Inorganic Arsenic
TEACH Chemical Summary

U.S. EPA, Toxicity and Exposure Assessment for Children’s Health
This TEACH Chemical Summary is a compilation of information derived primarily from U.S. EPA and ATSDR resources,
and the TEACH Database. The TEACH Database contains summaries of research studies pertaining to developmental
exposure and/or health effects for each chemical or chemical group. TEACH does not perform any evaluation of the validity
or quality of these research studies. Research studies that are specific for adults are not included in the TEACH Database,
and typically are not described in the TEACH Chemical Summary.

I. INTRODUCTION
Arsenic is a semi-metallic element found in soils, groundwater, surface water, air, and some foods (1).
Arsenic occurs naturally in the earth’s crust, with higher concentrations in some geographic areas, and in
some types of rocks and minerals (1). In its pure form, arsenic is a gray-colored, odorless, and tasteless
metal; arsenic is usually found combined with other elements (1). When combined with elements other
than carbon, it is called “inorganic arsenic.” Arsenic and inorganic arsenic compounds can be emitted
into air and then deposited into water and soil during industrial operations such as ore mining and
smelting, and during volcanic eruptions and forest fires (1-3). One form of inorganic arsenic, chromated
copper arsenate (CCA), has been commonly used as a preservative in wood products to prevent rotting
from insects and microbial agents (1, 4). CCA had previously been used in residential settings for decks,
playsets, and playgrounds; but such uses have been voluntarily withdrawn by the industry (5). Inorganic
arsenic is also found in some Asian folk remedies that claim to relieve constipation during pregnancy,
facilitate delivery in women, and relieve asthma in adults and children (6, 7).
Organic (carbon-containing) forms of arsenic (e.g., monosodium methanearsonate and disodium
methanearsonate) are used in pesticides for agricultural applications (1), and details pertaining to organic
forms of arsenic will not be discussed in this Chemical Summary.
Children are most likely to be exposed to inorganic arsenic compounds from drinking water, or from
ingesting contaminated foods or soil (predominantly via hand-to-mouth activity) (1, 4, 8). Ingested
inorganic arsenic is metabolized to mono- and dimethylated arsenic compounds prior to excretion in
urine. In general, dimethylated compounds are predominantly found in urine. Although methylation of
inorganic arsenic is generally considered a detoxification mechanism, some methylated compounds
(trivalent forms) are considered very toxic (1, 3).
Regarding human health effects, the primary target of inorganic arsenic exposure is dependent on the
route of exposure. For ingestion and dermal (skin) routes of exposure, adverse effects are most often
manifested in skin (skin discoloration and lesions) and in the gastrointestinal tract (nausea, diarrhea, and
abdominal pain) (1). Ingestion exposure has also been linked to cancer of the skin, bladder, liver, and
lung (1). Inhalation exposure has been linked to increased incidence of irritation of mucous membranes
and lung cancer (1). Inorganic arsenic is classified as a known human carcinogen (cancer-causing agent)
by the U.S. ATSDR (1), U.S. EPA (www.epa.gov/iris/subst/0278.htm) (9), and the IARC
(http://monographs.iarc.fr/ENG/Monographs/vol23/volume23.pdf) (10).
Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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II. EXPOSURE MEDIA AND POTENTIAL FOR CHILDREN’S EXPOSURE1
Exposure
Media
Drinking Water

Relative
Potential for
Children’s
2,3
Exposure
Higher

Groundwater

Higher

Soil

Higher

Sediment

Lower

Ambient Air

Lower

Indoor Air

Lower

Diet

Lower

4

Basis
Children can be exposed to arsenic via ingestion of
contaminated drinking water. Drinking water can be
contaminated by natural sources of arsenic or by mining or
smelting operations.
Groundwater can be contaminated with arsenic from natural
sources of arsenic, or by mining and smelting operations.
When contaminated groundwater serves as a source of
drinking water, the drinking water is a concern.
Exposure to arsenic-contaminated soil can be a concern if
chromated copper arsenate (CCA)-treated wood products are
present (e.g., decks, playground equipment), or if there are
industrial sources of arsenic (e.g., mines, smelters, production
of some agricultural products) near residences or schools.
Arsenic occurs naturally in soil, and background
concentrations can vary in different regions of the U.S.
In some areas, moderately elevated levels of arsenic are
naturally occurring in sediment. The level of exposure from
this route is not usually of concern.
Arsenic in ambient air is generally of lower concern for most
parts of the U.S. Arsenic can be a concern in some U.S.
towns, cities, or regions, particularly near metal processing
industries such as mining operations and smelters.
Arsenic is not generally found in indoor air, although low
levels of arsenic may be present from environmental tobacco
smoke in homes with people who smoke cigarettes.
Arsenic (predominately organic arsenic) can be found
naturally in many types of fish and shellfish. Inorganic
arsenic has been detected in some foods, including some
carrots and rice.

