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ABSTRACT

This report summarizes the results obtained in
four small scale wearing trials of protective clothing
carried out in 1942 and 1943. A wearing trial of six
suits at the Washington Navy Yard in September 1942
was followed by a trial in March 1943 of thirty-five
suits on board a destroyer operating out of Key iest,

Two trials were run at Bainbridge Naval Training
Station, one in June and the other in September 1943,
In the first trial a comparison was obtained between
CC-2 applied by the solvent process and the impregnites
S=461 and S-330, The second trial at Bainbridge was
conducted to gain a supply of protective clothing for
evaluetion in chamber tests,

These trials showed that CC-2 clothing would retain
more than 0,15 mg.Cl+/em,® for a period of two to-six
weeks when worn for 8 hours a day, five days a week,
depending upon the weather and the laundering procedure.,
No adverse effects on wear were caused by introduction
of the stabilizer zinc oxide to impregnating systems.
Evidence was obtained that the impregnite 3-461 had a
shorter 1life span than CC-2. The impregnite S-330 was
at least equivalent to CC=2 in retention of chlorine
during wear.
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INTRODUCTION

A, &uthorization

l. This work was authorized under Project No,
547/41, "Maintenance, Bureau of Ships" dated 16
December 1940, The problems which were proposed for
study were given in BuShips letter §-77-2(Dz), Serial
811, of 17 December 1940,

B. Statement of the Problem

2, This report is intended to summarize the re-
sults of several small scale wearing trials of permeable
protective clothing., These trials were conducted under
temperate and semi-tropical conditions. Therefore, no
conclusive data with regard to irritation on wear can
be expected., The data reported. is valuable, however,
from the standpoint of establishing values for the
service life of protectige clothing during wear,

C., Known PFacts Bearing on the Problem

3. Wearing trials have been conducted by the CWS
in this country and the British have conducted wearing
trials in England and other parts of the British Empire.
Results of the tests have indicated that the service
life of protective clothing under different climatic
conditions and conditions of wear could vary from one
week to six or eight weeks. Numerous factors influence
the effective life of protective clothing, such as the
type of garment, the type of impregnite, the laundering
conditions, the amount of exposure to direct sunlight,
etc. Any new modification in protective clothing
should, therefore, be tested in a wearing trial designed
to evaluate that modification.

4, Many recent wearing trials have been conducted
to establish the tolerance of protective clothing in
the tropica. Since these have been reviewed in a
separate report, NRL P=2343, no discussion will be
presented here.

D. Theoretical Considerations.

5. The tactical and climatic conditions under



which gas warfare may commence or be used, cannot be
predicted with any degree of certainty. Therefore,

it is difficult to establish standards of effective
service life of protective clothing, Standards can

be based on the results of previoiLs wearing trials

or on the known service life of unimpregnated clothing
under various conditions,

6., In the Southwest Pecific area, clothing may
be expeccted to have a service life of one month in
combat. In rear areas such as base depots, the secrvice
life is approximately six months, In intermediate
arcas, clothing wi 11 last for two to three months,
Previous expericnce indicates that the effective life
of protective clothing will be considerably less than
the values given above, This is due to loss of impreg-
nite rather than wcar of the clothing.

7. Consideration of the life of protective clothing
for the Navy adds additicnal faectors. On skipboard,
the 1ife of protective clothing may be expeeted to be
quite long. Even if a policy were esteblished that
tropical personnel wear protective clothing at battle
stations, such wear would not be as severe as most
combat operations by lend forces, The wearing of pro-
tective clothing by Naval personnel in ilanding operations
and construction battalions must be considered as
severe as combat operctions on land.

E. Previous Work Done 2t This Laboratory.

8. No work wos donoe at this Lsboratory previous
to that described in this report. A summary of the
wearing trial conducted at Key West, Florida, was pre-
pared in the form of a Memorandum to the Director
C=-877-2 dated 15 June 1943,

EXPERIMENTAL

I. Preliminary Trial at Washington Navy Yard September 1942.

A. Description of the Clothing

9, This wearing trial was conducted just after a




demonstration and trial of incorporating zinc oxide
stabilizer in the hand impregnation of clothing by

the solvent process. Six suits were included in the
test. Two were impregnated by the solvent process
without stabilizer, two were impregnated by the solvent
process with epinc oxide stabilizer, The other two
suits were impregnated with the impregnites S-461 and
S=328 by the solvent process,

B. GConduct of the Trial .

10, The six garments were worn by enlisted
personnel attached to the Passive Defense Section of
the Potomac River Naval Command. The garments were
worn for five days at such times as would not interfere
with the duties of thc men. At the end of thce first
week, the garments were laundered using & 1o minute
wash in 0.2% soap solution at 60°C. The garments wero
then reissued and worn a second week, The garments were
actually worn about 25 hours each week of which 25% of
the time was spent outdoors.

C. Retention of Active Chlorine and Tensile Strength.

11, The retention of sctive chlorine for the
garments worn in the trial is shown in Table I, Each
garment was analyzed at eight different points.

Teble I

Wearing Trials of Impreghated Arnzen Suits
(Washington Navy Yard, Sept, 18-0Oct. 1, 1942)

Active Chlorine mg/cm.a %
Impregnite Original After 2 wks.wear,2 washes Retained
S=145 (DPU) 0.06 0.38 68
S=145 (DPU), 25% ZnO 0452 0 .47 90
S5=328 0 .88 0.76 86
3=461 0,94 0.22 25

12, All the garments were in serviceable condition
at the end of the two weeks wear and two washes. Only
the suit impregnated with S-461 had lost sufficient
tensile strength to be detected by the thumb test,
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D. Discussion of Results.

