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5. POTENTI AL FOR HUVMAN EXPOSURE

5.1 OVERVI EW

Boron is a naturally-occurring el enent found conbined with other
el ements throughout the environment. Boron is neither transformed nor
degraded in the environnent, although changes in the specific form of boron
and its transport may occur, depending on environnental conditions. It is
estimated that natural weathering is a significant source of environnental
bor on.

I ngestion of boron fromfood (primarily fruits and vegetabl es) and water
is the nost frequent route of human exposure, but occupational exposures to
boron dusts may be significant. Boron is also a conponent of several consumner
products, including cosnetics nmedicines and insecticides. Popul ations
residing in areas of the western United States with natural boron-rich
deposits may be exposed to hi gher-than-average | evels of boron

The EPA has identified 1,177 NPL sites. Boron, borate, and borax have
been found at 21, 1, and 1, respectively, of the sites evaluated for these
chemicals. However, we do not know how many of the 1,177 NPL sites have been
eval uated for the presence of these chemcals. As nore sites are eval uated by
the EPA, these nunbers nmay change (View 1989). The frequency of these sites
within the United States can be seen in Figure 5-1

5.2 RELEASES TO THE ENVI RONVENT

Borates are wi despread, naturally-occurring substance found nainly as an
i norgani c conpound in sedinents and sedinentary rock. It is released to the
environnent slowy in | ow concentrati ons by weat hering processes. Al though
few data are avail abl e quantifying boron releases fromindustrial sources, it
is estimted that natural weathering rel eases nmore boron to the environnent
wor | dwi de than do these industrial sources (Butterwick et al. 1989).

Rel eases of boron to the environnment occur fromthe production and use
of boron and boron-rel ated conpounds. However, neither boron nor boronrel ated
conpounds are listed on the Section 313 toxic chenical |ist and,
therefore, are not included in the Toxics Release Inventory (TRI).

5.2.1 Air

Borates are released to air fromnatural and industrial sources.
Nat ural sources include oceans, vol canoes, and geot hermal steam (G aede
1978). Boron conpounds are rel eased from ant hropogeni ¢ sources such as coal fired
and geot hermal steam power plants, chem cal plants, and rockets as well
as manufacturing facilities producing fiberglass and ot her products (EPA
1987c; Graedel 1978; Hollis et al. 1988; Lang et al. 1986; Rope et al. 1988
St oki nger 1981). No quantitative data regardi ng boron releases to air were
| ocat ed.
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5.2.2 Water

Nat ural weat hering of boron-containing rocks is a nmajor source of boron
conpounds in water (Butterwick et al. 1989). The quantity of boron rel eased
varies widely with the geographic variations in boron-rich deposits. In the
United States, the area richest in natural boron deposits is the Mdjave Desert
in California (Butterwick et al. 1989; Stokinger 1981).

Boron conpounds are released to water in nunicipal sewage from
perborates in detergents, and in waste waters from coal - burni ng power plants,
copper snelters, and industries using boron. Borate |evels above background
may be present in runoff waters from areas where boron-containing fertilizers
or herbicides were used (Butterwick et al. 1989; Nolte 1988; Waggott 1969).
An average concentration of 1 nmg boron/L was reported in sewage effluents in
California (Butterwick et al. 1989). No other quantitative data regarding
boron releases to water in the United States were | ocated. However, Waggott
(1969) reported that boron concentrations in mnmunicipal sewage in a treatnment
plant in England ranged from2.5 to 6.5 ng/L, rel easing between 130 and 240 kg
bor on/ day.

Boron has been detected in surface water and groundwater at hazardous
waste sites. Data fromthe Contract Laboratory Program (CLP) Statistica
Dat abase indicate that boron occurred at about 20% of the sites at a geonetric
mean concentration of 156 ppb (0.156 ng boron/L) in positive sanples of
groundwat er and at about 5% of the sites at a geonetric nmean of 1,177 ppb
(1.177 ng boron/L) in surface water (CLPSD 1989).

