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following 72-hour feeding exposures to concentrations of
nitroguanidine ranging from 2.08 pg/ml to 20.8 pg/ml.
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PREFACE e
"\

TYPE REPCRT: Drosophila melanogaster Sex-Linked Recessive Rt
Lethal GLP Assay !
o

TESTING FACILITY: U.S. Army Medical kesearch and Development )
Command {;

. Letterman Army Institute of Research s
Presidio of San Francisco, CA 94129-6800 ¢

>
S

SPONSCR: U.S.
U.S.

Army Medical Research and Development Command
Army Biomedical Research and Development b
Laboratory P

Fort Detrick, Frederick, MD 21701-5010 :E

3

EROJECT/WORK UNIT/APC: 3E1627CA835/180/TLRBO -4
e

GLP 37UDRY NUMBER: 85001 »
STUDY DIRECTOR: MAJ Don W. Korte, Jr., PhD, MSC ]
T

NS

PRINCIPAL INVESTIGATOR: MAJ Raj K. Gupta, PhD, MSC o
et

REPORT AND DATA MANAGEMENT: A copy of the final report, p
study protocol, test compound X
sample, raw data, and il

appropriate SOPs will be ﬂ

retained in the LAIR Archives. 1

B

TEST SUBSTANCE: Nitroguanidine
INCLUSIVE STUDY DATES: 19 March 1985 - 31 December 1985 4
OBJECTIVE: The objective of this study was to evaluate :R'
the mutagenic potential of nitroguanidine in N
. the Drosophila melanogaster Sex-Linked

Recessive Lethal Assay. 3
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DEPARTMENT OF THE ARMY

LETTERMAN ARMY INSTITUTE OF RESEARCH
PRESIOIO OF SAN FRANCISCO, CALIFORNIA 94129-6800

LEBLY To
ATTER T ON OF

SGRD-ULZ-QA (7d-1n) 28 June 1988
MEMORANDUM FOR RECORD
SUBJECT: GLP Compliance for GLP Study 85001

1. This is to certify that in relation to LAIR GLP Study
85091, the following inspections were made:

. 21 January 1985 - Protocol Review
@1 October 1985 - Fl1 Cross, Brood 1, Run 55

2. The institute report entitled "Mutagenic Potential of
Nitroguanidine Using the Sex-linked Recessive Lethal Test in
Drosophila melanogaster,”" Toxicology Series 222, was audited
on 24 June 1988.

/L,'O\,Lb\,ls\,\ Yn (_XLL\)&O
CAROLYN"M. LEWIS
Chief, Quality Assurance
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Mutagenic Potential of Nitroguanidine in the
Drosophila melanogaster Sex-Linked Recessive Lethal
Test--Gupta et al.

INTRODUCTION

Nitroguanidine, a primary component of U.S. Army triple-
base propellarts, is now produced in a Government-owned
contractor-operated ammunition plant. The U.S. Army
Biomedical Research and Development Laboratory (USABRDL), as
part of its mission to evaluate the environmental and health
hazards of military-unique pollutants generated by U.S. Army
munitions-manufacturing facilities, conducted a review of the
nitrcauanidine data base and identified signifi:ant gaps in
the toxicity data (1). The Division of Toxicology, LAIR, was
tasked by USABRDL to develop a genetic and mammalian tcxicity
profile for nitroguanidine and related intermediates/by-
products of its manufacture c¢r environmental degradation.
This study evaluated the mutagenic potential of
nitroguanidine in the Drosophila melanogaster Sex-Linked
Recessive Lethal assay.

Rat i le £ SLRL T .

A wvariety of tests using Drosophila melanogaster are
available for the detection of specific types of genetic
changes. The most sensitive assay that detects the broadest
range of mutations is the SLRL test (2-4). This test uses
insects of a known genotype and detects lethal mutagenic
changes in 800 to 1000 loci on the X-chromosome, representing
80% of the X-chromosome or 20% of the entire genome (5,6).
The SLRL test 1s used frequently to assess the mutagenic
response of Drosophila melanogaster to test substances
(2,4,5).
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q ic Basi £ the SLRL T

The basic mechanism of the SLRL test is that the X-
chromoscme of the father is passed on to the daughter; the

sons receive their X-chromosome from the mother. Therefoure,
the recessive lethal mutations located on the X-chromosomes
are expressed in males in a hemizygous conditicon, i.e. the Y-

chromosome does not contain the dominant, wild-type alie’.es
to suppress the manifestation of recessive lethal mutations.

