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INTRODUCTION

The U,S, Army Toxic and Hazardous Materials Agency, formerly the office
of the Project Manager for Chemical Demilitarization and Inctallation Restora-
tion, has ident fied an initial list of substances (Table 1)} requiring assess-
rent because of their actual or potential presence in the environment outside
the boundaries of Pine Bluff Arsenal (PBA), Pine Bluff, Arkansas, Prior to
initiation of this problem definiticn study, each substance was carefully con-~
sidered and a revised list (Table 1) was developed. The ratiunale for this
revision is discussed below,

For DDT and its analogues, there is an overwhelming amount of information
available iu the literature and most of the pertinent data have been summarized
in a2 number of recent review articles. Thiodiglycol and phosphorus have
already been assessed in recent repurt3 by Rospnblatt et al,?="* and Dacre
and Rosenbiatt.® Therefore, DDT and its analogues, thiodiglycol, and phos-
phorus were deleted from the initiel list and will be addressed in a separate
report. On the basis of information obtained during a site visit to pBA,°
Vat Yellow 4 and hexachloroethane were included in the revised list., Vat
Yellow 4 has been used as a substitute for the yellow dye, auramine, for the
past 20 years, and hexachloroethane has been used as a component of white
smokes., The other substances oa the initial list, including auramine, were
retained because of their history of use at PBA.

The inhalation toxicology of colored smokes generated from the anthra-
quinone dyes and vat Yellow 4, not addressed in this report, has been investi-
gated by Owens and Ward, who also reviewed the earlier mammalian toxicology
literature for the dyestuffs,’ and by Weeks and Yevich.® The objective of
the present study is to provide technical information on the physical,
chemical, toxicological, and biolugical properties of seven substances used in
pyrotechnic compositions, with emphasis on possible envirommental effeccs.

The potential for contamination of PBA by these substances is considered
elsewhere.?

Ta assessing the seven substances on the revised list {all of which are
components of pyrotechnic compositions), the organization of technical and
professional personnel, the manual and computerized literature seavrches, and
the information handling system were the same as those detailed in the initial
report of this series.? For the most part, retrieved references were
published before 1978.




TABLE 1. INITIAL AND REVISED LISTS OF POILUTANTS AT PLNE BLUFF ARSENAL

Initial List@

DDT

Thiodiglycol .
Phosphorus (white)

Auramine

Benzanthrone

1,4-Di-p-toluidinoanthraquinone

1,4-Diamino-2,3-dihydrounthiraquinone

l1~Methylaminoanthraquinone

Rev:sed Liggb

Auramine
Benzanthrone

l,4=-p1-p-roluidincanthraquinone

l,4~Diamino~2,3-dihydroanthraquinone
! . 1-Methylaminocanthraquinone
Vat Yellow &

Hexachloroethane

M i e s Sammadtitn €53 s i, e o Mt St ettt P4

a. As provided in Reference 1.

b. Substances addressed in this report; see text for discussiou of
deletions and additions.
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SUMMARY OF FINDINGS

The findings f.om this study are presented in detail for each pollutant
substance in Appendixes A thrcugh G. Nomerclature, chemical formulas,
physical properties, solubilities and chemical reactivities, production and
us2, analytical methods, mammalian toxicology, environmenval comsiderations,
and staadards are sumwarized below.

PHYS ICAL/CHEMICAL PROFERTIES

Table 2 preserts the common names, CAS Registry Number, Colour Index
Number, Toxic Substances List Nvmber, and Wiswesser Line Notutiorn for each of
the seven compounds. These names and numbers serve to identify these
compounds and to provide access to information in secondary literature
sources. Other alternative names listed in each appendix may be nseful in the
1nterpretation of older literature.

Table 3 presents the molecular weight, molecular formula, and structural
formula of each of the seven compounds, Examination of these data allows an
organic chemist to estimate values for some of the important chemical
parameters for which no literature values are reported. The dyes considered
in this study, because of their vivid colors and powdery propertiss, impart
recognizable coloration to surfaces and soils, Although the dyes have high
melting points (Table 4}, at which temperatures some decompose, they are
sutticiently stable to be aerosolized. All of the cowpouuds are insolubie 1in
water (Table 5) and in a'kaline media, The dyes are more soluble in alcoliols,
ethers, aromatic solvents, chlorinated solvents, and concentrated sulfuric
acid,

IRITY OF SUBSTANCES

For pyrotechnic uses, these compounds as procured may contain
unidentified impurities as high as 23%. Products of thermal degradation,
formed during aerosolization, are essentially unidentified. The toxicities of
the impurities or the thermal degradation products, relative to parent or
specitied pyrotechmnic substance, are unknowu. Because these pyrotachnic
substances are of both foreign and domestic origin, the starting materials in
the syntheses, which are probably preseunt as impurities, are not veadily
determined. Current %rade reports indicate that all hexachloroethane, for
example, 1s imported,

ANALYTICAL METHODS

Analytical methodology is not well developed for most cf these compounds,
possibly because commercial applications have not required precise, low-level
detection methods. Recent devolopments in liquid chromarography and gas
chromatography make it possible not only to analyze the purity of these
gubstances in bulk, but also to determine them guantitatively in environmental
samples.
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Hexachloroethane in aqueous gamples cau be analyzed by the purge and trap

technique followed by gas chromatugrapuy and mass gpectrome-ry (GC/MS).!¢

Quantitative analyses at the parts per billion level are possible. When lower
precision is acceptable and/or GC/MS analysis is nnt econoricall, just:ified,
analysis can be carried out by gas chromatography or any of the classical
techniques mentioned in Appendix G.

The polycyclic aromatic dyes, too unstable thermally for GC/MS aralysis,
can te characterized for purity by a combination of thin~layer column
chromatography using several different solvent systems, differences in meltin
point, and ultraviolet (UV)-visible spectrophotometry. The most promising
technique for the rapid quantitative analysis of environmental samples
~mtaining mixtures of polycyclic aromatic dyes appears to be liquid
chromatography with visible ¢r UV detection. These methods are not as well
tested and documented as are the GC/MS methods for volatile organics; but
rapid, quantitative analysis of anthraquinone dye mixtures has been
dem nstrated.'!

MAMMALIAN TCXICCLOGY

Toxicology data are summarizad in Table 6. Occupational exposure studies
and animal studies provide considerable information on auramine, benzanthronz,
l-methylaminoanthraquinone, and hexachloroethare, and some for Vatr Yellow 4.
very littie or no information Is availab’e for 1,4-di-p-toluidinoanthraquinone
or l,4-diamino-2,3-dihydroanthraquinone,

The literature provides no evidence of definitive studies oun in vitro and
in vivo fates of most of these materials. Their low solubilities in water
indicate that they are present as particulate matter, as suspensoids, or ia
emulsoids, Only surface areas immediately adjacent to sites where greunades
are manufactured or tested at PBA show recognizable soil or water
colorations, It is not known whether the eventual disappearance oi dyes is
due to degradation or transformation, or to tramsport es particulate matter.

Literature data on environmental considerations are sumnarized in Tahle
7. Data are available for only three substances: auramine, benzanthrone, aund
hexachloroethane, No information was recovered concerning eccumulation,
transport, or degradation of any of the pyrotechnic substances.

STANDARDS

Benzanthrone standards nave been reported for the Soviet Union. The
vccupational standard is ? mg/m3 in air. A reservoir standard of 0.05 mg/kg
has been suggested.




TABLE 6. SUMMAPY OF TOXICOLOGICAL PROPERTIES

D Mkt b il Attt

Substance Toxicological Properties

Auramine Causes bladder tumors in humans; hepatomas and
lymphomas in mice; hepatomas and fibrosarcomas in rats;
metaplasia of the urinary tract in rabbits.

Benzanthrone Produces itching, erythema, skin pigmentation,

1 ,Q—D".—R-t_oluidino-
anthraquinorne

1,4~-Diamino-2,3~di~
bydroanthraguinone

1-Methylamino-

Anthea gy wamn
antaraguinéng

Vat Yellow &

Hexachloroethane

pruritus, precocious generalized eczema, and
photosensitization in humans, Causes liver damage,
uervous systew effects, and disturbances of the
autcnemic nervous sysgtem in humans. The oral LDgg
for rats is 1.5 g/kg; for mice, 0.29 g/kg.

Oral LDgq for rats is 3,060 mg/kg.

Weakly mutagenic in Salmonella typhimurium (Ames Test)

Skin irritant and seasitizer in humans, Slight
toxicity observed in rais ireated 1t 30C mg/animal for
three days. Produces cystic changes in rat kidneys,

No definitive iufnrmation retrieved on acute toxicology
of Vat Yellow 4 per se, Commercial samples found to
contain 0.1% dibenzochrysene, a poten® carcinogen. A
commercial formulation containing 18% of the dye caused
an increased incidence of lymphomas in male mice when
administered for 106 weeks in the food at 25,000 and
50,000 ppm,

Chronic local irritant. Lowest lethal dose
(subcutaneous) for rabbits is & g/kg. Oral LDgqy for
rat exceeds 4 g/kg. Oral doses of 1 g/kg cause cen.ral
nervous system dzpression in dogs; 0.325 g/kg
sdministered intravenously to dogs is lethal.

Technical grade induces hepatocellular carcinomas in
male and fem: le mice administered, respectively, 1,179
and 590 mg/kg~day Ly gavage for 78 weeks.
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TABLE 7.

SUMMARY OF ENVIRONMENTAL CONSIDERATIONS

Substance

Environmental Ccnsidcrations

Auramine

Benzanthrone

1,4-Di~p-toluidino-

anthraquinone

1 A

- ’ A A e :
LS TUIAWINOTL ,J"(llny(lro-

anthraquinone

1-Me thylamine-
anthraquinone

Vat Yellow &

Hexachloroethane

Fish: 5-day LCsp is 1 ppm for fathead minnows.

Invertebrates: 0.15% in rearing medium cauvses

mutagenic actions in Drosophila melanogaster.

Plants: Produces mutagenesis and naclear

Microorganisms: Inhibits growth of certain
bacteria and fungi.

irvegularities at low concentrations.

Invertebrates: Toxic to Daphnia at 10 mg/L.
Lethal to Paremecium caudatum at 0.2 mg/L.

Microorganisms: Induces cancerous growth in the
marine alga Porphyra tenera.

No informaiion was retrieved,

No intormation was retrieved.

No information was retrieved.

No informatior was retrieved.

Mammals: In large doses, produces central
nervous system depression. May produce chronic
liver lesions, diffuse necrosis, and digestive
disorders when used ag an anthelmintic in cattle.
Invertebrates: Lethal to certain insects. Used
for treatment of domestic animals infested with
parasitic worms.

Microorganisms: At 5.3 mg/L, toxic to Vibrio
metchnikovii.
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In the United States, a threshold limit value (TLV) for skin exposure to
hexachloroethane has been set at 1 ppm or 9.7 mg/m3.

No standards or TLVs have been recommended for any of the other compounds.

DATA GAPS

Much information necessary for an evaluation of the environmencal fate
and effects of these seven substances was not retrieved from the literature. .
These data gaps are discussed below.

»dYSICAL/CHEMICAL PROPERTIES

Table 8 summarizes the information that was found on physical and ]
~nemical properties.

Physical Properties. The dyes are solids and as a group exhibit poor

solubility in water, but these solubilities may be greatly changed in the
presence of salts and detergents. These changes in solubility could play a

major role in movement and biodegradation of these substances in the
environment.

Chemical Properties. The dyes are sensitive to UV radiation and exhibit
chemical changes in the presence of oxygen and other oxidizing agents. These

chemical transformations have not been adequately dccumented to allow
estimation of environmental stability.

Determination of Impurities, Dyes currently used in pyrotechnics contain
impurities, the blochemical properties of which may or may not be known
Since impuvities have not been qualitatively and quantitatively characterized
it is not possible to assign toxic properties to a specific substance.

