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ASSAYS FOR SULFUR MUSTARD AND LEWISITE IN SESAME OiL

D.RKalkwarf

Methods were developed for the assay of elther sulfur mustard or lewisite
in sesame oll by gas chromatography, using a capfliary column and flame-
jonization detection. The method for sulfur mustard can be used at
concentrations as low as 0.01 mg/mlL, whereas the method for lewisite
can be used at concentrations as low as 0.01 mg/mL.

The gas-chromatographic assay of sulfur mustard in sesame oil was

complicated by the high boiling peints of some components in sesame oil.

As a result, the temperature of the caplllary-column inlet had to be

maintained at 200° C and the following temperature program was used:
80° C, 5min; (5°/min} to 140° C; (20°/min) to 300°, 300° C, 20min

The procedure consisted of diluting 0.500mL of sample with 0.500mL of
18.7ng/ul. 2,4-dichlerotoluene (DCT) in isooctane, contained in a 1.5-mL
automatic sampler vial with a Teflon-lined crimped-top cap. The DCT wags
used as an internal standard for the assay. A Hewlett-Packard 5840A gas
chromatograph and 7672A automatic sample changer were used with a J &
w DE-5 column.

Using this method, samples were analyzed {mmediately after preparation
and after storage in a refigerator for time periods of up to 31 days. Less
than 10% of the sulfur mustard was found to have decomposed during those

{ime periods.

The gas-chromatographic assay of lewisite was further complicated by its
low decomposition temperature, 190° C. The problem was to find
conditions that would allow the sesame ofl to migrate through the column
without decomposing the lewisite on the way. No direct way was found;
however, it was found that lewisite could be derfvatized in sesame ofl by
addition of 2-mercaptoethano} (2-ME) at room temperature. This reaction

can be written:

CICH=CHASCL, + 2 HSCH,CH,0H ~=>= CICH=CHAS(SCH,CH,OH), + 2HC]

The product of this reaction proved to be so stable that the same
column-injection temperature and temperature program as in the
sulfur-mustard assay could be wused The sSame chromatographic
instumentation and column were also used.
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The procedure consisted of diluting 0.500mL of sample with 0.500mL of a
solution containing 25ng of naphthalene and 5720 ng of 2-ME/ uL methanol
contained in a 1.5-mL automatic "'sampler vial with a Teflon-lined
crimped-top cap.The naphthalene was used as an internal standard for the
assay.

Using this method, samples were analyzed immediately after preparation
and-after storage in a refigerator for 8 days. Less than 10% of the lewisite
was found to have decomposed during that time perfod.



DEVELOPMENT OF A GAS-CHROMATOGRAPHIC ASSAY FOR LEWISITE

Purpose: To establiish conditions for assaging sesame-o0il solutions for
Lewisite {L) with the Hewlett-Packard S8404 gas chromatograph.

Procedure

On 860116, L Sasser prepared 3mL ef solution labeled CSM-2-85-HEX-1
containing 0.945mg/mL of L in hexane. This solutian was stored jin the
refrigerator of the CSH facility. On 860120, ! received 0.5ml of this selution
from M. Karagianes and treated it as follows. The 0.5ml was pipeted into s
1.5-mL sample-changer vial together with 0.5mL of 37.4ng/ul
2,4-dichlorstoluene {(DCT} in isooctape. The «vial was labeled
CSM-2-85-HEX- 14, and it contained 472ng/ul of L and 18.7ng/ul of DCT as an
internal standard. This soiution was used to prepare 3 further diluiions as
follows.

A 05-mL portion was diluted to 1.60mlL with 37.4ng/ul DCT and labeled
CSM-2-85-HEX-1B. 1t contained 236ng/ul of L and 0.5(37.4) +0.5{(18.7}=
28.0ng/ul of DCT.

A 250-ul portion of HEX-1A was diluted to 1.00mL with D.S5miL of
37.4ng/uL DCT and 250ub of hexane; and this solutien was labeled
CSM-2-85-HEX-1C. 1t contained 118ngiuL of L and O. 5{37.4)+0.25(18.7)=
23.4ng/ul of DCT.

A 0.125-mL portion of HEX-1A was diluted to 1.00ml with 0.SmL of
37.4ng/ul DCT end Q.375mlL of hexane; and this solution was labeled
CSM-2-85-HEX-1D. It contgined 5S9.0ng7ul of L and 0.5(37.4) =+
0,125(18.75)=21.1ng/ul of DCT.

The rest of solution CSM-2-85-HEX-14A was decontaminated by treatment
vith 2.5M HaDH.

The 3 dilutions of HEX-1A were analyzed with the Hewleti-Packard 58404
gas chromategraph using a 2B-m DB-1 capillary column with flame ionization
detector and the following temperature program: 100°C,1 min (5°/min) 200°C.
& Hewlett-Packard 76724 sample changer was also used.

Resuits

The assay results are listed below. They are based on gas-chromatographic
records (GCR's) filed in the Mustard Assay Book stored in Room 2DB, 329
Building. The chromatographic peak with a retention time of 8.6 min was
attributed to L, whereas the pesk with a retention time of 10.6 min wes
attributed to DCT. These results are summarized by the values for the relative
sensitivify of L with respect to OCT, S = (A ZApcp)(IDCT]ZIL]), where A

designaies peak areaz and [] designales concentrations. This sensitivity
appeared te decrease with decressing concentration.

Sample GCR [L] . focT] AL ApcT 5
{ng/ul) {ng7uL} <{counis} {counts)

HEX-1D HP-F134  59.0 21.1 174 4433 0.014

HEX-I1C HP-F135 118 23.4 1513 4917 g.061

HEX-1B HP-F136 236 28.0 51935 5628 g110



Date: January 8, 1987

To: Pat Hackell

From: Don Kalkwar{ ;%/
Information About theAdentity and Purity of the Lewisite Used in Your Study.

| understand that lewisite from fot CSM-2-85 was used in all of your
experiments. | measured the ultravioiet absorption specirum of that material
dissolved in iscoctane and concluced that it coniained lewisite and no other
uy-absorbing compound. The spectrum showed a strong absorption line at 215
nm with no other pronounced spectral feafures, as has been reported in the
literature(}+2)- The absorptivity of the material at 215 nm, which Probab!y
measurcs the number of vinyl groups. in sojution, was 0.036 ppm~'em~! This
value is close to that found by Mohier and Sorge,0.048 ppm"cm"(z) but less
than that reported by Rewick et al.t!). Since the latter authors were unable to
assay their lewisite by gas chromatography, they did not know what or how
many components were in their sample. The report by Mohler was not available
at PNL but has been requested from another library. Common impurities in
lewisite that would be expected {o absorb uv-1light are lewisile oxide and the
various cis-trans isomers of bis{2-chlorovinyljchloroarsine and
tris('2—chlor0vinyl)arsine(m. Since | did not have authentic samples of any of
these compounds, | can only conclude is that CSM-2-85 contained the same
substance or mixture of substances as the material examingd by Mohler and
Sarge.

