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ABSTRACT 

This report describes the results obtained in a 
number of supplementary chamber tests for the evalu
ation of the protection afforded by CC - 2 impregnated 
clothing. 

In supplementary tests of modifications of the 
aqueous CC-2 impregnation syster:1~ lt was found that: 

(a) Clothing impr~g~B·:~e ct '=-1 y- s:7':;tems using 
methyl celJ.ulose or Areski..3.ci3 L~ ~"':e. ;J. ·i o :f' PVA as 
emulsify-;.ng agent provides fJ:'e .:c. t <0 .:· p.ec :-ee i:;ion than 
standard aqueous process clo i:;~1.i;1g . 

( b) Impregnation of c J. oth~.:lg by the CWS Foam 
Process does not result in an incr8~se in protection as 
compared with the standard Navy process. 

(c) Clothing impregnated by a simultaneous 
flame - proofing and CC - 2 impregnating process provides 
protection comparable to or possibly superior to that 
afforded by standard aqueous process clothing . 

Supplementary tfl¼'sts of CC - 2 clothing "worn down" to 
the reimpregnation level showed that: 

(a) The protection provided is proportion~l to 
both concentration of H vapor and time of exposure. 

(b) A CT of approximately 1400 rep~esents 
the maximwn CT for which adequate protection is provided. 

( c) The Field Set (Light vie ight Simplified) is 
satisfactory for reimpregnation and that worn reimpreg
nated clothing provides the same degree of protection as 
that worn but not reimpregnated. 

In tests of stored CC-2 clothing. it was found that: 

(a) 2 months simulated tropical storage reduces 
the protection provided by standard aqueous process 
clothing by approximately 30% . 

(b) 18 months to 2 years shipboard storage of 
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unstabilized solvent clothing reduces the protection 
by about 70%. 

Tests of u. s. Marine Corps protective clothing 
showed that the protection afforded is compar&ble to 
that obtained with similar Navy protective clothing. 

l •• I -c-
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INTRODUCTION 

A. Authori zation 

1. This work was authorized under Project 
547 / 41, "Maintenance , Bure&.u of Ships 11

, dated 16 
December 1940. The problems which were proposed for 
study were given in Bureau of Ships letter S-S77- 2 
(Dz), Serial 811 of 17 December,1940. 

B. Statement of Problem . 

2 . The purpose of this report is to describe 
the results obtained in a number of supplem6ntary 
ch&mber tests for the evaluation of the protection 
afforded by CC - 2 impregnated clothing. 

3 . Included in tha report are the results 
of supple111entary tests on modified aqueous CC -2 impreg
nation systems and on worn CC - 2 impregn&ted clothing . 
In addition , the d&ta obtained i n tests of stored 
CC - 2 clothing and in tests of u. S. Marina Corps im
pregnated clothing are pres~nted. 

c. Known Flcts Bearing on Problem and Thtoretical 
ConsiderE.tions. 

4 . NRL Rclport No . P- 2602 , "Chamber Tests 
with Human Subjocts XIH, dated 18 August .1945, describes 
the results of chamber tests of a number of modified 
aqueous CC - 2 impregnation systems . The modificati ons 
studied were binder modific&tions. stabi l i zer modifica
tions, and modified methods of applic&.tion . 

5. In the present investigati on , the follow
ing additional studies were m&de : 

cations. 

ncted clothing . 

(a) 

(b) 
( C) 

Study of emulsifying agent modifi 

Re - evalu&tion of the foam process. 
Evaluation of flame-proof impreg-

6 . NRL Report No. P-2597, "Chamber Tests 
with Human Subjects VIII!' dated 5 September 1945 , gives 

- 1 -
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results obtein0d in th0 ch~mber test evaluation of 
worn CC - 2 impregnLt&d clothing. Worn clothing of 
v&rious types of impregnation (solvent , stabilized 
solvent, aqueous, &nd mod if h,d &qut:ous) from three 
wer...ring trh.ls conducted by this Labor& tory was 
t(;:lsted . 

7. The supplembntal tests included in this 
investigation were concerned only with &queous type 
CC - 2 impregn£ted clothing from the second NRL wearing 
trial conducted &t Camp Lejeune, N. c •. in June - July , 
1945. Studies were made of: 

(&) The effect of v~ri&tion in concen
tr&tion of H vupor end time of 13Xposure . 

(b) Field Set (light weight simplified) 
r8impregn&t~d clothing. 

8. M~ny tests have been mc.de during the psst 
thr&e yc&rs &.t this 12..boratory, by the CWS and by NDRC 
invEistig.:.tors to d&termine &nd t;;;Valuote the storage 
chr...r~cteristics of CC - 2 impregntted clothing. These 
t0sts h&ve been primurily concerned with th6 retention 
of CC-2 &nd retention of tensile strength during storage, 
and , &s far £.Sis known, no ch&.mber tests h£ve been 
concucted on storGd clothing. 