Preparation of Pure Materialis. Methods for the preparation of pure
materials have not been adequately documented. This lack of documentation
detracts from efforts to study physical, chemical, and biological properties,
Similarly, the effects of handling and storage on purity are not documenred

wemical LLd“SLUrmatlonS. The fate of hexachloroethane 1n vivo is

Such data, however, are not currently available for the dyes. Studies
of bioaccumulation, excretion routes, gtorage in vital organs, and degradation
products are of importance in evaluation of environmental hazard

known,

MAMMALTIAN TOXICGLOGY

Limited mammalian toxicity data exist for the seven compounds reviewed

here. Tabhle 9 summarizes data gaps for toxic properties.




0

+p3A513331 UOTJRPWIOJUT JUBTIJTIINSUL -
*P2ATI321 UOTJBWIOJUT JUILITIING
-23enbape Ar1puldipw uoOlIPWIOIU] 3

1]
+
° O

+ + - + + 3uRyl3010TYIEXAH
- - - - ¥ f MOTT13X 1EBA
]
suouinbeiyjue ~
- - - - + —outme [AUIdK-T \
suouinbeayjueoapiyip
- - - 3 ¥ —gtz-outmeig-u‘1
suouinbeayaue
. - - i F —outpinjoi-d-1a-+*1
- - - q* I sucayjuezuag
- - 5= b e¥ Quilweiny
3
i sat13t1andw} 3O (1et1a2aey 2Ind) JUIWIADK saryiadoig (§21317119N70S)
uot3EUTWIAIA] ucTieiedaad 1103 1o wayd sarzsadoad
1eo1sAdd

P

TIAYTIVAY VLVQ TVIIWHHO/IVOISAHA "8 318V




YT b

ECOLOGICAL EFFECTS

There is almost no information available concerning the toxicity of these
substances ta aquatic biota at the three major trophic levels (algae,
invertebrates, and fishes). The phytctnxic and bioaccumulation properties of
the pyrotechnic substances in common native plants grown in contaminated soil
are not known. Bioaccumulation has not been studied.

ENVIRONMENTAL FATE

The environmental fates of these pyrotechnic materials are largely
unknown. BRecause all except hexachlcroethane have relatively low water
solubilities and negligible volatility, their vates of dispersal in the
environment may be low. The extent of microbial metabolism of the pyrotechnic
materials is poorly documented, Thus, the extent of their degradation in the
environment and the identities of possible stable metabelitus are unknown.
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APPENDIX A

AURAMINE

ALTERNATIVE NAMES

4,4'-Imidocarbonyl-bis(N,N'~dimethyl)benzenamine; 4,4'~(imidocarbonyl)~
bis(N,N'-dimethyl)aniline; 4,4'-dimethylaminobenzophenonimide; bis(p-dimethyl-
aminophenyl)methyleneimine; tetramethyl-p-diamino-imidobenzophenone;
tetramethyldiaminodipherylacetimine; apycnine auramine base; auramine N base;
auramine O base; auramine S§5; auramine GO; C.I. Basic Yelilow 2 (free base);
vellow pyoctanine; Glauramine,!

"HYSTCAL AND CHEMICAL PROPERTIES

JAS Registry No,: 492-80-8 (auramine); 2465-27-2 (auramine
hydrochloride)?

Colour Index No.: 41000
Toxic Substances List No.: BY35000, BY36750
Wiswesser Lire Notation: INI&R DYUMR DN1&1; IN1&R DYUMR DN1&1 &GH?

Military Specifications: MIL-A~3664 (9 January 1952) for auramine hydro-
chloride’

Molecular Weight: 267.41 (base)
Empirical rormula: C)yHyiN3 (base)

Structural Formula:

N
|
CHY,N O C NCH},

Physica. properties of auramine are listed in Table A-1l.




TABLE A-1. VPHYSICAL PROPERTIES UF AURAMINE

Fropcerty

Value Reference

Mciting Point
(Base)

Boirling Point
Densicy

Vaper Pressure
Color

Solubility in
Water

Solubility in
Other Solvents

Chemical
Reactivity

136°C (vapid heating) 1

Yellow

As a base, insoluble in water; as 1
hydrochloride, soluble in water

As a base, soluble 1n ethyl ether, 1
very soluble in ethancl; as hydro-

chloride, scluble in ethyl ether

AmAd S larmaal P R =T PO U SO P

G S A y-Tavle ald VCL] DU AU AT peryy

ethanol and chloroform

Decomposes at tewperatures above 1
70°C; is a weak base that forms
calts with HCl and H,50,
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IREPARAT [ON

Auramine is manufactured irJustrially from dimethylaniline and
formaldehyde, which react to form Michler's bhase (tetramethyldiaminodiphenyl-
methane). This base is subsequently converted to auramine by heating it with
sulfur and ammonium chloride in the presence of ammonia,!

PRODUCTION AND USE

Imports of auramine as Basic Yellow 2 totaled 113,255 pounds in 1973 and
105,400 pounds in 1974.%%

The free base of auramine is used to prepare Solvent Yellow 34, a solvc.
<oluble yellow dye. In the United Kingdom, auramine has been used as a power-
Fu! antiseptic in nose and ear surgery, and a specially purified auramine, so..
ander the name of Glauramine, is used 4s an antiseptic in the treatment of gon-
orrhea. Auramine and its hydrochioride are used in large quantities in the
coloring of paper and cardboard and, to a lesser extent, of some textiles and
leather, In the first-mentioned case, they are added during the processing of
the raw material prior to manufacture, Auramine has been used in some coun-
tries as a food dye and is also used as a smoke dye,’

ANALYTICAL METHODS

Guidelines for the anaiysis of aromatic amines have been reported.®
A specialized reverse-phase iiquid chromatography procedure, termed paired-ion
chromatography, has been useful for the analysis of high molecular weight
aromatic compounds not reuadily analyzed bty gas chromatography.7 Riplev and
Need have reported on analytical methods applicable to the analysis of
auramine in smoke mixtures.®

MAMMALIAN TOXICOLOGY

Human Exposures

Anson and Parent® have noted that injury to the human eye by auramine
is characterized by conjuncrivitis and keratitis; external application to the
skin is said to have caused "severe inflammatory reactions, destruction of
tigsue with eevera pain and fever, vomiring, headache, and vellow vision."

One study showed a relatively high incidence ~f bladder tumors in workers
engaged in the manufacture of auramine. A latent period ranging from 9 to 28
years with an average cof 19.3 ¥ears was observed, similar te that found for
benzidine and 2-naphthylamine.

3 oOverall, six death certificates listed




i
P

R A

hladdesr tumors among these workers; only 0.45 would have been expected based

» the mean rate for the male population of England and Wales (P < 0.005). :
I'tte morbidity was nine cases.

SExperimental Animals

Parent has veviewed the literature prior to 1964 or the acute and chronic
toxicities of auramine to experimental animals.!! The oral LDsy for
administration of the hydrochloride to mice is reported to be 480 mg/kg.

Thirty mice were given = diet containing 0.1% commercial auramine for 52
wreks (total dose: 728 mg pev animal). The animals were kept for their life
A, Szaven heoatomas and 11 lymphomas were found compared with 0 and 5,

»spectively, in 60 control animals receiving weekly injections of arachis
»11, Two other tumors were also reported,}»'? 1In one study, 30 stock

rice and 27 CBA wmice of both sexes were given diets conraining auramine di-s-
G 'eed i acetone at concentrations of 0,1% and 0.2% (the maximum tolerated),
respectively, for 52 weeks; approximate total doses were 1,820 mg and 3,650 mg
per mouse, respectively, In stock mice, 57% of the males and 30% of the
females that survived to tumor-bearing age showed hepatomas. No cholangiomas
were observed, and the degree of cirrhosis was minimal. No hepatomas were
seen in 16 control animals. In CBA mice (the high dose group), the frequency
of hepatomas was 58% for males and 73% for females in the treated group
compared with 11% and 5% for males and females, respectivelv, in the control
group. A few other tumors occurred ir stock mice, but none in CBA mice.!s!?

Twelve male Wistar rats were given a diet containing 0,1% commercial auza-
miae for 87 weeks (estimated total dose: 10 g per rat). Ninety-two perc it of
the animals (11/12) developed hepatomas between weeks 91 and 122 followi . the
eti=t of treatmeat. A few other tumors were observed. Twelve control ruts
were tumor-free at death, which occurred between 90 and 120 weeks.ls13

For 5 days per week for 21 weeks, 24 male Wistar rats were given subcu~
tatneons 1njections of 0.1 mL per 100 g body weight of a 2.5% suspension of
commercial auramine in arachis oil (estimated totsl dose: 110-120 mg per
aniwal). In 20 animals that survived 2] werks of treatment, i1 fibrosarcomas
(5% ard 3 hepatomas (15%) were observed between 40 and 113 weeks. Three
intestinal carcinomas were also reported.lyIJ

In a preliminary comparative experiment, nine rabbits were given auramine
(purity not staced) orally to the limit of tolerance, and the treatment was
continued until the onset of the final illness. Six animgls were sacrificed
in the first 2 years aad three between 3 and 4 years. Metaplasia of the
urinary tract epithelium, suggestive of precancerous change, was seen in two
out of five rabbits examined, cowpaced with one of seven control rabbits.!s!*,!?

_25_




No abmnormalities have been detected in dogs given auramine orallY (purity
not stated) daily for about 7 years (total ingested amount: 66 g).

The above and some additional data are summarized in Table A-2. None of
the retrieved material reports the induction of bladder tumors in experimental
animals.

Biochemistry

No information was retrievedw.
Mutagenicity

Auramine exhibits mutagenic actions in the fruit fly, Drosophila
mexano aster, when added to the larval rearing medium st 2 concentration of
WEET
Casclnogenicity

Auramine has been included along with certgin other carcinogenic
compounds in the Carcinogenic Substaunces Regulatioms 19672! of Great

Britain. These regulat’ ons control the employment of persons in connection
with the making of this substance.

ENVIRONMeNTAL CONSIDERATIONS

Behavior in Scoil and Water

Degradation. No information was retrieved, but auiawine is the ilmine of
4,4'bis{N,N~dimethylamino)benzophenone (Michler's ketore), to which it may
degrade 1in water.

-
v

Animals

Mammals. No information was retrieved.

Birds. Mo information was vetrieved.

Fish, Anson and Parent® described the effect of suramine hydrochloride
on fathead minnows. The 5-day L050 is given as ! ppm; the 100~mirnute LC:n
is given as 10 ppm, and 0.1 ppm is said to have no effect over 13 days. Water
quality parameters, such ae hardness, temperature, dissolved oxygen, and pH,

are unknown.

Rep-iles. No information was retrieved,

Amphibians. Derouaux and Lecomte?? report that the oxidation-reduction )
potential of auramine is high enough to inhibit energy-producinug metabolism in
trog muscle. Concentrations of 0.05% and ‘'ess produced spontanecus skeletal .
muscle contracting and arrest of the heart in systole. -
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Macrcinvertebrates. No information was retrieved.

Microorganisms

Concerning fungi, auramine is reported to bring about complete inhibition
of growth in Monilinia fructicola at 100 mg/L, but little or no inhibition at
25 mg/L in a basal medium at pH 5.3.2% Czekalowski?" studied the inter-
action of an Escherichia coli culture, a T2 bacteriophage, and auramine.
Auramine at s concentration of 0.66 x 1070 M produced no growth change in E.
coli but produced growth inhibition of the phage. At 0.066 x 1073 M, the
pitage was killed, but the host grew normally.

Auramine is claimed to be effective against wood-destroying fungi at
,L00 mg/L.2° Measured bacteriostatic effects of auramine range from
complete 1nhibition to no inhibition (Table A-3) depending on the organism
tested.

Plants

Auramine, 1n concentrations of 5 x 107 M, when applied to the root tip
of Allium and exposed to light or darkness, did not show any mutagenic activity.
However, another study reported that auramine, in concentrations of 1074 M,
applied for 10 or 20 minutes in darkness or under light, caused significant
mutagenesis in Vicia faba.20 Concentrations of auramine in the range of
20 x 107 M to T x 16°C M, when applied to Allium root tip, caused
hypertrophy with abnormal mitosis znd appearance of binuclear cells,30 In
Tradescantia virginica, auramine induced formation of chromonema bridges.30

20

Food cChain
No information was retrieved.

