 E+ 
4 E 5 E 
5 E0 neck 2 E• 2 E- neck 
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Table X 

Comparison of Stimdard Design (Old) With Hodified 
Design ( Nc,cr) Protective Sui ts 

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

Dnte Started: 3/6/44 

Design 

Old 
Old 
Old 
Old 

Old 

Nevr 
New 
New 
New 
New 

Readings (Hours Aft.er Last Exposure) 
24 48 ------

E- SC 
E- sc, dth 
E- pne, Jne, ;,c 
E0 pne 
E- SC 
E0 ne 
E-, cf, sc , aaf, dth 

E- lne 
E- no , ar, sh, dth , 

None 
E- sc, dth 
E- lne 
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cf 

E- dth, sh, sc 
E- sh, sc, pnf, cf, dth 
E- pnc, sh, sc, dth 
E0 vth 
E-. pne 

E0 lne 
E- cf, sh, sc , dth 

E- pne, cf, SC 
No remarks 
No r emarks 

E- lne, sc, sh, dth 
E- lne 



Table XI 

Tests on ilodifind Design Protective Suits (Eade from fabric impregnated in the piece-goods) 

Date Started: L/25/44 
No. of Exposur es Readings (Hours After Last Exposure) Tolerated 24 Ii8 

4 Esh, SC E 1th, ar, sc, 
E0 sh 

1* E0 sh , SC No. readings 

1* Eo bt, pop No readings 

1* Eo SC No readings 

Av. 6.3 ++ 

dth 

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

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

Dc'.).te Started: u/25/44 

No . of Exposures 
Tolerc::.ted 

8 

6 

3 

7 

3 

7 

Readings (Hours After Last Exposure 
24 48 

E SC, dth 
E0 kn, c'.).Sh , 1th, ar, 

aaf , cf, thi, pop 

E SC 

E0 sh, aaf, 1th, pop 

E0 cf, ash, sc, dth 

NPV scr 
E0 sc, dth 

E SC 
E0 sh, n.r , ~af, th 

E dth 
E0 scr, thi, le, vth 

1th, 2af, sc, bt 

--------
No readings 

E ash, sc 
E0 1th, ax, dth, bt 

E0 cf, ash, sc, dth 

NPV scr 
E0 sh, aaf, sc 

E sc, dth 
E0 sh, ar, 1th, thi, pop , le 

Eash, aaf, 1th, sc , dth 
E0 thi, pop, le, scr 

E sc, dth E cf, dth, sc 
E0 ash, cf, aaf, 1th, le E0 ash, 1th, bt 
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T.::.ble XIII 

Tests of :.:arine Corps Utility Suits and Type A Hoods 

(Aqueous Impregnation by Field Set, M-1) 

Dnte Started: 5/10/45 

Hood 
Fabric 

HBT 

HBT 

HBT 

HBT 

J.rnzen 

Arnzen 

.Arnzen 

1,rnzen 

No. of Exposures 
Tolerated 

4 

6 

6 

6 

2 

9 

Averngc HBT = 5.5 
Average ./Jnzen= 4.0+ 

Grand ,,verage = 4.8+ 

Readings (Hours After Last Exposure) 
4 

E aar, cf, pthi, kn, 
ale , paf, psh, vth, 
sc, dth, pop 

E0 lne, ust, C7 , par 

E paf, psh, C7, sc, dth 
E0 anc, lne, pnc, ust , 

ax, 1th, kn, el 

E paf, psh, sc, dth 
E0 anc, lno, pno, ust, 

ax, 1th, lm, cl, pthi, 
pop, plc 

E anc , lnc, pnc, ust, 
paf, psh, c7, sc, dth 

E0 athi, kn , ale 

E lax, psh, sc, dth 
E0 ane , lne, pnc, ust , 

par, el, c7 

NV umar, psh 
E0 alnc, ust , kne, po.f 

E ane , u.st, 1th 
E0 lno, pne, vth, psh, 

C7 , ac, dth 

Sick 
E0 alne , ust 
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E aar, pthi, lmc, ple , 
paf, psh, 1th, sc, dth, 
pop 

