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FOREWORD

The Superfund Anendnents and Reaut horization Act (SARA) of 1986
(Public Law 99-499) extended and anmended the Conprehensive Environnental
Response, Conpensation, and Liability Act of 1980 (CERCLA or Superfund). This
public law directed the Agency for Toxic Substances and D sease Registry
(ATSDR) to prepare toxicological profiles for hazardous substances which are
nost commonly found at facilities on the CERCLA National Priorities List and
whi ch pose the npost significant potential threat to human health, as
determ ned by ATSDR and the Environnental Protection Agency (EPA). The lists
of the 250 nost significant hazardous substances were published in the Federa
Resister on April 17, 1987; on Cctober 20, 1988; on Cctober 26, 1989; and on
Cctober 17, 1990. A revised list of 275 substances was published on Cctober
17, 1991.

Section 104(i)(3) of CERCLA, as anended, directs the Admi nistrator
of ATSDR to prepare a toxicological profile for each substance on the
lists. Each profile nust include the follow ng content:

(A) An examination, summary, and interpretation of available

t oxi col ogi cal information and epi deni ol ogi cal eval uations on the

hazar dous substance in order to ascertain the |levels of significant
human exposure for the substance and the associ ated acute, subacute, and
chronic health effects.

(B) A determination of whether adequate information on the health
ef fects of each substance is available or in the process of

devel opnent to deternine |evels of exposure which present a
significant risk to human health of acute, subacute, and chronic
heal th effects.

(C VWhere appropriate, an identification of toxicological testing
needed to identify the types or |evels of exposure that may present
significant risk of adverse health effects in hunans.

This toxicological profile is prepared in accordance with
gui del i nes devel oped by ATSDR and EPA. The original guidelines were
published in the Federal Register on April 17, 1987. Each profile wll
be revised and republished as necessary.

The ATSDR toxicol ogical profile is intended to characterize
succinctly the toxicol ogical and adverse health effects infornmation for
t he hazardous substance bei ng described. Each profile identifies and
reviews the key literature (that has been peer-revi ewed) that describes
a hazardous substance's toxicological properties. Oher pertinent
literature is also presented but described in |less detail than the key
studies. The profile is not intended to be an exhaustive docunent;
however, nore conprehensive sources of specialty information are
ref erenced.
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Foreword

Each toxicological profile begins with a public health statement,
which describes in nontechnical language a substance’'s relevant
toxicological properties. Following the public health statement is
information concerning levels of significant human exposure and, where
known, significant health effects. The adequacy of information to
determine a substance’s health effects is described in a health effects
summary. Data needs that are of significance to protection of public
health will be identified by ATSDR, the National Toxicology Program
(NTP) of the Public Health Service, and EPA. The focus of the profiles
is on health and toxicological information; therefore, we have included
this information in the beginning of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested
private sector organizations and groups, and members of the public.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been
reviewed by scientists from ATSDR, the Centers for Disease Control, the
NTP, and other federa. agencies. It has also been reviewed by a panel
of nongovernment peer reviewers. Final responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

William L. Roper, M.D., M.P.H.
,Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

This Statenent was prepared to give you infornmation about antinony and
to enphasi ze the hunman health effects that nmay result from exposure to it. The
Envi ronnental Protection Agency (EPA) has identified 1,177 sites on its
National Priorities List (NPL). Antinobny and its conpounds have been found at
52 of these sites. However, we do not know how many of the 1,177 NPL sites
have been eval uated for antinony. As EPA eval uates nore sites, the nunber of
sites at which antinony and its compounds are found nmay change. The
information is inportant for you because antinony may cause harnful health
ef fects and because these sites are potential or actual sources of human
exposure to anti nony.

When a chemical is released froma large area, such as an industria
plant, or froma container, such as a drumor bottle, it enters the
environnent as a chenical em ssion. This emission, which is also called a
rel ease, does not always |lead to exposure. You can be exposed to a chem ca
only when you cone into contact with the chem cal. You nmay be exposed to it in
the environment by breathing, eating, or drinking substances containing the
chem cal or fromskin contact with it

If you are exposed to a hazardous substance such as antinony, severa
factors wll determne whether harnful health effects will occur and what the
type and severity of those health effects will be. These factors include the
dose (how much), the duration (how long), the route or pathway by which you
are exposed (breathing, eating, drinking, or skin contact), the other
chemicals to which you are exposed, and your individual characteristics such
ﬁs ?gﬁ, sex, nutritional status, famly traits, life style, and state of

eal th.

1.1 WHAT |'S ANTI MONY?

Antinmony is a silvery white nmetal of nedi um hardness that breaks easily.
Smal | anounts of antinony are found in the earth's crust. Antinony ores are
m ned and then either changed into antinony netal or conbined with oxygen to
form anti nony oxi de.

Antinony oxide is a white powder that does not evaporate. Only a snal
amount of it will dissolve in water. Mst antinony oxi de produced is added to
textiles and plastics to prevent their catching on fire.

Antinmony netal is too easily broken to be used nuch by itself. To nake
it stronger, alittle antinony is usually nixed with other metals such as |ead
and zinc to formm xtures of netals called alloys. These alloys are used in
| ead storage batteries, solder, sheet and pipe netal, bearings, castings, type
netal, anmunition, and pew er

Antinony enters the environment during the mining and processing of its
ores and in the production of antinony netal, alloys, antinony oxide, and
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conbi nati ons of antinobny with other substances. Little or no antinony is m ned
inthe United States, Antinony ore and inmpure nmetals are brought into this
country fromother countries for processing. Snmall anpunts of antinony are

al so released into the environnent by incinerators and coal - burni ng power

pl ants. The antinony that cones out of the snpoke stacks of these plants is
attached to very small particles that settle to the ground or are washed out
of the air by rain. It usually takes many days for antinony to be renoved from
the air. Antinony attached to very small particles nmay stay in the air for
nore than a nonth. Antinobny cannot be destroyed in the environnent. It can
only change its formor becone attached to or separated fromparticles. Mst
antimony will end up in the soil or sedinment, where it attaches strongly to
particles that contain iron, manganese, or alumnum For nore information, see
Chapters 3, 4, and 5.

1.2 HOW HI GHT | BE EXPOSED TO ANTI MONY?

Antinony is found at very low levels in the environment, so |ow that we
often cannot neasure it. You nmay be exposed to antinony by breathing air
drinking water, and eating foods that contain it. You al so nay be exposed by
skin contact with soil, water, and other substances that contain antinony. The
anal ytical methods used by scientists testing for the presence of antinony in
t he environnent do not deternine the specific formof antinobny present.
Therefore, we do not always know what form of antinobny persons may be exposed
to. Simlarly, we do not know what forns of antinobny are found in hazardous
waste sites. Mich of the antinony found in sedinent, soil, and rock is so
strongly attached to dust and dirt or buried in ninerals that it cannot easily
af fect your health. Sone antinony in the environment is less tightly attached
to particles and may be taken up by plants and ani nal s.

The concentration of antinony in air ranges froma very snmall part of a
nanogran1$1 nanogram equals a billionth of a gran) in a cubic neter (ni) of
air (ng/m) to about 170 ng/m. However, near conpanies that change anti nony
ores into nmetal or make anti nony oxi de, concentrations may be nore than 1,000
ng/ m. You may breathe high levels of antinony in dust if you live or work
near antinmony mines or processing conpanies.

The concentration of antinony that is dissolved in rivers and | akes is
very low, usually less than 5 parts of antinony in 1 billion parts of water
(ppb) . W cannot neasure such small amounts w t hout special equipnent.

Anti nony does not appear to accunulate in fish and other aquatic aninals. The
concentration of antinony dissolved in one polluted river where wastes from
anti nony m ning and processi ng had been dunped was as high as 8 ppb. Mst of
the antimony in the river, however, was not dissolved, but was attached to
particles of dirt. Al though antinony is used in solder for water pipes, it
does not seemto get into the drinking water

Soil wusually contains very |low concentrations of antinony, less than 1
part of antimony in a mllion parts of soil (ppn). However, concentrations



1. PUBLI C HEALTH STATEMENT

close to 9 ppm have been found. The hi ghest soil concentrations found at
hazardous waste sites on the NPL and at anti nony-processing sites range from
109 to 2,550 ppm High concentrations of antinony may be found in soil because
dust sent out during processing settles out fromthe air. Al so, waste from

ant i nony- processi ng and ot her antinony-using industries is usually dunped onto

the soil. W do not know the formof antinony at these sites. However, we know
that much of the antinmony in antinony-processing wastes is strongly attached
to soil. You may be exposed to this antinobny by skin contact. Children may

al so be exposed to this antinobny by eating the dirt.

Food usual ly contains snall anmounts of antinony. You eat and drink
about 5 microgranms (5 mllionths of a gran) of antinobny every day. The
average concentration of antinony in neats, vegetables, and seafood is
0.2-1.1 ppb. The antinony oxide that is added to many naterials for fire
protection is very tightly attached to these nmaterials and does not expose
peopl e to anti nmony.

You may al so be exposed to antinony in the workplace. If you work in
i ndustries that process antinony ore and netal or make chemicals that contain
antinony, such as antinony oxide, you nmay be exposed to antinony by breathing
dust or by skin contact.

For more information on how you may be exposed to antinony, see
Chapter 5.

1.3 HOW CAN ANTI MONY ENTER AND LEAVE MY BCDY?

Antinony can enter your body when you drink water or eat food, soil, or
ot her substances that contain antinony. Antinmony can al so enter your body if
you breathe air or dust containing antinony. We do not know if antinony can
enter your body when it is placed on your skin

A snal |l anmpount of the antinobny you eat or drink enters the blood after a
few hours. The anmpbunt and the formof antinmony in the food or water will
af fect how nuch antinony enters your blood. After you eat or drink very |large
doses of antinony, you may vomt. This will prevent npbst of the antinony from
entering through the stomach and intestines into your blood. Antinony in your
lungs will enter your blood after several days or weeks. The amount of
antinony that will enter your blood fromyour lungs is not known.

After antinmony enters your blood, it goes to nany parts of your body.
Most of the antinobny goes to the liver, lungs, intestines, and spleen.
Antinmony will | eave your body in feces and urine over several weeks. Further
i nformati on on how antinony enters and | eaves your body is presented in
Chapter 2.
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1.4 HOW CAN ANTI MONY AFFECT MY HEALTH?

Exposure to 9 mlligrams per cubic meter of air (ng/ni) of antinony for
along time can irritate your eyes, skin, and lungs. Breathing 2 mg/n of
antinony for a long tinme can cause problens with the |lungs (pneunpconi osis)
heart problens (altered el ectrocardi ograns), stomach pain, diarrhea, vomting
and stonach ul cers. People who drank over 19 ppm of antinony once, vomted. W
do not know what other health effects would occur to people who swall ow
antinony. We do not know if antinmony can cause cancer or birth defects, or
af fect reproduction in hunmans. Antinony can have beneficial effects when used
for nmedi cal reasons, It has been used as a nedicine to treat people infected
wi th parasites. Persons who have had too rmuch of this medicine or are
sensitive to it when it was injected into their bl ood or nuscle have
experienced adverse health effects. These health effects include diarrhea,
joint and/or nmuscle pain, vomting, problems with the bl ood (anem a) and heart
probl ens (altered el ectrocardiograns).

Rat s and gui nea pigs that breathed very high levels of antinony for a
short tinme died. Rats breathing high |evels of antinmony for several days had
[ ung, heart, liver, and ki dney damage. Breathing very |low | evels of antinony
for along time has resulted in eye irritation, hair loss, and |ung damage in
rats. Dogs and rats that breathed | ow |l evels of antinony for a | ong period had
heart problens (changes in EKGs). Problens with fertility have been observed
in rats that breathed very high levels of antinony for a couple of nonths.
Lung cancer has been observed in sonme studies of rats breathing high
concentrations of antinony. Antinmony has not been classified for cancer
effects by the Departnment of Health and Human Services, the Internationa
Agency for Research on Cancer or the Environnmental Protection Agency.

Dogs that drank very high levels of antinmony for several weeks | ost
wei ght and had diarrhea. Rats that drank very low | evels of antinony for nost
of their lives died sooner than rats not drinking antinony. Rats eating high
I evel s of antinmony for a long time had |iver danage and fewer red blood cells.

Rabbits that had very snall ampounts of antinony placed on their skin for
less than 1 day had skin irritation. Small anpbunts of antinony placed in
rabbit eyes resulted in eye irritation. Large anounts of antinony placed on
rabbit's skin resulted in death.

More informati on on how antinony can affect your health is presented in
Chapter 2.

1.51S THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN EXPOSED
TO ANTI MONY?

There are reliable and accurate ways of neasuring antinony levels in the
body. Antinony can be nmeasured in the urine, feces, and blood for several days
after exposure. High levels of antinmony in these fluids will show that
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you have been exposed to high | evels of antinony. However, these neasurenents
can not tell you how rmuch antinobny you have been exposed to or whether you

wi || experience any health effects. For nore information, see Chapters 2 and
6.

1. 6 WHAT RECOMVENDATI ONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUVAN HEALTH?

EPA has set a limt of 145 ppb in |akes and streans to protect hunman
health fromthe harnful effects of antinony taken in through water and
contam nated fish and shellfish. EPA has also set linmts on the anmount of
antinony that industry can rel ease.

The Cbcupatlonal Safety and Heal th Administration (OSHA) has set a limt
of 0.5 ng/m of antinony in workroomair to protect workers during an 8- hour
work shift (40-hour workweek). The National Institute of Occupational Safety
and Health (NICSFD also recommends that the concentration in workroomair be
linited to 0.5 ng/m for antinony, averaged over an 8-hour work shift. Further
infornation on regul ations and guidelines pertaining to antinmony is provided
in Chapter 7.

1.7 WHERE CAN | GET MCORE | NFORVATI ON?

If you have any nore questions or concerns not covered here, please
contact your state health or environnmental departnent or

Agency for Toxic Substances and Di sease Registry
Di vi sion of Toxicol ogy
1600 difton Road, E-29
Atl anta, Georgia 30333

Thi s agency can al so provide you with information on the |ocation of the
near est occupational and environmental health clinic. Such clinics specialize
in recognizing, evaluating, and treating illnesses that result from exposure
to hazardous substances.






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
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| 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

T
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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. HEALTH EFFECTS

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).



20

2. HEALTH EFFECTS

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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FIGURE 2-2. Levels of Significant Exposure to Antimony - Oral
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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;

'

SLO3Jddd HITVAH

0¢



31

2. HEALTH EFFECTS

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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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



55

2. HEALTH EFFECTS

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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There are many conpounds, conpl exes, and all oys of antinony that occur
naturally or are man-nmade. The chem cal identity and physical chenica
properties of all of these forms of antinony cannot be discussed in detail

3.1 CHEM CAL | DENTITY

Antinmony is in the fourth row of group 5A in the periodic table,
resi ding between arsenic and bismuth. It displays four oxidation states: Sb(-
3), Sb(0), Sb(+3), and Sb(+5). The +3 state Is the nbst comobn and stabl e.
Ant|nDny is sonetinmes referred to as a netalloid, indicating that it displays
both netallic and nonnetal lic characteristics.

Metallic antinony is the only allotropic formof antinony that is stable
under normal conditions. Two unstable allotropes exist: yellow and bl ack
anor phous forns (Herbst et al. 1985). Metallic antinony is a very brittle,
noderately hard nmetal (Herbst et al. 1985). It is occasionally found
unconmbi ned in nature (Carapella 1978). Antinony has two stable isotopes with
mass nunbers 121 and 123, with natural abundances of 57.25% and 42.75%
respectively (Carapella 1978). One radi oactive isotope, Sb125, is a fission
product released in nuclear explosions or nuclear fuel reprocessing plants and
has a half-life of 2.7 years (Wast 1988). Data on the chemical identity of
antinony, antinony pentasul fide, antinony pentoxide, antinony potassium
tartrate, antinony trichloride, antinmony trioxide, antinmony trisulfide, and
stibine are shown in Table 3-1.

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

The physical and chemical properties of antinony, antinony pentasul fide,
anti nony pentoxide, antinmony potassiumtartrate, antinmony trichloride,
antinony trioxide, antinony trisulfide, and stibine are given in Table 3-2.
Antinony netal is stable under ordinary conditions and is not readily attacked
by air or water (Herbst et al. 1985). It is a poor conductor of heat and
electricity (Wast 1988). Antinony Is positioned after hydrogen in the

el ectrochem cal series and therefore will not displace hydrogen ions from
dilute acids. It is not affected by cold, dilute acids (Wndholz 1983). Sinple
antinony cations (i.e., Sb™ and Sb do not occur in solution, but hydrol yzed

forms (e.g., Sb(OH), ) are found. The dom nant species in the pHrange typica
of natural environments are Sb(OH),, in the case of trivalent antinony, and
Sb(CH), for pentaval ent antinony (Bodek et al. 1988). In oxidizing

envi ronnents, Sb(OH),, is the domi nant species for pH greater than 3, whereas
Sb(CH), i s dominant under relatively reducing conditions. The concentration of
antimony is too lowin natural water for Sb,Q or Sb,Q, to precipitate out.

Antinony trioxide is dinorphic, existing as a cubic form senarnontite,
and an orthorhonbic form valentinite. The cubic formis stable at
temper atures bel ow 570°C (Freedman et al. 1978). Antinony trioxide is



TABLE 3-1.

Chemical Idemtity of Antiwmony and Compounds

Characteristic Antimony Antimony pentasulfide Antimony pentoxide Antimony potassium tartrate
Synonym(s) Antimony black; Antimonial saffron; Antimonic oxide; antimony Antimonyl potassium
stibium; antimony antimonic sulfide; pentaoxide; diantimony tartrate; potassium
regulus antimony red; antimony; pentoxide; stibic anhydride; antimonyl tartrate; tartox;
golden antimony antimonic anhydride; antimonic tartrated antimony;
sulfide; antimony acids Potassium antimony tartrate;
persulfides tartar emetic
Registered trade name(s) No data No data No data No data
Chemical formula Sb* S4Sby$ 04Sb,? CyHX;0,,Sb,e 3H,0°
i, e b
Chemical Structure Sb No data No data o o i
}——m—m
o, 4
Ny So”
2K* 3,0
o’ \? o No
)‘cu— cu—-K
o o
Identification Numbers
CAS registry 7440-36-0 1315-04-4 1314-60-9 28300-74-5
NIOSH RTECS CC4025000 CC61250008 CC63000008 CC6825000
EPA hazardous waste No data No data No data No data
OHM/TADS 7216595 No data No data 7217219
DOT/UN/NA/IMCO shipping UN 2871 No data No data UN 1551
HSDB 508 No data No data 1428
NCI1 No data No data No data No data

*All information obtained from HSDB 1888,1881 except whers noted

*Windholz 1983

‘Freedman et al. 1978
dpvento and Touval 1980
‘Weast 1989

fDean 1985

SRTECS 1901

hcotton and Wilkinson 1866

CAS = Chemical Abstracts Service; DOT/UN/NA/IMCO = Department of Transportation/United Nations/North America/International Maritime
Dangerous Goods Code; EPA = Environmental Protection Agency; HSDB = Hazardous Substances Data Bank; NCI = National Cancer Institute;
NIOSH = National Institute for Occupational Safety and Health; OHM/TADS = Oil and Hazardous Materials/Technical Assistance Data System;
RTECS = Registry of Toxic Effects of Chemical Substances
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TABLE 3-1 (Comtinued)

Characteristic

Antimony trichloride

Antimony trioxide

Antimony trisulfide

Stibine

Synonym(s)

Registered trade name(s)

Chemical formula

Chemical structure

Identification numbers:

CAS registry

NRIOSH RTECS

EPA hazardous waste
OHM/TADS

DOT/UN/NA/IMCO shipping

HSDB
KCI

Antimonous chloride;
antimony butter;
antimony(III) chloride;
trichlorostibine; chlorid
ant imony

No data

a
/
Q___-Sh\\\

Ci

10025-91-9
CCA800000
No data
7217220

UN 1733

439
No data

Antimonious oxide;
antimony oxide; diantimony
trioxide®; flowers of
antimony®; antimony
sesquioxide®;
senmarmontite;
valentinite; antimony
white; antimony peroxide;
timothox; exitelite

HPY; LP9; KRY; White Stard;
White Star M{; KR-LTSY;
Thermoguard S";
Thermoguard L4;H graded; L
Graded; Fire Shield HY;
Fire Shield LY; Montana
Brand?

05Sby

o

/\\
AR

1309-64-4

CC5650000

No data

7217222

UN1549; eantimony
compounds, inorganic,
solid, NOS; NA 9201;
antimony trioxide
436

C55152

s "
|
0
sv O

Antimonous sulfide;
antimony glance; antimony
orange; antimony crimsom;
antimony sesquisulfide;
antimony sulfide;
antimony vermilion;
stibite; antimony
needles; .

