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% ABSTRACT

=
A

This report is-divided into two .sections. -=we—fiTey

deals with the design, =:libration and operation of a chomber for
the exposurz of huran volunteers to.the vapors of chemical warfare
azents. The construction of the chamber is such that the tempera-
ture, relative numidity and concentration of vapor of the chemical
warfare agont can be controlled clossly over a wide range of condi-

ulOI‘.S-

The second part deals with the testing of Yavy issue
S-lta impreognated Arnzen protective clothing. proteetive ointments
and masks. Mon dressed in water susvension, solvent and solvent +
Zr0 irpregnated clothing have been exposed to H vapor at CT's rang-
ing from 200 to 2500. A series of %tests is in progress in which
men dressad in the three tynes of suits have been exposed repeatedly
to E vzpor at a CT of 1200. ¢ cignificant difference has been
found in the protection affordied by these three tynes of suits. The
effects of leagagb of E through the sults . discussed. ,Q:

\;xne irritancy of §-4¢1 and S$~330 Protective Ointncnt uhcn
anp’ibd +o the face, ears and neck of the nen before exposure has
beén cormared. S-330 is far lesc irritating than $-461.

, -~The rubber of the gas mask face-piecesand connecting
tubes absorbed enough E after 12 to 15 oxposurcs to causc conjunc-
tivitis, laryngitis and orythema of the face. The ccnnecting hoses
have been encased in impregnated cloth slceves, and no break has
been ¢b s¢rvod aftur 76 exposures. |

PR e i

A e o
4 screcning tést has—béen run on the CT's rﬁquArcd uO
cruse burns of different degrees of severity on the bare skin o
the arm.
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AUTHORTZATION

1. This work was jauthorized under Project 547/41, "Maintenance, Buresu
of Ships," dated 16 December 1940. The problems which were proposed for
study were given in Bureaun of Ships letter S-§77-2 (Dz), Serial Bll of
17 December 1940.

STATEUENT OF PROBLEM

2. This investigation was undertaken to design, calibrate and study the
operation of a gas chamber for the exposure of human volunteers to the
vapors of chemical warfare agents, and to evaluate Navy Issue Impregnated
Protective Clothing and Masks when exposed to H vepor, and test the irri-
tancy of Protective Ointments.

ENOWY FACTS BEARING ON PROBLEM

3. At present the Navy is issulng single layer wrotective clothing which
requires suitable testing against vesicant vapors on human beings.

Newer developments in protective devices also require extensive testing
before they can be adopted. Therefore, it is essential to test such
items as clothing, masks, ointments, etc. under carefully controlled con-
ditions se that proper evaluation can be made cf existing nrotecting
measures, and to test newer develonments still in the exverimental stages.

4, TDMR 4731 from CWS, Zdgewood Arsenal, Md. describeg chamber tests on
vubjects protected only dy impregnated shorts. Complete protection
against H vapor weg afforded to the scrotal area by the impregnated
shorts whereas hurns of casunlty sevority rosulted on other arcas of the
body from exposurs to 315 to 600 mg. min./m3 (OT).

THEORETICAL CONSIDERATIONS

8, The use of a properly constructed gas chamber for testing protective
equipment against chemical warfare agent vapors ie the best avalladle
method which will most closely simulate actual field trials and yet be
operated under conditions which can be controlled ecritically. The whole
bedy or, by suitable use of proper protection, any arsa of the body can
be used for testing. The temperature, humidity, concentration of vesi-
cant vaper and length of exposure can be varied at will in the chamber so
that any type of conditlon can be achieved. Relatively high temperaturss
and humidities have been used in the tests actually carried out so far
since the human skin is more sensitive to H vapor under these conditlons.
It can be assumed that 1f protective devices, such as clothing, prove to
be adequate in thoso tests they will alsoc be adequate under more temperate
conditions.
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PREVIOUS WORK DONE AT THIS LABORATORY

6. No gas chamber work haes been done preoviously at this L&boratory.
EXPERIMENTAL WORK

I. GAS CHAMBER DESIGN, CALIBRATION AND OP%ﬁATIO

GENERAL TESCRIPTION o i

7. The NRL gas chamber consists of a lead-lined rcom built as an addi-
tion to the laboratory building. It is designed as a static chamber,
i.e., no air is possod through the chamber during a test, but the air in
the chamber is continually circulated and volatilized agent is added as
required to maintain the desired concentration, The volume of the

chamber 1s such as to convenlently accommodate a maximum of ten subjects
engaged in moderste activity, and construction is according to the follow-
ing general specifications.

B. Bize: 1Inside dimensions are 10 ft. by 156 ft. and 12 ft. high, giving
a volume of 1,800 £t.3 or 50 m.3.

9. Construction: The chamber is of transite covered frame construction
insulated with rock wool. The floor is concreto and is provided with a
conter drain. The ceiling and walls are lined with lcad, all joints be-
ing soldered,

10. Entrange: fntrance to the chamber is made through an antechamber
approximately 5 ft. by 3 ft. and 7 ft. high. Doors of both tho inner
chamber and-the antechambor are 2'6" by 6'8%, open outward, and are
woatherstripped and gas proof.

11. Obsorvation Window: This window, approximately 12" by 18", is
located near the entrance to the antechamber., It is a single pane, double
window with a dead alr space betwcon.

12. Porch: An opon porch of frame construction is bullt on to the gus
chamber and tho laboratory as an approach to the chamber cntrance. The
rcof contains two skylight windows for lighting, and an cxhaust fan,
General Elcetric Spec. 272905-1, 1s mounted in the roef near the anto-
chamber door for ventilation.

13. Zxhaust System: An exhaust blowor, Buffalo Limit Load Conoidal Fan,
slze #2, single width, Type LL, clockwise, with direct connocted 1/2 H.P.
220-volt motor, 1s mounted in a gas proof compartment in onc cornor of
the chamber, This compartment ies approximately 42" by 30" and 36" high,
with a door to the outside for access to the blower., A 12" diameter
shcet metal duct extends through the compartment wall 2" into the chamber.
The duct opening is equipped with & romovable sheet metal cover.

CONFIDENTIAL -2 =
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14. A sheet metal duct 13" by 10" extends from the blower compartment to
above the roof of the chamber, This duct is provided with an adjustable
damper and also with a removadle copper gausze trax 4" deep, containing
activated carbon as & filter material.

SERVICES

15. Lightt A 500~watt. splash-proof, vapor-proof light is mounted on
the ceiling in the center of the room. A 60-watt light is mounted on the

.ceiling of the antechamber and a 2b~watt red signal light is mounted just

cutside the door of the antechaxm&r.
16. ¥Water: Hot and cold wéter faucets are located on one wall inside the
chamber, and a ¢¢ld water faucet is availablo on the chamber porch.

17. Ailr Circulation: Two 16" ventilating fans are mounted near the ceil~
ing on one wall of the chamber, The fans are General Blectric Fans, Spec.
272906-1.

i8. Heat: Two banks of strip heaters are mounted on the wall below the
circulating fans. 3XBach bank of heaters totals 3,000 watts and the indivi-
dual heaters in each bank are connected in parallel in such a manner that
any individual heater may be readily disconnected.

19. A smell steam rodiator is also provided. Thils operates on a 10 1b.
steam line and is located in a corner of the rcom.

20. Zlectrie: Four vapor-proof, splash~proof, 110-volt A,C. electrical
outlets are uniformly placed on the walls of the chamber.

21, Humidification: 4 one-half inch steam line operating at approxi-
mately 10 1b. pressure ie brought into the chamber near one of the eir-
culating fans.

22. Cooling and Dehumidificationt Two "chicken wire" cages, each 24" by
8" by 24" high, opon at top and bottom, are set in a sheet metal tray 30"
by 24" by 4" high having a 1/4" pipe line to the floor drain. These
cages are deslgned to hold chopped 1ce and are located on top of the ex-
haust blower compartment. A canvas cover is mrovided for these ice cagts.

23, Communication: A speaker station, ¥lexipone Operadlo Type ZC, is
get on top of the exhaust blower compartment. This station is covered
wlth activated carbon impregnated cloth and is connected to a master
station located on the norch next %o the obscervation window.

24, Emergency communication is carried out through a 2" brass Yspeaking
tube" fitted with an impermeable cellophane diuphragm and ecapped at each
end when not in use. This tube runs through the wall of the chamber near
the observation window.
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j ,
25, Platos 1 - 6 shéw a number of viewg of the NRL gas chamber and
gervo to i1llustrate. the design and construction ag well as the various
facilities as outlined in this section. L

GONTROL OF CHAMBSR CONDITIONS L

26. Since ii{ is generally accepted that vosicant effccts of expeosure to
H vapor are more severe in tropical climetes than in temperate climates,
tomperature and humidity conditions for chamber operation were selected
80 as to represent average tropical conditions, i.c., 90°F and 65¢% rela-
tive humidity.

27~ Tempersoture: The temmerature is recorded and controlled at 90 + 0.5°F
by means of a Brown two~point recording controlling potentiometer using
a calibrated iron-constantin thermocouple. (Plates 5-D and 16—D )

28, Heat is applied in throe ways: {(a) by a bank of continuous heatcrs
consisting of throo 1,000-watt strip heators each of which may be dlscon-
nected individually (Plato 5=H); (B) by o bank of four 750-wott strip
henters controlled by the Brown potentiomotoer. The output of these heaters
is rogulated by a 7.5 KVA Variac and the degree of heat output with the
control elrcult opon ig regulated by a 4,000-watt Allen Bradley carbon
pile, This intermittent heating circuit is shown in Platus 5-G, 7 and 16.
{c) by a steam radiator (Plate 5-J) which is used to maintain temnerature
overnight and also t9 supply contimuous heat 1f the output of the sirip
heaters is insufficient. The radiator is contrslled by a solonoid vnlvo
to permit operation from the control laberatory. Ccoling ls accomplished
by filling the wire cages (Plate 4-A) with chopped ice before each test.