E0 vth, par, C7 

E 1th, pnc, ps~. C7, sc,dth 
E° alnc, ~st, aar, cf, ax, 

kn, ple, paf, el, pthi, 
pop 

E ust, athi, kn, pne, paf, 
psh, sc, dth 

E0 alne, ale, C7, pthi 

E ane, lne, pne, ust, le, 
lar , paf, psh, sc, dth 

E0 aar , cf , pthi, kn, ple, 
pop, C7 

E lax, anc, lne, pn~, ust 
psh, sc, dth 

E0 kn, par, el, C7 

NV uror, psh 
E ust 
E0 alne, lar, kn, pop 

E ane, ust, cl, vth 
E0 lnc, pne, paf, psh, C7, 

sc, dth 

E pth, dth , lum, lne, cl 
E0 cl, lne, kn 



Tabl0 XIV 

Tests of liarine Corps Utility Suits and Type B Hoods 
(Aqueous Impregnc.tion by Field Set, H-1) 

Date Started: 5/10/45 

Hood 
Fabric 

HB1' 

HBT 

HBT 

HBT 

Arnzen 

Arnzen 

I,.rnzE:m 

Arnzen 

No. of Exposures 
Tolerated 

5 

2 

4 

7 

5 

6 

6 

Average HBT = 4. 5 
Average Arnzen= 5.0+ 
Grand ltverage = 4.8+ 

Rendings (Hours After Last Exposure) 

E ane. cl, lax 
E0 ust, aar, paf, ax, 

kn, psh, sc, dth 

E ane, ust, cf, dth 
E0 lne, pne, kn, paf, 

psh, par, el, sc 

E ane, lne, pne, ust, 
paur 

E0 psh, el, C7, sc, dth 

E umthi 
E0 ano, lne, pno, ust, 

psh, c7, sc, dth, pop 

E ust, cl, paf, ax, 1th, 
vth, sc, dth, pop 

E0 cf, lm, ale, psh, C7 

E anc, ust, cl, aar, cf, 
paf, pne, sc, dth 

E0 lne, pne, ax, 1th, vth, 
kn, par, el, c7 

E ane, 1ne, pne, ust, paur, 
psh, C7, sc, dth 

E0 cf, kn, el 

E umthi, pop 
E0 ane, lne, pne, ust, 

athi, kn, ale, psh, par, 
el, sc, dth 

E psh, sc, dth E cf, ax, kn, paf, sc, dth 
E0 ane , lnc, pne, ust, E0 ane, lne, pne, ust, 1th, 

cf, ax, 1th, vth, athi, vth, a9 , athi, ale, c7 , 
kn, ale, paf, pop, ab pop 

no E 
E0 ane, lnc, pne, u.st 

no E 
E0 ano, lne, ust 

E dth E pne, paur, dth 
E0 ane, lno, pne, kn, E0 ane, pne, pthi, kn, ple, 

psh, sc, pthi, pop, plo pop, psh, el, sc 

E kn, sc, dth, pop 
E0 ano, lnc, pnc, w,t, 

cf, 1th, pthi, ple, 
el, psh 
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E atb1i. pthi. lm.,tilo, ~ ~. dth 
E0 ane, lne, pno, ustJ cf, 

ar, paf, psh, ple 



Table XV 

Tests of Earine Corps ,·.rnzon Protective Suits 

(Solvent Impregnation with CaC03 Stabilizer) 

Date Started: 5/10/45 

No. of Exposures 
Tolerated 

12 

6 

12 

9 

1,v. 8.J+ 

Readings (Hours After Last Exposure) 

Sick 

V cf, fa V fa; NV, dh 
E0 ano, lne, pne, ust, E ano , ust, cf, paf, psh, 

psh, aar, kn, paf, el, el , sc 
sc, dth E0 ash, ar, aaf, kn, pnc, 

sc, pthi, pop, le 

E ane , lne • E ane, lnc, pne 
E0 ust , kn, pne E0 ust, cl, pne 

E paf, psh, sc E apnc , p.1f, psh, sc, dth 
E0 pne, ust , cl , dth E0 ust, cl, umar, kn 

