2. HEALTH EFFECTS
2.1 I NTRODUCT! ON

The primary purpose of this chapter is to provide public health
of ficials, physicians, toxicologists, and other Interested individuals and
groups with an overall perspective of the toxicology of antinmony and a
depiction of significant exposure |evels associated with various adverse
health effects. It contains descriptions and eval uati ons of studies and
presents |levels of significant exposure for antinony based on toxicol ogica
st udi es and epi demni ol ogi cal investigations.

Studies in which humans or aninals are exposed to various antinony
conpounds are discussed in this chapter. The anti nony conpounds incl ude
organic forms (potassiumantinony tartrate, sodiumantinony tartrate, antinony
acetate), inorganic trivalent antinony (antinony trioxide, antinony
trichloride, antinony trisulfide, stibine), pentaval ent inorganic antinony
(anti nony pentoxide, antinony pentasul fide), antinbny-containing drugs
(stibocaptate, stibophen), and netallic antinony. No linitations were placed
on the selection of conpounds for inclusion in this toxicological profile.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons living
or working near hazardous waste sites, the information in this section is
organi zed first by route of exposure--inhalation, oral, and dermal--and then
by health effect--death, system c, inmnunological, neurol ogical, devel opnental
reproductive, genotoxic, and carcinogenic effects. These data are di scussed in
ternms of three exposure periods--acute (less than 15 days), internediate (15-
364 days), and chronic (365 days or nore).

Level s of significant exposure for each route and duration are presented
in tables and illustrated in figures. The points in the figures show ng no-
observed- adverse-effect |evels (NOAELs) or | owest-observed-adverse-effect
| evel s (LQAELS) reflect the actual doses (levels of exposure) used in the
studi es. LOAELs have been classified into "l ess serious" or "serious" effects.
These distinctions are intended to help the users of the docunent identify the
| evel s of exposure at which adverse health effects start to appear. They
shoul d al so hel p to determ ne whether or not the effects vary with dose and/or
duration, and place into perspective the possible significance of these
effects to human health.

The significance of the exposure | evels shown in the tables and figures
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in levels of exposure associated with "serious" effects. Public
health officials and project managers concerned with appropriate actions to
take at hazardous waste sites may want infornmation on | evels of exposure
associated with nore subtle effects in hunans or aninmals (LOAEL) or exposure



2. HEALTH EFFECTS

| evel s bel ow which no adverse effects (NOAEL) have been observed. Estinmates of
| evel s posing minimal risk to humans (M nimal Risk Levels, MRLs) may be of
interest to health professionals and citizens alike.

Esti mates of exposure levels posing mnimal risk to humans (MRLsS) have
been made, where data were believed reliable, for the nost sensitive noncancer
ef fect for each exposure duration. MRLs include adjustnents to reflect hunman
variability fromlaboratory animal data to humans.

Al t hough net hods have been established to derive these |evels (Barnes et
al . 1988; EPA 1989a), uncertainties are associated with these techni ques.
Furthernore, ATSDR acknow edges additional uncertainties inherent in the
application of the procedures to derive less than lifetine MRLs. As an
exanpl e, acute inhalation MRLs may not be protective for health effects that
are del ayed in devel opnent or are acquired followlLng repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
ki nds of health effects data beconme avail abl e and nmet hods to assess |evels of
significant hunan exposure inprove, these MRLs will be revised.

2.2.1 I nhal ati on Exposure

Heal th effects have been observed in hunans and ani mals foll ow ng
i nhal ati on exposure to several antinony conpounds. Health effects follow ng
exposure to alrborne stibine, antinony trisulfide, antinony trioxide, antinony
pent oxi de, antinony trichloride, antinony pentasul fide, and netallic antinony
are di scussed below. O these, stibine (antinmony hydride) is a naturally
occurring gas; for ease of conparison, its concentrations will be expressed in
units of mg/m (1 ppmstibine = 5.1 ng/m).

2.2.1.1 Deat h

No studies were | ocated regarding death in humans after inhalation
exposure to antinony.

Qui nea pi gs exposed to approximately 37.9 ng antinony/ni as anti nony
trioxide dust for 52-125 days (Dernehl et al. 1945) or guinea pigs and rats
exposed to 1,395 ng antinmony/m as stibine gas for 30 mnutes (Price et al
1979) died. In the Dernehl et al. (1945) study, four guinea pigs died, one
animal follow ng each of 52, 90, 98, and 125 days of exposure. Pul nobnary edema
was a contributing factor to the death of rats and gui nea pigs exposed to
stibine (Price et al. 1979). None of the rats or guinea pigs exposed to 799 ng
antinony/nB for 30 minutes died (Price et al. 1979). Lower concentrations of
antinony trisulfide or antinmony trioxide did not affect the survival of rats
exposed for 1 year (Groth et al. 1986; Wng et al. 1979).

The hi ghest NOAEL values and all reliable LOAEL val ues for death in each
species and duration are presented in Table 2-1 and plotted in Figure 2-|



TABLE 2-1. Levels of Significant Exposure to Antimony -~ Inhalation

Exposure LOAEL
Key to frequency/ NOAEL Less serious Serious
figure®* Species duration System (mg/m>) (mg/m*) (mg/m>) Reference Form
ACUTE EXPOSURE
Death
1 Rat 30 min 799 1,395 (increased Price et al. Stibine
mortality) 1978
2 Gn pig 30 min 799 1,395 (increased Price et al. Stibine
: mortality) 1979
Systemic
3 Rat 30 min Resp 1,395 (pulmonary edema) Price et al. Stibine
Renal 799 (tubular dilation) 1979
4 Rabbit 5d Resp 19.94 (inflammation) Brieger et al. Trisulfide
7 hr/d Cardio 19.94 (myocardial damage 1954
5 d/wk altered EKG)
Hepatic 19.94 (parenchymatous
degeneration)
Renal 19.94 (parenchymatous
degeneration)
5 Gn pig 30 min Resp 1,395 (pulmonary edema) Price et al. Stibine
Renal 799 (tubular dilation) 1979
INTERMEDIATE EXPOSURE
Systemic
6 Rat 13 wk Resp 0.92 (proliferation of Bio/dynamics Trioxide
6 hr/d macrophages) 1985
5 d/wk
Hemato 19.61 .
7 Rat 6 wk Resp 2.20 (congestion) Brieger et al. Trisulfide
7 hr/d Cardio 2.20 (myocardial damage 1954
5 d/wk altered EKG)
8 Rabbit 6 wk Cardio 4,02 (myocardial damage Brieger et al. Trisulfide
7 hr/d altered EKG) 1954

5 d/wk
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure®* Species duration System (mg/m) (mg/m*) (mg/m3) Reference Form
] Dog 7 wk Cardio 3.81 Brieger et al. Trisulfide
7 hr/d 1954 .
5 d/wk
10 Dog 10 wk Cardio 3.98 (myocardial damage Brieger et al. Trisulfide
7 hr/d altered EKG) 1954
5 d/wk Hemato 3.98
Developmental
11 Rat 63-78 d 209 (decreased number Belyaeva 1967 Trioxide
4 hr/d of offspring)
Reproductive
12 Rat 63-78 d 209 (difficulty Belyaeva 1967 Trioxide
4 hr/d conceiving)
CHRONIC EXPOSURE
Death
13 Rat 52 wk 17.48 Groth et al. Trisulfide
7 hr/d 1986; Wong
5 d/wk et al. 1979
14 Rat 52 wk 36 Groth et al. Trioxide
7 hr/d 1986; Wong
5 d/wk et al. 1979
Systemic
15 Human 9-31 yr Resp 8.87 (pneumoconiosis) Potkonjak and Trioxide and
Resp 8.87 (upper airway Pavlovich 1983 pentoxide
inflammation)
i6 Human 8 mo-2 yr Cardio 2.15 (altered EKG, Brieger et al. Trisulfide
8 hr/d elevated blood 1954
5 d/wk pressure)
Gastro 2,15 (ulcer)
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure®* Species duration System (mg/m?) (ng/m’) (mg/m’) Reference Form
17 Rat 12 mo Resp 1.8 (focal fibrosis) Watt 1880 Trioxide
8 hry/d Gastro 4.2
5 d/wk Musc/skel 4.2
18 Rat 1yr Resp 0.07 (chronic 4.01 (fibrosis) Bio/dynamics Trioxide
6 hr/d inflammation and 1990
5 d/wk proliferation
of macrophages)
Hemato 4,01
Other 0.07 (hyperplasia in
peribronchiolar
lymph nodes)
19 Rat 14.5 mo Resp 83.6 (lipoid pneumonia) Gross et al. Trioxide
25 hr/wk 1852
Systemic
20 Rat 52 wk Resp 36 (interstitial Groth et al, Trioxide
7 hr/d fibrosis) 1986; Wong
5 d/fwk Cardio 36 et al. 1979
Hepatic 36
Renal 36
21 Rat 52 wk Resp 17.48 (interstitial Groth et al. Trisulfide
7 hr/d fibrosis) 1886; Wong
5 d/wk Cardio 17.48 ot al. 1979
Hepatic 17.48
Renal 17.48
22 Rat 1yr Resp 1.6 (focal fibrosis) Watt 1983 Trioxide
6 hr/d Hemato 4.2
5 d/wk
23 Pig 1yr Resp 4.2 Watt 1983 Trioxide
8 hr/d Cardio 4.2
5 d/wk Hemato 4.2
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure* Species duration System (mg/m’) (mg/m3) (mg/m) Reference Form
Cancer
24 Rat 1yr 4.2 (CEL-lung Watt 1983 Trioxide
6 hr/d neoplasms)
5 d/wk
25 Rat 52 wk 36 (CEL-lung tumor) Groth et al. Trioxide
7 hr/d 1986; Wong
5 d/wk ot al. 1979
26 Rat 52 wk 17.48 (CEL-lung tumors) Groth et al. Trisulfide
7 hr/d 1986; Wong
5 d/wk et al., 1979

*The number corresponds to entries in Figure 2-1.

Cardio = cardiovascular; CEL = cancer effect level; d = day; EKG = electrocardiogram; Gastro = gastrointestinal; Gn pig = guinea pig;
Hemato = hematological; hr = hour; LOAEL = lowest-observed-adverse-effect level; min = minute; mo = month; Musc/skel = muscular/skeletal;
NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week; yr = year
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FIGURE 2-1. Levels of Signiticant Exposure to Antimony - Inhalation
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FIGURE 2-1 (Continued)
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2.2.1.2 System c Effects

The hi ghest NOAEL val ues and all reliable LOAEL val ues for each systenic
effect in each species and duration are presented in Table 2-1 and plotted in
Fi gure 2-1.

Respiratory Effects. QOccupati onal exposure to antinony trioxide and/or
pent oxi de dust (8.87 ng antinony/ni or greater) resulted in antinony
pneunoconi osis (inflanmmation of the lungs due to the irritation caused by the
i nhal ation of dust) (Cooper et al. 1968; Potkonjak and Pavl ovich 1983; Renes
1953). Alterations in pulmonary function (airway obstruction, bronchospasm
and hyperinflation) have been reported in workers exposed to airborne antinmony
(Cooper et al. 1968; Potkonjak and Pavl ovich 1983). Qther respiratory effects
reported in workers include chronic bronchitis, chronic enphysema, inactive
tubercul osis, pleural adhesions, and irritation (Potkonjak and Pavl ovich
1983). The respiratory irritation reported in the workers di agnosed as havi ng
pneunoconi osi s was characterized by chroni c coughi ng, wheezing, and upper
airway inflanmation. Respiratory irritation was not noted in workers exposed
to antinony trisulfide for 8 nonths to 2 years (Brieger et al. 1954). In the
reports of health effects associated with occupational exposure to antinony,
the workers inhaled a variety of conpounds including antinony pentoxide,
arseni ¢ oxide, iron oxide, hydrogen sulfide, and sodi um hydroxi de (Cooper
et al. 1968; Potkonjak and Pavl ovich 1983; Renes 1953).

A variety of respiratory effects have been reported in ani mals exposed
to antimony. A mpjority of these effects are associated with the physiol ogica
response to dust accumulation in the lung (pneunoconiosis). The effects
progress from pneunoconiosis and a proliferation of alveolar macrophages to
fibrosis.

Lung inflanmati on was noted in rabbits exposed to antinony trisulfide
for 5 days (Brieger et al. 1954).

Acut e exposure to stibine gas also results in lung effects. Pul nbnary
ederma was observed in rats and gui nea pigs exposed to a | ethal concentration
of stibine for 30 mnutes (Price et al. 1979).