9. It hes b~en shown (NRL Rc~ort No. P- 2597) 
th&t , in the case of worn CC-2 clothing, there is a 
re~sontble corrvl&tion between loss of Cl+ &nd loss of 
protection. Th~t such n correl~tion &lso exists in the 
case of stored clothing h~s been indic~ted by chemical 
l~&k&g~ &nd c&p&city t&sts. However, it w&s considered 
desirable to substuntiQte this conclusion by m~ans of 
chwnber tGsts, end such tests huve been conducted using 
CC - 2 impregn~tcd clothing which b&d been stored under 
the following conditions: 

(n) Simulnted tropicul stor&ge (2 months 
at 45*C - 80~ R.H.) 

(b) Shipboard storage . 

10 . The U.S . Marine Corps protectiv~ clothing 
oonsists of two types: 

(a) Two piece HBT fatigue clothing with 

- 2 -
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special hood - impregnated by th~ Field Set (M- 1) . 
(b) Arnzen clothing impregnated by 

the solvent (TCE) + CaCOa system. 

11 . Chamber tests were conducted using both 
of the above types of clothing to ovaluate tho degr8e 
of protection which might b~ ~xpected in service use and 
at the sam0 tim0 to compare the prot0ctiv0 ch~racteristics 
of this clothing with thosE- of standard issue: Navy 
protective clothing . 

12. NRL Reports Nos . P- 2597 and P- 26O2 include 
some chamber t0st data on Arnzen clothing reimpr0gnat~d 
by the Field Sot (M- 1) and on Arnzen clothing impregnated 
by means of the Field Set (LWS). NRL R~port No. P- 26O3, 
11Chambcr Tests with Human Subjects XII, Suit and Man 
1 Br0aks 1 \H th CC - 2 Imp:- agn& ted C lothing 11

, dated 31 August 
1945 gives tho results of chamber tests of Arnzen 
clothing impr~gn&ted with CC - 2 by the solvent (TCE) 
and solvent+ ZnO systems, but no previous tests have 
been carried out at this L&boratory on solvent+ CaCO3 
impr~gnated clothing. 

D. Pr~vious hork Dont- at This Laboratory . 

13 . This is tho seventeenth of a series of 
r0ports on 11 Chamber Tests with Human Subjects 11 in which 
the results obtained in the evaluation of various 
protective devices against the eff0cts of pcrsistGnt 
chemical war1are ag0nts are reported. 

14 . In addition to the NRL Chamber Tust re 
ports referro:Jd to etbove, the follov,ing NRL Reports 
present detailed information and d&ta concerning somG 
of th~ various typE-s of CC - 2 clothing studied in this 
inv1..,stigation : 

(a) NRL Report No . P- 2OOO, 11 Progress 
Report on Protectivo Clothing". dated 20 February 1943. 

( b) NRL Ro}'ort No. P-2O55, 11Aqueous 
Impregnating Systems of Chlorinated Paraffin ~nd 
I.mprcgni te S- 145 11

, da tod 12 May 1943 . 
( c) NRL Report No. P-2682 , nsecond 

1Jl/0aring Trial of Protective Clothing at Camp L--jeune, 
N. c ., 11

, dat0d 26 November 1945 . 

- 3 -



(d) NRL Report No. P-2690,"Study of 
Arosklen e as Emulsifying Agent in Aqueous Process 
Impregnation of Clothing", dated 19 November 1945 , 

EXPERIMENTAL 

A. Procedure for Chamber Tests 

15. The operation of the NRL chamber as 
well as the general procedure for conducting chamber 
tests is described in detail in NRL Report No. P- Z208, 
"ehamber Tests with Human Subjects I & II", dated 
22 December 1943 • 

• 
16. The chamber tests involved in the present 

investigation w;;;;re conducted &s 1 - 1/2 l aye r "man break" 
tests. In thesa tasts# unless otherwise specified , each 
man exposed in the ch~b6r w&s supplied with the follow 
ing protective equipment : 

(a) Navy di~phragm mask, M&rk III or IV 
(with CC - 2 impregn&tod sleeves on the hose connecting 
tubes.) • 

(b) CC-2 impregn&ted Arnzen suit . 
(c) CC-2 impregn~ted rib knit shorts 
(d) Stendard Navy undershirt (skivvy 

shirt - unimpregn&ted) 
(e) CC - 2 impregnated cotton socks (2 p&ir) 
(f) CC - 2 impregn~ted elbow-length wool 

(g) Overshoes (Arctics). 
(h) Protective Ointment (S-330) for edge 

of face and neck. 

17. The subjects were given successive daily 
exposures to H vapor in the ch&mbe r under the following 
conditions (unless otherwise specified) : 

(a) CT= 1200 (60 min.) 
(b) Temperature= 90°F + 0.2eF. 
(c) Relutive Humidity =- 65% + 3% 
(d) Wind Velocity= 2 - 2.5 m.p.h. 