No data

S,Sb,

P s s
\Sb/ \Sb/ \Sb/

S S S
\Sb/ \Sb/ \Sb/ ~N

S S S

1345-04-6

CC9450000

Ro data

No data

UN 1549; antimony
compounds, inorganic,
solids, NA 1325 Antimony
sulfide, solid

1604

Ro data

h

Antimony hydride;
antimony trihydride;
hydrogen antimonide

Ro data

BySb

H

H —— Sb_

\H

7803-52-3
WJ0700000
No data
No data
UN 2676

785
No data
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TABLE 3-2. Physical and Chemical Properties of Antimony and Compounds

Property Antimony Antimony Antimony pentoxide Antimony potassium
pentasulfide tartrate
Atomic/molecular weight 121.75 403.80 323.5 (anhydrous) 333.93
Color Silvery white yellow yellow colorless
Physical state Solid Solid Solid Solid
Valence state 0 +5 +5 +3
Melting point, °C 630.5 75°C decomposes 380°C decomposesf 100°C(-1/2H,0)
Boiling point, °C 1,750; 1,325% 1,635% No data No data No data
Density (g/cm®) 6.684 (25°C); 6,688 (20°C)® 4,12 3.78 2.8
Odor No data Odorlessd No data Odorless®
Odor threshold:
Water No data No data No data No data
Air No data No data No data No data
Taste No data No data No data Sweetish, metalicd
Taste threshold No data No data No data No data
Solubility:
Water Insoluble Insoluble Very slightly soluble 83 g/L (cold)
Organic solvents No data Insoluble in alcohol No data Insoluble in alcohol
Soluble in glycerine
Partition coefficients:
Log octanol/water No data No data No data No data
Log K, No data No data No data ~No data
Vapor pressure, mmHg 1 (886°C)° No data No data No data
Henry's law constant No data No data No data Ko data
Autoignition temperature No data No data No data Ro data
flash point No data No data No data No data
Flanmability limits No data No data No data No data
Conversion factors
ppm to mg/m’ Nones None$ Nonet None$
Explosive limits No data No data No data No data

*All information obtained from Weast 1988 except where noted

YHerbst et al. 1985
‘Freedman et al. 1978
%¥indholz 1983

°HSDB 1989,1991

fsAX 1984

tSince these substances exist in the atmosphere in the particulate state, the concentration is expressed as mg/m3.
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TABLE 3-2 (Comtinued)

Property Antimony trichloride Antimony trioxide Antimony trisulfide Stibine
Atomic/molecular weight 228,11 291.50 339.69 124.77
Color Colorless White (senarmontite); Black (stibnite) Colorless®
Colorless (valentinite) Yellow-red (amorphous) :
Physical state Solid Solid Solid Gas
Valence state +3 +3 +3 -3
Melting point, °C 73.4 656 550 -88
Boiling point, °C 283, 222.6° 1,550 sublimes; 1,425° 1,150 -17¢

Density (g/cm’)

Odor
Odor threshold:
Water
Air
Taste
Taste threshold
Solubility:
Water
Organic solvents

Partition coefficients:
Log octanol/water
Log K

Vapor pressure, mmig

Henry's law constant

Autoignition temperature

flash point

Flanmability limits

Conversion factors
ppm to mg/m’

Explosive limits

3.140 (25°C)
Sharp, unpleasant

No data
No data
No data
No data

6,016 g/L (0°C)

Soluble in ABS alcohol,
tartaric acid, methylene
chloride, benzene, acetone

No data
No data
1 mmHg (4#9.2°C, sublimes)
No data
No data
No data
No data

None$
No data

5.2 (senarmontite);
5.67 (valentinite)
Odorless®

No data
No data
No data
No data

Very slightly soluble

Soluble in tartaric
acid; acetic acid,
hydrochloric acid

No data
No data
1 mmHg (574°C)*
No data
No datsa
No data
No data

None#
No data

4 .64 (stibinite)
4.12 (amorphorus solid)
No data

No data
No data
No data
No data

1.75 mg/L (18°C)

Soluble in alcohol
Insoluble in acetic
acid

No data
No data
No data
No data
No data
No data
No data

Nones
No data

2.204 (-17°C)°

Disagreeabls, like hydrogen
sulfide®

No data

No data

No data

No data

4.1 g/L (0°C)
Soluble in carbon disulfide
ethanol®

No data
No data
No data
No data
No data
No data
No data

1 ppm stibine = 5.1 mg/m®
Ko data

"€
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anphoteric; it is soluble in bases and hydrochloric and sone organi c acids,
but not dilute sulfuric or nitric acids (Cotton and WIKkinson 1966). Nitric
acid and other strong oxidizing agents convert antinony trioxide to antinony
pent oxi de, Sbh,Q, which is acidic (Carapella 1978; Cotton and W/ ki nson 1966).

Antinmony fornms conplex ions with organic and inorganic acids; one of the
best kngyn is the tartrate. In the presence of sulfur, stable conplexes such
as Sh2S,” may form (Bodek et al. 1988).

Stibine, SbH, is a gaseous antinony conpound in which antinmony is in
the -3 valence state. It is formed by the action of acids on netal antinonides
or antinony alloys, reduction of antinmony conmpounds, or the electrolysis of
acidic or basic solutions where antinony is present in the cathode. As such
there is a danger of stibine being |iberated from overcharged | ead storage
batteries in which antinony is alloyed into the lead. Stibine slowy
deconposes into netallic antinony and hydrogen. It is readily, and sonetines
violently, oxidized by air to formantinony trioxide and water (Freedman et
al. 1978).
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4.1 PRCDUCTI ON

Anti nony, while not abundant, occurs in over 100 minerals; the nore
i mportant of these are sulfides and, to a | esser extent, oxides of Sh(lll),
and conbinations with | ead, copper, and silver. Stibnite (Sh,S) is the
predoninant ore, followed in inmportance by valentinite (Sbg%i, senarnmontite
(Sbh,0), stibiconite (Sh,0.HO, bindheimte (Pb,Sb,0.nHO, kernesite (Sh,S0),
tetrahedrite (Cu,Sh,Q), and janesonite (2PbS.Sb,S). It also occurs unconbi ned
as the netal (Herbst et al. 1985; MIler 1973). The antinony content of
conmercial ores ranges from5%to 60% (Carapella 1978). The world's | argest
concentrations of antinony are found in China, Bolivia, U S. S.R, Republic of
South Africa, and Mexico (MIller 1973).

Bet ween 1977 and 1984, the anpunt of antinobny mined in the United States
ranged from 311l to 760 netric tons (LI ewellyn 1988; Plunkert 1982). The | ow of
311 metric tons occurred in 1980, and was the result of an 8-nonth work
st oppage at the Sunshine Mne in the Coeur d' Al ene district of |daho. Data for
1985, 1986, and 1988 were withheld to avoid disclosing proprietary conmpany
data (Anonynmous 1989a, 1989b; Llewellyn 1988). This reflects the fact that
there were two or fewer active antinony nines in the United States. In 1987,

t he Sunshine M ne was cl osed, and there was no antinony nmned in the United
States. |In recent years, the principal donestic ore producers have been the
Sunshi ne M ning Conpany in Idaho and the United States Antinony Corporation in
Mont ana. The Sunshine M ning Conpany principally mnes tetrahedrite in
conjunction with silver mning, and the United States Antinony Corporation
principally mnes stibnite. Antinony is also produced as a byproduct of the
snelting of primary | ead ores.

The primary antinony output fromsnelters has generally been rising in
recent years; snelter outputs were 14,922, 16, 309, 18, 795, and 18,692 netric
tons in 1985, 1986, 1987, and 1988, conpared with 11,644 nmetric tons in 1977
(Anonynous 1989a; Llewellyn 1988; Plunkert 1982). According to the U S. Bureau
of M nes, nine conpani es produced prinmary antinony netal and nmetal oxide
products in the United States in 1987. These were ASARCO | ncor porated, Qraha,
Nebr aska; Amspec Chemical Corp., doucester City, New Jersey; Anzon America
Laredo, Texas; Chenet Co., Mscow, Tennessee; Laurel Industries Inc., La
Porte, Texas; MGean Chenical Co., Inc., Ceveland, GChio; M&T Chemi cals Inc.
Bal ti nore, Maryl and; Sunshine Mning Co., Kellogg, Idaho; and U.S.

Anti nony Corp, Thonpson Falls, Mntana (Ll ewellyn 1988). Mst of the prinmary
antinony generated in the United States was generated as the oxide. In 1985
and 1986, 13,969 and 15,898 netric tons of antinony oxide were produced,
conpared with 855 and 343 netric tons of netal, respectively. In 1987 and
1988, 18, 758 and 18,226 netric tons of the oxide were produced, respectively;
production figures for the netal were withheld to maintain business
confidentiality (U S. Bureau of Mnes 1989a). In 1988, U S. primary antinony
consunption was 12,060 nmetric tons, of which 2,121 netric tons were netal
9,432 netric tons were oxide, and 42 nmetric tons were sulfide (U S. Bureau of
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M nes 1989a). Consunption trends have generally parallel ed those of
production. Table 4-1 lists the nunmber of facilities in each state that
produced, inported, processed, or used antinmony and its conpounds in 1987,
according to reports nade to EPA under requirenents of Section 313 of the
Emer gency Pl anning and Community Ri ght-to-Know Act of 1986 and subsequently
published in the Toxic Chenical Release Inventory (TRI). Conpanies are
required to report if they produced, inported, or processed 75,000 or nore
pounds of antinmony and its conmpounds or used nore than 10,000 pounds. Al so
included in Table 4-1 is the maxi mum amount of antinmony and its conpounds
these facilities have on site and whether the antinony is produced, processed,
or used at the site. The quality of the TRl data nmust be viewed with caution
since 1987 data represent first-time, inconplete reporting by these
facilities. Not all facilities that should have reported have done so.

Al most as nmuch antinony is produced fromscrap as fromore. Antinony
produced from secondary sources is primarily derived from"old scrap,"
general ly consisting of lead battery plates, type nmetal, and bearing netal
"New scrap," which is derived fromdrosses and scrap generated during
fabrication, constituted 8.6% of the secondary antinony in 1987 (Ll ewellyn
1988). Secondary antinony is chiefly consunmed as antinonial |ead; a smal
percentage goes into the production of other |ead- and tin-based all oys.
Secondary antinony production has stabilized and recovered slightly after a
long decline; it was 27,780 netric tons in 1977, 12,886 netric tons in 1983,
and 13,635, 14,082, 15,189, and 16,172 netric tons in 1985, 1986, 1987, and
1988, respectively (U S. Bureau of Mnes.1989a; Llewellyn 1988; Pl unkert
1982).

The nmethod of treating antinony ore after mning depends on the type of
ore and its antinmony content. H gh grade (45-602;) sulfide ore that is free
fromlead and arsenic can be extracted by nelting, a techni que known as
liquation. In this process, the ore is heated to 550-660°C in a crucible or
reverberatory furnace in a reduci ng atnosphere. High-grade sulfide ores can
al so be reduced to the nmetal by iron precipitation, a technique in which the
ore is heated with iron scrap, which replaces the antinony. H gh-grade oxide
ores are reduced with charcoal in a reverberatory furnace. An al kaline flux
is used to reduce volatilization |osses, which may be as high as 12-20X. The
nmet hod of choice for |owgrade (less than 20% sulfide ores is volatilizing
roasting. In this process, the ore is heated to about 500'C, and the amount of
oxygen is controlled, so that the antinony trioxide formed is volatilized and
t hen recondensed. |nternedi ate-grade sulfide or oxide ores are generally
handl ed by snelting (Carapella 1978; Herbst et al. 1985). The inmpure netal my
be refined by pyronetal |l urgi cal techniques or electrolysis. For further
details on antinony nining, ore processing, recovery, and refining, see
Carapella (1978) or Herbst et al. (1985).

Antinony trioxide is produced by oxidizing antinony sulfide ore or
antinony netal in air at 600-800°C (Avento and Touval 1980).
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TABLE 4-1. Facilities That Manufacture, Process, or Use
Antimony and Compounds®
Range of maximum
No. of amounts on site
facil- in thousands Activities
StateP ities of pounds® and uses‘
AL 5 10-9,999 2, 3,7, 8
AR 3 1-999 3, 8, 9, 13
AZ 3 1-999 1, 2, 3, 4, 5, 6,
7, 9
cA 16 (1)¢ 0-999 1, 2, 3, 4, 7, 8,
9, 12
co 2 10-99 1, 2, 4, 7, 8, 9
CT 5 10-999 1, 2, 3, 4, 7, 8, 9
DE 1 0.1-0.9 2, 9
FL 3 (1)® 1-9 3, 8, 11, 13
GA 8 0.1-99 1, 3, 4, 7, 8, 9
ID 3 1-9,999 1, 5, 8, 9, 12
IL 11 (1)° 1-999 2, 3, 7, 8, 9, 10,
11
IN 12 0.1-999 8, 9, 11
KS 4 10-99 8, 11
KY 12 0-9,999 1, 2, 3, 4, 5, 6,
7, 8, 9, 11
1A 8 (1)° 0.1-999 7, 8, 9, 10, 11
MA 10 (1)° 1-999 1, 2, 3, 4, 7, 8, 9
MD 4 1-9,999 1, 2, 3, 4, 7, 8
MI 7 1-999 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11,
13
MN 5 0-99 6, 8, 9
MO 8 (1)¢ 1-499,999 1, 2, 3, 4, 5, 7,
8, 9
MS 5 (1)® 0-99 8, 9
MT 1 10,000-49,999 1, 2, 3, 4, 7
NC 9 0-999 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11,
13
NE 3 1-9,999 1, 2, 3, 4, 5, 7,
8, 9
NJ 22 (3)® 0.1-999 2, 3, 4, 6, 7, 8,
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TABLE 4-1 (Continued)

Range of maximum

No. of amounts on site
facil- in thousands Activities
StateP ities of pounds® and uses¢
NM 1 10-99 8, 9
NY 8 0.1-49,999 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11
OH 34 (2)° 1-9,999 1, 2, 3, 4, 7, 8,
’ 9, 10, 13
OK 4 0.1-99 2, 6, 8, 9, 11
OR 1 10-99 7, 9
PA 21 0.1-999 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 12
RI 2 0.1-99 8, 9
SC 12 0.1-99 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11,
12
N 7 10-999 1, 2, 6, 8, 9, 13
TX 24 (1)° 1-49,999 1, 2, 3, 4, 5, 6,
7, 8, 9, 11, 12
VA 4 1-99 3, 8, 9
VT 4 1-99 8, 9, 12
WA 2 (1)® 10-99 9, 11
Wl 9 1-999 3, 7, 8, 9
WV 2 10-999 8, 9, 11
aTRI 1989

bpost office state abbreviations

‘Data in TRI are maximum amounts on site at each facility.

dactivities/Uses:
1. produce 8. as a formulation component
2. import 9. as an article component
3. for on-site use/processing 10. for repackaging only
4, for sale/distribution 11. as a chemical processing aid
5. as a byproduct 12. as a manufacturing aid
6. as an impurity 13. ancillary or other use
7. as a reactant

*Number of facilities reporting "no data" regarding maximum amount of
the substance on site.
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4.2 | MPORT/ EXPORT

The United States is not self-sufficient in antinony and depends heavily
on inports of both ore and netal. In 1987 and 1988, 24,248 and
30,027 netric tons of antinony, respectively, were inported into the United
States for consunption. O this, 55.3%was as the nmetal, 31.9% as the oxide
12. 4% as ore and concentrate, and 0.4%as the sulfide in 1988 (U. S. Bureau of
M nes 1989a). The respective percentages for 1987 were 36.3, 42.4, 21.1, and
0.3. In 1987, China, Hong Kong, Mexico, and the Republic of South Africa
supplied over 72% of this antinony (U S. Bureau of Mnes 1989a). China is, hy
far, our largest supplier of antinony, nmost of which is inported as anti nony
nmetal . Inportation of antinony has generally increased in recent years. In
conparison to the figures for 1987 and 1988 gi ven above, inmports ranged from
12,098 to 20,086 nmetric tons between 1977 and 1981 (Plunkert 1982). States
t hat have conpani es that inmported nore than 10, 000 pounds of antinmony and its
conpounds in 1987 are indicated in Table 4-1

The United States exported 624 nmetric tons of antinony netal, alloys,
and scrap and 1,227 netric tons of antinony oxide in 1988 (U. S. Bureau of
M nes 1989a). Canada is the |argest recipient of these exports. No clear trend
in a?tinnny exports was evident in the [ast decade (Llewellyn 1988; Plunkert
1982).

4.3 USE

Antinony is a brittle nmetal that is not readily fabricated and has no
significant use in its unalloyed state. It is alloyed with | ead and ot her
netals to increase their hardness, nechanical strength, corrosion resistance,
and el ectrochemical stability or decrease their coefficient of friction. Sone
antinony alloys expand slightly upon cooling, a valuable property for use in
type nmetal and other castings. Most primary antinony netal, 55%in 1988, as
wel | as nobst of secondary antinony, goes into antinonial |ead, which is used
primarily in grid nmetal for lead acid storage batteries. In this application
the antinmony inparts fluidity and electrical stability, and increases the
fatigue strength and creep resistance of the |lead (Carapella 1978). Oher uses
i n decreasing order of inportance are sol der, sheet and pipe, bearing netal
and bearings, castings, and type netal. Antinony is also used in amunition
and cabl e sheathing. Qher uses, including nonantinonial |ead alloys (e.g.
pew er), accounted for 21.7% of 1988 netal consunption (U.S. Bureau of M nes
1989a). The level of antinony in grid netal ranges from2.5%to 5% (Carapella
1978). Antinony levels in other antinony alloys range up to 23% Hi gh-purity
antinony is used as a dopant in semiconductors. Internetallic conpounds of
antinony such as al um num anti nonide (Al Sh), galliumantinoni de (GaSh), and
i ndi um anti noni de (1 nSb) are used for thernoel ectric devices such as infrared
detectors and di odes (Qudzovskij 1983; Herbst et al. 1985).
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The npbst common end-use of antinmony conpounds is antinony trioxide for
fire retardation. In 1985, 15,500 netric tons of antinony oxides, amounting to
85% of production, were consuned for this use (Sutker 1988). Antinony trioxide
in a suitable organic solvent is used as a fire retardant for plastics,
textiles, rubber, adhesives, pignents, and paper (U S. Bureau of Mnes 1989a).
According to Bureau of Mne estimtes, 56% of the end-use consunption of
primary antinmony in the United States was for flane retardants, as opposed to
23%in netal products and 21%in nonnetal products (U S. Bureau of M nes
1989a). Nonnetal products include enanels for plastics, nmetal, and ceramcs,
decol ori zing and refining agents in special optical glass and other
gl asses, stabilizers in plastics, pignments in paints and ceramcs,
vul cani zation agents, amunition prinmers, and fireworks (U S. Bureau of M nes
1989a; Herbst et al. 1985; Ludersdorf et al. 1987). The nunber of conpanies in
each state that used nore than 10,000 pounds of antinmony and its conpounds in
1987 is included in Table 4-1. The nost common general use of antinony and its
conpounds is as a fornulation or article conponent.

Sone trival ent organic antinony conpounds (e.g., potassium or sodi um
antinony tartrate) are used to treat bilharziasis (schistosoni asis)
(Swel I engrebel and Sternman 1961).

4.4 DI SPOSAL

Much of the antinony used in antinonial |ead, nost of which cones from
auto batteries, is recycled. This is evident fromthe | arge anount of
secondary anti nony production. Little information concerning the disposal of
antinony and its compounds has been found in the literature. Wastes from
m ning and snelting are generally disposed of in landfills. This is evident
fromthe anmounts of releases to |and from conpani es that produce anti nony and
its conmpounds (Section 5.2.1). In addition, nany conpanies transfer their
antinony wastes to publicly-owned treatnment works or to off-site facilities
for disposal. Plastics and articles of clothing that contain snmall anounts of
antinony oxide flame retardants will generally be placed in landfills or
incinerated along with normal industrial or nunicipal trash.

Antinony and its conpounds have been designated as priority pollutants
by EPA (1988). As such, persons who generate, transport, treat, store, or
di spose of antinony-containing material must conply with regul ati ons of the
federal Resource Conservation and Recovery Act (RCRA). No |limtations on the
di sposal of antinmony ore frommnes and mlls have been pronulgated in the
Code of Federal Regul ations (EPA 1988).
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5.1 OVERVI EW

Antinony and its conpounds are naturally present in the earth's crust.
Rel eases to the environnent occur from natural discharges such as w ndbl own
dust, vol canic eruption, sea spray, forest fires, and bi ogeni c sources, as
wel |l as from ant hropogenic activities. Therefore, it is inmportant to consider
t he background | evels that are due to natural sources and distinguish these
from higher levels that may result from anthropogenic activities. According to
the SARA Section 313 TRI, an estinmated total of 3,061,036 pounds of antinony
were rel eased to the environment from manufacturing, processing, and antinony-
using facilities in the United States in 1987 (TRl 1989). O these rel eases,
92.9% was to land, 4.4%was to air, 2.0%was to water, and 0.6% was to
underground injection. Table 5-1 lists releases of antinony to air, water, and
land fromthese facilities. Conpani es above a nmininumsize are required to
report if they produce, inmport, or process over 75,000 pounds of antinony and
its conmpounds or use in excess of 10,000 pounds. The quality of the TRl data
nmust be viewed with caution since the 1987 data represent first-tine,
i nconpl ete reporting of estimated rel eases fromthese facilities. Not al
sources of chenmical waste are included, and not all facilities that should
have reported have done so.