A dose-related increase in the nunber of alveolar and/or intraal veol ar
macr ophages was observed in rats exposed to antinony trioxide for 13 weeks or
more (Bi o/ dynamics 1985, 1990). In rats exposed to 0.07 ng antinony/ni for 1
year or to 0.92 ng antinmony/m for 13 weeks, the proliferation of nacrophages
was still present for 12 nonths or 28 weeks, respectively, after exposure
term nation (Bio/dynam cs 1985, 1990). Chronic interstitial inflammation was
al so observed in rats exposed to 0.07 ngy antimony/m for 1 year with a 1 year
recovery.
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The proliferation of macrophages is a nornmal physiol ogi cal response to
t he deposition of insoluble particulates in the [ung. However, excessive
phagocytic activity pronpted by extensive or repeated deposition of
particulates in the lung probably contributes to the devel opnent of fibrosis.
Because of the integral role the macrophages have in the progression to
fibrosis, nonreversible proliferation of nmacrophages is considered a |ess
serious adverse health effect.

More severe respiratory effects have al so been reported in aninmals
exposed to antinony. Interstitial fibrosis and |ipoid pneunoni a have been
observed in rats exposed to antinmony trisulfide or antinmony trioxide for 1
year (Bio/dynam cs 1990; Gross et al. 1952; Goth et al. 1986; Watt 1980
1983; Wong et al. 1979). These effects have been reported at exposure |evels
between 1.6 and 83.6 ng antinony/m. No respiratory effects were reported in
pi gs exposed to 4.2 ng antinmony/nm as antinony trioxide for 1 year (Watt
1983).

Car di ovascul ar Effects. Increased bl ood pressure (greater than 150/ 90)
and altered EKG readi ngs were observed in workers exposed to 2.15 ng
antimony/nmi as antinony trisulfide for 8 nonths to 2 years (Brieger et al
1954). O the 75 workers exam ned, 37 showed changes in the EKG nostly of the
T-waves; these workers had al so been exposed to phenol fornal dehyde resin
(Brieger et al. 1954). In another group of antinony workers, one out of seven
had altered EKG readi ngs (Renes 1953). These limted data on cardiovascul ar
effects in humans are supported by the finding of cardiac effects follow ng
parenteral adninistration of antinony to humans (see di scussion of systemc
effects in Section 2.4).

I nhal ation exposure to antinony trisulfide dust (the sane dust the
factory workers were exposed to) resulted in degenerative changes in the
nmyocar di um and rel ated EKG abnornalities (elevation of the RS-T segnents and
flattening of T-waves) in a variety of animal species (Brieger et al. 1954).
Fi ve days of exposure to 19.94 ng antinony/nm as antinmony trisulfide resulted
in EKG alterations in rabbits. The effective exposure levels resulting in
cardi ovascul ar effects were at least four times |lower (2-4 ng antinony/ni) in
rats, rabbits, and dogs exposed to airborne antinmony for 6-10 weeks, as
conpared to rabbits acutely exposed (Brieger et al. 1954). Dogs exposed to
3.81 ng antinmony/nm as antinony trisulfide for 7 weeks (Brieger et al. 1954)
or pigs exposed to 4.2 ng antinony/ni as antinmony trioxide for 1 year (Watt
1983) did not exhibit changes in EKG readi ngs. The degenerative changes of the
myocar di um observed in rats, rabbits, and dogs exposed to antinony trisulfide
consi sted of hyperem a and swelling of myocardial fibers (Brieger et al
1954). Myocardi al damage was not observed in rats exposed to 17.48 ng
antimony/ nmi as antinony trioxide for 1 year (Goth et al. 1986, Watt 1980;
Wbng et al. 1979).
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Gastrointestinal Effects. A variety of gastrointestinal disorders have
occurred in factory workers engaged in activities including repeated prol onged
exposure to airborne antinony trichloride (Taylor 1966), antinony trisulfide
(Brieger et al. 1954) or antinony oxide (Renes 1953). These disorders include
abdom nal pain, diarrhea, voniting, and ulcers. A causal relationship to
ant i nony exposure has not been definitely established because workers were
exposed to a variety of other agents in addition to antinony that m ght cause
or contribute to gastrointestinal effects (e.g., hydrogen chloride, sodium
hydroxi de). Furthernore, in all |ikelihood, both inhalation and oral exposure
to antinony occur at the workplace. Assumi ng that gastrointestinal effects are
related to antinobny-exposure, site nonitoring data indicate that effective
exposure levels may range from approximately 2 to 70 ng anti nony/ ni.

Synpt oms of gastrointestinal disturbances were not reported in animals,
and no hi stopathol ogical alterations were observed in rats exposed to antinmony
trioxide (4.2 ng antinony/ni) for 1 year (Watt 1980).

Hemat ol ogi cal Effects. No studies were | ocated regardi ng henatol ogi ca
effects in humans after inhal ation exposure to antinony.

Toxi col ogi cal |y significant henatol ogi cal effects have not been observed
inrats and pigs follow ng |ong-termexposure to antinony aerosols ranging
from4 to 20 ng antinmony/m as antinony trioxide (Bio/dynanmics 1985, 1990;

Watt 1983). The only effects observed were small (but statistically
significant) changes in the henogl obin concentration in the erythrocytes and
erythrocyte volune in rats exposed to 4.01 ng antinony/ni as antinony trioxide
(Bi o/ dynami cs 1990).

Muscul oskel etal Effects. No studies were | ocated regarding
muscul oskel etal effects in humans after inhal ation exposure to antinony. No
hi st opat hol ogi cal alterations were noted in the nmuscul oskel etal systemin rats
exposed to 4.2 ng antinony/m as antinony trioxide for 1 year (Watt 1980).

Hepatic Effects. No studies were |ocated regarding hepatic effects in
humans after inhal ation exposure to antinony.

Par enchymat ous and fatty degenerati on was observed in rabbits exposed to
19.94 ny antinmony/m as antinony trisulfide for 5 days (Brieger et al. 1954)
and in guinea pigs exposed to 37.9 ng antinony/ni as antinony trioxide for 30
weeks (Dernehl et al. 1945). The duration of exposure is unclear in the
Dernehl et al. (1945) study. No hepatic effects were observed in rats exposed
to antinony trioxide for 13 weeks (Bi o/dynanics 1985) or after 1 year of
exposure to antinmony trioxide or antinony trisulfide concentrations of 36 ng
antinony/nmi or |ower (Bio/dynamics 1990; Groth et al. 1986; Watt 1980; Wng et
al. 1979).
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Renal Effects. No studies were |ocated regarding renal effects in
humans after inhal ati on exposure to antinony.

Tubul ar dilation was observed in rats and gui nea pi gs exposed to stibine
gas for 30 minutes at a concentration of 799 ng antinony/m (Price et al
1979). Parenchymat ous degenerati on was observed in rabbits exposed to 19.94 ny
antinony/m as antinmony trisulfide for 5 days (Brieger et al. 1954). No renal
effects were noted in rats exposed to 19.6 ng antinony/ni as antinony trioxide
for 13 weeks (Bio/dynanmics 1985) or 17.5 ng antinony/m as antinony trisulfide
or up to 36 ng antinony/ni as antinony trioxide for 1 year (Bio/dynam cs 1990;
Goth et al. 1986; Wng et al. 1979).

Dermal / Ccul ar Effects. Dermal and ocul ar effects have been reported in
humans. and ani nals. These effects (ocular conjunctivitis and dernatosis)
result from airborne antinmony coming into contact with the skin and/or eyes
(Pot konj ak and Pavl ovi ch 1983; Renes 1953; Stevenson 1965).

The dermatitis associated with exposure to airborne antinony is
characterized as epidermal cellular necrosis with associ ated acute
inflanmatory cellular reactions (Stevenson 1965). The dernatitis is seen nore
often during the sumer nonths and in workers exposed to high tenperatures
(Pot konj ak and Pavl ovi ch 1983; Stevenson 1965). Stevenson (1965) concl uded
that the dermatitis resulted fromthe action of antinony trioxide on the
dermis after dissolving in sweat and penetrating the sweat gl ands.
Transferring the worker to a cooler environnent often resulted in the rash
clearing up within 3-14 days. Antinony trioxide is not a skin sensitizer in
humans fol |l owi ng topical application (see Section 2.2.3.3).

Eye irritati on has been observed in rats and gui nea pigs exposed to
stibine gas (Price et al. 1979) and antinony trioxi de (Bio/dynamcs 1985).
Cataracts and chronpdacryorrhea have been observed in rats exposed to antinmony
trioxide for 1 year with a 1 year recovery period (Bi o/dynanm cs 1990). The
aut hors suggest that the chronodacryorrhea may have been secondary to denta
abnormality, infectious disease, or xerosis.

Because these dermal and ocul ar effects may not be the result of
i nhal ati on exposure, but rather dermal contact wth airborne antinony, the
LOAEL val ues were not recorded in Table 2-1 or Figure 2-1. Al opecia was noted
inrats exposed to 0.92 ng antinmony/ni or greater as antinony trioxide for 13
weeks (Bi o/dynam cs 1985). Because high |l evels of antinmony are neasured in the
skin or hair of animals followi ng nose-only exposure to antinony aerosol s,
this effect may not be the result of dermal contact to airborne antinony
(Felicetti et al. 1974a, 1974h).

O her Systemic Effects. No studies were | ocated regarding other
system c effects in humans after inhal ation exposure to antinony. Hyperpl asia
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of the reticul oendothelial cells in the peribronchiolar |ynph nodes was
observed in rats exposed to 0.07 ng antinony/ni antinony trioxide for 1 year
with a 1 year recovery period (Bio/dynam c 1990).

2.2.1.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans or
ani mal s after inhal ati on exposure to antinony.

2.2.1.4 Neur ol ogi cal Effects

A causal rel ationship between exposure to airborne anti nony and
neur ol ogi cal effects in hunans has not been established. Nerve tenderness and
a tingling sensation were reported in workers exposed to antinony oxide at a
concentration of 10.07 ng antinony/nm (Renes 1953). However, the factory
wor kers were al so exposed to arsenic, |ead, copper, and possibly hydrogen
sul fide and sodi um hydroxide. Thus, it is difficult to deternmine if this
effect was the result of antinony exposure.

No studies were | ocated regardi ng neurol ogical effects in aninmals after
i nhal ati on exposure to antinony.

2.2.1.5 Devel opnental Effects

An increased incidence of spontaneous abortions, conpared to a control
grow, were reported in wonmen working at an antinony netallurgical plant. The
worren were exposed to a nmixture of antinony trioxide, antinony pentasulfide,
and netallic antinony (Bel yaeva 1967). The | evel of airborne antinony and
presence of other conpounds is not known. In addition, a description of the
control group was not given; thus, it is unclear if the controls had jobs
conparable to those of the exposed group

A decreased nunber of offspring was born to rats exposed to 209 ngy
antinony/ni as antinmony trioxide prior to conception and throughout gestation.
No difference in fetal body weights was observed (Bel yaeva 1967). This LOAEL
for devel opnental effects inrats is presented in Table 2-1 and Figure 2-1

2.2.1.6 Reproductive Effects

Di sturbances in the nenstrual cycle were reported in wonen exposed to
airborne netallic antinony, antinmony pentasul fide, and antinony trioxide in a
netal lurgical plant. No other details were provided (Bel yaeva 1967).

In rats exposed to 209 ng antinony/ n8 as antinony trioxide for 63 days,
67% failed to conceive. Metaplasia in the uterus and disturbances in the ovum
mat uri ng process were obsewed in the aninmals that failed to conceive,. These
effects were not observed in the rats that conceived (Bel yaeva 1967).
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This LOAEL val ue for reproductive effects in rats is presented in Table 2-1
and Figure 2-1

2.2.1.7 Cenot oxi ¢ Effects

No studies were | ocated regardi ng genotoxic effects in hunans or animals
after inhal ati on exposure to antinony.

Genotoxicity studies are discussed in Section 2.4.
2.2.1.8 Cancer

I nhal ati on exposure to 8.87 ng antinony/ni as antinony oxide did not
affect the incidence of cancer in workers enployed for 9-31 years (Potkonjak
and Pavl ovi ch 1983).

Antinony can be carcinogenic in rats. Lung tunors were observed in rats
exposed to 4.2 or 36 ng antinony/nB as antinony trioxide (Goth et al. 1986
Watt 1980, 1983; Wong et al. 1979) or 17.48 ng antinmony/ m as anti nony
trisulfide for 1 year (Goth et al. 1986; Wng et al. 1979). An increased
i nci dence of lung tunors was not observed in rats exposed to 4.01 ngy
antinony/ ni as antinony trioxide (Bio/dynam cs 1990) or in pigs exposed to 4.2
mg antinony/ni as antinony trioxide (Watt 1983). The carcinogenic potential of
antinony may be related to the deposition and cl earance of antinmony fromthe
respiratory tract. Further discussion is presented in Section 2.4. The cancer
effect levels are recorded in Table 2-1 and
Figure 2-1

2.2.2 Oral Exposure

Heal th effects have been observed in hunans and aninmals follow ng oral
exposure to a variety of antinmony conpounds. Adverse effects foll ow ng
exposure to potassiumantinony tartrate (an organic form of antinony),
antinony trichloride, antinony trioxide, and netallic antinmony are di scussed
bel ow.