5.2.3 Soil

Boron is naturally released to soil and water by rainfall, weathering of
bor on-cont ai ni ng m nerals, desorption fromclays and by deconposition of
bor on- cont ai ni ng organic matter. Man-made sources include application of
boron-containing fertilizers or herbicides, application of fly ash or sewage
sl udge as a soil anendnent, the use of waste water for irrigation or |and
di sposal of boron-containing industrial wastes (Butterwick et al. 1989; Hollis
et al. 1988; Munma et al. 1984; Nolte 1988; Rope et al. 1988).

No quantitative data were | ocated regardi ng nan-nmade rel eases of boron

conpounds to soil. However, Mumma et al. (1984) reported that the boron
concentration in sewage sludges from23 U S. cities ranged from7.1 to
53.3 ng/kg. Landfilling or land application is a conmon di sposal nethod for

t hese sl udges.

Data fromthe CLP Statistical Database indicate boron was detected in
soi| at about 5% of hazardous waste sites at a geonetric nean concentration
of 8,055 ppmin positive sanples (CLPSD 1989). However, earlier data fromthe
CLPSD (1980-1983) indicate a geonetric nmean concentration of boron of 21 ng/kg
and a maxi mum concentration of 320 ng/ kg (Eckel and Langl ey 1988), essentially
equi val ent to reported background | evels of boron in soil. Carification of
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the discrepancy in the data is necessary in order to conpare boron |evels at
hazardous waste sites to background | evels.

5. 3 ENVI RONMVENTAL FATE
5.3.1 Transport and Partitioning

Boron is a nonvolatile netalloid that occurs in conbination with nost of
the other elements known (Cotton and WI ki nson 1980). Atnospheric boron nay
be in the formof particulate matter or aerosols as borides, boron oxides,
bor at es, boranes, organoboron conmpounds, trihalide boron conmpounds, or
borazines. Borates are relatively soluble in water, and will probably be
renoved fromthe atnosphere by precipitation and dry deposition (EPA 1987c).
The half-life of airborne particles is usually on the order of days, depending
on the size of the particle and atnospheric conditions (Nriagu 1979). No
specific infornmation on the fate of atnospheric boron was | ocat ed.

Boron readily hydrolyzes in water to formthe electrically neutral, weak
nmonobasi ¢ acid HBO, and the nonoval ent ion B(OH),. In concentrated
sol utions, boron nmay' polynerize, leading to the fornmati on of conplex and
di verse nol ecul ar arrangenents. Rai et al. (1986) concluded that because npst
environnental ly rel evant boron mnerals are highly soluble in water, it is
unlikely that mineral equilibria will control the fate of boron in water.
Waggott (1969), for exanple, noted that boron is not significantly renoved
during the conventional treatnment of waste water. Boron may, however, be
co-precipitated with alumnum silicon, or iron to form hydroxyborate
conpounds on the surfaces of mnerals (Biggar and Firenan 1960).

WAt er borne boron may be adsorbed by soils and sedinents. Adsorptiondesorption
reactions are expected to be the only significant nmechanismthat will influence the
fate of boron in water (Rai et al. 1986). The extent of boron adsorption depends on
the pH of the water and the chemical conposition of the soil. The greatest adsorption
is generally observed at pH 7.5-9.0 (Keren et al. 1981; Keren and Mezuman 1981
Waggott 1969). Binghamet al. (1971) concluded that the single nbst inportant
property of soil that will influence the nmobility of boron is the abundance of
anor phous al umi num oxi de. The extent of boron adsorption has al so been attributed to
the I evels of iron oxide (Sakata 1987), and to a | esser extent, the organic matter
present in the soil (Parks and Wiite 1952), although other studies (Mezuman and Keren
1981) found that the ampbunt of organic matter present was not inportant.

The adsorption of boron may not be reversible in some soils. The |ack
of reversibility may be the result of solid-phase formation on minera
surfaces (Rai et al. 1986), and/or the slow rel ease of boron by diffusion from
the interior of clay minerals (Giffin and Burau 1974).

Partition coefficients such as adsorption constants describe the
tendency of a chenmical to partition fromwater to solid phases. Adsorption
constants for inorganic constituents such as a boron cannot be predicted a
priori, but nust be neasured for each soil-water conbination. Conpilations of
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avail abl e data for boron are given el sewhere (Rai et al. 1986). In general
boron adsorption will be nost significant in soils that contain high
concentrations of anorphous alum num and iron oxi des and hydroxi des such as
the reddish Utisols in the southeastern United States.