E anc , lnc, 1l5t E nnc, lnc, cl, ust 
E0 knc , pnc, psh, sc, dth Ec ~r, cf, kn, pne, psh , 

el, sc, dth, pop, 1~ 

NV kn 
E ano, lnc, pnc, ust, 

psh, cl, sc, dth 

E ane, ust 
E0 lne, pne, ash, psh, 

kn, pnf, sc, dth 

NV aar 
E0 ane , pnc , ust , scr, 

kn, psh, el, C7 , sc, 
dth 
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NV kn 
Ec ane , lnc, pne , el, psh, 

sc, dth 

E ane, lne, ust 
E° ash, psh, athi, kn, ale, 

paf, sc, dth, pop 

NV aar 
E aar, cf 
E0 ane, pne, ust, kn, psh, 

SC, dth 



Tc.ble . XVI 

Tests on Single Layer Aqueous Imprcgmted Suits with Gas-proof Fly 
(subjects following prescribed exercises in chamber) 
(First exposure 600 CT-subsequent exposures 1200 CT) 

Date Started: 10/17/44 

No. of Exposures 
Tolerated 

6 

4 

6 

5 

Av. 5.6+ 

Readings (Hours After Last Exposure) 

E 1th, ax, m-
E0 bt, pop, ash, uar, 

cf• sc, dth 

E scr 
E0 ust, ne, sc 

E scr, ab, vth, ash, 
ne, face 

Blotched E sc, dth 
(allergy?) 

E scr, ing 
E0 ash, 1th. thi, kn, 

bt, paf, ple 

E aaf, lax, UD.r, cf 
E0 sc, paf 

E0 cf, scr, sc 

Eash, aaf, uar, sc, dth 
E0 cf 

E scr 
E0 ane, ust, ash, ax, sc 

E chb, vth, pne 
dth subsiding allergy? 

E nose 
E0 scr, paf 

Eash, ax, aaf, cf, uar, 
SC, paf 

E0 ab, bt, el, pop 

No reading E0 or greater 

~ Dcnqtes test stopped in this and succeeding tables. 
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°table XVII 

Tests on Single Lnyer Aqueous Impr egnated Suits 
(Controls for Suits TI'ith Gas-Proof Fly') 

(Subjects follo~~ng prescribed exercises in Chamber. First exposure 
at 600 CT - subsequent exposures nt 1200 CT) . 

Date Started: 10/17/44 

No. of .Exposures 
Toler.:-.tcd 

4 

4 

4 

4 

3 

4 

4 

Av, J.9 

Readings (Hours li.fter Last Exposure) 

E ing, pen, scr, nsh , 
aaf, kn, cf, sc, dth , 
bt , cl , pthi 

E ing, umthi, kn 
E0 chb, upst, D-X , 1th, 

cf 

E ing, ax, 1th, sc , dth 
E0 a.x , uth, dh, wr, scr, 

bt , 01 

E ing, me, 1th, sc, dth 
E0 ash , vth , bt 

E se 
E0 ash, ar; d.h, sc , dth, 

pne, el, bt 

E+ scr 
E ing, umthi 
E0 sc , dth, pop 

E ash, aaf, sh 
E0 cf, sc, paf 
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E ing, pen, nsh, aaf , 1th, 
cf, apthi , kn , sc, dth 

E0 scr , ash , nx, pop 

E ing , nx, 1th, cf, athi , 
kn 

E0 ash , vth, pne 

E ing , ash, vth, ax, 1th, 
cf, kn, sc, dth, paf 

E0 pen , scr , pne, cl , bt 

E ing , ash, ax , 1th, uar, 
sc , dth, paf 

E0 ax, 1th, scr 

.E ash, ar , athi, kn, sc , 
dth , paf, bt 

E0 chb , 1th, cl , pop 

E ing, upthi 
E0 scr, sc, dth 

E ing, ash, paf, uar , cf , 
upthi, sc, dth 

E0 ax, cf, bt, pop 



Table XVIII 

Chamber Tests on Aqueous CC-2 Suits and Carbon-Rayon 
Type 148 Suits with Verious :Jodified Hoods 

Date Started: 12/12/44 

No. of Exposures 
Tolerated 

4 

3 

5 

2 

5 

7 

7 

Readings (Hours After Last Elcposure) 

Group (i'. ) Aqueous CC- 2 suits. 4 hours wear aft er 
last exposure . 