| did analyze solutions of CSiM-2~85S by gas chromategraphy following
derivatization of the lewisite with 2-mercaptoethanol. The anly peaks observed
were due to the thiolated lewisite, the excess derivatizing agent and an infernal
standard compound, 1-chloronaphthalene, which we added to correct for
variations in the volumes injected on the chromatographic column. It is
doubtful, however, that lewisite oxide or the other common impurities would be
observed since they would not be expected to react with the derivatizing agent,
and probably share the instability at high {emperatures shown by lewisite
itself. The injection port of the gas ciiromatograph was run at 200°C
. which is 10 degrees higher {hat the decomposition temperature of jewisite.
| eoneluded that CSM-2-85 contains only lewisite with possibly some
heat-labile lewisile derivatives.

(1) Rewick, R.T., M.L.Schumacher and D.L.Haynes. 1986. “The UY
Absorpticn Specira of Chemical Agents and Simulants®. Appl.Spectrascopy
40:152-156.

{2) Mohler, H. and J.Sorge. 1939. “"Chemical Warfare iiaferials. XI1. Light
Abscrption by Mose and Throat, Lung and Skin Poisons In Ultraviolet of
Short Wave Length”. Helv.Chim Acta 22:235-2386.




(3) D.H.Resenblatt, T.A.Miller, J.C.Dacre, T.Muril and D_R.Cogley. 1975.

Problem Definition Studies on Potential Environmental Pollutants
Physical/Chemical Toxicological and Biclogical Properties of 16

Substances, AD AQ30428, Technical Report 7509, US Army Medical and
Bioengineering Research and Development Laboratory, Fort Dietrick,
Frederick, MD.



APPENDIX B

NECROPSY OBSERVATIONS



TABLE B1. OBSERVATIONS AT NECROPSY OF RATS IN THE
DOSE RANGE STUDY GF LEWISITER

LEWISITE  ANIMAL DAY OF NUMBER

_DOSE  NUMBFR HEQBQBSIh OF DOSES DBSERYATIONS
Yehicle 331 20 10 Pregnant; perforated lung®
356 20 10 Pregnant; no CL observed; one
implent detected by uterine stain®.
0.5 mg/kg 348 20 10 Pregnant; bileteral hydranephrosis
1.0 mg/kg 299 7 | No! pregnant ; esthenized for dyspnea;

backflaw noted during dosing; GIT filled
with gas and yellow fluid; PCODY - fung

2.0 mg/kg 339 9 4 Pregnant; euthanized far dyspnea;
pericardium filled with biood; GIT filled
with gas; PCOD - dosing trauma

347 12 6 Pregnant; died; GIT filled with gas, yellow
and bloody fluid; gastric inflammation
and edema; PCOD - lewisite toxicity

332 18 10 Pregnant; died; perforated esophagus;

PCOD - dosing trauma

2.5 mg/kg 317 7 2 Pregnant; euthanized for dyspnea;
beck flow noted during dosing; stomach
filled with gas; inflammation of gastric
mucosa and muscularis; PCOD - lung
dose

355 14 9 Pregnant; died; GIT filled with gas, yellow
and blood fluid; gastric inflammation and
focal hemorrhage; PCOD -~ lewisite

toxicity

329 16 9 Pregnant; died; GIT fitled with gas, yellow
and bloody fluid; PCOD - lewisite
toxicity

296 20 10 Pregrant; Tung lesion; GIT fitled with gas

272 20 10 Nat pregnant; small {~1 mm} gastric

ulcer; GIT filleqd with gas
3a11 other animals in the study were apparently normal at scheduled secrifice.
DDays from detection of copulation; scheduled sacrifice at 20 days
CData omitted from maternaj and fetal summaries
dprababe cause of death (PCOD)



TABLE B2. OBSERVATIONS AT NECROPSY OF RATS IN THE
TERATOLOGY. STUDY OF LEWISITE®

DOSE ANIMAL DAY OF NUMBER
_mg/kg NUMBER  NECROPSY®  OF DOSFS QBSERYATIONS

Yehicle 394 10 S Not pregnant, died; mottled lung,
eniarged heart and thymus, smal}
intestines filled with blood; PCODC ~
dosing trauma

Pregnant; cream~coiored mottiing of

median and right liver lobes

Pregnant, euthanized for dyspnes;

perforated esophagus, mottied iung, oil
in thorax; PCOD - dosing trauma

Pregnant, died; mottied lungs; other

organs are apparently normal; PCOD -
lung dose

o i L W e e AR W W ey e e i i N T R R W e mm p e Ak ke s L e S W

Not pregnant; bilateral hydronephrosis

9A11 other animats in the study were apparently normal at scheduled sacrifice.
t'Days from detection of copulation; scheduied sacrifice at 20 days
CPrabable cause of death {(PCOD)



TABLE B3. OBSERVATIONS AT-NECROPSY OF RABBITS IN THE
DOSE RANGE STUDY OF LEWISITE

DOSE ANIMAL

Yehicle 499
515
521

597

OAY COF
mg/kg NUMBER  DEATH?

30
30
10

30

NUMBER
Of DOSES

14
14
5

ORSERVATION

Pregnant, AND

Not pregnant, AN

Pregnant, died; ait in thorax; right lung
lobe perforated; PCODC ~ dosing error

Pregnant, left tung consoiidated and
adhered o pieural 1ining; lesion in
right lung; lung dose probsble on
t4dg

Not pregnant; AN

Not pregnant ; AN

Pregnant, AN

Not pregnant, AN

o h A ks T - S A S — iy i Lk =i A An A . —

738

759

14

Pregnant, gastric mucosa inflammed
Pregnant, excessive amount of peritoneal
fluid; gestric mucosa inflamed
Pregrant, died; oil in thorax; right lung
labe hemorrhegic; PCOD ~ tung dose
Pregnant, died; fluid in thorax, right
lung lobe hemorrhegic, necrotic;
hemarrhage in pyloric ang cardiac
regions of stemach; PCOD - lung dose
Pregnant, excessive fiuid in pericardial
8C; gaslric mucosa infiamed
Pregnant, died; oil in thorax; right lung
jabe necrotic, hemorrhegic;
inflammation of pylaric region of
stomech; PCOD - lung dose
Pregnant, died; ail in thorax; left tung
lobe hemorrhagic; PCCD - lung dose
Pregnant, died; oil in thorax; right lurg
lones dark ; pyioric and cardiac
regions of stomech have gray-biack
aress; PCOD - lung dose