S
Consequently, among the progeny of a female carryirng a ﬁ:‘

recessive lethal mutation on one of her X-chromosomes M
(heterozygous for a recessive lethal mutation), half of the .
male progeny die. By using suitable genetic markers, the
class of males carrying the mutated X-chromosomes of treated
grandfathers can be determined eagily. If a lethal mutarion
were induced, this class would Le missing and its absence
easily scored. The SLRL test has also been called the RBasc
or Muller-5 test (6,7). The assay system must use strains in
which crossing-over in females is prevented since transfer of
the 'ethal mutation from the paternal to the maternal X- 'Y
chromosome by gene' ic recomhination would suppress its .-
expression. The crossing-over would lead to erroneous study .:,
results because males receiving that X-chromosome would ;5
survive. Since combinations of suitable inversions ,
effectively inhibit crossing-over, females used for the SLRL :C
test carry two scute inversions: the left-hand part of scSi ®
and the right-hand part of sc8 covering the whole X- o
chromosome and a smaller inversion In-S in the Basc "
chromosome (6) . N

o

The SLRL test (8) was developed in 1948 for determi:ing S

genetic changes that kill the developing individual (egy1 0 v
pre-adult stage) in the hemizygous, but not homozygous or ﬁf
heterozygous, conditions. Such genetic changes, i.e. ﬂ&
recessive lethal mutations, can be irduced on all ZC
chromosomes. Only two test generations are needed to detect L ]
whether sex-linked recessive lethal mutations have been N
induced on the X-chromosome. In the test, males with ncerumal -;
round red eyes (Canton-S (CS)) whose chromosomes contain o
wild-type alleles are exposed to nitroguanidine. Such an G:j
exposure will produce a recessive lethal mutation if the X- RS
chromosome is affected. These males are mated to homorz,yarnas ®
Basc females. The Basc phenotvpe is characterized by ba: :kj
(narrow-shaped) evyes which are apricot in color. The bar A
eyes serve as a genetic marker for the homozygous and f
nemizygous genntypes since in the heterozygous expression the
eyes are kidney-shaped. The progeny of this cross (CS males
X Basc females) consists of females heterozygois for the
treated X-chromosome, characterized by kidney-shaped red eyes
and males of the Basc pnenotype that have received their X-
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chromosome from their Basc mother. Fach Fl temale possesses bﬁ
one paternal X-chromosome which was exposed to the test fﬁh
compound in the male gamete. F1l siblings are allowed to 2i5
mate; they produce the FZ2 generation. The F2 generation will .'
consist of males of two phenotypic expressions and females of Y
two phenotypic expressions. The male phenotypes have round O
red eyves (hemizygous cerrying the treated X-chromosome from =150
the F1l female) or bar-<haped apricot eyes (hemizygous for the :
Basc chromosome). The female phenotypes carry the iﬁu
chromosomes for red eyes (heterozygous, carrying the treated 3
X-chromosomes from the Fl female and the Basc chromosome) or o
chromosomes for bar-shaped apricot eyes (homozygous for the A
Rasc ¢hromcsome) . The F2 generation is then inspected for fxg
the presence of males with round eyes. If this class is R
missinyg, it can be concluded that the treated male gamete {ﬁh
contained a2 recessive lethal mutation. Thus, this test @
reli«.. upon the disappearance of a whole Mendellian class P
- LY

(males win round red eyes) .

L brooding technique was used to sample sperm cells
exprsed to the test chemical during different stages of

N

él « a_2 S
S NS

sperratogentcsis becaucse chemicals often exhibit stage ®
spec.l'ic mutagenicity. Broocding was accomplished by A
transferring the treated males to vials containing fresh {?;
virgin females at intervals of 1, 4, 6, and 8 davs after 2
compi«tion of the dosing period. This technique assures that ;ﬁy‘
the four broods of females are inseminated with sperm exposed ﬁﬁ::
to tre test chemical during successive stages of germ cell
develnpment: Brood 1 = mature sperm (Days 1-2); Brood 2 = JERY
primarily spermatids (Days 4-0); Brood 3 = primarily meiotic B
stagesz {(Days 6-7); and Brood 4 = primarily spermatogonia }j‘
(Days 8-10). This procedure safeguards against the n:n‘
possibhility that chemicals with more pronounced effects in jﬁ&.
earlier stages of spermatogenesis are not dismissed @
erroneocusly as false negatives. N
YN
lective of & R
.~:..\‘
A
The objective of this study was to evaluate the mutagenic RN

potential of nitroguanidine in the Droscphila melanogaster
Sex~Linked Recessive Lethal Assay.
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MATERIALS AND METHODS

Test Substance

Chemical Name: Nitroguanidine

CAS Registry #: 556-88-7

Molecular formula: CHgN407

Other test substance information is presented in Appendix A.
Vehigle

A number of ccmpounds were tested as a vehicle for their
solubility, stability, and toxicity. A solution of 1%
fructose in water was found to be an appropriate vehicle for
the nitroguanidine.