2.2.2.1 Deat h

No studies were |ocated regarding death in humans after oral exposure to
ant i nony.

Mortality was not observed in rats following a single exposure to
188-16, 714 ng anti nony/ kg or | ower as inorganic antinony (Flemng 1982; Mers
et al. 1978; Snyth and Carpenter 1948; Snyth and Thonpson 1945) or to a 7,000
ng antinony/ kg dose of netallic antinony (Bradl ey and Frederick 1941).
However, a | ower single dose of organic antinony (300 ng antinony/ kg dose as
potassium antinony tartrate) resulted in death in rats (Bradley and Frederick
1941). Death was attributed to nyocardial failure. These NOAELS and LQAELs
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for death in animls suggest that organic antinony is nore |ethal than the
i norgani ¢ conpounds, probably due to increased absorption of the potassium
antinony tartrate.

Chronic administration of a | ow dose of potassiumantinony tartrate
(0.262 ng antinony/ kg/day) resulted in decreased |ifespan in rats (Schroeder
et al. 1970). No effect on longevity was observed in mce exposed to 0.35 ng
anti mony/ kg/ day as potassium antinony tartrate (Kani sawa and Schroeder 1969;
Schroeder et al. 1968).

The hi ghest NOAEL val ues for each anti nony conpound and all reliable
LGAEL val ues are presented in Table 2-2 and plotted in Figure 2-2.

2.2.2.2 Systenic Effects

Car di ovascul ar, gastrointestinal, henatol ogical, hepatic, and other
system c effects observed follow ng oral exposure to antinony are presented
bel ow. No studies were |ocated regarding respiratory, nuscul oskeletal, renal
or dermal/ocular effects in human and aninals after oral exposure to antinony.
The hi ghest NOAEL values and all reliable LOAELs for each systemic effect in
each species and duration are presented in Table 2-2 and plotted in Figure 2-
2.

Cardi ovascul ar Effects. No studies were |ocated regarding
cardi ovascul ar effects in hunans after oral exposure to antinony.
No effect on blood pressure or heart rate was observed in rats exposed
to antinmony as antinony trichloride (Marno et al. 1987) or antinony trioxide
(Gross et al. 1955). Pre- and postnatal exposure or only postnatal exposure
alone to 0.0748 ng anti nony/ kg/day as antinony trichloride appears to affect
t he devel opnent of certain cardiovascular reflexes in rats that are inportant
for regulating systemc arterial blood pressure. In rats exposed to anti nony
trichloride pre- and postnatally or postnatally, a decreased pressor response
to 1-noradrenal i ne and a decreased hypotensive response to 1-isoprenaline and
acetyl choline was observed (Marnp et al. 1987). The occurrence of the effect
is duration rel ated.

Gastrointestinal Effects. Shortly after drinking an average of
10 ounces of | enpnade contaminated with potassiumantinony tartrate
(equivalent to 0.53 ng antinony/ kg for a 70 kg nan), workers began to vomt
(Dunn 1928). Gastrointestinal effects have al so been reported in factory
wor kers after exposure to airborne antinony dust. As discussed in Section
2.2.1.2, the gastrointestinal effects probably resulted from
swal | owi ng the antinony dust.

Vonmiting and diarrhea have al so been observed in aninmals follow ng acute
exposure to antinony trioxide or potassiumantinony tartrate (Houpt et al



TABLE 2-2. Levels of Significant Exposure to Antimony - Oral
Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure®* Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
ACUTE EXPOSURE
Death
1 Rat (GW) 1d 300 (decreased Bradley and Potassium
1x/d survival) Frederick tartrate
1941
2 Rat (GO) 14 7,000 Bradley and Metallic
1x/d Frederick antimony
1941
3 Rat (F) 1d 16,714 Smyth and Trioxide
ix/4 Thompson 1945
Systemic
& Human (W) 1d " Gastro 0.529 (vomiting) Dunn 1928 Potassium
tartrate
5 Rat (GO) 1d Gastro 16,714 (diarrhea) Myers et al. Trioxide
1x/d 1978
6 Rat (GW) 1d Gastro 376 Fleming 1982 Trioxide
1x/d Hepatic 376
7 Dog (W) 1d Gastro 13.2 (vomiting) Houpt et al. Potassium
1984 tartrate
INTERMEDIATE EXPOSURE
Systemic
8 Rat (F) 24 wk Hemato 500 1,000 (decreased Sunagawa Metallic
hemotocrit and 1981 antimony
hemoglobin)
Hepatic 250 500 (cloudy swelling
in hepatic cords)
9 Rat (F) 12 wk Hemato 418 Hiraoka 1986 Trioxide
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TABLE 2-2 (Continued)

LOAEL (effect)

Exposure .
Key to frequency/ NOAEL Less serious Serious
figure®* Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
10 Rat (W) 3o d Cardio 0.0748 0.748 (decreased Marmo et al. Trichloride
hypotensive response 1987
in newborns)
11 Rat (F) 24 wk Hemato 418 (decreased Sunagawa Trioxide
RBC count) 1981
Hepatic 418 (cloudy swelling
in hepatic cords)
12 Rat (F) 12 wk Hemato 500 (decreased total Hiraoka 1986 Metallic
plasma protein) antimony
13 Rat (GW) 20d Gastro 501 Fleming 1982 Trioxide
1x/d
14 Rat (W) 81 d Cardio 0.0748 (decreased Angrisani Trichloride
Gd 0-21 .hypotensive response 1988; Marmo
birth in newborns) et al, 1987;
to 60 Rossi et al.
days 1987
15 Rat (W) 60 d Cardio 0.0748 (decreased Marmo et al. Trichloride
hypotensive response 1987
in newborns)
16 Rat (W) 21 d Other 0.0748 (decreased maternal Rossi et al. Trichloride
Gd 0-21 weight gain) 1987
17 Rat (F) 30 d Hemato 226 894 (increased RBC Smyth and Trioxide
count) Thompson 1945
18 Dog (GW) 32 d Gastro 84 (severe diarrhea) Fleming 1982 Trioxide
1x/d Other 6,644 (weight loss)
Neurological
(GW) 32 d 6,644 (muscle weakness) Fleming 1982 Trioxide

19 Dog

1x/d
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TABLE 2-2 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
Developmental
20 Rat (W) 21 d 0.748 Rossi et al. Trichloride
Gd 0-21 1987
CHRONIC EXPOSURE
Death
21 Rat (W) 746- 0.262 (decreased Schroeder Potassium
1,342 d lifespan) et al. 1970 tartrate
22 Mouse (W) 542~ 0.35 (decreased Kanisawa and Potassium
909 d lifespan - Schroeder tartrate
fomales) 1969;
Schroeder
1968
Systemic
23 Rat (W) 746- Cardio 0.262 Schroeder Potassium
1,342 d Other 0.262 (decreased et al. 1970 tartrate
nonfasting
serum glucose)
Other 0.262 (increased serum
cholesterol)
24 Mouse (W) 542~ Hepatic 0.35 Schroeder Potassium
909 d et al. 1968 tartrate

*The number corresponds to entries in Figure 2-1,

Cardio = cardiovascular; d = day; (F) = food; Gastro = gastrointestinal; Gd = gestation day; (GO) = gavage oil;

(GHW) = gavage water;
Hemato = hematological; LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; RBC = red blood cell;
(W) = water; wk = week
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1984; Myers et al. 1978). Severe diarrhea was observed in dogs adnmi nistered 84
ng antinony/ kg/ day as antinmony trioxide for 32 days. No gastrointestina
effects or gross abnornmalities were noted in rats exposed to 501 ngy

anti nony/ kg/ day or less as antinony trioxide for 20 days (Fl em ng 1982).

Hemat ol ogi cal Effects. No studies were | ocated regardi ng hematol ogi ca
effects in humans after oral exposure to antinony.

M1 d hematol ogi cal alterations are observed in animals exposed to

418 ng antinony/kg/ day or greater. Increased red blood cell count was

observed in rats exposed to 894 ng anti nony/ kg/day as antinmony trioxide for 30
days (Snyth and Thonmpson 1945). Exposure to netallic antinony resulted in
decreased hematocrit and henogl obin | evel s and decreased plasma protein |evels
in rats exposed to 500-1, 000 ng antinony/kg/day for 12-24 weeks (H raoka 1986;
Sunagawa 1981). Decreased red bl ood cell count was observed in rats exposed to
418 ng antinony/kg/ day as antinony trioxide for 24 weeks (Sunagawa 1981).

Hepatic Effects. No studies were |ocated regarding hepatic effects in
humans after oral exposure to antinony.

Cl oudy swelling of the hepatic cords has been observed in rats exposed
to 418 ng antinony/ kg/day as antinony trioxide or 500 ng antinony/ kg/day as
netallic antinony (Sunagawa 1981). Hepatic effects have not been observed at
| ower concentrations of antinony trioxide or potassiumantinmony tartrate
(Fl em ng 1982; Schroeder et al. 1968).

O her Systemic Effects. No studies were | ocated regarding other
system c effects in humans after oral exposure to antinony.

Severe wei ght | oss was observed in dogs adm ni stered
6,644 ng anti nony/ kg/ day as antinmony trioxide. Severe diarrhea and vomting
were al so observed in these dogs (Flenm ng 1982).

I ncreased serum chol esterol and decreased nonfasting serum gl ucose
| evel s were observed in rats exposed for a lifetine to | ow | evels of potassium
antinony tartrate in drinking water (Schroeder et al. 1970). The toxicol ogic
significance of these effects is not known.
2.2.2.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans or
animal s after oral exposure to antinony.

2.2.2.4 Neur ol ogi cal Effects

No studies were | ocated regardi ng neurol ogi cal effects in humans after
oral exposure to antinony.
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Muscl e weakness and difficulty in nmoving hind |inmbs were observed in a

dog exposed to 6,644 ng anti nony/ kg/ day as antinony trioxide for 32 days
(Flem ng 1982). This LOAEL val ue for neurological effects in dogs is recorded
in Table 2-2 and Figure 2-2.

2.2.2.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans after
oral exposure to antinony.

No devel opnental effects (differences in the nunber of newborn pups per
litter and nmacroscopic teratogenic effects) were observed in the offspring of
rats treated during gestation with 0.748 ng antinony/ kg/ day as anti nony
trichloride (Rossi et al. 1987). As discussed in the cardiovascul ar effects
section, pre- and postnatal or postnatal exposure inpaired the devel opnent of
certain cardiovascul ar reflexes that are inmportant in regulating systenic
arterial blood pressure (Angrisani et al. 1988; Marnp et al. 1987; Rossi et
al . 1987). Because conparisons were not made between the hypotensive response
i n pups exposed prenatally and the response in pups exposed postnatally, the
potential of antinmony trichloride to produce devel opnenta
cardi ovascul ar effects cannot be assessed.

2.2.2.6 Reproductive Effects

No studies were | ocated regardi ng reproductive effects in humans or
animal s after oral exposure to antinony.

2.2.2.7 Cenot oxi ¢ Effects

No studi es were | ocated regardi ng genotoxic effects in hunmans or ani mals
after oral exposure to antinony.

Genotoxicity studies are discussed in Section 2.4.
2.2.2.8 Cancer

No studies were | ocated regardi ng cancer effects in humans after ora
exposure to antinony.

No change in the incidence of cancer was observed in rats (Schroeder
1970) or mice (Kani sawa and Schroeder 1969; Schroeder 1968) fed 0.262 or 0.35
ng antinony/ kg/ day, respectively, as potassiumantinony tartrate for a
lifetinme. The use of these studies to assess carcinogenicity is limted
because only one exposure | evel was used, which was bel ow the nmaxi mum
tol erat ed dose.
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2.2.3 Der mal Exposure

The dernmal toxicity of antinobny conpounds is discussed bel ow. Data were
| ocated on the health effects follow ng application of antinony trioxide,
antimony thioantinmonate (a mixture of antinony trfsulfide, and antinony
pent asul fide) and antinmony oxide to the skin or eye.

2.2.3.1 Deat h

No studies were | ocated regarding death in humans after dermal exposure
to anti nony.

Death was observed in rabbits followi ng a single application of antinony
oxi des at a level of 6,685 ng antinony/ kg (Myers et al. 1978). The cause of
death was not reported. Two out of four rabbits died after 6-8 topica
applications of antinony trioxide paste. The antinony trioxi de was conbi ned
with a mxture fornulated to resenbl e acidic sweat. The application area was
not occluded; thus, there is a possibility of oral ingestion of the paste
(Fleming 1982). Death was not reported in rabbits after 13 weeks of
application of a 5% solution of antinony thioantinonate (a m xture of antinony
trisulfide and antinony pentasul fide) (Horton et al. 1986). The hi ghest NOAEL
and all reliable LOAEL values for death for rabbits for each duration are
recorded in Table 2-3.