29, Humidity: Relative humidity in the gos chamber is mnintained at

65 + 5% and is also controlled and rocorded by the Brown recording control-
ling potontiometer. A socond calibrated iron-constantin thermocouple is
fitted with & wick and water reservoir and functions as a wet-buld thormo-
meter (P75 5-E). Thus wet and dry bulb readings are receorded.

30. Humldifleetion is accomplished by means of & low vressure, approxi--
mately 10 1bs., water trapped steam line (Plate 5-XK). A solonold valve
in thie line is oper~ted through the contrhl potentiometer wet bulb
thermocouple, the valvo onening and supplying steam to the room when the
wet bulb temperature drops below the contrel noint (80°F). This humidi-
fication control ¢ireuit is shown in Plnate 8,

31, Dehumidification is furnished by the chopped ice in the wire cages
(Plate 4-A).

32. A typical record of temoerature nnd humidity econtrol obtained by the
described procedures during a chambar test is shown in Plate 29.

33. Wind Velocity: Circulation of air in the chamber 1s obtained by mesns
of two 16" ventllating fane mounted ns shown in Plate 5-F. Meagurements of
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wind velecity with an anemometer at various heighte and locations with
the ohamber empty showed that the v»locity ranges from 1 to 4 miles per
hour and averages 2.5 m.p h.

METHODS OF E§TABLI§H;NG B VAPOR GONGENTHATION

34. Gcncentrations ¢f H vapor used in the NRL gas chamber rango from 1
mierogram per liter to 100 micrograms per liter (0.001 to 0.1 mg./L). Two
metheds are uead for establishing these concentrations.

35, Bead Saturator: For concentrations ranging from 1 to 8 micrOgrams/L,
a bead saturator containing liquid H (Plate 9) is used. The saturator is
86t up in the controlﬁlaboratory in a protective metal jacket and operated
at any desired temperature (Plate 17-D). Air is gaased through the satu-
vator from a Motoair, Type CAA air pump, (1.4 £t.%/min.) at ratcs varying
from 10 to 30 liters per min.dcpending upon the amount of H vapor to be
delivered to the chamber (Plate 16-A). The saturated air is run into the
chamber through a heatcd glaes tube to provent condensation.

368. Flash Distillation: For asciting up concentrations ranging from 8 to
100 micrograms/L, a flash distillation system is employed. Platc 10 shows
a schematic diagmm of the apparatus and Plate 17-A shows the set uwp in
useé. A 5-1liter, 3-neck, round dbottom flask 1s clamped i4 an oil bath main
tained at 120°C. Ono neck of the flask is fitted with an alr inlet tube
and another with a heated glase tube running into the chamber. The third
neck is fitted with a graduated dropping burctte. Measured volumes of E
are dropped into the heated flask from the burette and as the H is vaper-
ized 1t is carried into the chamber by an air stream (40 liters/min.).

The air stream is supplied by the same Motoair pump used for the bead
saturator previously describved.

METHODS OF ANALYSIS FOR H VAPOR CONCENTRATION

37. Analysis of H vapor concentration in the chamber 1s carried out con-
tinuougly during the period of a test. The primary methed of analysis em—
pleyed 1s that developed by Dr. J. H. Northrop, a NDRC investigator at the
Rockefeller Medical Institute, The details of this method as well as the
apnaratus have been described by Dr. Northrop in OSRD Reports No. 401,
Serial No. 183; No. 570, Ssrial No. 183A; No. 880, Serial No. 367; and MNo.
1444. The apparatus has been modified in some respeets at this Laboratory
and Plates 11, 13 and 17 show dlagrams and illustrations of it. The
following is a brief description of the method as employed at NRL:

38, Northrop Method: A4ir from the chamber is pulled into an absorption
bubbler (Plate 12) at 200 ml./min. by meens of & smll Faddaway vacuum
pump. The flow rate is measured and controlled by a flowmetey—vacuun
regulator system. The absorotion bubbler contains about 20 ml, of 2%
Ho80, solution and is fitted with (a) an overflow trap, (b) a platinum
electrode (gauze), (e¢) a saturated calomel reference electrode, and (d) an
automatic durette.
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39. The electrode system and the automatic burette are shown schematic-
2lly in Plates 11 and 13. The burette,. which is connected to a;reservoir
bottle containing the titrating agent, 0.001 to 0.0001 M Bry solution, is
kept cloeed during the sample colleetion period by means of a toggle
.ewitch in the continwous titratlion ceycle. - At the end ¢f thie period the
burette is opened By the switeh and the collseted H vapor titrated with
_the Brp solution. At the endpoint of the titration the potential rise
registored on the galvanometer causes the activation of the photocoll cii~

- gult—which closeg the buretts, The elapsed time between the opéning and
closing of the burette is a measure of the Brpy solution used and thus &
measure of the H vapor in the sample. This elapsed time as well as the
sampling time is recorded on the revolving drum. Plate 28 shows the re-
cord obtained during a typical chamber test and Table 11 shows the neces-
sary calculations.

40. The strength of the Brp sslution used is dependent upon the concen-
trations of gas in the chamber and is adjusted so as to permit sample
collection periode of 4 to 8 minutes. The solution is standardized
against known volumes of standard thiodiglycol sclution,

41. Using this mothod of analysis it is possible to obtain from 7 to 15
analyses during the course of 2 one hour chamber tcet., The accuracy of
the method is indicatsd in Tadle I.

42. Hydrolyeis Method: The secondary method of analysis used in con-
nestion with all NRL chamber tests 1s the classical method in which the

H vapor 1s hydrolyzed in acetic acid and the resulting ionic chloride is
CRitrated with stendard AgNOx selwnfion. The methed ie used o mencure the
ovorall average coneontration of H vapor during a test for comparison with
tho average va. .tz abtalned from the continuous Northrop analysos, Plates
14, 15 and 17-E illustrate the apparatus involved.

43. Alr from the chamber is drawn through two scrics connected absorp-
tion bubdlers of the Vigreaux type (Plate 14) at 200 ml./min. by means
of a small Haddaway vacuum pump. ZEach absorption bubbler contains 8 ml,
of 209 acetic acid and they are maintained at 65°C in a water bath. The
eample 1s collected for the ontire poriod of the test at the end of which
time the contents of the bubblers are quantitatively transforrod to a

250 ml. bveakor, made Just alkaline to methyl orange with 6¥ NaOH solution,
and evaporated to a volume of § ml. on a hot plate. The solution is
transfoerred to the potentiometric titration apparatus shown in Plate 15
and, after acidification with 6N HWO;, the C1” is titratcd potentio-
metrically with standard 0,004 N AgNO4 solution.

44. The accuracy of this method and & comparison with the results ob-
tained by the Northrop mothod are shown in Tadlo I.

46. In these tests definite concentrations of H vapor in an air stroam

were established and analyzed by each of the described methods. Thesge
concentrations were establiehed by passing a pure, dry air stream at
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200 ml./ min. through a Vigreaux bubbdler thermostatsd at 30°C and con-

taining 5 ml. of a solution of liquid K in dibutyl phthalate. Tho thoo-

" rotical concentration of H vapor in the'efflueht air stream was caleulated

from Raoult's law, kmowing the % by wt. of H in the dibutyl phthalate, and
the volatility of H at 30°C (1.325 mg. /L by H. E. Bent).

TABLE I

STANDARDIZATION AND COMPARISON OF ANALYTICAL-METHODS

Cons, of H in ~ Oone. of H in Air Stream (#/1) .
Dibutyl phthalate Theoretical , Northrop Method’ Hydrolysis Method
(4 .

{Raoult's Law) Averace

1.125 26 24 23.8
: 26
24
25
24 24.6

1,804 4

=

36 8.
36
38
36

37 36.2

57
56
54
I
56

65

o

2,583

ted

o
>
2

(€]
1
.

-1

4,715 1

lor}

105 99.2
105
104
100
97
100
100 101.6

46. The above table shows that the two methods of analysie agree very
well with each other, but both give results slightly lower than the cal-~
culated theoretical values. This 1s believed due to deviation from
Raoult's law and also possibly less than 100% efficlency in the Vigreaux
bubbler. This good agreement of the methods and the indicated precision
of each are good critoriz of their relisbility.

STANDARDIZATION OF CHAMBER FOR H VAPOR IXPOSURES

47. To secure information As to the best methods of operntion of the
chamber, to check the effect of variations in operating conditions, and
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to familarxze the 1aboratory pérsonnel with the techniqpﬁ of operation.‘
_ & number of test runs were made . Theae test runs are described indi-
vidually. . < .

No. 1 - Increase in COgConcentration

48. £ince the NRL gag chamber ie a static chamber, gn fresh air ia _ = _
supplied during the course of a test. To determine if the increase in
COz concentration is physiologically significant under these conditions,
ten men, dressed In permeable protoctive clothing and wearing ges mesks,
were placed in the chamber for one hour and CO, analyses were made at
regular intervals. The data obtalned are shown in Table II and Plate 18.