T M 1
Insect Genus and Species: Drosophila melanogaster

Strains: Canton-S (CS), a wild-type stocck, characterized by
round red eyes, was selected for mutagenicity
studies because it has shown a low spontaneous
mutation frequency (9).

Basc, a laboratory stock, homozygous in females,
rossesses bar~shaped, apricot-colored eyes and
scute as phenotypic markers. The genetic
designation is In(l)sc51Lsc8RIN(1)S, sc8, scSluag,

Both strains are presently being reared in the insectary
at Letterman Army Institute of Research. The original =ztock
colonies were obtained from the Mid-American Drosophila Stock
Center, Bowling Green State University, Bowling Green, Ohio.

Diet

The diet was the standard medium consisting of cornmeal
(NBCO Chemicals), unsulphured molasses (Ingredient Techrnology
Corp.), Yeast (Nabkisco Brands, Inc.), and nutrient agar
(Moorhead & Co., Inc.) used for colony rearing of Drosophila
melanogaster. A materials list and instructions for its
preparation are contalned in LAIR SOP-OP-STX-5 "Drosophiia
Media Preparation."
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Restraint

Ether (J. T. Baker Chemical Co.) anesthesia was used to
restrain flies being collected for mating and for general
colony maintenance,

Each CS male from the 72-hour 1LCs() exposure (test,
negative, and positive control) was assigned a unigue number.
This number was also placed on the vial in which its progeny
was produced (LAIR SOP-CP-STX-8 "Sex-Linked Recessive Lethal
(SLRL) Drosophila melanogaster Mutagenicity Test"™). In this
manner progeny could be traced back to the parental male
which had been subjected to the test compound or control
vehicle.

Storage of Raw Data

Tabular data from this study (GLF 85001) for each male
are in the archives «f Letterman Army Institute of Research,
Presidio of San Francisco, Cailifornia.

ED'!J' :Qnmemf—a] CQde t ]' ons

All studies were conducted within the insectary at a
temperature of 23 * 2°C, relative humidity of 57 +* 8% and a
photoperiod of 12 hours light and 12 hours dark. All insect
colonies were reared in polypropylene bottles, and those used
in the SLRL testing were housed in glass vials (LAIR SOP-OP-
STX-6 "Drosophila Stock Colony Maintenance").

Dosing

The solubility of nitroguanidine in water is relatively
high compared to that of most explosives (10). Preliminary
studies were ccnducted to test potential dosages for toxicity
to flies and their ability to feed and digest nitroguanidine
in an appropriate medium. A feeding soluticn vehicle of 1.0%
fructose in deionized water was selected for the study.

Losing was accomplished in compliance with LAIR SOP-OP-
STX-7 "Drosophila melanogaster Exposure FProcedures." The CS
strain (wild-type) males were allowed to feed on 250 ul of
various concentrations of the test chemical. These males
formed the test groups. Concurrent exposure to 1.0% fructose
in deionized water was designated as the negative control
group. A positive control group was exposed to a 1.0-mM
ethvlmethane sulfonate solution formulared with 1.0° fructose
in water. Ethylmethane sulfonate ic a known mutagen and was
used to confirm the ability of the test organism to produce
SLRL mutations (11). Docing was continuous for 72 hours.
Flies were transferred every 24 hours to viais containing
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fi1vsh compound solutions. The concentration of
nitroguanidine tested for toxicity ranged from 2.08 ug/ml to
20.8 ug/ml.

Test Format

The CS males surviving the LCsQ (approximate) dese of
the test chemical and those males subjected to the concurrent
negative controls were used in the SLKRL assay. Twenty-Iive
CS male (wild-type) survivors of the test chemical and
negative control compound were scored by mating to Basc
virgin females (Basc chromosomes). This procedure was
accomplished by placing 3 Basc virgin females in a vial with
one CS male. The vial was labeled with the male's unique
rumber. At days 1, 4, 6, and 8 after dosing the CS male was
transferred to successive groups of 3 Basc virgin females in

vials with that male's unique number. These intervals
corresponded to broods 1, 2, 3, and 4. This procedure was
replicated 4 times. Scoring of the mutants resulting from

positive control exposure was based on mating 5 CS males in
the same manner as males treated with the test compound.

