Potential Priority Metals
March 27, 2014
Meeting of the Scientific Guidance Panel
Biomonitoring California 1
The metals reviewed in this document include all of the currently designated metals 2
that are not priority chemicals for Biomonitoring California. The Scientific Guidance
Panel (SGP) will consider these metals as potential priority chemicals at their March 27,
2014 meeting. A number of the potential priority metals can already be measured by
the Environmental Health Laboratory (EHL) of Biomonitoring California, as shown in the
following table. Metals measured by the Centers for Disease Control and Prevention
(CDC) are also indicated. Three of these metals (cobalt, manganese, and
molybdenum) are essential nutrients.
Potential priority
metal

Essential
nutrient

EHL
detection limit
(µg/L)
Blood
Urine
---

CDC
detection limita
(µg/L)
Urine
0.032

Antimony (Sb)

--

Barium (Ba)

--

--

--

0.12

Beryllium (Be)

--

--

--

0.072b

Cesium (Cs)

--

--

--

0.066

Cobalt (Co)



--

0.011

0.041

Manganese (Mn)



0.28

0.050

--c

Molybdenum (Mo)



--

0.074

0.92

Platinum (Pt)

--

--

--

0.009b

Thallium (Tl)

--

--

0.010

0.015

Tungsten (W)

--

0.044

0.005

0.021

Uranium (U)

--

0.001

0.001

0.002

a.
b.
c.

1

Detection limit in urine as reported for 2009-2010 by CDC (2013). None of these metals, except manganese
(see footnote c), are currently measured by CDC in blood.
Being dropped by CDC due to three survey cycles of non-detects.
CDC has added manganese to the blood and urine metals panel; results will be included in the April 2014
release of the Updated Tables for the National Report on Human Exposure to Environmental Contaminants
(Mowbray, pers comm, 2014).

California Environmental Contaminant Biomonitoring Program (also known as Biomonitoring California),
codified at Health and Safety Code section 105440 et seq.
2
For the complete list of designated chemicals, visit:
http://www.biomonitoring.ca.gov/sites/default/files/downloads/DesignatedChemCurrent_0.pdf

Potential priority chemicals
Page 2

March 2014 SGP Meeting

The SGP can recommend priority chemicals based on the criteria specified in the
enabling legislation 3:
• The degree of potential exposure to the public or specific subgroups, including,
but not limited to, occupational.
• The likelihood of a chemical being a carcinogen or toxicant based on peerreviewed health data, the chemical structure, or the toxicology of chemically
related compounds.
• The limits of laboratory detection for the chemical, including the ability to detect
the chemical at low enough levels that could be expected in the general
population.
• Other criteria that the panel may agree to.
Selected information relevant to these criteria is briefly summarized in the following
tables. The information was largely drawn from secondary sources and a limited
scientific literature search. Additional background materials provided to the SGP
included excerpts on the metals from CDC (2009, 2013), where available, and a report
by the US Geological Service (USGS, 2014).
Because all of the metals in this document are designated metals, they can already be
selected for measurement in a Biomonitoring California study. The purpose of
discussing these metals at the March 27, 2014 SGP meeting is to obtain the Panel’s
recommendations on which, if any, should be priority chemicals for measurement in
California.
If the Scientific Guidance Panel recommends adding any of these metals to the list of
priority chemicals for Biomonitoring California, this listing would cover any form of the
metal (e.g., the listing of “antimony” would also include antimony compounds). The
Program would determine the most appropriate methods for biomonitoring the priority
metals.