TABLE II
00, CONCENTRATION INGREASE DURING CHAMBER TEST

Time C0(%) 02 (%) Time 005(%) 0p (%)
1430 - - 1503 0.27 -
1433 0.00 - 1512 0.36 -
1438 0.12 - 1518 0.40 20.1
1445 0.18 - 1528 0,50 20.0
1453 0.28 -

49, It may be peen from-the above results that no harmful concentration
of COp was atiained in this test and thns 1t way @ﬂr~§@@:ﬁd~a fq F31°9§r¥
out ali tegts as static tests A

Nos. 2-3-4 Plagh Distillation Temerature

50. To determine the optimum temperature for the flash distillatien
method of establishing an H vapor concentration, H vapor to give nominal
concentrations of 75, 125 and 100 ¥H/L was run into the empty chamber
with the distillation flask maintained at various temperatures. It was
consldered most desirable to operate the bath at the lowest temmerature
which would permit establishing a desired concentration in 10 to 20
minutes. Data fromthis test sre given in Tadle III and Plate 19.
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© DABIE III

EFFECT OF FLASH DISTILLATION TEMPERATURE

Time Required for

Temperature of Alr Flow Rate Time Conc. H Egtablishment of
011 Bath (°C) Liters/Min. | (¥/r) . .__Conc, (Min.)
74 - 40 - 1533 0.0
= 1553 18.3
1608 25.0
1621 43,0
1634 52,0
1646 59.5.
1700 62.3
1713 6647
1725 69.1
1736 69.6 123
1749 68,7
1804 65.9
94 40 1104
1110
1124
1139
1153
1158 .
, 301 ERRR : MVIRTTIEN . 5[;' N i
“iso4”
1207
120 40 1031
1038
1053
1108 37
1121
1133

51. The above results show that with the distillation bath at 120°C a
concentration of 100 micrograms H vapor per liter may be set up in about
35 minutes. It was not considered advisable to increase the bath temper-
ature beyond 120°C since H decommoses at 150°C. This concentration of H
vapor representsd the highest concentration te be used in the chamber and
thus 35 minutes should represent the maximum time required for establish-
ing a concentration.

Nog. 5-6-7 Establighment of H Vapor Concentrationa by Flagh
Qi!ﬁlllﬂﬁleﬂ

e
62, To obtain & working curve for estimating the volume of liquid H to
flash into the chamber for setting up various vapor concentrations,
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geveral concentrations vere set up in.the empty charber, Theoretical
{nominal) ‘concentrations were calculated on the basis of the chamber
volume of 50 m3. Data obtained in thege tests are given in Table Iv.

TABLE Iv
EST LAggﬁ ERT OF H VAPOR CONCENTRATION BY FLASH DISTILLATION
CONDITIONS: OIL BATH AT 120°0; AIR FLOW 40 LITERS/MIN.
H added (ml.) Conc. H (¥/L) Time Gone. H (¥/L)

Theor. (Found) .

1.1 1040 0.0

1053 22.2

25,0 1106 31.5

1119 30.9

1131 © 29.8

1144 29.5

1366 28.8

1209 . 27.8

2.3 1432 0.0

1439 10.1

‘ 1453 41,5

50.0 1508 52.8

1520 51.6

1532 50.8

1545 48,5

15657 46.2

1610 47.6

4.5 1031 0.0

1038 12.5

1053 7645

100.0 1108 97.8

1121 93.0

1133 92.6

1145 89,9

1158 97.7

1212 a7.2

1226 95.3

1335 90,2

1248 94,0

1302 93,1

1316 92.5

(Exhaugt Blower Turned On) 1326 91,0
1337 €8.2 -

1347 37.1

1369 19.7

14,4

1413
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TABLE IV (Cont'd)

H Added (ml.) Conc. H ( ¥/L) " T™me ~ Conc. H {¥/L)
: . ‘Theor.! ’ . ‘ (Found)
1424~ 10,5
1436 ° 8.5
1449 h 7.8
1503 5.9

63. From the above data it may be seen that the analytical concentra-
tions agree quite well with the nominal. The data are shown graphically
in Plates 20 and 21, .

54. Further infurmation was obtained in this teat as to the rate of de-
creage of H vapor concentration in the chamber due to condensation, leak-
age, ete. After the maximum concentration had bPeen obtained in one run,
analyses were taken for an additional period of one hour. It was found
that the rate of decrease, as shown in Plate 20, was quite slow, indicating
little condensation or leskage,

56. Data wexe alse obtalned in this test as te the efficlency of the ex-
haust blower In ramoving vapor from the chamber. After the one hour test
period for one concentration of H vapor, the blower was turned on for
another hour. Analyses were made during this time and the rate of vapor
romoval is shown in Plate 20. From thies it was concluded that a two hour
exhaust period should be sufficient to remove all but traces of vapor
from the chamber.

Nogs 8-9-10 Egtablishment of H Vapor Concentration with Bead
Saturator.

56. To obtain a working curve for the bead saturator method of setting
un low concentrations of H vapor, tests were made in which air was passed
through the saturator into the chamber at various flow rates. Results of
these runs are given in Table V and are shown graphically in Plate 22.
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IABLE V

ESTABLISHMENT OF H VAPOR CONCENTRATION VITH BEAD SATURATOR
CONDITTONS: SATURATOR AT ROOM TEMPERATURE (32°C) - RUN

" CONTINUOUSLY
Plow Rate of Air )
Through Saturater: » Tdwe Conc. H {¥/1L) Imput Rate
(Liters/Min.) : __Found . (YH/L/Min.)
10 1643 0.0 -
1650 . 1.8 0.26
1703 5.1 0.25
1716 8.1 0.25
1727 , 11.4 0.27 Av.
1738 12.7 0.12  0.23
20 1832 0.0 -
1838 1.3 0.22
1903 10.3 0.36
1915 16.8 0.54 Av.
1928 2l.5 0.36  0.37
30 1453 0.0 -
1459 1.4 0.23
1511 6.2 0.40
1517 8.5 0.38
1525 12,8 0.36
1537 18.6 0.48 Av.
1550 25.4 0.52  0.40

57. A uniform rate of H vapor input is obtazined for each flow rate as
shown above, and an imput flow rate curve is shown in Plate 23. From
this curve it is possible to determine the time necessary to establish
a definite vapor concentration in the chamber using any desired flow
rate through the saturator.

Nos. 11-12-13 Effect of Impregnated Suits on Zstablishment and
Stability of H Vaper Concentration.

58. Several test runs werc made to determine the influence ef standard
impregnated olothing on tho described methods for eostablishing H vapor
concentrations. In these tests 10 sults impreognated with 5-145 were
hung on clothes lines in the chamber. In Test wll, dota for which are
shown in Table VI and Plate 24, the H vapor coficentration was set up us-
ing the flash distillation method, and it was found that the analytical
concentration was only 43% of the nominal concentration. Thus 1t was
indicated that the impregnated suits removed 575 of the addeéd H vapor.
To check this conclusion, twe more runs were mede (Nos. 12 and 13) in
which H vapor was added to the extent of 15%% of the concentration de-
sired. The results of these tcsts are shown in Table VII and Plate 25,
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‘ TABIE VI
EFFECT OF IMPREGNATED SUITS OF ESTABLISHVENT AND
STABILITY OF H_VAPOR CONCENTRATION

GONDITIONS: 041 Bath at 120°C; Alr Flew 40 litors/min. -
L 10 Impregneted Sulte Pregent. .

H Added (ml.) Conc. H (¥/L) Time Cone. B (¥/1)

{Theor.) §Found)
3.4 1016 0.0
' 1023 10.4
75.0 1031 32.0
1039 30.8
1047 2l.1
1053 15,1
1101 11l.4
1109 9.8
1115 7.7
1123 6.8
1131 5.4
TABLE VII

EFFEQT OF IMPREGNATED SYITS ONM ESTABLISHMENT AND
STABILITY OF X VAPOR CONCENTRATION

CONDITIONS: 01l Bath at 120°C; Air Flow 40 Liters/min.
57 Bxcess H Added; 10 Impregnated Sults Present

H Added (ml.) Conc. H (y/L) Time Cone. H (¥/1)
Theor. (Found)

1.6 1221
1228
15.0 1235
1242
1249
12657
1304 '
1311
. 1217
1324
1331
1337

el el

oo RO b QOO ®WO

s & 8 @ ® = a4 2 e &

PO OEOa~NN20O

7.9 1421
1426

1437

75.0 1445

o 00 I ]
o &
© O
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TABLE VII (Cont'a)

K Added (ml.) Cone. H (¥/L) " Pime “ Cone. H (¥/L)
. v (Theor.) Found
1450 51.8
1456 36.4
1504 27.2
1511 17.5
1521 11.4
1528 10.1
1535 8.2
1542 7.1
1555 - 5.8

59. It mey be seen that using a 574 excess of H, good agréement between

riominal and analytical concentrations was obtained. Further indications’

as tv the efficiency of the impregnated clothing in removing E vapor is
shown by the rapld rate at which the vapor concentration falls off after
reaching the maximum value (Plates 24 and 25).

Nog. 14-15-16 Maintonance of H Vaper Concentration with Bead
Saturator. ) .

60. Since, as chown in tests Nos. 11, 12 and 13, considerable H vapor
1s removed from the chamber by impregnated clothing, a method is neces-
sary for maintaining the vapor concentration at a desired value for the
duration of a chamber test. Test No. 14 was designed to determine if
the bead saturator could be nsed for this purpose. A nomipal concentra-
tion of 20 micrograms H/L was established in the chamber containing 10
impregnated suits, and air was then passed through the bead saturator at
20 l./min. into the chamber for one hour. Analyses were made during
this neriod and the data are given in Table VIII and Plate 26.
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- MAINTENANCE-OF H VAPOR CONCENTRATION WITH EEAD SATURATOR

CONDITIONS: 01l Bath at 120°C; Air Flow 40 Liters/Min.
57 Excess H Added; 10 Impregnated Suits Present
Bead Baturator at 20 L/Min.

H Added {ml.) Sonc. E {v/L) Time "Gone,’E (¥/LY

) ~1Eheor.§ Found

2.1 0940 0.0
0946 8.8
20.0 0952 18,8 .

0956 18,1

1006 14.2

1013 » 11.6

1019 [T 9.2

i ’ 1026 8.4
1023 7.9

1040 8.1

1047 7.6

1054 8.0

61. The above data show that the bead saturator is not capable of
meintaining a concentration of greater than 8.0 micrograms H/L in the
chatiber containing 10 impregnated suits. To eatablish this fact and
to secure practice in maintaining e low H concentration, two runs were
made at nominal concentrations of 8.3 and 3.3 mlicrograms H/L using the
Yead saturator for establishing end maintaining these concentrations.
Table IX and Plate 27 give the data obtained in these tests.
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- TABLE IX

MAINTENANCE OF H VAPOR CONCENTRATION WITH BEAD SATURATOR

CONDITIONS: 041 Bath at 120°C: Air Flow 40 Liters/Min.
57% Excess H Added; 10 Impregnated Suits Present
Bead Saturator at 20 L/Min.