This procedure was also replicated 4 times. After sufficient
numbers of flies had emerged, a maximum of 25 (minimum of 5)
kidney-shaped red-eyed Fl females were selected at random and
mated with their sibling white-body, bar-shaped, apricot-eyed
males. Each pair was placed in an individual vial, and these
vials from the same uniquely numbered father were placed
together and labeled with his unigue number for reference.
After 2 to 3 weeks the F2 progeny were examined and scored
for the absence of round, red-eyed males, which would
indicate that a lethal mutation had taken place in the
treated male. Confirmation of a lethal mutation was obtained
by conducting an F3 cross from each vial scored as a letlal
mutation. This was accomplished by crossing three F2 fermales
(kidney-shaped red eyes) with three males witlh bar-shaped
white-apricot eyes, in three separate vials (one male and one

female per vial). Absence of males with round, red eyes in
the resulting F3 generation confirmed the existence of &
recessive lethal mutation. Experimental conclusions were

based on the spontaneous mutation frequency (negative
control) compared to the mutation freguency induced by the
test chemical. This entire procedure was replicated 4 times
to obtain a sufficiently large sample.

Historical Listing of Significant Study Events

BAppendix B is a historical listing of significant study
events.

Statistical Analysis

This testing was designed to examine approximately 2500
X-chromosomes in each of 4 replications, thereby yielding a
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’ \
e
This testing was designed to examine approximately 2500 v
X~chromosomes in each of 4 replications, thereby yielding a ‘ﬂ,
total of 8000 to 10,000 X-chromosomes for examination. Vials A
without F2 progeny or fewer than 5 progeny (F2) were scored 4
as failures. The BMDP (Biomedical Programs) computer package v
was used to perform the analyses (12). Based on the number
of lethal and nonlethal offspring for each male, by combining \
all replicates, the mutation frequency of nitroguanidine was ‘"
compared to that of the control by Fisher's exact test for .
each of the four broods separately and for the combined -
broods. All statistical tests were conducted at the 0.05 Wy
level of significance. o,
.
Deviations from SGP/Protocol 2
'i‘\
The following deviations from the Standard Operating ’
Procedures and GLP Protocol 85001 were made during this
study: ,
A
The CS males were doced at a corncentration determined in ¢
the preliminary studies. The maximum soluble amcount that :
provided & homogeneous solution was administered because of v
the low toxicity of nitroguanidine. :.
i St
The total number of flies examined in the test group was ﬂ:
6913. For the negative control group, the number of flies N
examined was 7318. Although less than 8000, beth sample AN
sizes were considered adequate for the :inuividual brood test .
using Fisher's exact test. /ﬁ
Use of dimethyl sulfoxide (DMS0O) as a solvent was ?F
avoided as recommended by the EPA (13). These deviations uk
from the Standard Operating Procedures had no effect on the
outcome of the study. .
45
-\
)
RESULTS ﬁé
T
The frequencies of spontaneous mutation for %
nitroguanidine and the negative control were 0.188% and N
0.096% based on 6913 and 7318 X-chromosomes, respectively. y
The mutation frequencies for the positive control, 1-mM ad,
ethylmethane sulfonate, was 17.8%. The mutation ftrequencies i
for each compound are presented in Table 1. The mutation 2
frequencies for each brood for nitroguanidine and the b
negative control are presented in Table 2. No significant s
difference was detected between the mutaticn frequency of the p !
negative control and the nitroguanidine with the Fisher's it
exact test (p = 0.1799). Also, no cianificant differences ;:
5
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B PERCENT MUTATION FREQUENCIES IN THE SEX-LINKED
o RECESSIVE LETHAL ASSAY OF NITROGUANIDINE*
4‘
iy
:‘ !
() t
) Compound 1 2 3 4 Total (Parcent)
Mutations Mutations

Y
%)
a Nitroguanidine 0/1115 5/1231 4/2352 4/2215 13/6913 (0.188)
[
;1: Negativae
[ Control 1/1481 171529 3/215% 2/2153 7/7318 (0.096)
¥ Positive v
E) Control 36/166 39/284 56/395 70/284 201/1129 (17.80) Y
P
3 ‘
) )
:f *Data are recorded as number of SLRL events/number of X-
" chromosomes tested.
ﬁ Nitroguanidine: 25 male Drosophila melanogaster flies (CS J
¥ strain) formed the P generation. .
e,
; Negative Control: 25 male Drosophila melanogaster flies (CS
B Strain) formed the P generation.
Q Positive Control: 5 male Drosophila melanogaster flies .