2.2.3.2 System c Effects

Respiratory, cardi ovascul ar, gastrointestinal, and dermal/ocul ar effects
foll owi ng dermal or ocul ar exposure are presented bel ow. No studies were
| ocated regarding respiratory, gastrointestinal, hematol ogi cal
nuscul oskel etal, hepatic, or renal effects in humans and animals foll ow ng
dermal exposure to anti nony. The hi ghest NOAEL for each antinony conpound and
all reliable LOAEL val ues for each systemc effect for each species are
recorded in Table 2-3.

Respiratory Effects. No studies were | ocated regarding respiratory
effects in humans foll owi ng dermal exposure to antinony. Hyperema in the
| ungs was observed in two rabbits that died after 6-8 applications of an
antinmony trioxide paste to shaven and abraded skin. The antinony trioxide
(concentration not reported) was conbined with a m xture resenbling acidic
sweat (Flem ng, 1982). The application area was not occluded; thus, the
i ngestion of the paste nay have occurred.

Car di ovascul ar Effects. No studies were | ocated regarding
cardi ovascul ar effects in hunans foll owi ng dernal exposure to antinony.
Application of a 5% solution of antinmony thioantinmonate did not change EKG
readi ngs or heart pathology in rabbits (Horton et al. 1986).



TABLE 2-3.

Levels of Significant Exposure to Antimony - Dermal

Exposure
frequency/ LOAEL (effect)
Species duration System NOAEL Less serious Serious Reference Form
ACUTE EXPOSURE
Death
Rabbit 1d 6,685 mg/kg (1/6 died) Myers et al. Trioxide
1978
Systemic
Rabbit 1 d Ocular 79.2 mg (mild eye Wil Research Oxide
1x/d irritation) Laboratories
1979
Rabbit 1 d Ocular 100 mg (eye irritation) Horton Trisulfide and
1x/d et al. 1986 pentasulfide
Rabbit 1d Dermal 6,685 mg/kg (edema) Myers et al. Trioxide
1978
Rabbit 1 d Ocular 209 mg Myers ot al. Trioxide
1x/d 1978
Rabbit 1d Dermal 20,900 mg Gross et al. Trioxide
1x/d 1955
Neurological
Rabbit 1 d 6,685 mg/kg (abnormal gait) Myers et al. Trioxide
1978
INTERMEDIATE EXPOSURE
Death
Rabbit 13 wk 5% Horton Trisulfide and
5 d/wk ot al, 1986 pentasulfide
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TABLE 2-3 (Continued)

Exposure
frequency/ LOAEL (effect)
Species duration System NOAEL Less serious Serious Reference Form
Systemic
Rabbit 13 wk Cardio 5% Horton Trisulfide and
5 d/wk Derm/oc 5% et al. 1986 pentasulfide

Other 5%

Cardio = cardiovascular; d = day; Derm/oc = dermal/ocular; Gn pig = guinea pig; hr = hour; LOAEL = lowest-observed-
NOAEL = no-observed-adverse-effect level; wk = week

adverse-effect level;

'
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Gastrointestinal Effects. No studies were | ocated regarding
gastrointestinal effects in hunmans followi ng dermal exposure to antinony.
Henorrhages in the cardiac portion of the stomach were observed in two rabbits
that died after 6-8 applications of an antinobny trioxide-acidic sweat paste
(Fleming 1982). Because the application area was not occluded, ingestion of
the paste is possible.

Dermal / Ccul ar Effects. No studies were |ocated regardi ng dernal/ocul ar
effects in humans follow ng dernmal exposure to antinony.

In rabbits, edema was noted in the area where an antinony trioxide patch
(6,685 ng antinony/kg) was applied for 1 day (Myers et al. 1978).

Instillation of 79-100 ng anti nony.as anti nobny oxi de or antinony
thi oanti monate into the eyes of rabbits resulted in eye irritation (Horton et
al . 1986; W/I| Research Laboratories). However, instillation of antinony
trioxide (34.5-83.6 ng antinony) did not result in eye irritation (Gross et
al. 1955; Mers et al. 1978).

Dermal and ocul ar ef fects have been observed in humans and ani mal s
exposed to airborne antinmony. The effects include ocular onjunctivitis, eye
irritation, and dernmatosis. Further information on these effects is provided
in Section 2.2.1.2.

2.2.3.3 | mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans and
animal s follow ng dernmal exposure to antinony.

2.2.3.4 Neur ol ogi cal Effects

No studies were | ocated regardi ng neurol ogical effects in hunans after
dermal exposure to antinony.

Abnormal gait was observed in rabbits follow ng application of a |letha
concentration of antinony trioxide (6,685 ng antinony/kg/day) (Mers et al
1978). This LOAEL value for neurotoxicity in rabbits is recorded in Table 2-3.

No studies were | ocated regarding the followi ng effects in humans or
animal s after dernmal exposure to antinony:

2.2.3.5 Devel opnental Effects
2.2.3.6 Repr oductive Effects
2.2.3.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.4.
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2.2.3.8 Cancer

No studies were | ocated regardi ng cancer effects in hunmans or animals
after dernal exposure to antinony.

2.3 TOXI COKI NETI CS
2.3.1 Absor ption
2.3.1.1 I nhal ati on Exposure

Quantitative data on the absorption of antinony fromthe |lungs in humans
were not | ocated. Elevated blood and urine antinony |evels were observed in
wor kers exposed to antinony, suggesting that antinmony is absorbed (Cooper et
al . 1968; Ludersdorf et al. 1987). However, there is a possibility that sone
of the antinmony detected in the urine and bl ood was swal | owed.

The International Conm ssion on Radiol ogical Protection (ICRP 1981)
consi ders oxi des, hydroxi des, halides, sulfides, sulfates, and nitrates of
antimony to be class Wchenicals. Al other conmobn conmpounds of antinony are
assigned to class D. ass Wand D chenicals are considered to have
respiratory tract clearance rates of weeks and days, respectively. The | CRP
classifications are based on animal data (Felicetti et al. 1974a, 1974b;
Thomas et al. 1973). Data from deceased antinony snelter workers suggest that
the elimnation half-tinme of some forns of antinmony in the |ungs may be | onger
t han weeks (CGerhardsson et al. 1982).

The absorption of antinony fromthe respiratory tract is a function of

particle size. Exposure to antinony tartrate with a particle size of 1.6 um
resulted in a greater deposition of antinmony in the upper respiratory tract

t han exposure to 0.7 or 0.3 umparticles (Felicetti et al. 1974a; Thonmas et
al . 1973). Furthernmore, the antinmony deposited in the upper respiratory tract
was cl eared after several hours via mucociliary clearance. Particles of the
two snaller sizes were relatively insoluble in the lung and were slowy
absorbed over several weeks (Thomas et al. 1973). No difference in the body
burden, 1 day after exposure to trivalent or pentavalent antinony tartrate,
was observed (Felicetti et al. 1974b). Al though no information on differences
in absorption rates between antinony conpounds was | ocated, differences
related to solubility probably exist.

2.3.1.2 Oral Exposure

No quantitative data on the absorption of antinony fromthe
gastrointestinal tract in humans were | ocated. However, results of studies in
ani mal s suggest that at least certain forns of antinobny are probably absorbed
fromthe gastrointestinal tract. Estimates of the absorption of antinony
tartrate and antinony trichloride in animals range from2%to 7% (Felicetti et
al . 1974b; Cerber et al. 1982), suggesting that absorption of trivalent
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antinony salts in hunans is probably less than 10% Gastrointestina

absorption of antimony is likely to be affected by numerous factors, including
chem cal formof the ingested antinony, particle size and solubility, age, and
diet. Although quantitative infornmation on the absorption of antinony is not
avail able for all forms, ICRP (1981) has recommended 10% for antinony tartrate
and 1% for all other forms of antinony as reference val ues for

gastroi ntestinal

absorption in humans.

2.3.1.3 Der mal Exposure

No studi es were | ocated regardi ng absorption of antinony in humans
foll owi ng dermal exposure.

Exposure to high levels of antinobny trioxide or a m xture of antinony
trioxide and pentoxide resulted in death in rabbits (Mers et al. 1978). The
application area was occl uded, suggesting that at |east some forns of antinony
can be absorbed through the skin

2.3.2 Di stri bution

Very low | evel s of antinmony are found i n unexposed hunmans. Autopsy data
on Japanese adults (Sumino et al. 1975) and other data on sel ected body fluids
are presented in Table 2-4. The mean body burden of antinony is 0.7 ng (Sum no
et al. 1975). The skin and hair had the highest |evels of antinobny. A sonewhat
hi gher estimate of 7.9 ng for total body burden is reported by I CRP (1981).
| CRP (1981) has recommended' reference values of 5.9 ng of antinony in soft
tissue and 2.0 ng in skeletal tissue.

2.3.2.1 I nhal ati on Exposure

I nformation on the distribution of antinmony in humans foll ow ng
i nhal ati on exposure was not |ocated. Blood is the main vehicle for the
transport of absorbed antinmony to various tissue conpartnents of the body. The
relative partitioning between erythrocytes and plasma is a function of
val ency. Follow ng exposure to trivalent antinony, erythrocyte levels are
el evated, conpared to the el evated plasnma anti nony |evels after inhalation
exposure to pentaval ent antinony (Felicetti et al. 1974b). The cl earance of
antinony fromthe bl ood appears to differ anong ani mal species. Elevated bl ood
antinony |levels persist longer in rats than in nmice and dogs (Felicett
et al. 1974a; Thonas et al. 1973).

Val ence-state differences also exist in the distribution of antinony to
the rest of the body. In hamsters, the levels of trivalent antinony increase
nore rapidly in the liver than pentaval ent anti nony. Skeletal uptake is
greater follow ng exposure to pentaval ent antinony than trival ent antinony
(Felicetti et al. 1974b). CQutside of the respiratory tract, antinony
accunul ates in the liver, thyroid, skeleton, and fur; with the | argest burden
of antinony in the fur (Felicetti et al. 1974a, 1974hb).
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Levels of Antimony Found in Various Tissues of
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Unexposed Humans

Concentration
.Tissue (ug/g) Reference
Hair 0.12 Muramatsu and Parr 1988

0.096 Takagi et al. 1986
Adrenal gland 0.073 Sumino et al. 1975
Skin 0.096 Sumino et al. 1975
Lung 0.062 Sumino et al. 1975
Large intestine 0.047 Sumino et al. 1975
Trachea 0.045 Sumino et al. 1975
Cerebellun 0.030 Sumino et al. 1975
Kidney 0.043 Sumino et al. 1975

Not detected Muramatsu and Parr 1988
Small intestine 0.039 Sumino et al. 1975
Heart 0.032 Sumino et al. 1975
Pancreas 0.030 Sumino et al. 1975
Spleen 0.029 Sumino et al. 1975
Liver 0.023 Sumino et al. 1975

Not detected Muramatsu and Parr 1988
Ovary 0.021 Sumino et al. 1975
Testicle 0.017 Sumino et al. 1975
Cerebrum 0.016 Sumino et al. 1975
Blood 0.016 Sumino et al. 1975

0.34 Mansour et al. 1967
Saliva 0.003 Olmez et al. 1978
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2.3.2.2 Oral Exposure

Data on the distribution of antinony in humans foll owi ng oral exposure
to anti nony were not | ocat ed.

Fol | owi ng oral exposure in animals, the major sites of accunulation
outside of the gastrointestinal tract, are the liver, kidney, bone, |ung,
spl een, and thyroid. However, the rise in antinony levels in these tissues is
not dose-rel ated (Sunagawa 1981). This |ack of dose-responsiveness may be a
refl ection of decreased absorption at higher antinbny concentrations. Antinmony
levels tend to reach a plateau in the livers and lungs of voles fed a diet
containing antinony trioxide (Ainsworth 1988).

Sone species differences in animals exist in the elimnation of antinony
fromthe tissues. In rats, antinmony is cleared slowy fromthe thyroid, with
an elimnation half-tine of approximtely 40 days (G oss et al. 1955);
however, nore than 50% of |iver, lung, and kidney antinmony is renoved after 15
days follow ng exposure in voles (A nsworth 1988).

Evidence is insufficient to determne if there are valency differences
in the distribution of orally adm nistered anti nony. Based on the inhal ation
data and the fact that higher |iver concentrations were found in rats fed
netal lic antinmony than those fed antinony trioxide (Sunagawa 1981), it is
assumed that there are differences.

