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5.1 OVERVI EW

Bariumis a naturally occurring conponent of minerals that are found in
smal | but widely distributed anbunts in the earth's crust, especially in
i gneous rocks, sandstone, shale, and coal (Kunesh 1978; M ner 1969a). Barium
enters the environnment naturally through the weathering of rocks and m nerals.
Ant hr opogeni c rel eases are prinmarily associated with industrial processes.
Bariumis present in the atnosphere, urban and rural surface water, soils, and
many foods.

Under natural conditions, bariumis stable in the +2 val ence state and
is found primarily in the form of inorganic conplexes. Conditions such as pH
Eh (oxidation-reduction potential), cation exchange capacity, and the presence
of sulfate, carbonate, and netal oxides will affect the partitioning of barium
and its conmpounds in the environment, The mmjor features of the biogeocheni cal
cycle of bariuminclude wet and dry deposition to |and and surface
wat er, |eaching from geol ogical formations to groundwater, adsorption to soi
and sedinment particulates, and biomagnification in terrestrial and aquatic
food chai ns.

The general population is exposed to bariumthrough consunption of
drinki ng water and foods, usually at low |l evels. Wrkers in bariumnining or
processing industries and individuals who reside near such industries night be
exposed to relatively high levels, primarily through the inhalation of
fugitive dust containing barium conpounds. The npbst recent occupationa
exposure estinmates indicate that about 10,000 people were potentially exposed
to barium and about 474,000 to barium conpounds in workplace environnents in
the United States in 1980.

EPA has identified 1,177 NPL sites. Barium has been found at 154 of the
total nunber of sites evaluated for barium Barium cyani de and barium
carbonat e have al so been found at 1 and 8 sites, respectively (View 1989).
However, we do not know how many of the 1,177 sites have been eval uated for
bari um barium cyani de, or barium carbonate. As nore sites are eval uated by
EPA, these nunbers nmay change. The frequency of these sites within the United
States can be seen in Figure 5-1

5.2 RELEASES TO THE ENVI RONVENT

Bariumis a highly reactive netal that occurs naturally only in a
conbi ned state. The elenent is released to environnental media by both
nat ural processes and ant hropogeni ¢ sources.

According to the SARA Section 313 Toxics Rel ease Inventory (TRI), an
estimated total of 16.3 million pounds of barium and barium conmpounds were
rel eased to the environnent from manufacturing and processing facilities in



FIGURE 56—1. FREQUENCY OF NPL SITES WITH BARIUM CONTAMINATION *
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the United States in 1987 (TRl 1989) (see Table 5-1). Most of these barium
rel eases were to land, The quality of the TRl data rmust be viewed with
caution since the 1987 data represent first-tinme, inconplete reporting of
estimated rel eases by these facilities. Only certain types of facilities were
required to report. This is not an exhaustive list.

5.2.1. Alr

Bariumis released primarily to the atnmosphere as a result of industria
emi ssions during the mining, refining, and production of barium and barium
chemicals, fossil fuel combustion (Mner 1969a), and entrainment of soil and
rock dust into the air (Schroeder 1970). In addition, coal ash, containing
wi dely variabl e anmounts of barium is also a source of airborne barium
particul ates (M ner 1969a; Schroeder 1970). In 1969, an estinated 18% of the
total U S. bariumem ssions to the atnosphere resulted fromthe processing of
barite ore, and nore than 28% of the total was estinmated to be fromthe
production of bariumchenicals. The manufacture of various end products
(e.g., drilling well muds, and glass, paint, and rubber products) and the
conbustion of coal were estimated to account for an additional 23% and 26% of
the total bariumemssions for 1969, respectively (Davis 1972).

According to TRI, an estinmated total of 0.6 million pounds of barium and
bari um conmpounds were rel eased to the atnosphere from manufacturing and
processing facilities in the United States in 1987 (TRl 1989).

Esti mates of bariumrel eases fromindividual industrial processes are
avail abl e for particulate em ssions fromthe drying and cal ci ni ng of barium
conpounds and for fugitive dust emissions during the processing of barite ore.
Sol ubl e barium conpounds (unspecified) are enmitted as particulates from barium
chemical dryers and calciners to the atnosphere during the processing of
bari um carbonate, barium chloride, and barium hydroxi de (Reznik and Toy 1978).
Uncontrol l ed particul ate enissions of soluble barium conpounds from chen ca
dryers and cal ciners during barium processi ng operati ons may range from
0.04 to 10 g/ kg of final product. Controlled particulate em ssions are |ess
than 0.25 g/ kg of final product. Based on an uncontrolled enission factor of
5 g/ kg and a controlled enm ssion factor of 0.25 g/kg, total particulate
em ssions fromthe drying and cal ci ning of barium carbonate, bariumchloride,
and barium hydroxide are estimated to be 160 nmetric tons (352,800 pounds) per
year (Rezni k and Toy 1978).