formed the P generation. 1
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Table 2

FISHER'S EXACT TEST FOR SIGNIFICANCE OF THE DIFFERENCE
BETWEEN NITROGUANIDINE AND NEGATIVE CONTROL IN SEX-
LINKED RECESSIVE LETHAL ASSAY

Brood Number

Compound 1 2 3 4

Nitroguanidine 3/2055 371815 5/1727 271316
Negative Control 2/2094 2/1901 1/1844 2/1479
Positive Controls 44/336 88/291 63/216 6/186
p values 0.6845 0.6805 0.1128 1.0000
Nitroguanidine: Nitroguanidine was dissolved in a 1%

fructose solution in deionized H20. Data
are from 25 male Drosophila melanogaster
flies (CS strain) x 4 replicates mated
with 3 Basc strain female flies each.

S
g

o

-,

Negative Control: 1% fructose in deionized water. Data are
from 25 Drosophila melanogaster flies (CS
strain) x 4 replicates mated with 3 Basc
females each.

]

. x_ ]
- e -

Positive Control: 1.0 mM ethylmethane sulfonate and 1%
fructose in deionized H20. Data are from
5 male Drosophila melanogaster flies (CS
strain) x 4 replicates mated with 3 Basc
females each.
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.
were detected between the ncgative control and the ¢
nitroguanidine for the data of broeds 1, 2, 3, and 4 (Table 'ﬁ
2) . I
DISCUSSION ‘é
Nitroguanidine has been reported to produce significant :
chromosome damage in Chinese hamster fibroblasts (14). ;f
However, studies from this laboratory have indicated thar
nitroguanidine is not mutagenic in the mouse lymphoma forward 3!
mutation assay, the Chinese hamster ovary sister chromatid A
exchange assay, ©r in the Ames Salmonella mammalian microsome ¥
assay (15). The results of this study confirm in an iIirn vivo ;f
model for genetic toxicity our previous findings that {4
nitroguanidine has no mutagenic pctential at doses which .‘
approach the limits of solubility in the appropriate test g
systems. e,
o
CONCLUSION ;
»

¥
LXK

The results of this study indicate that nitroguanidine
is not mutagenic when evaluated in the Drecsophila
melanogaster sex-linked recessive lethal assay.
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Appendix A: CHEMICAL DATA

Chemical Name: Nitroguanidine (NGu)

Qther Listed Names: Guanidine, Nitro; alpha-Nitroguaniiin:;
bera-Nitroguanidine

Themical Abstracts Jervice Registry No.: 556-88-7
83

Lot Nunber: SOWB3HI01-004

_AIR Ccde: TP26
Chemical Structare:
2N

C:=== h]-'“()Q
H,N7

Molecular Formula: CHgN402
Molecular Weight @ 104.1

Fhysical State: White powder

z

PNa

Melting Point: 2327 ¢l
Names of Contamirants and Percentages: (Data Sheet Atrached)

Source: Hevcules Aerospace Division
Sunfleower Ammunition Plant
DeSoto, Kansas

Analytical Data:

An infrared spectrum was obtained upon receipr ¢f the
cempound; major absorption peaks were observed at 2330
(broad), 1660, 1630, 1525, 1400, 1300, 1050, and 780 cn™!. .~
The spectrum was i1dentical to the Sadtler spectrum for
nitroguanidine.’

IFedoroff BT, sSheffieclda OE. Encyclopedia of explosives -nd
related items. Vol 6. Dover, New Jersey: Picat® inny
Arsenal, 197%: G1~4.

“Wheeler CR. Nitrocellulose-Nitroguanidine Proijects,
Laboratcry Notebook #34-05-010.2, p 29. Lettermcia Arnoy

Institute of Research, Presidio of San Francisoo, 1.