18. The clothing w&s worn by the subjects 1/2 
hour af t er a chnmber exposure . The men were examined 

.. 4 -
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and read by the Medical Officer before each exposure. 
and each subject was withdrawn from the test when he 
had incurred e reading of E (intense erythema) or 
greater on any part of his body. The successive daily 
exposures were continued until all the men had "broken" 
i.e., reached a reading of E or greater . The average 
number of exposures toler&ted was used as the basis for 
eva~uating the protection given by the clothing. 

B. Supplementary Tests of Modified Aqueous cc - 2 
Impregnation Systems. 

19. The supplementary tests of modified aqueous 
CC-2 impregnation systems were tests of: 

(a) A methyl cellulose system 
(b) An Aresklene system 
(c) The Foam Process 
(d) A simultaneous flame - proofing and 

CC - 2 impregnation system. 

20. The first two systems (methyl cellulose 
ana Aresklene) represent modifications of the emulsi
fying agent, used in the present standard aqueous formula· 

cc-2 + 25% ZnO + 25% CP + 2.5% PVA + 9% dya. 

In the methyl cellulose system the 2.5% IJJVA is replaced 
with 2.5% methyl cellulose, and in the Aresklene system 
the 2.5% PVA is replaced with 10% Aresklene. 

2J. Laboratory tests of clothing impregnated 
by these systems have shown that there is no significant 
diffeirence in laundering resistance or storage and 
weathering stability as compared with clothing impreg
nated by the standard system . The methyl cellulose 
system was considered as representing an alternative 
method in case PVA becomes unavailable. However, the 
Aresklene system represents an improvement in the ti.me 
required and ease of emulsification in the preparation 
of the aqueous impregnation bath . In addition, previous 
tests of clothing impregnated by the Field Set (LWS), 
which involves the use of Aresklene as the emulsifying 
agent~ indicated an unusually high degree of protection 
as compared with the standard system, (10.6+ vs. 4.3 
exposures tolerated - cf. NRL Report No . P-2602). 
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22. The "Foam Process 11 of impregnation 
represents a modification of the method of application. 
The details of the process 8!:J.d the proposed advantages 
have been described in NRL Report No. P-2602. The re
sults of a preliminary chamber test conducted at this 
Laboratory were also presented in the above report. 
The data obtained were not in agreement with those re
ported by the CWS and therefore the present test 
represents a re-evaluation of the process asing Arnzen 
clothing impregnated by the CWS at the Edgewood Arsenal 
M-2 plant. · 

23. The simultaneous flame-proofing and CC-2 
impregnation system was designed, as the name indicates. 
to produce clothing which is r esistant bo both fire and 
H vapor. The formula used in this system was: 

CC-2 + 100% CP + 100% Zn0 + 4.2% PVA + 5% Duponol, 
and the clothing was impregnated by the "Foam Process" 
at the Edgewood .Arsenal M-2 plant. 

24. The data obtained in the chamber tests of 
clothing impregnated by these four modified aqueous 
impregnat ion systems are given in Table I. The detailed 
individual data for these tests are given in Tables VIII 
through XVII in Appendix II. These data include the 
readings of each subject at 24 and 48 hours after the 
last exposure , and in addition, summarized data showing 
"breaks" per day are presented. 

Table I 

supplementary Tests of Modified Aqueous CC-2 Impregnation Systems 

Test Impreg. No. of No. of Pv. No. of Exposures 
started System Men Breaks Tolerated 

11/14/44 Methyl Cellulose 5 4 s.a+ 
9/27/45 II II 8 8 8 .6 
9/27/45 Aresklene 8 7 8 .8+ 
9/27/45 Foam Process 8 8 6~1 

10/15/45 Flame-Proof 6 3 8.0+ 
*11/14/44 Standard 8 8 4.4 

·~--~ 9/27/45 " 8 7 6.1+ 

~~ Concurrent Control Test for Methyl Cellulose Test on 11/14/44 
¾-~ Concurrent Control Test for Methyl Cellulose, Aresklene , and Foam 

Process Tests on 9/27/45. 
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25. From the data in the above table it may 
be seen that: 

(a) In both tests of clothing impregnated 
by the methyl cellulose system gre&ter protection was 
provided than was provided by the standard control 
clothing tested concurrently . The values obtained (8 .8+ 
and 8 .6 exposures tolerated) are also greater than the 
combined average value of 6 . 1+ for standard clothing (cf. 
NRL Report No . P-2602) . 

(b) Clothing impregnated by the Aresklene 
system gave greater protection than that impregnated by 
the standard system (8 . 8+ vs. 6.1+ exposures tolorated -
both for concurrent standard and combin0a average) . 

(c) Previous results of tests of Foam 
·Process clothing have been confirmed . In this test , es 
in the first test (NRL Report No . P-2602), there was no 
incr6ase in protection as compared with standard clothing 
on the basis of the concurrent control test or the com
bined average value for standard clothing (6~1 vs. 6 . 1+) . 