Fugi tive dust emissions occur during processing (grinding and mi xi ng) of
barite ore and may al so occur during the |oading of bul k product of various
bari um conmpounds into railroad hopper cars (Reznik and Toy 1978). Based on an
em ssion factor of 1 g/kg, total em ssions of fugitive dust fromthe donestic
bari um chem cal s industry during the grinding of barite ore have been
estimated to be approximately 90 netric tons (198, 450 pounds) per year (Reznik
and Toy 1978). Qther particul ate enmissions fromthe industrial production of
bari um conmpounds include an estinmated 820 netric tons (1.8 mllion pounds) per
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TABLE 5-1 (Continued)

Range of reported amounts
released in thousands of pounds®

Ro. of Off-site

facil- Underground Total POTW® waste
State€ ities Air injection Water Land Environmentd transfer
RI 2 0-1.9 0-0 0-0 0-0 0-1.9 0-0 0-0
sC 6 0-9.8 0-0 0-0 0-67.9 0-67.9 0-12.5 0-67.9
TN 10 0-2.8 0-0 0-0.3 0-18 0-18 0-93.9 0-619.4
X 34 0-262 0-0 0-4 0-109 0-262 0-0.5 0-100
uT 6 0-9.2 0-0 0-0.3 0-6,900 0-6,909 0-0 0-8.4
VA 9 0-21.5 0-0 0-0.3 0-0.5 0-21.5 0-0.3 0-32
vT 2 0.1-0.3 0-0 0-0 0-0 0.1-0.3 0-0 3.6-37.8
WA 3 0-86 0-0 0-0 0-1.6 0-87.6 0-0 0-1.3
Wl 10 0-4.3 0-0.3 0-1.1 0-0 0.1-4.3 0-4.6 0-78.9
Wv 4 0-0.8 0-0 0-0.9 0-0 0-0.9 0-0.3 0-18
3TRI 1989

bpata in TRI are maximum amounts released by each facility. Quantities reported here have been rounded to the nearest
hundred pounds, except those quantities > 1 million pounds which have been rounded to the nearest thousand pounds.
‘Post office state abbreviation

9The 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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year fromuncontrolled kilns during the processing of barite ore and 8 netric
tons (17,640 pounds) per year from black ash (i.e., bariumsulfide) rotary
kil ns during the production of barium hydroxide (Reznik and Toy 1978).

The use of bariumin the form of organonetallic conmpounds as a snoke
suppressant in diesel fuels results in the release of solids to the atnosphere
(M ner 1969a; Ng and Patterson 1982; Schroeder 1970). The nmaxi num
concentration of soluble bariumin exhaust gases containing bari um based snoke
suppressants rel eased fromtest diesel engines and operating di esel vehicles
is estimated to be 12,000 ng/ mi, when the barium concentration in the diesel
fuel is 0.075% by wei ght and 25% of the exhausted barium (at a sanpling point
10 ft fromthe engine and upstreamfromthe nuffler) is soluble (Gol othan
1967). Thus, 1 L of this exhaust gas contains an estinmated 12 ng sol ubl e
bariumor 48 ng total barium (Schroeder 1970).

5.2.2 Water

The primary source of naturally occurring bariumin drinking water
results fromthe | eaching and eroding of sedinentary rocks into groundwater
(Kojola et al. 1978). Although bariumoccurs naturally in nost surface water
bodies (i.e., approximately 99% of those exanm ned) (Kopp and Kroner 1967),
rel eases of bariumto surface waters from natural sources are nuch | ower than
those to groundwater (Kojola et al. 1978).

About 80% of the barium produced is used as barite to make high-density
oil and gas well drilling nuds, and during offshore drilling operations there
are periodic discharges of drilling wastes in the formof cuttings and nuds
into the ocean (Ng and Patterson 1982). For exanple, in the Santa Barbara
Channel region, about 10% of the nuds used are lost into the ocean (Ng and
Patterson 1982). The use of bariumin offshore drilling operations may
i ncrease bariumpollution, especially in coastal sedinents (Ng and
Patterson 1982).

Bari um has been detected with a positive geonetric nean concentration of
101.6 ng/L in groundwater sanples from approxi mately 58% of the 2,783
hazardous waste sites that have had sanpl es anal yzed by the Contract
Laboratory Program (CLP) (CLPSD 1989). Barium has al so been detected with a
positive geonetric nmean of 62.6 ng/L in surface water sanples from 27% of the
sites in the CLP statistical database (CLPSD 1989). Note that these data from
the CLP Statistical Database (CLPSD) represent frequency of occurrence and
concentration information for NPL sites only.