JSadtler Research Laboratory, Inc. Sadtler standard spe o,
Fhiladelphia: The Sadtler Research Laboratory, Ince., 1u60:
Infrared spectrogram #.1421,
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Appendix A (Contd.): CHEMICAL DATA

Stakbility:
AN agu
and the a

soiuzion of NGu (48.1 uncLar) was prepared
on at 264 nm determirned to be 0.689 AUFS.
r the same soluticn was reexamined

y and the absorption at 254 nm found to be

Three

Spect Y

C.c89 ull spectrum 3can reverled the characteristic
patters T «bscroticn in the UV ranze with . maxima at 215
and 2¢ s i irdicate that 100 ralile 1n
aguesus GRSV LLree wee o)

ahealor COF.  MNitrooceliulose=rlitrcaser L3l R Ttc
Latoratiry Hotebook #24-05-010, op 2o and Letterman Army
Institute of Rescarch, Presidin o¢f Zan ¥roanciscs, CA,
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Appendix A (Contd.): CHEMICAL DATA

. NomuInl 6o te Ll e
P . cnre [} rvv\ v/ .s . »

DCSCRnr:lel JP.-T FOQR LO‘i. S CﬂiuJCfiS, Lfc EXZ4PT.Pera Tla |, 1
e 'C"fﬂ-'- Sialn A4%135.15 - of
10: Cacandsr i 3Tm; SAlE

- C$ arzy AT-aZent Muaitiscs Sunt lower Army Armunition Plant September 13, 1583

M‘--\-‘\b;::l_li;:“d DeScte, Kanras A6018 A LMiAL

:;::u;ﬁ$ fe S Y9I} § Nitreguanidine

) Twpe 7T, Claes 2 %

wunrnyl ACIURER CLuIRACT NO,
llercules Aerospace Division. Hercules Inrorror1rn _DAAA- NA-77-C-LNYAK . OLIN O°0

SECTICH A - DesCUbilGid GF LUl

£ ROw NUMBER I?nuu NUMBER LCTAL MO, LOTS TOTAL WET amouN! ALTer (ED

SOW83H001-004 i L¥7 1 ] 7.000 ibs.
.LACK.ANU;AQYUREE‘L PECIFICATICNANG AMLNOMENY/LHARING “U.,
Sunflower Army Ammunition Plant, DP Facilitv |“XI N-494A w/lnt. Aroad b (AR) dared

; ST S DTG On SAATL AL 4o Hdrep {31 %

| 7 =

Requirement

Property Min,  Max. Analvsis
Purity, X - 99.0 99.6
Ash Cortent, 2% 0.30 0.03
pH Value 4.5 7.0 7.55 **
, Acidity (as H,50,), % 0.06 ND ***
! Total Volatiles, % . 0.25 0.03
b : Sulfates (as hasSO.), % . 0.20 0.01
Impurities, H20 Insoluble, % 0.20 0.01 ' -
Particle Size, Microns i 3.0 % 4.0 *hix
Particle Size, Stl. Dev. - + 0.5 0.168

* As armended by Contract Scepe of Work

#%  Approved by Waiver No., NQE2-1 dated Sept. 2, 1983
#*% ND = None Detected -
##4%  Approved by Waiver No. NQ83-2 dated Sept. 9, 1983
REmMARLS

1.} Manufactured under SCW ES 1A-3-8423, Nitroguanidine Particle Size, duted 1 Fep. 33.

2.) Packaging: Level B - fiber drums to Spec. LOT 21C60. Drums numbered 3 thru 2475 aad
247 thru 285. 25 pounds per drum per HAD letter dated Aguust 1, 1983, to COR.

SFCUIGN € o CrnTImcATION
THE 4BONE MATr AL JOMPLIES 1 TH ALL 3P FICATON
RECUIREMENTS AND 1S CEATIFIED TRUE ANMD C2AREICZY,

SAMPLING CONDUCTED BY

Hercules Aercmcnice Divigion

2 A tos I S

Hercules Aerospace Divisinn

S35 A
q‘vl C m . il iioid demaruet

TNk ABOVYE SELCRIBED LL TS ARE MEREBY ACLLPIED V
FOR THT CCUWANCER

‘/ sz3 Cuality Asnurance Specialist )) /’/((-/(1'/6
-Tre A M, A, Koproil T

“ VoAt ded 33 ,ue TPy,
ARAC.4 romu 113-R, 10 auc 17 TS B day 8l Cito.
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Appendix B. HISTORICAL LISTING OF SIGNIFICANT EVENTS =
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Commander

US Army Biomedical Research and
Development Laboratory (27)
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! Fort Detrick, Frederick, MD 21701-5010

. Defense Technical Information Center

(DTICY (2)
; ATTN: DTIC-DLA
| Cameron Station

Alexandria, VA 22304-6145

US Army Medical Research and
Development Command (2)

ATTN: SGRD-RMI-S
N Fort Detrick, Frederick, MD 21701-5012

Commandanrt
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ATTN: AHS-CDM
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Chief
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US Army Environmental Hygiene
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