It is unlikely that boron is bioconcentrated significantly by organi sns
fromwater. A bioconcentration factor (BCF) relates the concentration of a
chemical in the tissues of aquatic and terrestrial aninmals or plants to the
concentration of the chemcal in water or soil. The BCFs of boron in marine
and freshwater plants, fish, and invertebrates were estimted to be |l ess than
100 (Thonpson et al. 1972). Experinentally measured BCFs for fish have ranged
from52 to 198 (Tsui and McCart 1981). These BCFs suggest that boron is not
significantly bioconcentrated. Boron in water is conpletely absorbed by the human
system but it does not accunulate in body tissues (Waggott 1969). No
ot her experinentally nmeasured BCFs were |ocated. LD

5.3.2 Transformati on and Degradati on
5.3.2.1 Air

There is no informati on avail able that suggests that particul ate boron
conpounds are transforned or degraded in the atnosphere.

5.3.2.2 Water

El emental boron is inert in the presence of water. Boron conpounds
rapidly transformto borates, the naturally occurring formof boron, in the
presence of water. No further degradation is possible. Borate and boric acid
are in equilibriumdepending only on the pH of the water. If dissolved in
at nospheric water, the standard borate-boric acid equilibria are established.

5. 3. 2.3 Soi

Most boron conpounds are transforned to borates in soil due to the
presence of noisture. Borates thenselves are not further degraded in soil
However, borates can exist in a variety of fornms in soil (see Section 5.2.3).
Borates are renoved fromsoils by water [eaching and by assinilation by
pl ant s.

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

There are few studies nade to estimate the concentration of boroncontaining
conpounds in anbient air. This is partly due to difficulties of analysis at the | ow
| evel s involved. Bertine and Gol dberg (1971) estinated that approxi mately 11, 600 tons
of boron are injected into the atnosphere as a conponent of fly ash produced by coa
conbustion which was estimated to contain an average of about 75 ng/kg boron
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5.4.2 Water

Boron is widely distributed in surface water and groundwater. Average
surface water concentration in the United States is about 0.1 ng boron/L
(Butterwi ck et al. 1989; EPA 1986b), but concentrations vary greatly,
dependi ng on boron content of |ocal geologic formations and ant hropogenic
sources of boron (Butterwick et al. 1989). A survey of U S. surface waters
detected boron in 98% of 1,577 sanples at concentrations ranging from0.001 to
5 ng boron/L. Mean concentrations cal culated for the 15 drai nage basins in
the continental United States ranged from0.019 ng boron/L in the Wstern
Great Lakes Basin to 0.289 ng boron/L in the Western Gulf Basin (Butter-w ck
et al. 1989). The concentrati on of boron in sea water is about 4.5 ng/L
(Butterwick et al. 1989; EPA 1986Db).

Several studi es have nmeasured boron concentrations in water in those
areas of California with boron-rich deposits. Reported high boron
concentrations in surface waters ranged from 15 ng boron/L in coastal drainage
waters to 360 ng boron/L in a boron-rich lake (Butter-wick et al. 1989; Devere
and M| lard 1988). Mean boron concentration in a California river ranged from
0.30 to 0.50 ng boron/L over a 20-year period (Butterwick et al. 1989).
Reported boron concentrations in groundwater in the San Joaquin Valley ranged
fromO0.14 to 120 ng boron/L with a nedi an concentration of about 4 ng boron/L
(Butterwick et al. 1989; Deverel and MIlard 1988). Waggott (1969) reports
t hat groundwater boron concentrations greater than 100 ng/L are conmon in
California.

Drinking water surveys generally do not report boron concentration
However, concentrations of boron in tap water have been reported in a range of
0.007-0.2 nmg/L in the United States and Engl and (Choi and Chen 1979; Waggott
1969), and the National Inorganics and Radi onuclides Survey conpleted in 1987
reported relatively w despread occurrence of boron in 989 public water
supplies (NIRS 1987). Boron concentrations ranged fromless than 0.005 to
greater than 2 ng/L, with concentrations of up to 0.4 ng/L in 90% of systemns
(NIRS 1987). A survey of 969 public water supply systens showed 99% cont ai ned
boron at less than 1 ng/L. The maxi mum | evel measured was 3.28 ng/L (MCabe
et al. 1970).