Most antinmony rel eased to the at nosphere from ant hr opogeni c sources
results fromnetal snelting and refining, coal-fired power plants, and refuse
incineration. Since antinony is a fairly volatile netal, it will volatilize
during conbustion processes and subsequently condense on suspended particul ate

matter that is predominantly less than 1 ymin size. Such fine particles are
less efficiently trapped by pollution control devices than are |arger
particles. In the atnosphere, they tend to settle out slowy; they are al so
renoved by dry and wet deposition. A nodel that relates particle size to
volatility estimates average atnospheric half-lives of 1.9 and 3.2 days for
antinony and antinony trioxide, respectively (Mieller 1985). Subm cron
particles nay have atnospheric half-lives as |long as 30 days (Schroeder et al
1987). The long atnospheric half-life and nmonitoring data indicate that
antinony can be transported far fromits source (Dutkiewicz et al. 1987;
Hillanp et al. 1988). Antinobny concentrations in air particulate natter in
renote, rural, and U S. urban areas are 0.00045-1.19, 0.6-7, and 0.5-171
ng/ m, respectively (Austin and MIlward 1988; Schroeder et al. 1987).

The speciati on and physi cochenical state of antinony are inportant to
its behavior in the environment and availability to biota. For exanple, the
antinony incorporated in nmneral lattices is inert and unlikely to be
bi oavail abl e. Mdst anal ytical nmethods for antinony do not distinguish the form
of antinony. Wiile the total anobunt of antinobny may be known, the nature of
t he anti nmony conpounds and whet her they are adsorbed to other material are
not. This information, which is critical in determining antinony's lability
and availability, is apt to be site-specific.
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TABLE 5-1 (Continued)

Range of reported amounts
released in thousands of pounds®

'S

No. of Off-site

facil- Underground Total POTW® waste
State® ities Air injection Water Land Environment? transfer transfer
vT 4 0-0 0-0 0-0 0-0 0-0 0-0 0-0
WA 2 0-0 0-0 0-9 0-54 0-63 0-0 0-13
WI 9 0-1 0-0 0-1 0-31 0-33 0-0 0-89
WV 2 0-0 0-0 0-0 0-0 0-0 0-0 0-10
*TRI 1989

bpata in TRI are estimated annual releases by each facility.

°‘Post office state abbreviation

dThe sum of all releases of the chemical to air, land, water, and underground injection wells by a given facility.
°publicly owned treatment works
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Antinmony occurs in soil and rock in very |ow concentrations; the range
of concentration in soil ranges fromless than 1 to 8.8 ppm wth a nmean of
0. 48 ppm (Shackl ette and Boerngen 1984). This is the third | owest of 50
el ements surveyed by the U S. CGeol ogical Survey. The fornms of antinony in
various soils and the transformations between these fornms is poorly
understood. The available data indicate that the lability of antinbny may vary
consi derably according to its environment. In one study, three-quarters of the
soil near a snelter site was in a residual (extractible with aqua regia)
fraction (Ainsworth 1988). Wile the concentration of antinbny was nuch | ower
at control sites, it was in a nore labile form none of the antinbny was in
the residual fraction. Little is known about the adsorption
of antinony to soil. Limted studies indicate that antinony may be fairly
nobi | e under diverse environnental conditions (Rai and Zachara 1984). Since
antinony forns anionic species, adsorption should be greatest under weakly
acidic conditions. Antinony's adsorption to soil and sedinent is primarily
correlated with the iron, manganese, and alum numcontent; it coprecipitates
wi th hydroxyl at ed oxi des of these el enents.

As a natural constituent of soil, antinony is transported into streans
and waterways from natural weathering of soil as well as from ant hropogenic
sources. Antinmony has a | ow occurrence in anbient waters. In a survey of
di ssol ved antinony in anbient waters perforned by the U S. Geol ogi cal Survey,
only 6% of 1,077 survey measurenents were above the probable detection linit
of 5 ppb (Eckel and Jacobs 1989). Antinobny concentrations in groundwater
appear to be simlar to that in surface water. Mean antinobny concentrations in
surface and groundwat er at hazardous waste sites were 27 and 35 ppb
respectively (CLPSD 1989). The forns of antinobny and the chenical and
bi ocheni cal process that occur in the aquatic environnment are not well
understood. Antinony in both aerobic freshwater and seawater is largely in the
+5 oxidation state, although antinobny in the +3 oxidation state also occurs in
these waters. Trivalent antinony is the dom nant oxidation state of antinony
i n anaerobic water. Antinony can be reduced and mnethyl ated by
nm croorgani snms in anaerobi c sedinent, releasing volatile nethylated antinmony
conpounds into the water. Methyl stibonic acid and dinethyl stibonic acid occur
in natural water; the nononethyl species is the nore abundant one (Andreae
1983; Andreae and Froelich 1984).

EPA has identified 1,177 NPL sites. Antinony and its conpounds have been
found at 52 of the sites evaluated for the presence of these chenicals (View
1989). However, we do not know how many of the 1,177 NPL sites have been
eval uated for these chenmicals. As nore sites are eval uated by EPA, the nunber
may change. The maxi mum concentrations of antinmony reported at these sites are
2,100 ppb in groundwater, 1,000 ppb in surface water, and 2,550 ppmin soil
The frequency of these sites within the United States can be seen in Figure 5-
1

The general population is exposed to |low | evels of antinmony in anbient
air and food. The average intake of antinony fromfood and water is roughly



FIGURE 5—1. FREQUENCY OF NPL SITES WITH ANTIMONY CONTAMINATION *

o 5

=

-]
'

a1

—__——F'
J
=

D
L

‘S

,-F:xﬁ
N
14
4

{
1
1
L1
p”
‘ﬂ
T9NS0dXd NVHNH ¥04 TVIINILOd

T~
=k
EE-‘
e
.
-

N 99 v
=R \
%
.=
FREQUENCY B 1 sITE B 2 To 3 SITES
] 6 SITES B 14 SITES

% Derived from View 1989

€L



74

5. POTENTI AL FOR HUMAN EXPOSURE

5 ug/day (lyengar et al. 1987). The intake frombreathing air is generally a
snall fraction of that fromingestion. Exposure from antinony trioxi de, which
is used extensively in textiles and plastics as a fire retardant, is not
expected to be significant. EPA estimates that approxi mately 4,000 workers nmay
be exposed to antinobny and antinony trioxide in production facilities and
first-level processing facilities. These workers will have the highest |evels
of exposure to antinmony. The highest air concentration of antinony reported in
wor kpl ace surveys was 6.2 ng/ ni.

5.2 RELEASES TO THE ENVI RONVENT

Most anal yti cal methods for antinony in environnental sanples do not
di stingui sh between antinmony netal, antinmony trioxide, or other conmpounds of
antinony. More sophisticated nethods are required to determ ne the oxidation
state of antinmony or the nature of its binding to soil and particulate natter
therefore, it is generally inmpossible to say with certainty what fornms of
antinony are released fromnatural and ant hropogeni c sources, what forns are
deposited or occur in environmental sanples, and to what form of antinony
peopl e are exposed. The formof antinony will have significant consequences as
far as its transport, transfornations, and bioavailability are concerned.

5.2.1 Air

Antinmony and its conpounds are natural conmponents of the earth's crust
and rel eases to the atnosphere result fromnatural as well as anthropogenic
sources. A recent assessnent of natural sources of atnospheric trace netals
paid special attention to biologic origins of these netals. Nriagu (1989)
estimated that 41% of antinony em ssions to the air are fromnatural sources.
The natural sources and their nedi an percentage contribution are: w nd-borne
soi|l particles, 32.5% vol canoes, 29.6% sea salt spray, 23.3% forest fires,
9.2% and bi ogenic sources, 12.1% Previous assessnents indicated that
natural inputs were mnor conpared with anthropogenic ones; in one estinate,
ant hr opogeni ¢ sources contributed 39 tinmes nore antinony than did natura
sources (Lantzy and Mackenzie 1979; Yocom 1983).

Ant hr opogeni ¢ sources of antinony releases to the atnosphere include
nonferrous metal mning, nonferrous netal primary and secondary snelting and
refining (Crecelius et al. 1974; Pacyna et al. 1984), coal conbustion (d adney
and Gordon 1978), and refuse and sl udge conbustion (Greenberg et al. 1978).
Table 5-1 lists the air releases by state fromfacilities that produce,
process, and use antinony and its conpounds according to the 1987 TRl (1989).
Rel eases to air total 135,627 pounds. The hi ghest annual rel ease reported by a
single conpany is 29,900 pounds. The industries that contribute the bul k of
rel eases are those that produce antinony and antinony trioxide. Since the TR
does not include emn ssions frompower plants and refuse and sl udge
incinerators, their estimate of antinony em ssions is not conpl ete. European
em ssions of antinobny were estimated at 380 tons for 1979 (Pacyna et al
1984). Vol atile elenments and chal cophilic elenments (those el ements showi ng an
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association with sulfur), |ike antinony, show | arge enrichment over crustal
abundances in particulate matter emtted fromsnelting, coal conmbustion, and
refuse conbustion. The ranges of enrichnent factors reported for these sources
are 10, 300-1, 000, 000, 20-140, and 3,000-10, 000, respectively (d adney et al
1978; Cordon and Sheffield 1986; Small et al. 1981). On a global basis, neta
snelting is estimted to make nore than double the contribution to atnospheric
em ssi ons as ot her sources, but long-termcoal conbustion is anticipated to be
a dom nant factor in future tropospheric antinony |levels (Austin and MIIward
1988). The antinony that is associated with fine particles (less than 1 pn)
tends to result from conbusti on and other high tenperature sources, while that
associated with large particles (greater than 10 pm) is likely to originate
fromw nd-bl own soil and dust (Schroeder et al. 1987).

It is estimated that 3 g of antinony are rel eased from copper snelters
for each ton of copper produced (Pacyna 1984). Typical concentrations of
antinony observed in plumes of five copper snelters ranged from58 to 370
ng/ m versus an average background level of 2 ng/nm in anbient air (Small et
al. 1981). It was found that nost of the antinony deposited close to one
snelter originated from ground-1level emissions (e.g., fugitive emn ssions)
rather than stack emi ssions (Ainsworth 1988). It was determi ned that between
57% and 66% of the antinony in the stack of a plant that recycled | ead storage
batteries was in the vapor form (Craig et al. 1981). This antinony will
recondense onto small particles.

The antinmony content of 166 Anerican coal sanples ranged from
0.1to 8.9 ppm wth a nean content of 1.15 ppm (Sabbioni et al. 1983).
Therefore, It would be expected that coal -fired power plants are a significant
source of antinobny emi ssions. A typical, nodemcoal -fired power plant enmts

about 31 pg of antinmony per kil ogram of fuel burned, compared with 3.9 ug/kg
for an oil-fired plant (Hasanen et al. 1986). Heavy fuel oil has an antinony
content of about 0.067 ppm Emi ssions fromtwo units of the Colunbia Station
coal - burni ng power plant in Portage, Wsconsin, ranged from 220 to 1,300 ng
antinony/ mi when sanpled over 1.5 years (Bauer and Andren 1988). Anot her

i nvestigator reported that a coal-fired power plant with pollution control had
stack em ssions of 6,800 ng antinmony/m (Lee et al. 1975). Antinony in these
em ssions tends to be associated with fine particles and the surface of
particulate matter, consistent with their formation by volatilization and
subsequent condensati on (Hansen and Fisher 1980). In a nodern coal plant, 69%

of antinony em ssions were associated with particles less than 3 umin

di ameter (Sabbioni et al. 1984). Two other studies found that 34-52% of

em ssions fromcoal -fired power plants were associated with particles |ess
than 2 um and that the mass nedi um di ameter (MVD) of particles froma plant

with pollution control devices was 0.6 um (d adney et al. 1978; Lee et al
1975).

A study of emi ssions fromtwo municipal incinerators in
Washi ngton, D.C., showed that refuse incineration can account for the major
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portion of antinony in urban aerosols (Greenburg et al. 1978). At |east 90% of
this antinony is associated with respirable, fine particles that are I ess than

or equal to 2 umin dianeter. The concentration range of antinony in suspended
particles fromthese incinerators was 610-12,600 ppm with a nmean
concentration of 2,400 ppm In performance tests conducted under the Canadi an
Nati onal |ncinerator Testing and Evaluation Program 2.3 g antinony/ton of
refuse was em tted under normal operating conditions. Under a range of
operating conditions, the ambunts ranged from 1.9 to 9.6 g antinony/ton (Hay
et al. 1986). Respective stack antinobny concentrations were 0.6 and 0.5-2.6
mg/ Nnmi at 12% CO,, where NnB indicates standard cubic neter (1 atnosphere
25°C). A European study gave enmi ssion factors for refuse and sewage sl udge
incinerators as 4.55 and 1.9 g antinony/ton, respectively

(Pacyna 1984). Al of the antinmony fromthe stack of a refuse-burning plant
was i n particulate rather than gaseous form (Braun et al. 1983).

Antinmony is a conponent of amunition, and therefore antinmony may be
emtted during the discharge of firearns. This source of emission is
i nconsequential outdoors. However, in indoor firing ranges, it is a
significant source of antinmony em ssion (Dans et al. 1988; O nez et al. 1985).

An air nmonitoring study was conducted in 1982 at three sites surroundi ng
t he Anaconda M neral s Conpany snelter facility in Montana. This conpany had
closed 2 years earlier after 8 decades of operation. The study was perforned
under Superfund to ascertain whether the accunul ated heavy netal s rel eased
during the snelting operations and fromtailing ponds nmi ght becone reentrained
by wi nd and pose a health hazard (lves et al. 1984). Wile no antinony was
reported to have been produced at the Anaconda Mnerals Conpany facility, many
of the netals that were extracted, (e.g., copper, lead, arsenic) are found in
association with antinony. The atnospheric |evels of heavy netals were very
low, indicating that there was not any significant reentrai nment of heavy
metals fromtailing ponds or snelter deposits. The particul ate matter exam ned
was general ly crustal or carbonaceous in character. Antinony was detected on
only 3 of 85 air sanpling filters at the three sites.

Stibine may be produced in lead acid battery plants during the formation
process. During this process, an electric current is passed through the
battery plates, reducing PbOto Pb at the negative plate, and oxidizing PbOto
PbQ, at the positive plate. Hydrogen gas is rel eased that can react with the
antinmony in the grid nmetal to form stibine (Jones and Ganbl e 1984). Sti bine
may al so be forned during renelting of nixed |ead-cal ciumand | ead-anti nony
battery scrap, the former being used for starter batteries. In this process,
the internetallic compound cal ci um anti nmoni de may be produced in the dross or
scum This compound rel eases stibine when it comes in contact with water
(Ayhan et al. 1982).



71

5. POTENTI AL FOR HUMAN EXPOSURE

5.2.2 Wat er

Antinony is a natural constituent of soil and is transported into
streanms and waterways in runoff either due to natural weathering or disturbed
soil. Much of this antinony is associated with particulate matter. In the EPA-
sponsored National Urban Runoff Programin which 86 sanples of runoff from 19
cities throughout the United States were anal yzed, antinony was found in 14%
of rynoff sanpl es at concentrations ranging from2.6 to 23 ppb (Cole et al
1984).

Estimated rel eases of antinobny to water fromfacilities in the United
States that produced, processed, and used antinobny in 1987 according to the
TRl are found in Table 5-1. These rel eases totaling 62,328 pounds are nuch
l ower than those to air or land. A survey of raw and treated waste water from
20 industrial categories indicates that antinony is commonly found in sone
wast e waters. Those industries with nmean effluent |evels exceeding 1 ppmin
raw waste water were (industry [nean level in ppnl): foundries (I.1),
porcel ain enaneling (1.4), and nonferrous netal manufacturing (5.7) (EPA
1981). The maxi num |l evels in discharges fromthese industries were 3.4, 22,
and 80 ppm respectively. Additionally, four other industrial categories had
maxi mum concentrati ons exceeding 1 ppm These were laundries (2.4 ppn),

i norgani ¢ chenical manufacturing (1.4 ppm), ore nmining and dressing (3.8 ppm,
and paint and ink forrmulation (2.2 ppm. For treated waste water, only
porcel ai n enanel i ng had nean antinmony |levels in excess of 1 ppm The |levels
reached 4.3 ppm

Donestic waste water is a potential source of antinony in waterways.
Concentrations of antinony in influents to 11 nunicipal waste water treatnent
pl ants (POTW) (155 observations) ranged from0.0003 to 2.1 ppm the nedian
val ue was approximately 0.1 ppm (M near et al. 1981). Antinony is not well
renoved in POTWs, and rel eases fromthese facilities nmay contribute to
rel eases of antinmony to water (Aul enbach et al. 1987; EPA 1981). The outfal
of a sewage treatnent plant in Seattle, however, did not appear to nake a
significant contribution to the antinony |evels in the sedi nent of Puget Sound
(Crecelius et al. 1975).

Wast e water generated frommning and snelting operations cones from
seepage, runoff fromtailing piles, or utility water used for mine operation
In addition to liquid effluent fromsnelting operations, slag may be dunped
directly into receiving waters (Crecelius et al. 1975). These di scharges
largely contain insoluble silicates and sulfides which readily settle out.
Total antinony in effluent froma primary al um num production facility was 40
ppb (Rawl i ngs 1980). Sixty percent of this antinony was subsequently renpved
by Iinme coagul ation

One of the potentially dangerous sources of chenical release at waste
sites is fromleachate. Leachate fromthree nunicipal landfills in New
Brunswi ck, Canada, each contained 0.01 ppmof antinony (Cyr et al. 1987).
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The antinmony concentration in sedinment at two sites bel ow the | eachate
outfalls was 23.9 ppm (dry wei ght) and nondet ectabl e, respectively.

5.2.3  Soi

Most of the antinony released to the environnent is released to | and.
According to Table 5-1, which shows the estimted rel eases in 1987 of donestic
i ndustries that produce, process, or use antinony, 2,845,131 pounds of
antinony are released to | and, constituting 93% of environmental releases
reported to TRI (TRl 1989). The industries that rel ease the | argest anount of
antinony are the snelters that produce antinony and antinony trioxide. Mich of
this release is slag, which is the residue fromsnelting operations. Qher
rel eases to land include sludge from POTW and nuni ci pal refuse.

An anal ysis of the concentration of antinony at hazardous waste sites at
the Contract Laboratory Program Statistical Database (CLPSD) shows that
anti mony was reported in 153 of 1,307 soil sanples, with geonetric nean and
maxi mum | evel s in positive sanples of 8.0 and 330 ppm respectively (Eckel and
Langl ey 1988). An analysis of these data indicates that 7.3% of the CLPSD
sanpl es exceed the nunmber expected to be above the 95% upper confidence limt
for background U. S. soils (Eckel and Langl ey 1988). The CLPSD i ncludes both
NPL and non-NPL data. A nore recent update of the CLPSD reports a 12.8%
occurrence of antinony and a geonetric nean concentration of 16.86 ppm (CLPSD
1989). No analysis was perfornmed on these results to indicate what percentage
exceed t he background | evels of antinony normally found in soil

5.3 ENVI RONMVENTAL FATE

It is not always possible to separate the environnental fate processes
relating to transport and partitioning fromthose relating to transfornmation
for a netal and its various conpounds and conpl exes. Part of this problemis
that the formof a netal is rarely identified. A change of nobility may result
froma transformation of a netal to a nore or less soluble form Adsorption
may be the result of the formation of strong bonds (transformation) as well as
weak bonds. Information regardi ng the deposition and general adsorption of
antinony is in Section 5.3.1 and infornation regarding the areas of
environnental fate where speciation is discussed is in Section 5.3.2.

