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5.1 OVERVI EW

Thoriumis ubiquitous in our environnent. Release of thoriumto the
at nosphere can occur both fromnatural and ant hropogeni ¢ sources, and
em ssions fromthe latter sources can produce locally el evated atnospheric
| evel s of thoriumover the background. W ndblown terrestrial dust and
vol cani ¢ eruptions are two inmportant natural sources of thoriumin the air
(Fruchter et al. 1980; Kuroda et al. 1987). Uranium and thorium mini ng
mlling and processing, tin processing, phosphate rock processing and
phosphate fertilizer production, and coal fired utilities and industria
boilers are the primary anthropogeni c sources of thoriumin the atnosphere
(Hu and Kandaiya 1985; MNabb et al. 1979; Nakoaka et al. 1984; Sill 1977).
The major industrial releases of thoriumto surface waters are effl uent
di scharges fromuraniumand thoriummning, mlling and processing, tin
processi ng, phosphate rock processing and phosphate fertilizer production
facilities (Hart et al. 1986; MKee et al. 1987; Mffett and Tellier 1978;
Platford and Joshi 1988). The primary sources of thoriumat the Superfund
sites are perhaps fromthe processing and extraction of thorium uranium
and radiumfromores and concentrates (EPA 1988a). At this tine, elevated
| evel s (higher than background) of thorium have been found at 16 out of 1177
National Priority List (NPL) hazardous waste sites in the United States
(VI EW Dat abase 1989). The frequency of these sites within the United States
can be seen in Figure 5-1

Data regarding the fate and transport of thoriumin the air are
limted. Wet and dry deposition are expected to be mechanisns for renoval
of atnospheric thorium The rate of deposition will depend on the
net eor ol ogi cal conditions, the particle size and density, and the chenica
formof thoriumparticles. Al though atnospheric residence times for thorium
and conpounds were not | ocated, judging fromresidence tinmes of other
netals (e.g., lead) and their conpounds, they are likely to be a few days.
Thorium particles with snmall aerodynam c diameters (<10 micron aerodynanic
dianmeter) will travel long distances fromtheir sources of emission. In
water, thoriumw Il be present in suspended matters and sedi nent and the
concentration of soluble thoriumw Il be low (Platford and Joshi 1987).
Sedi nent resuspensi on and m xing nay control the transport of particlesorbed
thoriumin water. The concentration of dissolved thoriumin sone
waters may increase due to formation of soluble conplexes with carbonate
hum c materials, or other ligands in the water (LaFlame and Murray 1987).
Thori um has been found to show significant bioconcentration in | ower trophic
animals in water, but the bioconcentration factors decrease as the trophic
| evel of aquatic aninmals increases (Poston 1982; Fisher et al. 1987). The

fate and nobility of thoriumin soil will be governed by the sane principles
as in water, In nost cases, thoriumw |l remain strongly sorbed to soil and
its mobility will be very slow (Torstenfelt 1986). However, |eaching into

groundwater is possible in sone soils with | ow sorption capacity and the
ability to formsol uble conpl exes. The plant/soil transfer ratio for
thoriumis less than 0.01 (Garten 1978), indicating that it will not
bi oconcentrate in plants fromsoil. However, plants grown at the edge of
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i mpoundnents of uraniumtailings containing el evated | evels of thorium had
a plant/soil concentration ratio of about 3 (Ibrahi mand Wicker 1988).

The at nobspheric mass concentration of thoriumranged from0.2-1.0
ng/m, with a mean value of 0.3 ng/m in air sanples collected from 250
sites in the United States (Lanbert and WIshire 1979). In another study,
the nmean activity concentrations of thorium 228, thorium 230, and thorium
232 in New York City air were 36 aG/nB (aC = 10" G), 36 aG/ni, and 37
aCi/m, respectively (Wenn et al. 1981). The average popul ati on-wei ght ed
concentrations of thorium 232 and thorium 230 in United States community
wat er supplies derived both fromsurface and groundwater were |less than 0.01
pC /L and less than 0.04 pC /L, respectively (Cothern 1987; Cothern et al
1986) . The maxi num concentrati on of thorium 232 in several fruits,
veget abl es and ot her type of foods from New York City was reported to be
less than 0.01 pC/g (Fisenne et al. 1987). The daily intakes of thorium
230 and thorium 232 for residents of New York City were estimated to be 0.17
and 0.11 pC, respectively. Significant exposure to thoriumrequires
speci al exposure scenarios (Fisenne et al. 1987). People who consune foods
grown in high background areas, reside in homes with high thorium background
I evels, or live near radioactive waste di sposal sites may be exposed to
hi gher than nornmal background |evels of thorium Wrkers in uranium
thorium tin, and phosphate mning, mlling, and processing industries, and
gas nmantl e manufacture may al so be exposed to hi gher than normal background
[ evel s of thorium (Bul man 1976; Hanni bal 1982; Hu et al. 1984; Kotrappa et
al . 1976; Metzger et al. 1980).

5.2 RELEASES TO THE ENVI RONVENT
5.2.1 Air

Rel eases of thoriumto the atnmosphere can occur from both natural and
ant hropogeni ¢ sources. The rel ease of thoriumin volcanic ash containing as

much as 0.116 pG /g (1.06 pg/g) of thorium 232 was reported by Fruchter
et al. (1980). Increased concentrations of thoriumin rain water follow ng
a volcanic eruption have al so been observed (Kuroda et al. 1987). Since

the average |l evel of thoriumin soil is about 6 ug/g of thorium (Harnsen and
De Haan 1980), wi ndblown terrestrial dust is also a |ikely natural source of

thoriumin the atnosphere. Since coal contains 0.5-7.3 pg/g thorium

(Nakaoka et al. 1984), burning of coal for power generation produces thorium
in the fly ash and is a nmannade source of this chemical in the atnosphere.
The amount of thoriumin the fly ash from coal - burni ng power plants depends
on the nature of coal burned and the enission control devices of the plant,

but concentrations usually range from4.5-37 ug/g (Abel et al. 1984; Coles

et al. 1979; Tadnor 1986; Wissman et al. 1983). However, the concentrations
of all natural radioactive isotopes in (including thoriumisotopes) the stack
effluents fromcoal -fired power plants are usually nmuch | ower than those from
the natural background concentrations of these radionuclides (Nakaoka et al
1984; Roeck et al. 1987). Simlarly, fly ash
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fromoil- and peat-fired power plants can also be atnospheric sources of
t horium (Mist onen and Jantunen 1985).