E Added (mi.) " Qome. B (¥/1) Time Conc. H (¥/1)
' (Theor,) {Found)

0.9 , cy 0932
0938

8.3 0945 -
: 0952

09539

1006

1013

1020

1027

1033

1040

1047

1053

=
LRI TID B JOEOO

OO DODOOODDONO

» * s ® 9 ® ® @ 9

.

Av.

—~
-—

~
@
.
L&)

1243

1245

None 3.3 1257
(Bead Saturator 1308
run for 13' at 1319
20 1./min.) 1330
1340

1351

1402

1413

. » - L) » L] .
VOGO 0O

-

Av.
4.1

AR DEBRRLENO

. .

62. The results shown & the ahove table and in Plate 27 indicate that
concentrations up to 8 micrograms H/L may be satisfactorily meintained
in the pregence of 10 impregnated suits with the bead saturator.

Nos. 17-18-19-20 Maintenance of E Vapor Concentratd on by Flash
Distillation.

63. Since concentrations of F vapor above 8 micrograms/l. cannot be .
maintained by means of the bead saturator, several test runs were made
to determine the posaidility of maintaining concentrations from 8 to 100
mierograms H/L by means of the flash distillation system., The procedure
uged in this method consists of "flaghing" small measured gquantities of
H into the chamber after each analysis of vapor concentration. These
quantities of E to be added were estimated on the basis of the results
obtained in the previous analysis. Data obtained are shown in Tadle X.
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TABLE X

. ‘ : MAINTENANCE OF H VAPOR OONGENT&ATION BY FIASH DISTILLATION L

N CONDITIONS: 041 Bath at 120°C; Air Flow 40 Liters/Min.
kN 57% Bxcegs K deed- 10 Imoregnated Suite Present

Cone. H (L) H Added (ml.) ° Time Cone. H (¥1L) Av.
{Theor.) . ’ {Found)

o
.
[ie}

1550 0.0
1557 11.0
1504
1612
. 1618
1625
1632
1639
1646
1653
1700
1707
1714

[y
2]
L4

o)

0oO0O
v e
N

TN OUDNOTDO O

.

o
NN O O2OO 3

b
- - [ ] L)

OO0 OQO0
*« @ °
RDHVKRW

8.4

[
.
2]

1340
1343
1348
1351
1356
1359
1404
1408
1412
1416
1419
1423
1427
1431
1435
1439
1443
- 1448

.

i

17.0

(=)

o Nea)
. W
[V RSN ]
~q~120

N

0
6
.3 f
7
9
5

18.1

* e o

-

e el L ) )
DD 3OO

-qpmmomu.pm\!&)

. 2 5 & @ g
RV I
o e e e
R ECE RN

eNeReRojoNoNoNoNoNols) o

2.1 1226 0.0

- ‘ 1233 10,3
20.0 - 1238 20.8
0.5 1242 18,2
0.6 1247 15.2
0.5 1252 18.3
- 1256 20,3
- 1300 21.6
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"y TABLE X (Cont'd) '

Conc. B (¥/L) H Added (ml.) Time Conc. H (¥/L) " Av.
(Theor.) _ (Found) o
. 0.8 106 17.8 |
k"o.g . 1308 17.1 J
’ ' - 1314 . 22.1
. - 1318 22.1
0.1 1323 19.5
0.7 - 1327 18.8
0.8 1331 15.9
0.2 1335 19.3
| - 1339 24.1 19.3
§ ,
3.5 ' 1346 000
- | 1353 21,7
33.3 0.5 L 1358 33.3
0.7 1402 32.6
0.4 1407 35.6
0.5 1411 33.5
0.7 " 1415 32.2
0.7 1420 32.6
0.7 1424 3243
0.8 1428 21.8
0.8 1432 32.4
0.5 1437 33.4
0.6 1441 33.9
0.7 1445 32.7
0.7 1449 32.7
0.7 1454 33.1
- 1458 33.6 33,0

64. As shown in the above table, this method for maintaining a desired
concentration causes some variation in concentrations, especially during
the first vart of the test but, with increasing zxperience, the operator
is able to0 minimize these verlations and ohtain an average concentration
which agrees well with the desired value. As a result of these tests
the method has been considered satisfactory.

OPERATION OF GAS CHAMBER FOR PHYSIOLOGICAL TESTS

65. The purpose of this section of the report is to deseribe in detail
the exact procedure used in operating the NRL Gas Chamber for a physio-
logical test. In addition, a complete log and commlete data for a
typical run are presented in detail.

Preliminary Operations

66. Lights and circulating fans in the chamber are‘furned on and the
cover is placed over the exhaust blower opening. The steam radiator
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which has been on overnight is turned 6ff. If the flagh distillation
apparatus is to be used, the cil dath heaters are turned on, the Brown
_ recording controlling potentiometer is turned on, and the Northrop

" Analysger is turned on and checked for performance.

‘Temperature end Humidity Adjustment

67. The intermittent temperature control circuit ie turned on as is the
steam line ‘solonoid switeh. After allowing about 15 minutes for equili-
brium to be established, the heat iaput is adjusted by means of the con- =
tinuous heaters and Allen Bradley Rheostat so as to give optimum control
conditions. The ice cages in ‘the chambor apo filled with chopped 1ce
{bascball size) and the canvas cover is placed QVer the full cagcs. Vhen
the subdbjoets onter the chamber for the exposure test, they are directed
to take thia cover off the cages and replenigh the lce which has melted
with two buckets of ice which they carry into the chamber with them. The
cover is left off during the pericd of the test.

Establishment of H Yngor Concentration

8. If a concentration of H vapor greater than 8 micrograme HfL is re-
quired, the volume of liquid H required for flash distillation into the
chamber is determined from the working curve (Plate 21). This amount of
H is then run from the burette into the distillatién flask and swept
into the chamber with air at 40 liters/min.

i
69. If the concentration of H vapor required is less than 8 micrograms/L,
the time and ontimum flow rate for operation of the bead saturator is de-
termined from the working curve (Plate 23). Air is then run through the
saturator into the chamber at this rate for the determined period of time.
As soon as the passage of vapor into the chamber is started, the red
signal light is turned on.

Analysis of H Vepor Concentration

70. Analyses of air from the chamber using the Northrop apparatus are
started at tho same time as the H ig introduced into the chamber and are
continued throughout the period of the test., As soon as thesc analyses
indicate that the desired concentration of H vapor has been established,
the subjects enter tho chamber. At thie time chamber air is drawn inte
the Vigreaux bubblers used for collecting the sample to be analyzed by

the Hydrolyeis Method. Thie sample is collected for the entire perlod of
the test and analyzed at the conclusion. o

Maintenance of H Vapor Concentration

?1. Maintenance of the desired H vapor concentration during the tcst ls
accomplished by one of the meothods proviously described.
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Bxhausting of the Chan bor
72. At the conclusion of the chamber tost, the 1id covering the exhaust
blower duct is romoved by onc of the subjects and, aftor the sudjects
have left the chamber, the exhaust blower is tirned.on and run for twe
hours. “ .

¥inal Operations " e

73, The lights, eireculating fen, oll bath- heaters, Brown potentiometer,
Northrop Analyser, interzgittent and continuous heaters, steam line and
red signal 1light are turﬂed\, off, The overnight stcam radiater is turned
on and the chamber left until the next test. '

Log of Typical Chamber Test

74, Tadle XI shows & commlete record of the ﬁata’obtained in a typical
chamber test. In addition,: Plates 28 and 29 show the temmerature and
humidity roecord es well as the analytical&&gonord for this test.

TABLE XI

DATA FOR TYPICAL CHAMBER TZST (TEST NO. 36)

1. 10 men in the chamder; 5 clothed in standard §-145 water dispersion
impregneated clothing; 5 clothed in standard S-145 tetrachléroethane
impregnated clothing.

2. Desired concentration = 20,0 YH/L for one hour, (67=1200) .

3. l.2 ml. H flask distilled into the chamber to establish the concen-
tration, and flash distillatien used for maintaining the concentration.

e

Standardization of Brs Solution vith Standard Thiodiglycol Sclution
(1.0 ml., TDG Solution = 88.0 wH) ‘

Min. (from drum recorder) > 88.0 ¥H

0.86 0.85 0.84 086 0.86
0.89 0.83 0.85 0.90 . 0.83 Average 0,857
Blank
0.06 0.06 0.07 0.07 Average 0,065
YH/min., = 88,0 = 111,2
(0.857-0.065)
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TABLE XI (Cont'd)

At 200 ml./min. sampling rate:

YE/L = 111,2 x Titration Tine
g 0.200 x Collection Time

“or

Titration Time {

‘ " Analysls of B Vapor from Chamber !