1

For more information about child-specific exposure factors, please refer to the Child-Specific Exposure Factors
Handbook (http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=55145).
2
The Relative Potential for Children’s Exposure category reflects a judgment by the TEACH Workgroup, U.S. EPA,
that incorporates potential exposure pathways, frequency of exposure, level of exposure, and current state of knowledge. Sitespecific conditions may vary and influence the relative potential for exposure. For more information on how these
determinations were made, go to http://www.epa.gov/teach/teachprotocols_chemsumm.html.
3
Childhood represents a lifestage rather than a subpopulation, the distinction being that a subpopulation refers to a
portion of the population, whereas a lifestage is inclusive of the entire population.
4
Information described in this column was derived from several resources (e.g., 1, 2) including studies listed in the
TEACH Database (http://www.epa.gov/teach).
Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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III. TOXICITY SUMMARY5, 6
Chronic inorganic arsenic exposure is known to be associated with adverse health effects on several
systems of the body, but is most known for causing specific types of skin lesions (sores,
hyperpigmentation, and other lesions) and increased risks of cancer of the lung and skin (1).
Other effects of chronic arsenic exposure reported for adults include kidney damage and failure, anemia,
low blood pressure and shock, and central nervous system symptoms such as headaches, weakness, and
delirium (1, 11). There also may be an increased risk of diabetes in chronically-exposed adults and
children (1, 12). Chronic arsenic exposure of children and adults has been associated with adverse liver
and respiratory effects, including irritation of mucous membranes (1, 13).
During development, chronic high level inorganic arsenic exposure in humans was associated with
increased incidence of preterm delivery, miscarriage, stillbirths, low birth weight, and infant mortality
(14-22). Inorganic arsenic exposure during childhood was associated with decreased performance in
tests of intelligence (I.Q.) and long-term memory (23-26). Skin lesions associated with As exposure
have been reported in children (19, 27, 28).
Acute exposure (14 days or less, including single exposure) of adults and children resulted in
gastrointestinal effects, such as nausea, vomiting, abdominal pain, and diarrhea; and neurological effects
(e.g., headaches, dizziness) on the central and peripheral nervous system (1, 29, 30). Acute one-time
exposure of adults of approximately 22-600 μg/day has resulted in death (1). One case reported death of
an infant exposed to approximately 3,430 mg of arsenic (31).
Experimental animal studies have reported teratogenic effects of arsenic, arsenate, or arsenite either
alone or when combined with other stressors during fetal development (32-44); teratogenic effects
included cleft palate, delayed bone hardening, and neural tube defects. Increased incidence of liver,
lung, and other cancers in adult animals was reported following in utero exposure to arsenic (45, 46).
7

Carcinogenicity Weight-of-Evidence Classification : Inorganic arsenic is classified by the U.S. EPA
as a known human carcinogen, based on extensive population studies of lung cancers following
inhalation exposure, and skin cancers following ingestion of contaminated drinking water in adults;
arsenic exposure also may be associated with a higher incidence of bladder, liver, kidney, and prostate
cancer. (www.epa.gov/iris/subst/0278.htm, II.A.1) (9). The World Health Organization International
Agency for Research on Cancer (IARC) classifies arsenic as a known (Group 1) human carcinogen
(http://monographs.iarc.fr/ENG/Monographs/vol23/volume23.pdf) (10).
5

Please refer to research article summaries listed in the TEACH Database for details about study design considerations
(e.g., dose, sample size, exposure measurements).
6
This toxicity summary is likely to include information from workplace or other studies of mature (adult) humans or
experimental animals if child-specific information is lacking for the chemical of interest. Summaries of articles focusing
solely on adults are not listed in the TEACH Database because the TEACH Database contains summaries of articles
pertaining to developing organisms.
7
For recent information pertaining to carcinogen risk assessment during development, consult Guidelines for Carcinogen
Risk Assessment and Supplemental Guidance on Risks from Early Life Exposure at http://www.epa.gov/cancerguidelines.

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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IV. EXPOSURE AND TOXICITY STUDIES FROM THE TEACH DATABASE
This section provides a brief description of human and animal studies listed in the TEACH Database. For more details about
study design parameters, e.g., doses and exposure information, please refer to article summaries in the TEACH Database.
Any consideration should include an understanding that exposure levels in animal studies, in many cases, are greater than
exposure levels normally encountered by humans.

A. HUMAN EXPOSURE AND EFFECTS
<

Many studies discussed in the bullets below involved large populations of people living in regions of
India and Bangladesh who were exposed to arsenic in drinking water from tube-wells at
concentrations over 300 μg/L (47, 48). Numerous studies have been published based on these
regional arsenic exposures, providing information on exposures of children (48-52) and health
effects in children following ingestion exposure (19, 21, 25, 28, 48, 53-58).

<

Studies have shown that arsenic can cross the placenta to the fetus. Arsenic has been detected in
placenta (59-61) and cord blood (59, 60). Arsenic concentrations in cord blood correlated with
arsenic concentrations in maternal blood (60). In one study, arsenic was not detected in analyses of
fetal waste products (62).

<

Urine arsenic concentrations are indicative of arsenic exposure within 24 hours with a half life of 4
days of exposure (1, 8), and have been measured in several studies that included children (52, 6374). The urine excretion rates of arsenic in infants and children were higher than in adults (52, 63).
Urine arsenic concentrations in children were significantly associated with residence distance from
copper smelters or mines in some studies (64-66, 75), but not others (67, 76). In another study,
concentrations of arsenic in children’s urine did not correlate with concentrations of arsenic in air
(68). Urine arsenic concentrations in children have been measured in large populations (69, 70).
Urine concentrations of several arsenic metabolites have also been measured in pregnant women
(77) and in children (52, 71-73, 78).

<

In addition to urine, arsenic concentrations in blood, hair, and fingernails have also been measured in
children (48, 79-90). While the presence of arsenic in urine is an indication of recent exposure
(approximately within days), arsenic in hair or fingernails is an indication of exposure within 3-6
months (1). A recent study reported new arsenic reference blood and urine concentrations for
German children (90).

<

Children’s exposure to arsenic from chromated copper arsenate (CCA)-treated wood has been
studied (1, 4, 91-97). Arsenic was detected in soil under CCA-treated wood play structures (93, 97),
and on hands of children after playing on such wood structures (91, 92, 94-96). See “Considerations
for Decision-Makers” section in this Chemical Summary for more information about U.S. EPA risk
assessments pertaining to CCA exposure.

< Arsenic has been measured in breast milk (98-101). Arsenic concentrations were generally low in
breast milk and within reference ranges in these studies, and did not accumulate in or partition
strongly to breast milk, even when arsenic concentrations in maternal blood were high (10 μg/dL)
(98). The studies measured total arsenic (99, 101), or inorganic and organic arsenic (98, 100).

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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<

Specific forms or species of arsenic and arsenic metabolites in blood or urine have been measured
(52, 73, 89). For example, hair concentrations of As(III) correlated more strongly with duration of
exposure to arsenic and age of individual, than hair concentrations of As(V) or total arsenic (89). In
urine, methylarsonite (MAs(III)) concentrations were significantly associated with presence of skin
lesions (73).