Thori um 230 has been detected in air dust from urani umore processing
and m |l tailings. These concentrations of thorium 230 (a decay product of
urani um 238) may be particularly high in ore crushing areas (Sill 1977).
Simlarly, processing of thoriumores is expected to be an atnospheric
source of thorium Elevated |levels of thoron (thoron or radon-220
originating fromthorium 232) daughters, such as bisnuth-212 and pol oni um
216, were present at a former thoriumand rare-earth extraction facility
waste site, although the concentrations of thoriumin air particulate
sanpl es were not significant (Jensen et al. 1984). Since phosphate ores
usual |y contain thorium 230, phosphate-ore processing plants are al so
at nospheric sources of thorium 230 (Metzger et al. 1980; MNabb et al
1979). The by-products obtai ned during processing of tin ores usually
contain thorium 232. Therefore, tin processing industries are sources of
atnnfpheric thori um 232 emi ssions (Hu et al. 1981, 1984; Hu and Kandaiya
1985).

EPA (1984) estimated that about 0.2 G of thorium230 is annually
emtted into the air fromuraniummll facilities, coal-fired utilities and
i ndustrial boilers, phosphate rock processing and wet-process fertilizer
production facilities, and other mineral extraction and processing
facilities. About 0.084 G of thorium 234 fromuraniumfuel cycle
facilities and 0.0003 C of thorium 232 from underground uranium mnmines are
emitted into the atnosphere annually (EPA 1984).

5.2.2 Water

The acidic | eaching of uraniumtailing piles in certain areas is a
source of thorium 230 in surface water and groundwater (Mffett and Tellier
1978; Platford and Joshi 1988). The contam nation of surface waters and
bent hi ¢ organisns by thorium 230 (a decay product of uranium 238) from
uraniummning and nmilling operations and from radi um and urani um recovery
pl ants has been reported (Hart et al. 1986; MKee et al. 1987). Sinmilarly,
effluents fromthoriummning, mlling, and recovery plants are expected to
be sources of thoriumin water. Qther industrial processes that are
expected to be sources of thoriumcontanination into water are phosphorus
and phosphate fertilizer production and processing of sone tin ores. Since
bot h phosphate rocks and the tailings fromtin ore processing contain
thoriummainly as thorium 230 and thorium 232, respectively (see Section
5.2.1), discharges of processed or unprocessed effluents and | eaching from
tailing piles can be sources of thoriumin water. Leaching from |l andfil
sites containing uraniumand thoriumnmay result in the contamnination of
surface water and groundwater with thorium (Cottrell et al. 1981).
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5. 2.3 Soi

Thorium occurs naturally in the earth's crust at an average
lithospheric concentration of 8-12 ug/g (ppm. The typical concentration
range of naturally-occurring thoriumin soil is 2-12 ug/g, with an average

val ue of 6 ug/g (Harnmsen and De Haan 1980). Manmade sources of thorium
contam nation in soil are mning, mlling and processing operations and
uranium thorium tin and phosphate fertilizer production (Chong et al

1985; Hu and Kandai ya 1985; Joshi 1987; MNabb et al. 1979; Sill 1977). The
two principal processes that can contaninate soil fromthese industries are
preci pitation of airborne dusts and | and di sposal of uranium or

t hori untont ai ni ng

wast es.

According to EPA (1988a), the primary sources of thoriumat the
Superfund sites are processing and extraction of thorium uraniumand radi um
fromores or ore-concentrates. The foll owi ng radioactive waste Superfund
sites have been found to contain one or nore isotopes of thorium (VIEW
1989): Shpack and adjacent landfills, Norton, MA;, Maywood Chenical Co.,
Sears Property, Maywood, NJ; WR Grace and Co., Wayne, NJ; West Chicago
Sewage Treatnent Plant, W Chicago, IL; Reed-Keppler Park, Wst Chicago, IL;
Kerr-MGee (Residential Areas), W Chicago, IL; Kress Creek and the West
Branch of the DuPage River, W Chicago, IL; United Nuclear Corp., Church
Rock, NM Honestake Mning Co., MIlan, NM Kearsarge Metallurgical Corp.
Conway, NH, Naval Air Engineering Center, Lakehurst, NJ: Tel edyne Wah Chang,
Al bany, OR Wodl and Route 72 Dunp, Wodl and Townshi p, NJ; Wl don Spring
Quarry, St. Charles City, MO Monticello Radi oactivity-Contanmn nated
Properties, Mnticello, UT; Uravan Uranium Project, Mntrose Cty, CO
Di sposal of incandescent Ilghts and | anterns containing thorium232 will be
an additional source of thoriumat waste di sposal sites.

5.3 ENVI RONVETAL FATE

Thorium occurs in nature in four isotopic forns, thorium 228, thorium
230, thorium 232, and thorium234. O these, thorium228 is the decay
product of naturally-occurring thorium 232, and both thorium 234 and
thori um 230 are decay products of natural uranium 238. To assess the
environnental fate of thorium these isotopes of thoriumw th the exception
of thorium 234 which has short half-life (24.1 days), should be considered.

5.3.1 Transport and Partitioning

Data regarding the transport and partitioning of thoriumin the
atnosphere are linmted. Rel ease of atnospheric thoriumfrom nining
mlling, and processing operations of thoriumwll mainly consist of
thorium 232 particulate matter. Emi ssions frommning, mlling, and
processi ng of uranium and the airblown dust fromuraniumtailing piles wl
contribute to the presence of thorium 230 as an at nospheric particul ate
aerosol . The aerodynam c di aneters of both thorium 230 and thorium232 in

at nospheric aerosols are greater than 2.5 um The aerodynamn c di aneter of
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t hori um 228, however, is less than 1.6 pm (H rose and Sugi nura 1987) and may
travel |onger distances than both thorium 230 and thorium 232. Like other
particulate matter in the atnosphere, thoriumw |l be transported fromthe
at nosphere to soil and water by wet and dry deposition

The deposition of thoriumthrough snow and rain water has been observed
(Jiang and Kuroda 1987). Dry deposition of thoriumthrough i npaction and
gravitational settling has also been observed (see Section 5.2.3). The
at nospheric residence time of thorium depends on the aerodynam ¢ di aneter of
the particles. Those with snall dianeters are likely to be transported | onger
di stances. For exanple, high thorium 228/ thorium 232 activity ratios observed
in surface air of the Western North Pacific Ccean are thought to be due to
I ong di stance transport of snall particles of thorium228 (Hi rose and Sugi nmura
1987).