3

SB 1379, Perata and Ortiz, Chapter 599, Statutes of 2006. Available at:
http://www.biomonitoring.ca.gov/sites/default/files/downloads/sb_1379_bill_20060929.pdf
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Potential priority metal
Production/import volume
(2012, lbs)
Antimony
a

USGS* : 58M
b

US EPA :
10-50M (antimony)
5M (antimony trioxide)

Barium
USGS: 7.9B (barite)
US EPA:
31M (barium sulfide)
9M (barium chloride)

Beryllium
USGS: 620K
US EPA:
Withheld

March 2014 SGP Meeting

Use

Potential exposure
c
(examples)

Indications of toxicity
(notes from secondary sources and
d
selected literature reports)

Antimony is used as a hardening agent in
metal alloys for applications such as
batteries and ammunition. It is also used
in ceramics, glass and rubber products,
and as a catalyst in production of
polyethylene terephthalate (PET) food
contact materials. Antimony trioxide is
used as a flame retardant for plastics and
textiles, and is commonly used with
tetrabromobisphenol-A in circuit boards.
Antimony compounds are also used to
treat parasites. Nanoparticles of
antimony oxides are used as flame
retardant synergists with halogenated
compounds for plastics, paints, and textile
back coatings; in humidity sensing; and in
optical materials in semiconductors.
Barium compounds are used primarily in
fluids for drilling of oil and gas wells.
They are also used in radiography, in
pigments, and as fillers in cloth, ink and
plastic. Barium has been used for gas
scavenging in vacuum tubes and in spark
plugs. Barium titanate nanoparticles have
many applications in electronics, including
electronic ceramics, detectors, capacitors,
data storage, and optical computing.
Beryllium and beryllium alloys (berylliumcopper) are used in consumer and
automotive electronics, defense and
aerospace applications, energy
applications, and appliances.
Nanoparticle applications include
coatings, nanowire, nanofiber, plastics,
and textiles.

CDC noted that the general population is primarily exposed
through food. Antimony has been shown to migrate from
PET materials into food. An analysis of NHANES data found
that smokers had higher urinary antimony levels versus nonsmokers. Workers in various industries, such as metal
smelting, have exhibited elevated blood and urinary levels
correlated with antimony levels in air. CARB reported a
statewide average ambient air concentration of 2.7 ng/m3 in
2012.

Antimony trioxide is listed under
Proposition 65 as known to cause
cancer. Effects on the lungs and the
heart have been associated with
industrial exposures. OEHHA’s PHG of
20 µg/L for antimony is based on slightly
reduced longevity and minor clinical
signs in a rat study.

CDC indicated that general population exposure occurs
through food, air and water. An analysis of NHANES data
found that smokers had higher urinary barium levels versus
non-smokers. A study of welders using barium-containing
electrodes found urinary levels 60 times higher compared to
the general population, but this does not appear to be a
common source of occupational exposure. CARB reported
a statewide average ambient air concentration of 50.8 ng/m3
in 2002, the last year with sufficient data to calculate the
average.
Beryllium exposures most commonly occur in the workplace.
Beryllium also occurs at low levels in tobacco smoke (00.0005 µg/cigarette). In monitoring of California drinking
water from 2009 to 2012, beryllium was detected above the
PHG (1 µg/L) in only one drinking water source and never
above the MCL (4 µg/L). CARB reported a statewide
3
average of 0.019 ng/m in 1993, which was the last year
with sufficient data to calculate the average. CDC did not
detect beryllium in the general population for three survey
cycles and will no longer measure it in urine. A group in the
UK developed a more sensitive method (detection limit of 6
ng/L) and could distinguish low levels of beryllium exposures
in the general population compared to a worker population.

OEHHA’s PHG of 2.0 mg/L is based on
the absence of cardiovascular effects
(hypertension) in two human studies.
Exposure to barium in drinking water
caused ototoxicity in mice.