L ———— i ——— Tk MR T M e e N W e e e e S M R e e o ke AN R T W= R e = e - A e

518

22

Pregnant, died; cardiac, pylaric regions
af stomach are hemarrhagic; edema in
cardiac region; PCOD - lewisite
toxicity

Pregnant; died; gastric mucosa
hemorrhagic; duodenum inflamed and
necrotic; hemorrhagic feci in cecum
PCOD - lewisite toxicity

8Days after insemination; scheduled sacrifice on 30 dg

bApparently normal {AN)

Cprobable cause of death { PCOD)



TABLE B3 (CONTINUED). OBSERVATIONS AT NECROPSY OF RABBITS
IN THE DOSE RANGE STUDY OF LEWISITE

NUMBER
OF DOSES

14

S

9

QBSFRYATION

Pregnant, excessive amount of fluid in
the peritoneum ; gastric mucosa
inflamed

Pregnant, died; inflammation of pyloric
and cardiac regions of stomach;
hemorrhagic area in Jeft iung; PCOD
-~ lewisite toxicity

Pregnant, died; pyioric and cardiac

regions of stomeach are hemarrhagic;
PCOD - lewisite toxicily

Pregnant, died; severe hemorrhage of

pylaric and cardiac regions of
stomach and ducdenal mucosa; PCOD
- lewisite toxicity

Pregnant, died; il in thorax;

hemarrhagic pyloric and inftammed
cardiac regions of stomach; PCOD -
lung dose

Pregnant, died; hemarrhage of

pyloric and cardiec regions of
stomach; PCOD - lewisite toxicity

v . ———— —— i i T — i o —— i T T W WS S W N S

DAOSE ANIMAL DAY OF
mg/kg  NUMBER - DEATH®
1.0 519 30
525 11
558 15
559 13
137 9
740 15
1.5 276 10
435 12
o541 11
667 7
695 11
781 6

Pregnant; died; hemarrhege of

gasiric mucosa; PCOD - lewisite
foxicity

Pregnant, died; hemorrhage of

gastric mucosa; PCOD - lewisite
toxicity

Pregnant, died; hemorrhage of

gastric mucosa; PCOD - lewisite
toxicity

Pregnant, died; blocd in thorax;

cardiac region of stomach is
hemorrhagic; PCOD - lung dose

Pregnant, died; hemorrhage of

gastric mucosa; PCOD - lewisite
toxicity

Pregnant, died; oil in thorax;

stomach AND; PCOD - Tung dose

3Days after insemination; scheduled sacrifice on 30 dg
bapparently normal (AN}
CProbable cause of death ( PCOD)



TABLE B3 (CONTINUED). OBSERVATIONS AT NECROPSY OF RABBITS
IN THE DOSE RANGE STUDY OF LEWISITE

DOSE  ANIMAL DAYOF  NUMBER
mo/ky  NUMBER | DEATH®  QOF DOSES OB SERYATION

1.5 783 10 4 Pregnant, died; a1t in thorax;
hemerrhagic area in left lung;
hemorrhage of pyloric and cardiac
mucosa of stomach; PCODY - lung
dose

1196 8 3 Pregnant, died; hemarrhage of
gastric mucosa; PCOD - Tewisite
toxicity

ke i S e S S W L W e AN i W Sk A T Ak L N T S s ek A N R e e e e o R —

2.0 113 9 4 Pregnant, died; hemorrhage of
g@astric mucosa; PCOD - Jewite
toxicity

434 1 ° Pregnant, dieg; hemorrhsge of
gastric mucosa; PCOD - lewisite
toxicity

S0 8 3 Pregnent, died; severe edema,
hemorrhage of gasiric mucoss;
PCOD - lewisite toxicity

524 9 4 Pregnant, died; hemerrhage of
pyloric mucosa of stomech; PCOD
- lewisite toxicity

600 8 3 Pregnant, died; hemorrhage of
gastric mucasa; tung is mottled
and hemorrhagic; PCOD ~ lewisite

toxicity

631 11 & Pregnant, died; hemorrhege of
gasiriec mucesa; PCOD -~ lewisite
toxicity

663 g 4 Pregnent, died; hemorrhege of

pyloric mucosa of stomach; PCOD
- lewisite toxicity
732 7 2 Pregnant, died; hemorrhage of
pyloric mucosa of stomach; Jungs
slightly mottied; clear fluid in
thorax; PCOD ~ lewisite taxicity

€Days after insemination; scheduled sacrifice on 30 dg
bprobable cause of death ( PCOD)
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TABLE B4. OBSERVATIONS AT NECROPSY OF RABBITS IN THE
- TERATOLOGY STUDY OF LEWISITE

DOSE  ANIMAL
ma/kg NUMBELR

Yehicle 1560
1732
1735

1780
3010

3068
3114
3177
3188
3520

3760
3761

3766
3773
3774
5905
5912
95823
5952

DAY OF

30
30
30

30
30

30
30
30
30
30

13

NUMBER
OF DOSES

14
14
14

14
14

14
14
14
14
14

QBSERVATION

Not pregnant, AND

Not pregnant, AN

Aborted prior to secrifice on 30 dg,
gastric hairbail, dermal abcess under chin

Pregnant, AN

Nat pregnant, infected area in fallopian tubes
adjacent to gvaries

Perturition in progress at secrifice, AN

Pregnant, AN

Pregnant, AN

Not pregnant, AN

Not pregnant, 4 cm umbilicai hernia filled
with clear fiuid, abdominal wail intact;

all other Yissues AN

Pregnant, died, no cause revealed in autopsy,
PCODE- stress or trauma

Aborted on 26 and 27 ¢g; except foruterus, AN
at sacrifice

Pregnant, AN

Pregnant, AN

Pregnant, infection, adhesions of right jung

Not pregnant, AN

Pregnant, AN

Not pregnant, AN

Pregnant, AN

3152
3176

3207

30
30

16

14
i4

Not pregnant, AN

Pregnant, AN

Pregnant, AN

Pregnant, died; clear liquid, mucous, traces of
blood in stomach; right tharax filled with
bicody, serous fluid; left thorax filled with
blocd and purulent material; ieft lung has
focis of infection and "raised” ulcers;
thick, white, purulent meterial in
pericardium; PCOD - lung dose