According to TRI, an estinmated total of 312,000 pounds of barium and
bari um conmpounds were rel eased to surface waters from nanufacturing and
processing facilities in the United States in 1987 (TRl 1989).
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5.2.3 Soi
The process of drilling for crude oil and natural gas generates waste
drilling fluids or muds, which are often di sposed of by land farm ng. Most of

these fluids are water based and contain barite and other netal salts. Thus
bari um may be introduced into soils as the result of |and farning these
slurried reserve pit wastes (Bates 1988).

The use of bariumfluorosilicate and carbonate as insecticides (Beliles
1979; Meister 1989) might also contribute to the presence of bariumin
agricultural soils.

According to TRI, an estinmated total of 14.9 nillion pounds of barium
and barium conpounds were released to soils from manufacturing and processing
facilities in the United States in 1987 (TRl 1989).

Bari um has been detected with a positive geonetric nean concentration of
100.5 ppmin soil sanples from approxi mately 52% of the hazardous waste sites
t hat have had sanpl es anal yzed by the CLP (CLPSD 1989). Note that these data
fromthe CLPSD represent frequency of occurrence and concentration data for
NPL sites only.

5.3 ENVI RONVENTAL FATE
5.3.1 Transport and Partitioning

Most bariumrel eased to the environment fromindustrial sources is in
forms that do not becone widely dispersed (Ng and Patterson 1982). In the
atnosphere, bariumis likely to be present in particulate form (EPA 1984).
Al t hough chenical reactions may cause changes in speciation of bariumin air
the main nechani sns for the renoval of barium conpounds fromthe atnosphere
are likely to be wet and dry deposition (EPA 1984).

In aquatic nedia, bariumis likely to precipitate out of solution as an
insoluble salt (i.e., as BaSO, or BaC0,). Waterborne barium may al so adsorb
to suspended particulate matter (Bodek et al. 1988; EPA 1984; Lagas et al
1984). Precipitation of bariumsulfate salts is accelerated when rivers enter
t he ocean because of the high sulfate content in the ocean (Bowen 1966).
Sedi nent ati on of suspended solids renpbves a | arge portion of the barium
content fromsurface waters (Benes et al. 1983). Bariumin sedinents is found
largely in the formof bariumsulfate (barite). Coarse silt sedinent in a
turbul ent environment will often grind and cleave the bariumsulfate fromthe
sedi nent particles |eaving a buildup of dense barites (Merefield 1987).
Estimated soil: water distribution coefficients (Kd) (i.e., the ratio of the
guantity of barium sorbed per gram of sorbent to the concentration of barium
remaining in solution at equilibriun) range from 200 to 2,800 for sedinments
and sandy |l oam soils (Baes et al. 1984; Rai et al. 1984).
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The uptake of bariumby fish and mari ne organisms is also an inportant
renoval mechani sm (Bowen 1966; Schroeder 1970). Barium/levels in sea water
range from2 to 63 ng/L with a nean concentration of about 13 pg/L (Bowen
1979). Bariumwas found to bioconcentrate in marine plants by a factor of
1,000 tinmes the level present in the water. Bioconcentration factors in
mari ne ani nal s, plankton, and in brown al gae of 100, 120, and 260,
respectively, have been reported (Bowen 1966; Schroeder 1970).

Bari um added to soils (e.g., fromthe land farm ng of waste drilling
nmuds) may either be taken up by vegetation or transported through soil wth
precipitation (Bates 1988). Relative to the amount of bariumfound in soils,
little is bioconcentrated by plants (Schroeder 1970). However, this transport
pat hway has not been conprehensively studied.

Bariumis not very nobile in nost soil systens. The rate of
transportati on of bariumin soil is dependent on the characteristics of the
soil material. Soil properties that influence the transportation of bariumto
groundwat er are cati on exchange capacity and cal ci um carbonate (CaCQ)
content. In soil with a high cation exchange capacity (e.g., fine textured
mneral soils or soils with high organic matter content), bariumnobility wll
be linmted by adsorption (Bates 1988; Kabata-Pendi as and Pendi as 1984). High
CaCoO, content limts nobility by precipitation of the elenment as BaCO, (Lagas
et al. 1984). Bariumw Il also precipitate as bariumsulfate in the presence
of sulfate ions (Bodek et al. 1988; Lagas et al. 1984). Bariumis nore nobile
and is nore likely to be | eached fromsoils in the presence of chloride due to
the increased solubility of bariumchloride as conpared to other chem ca
fornms of barium (Bates 1988; Lagas et al. 1984). Bariumconplexes with fatty
acids (e.g., in acidic landfill leachate) will be rmuch nore nobile in the soi
due to the | ower charge of these conpl exes and subsequent reduction in
adsorption capacity (Lagas et al. 1984).

Bariumnobility in soil is reduced by the precipitation of barium
carbonate and sulfate. Humic and fulvic acid have not been found to increase
the nobility of barium (EPA 1984).