. Time Tiﬁration Time (min.) Collection Time XHYLW H Added

_(Blank Subtracted) (Min.) i ‘ (ml,)
1308 0.00 » 0.00 0.0 1,2
1314 .0.12 4.19 15.9 -
1319 0.20 ‘ 4,27 26.5 -
1323 0.19 4,26 24.8 -
1328 0.17 \‘ 4,24 22.3 -
1333 0.15 . % 4.22 19.8 0.5
1334 Men entered the chamber
1337 0,15 4.22 S0 19,8 0.4
1342 0.16 4.23 21.0 0.4
1347 0.15 4.23 19.7 0.4
1351 0.15 4.22 19.8 0.4
1356 0.15 4.22 1g.8 0.5
1401 0.14 4,21 18,5 0.5
1406 0.15 4.22 19.8 0.5
1410 0.17 4 24 22.3 0.4
1415 0.17 4.24 ' 32.3 0.4
1420 0.17 4.24 22,3 0.3
1425 0.15 4.22 19.8 0.4
1433 0.16 4.23 21.0 -
1434 Men left the chember
Summary
Concentration H Vapor (¥H/1)
Average = 20.4 Maximum = 22.3 Minimum - 18.5
Average Deviation from mean = 2 1.0
Temperature {°F)
Average = 89.6  Maximug = 90.7  Minimum = 88.5
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TABIXY XI (Cent'd)
li

H

Summary
Relative Humidity
Averagzo = 6% Maximum = 71% Minihum = 63%
cr
Actual CT = (60 x 20.4) = 1224

II. INITIAL TESTS OF WAVY ISSUE PROTECTIVE CLOTHING AGAINST
‘ H VAPOR ’

SUBJECTS

75. There has never besn any difficulty in getting voluntoers for the
oxperiments despite tho fact that only two inducemente were offercd:
i.e., loave and libdecrty--change of seceénery. Howover, thoese facts de~
finitely support tho assumtion that leave and new surroundings are
st111l uppermost on the averazo eallor's nriority list. Finaneial re-
munorations, whilch geem to play an important part in the rewards of-
fered to volunteers in other countries, i.e., Fngland, Cannda, Australla,
ete., have never been considered by us nor asked for by the men,

76+ It has been impressed on the men that they are not "zuinea pigs'.
They are told that they are expected to uss their heads as well as their
bodles; and if they do not understand anything to ask questions, these
questions being answered in & simple and non-technical languace,

77. During their stay at this activity, which varles from one to four
weeks, the men pick up an emazing amount of sas warfare fundamentols
and, 1f this is supplemented dy a moderate amount of instruction, they
leave with a basic amount of knowledze of defensive ;as warfare which
should be gufficlent for the duties required of an enlisted man in the
Navy Defensive (Gas Warfare Prosram. The fact that has been most abvious
throughout these experiments 1s that when the men first desin the work
they should not be told too much. If they are, it sets up a fear re-
action that remains for varying lengths of time and definitely affects
their "virgin® runs in the chamber, and, occasionally, requires a re-
moval from the chamber before the run is completed. However, after the
first two runs in the ehamber, the men beceme vetcrans and ean de told
almost anything without affecting their morale.

9B. The men take any resulting cmsualty extremcly well. Even the hospi-

tal cases, who, on a few occasions, were incapacitated for a month or so,
were not uoeet and even volunteered for further trials.
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79. Occasionally there have bteen individuals or groups who did not coop-
erste fully. A short explanatory talk, and, if necessary, a slight ver-
bal Pdreesing down® has alweys proven. suceesaful. There has not been &
single inatance in which a man has refused te enter the gms chamber. Our
opinion is that the men who have come through this progran are.much better
equipped both mentally and physicelly to withetand gas warfare if and when
it comes.

Physical Exanmination and Requirements

80, Emphagis must bo placed on physical fitness. If not, the cxperiments
are deromod to fallure due to inability of the man to remain in the suits
and masks and perform effeatively whan oxpesed to tho high terperajure and
humidity of the chamber. The so-called false positive roadings, duwe to
physical unfitness, such as conjunctivitis, laryngitis, nausen, shock,
stc., can easily be migtaken as gas rmanifestatlons. Anothor common symp-
tom, headache, may be attributed to the tight mack straps, ote., whon it
is actunlly duve to a systomic condition not caused by the charber. In
thls connection, it may also de sald that it 1ls impossidle to give the

mon libverty during a regular serles of experiments and expect them to Dde
in gyod physical condition the next morning; there mlways are a few that
inbide too freely snd stay ashore too late to be in good condifion for

the experiments the next day. Because of the above conditlons), a thor-
ough physical examination is performed by the Medical Officer, particular
attention being paid to the parta of the body most liable to be affected
by the gas, 1.e., the skin, eyes, genitalia, throat, etc. Many abnor-
malities are noted and also dbrought to the man's attention before he
enters the chamber. This prevents false interpretations by both the ex-
aminer and the men.

8l. As a supplement to the actunl physical examination complete blood
counts, urinalysls, and temeratures are taken; the work being done dy
qualified laboratory technielans. Blood counts are repeated after a
ocumulative CT of 4800. The history of cach man 1s driefly chegked by the
Medical Officer, emphasis bolng placcd on asthma, sllorgy, hay fever, skin
diseases, otc., At this time, a quick peychological impression is also
obtained.

82. Upper resplratory infections are the most common disabling factors,
and if objective symptons are prosent, the men is not sent into the gas
charmber. Immediate troatment is insetituted and it is usually possible to
uge the man in a later cxperiment. This procedure also applied to any
othor minor physical disability.

83, No man 1s sent into the chambor without the Modical Officer's ap-
proval. Occasionally, at this point, malingerers and psychoneurotics
are dlscovored. Thoso cases have all been handled so far by minimizing
their symptoms and then sonding them into the chamber.
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GENERAL PROCEDURE FOR CHAMPER TESTS
84. Each man exposed in the chamber wes equipped with the following:

a) Navy diaphragm mesks, Mark III,

b) Imoregnated Arnzen protective sults.

¢) Standard Navy underwear (unimpregnated).

d) Impregnated cotton socks and imoregnated elbow lensth
wool gloves. -

o) Overahoes (Arctics).

f) Protective ointment for face and neck.

g) Impregnated undershorts for exposure to (T's above 1000.
(Heavy cotton rib-knit underwear cut off at knee and rolled
to give gas-tight fit.)

85. The impregnated Arnzen protective sults used in these tests were of
three types.

a) Water suspension — Impregnated in a Navy Portablo Plant with a
water suspension at room temperature using the followin
formula: 100 §-145/75 CP/25 Zn0/3.75 PVA/0.75 Daxad 11/0.18
Duponol ME/Q Pigment, with enovgh water added to give a2 bath
containing approximately 10% 5-145.

b) Solvent — Impregnated in a Navy M-1 Plant with a solution of
§-145 in tetrachloroethane at 55°C.

¢) Solvent + Zn0 - Impregnated in a Navy M-l Plant with a solution
of 5-145 in istrachlorccthane containing 15% 2n0 basad on the
woight of 5-145 at 35°C.

86. The physically fit men chosen for g glven test were instructed in
the wse of the gas mask and then checked with masks on in an atmosphere
‘containing 2 high concentration of a lachrymator (CN). This was done to
mako sure the masks fittod properly without leakage. The mon wore dun-
garees in this test to avold subsequent contamination of the chamber at-
mosphere.

87, The men then dressed in protective clothing under close supervision
to insure gos-tight seals at walst, face, ankles and wrists. Unimpreg-
nated underwear was put on first, then impregnated shorts, followed by
sult, sockse, arotics, ointment, gloves and mask, Protective ointment was
applied to the neck and faée extonding juet inside the edze of tho mask
fagepiece. A final inspection was made of masks and clothing just before
the men entered tho chamber.

88. Before coch chambor test, qualified nersons wore required to sign a
log attesting to the satisfactory condition of the following: (a) canisters,
(v) active chlorine content of clothing, (e} concentration of agent in the
chamber, (d) physical condition of the men, (e) proper adjustment of pro-
teotive clothing and masks.
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89. The men entered the chamber through the antechamber in groups of
five. . The chamber wes operated under conditions considered average for
the tropics, namely, 90°F, 65% Relative Humidity (R.K.).

90. Continuous visusl and audio communication was meintained between
the officer in charge and the men in the chamber. Every five minutes
each man was required to move to 2 position on the opposite side of the
chasber, otherwise they were permitted to move about at will, The time
of sach exposure was one hour, after which the men left ths chamber and
remained in the open five minutes to aerate their clothing and then re-
moved their masks and gloves. The clothing was worn an additional four
hours, outdoors in the shade on warm days and in a room at 75-80°F on
e¢old days. Durinz this time the men were not exercised but were allowed
ta move about freely.

91. OClothing was removed and the meén were examined immediately and at
subsequent twenty-four hour intervels, the areas most vulnerable to H
vepor being closely checked. The faco and neck were examined for evi-
dences of ointment irritation.

EXPERIMENTAL RESULTS

Test No, 1 - Irritancy of Impregnated Arnzen Sults

92. In order to determine the irritancy of the Protective Clothing un-
der sovere conditions, ten men with full equipment wero subjoctoed to a
temperature of 96°F and 81% R.H, in tho chamber for omse hour. Five of
the men wore Arnzen sults imprognated with S-145 by the wator sueponsdon
process, and the other five men wore Arnzen sulés impregnated by the
solvent process (without Zn0). 8~461 Protective Ointmont (15% O1%) was
applied to the neck and face at tho edges of the mask before the test.
The results are swamarized in Table XII. The outside temperature woe
90°F and the R,H. was 374,

CONFIDENTIAL ~ B85 ~




TABLE XII

IRRITANCY OF PROTECTIVE SUITS

Phyeisal Examination

Impresnation, ‘ 0 hre. 24 hre.
Solvent 0 nez. .. B'pes. . 4 nez. 1 pos.
~ - 2 cases of mild conjune- v 1 ¢ase of mild erythema
tivitie; . . of dback.
3 cases of erythema of face;
4 cases of erythemi ‘of body
or limbs, ‘
Water O-neg.. 5 pos. 3 neg. 2 pos.
Suspension 1 case of -mlld eonjunc - 1 case of desquamation
tivitisg; of face;
3 cases of erythema of face 1 case of mild erythema
or neck; i . of back.
3 cases of erythema of body
or limbs

93. A considerable nunber of the imnedifite positive reactions obtained
in this test were due to the oindsent! The othsrs wers due to the cloth~
ing and/or high temperntures. With the exception of two cases they were
only of a transient churscter. There was no signifidhnt difforence be-
tween the two types of sults. S '