The dry deposition velocity of |ead-212, a thoron (thoron or radon-220
itself originating fromthorium 232) decay product has been reported to be
in the range 0.03-0.6 cniset (Bigu 1985; Rangarajan et al. 1986). These
| ow deposition velocities indicate that the thoron daughter, stable |ead,
may have a long residence tine in the atnosphere with respect to dry
deposi tion.

Thori um di scharged as ThO, into surface waters frommining, mlling,
and processing will be present as suspended particles or sedinents in water
because of the low solubility of thoriumin water (Platford and Joshi 1986).
Q her soluble thoriumions will hydrolyze at pH above 5 fornming Th(OH),
precipitate or hydroxy conpl exes, e.g., Th(OH) 2" Thy(0H),™® Thy(OH) 5"
(Bodek et al. 1988; Hunter et al. 1988; MIlic and Suranji 1982). The
hydroxy conpl exes will be adsorbed by particulate matter in water, e.g.
goethite (al pha-FeOOH), with the result that nost of the thoriumw |l be
present in suspended matter or sedinent, and the concentration of soluble
thoriumin water will be low (Hunter et al. 1988; Sheppard 1980). The
adsorption of thoriumto suspended particles or sedinment in water depends un
the particle size, and the adsorption and subsequent renoval from agueous
phase is expected to be higher for finer grained particles (Carpenter et al
1987). The residence tines for thoriumw th respect to renoval by
adsorption onto particles were reported to be shorter in nearshore waters
than in deeper waters, probably because of the availability of nore
adsorbents (particulate matter). The residence tinme may vary from1l day to
70 days (Cochran 1984). The scavenging rate varied seasonally and was
inversely related to the sedi ment resuspension rate. Therefore, the renoval
rate was found to be dependent on both sedi ment resuspension rate and the
concentration of iron and manganese conpounds (good adsorption properties)
in water (Cochran 1984).

The transport of thoriumin water is principally controlled by the
particle flux in the water, i.e., nost of the thoriumwll be carried in the
particle-sorbed state (Santschi 1984), and sedi nent resuspensi on and m Xxi ng
may control the transport of particle-sorbed thoriumin water (Santsch
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et al. 1983). Although the concentration of dissolved thoriumis lowin
nost waters, its value could be higher in sone waters. For exanple, the
concentration of dissolved thoriumin an alkaline |lake was up to 4.9 dpm' L
(2.21 pG /L) compared to about 1.3x10° dpmiL (Q 59x10° pCi/L) in sea water
(LaFl anune and Murray 1987). The di ssol ved thorium concentration can

i ncrease by the formation of sol ubl e conpl exes. The anions or |igands
likely to formconplexes with thoriumin natural water are C0;? and humic
materials, although sonme of the thoriumcitrate conpl exes may be stable at
pH above 5 (LaFl amme and Murray 1987; M ekeley and Kuchl er 1987; Platford
and Joshi 1986; Raynond et al. 1987; Sinpson et al. 1984).

The transport of thoriumfromwater to aquatic species has been
reported. The bioconcentration factor (concentration in dry
organi sniconcentration in water) (dry weight basis) in algae may be as high
as 975x10™, but the maxi mum val ue in zoopl ankton (cal anoi ds and
cyclopoids) may be 2x10* (Fisher et al. 1987). Fisher et al. (1987)
suggest ed that sinking plankton and their debris may account for the
sedi mentation of nost of the thoriumfromoceanic surface waters. The
hi ghest observed thorium bi oconcentration factor in the whol e body of
rai nbow trout (Salno gairdneri) was 465 (Poston 1982). The succeedi ngly
| ower bhioconcentration factors in higher trophic aninmals indicates that
thoriumwi Il not biomagnify in the aquatic environment. It was al so noted
that the najority of thoriumbody burden in fish is in the gastrointestina
tract (Poston 1982).

The nobility of thoriumin soil will be governed by the sane principles
as in water. In nost soil, thoriumwll remain strongly sorbed onto soil and
the nobility will be very slow (Torstenfelt 1986). The presence of ions or
| i gands (002 hunmic matter) that can form sol uble conplexes with thorium
shoul d increase its mobility in soil. The contam nation of groundwater through
the transport of thoriumfromsoil to groundwater will not occur in nost
soils, except soils that have | ow sorption characteristics and have the
capability to form sol uble conpl exes. Chel ati ng agents produced by certain
m cr oor gani sms (Pseudonpbnas aerugi nosa) present in soils may enhance the
di ssolution of thoriumin soils (Premuzic et al. 1985).

The transport of atnospherically deposited thoriumfromsoil to plants
is low The soil to plant transfer coefficients (concentration in dry plant
to concentration in dry soil) were estimated to be 10* to 7x10° by Garten
(1978) and 0.6x10* for thorium 232 by Linsalata et al. (1989). The root
systenms of grasses and weeds adsorb thoriumfromthe soil but the transport
of thoriumfromthe root to the aboveground parts of the plant is not very
extensive, as indicated by |100-fold higher concentrations of all three
i sotopes (thorium 228, thorium 230, and thorium 232) in the root than in the
aboveground parts of the plant (Taskayev et al. 1986). However, |brahi mand
Wi cker (1988) showed that under certain conditions, vegetation can
accunul ate thorium 230, as indicated by the plant/soil concentration ratio
(dry weight) of 1.9-2.9 for m xed grasses, m xed forbs and sagebrush plants
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grown at the edge of uraniumtailings inmpoundnments. Vegetation

concentration ratios for thorium 232 (a concentration ratio of about O0.1)
and thorium 228 (a maxi mum concentration ratio of about 0.4) were | ower than
that of thorium230. It was postulated that the acidity and wet conditions
at this site enhanced the solubility of thoriumin soil and that the
difference in solubility was responsible for the difference in plant uptake
of the three thoriumisotopes (Ilbrahimand Wicker 1988). However, it is
possi bl e that the observed difference in the uptake of the three isotopes by
plants is due to a difference in the chemical conpounds fornmed by the

i sot opes, naking one nore | eachable than the other (therefore nore avail able
for uptake) under the prevailing |ocal conditions (also see Section 5.6).