5.3.2 Transformati on and Degradation
5.3.2.1 Air

El emental bariumis oxidized readily in noist air (EPA 1983a, 1987a;
Kunesh 1978). The residence time of bariumin the atnosphere nmay be severa

days, depending on the size of the particulate fornmed, the chenical nature of
the particulate, and environnental factors such as rainfall (EPA 1984).
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5.3.2.2 Water

Under natural conditions bariumw Il form conpounds in the +2 oxidation
state. Barium does not hydrol yze appreci ably except in highly alkaline
environnents (i.e., at pH levels greater than or equal to 10) (Bodek et al
1988) .

Appreci abl e |l evel s of barium sul fate occur because natural water often
contai ns high sulfate concentrations. Since the solubility of bariumsulfate
is low, only trace anpbunts of bariumdissolve in surface water (Bodek et al
1988; NAS 1977). At pH levels of 9.3 or below, bariumsulfate nmay limt
bari um concentrations in natural waters (Bodek et al. 1988). The solubility
of bariumsulfate increases considerably in the presence of chloride (C°) and
other anions (e.g., NO,- and CQ;/%), and at pH levels of 9.3 or below, the
bariumion (Ba”) is the domi nant species (Bodek et al. 1988; NAS 1977). The
Ba” ion is stable under the pH Eh range of natural systems. However, natura
and treated waters usually contain sufficient sulfate so that a bariumion
concentration of nore than 1,000-1,500 ng/L cannot be nmintained in solution
(EPA 1983a; Hem 1959; Lagas et al. 1984; MCabe et al. 1970).

As pH Il evel s increase above 9.3 and in the presence of carbonate, barium
car bonat e becones the dom nant species (Bodek et al. 1988; Singer 1974).
Bari um carbonate al so exhibits fast precipitation kinetics and very | ow
solubility and in alkaline environments limts the soluble barium
concentration (Faust and Aly 1981; Hem 1959; Rai et al. 1984; Singer 1974).
Bariumforns salts of low solubility with arsenate, chromate, fluoride,
oxal ate, and phosphate ions (Bodek et al. 1988; EPA 1983a; Kunesh 1978). The
chl oride, hydroxide, and nitrate of barium are water-soluble (Bodek et al
1988; EPA 1983a; Kirkpatrick 1978) and are frequently detected in aqueous
environnents (Rai et al. 1984).

Barium al so forns conplexes with natural organics in water (e.g., fatty
acids in acidic landfill leachates) to a limted extent (Lagas et al. 1984;
Morel 1983; Rai et al. 1984).

5. 3. 2.3 Soi

Bariumreacts with netal oxides and hydroxides in soil and is

subsequent |y adsorbed onto soil particulates (Hem 1959; Rai et al. 1984).
Adsorption onto netal oxides in soils and sedinments probably acts as a control
over the concentration of bariumin natural waters (Bodek et al. 1988). Under
typi cal environnental conditions, bariumdisplaces other adsorbed al kal i ne
earth netals fromMOQ, SiO, and TiO, (Rai et al. 1984). However, bariumis

di spl aced from AL1,0, by other alkaline earth netals (Rai et al. 1984). The
ionic radius of the bariumion in its typical val ence state (Ba”) makes

i somor phous substitution possible only with strontiumand generally not with
the other nenbers of the alkaline earth elements (Kirkpatrick 1978). Anbng
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the other elenents that occur with bariumin nature, substitution is conmon
only with potassiumbut not with the snmaller ions of sodium iron, nanganese,
al umi num and silicon (Kirkpatrick 1978).

Bariumis al so adsorbed onto soil and subsoil through electrostatic
i nteractions (Bodek et al. 1988; Singer 1974). The cation exchange capacity
of the sorbent largely controls the retention of bariumin soils (Bodek et al
1988). Bariumis strongly adsorbed by clay mnerals (Kabata-Pendi as and
Pendi as 1984; Lagas et al. 1984).

Barium can also formsalts with acetate, nitrate, chloride, and
hydroxi de ions in soil. The nobility of bariumin soils increases upon
formati on of these water soluble salts (Bodek et al. 1988). In general, the
solubility of barium conpounds increases wth decreasing pH

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

Urban and suburban air concentrations have been found to range fromless
than 0.005 to 1.5 ng/ni(Tabor and Warren 1958). No distinct pattern rel ated
to industrialization appeared in the results reported on 754 sanples from
18 cities and four suburban areas in the United States. For exanple, in
Houston, Texas and its suburbs, 76% of the sanples contained bariumat |evels
ranging from0.005 to 1.5 ng/ i, whereas in Fort Wrth, Texas, 66% of the
sanpl es had val ues bel ow 0. 005 ng/ ni (Tabor and Warren 1958).