Pregnancy results in a higher antinony body burden in nice. However,
transpl acental transport of antinony appears |limted. Exposure to antinony
during lactation results in high antinmony levels in newborns (Gerber et al
1982).

2.3.2.3 Der mal Exposure

No information on the distribution of antinony in hunans or animals
foll owi ng dermal exposure to antinmony was | ocated. However, judging from
studies of the distribution of antinmony follow ng inhalation, oral, and
parenteral exposure in aninals, the major sites of accunulation are likely to
i nclude the liver, kidney, skeleton, spleen, and fur

2.3.2.4 O her Routes of Exposure

No information on the distribution of antinmony in humans foll ow ng
parent eral exposure was |ocated. In aninals, antinony is recovered prinmarily
inthe liver, with smaller anpunts in the spleen, heart, lungs, and mnuscle
(Gellhorn et al. 1946; Cerber et al. 1982).

Two hours after intraperitoneal injection of trivalent antinony, 95% of
the antinmony in the blood is incorporated into the erythrocytes, nmainly in the
henogl obin fraction (Edel et al. 1983; Lippincott et al. 1947). Pentaval ent
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antinony is primarily distributed into the plasnma fracti on of bl ood (Edel et
al. 1983).

Fol l owi ng intraperitoneal adm nistration of trivalent antinony, a |arger
percentage of the adm nistered dose is recovered in the liver than in the
spl een. However, a smaller difference in antinony |evels between the |iver and
spl een was observed when pentaval ent antinony was adm ni stered (Gell horn and
van Dyke 1946).

2.3.3 Met abol i sm

Antinony is a netal and, therefore, does not undergo catabolism

Antinony can covalently interact with sul fhydryl groups and phosphate, as well
as nunerous reversible binding interactions with endogenous |igands (e.g.
proteins). It is not known if these interactions are toxicologically
significant. No information was |ocated on the in vivo interconversion of
trival ent and pentaval ent anti nony.

2.3.4 Excretion
2.3.4.1 I nhal ati on Exposure

Increased | evels of urinary antinony have been noted in workers exposed
to antinony trioxide (Cooper et al. 1968; Ludersdorf et al. 1987). In animals,
antinony is excreted via the urine and feces. Sone of the fecal antinony may
represent unabsorbed antinmony that is cleared fromthe lung via nucociliary
action into the esophagus to the gastrointestinal tract. Based on studies In
whi ch antinony was parenterally adnm nistered to aninmals, the urine/feces ratio
of anti nony depends on val ence state. Antinony is excreted predonminantly in
the urine follow ng pentaval ent antinony injection and in the feces after
trivalent antinony adm nistration (Edel et al. 1983; Felicetti et al. 1974b).

In ani mal s, whol e-body clearance of trivalent antinobny tartrate occurs
in two phases. N nety percent of the initial body burden of antinmony tartrate
was excreted within the first 24 hours. The half-life of the slow phase was 16
days (Felicetti et al. 1974b).

2.3.4.2 Oral Exposure

Informati on on the excretion of antinmony in humans foll owi ng oral
exposure was not | ocated. However, information obtained fromhuman and ani ma
studies in which antimony was adm ni stered parenterally provides sone insight
regarding the routes and rates of excretion that can be anticipated after ora
exposure in humans. Animal studies have shown that ingested antinmony is only
partially absorbed fromthe gastrointestinal tract (Felicetti et al. 1974b;
CGerber et al. 1982). Assunming that this is also true for hunans, feca
excretion is probably an inportant route of excretion of ingested antinony in
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humans. Antinony absorbed fromthe gastrointestinal tract appears to be
excreted in the urine and feces to a variable degree, depending on the
chem cal form Pentaval ent antinony injected parenterally into humans or
animals is excreted predonminantly in the urine, whereas injected trival ent
antinony is excreted in the feces (Edel et al. 1983; Goodwi n and Page 1943;
Rees et al. 1980).

2.3.4.3 Der mal Exposure

No i nformati on on the excretion of antinony followi ng dernal exposure in
humans or aninmals was | ocated. However, information obtained from human and
ani mal studies in which anti nony was admi ni stered parenterally provides sone
i nsight regarding the routes and rates of excretion that can be antici pated
after dermal exposure in humans. Antinony that is absorbed through the skin
will be excreted in urine and feces to a variabl e degree, depending on the
chem cal species. Pentaval ent antinony injected parenterally into humans or
animals is excreted predominantly in urine, whereas injected trival ent
antinony is excreted in feces (Edel et al. 1983; Goodw n and Page 1943; Rees
et al. 1980).

2.3.4.4 O her Routes of Exposure

Pent aval ent antinony is rapidly excreted in humans follow ng intravenous
or intranmuscul ar adm nistration, with greater than 50% excreted in the urine 6
hours after injection (Goodwi n and Page 1943; Rees et al. 1980). Trival ent
antinony is predom nantly excreted in the feces and not as rapidly excreted in
the urine as pentaval ent antinmony. Twenty-four hours after injection
approxi nately 25% was excreted in the urine (Goodwi n and Page 1943).

Twenty-four hours follow ng intraperitoneal adm nistration of trival ent
antinony in rats, 33% of the conmpound was excreted via the feces and 6% in the
urine. In contrast, 88% of the pentaval ent anti nbny was excreted in the urine
and 1% in the feces (Edel et al. 1983j.

Fol | owi ng repeated intramuscul ar administration of trivalent antinony in
humans, approxi mately 15% was excreted per day at the begi nning of treatnent
and 25% at the end of treatnent. Fecal antinobny excretion ranged from4%in
t he begi nning of treatnent to 15.4% of the daily adm nistered dose toward the
end of treatnent (Lippincott et al. 1947).

The elimnation of pentaval ent antinony foll owi ng intranuscul ar
injection fits into a two-conpartnment pharnacokinetic nodel. The half-life of
the rapi d phase of elinination was 2 hours; the slower phase was 76 hours
(Chulay et al. 1988).
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2.4 RELEVANCE TO PUBLI C HEALTH

Adverse health effects have been observed in humans and ani mal s
foll owi ng exposure to antinmony and anti nmony conpounds. Metallic antinony,
organic forns, and inorganic fornms of antinony were included in this profile.
The organic forns of antinony di scussed are potassium antinony tartrate,
sodi um antinony tartrate, and antinony acetate. Also included are the
ant i nony- cont ai ni ng drugs stibocaptate (sodium antinony-2, 3-nmeso-di - mercapto
succinate) also referred to as asti ban, and stibophen (bi s[4, 5-di hydroxy- 1, 3-
benzenedi sul fonat o(4)-d, O]-antinonate (5-) pentasodi um heptahydrate) al so
called fuadin. Trivalent inorganic antinony conpounds (antinony trioxide,
antinony trichloride, antinony trisulfide), pentaval ent inorgani c conpounds
(anti nony pentoxide, antinmony pentachl oride, and antinony pentasul fide), and
stibine are al so discussed. The toxicity data for antinony and conmpounds have
been summari zed across conpounds; if differences in the
toxicity between the various anti nony conpounds are known, this infornmation
will be presented in a conmpound specific discussion.

The toxicol ogical effects of antinony in humans foll owi ng inhal ation or
oral exposure are pneunoconiosis, altered EKG readings, increased bl ood
pressure, abdom nal distress, ulcers, dermatosis, and ocular irritation. No
effects were found in humans after dernal exposure to antinony. There are
several beneficial uses of antinmony. Antinony and its conpounds are anong the
ol dest known renedies in the practice of nedicine. Currently, antinony
conpounds are used to treat two parasitic di seases, schistosom asis and
| ei shnani asis. Toxic side effects in hunans followi ng intraperitoneal
i ntravenous, or intramuscular injection of an antinony-containing drug have
been reported. These effects include altered EKG anenia, voniting, diarrhea,
joint and/or nuscle pain, and death.

Sim | ar toxicol ogical effects have been reported in aninmals follow ng
i nhal ation, oral, or dermal exposure to antinobny. These effects include
fibrosis in the lung, altered EKG readi ngs, myocardi al damage, vomting and
di arrhea in dogs, parenchynmatous degeneration in the liver and kidney, muscle
weakness, difficulty in noving, devel opnental effects, and lung cancer. In
addi ti on, degeneration of the nyoneural junction has been observed in animals
foll owing parenteral admi nistration of antinony.

I nhal ation and oral MRLs for antinony and conpounds were not derived.
Danmage to the lungs and myocardi um has been observed in several species of
aninmals followi ng acute, internediate, and chronic inhal ation exposure
(Brieger et al. 1954; Bio/dynamcs 1985, 1990; Goss et al. 1952; Goth et al
1986; Watt 1983). These effects have al so been observed in humans chronically
exposed to airborne antinmony (Brieger et al. 1954; Potkonjak and Pavl ovi ch
1983). At the | owest exposure levels tested, the adversity of the effects was
considered to be serious. Thus, the data were inadequate for the derivation of
an acute-, internediate-, and chronic-duration inhalation ML val ues.
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The | owest LGAEL for acute oral exposure is froma hunan report (Dunn
1928). CGastrointestinal disturbances were reported in workers who drank
| enbnade contami nated with potassiumantinony tartrate. If the dose was
adm ni stered throughout the day rather than consuned as a bol us
administration, it is likely that the gastrointestinal disturbances would not
be observed. Thus, this study would not be an appropriate basis for an
acuteduration oral MRL. The internediate-duration inhalation data suggest that
the nmyocardiumis a target of antinony toxicity. The internedi ate oral studies
did not exam ne sensitive end points (e.g., EKG of nyocardial damage. This
deficiency precludes derivation of an internediate duration oral MRL. Two
chronic oral studies were identified (Schroeder et al. 1968, 1970). At the
| owest dose tested, decreased |lifespan was observed in rats; this is not an
appropriate basis for a chronic-duration oral MRL.

Acute-, internediate-, and chronic-duration dernmal MRLs were not derived
for antinmony due to the |ack of an appropriate methodol ogy for the devel opnent
of dermal MRLs.

Deat h. Deat h has not been reported in humans foll ow ng inhal ation,
oral, or dernal exposure to antinmony. However, acute exposure to
approximately 2 ng anti nmony/ kg/day as stibocaptate (a drug used to treat
parasitic di sease) admnistered intranuscularly resulted in the death of an
adult and a child (Rugenmalila 1980). Therefore, antinony may be |ethal at
sufficiently high exposure |evels. Animal studies have provided sone
i nfornati on about the relative lethality of various forns of antinobny. Based
on data from studies on parenterally administered antinony, relative lethality
can be ranked as follows: antinobny tartrate > netallic antinony > inorganic
trivalent antinony (Bradl ey and Frederick 1941).

System c Effects

Respiratory Effects. The respiratory tract is a target in humans
foll owi ng i nhal ati on exposure to antinony. Pneunpconiosis, inpaired pul nobnary
function (airway obstruction, bronchospasm and hyperinflation) and
respiratory irritation (coughing and wheezi ng) have been observed in factory
wor kers exposed to antinony dust (Cooper et al. 1968; Potkonjak and Pavl ovi ch
1983). A relationship between exposure |evel and effect cannot be established
fromthis data because the workers were al so exposed to other conpounds,
i ncludi ng arsenic oxide, iron oxide, hydrogen chloride, and hydrogen sulfide.

Information on the health effects in animals foll ow ng inhalation
exposure to antinmony supports the finding in humans that the respiratory tract
is atarget. Modst of the respiratory effects observed in aninmals are
associ ated with the physiol ogi cal response to dust accurnulation in the
respiratory tract. Because of the |arge anpbunt of antinony that is deposited
in the lung during chronic inhalation, the proliferation of nmacrophages
observed in rats exposed to 0.07 ng antinmony/m or greater continues several
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nonths after the exposure term nation (Bio/dynanm cs 1990). This increase in

t he nunber of alveol ar macrophages nay contribute to the devel opnent of
fibrosis. Fibrosis and |lipoid pneunonia have been reported in rats chronically
exposed to 1.6 ng antinony/ m or higher as antinony trioxide or to 17.48 ngy
antinony/nB as antinmony trisulfide (Bio/dynan cs 1990; Gross et al. 1952;
Groth et al. 1986; Watt et al. 1980,1983; Wng et al. 1979). Respiratory

ef fects have not been reported in humans or aninals follow ng oral or dernal
exposure to antinony.

Al t hough serious antinony-related | ung di sease has not been observed in
humans, antinony-i nduced pneunpconi osis is associated with serious |ung
pathology in animals. Therefore, it is likely that, with sufficiently high or
prol onged exposures, serious |lung disease would occur in humans. In addition
the toxicity of inhaled antinmony conpounds may be greater for smaller particle
si zes.