13, This test indicated that no unexpected
hazard existed with regard to the use of zinc oxide
as a stabilizer. The impregnite S-461 was judged
to be inferior to either S-145 or S$5-328,

II. Trial Aboard a Destroyer at Key W:i.st, March 1943

A. Description of the Clothing.

14, The clothing wrn in this trial consisted of
thirty-five two-pisce Navy protective sults divided
into seven groups of five suits each. The seven groups
were as follows:

unimpregnated

Standard S-145 (DPU) impregnsted by solvent process
Same as (2).

S-145 (DPU) + 25% zinc oxide by solvent process
Same as (4).,

S-145 (DPU) + 25% zinc oxide and khaki dye #3031,
solvent process

) S-145 (DPU) + 25% zinc oxide and blue dye TLX-1,
solvent process.

— T p— — —
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15, All of the impregnated garments were prepared
by the Impregneting Plant, Naval Clothing Depot,
Brooklyn., The hoods attached to the jumpers of the
suits were cut off. Also the jumper was worn inside
the trousers, contrary to normal practice, to facilitate
performance of regular duties by the men wearing the
protective garments.

B, Conduct of the Trial,

16, The clothing in this trial was worn by the
crew of the USS Dshlgren, a destroyer in training service,
operating from the Naval Operating Base, Key West, Florida,
The men performed their regular duties while wearing
the suits.

17. The protective clothing was worn for approxi-
mately eight hours each day while the ship was at sea
and for five and one=half days each week. A daily log



was kept of each individuel suit with regard to
activity and degree of perspiration of the crew
member wearing the suit, per cent of wearing time

in sunlight, and any unusual conditions of wear. The
weather data recorded each day included temperature,
humidity, precipitation, wind velocity, percent of
possible sunshine and character of the day, The
weather data and the daily log of each suit is record-
ed in Tsesbles I through VI of Appendix A.

18. At the end of each week of wear (five and
one=half days); the suits were laundered in the Ships
Service laundry using a 15-minute wash in water atb
60°C containing 0.5% of mild soap. Each of the seven
groups of clothing wes laundered separately. Sampling
was accomplishzd by withdrawing one suit each week
from each group and cutting it in helf. One half was
laundered while the other half was not. These samples
were peturned to the Laboratory for inspection and
analysis.

C. Retention of Active Chlorine and Tensile Strength,

19. The samples returned each week from Key West
werse snalyzed for active chlorine and tested for
tensile strength, These results were summarized and
are shown in Table II, Complete data on losses of
chlorine and tensile strength are given in Tables VII
through X of Appendix A,
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20, It is apparent from the data- in Table II
that the suits had lost sufficient active chlorine
to require reimpregnation at the end of the second
week of wear., The laundering process at the end of
the first week of wear caused a considerable loss
of active chlorine but not as much as the week of
wear itself. Only small losses in tensile strength
were observed for these suits and all of them were
serviceable at the end of the trial, The presence
of zinc oxide stabilizer had no effect on the loss
of esctive chlorine and only a slight effect in prevent-
ing loss of tensile strength..

D. Discussion of Results.

21, Upon the basis of active chlorine losses,
this trial indicated that two weeks is the longest
time protective clothing should be worn on shipboard.
The average temperature of 78°F with relative humidity
between 60 and 85% is representative of semi-tropical
conditiéns,. The high percentage of possible sunshine,
85% to 90%, coupled with the high losses for the
shoulders of the suits illustrate the destructive action
of sunlight upon CC-2,., Since impregnite losses for
armpit and crotch areas of the suits (Tables VII to IX
in Appendix A) were much less than for other areas, any
destructive action of perspiration was masked by the
more destructive action of sunlight.

22, The zinc oxide esnalyses given in Table X1
of Appendix A show that loss of this stabilizer was
gradual over the wearing period. Even after the fourth
week of wear and fourth laundering slmost one half of
the original zinc oxide content remeined. The stabilizing
action of zinc oxide on tensile strength losses is not
outstanding primarily because unstabilized garments
did not show a great loss,

23, The laundering procedure used in this trial
was responsible for large losses of active chlorine. A
mild er washing formulae is required which will not affect
CC-2 but will remove gross dirt and perspiration, A
measure of the losses due to laundering as separate from
wearing, is shown in Table XII of Appendix A in which
the hoods of the suits used in the wearing trial were
laundered in the laboratorys
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24, The results of a questionnaire filled out
by men participating in this test is shown in Table
XIV in Appendix A, The majority of the men thought
the suits were comiortable while a few complained of
size and warmth. Most of the men noticed an odor to
the suits but only half of them reported 1% objection=
able. There was no apprecisble skin irritatien during
these trials though five men sald the sults were itchy
and one reported & rash on his leg,

III. Trial at Bainbridge NTS, JunQL1943.

A. Description of the Clothing.

25, The impregnated e¢lothing worn in this trial
consisted of forty-eight two-piece Navy protective sults
divided into eight groups of six suits easch., A ninth
group was included of six two-piece Army protective
suits mede of March model carbon costed herringbone twill
fabric. A set of underwear (nainsook drawers and cotton
quartersleeve shirts) was included with each group of
suits. The impregnations of the suits snd underwear
in each group .is shown below: '

(1) Solvent process CC-2, 15% zZnO; unimpregnated
underwesar,

(2) Aqueous process CC-2, 25% ZnO; unimpregnated
underwsar.