A nmore recent conpilation of atnospheric data shows barium
concentrations in urban atnospheres of North Anerica ranging from2x10* to
2.8x10% ug/mi with a mean concentration of 1.2x107? pg/ni(Bowen 1979). In
contrast, bariumlevels in sanples fromthe South Pole and northern Norway
were 1.6x10° and 7.3x19° pg/ m, respectively (Bowen 1979).

Maxi mum ground- | evel barium concentrations (as sol ubl e conpounds)
associ ated with uncontrol |l ed atnospheric particul ate enissions from chenica
dryers and cal ciners at bariumprocessing plants have been estimted (using
di spersion nodeling) to range from 1.3 to 330 ng/ m over a 24-hour averagi ng
time at locations along facility boundaries (i.e., away fromthe source of
em ssion) (Reznik and Toy 1978).

5.4.2 Water

Bari um has been found in alnost all raw surface waters and public
drinking water supplies sanpled (i.e., approxinmately 99% (Kopp 1969) at
concentrations ranging fromabout 2 to 380 ng/L with nean concentrations
generally on the order of 10 to 60 ng/L (Barnett et al. 1969; Bowen 1979;
Durfor and Becker 1964; Durum and Haffty 1961; Kopp 1969; Kopp and Kroner
1967; McCabe et al. 1970; Tuovinen et al. 1980).
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Bari um concentrations in groundwater supplies have been known to exceed
EPA' s maxi num cont am nant |evel (MCL) of 1.0 ng/L (1,000 ng/L); this may be
due to | eaching and erosion of bariumfrom sedi mentary rocks (Cal abrese 1977,
Kojola et al. 1978). For exanple, community water supplies from deep rock and
drift wells in northeastern Illinois have been found to have barium
concentrations ranging from1,100 to 10,000 ng/L (Cal abrese 1977).

Bari um has al so been found in sea water at concentrations ranging from
2 to 63 ng/L with a nmean concentration of 13 pg/L (Bowen 1979).

5.4.3 Soil

Bariumis relatively abundant in the earth's crust and is found i n nost
soils at concentrations ranging fromabout 15 to 3,000 ppm (Bowen 1979;
Schroeder 1970; Shacklette and Boerngen 1984). The barium content in
cultivated and uncultivated soil sanples collected during a nunber of field
studi es ranged from 15 to 1,000 ppm (nean concentration of 300 ppm for B
hori zon soils (subsurface soils) in the eastern United States and from 70 to
5,000 ppm (mean concentration of 560 ppm) for B horizon soils in the western
United States. Bariumcontent ranged from 150 to 1,500 ppmfor surface
hori zon soils collected in Col orado (mean concentration of 550 ppn) (Connor
and Shackl ette 1975).

5.4.4 O her Environnental Mdia

Bari um occurs in many foods at |ow levels. Brazil nuts have notably
hi gh concentrati ons of barium (3,000-4,000 ppm) (Beliles 1979). Some plants
bi oconcentrate bariumfromthe soil (Beliles 1979; Reeves 1979; Schroeder
1970). The bariumcontent in corn sanples from Georgia, M ssouri, and
W sconsin collected during a nunber of field studies ranged from5 to 150 ppm
wi th nean concentrations ranging from15 to 54 ppm (Connor and Shackl ette
1975). The bariumcontent in other cultivated plants (e.g., |im beans,
cabbage, soybeans, and tonatoes) from Georgia, M ssouri, and Wsconsin ranged
from7 to 1,500 ppm (nmean concentration range: 38-450 ppn) with the highest
| evel s occurring in cabbage from Georgi a and soybeans from M ssouri and the
| owest |evels occurring in CGeorgia tomatoes (Connor and Shacklette 1975).

Bariumis al so found in anaerobic sewage sludge at concentrations
rangi ng from 100 to 9,000 ppm (nean concentration: 800 ppn) and in aerobic
sewage sludge at concentrations ranging from 100 to 300 ppm ( nean
concentration: 200 ppm (Sonmers 1977).
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5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

The primary routes of exposure of humans to barium are consunption of
food and water and inhalation of anmbient air (ICRP 1974; Reeves 1979). Based
on conpliance nonitoring data fromthe Federal Reporting Data System (FRDS),
of the approximately 214 mllion people in the United States who are connected
to a public water supply, it is estimated that about 150,000 people are
exposed to bariumconcentrations greater than EPA's MCL of 1.0 ng/L
(1,000 ng/L) (EPA 1987c). However, since 94% of all sanples collected from
public water supplies of the 100 largest cities in the United States had
bari um concentrati ons of |ess than 100 ng/L (Durfor and Becker 1964), it is
likely that nost of the people connected to a public water supply receive
drinking water with barium concentrations bel ow the MCL. Assumi ng an average
adult drinking water consunption rate of 1.4 L/day (EPA 1989b) and that barium
is pre.sent at concentrations of |less than 100 ng/L, the average adult daily
i ntake of bariumthrough the consunption of drinking water would be [ ess than
140 ng/day (2 ng/kg/day for a 70-kg adult). Based on an average barium
drinki ng water concentration of 40 ng/L, Hadjinarkos (1967) cal cul ated the
average bariumintake fromdrinking water to be about 80 ng/day (1 ngy/kg/day
for a 70-kg adult). This estimated intake |level is consistent with the above
estimate of |ess than 140 ny/ day.