E ane, l nc, pnc. ust, 
ash, psh, sc 

cl, E+ ane, lne , pne 

E0 aar, cf, kn, dth 

E pne, psh, sc 
E0 alnc, ust , cl , r ash, 

aar , psh, dth 

E ust , cl, ash, psh , aar, 
cf, athi, kn, sc , dth, 
pop 

E0 rue , par, chb 

E ane, lne, pne, cl , rash. 
psh. sc, dth, paf 

E0 ash. aar , cf, ax 

E ano, lnc , pne, 1th, (E+ ane, lno, pne at 72) 
pah, sc , dth, paf; SK- 4 E ane, lne, pne , ust , psh, 

E0 ust, ~sh, aaf , ax, nthi, aar, cf. ax. 1th, paf, 
kn , ar athi, pthi. kn, psh . sc, 

dth. pop 
E0 cl. par 

E ane , lne, pne . ust, fh .l:!i+ ane , lne, pne, ust 
E0 chb, scr, psh, sc, E face, pne 

dth E0 scr, psh , sc , dth 

Group (B) Carbon-Rayon Type 148 Suits , 24 Hours 
Vicar Daily. 

Sick E- ane , lne , pne, face, 
E° ano, ust ust , kn 

E pne E pne, ash, dh 
E0 rash , psh 

E lne, pne E+ lne, pne 
E0 ane E0 ane, ust, lne, fh 

E lne E ane, lnc 
E0 pnc E0 lne , pne , face, ust 
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No . of Exposures 
Tolerated 

6 

8 

6 

Table XVIII (Cont 1d.) 

Readings (Hours After Last Exposure) 

Group (C) Carbon-Rnyon Type 148 suits not worn 
after each exposure. 

E- ~nc, lne, pnc E0 ane, pop 
E- lne, pne, psh, sc 

E0 pne E0 fh, pne 
E- lne , ust , c7 E-- lne, dth, sc 

E0 lne E0 fh , lne 
E- pne , ane E- ane , lne, pne 

Sick- E- E-

Group (D) J.queous CC-2 suits with cellophane 
hood liners, no wear after exposure. 

Sick - SK- 3 

E ane , lne , cf, 1th, 
paf, ash, psh, athi~ 
kn, sc, pnr, pop, ple, 
dth 

E0 face SK- J 

E0 ash, thi, kn 

E ane, lnc, rue , paf, face , 
1th, athi, pthi, kn, le, 
pop 

E0 pne, lne 

E+ pop, psh. sc, dth E+ pop 
Eash, aar , cf , lne E ane, lne, pno, psh, sc , 
E0 fh , ane, pne, aaf,SK-3 dth, paf, pthi, ple, cf 

E0 pne, face, athi, kn,ale 

E lne, ax, 1th, psh, sc, -E ane, lne , ax, aar 
uth, pop E0 pne, athi, pthi, kn, 

E0 ane, pthi ale, ple 
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No. of Exposures 
Tolcrc.ted 

7 

5 

4 

4 

3 

3 

Table XVIII (Cont 1d . ) 

Readings (Hours After Last Exposure) 

Group (E) Carbon-Rayon Type 148 suits with 
cellophane hood liner, no wear after 

exposure . 

Emer gency leave 

E ane , lnc 
E° lne, pnc 

NPV lne SK- 4 
E+ cl , ust , pne 
E lurn 

E lne 
E0 pne 

- - 11 days - no remarks . 

E- anc, lne 
E0 lnc , pnc , face 

NV 1s entir& lne 
E+ cl, ust, pne 
Elum 

E lnc 
E0 pne 

Gr oup (F) l,quoous CC- 2 suits with cloth flange 
between hood and mask, no wear . 

E lne, pne , nsh , aaf, 
psh, iXJ.f, 1th, sc , 
dth SK- 3 

E0 anc , ust , aar, cf, 
athi , kn 

E lnc, pne, psh , C7 
E0 dth, chb , anc , ust , 

cl, ~sh, Mf , paf, 
DX, SC 

Sick SK- 4 
E psh, sc, dth, ax 
E0 lne, pne , ust , cl, 

paf, thi, pop 

E pnc , pop 
E0 alnc , ust , ash, psh 

ar , cf, ax, 1th, kn, 
dth , sc, chb 
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E anc , lne , pne, ust, cl . 
psh, ash, naf, paf , 1th, 
athi, kn, le, sc , dth, 
paf , C7, pop 

E+ lne , pne 
E .:me, ash, psh, ust, cl , 

aaf, 1th, C7 , sc , dth 
E0 nr, cf, ax, athi, kn ,pop 

No reading 

E pne, psh, ust , cf, ax,paf 
E0 lne, ash, 1th, sc , d th , 

el, par 



No. of Exposures 
Tolerated 

8➔PA-

8-3~~ 

8*-ll-

8-¾-l~ 

Table XVIII (Cont'd.) 