(3) Unimpregnated suits; solvent process 15% ZnO
underwesr.

(4) Unimpregnated suits; aqueous process 25% Zn0
underwesar.,

(5) Aqueous process CC-2, 25% zZnO sults; solvent
process 15% Zn0 underwdar.

(6) Lqueous process CC-2, 25% ZnO for both suits
and underwesar,

(7) Aqueous process S=-461, 50% Zn0  unimpregnated
underwesar.

(8) Aqueous process $-330, 10% Zn0O; unimpregnated
underwear.

(9) Merch model carbon coated HBT; unimpregnated
underwear., :

26. Both the solvent and aqueous process sults
were impregnated at the Impregnation Plant, Neval Clothing



Depot, Brooklyn. The underwear was impregnated at
this Laboratory as were the suits containing the
impregnite $-330., The suits containling S-461 were
impregnated by NDRC workers at the duPont Experimental
Station according to the formulat 100 CC-2/20 Zn0/

75 CP/5 PVA/10 Tamol NNO/5 MnAcz,

B. Conduc& of the Trial,

27. The clothing in this trial was worn by en-
listed men undergoing their "boot camp" training.
The regular training routine was adhered to since i?¥
was agreed thet wearing of the protective clothing
should not interfere with the training. A further
agreement was made that clothing would be removed from
any men suffering from skin irritations.

28, The protective clothing was worn for approx-
imately eight hours a day for five dsys, Monday through
Friday, during the three weeks of this trial, A log
was kept of each suit with an e stimate of activity of
the men, the degree of perspiration, percent of wearing
time in sunlight, and an entry of any unusual conditions
of wear. & description of the activity of the men is
given in Table II of Appendix B. In Tsable I of Appendix
B is given the deily weather data collected during the
trial.

29, At the end of each week, two suits and sets
of underwear were withdrawn from each group and returned
to the Laboratory. The remaining four sets of garments
in each group were laundered a2t the Ships Service
lawndry. The unimpregnated and CC-2 impregnated suits
were given a 15 min. wash in 0.06%4 Nacconal NR at 90°F.
The carbon suits were washed separately in 0.2% Kalye-
A at 140°F.

30, Each suit withdrawn from the trial was analjyzed
at seven different places: armpit, shoulder, elbow,
waist, crotch, knee and seat. The undorwear drawers
were analyzed at the crotch and sest while the shirts
were analyzed at the armpit, back, and waist. After ,the
analyses the garments were lsundered under the same
conditions specified for Bainbridge and re-analyzed for
active chlorine., In addition samples were taken out for



tensile strength megsurements.

31. After laundering at the end of one week,
the garments were reissued for five days of wear
the following week,

32, During the trial the men were questioned
regarding irritations from the clothing and on the third
day of the first week all the men were examined by a
medical officer for signs of dermatitis,

C. Retention of Active Chlorine and Tensilk Strength.

33, (Complete results on active chlorine analyses
for the garments worn in this trial are given in Tables
III through VIII of Appendix B. A smmmary of the data
for the suits is given below in Table II1l.

Table III

Summsrized Lctive Chlorine Losses for Wearing
Trial &t Bainbriage NTS, June 1945

Original % Cl+ Retained after /3rd 3rd

System mg.Gl+/cm.2 1st Wk lst Wash end Wk 2nd Wash WR Wakh
cC-2,solvent ,Zn0 0.40 70 68 52 48 45 45
CcC-2 ,aqueous,zZn0 0,58 72 64 61 56 52 581
CC=2,aqueous,Zn0 0 .58 73 69 56 54 48 49
CC-2 ,aqueous ,Zn0 0.58 78 70 52 48 60 85
S-461,aqueous,Zn0 1.68 74 42 21 6 16 12
§=-330,aqueous,Zn0 0.96 83 81 49 48 60 58

34, The solvent process CC-2 impregnated suits
lost a somewhat higher percentage of active chlorine
then did the more heavily loaded aqueous process CC=2
suits. The interesting point is that both types of
suits were sbove the reimpregnation level of 0,15 mg,.Cl+/
cm.?, after the full three weeks of the test, This is
in contrast to the results for the Key West trial and may
be attributed, in part, to the much milder laundering
procedure employed. Tho S-461 suits showed the greatest
loss of any in the trial, Considerable losses were
sustained in the launderings and this 1is characteristic
of this impregnite. The behavicr of the $5-330 impregnated



suits indicated excellent chlorine retention against
both wear and laundering for this impregnite.

35. The underwear worn in this trial was made of
light weight fabric which did not take a high degree
of impregnation. Consequently, the shirts and shorts
reached & reimpregnation level of 0.15 mg.Cl+/cm,* after
about one week as indicated by the data in the table of .
Appendix B. It is evident, howsver, that better chlorine
retention was shown by the solvent process of impregnation.

36, The tensile strength values shown in Table
IX of Appendix B require little comment inasmuch as all
the garments retaire d adequate strength. It is
interesting to note that the unimpregnated suits showed
lower strength values than the impregnated suits after
the three weeks of the trial.