Cardi ovascul ar Effects. The heart is another target organ in humans.
Alterations in EKG readi ngs and increased bl ood pressure have been reported in
wor kers exposed to airborne antinony trisulfide (Brieger et al. 1954). In
addition, altered EKG readi ngs have been reported in individuals exposed to
repeated injections of antinony (Dancaster et al. 1966; Honey 1960; Pandey et
al. 1988). The antinmony injections were part of a therapeutic treatnent for
parasitic disease. In some of these individuals, the EKG did not return to
normal until 6 weeks after the |ast dose (Dancaster et al. 1966). Pentaval ent
antinony appears to be less cardiotoxic than the trivalent form Altered EKG
readi ngs were observed after 4 days of trivalent antinony treatnent (0.98 ng
ant i nony/ kg/ day) (Dancaster et al. 1966); however, a change in EKG readi ngs
was not observed until after 3 weeks of pentaval ent antinony injections (7.2
ng antinony/ kg/ day) (Pandey et al. 1988).

Al tered EKG readi ngs have al so been observed in aninmals. In addition
decreased bl ood pressure, increased heart rate, and decreased contractile
force have been observed followi ng injection of trivalent antinony
(Bromber ger - Barnea and St ephens 1965; Cotten and Logan 1966). The decreased
bl ood pressure contrasts with the increased bl ood pressure observed in humans
(Brieger et al. 1954). Studies on isolated dog hearts suggest that antinony
exerts its effect on the nyocardiumdirectly, and that the effect persists
after exposure is terminated (Bronberger-Barnea and Stephens 1965).

Gastrointestinal Effects. Historically, antinmony has been known for its
enetic properties. Vonmiting, diarrhea, gastric disconfort, and ulcers have
been reported in humans followi ng inhalation or oral exposure to antinony.
Ampunts as low as 0.529 ng antinony/ kg have resulted in voniting. The
gastrointestinal effects followi ng inhal ati on exposure nmay have resulted from
anti nony being swall owed. Gastrointestinal effects have al so been observed in
humans receiving intramuscul ar injections of antinony (Harris 1956; Zaki et
al. 1964). Sinilar gastrointestinal effects have been reported in aninals
foll owi ng oral exposure to antinony.
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Hemat ol ogi cal Effects. Hematol ogi cal effects in humans foll ow ng
i nhal ation, oral, or dermal exposure to anti nobny have not been reported.
However, hematol ogi cal paraneters were not measured in the human studies.
Henol ytic anenia was reported in one subject follow ng repeated injections of
fuadin (stibophen) (Harris 1956). Fuadin is an antinony-containing conpound
used in the treatment of schistosom asis. Alterations in hematol ogi ca
par ameters have not been reported in aninmals exposed to antinobny via
i nhal ation or dermal routes. Decreased henpgl obin and hematocrit and altered
erythrocyte count were observed in aninmals followi ng oral exposure to netallic
antinony or antinony trioxide (Smyth and Thonpson 1945; Sunagawa 1981). The
potential of antinmony to cause hematol ogi cal effects in humans i s not known.

Muscul oskel etal Effects. Miscul oskel etal effects have not been reported
in hunans or animals follow ng inhalation, oral, or dernmal exposure to
anti nony. However, muscle and/or joint pain was reported in 30-50% of subjects
injected with fuadin or astiban, which were adm nistered as part of the
t herapeutic treatnent of schistosomasis. The joint pain was nore severe in
subj ects receiving fuadin, although' the dose was four tinmes |ess than the
asti ban dose (Zaki et al. 1964). This suggests differences in the toxicity of
the different antinmony conpounds, which m ght explain why nuscul oskel eta
ef fects have not been observed in hunans by the other routes of exposure.
Myoneural junction swelling was observed in nice following injection with
potassium antinony tartrate (Mansour and Reese 1965). A nore conplete
description of the myopathy observed in these mce is given in the
neur ol ogi cal section. Because of the linted human and aninmal data, it is
difficult to determ ne the significance of this effect to human health.

Hepatic Effects. Hepatic effects have not been observed in humans
exposed to anti nony. Parenchymat ous degeneration in the |iver was observed
rats and gui nea pi gs exposed to airborne antinony trioxide for 30 weeks or
antinony trisulfide for 5 days (Brieger et al. 1954; Dernehl et al. 1945).
However, liver effects have not been observed in nore recent internedi ate-
chroni c-duration inhalation studies (Bio/dynam cs 1985, 1990; G oth et al
1986; Watt 1983; Wng et al. 1979). Swelling of the hepatic cords has been
observed in rats orally exposed to netallic antinmony or antinony trioxide
(Hi raoka 1986). Since hepatic effects have not been observed in humans and
ani mal data are inconsistent, it is not known if |iver damage will occur in
humans exposed to anti nony.

,_,,_
(@)

Renal Effects. Renal effects have not been reported in hunans foll ow ng
i nhal ation, oral, or dermal exposure to antinony. Tubular dilation and
degeneration of the tubular epithelium have been observed in rats, rabbits,
and gui nea pigs acutely exposed to airborne antinmony trisulfide or stibine gas
(Brieger et al. 1954; Price et al. 1979). Kidney effects have not been
reported in aninmals exposed to airborne antinony for an internedi ate or
chroni c duration (Bio/dynanm cs 1985, 1990; G oth et al. 1986; Watt 1983; Wng
et al. 1979). The kidneys were not exam ned in the oral and dermal exposure
studi es. The rel evance of this effect to human health is not known.
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Dermal / Ccul ar Effects. Dermatosis and ocular irritation have been
reported in humans foll owi ng exposure to airborne antinmony and antinmony via
i njection (Potkonjak and Vishnijich 1983; R&es 1953; Stevenson 1965; Zaki et
al. 1964). The dermatitis associated with exposure to airborne anti nobny was
seen nore often during the sunmer nonths and in workers exposed to high
tenmperatures. It is probably the result of antinmony being dissolved in sweat
and penetrating the sweat glands (Stevenson 1965). Dernal and ocul ar exposure
to antinmony has resulted in minimal skin and eye irritation in animals and the
formati on of cataracts (Bi o/dynanics 1985, 1990).

O her Systemc Effects. Hyperplasia of the reticul oendothelial cells in
t he peribronchiolar |ynph nodes was observed in rats chronically exposed to
ai rborne antinony (Bio/dynam cs 1990). This effect is probably the result of
the cl earance of antinmony particles fromthe lungs, and thus it is an effect
that is likely to occur in humans.

I mmunol ogi cal Effects. |nmunol ogical effects have not been studied in
humans or aninmals follow ng inhalation, oral, dernmal, or parenteral exposure
to anti nmony.

Neur ol ogi cal Effects. Neurol ogical effects have not been observed in
humans follow ng inhal ation, oral, dermal, or parenteral exposure to antinony.
Muscl e weakness, difficulty in noving, and abnornmal gait have been observed in
animals follotring oral and dernmal exposure to antinony trioxide (Flem ng
1982; Myers et al. 1978). Decreased notor efficiency and dystonic torsion of
the Iinbs were observed in nmice receiving intraperitoneal Injections of
potassium antinony tartrate (Mansour and Reese 1965). Degenerative changes in
the anterior horn cells of the lunbar cord, edema with hydropic degeneration
in the sciatic nerve, and swelling of the myoneural junction were also
observed in this nouse study. Because neurol ogical effects have been observed
in three species of aninals (dogs, rats, and mice), these effects may al so
occur in humans exposed to high |l evels of antinony.

Devel opnental Effects. An increase in the nunber of spontaneous
abortions was observed in wonen exposed to airborne antinony in the workpl ace.
The exposure level was not reported in this study. No overt devel opnenta
effects were observed in the children of these wonen (Bel yaeva 1967). No gross
abnormalities were observed in the offspring of rats exposed to | ow | evel s of
antinony trichloride in the drinking water (Rossi et al. 1987). The I|ikelihood
of antinony-induced devel opnental effects occurring in humans i s not known.

Reproductive Effects. Human exposure to antinony dust in the workplace
has resulted in disturbances in nenstruation (Belyaeva 1967). In aninals, the
failure to conceive and netaplasia in the uterus have been observed foll ow ng
i nhal ati on exposure to antinony trioxide (Belyaeva 1967). No infornmation on
the potential of antinony to cause reproductive effects in aninmals follow ng
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oral or dermal exposure was |ocated. These data suggest a potential for
antinony to cause reproductive effects in humans.

Genotoxic Effects. No in vivo genotoxicity studies were |ocated. The
results of in vitro genotoxicity studies are presented in Table 2-5. Positive
results for chronmpsone breakage in human | eukocytes were found (Paton and
Al lison 1972). Positive results were also found for DNA damage, viral
transformati on, and chronosonal aberrations. Gene nutation and transformation
tests were negative. Because of the limted in vitro genotoxicity data and the
lack of in vivo tests, the genotoxicity of antinobny in humans cannot be
det er mi ned.

Cancer. No information on the carcinogenic potential of antinmony in
humans was | ocated. Inhal ation exposure to antinony trioxide or antinony
trisulfide produced lung tunors in rats (Groth et al. 1986; Watt 1980, 1983;
Wbng et al. 1979). Lung tunors were not observed in the Bio/dynam cs (1990)
study. The Watt (1980, 1983) and Bi o/ dynami cs (1990) studies used simlar
concentrations of antinony trioxide. However, |ung cancer was observed only in
the Watt (1980, 1983) study. A possible explanation for the conflicting
results is differences in the anbunt of antinobny that was deposited in the
l ungs. Bio/dynanics (1990) asked the pathol ogi st who exani ned the
hi st opat hol ogy slides fromthe Watt (1980, 1983) study to al so exam ne the
slides fromthe Bio/dynam cs (1990) study. The pathol ogi st determ ned that the
degree of pignmentation in the lungs (indicative of the anpunt of antinony in
the lungs) was greater in the lungs of rats fromthe Watt (1980, 1983) study
conpared to those fromthe Bio/dynam cs study (1990). However, why there were
differences in antinony deposition and/or clearance between the studies is not
known. The deposition and cl earance of antinony depends on particle size
(Felicetti et al. 1979b; Thomas et al. 1973). The smaller particles are
deposited in the |lower respiratory tract and are slowy cleared fromthe | ung.
The larger particles are deposited in the upper airways and are cleared nore
efficiently fromthe lung. Thus, antinmony with snaller particle sizes cone
into contact with the lung tissue for a |longer period of time; this nmay
i nfl uence the carcinogenic potential. Because of differences in the nethods
used to assess particle size distribution between these two studies, a
conparison of particle size distribution between the studies can not be nade.
The carcinogenicity of inhaled antinony also may vary with the chemical form
of antinony, which will affect the solubility of antinmony and, thereby, |ung
retention. The carcinogenicity of inhaled antinony is probably related to its
deposition in the respiratory tract and the resulting reactive processes
i nduced by its presence in the lung tissue. These include nacrophage
infiltration and fibrosis, typical of pneunoconiosis. The |ung carcinogenicity
of inhaled antinony nay not, therefore, predict carcinogenic potential for
ot her routes of exposure. Antinobny has not produced cancer in rats or nice
exposed by the oral route (Kanisawa and Schroeder 1969; Schroeder et al. 1968,
1970). There may be physiological differences in the deposition and cl earance
of antinony fromthe |lungs between humans and rats. Thus, it is



TABLE 2-5.

Genotoxicity of Antimony In Vitro

Results
With Without
Species (test system) End point activation activation Reference Form
Prokaryotic organisms:
Bacillus subtilis DNA damage No data + Kanematsu et al, 1980 Trioxide; trichloride;
pentachloride
Mammalian cells:
Syrian hamster embryo cells Viral transformation No data + Casto et al. 1979 Acetate
Chinese hamster ovary cells Gene mutation - - Tu and Sivak 1984 Thioantimonate
Chromosomal aberrations + + Tu and Sivak 1984 Thioantimonate
BALB/c¢-3T3 Transformation No data - Tu and Sivak 1984 Thioantimonate
Human leukocytes Chromosome breakage No data + Paton and Allison 1872 Sodium tartrate

+ = positive
~ = negative
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difficult to assess carcinogenic potential of antinmony in humans. No
i nformati on of carcinogenic potential of antinmony follow ng dernmal application
of antinobny was | ocat ed.

2.5 Bl OVABKERS OF EXPOSURE AND EFFECT

Bi omar kers are broadly defined as indicators signaling events in
bi ol ogi ¢ systens or sanples. They have been classified as markers of
exposure, markers of effect, and narkers of susceptibility (NAS/ NRC 1989).