EXISTING STANDARDS

No information was retrieved.
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APPENDIX B

BENZANTHRONE

ALTERNATIVE NAMES

7H-Benz(de)authracen~7-one (C.A. after 1936); benzanthrone (C.A. after 1936);

1,9-benzanthrone; benzanthrenore; mesobenzanthrone,

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 82-05-3

Colour Index No.: None

Toxic Substance List No.: CX50750°
Wiswesser Line Notation: L C6666 1A Q IVJ!
Military Specification: MIL-D-50074D?
Molecular Weight: 230.28

Empirical Formula: Cj7H a0

Structural Formula:

O
O

Physical properties of benzanthrone are listed in Table B-1.
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TABLE B-1.

PHYSICAL PROPERTIES OF BENZANTHRONE

Property Value Reference
Melting Point 174°C (rapid heating) 3
(Base) 174.1°C 4
170°C 5,6
Boiling Point -
Density -
Vapor Pressure 10 om (297.2°C) 3
40 mm (350,0°C) 3
106 mm (390.0°C) 3
200 mm (426.5°C) 3
Color Pale yellow 3
Crystalline Form Yellow orthorhombic needles 3
when crystallized from ethyl
alcohol, xylene, benzene, or
nitrobenzenc
Heat of Sublimation -
Solubility in Water Insoluble 6
Solubility in Other 0.52 g/10G g acetic acid (0
Solvents 1.61 g/100 g benzene 6
2.05 g/100 g chlorobenzene 6
Scluble in sulfuric acid 6
Temperature of 426°C 6

Decomposition




PREPARATION AND PURIFICATION

Benzanthrone is prepared by several methodg, but most commonly by the
condensation of reduced anthraquinone with glycerol in the presence of
sulturic acid at 135°C.”7"? The anthraquinone is reduced with copper or
iron salts or with aniline sulfate. Another common industrial preparation is
the ring closure of phenyl O-naphthyl ketone, which is dehydrogenated with
AlCly, FeClj3, or sodium m-nitrobenzenesulfonate.® Other, less important
syntheses are the thermal degradation of cinnamalanthrone in the presence of
sodium-aluminum chloride'® and the dehydration of l-phenylnaphthalene-2-
carboxylic acid.

Depending upon the method of synthesis, the impurities may be numerous
and toxic. Some impurities obtained are anthracene, anthraquinone, ferric,
copper, and aluminum ions, acrolein, and glycerol; intermediates, by-products,
and derivatives of benzanthrome are also found.

Benzanthrone i1s purified by vacuum sublimation with subsequent recrystal-
lization from ethyl alcohol and/or from xylene,11 A high pressure, prepara-
tive, liquid chromatography method has been developed that promises to give
pure berzxzanthrone.12 The UV absorbance at 513 nm is used to estimate its
purity.

PRODUCTION AND USE

In 1973, wmore than 1,086,000 pounds of benzanthrone were produced in the
United States.'' This quaniity was produced iun toiv by Awerican Colur aud
Chemical Corp., American Cyanamid Co., E.I. Du Pont de Nemours, Inc., GAF
Corp., Otto B. May, Inc., Martin Marietta Corp., and Toms River Chemical
Corp. Suppliers of dyes to PBA are Atlantic Chemical Manufacturing Corp.,
Carey Industries, American Aniline Products, and GAF Corp. 1In 1974 and 1975,
838,000 and 374,007 pounds of benzanthrone, respectively, were produced in the
United States.'":'%® 1Iq 1974, benzanthrone imports totaled 24,808 pounds.16

Benzanthrone, a yellow compound devoid of dyeing character, is used pri-
marily as a starting material for the manufacture of dyes that have excellent
fastness to liggt, chlorine, and washing.l7 It is used in both green and
vellow smokes. Its exceptional stability contributes to overall aerosol-
ization efficiencizs of about 58% in green smokes and 73% in yellow smokes.'®

CHEMISTRY

Benzanthrone dissolves in sulfuric acid to form an orange solution with
green fluorescence.® Although it ‘ccomposes at its melting point, suffi-
cient material volatilizes in a smoke mixture to produce 3 yellow or green
suwoke efficiently. 1n the free smoke dyes, the percentage of benzanthrone
present in the resulting aerosols is about 13.5% higher in green smoke and
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8.5% higher in yellow smoke than in the initial mixes of benzanthrone from
which the aerosols were made.'® These increases gsuggest greater thermal

stability of benzanthrone than Solvent Green J in green smoke and HVT Golden
Yellow (Vat Yellow 4) in yellow smoke.

The observation that tlash photolysis of benzanthrone in hydrogen-
donating solvents saturated with oxygen does not result in product formation
at natural pH values?® suggests that this compound will not be readily
degraded photochemically in the enviromment. Benzanthrone is readily attacked
by both nucleophilic and electrophilic reagents.’s®

ANALYT1CAL METHODS

Thin-layer chromatography has been usc<. extensively to detect benzan-
throne.2!~23 Typical stationary phases include alumina G and cellulose.
Typical moving phases are pentane:ether (19:1), toluene, and dimethylform—
amide:water (35:65). Detection is by UV-excited visible fluorescence.
Absorption maxima occur at 250, 282, 303, 387, and 513 nm.2" A recent method
for estimation of henzanthrone in drinking water achieves a detection iimit of
125 pg (about 0.l ng/L) by preconcentration on Cjg-bonded pellicular packing

followed by desor?tion and analysis by liquid chromatograprhy, using fluores-
cence detection.?

Beazanthrone has also been estimated polarographically26 and in biood
by spectrofluorometric methods.?’
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Human EBxposures

Benzanthrone is reported variously to cause an itching, burring sensa-
tion, erythcma, dermatitis, and skin pigmentation. $-3 In sensitive
individuals, actinic dermatitis or leukoderma can develop due to a photody-
namic effect.?? Pruritus, precocious generalized eczema, pigmentation,

. . . 33
and photosensitization in workers exposed to benzanthrone have been observed.

. ‘ L. 37
Systemic effects result from iiver damage, nervous system dama €y and
disturbance of the autonomic nervous system regulatory function. Because

of the toxic character of this dye, the U.S. army Envirommeutal Hygiene Agency__
. . . - - i . 3y
advised substituting a less toxic chemical for benzanthrone in smoke mixtures.

txperimental Animals

Benzanthrone did not produce signs of intoxication in male and female
rats in oral doses up to and including 7.1 g/kg.“° Tt was focund to be
nonirritating to the skin of the albino rabbit, for which the acute dermal
LDs( exceeded 3,000 mg/kg.l'0 The dye was not irritating when applied to
clipped, intact, or abraded skin of guinea pigs for 24 hours during a skin
contact experiment.“!s»*2 One report ® found no irritation of the eye
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due to benzanthrone, whereas another reportka noted moderate erythema,
slight chemosis of the lids, lacrimation, and a light corneal stain. No
indication of photoallergy in guinea pigs or phototoxicity in mice and swine
was observed,’’ although others have stated that albino mice exhibit slight
thickening and roughness of the skin on application of benzanthronme only in
the presence of sunlight."®

Studies of subacute oral intoxication havz been carried out by intragas-
tric introduction of benzanthrone doses equivalent to one half the intraperito-
neal LDgqg (1.5 g/kg for rats and 0.29 g/kg for mice) once per week over a
period of one month, “S  For rats, such treatment results in significant
vreduction in body and organ weight gain and some changes in blood parameters.

Five days after a single intraperitoneal injection of benzanthrone (200
mg/kg in arachis o0il), all of four white male rabbits developed mild vascular
congestion in the lamina propria and submucosa of the urinary bladder.®
The urinary bladders of guinea pigs treated with single intraperitoneal injec-
tion of benzanthrone (25 mg/kg body welght), which were examined 7 days after
injection, showed mild vascular congestion in the lamina propria and submucosa.”
At 15 days, 6 of 10 guinea pigs showed evidence cf urinary bladder mucosal
lesion, sever: vascular congestion, and a large number of inflammatory cells
in the lamina propria and submucousa. Large areas of guinea pig lungs were
filled with edematous hemorrhagic fluid within 24 hours after intratracheal
injection of benzanthrone suspension (particle size <5 ug).

When benzanthrone (50 mg/kg body weight) suspended in distilled water was
UdLlV dulelLSLLLE‘U lllle},t‘_L LLUllt.d.l.Ly hU LH.LS. uuxmu.,y;u. dlCluJ.tl, PLUUQULY Uf
hemolytic origin, was obsgerved at 10 and 20 daysz."9 Biweekly intraperitoneal
injection of benzanthrone (25 mg/kg) for 6 months leads tc damage of the game-
togenic function of rat testis, but not of the androgemic potency.5? Testic-
ular hyaluronidase activity was decreased, and treated rats showed patchy
degeneration of the seminiferous tubules.

Significant decreases were noted in the level of ascorbic acid after 7
days in the blood, kidneys, and liver of adult male guinea pigs administered
henzanthrone intraperitoneally at a dose of 25 mg/kg body weight. 5! Intra-
peritoneal doses of 50 mg/kg-day to male rats resulted in & significant
increase in plasma fibrinogen and a decrease in blood coagulation time,52

Biochemistry
In a group of four rabbits, 26.1 tc 30.5% of intraperitoneally
administered benzanthrone wo~ ‘xcrefed unchanged in the urine in 5 days, more

than half of which was excreted in the first 2 days.*® The tate of the
majority of the material is .nknowm,
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Carcinogenicity

Available data are conflicting concerning benzanthrone carcinogenicity,*!
[n an early study, white mice (sex not given) received five subcutaneous
injections, 10 to 15 days apart, of 0.5% benzanthrone in alive oil, Sixteen
of the 32 mice gsurvived after 6 months; one Jeveloped lung tumor, and one
developed jaw tumer,®315*  Results ¢id not suggest that benzanthrone has
tumorigenic properties.

Tests for the production of skin cancer have been carried out by applying
0.3 g of benzaanthrone in solution (benzene?) to the interscapular region of
mice twice weekly.>® No epitheliomas or papillomas were observed on 10 mice
s> treated, of which the oldest survived 294 days.
3!

Paren repcrted that this dye did not induce turors in mice.

Mutagenicity

Benzanthrone was nonmutagenic when screened for mutagenicity with five
Salmonella ggghiggiigg tester strains with and withou: wmammalian microsomal
activation. After exposure to 90CO gamma irradiation in air, benzan-
throne exhibits positive muta;enicity with strains TA1538 and TA98, which
detect frameshift mutations.’

Escherichia culi remained unaffected by benzanthrone in concentrstions of
] mg/mL. Bond and Gilleland®® tested the ability of several compounds to
prodvce changes in the RNA/DNA ratio in E. coli as a measure of relative car-
cinogenicity, Benzanthrone produced no alteration in the RNA/DNA ractie, indi-
cating that it is noomutagenic in E, Eng.

Epstein et al_ ®? conducted a dominant letnhal mouse assay for benzan-
throne-induced mutations. Male ICR/Ha Swiss mice were given single intraperi-
toneal injections of benzanthroue at doses of 1,000, 1,506, or 2,000 mg/kg.

Two males (given 1,000 and 2,000 mg/kg) died. Remaining males were mated to
three untreated virgin female mice per week for 3 or B weeks after the injec-
ticn, Early fetal ceaths and preimplantation losses were not produced by benz-
anthrone beyond ccntrol limits.

ENVIRONMENTAT. CONSTDERATTONS

Production facilities for large quantities of benzanthrone are probably
the primary source of human exposure to benzanthrome, Sites of grenade
manufacture and testing at U.S. Army arsenals constitute the second largest
source of exposure, and sites of grerade use or disposal constitute a third
and impc tan% enposvure source, particularly for military personnel,




Behavior in Soil and Water

Degradation. Loshakov®? observed that benzanthrone, in concentrations

above 0.05 mg/L, gives water a yellow color, and at 50 mg/L its odor becomes
noticeable. Biological oxygen demand (BOD) is inhibited up to 13% by
benzanthrone coucentrations of 50 to 1,000 mg/L.
Animals

Mammals., No information was retrieved.

Birds. No information was retrieved.

Fish. No informatiocn was retrieved.