Tegt No. 2 ~ Exposures to H Vapor with Incrensings CT

94. To determine the offects of different CT valuee ot which protected
men might be exposed, and the optimum CT for chmamber exposures, o screon-
ing scrlcs wes run on the three different typos of B-145 impregnated
clothing, namely, water suspoension, solvent, and solvent + Zn0, This
gerios was begun with a low CT which was increased in subscquent expo-
sures up %0 3500. TFive nen in each growp with complete nrotcctive eloth-
ing including $-461 Protective Olntment werc exposed to H vapor in the
standard mannor for ona hour. The water suspension and solvent groups
were run together, the solvent + ZnQ soparately. The results aro sum-
marized in Tables XIII to XV for the 48-hour rcading unless spocified
othorwise. Samples wore taken for active chlorino analysis from widely
soparated areas of an averngo of two sults out of each group of five
aftor each exposure. Now suits worc used for each exposure and now men
ap indicatod. The results do not include ointmont irritation.
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" TABLE XIII

PXPOSURES TO E VAPOR WITH INCREASING CT -
WATER SUSPENSION IMPREGNATION

. Conditions Conditiens (1% Analysis ‘ New

in Chamber Outside  mg.Cl%/cm. Results (48  Men
_0_2\\ YE/L T R I RH - before after neg. poe. hrs.) Used
190 3.2 90 73 20 40 .63 .57 5 0 5
300 5,0 89 &5 91 44 63 .64 5 0 3
490 8.1 90 654 87 48 .83 .55 4 1 0
840 10.7 90 64 77 59" .63 .53 5 0 (24hrs.) 5
850 14,1 90 63 89 4 66 .62 5 0 B
990 16,5 90 6 90 50 .66 .62 3 2 0
1260 21.0 91 66 80 68 .63 .58 3 2 . 5
1510 25.2 91 60 76 53 .67 73 4 1 (24hrs.) 5
1730 28.8 90 70 83 55 73 73 2 3 1
2030 33.8 90 65 "3 52 .55 .51 2 2 (24hrs.) 4
2220 37.0 90 65 Bl 57 .61 .60 2 2 4
2600 4.4 90 65 87 40 .55 .53 1 3 (24hrs.) 4

ABLE XIV
EXPOSUR? TO H VAPOR WITH INCRBASING OT -
SOLVENT IMPREGNATION

Conditions Conditions C1* Analysés New

in Chamber Outside mg.C1%/cm. Results (48 Men
ok YH/L T RH T RH  before after nez. pos. hrs.) Used
190 3.2 90 Vi 90 40 .42 .41 5 0 5
300 5.0 89 85 91 44 .42 .37 8 0 5
490 8,1 90 64 87 48 .42 .38 2 3 1
640 10.7 90 54 il 59 W42 .38 5 0 (24hrs.) &
850 14.1 90 63 89 41 .42 .38 5 0 5
990 16.5 90 66 90 50 .42 37 2 3 0
1260 21,0 91 66 80 68 .42 .39 5 0 5
1510 25.2 91 60 76 53 .42 .42 5 0 (24hrs.) 5
1730 28,8 90 70 83 ' 55 ,42 .39 z 2 0
2030 3%.8 90 65 73 52 .37 .32 3 1 (24hrs.) 4
2220 37.0 90 65 81 57 .35 .30 2 2 : 4
2600 43,4 80 65 a7 40 .35 .32 3 1 (24hrs.) 4
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TABLE XV

IXPOSURES TO H VAPOR WITH INCREASING CT
SOLVENT + 20 .IMPREGNATION

Canditions Oonditions Cl"”Analysgs : Yew
in Chamber Outeide  mg.C1%/em, Results (48 Men
or YH/L T RH T RH  before after neg. pos. hrs) Used

—_— - — — et

90 65 78 - B9 4 +40

490 8.2 ‘ 5 -0 (24nrs) 5

1120 18.7 90 65 73 63 V) .39 4 1 5

1540 25.7 90 65 65 37 44 .28 1 4 0 (2nd=xp.)
2000 33.4 90 65 70 43 44 0 .89 0 5 (24hrs) O "
2480 41.4 90 65 78 52 .44 .38 3 2 0 (3rdBxp.)

95. Positive reactions were usvally obtained when the men in the test had
been exposed twice or more, indicating $hat there is a slight leakage
through the suite which is cumulative in 1ts action so that it gradually
builds up from & sub-clinical to a clinical burn. For the most part these
positive reactions consisted of a questiomable to a mild erythema of the
dorsal thorax which was accentuated by the lack of erythema under the
crossed shoulder straps and/or of the shoulders and upper srms. Since im-
pregnated undershorts were worn at CT's abeve 1000, no evidences of reaction
were observed on the genlitals or inguenal region.

96. On the average, there was a definite loss of act;ve_ohlorine in a suit
during ecach exposure. However, thie loss is too slight (being within ex-
perimental error) to show o definite relationship to the concentration of
H vapor. '

97. It can be coneluded that all three types of suits, when new, glve ade-
quate protection for at leasst one exposure at any CT covered by thls series
of tests.

Test No, 3 — Reprated Exposures to H Vapor at CT 1200

98. A sorics of tests (still in progress) is being corried out in an of-
fort to determine how many exposures to H vapor each of the three differ-
ent types of S$-145 impregnated clothing, namely, water suspension, solvent
and solvent + Zn0 will stand beforo "breaking" (that point at whioh a pre-
viously unexpoged subjcet will show a positive recaction after his first
exposure in the suit at CT 1200). TFive men in each group, for each type

of impregnated clothing, including imnregnated underzhorts, and at first
5~461 and then 5-330 Protective Ointment, were exposed to K vapor in the
standard manner for one hour. Tho chamber conditions were 90 + 1°F and

66 4+ 3% R.H. Thc water suspension and solvent groups were run together,
the solvent + Zn0 soparately, The rcsults are summarized in Tables XVI to
XVIII for the 24-hour reading unlesg spocified otherwisc. The samo suits,
without laundering, worc used throughout the series and the total number of
exposures for each man are indicated. The positive reactions for each test
are marked with an asterisk. From three to five tests were run each week,
The results do not include ointment irritstion.
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99, The value CT 1200 was choeen for this srieas because this represents
a CT approximately twice the average maximum practical CT obtained-in
field trials in Australia. This fact has Yeen confirmed by the Canadians
-and British, Therefore, each expagure in the chamber should be more
gevere than a single exposure in the field.

. 100. Since the suits used in tris series were exposed repeatedly, samples.
for active chlorine analysls were normally taken from the outer layer of
the pockets and only cccasionally from the arms or back or thighs.

Usually samples were taken from two suits in each groun. Due to uneven-
ness of impregnation, especially around the pookets, the acitive chlorine
analyses appear to be scmewhat erratic, but the general trend downwards

is quite obvious.

101. In the earlier part of this series (up to about exposure No. 18 for
the water suspension and solvent grcups, and No. 9 for the solvent + Zn0
suits), for the most nart the poeltive reactions eonsisted of a question-
able to mild erythems of the dorsal thorax which was accentuated by the
lack of erythems under the shoulder straps and/or of the shoulders and up--
per arms. These mild reactions resulted vsuvally when the previous number
of exposures was small. These reactions were so mild that in a number of
cases they disoppeared oven though the subjects received further exposures.
Howoevor, it is to be noted again that tho offocts of leaksge are cumulative
slnce most of the positive reactions escurrcd after severnl exposures on
the same subject.

102. After about the 15th exposure, the reactlons bocamo more pronounced.

In exposure No. 17, four of the men in the water suspension impregnated
sults developed moderate erythemas indicating that these sults were anproach-
ing the "break-point". Accordingly, they were withdrawn from exposure No.

18 until new men were available., When these four sults were run on new men
(o, 18A) only two mild reactions occurred. On the next expooure {No. 194)
on the same men, moderate to severe reactions occurred. In the solvent im-
pregnated series, the posltive remotions in exposures No. 19 and 20 (first
and second exposures) were all mild. In exposure No. 21 (third exposure)

all reactlons were moderate to severe erythema.

103. ZXight days after exposure No, 15, two men from the water suspension
group and four men from the eolvent group had reactions varying from a
moderate erythemn to vesicatién. This delayed action, which had not been
observed previously, occurred mostly on the inmner surfaces of the slbows and
knees and above the ankles.

104. ZPEight days after exposure Mo, 3 in the solvent + Zn0 group, all four
men were well pigmonted in the arezs that had been burned and did not show
any delayed reactions as in the other two grouns.

106. No evidences of reaction were observed on the genitals or inguenal

rogion after any of the tests since impregnated undershorts were worn in
addition to the suits.
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106. The lenksge shown by these three types of suits inoreases with
the number of exposures. This is shown in Table XIX wheré the values
given are the averages for the total number of times one subject can dbe
exposed without giving a posltive reaction.

TABLE XIX

AVERAGE NUMBER OF EXPOSURES TOLFRATED BY ONE SUBJECT
EEFORE A POSITIVE REACTION RESULTS

After Suit _ Subject Exposure
Exposure No. Water Suspénsion Solvent Solvent + Zn0
1 2.6 2.6 0.8 (1)
4 2.0
8 0.6
9 1.0 1.2
13 0.8 1.2
16 0.6 1.4
18 0.4
19 0.8

107. I+ can be seen from the table that when the sults are new, two to
three exposures are tolersted befors the cumulative leakage 1s enough
to produce a positive reaction, whereas after a suit has been exposed
repeatedly, the leakage is great enough so that only one exposure may
produce a positive reactlon.