< Concentrations of total arsenic in a broad array of foods have been measured in studies that included
consideration of children’s diet (8, 102-108). Three studies measured arsenic in baby foods (105107). The U.S. FDA has measured total arsenic in a wide variety of commercially-available foods in
the U.S. as part of the “Total Diet Study” (105, 106). Inorganic arsenic has been detected in some
foods that children eat (e.g., carrots and rice) (109, 110). Arsenic was also detected in house dust and
soil near homes (111).
<

Arsenic was present in products stored in the home that have been reported to be accidentally
ingested by children (e.g., rodenticides, or rat poisons) (112). Accidental ingestion of arsenic also
occurred when an arsenic-containing herbicide had been transferred to a bottle that was previously
used for drinking water, and was mistaken for drinking water (31). Arsenic has been shown to leach
from some crayons and some art paints when exposed to acidic solutions that mimic saliva (113).

<

Increased rates of pre-term births, stillbirths, spontaneous abortions, and infant mortality have been
associated with maternal exposure to arsenic in drinking water (14, 15, 17-22, 50) or to arsenic in air
(16). Significantly decreased birthweight was associated with increased arsenic in drinking water
(mean arsenic concentration 42 μg/L as compared to <1 μg/L for controls) in a study in Chile (17)
but not in a study in Taiwan (maximum concentration 3.6 μg/L) (20).

<

Arsenic acid, arsenic pentoxide, and sodium arsenate are known human carcinogens (cancer-causing
agents) in adults (1, 114); however, little childhood-specific information is available regarding
cancer effects of inorganic arsenic exposure during development. In adults, exposures to these
chemicals have correlated with skin cancer and lung cancer (1). Arsenic exposure in utero was
associated with increased risk of lung cancer in adulthood (115). In children, one study found no
significant association between incidence of bone cancers, testicular cancers, soft tissue cancers, and
lymphomas with arsenic concentrations (up to 92 μg/L) in drinking water (116). Two studies found
no significant association between incidence of leukemia and arsenic concentration in drinking water
(116, 117). Another study reported increased expression of genes associated with carcinogenesis
(118).

<

Indicators of DNA damage and repair have been shown to be increased in children and adults who
were chronically exposed to arsenic in drinking water (119-122). For example, chromosomal and
DNA damage was increased in lymphocytes from exposed children and adults in India (120, 122).

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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<

Chronic high level exposure to arsenic in drinking water (up to over 500 μg/L) was associated with a
increased incidence of skin lesions in children, including hyperpigmentation (dark colorations) and
keratosis (a local overgrowth of skin, like a callous) (19, 21, 27, 28, 50, 53-57, 73, 86, 123-127).
Studies of skin lesions and exposure to arsenic performed in India and Bangladesh suggested that a
possible confounder in these studies was malnutrition of the children (54, 55), and arsenic exposure
may be a factor in malnutrition as well (128). However, another study in Chile demonstrated that the
incidence of skin lesions was associated with arsenic exposure regardless of nutritional state of the
children (123). Two other studies in the U.S. found no arsenic-associated skin lesions in children
associated with concentrations of arsenic in drinking water up to 90 μg/L (129, 130).

<

Arsenic exposure was associated with impaired neuropsychological development in children (2326). One study found that higher levels of arsenic in hair of children correlated with lower
Intelligence Quotients, or I.Q. (24). Another study in Bangladesh found that lower neurobehavioral
test scores in 9-10 year old children were significantly associated with arsenic exposure (25).

<

Studies have reported an association between arsenic exposure and peripheral neuropathy (adverse
effects in nerves in limbs and fingers) in children in India (28, 58, 131). Increased risk of autism
spectrum disorders was associated with the highest 25% of arsenic air concentrations in the San
Francisco Bay area (132).

B. EXPERIMENTAL ANIMAL EXPOSURE AND EFFECTS
<

Arsenic has been shown to cross the placenta in hamsters and mice (133-136). Exposure of pregnant
mouse dams by intraperitoneal injection resulted in more arsenic reaching the fetus than when
exposure to arsenic occurred via tube feeding (135).

<

Experimental animal studies of effects of prenatal arsenic exposure on the development of offspring
have been performed. Prenatal exposure of rats to arsenic trioxide via maternal inhalation (41) or
maternal gavage (feeding tube) (42) resulted in no observed gross malformations or increased fetal
mortality, even at maternally-toxic doses. Similar results were obtained in studies of arsenic-exposed
mice and rabbits (43). Inhibition of methylation at the time of arsenic exposure of pregnant rats also
significantly increased the incidence of fetal mortality and deformities in their offspring (44).

<

Exposure of pregnant animals to arsenic, combined with another stressor, has resulted in an
increased incidence of teratogenic effects in their offspring as compared to arsenic exposure alone.
For example, prenatal arsenate exposure of hamsters (via continuous maternal injection by an
osmostic pump) combined with heat-induced stress, resulted in an increased incidence of fetal
malformations as compared to fetuses exposed to arsenic alone (32). Prenatal arsenate exposure (via
maternal gavage in mice) combined with restraint-induced stress resulted in a longer delay in eye
opening and delayed pivoting behavior in exposed offspring as compared to treatment with arsenate
alone (33). Also, a protein-deficient diet combined with arsenic exposure (via single maternal
injection) during pregnancy has also resulted in increased incidence of teratogenic effects, e.g.,
exencephaly (growth of brain outside of skull) and skeletal defects such as fused ribs (34).

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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<

Prenatal exposure to arsenic concurrently with other chemicals showed increased teratogenicity
(induction of fetal malformations) of the chemicals in some studies but not others. For example,
prenatal exposure to arsenate via maternal intraperitoneal injection, concurrently with dichromate
and copper sulfate, was highly teratogenic at doses that were not teratogenic when any compound
was administered alone (35). In other studies, concurrent exposure to arsenic, lead, and
methylmercury resulted in fetal malformations (e.g., cleft palate and delayed bone ossification, or
hardening) that were additive for each chemical alone (36), or were attributed primarily to
methylmercury exposure (37).

<

Neurodevelopmental defects have been reported following prenatal exposure to arsenic. For
example, neural tube defects, exencephaly (growth of brain outside of the skull), and disturbed
neurulation (the process of formation of the neural tube during fetal development) were observed
following prenatal exposure to arsenate via maternal injection (38, 39, 137). Results in two of these
studies suggested that genetic differences in different strains of mice may contribute to greater
susceptibility to neurological effects following arsenate exposure (38, 137). Neurobehavioral
changes were also observed in adult rats who were exposed to arsenite beginning in utero via
maternal ingestion of arsenite in drinking water, and continuing throughout lactation and into
adulthood (40).