(d) The simultaneous f "lame - proofing and 
CC - 2 Lnpregnating system produces clothing which in this 
test gave protection comparable to and possibly superior 
to that prepared by the standard system. No concurrent 
control test was conducted, but the value obtained for 
number of exposures tolerHted (8 .0+) i s higher than the 
combined average vulue for standbrd clothing (6 . 1+) . 

This test is considered a preliadnary test of this type 
of impregnated clothing and the results obtained should 
be evaluated with the realization that the Cl+ content 
of the clothing was abnormally high (0.75 mg .Cl+/cm.2

) . 

It is- believed that the results of this chamber test 
should be confirmed and th&t other characteristics such 
as the Cl+ retention, reimpregnation build- up , etc. , 
should be completely studied before any final conclusions 
can be drawn . 

26 • In gener al i t may be said that all of the 
modifications studied in this series of tests, except 
the "Foam Process", e.ppear to be adv~ntageous with 

DEClAS 



regard to protective characteristics and should be 
given serious consideration in any future work on the 
prep~ration of CC - 2 impregnated clothing . 

c. Supplementary Tests of Worn cc -2 Impregnated 
Clothing, 

27 . The supplementary tests of worn CC - 2 
impregnated clothing consisted of the following tests 
of aqueous process CC • 2 clothing fr~m the second NRL 
wearing trial at Cump Lejeune, N. c,, (June - July 1945): 

(a) A study of the effect of variation 
in concentration of H vapor and time of exposure on 
clothing "worn down" to the re impregnation v&lue of 
0 .20 mg.Cl+/cin .2

, 

(b) A study of the protection afforded 
by worn Field Set (L~1S) reimpregnated clothing . 

28 . The first of these studies w~s designed 
to determine if CT is a· constant in the exp_osure o:fl CC - 2 
clothing having a low Cl-. content , ~nd also to obtain 
an accur&te measure of the absolute protection which is 
afforded by CC-2 clothing ~t the reimpregnation level . 

29 . The second study was carried out to 
secure a complete evaluation of the Field Set (LWS) 
and to obtain data for comparison with that obtcined 
for worn Field Set (M- 1) reimpregn&ted clothing (cf . 
NRL Report No . P- 2597). 

30, A complete description of the second NRL 
wearing trial at Camp Lejeune, N , c., ms given in NRL 
Report No . P- 2682 . The test was carried out during the 
course of r egul ar training ac tivities in jungle warfare 
at Camp Lejeune. The mean temperature and relative 
humidity (0600 to 2000) for the six week period covered 
by the trial were 80• F and 81%, respectively . The condi
tions represented by the trial were considered quite 
severe and two weeks wear was sufficient to reduce the Cl+ 
content to the r eimpregnation l evel. 

31. For the chamber tests to determine the 
effect of vari&tion in concentration of H vapor and time 
of exposure , twenty- four suits , worn two weaks, and 

- 8 - . 
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whose Cl+ content* averaged 0 .17 mg . /cm .2
, were divided 

into 4 groups for "man break" tests under the following 
conditions : 

(a) CT 300 - 5 " H/1 for 60 minutes . 
(b) CT 300 - 2 .5 '¾1H 1 for 120 minutes . 
(c) CT 600 - l0yH 1 for 60 minutes. 
(d} CT 600 - 5 y H ~ for 120 minutes. 

32. The results of these chamber tests are 
shown in Table II . Tne detailed individual data are 
given in Te.bles XVIII through XXI and in Table XXIII 
in Appendix III . 

* Duplicate samples from the hood , elbow, shoulder , 
knee, s;;:a t, and crotch of each suit were analyzed by 
the iodometr ic titration method . 

- 9 -
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Test 

Table II 

Supplementary Tests of Worn CC- 2 Impregnated Clothing 

Effect of Concentration of H Vapor and 
Time of Exposure 

Av. No. of 
Cone. of H Time of CT of No. of No. of 

Av. Total 
CT Exposures 

Started Vapor ( V /1.) Exp. (Min. ) Exp. Men Breaks Tolerated Tolerated 

9/17/45 

9/17/45 

9/17/45 

9/17/45 

5. 0 60 300 6 6 4. o 1200 

2.5 120 300 6 5 4.5 + 1350+ 

10. 0 6o 600 6 5 2 . 0 + 1200+ 

5. 0 120 600 6 6 3.2 1920 

Av. 14lo+ 

33 . The data shown in Table II indicate 
that in the case of worn CC - 2 1.mpregnated clothing 
having a Cl+ content at or near the r eimpregnation 
level, the protection arforded is proportional to 
both concentration of H vapor and time of exposure , 
i.e., CT is a constant . For H v&por concentrations 
ranging from 2 . 5 to 10 .o y H/1 ., and for ti~s of exposure 
ranging from 60 to 120 min., a total average CT tolerated 
of 1410+ was obtained . This value, then , repr6sents a 
me~sure of the maximum CT of exposure for which CC - 2 
clothing may be expected to provide adequate protection 
when the Cl+ content has been reduced to the reimpreg
nation level by wear under service conditions, 