5.3.2 Transformati on and Degradation
5.3.2.1 Air

Thorium may change from one cheni cal species to another in the
at nosphere (such as ThO, to Th(S0,)2) as a result of chenical reactions, but
not hing definitive is known about the atnospheric chem cal reactions of
thorium The chemical fornms in which thoriumnmay reside in the atnosphere
are al so not known, but it is likely to be present nostly as ThO,.

5.3.2.2 Water

The principal abiotic processes that may transformthorium conpounds in
wat er are conpl exati on by anions/organic |igands and hydroxyl ation. The
increase in the nobility of thoriumthrough the formation of soluble

conpl exes with CD{z, hum c materials, and other anions or |ligands and the

decrease in the mobility due to formation of Th(OH)4 or anionic

t hori unhydr oxi de conpl exes were discussed in Section 5.3.1.2. In a nodel
experiment with seawater at pH 8.2 and freshwater at pH 6 and pH 9, it was
estimated that al nbst 100% of the thoriumresides as hydroxo conpl exes
(Boniforti 1987);

5.3.2.3 Soi

No published data were |ocated referencing biotic transformation of
thoriumin soil. Abiotic transformati on processes that can convert
i Mmobile thoriumin soil into nmobile fornms through the fornmation of

conpl exes were discussed in Section 5.3.1.3.
5.4 LEVELS MONI TORED OR ESTI MATED | N THE ENVI RONMENT
5.4.1 Air

The I evel of thoriumin air have not been neasured as frequently as it
has for uranium The concentration of thoriumin the atnosphere of the

South Pol e neasured in 1970 ranged between 18 and 83 fg/m, with a mean
value of 59 fg/m (1 fg =105 g). The origin of thoriumin the polar
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at nosphere was speculated to be either crustal weathering or the ocean water
(Zoller et al. 1974). The thoriumlevel in the air of Al gonquin Park,
Ontario, Canada was reported to be 7.1 pm (Sheppard 1980). The |evel of
thorium nmeasured in 1969 in East Chicago, IN, a heavily polluted industria
area, was 1.3 ng/m conpared to a value of 0.27 ng/m at a rural location in
M chigan (Niles, M) (Dans et al. 1970). The air particul ate sanples
collected from 250 sites in the United States by the National Air

Surveill ance Network (NASN) of EPA during 1975 and 1976 were anal yzed for
thorium 232 by neutron activation analysis. The nmeasured concentrations at
250 urban and nonurban sites in the United States ranged fromO0.2-1.0 ng/m,
with a nean concentration of 0.3 ng/m (Lanbert and W/l shire 1979). The
nean concentrations of thorium 228, thorium 230 and thorium 232 in New York
City air (sanple collected on the roof above the 14th floor) were 36 aC/m
(aC = 10"® Ci), 36 aCi/m, and 37 aGi/m, respectively (Wenn et al.

1981).

The air concentrations of thoriumand other airborne radioactivity near
a former thoriumand rare-earth extraction facility in the United States were
measured. The maxi num radi oactivity due to all three isotopes of
thoriumat a site about 450 feet fromthe prinary waste pile was 0.66
fC /m. A though the background thoriumradioactivity was not reported, the
total radioactivity at a site about 4000 feet south of the waste pile was
about 3.5 tines lower than a site 450 feet fromthe pile (Jensen et al
1984).

The concentration of thoriumin rai nwater over Fayeteville, AR ranged
from2.8-123 fC /L for thorium228, 1.7-123 fG /L for thorium 230, and O. 8-
118 fG /L for thorium 232. The peak values in thorium concentrations
correlated well with the 1980 eruption of Muwunt St. Helen and the 1982
eruption of El Chichon (Jiang et al. 1986; Jiang and Kuroda 1987; Sal ayneh
and Kuroda 1987).

The natural decay of uranium 238 and thorium 232 will produce radon-222
and thoron (radon-220). The indoor air levels of radon (radon-222) and
t horon (radon-220) daughters arising fromsome building materials and the
soi |, have been reported by several authors. It was generally believed that
the effective dose equival ent fromradon-220 (thoron) daughters (originating
fromthorium 232) m ght average about one-fifth of that due to radon-222
daughters (originating fromuranium238) in the tenperate regions (Schery
1985). However, nore recent neasurements at varied indoor |ocations within
the United States and Germany have shown that the potential al pha energy
concentrations fromradon-220 daughters may be as high as 60% of that
originating fromradon-222. It has al so been shown that the concentrations
of thoron (radon-220) and radon-222 daughters in the indoor air are
dependent on the air exchange rate in the dwellings and that the indoor
concentrations are about 3-4 tinmes higher than the outdoor concentrations
(Keller and Fol kerts 1984; Schery 1985).



76
5. POTENTI AL FOR HUVAN EXPOSURE

5.4.2 Water

Conpared to uranium relatively less information was | ocated on the
level s of thoriumin natural waters. The concentrations of dissolved
thoriumin water with high pH (nmore than 8) are expected to be very |low, and
the concentration nmay increase with the decrease of pH (Harnsen and De Haan
1980). Cothern et al. (1986) reported thorium 232 concentrations rarely
exceed 0.1 pG /L in natural waters, but that the concentrations of thorium
230, a progeny of uranium 238, may be as high as 0.4 pC /L. In a natural
surface water in Austria, the concentration of thorium (isotope undefined)

was reported to be 1.24-2.90 ug/L (Harnmsen and De Haan 1980). The
concentration of thorium (isotope undefined but probably thorium230) in

wat er under |ow pH conditions which may occur fromthe | eaching of uranium
tailings nay be as high as 38 ng/L (Harnmsen and De Haan 1980). The

i ndi vi dual concentrations of thorium 228, -230, and -232 in an area of G eat
Bear Lake in Canada contamnated with mne wastes (silver and urani um m nes)
were |less than 0.5 pG /L (More and Sutherland 1981). The concentrations of
thorium 228, -230, and -232 in a highly alkaline (pH of about 10) |ake (Mono
Lake) in California have been reported to be as high as 1.02, 1.41, and 0.7
pC /L, respectively (Anderson et al. 1982; Sinpson et al. 1982).