<

Increased incidence of liver, lung, adrenal, and ovarian cancer was observed in adult offspring
following prenatal exposure to sodium arsenite via maternal drinking water in mice (45, 46, 138,
139). Exposure of mice to arsenic and diethylstilbesterol (DES), or arsenic and Tamoxifen increased
the incidence of tumors above that seen with any of the compounds alone (138, 139).

V. CONSIDERATIONS FOR DECISION-MAKERS
This section contains information that may be useful to risk assessors, parents, caregivers, physicians, and other decisionmakers who are interested in reducing the exposure and adverse health effects in children for this particular chemical.
Information in this section focuses on ways to reduce exposure, assess possible exposure, and, for some chemicals,
administer treatment.

<

Arsenic can exist in different oxidation states (e.g., arsenite - AsIII and arsenate - AsV) (1). Arsenic
compounds can be metabolized (broken down) and methylated in the body following to form
monomethylarsonic acid (MMAV), dimethylarsinic acid (DMAV), MMAIII, and DMAIII (1). The
toxicity and excretion rates of different arsenic compounds and metabolites may depend in part on
the oxidation state and degree of methylation (1).

<

Detailed compilations and analyses of information pertaining to exposure and health effects of
arsenic are available in the U.S. ATSDR Toxicological Profile for Arsenic (1). Additional
summaries of exposure and health risks for arsenic are available from the U.S. EPA (3, 11). The U.S.
EPA cancer assessment is in review for an updated IRIS Chemical Assessment for Arsenic (140).

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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<

Wood products treated with chromated copper arsenate (CCA) are a media of concern for potential
exposure of children to arsenic. In December, 2003, the U.S. EPA released a draft document entitled,
“A Probabilistic Risk Assessment for Children Who Contact CCA-Treated Playsets and Decks” (4).
Arsenic has been detected in soil under decks and near playground equipment that used CCA-treated
wood (4, 93, 141) and on hands of children after playing on CCA-treated wood playsets (91, 92, 9496). A recent U.S. EPA Scientific Advisory Panel recommended the use of coatings on existing
playground equipment as a mitigative measure to prevent exposure to CCA (5). As of January 1,
2004, the U.S. EPA recommended cessation of use of CCA to treat wood intended for residential
uses, such as playsets and decks (5).

<

Drinking water arsenic concentrations have been assessed in several regions as part of the U.S. EPA
National Human Exposure Assessment Survey (NHEXAS), which evaluated human exposure to
several chemicals on a regional scale (142-144). The U.S. EPA also collected data on arsenic in
ground and surface water samples (as sources of drinking water) across the U.S. (3). The U.S.
Geological Society also provides information on arsenic concentrations in groundwater samples
collected across the U.S. (145).

<

In view of the U.S. EPA Maximum Contaminant Level (MCL) of 10 μg/L for arsenic (see Toxicity
Summary and Reference Values in this Chemical Summary), caregivers may consider an alternate
water supply, e.g. bottled water, where drinking water arsenic concentrations exceed 10 μg/L (or 10
ppb).

<

The U.S. EPA reported assessments of air concentrations of arsenic compounds on a regional scale
based on 1999 emissions data, and included risk assessments for the air toxics based on chronic
exposure; arsenic is one of 177 air pollutants included in this assessment (146). Ranges of
concentrations of arsenic in ambient air for regions of the U.S. are available at this Web site (146).

<

For physicians, information is available from the U.S. EPA that describes medical diagnosis and
treatments for arsenic exposure, and for inorganic and organic arsenic exposure, in “Recognition and
Management of Pesticide Poisonings” (147).

<

Arsenic is the highest priority chemical listed on the 2005 Priority List of Hazardous Substances for
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) section
104 (i), as amended by the Superfund Amendments and Reauthorization Act (SARA). This is a
prioritized list of chemicals of concern, ranking chemicals commonly found at sites listed on the
National Priorities list (NPL); there are currently 275 substances on this list (148). The priority of
concern is determined by considering the frequency of occurrence at NPL sites, the potential hazard
to human health, and the potential for human exposure. Inorganic arsenic was found at 784 of 1,662
U.S. EPA NPL sites (149, 150).

<

Consult “Child-Specific Exposure Factors Handbook,” EPA-600-P-00-002B, for factors to assess
children’s drinking water consumption and inhalation rates; a 2006 draft version is also available
(151, 152).