34 . For the chamber test to study the protection 
afforded by worn Field set (LWS) reimpregnated clothing, 
six suits which had been ·worn six weeks with reimpreg
nation every two weeks , and whose Cl+ 'content after 
the l&st two weeks w6ar averaged 0 . 15 mg . /cm .~., were 
subjected to a "man break" chamber test at CT 600 
(lOyH/1 for 60 min . ) . The data obtained in this test 
are presented in Table III . Individual data are shown 
in TablesXXII ~nd XX.III in Appendix III . 
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Table III 

Supplementary Tests of Worn CC- 2 Impregnated Clothing 
Field Set (LWS) Reimpregnated Clothing 

Test Cone. of H Time of 
Started Vapor ( tf /1.) Exp.(Min. ) 

10/15/45 10.0 60 

Av. No . of 
CT of No. of No . of Exposures 

Exp . Men Breaks Tolerated 

600 6 6 

Av. Total 
CT 

Tolerated 

1320 

35 . The results of the test g iven in Table 
III show that the protection provided by worn Field 
Set reimpregncted clothing whose Cl+ content is at or 
near the reimpregnation level is comparable to that 
furnished by the type of clothing represented by the 
first part of this test (cf . Table II) . An average 
total CT tolerated of 1320 was obtained as compared to 
an average of 1410+ from the data in rable II, or as 
c~mpared to 1200+ for the same conditions of exposure . 

D. Tests of Stored CC - 2 Impregn~ted Clothing. 

36. The tests of stored CC - 2 impregnated 
clothing consistbd of standard "man break:' tests of: 

(a) Standard aqueous pr·ocess (25% CP) 
suits stored under simulated tropical conditions (45°C -
80% R.H . ) for 2 months . 

(b) Unstabilized solvent process suits 
stored on shipboard under conditions ranging from 
temperate to semi- tropical and for periods of time 
ranging from 18 months to tw·o years . 

37. The data obtained in thesd tests are 
given in Table IV. (See a lso T2bles XXIV through XXVI 
in Appendix IV . ). 

- 11 -

DECLASS -I 



Test 
Started 

10/15/45 

10/15/45 

Table IV 

Tests of Stored CC-2 Impregnated Clothing 

mg.Cl+ /cm. 2 No . of No . of Av. No . of Exposur es 
storage Orig. After storage Men Breaks Tolerated 

Tropical 0.82 0. 74 6 6 4.2 

Shipboard 0.35- 0. 40 0. 19- 0 . 31 6 6 2.3 

38 . To evaluate the data shown in Table IV 
in terms of loss of protection during storage, the 
values for average number of exposures tolerated may 
be compared with the combined average value for a number 
of tests of freshly impregnated clothing of the types 
used in this test . These combined average values have 
been rep~rted in NRL Reports Nos. P - 2602 e.nd P- 2603 and 
are : 

(a) 6 .1+ av . exposures tolerated for 
standard aqueous (25% CP) system impregnated clothing . 

(b) 7 . 3+ av . exposures tolerated for 
unstabilized solvent system impregna ted clothing (1 
le.yar testb. 

39. Comparison with the &bove values indicates 
that under the storage conditions as described , the 
11tropical storage 11 suits showed a decre&se of 30% in 
protection and the 11 shipboard storage" suits showed a 
decreaae of 70%. 

E . Tests of u. s • .Marine Corps CC - 2 Impregnated 
Clothing . 

40 . The tests of U. s . Marine Corps protective 
clothing consisted of tests of 2 types: 

(a) Two piece HBT fatigue clothing with 
speci&l detachable hoods - impregnated by the Field set 
(M- 1) • 

(b) Arnzen clothing impregnated by the 
solvent + CaC03 system~ 

- 12 -
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Test 
started 

5/10/45 

41 . The chamber tests of the above clothing 
were conducted in the standard manner for 1 - 1/2 layer 
11 man break" tests . However , no protective ointment 
was used on the neck and edge of the face since Marine 
directives do not provide for the issue of this item 
of protection . 

42 . The results of the chamber tests are 
given in Table V and in Tables XXVII through XXIX in 
Appendix V . 

Table V 

Tests of USMC cc-2 Protective Clothing 

Type of Impreg . 
Clo thing Method 

HBT Field Set(M- 1) 

No . of No. of 
Men Breaks 

Av .No, of Exps . 
Tolerated 

5/10/45 Arnzen Solv . +CaC03 

13 

7 

13 

7 

5 . 0 

8 .3 

43 . For purposes of comparison, the follow
ing values for average number of exposures tolerated by 
subjects wearing similar Navy protective clothing are 
presented: 

(a) Arnzen clothing impregnated by means 
of the aqueous (75% CP) system (Same formula as for 
Field Set M- 1) , gave a combined average value of 4 . 5+ 
exposures tolerated (c~ . NRL Report No . P -2602~ . 