5.3.1 Transport and Partitioning

Antinmony is released to the atnosphere in the formof particulate matter
or adsorbed to particulate matter. It is dispersed by wind and renoved by
gravitational settling and dry and wet deposition (Schroeder et al. 1987). The
renoval rate and distance traveled fromthe source will depend on source
characteristics (e.g., stack height), particle size and density, and
net eor ol ogi cal conditions.
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Gravitational settling governs the renmoval of large particles (greater

than 5 um), whereas smaller particles are renmoved by the other fornms of dry
and wet deposition. Renoval of coarse particles may occur in a matter of
hours. Very small particles nmay have an atnospheric half-life as Iong as 30
days (Schroeder et al. 1987). Antinony is predomi nantly associated with small,
subm cron particles (Stoessel and Mchaelis 1986). This is frequently the case
with the nore volatile metals, such as antinony, that may volatilize during
conbusti on and condense when cool ed. A nodel which relates particle size to
volatility estimtes an average atnospheric half-life for antinmony of 1.9
days; for the nore volatile antinmony trioxi de (see Table 3-2), the

estimated half-life is 3.2 days (Mieller 1985). Wth such an atnospheric half-
life, antinmony may be transported far fromits source. Evidence of this was
reported by Aninoto and Duce (1987), who stated that the antinony levels in
aerosols at the Enewatak Atoll in the tropical North Pacific were higher than
t hose expected from seawater or crustal naterial

Met al deposition is characterized by |arge tenporal and spatia
variability. Estimated anti nony deposition rates in urban areas are
0.006 and 0.004 kg/ hectare/year (60 and 40 ng/cnf/year) for dry and wet
deposition, respectively (Schroeder et al. 1987). For renote areas, bulk (wet
plus dry) deposition may be as little as 0.00016 kg/ hectare/year (1.6
ng/ cni/year). Rates of air-sea transfer of antinony are simlar to the rates
of accunul ation of antinony in sedinent (Arinmpto and Duce 1987).

The partitioning between dry and wet deposition depends on the intensity
and duration of precipitation, the elenent in question, its formin the
particulate matter, and its particle size. The ratio of wet to dry deposition
generally increases with decreasing particle size; therefore, a |arger
proportion of antinony will be found in rain conpared with nost other netals.
A study of the wet and dry deposition over an 8-week period on an island in
the German Bi ght, which was presumably far from sources, found 87% of
deposited antinony dissolved in rain, 11%in particulate matter in rain, and
only 2% as dry deposition (Stoessel and Mchaelis 1986). In other studies
conducted in areas renoved from sources of antinony em ssions, half of the
antinony deposition was in the formof wet deposition (A nsworth 1988). The
total antinony deposition annualized froma B-nmonth study in an industria
area of Engl and where a nunber of ferrous and nonferrous nmetal snelting and
manuf acturing works were concentrated was 1,000 ng/cni-year (a factor of 20-40
above nonurban deposition rates) (Pattenden et al. 1982). O this, 42%
represented wet deposition, of which 58% was di ssol ved anti nony.

Antinmony released into waterways is generally associated with
particulate matter; it is transported to and settles out in areas of active
sedi nentation such as where a river enpties into a | ake or bay (Beijer and
Jernolov 1986). Similarities in the conposition of suspended river sedi nent
and the sedinent in bays indicate that the rivers transport the suspended
sedi rent and deposit it in the bottom sedinent (Crecelius et al. 1975).
Additionally, when a river feeds into an estuary, the salinity changes that
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are encountered nmay affect adsorption to sedinment and particulate matter,
conpl exati on, and coprecipitation

Little is known of the adsorptive behavior of antinony, its conpounds,
and ions. The binding of antinony to soil is determned by the nature of the
soil and the formof antinony deposited on the soil. Some forns of antinony
may bind to inorganic and organic |igands. On the other hand, a mineral form
woul d be unavail abl e for binding. Sone studies suggest that antinony is fairly
nobi | e under diverse environnental conditions (Rai and Zachara 1984), while
ot hers suggest that it is strongly adsorbed to soil (Ainsworth 1988; Foster
1989; King 1988). Since antinobny has an anionic character (e.g., Sh(OHi), it
is expected to have little affinity for organic carbon. No information could
be found about antinony's adsorption to clay minerals. It is not expected that
cation exchange, which generally dom nates adsorption to clay, would be
important for anionic antinony. Antinony is known to formcoprecipitates with
hydrous iron, manganese, and al um num oxides in soil and sediment (Callahan et
al. 1978).

The capacity of soil to adsorb anti nony and the nature of the bound
antinony were eval uated by incubating 200 ppm of antinony potassiumtartrate
with 5 g sanples of soils for 6 days (King 1988). Thirteen soils and subsoils
(21 sanples) fromthe southeastern United States (10 nmineral and 3 organic)
were included in the study. Antinony adsorbed strongly to nost soils. The
amount of adsorbed anti nony ranged from50%in Lakel and surface soil to 100%
in several soils; the median percent adsorption was 93% The percentage of
nonexchangeabl e (i.e., that not renbved with KCO) antinmony adsorbed parallel ed
that of total antinony and ranged from57%to 99% Both sorbed and
nonexchangeabl e anti nony were negatively correlated to sand content in ninera
soil. The soil/water partition coefficient (nmol/kg soil)/(mol/m) was 81 and
greater than 185 for organic and mneral soils, respectively. Several ninera
soi | s adsorbed 100% of the antinmony and were excluded fromthe averaging. It
is not clear what species of antinmony was adsorbed in this study. If it was
the antinmony tartrate ion, the study may not be particularly relevant to other
forns of antinmony. The nobility of antinmony in clay, sandy loam silt | oam
and sand soils was investigated using soil thin-layer chronmatography (TLC)
(Foster 1989). The antinbny was applied as antinony trioxide in a water or 1%
HCO suspensi on and devel oped with water in 8 hours or |ess. Despite
experinmental difficulties, the results denonstrated that there is no genera
nobility of antinony in any soil. The experinental problens and the fact that
snmal | anmounts of antinmony were found in all zones is possibly due to an
unsui tabl e soil digestion (Ainsworth 1988).

A Superfund site study at a battery reclamation plant showed that while
soil and sedi nent contained high levels of antinmony, an aquifer 3 mbelow the
surface contained 0.1 ppmof antinony; no antinony was detected in two deeper
aquifers (Trnovsky et al. 1988). Antinony adsorbs strongly to coll oida

material in soil. The partition coefficient of antinmony to 0.05-0.003 um
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colloids was 1,300. Antinony adsorbed to such naterial can be transported with
the colloids in groundwater (Buddenneier and Hunt 1988).

Leachi ng experinents performed with river sedi nent sanples froma mntng
district in Idaho indicated that Sb(V) was the major species released during
| eaching (Mok and Wai 1990). The fraction of antinony |eached from sedi nent
with deionized water after 10 days was highly correlated with the free iron
and nanganese oxi de content of the sedinment (correlation coefficients of 0.90
and 0.75). Experinents were also perfornmed in which the pH dependence of
| eachi ng was deternined. The rel ease of antinony fromthe sedi nent increased
at low pH and increased sharply at high pH The formof released antinony was
al so sensitive to pH At pH 2.7, the bulk of antinobny rel eased was as
Sb(l111); at pH 4.3, the concentrations of tri- and pentaval ent anti nobny were
conpar abl e; and at pH 6.3 and above, Sb(V) was the predom nant species.

In order to evaluate the potential for |eaching of elenments from
| andspread sewage sludge, Gerritse et al. (1982) studied the adsorption of
elements fromwater, salt solutions, and sludge solutions to sandy and sandy
loamtop soils. They used netal |evels that occur in the solution phase of
sewage sludge, 10-100 ppb in the case of antinobny. The results indicate that
antinony is fairly mobile in these soils. The adsorption constants were
approxinately 2-16 in the sandy soil and 20 in the sandy | oam soil. Although
the presence of sludge increases the nobility of many trace el ements because
of conpl exation with dissolved organi ¢c conpounds or increased ionic strength,
this did not appear to be the case with antinony (Gerritse et al. 1982). It is
not easy to reconcile these results with those of Foster (1989), Ainsworth
(1988), Trnovsky et al. (1988), or Van der Sloot et al. (1982). These studies
i ndi cated that antinony deposited on the soil surface accumulates primarily in
the surface layer, and that aquifers beneath antinony waste piles are not
grossly contam nat ed.

Mobi i zation of elements deposited on soil in fly ash is a potentia
source of terrestrial and aquatic pollution. Wen the alkaline fly ash froma
coal -fired power plant was packed in a columm and subject to | eaching with
dilute sulfuric acid, antinony was partially dissolved and renoved fromthe
upper layers of ash and deposited and retained on | ower sections of ash in the
colum (Warren and Dudas 1988). It was thought that extractable,
surfaceadsorbed antinony in the upper |ayers of ash was renoved by the acid,
subsequently precipitated by iron oxyhydroxi des, and retained | ower down in
the colum. O her colunm | eaching and shake-flask experinents with coal ash
are too conplex to summari ze; they basically indicate that |eaching of
antinony is low. Low concentrations of antinony found in groundwater beneath
precipitator ash ponds lend field confirmation to the |laboratory results (Van
der Sloot et al. 1982).

When saline sedinent is oxidized, such as when dredged sedinent is
exposed to oxygen, the pH can becone very low (pH 3.1 in a | ab experinent),
and antinony and other toxic netals may be rel eased (DeLaune and Smith 1985).
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This occurs because sedinents in estuaries often contain pyrite and ot her
readi | y oxidi zabl e sul fur conpounds; sulfuric acid may be produced and
overwhel mthe buffering capacity of the sedinent. An anal ogous pH decrease
foll owi ng oxi dation was not observed in a freshwater sedinment.

Anti nony does not appear to bioconcentrate appreciably in fish and
aquatic organi sns. No detectabl e bi oconcentration occurred during a 28-day
test in bluegills (EPA 1980). Only low |l evel s of antinbny have been reported
in fish and aquatic organisns collected off the coast of Africa, Australia,
and the Danube River in Austria (Callahan et al. 1978; Maher 1986).

Bi oconcentration factors for antinony ranged fromO0.15 to 390 (Acquire 1989;
Cal l ahan 1978). A study of the distribution of antinbny around a snelter site
i ndi cated that antinony occurring in plants results from surface deposition
Upt ake fromsoil is mnor and appears to be correlated with the anount of
avai | abl e antinony (that which is soluble or easily exchangeable) (Ai nsworth
1988). Antinony bioconcentrati on was neasured in voles, shrews, rabbits, and
i nvertebrates around a snelter. Analysis of antinony in organs of the smal
mammal s, conpared with estimates of their antinony 1 ntake fromfood, showed
that, although the ampunt of antinmony in the organs was el evated, it was | ow
conpared to the anpunt ingested. The results suggest that anti nony does not
bi omagni fy fromlower to higher trophic levels in the food chain

5.3.2 Transformati on and Degradation
5.3.2.1 Air

Little is known about the chem cal forms and physical and chenica
transformati ons of trace elenents in the atnosphere. This is primarily
because anal yti cal methods provide information concerning the netal content
rather than the specific conpounds or species. Studies at an antinony snelter
suggest that enissions consist of antinony oxide (Ainsworth 1988). In the
absence of specific information, it is generally assuned that elenments of
ant hropogenic origin, especially those emanating from conbusti on sources, are
present as the oxide. Wndbl own dust particles nmay contain antinony in minera
speci es, such as sul fides and oxides, and are associated with silicates.

When rel eased into the atnosphere as an aerosol, antinony is believed to
be oxidized to antinony trioxide by reaction with atnospheric oxidants.
Antinony trioxide particles do not undergo changes in chem cal conposition
particle size, or norphol ogy after em ssion; however, a surface coating of
sulfate may form (A nsworth 1988).

5.3.2.2 Wt er
There is relatively little information avail abl e regardi ng the behavi or

of antinony in the aquatic environnent. Since the dissolved state is the phase
in which transfers to suspended matter, organi sns, and sedi nent occur
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it is especially inportant to know the oxidation state and forns of the
antimony that is dissolved. This is particularly difficult for antinony
because the levels of total antinony in water are so | ow. Thernodynanically,
nost di ssolved antinony in natural waters under aerobic conditions should be
present in the +5 oxidation state as antinonate species. At 0.001 Mtota
antinony, the dom nant species were Sb(OH), and Sb(OH).° (Rai et al. 1984). A
snmal |l quantity of polyneric hydroxy species were found, but these will be |ess
significant when the total antinmony concentration is |low, such as in natura
water. While industrial inputs will comonly contain antinony in the +3

oxi dation state (e.g., antinony trioxide), it is not known how fast antinonite
woul d oxi di ze to anti nonate under natural conditions. Under reducing
conditions, trivalent species such as Sb(OH) ,° Sb(OH) , , and Sb,S,~
significant (Andreae and Froelich 1984; Rai et al. 1984).

may be

Ant i nony conpounds may undergo photochem cal reactions, but these do not
appear to be significant in determning their aquatic fate (Callahan et al
1978). Antinony trioxi de suspensions strongly absorb ultraviol et radiation
bel ow 325 nm and darken. The process is reversible, and when the light is
renoved, the white color slowy returns (Markhamet al. 1958). The effect is
believed to be due to peroxide radical formation on the crystal surface. Both
wat er and oxygen seemto be necessary for the reoxidation of the reduced
ant i nony.

Anti nony can be reduced and nmethyl ated by mcroorganisnms in the aquatic
environnent, simlar to arsenic, and becone nobilized (Andreae et al. 1983;
Austin and MIIward 1988). This reaction is nost likely to occur in reducing
environnents, such as in bed sediment. In the case of arsenic, this reaction
may be nediated by fungi and bacteria (Beijer and Jernelov 1986), but it is
not known whether this is the case with antinony. The resulting
trimethylstibine is initially oxidized by atnospheric oxygen to a m xture of
trinmethylstilbine oxide ((CH).,SbOH) and trimethylstibinic acid ((CH,),SbQH),
and then to antinony oxides and insol uble polyners (Parris and Bri nckman
1976). The rate constant is estinmated to be of the order of 0.1 to 0.2 L/nol-
sec. Trinmethylstibine has a high vapor pressure, 103 nmHg at 25°C, and m ght
volatilize before it is conpletely oxidized. The oxidation product, (CH,),ShQ
is much nore soluble than trinmethylstibine; therefore, oxidation will reduce
vol atilization (Callahan et al. 1978). Oxidation of
trimethylstibine in the gas phase is very rapid; the rate is 0.11/nmHg-sec or
2000 L/ nol-sec. Trinmethylstibine has been shown to react with al kyl iodides
and bronides; this results in the formation of quaternary salts (Parris and
Bri nckman 1975). Shoul d antinony occur in a landfill with alkyl halides, the
formation of quaternary salts should greatly enhance antinony's nobility.

The chemi cal and bi ochem cal transformations of antinony in natura
waters are not well understood. There are only a few studies that describe the
antinony species present in various systens and their transfornations. A study
of the waters of the CQchl ockonee River estuary reveal ed the presence of
Sb(l11), Sb(V), nethylstibonic acid, and di nethyl stibonic acid (Andreae 1983).
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The concentration of all four species increased with the salinity of the

wat er. For freshwater, the concentrations were about 18, 3.3, and 1 ng
antinony/L (ppt) for Sb(V), Sb(lll), and nethylstibonic acid, respectively;

di met hyl sti bonic acid was not detectable. The concentration of Sb(V) and
Sb(111) increased linearly with salinity, reaching 135 and 11 ppt,
respectively, in the ocean. An anal ogous increase in the |evel of the
nmet hyl ated fornms with salinity was nonlinear, suggesting that these forns are
consunmed in the estuary. In seawater, |evels of methylstibonic acid and

di met hyl stibonic acid were 12.5 and 1.5 ng antinony/L (ppt), respectively. It
was reported that the Sb(ll11) levels were approximtely 2% that of Sb(V) in
sanpl es of sea water and river water (Mok and Wai 1987). In a sanple of river
water fromthe Kellogg mning district in Idaho, the contribution of Sb(lIl)
was only 0.4% (0.03 ppb conpared with 7.03 ppb of Sh(V)). Mre recent studies
in ldaho indicated that 1-4% of antinobny was in the trivalent formin a river
receiving mning leachate, while at a site on an unpolluted fork of the sane
river, the fraction was 17% (Mok and Wai 1990).

The depth profile of antinobny species in the Baltic sea showed that
Sb(V) was the nobst abundant species in the oxic zone, although Sb(ll1l) was
det ect abl e t hroughout the water columm (Andreae and Froelich 1984). A nmaxi mum
for Sb(lll) in the oxic zone was sonetinmes noted in the surface layer and is
believed to result frombiological activity. There is evidence that
phyt opl ankt on can reduce Sb(V) to the Sb(Ill). Sb(lll) decreases to very | ow
| evel s at the base of the seasonal thernocline and remains | ow down to the
sedi mrent where increasing |levels are again observed. Sb(lll) only accounts
for 44% of the inorganic antinony in the anoxic zone, and speciation in this
region is unclear. Thernodynam cally, the antinony should be in the trival ent
state. Thioconpl exes are thought to account for sone of the antinony in this
zone. Methyl ated antinony species existed throughout the water columm and made
up 10% of total antinony. Mpnonethyl antinony species were nore abundant in
surface waters and in the anoxic zone. There was no sharp increase in nethyl
antinony near the sedinent, which would be expected if these species were
formed biosynthetically. Since the highest antinmony concentration is at
the surface, it is unlikely that antinony is taken up by phytopl ankton, as is
the case with arsenic. A decrease in antinony concentration with depth
suggests scavenging by particulate natter and, at |ower depths, by iron
hydr oxyoxi des.

Sea water sanples off the Bel gian coast were anal yzed usi ng oxi dation
W irradiation, and anodic stripping voltametry to distingui sh bound anti nmony
and to identify its oxidation state (Gllian and Bri haye 1985). The
concentration of total antinmony ranged from0.05 to 0.38 ppb. The study showed
that anti nony was mainly present as Sb(V), and the percentage conpl exed to
organi c matter varied between 20% and 60% This results is surprising because
antinony occurs as anionic species in water and these are not expected to
conplex with organic matter. These results have not been confirmed by other
i nvestigators. The concentration of Sb(l11) was bel ow the detection
l[imt (0.005 ppb) at alnbst all sites. The exception was the coastal sites
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where it ranged up to 0.039 ppb. Antinony found in rain and snowis
predonminantly in the +5 oxidation state (Metzger and Braun 1986).

I nformati on concerning the behavior of antinony in sedinent is extrenely
limted. Investigators would Iike to know how strongly antinony is bound in
sedi mrent and what the potential is for long-termnobilization. A study was
conduct ed of sedinents in Puget Sound, Washington, where a copper snelter
di scharges | arge amounts of antinmony (Crecelius et al. 1975). In 23
noncont am nat ed sedi nent sanpl es, antinony concentrations correlated with
organi ¢ carbon and fine-grained particles; however, since these sedinents are
al so associated with hydrous-iron oxides, further investigations on the
associ ation of antinmony in sediment were conducted and showed that |ess than
10% of the antinony in both contam nated and uncont ani nat ed sedi nent was bound
to readily oxidizable organic matter. Extraction with oxal ate and
citratedithionite-bicarbonate suggested that roughly half of the antinobny in
uncont am nat ed sedi nent and | ess than 20% of that in contam nated sedi ment was
bound to extractable iron or alum num conpounds. Most of the antinmony in the
pol | uted water was bound to chem cally stable slag.

Experiments were perforned in which the forns of antinony in sedinment
were eval uated after the sedi nent was incubated under anaerobic conditions for
45 days (Brannon and Patrick 1985). Ten dredged, contam nated sedi nents that
were obtained fromvarious locations in the United States were used as is or
anended with 75 ppm antinony potassiumtartrate. An extraction procedure was
used that identified the antinmony in interstitial water and in "exchangeable,"
"easily reducible,"” and "noderately reducible" sedinent fractions. Essentially
all antinony in the unanmended sedinent was in a "noderately reducible" phase
(oxal ate extraction). The sane was generally true for 7 of the 10 sedinents
that were anended with potassiumantinony tartrate. In the other three
sedi nents, the greatest proportion of antimony was in the "easily reducible”
fraction. A small fraction of the antinony-anmended sedi nent (but none of the
unanmended sedinment) was contained in the nore potentially nobile interstitial
wat er and "exchangeabl e" fraction. It should be stressed that since the
anended sanpl es had hi gher antinony | evels, small percentages in
different fractions were nore readily detectable than for the unazi ended
sedi ment. The high correlation of antinony with the "noderately reducible"
fraction indicates that hydrous iron and al um num oxi des were affecting the
fixation of antinony. These hydrous oxides are positively charged under
environnental conditions and bind the anionic antinony. The sanpl es were
subj ected to 6 nonths of aerobic | eaching. Unamended sanpl es rel eased anti nony
very slowy, conpared with amended sanples, indicating the higher anounts of
nobile antinony in the |atter sanples. Antinony-anended sedi nents |ost from
3.6%to 32% of their antinony during |eaching; unanmended sedi nents | ost from
0%to 23%of their antinony. The sedi ment/water distribution coefficient
ranged from3.3 to 27.5 in anended sedi nents, conpared w th val ues
up to 1,183 in unanended sedi ments. The distribution coefficient correl ated
with iron in both amended and unanmended sedi nent; additionally, it correlated
wi th cal cium carbonate in anmended sedi nent. After aerobic |eaching, there was
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an increase in antinmony in the "noderately reduci bl e" phase and a decrease in
the "easily reducible" phase that paralleled changes in iron concentrations.
Vol atil e antinony conmpounds were formed in seven of the anended sedi nents but
in none of the unanended sedi ments; they escaped through the overlying water

i ndependently of the redox state of the water (i.e., aerobic or anaerobic).