Beryllium and beryllium compounds are
listed under Proposition 65 as known to
cause cancer. OEHHA’s cREL of 0.007
μg Be/m3 is based on beryllium
sensitization and chronic beryllium
disease in workers. The immune system
was also identified as a hazard index
target. OEHHA’s PHG of 1 µg/L is based
on gastrointestinal lesions in beagle
dogs.
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Potential priority metal
Production/import volume
(2012, lbs)
Cesium
USGS: Estimated a few
thousand kg (USGS could not
obtain actual data)
US EPA:
265K (cesium nitrate)
198K (cesium formate)
46K (cesium carbonate)
44K (cesium sulfate)
33K (cesium chloride)

Cobalt
USGS: 29M
US EPA:
23M (cobalt)
1M-10M (cobalt[II, III] oxide)
4.7M (cobalt hydroxide)
1.4M (cobalt oxide)

Manganese
USGS: 2.6B
(includes Mn, FeMn, SiMn)
US EPA:
1B (manganese)
90M (manganese dioxide)
10-50M (manganese oxide)
10-50M (manganese[II,III]
oxide)
10-50M (manganese sulfate)
10-50M (manganese alloy)
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Use

Potential exposure
c
(examples)

Indications of toxicity
(notes from secondary sources and
d
selected literature reports)

All cesium used in the U.S. is derived
from imported pollucite, although this
cesium mineral does occur in Maine and
South Dakota. Naturally occurring
cesium, cesium-133, is not radioactive
(“stable cesium”). Cesium salts are used
in fluids for oil and gas drilling, petroleum
cracking, pyrotechnics, and as chemical
intermediates and catalysts. Cesium is
used in atomic clocks, global positioning
satellites, and photoemissive devices.
Radioactive cesium, such as cesium-137,
is used to sterilize food, in gauges, and in
medical applications.
Cobalt is used in metal alloys, such as
chromium-cobalt for artificial joints and
lithium cobalt oxide in batteries. More
than half of the cobalt consumed in the
United States is used in “superalloys”,
mainly for aircraft engines. Cobalt is also
used in pigments. Nanoparticle
applications include imaging, sensors,
and high performance magnetic
recording.

CDC stated that most general population exposure to
cesium occurs through the diet. Radioactive cesium has
been released to the environment in nuclear accidents and
explosions.

Radionuclides are listed under
Proposition 65 as known to the state to
cause cancer.

Most cobalt exposure is from the diet. Elevated cobalt
levels have been measured in blood, urine and other
biological samples from patients with artificial joints. CARB
reported a statewide average ambient air concentration of
0.92 ng/m3 in 2012.

Cobalt metal powder and several cobalt
compounds are listed under Proposition
65 as known to cause cancer. Elevated
levels of cobalt can be toxic to the
nervous system, thyroid, and heart.

Manganese is primarily used in steel.
Other uses include batteries, fertilizer,
matches, and ceramics. Manganese is a
component of two fungicides (mancozeb
and maneb) widely used in California.
Nanoparticle applications include
magnetic data storage, imaging,
biosensors, textiles, coatings, and
plastics.

Most manganese exposure occurs through diet. CDPH
reported there were detections above the health-based
notification level of 0.5 mg/L for 384 drinking water sources
across 46 counties (out of ~12,000 sources statewide) from
2006 to 2011. CARB reported a statewide average ambient
air concentration of 17.8 ng/m3 in 2012. Elevated
manganese blood levels have been measured in welders.

Elevated levels of manganese can harm
the nervous system in adults, affecting
mood and memory, and may affect
learning and behavior in children. The
OEHHA cREL of 90 ng/m3 is based on
impairment of neurobehavioral function in
humans. For more details on the toxicity
of manganese, refer to the potential
designated chemical document (OEHHA,
2010).

Potential priority chemicals
Page 5
Potential priority metal
Production/import volume
(2012, lbs)
Molybdenum
USGS: 177M
US EPA:
20M (molybdenum)
184M (molybdenum trioxide)
6M (molybdenum sulfide)

Platinum
USGS: 387K
US EPA:
67K (platinum)
31K (platinum sulfide)
37K (platinum oxide)

Thallium
USGS: 2.2K
US EPA: No records
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Use

Potential exposure
c
(examples)

Indications of toxicity
(notes from secondary sources and
d
selected literature reports)

Molybdenum is primarily used in iron,
steel and super alloys. It is also used in
semiconductors and batteries.
Molybdenum trioxide is used as a flame
retardant for a wide range of plastics,
rubbers, paper and textiles.
Nanoparticles of molybdenum compounds
are used in lubricants, catalysts, and
various space and military applications.