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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VI. TOXICITY REFERENCE VALUES
Inorganic Arsenic
A. Oral/Ingestion
U.S. EPA Reference Dose (RfD) for Chronic Oral Exposure: 3E-4 (or 0.0003) mg/kg-day, based on
hyperpigmentation, keratosis, and possible vascular complications in adults
(www.epa.gov/iris/subst/0278.htm, I.A.1) (9). Last Workgroup Verification Date 11/15/90.
U.S. EPA Cancer Oral Slope Factor: 1.5E+0 (or 1.5) per (mg/kg)/day; based on skin cancer from
drinking water exposure in adults (www.epa.gov/iris/subst/0278.htm, II.B.1) (9). Last
Workgroup Verification Date 2/3/94.
U.S. EPA Cancer Drinking Water Unit Risk: 5E-5 (or 0.00005) per (μg/L), calculated using the
extrapolation method with time and dose-related formulation of the dose-related model
(www.epa.gov/iris/subst/0278.htm, II.B.1) (9). Last Workgroup Verification Date 2/3/94.
U.S. EPA Drinking Water Concentrations at Specified Risk Levels: 1E-4 (or 1 in 10,000), 2E+0 (or
2) μg/L; 1E-5 (or 1 in 100,000), 2E-1 (or 0.2) μg/L; 1E-6 (or 1 in 1,000,000), 2E-2 (or 0.02)
μg/L (www.epa.gov/iris/subst/0278.htm, II.B.1) (9). Last Workgroup Verification Date 2/3/94.
U.S. EPA Maximum Contaminant Level (MCL) for Drinking Water: 0.010 mg/L (or 10 μg/L or 10
ppb) total arsenic, based on potential health effects of skin damage, problems with the circulatory
system, and possible increased cancer risk
(http://www.epa.gov/safewater/arsenic/regulations.html) (153). Standard issued 1/22/01 was
effective 1/23/06.
U.S. EPA Maximum Contaminant Level Goal (MCLG): 0. Last revised 1/23/06.
U.S. ATSDR Minimal Risk Level (MRL): 0.0003 mg/kg/day (chronic oral), based on dermatological
effects; 0.005 mg/kg/day (acute oral), based on gastrointestinal effects
(http://www.atsdr.cdc.gov/mrls/index.html) (154). Last revised 12/2006.
B. Inhalation
U.S. EPA Carcinogenic Risk from Inhalation Exposure Air Unit Risk: 4.3E-3 (or 0.0043) μg/m3
based on lung cancer in adults. Derived using absolute-risk linear model; IRIS states that unit
risk should not be used if air concentration is greater than 2 μg/m3
(http://www.epa.gov/iris/subst/0278.htm, II.C.1) (9). Last Agency Verification Date 2/3/94.
U.S. EPA Air Concentrations at Specified Risk Levels: 1E-4 (or 1 in 10,000), 2E-2 (or 0.02) μg/m3;
1E-5 (or 1 in 100,000), 2E-3 (or 0.002) μg/m3; 1E-6 (or 1 in 1,000,000), 2E-4 (or 0.0002) μg/m3;
based on lung cancer in adults. (http://www.epa.gov/iris/subst/0278.htm, II.C.1) (9). Last Agency
Verification Date 2/3/94.

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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VII. U.S. FEDERAL REGULATORY INFORMATION
<

In January 2001, the U.S. EPA issued a new drinking water standard (Maximum Contaminant Level,
or MCL) for total arsenic of 0.01 mg/L (or 10 μg/L). Compliance with the new standard must have
been achieved by January 2006 (155).

<

The U.S. EPA regulates CCA, arsenic acid, and arsenic pentoxide as Restricted Use Pesticides
(RUPs), meaning that only licensed professionals can have access to and apply products containing
these chemicals (RUP site) as specified in the RUP report (156); nonresidential uses of CCA are
included in the RUP classification.

<

In 2002, the U.S. EPA announced that industry had voluntarily decided to discontinue use of arseniccontaining preservatives in pressure-treated lumber products by December 31, 2003. The transition
away from use of chromated copper arsenate (CCA) affected virtually all residential uses including
play-structures, decks, picnic tables, landscaping timbers, residential fencing, patios, and walkways/
boardwalks. As of January 1, 2004, the U.S. EPA discourage CCA use to treat wood intended for
any of these residential uses (5).

<

The U.S. EPA requires reporting of quantities of certain chemicals that exceed a defined reportable
quantity, and that quantity varies for different chemicals (157). Under the Emergency Planning and
Community Right-to-Know Act (EPCRA) Section 313 “Toxic Chemicals,” quantities of arsenic
pentoxide, arsenic disulfide, arsenic trisulfide, and other inorganic arsenic compounds greater than
25,000 pounds manufactured or processed, or greater than 10,000 pounds otherwise used, is
required; under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), reporting releases of any quantity of arsenic pentoxide, arsenic disulfide, or arsenic
trisulfide exceeding 1 pound is required (157); there are 17 arsenic-containing chemicals for which
there are reportable quantities ranging from 1-10,000 pounds (157).

<

Arsenic is one of 188 hazardous air pollutants (HAPs) listed under section 112(b) of the 1990 Clean
Air Act Amendments and regulated from more than 170 industrial source categories (158).

VIII. BACKGROUND ON CHEMICAL
A. CAS Number: 7440-38-2 (arsenic).
B. Physicochemical Properties: Arsenic is a shiny gray element which occurs naturally in the earth’s
crust and in industrial processes, and occurs most commonly as metal arsenides. Arsenic can be found in
inorganic and organic compounds. Arsenic can exist in different speciations and oxidation states (e.g.,
arsenite (AsIII), arsenate (AsV), monomethylarsonic acid (MMAV), dimethylarsinic acid (DMAV),
MMAIII, DMAIII) (1). The atomic abbreviation for arsenic is As. Search for arsenic, arsenic acid, arsenic
pentoxide, sodium arsenate, chromated copper arsenate, or arsine at
http://chem.sis.nlm.nih.gov/chemidplus.

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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C. Production: Arsenic is a naturally occurring element, comprising an average concentration of
approximately 0.0002% of the Earth’s crust. Arsenic is concentrated in certain minerals such as pyrite,
which contains 5-10% arsenic by weight. Arsenic can be released during industrial processes,
particularly metal processing (1, 159). Arsine is a short-lived, highly toxic gas produced during some
industrial processes, and is the most common form of arsenic in industrial poisoning incidents of adults
(1), but is unlikely to be of concern for exposure of children.
D. Uses: The majority (90%) of total inorganic arsenic use in the U.S. had been in the wood industry
prior to 2002, where it is used as a preservative called chromated copper arsenate (CCA) (1), though
currently use is discouraged in wood products designated for residential uses. It is also used in paints,
drugs, dyes, soaps, metals, semi-conductors, agricultural products, and in mining and smelting
operations (1, 159). In 2005, total TRI-reported disposals and releases of arsenic were over 1.2 million
pounds, and of arsenic compounds were nearly 200 million pounds (160). These estimates of releases
should be considered a minimum estimate because they do not include releases from agricultural
applications, and from some mining, industrial, and electrical utility uses (160).
E. Environmental Fate: Arsenic does not break down as an element, but it can change form. A variety
of natural processes affect its fate and transport in soil and water, including chemical reactions (e.g.,
oxidation-reduction reactions), ligand exchange reactions, and biotransformations (metabolism by living
organisms) (1). The oxidation state of arsenic (arsenate in the +5 state, or arsenite in the +3 state) affects
how easily the arsenic is removed from drinking water using treatment systems, with arsenate more
easily removed. The solubility of inorganic arsenic compounds vary depending on the compound and
the pH of the water (1, 3). Inorganic arsenic has been shown to readily migrate through soil to
groundwater (1, 159), and arsenite, being charged, does not migrate as readily (1). Inorganic arsenic has
been shown to persist in soil over 45 years (161). Arsenic disperses in the air but will settle out and
deposit in soils (1).
F. Synonyms and Trade Names: arsenic, inorganic arsenic, gray-arsenic, arsenicals, arsenate, arsine,
and others (for a more complete list, go to (1), page 238).
Additional information on arsenic is available in the TEACH Database for arsenic, and at the following
Web sites:
http://www.epa.gov/oppad001/reregistration/cca/
http://www.epa.gov/oscpmont/sap/tools/subject/wood.htm
http://www.epa.gov/safewater/arsenic/index.html
http://www.atsdr.cdc.gov/tfacts2.html
http://www.epa.gov/ttn/atw/nata/