When 10 and 100 ppm antinony trioxide with added nutrients was incubated
wi th natural bottom sedi nent from Puget Sound under aerobic or anaerobic
conditions for up to 120 days, three organoanti nony bi otransformati on products
were found in solution after 60 days (Martinson 1988). Two of these were
identified as nmethyl stibonic acid and dinmet hyl stibonic acid. No determination
of rate or conditions affecting the transformati on was nade. However, it was
estimated that nmuch [ess than 0.1% of the antinobny present was transforned.

Few data are available on the renoval of antinony in the activated
sl udge process used in water treatment plants. In one | aboratory sinulation
m xture of metals at |evels considered typical of industrial/donmestic sewage
(0.1 ppm anti nony) was continuously added to the influent of the treatnent
system No antinony renoval was observed (Kenpton et al. 1983).

5.3.2.3 Soi

Little is known about the behavior of antinony on soil during
weat hering. In aerobic surface soils, oxidation generally occurs. Antinony
trisulfide in ore deposits is known to be oxidized by soil bacteria (A nsworth
1988). Methyl ated antinony conpounds, similar to those formed in sedinment, my
be forned in waterlogged soil

The formand availability of antinony in soil is deternined by measuring
antinony's extractability with different solvents. A sequential extraction
procedure was used to deternmine the formof antinony in soil around a stibnite
snelter and to conpare it with that found at a control site (Ainsworth 1988).
The extraction procedure used could identify the follow ng fractions of
antinony: soluble or bound to ion-exchange sites and, therefore, avail able;
bound to carbonates; bound to manganese oxi des that are easily reduced; bound
to iron oxides that are |ess easily reduced; bound to organic matter; and
resi dual antinony that was not incorporated into silicates (A nsworth 1988).
Results of the study showed that the distribution pattern anong the various
fractions was different at the snelter and control sites. Three quarters of
the total extracted antinony in surface (0-5 cn) soil near the snelter was in
the residual fraction; none of the antinmony in the control site was in this
fraction. The remainder of antinmony in soil fromthe snelter site was nore or
| ess equal ly distributed anong the other fractions. H gher proportions of the
antimony at the control site were in the readily available fraction, bound to
manganese oxi des, or conplexed with organic natter, conpared to the snelter
site. Because of the |low concentration of antinony in the control-site soil
fractional determ nations are | ess accurate than for sites near the snelter
For subsoil (greater than 15 cmdepth) fromthe snelter site, |ess antinony
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was found in the residual fraction (62%, and nore antinony was in the
avai |l abl e fraction, bound to carbonates, or bound to iron oxides than in the
surface sanple. The factors determ ning the distribution of antinony between
fractions is unclear. The absence of any residual fraction at the control site
has been expl ai ned by assuning that antinony-containing mneral has been

conpl etely broken down.

Near the snelter, antinmony deposits have a different character than
further away since they are derived fromfugitive em ssions rather than stack
deposition. In a 3-nmonth study of deposition of antinony fromthe snelter,
about one-third to one-half of the deposited antinobny at the snelter site was
sol ubl e, conpared with about one-half to two-thirds at other sites. Since
antinony in rain near the snelter site was soluble, it appears that once
deposited on soil, antinony rapidly converts to nore insol uble fornmns.

5.4 LEVELS MONI TORED OR ESTI MATED | N THE ENVI RONVENT
5.4.1 Arr

There are insufficient data regardi ng antimony concentrations in the
at nosphere for representative general nean or nedian concentrations to be
reported. Antinony concentrations in air particulate matter in renote, rural
and U S. urban areas are 0.00045-1.19, 0.6-7, and 0.5-171 ng/ m, respectively
(Austin and MIlward 1988; Schroeder et al. 1987). No vapor-phase antinony has
been reported. Antinony concentrations over the North Atlantic and North
Pacific are 0.086 and 0.0037 ng/ni, respectively (Arinoto and Duce 1987
Austin and M| Iward 1988). Two values reported for antinobny in aerosols in
cl ean continental and marine environments are 0.2 ng/m at the Jungfraujoch in
the Swiss Al ps and 0.00045 ng/ni at American Sanpa (Austin and M|l ward 1988).
The mass nedi an aerodynam ¢ di aneter of antinony-containing aerosols froma

range of areas renmote from ant hropogeni c sources was 0.86 um (M| ford and
Davi dson 1985). The nmass size distribution is binmodal, with the |arger peak at

about 0.6 umand a smaller one at about 3 um An exanple of the size

di stribution of antinony-containing particles removed from ant hr opogenic
sources was obtained in an 8-week study on an island in the German Bight. The
concentration of antinony in a size fraction increased as the size decreased.
The antinony concentration ranged from0.03 ng/ni for particles greater than
7.2 umto 0.3 ng/ni for particles less than 0.5 pm (Stoessel and M chaelis
1986) .

Several studies show that antinobny can travel |ong distances, and that
anbient levels may reflect the origin of the air masses. The geonetric mean
antinony concentration in aerosols at three rural/renpte |ocations in New York
state was 1.0, 0.72, and 0.33 ng/m (Dutkiewi cz et al. 1987), and the
enri chment over crustal abundance ranged from 920 to 1,650. The enrichment
factor is smaller but simlar to the nmean enrichment factor of 1,880 for
antimony in 29 cities (4 adney et al. 1984). The high enrichment indicates
that the antinmony is of anthropogenic origin. An analysis of the New York
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State data using backward-in-time air trajectories is consistent for the

M dwest being the dom nant source of antinobny. An analysis of European sources
and wind trajectories further illustrate that antinmony nmay be transnitted over
| ong di stances. The average concentration at a city in southern Norway was
0.54 ng/mi when the air masses came fromthe United Kingdom and 0.07 ng/ni
when they cane fromover the Atlantic (Hllanp et al. 1988).

Twent y-four-hour sanples collected at 10 | ocations in Washington, D. C
yi el ded average antinony concentrations ranging from1.1 to 3.0 ng/m
(Kowal czyk et al. 1982). As a result of a chem cal elenent bal ance anal ysis,
the three nmajor contributing sources in order of decreasing significance are
believed to be refuse incineration, notor vehicles, and coal conbustion. In a
Houst on study, the range of antinony concentrations in fine (0.1-2.5 um

aerosols was 0-12 ng/m, whereas that in particles greater than 2.5 umwas 0-4
ng/ m (Johnson et al. 1984). Median, nean, and maxi num concentrations of
antinmony in aerosols at three sites in ebec, Ontario, and Nova Scotia were
0.05-0.10, 0.11-0.23, and 0.37-2.17 ng/m, respectively (Hopper and Barrie
1988). According to the Texas Air Control Board, the first- and secondhi ghest
annual average antinmony concentration in Texas between 1978 and 1982 was 452
and 50 ng/nB8 at Laredo and Dall as, respectively. The statew de 1978-1982
average was bel ow the nini num detectible mean of 90 ng/ni (Wersena et al.
1984).

Concentrations of antinony in 24-hour air sanples at Kellogg, |daho,
which is the site of a large and active nonferrous netal industry, ranged from
5.21 to 1,210 ng/m with a mean of 146 ng/ni (Ragaini et al. 1977). Air
particulate matter in Tacona, Washington, 40 km downw nd of a copper snelter
of ten have anti nony concentrations in excess of 300 ppm (Crecelius et al
1974). The 6-nobnth average concentration of antinmony in air in an industria
area of England where a nunber of ferrous and nonferrous nmetal snelting and
manuf act uring works were concentrated was 40 ng/ni. This is a factor of 50
hi gher than that found in rural areas (Pattenden et al. 1982). Antinmony was
reported in air at one site on the NPL (View 1989). The maxi num concentrati on
at the site was 69 ng/ni.

The nmean nonthly concentration of antinony in precipitation at Birkenes
in southern Norway ranged fromO0.2 to 2.3 ppb with a nean of 0.6 ppb (Pacyna
et al. 1984). During the sane period, the respective air concentrations were
0.19-0.80 and 0.43 ng/ni. Rain sanples were collected during two storns upw nd
and downwi nd of a copper snelter in Tacoma, Washington. Antinony in rai nwater
originated primarily fromthe snmelter. The nean total antinmony concentration
in rainwater downwi nd fromthe snelter was 1.3 ppb; the concentrati on upw nd
was 0.03 ppb (Vong et al. 1988). Eighty percent of the antinony in rainwater

was dissolved (i.e., passed through a 0.45 umfilter).

Antinony is alnost entirely found in the particul ate, as opposed to the
di ssol ved fraction of snow (Landsberger et al. 1983). The anti nony content of
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snow particulate matter in sanples from Montreal, Canada, ranged from
4 to 145 ppm A nore recent sanpling of snow around Montreal found tota
antinony concentrations of |-8.7 ppb and enrichnent factors of 39-590
(Zi kovsky and Badill o 1987).

Antinony is a conponent of amunition, and studies have been perforned
to ascertain the elenmental concentrations of antinony in the air of indoor
shooting ranges. Antinony nmight be expected in such situations because it is
alloyed with lead in bullets, and |l ead stibnite and anti nony sul fides are used
as prinmers (Dans et al. 1988). After an intensive 3-hour shooting exercise,

| evel s of antinony reached 119 pg/ m or four orders of magnitude over anbient
| evel s (Vandecasteele et al. 1988). An instructor at the shooting range had a

ti me-wei ghted average (TWA) inhal abl e antinmony concentration of 12.0 pg/m,

conpared with the threshold limt value (TLV) of 500 pg/m. An Anerican study
conducted at the National Guard Arnmory in Washington, D.C., during
routine daytine and gun club use, had anti nony concentrations ranging from57

to 216 pg/ m versus background air ranging from1.5 to 2.3 pg/m, an enrichment
of 9,900 over District of Colunbia air) (A nez et al. 1985). Mre than 60% of
the antimony was associated with respirable particles with an aerodynam c

di ameter less than 3.5 pm

5.4.2 Wt er

Antinony has a | ow occurrence in anbient waters, and there are few
nmoni toring data with which one can establish a nean value of antinobny in
surface waters. Eckel and Jacob (1989) gathered water nonitoring data fromthe
Wat er Resources Division of the U S. Geol ogi cal Survey covering the period
from about 1960 to Septenber, 1988, and found that all but 70 of 1,077 entries
for dissolved antinony were bel ow 5 ppb, which was the probabl e detection
l[imt. The geonetric nean and standard devi ati on of the 70 val ues above 5 ppb
were 12 and 1.93 ppb, respectively. By applying a techni que known as
censoring, and assuming a |log nornal distribution for the nonitoring data,
t hese investigators determ ned the popul ati on geonetric nean and standard
deviation for antinmony to be 0.25 and 7.16 ppb, respectively. The
concentration of dissolved antinony in other rivers reported in the literature
include: St. Lawence River at Massena, New York, 1.62 nM (0.197 ppb); Yukon
River 2.73 nM (0.332 ppb); and European rivers less than 0.03-4.43 nM (0. 004-
0. 539 pphb) (Andreae and Froelich 1984). Few rivers have dissol ved anti nony
concentrations below 1 nM (0.120 ppb) (Andreae and Froelich 1984).

The major antinbny mning area in the United States was the Kell ogg
district in northern Idaho, and mning and snelting wastes have been dunped
into the South Fork of the Coeur d'Alene River for over 80 years (Mk and WA
1990). The South Fork joins with the North Fork of the river to formthe Miin
Stem of the Coeur d'hlene River sonewhat bel ow Kell ogg. Mean and maxi mum t ot al
di ssol ved antinony concentrations at two sites on the South Fork are 4.3 and
8.2 ppb, respectively. Mean and maxi mnum concentration at six stations on the
Main Stemranged fromO0.6 to 1.0 and 0.8 to 1.9 ppb, respectively.
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Those at a station on the unpolluted North Fork were 0.09 and 0.2 ppb
respectively.

The concentration of dissolved antinony in a polluted estuary in
Portugal was found to increase with salinity up to 30 parts per thousand and
then rapidly decrease (Andreae et al. 1983). The total antinony content of
seawat er sanples off the Bel gian coast ranged fromO0.05 to 0.38 ppb (Gllain
and Bri haye 1985). Filtered and unfiltered coastal narine waters fromthe
North Adriatic contained 0.31 and 45 ppb, respectively (Strohal et al. 1975).

Little information is avail abl e concerning the concentration of antinony
in groundwater. The range of antinony concentrations reported for antinony in
groundwater in Switzerland (0.3-1.0 ppb) was essentially the same as that
reported for the nearby datt R ver (0.5-1.2 ppb) (von Gunten and Kull 1986).
The concentration of antinony in groundwater under four retention-recharge
basi ns receiving urban runoff water in Fresno, California, were all less than
the 1 ppb detection limt (N ghtingale 1987).

Antinmony was found in 5.7% and 8.5% of surface waters and groundwaters
at hazardous waste sites on the CLPSD (CLPSD 1989). The geonetric neans of
antinony found in positive sanples of these nedia were 40 and 50 ppb
respectively (CLPSD 1989). The CLPSD i ncludes both NPL and non-NPL sites.

Since antinony is used in solder, there has been interest as to whether
antinony will |each from pi pes soldered with anti nony-containing solder into
drinking water. Leaching of antinmony fromtin/antinony (Sn/Sb) solder when it
cones in contact with water with pH of 5.2-8.6 was eval uated using | oops of
pi pe containing 20 solder joints (Murrell 1987). Antinony was undetectable
(less than 4 ppb) in the water at first, but rose to 10 ppb after 4 days and
68 ppb (at pH 7.4) after 4 weeks. A study was conducted at the University of
Washi ngton to evaluate the potential for |eaching of netals into drinking
water from95/5 Sn/Sb solder (Herrera et al. 1982). After a series of static
and continuous-flow | aboratory tests and eval uation of field sanples from
university buildings, it was concluded that increases in antinony
concentration as a result of corrosion and | eaching were minimal and woul d not
contribute significantly to dietary antinony intake. Only one of the field
sanpl es of standing water from university buildings containing Sn/Sb sol der
joints was above the detection linmt of 0.6 ppb. The sanple contained 2 ppb of
anti nony, one-half of which was dissolved. Exam nation of the solder joints
i ndi cated that a double passivation filmof tin nonoxide (SnO and tin dioxide
(SnQ) forns and inhibits Ieaching.

Sedinent is a significant sink for antinmony. No informati on was found on
the levels of antinony in pristine sediment. Background anti nony
concentrations in sedinent cores fromopen water of Lake St. Cair ranged from
0.032 to 0.098 ppmwith a nean concentration of 0.061 and 0.068 ppmin sand
and silty-clay sediment, respectively (Rossnmann 1988). The range of anti nony
levels in 10 sedinments obtained fromall over the United States by workers
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engaged in research on contani nated, dredged sedi nent was 0.5-17.5 ppm and

t he nmedi an concentration was 2.9 ppm (Brannon and Patrick 1985). Sedi nent
sanpl es taken from Puget Sound in Washington (the site of a copper snelter)
were anal yzed for antinony. This was the only known ant hr opogeni ¢ source of
antinmony in the area. Wile the antinony concentration in sedinent from
noncont am nated areas ranged from0.3 to 1.0 ppm these levels rose to 2-3

ti mes background within 8-15 kmof the snelter, and up to 12,500 ppmw thin 1
km of the smelter where considerabl e ambunts of slag were dunped (Crecelius et
al. 1975). One hundred and seven core sanples of sedinent were collected in
the delta area of the Coeur d' Alene river in northern lIdaho, a prinmary
antimony mining and snelting area in the United States. The sedi ment was
nostly fine silt, which is typical of mne tailings. The top |ayer of sedi nent
contai ned 270-900 ppm of antinmony with a nean of 512 ppm (Maxfield et al
1974). More recent nonitoring data reported antinmony concentrations in

sedi ment of 137, 49-72, and 1.9 ppmon the South Fork, Main Stem and North
Fork of the Coeur d' Al ene River, respectively (Mk and Wai 1990). The South
Fork receives mining and snelting wastes, and the North Fork is essentially
uncont am nated. A sedinment profile on one sanple showed that the antinmony
concentration decreased with depth and was between 2 and 3 ppm between 8.5 and
21.5 cm dept h.

5.4.3 Soi

A survey of soils throughout the conterm nous United States conducted by
the U S. Geol ogi cal Survey showed that antinbny concentrations ranged from
less than 1 to 8.8 ppmwi th an average concentration of 0.48 ppm This was the
third | owest concentration of the 50 el enents surveyed (Shacklette and
Boerngen 1984). In this survey, sanples were taken at a depth of 20 cm at
1,318 sanpling sites. Soils not derived fromore-bearing rock or close to
i ndustrial sources do not generally contain nore than 1 ppm of antinony.
Antinony concentrations in igneous rock, shales, |inmestone, and sandstone have
been reported to be 0.2, 1.5, 0.2, and 0.05 ppm respectively (A nsworth
1988). Antinony concentrations in 57 sludge-treated soils in an agricultura
area west of Toronto in Ontario, Canada, ranged fromO0.16 to 0.37 ppm (dry
wei ght) (Webber and Shanmess 1987).

A study of the effects of an antinmony snelter on soil found that
antimony | evels exceeding 50 ppmwere found only within 2 kmof the snelter
(Al nsworth 1988); the background antinony concentration was 6.9 ppm Antinony
concentrations in surface soil near the Kellogg Valley, Idaho, the site of one
of the nation's largest and richest nmining districts, were considerably
el evated at seven contaminated sites, with nmean and maxi mum | evels of 111 and
260 ppm respectively (Ragaini et al. 1977). These val ues represent an
enrichment of 1,000 or nmore over crustal antinmony |levels. The concentration
profiles in core sanples sharply decreased with depth. This indicates that the
antinony contam nation resulted fromair deposition. Soil sanples taken in
Tacoma, Washi ngton, 40 km downwi nd of a copper snelter, often
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had anti nony concentrations in the range of 11-109 ppm (dry wei ght). Natural
| evels are believed to be 3-5 ppm (Crecelius et al. 1974).

The range of maxi mum anti nony concentration in soil at sites on the NPL
was 0.084-2,550 ppm (View 1989). The geonetric nean and the nmaxi mum
concentration of antinony found in soil at hazardous waste sites on the CLPSD
is 8.0 and 330 ppm respectively (Eckel and Langley 1988). Thirteen percent of
sites on an updated version of CLPSD contain antinony in soil (CLPSD 1989).
The geonetric nean of positive sanples is 17 ppm The CLPSD i ncl udes both NPL
and non-NPL sites. The concentration of antinony in surface soil at the Sapp
Battery Superfund site in northern Florida, which housed a facility for
recovering lead fromauto batteries from 1970 to 1980, ranged from0.46 to
857.0 ppm (Trnovsky et al. 1988).

A New Zeal and study showed that the nean |evel of antinmony in street
dust was conparable to that in soil (4.69 ppmversus 5.94 ppn) (Fergusson et
al. 1986). The antinony content of household dust, however, was enriched
approxinately two-fold to 10.0 ppm

5.4.4 G her Environnental Media

A determination of nutrients in a human di et was conducted by the U S
Food and Drug Administration (FDA) using m xed diet conposites representative
of the intake of a 25- to 30-year-old U S. male. The average concentration of
antinony in the diet was 9.3 ppb (dry weight). This corresponds to a daily

dietary intake of 4.6 pg of antinmony assuming a 3,075 g diet/day (wet weight
with a total dry matter of 16.2% (lyengar et al. 1987). Another study of
antinony in food using a highly sensitive neutron activation procedure found
that the average antinony concentration in 12 table-ready foods ranged from
0.22 to 2.81 ppb (Cunni ngham 1987). The food itenms used in the study were
primarily prepared for FDA's Total Diet Studies programin Kansas City and

i ncluded neats, vegetables, and seafood. The nmean concentration ranges of
antinony in neats, seafoods, and vegetables were 0.46-1.15, 0.22-1.81, and
1.09-2.81 ppb, respectively. The results of an earlier investigation of trace
elements in food in an FDA basket survey reported that nedian | evels of
antinony in eight food groups were |ess than 10 ppb (wet weight) (Tanner and
Friedman 1977). In a separate study, the concentration of antinony in pool ed
human milk was 13 ppb (dry weight) (lyengar et al. 1982).