The concentrations of thoriumin seawater at various depths and
| ocati ons have been reported by several authors. Because of the very |ow
concentrations of thoriumand the differences in |ocation and the varying
characteristics of the water, the reported results are different. The
concentration of total thoriumin seawater ranges from 4x10° to | ess than

0.5 pg/ kg (G eenberg and Kinston 1982; Sheppard 1980) and the world average

concentration in seawater is 0.05 ug/L (Harnmsen and De Haan 1980). The
concentrations of the individual isotopes thorium 232, thorium 230, and
thori um 228 in seawater have been reported to range from 0.00023-0. 032,
0.014-0.72, and 0.023-3.153 fC /L, respectively (Anderson et al. 1982;

Hi rose 1988; Huh and Bacon 1985; Livingston and Cochran 1987; Sinmpson et al
1982). The concentrations of thoriumin sedinents are nuch higher than in
seawater. In several sedinents, concentrations of thorium 232, thorium 230
and thorium 228 ranged from 0.52-1.96, 1.01-30.77, and 0.36-1.93 pGi /g,
respectively (Huh et al. 1987; Yang et al. 1986).

Thorium has al so been detected in groundwaters. |In groundwater in
Austria, concentrations ranged fromO0.5-2.90 ug/L (Harnsen and De Haan

1980). Briny groundwater froma well in Palo Duro Basin, WA contained
0.009, 0.1, and 0.59 pG /L of thorium 232, thorium230, and thorium 228,
respectively (Laul et al. 1987). In a California well, thorium 230 was

detected at a concentration as high as 1.3 pC/L (Aieta et al. 1987). The
aver age popul ati on-wei ghted concentrations of thorium 232 and thorium 230 in
United States community water supplies derived fromboth surface water and
groundwat er are less than 0.01 pG /L and less than 0.04 pC /L, respectively
(Cothern 1987; Cothern et al. 1986).
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5.4.3 Soi

The typical concentration range of thoriumin soil is 2-12 ug/g (ppm,

with an average value of 6 pg/g (Harnmsen and De Haan 1980). The thorium
content of soil normally increases with an increase in clay content of soi
(Harmsen and De Haan 1980). The thoriumcontents in nost soils fromthe
Superfund sites listed in Section 5.2.3 were above background | evels. The
soi|l concentrations of thorium 232 at the Reed-Keppler Park, W Chicago, IL,
site and the Kerr-MGee Residential areas in W Chicago, IL, were 11,000 and
16,000 pCi /g, respectively (EPA 1988a). Soils near processing and mlling
operations, and concentrations of uranium and thorium ores, phosphate ores,
and tin ores may contain thoriumat concentrations higher than the
background | evel s. Hi gher concentrations of thoriumin soils near uranium
ore crushing facilities have been reported (Jensen et al. 1984; Sill 1977).

5.4.4 G her Media

Because concentrations of thoriumin foods are very low, very few data
exi st. The thorium 232 content in fresh fruits, vegetables, and tea was
determined (in pC/g), and the values are listed in Table 5-1. Vegetables
grown in an area of high natural activity in Brazil had the follow ng
concentrations of thorium (ug/g in dry sanple) (Linsalata et al. 1987):
brown beans, 0.011; potato, 0.0019; zucchini, 0.011; corn, 0.0022; carrot,
0.0074; and sweet potato, 0.0027. These authors did not observe rapid
transport of thorium232 fromsoil to the edible parts of the plants.

The concentrations of thoriumin both hard and soft tissues of humans
have been determ ned by a few authors. The concentration of thorium232 in
t he bl ood of normal popul ations (not occupationally or otherw se known to be
exposed to |l evels higher than background | evel of thorium) in the United

Ki ngdom was 2.42 ug/L. The thorium 232 level in the urine of the sane

popul ati on was bel ow the detection limt of 0.001 pg/L, although the
concentration in the urine of exposed workers ranged fromless than

0.001-2.24 pg/L. The highest value (2.24 pg/L) was found in a worker in the
thoriumnitrate gas mantle industry (Bulnan 1976; difton et al. 1971).

The thorium 232 concentration in rib bones fromseveral control hunans
fromthe United States ranged fromless than 0.1-72 ng/g (ppb) and were
found to increase-with age (Lucas et al. 1970). A simlar increase in
thorium concentration with age was seen in bones (prinarily vertebra
wedges) of a Col orado popul ation (Wenn et al. 1981). The level of thorium
232 in rib bones of individuals in the United Kingdom not occupationally
exposed to thoriumranged fromO0.8-163.8 ng/g, with a nean val ue of 28.7
ng/g in dry ash (Cifton et al. 1971). The concentration of thoriumin the

fibula of a Thorotrast patient was reported to be 2.0 ug/g (ppnm (Edgi ngton
1967). Singh et al. (1985) reported nore recent neasurenents of isotopic
concentrations of thoriumin different human bones fromthe genera
popul ati on of Col orado and Pennsyl vani a. These val ues are shown in Table
5-2. The authors concluded that the concentrations of thorium230 in ribs
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TABLE 5-1. Thorium-232 Content in Fresh Fruits,
Vegetables, and Tea?

Food Concentration in pCi/g (wet weight)
Apples §6.9x10'3
Asparagus g9.8x10'2
Bananas §8.2><1O'3
Bell peppers _<_6.7x10'3
Brazil nut <7%10°3 to 9x10°3
Broccoli <3.6x10°3
Cabbage 53.3x10'3
Carrots <4.2x10°3
Celery <9.0x10°3
Cucumbers 52.9}410‘3
Egg plant g3.3x10'3
Grapefruit <9.8x107 3
Green beans 34.9X10'3
Green tea 2x1073 to 3x10°3
Irish potatoes _<_3.9:><110'3
Lettuce 52.8X10'3
Oranges §l+.1xlO’3
Pears 58.5}(10'3
Raisins <1.2x1072; 2x10°3 to 3x1073
Sesame seed 1x10°
Soybean 1x10°3
Sweet potatoes _<_7.5x10'3
Tangelos §2.3X10-3
Tangerines ’ 4.7x1073
Tomatoes _<_1.1:x:lO'2
Turnips <2.6x10°3
Yellow squash _<_3.9x10'3

8Source: Oakes et al. 1977; Kobashi and Tominaga 1985.