Reptiles. No information was retrieved.

Amphibians. No information was retrieved.

Invertebrates. Benzanthrone is toxic to Daphnia at 10 mg/L but not at
5 mg/L.®°Y Epstein et al,®' used the toxicity of benzanthrone to the

protozoan Paramecium caudatum s a measure of photodynamic activity.
Concentrations of 0.21 pg/ml produced 99X lethality in 30 minutes to dark

Similar experiments have been performed with the nauplii of Artemia salina.®?
Plants

Ishio et al.®? have shown that benzanthrone in coal chemical wastes
rnduces cancerdus growth in the edible marine alga, Porphyra temera. Under
laboratory conditions, benzanthrone at 2.0 mg/L induced algal cancer in all
leaves of P. remera within 40 days at 10°C. A later paper reported that

in Gyrodinium species.B*

Food Chain
Ne¢ information was retrieved.

EXISTING STANDAKDS

kL)

The USSR propused occupational standard is <0.002 mg/L in air.
Loshakov suggested 0.05 mg/kg as the highest permissible concentration for
reservoir water in the USSR.°°

incubatued, motile cilirates expcsed to 360-my irradiation at 8,750 uwatts/cm?.

benzanthrone (..s well as some known carcinogens) brought about mitotic delays
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APPENDIX C
1,4-DI-p-TOLUID TNOANTHRAQUINONE

ALTERNATIVE NAMES

1,4-bis [(A—mefhylphenyl)amlno] -9,10-anthracenedione (C.A. from 1972);

1,4~ d1-2—tolu1d1no 9,10-anthracenedione (C.A. before 1972);
Solvent Green 3; Quinizarine Green G

l,4-di-p-tolylamino~anthraquinone; C.I.
Base; D and C Green No, 6.

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 128-80-3

Colour Index No.: 61565

Toxic Substances List No.: CB57750°
Wi.wesser Line Notation: 1 C666 GV IVJ DMR DI& GMR D1’
Military Specification: MIL-D-3277¢?
Molecular Weight: 418.52
Empirical Formula: CpgHyoNy0p

Structural Formula:

HN —<—Q/'——CH3
QT Q

-lhHe-
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TABLE C-1. PHYSICAL PROPERTIES OF 1,4-DI-p-TOLUIDINOANTHRAQUINONE

Property

Color

Value Reference
Melting Point 219.5°-220.5°C 3
Boiling Point -
Density -
Vepor Pressure -
Deep blue-violet 4

Crystalline Form
Heat of Sublimation
Solubility in Water

Solvbility in Other Solvents

(from glacial acetic acid)

Insoluble 5

Soluble in benzene and toluene; 5
slightly soluble in acetone,

alcohol, and ethyl acetate,

“oluble in hydrochloric,

sul furic, and other strong acids
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PREPARATION AND PURIFICATION

1,4-Di~p~toluidinoanthraquinone is prepa
tion of p-toluidine with leucoquinizarin,sv anthraquinone-1,4~disulfonic
acid,?’”? and 1,4-dichloroanthraquinone.®s%!? Impurities in the dyes may
be many, depending upon the method of synthesis; p-toluidine and anthraquinomne
starting materials as well as derivatives and igsomers are probably present as
contaminants. Because the sulfonic acid derivatives are made by using mercury

salts, mercury may be a rontaminant. Methods have been developed for removal
of mercury when present in levels below 5 ppm.’°®

red industrially by the condensa-

Purification of 1,4-di-p-tcluidinoanthraquinone to mect Food and Drug
Adriaistration requirements for a drug dye can be achieved by repeated
recrystallizations. For such use, the dye must contain no more tnan G.5%
impurities, 2% volatilc matter at 135°C, and 1,5% carbon tetrachloride
extractables; it must melt above 210°C.!! Within these limits, the
concentrations of impurities vary considerably; a study on the ourification v,
aminoanthraquinones has shown that dyes with as much as 2% impurity give

essentially the same melting point and UV-visible spectra with subsequent
recrystailizations,!?

It is now recognized that these physical measurements, to be meaningful,
must be done in series with chromatographic separations. Materials that give
a single band in several chromatographic rolvent systems and a constant
melting point or UV-visible spectrum are considered to be pure and

for biclogical teoiing.

There are no available data that show that biological
testing has been done with highest purity 1,4-di-p-toluidinoanthraquinone,

PRODUCTION AIlD USE

The primary commercial use of 1,4-di~-p~toluidinoanthraquinone is in the
textile industry, both as a dye and as an intermediate, 1t has been listed
for use as a drug and cosmetic dye for sutures. Relatively large quantities
are used for the manufacture of green smoke grenades, A typical pyrotechnic
mixture contains a smuke-producing agent (1,4-di-p-ioluidincanthraquinone), an
oxidizer (KC103), a retardant (NaHCO3), and sulfur. The grenade contains

about 320 g of dye and will burn for approximately 70 to 80 secfinch, during
which time the dye vaporizes and is airborne.

In 1973, the United States produced 217,000 pounds and ingorted 4,760
pounds of 1,4-di-p-~toluidincanthraquinone as Solvent Green 3.1951%  The

U.S. production figures of 1,4~di-p-toluidino&nthraquinone as D and C Green
No. 6 are not available. However, U.S. production of the D and C green dyes

in general was as follows: 39,000 pounds in 1973i 48,000 pounds in 1974,
23,000 pounds in 1975, and 18,000 pounds in 1976.)°"!
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CHEMISTRY

During combustion, 1,4-d1-p-toluidincanthraquinone decreases from 61% of
the dye in an initial smoke grenade mix to 51% of the dye in the aerosol.
This decrease suggests extensive thermal degradation of 1,4-di-p-toluidino-
anthraquinone or relatively less volatilization than for benzanthrone, wnich
increases in percentage in the mix during aerosolization."

ANALYTICAL METHODS

1,4-Di-p-toiuidinoanthraquinone is a derivative of anthraquinone and
therefore can be detected by UV-visible and fluorometric methods. Maximum

7y

1.64 x 10%).

™-yvisible absorptiou cccurs at wavelengths of 402 nm (€ = 0.65 x 10%4), 55¢ .
)

(€ = (.70 % 10%), 600 nm (¢ = 1.54 x 10%4), and 638 nm (e

Separaziuns have been achieved by chromatographic methods, especially
thin-layer chromatography (TLC).!® Absorbents for TLC have been cellulose,
magnesia, silica gel, and florisil.!}? Some solvent systems that have been
successfully used are acetone:hexane (1:3), pentane:ethyl ether, toluene, and
dimethylformamide:water (35:65), Large-scale (gram) separations of
l,4~di~p~toluidinoanthraquinone have been carried out using cclumn
chromatography.?® A recent study indicates that high pressure liquid
chromatography (HPLC) is useful for detection and purificationm,?!

MAMMALIAN TOXLICOLOGY

No information was retrieved.
Experimeatal Animals

The orai LDgg for male and female rats is variously reported as 3,060
mg/kg,' greater than 10 g/kg,2? and greater than 15 g/kg.2? The oral
LDgg for ra .its has been found to exceed 10 g/kg, with the minimum lethal
dose greater than 6 g/kg.2* This compound is said to produce no discernible
skin irritation when applied to the intact and abraded skin of rabbits, and
the minimum lethal dose by skin absorption is said to be greater than 8 g/kg
(animal unspecified).“” It produced "minimal" erythema when instilled into
the conjunctival sac of rabbits,?"
Biochemistry

No information was retrieved.

Carcinogenicity

No information was retrieved.
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Mutagenicity

1,4-Di-p-teoluidinoanthraquinone was nonmutagenic when screened for
mutagenicity with five Salmonella typhimurium tester strains with and without

mammallan microsomal activation.

43

ENVIRONMENTAL CONSIDERATIONS

Behavior in Soil and Water

Degradation.

No information was retrieved, bur it should be

anthraquinones are readily reduced to the corresponding diols.

Animals

Mammals. No information was retrieved.

Birds. No information was retrieved.

Fish. No information was retrieved.

Reptiles. No information was retrieved.

Amphibians. No information was retrieved.

Invertebrates.

Microorgan.sms

No information
Plants

No information
Food Chain

No information

EXISTING STANDARDS

No information

No

was

was

was

was

information was retrieved.

retrieved.

retrieved.

retrieved.

retrieved.
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AFPENDIX D

1,4-DIAMINO~2,3--DIHYDROANTHRAQUINONE

ALTERNATIVE NAMES

1,4~Diamino-2,3~-dihydro-9,10-anthracenedione (C.A. from 1972);
1,4~diamino-2,3-dihkydrcanthraquinone (C.A. from 1972);
leuco-1,4-diaminoanthraquinone.

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 81-63-0

Colour Index No.: None

Toxic Substances List No.: None

Wiswesser Line Notation: 1L €666 BV IV CU GUJ LZ GZ
Military Specification: MIL-D-3668'

Molecular Weight: 240.262

Molecular Formula: Cj;HyoN30,

Structural Formula:

Fhysical properties of 1,4-diamino~2,3-dihydrcanthraquinone are iisted in
Table D-i.

PREPARAT.ON AND PURIFICATION

1,4-Diamino-2,3-dihydroanthraquinon is readily prepared by the
condensation of ammonia with 2,3-dihydroquinizarin (leucoquirizarin) in the
presence of boric acid.3-? Samples have baen prepared on a small scale by
the reduction of i,4-diaminoanthraquinone.
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TASLE D-1. PHYSICAL PROPERTIES OF 1,4-DIAMINC -2,3-DIEYDROANTHRAQUINONE

Property

Value Reference

Melting Point
Boiling Point
Density

Vapor Pressure
Color

Crystalline Form
Heat of Sublimation
Solubility in Water

Solubility in Other Solvents

256°C (decomposition)

Insoluble

Soluble in
acid &nd ho




PRODUCTION AND USE

1,4-Diamino-2,3~-dihydroanthraquinone is not as stable as many other
anthraquinone dyes, but is an important intermediate in the synthesis of amino
ard leucoc dyes. It is 80%Z of the dye used in the fabrication of violet smoke
grenades,?

In 1973, U.S. manufacturers acknowledged the production of 890,000 pounds
of 1,a-diamino-z,3—dihydroanthraquinone.7 Jmport quantities totaled
19,089 pounds.® 1Ir 1974, U,S. production of 1,4-~diamino-2,3-dibhydro-
anthraquinone totaled 834,000 pounds and import quantities totaled 28,319
pounds.?s!'?® U.s. production of 1,4-diamino-2,3-dihydroanthraquinone for
1975 and 1976 was 470,000 and 531,000 pounds, respectively,'!s!?

CHEMISTRY

1,4-Dizmino~2,3~dihydroanthraquinone is a reduced diaminoanthraquinone
and is easily oxidized by nitrobenzene." 1In stron§ hasesg, it 1s either
readily oxidized by air to the anthraquinone dye“s> or it loses ammonia,
reverting to the dihydroxy leucoquinizarin.® 1,4-Diamino-2,3-dihydro-
anthraguinone undergoes the general reactions of anthtraquinones; mild
conditions usually are sufficient for these reactions to occur.

ANALYTICAL CHEMISTRY

Percent purity of 1,4~diamino-2,3-dihydroanthraquinone used in
pytotechnic formulatious 1s estimated spectrophotometrically at 456 £ 2 nm.
Ninety-Ffive percent ethanol is used as the solvent and a pure sample is used
as the veference standard, Potentiometric methods were unsatisfactory for
quantitative estimation.'? Column, thin-layer, and paper chromatographic
methods have been developed for l,4~-diawinoanthraquinone,; but have not been
applied to 1l,4-diamino-2,3~dihydroanthraquinone. This omission is probably
due to the fact that l,4-diamino~-2,3~dihydroanthraquinone is the intermediate
most commonly used for 1l,4-~diaminoanthraquinone. There are no appirent
reasous why the chromstographic techniques used for the 1,4-diamino dye cannot
be used for this compound. UV-visible s?ectroscopy bas been used successfully
to anaiyze fcr the presence of this dye.'* Fluorescence and high pressure
ligquid chromavegraphy should be eguaily applicable to the detectiou and
estimation of 1,4~diamino~2,3-dihydroanthraquinone. 1-Amino-4-hydroxyanthra-
quinone, an oxidation product and contaminant of 1,4-diamino-2,3-dihydroanthra-
quinone, can be es*imated spectrophotometrically at 603 nm by differential
absorbance.!®

MAMMALIAN TOXLCLIOGY

No data were retrieved from the literature concerning the human
expcsures, experimental animal toxicolegy. bioc’ emistry, or carcinogenic
potential of rthis dye or its impurities,
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Mutagenicity

1,4-Diamino-2,3-dihydroanthraquinone was screened ror mutagenicity with
five Salmonella typhimurium tester strains with and without mammalian micro-—
somal activation.'® This dye is weakly mutagenic in strain TA1537 (frame-
shifi) whether or not activated by rat liver microsomes; it is nonmutagenic in
other strains at low concencration and toxic at high concentration.