Most molybdenum exposure occurs through food. Elevated
levels of molybdenum have been found in serum of patients
with hip resurfacing metal implants. Workers at a
molybdenum smelter were found to have elevated levels in
blood and urine. Welders can also be exposed to
molybdenum. CARB reported a statewide average ambient
air concentration of 0.87 ng/m3 in 2012.

NTP found some evidence of the
carcinogenicity of inhaled molybdenum
trioxide, based on increased incidence of
lung tumors in mice. NTP also reported
non-neoplastic lung lesions in mice.
Elevated molybdenum has been
associated with a gout-like disease.
Some studies indicate potential
reproductive toxicity of molybdenum.

The major use of platinum compounds is
in catalysts to decrease vehicle
emissions. Platinum compounds are also
used in jewelry, dental alloys, and as
chemotherapy drugs (cisplatin,
carboplatin, nedaplatin, and oxaliplatin).
Platinum nanoparticle applications include
catalysts, cancer therapy, coatings, and
cosmetics.

Gold-platinum dental alloys have been associated with
increases in urinary platinum. CDC did not detect platinum
in the general population for three survey cycles and will no
longer measure it in urine. CARB reported that the 90th
percentile of the statewide ambient air concentration was
below the detection limit of 0.3 ng/m3 in 2012.

Platinum has been associated with
dermal and respiratory hypersensitivity.
The chemotherapeutic agent cisplatin is
listed under Proposition 65 as known to
the state to cause cancer. Platinum
chemotherapy drugs are also ototoxic
and neurotoxic.

Thallium is used in alloys for hightemperature superconductors, acoustooptical measuring devices, and lowtemperature measurement devices.
Thallium is also added to glass to
increase refractive index and density and
is used as a catalyst for organic
compound synthesis. Thallium has been
found in cement dust. Radioactive
thallium is used for cardiovascular
imaging.

CDC concluded that thallium exposure comes primarily from
industrial processes such as coal-burning and smelting.
Elevated levels up to 15 µg/L were found in mineral water in
Germany, which prompted development of a human
biomonitoring value (HBM I) of 5 µg/L. In monitoring of
California drinking water from 2009 to 2012, thallium was
detected infrequently above the PHG (five drinking water
sources > 0.1 µg/L) or MCL (one drinking water source > 2
µg/L).

Thallium and thallium compounds are
highly toxic. Thallium(I) ions can replace
potassium ions in biological systems.
Chronic toxicity concerns include
neurological effects (central and
peripheral), impaired vision, and
alopecia. The OEHHA PHG of 0.1 µg/L
is based on alopecia in an animal study.
Studies in rats showing loss of sperm
motility and impairment in development
of the autonomic nervous system
provided additional support for the PHG.
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Potential priority metal
Production/import volume
(2012, lbs)
Tungsten
USGS: 46M
US EPA:
27M (tungsten oxide)
18M (tungsten)
18M (tungsten carbide)

Uranium
USGS: Not included
e

US EIA : 47M
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Use

Potential exposure
c
(examples)

Indications of toxicity
(notes from secondary sources and
d
selected literature reports)

The major use for tungsten is for hard
tungsten carbide parts in industries such
as construction, metalworking, and oil and
gas drilling. Tungsten is in metal alloys,
including steel and “superalloys”, used to
make electronic components, in welding,
for various consumer products, and for
other applications. Tungsten is replacing
lead and depleted uranium in munitions,
including armor penetrators. Tungsten
compounds are used in ceramic
pigments, in fire retardant coatings for
fabrics, and in color-resistant dyes for
fabrics. Applications for tungsten
nanoparticles include coatings, plastics,
and nanowires; microelectronics films;
and sensors.
Naturally occurring uranium is enriched
for use as fuel in nuclear power plants,
which is the major use for uranium in the
U.S. Enriched uranium is also used in
nuclear weapons. Depleted uranium, a
byproduct of the production of enriched
uranium, is used in military applications,
transport containers for radioactive
materials, and medical applications.
Uranium oxide nanoparticles have been
used as catalysts.