TABLE 5-2.

Thorium Levels in Bones of Colorado and Pennsylvania Residents?

Source of bone

Mean Th Levels [(pCi/kg) wet weight] in Residents from Two Locations

Colorado Pennsylvania
Th-232 Th-230 Th-228 Th-232 Th-230 Th-228
Ribs 0.50 1.57 1.0 0.20 0.54 1.19
Vertebrae 0.096 0.96 0.88 0.10 0.27 1.31
Sternum NDP NDP 0.02b 0.33 0.63 2.73

8Source: Singh et al. 1985.
bOnly one sample analyzed.

ND = not detected; Th = thorium.
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of the Col orado popul ati on were significantly higher (statistically),
probably because of exposure to uraniumtailings, than those fromthe
Pennsyl vani a popul ati on.

The levels of thoriumin the tissues of a hard-rock mner, a uranium
mner, and the levels in two uraniummllers (thorium?230 is a decay product
of uranium 238, and thorium 238 and thorium 232 are inpurities in uraniun)
were conpared with the levels in the 50th percentile for the genera
popul ation (Singh et al. 1987; Wenn et al. 1981). These data are given in
Tabl e 5-3. The levels of thorium230 in the hard-rock niner were about 10
ti mes higher than the nedian levels in nost tissues of the genera
popul ation. In the case of the uraniummnner and nillers, the values were
nore than two orders of nmgnitude higher than the nedian tissues levels in
t he general popul ation.

Wenn et al. (1981) deternined the nmedi an concentrations of thorium
228, thorium 230, and thorium 232 in the |ungs of snokers and nonsnokers;
the respective values were 0.22, 0.56, and 0.43 pC/kg for snokers and 0. 37,
0.84, and 0.60 pC/kg for nonsnokers. The investigators concluded that
cigarette snmoking had no effect relative to increasing the concentration of
thoriumisotopes in |lungs.

5.5 GENERAL PCPULATI ON AND OCCUPATI ONAL EXPOSURE

The general population will be exposed to thoriumthrough the
i nhal ation of air and ingestion of food and drinking water containing trace
amounts of the chem cal. Because the concentration of thoriumis normally
very lowin air, drinking water, and foods (see Section 5.4), few studies
were | ocated that determ ned the daily human intake of thorium According
to Cothern (1987), the estinated daily intakes of thorium230 in the United
States popul ation through inhalation of air and ingestion of drinking water
are 0.0007 and less than 0.06 pC, respectively. The correspondi ng val ues
for thorium 232 are 0.0007 and less than 0.02 pC . Cothern (1987) assuned
that the intake fromfood would be negligible. Based on these val ues, the
total daily intakes of thorium 230 and thorium 232 are expected to be |ess
than 0.06 and | ess than 0.02 pCi, respectively. However, other authors
estimated the contribution of food to the total human thoriumintake may not
be negligible and may be the nost significant. Based on a survey of the
| evels of thoriumin air, water, and food, Fisenne et al. (1987) estimated
the daily intake of thorium 230 and thorium 232 by New York City residents.
The daily dietary, water, and inhalation intake of thorium 230 was estimated
to be 0.164, 0.005, and 0.0003 pC, respectively, giving a total daily
i ntake of 0.17 pC . The corresponding estimated values for thorium232 are
0.110, 0.002, and 0.0002 pG, with a total daily intake being 0.112 pGCi
From the nmeasured values of thoriumin feces and the assumed val ues for
uptake and elimnation rates, Linsalata et al. (1985) estinmated a daily
i ngestion intake of thorium 232 for New York residents to be about 0.08 pC

or 0.7 ug. This value is considerably snaller than the val ue estimted by
Fi senne et al. (1987). The value fromLinsalata et al. (1985) is again



TABLE 5-3_ Thorium Isotopic Concentration in Three Occupational Cases and the
General Population of Grand Junction, Colorado

(pCi/kg)

50th Percentile for

Uranium Miner® Hard Rock Miner? Uranium MillerP the General Population®
Th-228 Th-230 Th-232 Th-228 Th-230 Th-232 Th-228 Th-230 Th-232 Th-228 Th-230 Th-232
Lung 1.1+0.18  54.020.81 1.420.13 0.70£0.24 12.0:0.79 0.61:0.18 0.49 141 2.35 0.21 0.88 0.37
Lymph nodes NA NA NA 12.0£2.4  37.0+3.9 4.61.4 168 1687 3.7 4.8 13.0 8.1
Liver 0.25+0.04 32.0:0.36 0.12:0.2 0.05£0.01 0.82+0.07 0.0620.02 0.73 120 0.09 0.08 0.13 0.07
Spleen 0.69+0.18 32.0:1.0 0.80+0.15 0.06:0.02 1.520.16 0.1220.04 1.81 1.81 0.38 0.06 0.13 0.09
Bone 0.24+0.3 132.0¢1.1 0.42:0.06 0.5420.13 10.0+0.40 0.32:0.07 1.47 86.9 0.31 0.54 0.89 0.20
Kidney 0.11:0.05 10.0£0.40 0.09:0.04 0.09+0.02 1.4%0.15 0.11£0.04 0.82 2.80 0.18 0.09 0.23 0.07

8yrenn et al. 1981.

bSingh et al. 1987; the averages of two samples are given.

NA = not analyzed; Th = t

horium.