ENVIRONMENTAL CONSIDERATIONS

Behavior in Soil and Water

Degradation. No information was retrieved, but a reasonsable degradation
sequence would involve oxidation to an anthraquinone followed or accompanied
by reduction to the corvegponding diol. The most likely initial proauct,
l,4-d1iamincanthraquinone (Disperse Violet 1) has been estimated to be 10X
degraded after 15 days aeration with domestic sewage nicroorganisms.17
Animais

Mammals. No information was retrieved.

Birds. No information was retrieved.

Fish. No information was retrieved.

Reptiles. No information was retrieved.

Amphibians. No information was retrieved.

Invertebrates. No information was retrieved. However, olutions of
l,4-dianinocanthraquinone, a likely degradation product of 1,4-diamino-
2,3-dihydroanthraquinone, are reported to kill earthworms in 15 to 30 minutes

at a conggntration of 500 mg/L and in less than 20 hours at a concentration of
50 mg/L.

MICLoOLganisms

No information was retrieved.
Plants

No information was retrieved.
Food Chain

No information was retrieved.

EXISTING STANDARDS

o information was retrieved.
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APPENDIX E

1-METHYLAMINOARTRRAQUINONE

ALTERNATIVE NAMES

1-(Methylamino)-9,10-anthracenedione (C.A. from 1972); l-N-methylamino-9,10-
anthraquinone (C.A. before 1972); C.I. Disperse Red 9.

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 82-38-2

Colour Index No.: 60505

Toxic Substances List No,t: None

Wiswesser Line Notation: L €666 BV IVJ DMl
Military Specification: MIL-D-3284C!
Molecular Weight:s 237.11

Empirical Formula: CygHy1NOp

Structural Formula:

O NHCH,

@)

0

Physical properties of l-methylamincinthraquinorne are listed in Table E-1.
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TABLE E~1. PHYSICAL PROFERTIES OF

1-METHYL.AMINOANTHRAQUINONE

Property Value Reference
Melting Point 169.5°C 2
Boiling Point -
Density -
Color Red (from CCl,) 2
Deep red orange
(from glacial acetic acid) 3
Crystalline Form -
Heat of Sublimation -
Heat of Vaporization -
Solubility in Water Insolubie
Solubility in Other Sclvents  Soluble in acetone, chloro-~ 4

form, and cellosolve.
Slightly soluble in benzene and
carbon ketrachloride.
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PREPARATION AND PURIFICATION

l-Methylaminoantnraquinone is prepared by one of several alkylamination
reactions, Methylamine i: treated with l-anthraquinonesulfonic acid,
l-chloroanthraquinone, or l-phenoxyanthraquinone.’:® Yields are high and
are about the same for each method. Consequently, the industrial route of
synthesis depends on the cost and availability of the starting materials.
Impurities may include any of the chewmicals used in the preparation procedure

as well as dimethylamino derivatives, meccury, copper, boric acid, and
possibly anthracene,

ioi i oo

g s and b

Purificatic.n can be achieved by recrystallization from benzene or acetic
acid?® or carbon tetrachloride,? However, one study shows that melting polint
and absorption spectra are insensitive to changes in concentrations of impuri-
ties below 2%.? Extraction methods have been developed for removal of mercur;
when it is present in levels below § ppm.7

f o

PRODUCTION AND USE

B W SPLE T Y v

In 1973, four small U.S. companies manufactured the dye.G Imports of
the dye totaled 54,912 pounds as l-methylamincanthraquinone and 6,710 pounds
az Solvent Red 111 f¢ that year.9 lmports totaled 13,260 pounds as
I-methylaminoanthraquinone and 7,260 pounds as Solvent Red 111 in i974,'°

A I T

1-Methylaminoanthraquinone is used extensively in the textiie and papec
industry. It 1s an wmportant interwediate for the synthesis of other dyes.

At the present time, it has not been certified for use in cosmetics, foods, or
drugs.

CHEMISTRY

1-Methylaminoanthraquinone undergoes the typical reactions of anthra-
quinones, that is, reductiom, sulfonations, nitrations, and halogenations. In
addition, the secondary amino group increases the acid solubility and facili-
tates reactions with weak and strong acids. The compound is sensitive to UV
light and may undergo additional changes in the presence of atmospheric oxygen.

ANALYTICAL METHODS

1-Methylaminoanthraquinone and other aminoanthraquinone dyes have been
separated by column, !} papet,12 and thin-layer chromat:ography.2
Solvent systems used for thin-layer chromatography are benzemne saturated witk
water, water:tbutanol, water:ethyl acetate, carbon tetrachloride saturated with
water, and dioxane:water. The separation of l-methylaminoanthraquinone on
. aluminum oxide with hexane:acetone?»” as the developing solvent gave an
) Ry (x 100) of 86. More recently, high pressure liquid chromatography has




been adapted to the separaticen,

identification, and estimation of
l-methylaminoanthraquinone.!'?

Successful development of this technique
promises to provide a rapid method for purification of experimental quantities
of l-methylaminoanthraquinone and other pyrotechnic dyes.

MAMMALIAN TOXICOLOGY

Human Exposures

1-Methylaminoanthraquinone is a skin irritant and sensitizer."

Experimental Animals

Griswold et al.!® reported that l-methylaminoanthraquinone showed only
slight toxicity in female Sprague-Dawley rats that received 10 doses of 500
mg/rat/dose chirough gastric tube; one dose was given every 3 days for 30 days
(tota) dose 5,000 mg/rat). During a 9-month observation period, there were
cystic changes in the kidneys of 14 treated female rats; one rat desveloped

renal hyFerplasia. One source reports no skin or eye irritation for
rabbits.*®

Biochemistry

No information was retrieved.

Carcinogenicity

Griswold et al.!® reported that during a 9-month observation period of
female Sprague-Dawley rats desed by gastric tube with a total dose of 5,000 mg
of l-methylaminoanthraquinone per rat, only one rat out of 14 developed
tubular adenocarcinoma of the kidney. Because carcinoma of the kidney was

observed in the controls as well, the authors concluded that the dye is
noncarcinogenic to rats.

Mutagenicity

nansd for

l-Methylaminoanthraquinore was nonmutagenic when screened

mutagenicity with five Salmonella typhimurium tester gtrains with and without
mammalian microsomal activation.'’

ENVIRONMENTAL CONSIDERATIONS

Behavior in Soil and Water

Degradation. No information was retrieved, but it should be noted that
anthraquinones are readily reduced to the corresponding diols.

Animals

Mammals., No information was retrieved.



Birds. No information was retrieved,

Fish. No information was retrieved. Concerning related structures,
Little et al,'® have investigated the acute toxicities of a number of
anthraquinone dyes to fathead minnows (Pimephales promelas), and the most
toxic by far was Disperse Blue 3,

0 M)CH3

oL o)

0 MiCHBCHZOH '

The 96-hour LCgy for Disperse Blue 3 is 1 mg/L at 15°C. Related dyes
bearing hydroxgl groups on the aromatic rings are less toxic by several orders
of magnitude,!

Reptiles. No information was retrieved.

Amphibians. No information was retrieved.

Invertebrates. No information was retrieved,

Microorganisms

No information was retrieved.
Plants

No information was retrievea,
Food Chain

No information was retrieved.

No information was retrieved.
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APPENDIX F

VAT YELLOW &

ALTERNATIVE NAMES

Dibenzo(b,def)chrysene~7,14~dione (C.A. from 1957); dibenzo(a,b)pyrene-7,
l4-dione (C.A. before 1957); 3,4,8,9-dibenzopyrena-5,10-quinone;
4,5,9,10-dibenzopyrene—3,8~-quinone; Indanthrene golden yellow; C.I. Vat Yellow
43 HVT Golden Yellow,

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 128-66-5

Colour Index No.: 59100

Toxic Substances List No.: HO070300

Wiswesser Line Notation: L D6 B6G 0666 2AB A JV UVEJ
Military Specification: MIL-D-50029¢}

Molecular Weight: 332.3

Ewpiiical Formula: Cs4f1202

Structural Formula:

QLo

O

Physical properties of Vat Yellow 4 are listed in Table F-1,




TABLE F-1. PHYSICAL PROPERTIES “F VAT YELLOW &

Property Value Reference

Melting Peint 385°cC 2
Boi!ing Point -
Density -

Vapor Pressure -

Color Yellow 2
Orange-brown (from nitrobenzene) 3

Heat of Sublimation -

Solubility in Water Insoluble

Solubility in Ot-er Solverts Soluble in sulfuric acid, 4

ieiranvdronaphthalene,
xylene, and nitrobenzene;
slightly soluble in acetone,
benzene, alcohol, chloroform,
o-chlorophenol, pyridine, and
toluene
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PREPARATION AND PURIFICATION

Dye vat Yellow 4 is prepared in 55% or better yield by the following
metheds: benzoylation of benzanthroue, which is the original synthetic route;
ring closure of 1,5-dibenzoylnaphthalene; benzoylation of l-benzoylnaphthalene
fcllowed by ring closure; aud diract condensation of naphthalene with
benzoylchloride in aluminum chloride at 160°C.2:5,8

Chromatographic purification has been achieved by cissolving Vat Yellow 4
in chlorobenzene and eluting over alumina.’ Hore receut developments have
adapted high pressur: liquid chromatography techniques to purification and
estimation of Vat Yellow 43 when acetonitrile:water (9:10) was used as the
developing solvent through a reverse phase column of microporasil Cl18 at a
rate of 1 mL/min and with detector at 280 nm, sensitivity of 200 ng was
obtained.® Another method of purification has been to dissolve the dye in
concentrated sulfuric acid and to precipitate by pouring the mixture into

crushed ice.? The extremely low solubility of the dye wmakes it difficult to
purify.

£RODUCTION

In 1973, four or more U,S, producers made 98,000 pounds of Vat Yellow 4
dye.? Only 1,12 pounde were imparted, all of it as the solubilized dye.’
In 1974, 1,874 pounds of Vat Yellow 4 as the solubilized dye were produced.

CHEMISTRY

Vat Yellow 4 is relatively stable, especially to alkaline oxidation
medld. It is readily halogenated by standard methods. The bromo derivative
i5 prepared by dissolving Vat Yellow 4 in AlCly at 160% to 170°C, cooling

the mixture, and adding bromine in ch'oronulfonlc acid. Nitration, hydroxyla-
tion, and amination have been done, %yt

ANALYT1CAL METHODS

Vat Yellow 4 is determined in batches sold for pyrotechnic mixtures by
dissolution in sulfuric 301d and measurenment of absorbance betweer 5A8 and
571 om. Percent purity is equal to i0U tiwee the vatio of sample absorbanca co
that of standard, both at 568 and 571 nm.}* Vat Yellow 4 is poorlv soluble
in most solvents and, therefore, the methods for its identification are
limited. It has been separated by use of column’ and “hiu~layer chrowato-
graphy.!?® The technique of 1igh pressure liquid chromatography has becn
applied with promising results.®

MAMMAT TAN TOXICOLOGY

Human EBExposures

Wo information was 1etrieved regaraing huwswn losicoloegy respoases after
expogure to Vat Yellow &. However, Tatyrek'" indicuted that Vat Yellow &4 is
toxic and may coutain traces of 3,4,8,9-dibenzopyrene (dibeazochrysene}, a
carcinogen,
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Experimental Animals

A single report was rotrieved that describes acute oral and derwmal
toxicity tests usirg a Vat Yellow 4 paste formulation of unspecified
concentration.!® The acute oral LD5, in male and female rats for this
paste exceeded 46 g/kg, whereas the minimum lethal oral dose for male and
female rabbits exceeded 11.6 g/kg. Application of the paste to intact ani
abraded skin of male and female rabbits produced no grossly discernible skin
damage, and the acute dermal LDgqy for rabbits exceeded 4.6 g/kg.
Inctillation of the paste into the conjunctival sac of rabbits produced
minimal reversible ocular irritation.