5.4.3 Soi

Background boron levels in U S. soils were reported at a geonetric nmean
concentration of 26 ng/kg with a nmaxi mum concentrati on of 300 ng/ kg (Eckel and
Langl ey 1988). Boron was detected in soils in Idaho at geonetric nean
concentrations of 4.6-9.8 ng/kg (Rope et al. 1988) and in sedi nents of Puget
Sound (Malins et al. 1984).

Boron is an essential nutrient for plants. Boron soil concentrations
for optimumplant growh reportedly range fromO0.1 to 0.5 ng/kg for severa
pl ant species (Butter-wick et al. 1989).
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5.4.4 O her Environnental Media

Boron is assinilated by plants fromsoil and is therefore a natura
constituent of many foods, mainly fruits and vegetabl es. The anount of boron
absorbed varies considerably anong different plant species (Butterw ck et al
1989). The Food and Drug Administration (FDA) has set a tolerance limt of
8 ppm boron for citrus fruit (21 CFR 180.271).

Boron conpounds are present in several consuner products. Sodi um borate
and boric acid are widely used in cosnmetics. Over 600 cosnetic products,including
makeup, skin and hair care preparations, and shaving creans, contain these conmpounds
at concentrations of up to 5% (Beyer et al. 1983). These conpounds have al so been
used in insecticide powders for roach control, in medicines applied to the skin at
concentrations up to 5% (Beyer et al. 1983) and in sonme |laundry products (Butterw ck
et al. 1989; Stokinger 1981; Waggott 1969).

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

Human exposure to borates nmay occur through ingestion of food and water
or insecticides used to control cockroaches, powders or dusts,inhalation of boron-
contai ning or absorption of boron fromcosnetics or nedi cal preparations through
nmucous nenbranes or damaged skin. The nost appreciable boron exposure to the genera
popul ation is likely to be ingestion of food and to a | esser extent in water
Esti mates of average daily boron ingestion by humans range from 10 to 25 ng (Beyer et
al . 1983; \Waggott 1969).

Cccupati onal exposure to boron conpounds nay be higher. Wirkers in industries
produci ng or using boron or boron conpounds nay be exposed by
i nhal ation to boron-containing dusts or gaseous boron compounds due to process
upsets or faulty equi pment. Dernal absorption of boron may al so occur if
damaged skin is in contact with these naterials, but this is considered a
m nor pat hway (Stokinger 1981).

Borate dusts have been nonitored in workplace air. Reported
concentrations of borax dust in different areas of a |arge borax m ning and
refining plant ranged from1.1 to 14.6 ng/ni (Garabrant et al. 1985) and the
nean boric aci d/ boron oxide dust concentration in a boric acid manufacturing
plant was 4.1 ng/ni (Garabrant et al. 1984). These val ues indicate that
perm ssi ble exposure Iimts (PELs) set by OSHA, or threshold limt val ues
(TLVs) recommended by the ACAH, for boron-containing dusts in workplace air
(Table 7-1) may, at times, be exceeded. O her industries include nmanufacture
of fiberglass and other glass products, cleaning and | aundry products,
fertilizers, pesticides, and cosnetics (U S. Borax and Chemi cal Corporation
1991; Stokinger 1981). Medi an nornal val ues of boron in hunan bl ood
(9.76 wg/ 100 g) and urine sanples fromthese workers (720 ug boron/L) were
reported (Stokinger 1981). Boron was not detected in a national survey of
human adi pose tissue (Stanley 1986). The National Institute for Cccupationa
Safety and Health (NICSH) estinated that the nunmber of workers potentially
exposed to boron increased from6,500 in the early 1970s (NOHS 1989) to 35, 600
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in the early 1980s (NOES 1989). Neither the NOHS nor the NCES dat abases
contain information on the frequency, concentration, or duration of exposures
of workers to any of the chenmicals listed therein. These surveys provide only
estimates of the nunber of workers potentially exposed to chemicals in the
wor kpl ace. Sittig (1985) reports that N OSH estimated the nunber of workers
potentially exposed to borax at 2,490,000, to boron oxide at 21,000, and to
boron trifluoride at 50, 000.