Not pregnant, AN

Premature parturition or abortion; remainder
of tissues AN

Not pregrant; died; inflamed mucosa in cardiac
region of stomach; inflamed vasculature in
ducdenum and jejunum; right tung lcbes
dark red and severely consolidated; left
lung AN; PCOD - lung dose

3Days after inseminatian; scheduled sacrifice on 30 days
Papparently normal (AN)

Corabable cause of death (PCOD)
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TABLE B4 (CONTINUED). OBSERVATIONS AT NECROPSY OF RABBITS IN THE
TERATOLOGY STUDY OF LEWISITE

OBSERYATION

Pregneant; died; inflamed gastric mucosa;
inflamed jejunal vascuiature; liver mottled
and yellow; thorax contains blood; right
lung fobe red and consolidated; PCODC -
jung dose

Not pregnant; died; cardiac region of stomach
was siightly hemorrhegic; thorax is AN:
slight consolidation in upper left tung;
PCOD - lewisite toxicity

Pregnant, AN

Pregnant; died; stomech AN; lungs AN, stighl
inflammatian of thymus; abortion in
progress, ong fetus in vagina; PCOD -
abortion or toxemia of pregnancy

Not pregnant; AM

Pregnant; euthanized for dyspnea; mucosa of
cardiac region of stomach apparently
sloughed, wall is thin and fragile; left lung
lobes dark red; area of consglidation at the
caudal end of the right diephragmatic tung
lobe; 1horax contains blood; PCOD -
lewisite {oxicity

Not pregnant ; euthanized for dyspnes:
gastrointestinal iract AN, traces of oil and
food in stomach; thorax filled with blood;
lungs inflemmed; membranes adhered to
lung, pericardium and watl of thorax.
PCOD - dosing error or trauma.

Pregnant; bilateral ocular discharge; psle ares
surrounded by hemorrhagic area in lafi
tung lobes.

Not pregnant; muitipie firm noduies containing
purulent material within lung lobes

Pregnant; AM

Pregnant; thorax contains bloody, puruient
fluid; right lyng lobes covered with
purulent material, contain firm nodules
filled with purulent materiai

e . — o T R N T M e i e e e A W e o e e o ek e i

DOSE  ANIMAL  DAYOF  NUMBER
ma/kg NUMBER  DFATH?  QF DOSES
0.07 3208 19 13
3538 18 12
3627 30 14
3765 78 14
5709 20 14
5759 17 11
5760 17 i1
5903 30 14
5920 30 14
5921 30 14
5927 20 14
0.2 1654 22 14

Pregnant; died; gestric mucosa edematous,
slightly hemorrhagic and necrotic; right
lung contains firm nodules, thoracic cavity
AN; traces of bloed in vegina; left uterine
horn inflamed, all fetuses resorbing in

. right horn; PCOD -toxicity/septicemia

®Days after insemination; scheduled secrifice on 30 days
hApparently normal (AN)

Cprabable cause of death ( PCOD)
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TABLE B4 (CONTINUED). OBSERVATIONS AT NECROPSY OF RABBITS IN THE
TERATOLOGY STUDY OF LEWISITE

COSE  ANIMAL DAY OF

mag/kg NUMBER  DEATH®

0.2 3105 8
3185 30
3202 30
3245 14
3522 10
3771 30
3772 14
5908 20
SEAR 15
5913 30
5930 30
5936 20

NUMBER
QF DOSES

2

14
14

i4

14
14
14

QBSERYATION

Pregnant; died; right tharecic cavity filled
with blocg; right Tungs hemarrhegic and
ednered to thorecic wall; all ather organs
AN; PCOD - lung dose

Pregnant; AN

Pregnsnt; AN

Pregnant; died; thoracic cavity AN; slight
consolidation in left lungs; gastrointestinal
tract AN; food in stomech; PCOD -
stress/trauma

Pregnant; died; gasiric mucosa inflamed;
small, hemarrhagic foci near pylforus;
thoracic cavity and lungs AN; PCQD -
stress/trauma

Not pregnant; nodule containing puruleni

material on distal end of right tung lobe;
remainder of tissues AN

Pregnant ; died; post-dose dyspnea on previgus
day; puncture in lower right lung lobe;

right lung adhered to pieura; pericardium
edematous; perforated uicer along lssser
curyature of stomach; petechial
hemorrhege along greater curvature;
PCOD - dosing irauma

Not pregnant; died; thorecic cavity AN; upper
right lung lobes red and consolidated;
gastric mucosa is hemorrhegic, stomech
contains biack fluid; multiple purulent
aress in cecat pouch, edematous iining; no
formed feces in coion; PCOD - lewisite
toxicity/septicemia

Pregnant; died; thoracic cavity filled with

blood; punture in lower right lung lobe;
gastric mucosa inflammed; smail petechial
hemorrhages in cardiac region of stomach;
PCOD - dosing trauma

Not pregnant ; AN

Pregnant; AN

Pregrant; died; thoracic cavity AN; right tung
iobes consolidated; necrasis, hemorrhege in
pyloric and cardiec regions of stomach;
stomach filled with dark liguid and oil; no
formed feces in colon; PCOD - lewisite
toxicity

A A R R i M TR el e T W L W N T il o o o ok o o o e ko —

3Days after insemination; scheduled sacrifice on 30 days
Bapparently normal (AN)

Cprgbable cause of death ( PCOD)
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TABLE B4 (CONTINUED). OBSERVATIONS AT NECROPSY OF RABBITS IN THE
TERATOLOGY STUDY OF LEWISITE

DOSE  ANIMAL
mg/kqg  NUMBER

02 5938

5939

5940
5951

DAY OF
DEATH?