Subcutaneous injection or painting of the skin of mice with Vat Yellow 4
over prolonged periods was reported not to result in tumor formation;1®
another paper reports high mortality of mice under these conditions but,
again, o tumors.}!?

Biochemistry

Tatyrek** suggested that it is very unlikely that this Vat Yellow 4 dye
can be metabolized by reduction to dibenzopyrene, a carcinogen. There are no
published data regarding the metabolic reduction of this dione compound to the
carcirogenic dibenzochiysenes,

carcinogenicity

In 2 study conducted at the Carcinogencsis Studies Branch of the Natiomal
Cancer Institute (NCI) in 1965, investigators found ca. 0.1%2 dibenzozhrysene,
a carcinogen, in a commerciasl sample of the Vat Yellow 4 dye.* There is
also a poscibility that dibenzopyrene (dibenzechrysene) is formed dur ng the
burning of the dye {during smoke formation); the presence of the latter
compound in acounts as little as 0.01% would impart carcinogeniciky.!®

A commerciallvy formulated materipl attested by the manufacturer to
coutain 18.2% of the color-imparting component, 30.8% gorbitol, 5.5%
dispersant (Lomar TWC), 2.7% glycerine, and 42.8% water was tested in the NCT
ploassay Frogram. A summary of their resuits follows:l?

"A bioassay f C.I. Vat Yellow 4, a commerciai formuiation contairing
dibenzo(b,del}chrysene-7,l4~dicne, for possible carcinogenicity was
conducted by administering the test chemic: ! ir “zed to Fizcher 344 rats
and BOC2FL mice,

"Groupe of SO rats of each sex and 50 mice o+ each zen were
adgoniisteved C.1. Uat Yellow 4 in the viet at one of two deses: either
3,500 or 7,000 ppw “or the rats, either 25,000 or 5¢,000 ppm for the male
mice, and cither 12,500 or 25,000 ppm for the female mice. Tihe rats wore
administered the rast chewdcal for 104 weeks; the wmice, for 104 weeks,
Matched controls onristed of 20 untreated rats and 24 antrea’ed wice of
cach sex. Al. nurviving a4aimals wer» killed a. the end of the pariod of
administcation of the tes chemical
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"™Mean body weights of the dosed rats were lower than those of
corresponding controls throughout the bioassay, but the differences in
weights were slight for the males. Mean body weights of the dosed mice
were not affected by the tsst chemical. Survival of the rats and wice
was not affected adversely by the chemical, and sufficient numbers of
dosed and control rats and mice of each sex were at risk for the
development of late—appearing tumors.

"In the male and female rats and the female mice, no tumors occurred

at incidences that were significantly higher in dosed groups than in
control groups.

"In the male aice, lymphomas occurred at incidences that were dose
related (P = 0.002), and, in a direct couwparison, the incidence of the
tumor in the high~dose group was significantly higher (P = 0.019) than
that in the control group (controls 3/20, or 13%; low-dose 7/47, or 15%;
high-dose 22/50, or 44%). The incidence of lymphomas and leukemias in
historical~control male B6C3F] mice at this laboratory was 38/323 (12%).

"It is conclided that under the conditicns of this bioassay, the
formulated product containing C.I. Vat Yellow 4 was not carcinogenic for
male or female Fischer 344 racts or for female B6C3F]l mice, but was

carcinogenic for male B6C3F] mice, causing ar increased incidence of
lymphomas."

However, because chemical analysis of the tegt material was uui
rerformed, the observed increased incidence of lymphomas in male mice dosed
with the formulated product cannot be attributed with complet confidence to
Vat Yellow 4.

ENVIRONMENTAL CONSIDERATIONS

Behavior in Soil and Water
No information was retrieved.
Animals
Mammals. No infovmation was retrievad.
Birds. No information was retrieved.
Figh. No informgtion was retrieved. However; Little et al. renort that
for the fathead minnuw the 96-hour Lisg Lor the dibroms derivative, Vat
Orange 1, exceeds 180 mg/L at 15°C.*?
Reptiles. No inforuwation was retrieved.

Amphibians. No inforwmation was retrieved.

Invertebrates. No inforaation was retrieved.
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Microorganisms

No information was
Plants

No informatio.a was
Food Chain

Ne iaformation was

EXISTING STANDARDS

No informationn was

retrieved.

retrieved.

retrieved,

retrieved,
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APPENDIX G

HEXACHLORGCETHANE

ALTERNATIVE NAMES

Hexachloroethane; 1,1,1,2,2,2~hexachloroethane; Avlothane; Ethanehexachloride;
Fasciolin(e); Hexoram; Perchloroethane; Phenchep.

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 67-72-11

Colour Index No.: None

Toxic Substances List No.: KI40250!
Wiswesser Line Notation: GXGGXGGG!

Military Specification: MIL-H-235B2
Molecular Wesght: 236.70

Empirical Formula: CyClg

Structural Formula:-
C1,C—CCl,

Physical properties of hexachloroethanz are summarized in Table G-1.

Small quantities of highly pure hexachloroethane may be Ercpared by the
actiopr of chlorine on barium carbide. Jorndcrf and co-workers  used this
nrocedure to wmake 14¢- 1 gbeled hexachloroeth: ne. Hexachloroethane is formed
wren lover norwal hydrocarbons or chiorinate i hydrocarbons are allowed to
react witl excecs chlorine in the presence of ultravielet light’ or in the

reseace of chlorination catalysts at temperatures above 200°C.*? 1Ip the

sual industrial protess, tetrachloroethylene is chlorinated in the presence
of f2rric chleride, at 100° to 140°C, in a leai-lined vessel.® Hexschloro-
ethane is also obtuined as a coproduct in the production of tetrachloro-
ethylene by pyrolysis of csrbon tetrachloride at 800% to 900°C.° & process in
which a mirinre of ethylere aund chklorine is passed over charcoal at 300* to
356°C is reported to give nexachlorcethane yields of 80 to 30%.'*
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TABLE G-1.

PHYSICAL PROPERTIES OF HEXACHLOROETHANE

Property Value Reference
Melting Point 186.9°-187.4°C (sealed tube); 3

Sublimes without melting 3,4
Boiling Point 186.8°C 4

184.4°C 5
Density 2.091 g/mu 3,4
Vapor Pressure 1 mm Hg (20.0°C) 3

3 mm Hg (32,7°C) 4
Color White 4
Odor Camphoraceous 4
Crystalline Form Rhombic 3
Heat of Sublim.ii = 12.2 kcal/mole 4
Solubility in Water 50 mg/kg (22°C; 5
Solubility in Other Soluble in alcohol, benzene, 4

Solvents

chloroform, ether, and oils
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PRODUCTICN AND USE

1n addition to its military use for generating screening smo.es,'?
hexachlcroethane has found some application in veterivary medicine for
treatment of intestinal worms., Most material in current use appears to have
been }?ported. Parker et al, reported that 760,00C kg were imported in
1976.

CHEMISTRY

Hexachlorcethane, uvnlike most of the chloroethanes, is stable in alkaline
media.® Hexachioroethane presents a slight explosion hazard through spon-
taneous chemical reaction, Dehalogenation by alkalis, metals, etc., will
produce spontaneously explosive chloroacetylenes.,13 At high temperatures,
especially in the presence of moisture, hexachloroethane decomposes with a
corrosive attack on metals,®

Sjoberg!" has studied the decomposition of hexachloroethane vapor at
300° to 500°C in the presence of metal filings to produce phosgene and
hydrogen chloride. The maximum yield of &6 mg of phosgene end 49 mg of hydro-
gen chloride per gram of hexachloroethane was observed at 450°C in the
presence of iron. (Carbon tetrachloride, by comparison, gives 80 mg of
phosgene per gram under the same conditions.) Over glowing charcoal,
hexachloroethane produced 2 to 10 mg of phosgene per gram and as much as
474 mg of hydroehlorlc acid.! In the gas phase, oxidation of hexachloro-

y"b\,c‘t_do VLd theimal uL:l-’\-'L.L:ll:J.UIl WJ_tll ~.vuu.:u:quv:nu. puOSgCE‘xE fuLmaLLuu.ls
Mixtures for production of pyrctechnic white smoke in 3ritish smoke
generators contain 467 hexachlovcethane, 29 to 47% =zinc cxide, and 7 to 25%
calcium silicide, the fuel.!'® Burning temperatures vange frow 700° to
1,100°C. Jarvisf has found that hexachloroethane is pyrolyzed to carbon
and chlerine via intermediatc formation of carbon tetrachloride, tetrachloro~
ethylene, and hexachlorchenzene. Calcium silicide reacts with hexachloro-
ethane in stages to form calcium chloride, carbon, and silicon. Zinc azide
also reacts stepwise to produce zinc chloride (the smoke), carbon monoxide,
aud carbon dioxide; intermediates include phosgene and zinc oxychloride in
addition to chloxocarbons.

ANALYTICAL METHODS

Current methods for detection and quaniitation of chlorocarbons in public
vater supplies variously employ sorption cn activated carbon'”"?% or macro-
veticular resin'’»'®~?1 and desorption, or continuous liwuid-iiyuid extrac-
tion,*? combined thh gas chromatography usjng flame io: zatiom,'? 120 electron

capture, % or mass JpectrometrlLll detection for identlflcatxon of

hexachlovoethane. Keith et al.}? have used compaterized gas chromatography/
mass spectrometry for detection of hexschloroethane after coacentratis. on
XAD-2 resin or carbon celumn extraction. A detection limit of 0.03 pg/L is




reported. Others have noted that carefully prewashed carbon gives better
recovery of hexachloroethane than XAD resins.'®s2% 1In either case, the
chlorocarbon typically is desorbed using acetome and chloroform and concen-
trated by means of a Kuderna-Danish evaporator. Although detection limits as
low as 0.0l pg/L have been reported,?® quantitation of trace levels of hexa-
chloroethane is complicated by low recoveries from water at these leveis,
Hexachloroethane has also been ditected in wastewater by extraction with
pentane followed by direct injectioun of the extract onte a tritoly}ghosPhate—
coated gas chromatography column with a flame ionization detector.** A more
cumbersome method, but one that avoids the requirement for gas chromatography
equipment, involves sorption on activated carbon and elution with a nonhaloge-
nated solvent followed by conversion of the chlorocarbon to incrganic chloride,
which is titrated with silver nitrate solutiom,??®

Hexachloroethane has been separated from biological! specimens by steam
distillation and identified by microcrystallography,?® with as little as
20 mg hexachloroethane per 100 g of the binlogical specimen being assayed. It
has also been detected in biological tissues at levels below 1 ppm by gas
chromatographic methods.?’

Hexachlorvethane, present in relatively high concentrations, has been
se parated by distillation from mixtures of chloroethanes and estimated
refractometrically?® with 0.5 to 2.0% accuracies. Both infrared and mass
spectroscoupic techniques can be used to detect hexachloroethane and other
chlorohydrocarboas in chloroform.??® By using infrared spectroscopic
nn;ﬂyg'i.q; Fiaher ot a’i,ao wore ahle ta determine the predence of hexachloro-
ethane in a two component mixture of chlorinated hydrocarbons with a relative
precision of #25%. The band at 14.65 W was used to distinguish hexachloro-
ethane,

Small quant ties of hexachloroethane can be estimated by passing air over
vapors from a hot aqueous solution of chlorine-containing material through
quartz tubes at 900°C to give carhon dioxide and hvdrogen chloride. The
hydrogen chloride is estimated volumetrically by titration with mercuric
nitrate using diphenylcarbazide/bromphenol blue as the indicator. The average
error of analysis is <22.3!