D, Irritation from the Clothing,

37. The skin irritation from wearing impregnated
clothing encountered in this trial occurred during the
first week. On the second day the men spent most of
their time on the drill field in the suits., Two men
wearing squeous process CC=2 suits and one man with a
carbon suit reported irritations. After another hard
day on the drill field and obstacle course, several men
complained of irritation and arresngements were made for

examination of &ll men by a medical officer on the
morning of the fourth day.

38, £ summary of the skin irritations in the trial
is shown in Table IV,
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Table IV

Summary of Irritation Observed in Wearing Trial
Bainbridge NTS, June 1945,

Severity and
Date System Site of Irritation Letion

15 June CC-2 aqueous, solvent underwear not recorded Suit withdrawn
15 June CC-2 agueous, aqueous underwear not recordeéd Suit withdrawn
15 June Carbon suit, plain underwear Mechanical suit transferred,
Irritation
17 June CC=~2 solvent,plsin underwear mild, mesial Quit withdrawn
aspect of mid thigh
17 June CC=2 aqueous,plain underwear mild, groin, area None
4 x 4 cnm,
17 June CC=~2 gqueous,plain underwear merked, groin Suilt withdrawn
17 June CC=2 aqueous,solv. underwear mild, mid-thigh None
17 June CC=2 aqueous,solv. underwear irritation of June Withdrawn
, 15 aggravated
17 June CC=2 aqueous,aqueous underwear mild,rt.anterior None

spine
17 June CC=2 aguecus,aq.underwear mild, rt. groin None
17 June CC=2 agqueous,aq.underwear Papular rash,rt.side None
17 June S=461, plain underwsar severe, armpit, arms, Suit with-
groins, thigh drawn
17 June S=461, plain underwear moderate,inner aspect Sult with-
rt. thigh drewn
17 June S=461, plain underwear recovered from complaint None
of June 16
17 June S=461, plain underwear mild,inner aspect both None
thighs

17 June S=461, plain underwear 'milé, over both shculders None
17 June Carbon suit,plain underwear complaint of June 15 -
cleared up

Of the fifty-two men in the trial at the time of the
medical examination, twelve had skin irritations., Of
these, four cases were considered of sufficient severity
to have their suits withdrawn from the test. It is doubt-
fnl. if any of the cases of irritation were sufficient

to affect the combat efficiency of the men since two of
the men continued - to wear their suits after they had

been told they could remove them.

39, The greatest irritation cccurred for those
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suits Iimpregnated with S-461. More cases of irritation
were found for agueous process suits than for solvent
process suits. No irritation was observed for men wear-
ing unimpregnated suits with impregnated underwear or
for men wearing S-330 impregnated suits.

D. Discussion of Results.

40. In observing from this trial that both solvent
and aqueous process CC=2 suits were still above the
reimpregnation level after three weeks wear, it must
be remembered that the clothing was worn for only eight
hours a day and five days per week with about half the
wearing time spent indoors. This would correspond %O no
more than six or seven days continuous wear with full
time spent outdoors.

41, It is quite evident that the low temperature-
synthetic detergent washing formula used in this trial
is much better than the high-temperature-soap formula
used in the Key West trial from the standpoint of re-
tention of active chlorine.

42, The high chlorine losses observed for sults
containing the impregnite $-461 indicate that this
compound is not as suitasble for protective clothing as
cC-2 or S-330, This is confirmed by the higher incdidence
of irritaticn for the 3-461 suits.

43, In view of the small number of suits involved
and the mildness of the skin irritation, it is not
possible to draw any conclusions regarding irritation
by the clothing. It can be stated, however, that no
marked differences in irritation were observed between
impregnated suits worn with or without impregnated
underwear,

44, The results obtained in this trial for the
impregnite $-330 were very promising. However, later
evidence was obtained to show that this compound did
not show sufficient reackivity toward mustard gas (See
NRL Report No. P-2300).

45. The evaluation of the carbon-coated suits

worn in this trial has been described in NRL Report No.
P=2322. Considerable loss of protective capacity was




observed for these suits during the three weeks of
wear. This was due to mechanical loss of carbon as
evidenced by blackening of undergarments and also to
poisoning of the carbon,since dry cleaning of ths
suits restored a considerable part of their protective
capacity. :

IV. Trial at Bainbridge NTS, September 1943,

46. A second wearing trial was carried out at
the Bainbridge Naval Training Station in September,
October, and November of 1943. The purpose of the
trial was to obtain a supply of protective suits worn
and laundered to a reimpregnation level for subsequent
chamber tests.

A, Description of the Clothing.

47, Five groups comprising a total of 110 suits
were involved in the trials as follows:

(1) 25 suits, CC=2 solvent process impregnation,
no stabilizer,
(2) 25 suits, CC=2 solvent process impregnation,

15% ZnO.

(3) 25 suits, CC=2 agueous Process impregnation,
25% Zno.

(4) 25 suits, S=-330 agueous process impregnation,
10% ZnoO.

(5) 10 suits, NDRC August model carbon coated
herringbone twill,

A1l the suits, except those with carbon, were of the
standard Navy two-piece design. Solvent process sults
were prepared at the Impregnation Plant, Naval Clothing
Depot, Brooklyn. The agqueous process CC-2 and S=-330
suits were impregnated at this Laboratory in a Navy
Portable Impregnation Plant, The carbon suits were
standard two-piece Army combat garments as modified by
the CWS for anti-gas use.

B. Conduct of the Triel.

48, The subjects in this trial were recruits
assigned to the Outgoing Unit who had completed thelr
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eight weeks basic traihing course. There was a
frequent turnover of personnel in the Outgoing Unit
with the result that frequent changes had to be made
in the assignment of suits to the men.