18

22

30
20

NUMBER
OF DOSES

12

14
14

OBSERYATION

Not pregnant; died; thoracic cavity ANb; some

consolidation in right and left cephaiic
lung lobes; severe hemorrhage in ~403 of
ihe gastric mucosa; stomach cantaing smatl
amount of fluid and oil; formed feces in
colon; PCODC - lewisite taxicity

Pregnant; died; veginal hiseding noted on 19 &g
during dosing; ail fetuses
resorbed/aborted; gastric mucosa is
hemorrheagic; stomach filled with fuid,
hair, traces of blood; smail intestine is
empty; cecum is inflamed; colan contains a
few fecal peilets; right thorax filled with
dark liquid; right lung Jobes red,
consolidated, coated with dark-colored
material; PCOD - lewisite toxicity

Pregnant; AN

Not pregnant; diegd; some hemorrhege of gasiric
mucosa in pyloric and cardiec regions;
stomeach contains pale green liquid and oil;
thoragic cavity AN; right tung is
femorrhegic, consolidated and covered
with brown material; PCOD - lewisite
toxicity/septicemia

Pregnant; AN

e . - — A L AL M T e e ek M A ——— —— o
————— . .  — —  ———— - —

1364

3006

5007

13

Cl

10

Pregnant; died; thoracic cavity AN; upper right
lung Jobe consolidated; pleural adhesion on
right lung; hemorrhagic aress in cardiec
and pyloric regions of stomach; stomach
filled with clear, green liquid and oil; PCOD
- lewisite toxicity

Pregnant; died; punture in caudat tip of right
diaphragmatic lung lobe; oil in thoracic
cavity; gastric mucasa slightly inflammed;
PCOD - dosing trauma

Pregnant; died; thoracic cavity and lungs AN,
small hemorrhagic foci in pyloric region of
stomach; intestines fiiled with blced; no
formed feces in colon; PCOD - lewisite
toxicity

Pregnant; died; thoracic cavity and lungs AN
except for slight consalidation in lower
right lung lobe; “90% of the gastric

~ mucosa in the pyloric and cardiac regions
is hemorrhagic; PCOD - lewisite toxicity

3Days after insemination; scheduled sacrifice on 30 days
Bapparently narmal (AN)

Cprobable cause of death { PCAD)
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TABLE B4 (CONTINUED). CBSERVATIONS AT NECROPSY OF RABBITS IN THE
TERATOLOGY STUDY OF LEWISITE

DOSE  ANIMAL DAY OF NUMBER

mg/kg NUMBER  DEATH® OF DOSES

0.6 3070 9 3
3184 20 14
3210 19 13
3250 16 10
3759 16 10
3763 30 14
3767 30 4
37638 50 14
S761 13 7
5902 30 14
5906 i1 10

OBSERYATION

Pregnant; died; thorscic cavity and lungs AND;
gastric mucosa edematous and hemorrhagic
with 0.75 cm perforated uleer: food in
stomach; PCOD® - lewisite toxicity

Pregnant; died; thoracic cavity and Tungs AN;
necrosis, hemorrhage in pyloric region of
stomach; cecum fitled with necrotic tissue,
vasculature 13 inflamed; PCOD - lewisite
foxicity

Not pregnant; died; thoracic cavity and Tungs
AN; entire gastric mucose is severely
hemorrhagic with areas of
blisters/pustules; inflamed cecal
vasculature; PCOD - lewisite toxicity

Mot pregnant ; died; thoracic cavity, traches
contain hloed, thoracic membranes are -
edematous; right lung lobes are siightly
red along edges; left lung AN: ng evidence
of punture in lungs or trachesa; 0.5em,

bleck ulceration in stomach wail; PCQD -
lewisite toxicity

Pregnant; died; thorecic cavity, trachea filled
with bloed; inflammation, edema,
adhesions of pericerdial membranes; right

lung tches red and adhered to edematous
pleural membranes; no evidence of
puncture in thorax, lungs or traches;
cardiac region of stomach extremely
thin-walled with 2 perforations, multiple
hemorrhagic areas; inflamed duodenum;
PCOD - lewisite toxicity

Pregnant; AN

Not pregnant; AN

Pregnant; AN

Pregnant; died; thorecic cavity, lungs AN; all
stamach lining hemorrhaqic, necrotic;
inflamed, hemorrheaqic ares in duodenum
sdjacent to pyloric sphincter; PCOD -
lewisite toxicity

Pregnant; AN

Pregnant; died;blood around nose and mouth;
right tung icbes hemarrhegic; gastric
mucosa hemorrhagic; PCOD - lung dose

o A R L e T e e A MR e e kY . o o e kA R L R . T v W TR = e

8Deys sfter insemination; scheduled sacrifice on 30 days
t’Pq:n:ne.rentl.\,f normal {AN)

CProbable cause of death (PCOD)
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TABLE B4 {CONTINUED). OBSERVATIONS AT NECROPSY OF RABBITS IN THE

DOSE  ANIMAL
mg/kq NUMBER
0.6 5914
5915
°924
9837

- TERATOLOGY STUDY OF LEWISITE

DAY OF NUMBER

DEATH®  OF DOSES OBSERYATION
24 14 Pregnant; died; blood stains eround vegina,

aboried tissue observed at death; thoracic
cavity, lungs ANU; hemorrhegic areas in
stomach and cecum; PCODC - Tewisite
toxicity/septicemis

18 13 Pregnant; died; thoracic cavity, Jungs AN;
severe necrosis and hemorrhage in pyloric
and cardiac regions of stomach; PCOD -~
lewisite toxicity

3 3 Pregnant; died; thoracic cavity filled with

blood; right lung lobes hemorrhagic, small
puncture in {ip of diaphragmatic lobe; 2 cm
hemorrhagic area in gastric mucosa; PCOD
- dosing trauma

0 14 Not pregnant; hemorrhegic area with purulent
center in left lung lobe

8pays after insemination; scheduled secrifice on 30 days
bApparently normat (AN)
CProbable cause of death (PCOD)
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TABLE C1. REPRODUCTIVE STATUS OF RATS IN THE
DOSE RANGE STUDY OF LEWISITE.

DOSE  ANJMAL DAY OF CORPORA IMPLAN- RESQRPTIONS FETUSESD
_mg/kg NUMBFR DFATH® _LUTFA  TATIONS [EARLY MID {ATE DFAD LIVE
Yehicle 282 20 19 14 1 0 0 0 13

286 20 17 17 0 0 0 0 17
297 20 0 - - } - - -
301 20 0 - - - - - -
302 20 17 10 2 0 0 0 8
321 20 18 17 0 0 0 0o 17
331 20 22 17 0 0 0 0 17t
346 20 20 18 | 0 0 0 17
356C 20 0 1d - - - - -
358 20 16 16 1 0 0 0 15
0.5mg/kg 269 20 17 17 3 0 0 0 14
275 20 17 14 10 0 0 0 4
278 20 0 - - - - - -
284 20 16 16 2 0 0 0 14
307 20 18 14 2 0 0 0o 12
318 20 17 16 0 0 0 0 16
323 20 8 7 0 0 0 0 7
337 20 15 15 | 0 0 0 14
348 20 18 16 0 0 0 0 15
351 20 15 13 0 0 0 R E
1.0mgrkg 298 20 21 1 0 0 0 VIR
299 7 17 0 - - - - -
04 20 20 13 0 0 0 0 13
305 20 0 - - - - - -
309 20 16 16 1 0 0 0 15
310 20 16 13 1 0 0 0 12
326 20 22 20 3 0 0 0 17
334 20 18 15 0 0 0 0 15
335 20 21 19 ! ] 0 0 17
344 20 21 18 0 0 0 0 18
2.0 ma/kg 273 20 10 7 0 0 0 0 7
287 20 16 15 0 14 1 0 o
288 20 0 _ - , - -
295 20 22 8 0 5 0 0 3
312 20 18 15 2 0 0 0 13
339 9 17 16 - - - - 16
341 20 24 16 3 2 0 0 11
347 12 15 15 15 - - - 0
350 20 16 15 0 0 0 0 15
1 0 - - 15