A bi omarker of exposure is a xenobiotic substance or its netabolite(s)
or the product of an interaction between a xenobiotic agent and sone target
nol ecul e(s) or cell(s) that is neasured within a conpartnment of an organi sm
(NAS/ NRC 1989). The preferred bi omarkers of exposure are generally the
substance itself or substance-specific nmetabolites in readily obtainable body
fluid(s) or excreta. However, several factors can confound the use and
interpretation of biomarkers of exposure. The body burden of a substance nay
be the result of exposures fromnore than one source. The substance being
nmeasured may be a netabolite of another xenobiotic substance (e.g., high
urinary levels of phenol can result from exposure to several different
aromati ¢ conmpounds). Depending on the properties of the substance (e.g.
bi ol ogic half-life) and environnental conditions (e.g., duration and route of
exposure), the substance and all of its nmetabolites may have | eft the body by
the tine biologic sanples can be taken. It may be difficult to identify
i ndi vidual s exposed to hazardous substances that are conmmonly found in body
tissues and fluids (e.g., essential mineral nutrients such as copper, zinc,
and sel enium. Biomarkers of exposure to antinony are discussed in Section
2.5.1.

Bi omar kers of effect are defined as any neasurabl e bi ochem cal
physi ol ogic, or other alteration within an organismthat, depending on
magni t ude, can be recogni zed as an established or potential health inpairnent
or disease (NAS/NRC 1989). This definition enconpasses hiochem cal or cellular
signals of tissue dysfunction (e.g., increased |liver enzyme activity or
pat hol ogi ¢ changes in female genital epithelial cells), as well as physiologic
signs of dysfunction such as increased blood pressure or decreased |ung
capacity. Note that these nmarkers are often not substance specific. They al so
may not be directly adverse, but can indicate potential health inpairnment
(e.g., DNA adducts). Biomarkers of effects caused by antinony are discussed in
Section 2.5.2.

A bi omarker of susceptibility is an indicator of an inherent or acquired
l[imtation of an organisms ability to respond to the chall enge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in
absorbed dose, biologically effective dose, or target tissue response. |f
bi omar kers of susceptibility exist, they are discussed in Section 2.7,

" POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "
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2.5.1 Bi omarkers Used to ldentify and/or Quantify Exposure to Antinony

El evated bl ood, hair, urine, and fecal levels of antinony indicate high
exposure to antinmony. A significant correlation exists between the | evel of
pent aval ent anti nony (N-nethyl gl ucani ne anti nonate) admi nistered
intraperitoneally to humans and antinony levels in hair (Dorea et al. 1989).
However, Dorea et al. (1989) only tested two | evels of antinmony (10 and 20 ng
ant i nony/ kg/ day). Factory workers exposed to antinony trioxide (0.042-0.70 ny
antinony/ m) had el evated urine and bl ood antinony |evels (Ludersdorf et al.
1987). Antinony levels in the urine and blood were 1.1 and 0.9-5.0 pug/L,

respectively, conpared to 0.6 pg/L urine levels and 0.4 pg/L blood levels in
unexposed workers. Animal data suggest that urine and bl ood | evels remain
el evated several days after exposure (Felicetti et al. 1974b).

No effect bionmarkers that could be used to inplicate exposure to
anti nony were found.

2.5.2 Bi omar kers Used to Characterize Effects Caused by Antinony

No toxic synptons specific to anti nbny exposure have been identified.
Toxic effects that reportedly occur in humans include pneunoconiosis, altered
EKG readi ngs, and gastrointestinal effects. No quantitative bionarkers
associ ated with these effects are known.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

No i nformati on on the influence of other compounds on the toxicity of
anti mony was | ocat ed.

2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

I ndividuals with existing chronic respiratory or cardi ovascul ar di sease
or problens woul d probably be at special risk, since antinony probably
exacerbates one or both types of health probl ens. Because antinobny is excreted
in the urine, individuals with kidney dysfunction may be unusually
suscepti bl e.

2.8 M TI GATI ON OF EFFECTS

This section will describe clinical practice and research concerning
nmet hods for reducing toxic effects of exposure to antinony. However, because
some of the treatnents di scussed may be experinental and unproven, this
section should not be used as a guide for treatment of exposures to antinony.
VWhen specific exposures have occurred, poison control centers and nedica
t oxi col ogi sts should be consulted for nedical advice.
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Adverse health effects in humans foll owi ng anti nony exposure appear to
target on the respiratory and cardi ovascul ar systens. Eye and skin irritation
have al so been not ed.

Human exposure to antinmony may occur by inhal ation, ingestion, or by
dermal contact. Mtigation approaches to reduce absorption of antinony have
i ncl uded general reconmendations of separating contam nated food, water, air
and clothing fromthe exposed individual. Externally, exposed eyes and skin
are flushed with a clean neutral solution such as water or nornal saline.
Admi ni stration of water or mlk and a cathartic such as nmagnesi um sul fate has
been recomended by Stutz and Janusz (1988) for treatnment follow ng ora
exposure to antinmony. This would reduce the concentration of antinony in the
stomach, but is not likely to affect its intestinal absorption
Admi ni stration of activated charcoal foll owi ng exposure to organi ¢ conmpounds
is thought to be effective in preventing absorption (Stutz and Janusz 1988).

Antinony nay be found in the blood and urine several days after
exposure. It also can be found in the hair (Dorea et al. 1989). Pentaval ent
antinony is rapidly excreted in humans follow ng intravenous or intranuscul ar
administration, with greater than 50% excreted in the urine 6 hours after
i njection (Goodwi n and Page 1943; Rees et al. 1980). Trivalent antinony is not
as rapidly excreted in the urine and is prinmarily excreted in the feces over a
24 hour period of tine as noted after intraperitoneal adm nistration in
| aboratory aninmals (Edel et al. 1983).

Chel ation therapy with British anti-Lewisite (BAL) nay be the npst
effective mtigation approach follow ng absorption of trivalent antinony
conpounds into the blood stream (El | enhorn and Barcel oux 1988; Haddad and
I nchester 1990). Antinony can covalently bind with sul fhydryl groups. BAL, a
di thiol compound with two vicinal sulfur atons, conpetes with the critica
bi nding sites that nmay possibly be responsible for the toxic effects. There is
no evi dence that BAL is useful follow ng stibine gas exposure (Ellenhorn and
Bar cel oux 1988).

Di al ysis may be the nost effective nethod for mitigation of pentaval ent
antinony. Pentavalent antinony in the blood resides mainly in the plasma in an
easily dialyzable form (Edel et al. 1983); Dialysis treatnent foll ow ng
exposure to trivalent antinony may not be as effective. The mgjority of
trivalent antinony found in blood is incorporated into the red bl ood cel
fraction in a hard dialyzable form (Edel et al. 1983).

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(S) of CERCLA as anended directs the Adm nistrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of antinony is avail able. Were adequate information is not
avai |l abl e, ATSDR, in conjunction with the National Toxicol ogy Program (NTP)
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is required to assure the initiation of a program of research designed to
determ ne the health effects (and techni ques for devel opi ng nmet hods to
determ ne such health effects) of antinony.

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

2.9.1 Existing Information on Health Effects of Antinmony

The existing data on health effects of inhalation, oral, and dernma
exposure of humans and aninals to antinony are sunmarized in Figure 2-3. The
purpose of this figure is to illustrate the existing i nformati on concerning
the health effects of antinony. Each dot in the figure indicates that one or
nore studies provide infornmation associated with that particular effect. The
dot does not inply anything about the quality of the study or studies. Gaps in
this figure should not be interpreted as "data needs" information

As seen in Figure 2-3, information on the health effects of antinony in
humans followi ng inhalation, oral, or dermal exposure is limted. The
i nhal ati on data consi st of several reports of workers exposed to inorganic
forns of antinmony. However, nost of these studies are inconplete because the
wor kers were exposed to a variety of conpounds or the exposure |evel was not
reported. One oral study involving accidental drinking of |enpbnade
contam nated with potassiumantinmony tartrate was | ocated. The dermal data on
humans is limted to a study in which antimony was applied to the skin of
vol unt eers.

As conpared to the hunan data, nore conplete infornmation on the systenic
health effects of antinmony in aninmals was | ocated. Al though there are severa
reliable intermedi ate and chronic duration studies that exam ned nunerous
t oxi col ogi cal end points foll owi ng exposure to airborne inorganic trivalent
antinony (primarily antinmony trioxide), nost of the studies utilized rats. One
i nhal ation reproductive/devel opnental study was | ocated. Several studies
that exanmined the toxicity of netallic antinony, antinmony trioxide, antinony
trichloride, and potassiumantinmony tartrate via oral exposure were | ocated.
Sensi tive nmeasurenents of cardiovascular toxicity were not exanined in nost of
t hese studies. One devel oprmental toxicity study in rats was |ocated; interna
exam nation of pups was not |ocated. The acute and internediate toxicity of
dermal |y applied antinony trioxide, antinmony oxide, and anti nony
t hi oanti nonat e has been exani ned. However, these studies did not exam ne the
systemc toxicity of antinony; they were designed to assess the dernmal and/or
ocular toxicity of antinony.
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FIGURE 2-3. Existing Information on Health Effects of

Antimony
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2.9.2 Dat a Needs

Acut e- Durati on Exposure. Information on the target organs of acute
exposure in humans to antinony is |linmted. Based on one human study, the
gastrointestinal tract appears to be a target followi ng inhal ati on exposure to
antinony (Taylor 1966). Animal studies have shown that the respiratory tract
and cardi ovascul ar, hepatic, and renal effects occur after exposure to
airborne antinony (Brieger et al. 1954; Price et al. 1979). The respiratory
and cardi ovascul ar effects occur at a | ower exposure |evels than those
associated with gastrointestinal effects in hunmans. An acute inhalation MRL
could not be derived fromthis animal data because serious nyocardial effects
were observed at the | owest exposure level tested. The gastrointestinal tract
al so appears to be a target in hunans follow ng oral exposure to antinony.
This is based on a report of workers who accidentally drank | enbnade
contam nated with potassium antinmony tartrate (Dunn 1928). An acute oral ML
could not be derived fromthis study. Acute aninal data al so suggest that the
gastrointestinal tract is a target system (Flening 1982; Houpt et al. 1984;
Myers et al. 1978). However, two of the three acute animal studies did not
perform conpl ete histol ogi cal exam nations, thus there may be other target
organs that have not been identified (Flenming 1982; Houpt et al. 1984; Mers
et al. 1978). There is no information on the target organs in humans foll ow ng
dermal exposure to antinony. Application of antinony to the skin or eyes of
animals results in mldirritation (Goss et al. 1955; Horton et al. 1986;
Myers et al. 1978; WI Research Lab 1979). A mpjority of the animal studies
only exam ned the skin or eyes follow ng dermal/ocul ar exposure to antinony.
Toxi coki netic data that mght allow route-to-route extrapol ations of health
effects were not found. Know edge about the acute toxicity of antimony is
i mportant because people living near hazardous waste sites m ght be exposed to
antimony for brief periods. Information about the toxicity of different
ant i nony conpounds, as well as differences in val ence states, was not | ocated.
Addi tional acute-duration studies by the inhalation, oral, and dermal routes
woul d provide information on differences in the potency of various antinony
conpounds, as well as on the thresholds for systemc toxicity due to acute-
durati on exposure to antinony.

I nt er nedi at e- Durati on Exposure. Hunan target organs/systens follow ng
exposure to airborne antinony Include the respiratory tract and
gastrointestinal tract and skin (Brieger et al. 1954; Renes 1953; Stevenson
1965). No reports of health effects in hunmans following oral or derna
exposure were | ocated. Aninmal data suggest that the heart and respiratory
tract nmay be targets follow ng inhalati on exposure (Brieger et al. 1954;

Bi o/ dynanmi cs 1985). Devel opnental and reproductive effects have al so been
reported in animals (Bel yaeva 1967). There is no information on human health
effects follow ng oral exposure to antinony. Oral exposure of animals to
antimony has resulted in adverse health effects on the liver, cardiovascul ar
system gastrointestinal tract, and mld hematol ogical effects (Angrisan
1988; Fleming 1982; Hiraoka 1986; Marnp et al. 1987; Rossi et al. 1987; Snyth
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and Thonpson 1945; Sunagawa 1981). No reports of hunman health effects

foll owi ng dernmal exposure were |ocated. No adverse health effects were
observed in aninals followi ng internediate duration dernmal exposure (Horton et
al . 1986). EKG readings are a sensitive indicator of myocardi al damage;
however, in the oral and dermal internedi ate-duration studies this end point
was not exan ned. Because the exposure |evels tested were higher than the
threshold levels for respiratory tract effects, and/or because EKG readi ngs
were not taken, inhalation and oral MKLs could not be derived. Toxicokinetic
data that mght all ow extrapol ation of health effects across routes of

adm ni stration were not located. Infornmation on the relative toxicity of the
di fferent antinony conpounds has not been assessed. |nternediate-duration
studies by inhalation, oral, and dernmal routes would provide informtion on
the thresholds for systemic toxicity, as well as on the differences in the

pot ency of various antinony conmpounds. This information could be relevant to
human exposure because people |iving near hazardous waste sites may be exposed
to a variety of antinony conpounds for an internediate-duration

Chroni c-Durati on Exposure and Cancer. There are several human and
ani mal chronic inhalation studies that indicate the targets appear to be the
respiratory tract, heart, eye, and skin (Brieger et al. 1954; Cooper et a
1968; Pot konj ak and Pavl ovi ch 1983). However, functional changes in the
cardi ovascul ar system were not assessed in the animal inhalation studies
(Bi o/dynami c 1990; G oss et al. 1952; Goth et al. 1986; Watt 1980, 1983; Wng
et al. 1979). A no-effect level (NOEL) for respiratory or cardiovascul ar
effects follow ng exposure to antinony was not identified in the avail able
l[iterature. The NCEL is an inportant level in evaluating the risk of exposure
to antinmony, and it can be used along with protective uncertainty factors to
hel p determ ne the anpbunt of antinony humans can be exposed to w t hout
experiencing health effects. The chronic inhalation studies in aninals
exam ned only the toxicologic effects in rats; thus, interspecies differences
could not be assessed. No target organs were identified in humans or ani mals
followi ng oral exposure to antinmony (Kani sawa and Schroeder 1989; Schroeder et
al . 1968, 1970). In addition, the data fromthe oral and inhalation studies
were insufficient for deriving a chronic MEL. There is no information on the
health effects in humans and aninmals follow ng dermal exposure. Wl -designed
oral experiments, using several exposure levels and nmeasuring all sensitive
t oxi col ogi cal end points, would provide information on the health effects
associated with | ong-term exposure to antinony. Chronic toxicity information
is inmportant because people living near hazardous waste sites m ght be exposed
to antinony for many years.