The International Comm ssion on Radiol ogical Protection (ICRP 1974) has
estimated that intake of bariumthrough inhalation ranges from0.09 to
26 ng/ day. Based on reported urban air concentrations for barium
(<0.005-1.5 ng/ ni) (Tabor and Warren 1958) and assunming an average adult
ventilation rate of 20 ni/day (EPA 1989b), the calcul ated daily respiratory
i ntake of bariumranges fromless than 0.1 to 30 ng, which is conparable to
the I CRP estimted intake range above. Based on the 8-hour tine-weighted
average threshold linit value (TLV) in workplace air of 500 pg/ni (ACEH
1988), and assumi ng an 8-hour inhalation of 10 niof air, a daily barium
wor kpl ace i ntake of 5,000 pg can be cal cul ated. NAS (1977) estimated that 75%
of inhal ed bariumcould be absorbed into the bloodstreamif sol uble barium
salts were invol ved

Since average ground | evel concentrations of an emission vary with the
di stance fromthe em ssion point, the popul ation around a source site will be
exposed to differing em ssion |evels. Using an average popul ation density of
27 persons/knf (based on actual popul ation data from areas surroundi ng barium
producti on and processing plants), it has been estimted that approximtely
O 886 persons within an area of up to 32.8 knf around a source site could be
exposed to sol ubl e barium conmpound concentrations of greater than 1.67 g/ m
in ambient air (Reznik and Toy 1978). Assum ng that the average adult daily
ventilation rate is 20 ni (EPA 1989b), breathing these ambient air barium
concentrations would result in daily respiratory intakes of greater than
32 ng. No other correlations have been established between barium
concentrations in air and geographi cal areas or |and-use types.
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Based on consunption of food and beverages in | ong-term bal ance studies
of four individuals, daily bariumintake was estimated to range from 650 to
1,770 ng/day (Tipton et al. 1966, 1969). If an average bariumintake of
80 ng/day fromdrinking water in the United States is assumed (Hadji markos
1967), the bariumintake fromthe consunpti on of non-drinking water dietary
sources alone would range from570 to 1,690 ng/day. Thus, food is typically
the primary source of barium exposure for the general popul ation
Gastrointestinal absorption of bariumfromfood is reported to be
approxi mately 6% (ranging from1%to 15% (ICRP 1974).

Mean daily bal ances (excluding |loss via hair and sweat) deternined from
| ong-term bal ance studies of four adult subjects ranged froma negative
bal ance of 800 pg to a positive balance of 890 pug (Tipton et al. 1966, 1969).
Based on data fromthese studies, Schroeder (1970) estimated that hunman daily
i ntake fromfood (1,160 kg), water (80 pug), and air (10 nug) would be
approxi nately 1,250 ug, and that loss fromurine (180 pg), feces (1,010 , ug)
and other sources (e.g., sweat and hair) (85 pg) would be 1,275 ug. Using
these latter estinmates of bariumintake and | oss, a negative barium bal ance of
25 pg would occur. According to ICRP, the average daily intake of bariumfrom
food and fluids (750 pg) and anbient air (0.09-26 ug) ranges from 750 to
776 pg. In addition, ICRP (1974) estimated that approximately 825 pg of
bariumis lost daily through the urine (50 pg), feces (690 ng), sweat (10 ug),
and hair (75 ug). These intake and | oss estinmates indicate a negative daily
bal ance of up to 75 ug. The day-to-day intake of bariumis likely to vary
with the quantity and types of food ingested since the bariumcontent in foods
varies wi dely (Schroeder 1970).

In a study of the bariumcontent of the major human organs and tissues,
the total body content of bariumfor a 70-kg adult male was estimated to be
about 22,000 pg (1 CRP 1974; Schroeder et al. 1972). Ninety-three percent of
this bariumwas found in bone and connective tissue. Large amounts of the
remaining 7% existed in fat, skin, and lungs (I CRP 1974; Schroeder et
al. 1972).

Cccupati onal exposure to bariumprimarily occurs in workers and mners
who i nhale bariumsulfate (or the ore, barite) and barium carbonate dust
during the mning of barite and the manufacturing and processing (e.g.

m xi ng, grinding, and |oading) of barium conmpounds (Beliles 1979; Reznik and
Toy 1978; Schroeder 1970).