352 16 21 16

8Days after detection of copulation
Bfetus or em bryo, depending on the stage of deveiopment
CPerforated Tung observed at necropsy; data were omitted

ADetected by uterine steining
2}



TABLE C1 (CONTINUED). REPRODUCTIVE STATUS OF RATS IN THE
DOSE RANGE STUDY OF LEWISITE.

DOSE

2.5 mg/kg 272
274
296
308
314
315
317

- 325
345
355
360

ANIMAL DAY OF

20
20
20
20
20
20

7
16
20
14
20

CORPCRA IMPLAN-

0

6
17
16

0
12
15
29
18
18

15

2
2
1S
0
)
16
15
18
14

i RO N

QO — — 0o |

RESORPTIONS FETUSESP
_mo/kg NUMB.ERQEAIHE'_LUIEA_IAILQNS EﬁBLI.MlQL&IE.D.E&DLl!E

bl — 0D

L BN I e B o T |

OO0 O |

[ an I B e T B |

[ 0 TR e T T W TR N o T e Y e O |

RN O

B~ OO

8Days after detection of copulation
Ufetus or em bryo, depending on the stage of development
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TABLE C2. REPRODUCTIVE STATUS OF RATS IN THE
TERATOLOGY STUDY OF LEWISITE.

DOSE  ANIMAL DAY OF CORPCRA [MPLAN- RESQRPTIONS FETUSES
_mg/kg NUMBER DEATH® _LUTFA  TATIONS EARLY MID JIAIE DEAD LIVE
Yehicle 365 20 6 S 2 0 0 0 3

369 20 20 18 0 0 0 0 18
375 20 16 16 3 0 0 0 13
384 20 20 17 3 0 0 0 14
394 10 0 - - ~ - - -
406 20 g - - - - - -
408 20 21 4 i Q 0 0 13
418 20 20 19 1 0 Q 0 18
422 20 10 8 0 0 0 0 8
432 20 0 - - - - - -
435 20 8 A 0 0 0 0 8
445 20 18 13 3 0 0 0 10
448 20 9 8 0 0 0 0 8
453 20 22 15 2 3 0 0 10
472 20 19 2 0 0 0 0 2
202 20 17 16 0 ! 0 0 15
515 20 18 18 0 | 0 0 17
°19 20 g ~ - - - - -
533 20 0 - - - - - -
538 20 16 15 0 0 0 0 15
539 20 16 16 pA 0 0 0 14
544 20 15 15 0 0 0 0 15
551 20 18 18 0 0 0 0 18
559 20 18 17 i Q 0 Q 16
566 20 0 - - - - - -
0.5 362 20 20 19 1 1 0 0 17
372 20 20 18 0 1 0 0 17
376 20 12 6 0 0 0 0 6
377 20 12 4 2 0 0 0 2
383 20 16 16 0 0 0 0 16
387 20 0 - - - - - -
397 20 0 - - - - - -
407 20 18 16 0 0 0 0 16
413 20 14 16 2 0 0 0 14
419 20 17 17 0 0 0 0 V7
427 20 0 - - - - - ~
440 20 21 19 0 0 0 Q 19
449 20 18 18 0 0 0 0 18
467 20 20 17 2 0 0 0 15
479 20 16 16 0 0 Q Q 16
493 20 17 17 0 0 0 0 17
S11 20 19 18 2 0 0 0 16

8Days after detection of copulation; scheduled sacrifice on 20 days
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TABLE C2 (CONTINUED). REPRODUCTIVE STATUS OF RATS IN THE
TERATOLOGY. STUDY OF LEWISITE.

DOSE  ANIMAL DAY OF CORPORA |MPLAN- RESORPTIONS EETUSES
_mg/kg NUMBFR DFATH® _TUTEA TATIONS EARLY MID LATE DEAD LIVE
0.5 518 20 0 - - - - - -
534 20 0 - - - - - -
536 20 17 12 2 0 0 0 10
543 20 17 17 0 10 0 16
547 20 16 2 0 0 0 0 2
561 20 20 19 0 t 0 0 18
565 20 17 13 4 0 0 0 9
S68 20 14 7 2 0 0 0 5
1.0 364 20 16 10 0 0 0 0 10
373 20 19 17 0 0 0 0 17
385 20 0 - - -~ - - -
396 20 7 7 0 0 0 0 7
410 20 0 - - - - - -
412 20 2 {3 0 P00 0 12
416 20 19 15 0 0 0 0 19
421 20 19 17 i 0 0 0 16
424 20 19 16 1 0 0 0 15
426 20 16 8 2 0 0 0 6
428 20 16 14 0 10 0 13
433 3 16 15 0 - - - {5b
470 20 0 - - - - - -
475 20 16 13 0 0 0 0 13
476 20 0 - - - - - -
478 20 19 16 ! 0 0 0 18
431 20 17 18 0 0 0 0 18
484 20 0 - - - - - -
S01 10 16 16 - - - - 16D
510 20 0 - - - - - -
532 20 16 3 2 0 0 0 1
540 20 0 - - - - - -
546 20 16 16 2 0 0 0 14
550 20 0 - - - - - -
563 20 17 16 0 0 0 0 16
15 366 20 19 17 0 0 0 0 17
367 20 15 16 0 0 0 0 16
368 20 17 17 2 0 0 0 15
370 20 0 - - - - - -
381 20 6 2 1 0 0 0 1
390 20 12 13 { 0 0 0 12
423 20 0 - - - - - -
429 20 15 15 0 0 i 0 14

8Days after the detection of copulation; scheduled sacrifice at 20 days
D jve embryos at this stage of development
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TABLE C2 (CONTINUED). REPRODUCTIVE STATUS OF RATS IN THE
TERATOLOGY STUDY OF LEWISITE.