In a conprehensive survey of the presence of heavy netals in sewage
sl udge, 30 sludge sanples from 23 Anerican cities were anal yzed (Munmma et al
1984). The antinobny concentration in the sludge sanples ranged from1.3 to
55.7 ppm (dry weight) and had a medi an value of 7.35 ppm The hi ghest
concentration of antinony was in a sludge sanmple fromBaltinore. This |evel
was nore than double that of the second highest sludge sanple analyzed. In
conparison with the above val ues, the concentration of antinony in cow manure
was 0.43 ppm
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The concentration of antinmony in grass fromrepresentative sites in the
Kell ogg Val l ey, ldaho (the site of the heavy-metal industry), ranged from 6.2
to 111 ppm G ass from background sites in the valley that were located 3.3
and 7.8 mles froma snelter contained from3.5 to 4.5 ppm of antinony
(Ragaini et al. 1977). Simlar results were found around an antinmony snelter
in Engl and. The antinony content of grass close to the snelter was 50-300 ppm
The content at control sites ranged fromO0.1 to 0.3 ppm (Ainsworth 1988). In
conparison with the above val ues, the concentration of antinony in forage
crops was about 0.1 ppm (Ragaini et al. 1977).

Concentrations of antinony in selected species of algae, nollusc tissue,
crustacean tissue, and fish muscle from southeastern Australia were 0.094-
0.193, 0.031-0.060, 0.018-0.116, and less than 0.009-0.010 ppm (dry wei ght),
respectively. The water collected at the site contained 0.17 ppm of antinony
(Maher 1986).

A French study of the metallic content in soaps, shanpoos, body oils,
and cosnetics found that of all products tested only |acquer contained
significant amounts of antinony (1.7 ppm) (Demanze et al. 1984). Antinbny was
found in high concentrations in certain conposite resins used in dentistry.
Two materials analyzed in Engl and had nean antinmony |evels of 288 and 403 ppm
(Mol okhia and Lilley 1986).

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

Antinmony occurs naturally in the earth's crust, and the general
popul ation is exposed to low |l evels of antinmony in anbient air and food. The
average daily intake of antinony fromfood or water was estinmated at 100

pg/ day (Wersema et al. 1984). According to the recent results of |yengar

(1987), the average daily dietary intake is 4.6 ug, ,and, because of the | ow
antinony levels in water, the average daily intake of antinony (by ingestion)
is probably not much greater than 5 pg. Laredo, Texas, has the highest annua
average concentration of antinony in anbient air (452 ng/m). If a person is
assumed to inhale 20 ni of air/day, this would amount to an average anti nony

intake of 9.0 pg/day. For a city such as Washington, D.C. (average antinony

concentration about 2 ng/ni), the inhalation intake would be 0.04 pg/day. Only
in an extreme situation would the amount of antinony inhaled conmpare to the
anmount that is ingested; the anpbunt inhaled is generally nuch | ess. Those
peopl e who reside near industrial sources of antinobny such as snelters,

coal fired power plants, and refuse incinerators are exposed to higher |evels
of atnospheric antinmony. People who spend tinme in shooting galleries are al so
exposed to higher antinony |evels.

EPA does not believe that the antinmony found in such consuner products
as car batteries and flame retardants in plastics and textiles results in
significant consuner exposure (EPA 1983a). Wen antinony oxide is used as a
fire retardant, it is tightly bound into the material; rel ease and subsequent
exposure during use is unlikely (EPA 1983a). No antinony | eached from severa
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gl ass containers used for injectable solutions into distilled water, saline,
sodi um bi carbonate solution, or hydrochloric acid (Pradeau et al. 1988). This
gl ass contained up to 5 ppmof antinony, and the detection |imt for the

anal ytical procedure was 10 ppb. In another study, no antinmony was detected in
water (pH 3, 7, or 10) kept in a canteen for 24 hours (Augustson 1976).

A National Cccupational Exposure Survey (NOES) conducted by NI OSH from
1981 to 1983 estimated that 373,460 workers were potentially exposed to
antinony (nolecular formula unknown) in the United States in 1981-1983 (N OsH
1989). The nunber of workers exposed to antinony trioxide, antinony sulfide,
anti mony oxi de, antinony pentoxide, antinony dialkyldithiocarbanmate, and ot her
antinony compounds is estinmated to be 226,645. The total estimted nunber of
wor kers exposed to antinony and all of its conpounds is 486,347. Since all of
the data for trade-name products that may contain antinony have not been
anal yzed, this estimate 1s prelimnary. The NCES was based on field surveys of
4,490 facilities. It was designed as a nationwi de survey based on a
statistical sanple of virtually all workplace environnents in the United
States where eight or nore persons are enployed in all standard industria
codes (SIC) except mining and agriculture. The NOES dat abase does not contain
i nformation on the frequency, concentration, or duration of exposure of
workers to any of the chemicals listed therein. These surveys provide only
estimates of the nunmber of workers potentially exposed to chemcals in the
wor kpl ace. EPA states that the NOES figures substantially overestinate
occupati onal exposure to antinony and conpounds (EPA 1983a). Mst antinony in
this country is either snelted frominported ore or inpure netallic antinony
or recycled fromantinony scrap. According to EPA, "mning, hauling, and
crushing of ore will be of mnor consequence," because ore crushing is done in
cl osed systens, and ore processing is done under wet conditions to mnimze
dust (EPA 1983a). Follow ng a nenbership survey, the Antinmony Oxide |ndustry
Association (AOA) reported that 230-240 production wrkers and |, 000-2, 000
wor kers using antinony were exposed to antinony (EPA 1983a). This represented
the entire popul ation.of workers potentially exposed to antinonial substances.
An i ndependent survey of the three facilities producing and processing
antinony netal in 1979 estimated that 2,249 workers were exposed to antinony
(EPA 1983a). This estimate included producers and first-level processors of
antinony netal into products such as batteries and alloys. Alloys usually
contain snmall anounts of antinony that are nost often conbined with nuch
| arger ampunts of |ead. Qccupational exposure controls that are enployed to
mtigate | ead exposure also protect workers fromantinony. Mich of the
estimated exposure to antinony netal nmay actually be to antinony oxide; funes
formed when heating the netal (e.g., for carting) are oxidized. The survey
al so estimated that 1,710-1,880 workers were enployed at facilities that
manuf acture and process antinony trioxide. EPA believes that 200-2, 000 workers
may be exposed to stibnite, which is used in small quantities in snokes and in
primng mxtures for igniting explosives (EPA 1983a). This stibnite is
expected to formantinony trioxide during use, and exposure will be primarily
to the oxide.
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There have not been any systematic and representative surveys of
occupati onal exposure levels to antinony in industry; however, sonme data are
avai | abl e from wal k-t hrough surveys of sel ected conpani es conducted by N OSH
and other investigators. In sone of these surveys, only a few sanpl es were
analyzed. In a facility where antinony oxi de was produced fromthe sulfide
ore, breathing-zone sanples fromfive antinony oxide producti on workers ranged
from0.21 to 3.2 ng antinmony/ m; four of these sanples were above 0.5 ng
antinony/mi. Air sanples fromthe bagging area ranged fromO0.43 to 0.83 ny
antinony/ mi (Cassady and Etchison 1976). In another facility that produced
antinony and antinony oxide from ore, breathing-zone sanples from55 enpl oyees
ranged from0.05 to 6.21 ng antinony/ni, and area air sanples ranged fromO0. 14
to 2.12 ng antinmony/ m (Donal dson 1976). The nean exposure for the antinony
oxi de operation was 2.23 ng/m, and this was the highest in the plant. Two
personal air sanples in a third antinony oxide production facility were 2.7
and 5.0 ng antinony/ni, and general area sanples ranged from1.8 to 5.6 ny
antinony/ mi (Donal dson and Gentry 1975). In a secondary |ead snelter where
scrap batteries were reclainmed, breathing zone sanples in 2 of 21 workers
were quantifiable; these TWAs were 0.037 and 0.051 ng/ni (Craig et al. 1981).
TWA anti nony concentrations in the conpounding area of a rubber conpany ranged
from0.01 to 0.15 ng/ni, and the mean in an iron foundry was 0.00015 ng/ mi
(Salisbury 1980; Zhang et al. 1985). Antinony levels in a glass production
facility were 0.005 ng/nmi, and this represents 1% of the N OSH reconmended
maxi mum | evel (Burroughs and Horan 1985). Antinmony nay al so be rel eased during
injection nolding of ignitionresistant polystyrene in which fire retardant
additives that contain antinmony are used. |In one such study, antinony |evels
r?nged f;on1|ess than the detection limt of 0.0003 to 0.2 ny/m (Wlletts et
al . 1982).

Since antinony trioxide is used in nany materials as a fire retardant,
it is likely that antinmony will be released during fires. Antinbny was present
in soot and in tracheal specinens of people who perished in fires (Wlletts et
al. 1982). In 18 cases that were anal yzed, soot antinony concentrations ranged
fromO.1 to 543 ppm and 50% of tracheal antinony concentrations exceeded the
normal range of 0.1-124.0 ppm These results indicate that firenmen and ot her
people at fires may be exposed to increased antinony |evels in snoke.

Stibine may be produced in |ead-acid battery plants during the formation
process (Jones and Ganble 1984). In a study involving five battery plants,
stibine concentrations ranged fromnot detectable to 2.5 ng/nmi. In three other
surveys of battery plants, stibine concentrations ranged from not detectable
to 0.35 ng/m (Young 1979a), 0.007 ngy/m (Young 1979b), and 0.031 ngy/m (Young
et al. 1979). Stibine was also reported in a cogFany t hat manufactured gl ass
for hypoderm c syringes at levels up to 0.5 ng/ m (Burroughs and Horan 1985).

Antinony trioxide is used in the glass industry as a refining agent and
colorant. In an exposure assessnent in the Gernman glass industry, TWA
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antinony levels were as high as 0.351 ng/m (Ludersdorf et al. 1987). Ui ne
and bl ood antinony |evels of exposed workers were enhanced. The nedi an and

maxi mum urine antinmony levels in spot urine sanmples were 1.9 and 15.7 pug/L,
respectively, conpared with 0.4 and 0.7 ug/L for controls. Median and maxi mum
bl ood |l evels for workers were 1.0 and 3.1 pg/L, respectively, versus 0.3 and
1.7 ug/L, respectively, for unexposed persons.

Nai | sanples from 71 Americans contained an average of 0.41 ppm of
anti mony. Averages for residents of four other countries ranged from
0.28 to 0.70 ppm (Takagi et al. 1988). In an anal ogous study, the mean
concentration of antinony in hair sanples from 55 nmen and wonen from Scranton
Pennsyl vani a, contai ned 0.096 ppm of antinony. The hair sanples of popul ations
fromcities in four other countries contai ned nean antinmony |evels between
0.11 and 0.86 ppm (Takagi et al. 1986). These hair |evels can al so be conpared
to those in a Japanese national study in which the geonetric nean
concentration and standard deviation of antinmony in washed hair sanples from
234 healthy individuals were 0.078 and 2.5 ppm respectively. No significant
di fferences between different sexes or age groups were noted (Chnori et al
1981). In anot her Japanese study, hair and nail sanples taken from workers at
an antinony refinery, nearby residents, and a control group were anal yzed
before and after washing with a nonionic, surface-active agent in an
ul trasoni c cl eaner (Katayama and |shide 1987). The concentration of antinmony
inthe nails of the three groups before and after washing was 730, 2.46, 0.19
ppm and 230, 0.63, and 0.09 ppm respectively. The concentrati on of antinony
in the hair of workers before and after washing was 222 and 196 ppm conpared
with 0.21 and 0.15 ppmfor controls. Exposure to antinony, therefore, greatly
i ncreases the antinony levels in nails and hair. The concentration in nails in
exposed people is largely surficial

A group of 21 workers fromnorthern Sweden who were enployed in
nonferrous metal snelting and refining industries had nedi an anti nony
concentrations' in their lungs of 0.30 ppm (wet weight). Controls froman
unpol luted area had 0.029 ppmin their lungs (Hewitt 1988). Anti nony
concentrations in the lung tissues of eight British coal mners ranged from
0.19 to 0.59 ppm (dry weight); the levels in two controls were
0.47 and 0.62 ppm (Hewitt 1988).

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURES

In di scussing exposure to antinmony, it is inmportant to consider what
formof antinony a person is exposed to and what is its availability. Such
information is seldom avail abl e. Al though high concentrations of antinony may
be found in contam nated soil and sediment, the few studi es that have been
conducted indicate that much of the antinmony may be enbedded in a crystalline
matrix or bound to hydrated iron, alum num and nanganese oxides. |In water
t he pentaval ent state is predoninant, although significant |evels of trivalent
antinony and net hyl ated anti nony conpounds exi st. People who |live or work near
sources of antinmony such as snelters, coal-fired power plants, and refuse
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i ncinerators may be exposed to high |evels of antinony in airborne dust, soil
and vegetation. People who live near or work at waste sites that receive slag
fromsnelters or fly ash frompower plants and refuse incinerators nmay al so be
exposed to higher than background | evels. Exposure routes would include either
i nhal ati on of contaminated air or ingestion of contaninated soil or
vegetation. Simlarly, people who are exposed to soot and snmoke in fires, such
as firenen, nay be exposed to high levels of antinobny. Cccupational exposure
to antinony appears to be highest for those involved in the production and
processi ng of antinbny and antinony oxide. Workers in battery-form ng areas of
| ead-storage battery plants nay be exposed to high |l evels of stibine.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) 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)
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.

5.7.1 Dat a Needs

Physi cal and Chemi cal Properties. It is apparent fromthe physical and
chemical properties of antimony and antinmony trioxi de shown in Table 3-2, that
there are discrepancies in the literature values for the boiling points of
antimony, antinony trichloride, and antinony trioxide (Freedman et al. 1978;
Herbst et al. 1985; Wast 1988; Wndholz 1983). This may be due to different
levels of inpurities in the sanples tested. The fact that no numerical val ue
exists for the water solubility of antinony trioxide, antinmony pentoxide, and
antinony pentasulfide is of no special significance. For inorganic salts, the
solubility product coupled with stability constants for the ionic species in
solution are the factors deternining how nmuch of the conpound. goes into
solution; the solubility in terms of the nunber of mlligranms of the parent
conpound in solution, as used for organi c conpounds, is not neaningful. W do
not know whether all the solubility products and stability constants for
antinony and its conmpounds, required for determ ning the antinony species in
natural water and their concentrations, are available. Oher physical and
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chemical properties in Table 3-2 for which there are no data are generally not
wel | defined for antinony and its conpounds or are not useful in determ ning
their environnmental fate

Production, Inport/Export, Use, and Disposal. Information on the
production, inport, and use of antinmony and antinmony trioxide is readily
avai | abl e (Carapella 1978; Llewellyn 1988; Plunkert 1982; U. S. Bureau of M nes
1989a). However, information on the production, inport, and use patterns of
ot her anti nmony conpounds is not available, and is needed to assess human
exposure to these conpounds. Except for the recycling of batteries, little
information is avail able concerning the disposal of antinony and its
conpounds.

Much of the antinony released to the environnent is transferred to
offsite locations for disposal (probably landfills) (TRl 1989). Mst of the
wast e products frommning and snelting operations are discarded on land in
large tailing piles; many of these are now abandoned (TRl 1989). Acid
conditions are often created in these tailing piles by the oxidation of
pyrites contained in the tailings that increase the potential for |eaching
(DeLaune and Smith 1985). Information concerning antinony |eaching from sl ag
heaps is inportant in assessing antinony releases to the environment. Mre
detailed information regarding the formof antinony that is di sposed of and
t he di sposal methods is necessary to assess the potential exposure to these
conpounds.

According to the Energency Pl anning and Community Ri ght-to-Know Act of
1986, 42 U.S.C. Section 11023, industries are required to subnmit chem ca
rel ease and off-site transfer information to the EPA. The Toxi ¢ Rel ease
Inventory (TRI), which contains this information for 1987, becane available in
May of 1989 (TRl 1989). This database will be updated yearly and shoul d
provide a |list of industrial production facilities and em ssions. Rel eases
according to this database are shown in Table 5-1

Envi ronnental Fate. In assessing human exposure, the form (val ence
state, conpound, adsorption, coprecipitation, particle size) of antinony and
its availability must be considered. This information is apt to be
sitespecific. Data concerning the forns of antinmony in air, soil, water, and
sedinent are limted. Information regarding the transfornations that nay
occur, the rates of transformation, and the conditions that facilitate the
transformations is also | acking. For exanple, we do not know whether antinony
is methylated in soil as is arsenic and as antinony itself may be nethyl at ed
in the aquatic environment (Andreae et al. 1983; Austin and MIlward 1988).
Information relating to the adsorption of antinmony and its conpounds by soi
and sedinent is limted. This information should cover a range of soil types,
soi|l components (e.g., clay), and conditions.
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Bi oavai l ability from Environnental Media. Antinony is poorly absorbed
foll owi ng inhalation and oral exposure (Felicetti et al. 1979a, 1979b; Gerber
et al. 1982; Thomas et al. 1973). Dermal exposure to high levels of antinony
trioxide resulted in death in rabbits (Myers et al. 1978). The application
area was occl uded, suggesting that at |east sone fornms of antinobny can be
absorbed through the skin. Although there is no information on the absorption
efficiency of antinony fromenvironnental nedia in humans, there is evidence
inanimals that it is absorbed. The vegetation and soils at sites near
antinony snelters are heavily contam nated with anti nony. El evated |evels of
antinony in various tissues were observed in animals living near the snelter
(Ainsworth 1988). An animal study designed to neasure the rate of absorption
of antinony from environmental media would be useful in assessing the
t oxi col ogi cal significance of levels of antinony in the air and soil near
hazardous waste sites.

Food Chai n Bi oaccunul ati on. Extensive studies at a snelter site
i ndi cate that the uptake of antinony fromsoil in grass and subsequent
translocation in shoots is slight (Ainsworth 1988). At a polluted site, npst
of the antinmony on plants resulted from at nospheric deposition. These studies
additionally showed that there was no bi oaccurmul ation of antinony in small
mammal s conpared with their food. Other studies on fish and aquatic organi sns
i ndicate that the bioconcentration of antinony is |ow (Callahan et al. 1978;
EPA 1980; Maher 1986). Accordingly, there is little indication that antinmony
woul d bi oconcentrate in the food chain and in humans. It shoul d be pointed
out that data on the hiconcentration of antinmony in fish and bi omagnification
in higher trophic levels of aninals is Iimted. Mnitoring data on the |levels
of antinony in plants and aninmals is nminimal. A |larger database of information
covering nore sites and species is desirable. This would establish whether
antinony m ght accurmulate in sonme species or in the presence of sonme forns of
anti nmony.

Exposure Levels in Environnental Media. Although sonme data on the
levels of antinony in anbient air are avail able, these data are not
representative and recent enough to estimate the current exposure levels to
antinony by the U S. population via inhalation (Austin and MI|Iward 1988;
Hopper and Barrie 1988; Johnson et al. 1984; Kowal czyk et al. 1982; Schroeder
et al. 1987; Wersema et al. 1984). Wile the levels of antinony in water are
generally very | ow (Eckel and Jacob 1989), the data for anbient water are
margi nal | y adequate; data for drinking water and groundwater are virtually
nonexi stent. Simlarly data regarding the Ievels of antinony in the various
food classes and diet are fragnmentary (Cunni ngham 1987; Syengar et al. 1987;
Tanner and Freedman 1977). Reliable and recent nmonitoring data for antinony in
air, water, and foods are essential for estimating the extent of exposure from
each of these sources. Wiile the levels of antinony in surface and groundwat er
at hazardous waste sites are el evated above anbient |evels (CLPSD 1989), the
el evation is not very great. Since it is not clear whether the |levels reported
at waste sites are for dissolved antinmony as are the anbient
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| evel s, the difference between antinmony concentrati ons at waste sites and
anbi ent sites may be lower. Antinmony concentrations in soil at some hazardous
waste sites are high (CLPSD 1989; Eckel and Langl ey 1988; View 1989), and
there is a potential of exposure fromingesting soil at these sites. The

| eachi ng potential of these soils appears to be low (A nsworth 1988; Foster
1989; King 1988; Trnovsky et al. 1988). The exposure potential from antinony
at these sites fromantinmony reentrained by wind al so appears to be | ow

(A nsworth 1988).

Exposure Levels in Humans. The levels of antinmony in the hair, nails,
and breast nmilk of a sanple of the U S. popul ation are known (lyengar et al
1982; Takagi et al. 1986, 1988). While the tissue levels of antinmony in
Japanese people are available (Sumno et al. 1975), anal ogous |evels for
Anericans were not found. In particular, no reliable data regarding the |evels
of this element in the blood and urine of unexposed U.S. residents are
avai | abl e. Such data may be hel pful in establishing the background exposure
| evel s of antinony. Levels of antimony in hair, nails, lung, blood, and urine
of some exposed workers are avail able, but the amount of data is small (Hewitt
1988; Katyamm and |shidi 1987; Ludersdorf et al. 1987). None of these data
refer to populations living around the hazardous waste sites containing
el evated | evel s of antinmony. Such data may be significant in assessing the
exposure |l evels of this conponent of the popul ation.

Exposure Regi stries. No exposure registries for antinony and its
conpounds were |ocated. Antinony and its conpounds do not currently have a
subregistry established in the National Exposure Registry. They will be
considered in the future when chenical selection is nmade for subregistries to
be established. The information that is amassed in the National Exposure
Registry facilitates the epi dem ol ogi cal research needed to assess adverse
heal th outcones that nmay be related to the exposure to the compound.