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 11

Chemical Summary Form, Inorganic Arsenic (continued)

REFERENCES
1. U.S. Agency for Toxic Substances and Diseases Registry (ATSDR). 2005. "Toxicological Profile for
Arsenic." http://www.atsdr.cdc.gov/toxprofiles/tp2.pdf.
2. Polissar, L., et al. 1990. "Pathways of human exposure to arsenic in a community surrounding a
copper smelter." Environ.Res. 53(1):29-47.
3. U.S. Environmental Protection Agency. 2000. "Arsenic Occurrence in Public Drinking Water
Supplies." http://www.epa.gov/OGWDW/arsenic/pdfs/occurrence.pdf EPA-815-R-00-023.
4. U.S. Environmental Protection Agency. 2003. "A Probabilistic Risk Assessment for Children Who
Contact CCA-Treated Playsets and Decks."
http://www.epa.gov/oscpmont/sap/2003/december3/shedsexposurereportsept03.pdf.
5. U.S. Environmental Protection Agency. 2004. "Chromated Copper Arsenate Compliance Strategy."
http://www.epa.gov/pesticides/factsheets/chemicals/cca_strategy5.pdf.
6. Werner, M.A., et al. 2001. "Use of imported folk remedies and medications in the Wisconsin Hmong
community." WMJ. 100(7):32-34.
7. Chan, T.Y. 1994. "The prevalence use and harmful potential of some Chinese herbal medicines in
babies and children." Vet.Hum.Toxicol. 36(3):238-240.
8. Subcommittee on Arsenic in Drinking Water, N.R.C. 1999. "Arsenic in Drinking Water."
http://www.nap.edu/catalog/6444.html. National Academy Press, Washington, DC.
9. U.S. Environmental Protection Agency. 1998. "Integrated Risk Information System (IRIS): Arsenic,
inorganic." http://www.epa.gov/iris/subst/0278.htm.
10. World Health Organization. 1998. "Volume 23: Some Metals and Metallic Compounds."
http://monographs.iarc.fr/ENG/Monographs/vol23/volume23.pdf.
11. U.S. Environmental Protection Agency. 2000. "Technology Transfer Network Air Toxics Web Site:
Arsenic Compounds." http://www.epa.gov/ttn/atw/hlthef/arsenic.html.
12. Tseng, C.H., et al. 2000. "Long-term arsenic exposure and incidence of non-insulin-dependent
diabetes mellitus: a cohort study in arseniasis-hyperendemic villages in Taiwan." Environ.Health
Perspect. 108(9):847-851.
13. Mazumder, D.N., et al. 2000. "Arsenic in drinking water and the prevalence of respiratory effects in
West Bengal, India." Int.J.Epidemiol. 29(6):1047-1052.
14. Hopenhayn-Rich, C., et al. 2000. "Chronic arsenic exposure and risk of infant mortality in two areas
of Chile." Environ.Health Perspect. 108(7):667-673.
15. Ahmad, S.A., et al. 2001. "Arsenic in drinking water and pregnancy outcomes." Environ.Health
Perspect. 109(6):629-631.
16. Ihrig, M.M., et al. 1998. "A hospital-based case-control study of stillbirths and environmental
exposure to arsenic using an atmospheric dispersion model linked to a geographical information
system." Epidemiology 9(3):290-294.
17. Hopenhayn, C., et al. 2003. "Arsenic exposure from drinking water and birth weight." Epidemiology
14(5):593-602.
18. Milton, A.H., et al. 2005. "Chronic arsenic exposure and adverse pregnancy outcomes in
Bangladesh." Epidemiology 16(1):82-86.

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 12

Chemical Summary Form, Inorganic Arsenic (continued)