49, The suits were worn for eight hours a day,
five days a week, for five or six weeks. The men
followed a regular treining routine of infantry drill,
physical conditioning, and class room instruction as
well as assignment to working detsils for K.P. duty,
policing grounds, wood=chopping, and ditch digging.

50, At the end of each five days of wsar the

suits were collected and laundered in the Ships Service
laundry. The chemically impregnated suits were given
three five minute washes in mild soap solution at 90~
'100°F, followed by rinsing, extracting, and drying.
The carbon suits were washed separately for 15 mihutes
in 0.2% Kalye-A solution at 90°F. In order to preserve
the effectiveness of the suits they were sampled at the
pockets and pocket flaps, These samples were returned
to this Laboratory for analysis.

51, Typical fall weather prevailed throughout the
six weeks of this test. The temperature ranged from 50
to 90°F. The sunshine was moderate and rain was en-
countered on several days., Suits which became wet were
air dried in the barracks., It was estimated that the
men spent an average of 50% of the time outdoors. For
the most part the men wore the protective clothing over
their regular denim trousers and shirts.

G, Retention of Active Chlorine.

51. During the course of the trials it was found
that analysis vslues obtained on pockets or pocket flaps
were not slweys indicative of the true values for the
suits. By an eccasional analysis of a2 suit withdrawn
from the test it wss possible to estimate when to with-
draw an entire group of suits from the test, The active
chlorine values are summérized in Table V.



Zable V

Retention Jof Active Chlorine for Suits in Wearing Trial,
Bainbridge NTS, Sept., 1945

Original ﬁ_pl; Retained after Weeks

System mg ,C1+/cm.? g 2 3 Z TaR
CC=+2, Solvent : O 57 72 67 63 59 33 -
CC=2, Solvent, 15% ZnO 0.44 g1 %o 55 85 39 -
CC=2, aqueous, 25% ZnO 04,48 79 87 3 70 63 23
§=330, aqueous, 10% 2ZnO 0 63 39 59 49 43 42 -

#Samples were taken after laundering at the end of each
week; underlined values refer to analyses for entire
suits rather than to values for pockets or pocket flaps.

52, It was decided to remove the solvent and solvent
stabilized suits from the trials after the fifth week.
The aqueous process CC-2 and S-330 together with the
carbon suits were withdrawn at the end of the sixth week,

53, It is quite evident that the suits worn in
this trial under fall weather conditions retained their
active chlorine for a longer time than suits worn under
summer conditions as in the earlier trial at Bainbridge.

D. Discussion of Results.

54. The suits containing the impregnite S-350 worn
in this trial were never used, Later work described in,
NRL Report No. P-2300 indicated that S-330 did not offer
sufficient protection against mustard vapor to warrant
further considerstion as an impregnite for protective
clothing.

55. The CC=-2 clothing worn in this trial was tested
against H vapor in a gaw chamber. The results have been
given in NRL Report No, P-2597, "Chamber Tests with
Human Subjects VIII. Evaluation of Worn CC-2 Clothing",
dated 5 September 1945, It was concluded in this report
that a reasonable correlation existed between the active
chlorine content of worn protective clothing and the



protective value. The level of 0.15 mg.Cl+/cm.®

(3% cc-2) was considered satisfactory for solvent
impregnations but & value of 0.20 mg.Cl+/cm.? (4%
¢Cc-2) was considersd more satisfactory for aqueous

process clothing.

56, An evaluation of the carbon clothing worn
in this trisl is described in NRL Report No. P-2322
and results of chamber tests on the clothing are given
in Report No. P-2239, It was found that H vapor capacity
of the suits as measured in the lsboratory was decreased
by the six weeks of wear, Chamber tests, however, showed
that the protective value was nearly the same for the
worn suits as for unworn suits of the sazme type.
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SUMMAR' AND CONCLUSIONS

1. Four wearing trisls of permeable protective
clothing carried out in 1942 and 1943 have been
described., A trial of six suits impregnated by the
solvent process was conducted for & period of two weeks
at the Washington Navy Yard. The trial indicated that
no unexpscted hazard existed when zinc oxide was used
gs a stabilizer, A relatively high loss of chlorine
was sustained by the suit containing the impregnite
S=-461,

L]

2. A wearing triel of 35 suits of stabilized and
unstabilized solvent process clothing waw held aboard
a destroyer operating out of Key West, Fla. The re=-
sults indicated that the clothing required reimpregnetion
after the second week of wear and theat appreciable loss
of active chlorine wes sustained in the laundering
process used, No difference was found between the
stabilized and unstabilized clothing.

3. 2 trisl on fifty-four protective sults was
conducted over s period of three weeks at the Bainbridge .
Naval Training Station in June 1943, Nine sets of clothing
were issued including unimpregnated suits, both sclvent
and aqueous process CC=-2 suits, $-330 impregnated sults,
S$-461 impregnated suits, and suits made from carbon
cozted herringbone twill fabric. Mild skin irritation
was encountered durinz the first week of weear from the
CC-2 and S-461 clothing. Both types of CC-2 clothing
and ths §-330 clothing retained more than the minimum
level of active chlorine (0.15 mg.Cl+/cm.®) after the
three week period., The S-461 garments lost chlorine
repidly, especially in leundering.