5.7.2 On-goi ng Studies

Renedi al investigations and feasibility studies conducted at the 52 NPL
sites known to be contaminated with antinony will add to the avail able
dat abase on exposure levels in environmental nedia, exposure |levels in humans,
and exposure registries, and will increase the current know edge regarding the
transport and transfornation of antinony in the environment. NIOSH i s updating
its estimates of occupational exposure by including exposure to anti nony and
its conmpounds in trade name chemcals (NIOSH 1989). No ot her ongoing
research studies pertaining to the environnental fate of antinony or to
occupational or general popul ation exposures to antinony were identified.
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The purpose of this chapter is to describe the anal ytical nethods that
are avail able for detecting and/or neasuring and nmonitoring antinmony in
environnental nedia and in biological sanples. The intent is not to provide
an exhaustive list of analytical nethods that could be used to detect and
guantify antinony. Rather, the intention is to identify well-established
nmet hods that are used as the standard nmethods of analysis. Many of the
anal ytical methods used to detect antinony in environnental sanples are the
net hods approved by federal agencies such as EPA and the National Institute
for Qccupational Safety and Health (NIGSH). O her nethods presented in this
chapter are those that are approved by groups such as the Association of
Oficial Analytical Chenmists (AOAC) and the American Public Health Association
ww - Additionally, analytical nethods are included that refine previously
used nethods to obtain |ower detection |imts, and/or to inprove accuracy and
preci sion.

6.1 Bl OLOG CAL MATERI ALS

Met hods for the analytical determ nation of antinony in biologica

materials are basically the same as those used for the environnental sanples
that are di scussed bel ow. The nbst commonly used net hods determnine the tota
antinony content of the sanple, not the particular antinony conpound or
oxidation state that is present. Mthodol ogical differences are a function of
the I evel of antinony in the sanple, digestion procedures required to
solubilize the sanple, and the level of potentially interfering substances in
the type of sanple. Antinobny occurs at very low | evels in biological sanples.
The accurate determination of trace |levels of antinmony in these sanples nay
require special nmethods (e.g., neutron activation) that are both sensitive and
sel ective. Atonic absorption spectroscopy and inductively coupl ed pl asnaatonic
emni ssi on spectroscopy, with or w thout preconcentration or separation

steps, are the nobst conmmonly enpl oyed net hods. Atom c absorption has three
variants: direct aspiration into a flane, atonmization in an electrically
he?;ed caLbon rod, or generation of stibine that is then passed into a heated
silica tube.

Instrunmental neutron activation analysis (I NAA), with or without
chem cal separation, has very good sensitivity and selectivity for antinony,
and it has the advantage of being able to neasure nmany el enents
si mul taneously. However, it is slow, costly, and requires special facilities.
I NAA is favored for surveys where trace |levels of nany el enents are to be
determned. It is often required for measuring antinony in tissues in which
the antinony level is very low The neutron activation analysis of antinony
requires an exposure to neutron fluxes for 6 hours to 2 days. After the
exposure period, the sanples are kept for several days before counting, This
allows the activity of short half-lived i sotopes to decline, and thus inproves
accuracy of the analysis (lyengar et al. 1978). Nondestructive | NCA can be
used to neasure concentrations to | evels somewhat below 1 ppm Nondestructive
nmet hods are not only advant ageous because of reduced sanple handling, but also
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because they are independent of the sanple matrix and of the efficiency of the
di gestion or extraction procedure. Wiile this is generally adequate for
antinony determinations In hair and lung tissues, the antinony |evels in blood
serum and ki dney tissues are usually too | ow to neasure wi thout
preconcentration (lyengar et al. 1978). Detection limts may be linited by
interferences fromnmatrix el ements such as sodi um potassium phosphorus, and
brom ne. Lower detection linmts (approxinmately 0.006 ppn) can be obtai ned by
digeftion and sol vent extraction to elinminate these interferences (Mk and W
1988).

Anal ytical nmethods and detection linmits for antinony in biological
materials are given in Table 6-1. Antinony contained in other biologica
materials such as hair and nails can be deterni ned by using the sane
anal yti cal techniques as for blood and tissue, but suitable procedures for
di ssolving the sanple matri x nust be used (Takagi et al. 1986, 1988).

6.2 ENVI RONMVENTAL SAMPLES

Anal ytical nethods for antinmony in environnental sanples generally
determine the total antinmony content of the sanple; determning specific
antinony compounds is difficult. Sonme nethods can be used to determ ne
antinony in different oxidation states, but these nmethods are only used in
speci al circumnst ances.

The nobst common net hods used for environnental sanples are atonic
absorption spectronmetry (AAS) (either flanme or graphite furnace) and
i nductively coupl ed pl asma-atom c em ssion spectroscopy (I CP-AES). Before the
wi despread use of AAS, calorinetric nmethods were used for the determ nation of
anti mony; the best known of these nethods is the rhodani ne B nmet hod (APHA
1972). The basis for the method is the formati on of a pink conpl ex when
pent aval ent antinmony reacts with rhodamine B in the presence of an excess of
chloride ions. The conplex is extracted into an organic solvent and the
absorbance neasured at 565 nm Trival ent antinmony nust be oxidized to the
pentaval ent state with nitric, sulfuric, and perchloric acids.

Wat er and waste water sanples can be anal yzed for antinmony by EPA Test
Met hods 220.1 (atonic absorption, direct aspiration), 220.2 (atomc
absorption, furnace technique), or 200.7 (inductively coupled plasma-atonic
em ssi on spectroscopy) (EPA 1983b). These nethods are suitable for
groundwat er, surface water, and donestic and industrial effluents. In open
ocean water and in other water sanples with a |ow antinony concentration, a
preconcentration and/ or separation procedure involving coprecipitation
chel ation, selective adsorption, or hydride formation is required before
anal ysis (Andresen and Sal bu 1982; Apte and Howard 1986; Maher 1986; Sturgeon
et al. 1985). The atom c absorption wavel ength used for antinony is 217.6 nm
In the presence of |ead concentrations of the order of 1 g/L, however, a
spectral interference nay occur at this resonance line, and the |ine at
231.1 nmshoul d be used I nstead. When using direct aspiration, the spectra



TABLE 6-1. Analytical Methods for Determining Antimony in Biological Materials

Sample
detection Percent

Sample matrix Preparation method Analytical method limit recovery Reference
Blood, tissue, Acid digestion Method 8005, ICP-AES No data 106X at 10 ug NIOSH 1985
or hair* antimony
Urine Treat with EDTA and Hydride generation-AAS 10 ug/L No data Anonymous 1977

refrigerate; sample

stable for 1 week;

wet ash
Feces Digest with concentration Graphite furnace AAS No data 96.9%, mean Bio/dynamics 1990

HC1/HNO;, extract with
hexane/hydrogen peroxide,
nickel matrix modifier

™Method extended to hair (Takagi et al. 1986)

AAS = atomic absorption spectrometry
EDTA = ethylenediaminetetraacetic acid
ICP-AES = inductively coupled plasma-atomic emission spectroscopy
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absorption of antinony is reduced when the concentration of acid increases.
Therefore, it is inportant to match the concentration of acid in standards and
sanpl es (EPA 1983b). Background correction of nonspecific absorption is

advi sabl e for sone sanples, such as those containing sulfuric acid (A nsworth
1988). Analytical nethods and detection linits for antinony in environnenta
nedia are given in Table 6-2. If the determ nation of dissolved antinony is

requi red, sanples should be filtered using a 0.45 um nenbrane filter.

Acid digestion to assure release of antinony fromthe sanple matrix is a
crucial step in the analysis of environmental sanples. Unless the particular
type of sanple has been well studied, it is usually inportant to experinent
with different digestion procedures. For the release of antinony fromsoil
hydrogen fluoride nmixed wth perchloric acid or another strong acid is
general ly required. Aqua regia, however, has been found to be suitable. For
pl ant and ani mal tissue, a conbination of sulfuric and nitric acids is nost
sati sfactory (Ainsworth 1988).

Antinony forns a volatile hydride under reducing conditions, and hydride
generation has been interfaced with different anal ytical procedures for
enhanced sensitivity and selectivity. The nost popul ar reagent used for this
reduction is sodi um borohydride (Andreae 1983). It is necessary to add KI to
the reaction mediumto conpletely reduce Sb(l111). In atonmi c absorption
i ncreased sensitivity can be achi eved by using hydride generation because the
efficiency of atomization is greater for stibine than for antinony sol utions
i ntroduced into the flane. Another advantage of hydride generation is that
separati.on is achieved from nonhydride-fornm ng el ements, thereby elininating
interferences. Antinony reduction is pH dependent, possibly because neutra
and cationic species (but not anionic ones) are subject to reduction by
negatively charged borohydride ions. By exploiting the pH dependence of the
reduction, it is possible to separately determne Sb(ll1l) and Sb(V) in natura
waters (Andreae 1983; Apte and Howard 1986). Ot her methods that distinguish
Sb(l111) fromSb(V) rely on selective extraction techniques in which Sb(l11) is
extracted into an organic solvent and anal yzed. After analysis, Sh(V) is
reduced and extracted (Abbasi 1989; Mk and Wai 1987). Wen very high
sensitivity is required, such as that necessary for the analysis of antinony
in food, neutron activation analysis is often enployed. X-ray fluorescence
(XRF) and anodic stripping voltametry (ASV) are other analytical methods that
are frequently used (Costantini et al. 1985; G llain and Brihaye 1985; |ves
et al. 1984; Johnson et al. 1984).

In the deternmination of trace netals, mmjor concerns include
cont ami nation and | oss. Contanination can be introduced frominpurities in
reagents and containers and from|laboratory dust. Losses nmay al so occur due
to adsorption of the analyte onto container walls. In the case of antinony, a
common source of loss is volatilization during acid digestion or ashing in an
AAS furnace.



TABLE 6-2. Analytical Methods for Determining Antimomy in Environmental Samples

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Air Filter collection and acid digestion Method 301, colori- 1.0 ug 95X%-102X between APHA 1972
metric (Rhodamine B) 2 and 10 ug of
antimony

Filter collection and acid digestion Hydride generation-AAS 4 ng 10X accuracy at

DeDoncker et al.

and reduction of Sb(V) with Nal 40 ng antimony 1983
Air (stilbine) Filter collection (20 L sample) on NIOSH 6008, colori- No data 98.6% between NIOSH 1987
HgCly-coated silica gel; desorption metric (Rhodamine B) 0.12 and 1.0 ug
and treatment with concentrated HCI, antimony
ceric sulfate, and liquid extraction
Water, Acid digestion Method 204.1, AAS/ 0.2 mg/L 96X and 97X EPA 1983a
waste water direct aspiration at 5 and 15 mg
antimony/L
Acid digestion, sample solutions Method 204.2, AAS/ 3 ug/L Not applicable EPA 1983a
should contain 2X HNO; furnace technique
Filter and acidify sample Method 200.7, ICP-AES 32 ug/L Not applicable EPA 1983a
Soil, sediment Digestion with 4:1 HNO; and HC1* Method 3050 (modified)* No data 3% accuracy at EPA 1986
sludge, solid ICP-AES 33 ppm antimony
waste
Food Acid digestion and resin separation INAA 0.1-0.3 ppb No data Cunningham 1987

following irradiation

*The digestion procedure in Method 3050 is not suitable for antimony.

Kimbrough and Wakakuwa (1989).

A satisfactory digestion procedure has been proposed by

AAS = atomic absorption spectrometry; HCl = hydrochloric acid; HgCl, = mercuric chloride; HNO; = nitric acid; ICP-AES = inductively
coupled plasma-atomic emission spectroscopy; INAA = instrumental neutron activation analysis; Nal = sodium iodide;

NIOSH = National Institute for Occupational Safety and Health; Sh(V) = antimony (+5)
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6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) 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 infornmation is not
avai | abl e, ATSDR, in conjunction with the National Toxicol ogy Program (NTP),
is required to assure the initiation of a program of research designed to
determ ne the health effects (and techni ques for devel oping nethods 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 informati onal needs that, if net, would reduce or elimnate
the uncertainties of human health assessment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

6.3.1 Dat a Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. Methods for
determ ning antinony in biological materials are well devel oped, and there are
net hods available to nost |aboratories that are satisfactory for testing
bi ol ogi cal sanples that naturally contain high concentrations of antinony or
for occupational exposure testing (Anonynous 1977; N OSH 1985). Since
antimony occurs at very low |levels in many biol ogical materials, nmethods such
as I NAA that require special facilities must often be used to achi eve adequate
sensitivity (lyengar et al. 1978). Standardi zed nethods are available from
NI OSH and ot her sources to nmeasure antinony in blood, urine, and tissue (N OSH
1985). Several authors have reported that antinobny concentrations in hair
nails, blood, or urine are elevated in exposed individuals; therefore,
antinony levels in these sanples can be used as a biomarker for exposure to
anti nony (Katayama and |shidi 1987). Avail able analytical methods are capabl e
of determining the levels of antinobny in these nedia in both normal and
occupational | y exposed persons (Bakagi et al. 1986, 1988; |yenger et al
1988). Methods with sufficient sensitivity (e.g., I NAA), however, are not
avail abl e in nost |aboratories.

No bi omarkers that could be used to characterize effects of antinmony
have been identified, Should subtle biochem cal or physiol ogical changes
uni que to antinony be identified, nmethods to analyze for these changes could
possi bly be developed if they don't already exist.

Met hods for Determ ni ng Parent Conpounds and Degradati on Products in
Envi ronnental Media. Methods for determ ning antinony in environnental nedia
are well devel oped and adequate. Standardi zed nethods are avail abl e from EPA,
Nl OSH, and ot her sources (APHA 1972; Cunni ngham 1987; DeDonker et al. 1983;
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EPA 1983a, 1986; NI OSH 1987). Since nobst anal ytical nethods neasure tota
antinony, the nethods for analyzing for the parent conpound and degradation
product are identical

6.3.2 On-goi ng Studi es

Anal ytical nethods for antinony and anti nony conpounds are currently
bei ng devel oped at EPA s Environnental Mnitoring Systens Laboratory in
Cincinnati, GChio (EPA 1989b). No on-going studies regarding new anal ytica
net hods for neasuring antinony in biological nmaterials were |ocated In the
available literature.
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Nati onal and international guidelines and state regul ations pertinent to
human exposure to antinmony and conpounds are sunmarized in Table 7-1

Anti nony conpounds are regul ated by the Cean Water Effluent Guidelines
for the followi ng industrial point sources: nonferrous netal manufacturing,
steam el ectric, asbestos, tinber products processing, mneral mning, paving
and roofing, paint formulating, ink formulating, gumand wood, carbon bl ack
and nonferrous netal formng (EPA 1988). Antinmony conmpounds are al so
regul ated by the Cean Air Act.
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TABLE 7-1. Regulations and Guidelines Applicable to Antimony and Compounds
Agency Description Information References
NATIONAL
Regulations:
a. Air:
OSHA PEL TWA 0.5 mg antimony/m’ OSHA 1989
(29 CFR 1910.1000)
b. Other:
EPA OERR Reportable quantity
Antimony pentafluoride 1 pound EPA 1987
(40 CFR 300)
Antimony pentachloride 1,000 pounds EPA 1987
Antimony potassium tartrate 100 pounds (40 CFR 117.3)
Antimony tribromide 1,000 pounds
Antimony trichloride 1,000 pounds
Antimony trifluoride 1,000 pounds
Antimony trioxide 1,000 pounds
Antimony 5,000 pounds EPA 1986
(40 CFR 302.4)
Guidelines:
a. Air: TLV TWA ACGIH 1989
Antimony and compounds 0.5 mg antimony/m’
Stibine 0.51 mg/m®
REL TWA NIOSH 1890
Antimony and compounds 0.5 mg antimony/m’
Stibine 0.5 mg/
b. Water: Ambient Water Quality Criterion 145 pg/L EPA 1980
c: Other: RfD (oral) 0.0004 mg antimony/kg/day [EPA 1989
STATE

Regulations and

Guidelines: NATICH 1988
a. Air: Acceptable ambient air concentrations
Antimony:
Connecticut 10 pg/m® (8-hr avg)
Florida (Tampa) 0.005 mg/m> (8-hr avg)
Kansas 1.19 ug/m® (annual avg)
Kansas (Kansas City) 1.19 ug/m® (1-yr avg)
Nevada 0.012 mg/m® (8-hr avg)
New York 0.67 ug/m® (1-yr avg)
North Dakota 0.005 mg/m® (8-hr avg)
Pennsylvania (Fhiladelphia) 1.2 us/m3 (1-yr avg)
Rhode Island 40 pg/m® (annual avg)
Virginia 8 ug/m® (24-hr avg)
Antimony oxide:

Connecticut 5.0 pg/m® (8-hr avg)
Florida (Tampa) 0.005 mg/m’ (8-hr avg)
Nevada 0.012 ug/m’® (8-hr avg)
New York 0.67 mg/m® (1-yr avg)
North Dakota 0.005 mg/m* (8-hr avg)
Virginia 8.0 ug/m® (24-hr avg)
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TABLE 7-1 (Continued)

Agency Description Information

References

STATE (Continued)

b. Water: Drinking water quality standards
Antimony .

Kansas 143 ug/L

avg = average; EPA = Environmental Protection Agency; OERR = Office of Emergency and Remedial Response;
OSHA = Occupational Safety and Health Admistration; PEL = permissible exposure level; REL = recommended exposure

level; RfD = reference dose; TLV = threshold limit value; TWA = time-weighted average
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Acut e Exposure -- Exposure to a chemical for a duration of 14 days or less, as
specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K) -- The ratio of the amount of a chem cal adsorbed
per unit wei ght of organic carbon in the soil or sedinent to the concentration
of the chenmical in solution at equilibrium

Adsorption Ratio (K) -- The amobunt of a chem cal adsorbed by a sedinment or
soil (i.e., the solid phase) divided by the anpbunt of chenical in the solution
phase, which is in equilibriumw th the solid phase, at a fixed solid/solution
ratio. It is generally expressed in mcrograns of chem cal sorbed per gram of
soil or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chemical in aquatic organisns at a specific tine or during a discrete tine
period of exposure divided by the concentration in the surrounding water at
the sane tine or during the sane peri od.

Cancer Effect Level (CEL) -- The | owest dose of chemical in a study, or group
of studies, that produces significant increases in the incidence of cancer (or
tunors) between the exposed population and its appropriate control

Carci nogen -- A chemi cal capabl e of inducing cancer

Ceiling Value -- A concentration of a substance that should not be exceeded,
even instantaneously.

Chroni ¢ Exposure -- Exposure to a chemical for 365 days or nore, as specified
in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the devel opi ng
organismthat may result from exposure to a chemcal prior to conception
(either parent), during prenatal devel opnent, or postnatally to the tinme of
sexual maturation. Adverse devel opnental effects may be detected at any point
inthe life span of the organism

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chem cal; the distinguishing feature between
the two terns is the stage of devel opnent during which the insult occurred.
The terms, as used here, include nalformations and variations, altered growth,
and in utero death.

EPA Health Advisory -- An estimate of acceptable drinking water levels for a
chemi cal substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance
to assist federal, state, and local officials.
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| mredi ately Dangerous to Life or Health (IDLH) -- The maxi mum environment a
concentration of a contam nant from which one could escape within 30 mn
wi t hout any escape-inpairing synptons or irreversible health effects.

I nternedi ate Exposure -- Exposure to a chemical for a duration of 15-364 days
as specified in the Toxicol ogi cal Profiles.

I mmunol ogi ¢ Toxicity -- The occurrence of adverse effects on the immune system
that may result from exposure to environnental agents such as chemicals.

Vitro -- Isolated fromthe living organismand artificially maintained, as

|
in a test tube.

jum i jun

In Vivo -- Cccurring within the living organism

Let hal Concentration ,, (LG, -- The lowest concentration of a chemical in
air which has been reported to have caused death in hunans or animals.

Lethal Concentration ., (LC,) -- A calculated concentration of a chemical in
air to which exposure for a specific length of tine is expected to cause death
in 50% of a defined experinental aninmal popul ation

Lethal Dose ., (LD, -- The lowest dose of a chemical introduced by a route
other than inhalation that is expected to have caused death in humans or
ani nal s.

Lethal Dose ., (LD,) -- The dose of a chemical which has been calculated to
cause death in 50% of a defined experinental animal popul ation

Lethal Time ., (LT, -- Acalculated period of time wthin which a specific
concentration of a chem cal is expected to cause death in 50% of a defined
experimental aninmal popul ation.