19. Mukherjee, S.C., et al. 2005. "Murshidabad--one of the nine groundwater arsenic-affected districts
of West Bengal, India. Part II: dermatological, neurological, and obstetric findings." Clin
Toxicol. 43(7):835-848.
20. Yang, C.Y., et al. 2003. "Arsenic in drinking water and adverse pregnancy outcome in an arseniasisendemic area in northeastern Taiwan." Environ.Res. 91(1):29-34.
21. Chakraborti, D., et al. 2004. "Groundwater arsenic contamination and its health effects in the GangaMeghna-Brahmaputra plain." J.Environ.Monit. 6(6):74N-83N.
22. von Ehrenstein, O.S., et al. 2006. "Pregnancy outcomes, infant mortality, and arsenic in drinking
water in West Bengal, India." Am J Epidemiol. 163(7):662-669.
23. Calderon, J., et al. 2001. "Exposure to arsenic and lead and neuropsychological development in
Mexican children." Environ.Res. 85(2):69-76.
24. Siripitayakunkit, U. et al.1999. "Association Between Chronic Arsenic Exposure and Children's
Intelligence in Thailand." The Society of Environmental Geochemistry and Health (SEGH)
Third International Conference on Arsenic Exposure and Health Effects. pp. 141-149.
25. Wasserman, G.A., et al. 2004. "Water arsenic exposure and children's intellectual function in
Araihazar, Bangladesh." Environ.Health Perspect. 112(13):1329-1333.
26. Tsai, S.Y., et al. 2003. "The effects of chronic arsenic exposure from drinking water on the
neurobehavioral development in adolescence." Neurotoxicology 24(4-5):747-753.
27. Maharjan, M.et al. 2005. "Short report: arsenic contamination in drinking water and skin
manifestations in Lowland Nepal: the first community-based survey." Am.J.Trop.Med.Hyg.
73(2):477-479.
28. Ahamed, S., et al. 2006. "Arsenic groundwater contamination and its health effects in the state of
Uttar Pradesh (UP) in upper and middle Ganga plain, India: a severe danger." Sci.Total.Environ
370(2-3):310-322.
29. Uede, K., and F. Furukawa. 2003. "Skin manifestations in acute arsenic poisoning from the
Wakayama curry-poisoning incident." Br.J.Dermatol. 149(4):757-762.
30. Armstrong, C.W., et al. 1984. "Outbreak of fatal arsenic poisoning caused by contaminated drinking
water." Arch.Environ.Health 39(4):276-279.
31. Lai, M.W. et al. 2005. "Acute arsenic poisoning in two siblings." Pediatrics 116(1):249-257.
32. Hanlon, D.P., and V.H. Ferm. 1986. "Teratogen concentration changes as the basis of the heat stress
enhancement of arsenate teratogenesis in hamsters." Teratology 34(2):189-193.
33. Colomina, M.T., et al. 1997. "Influence of maternal stress on the effects of prenatal exposure to
methylmercury and arsenic on postnatal development and behavior in mice: a preliminary
evaluation." Physiol.Behav. 61(3):455-459.
34. Lammon, C.A., and R.D. Hood. 2004. "Effects of protein deficient diets on the developmental
toxicity of inorganic arsenic in mice." Birth Defects Res.B Dev.Reprod.Toxicol. 71(3):124-134.
35. Mason, R.W., et al. 1989. "Teratogenicity of combinations of sodium dichromate, sodium arsenate
and copper sulphate in the rat." Comp.Biochem.Physiol. C. 93(2):407-411.
36. Belles, M., et al. 1996. "Assessment of the protective activity of monisoamyl meso-2,3dimercaptosuccinate against methylmercury-induced maternal and embryo/fetal toxicity in
mice." Toxicology 106(1-3):93-97.
37. Belles, M., et al. 2002. "Interactions in developmental toxicology: effects of concurrent exposure to
lead, organic mercury, and arsenic in pregnant mice." Arch.Environ.Contam.Toxicol. 42(1):9398.
Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 13

Chemical Summary Form, Inorganic Arsenic (continued)

38. Wlodarczyk, B.J., et al. 1996. "Arsenic-induced neural tube defects in mice: alterations in cell cycle
gene expression." Reprod.Toxicol. 10(6):447-454.
39. Wlodarczyk, B., et al. 2001. "Arsenic-induced congenital malformations in genetically susceptible
folate binding protein-2 knockout mice." Toxicol.Appl.Pharmacol. 177(3):238-246.
40. Rodriguez, V.M., et al. 2002. "Effects of sodium arsenite exposure on development and behavior in
the rat." Neurotoxicol.Teratol. 24(6):743-750.
41. Holson, J.F., et al. 1999. "Absence of prenatal developmental toxicity from inhaled arsenic trioxide
in rats." Toxicol.Sci. 51(1):87-97.
42. Holson, J.F., et al. 2000. "Evaluation of the prenatal developmental toxicity of orally administered
arsenic trioxide in rats." Food Chem.Toxicol. 38(5):459-466.
43. Nemec, M.D., et al. 1998. "Developmental toxicity assessment of arsenic acid in mice and rabbits."
Reprod.Toxicol. 12(6):647-658.
44. Lammon, C.A., et al. 2003. "Pretreatment with periodate-oxidized adenosine enhances
developmental toxicity of inorganic arsenic in mice." Birth Defects Res.B Dev.Reprod.Toxicol.
68(4):335-343.
45. Waalkes, M.P., et al. 2003. "Transplacental carcinogenicity of inorganic arsenic in the drinking
water: induction of hepatic, ovarian, pulmonary, and adrenal tumors in mice."
Toxicol.Appl.Pharmacol. 186(1):7-17.
46. Waalkes, M.P., et al. 2004. "Induction of tumors of the liver, lung, ovary and adrenal in adult mice
after brief maternal gestational exposure to inorganic arsenic: promotional effects of postnatal
phorbol ester exposure on hepatic and pulmonary, but not dermal cancers." Carcinogenesis
25(1):133-141.
47. Khan, M.M., et al. 2003. "Magnitude of arsenic toxicity in tube-well drinking water in Bangladesh
and its adverse effects on human health including cancer: evidence from a review of the
literature." Asian Pac.J.Cancer Prev. 4(1):7-14.
48. Sengupta, M.K., et al. 2003. "Groundwater arsenic contamination in the Ganga-Padma-MeghnaBrahmaputra plain of India and Bangladesh." Arch.Environ.Health 58(11):701-702.
49. Caldwell, B.K., et al. 2003. "Searching for an optimum solution to the Bangladesh arsenic crisis."
Soc.Sci.Med. 56(10):2089-2096.
50. Chakraborti, D., et al. 2003. "Arsenic groundwater contamination in Middle Ganga Plain, Bihar,
India: a future danger?" Environ.Health Perspect. 111(9):1194-1201.
51. Roychowdhury, T., et al. 2003. "Survey of arsenic and other heavy metals in food composites and
drinking water and estimation of dietary intake by the villagers from an arsenic-affected area of
West Bengal, India." Sci.Total Environ. 308(1-3):15-35.
52. Chowdhury, U.K., et al. 2003. "Pattern of excretion of arsenic compounds [arsenite, arsenate,
MMA(V), DMA(V)] in urine of children compared to adults from an arsenic exposed area in
Bangladesh." J.Environ.Sci.Health A Tox.Hazard.Subst.Environ.Eng 38(1):87-113.
53. Haque, R., et al. 2003. "Arsenic in drinking water and skin lesions: dose-response data from West
Bengal, India." Epidemiology 14(2):174-182.
54. Rahman, M.M., et al. 2001. "Chronic arsenic toxicity in Bangladesh and West Bengal, India--a
review and commentary." J.Toxicol.Clin.Toxicol. 39(7):683-700.
55. Watanabe, C., et al. 2003. "Effects of arsenic on younger generations." J.Environ.Sci.Health A
Tox.Hazard.Subst.Environ.Eng 38(1):129-139.
56. Mandal, N.K., and R. Biswas. 2004. "A study on arsenical dermatosis in rural community of West
Bengal." Indian J.Public Health 48(1):30-33.
Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 14