Prelinm nary data froma workpl ace survey, the National Occupationa
Exposure Survey (NOES), conducted by NIOSH from 1980 to 1983, estinmated the
nunber of workers potentially exposed to various chenmicals in the workplace in
1980 (NI GOSH 1989), including a separate tally of femal e workers. The data for
bari um and bari um conpounds included in the survey are sunmari zed bel ow
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Chemical Number of plants Total workers (female workers)
Barium 815 10,308 (3,598)

Barium carbonate 4,494 61,019 (6,889)

Barium chloride 4,293 57,767 (15,249)

Barium hydroxide 1,423 "35,351 (12,208)

Barium oxide (BaO;) 46 511 (325)

Barium nitrate 353 9,625 (2,699)

Barium sulfate 20,089 305,887 (83,800)

Barium sulfide 7 7 (0)

Chromic acid (HpCr0,), 20 3,546 (1,984)

barium salt (1:1)

The NOES database does not contain information on the frequency,
concentration, or duration of exposure of workers to any of the chemicals
listed therein. This is a survey that provides only estimates of the number
of workers potentially exposed to chemicals in the workplace.

5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES

The general population is commonly exposed to barium primarily through
ingestion of drinking water and consumption of food and beverages. However,
certain populations face greater than average exposures to this element due to
environmental sources, such as drinking water (EPA 1987c). High levels of
barium have been reported in groundwater from deep rock and drift wells in
several communities in northeastern Illinois (Brenniman et al. 1981; Calabrese
1977) where barium is a naturally occurring geochemical pollutant found almost
exclusively in the Cambrian-Ordovician Aquifer (Gilkeson et al. 1978). Other
populations that might receive increased exposure to barium are consumers of
crops grown on soils that have been used for the land farming of waste oil-
well drilling muds (Bates 1988). Individuals who work at or live near barium
mining, manufacturing, or processing plants might inhale higher ambient air
concentrations or increased amounts of fugitive dust containing barium
particulates. Populations living in the vicinity of the 154 NPL sites known
to be contaminated with barium may also be exposed to higher than background
levels of the compound through contact with contaminated waste site media. No
information was found regarding the sizes of these populations or their intake
levels of barium.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA as amended directs the Administrator of
ATSDR (in consultation with the Administrator of EPA and agencies and programs
of the Public Health Service) to assess whether adequate information on the
health effects of barium is available. Where adequate information is not
available, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a program of research designed to determine the health effects
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(and techni ques for devel opi ng nethods to deterni ne such, health effects) of
bari um

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 assessnment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

5.7.1 Data Needs

Physi cal and Chemi cal Properties. The physical and chem cal properties
of metallic bariumand its inorganic conpounds have been well characterized
(DOT 1986; EPA 1980a, 1984. 1985c, 1987d; Haw ey 1981; Hayes 1982; HSDB 1989;
Kirkpatrick 1985; Kunesh 1985; Meister 1989; N OSH CSHA 1978; OHM TADS 1989
Par meggi ani 1983; Perry and Chilton 1973; RTECS 1989; Sax and Lewi s 1987,
1989; Sax et al. 1984; Stokinger 1981; Wast 1989; W ndhol z 1983). Physica
and chenical properties of organic compounds of barium have not been
conpr ehensi vel y exam ned probably due to the limted extent of formation of
t hese compounds. However, further study of the properties of these conpounds
woul d help in understanding their role in the environnental fate and transport
of barium particularly at hazardous waste sites where high |levels of organic
contam nants ni ght be present.

Production, Inport/Export, Use, and Di sposal. Because barium conpounds
occur naturally and are widely used in oil well drilling nuds, in steel
rubber and plastic products, glass and ceramnics, chenical, and pyrotechnics
i ndustries, in insecticides, and as a snoke suppressant in diesel fuels (Bodek
et al. 1988; EPA 1982; 1L0 1983; Kirkpatrick 1985; Meister 1989; Stokinger
1981; Venugopal and Luckey 1978; Worthing 1987), the potential for hunman
exposure to these conpounds, such as through ingestion of food and water or
i nhal ati on of anbient air, is substantial. However, recent data on production
vol unes and inport and export were not available. In addition, only linmted
i nformati on on di sposal of barium conpounds was avail abl e (HSDB 1989; Joseph
1985; NI OsSH OsSHA 1978). Additional information on production, inport, export,
and di sposal would be useful in assessing the potential for the rel ease of,
and exposure to, barium conpounds.