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURES

The popul ations living in areas of California and other western states
wi th boron-rich geol ogi cal deposits have potentially high exposure to boron
fromdrinking water and locally grown foods (Butterwick et al. 1989).

I ndi vi dual s usi ng boron-containing cosnetics or nedicines extensively,
especi ally on damaged skin, may be exposed to hi gher-than-normal |evels of
boron (Beyer et al. 1983). Infants may be at risk in hones where boric acid
cont ai ni ng roach powder on floor paranmeters is used to control cockroaches.

Workers in industries producing or using boron-containing materials al so
have potentially high exposure as noted above (Section 5.5). People living in
the vicinity of waste sites are also at risk of higher-than-normal exposure
| evel s.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCIA, as anended, directs the Administrator 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 boron is available. \Where adequate information is not
avail abl e, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a program of research designed to determine the health effects
(and techni ques for devel opi ng nethods to deternine such health effects) of
bor on.

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 elimnnate
the uncertainties of human health assessment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

5.7.1 Data Needs

Physi cal and Chemi cal Properties. The solubilities of many boron
m nerals are not known precisely, but this lack of detailed infornation may
not be a mpjor limtation, since it appears unlikely that mneral equilibria
significantly influence the fate of boron in the environnent.
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Production, Inport/Export, Use, and Disposal. The production vol une and
uses of boron and boron conpounds are well docunented (Ferguson et al. 1982;
HSDB 1989; U.S Bureau of M nes 1989). However, data on di sposal methods and
vol une woul d all ow better estinmation of hunman exposure to boron fromthis
sour ce.

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 chem ca
rel ease and off-site transfer information to the EPA. The Toxi cs Rel ease
Inventory (TRI), which contains this information for 1987, becane available in
May of 1989. However, neither boron nor boron-related conpounds are currently
listed in the database. This database will be updated yearly and shoul d
provide a list of industrial production facilities and enissions.

Environnental Fate. The only quantifiable nmechanismthat influences the
fate of boron is soil adsorption (Rai et al. 1986). Additional research with
soils that do not have significant quantities of alum numand iron oxide may
provi de a nore conprehensive view of the nobility of boron in the environnent.

Bi oavai lability from Environnental Media. Boron conpounds can be
absorbed followi ng inhalati on of contani nated workpl ace air, ingestion of
contam nated food, or through damaged skin (Drai ze and Kell ey 1959; Wong
et al. 1964). The nost significant routes of exposure near hazardous waste
sites are likely to be through drinking boron-contan nated water and ingestion
of locally grown food (Beyer et al. 1983; Butterwick et al. 1989; CLPSD 1989).
Wi | e exposure can occur by these routes, quantitative data on anounts
absorbed or are bioavail able would be useful in clarifying the toxic potentia
of boron in hunmans.

Food Chai n Bi oaccunul ation. Only one study was | ocated where boron
bi oconcentrati on was actually measured (Tsui and MCart 1981). Future
research may be hel pful, but it appears that boron is not significantly
bi oconcentrated. There are no data on the bionmagnification of boron in the
food chain, but it is not likely that bioaccunulation is a major environnenta
concern

Exposure Levels in Environmental Media. Data on boron levels in surface
wat er and soil are extensive (Butterwick et al. 1989; Eckel and Langley 1988;
EPA 1986b), but additional data on air, food, and drinking water
concentrations of boron would be useful in increasing the accuracy of hunan
exposure estimates.

Exposure Levels in Humans. Normal |evels of boron in hunman bl ood and
urine have been reported (Stokinger 1981). Additional data on bl ood and/or
urine concentrations in individuals with potentially high exposure to boron
woul d be useful in assessing the nmagnitude of human exposure.

Exposure Registries. No exposure registries for boron were | ocated.
This compound is not currently one of the compounds for which a subregistry
has been established in the National Exposure Registry. The conpound will be
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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 may be related to the exposure to this conpound.

5.7.2 On-going Studies

No i nformati on was | ocated on any on-goi ng studies on the fate,
transport, or potential for human exposure for boron
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