'S

HINSO0dXd NVWAH d0d4 TVILNILOd

18



82
5. POTENTI AL FOR HUVAN EXPOSURE

considerably smaller than the daily dietary, water, and inhalation intakes

of 2.24, 0.02, and 0.02 pg, respectively, as estimated for residents of
Bonbay, India (Dang et al. 1986). It can be concluded from the above

di scussion that the total intake of thoriumby the United States popul ation
may vary depending on the thoriumcontent in the consuned food and that no
firmUnited States average thoriumintake value is yet available. The

i nportance of the intake of thoriumfromfoods is overshadowed by the

rel ative absorption of thoriumby lung conpared with its uptake by gut (see
Chapter 2).

Qccupati onal exposures to higher levels of thoriumisotopes occur
primarily to workers in uranium thorium tin, and phosphate m ning,
mlling, and processing industries, radiumdial workers, and gas |antern
mant | e workers. Fromthe measurenent of airborne thoriumconcentrations in
wor kpl aces of the uraniumand thoriumindustry, it was concluded that
radi oactive dust, particularly fromcrushing areas, represents an inportant
route of exposure (Hannibal 1982; Kotrappa et al. 1976). It has al so been
reported that exposure of workers in the fertilizer industry to natura
radi oactivity may increase by 100% over normal background (Metzger et al
1980). Measuring external gamma radi ati on dosages to a person working 8
hour s/ day has shown that nonazite and xenotine storage roonms of Amang
upgrading plants (tin processing) on the west coast of Malaysia exhibited
exposure rates exceeding the | CRP recomended naxi mum val ue of 5 reniyear
(Hu et al. 1984). Fromthe radioactivity released by a burning gas nantle
(contains thorium, it was concluded that the user would be at mniml risk
unl ess the person was in a snmall unventilated room (Leutzel schwab and
Coogi ns 1984). However, workers in the gas mantl e manufacturing industry
are expected to be exposed to higher concentrations of radioactivity than
t he nornmal popul ation.

Workers are exposed to higher |evels of thorium and other radionuclides
in certain thoriumindustries, as indicated by the neasured exhal ed breath and
ti ssue levels of these chenicals. The significantly higher |evel of radon-220
(a decay product of thorium232) in the exhal ed breath of sone thorium plant
workers (Mayya et al. 1986) is indirect evidence of higher thoriumintakes.
Simlarly, other authors have found higher tissue and body fluid Ilevels
(compared to background) of thoriumin workers in the thoriunprocessing
industry (Cifton et al. 1971; Mausner 1982; Twitty and Boback 1970), workers
in the radiumdial industry (Keane et al. 1986), in uraniummnill crushernen
(Fisher et al. 1983), and in uraniumand hard rock mners and uraniummnillers
(Singh et al. 1987; Wenn et al. 1981).

Thori um doped glass is also used in the production of some canera
| enses (Waligorski et al. 1985). A relatively recent neasurenent has shown
that the external dose rate from exposure to a canera |lens can be 10 tines
hi gher (as high as 9.25 nrem hour at the front glass surface of the Iens)
than previously reported (Waligorski et al. 1985). Therefore, professiona
phot ogr aphers and workers in the thori um doped photographic |ens
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manuf acturing industry nay be at slightly higher risk of exposure to thorium
and its daughter products frominhal ati on and/or external radiation

5.6 POPULATI ONS W TH POTFATI Al LY H GH EXPOSURE

The three groups of the general population that have the potential of
exposure to thoriumand its decay products at |evels higher than background
are peopl e who consune | arge anobunts of foods grown in high background
areas, people who reside in hones built with high thoron (radon-220)-
emtting building materials and constructed on soil wth high background
[ evel s of thorium and people who |ive near radioactive waste disposal
sites. Linsalata et al. (1987) anal yzed vegetables grown in two areas near
Sao Paul o, Brazil, that contained high natural radioactivity, and found the
thoriumis not bioaccunulated in the vegetables but maintained a nmean
concentration ratio (concentration in dry vegetable/concentration in dry
soil) of 10* Root vegetables (e.g., carrots and potatoes) showed | ower
concentration ratios than zucchini and beans. Therefore, it can be
concl uded that vegetables grown in these soils would contain nore thorium
than vegetables grown in soil wth normal background | evels.

Linsalata et al. (1985) 1 a so estimated that the intake of thorium by
popul ations residing in these parts of Brazil was 6-10 tines higher than
the population in New York City, as indicated by the analysis of human bones
fromthe two areas. The concentration of thoriumin human bones was found
to be 100 times higher in high background nonazite areas in India than in
areas with normal thoriumconcentration in soils (Pillai and Matkar 1987).

The buil ding construction materials that contain higher |evels of
thorium 232 are granite, clay bricks and certain kinds of concrete bl ocks
and gypsum particularly the materials in which waste products from urani um
mning and mlling industry are used (Beretka and Mat hew 1985; Ettenhuber
and Lehnann 1986; Hanilton 1971). Ettenhuber and Lehmann (1986) reported
that the indoor gammua radiati on dose equival ent in buildings nade from
bricks and concrete is mainly due to radon-222 (originating from urani um
and radon-220 (originating fromthorium232), and can be over 7 tines higher
t han out doors.

The effect of soil on the level of thoriumand its decay products in
i ndoor air has been discussed by Gunning and Scott (1982). Homes near the
Elli ot Lake (Canada) urani um m nes were suspected to contain higher than
normal | evels of thoron (radon-220) and its daughters, because of higher
levels of thoriumin the surface soil and building materials used in the
town. The ratio of the concentration of decay products of thoron (radon-
220) to radon-222 found in these hones was 0.3. Therefore, the
concentrations of thoron in decay products originating fromthorium 232
i nside the hones were | ower than radon-222 decay products originating from
urani um 238, and the levels were insignificant conpared with the renedi al
action [imt of 20 ML (1 W. is the concentration of short-lived radon decay
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products that will result in 1. 3x10° MeV of potential al pha energy per liter
of air) (Qunning and Scott 1982).

The concentrations of thorium232 in soil fromseveral residential lots
near the Kerr-MGee ore processing facilities in W Chicago, |IL, have been
determ ned to be up to 16,000 pCi /g (EPA 1988a). Therefore, honmes built on
such lots or honmes that are close to other radi oactive disposal sites may
be sources of higher thorium exposure.