Readings (Hour s After Last Exposure ) 

Group (G) Carbon- Rayon Type 148 suits with clot h 
flange between hood and mask, no uear. 

E-? E- C7 

E0 lne, phe E0 pne 
E- anc , ust.,. sh, thi E- lne 

EO sh E0 kn 
E- SC E- psh, SC 

E- sh, sc , dth E0 anc, lne 
E- pne, lnc, kn , psh 

Group (H) C~rbon- Rayon Type 148 suit cellophane 
head liner and cl oth flange between hood and 

m~sk, 24 hours wear each day. 

Eo fh , sc, sh, par Eo ane , fh , face, ust , 
kn, psh, SC 

E- SC E-? 

Eo fh £0 lm, athi 
E- kn E- ane 

E- face SK-5 Eo kn 
E- ust 

Note : Subjects who had a reading of E or greater on the body before 
the neck were given a CC- 2 itap~gnated shirt and continued in 
the test . SK- 3, SK- 4, etc~~ indicates the subject was given 
the shirt on the 3rd, 4thr ct.c~, day of the test . 
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Table XIX 

Screening Tests on CC- 2 and Carbon-Rayon Suits 
with Zipper Closures on the Hoods 

Dc.te Started: 6/13/45 

Suit No. of Exposures Readings (Hours After Last Exposure) 
Type Tolerated 

CC-2 1* Eo P1 , ane, pnc, kn E ane 
E- P1 , lno, ust , el Eo P1, ust, lne, 

Carbon Bi:-:~ E- P1, ano, lne , pnc, Eo P1, ane , lne, 
ust, el 

Carbon- 8➔Hl- Eo P]_, pne, pthi, pop , NV 
R.:i.yon 193 kn E0 pthi, pop , Pi, 

E- P1, ane, lne, ust E0 ~ Pi , ane , lne, 
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pne, kn 

pne, ust 

pne 
ust 



Table XX 

Screening Test of Qxford. Cloth Hoods Designed 
to Cover Outlet V~l ve of N.:i.vy :ti.sk 
(Dnily Exposures to JOO CT H Vapor) 

Date Started: 4/19/h5 

No . of Exposures 
Tolerated 

5 

5 

Readings (Hours llfter Last EXposurc) 

E anc. lne, pne, ust , 
po.ur 

E0 pop 

E P2 , pnc 
E0 ane , L~c, paur. pop 

DECLASSIFIED 

E ale , pne, lnc , ust , paur 
E0 athi, pthi, kn, ale , 

ple, psh, sc , dth 

E P1, pnc 
E- P2 , ane, lne 
E0 P2, athi, pthi, kn, 

ale, ple, ?OP 



Table XXI 

Tests of Special Hoods Designed to Provide Posi tive 
Pressure Between Hask and Hood 

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

Date Started: 10/15/uS 

Type 
Hood 

Oxford 

No. of Exposures 
Tolerated 

5 

Impermeable 12ff 

Poplin 2 

Poplin 3 

Poplin 3 

Poplin 2 

Readings (Hours After Last Exposure) 

E lne, pne 
E0 nne, ust , psh, el, 

sc, dth 

No 24 hour readings 

E pne , raur , paur, C7 
E0 laur, paur 

E pne 
E0 ane, lne, ust , paur 

E pnc 
E0 paur 

(72) 
E pne 
E0 ane, lne~ psh, sc, dth 

(72) 
E- ane, lne , pne, ust 

Pi pne 

E pne , c7 E0 paur 

E pne 
E0 ane, lne , ust 

E- lne , pne 

E pne, r aur, paur , kn E pne 
E0 ust , athi, pthi, al e , E° athi , pthi, kn, ale , ple, 

plc , psh , sc, pop paur , pop 

DECLASSIFIED 



Table XXII 

Tests of Cotton Gloves Wor n in Chamber 

Date Started: 3/27/45 

No . of Exposures 
Tolerated 

6 

8 

4 

3 

5 

4 

Av. 5. 0+ 

Readings (24 Hours After Last Eicposurc) 

E athi, pthi, kn, ale, psh , sc , dth, pop 
No r eaction dh, wr. 

NV ane, lne 
E athi, kn, psh, sa, dth 

No reaction o.h, wr . 

E athi, kn. ale , pne, pop 
No reaction dh, wr. 