According to the Enmergency Pl anning and Community Ri ght-to-Know Act of
1986, 42 U.S.C. Section 11023, industries are required to subnit chemnica
rel ease and off-site transfer information to the EPA. The Toxi c Rel ease
Inventory (TRI), which contains this infornmation for 1987, becane available in
May of 1989. This database will be updated yearly and should provide a |ist
of industrial production facilities and eni ssions.
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Envi ronnental Fate. The partitioning of bariumin environnental nedia
is influenced by the specific formof the conpound and such site-specific
conditions as pH and cation exchange capacity (Bates 1988; Bodek et al. 1988;
Bowen 1966; Kabat a-Pendi as and Pendi as 1984; Lagas et al. 1984). Upon rel ease
to the environnent, bariumis nost likely to partition to soils and sedi nents
(Baes et al. 1984; Rai et al. 1984). Bariumis transported in the atnosphere,
surface waters, soil runoff, and groundwater. In surface waters and soils,
barium may ionize and formvarious salts depending on the pH and the
availability of anions (Bates 1988; Bodek et al. 1988; Bowen 1966; Kabat a-
Pendi as and Pendi as 1984; Lagas et al. 1984). Additional information on the
transport and transformation of bariumin the atnmosphere would be useful in
devel opi ng a nore conpl ete understandi ng of the environnental fate of barium
conpounds.

Bi oavail ability from Environnental Media. Bariumis absorbed follow ng
i ngestion (Chou and Chin 1943; Cuddihy and Giffith 1972; MCaul ey and
Washi ngton 1983; Taylor et al. 1962) and inhal ation (Cuddi hy and Ozog 1973Db).
The bioavailability of bariumfromair, water, and food has been exam ned
rather extensively in animals (Chou and Chin 1943; Cuddi hy and Giffith 1972;
McCaul ey and Washi ngton 1983; Taylor et al. 1962) and humans (Tipton et al
1969). However, bioavailability fromsoil has not been studied. Since soi
is an inportant repository for barium information on barium absorption from
i ngested soil would be useful in devel opi ng an understanding of the potentia
for exposure follow ng i ngestion of contami nated soils, particularly at
hazardous waste sites.

Food Chai n Bi oaccunul ation. There is information that barium
bi oconcentrates in certain plants and aquatic organi snms (Bowen 1966; Schroeder
1970). However, the extent to which plants bioconcentrate bariumfromsoil or
to which uptake occurs in terrestrial animals is not well characterized.
Further studies on the bioconcentration of bariumby plants and terrestria
animal s and on the biomagnification of bariumin terrestrial and aquatic food
chains woul d be useful to better characterize the environnental fate of barium
and define the inportance of food chain accumul ation as a source of human
exposure.

Exposure Levels in Environnental Media. Barium has been detected in the
at nosphere (Bowen 1979), surface water (Barnett et al. 1969; Bowen 1979;
Durfor and Becker 1964; Durum and Haffty 1961; Kopp 1969; Kopp and Kroner
1967; McCabe et al. 1970; Tuovinen et al. 1980), groundwater (Cal abrese 1977,
Kojola et al. 1970), soils (Bowen 1979; Schroeder 1970; Shacklette and
Boer ngen 1984), and foodstuffs (Beliles 1979; Connor and Shacklette 1975;
Schroeder 1970). There are reliable data to characterize the potential for
human exposure via intake of drinking water (Durfor and Becker 1964;
Hadj i markos 1967), and foods (Tipton et al. 1966, 1969); however, the data are
not current. Recent data on bariumlevels in plants and anmbient air, soils,
and groundwater, particularly from hazardous waste sites, would be useful in
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hel ping to devel op a nore conpl ete understandi ng of the potential for human
exposure.

Exposure Levels in Humans. Barium can be detected in blood, urine,
feces, and biological tissues (Mauras and Allain 1979; Schranel 1988;
Shiraishi et al. 1987). However, there are no data correlating bariumlevels
in tissues and fluids with exposure |evels. Additional data are needed on
| evel s of bariumin human tissues and fluids follow ng occupational and
general popul ati on exposure, particularly at hazardous waste sites. This
i nformati on may be useful in establishing exposure indices for these
popul ati ons.

Exposure Regi stries. No exposure registries for bariumwere |ocated.
This conmpound is not currently one of the conpounds for which a subregistry
has been established in the National Exposure Registry. The conpound wll be
considered in the future when chenical selection is made for subregistries to
be established. The information that is amassed in the National Exposure
Regi stry facilitates the epideniol ogi cal research needed to assess adverse
heal th outcones that nay be related to the exposure to this conpound.

5.7.2 On-going Studies

Renedi al investigations and feasibility studies conducted at the 154 NPL
sites known to be contaminated with bariumw ||l add to the avail abl e dat abase
on exposure levels in environnental nedia, exposure |levels in humans, and
exposure registries and will increase the current know edge regarding the
transport and transfornmation of bariumin the environnent. No other |long-term
research studies pertaining to the environmental fate of bariumor to
occupational or general popul ati on exposures to bariumwere identified.
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