(b) Aqueous process Arnzen L~pregnated 
clothing reimpregnated by means of the Field Set (M• l) 
provided protection for 4 . 0 chamber exposures (cf . NRL 
Report No . P- 2597) . 

(c) Arnzen clothing impregnated by the 
stabilized (ZnO) solvent system gave a value of 6 . 7+ 
exposures tolerated for a 1 layer test. (cf . NRL 
Report No . P-2603) . 

44 . It may be seen from the above dat~ that 
the protective value of the USMC protective clothing 
compares very fav orably with that exhibited by 
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similar Navy items , and it is considered that , from 
the protection standpoint i the USMC clothing is 
satisfactory for service use • 

• 

- 14 .,. 
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SUMMARY AND CONCLUSIONS 

1 . supplementary chamber tests heve been 
conducted at this Laboratory to obtain an evalua
tion of: 

(a) some additional modifications of the 
aqueous CC -2 impregnation process . 

(b) CC - 2 impregnated clothing from the second 
NRL wearing trial at Camp Lejeune, N. c . 

(c) stored cc-2 impregnated clothing . 

(d) U.S . Marine Corps Protective Clothing. 

2 . In the tests of additional mod i f i cations 
of the aqueous CC - 2 process it was found that : 

(a) Substitution of 2 . 5% (on the CC - 2) methyl 
cellulose or 10% Aresklene for the 2 . 5% PVA used as 
the emulsifying agent in the standard aqueous process 
resulted in an increase in the protective value of the 
clothing . 

(b) The results obtained in the preliminary 
test of Arnzen c l othing impregnated by the CWS Foam 
Process were corroborated . No increase in protection 
as compared with the standard process was observed in 
this second test of this type clothing . 

(c) The simultaneous flame.proofing and CC - 2 
impregnating system provided clothing which gave 
protection comparable to or slightly superior to that 
prepared by the standard system . 

3 . The supplementary tests of worn CC - 2 impreg
nated clothing showed that : 

(a) The protection afforded by worn CC - 2 clothing 
having a Cl+ content at or near the reimpregnation leve l 
is proportional to both concentration of H vapor and 
time of exposure , in the range studied . 

(b) A CT of approximately 1400 represents . the 

- 15 -
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Table XXII 

Test No. 2e - Field Set (Light Weight Simplified) 

Reimpregnated Clothing 

Date Started: 10/15/45 

No. of Exposures 
Tolerated 

3 

3 

2 

3 

1 

1 

Av .. 2 .2 

.. . 1ft .. .. • • • 

Readings (Hours after Last Exposure) 
24 48 

'E ash,psh,sc 
, E" el,dth 

'E aar,sc,dth 

'E ash,psh,sc,dth 

' E paf,psh,sc 

' E psh, sc 
, E" ple 

1 E ash,psh,sc 
1 E 0 dth 

E ash,psh,sc,dth 
E" el 

E aar,dth 
E" ash 

E psh,sc,dth 
E" ash 

E paf,psh,sc 

E psh,sc,dth 
E" ash,cf 

E a sh, psh, sc 
E 0 kn,el,dth 



Table XXIII 

Supplementary Tests on Worn CC-2 Impregnated Clothing 
· · -~ - Breaks/Day~-~ -· - -- -

No. of Breaks 
Date 'Type of •cone. H I Time of ' CT of 'No. of' on Day No. - 'No. of 'A.v. Exp.•Av. Total CT 

Started 'Clothing ' ( )(/1.) 1 Exp. (Min.) 1 Exp. I Men ' 1 2 3 4 5' Breaks ' Tol. 'Tolerated 
I I 

9/17/45 'Worn 2 Wlcs. I 5.0 I 6o I 300 I 6 I 2 2 2 I 6 I 4.o I 1200 

9/17/45' " a " I 2.5 ' 120 I 300 I 6 ' 1 l 3,1•' 5 t 4.5-f- ' 1350• 

9/17/45 ' " II " . , 10.0 I 60 I 600 t 6 ' 5,1* I 5 I 2.0 +- ' 1200 ♦ 

9/17/45 ' II 11 It ' 5.0 ' 120 I 6oo I 6 I 5 l ' 6 • 3.2 ' 1920 
' I I ' t ' t ' 10/15/45 'Reimp. by '10.0 
•Field Set(LWS) 1 

I 60 ' 6oo t 6 ' 2 1 3 ' 6 ' 2.2 ' 1320 

'and Worn 
1 Two Weeks. I ' ' I I ' • 

•Subject withdrawn from test for reasons other than a "break''. 
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Appendix IV 

Detailed Physiological Deta for 

Tests on Stored cc-2 Impregnated Clothing 

Table XX.IV 

Test No. 3a - Simulated Tropical storage (2 mo.) 