No studies were | ocated regarding the carcinogenicity of antinmony in
humans foll owi ng inhal ation, oral, or dermal exposure. Evidence for the
carci nogenicity of inhaled antinony in animals is mxed. Two studies reported
lung tunors in rats exposed to relatively low levels of antinony trioxide
(Goth et al. 1986; Watt 1983; Wng et al. 1979). A study using a simlar
exposure level did not find evidence of carcinogenicity (Bio/dynamcs 1990).
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Differences in the anpbunt of antinony deposited and/or cleared fromthe |ungs
were reported. It is not known if the conflicting results were due to
differences in particle sizes. A study conparing the effects of different
particle sizes would deternine if the particle size of the inhaled antinony
det erm nes the carcinogenic potential of antinmony. The increased incidence of
lung tunors appears to be route specific. There iIs no evidence of increased

i nci dence of cancer in humans as a result of oral exposure to antinony. The
oral cancer data in aninals are linmted to studies that used very |low | evel s
of antinony (Kani sawa and Schroeder 1989; Schroeder et al. 1968, 1970). Oral
st udi es have shown that antinony tends to accunulate in the liver and
gastrointestinal tract (A nsworth 1988; Sunagawa 1981); it is not known if
this results in cancer. No dermal cancer studies in humans or ani nals was

| ocated. Oral and dernmal studies in rodents using several exposure |evels

i ncludi ng the maxi mumtolerated [ evel would provide useful information because
prol onged exposure to antinony in hunmans may occur

CGenotoxicity. There are no in vivo genotoxicity studies in hunans or
animals. In vitro studies using human | eukocytes were positive for chronosone
breakage (Paton and Al lison 1972). Results were mixed in in vitro studies
using manmal ian cells (Casto et al. 1979; Tu and Sivak 1984), and positive for
DNA damage in Bacillus subtilis (Kanematsu et al. 1980). Additional in vitro
and in vivo genotoxicity studies would enable better estinmation of the actua
genotoxi c threat posed by antinobny to people exposed in the environnent.

Reproductive Toxicity. Wrmen exposed to antinony in the workplace have
reported menstrual disturbances and a hi gher incidence of spontaneous
abortions as conpared to nonexposed workers (Belyaeva 1967). Fromthis report
it is unclear what the exposure | evel was, whether the wonen were exposed al so
to ot her conpounds, and whet her the controls had conparabl e jobs. Reproductive
effects (failure to conceive, uterine netaplasia) have been observed in rats
exposed to airborne antinony (Belaeva 1967). In addition, studies on the
di stribution of antinony followi ng oral administration in animals have shown
high levels of antinmony in the testes (Sunagawa 1981). It is not known whet her
these high levels of antinmony could result in functional changes. There are no
data on reproductive effects follow ng oral or dermal exposure to humans and
animal s. There are insufficient toxicokinetic data to nake route-to-route
extrapol ation. A well-designed study to assess the effects of orally or
dermal | y admi ni stered anti nony on reproductive performance woul d provi de
i nformation on possible reproductive effects that
m ght be rel evant to hunans.

Devel opnental Toxicity. An increased nunber of spontaneous abortions was
observed in wonen exposed to antinony in the workplace (Bel yaeva 1967).
However, there are several limtations to this study, as discussed above in
the reproductive toxicity section. No overt devel opnmental effects were
observed in the offspring of these wonmen. Devel opmental effects were not
observed in the offspring of rats exposed orally to antinony trichloride
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(Rossi et al. 1987). An aninmal study has shown that antinmony is not
efficiently transported across the placenta (CGerber et al. 1982). However,
there is evidence of high levels of antinony in unexposed newborn nursed by
exposed female nice (Gerber et al. 1982). A study in which aninals are exposed
t hr oughout gestation and | actation would provide information on the potentia
of antinony to result in devel opmental effects in humans.

| mmunot oxi city. Inmunotoxicity follow ng inhalation, oral, or dernal
exposure have not been studied in humans or animals. |nmunol ogical end points
shoul d be examined in the internediate or chronic studies, especially since
anti mony has been shown to accunulate in the spleen (Sunagawa 1981).

Neur ot oxi city. Neurotoxic effects have not been observed in hunmans
followi ng inhalation, intranuscular, and intraperitoneal exposure to antinony.
Neur omuscul ar ef fects have been observed in aninals follow ng oral, dernal
and intraperitoneal admnistration (Flem ng 1982; Mansour and Reese 1965;
Myers et al. 1978). Furthernore, nyopathy has been observed in mce exposed
via intraperitoneal injection (Mansour and Reese 1965). Although this effect
has not been observed by other routes of exposure there is no reason to
suspect that it would not occur. Sensitive tests of neurophysiol ogica
function nay detect early sign of neurotoxicity follow ng inhalation, oral, or
dermal exposure to antinony.

Epi deni ol ogi cal and Hurman Dosinmetry Studi es. There are severa
epi dem ol ogi cal occupational exposure studies (Brieger et al. 1954; Cooper et
al . 1968; Pot konjak and Pavl ovich 1983; RBnes 1953; Stevenson 1965). However,
nost of these studies are inconplete because the exposure |evel and/or
particle size of the airborne anti nbny was not reported and/or the workers
were often exposed to a variety of other conpounds. In addition
cardi ovascul ar toxicity, a sensitive end point of antinony toxicity, was not
al ways assessed. No epi dem ol ogi cal or human dosinetry studies in which
i ndividual s were exposed to antinony orally or dermally were | ocated.
Epi dem ol ogi cal studies would be useful in order to determ ne the effects of
| ong-term exposure on humans, with particular attention paid to cardiovascul ar
and respiratory effects. If a cause/effect relationship was established
bet ween anti nmony exposure and health effects in humans, nonitoring of
i ndi vidual s living near hazardous waste sites could be performed in order to
verify that exposure |levels do not exceed recommended limts and that body
tissue and fluid levels remain bel ow potentially hazardous |evels.

Bi omar kers of Exposure and Effect. Because antinony is not catabolized
in the body, netabolites could not be used as a biomarker. Thus, the only
bi omar ker of exposure woul d be neasurenent of antinony itself. Antinony |evels
are increased in the blood, urine, and feces follow ng exposure to antinony
(Cooper et al. 1968; Edel et al. 1983; Felicetti et al. 1974a, 1974b; Gerber
et al. 1982; CGoodwi n and Page 1943; Ludersdorf et al. 1987; Rees et al. 1980).
However, because antinony is poorly absorbed fromthe | ung,
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nmeasurenent of antinony |levels in body fluids may not reflect the exposure

| evel of airborne antinmony (Felicetti et al. 1974a, 1974b; Thomas et al
1973). The rel ationship between exposure | evel and concentration of antinony
in various body fluids has not been established. Devel opment of a biomarker
with nore exposure/dose data would aid in future nedical surveillance that
could lead to better detection of exposure.

No antinony-specific biomarkers of effects have been identified. Future
studies on the toxicity of antinony should use several antinobny exposure
levels, this may lead to the identification of subtle biochem cal or
physi ol ogi cal bi omarkers of effects.

Absorption, Distribution, Metabolism and Excretion. There is sone
i nformati on on the toxicokinetic properties of antinony follow ng oral or
i nhal ati on exposure in humans and animals (A nsworth 1988; Cooper et al. 1968;
Edel et al. 1983; Felicetti et al. 1974a, 1974b; Gerber et al. 1982;
CGer hardsson et al. 1982; Goodwi n and Page 1943; Ludersdorf et al. 1987; Rees
et al. 1980; Sumino et al. 1975; Sunagawa 1981; Thonms et al. 1973). However,
there is imted conparative information on the absorption, distribution, and
excretion of different antinmony conmpounds. Furthernore, the site and nmechani sm
of antinony absorption fromthe gastrointestinal tract has not been
el uci dated. The influence of nutritional factors as well as the presence of
food in the gastrointestinal tract on absorption are not known. Infornmation on
t he absorption, distribution, or excretion of antinmony follow ng derma
application is not known. In addition, a study on the effect of oxidation
state on the cellular uptake of antinmony and the effect of water solubility of
an anti nony conpound on lung retention/absorption would provide usefu
information on the toxicity of different antinony conpounds. A study that
exam ned these aspects of antinony would be useful in assessing the potentia
target organs followi ng dernal exposure to antinony.

Conpar ati ve Toxi cokinetics. Species differences in the toxicokinetics of
anti mony have been identified (A nsworth 1988; Felicetti et al. 1974a; G oss
et al. 1955; Thomms et al. 1973). However, the absorption, distribution, and
excretion of antinony followi ng oral or inhalation exposure in humans is not
known. Thus, it is not possible to decide which aninal species is the best
nodel for assessing the toxicity of antinony. Information on the behavior of
antinony in humans woul d be useful

Mtigation of Effects. Chelation therapy with BAL has been shown to
effectively nmtigate the toxicity of trivalent antinony conmpounds in humans
(El'l enhorn and Barcel oux 1988; Haddad and W nchester 1990). Although BAL has
been found to formstable chelates in vivo with antinony, it is not known if
there are adverse side effects associated with the treatnment. Studies
exam ning the effectiveness of chelating agents and possible side effects
woul d be hel pful in determning the nost effective treatnment for antinony
toxicity. Antinony is widely distributed throughout the body. The hair and
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skin contain the highest |evels of antinmony. The adrenal glands, lung, |arge
i ntestine, trachea, cerebellum and kidneys also contain relatively high

| evel s of antinony (Muiramatsu and Parr 1988; Sumino et al. 1975). No

i nfornati on on nethods of nitigating body stores were | ocated. Studies that
exam ned such nethods woul d be useful in the treatnent of antinony toxicity.

2.9.3 On-goi ng Studies

NTP (1990) has recently conpleted a 14-day drinking water study in which
groups of male and fenal e Fischer 344 rats and B6C3FI nice were given drinking
wat er contai ni ng potassium antinony tartrate. The doses in rats were 0, 16,

28, 59, 94, and 168 ngy/kg/day; for mice, they were 0, 59, 98, 174, 273, and
407 ng/ kg/day. In rats, the only effects observed were an increase in relative
[iver and kidney (females only) weights in the high dose group. Focal areas of
ulceration with necrosis and inflanmati on of the squanpbus nmucosa of the
forestomach were observed in the high dose nice. A final report

of this study is currently not avail abl e.

NTP (1990) has al so conmpleted a 13-week intraperitoneal injection study.
In this study, inflanmation and/or fibrosis of the liver were observed in nice
dosed with 60 ng/ kg potassiumantinony tartrate every other day. Degeneration
was evident in the kidneys of nale rats dosed with 24 ng/kg every other day. A
final report of this study is currently not avail able.

Cenotoxicity tests were negative in Sal nonella typhinuriumstrains
TAI 00, TA1535, TA97, or TA98 for antinopbny potassiumtartrate with and w t hout
net abol i c activation (NTP, 1990).

NI OSH i s conducting an epi dem ol ogi cal study using a cohort of antinony
snelter workers to determ ne the possible associati on between exposure to
antinony and the risk of devel oping |ung cancer (Federal Research in Progress
1989).
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