CDC indicated that background exposures could occur from
soluble tungsten salts in drinking water. A faulty shielding
device used in testing of a new radiation treatment for breast
cancer patients deposited large numbers of tungsten
particles in the breast tissue of the study participants (n =
30). A mine in California produced tungsten concentrates in
2012. Workers can be exposed via inhalation of dust.

NTP is studying the potential
carcinogenicity of tungsten and selected
tungsten compounds, prompted in part
by tungsten’s identification as a
contaminant of possible concern in two
childhood leukemia clusters. Pellets of
weapons grade tungsten alloy implanted
in rats induced aggressive
rhabdomyosarcomas; however this alloy
also contained nickel and cobalt, both
known carcinogens. Neurobehavioral
effects were observed in rats
administered pre- and postnatal sodium
tungstate via gavage.

CDC stated that the general population is primarily exposed
to naturally occurring uranium in water and food, especially
root crops. Workers, such as uranium miners, can be
exposed by inhaling particles. CARB reported a statewide
3
average ambient air concentration of 1.4 ng/m in 2002, the
last year with sufficient data to calculate the average.

Radionuclides are listed under
Proposition 65 as known to cause
cancer. Noncancer effects of uranium
include immunotoxicity, neurotoxicity,
reproductive toxicity, cardiovascular
effects, and kidney toxicity. OEHHA’s
PHG of 0.5 µg/L (0.43 pCi/L) for natural
uranium in drinking water was derived
based on a lifetime cancer risk of 1 in a
million from exposure to ionizing
radiation. This PHG was further
supported by a human study showing
changes in indicators of kidney function
(increased β2-microglobulin and γglutamyl transferase levels in the urine).
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Table Notes
a. Includes domestic production and import volume for 2012 (from USGS, 2014). Data from USGS converted to pounds.
b. Import/production volume reported by US EPA (2012) for the metal and metal compounds. In some cases, such as manganese, many listings were
available and only the highest volume metal compounds were included in the table. Import/production volume from earlier years can be accessed at:
http://epa.gov/cdr/tools/previouslycollected.html.
c. This column provides examples of ways people in California might be exposed to these metals, to assist with the SGP’s discussion. An evaluation of the
relative importance of potential exposure sources was beyond the scope of this document.
d. This column provides notes on indications of toxicity, drawn from secondary sources and a limited literature review, to assist with the SGP’s discussion. If
a metal is formally identified as a particular type of toxicant, such as a carcinogen under Proposition 65, this is noted. However, an evaluation of the
toxicity of these metals was beyond the scope of this document. For more details on the indications of toxicity, consult the references provided in the
reference section below this table.
e. Data from US EIA (2011).
*Acronyms used in this document
ATSDR - Agency for Toxic Substances and Disease Registry
CARB – California Air Resources Board
CDC – Centers for Disease Control and Prevention
CDPH – California Department of Public Health
cREL – Chronic Reference Exposure Level
NHANES – National Health and Nutrition Examination Survey
NTP – National Toxicology Program
MCL – Maximum Contaminant Level
OEHHA – Office of Environmental Health Hazard Assessment
PET - polyethylene terephthalate
PHG – Public Health Goal
USGS – US Geological Survey
US EPA – US Environmental Protection Agency
UK – United Kingdom
WHO – World Health Organization

K - thousand
M – million
B- billion
lbs – pounds
µg/L – micrograms per liter
ng/m3 – nanograms per cubic meter
PCi/L – picocuries per liter
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