Date Started: 10/15/45 

No. of Exposures 
Tolerated 

7 

4 

3 

4 

3 

4 

Av. 4.2 

Readings (Hours after Last Exposure) 
24 48 

, E pop 
, E0 pthi,ple 

1 E pthi,pop,ple 
, E0 psh,sc,dth 

'E paf,psh,sc.d~h , E 0 sc 
, E" pop 

) 96 hrs. 

, E cf,p§lh 
, E• ash,aar,el,sc, 

dth,pop 

1 E lth,psh,sc,dth 
I E 0 ash 

1 E psh~ •sc 
I E 0 a.sh,el,dth, 

pthi,pop,ple 

' E psh, sc ,dth 
I E 0 ash 

, E cf,psh,sc,dth 
, E0 ash,aar,kn,el, 

C7,pop 

1 Ee ash,lth,psh,par,) 96 
el,sc,dth )Hrs. 

1 E psh, sc ,dth 
'E 0 ash,cf,el,pthi, 

pop,ple 

'Ee psh,sc,dth) 96 Hrs. 



Table X:XV 

Test No. 3b - Shipboard Storage 

Date Started: 10/15/45 

No. of Exposures 
Tolerated 

4 

2 

2 

2 

3 

1 

Readings (Hours after Last Exposure) 
24 48 

1E psh,~c,dth,lum IE psh,sc,dth ) 
1Ec kn,el,c7.pthi, , E 0 par,el,pthi,) 96 
1 pop,ple pop,ple )Hrs. 

tE SC 
1Ec ash,paf,psh, 

dth,pop,ple 

IE SC 

I E 0 ash,aar,cf,psh,dth, 
pop,ple 

, E p sh _ , E athi ,kn, psh,pop 
1E 0 ash,cf,vth, , E0 cf,ale,el,C7,sc,dth, 

athi,kn,ale,el,1 pthi,ple 
sc,dth 

•E lum I Elum 
rEc psh,sc,dth I E" psh,sc,dth 

, E psh,sc 1 E psh, sc 
tEC ash,e:;I,.,dth,pop ' EC cf,el,dth,pop 

tE psh,sc,dth ' E psh, sc, dth ,C7 
tEO ash ' E" ash 
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Table XXVI 

Tests on Stored CC-2 Impregnated Clothing 

Date 
Started 

Type of 
1 Clothin~ 

10/15/45 ' standard 
1 Aqueous 

Type of 
1 Storage 

1 Tropical 

10/15/45 1Unstabilized ' Shipboard 
1 Solvent 

C ,SSIFI D 

Breaks/Day 

'No . of'No. of Men Broken on Day No.-' No . of 
1 Men ' 1 2 3 4 5 6 7 ' Breaks 

6 2 3 1 6 

6 1 3 1 1 6 

Av. -Exp. 
Tol erated 

4.2 

2.3 



f!.ppendix V 

Detailed Physiological Data For 

Tests on Marine Corps CC-2 Impregnated Clothing 

Table XXVII 

Test No. 4a - Field set (M-1) Impregnation 

Date Started: 5/10/45 

No. of Exposures 
Tolerated 

5 

7 

5 

6 

6 

Readings (Hours after Last Exposure) 
24 . 48 

, E ax,cl,ane 1 E cl,aaf,ax,ulth, ) 
• E., aar,,aaf,uvth,uab, 1 uvth,paf,u~b,s~,) 96 

kn,paf ,psh,C7, sc,' dth,pop, ust )Hrs. 
dth,ust 1 E 0 cf,kn,ale,psh, ) 

C7,pthi ) 

1 E cf,dth,ane,ust 'E cl,aar,cf,paf,psh,sc, 
' E 0 aar,kn,paf,psh, dth,ane,ust 

par,el,sc,lne,pne'E., urnar,ax,lth,uvth,kn, 
par,el,c7 ,lne,pne 

1 E umthi 'E umthi,pthi,pop _ 
1 E 0 psh,C7,sc,dth, 1 E•i athi,kn,ale,psh,par, 

pop,ane,lne,ust, 1 el,sc,dth,ple,ane, 
pne lne,ust,pne 

1 E p sh , s c , d ~h I E 
1 E 0 cf,ax,lth,vth,ab, 1 
f 

athi,kn,ale,paf, 1 E 0 

pop, lne, ane, ust,. ' 
pne 

cf,ax,kn,paf,psh,sc, 
dth 
ulth,vth,ab,athi,ale, 
c7 ,pop,pne,lne,ane, 
ust 

I E dth 'E dth,pne 
I Ee kn,psh,sc,pthi, 

pop,ple,ane,lne, 
pne 

1 E 0 athi,kn,ale,psh,el, 
' sc,pthi,pop,ple,ane, 

lne, ust 

1 E kn,sc,dth,p~p 'E athi,kn,ale,sc,dth, 
'Ee umar,cf,ax,ulth, ' pthi,pop 

uab,athj.,ale,psh,;E 0 umar,aar,cf,ulth,ab, 
el,pthi,ple,pne, paf,psh,ple,ane,lne, 
lne,ane,ust ust,pne 

' 
~ext page) 

EC s 



No. of Exposures 
Tolerated 

4 

6 

6 

2 

9 

3 

4 

Av. 5.0 

Table XXVII (Cont'd.) 