4, The washing procedure employed in the Bain-
bridge trial involved a 15 minute wash and at 90°F,
with a synthetic detergent. This procedure caused very
little loss of active chlorine compared to the soap wash
at 60°C employed in the Key West trials.

5. A second wearing trial was run at Bainbridge
on one hundred snd ten protective suits in the Fell of
1943, The purpose of this trial was to obtain a supply
of worn garments for chember tests. After five wceks- of
wear and five washes, the stabilized 4nd unstasbilized



solvent process clothing had nearly reached the
reimpregnation level of 0,15 mg.Cl+/em.®, The

aqueous CC-2 and S-330 suits were worn for a sixth
week, The longer wearing time for the clothing in this
trial is sttributed to the milder weather conditions.
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RECOMMENDATIONS

1. None. This report has been written for
information only since larger and meore recent
wearing trials of permeable protective clothing
have been described in previous reports.
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APPENDIX A
A. Detailed Results of Key West Wearing Trial.

Various data were collected during and after
the wearing trial of protective clothing aboard the
Destroyer USS Dahlgren at Key West, Florida. This
data is presented in several tables in this appendix
for reference.

The first, Table I, gives the delailed daily
weather observation collected during the trial. Tables
II through V give the weekly log for the garments of
each type of impregnation, Table VI gives a description
of the sctivities and duties of crew members with regard
to amount of manual labor, exposure to sunlight, salt
spray, etc. Comparison of the distributlon of the suits
as shown in Tables II through V, with the activities
shown in Table VI shows that a good randomization of
the garments was obtained.

Tables VII, VIII, and IX show the percentage of
active chlorine retained by the suits in each group
both before and after laundering., The values are
given for analyses at seven different positions on
each garment., A comparison of the averages for each
positicn shows the relative loss of gctive chlorine for
different arcas.

Table X gives the values for tensile strength
determinations made at different positions on the gar-
ments after one, two, and three weeks wear. Relative
losses for different areas of the suits can be seen
in the averages of the columns. Averages of the rows
shows the relative values for the different impregnating
systems,

Zinc oxide analyses were made on some of the gar=-
ments worn in this trial and the results are given in
Table XI. It is apparent that after three weeks wear
and the launderings about fifty percent of the zinc
oxide originelly present has been lost.

In an ettempt to separate the two factors causing
loss of active chlorine, a laboratory laundering was
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caprricd out on the hoods of the suits sent to

Key West for wear. The washing was done in house=
hold type washer using 0.5% soap solution at =
temperature of 60°C. The results are given in Table
XII. Comperison of the results in Table XII with
those in Table VII shows that loss of ective chlorine
due to leundering was about the same for the garments
in the trial end the detached hoods washed in the
Laboratory.

At the end of the first week of wesr a gquestionnaire
was filled out by the men participating in the wearing
trial. The form of the guestionnaire is shown as
Table XIII. The responses to the questionnalre were
analyzed and are presented in Teble XIV,
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Table I

Weather Data During Wearing Trials
Key West Florida; March 3, 19L3-March 25, 1943

Temperature Total Relative Humidity Wind* Character**
Date WMax. Min. Mean Precip. 1:00a 7:00a 1:00p 7:00p Av.Vel. of Day

March 3 8% 68 78 0 96 91 83 95 5 BC
L n -9 67 0 Iy 78 80 (&} 7] B

5 78 62 (& 0 5 g0 o - 5 BC-C
6an. 9 T5 17 0 82 82 - - 3 BC

8 8o 67 71 0 90 90 90 58 3 c-0
9 g, 70 y/n 0 86 90 T8 68 Ly B

Fnd of First Week of Wear. Percent of possible sunshine - 85
11 88 T2 80 0 78 86 58 72 3 BC
12 89 T2 80 0 9 91 L9 72 L BC

13 90 77 85 0 87 L 66 55 L BC~C
15 B2 2 TP 0 82 h 68 & 1 BC
16 8 B & 0 78 86 TH 9 2 BC
17 88 5 80 0 82 g2 61 66 % BC

End of Second Week of Wear. Percent of possible sunshine - 90
19 83 76 80 0 87 70 76 71 3 BC
20" 85 71 81 0 69 2 16 B3 5 BC
22 T 5 0 86 g2 86 61 5 C
25 > & 68 0 el h 6 50 6 B
2l 79 65 72 0 66 70 58 58 L BC
25 ® P W 0 76 e, & 6l L BC

End of Third Week of Wear. Percent of possible sunshine = 85

* Scale of values

*k

Legend

o\ EWwWnnNn O

Calm

Light air, 1-2mph

Light breeze, L=7 mph
Gentle breeze, 8-12 mph
Moderate breeze, 13-18 mph
Fresh breeze, 19-2l; mph
Strong breeze, 25-31 mph

Blue sky, cloudless

Blue sky, detached clouds
Sky mainly cloudy
Overcast




Table II

Weekly Log of Wearing Trials
System: Unimpregnated Suits

Percentage of Wearing Degree of
Suit No., Crew Member Time Spent Outdoors. Perspiration Remarks

A. First VWeek of Wear

pid Quartermaster
striker 85 Average
2 Deck hand 85 -
5 Ship fitter 85 Above Average
L Deck hand 85 Average
5 Gunners' striker e Above Average

B. Second Week of Wear

2 éarpenters mate 75 Average Worn four days
3 Deck hand 75 Average i . .
L Gunners' striker 75 _ Average
5 Deck hand 5 Heavy hard wear
C. Third Week of Wear

Deck hand 85 Average
L Carpenter 85 Average
5 Torpedo man 85 Average

.—L
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OND @ =] O\ 7w O =

=

O =3 W

=

O \D m\n T\

Table ITI

Weekly Log of Wearing Trials
System: $-1L5 (DPU) Impregnation

Percentage of time

Crew Member

spent outdoors.