DOSE  ANIMAL DAYOF CORPORA IMPLAN- RESORPTIONS FETUSES
_maéku NLLIZI&EBD.EAI_HE LUTEA IAI].QNS EARLY MID LATE _DEAD LIYE
436 16 o 0 0 13

437 20 22 21 2 0 0 o 19

452 20 0 - - - - _ .

455 20 8 1S 1 0 0 0 14

477 20 16 16 0 0 O 0 16

483 20 19 16 0 0 O 0 16

487 20 0 - - - - _ -

489 20 21 19 3 o0 0 15

496 20 16 12 2 0 O 0o 10

499 20 0 - - - - _ ’

S13 20 19 18 o 0 o0 0 18

S14 20 0 - - - - - _

517 20 0 - - - - - -

524 20 20 18 1 0o 0 0o 17

§30 20 17 12 O 0 o0 0 12

545 20 19 17 30 0 0 14

567 20 19 19 0O 0 0 0 19

3Days after the detection of copulation; scheduled sacrifice on 20 days
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TABLE C3. REPRODUCTIVE STATUS OF RABBITS IN THE DOSE RANGE STUDY

OF LEWISITE
DOSE ANIMAL DAYOF CORPORA (MPLAN-  RESORPTIONS FETUSES?
mg/kg NUMBFR  DFATH?  LUTFA TATIONS EARLY MID LATE  DEAD LI¥F
Yehicle 499 30 9 8 0 Q 1 0 K
515 30 2 0 - - - - -
S21 10 3 8 0 0 0 0 6
597 30 3 { 1 0 O 0 0
629 30 1 0 - - - - -
694 30 1 0 - - - - -
739 30 1 1 0 0 0 1
763 30 0 - - - - - -
05 497 30 12 12 0 0 0 0 12
520 30 17 16 0 0 2 ! 13
599 7 14 7 0 0 O 0 7
665 16 8 7 0 0 0 0 7
738 30 9 9 0 0 0 8
759 10 12 12 0 0 0 0 12
798 10 16 g 0 0 0 0 9
1053 14 10 10 0 0 0 0 10
1.0 500 1S 13 12 0 0 0 0 12
518 22 16 13 0 0 0 0 -C
519 30 12 12 0 0 0 0 §2
525 13 8 7 0 0 0 0 7
558 15 12 i1 0 0 0 0 1
559 13 10 9 0 0 0 0 g
737 9 11 9 0 0 0 0 g
740 1S 13 g 0 0 0 0 g
1.5 276 10 15 8 8 0 0 0 0
435 12 12 12 0 0 0 0 12
541 1 9 8 0 0 0 0 8
667 7 10 6 0 0 0 0 6
695 B 13 12 0 0 0 0 12
781 6 13 12 0 0 0 0 12
783 10 1 1 0 0 0 0 11
1196 8 10 10 ) 0 0 0 10

s . —— R h W = ot o o o . oy 7y T W A v T =

Days after insemination; scheduled secrifice on 30 dq
BFetuses or embryos, depending on development time
C At necropsy, the conceptus was autolyzed
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TABLE C3 (CONTINUED). REPRODUCTIVE STATUS OF RABBITS IN THE
DOSE RANGE STUDY OF LEWISITE

DOSE ANIMAL DAYOF CORPORA IMPLAN-  RESORPTIONS EETUSESD

mo/kg NUMBFR  DEATH®  JUTFA TATIONS EARLY MID |ATE DEAD LiVE

20 113 9 13 3 0O 0 0 0 13
434 1 13 t2 12 0 0 0 o
505 8 13 6 O 0 0 0 6
524 9 13 8 o 0 0 0 8
600 8 12 10 o 0 o o0 10
631 ¥ 9 8 8 0 0 0 0
663 9 3 i o o0 0 0 f
732 7 8 9 o o0 0 0 9

. —— b i A i e e T M e e R N W N M e e e e e e e L A e

8Days after inseminstion: scheduled sacrifice on 30 dg
Fetuses or embryos, depending on development time
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TABLE C4. REPRODUCTIVE STATUS OF RABBITS IN THE
TERATOLOGY STUDY OF LEWISITE

DOSE  ANIMAL DAY OF CORPORA IMPLAN-  RESORPTIONS FETUSESD
mo/kg NUMBER DEATH® LUTEA  IATIONS  EARLY LATE DEAD LIVE
Vehicle 1560 30 0 - - - - -
1732 30 0 - - - - -
1739 30 5 7 0 0 7 0
1780 30 13 6 0 i 0 5
2010 30 0 - - - - -
20680 30 13 11 0 0 0 B
3114 30 3 2 0 0 0 2
3177 30 12 1 I 0 0 10
3188 30 0 - - - - -
4520 30 0 - - - - -
3760 13 14 5 0 - - 5
37618 30 14 7 3 4 - 0
3766 30 {5 15 ! 0 0 14
3773 30 10 5 0 0 0 5
3774 30 4 4 0 0 0 4
5905 30 0 - - - - -
5912 30 12 9 4 I 0 4
5923 30 0 - - - - -
5952 30 14 9 0 { 0 )
007 3009 30 0 - - - - -
3065 3 15 12 0 3 0 9
316 30 S 2 0 0 0 3
3150 27 i5 12 0 0 - 12
3152 30 0 - - - - -
51760 30 5 4 3 0 1 0
3207 16 9 0 - - - -
3208 19 12 12 0 0 - 12
3538 18 10 0 - - - -
2627 30 13 ' | 0 10
37659 28 10 9 0 9 - 0
5709 30 0 - - - - -
5759 17 10 9 0 0 - 9
5760 17 6 0 - - - -
5903 30 oh 3 3 0 0 0
5220 30 0 - - - _ .
5921 30 ! 1 0 0 0 1
5927 30 11 i1 0 7 1 0

®Days after insemination; scheduled sacrifics on 30 days
OF etuses or em Bryos, depending on development time
CP\!Jortred 1 fetus found; number of nidation sites determined
dpartyrition in progress; | kit in veginal canal
CAborted on 26 and 27 dg; number of nidation sites determlneu
fabarted prior to sacrifice
gE\ndna‘m:e of abortion after death; 1 kit in vaginal mna]
Corpora lutea had regressed; implantation sites visuatized with uterine stain
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TABLE C4 (CONTINUED). REPRODUCTIVE STATUS OF RABBITS IN THE
TERATOLOGY STUDY OF LEWISITE