Both cigarette tobacco and its snoke contain thorium (Minita and
Mazzilli 1986; Neton and |brahim 1978) (see Section 5.2.1). However, the
effect of cigarette snoking on potential thorium exposure remains unclear
Joyet (1971) anal yzed the lungs of 10 autopsied snokers and two nonsnokers.
In 5 of 10 snokers, the lungs contained significantly higher |evels of
t horium than the nonsnokers, and the thoriumlevels in the residual five
were not significantly different fromthe nonsnokers. Limited data suggest
that cigarette snoking has no effect on the concentration of thorium
i sotopes in the lungs (Wenn et al. 1981).

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Admi nistrator of ATSDR (in
consultation with the Adm ni strator of EPA and agenci es and prograns of the
Public Health Service) to assess whether adequate information on the health
effects of thoriumis available. Wiere adequate information is not
avai l abl e, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a program of research designed to determne the health effects
(and techniques for devel opi ng nethods to deternine such health effects) of
t hori um

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NIP, 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
subst ance-specific research agenda will be proposed.

5.7.1 ldentification of Data Needs

Physi cal and Chemnical Properties. Sone of the physical and chem ca

properties (i.e., Ky Kocand Henry's law constant) that are often used in
the estimtion of environnental fate of organic conpounds are not useful or
rel evant for nost inorganic conmpounds including thoriumand its conmpounds,

Rel evant data concerning the physical and chem cal properties, such as
solubility, stability, and oxidation-reduction potential of thoriumsalts

and conpl exes have been located in the existing |literature.Production, Use,
Rel ease, and Disposal. In the absence of experinental or estinmated popul ation
exposure data, infornmation concerning
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producti on vol une, uses, release, and disposal are sonetines usefu

i ndi cators of potential popul ation exposure. For exanple, if the production
vol unme of a chemical is high, it is likely that the rel ease of the chem ca

in the workplace and in the environment wll be high. The exposure of
popul ation groups to a certain substance is dependent on its use pattern
The frequency of general popul ation exposure will be high for substances

t hat have w despread uses in honmes. The production vol unes and their past
and future trends of the comercially inmportant thorium conmpounds are
known. The use pattern of thoriumand conpounds is well described in the
literature. It is also known that occupational groups are nobst susceptible
to thorium exposure. Data regarding the amounts of thorium disposed in the
past, the present rates of disposal, and future disposal trends in the
United States were not |ocated. These data woul d be hel pful in determ ning
the potential for and extent of general popul ation exposure to thorium The
current disposal and storage nmethods for thoriumor its byproducts nust be
efficient in order to neet the NRC and EPA gui del i nes and regul ati ons
regarding their release into the accessible environnent and exposure of the
general popul ation.

According to the Emergency Pl anning and Community Ri ght-to-Know Act
are of 1986 (EPCRTKA), (8313), (Pub. L. 99-499, Title Il1l, 8313), industries
required to submt release information to the EPA. The Toxics Rel ease
Inventory (TRI), which contains release information for 1987, becane
avail able in May of 1989. This database will be updated yearly and shou
provide a nore reliable estimte of industrial production and em ssion
Id

Envi ronnental Fate. It can be concluded fromthe transport

characteristics that surface water sedinent will be the repository for
at nospheric and aquatic thorium Normally, thorium compounds will not
transport long distances in soil. They wll persist in sedinment and soil.

There is a lack of data on the fate and transport of thoriumand its
conpounds in air. Data regardi ng neasured particul ate size and deposition
velocity (that determnes gravitational settling rates), and know edge of
the chemical forms and the lifetinme of the particles in air would be
useful .

Bi oavailability from Environnental Media. The absorption and
di stribution of thoriumas a result of inhalation and ingestion exposures
have been discussed in Sections 2.3.1 and 2.3.2. However, quantitative data
rel ati ng physical/chem cal properties, such as particle size, chenical form
of thorium and degree of adsorption with the bioavailability of thoriumin
inhaled air particles and inhaled and/or ingested soil particles are
I acki ng. Such studies would be useful in assessing potential thorium
toxicity to people living near a hazardous waste site.

Food Chai n Bi oaccurul ati on. Information about bioaccunulation in fish
and food exists, as does information on the levels of thoriumin various
foods. Existing data in the literature indicate that thorium does not
bi omagni fy in predators due to consunption of contam nated prey organi sns.
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Exposure Levels in Environnental Media. Because of the paucity of data
on the levels of thoriumin air, water, and food, there are conflicting
reports on the inportance of each nmediumto the total human dietary intake
of this substance. Data on the levels of thoriumin foods grown in
contam nated areas, particularly in the vicinity of hazardous waste sites,
are limted, and further devel opment of these data will be useful. There is
also a lack of air nmonitoring data around hazardous waste sites.

Exposure Levels in Humans. Although sonme data on the | evels of thorium

in human tissues exists, neither consensus val ues of the background | evels
for thoriumin human tissues nor its levels in tissues of populations
residing in the vicinity of hazardous waste sites were located. Conflicting
data al so exist regarding the level of thoriumin the Iungs of snokers and
nonsnmokers. Further research would be useful to provide conclusive evidence
regarding the effect of cigarette snmoking on thoriumcontent in the |ung

In addition, there are no reliable data on urinary and fecal excretion of
thoriumin general populations in the United States. The skeleton is the
mai n organ for the accunul ation of thorium yet there are also no reliable
data on macro and micro distribution of thoriumin human bone necessary to
quantify its body burden.

Exposure Regi stries. No exposure registries for thoriumwere | ocated.
This conmpound is not currently one of the conpounds for which a subregistry
has been established in the National Exposure Registry. The conpound will be
considered in the future when chenical selection is nmade for subregistries to
be established. The information that is amassed in the
Nat i onal Exposure Registry facilitates the epidemi ol ogi cal research needed
to assess adverse health outcones that may be related to exposure to this
conpound.

5.7.2 On-going Studies

According to the Federal Research in Progress Database, Perry and Tsao
at the Law ence Berkel ey Laboratory are studying the chem cal species and
transport of thoriumin soil. In other on-going projects, Krey et al. at
Envi ronnental Measurenents Laboratory in New York are studying the daily
i ntake of thorium and Mclnroy et al. at Los Al anbs National Laboratory are
studying the tissue levels of thoriumin the general popul ation and
occupational | y exposed i ndivi dual s.
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