A sampling and analysis method for hexachloroethane in air (S10G1) 1s
described in the NIOSH Manual of Anaiytical Methods.®?

MAMMALIAN TOXICOLOGY

Human Exposures

Parker et al.!? have estimated (1979) that 1,500 workers are exposed to
hexachloroethane; these include cleaners and charwomen, millwrights, machine
operatives, plumbers, pipefitters, and electricians. Von Qettingen reported
ir 1955 that little was known regarding the toxicity of hexachloroethane to

man.® The inhalation hazard may be low because of the high boiling point of

hexachlor -ethane, but cutaneous exposure should be viewed as a potential
hazard,




Hexachloroethane is mcderately irritating to the skin, mucous membrsaes,
and liver. In high concentrations, it is narcotic.' It may be absorbed
through the gastrointestinal tract, the lungs, and the skin,?® 1In 1947,
Plotnikov ingested 30 g hexachloroethane in 3 days and Sokolov 48 g in 4 days
without any harm; only ckin sensitivity was somewhat diminished.3*

Saric and Knezevic reported in 1657 that irritation was the most frequent

complaint of workers exposed to hexachloroethane in dry cleaning an< drug

factories, but serious symptoms were scarce.’® The serum albumin:globulin
ratio changed, but no other sign of liver injury was apparent,

Fischer reported that 70 persons were injured and 10 persons died in Malta
in 1943 following exposure to smoke grenade fumes in a tumnel,®® He mentioned
that serious accidents occasionally occurred among workers who handled suoke
chemicals containing hexachlorc -hane. The profound pathological changes in
the lungs, livers, and kidneys of the victims were attributed, however, to tha
toxicity of zinc chloride, the major ingredient of the smoke mixture.

Hexachloroethane lone is not considered a significant industrial hazard
if handled with reasonable care.’’ Hexachloroethane when inhaled, ingested,
or absorbed by the skin can cause acute local changes. Inhalation may also
cause acute changes that affect genevral bodily functions., These changes may
be "irreversible (or) reversible but are not severe enocugh to cause death or
permanent injury."'® A chronic local condition producing these same changes
can develop when hexachloroethane is absorbed by the skin. Eye irritation,
tearing of eyes, inflammation of eye membrane, photophobia, and inability to
close eyelids have been noted as consequences of hexachlorosethane exposure.!?

Experimental Animals
Parker et al.!? have summarized toxic effects of hexachloroethane on
experimental animals, Acute toxicity studies indicete a range of lethal doses
that depend on the route of administratioec and the te¢st species employed. The
lowest lethal dose of hexachloroethane administered subcutaneously to rabbits
has been 4 g/kg.’® Plotnikov and Sokolov reported in 19473" that the lethal
dose of hexachlorocthane administered orally in capsules or subcutaneously in
oil to cats was 6 g/kg. Cats and dogs were given total doses up to 18 g/kg in
two or four ccurses of 2 days each; only one of the six cats died and all six
a Mha Ahtanf meeme
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narcosis, and fatty liver degeneration.3*

Barsoum and Saad?® found that 0.325 g/kg administered intravenously
killed dogs in 30 minutes. Death was due to respiratory failure., Tracheotoiy
and artificial respiration resulted in extended survival times. The post-
mortem examination indicated fatty degenmeration of the liver. The dose needed
to cause death in dogs within 30 minutes was 0,10 g/kg for pentachloroethane
and 0.09 g/kg for chioroform. Oral doses of hexachlorcethane as high as




6 g/kg produced no mortalities. Maloff found that the fat content of the
liver of an 11.6-kg dog was essentially unchanged hy adminiztration of 82 g of
hexachloroethane in 1- to 2-g daily oral (encapsuled) doses and 10 g in l-g
daily subcutaneous doses.3?

Weeks et al.*? studied the acute texizity of hexachloroethane nsing 2
variety of test animsl species and routes of adminiscration. In acute oral
toxicity studies, the test compound was dissolved in corn cil (50% weighc/
volume) or methylcellulose {5% wzight/volume). Solutions were administered hv
stomach tube (0.1 mL/10 g body weight) to male and female rats, male guinea
pigs, and male rabbits. The acute oral und dermal approximate leihal dosages
(ALD) and dermal LDsp for rabbits and the oral LDgg for guinea pigs and
vats were calculated on the basis of survival for a l4-day observation
period. These values are shown in Table G-2.

Schwander*® and Burgi"? studied diffusion of hexachloroethane through
the abdominal skin of rabbits, Hexachlorcethane, dissolved in carbon tetra-
chloride, appeared in the exhaled air 40 minuies following application to the
skin, At 6 hours after application, the corneal reflex was intact, but the
animals were apathetic and did not recover from hard breathing after 5 days.
In the absence vf a solvent, hexachloroethane zppears to be relatively
nontoxic when applied to skin,

Chrouic toxicity studies were performed with rabbits.*® Daily oral
doses of hexachlorcerhane suspeuded in 5% aqueous methylcellulose (1,000, s.vu,
or 100 mg/kg) were given for 12 days to groups of five male rabbits to monitor
the development of toxic signs and changes in blood chemistry values. Daily
oral dosages of 1,000 mg/kg caused a significant (P < 0.05) reductio: in
body weight beginning at day 7 of dosing. Increases in liver and kiuney
crgan-to-body weight ratios were noted at necropsy (P < 0.05); no other
changes were found at necropsy. The 320-mg/kg dosages caused a significant
(P < 0.05) reduction in body weight gain beginning at day 10, but there were
no toxic signs and no changes in organ-to-body weight ratios at necropsy. A
dosage of 100 mg/kg/day produced no changes in the criteria studied. The only
blood chemical parameters affected were the potassium and glucose values,
which decreased significantly at the 1,000~ and 320-mg/kg dosage levels.
Reaves and Carlon"? indicaied in 1961 that the toxic effects of smoke
grenades (containing hexachloroethane and zinc oxide) to dogs, rabbits, and
rata were due to ziunc chloride. The damage was localized in the respiratory
system and was manifested by chronic degeneration of the tissues.
Weeks et al,*? report data from an extensive seriee of vapor inhalation
studies in male and female rats with separate tests for acute toxicity,
subchronic toxicity, behavioral responses, pulmonary function, and oxygen
consumpltion. Exposure to a nominal concentratiou of z.5 mg/L (260 ppm) for B8
hours showed no toxic signs during exposure or for 14 days thereafter,
Exposure to a nominal concentration of 57 mg/L (5,900 ppm) for 8 hours showed
severe toxic signs including death. At B hours, two of six rats were dead.
Surviving rats showed reduced body weight gain over the l4-day observation
period compared with controls,*?
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TABLE G-2. ACUTD TOXICITY OF HEXACHLOROETHANE"®

Animal Treatment Liluent value (umg/kg)

Rabbit, male Oral ALL Methylcellulose >1,000

Lat, male intraperitonezl Corn oil 2,900

ALD

Rat, female Oral LDgg Corn oil 4,460
Metnylecellulose 7,080

Rat, mzale Oral LDsgqg Cern eil 5,160
Methylcellulose 7,690

Guinea pig, male Oral LDgqg Corn oil 4,970

Rabbit, male Dermal LDsg Water paste >32,000




The subchronic inhalation tuxicity of nexachloroethare vapor was studied
in male snd female rats, male dogs, male guinea pigs, male Guail, and pregnant
vats, The groups and numbers of z1imals exposed and the analytical air concen-
trat ons of hexachloroethane are 'own in Table G-3.

The subchronic inhalstion hazard for hewachloroethane vipor was tested by
exposing animals £o contrel air and three concentrations of hexachloroeibane
for 6 hcurs a day, 5 daye a weex for 6 weeks."? Chambr. air samples for sll
concer.trations were analyzed by gas chrometography. Ail animals used in these
experiments were observed during a preliminary period, and contrcl groups
exposed to charber air were matched with each treatment group in respect fo
number, age, sex, and body weight,

Dogs exposed to 250 ppm nexachloroethane developed tremors, were ataxic,
hyrorsalivated, shovaed sevese head bobbing and facial muscular fasciculations,
an¢ he'd their eye.ids closed during the exposure. One dog convulsed during
the fiest exposure and died after 5 hours of exposure.

Gninea pigs exposed ro 260 ppm hexachloroethane showed a reduction in
body weight gain heginning the second week of exposure. Two guinea pigs dicd
during each of the fovrth and fifth weeks., At necropsyv, the liver-to-body
we ‘ght ratio was significantly Ligher than the ratios in controls,”?

Body weight gain of the male w~xposed to 260 ppm but not the nonpregnai-©
female rats was reduced starting with the third week of exposire.*? Al]l
rats showtd tremers, ruffled pelt, and red exudate around the ey=s following

exposure during the fourth week,., and one male and one female rat were found
dead. at the erd of the exposure pericd, all sigiv disappeared and the body
weight gain reflectad that of the controls, The kidney-, splean-, and
testes~to-body weight ratios in the wale rat and the liver ratics iz the
female rats wzre sisunificantly larger than controls. The older rats (12 o 14
weeks, 300 to 350 p) in the Lehavior group showed no toxic signs during
expcsure, The body weight gain was less than controls, and at necropsy the
lung-, liver-, kidrey-, and testes-to-bcdy weight ratiocs were increuased over
contrcels, Fa .y infiltra’ ‘on of the kidney was seen at necrogsy.

Quail exposed to 260 ppm hexachloroethane showed no adverse signs, no
#ffects on body weight, and no gross organ or lissue changes at necropsy.“o
All animais sacrificed 12 weeks after termination of exposure showed no gross

changee in tissues and organs, Body weight changes ¢f all animals were
corparable to the contvols.

Ia behavior tests, hexachloroethane produced no measurable effects on

either avoidance performance v sponténeous motor activity in rats.*?
Hexzcil oroethane is mocerately narcotic.'* Steindorf€"® obrerved that
hexachloroethane has paralytic cffects on the nervcus system of the dog, and
Bine"* found that oral deoses of 1 t5 1.1 g/kg iu dogs caused depression of

the central nervous syotem chavacterized bty weakness, staggering gait, and
twitchiug of the mnsgcley,
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TABLE G-3. EXPOSURE OF VARIOUS ANIMALS TO HEXACHLOROETHANE (HCE)“®

Pats Behavior Pregna:'t Guines
Treitaent Mz2le Femalz Rats Rats Dogs Pigs Quail
Control 25 25 15 22 4 10 20
(air only)
15 ppm HTE 25 z5 15 21 4 10 20
48 ppm HCH 25 25 15 22 4 10 20
260 ppw HCL 25 23 15 22 & 10 20

oy
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Although dogs exposed te 260 ppm imxachlsroethane showed ssvere sigas of
irritation, no changes in pulmonary €unction could be detected."” Six- .vek
exposure to 200 ppm hexechloroethane produced a significent decredse in o -vgen
consumption.*® The test was conmspecific, but indicated an alteration 1.
general metabolism due to nexachloroethane exposure. This chanze in the
absence of other supportive pathology doea not indiczate a seo:ricus healch
hazard, but may be a normal response to che iahalation o an upper respiratory
irritant,

Irritation reskonses to hexachloroethane were studied by eye and sok..
application tests."’ Crystalline hexachloroethane {0.i g) applied to the
cyrneas of rakbits and allowed to remain overnight caused wmoderate cormea:
opacity, iritis, and severe swelling and discharge in 5 of & rabbits, No
signs were seen 72 hours after azdministration. Hexachlorcethane had no toua
effect on the eyes of dogs."S

The potential for primary skin irrivation was tested by Z4~hour applice-
tion of 0.5 g of either the dvry crystalline wmaterial or of =2 water paste Lo
the intact and abraded skin of s: rabbits."® The dry materiz] caused no
skin irritation, and the paste caused only slight rednesc that Jdisappeared
after 72 hours.

