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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 *
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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).
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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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