Lowest - Cbserved- Adver se- Ef fect Level (LOAEL) -- The | owest dose of chemical in
a study, or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between the
exposed popul ation and its appropriate control

Mal f ormations -- Permanent structural changes that may adversely affect
survival, devel opnent, or function

M nimal Risk Level -- An estimate of daily human exposure to a chemnical that
is likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.
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Mut agen -- A substance that causes nmutations. A nmutation is a change in the
genetic material in a body cell. Mitations can lead to birth defects,
m scarri ages, or cancer.
Neurotoxicity -- The occurrence of adverse effects on the nervous system

foll owi ng exposure to chemi cal

No- Qbser ved- Adver se- Ef fect Level (NOAEL) -- The dose of chem cal at which
there were no statistically or biologically significant increases in frequency
or severity of adverse effects seen between the exposed population and its
appropriate control. Effects nmay be produced at this dose, but they are not
consi dered to be adverse.

Cctanol -Water Partition Coefficient (K,) -- The equilibriumratio of the
concentrations of a chemcal in n-octanol and water, in dilute solution

Per mi ssi bl e Exposure Linmt (PEL) -- An allowabl e exposure |evel in workplace
air averaged over an 8-hour shift.

gl* -- The upper-bound estimte of the | ow dose sl ope of the dose-response
curve as determned by the nultistage procedure. ne gl* can be used to
cal cul ate an estinmate of carcinogenic potency, the increnental excess cancer

ri sk per unit of exposure (usually pg/L for water, ng/kg/day for food, and
ug/ mi for air).

Ref erence Dose (RfD) -- An estinate (with uncertainty spanning perhaps an
order of magnitude) of the daily exposure of the human population to a
potential hazard that is likely to be without risk of deleterious effects
during a lifetinme. The REDis operationally derived fromthe NOAEL (from

ani mal and hunman studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additiona
nodi fying factor, which is based on a professional judgment of the entire

dat abase on the chemical. The RfDs are not applicable to nonthreshold effects
such as cancer.

Reportable Quantity (RQ -- The quantity of a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are (1) 1 Ib or
greater or (2) for selected substances, an ampunt established by regul ation
ei ther under CERCLA or under Sect. 311 of the Cean Water Act. Quantities are
nmeasured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the reproductive
systemthat may result fromexposure to a chemcal. The toxicity may be
directed to the reproductive organs and/or the rel ated endocrine system The
mani festation of such toxicity nay be noted as alterations in sexual behavior
fertility, pregnancy outcones, or nodifications in other functions that are
dependent on the integrity of this system
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Short-Term Exposure Limt (STEL) -- The maxi mum concentration to which workers
can be exposed for up to 15 nin continually. No nore than four excursions are
al | owed per day, and there nust be at |east 60 m n between exposure periods.
The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This termcovers a broad range of adverse effects on
target organs or physiological systens (e.g., renal, cardiovascul ar) extending
fromthose arising through a single limted exposure to those assuned over a
lifetime of exposure to a chem cal

Teratogen -- A chemical that causes structural defects that affect the
devel opnent of an organi sm

Threshold Limt Value (TLV) -- A concentration of a substance to which nost
wor kers can be exposed without adverse effect. The TLV nay be expressed as a
TWA, as a STEL, or as a CL.

Ti me- Wi ghted Average (TWA) -- An all owabl e exposure concentration averaged
over a nornal 8-hour workday or 40-hour workweek.

Toxic Dose (TD,) -- A calcul ated dose of a chemical, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinental animal popul ation

Uncertainty Factor (UF) -- A factor used in operationally deriving the RID
fromexperimental data. UFs are intended to account for (1) the variation in
sensitivity anmong the nenbers of the human popul ation, (2) the uncertainty in
extrapolating aninmal data to the case of human, (3) the uncertainty in
extrapolating fromdata obtained in a study that is of less than lifetine
exposure, and (4) the uncertainty in using LCAEL data rather than NOAEL dat a.
Usual | y each of these factors is set equal to 10.
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Chapter 1
Public Heal th Statenent

This chapter of the profile is a health effects summary witten in

nont echni cal | anguage. Its intended audience is the general public especially
people living in the vicinity of a hazardous waste site or substance rel ease.
If the Public Health Statenent were renoved fromthe rest of the docunment, it
woul d still communicate to the lay public essential information about the
substance. The nmmjor headings in the Public Health Statenent are useful to
find specific topics of concern. The topics are witten in a question and
answer format. The answer to each question includes a sentence that wll
direct the reader to chapters in the profile that will provide nore

i nformati on on the given topic.

Chapter 2
Tabl es and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-1 and 2-2) are used to sunmmarize
health effects by duration of exposure and endpoint and to illustrate
graphically levels of exposure associated with those effects. Al entries in
these tables and figures represent studies that provide reliable, quantitative
estimates of No- Cbserved- Adverse-Effect Level s (NOAELs), Lowest-Chserved-
Adverse-Effect Levels (NOAELs) for Less Serious and Serious health effects, or
Cancer Effect Levels (CELS). In addition, these tables and figures illustrate
di fferences in response by species, Mniml Ri sk Levels (MRLs) to humans for
noncancer end points, and EPA's estinmated range associ ated with an upper-bound
i ndividual lifetime cancer risk of 1 in 10,000 to 1 in 10, 000, 000. The LSE
tabl es and figures can be used for a quick review of the health effects and to
| ocate data for a specific exposure scenario. The LSE tables and figures
shoul d al ways be used in conjunction with the text.

The | egends presented bel ow denonstrate the application of these tables and
figures. A representative exanple of LSE Table 2-1 and Figure 2-1 are shown.
The nunbers in the left colum of the | egends correspond to the nunbers in the
exanpl e table and figure.

LECGEND
See LSE Table 2-1

(1). Route of Exposure One of the first considerations when review ng the
toxicity of a substance using these tables and figures should be the
rel evant and appropriate route of exposure. Wen sufficient data exist,
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three LSE tables and two LSE figures are presented in the docunent. The
three LSE tables present data on the three principal routes of exposure,
i.e., inhalation, oral, and dernal (LSE Table 2-1, 2-2, and 2-3,
respectively). LSE figures are limted to the inhalation (LSE Figure 2-1)
and oral (LSE Figure 2-2) routes.

(2). Exposure Duration Three exposure periods: acute (14 days or |ess);
internediate (15 to 364 days); and chronic (365 days or nore) are
presented within each route of exposure. In this exanple, an inhalation
study of internediate duration exposure is reported.

(3). Health Effect The major categories of health effects included in
LSE tables and figures are death, system c, inmunol ogical
neur ol ogi cal , devel opnmental, reproductive, and cancer. NOAELs and
LOAELs can be reported in the tables and figures for all effects but
cancer. Systemc effects are further defined in the "System colum of
the LSE table.

(4). Key to Figure Each key nunber in the LSE table |inks study information
to one or nore data points using the same key nunber in the
corresponding LSE figure. In this exanple, the study represented by key
nunber 18 has been used to define a NOAEL and a Less Serious LOAEL (al so
see the two "18r" data points in Figure 2-1).

(5). Species The test species, whether animal or hunan, are identified in
t his col um.

(6). Exposure Frequency/Duration The duration of the study and the weekly and
dai ly exposure reginmen are provided in this colum. This permits
conpari son of NOAELs and LQAELs fromdifferent studies. In this case
(key nunber 18), rats were exposed to [substance x] via inhalation for
13 weeks, 5 days per week, for 6 hours per day.

(7). System This colum further defines the systenm c effects. These systens
i nclude: respiratory, cardiovascul ar, gastrointestinal, hematol ogical
nmuscul oskel etal, hepatic, renal, and dermal/ocular. "Qther" refers to
any systemc effect (e.g., a decrease in body weight) not covered in
t hese systens. |In the exanple of key number 18, one systemc effect
(respiratory) was investigated in this study.

(8). NOAEL A No- Cbserved- Adverse-Effect Level (NOAEL) is the highest exposure
| evel at which no harnful effects were seen in the organ system studi ed.
Key nunber 18 reports a NOAEL of 3 ppmfor the respiratory system which
was used to derive an internedi ate exposure, inhalation MR L of 0.005
ppm (see footnote "cm.

(9). LOAEL A Lowest- Observed-Adverse-Effect Level (LOAEL) is the | owest
exposure |l evel used in the study that caused a harnful health effect.
LOAELS have been classified into "Less Serious" and "Serious" effects.
These distinctions help readers identify the | evels of exposure at which
adverse health effects first appear and the gradation of effects with
i ncreasi ng dose. A brief description of the specific end point used to
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(11).

(12).
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guantify the adverse effect acconpanies the LOAEL. The "Less Serious"
respiratory effect reported in key nunber 18 (hyperplasia) occurred at a
LOAEL of 10 ppm

Ref erence The complete reference citation is given in Chapter 8 of the
profile.

CEL A Cancer Effect Level (CEL) is the | owest exposure |evel associ ated
with the onset of carcinogenesis in experinental or epidem ol ogical
studi es. GELS are al ways consi dered serious effects. The LSE tables and
figures do not contain NOAELs for cancer, but the text may report doses
whi ch did not cause a neasurable increase in cancer

Foot not es Expl anati ons of abbreviations or reference notes for data in
the LSE tables are found in the footnotes. Footnote "c" indicates the
NOAEL of 3 ppmin key nunber 18 was used to derive an MRL of 0.005 @m

LEGEND

See LSE Figure 2-1

LSE figures graphically illustrate the data presented in the correspondi ng LSE
tabl es. Figures help the reader quickly conmpare health effects according to
exposure levels for particul ar exposure duration.

(13).

(14).

(15).

(16) .

(17).

Exposure Duration The sanme exposure periods appear as in the LSE table.
In this exanple, health effects observed within the internediate and
chroni c exposure periods are illustrated.

Health Effect These are the categories of health effects for which
reliable quantitative data exist. The sane health effects appear in the
LSE tabl e.

Level s of Exposure Exposure |evels for each health effect in the LSE
tabl es are graphically displayed in the LSE figures. Exposure |levels are
reported on the log scale "y" axis. Inhalation exposure is reported in
mg/ M or ppm and oral exposure is reported in ng/Kkg/day.

NOAEL In this exanple, 18r NOAEL is the critical end point for which an
i nternedi ate inhal ati on exposure MRL is based. As you can see fromthe
LSE figure key, the open-circle synbol indicates a NOAEL for the test
species (rat). The key nunmber 18 corresponds to the entry in the LSE
tabl e. The dashed descending arrow indicates the extrapolation fromthe
exposure | evel of 3 ppm(see entry 18 in the Table) to the MRL of 0.005
ppm (see footnote "b" in the LSE table).

CEL Key nunber 38r is one of three studies for which Cancer Effect
Level s (CELs) were derived. The di anond synbol refers to a CEL for the
test species (rat). The nunber 38 corresponds to the entry in the LSE
tabl e.
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(18). Estinated Upper-Bound Human Cancer Risk Levels This is the range
associ ated with the upper-bound for lifetinme cancer risk of 1 in 10,000
to 1 in 10,000,000. These risk levels are derived fromEPA s Human
Heal th Assessnent Group's upper-bound estimates of the slope of the
cancer dose response curve at |ow dose levels (q,*).

(19). Key to LSE Figure The Key explains the abbreviations and synbols used in
the figure.
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E + TABLE 2-1. Levels of Significant Exposure to [Chemical x] - Inhalation
Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference

INTERMEDIATE EXPOSURE

Systemic
E——o 18 Rat 13 wk Resp 3b 10 (hyperplasia) Nitschke et al.
5d/wk : 1981

6hr/d

..............................................................................................................................

CHRONIC EXPOSURE

; %
ancer . @ o
=
38 Rat 18 mo 20 (CEL, multiple Wong et al. 1982 E‘
~
5d/wk
d/w organs) >
Thr/d
39 Rat 89-104 wk 10 (CEL, lung tumors, NTP 1982
Sd/wk nasal tumors)
6hr/d
40 Mouse 79-103 wk 10 (CEL, lung tumors, NTP 1982
5d/wk hemangiosarcomas)
6hr/d

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

E‘Lﬂ-—v b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of 5 x ‘IO'3 ppm; dose adjusted for intermittent exposure
and divided by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability).

CEL = cancer effect level; d = day(s); hr = hour(s); LOAEL = lowest-observed-adverse-effect level; mo = month(s); NOAEL = no-
observed-adverse-effect level; Resp = respiratory; wk = week(s)

S-v
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Chapter 2 (Section 2.4)

Rel evance to Public Health

The Rel evance to Public Health section provides a health effects summary based
on eval uations of existing toxicological, epidemnological, and toxicokinetic
infornmation. This summary is designed to present interpretive, weight-of-

evi dence di scussions for human health end points by addressing the

fol |l owi ng questi ons.

1. What effects are known to occur in hunans?

2. What effects observed in animals are likely to be of concern to
hunmans?

3. What exposure conditions are likely to be of concern to hunans,

especi al |y around hazardous waste sites?

The section discusses health effects by end point. Hunan data are presented
first, then aninmal data. Both are organi zed by route of exposure (inhalation
oral, and dernmal) and by duration (acute, internediate, and chronic). In vitro
data and data from parenteral routes (intranuscular, intravenous,

subcut aneous, etc.) are also considered in this section. If data are | ocated
inthe scientific literature, a table of genotoxicity information is included.

The carci nogenic potential of the profiled substance is qualitatively

eval uat ed, when appropriate, using existingtoxicokinetic, genotoxic, and

carci nogeni ¢ data. ATSDR does not currently assess cancer potency or perform
cancer risk assessnments. MRLs for noncancer end points if derived, and the end
points fromwhich they were derived are indicated and discussed in the
appropriate section(s).

Limtations to existing scientific literature that prevent a satisfactory
eval uation of the relevance to public health are identified in the
Identification of Data Needs section

Interpretation of Mnimal Risk Levels

Where sufficient toxicologic informati on was avail able, MRLs were derived.
MRLs are specific for route (inhalation or oral) and duration (acute,

i nternediate, or chronic) of exposure. ldeally, MRLs can be derived from al
Si X exposure scenarios (e.g., Inhalation - acute, -internediate, -chronic;
Oal - acute, -intermediate, - chronic). These MRLs are not meant to support
regul atory action, but to aquainthealth professionals with exposure |evels at
whi ch adverse health effects are not expected to occur in humans. They shoul d
hel p physi cians and public health officials determ ne the safety of a
conmunity living near a substance em ssion, given the concentration of a
contaminant in air or the estimated daily dose received via food or water
MRLs are based | argely on toxicol ogical studies in animls and on reports of
human occupati onal exposure.
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MRL users should be famliar with the toxicological information on which the
nunber is based. Section 2.4, "Relevance to Public Health," contains basic

i nformati on known about the substance. Ot her sections such as 2.6,
"Interactions with O her Chenicals" and 2.7, "Popul ations that are Unusually
Suscepti bl e" provide inportant suppl emental information.

MRL users should al so understand the MRL derivation nethodol ogy. MRLs are
derived using a nodified version of the risk assessnent nethodol ogy used by
the Environmental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA
1989a) to derive reference doses (RfDs) for lifetinme exposure.

To derive an MRL, ATSDR generally selects the end point which, in its best

j udgenent, represents the nobst sensitive human health effect for a given
exposure route and duration. ATSDR cannot neke this judgenment or derive an MRL
unless information (quantitative or qualitative) is available for al

potential effects (e.g., systemc, neurological, and devel opnental). In order
to conmpare NOAELs and LQAELs for specific end points, all inhalation exposure
| evel s are adjusted for 24hr exposures and all internmittent exposures for

i nhal ation and oral routes of internediate and chronic duration are adjusted
for continuos exposure (i.e., 7 days/week). If the infornmation and reliable
guantitative data on the chosen end point are avail able, ATSDR derives an MRL
using the nost sensitive species (when information fromnultiple species is
avai l able) with the hi ghest NOAEL that does not exceed any adverse effect
levels. The NOAEL is the nost suitable end point for deriving an MRL. Wen a
NOAEL is not available, a Less Serious LOAEL can be used to derive an MRL, and
an uncertainty factor (UF) of 10 is enployed. MRLs are not derived from
Serious LOAELs. Additional uncertainty factors of 10 each are used for human
variability to protect sensitive subpopul ati ons (peopl e who are nost
susceptible to the health effects caused by the substance) and for
interspecies variability (extrapolation fromaninmals to humans). |n deriving
an MRL, these individual uncertainty factors are nultiplied together. The
product is then divided into the adjusted inhalation concentration or ora
dosage selected fromthe study. Uncertainty factors used in devel oping a
subst ance-specific MRL are provided in the footnotes of the LSE Tabl es.
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ACRONYMS, ABBREVI ATI ONS, AND SYMBOLS

Anerican Conference of Covernnental |ndustrial Hygienists
Absorption, Distribution, Metabolism and Excretion
Agency for Toxic Substances and D sease Registry

bi oconcentration factor

Board of Scientific Counselors

Centers for Disease Contro

Cancer Effect Level

Conpr ehensi ve Environnental Response, Compensation, and
Liability Act

Code of Federal Regul ations

Contract Laboratory Program

centi neter

central nervous system

Departnment of Health, Education, and Wl fare
Departnment of Health and Human Servi ces

Depart nent of Labor

el ectrocar di ogram

el ectroencephal ogram

Envi ronnmental Protection Agency

see ECG

Food and Agricultural Oganization of the United Nations
Federal Energency Managenent Agency

Federal Insecticide, Fungicide, and Rodenticide Act
first generation

feet per mnute

f oot

Federal Register

gram

chr omat ogr aphy

hect are

hi gh performance |iquid chromat ography

hour

| mredi ately Dangerous to Life and Health

I nternational Agency for Research on Cancer

I nternational Labor Organization

i nch

distribution ratio (soil/water)

ki | ogram

organi ¢ carbon partition coefficient

octanol -water partition coefficient

liter

i quid chromat ography

| et hal concentration | ow

| ethal concentration 50 percent kil

| et hal dose | ow



LOAEL
LSE
m

M

ny
mn
m.
mm
mol
nppcf
MRL
MS

NI EHS
NI OSH
NI OSHTI C
nm

nM
NHANES
nno
NOAEL
NCES
NCHS
NPL
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| et hal dose 50 percent kill

| owest - observed- adverse-effect | eve

Level s of Significant Exposure

nmet er

nol ar

milligram

m nut e

milliliter

mllinmeters

mllinole

mllions of particles per cubic foot
M ni mal Ri sk Leve

mass spectronetry
Nati onal Institute of Environnental
National Institute for Cccupati onal
Nl OSH s Conputerized Information Retrieval
nanomnet er
nanonol ar
Nat i onal

nanomnol e
no- obser ved- adver se- ef f ect

Heal th Sci ences
Safety and Health
System
Heal th and Nutrition Exam nation Survey

| evel

Nati onal Qccupational Exposure Survey
Nati onal QOccupational Hazard Survey
Nati onal Priorities List

Nati onal Research Counci

Nati onal Technical Information Service
Nati onal Toxi col ogy Program

Cccupational Safety and Health Adninistration
perm ssi bl e exposure linit

pi cogr am

pi cogram

Public Health Service

proportional nortality ratio

parts per billion
parts per mllion
parts per trillion

recomrended exposure limt

Ref erence Dose

Regi stry of Toxic Effects of Chenical
seconds

sister chromatid exchange

Standard Industrial Cassification
standard nortality ratio
short-term exposure limt

STORAGE and RETRI EVAL

threshold Iinmt val ue

Toxi ¢ Substance Control Act

Subst ances
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Toxi cs Rel ease Inventory
ti me-wei ghted aver age
United States

uncertainty factor

World Health Organi zati on

greater than

greater than or equal to
equal to

| ess than

| ess than or equal to
per cent

al pha
bet a
delta
gamma
nmcron

nm crogram
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PEER REVI EW

A peer review panel was assenbled for antinony. The panel
consisted of the follow ng nmenbers: Dr. WIIiam Buck, University of
Illinois, Ubana, Illinois; Dr. George Cherian, University of Wstern
Ontari o, London, Ontario, Canada; Dr. Ernest Foul kes, University of
Cncinnati, Cincinnati, Chio; Dr. Derek Hodgson, University of
Wom ng, Larami e, Wom ng; and Dr. Maryce Jacobs, Anmerican Institute
for Cancer Research, Washington, DC. These experts collectively have
know edge of antinony's physical and chem cal properties
, toxicokinetics, key health end points, nechanisns of action, human
and ani mal exposure, and quantification of risk to humans. All
reviewers were selected in conformty with the conditions for peer
review specified in the Conprehensi ve Environnmental Response,
Compensation, and Liability Act of 1986, Section 104.

Scientists fromthe Agency for Toxic Substances and Di sease
Regi stry (ATSDR) have revi ewed the peer reviewers coments and
determi ned which coments will be included in the profile. Alisting
of the peer reviewers coments not incorporated in the profile, with a
brief explanation of the rationale for their exclusion, exists as part
of the adm nistrative record for this conmpound. A list of databases
reviewed and a list of unpublished docunents cited are al so incl uded
in the adm nistrative record.

The citation of the peer review panel should not be understood to
inmply its approval of the profile's final content. The responsibility
for the content of this profile lies with the ATSDR
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