E psh , sc, dth 
No reaction dh , wr. 

E ax 
No reaction dh, wr . 

E ax, psh, sc. dth 
E0 reaction dh, wr, 72 hrs . after last exposure . 

Sick; E0 psh, sc, dth, pthi, pop, ple 
(i,11 E at. 48 hrs.) 

No reaction dh, wr . 

DECLASSIFIED 



Table XXIII 

Test of Special Cotton Gloves Worn i n Chamber 

Date Started: 9/27/45 

No. of Exposures 
Tolerated 

7 

5 

9 

5 

7 

5 

2 

2 

1 

3 

2 

2 

Readings (24 Hours After Last Exposure) 

E cf; No reading gloves. 

E- psh; No reading gloves . 

E- kn , le~ pop: No reading gloves. 

E-- thi , le; No reading gloves. 

E thi, kn, le, pop; No reading gloves. 

E- ash, psh, athi, kn, ale, paf; No reading gloves , 

E thi, le, sh, sc , dth; No reading gloves. 

E ?Sh - No reading gloves. 

E pthi, ?OP, ple; No reading gloves. 

E generalized; No reading gloves. 

E goner!'.lizcd; No reading gloves. 

E- kn, ale, ple, pop, pthi; No reading gloves. 

DECLASSIFIED 



Table XXIV 

Chamber Tests on Navy Protective Suits Worn 
With Impregnated Nainsook Shorts 

Date Started: 3/21/W! 

No. of Exposures 
Tolerated 

3 

3 

4 

3 

2 

2 

2 

/,.v. 3.0+ 

Readings (Hours After Last Exposure) 

E sc, ing 
EO cf, aaf, ash, dth, 

thi, pop 

E-sh, ar 

E ing 
EO ar, ash, 1th, sc, 

dth, thi, le 
V hand 

E sc, dth 

E sc, dth 
E0 ax 

E lower pnc (~); 
EO vth, SC 

V pa 
E0 cf, sc. dth, thi, le 

E SC 
E0 dth 

E sc, dth 
E0 ser, med, thi, lne 

DECLASSIFIED 

E sc, dth, P2, ash, ar , 
thi, pop 

Eo ing 

E0 ar, cf, sh, vth, sc 

V hand 
EO ar, sh, sc, dth, bt, 

pthi, ing 

E0 pen, scr, cf, ax, vth, 
ne, sc, dth 

E SC 
E0 sh, ar, dth 

E SC 
EO vth, sc, dth 

V pa 
E0 cf, sc, dth, thi, pop, 

. scr 

Eash, psh, aaf, cf, sh, 
sc, dth 

EO pthi, le 

E sc, dth 
E0 sh, 1th, pthi 



Table XXV 

Chamber Tests on Navy Protective Suits 
with Impregnated Special Knit Shorts 

Date St~rted: 3/21/44 

No . of Exposures 
Tolerated 

2 

3 

3 

4 

3 

2 

2 

1-..v. 2. 7 

Readings {Hours After Last Exposure) 

Sick; E­

E sc_. dth 

.j. 

E0 scr, vth, sh , ar, 
1th, chb 

E n3h anf, ar, sc , dth 
E0 pthi 

E0 scr, sc, dth 

E SC 
E0 ash, cf, sc , dth, 

po1), thi 

E sc, dth 
E0 scr, ~e , sh, ar 

Sick - no reading 

E SC 

E0 aaf, ash, ar, sc , 
dth 

E SC, c',th 
E0 sh, no, of 

DECLASSIFIED 

E-

Eash, ar, cf, sc, dth 
B0 1th, pthi, pl e , thi 

E sc , 1th, dth, ash, ax 
E0 pop, thi 

E0 scr, thi, sc, dth, pop, 
thi 

E0 thi, le, dth, sh, sc ,dth 

V styloid process; 
E cf, ar, sh, sc , dth 
E0 1th, pop, thi 

No reading 

E lthi 
E0 cf, ar, sc, dth, pop 

E :vth, sh, ar, ax, aaf 
E0 sc, dth, pen, pthi, le 



Distribution 

Bu Ships ? 

Bu Med 2 

ORI 2 

co , Ne.val Unit , EA 1 

cws , Tech . Di V . 4 

cws , Med . Di v . 1 

cws , t.~ed . Div. EA 1 

- d -

DECLASSIFIED 