OINTMENT IRRITATION

108. As a safety precavtion asainst leaks around the hoods, all men ex-
posed in the chambor had Protective Olntment applicd to the facce under
the edges of the mask, on and around tho ears, and on the neck. Although
the masks were worn for only one hour during the actunl exposure, the
olntment was not removed until the men undressed four hours later. In
tho oarly nart of the tests S~461 Protective Ointment (10% C1%) was usod,
but when the men wore subjected %o more then one sxposure, its usc had
to be discontinued due to oxcessive irritation on remcated applications.
It was replaced by 8-330 Protoctive Ointment (10% C1+) which has boen
used in all subsequent tests. Tho visible reosulte of ointment irrita-
tion are summarized in Table XX. It is to be noted fromthe table that
many cases of irritation had disappeared after 24 hours,
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TABLE XX

OINTMENT IRRITATION

S-461 Ointment o 5330 Ointment

Yo. of : Irritation o Yrritation
Aoplice~- Total No. On removing 24 hrs. Totel No. On removing ° 24 hrs,
tiong of men _ointment later of men ointment later

1 88 36 20 a7 10 1

2 26 14 12 72 14 b

3 1 1 1 -4 4 0

4 - .- - 22 6 2

5 - - - 7 1 1

6 - - - 2 0 0

7 - - - 1 1 0

109. The ointwuent irritstion consisted for the most part of erythema at
the edges of the face which was in contact with the mask, A few cases pro-
gressed to superflclal desquamation similar to peeling after a mild sunburn.
Two other common reactions were erythema of the neck and a laceration or
maceration just under the ear lobes due to the rudbbing in of ths ointment
by the lowest harness straps of the masks. In the case of §-461 Protectlive
Ointment, the men usually complained of a strong burning sensation akin to
that resulting from s severe sunburn or the use of a strong after-shave
lotion even when there was no visible evidence of irritation. Only occa=
slonal comnlaints were heard from men using 3-330 Protective Ointment. The
irritation caused by the 5-461 was much more severe than that caused by the
B5x330 Protective Ointment.

110. Perhaps the best demonstration of the difference in irritancy between
8-461 and §-330 Protective Ointments was shown in a serles of exposures in
which five men having definite irritations fromtwo to three applications of
8-461 Protective Ointment and who could not have tolerated further applica-
tions, were able to continue the serieg of six to eight exposures using
§-330 Protective Ointment even though the S-330 Protective Ointment waes ap-
Plied directly on the places that were irritated by §-461 Protective Oint-
ment. Actually, after five total applicatlons, one man had completely
cleared up and two men had cleared up after six total avplications. The
other two men still had remains of the original irritation after the eixth
application.

GAS MASKS BREAKS

111. The masks used in the earlier {ests were the standard Navy Diaphragm
masks, Mark IIT, These masks were tested for absorbed H periodically after
every two to four exposures, using the "Spotted Dick" ($-328 Congo Red)
paper at 35°C. In all cases nogative tests were obtained. However, after
about 12-15 oxposurcs on each mask, marked physiological reactions consist-
ing mainly of moderate cases of laryngitis, conjunctivitis and erythema with

COMFIDENTIAL - 34 ~




pronounced plgmentation of the face ‘began to appear showing that H vapor
had penetrated At some point. The breaks were dus to K absorbed in the
rubbor of the face-plecea and connooting rudbber hose tubcs. This was
demonstrated by drawing 2 sample of air through the connecting hosc tubes
and a DB3-silica gel tube, followed by developmont of the DBB tube. A
atrongly positive teet was obtained.

112. - These masks were-decontaminatod by acration on a line outdeors.

" After one month of weathoring, a faintly positive B3 test was obtained
“on half the mask connceting hose tubes tested, and tho other half giv-
ing a negative tost. In thls test alr was drawn through the connecting
hose and DB3 tube for one hour at the rate of 5O ml./min.

113. The area of oxposcd rubber in the hose connecting tubos is much
largcr than that of the face-pleeo, which in these tosts is partially
covered by the hood. Thirofore, the larger part of the F vapor causing
positive reactions 1s desorbed from the rubber of the hoscs, In order

to increase tho offective life of the masks usod in thesoc tests, the con~
necting hosos of othor magks woro encased in $-145 impregnated cloth.
slecoveg. Thus the only exposod mart of tho magks was the coentral part

of tho facc—pioges not covered by the hood. Scveral of thesc ‘masks havo
becn through sixteon cxposurcs with no signs of a break,

SCRETNING TEST ON CT'S REQUIRED FOR BURNS ON BARE SXIN

114. A serooning test was run in tho chamber on tho COT's required to
glve a man a burn on an unprotected area of the skin of the veniral sur-
face of the forearm. Some of these tests were run along with another
type of test so that quite & number of the men uesed had had previous ex—
posures in the chamber and may have been slightly sensitized. It must
therefore be emphasized that the results are useful only as a screen for
further tests.

115. The procedure followed was to cut a hole about 3/4 to 1 inch in
dlameter through the gléve and sleeve in the center of the ventral side
of the forearm. A very short glass tube, 1/2 inch high and 3/4 inch inner
diameter, having a 1/2 inch flat flange on the bottom, was placed through
the hole, the flange being next to the skin to prevent trauma and leskage.
The garments were then taped dovm tightly around the arm.. However, in a
few instances there was a slight slippage so that the samo area of the
skin did not receilve the full exposure. With prcper precautions, however,
the method has been found satisfactory for this type of test. The men,
otherwise completely protected, were exposed in the stondard manner in
the chamber. The results for the 24-hour reading and the number of pre-
vious exposures in the chamber for each man are given in Table XXI. The
chamber was operated at 90 + 1°F and 65 + I R.H.

CONFITENTIAL - 35 -




. RN * - \\I_ PR “.mn

TABLE XXI .
SOREENING TEST OF C'3 REQUIRED FOR BURNS ON BARE SKIN

Conditions

Exp. .
No. of K Time OQutgide Results Previous
Men 0T _y¥H/L (Min.) T RH (24 hrs.) Exposures
5 114 1.9 60 67 84 2 neg. 0
) 1E-7 4
2B~ 0,2
& 210 345 60 68 80 3 neg. 3
1E-~ 3
1E+ 3
5 300 b.0 60 71 75 1B-% 1
' 2B- 1
2B 3,6
3] 414 6.9 60 67 72 1E-% 4
2B~ 4
1B 4
124 4
5 594 9.9 60 63 69 45— 6,5,6,6
1B+ 5
5] 786 13,1 60 66 57 1E- 7
1E 6
3L+ 6,6.7
4 804 13,4 60 B0 93 28 0
' bt A 0
4 996 16.6 80 53 92 B 0
B+ 0
1 1015 33.8 30 73 52 E+ 0
(V in 48 hre,)
7 2030 33.8 60 73 52 v 0
Legend: B~? = trace
G+ = mild erythema
E = moderate orythema
E+ = papular erythema
v = vesicle
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116, The results obtai‘he"d in this test show a very definite trend
‘which 18 more obvious from the summarized table below (Table XXII), and
‘from Plate 30. In Plate 30, the following arbitrary values have been

asglgned: " E-? = 0.5, Be =1, B =2, B4 = 3, V = 4.

TABIE XXII
. Total No. Reaotions
¢ of men [} = B Es v
114 5 4 3
210 5 3 1 1
300 5 3 2
414 5 3 1 1
594 3 4 1
786 5 1 1 3
804 4 2 2
996 4 2 2
10156 1 1
2030 7 7
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SUMMARY AND CONOLUSIONS

0

1. A chamber for the exposure of human volunteers to the vapore of
chemical warfare agents has been built and ls in operation. The con-
struction is such that the temperature, relative humidity and concen-
tration of vapor of the chemical warfam agent can be controlled closely
over wide ranges. The design, calibration and operation of the chamber
ere described in detail. : :

2. The subjects used in the tests are volunteer enlisted personnsl whe '
have Just completed their bdasic training at the N,T.S., Bainbridge,
Maryland. The men are given a thorough physical and laboratory examina-
tion before exposure in the chamber, and only those found physically fit
are uged for the tests.

3. A preliminery test was run to determine the irritancy of 5-145 im-
pregnated Arnzen protective clothing. The subjects developed transient
erythema of the body and limdbs, when exposed to 96°F und 81% R.H, for one
hour, in both the water suspension and solvent type of lmpregnated suits.
There was no dgnificant difference between the two types, the erythema
bolng due to the irritant qualitles of the clothing and/er the high tem-
perature during exposure.

4, A serles of tests was run on the water $uspension, solvent and sol-
vent + Zn0 85~145 imprognated Arnzon suits in which fully clothed men
were exposed to H vapor at CT!'s ranging from 200 to 2500. At low CT's
{up to 1200), positive reactione conslsting of mild vrythoma of back,
shoulders or arms occurred only if a man recelved more than one oxposure.
At a CT above 1200 some poslitive roactions ocourred on g singlc exposure
but none were severe even at a CT of 2500. It was conclpded that now
sulte gave adequate protection for single oxposures at a CT up to 2500
and there was no significant difforcnce in the three types. Tho loss of
active chlorine in any of theso cxposurcs was too small to measure its
rolationghip to H vapor concentration.

5. A soricam of tosts is in progross on the three typos of sulte in which
fully clothed men have becn glven repoated cxposurecs to H vapor at a CT
of 1200 during one hour, followed by four hours wear of the elothing.

The same suits, without laundering, are being used throughout the scrios,
and the men are replaced after an overage of three to four exposuros.

The water suspension sults have been exposed nineteen times at a total

0T of 22,980, the selvent sults twenty-one times at a total CT of 28,460,
and the solvent 4 Zn0 sults nine times at a total CT of 11,050.

6. Tho tests have shown that there 1s a definite leakage of H vapor
through all the suits. When a men 1is exposed a sufficient number of times
with a short interval between exposures, & positive reaction results from
the cumilative effect of this leakage. The leaknge shown by these three
types of sults Ilncreases with the number of exposures. ‘
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7. For the most part the durns varied in degree from the mildest type
to moderate erythema with only ocoasional pevere erythema and veaica-
tion. The maJority of these burne reached their neak in 48-72 hours,
but there have been a few cases of delayed reactions in which the peak .
occurred 5-8 days after the last exposure. Burna of the dorsal thorax,
shoulders and arms predominated. The more sensitive areas of the body
414 not show the degree of erythema that was anticipated.