Readings (Hours after Last Exposure) 
2~ 48 

1E aar,cf~umtht,athi, 1 E aar,cf,athi,kn,ale, 
kn,ale,paf,psh,el, 1 paf,psh,el,sc,dth, 
sc,dth,pthi,pop, pthi,pop,ple 
ple I Ee uab,par,c7 1Ee par,c7 ,ane,lne,ust 1 

I I 

1E paf,psh,C7 ,sc,dth 
1E0 cf,ax,lth,uab,kn, 

el,ane,lne,ust, 
pne 

1 E cl,psh,C7,sc,dth,pne 
1 Ee aar,cf,ax,lth,uab, 

kn,ale,paf,el,pthi, 
pop,ple,ane,lne,ust 

1 E cl,paf,psh,C7 ,sc, , E cl,paf,psh,sc,dth,pne, 
, dth,ane,lne,pne,ust, ust,lne,ane 
•E• athi,k1.1.,ale , E 0 aar,c.f,athi.,kn,ale, 

1E ax,psh,sc,dth 
1E 0 par,el,C7,ane, 

lne,ust,pne 

'NV psh,umar 
'E 0 kn,pa.f,ane,lne, 

pne,ust 

1 E c-1, ane , u~ t 
'Ee uvth,psh,C7,sc, 

dth,pne,lne 

'E ane,ust,pne,lne 
1 Ee psh,el,C7,sc,dth 

C7,pthi,pop 1 ple 

' E ax,psh,sc,dth,ane,lne, 
pne,ust 

, E 0 kn,par,el,C7 

1 NV umar,psh 
' E ust 
1 E 0 kn,pop,ane,lne 

1 E cl,uvth,ane,ust 
1 E 0 paf,psh,C7,sc,dth, 

lne,pne 

1 E ane,lne,ust,pne,psh, 
sc ,C7 ,dth 

, E0 cf,uab,kn,el 
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Table XXVIII 

Test No. 4b - Stabilized Solvent (CaC03) I~pregnation 

Date Started: 5/10/45 

No. of Exposures Readings (Hours after Last Exposure) 
Tolerated .t 24 48 

12 

8 

6 

4 

12 

7 

9 

Av. 8.3 

, V. cf,fa 1 NV dh,wr 
, E" ash,umar~aar,kn,1 V fa 

paf,psh,el,sc, , ~E cf,paf,psh,el,sc,ane, 
,. d th, ane, lne, us t, , us t , lne 

pne , E" ash,aar,aaf,kn,dth, 
• pthi,pop,ple,pne 

, E ane,lne 
, E" ust ,kn.,pne 

, E paf,psh,sc 
, E" ane,ust,pne_ 

el,dth 

, E ane,ust,lne 
I Ee kn,prre,psh.sc, 

dth 

, E ane,lne 
, E" ust,cl,pne 

, E ane,pne,paf,psh,sc,dth 
, E" ust,lne,cl,umar,kn 

, E ane,ust,lne,cl 
1 E" aar,cf,kn,pne,psh,par, 

el,sc,dth,pop,ple 

, 1fV kn , NV kn 
, E0 ane,ust,ln~,pne,c E0 ane,ust,lne ,pne,psh, 

psh,el,sc,dth el,sc,dth 

, E ane,ust , E ane,ust,lne 
, E" lne,ash.kn.pne, 

paf,psh,sc,dth 
, E 0 ash,athi,kn,ale,pne, 

paf,psh,sc,dth,pop 

, NV aar , NV aar 
, E" ane,ust,lne,scr,, E cf 

kn,pne,psh,el. , E 0 ane lne ust kn pne , , , . , 
C7,sc,dth psh,sc,dth 

OECU-\Su 



rre:re 
Started' 

type ol 
Clothing 

5/10/45' HBT-Field Set 
, (M-l)Impr0g. 

5/10/45 'Arnzen-Solv,+ 
1 Caco

3 
Impreg. 

-
'LAss,;:,120 

Table XXIX 

Tests on U. S. Marine Corps Impregnated Clothing 

No. ol' 
Men ' 1 

13 

7 

2 

2 

Breaks/Day 

No. of Broaks on Day No. -
3 4 5 6 7 8 9 10 

1 2 2 4 1 1 

1 l 1 1 l 

11 
No7"" of' 1 Av. Exp. 

12 1 Breaks' Tolerated 

13 5.0 

2 ' 7 a.3 



Distr ibution 

Bu Ships 17 

Bu Med 2 

OR&I 2 

co, Naval Unit , E . A . 1 

cws , Tech . Div . 4 

cws . Med . Div . 1 

cws, Med . Div . EA 1 

NDRC (Dr . w. Reeve) 4 

NRC, Wash. D. C. 2 