DOSE  ANIMAL DAYOF CORPORA  IMPLAN-  RESORPTIONS FETUSESD
ma/kg NUMBER DEATH® LUTEA  JATIONS  EARLY LATE DEAD  LiV
0.2 1654 22 12 5 0 5 - 0
3105 8 1 2 0 - - 2
7185 30 14 14 0 0 0 14
3202 30 12 13 0 2 0 1
3245 14 22 2 0 - - 2
7522 10 12 12 0 - - 12
3771 30 0 - - - - -
3772 14 18 14 0 - - 14
5908 20 0 - - - - -
5911 15 9 6 0 - - 6
5913 30 { 0 - - - -
5930 30 2 2 2 0 0 0
5936 20 14 14 0 5 - 9
5938 18 0 - - - - -
5939¢ 22 5 5 0 5 - 0
5940 30 8 9 0 0 0 9
5951 20 0 - - - - -
5955 30 6 5 0 0 0 5
06 1486 19 13 10 0 10 - 0
1864 8 13 8 0 - - 6
3006 15 13 9 ! 8
3007 13 16 ' 0 - - 1
3070 9 18 4 0 - - 4
3184 20 14 8 0 4 - 4
3210 19 0 - - - - -
3250 16 i 0 - - - -
3759 16 12 9 1 0 - 8
3763 30 7 3 ! | 0 |
1767 30 0 - - - - -
3768 30 13 8 0 3 0 5
5761 13 7 7 0 - - 7
5902 30 i5 10 0 0 0 10
5906 11 16 14 4 - - 10
59140 24 17 {3 0 13 - 0
5915 18 g g 0 0 - 9
5924 8 18 6 6 - - 0
5937 30 I 0 - - -

T o S T ok g oy e T — o —

8Duys after insemination; scheduled sacrifice on 30 days
Fetuses or embryos, depending on development time

CAborted during dosingon 19 dg

PAborted just prior ta, or at death
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GOOD LABORATORY PRACTICES
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DOSE RANGE AND TERATOLOGY STUDIES OF LEWISITE IN RATS AND RABBITS

Quality Assurance Statement

Listed below are the phases and/or procedures included in the study described in this report which
were reviewed by the Quality Assurance Unit during the period, 3/1/85 - 10/1/86, specifically for this
study and the dates the reviews were performed and findings reported to management. (All findings
were reported to the study director or his designee at the time of the review.)

Date Findings Submitted
in Writing to
Phase/Procedure Reviewed Review Date Study Director/Management
Mating 3/14/85 3/20/85
Body Weights 3/19/85 4/12/85
Dosing 3/19/85 4/12/85
Dose Preparation 3/22/85 4/12/85
Data 11/27/85 12/4/85
Animal Identification 2/13/86 373786
Body Weights 2/13/86 3/3/86
Health Screen 2/19/86 3/10/86
Body Weights 2/20/86 3/10/86
Mating 2720/86 3/10/86
Dosing 3/6/86 3/10/86
Necropsy 3/11/86 3/20/86
Dosing 6/20/86 6/20/86
Body Weights 6/20/86 6/20/86
Artificial Insemination 6/20/86 7/9/86
Clinical Observations 6/20/86 6/20/86
Necropsy 6/10/86 7/10/86
Vehicle Analysis 7/11-12/86 7722186
Animal Receipt 7725186 7/31/86
Body Weights 8/19/86 8/26/86
Artificial Insemination 8/19/86 8/26/86
Necropsy 9/18/86 9/19/86
Data 3/23-26/87 12/17/87
Final Report 3/23-26/87&12/10,11&17/87 12/17:87
1O el aon (2407 /82
Quality Assurance Specialist Date
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PERSONNEL LI'S_T

Function

Principal Investigators

Facility Manager

Solution Preparation and Analysis

Animal Exposures and Evaluation

Animal Resource Center
Health Evaluation

Statistical Analyses

';3-43 WA
P.L. Hackett

:2{ ri A"'Lﬂ- 1o

“L.B. Sasser

Name

P.L.
L.B.

x
[ ]
—
L]
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m = O
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m
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R.F.
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Hackett
Sasser

Karaglanes

Kalkwarf
Lindenmeier
Sasser
Veverka, Jr.

Brefer
Cushing
Evanoff
Hackett
Lindenmeijer
Orgill
Rommereim
Shea
Sours
Willemsen
Zangar

Wierman
Rowe

Buschbom

/1/)4’ ’/87
Date
J2-xri- ¥
Date



APPENDIX E
STUDY DATES
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SCHEDULE OF EVENTS FOR LEWISITE STUDIES

DOSE RANGE STUDY IN RATS

Animals srrived

Detection of copulation {0 dg)
Adminstration of dose (6 dg- 15 dg)
Sacrifice (20 dg)

Sample/data evaluation

TERATOLOQY STUDY IN RATS

Animais arrived

Detection of copulation (O dg)
Adminstration of dose (6 dg- 1S dg)
Sacrifice {20 dg)

Sample/data evaluation

DOSE RANGE STUDY N RABBITS

Animais arrived

Artificiai insemination (O dg)
Adminstration of dose (6 dg- 19 dg)
Secrifice (30 dg)

Sample/data evalyation

IERATOLOGY STUDY IN RABBITS

Animals arrived

Artificial insemination (0 dg)
Adminstration of dose {6 dg-19 dg)
Secrifice {30 dg)

Sampie/data evaluation

SUBMISOION QF DRAFT FINAL REPORT

2/12/8%

3/12/85 ~ 3/15/85
3/18/85 ~ 3/30/85
4/1/85 - 4/4/85
4/4/85 - 5/4/85

2/4/86

2/18/86 - 2/21/86
2/24/86 - 3/8/86
3/10/86 - 3/13/86
3/10/86 - 4/15/86

5/16/86

6/10/86 -6/11/86
6/16/86 - 6/30/86
7/10/86 - 7/11/86
7/11/86 - 8/1/86

7/25/86

8/18/86 - 8/20/86
8/24/86 - 9/8/86

9/17/86 - 9/19/86
9/19/86 - 11/3/86

January, 1987
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DISTRIBUTION

OFFSITE

Comander (10)

U.S. Army Biomedical Bioengineering
Research & Development Laboratory

Attn: SGRD-UBZ-C

Fort Detrick

Frederick, MD 21701-5012

Defense Technical Information Center
(DTIC) (1)

Attn: DTIC-DDAC

Camercon Station

Alexandrea, VA 23304-6145

Technical Information Center (2)
U.S. Deparment of Energy

P.0. Box 62

Qak Ridge, TN 37830-0062

Commander

U.S. Army Medical Research and (1)
Development Command

ATTN: SGRD-RMI-S

Fort Detrick

Frederic, MD 21701-5012
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