8. $-330 (10% 01+) Protective Ointment was far less irritating on
single and repeated applications than 5-461 (10% C1+).

9. After an average of 12-15 exposures in the charmber at a CT of 1200
each, the gas mesks absorbed enough H to cause srythems and pilgmentation
of the face and moderate conjunetivitis ard laryngitis. Other masks
having the hose connecting tubes covered by imprognated cloth sleeves
have not shown signs of a dbreask after 16 exposures.

RECOM ENDATIONS

1. None. The chamber tests are boing continued at high priority.
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PIATE 1

OUTSITE VIIW OF NRL GAS CHAMBER

A. Exhaust Duct

B. Door %o Exhaust Blower Comartment
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PLATE 3

OUTSIDE VILW OF NRL GAS CHAMEER

A,
B.
c.
D,
B,
F.

Porch

Ventllation Duct
Commmication Master Station
Observation Window

Red Signal Light

Emergency Speaking Tube
Ventilator

Antechamber

Door to Antechamber

Skylight Windows
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PLATE 3

INSIDE VIEW OF NRL GAS CHAMBER

A. Entrance from Antechamber
B. Emergency Speaking Tubé

8. Observation Window
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PLATE 4

INSIDE VIEW OF TIE NRL GAS CHAMBER

A,

B.

D.

Ice Cages
Drain Pan
Communication Station

Exhaust Blower Compartment
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A.

B.

F.

Gl

H.

K.

L

PLATE 5

frteornTdvwieis

INSIIE VIEW OF NRL GAS CHAMBER

Inlet from Flash Distillation Apnaratus
Inlet from Bead Saturator
Sampling Tubes

Dry Bulb" Thermocouple
et BulbL¥ Thermocouple
Circulating Fans
Intormittent Heaters
Continuous Heaters

Steam Radiator

Steam Line {(Humidification)
Hot und Cold YWater Lines

Vapor Proof Electrical Outlets
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A,
8.
C.
D.
E.
F.
G.
H.

TITRATION CELL
K450, BRIDGE
CALOMEL ELEGTRODE
METALLIC ELECTRODE
STIRRING MOCTOR
GALVANOMETER
POTENTIOMETER
BURETTE
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PLATE 16

COMTROL APPARATUS FOR NRL GAS CFALBER

A, "otoair" Air Pum
B, Allen-Bradley Carbon Pile Rheostut
C. 7.5 KJV.A. Variae

D. Brown Two-Point Record Control
Potentiomoter
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PIATE 17

APPARATUS FOR RSTABLISHIYG, AWALYZING
AND MATSTAINING GAS CONCINTRATIONS

I¥ NRL GAS CHAUBER

A. TPlagh Distillation Apnaratus

B. Northrop Analyzer

C. Recorder for Worthrup Analyzer

D. lietal Jncket Covering Bcad Saturntor

E, TFlow leter for Hydrolysis Sampler




PLATE 17

CONFIDENTIAL



A Tedrs

PLATE 187

3

NSDOSIIT Y FRTTRTTINVOTS

[T
S




o e an g 1 iy

.

e g e

'
-

) B

R (7 2

e







e e i el
[ORNREE i

S A

.

P B

LATION

e

NG
9

QL
N
R

AL

s o

2ET)

e

THEOR.




- Sries
. {r.:rz..\”:?, P
PR

H
e

e

L.

e

-

L e

i

| -

+

‘
T
e Lo e b

[T ST

® i
T R A Lt N L 1 | i

g

W

L)t

/ //}/)







A

Ve /AN T LAY Q& LY /
A A ‘ D N
A /
\ WS \
; J o Ay S v A\ 3 b 5
g X Ly kA R TN A o
\ DR LAY {w 0 ) /m W
A % b ¥ S \s y ‘, ,
\ 0 \ \ A MW.»; y
PR X ; AN
) TR W A : \
W WY TR

)
gt 075 2

bl A ot

%

Ty

b

AR

S \

N
s

AAARL SR

S AR
B (/H/Hbz

Ak

kR

Ai‘

ot

S\
34

PORNY

AR

, //1“ ./W.‘n

X .,.f.y,/m .m.,« k) | ‘.f,o.,,

T :ﬁuﬁ u.A,m
v BARAN AR

CRLERLARAN
TR
A

AR 4,‘
X ,,X 2

e
S

;f.ya (05

v

4y

%)

AR

LAY

BAEAN SERRNN Vi s
44,:,,1 44,..&./ Ly

BN BN W

bR R




i

VATED SUITS

AIPRE,

g

SETIT

AL
i

X

i -

b cie




L TR SOV PR DR

k&.‘\: l\

i

rildl

LAY AT
i
i i

hpi

H. W
W
i
NEAIASAS B

PR LT

v

severagiid

i g I R .
b i, il

Ao




= ‘:;e’;é:’i
=




// /w.w, ARG BN N t{.

X . .
& . /W,N AR NN AR
| . s RSN AN
ﬁ A y % ) X o . N

RS MY

X \ 3 o

/ AL A o 4304 ﬂﬁwn( u@c”nuz.w‘ d ..: ,,fa :

3 TR TR i =
ﬁ%ﬁ%y. 3 i a5k
kbt 3 1,. y o 5

J vv,\u,.

.. L. 7.5

. «a,./w, /f«m
RN

.«_N.f
L

0

.
L

\

W

i
4

i by oo
i

\
i

A
S
W\

xﬂd, N
AN /AV ; ¢ . u“\w\
A ; Tye v ¥ Y . iy
SRR AT
: ,Wf 7 iwxvﬁ Sl
Vi
3 )Y
ko4 ARisey
335 4ot |
i 43¢
¥ [AeELLy
e T
4 PALAREA ¥
Ly LT ¥ ) 3349147
sy : SR o
e 1 ¥ -
ity 4 il
g : 1 4 yaRa 64
zeSEEaL) iy hititry
el 1 e pehdsi by
g 1341 v, vy ity
T [ya o3y pnadngus
JLit) 2 i
ek el :vww. 3 i8]
Spaiududnd " + < ¥4
.ri.,iq LiiF +
ik e b :
-+ ,
Pt b
hEE B N ] ;
L34 134 -t
bt 404 i Ie
ERRGRN 4 B
i Etit :
3 N T
IR ; :
et . ﬂ ‘
the blpbrditig ¥
exbésipbiales ‘ .
e RRE ] = VY
L BRESRIEIG! r] :
v, 1
phy i 1 ;
ZF ok 'e {4 :* .ﬁ.? ,
5NL m}. ™ vJ . t M.. RS Y :M
A A R SRR : i .
SRRt o R i
1 71T
L&Y y % VELNION.
T v v by e i
Cefal P s e y.
e i
g . : S, Lt
PRV S TR SO SR, 10 daks .4/,
AT KA
. _ : N T R T e R A L S LS P . .




H P
o :
! B :
t 1
: H
i
:

uced From

Reprod
Best Available CopY




e eadAARa

s e e d

—————— L A

Coada i

H

TR - R SO S

3
P

o

.QA :

P
§
I

3...

il £ oot LR PRSP

IS

i B S
] N T 1
13

vu_m :
Ht .
e

R ; "‘;“ I"—‘." L‘z H

‘--—-—~:’ — -
PRP IR

st iy v
Ia o-‘ :
i L

1,

hi

oy

‘4 ‘:

(MY
li N

‘-1
e

WS i &

ﬂh
T,
- “! ﬁ..
| .M
4 [, t
1
% | 3
!
e .fv s
S RTA
il
-y
_ !
PR T
\AAL?A PR 5 '!.L.\.’LVOk
4
i Auas et ot R
I

SalDITPCRR S0 SISO




.t m‘“‘*"“

‘ : gt + - At * ’ T ]
s s Sk e s s L S T R R sypy s o B Y

B s £ i . ;

» t ot - f e < .jd 3

i, | ;WD o SO '
i - TN T e e :

[ " Y S 2
X T eyl e

;

I T s g

SRR R - o ——
SN R O Chamber Runs 35-45
- T (eQubllams 102395

Reproduced From
t Available Copy




A g b . . 4 4 Al A rkAnad oy st
DI WA N @ . : 2 . P VWP
A b A : h A X TN v

A%,

Ly : ;
AL vhns et ’ N

CRSRTYER A
3 ,ds.ir; 3 ) y s

AR

Sl .
3L AR A kY
A R U AR R N a e AR s

¢ )
RECIVTRNE Trete Y114

FAE SENCWI R Y .,,w{» w

g .;7;,:;,:/

: RN

AR VRN ! R P,
RVE NP ETRIE
i 3 |t 4t 8 i Dy b yim, i s

- R Anew ,

I
R

e X 4! . A A -
R g AALAY. i -~ e .ﬂai»_f“}m.r)fww.; -
PR ENRAAVER W SHURY. Y S 4&» ) /%,‘,ﬁww <
,: s stinind A A

Reproduced From
Best Available Copy

3

A RRAN

it it

i

iy SRy vy
&q&o.’.ﬁ)}?:ﬂi)’.‘u _ay
Thagh etk ;

TR R LY A S e R T L TN




i
.
% \1. i,

i \wﬁ
..h\&\@\&%

i
?

)

r

2 Sy W) €7

AR A B R [

i

% Set

-
!

4 el

R

SEExnb e

Wgloi!

bl ieads . .
' FIPUPPRRRL LY EORRRAAAPR I - PRIR ] = '
B 4 Pad , F S \ i ' B '
? ] 7 \V.U v \N ' / co D &
~, : .\\WﬁQ \\Q\ \N\v .\\N . ,»L\ ; v L h “ *
L . . . wl ) . : . ‘ ) o :
(AR PSSP . (Y,
. (1)
L4
v .
... 3 ) . .\ma. } '
. TR T A R e g R AT 4l e Y o




UNCLASSIFIED

UNCLASSIFIED