Degree of
Perspiration Remarks

A, PFirst Week of Wear
Torpedo=-man

Gunners' striker
Signal-man

Gunner

Carpenter

Gunners' mate
Quartermesters' striker
Deck hend

Torpedo=-man

Gunners' mate

B. “eccond Week of Wear

Gunners' mate
Torpedo-man
Gunners! mate
Gunner striker
Torpedo man
Torpedo man
Boatswaein's mate
Torpedo man

C. Third Week of Wear

Fire Control man
Torpedo men
Quartermaster
Gunners' striker
Torpedo men
Torpedo man

WEERER T

75
(&
7

75
75
i
75

85
85
85
85
85
85

Above

Average

Average
Average
Average
Average
Average
fverage
Average
Average
Average

Average
Average
Average
Average
Average
Average
Average
Average

Average
Average
Average
Average
Average
Average

3—% days wear
suit lost

Worn L-% days

Very Greasy



Table IV

Weekly Log of Viearing Trials
System: S-1L5 (DPU) plus 25% 2ZnO

Percentage of Time Degree- of
Suit No. Crew Member '~ Spent Outdoors Perspiretion Remarks

A, First Week of Wear

1 Ship-fitter 85 Heavy

2 Deck Hand : 85 Below Average

3 Gunners' Striker 85 Average

L Gunners' mate 85 Above Average

5 Deck Hend .85 Average

6 Torpedo man 85 Average

7 Fire Control Striker 85 Average

8 Deck Hand 85 Below Average

9 Torpedo man 85 Average
10 Torpedo man 85 Average

B. Second Week of Wear.

2 Quartermaster 75 Average

3 Torpedo .man 75 Average Worn Li~% days
L Quartermaster 5 Average

b Torpedo man 5 Average

Ji Gunners' mate 75 Average

8 Fire Control man 75 Average

9 Deck Hand 5 Average
10 Torpedo man 5 Average

C. Third Week of Wear.

3 Boatswain's mate 85 Average Heavy duty
L Gunners' mate 85 Average Worn L% days
5 Ship fitter 88 Average

8 Deck Hand 85 Above Average Heavy Duty
9 Fire Control man 85 Average
10 Torpedo man 85 Average

W



Weekly Log of Wearing Trials

Table V

Systems S-1L5(DPU), 25% ZnO, plus dyes
Suits 1-5 Khaki dye; Suits 6-10, blue dye

Percentage of Time
Spent Outdoors

Suit Noe. Crew Member

Degree of
Perspiration  Remarks

A. First Week of Wear

Gunners' mate
Boatswain's mate
Ship-fitter
Boatswain's mate
Boatswain's mate
Torypcdo man
Boatswain's mate
Deck Hend

Deck Hand

Deck Hand

O @@= O\ AN

=

B. Second Week of Wear

Gunners' striker
Ship fitter

Deck hand
Gunners! striker
Signal man
Gunners' striker
Deck hand

Fire Control man

OO @ =W W

[

C, Third Week of Wear

Quartermaster
Gunners' mate
Torpedo man
Deck hand

Deck hand
Gunners! striker

[eRNo oo kW) lmgl ¥

=

75
3
(£}
75
75
75
75
(&

85

85
85
85
85

Below

Above

Average
Average
Lverage
Average

.Average

Average
Average

Average

Average
Heavy

Average
Average
Average
Average
Average
Lverage
Average
Average

Average
Average
Average
Lverage
Average
Average

Worn L-1/2 days

Worn Li-1/2 days

Wiorn L-1/2 days

Salt water spray
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Chlorine Retention For Suits in Key West Wearing Trial

Table VII

% Clt+ Retained

System shoulder armpit elbow waist crotch seat knee Average
A. First week before laundering.
s-1L5 (DPU) -- -- S = wm wm e -
s (3) 5t 8. T 6 5P 63
S-115(DPU) plus 25% ZnO 77 96 57 95 86 59 63 76
_ 2 57 35 5 92 59 L8 B
§-12l(DPU) plus 25% ZnoO,
khakl dye 56 83 L9 98 67 53 357 6y
blue dye 39 81 L9 85 .5 58 63
AVERAGE 50 B ke 88 80 5 50 [
B. First TWeek after Laundering.
s-115 (DPU) - - = “ " - - n
32 69 1,9 6l 59 bl T2 55
s=11;5(DPU) plus 25% ZnO 21 79 25 38 é, n 38 39
Lo Th 36 55 57 a9 L8
s-1145 (DPU) plus 25% Zn0, _
khaki dye 27 b | 2 5F W 3B L5 L2
blue dye 21 iz 25 61 U3 51 30 L1
AVERAGE 32 | 2 S 5. W IS L5