A 3-week inhalation exposure (260 ppm) periocd with a 2-week rest and ti.cu
challenge with one dose of senmsitizing solution (0.1 mL of J.l1% hexachloro-
arhane in nronylene plvcol and saline) showed that hexashloroethane produced
ne recognizable sensitization reactions in w group of 10 male guines pigs.
However, dinictrocnlorobenzene (a kaow: sensitizer ) produced definite sensit:
zation reactions in 10 out of 10 snimais.""

Teratogenicity studies in rzis indicate that hexachloroethauve 3t dosap-:
toxtc to dams (5060 wg/kg orval or 260 ppm by inhalation) did not oroduce a ‘e:a-
togenic effecc.*? High dosagaes of hexachloroethane that were toxic to the
dams resulted in a slight slowing of fetal development.

Studies to determine the potential of hexachloroethame for inducing live:
enzyme formation vere conducted using three groups of 10 male rats.*® At an
intraperitoneal dose of 500 mg/kg dissoived in corr oil per da, fo. & consecu-
tive days, hexachloroethane did not induce hepatic microsomal enzymes. C:i=a
repcriing organ—-to-body weight changes in subchronic studies are not cousiste.
with the results of thie experiment.

jochemistry

jondorf et al.® reported in 1957 that rabbits slowly metabslize heza-
cnlor.ethaae. In vivo studies indicate most metabolites are excreted in the
feces and in exhaled air (about 14 to 24%), with only small amounts excreted
in the urine (about 5%).°% Metabolic studies in various animals confirm the
Yu-mation of 12 metubolites: three possible metaboiites (trichloroethylene,
moir ochloroethanol, and acetate) have not been detected (Tabhle G~4),
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Reynolds and Yee®! found that hexachloroethane did not cause carly

centrilobular suppression of glucose-6-phosphatase activity in the liver of
rats, in contrast to carbhon tetrachloride. There was cnly slight depression

of enzyme activity, indicating transient slight liver damage. Intragastrically
administered hexachloroethane (2,440 mg/kg) highly inhibited rat liver micro-
somal hydroxylation reactions after 24 hours, but had wo effect oa epoxide
hydratase activity.52 Fed intragastrically to rats at 6,150 mg/kg, hexachloro-
ethane was reported to be without effect after 2 hours on hepatic microsomal
functional properties, including preotein contont, oxidative demethylase,
glucose~b6-phosphatase, NADPH-NT reductase, 14C-glycine incorporatiou, cell

sap RNA, and lipid conjugated diene content.??

ln sheep, the plasma level of sorbitol dehydrogenase, glutamate dehydiuy:
e¢nase, and ornithine carbamoyl transferase increased, indicating cell membianc
permeability changes.*® The oromosulfopbthalein dye clearance was retarded,
indicating liver damage due to hexachlcroethane toxicity.'® Fowler'? founu
a decrease in the bromosulfophthalein dye clearance in ducks and cockerels fed
hexachloroethane through stcmach tubes, as well as an 1ncreas2 in the level of
aspartate aminotransferase.

Carcinogenlicity

Hexachlorcethane was tested in the NCI Bicassay Program under CO4604. A
summary of the results follows.>*

"A bivassay for possible carcinogenicity of technical-grads
hexachleoroethane was counducted usiug UGshorne-Meodel rais and BOC3FL
mice. Hexachloroethane in corn oil was admin stered by gavage, at either
of twe dosages, to groups of 50 male and 5C f..nale animals of calh
species. The chemical was administered 5 days a week, cyclically lov 44
of 78 weeks in rats and continuously for 78 weeks 1n mice, followed by an
observation period of 33 or 34 weeks for rats and 12 or 13 weeks for
mice. The high and low time~weighted average dosages of hexachloroethane
were, respectively, 4235 and 212 mg/kg/aay for male and female rats and
1179 and 590 mg/kg/day for male and female mice. For each species, 20
anianals of each sex were placed on test as vehicle controls. Taase
animals were gavaged with pure corn oii at the same vate as the high dose
group of the same sex.

untreated controuls for each species, These animals were not intavated,

Maem o oo e Y - - z o R ) . . 3
E'wl:ut_y animals of each s5ex were placed oun test as

"A statistically significant associaticn between increased dosage and
accelerated mortality was observed L. male and forale racs but not in
mice of either sex.

“"loxic tubular nephropathy was ol ierved in all g-oups of ireated
animals.,

"Statiscical evalualior of the incidences of hepa-ocz2llular carcinowss
revealed a significant positive geccaiation between hexachloroechane
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acdministrutior and tumor incidence in both male and female mice. No
sratiisLica. significance was attributed to the incidence of any neoria.
Lo rats of eirther sex.

"No evideuce wss mrovided for the carcinogenicity of the compound :in
Usborne-Mendel rats, ([t is concluded that under the conditions of th
bios say, hexachloroathane was carcinogenic in B6C371 mice, inducing
hepitocellula,s carcinomas in both sexes "

Mutagen.cicy

Murageniciy screoning tests (Saccharowyczs cerevisiae and Salmonell :
cyphiicur.m) were periormed with hexachloroethane over a series of concenty:.
tiuns such tha: there was Uither quantitative or qualitative evidence of s
whysiolopizal ettect at the high dorce level."Y The low dose was, in all
cascs, pelow a concentration that demonstrated any toxic effect. Dimethyl]
sultoxide wis used to prerare 2.5% stock solutious of this compound. The dose
range for the evaiuwatiou of this cowpound was from 0.1 to 500 g per plate.
Positvive and solvenc ~ontrols using both active mutagens and those that
requile metabolic activation weve run with each assay. The results of the
tests conducied 1o the ahsence or the preseuce of the rat liver activatioa
were al: negative,

KNV [ROEMUNTAL CONS IDE RATIGHS

Behavio.s i S0il and Water

Degradation., Nn infcermation is avdilable concerning the persistence of
hexachloroerhane in soil or water. The vapor pressure’® (1 mm at 20°C)
allows one to conrlude that hexachiorc:thane spilled on soil woula gradually
sublime. <“he waver solubility® (5 wg/ks’ indicates that leaching by pre-
cipitation, surface waters, and groundwater could occur.

Animals

Memrals. Parasvuk®™® obscvved that 0. g/kg administered oraliv @u
horses did not cause reticeable toxic effects and that 0.04 to 1 g/kg stimu-—
lated red and white blood cell “ormatinn. On the other hund, 6 g/kg canzed
depression, loss of appetite, aod gaspiag for air. with doses of 7 to 10
g/kg, thess sffects were exaggerateid, and 10 a7'kg caused ivpevers ble imens

\ In 1955, bywurer 't nentioned that some toxic effects were ~heecver
‘ oy the apthelwintice treatwent of cat*’e by hexachloronthane, and dear®
scecurred in aboat 1.2% of the treated anicals, Ehrlich and Wintsrhalter?/
\ . reported tual hogachioccathan: preoduced chi siic liver lesionms and acute
- diftuse nephrosis and digestive disorders in cettle. However, Taperncux®?
veported 1 19230 thal 10~g doses of hexacbloroetiizne werz well tulerated by
the anirgls; Olsen ¥ 5% pound in 1944 that cattle tolerated 100 g of




nexachioroethane well, whereas twice .1s dose caused no 1tl efrect 1t the
¢ tble were in average condi: on. De ii1eck and Baudet®! found that bexa-
2 lorvethsae 18 less toxic to catile than carbon teirachlorida.

Southuott®? reported i+ 1951 that 13.5 g given orally to M riau shee.
induced toxic effects. The symptoms included inability to rise, central
nervous system depression; staggering walks; fine tremors in the wuscle:r of
tha lips, {ace, neck, and feorelegs; weak but sllghtlv accelerated pu se; and
shailow bt otherwise normal breathing. EndreJat described the to :c
cfiect of hexachlorcethane on sheep fol'owing parasite treatmen-. Kona®
{ound that young sheep exhibited significant decrease in glucnse tolar-ace lue
.v hexacnlorcethane treatment,

Birds. No infeormation wag reti ieved other than the studies of Weeks -t
ai."”? with quail and of Fowler"® with domestic birds.

Fisn. No information was retrieved.
«eptiles. No information was retrieved.
Suaphibians. No informatisn was retrieved.

Invertebrates, Hezachloroethzne vapors are insecticidal. A 2:1 mixture
of hexachlornethaue and talc spread on water (dosage unknown) reportedly
destroyed mosquito larvae (Culex, Axmpheles, Agdes, snd Stegcmzla) without
killimg other aquatic organisms. SR Hexachloroethane is described as

only moderately texic to the ova, larvie., and pupae of Musca domestica and
Musea viciuias."! Hexachloroerhane—carbon tetruczhloride mixtures are Loxic
Ez)_ﬂrlbom castaneum {(commor flour bee(,le‘,,“ and control of the zorn
earworm, leliotihis obsoleta, by fumigarion with he:achloroethane has been
reported.®  An aqueous solution ccntaimuag 5 to 10 mg/L of hexachloro-
ethane reportedly caused a multiple discharge nerve axon resgponse when appli--
to the isolated chiela of crayfish (Cawbarus gjrilza).7c The sams response

is elicited by DDT at -auch lower concenirdafions.

Several veports descvibe rthe use of hexachlorcetuane for treatment i

cattle,??+%? sheep,®"+7! poats,”? and white-tailed deer’’ (nfeared

. . Sy - . . 4
by parasitic worms, iv pavticular the Liver fluke,; Farciola hepatzca,7 #nd
the stomach worm, Hamon shus contorvus. 2 In vitre atudizs by Mackie #ud

Parneil’® indicate hat 45-minute exposure Tt 1,000 mg/L of hexachloroet- an.

is lethal to F. Leputica, whereas 1,200 ug/L killed 0% of free-living stag-:
cf scizroctomes. Bartlet, on the other hand, rnparrcd that aexachlcer-oechan
has littie effect vn wmeture F, bELELlSﬁ £lukes in vitro, but that pentachlor
ethane, . metabolite ip sheep, is twice as putent as carbon teirechi ride as a
spasmogen. .or F, Qgpﬁglga.7x F. hepatica recoverad from rats and raov:' s
treated with hexachloroelhanz showed Lhat speriwatogeucsis was signitficant.y
disrupted.’b Hexachlorcethane at 4 concentratlon uf 10 to i00 mg/L wes

fouml to be lerpal o the protosce'ices of §5}'"

mulL\;erularLb ey
bated in wvitro fov 2 to 10 days. T AF oral dos

<F 2,600 and ', 500 mg/kf,.




hexathloroethane was reported to kil 50 and 100X, respectively, of subcutane-
oms'y implanted adult Fasciola in vais.’® Hexachloroethane is ineffective
agaiust the small tlukeworms, Dicroceeliose 91333,79 and some¢ other Earasitiv
worms, Oesophagostomum columbianum and Trichostron spp.*" Tsaturyan !

reported that hexachloroethane 18 used successfully in the treatment of lou:
infection.

Microoryanisms

An agar slant culture of Vibrioc Metschnikoff (V. metchnikovii?) was

epourted destrayad 1n 24 bours by an acueous solution containing 5.3 mg/L
weaachloroe haae. "

Plants
No infaormar o w2: e - . oved, ;
: X
. 4
Food ha.ir. .3
No Lrte-mr g0 was ¢ ieved, 3
&

The threshe imit vaiue {for sx.n oniy) as given by the American

Doagremis o3 - iz oamtal ind.strzal ayglenists is 1 ppm (approximately 5./ X
ug, W) Hesue a0 a paucit of rezoiis of human expérience, it 18 not ]
o - whether 'n> -r @ thresh:ld lim.t value is sufficiently low to preveu!

 oinjur i " cases.T

I favironm a: -rotecrisn Agency has propesed 2 liwmit of 47 pg/day*
hexach. oroetha.. ., va.ci.ared o keep the lifetime cancer risk below 107

$ v . T0-wg auman Y- 1
b
. . . . . i
e TGreo om0 2 wgrer aq «ic [ife, the Erviromnuental Pretect.n g
Ay o 5Pt pus~d 4 .- v averale nexachl croethane ceouncentration of G2 .
L “Lroto oexe s A . sany siw»: fer saltwater aquatic tife, the !
hs e rearerion a AL, met o xczed 16 ugl/l st any cime .’ ;
i
H
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