Table VIII
Chlorine Retention for Suits in Key West Wearing Trial

% Cl+ Retained
Systen shoulder elbow waist crotch seat knee Average

A. Second Veek Before Laundering.

s-1,,5 (DrU) 1 3 28 36 5 12 1
0 33 58 21 9 18 23
s-145(DPU) plus 25% Zn0 16 : 39 33 11 20 23
7 10 35 16 19 17 17

s-1,5(DPU) plus 5% Zn0,
khaki dye 18 17 39 15 13 7 18
blue dye 5 8 32 17 1 6 12

AVERAGE 8 15 39 25 9 13 18

B. Second Week After Laundering.

s-1.5 (DPU) 1 2 27 22 h 13 11
9 12 38 22 36 13 22
s-1L5 (DPU) plus 25% 2Zn0 3 9 26 3l 10 9 15
- = = 11 8 12 10

s-115 (DPU) plus 25% 2zn0,
khaki dye 13 13 9 1% 11 9 13
blue dye 1 L 15 6 1 1B 7
AVERAGE 5 8 23 18 - M 13

TR,



Table IX

Chlorine Retention For Suits in Key Vlest Wearing Trials

System

% Cl+ Retained

shoulder elbow waist crotch seat knee ALverage

A, Third Week Before Laundering

s=-1L5 (DPU)
s-1,5 (DPU) plus 25% ZnO

s-145 (DPU) plus 25% ZnO
khaki dye
blue dye

AVERAGE

B, Third Teek After Laundering.

s-1L5 (DPU)
s-1L5 (DPU) plus 25% ZnO

s-145 (DPU) plus 25% Zn0,
khaki dye
blue dye

AVERAGE

2l
5
3
1
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Table X
Tensile Strength Values for Suits in Key West Wearing Trial

Tensile Strength (lbs. warp)#*
System shoulder elbow waist croteh seat knee Average

A. First Week of Wear.
Unimpregnated 157 15L 155 151 156 135 151

s=145 (DPU) - - - —- - -
163 155 159 173 161 164 163

s-115 (DPU) plus 25% ZnO 119 168 169 365 158 177 16l
176 177 18k 168 177 168 175

s-145 (DPU) plus 25% ZnO

kheki dye 182 162  16hL 158 168 162 168
blue dye 178 1B e 175 ¥ - 177 172
LVERAGE 167 165 162 168 166 164 | 165

B. Second Week of Wear

Unimpregnated 140 138 152 139 140 150 143
s-145 (DPU) 1 U2 152 8 15L 148 147

e - 155 157 52 137 g 1L
s=11;5 (DPU) plus 25% ZnO - - - 146 146 150 147

119 151 157 16 152 152 151

s-1145 (DPU) plus 25% ZnO

khaki dye 154 161 159 , 138 147 12 150
blue dye 149 134 160 155 136 154 148
AVERAGE 1L6 7 156 143 15 148 L7
C. Third Week of Wear

Unimpregneted 118" 147 161 136 126 1b5 139
s-1.5 (DPU) 131 1,3 135 115 122 136 130

137 133 152 130 35 <139 139

S=13l; (DPU) plus 25% 2Zn0 127 139 129 12, 143 119 130
136 12 155 12k 12 123 134

s-11,5 (DPU) plus 25% ZnO

khaki dye 139 15 11U 16 138 157 1L6
blue dye 12 150 165 13, 127 148 1L
AVERAGE 133 13 148 131 132 138 177

*The tensile strength determinations were mnde by the grab method. The
original value for unimpregnated Arnzen cloth is 155 lbs., while impreg-
nated Arnzen cloth has value of 165 lbs, -
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Table XI

Zinc Oxide Retention for Suits in Key West Wearing Trial

Original % Retainsd
System nge ZnO/cm.e 2 wecks wear 3 weeks wear
s=11;5 (DPU) plus Tl 81 L2
25% Zn0 67 5L L8
s=145 (DPU) plus
25% Zn0, khaki dye .68 ] 7L 67



Table XII

Laundering of the Hoods of the Suits used in Key wést Wearing Trial
(thhed_in 0.5% soap at 50°C in lahoratory)

Gttt . % C14-Retained
System I.flg,..CI-x;/cm.2 1l wash 2 wash 3 wa;sh ly wash
s-1L5 (DPU) L9 g 52 39 25
L5 81 50 58 37
s=-145 (DPU) plus
25% Zn0 Ul 79 50 3l 13
.3l -- 63 26 22
s=145 (DPU) plus 25% 2ZnO
khaki dye <36 75 L5 2l 6
blue dye +39 81 5l 37 12
AVERAGE 77 52 38 19



Se

Table XIII

Evaluation by VWiear of Protective Clothing

Name Date

Place

Did you find the protective suit comfortable?

a. Did you notice any odor?

b, ¥as it objectionable?

Did the suit produce any skin irritation?

Would you be willing to wear one of these suits during a gas
attack?

Remarks (Include any other pertinent information),
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APPENDIX B

Detailed Results for Wearing Trial At
Bainbridge NTS, June 1943

Detailed data collected during the wearing trial
of protective clothing at Bainbridge NTS, during
June 1943, is presented in this appendix for reference.

Table I gives the weather data for each day of
the triasl. Table II is a summary of the activities
of men wearing the clothing and includes an estimate
of the time they spent outdoors and tkz degree of
perspiration for each day.

Active chlorine snalyses on the suits in each
impregnation group are shown in Tables III through
VIII. Each value in these tables is an average for
two suits, The data on suits after laundering refers
to analyses made on suits after they had been laundered
in the laboratory. Though the laboratory laundering
condition was the same as used at Balnbridge, this
does not mean that the same losses of chlorine would
be sustained.

Table IX shows the tensile strength valuew for
the suits after the third week of wear and the third
wash .,
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