Chemical Summary Form, Inorganic Arsenic (continued)

57. Hadi, A., and R. Parveen. 2004. "Arsenicosis in Bangladesh: prevalence and socio-economic
correlates." Public Health 118(8):559-564.
58. Mukherjee, S.C., et al. 2003. "Neuropathy in arsenic toxicity from groundwater arsenic
contamination in West Bengal, India." J.Environ.Sci.Health A Tox.Hazard.Subst.Environ.Eng
38(1):165-183.
59. Concha, G., et al. 1998. "Exposure to inorganic arsenic metabolites during early human
development." Toxicol.Sci. 44(2):185-190.
60. Soong, Y.K., et al. 1991. "Lead, cadmium, arsenic, and mercury levels in maternal and fetal cord
blood." J.Formos.Med.Assoc. 90(1):59-65.
61. Zadorozhnaja, T.D., et al. 2000. "Concentrations of arsenic, cadmium, copper, lead, mercury, and
zinc in human placentas from two cities in Ukraine." J.Toxicol.Environ.Health A 61(4):255-263.
62. Enrique, M.O., et al. 2002. "Prevalence of fetal exposure to environmental toxins as determined by
meconium analysis." Neurotoxicology 23(3):329-339.
63. Lombeck, I. et al. 1987. "Urinary Excretion of Arsenic in Children in Relationship to Age and Diet."
Trace Elem.Med. 4(3):134-137.
64. Binder, S., et al. 1987. "Arsenic exposure in children living near a former copper smelter."
Bull.Environ.Contam.Toxicol. 39(1):114-121.
65. Hwang, Y.H., et al. 1997. "Environmental arsenic exposure of children around a former copper
smelter site." Environ.Res. 72(1):72-81.
66. Trepka, M.J., et al. 1996. "Arsenic burden among children in industrial areas of eastern Germany."
Sci.Total Environ. 180(2):95-105.
67. Reif, J.S., et al. 1993. "Risk factors for exposure to arsenic at a hazardous waste site."
J.Expo.Anal.Environ.Epidemiol. 3 Suppl 1:73-86.
68. Jensen, G.E., et al. 1991. "Occupational and environmental exposure to arsenic--increased urinary
arsenic level in children." Sci.Total Environ. 107:169-77.:169-177.
69. Chung, J.S., et al. 2002. "Family correlations of arsenic methylation patterns in children and parents
exposed to high concentrations of arsenic in drinking water." Environ.Health Perspect.
110(7):729-733.
70. Wyatt, C.J., et al. 1998. "Excretion of arsenic (As) in urine of children, 7-11 years, exposed to
elevated levels of As in the city water supply in Hermosillo, Sonora, Mexico." Environ.Res.
78(1):19-24.
71. Concha, G., et al. 1998. "Metabolism of inorganic arsenic in children with chronic high arsenic
exposure in northern Argentina." Environ.Health Perspect. 106(6):355-359.
72. Meza, M.M. et al. 2005. "Developmentally restricted genetic determinants of human arsenic
metabolism: association between urinary methylated arsenic and CYT19 polymorphisms in
children." Environ.Health Perspect. 113(6):775-781.
73. Valenzuela, O.L. et al. 2005. "Urinary trivalent methylated arsenic species in a population
chronically exposed to inorganic arsenic." Environ.Health Perspect. 113(3):250-254.
74. Caceres, D.D. et al. 2005. "Exposure to inorganic arsenic in drinking water and total urinary arsenic
concentration in a Chilean population." Environ.Res. 98:151-159.
75. Lanphear, B.P., et al. 2003. "The effect of soil abatement on blood lead levels in children living near
a former smelting and milling operation." Public Health Rep. 118(2):83-91.
76. Hysong, T.A., et al. 2003. "House dust and inorganic urinary arsenic in two Arizona mining towns."
J.Expo.Anal.Environ.Epidemiol. 13(3):211-218.
Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 15

Chemical Summary Form, Inorganic Arsenic (continued)

77. Hopenhayn, C., et al. 2003. "Profile of urinary arsenic metabolites during pregnancy."
Environ.Health Perspect. 111(16):1888-1891.
78. Hinwood, A.L., et al. 2003. "Risk factors for increased urinary inorganic arsenic concentrations from
low arsenic concentrations in drinking water." Int.J.Environ.Health Res. 13(3):271-284.
79. Hwang, Y.H., et al. 1997. "Urinary arsenic excretion as a biomarker of arsenic exposure in children."
Arch.Environ.Health 52(2):139-147.
80. Centeno, J.A., et al. 2002. "Pathology related to chronic arsenic exposure." Environ.Health Perspect.
110 Suppl 5:883-886.
81. Calderon, R.L., et al. 1999. "Excretion of arsenic in urine as a function of exposure to arsenic in
drinking water." Environ.Health Perspect. 107(8):663-667.
82. Valentine, J.L., et al. 1979. "Arsenic levels in human blood, urine, and hair in response to exposure
via drinking water." Environ.Res. 20(1):24-32.
83. U.S. Agency for Toxic Substances and Diseases Registry. 2003. "ToxFAQS for Arsenic."
http://www.atsdr.cdc.gov/tfacts2.html.
84. Armienta, M.A., et al. 1997. "Arsenic content in hair of people exposed to natural arsenic polluted
groundwater at Zimapan, Mexico." Bull.Environ.Contam.Toxicol. 59(4):583-589.
85. Rogers, C.E., et al. 1997. "Hair analysis does not support hypothesized arsenic and chromium
exposure from drinking water in Woburn, Massachusetts." Environ.Health Perspect.
105(10):1090-1097.
86. Shrestha, R.R., et al. 2003. "Groundwater arsenic contamination, its health impact and mitigation
program in Nepal." J.Environ.Sci.Health A Tox.Hazard.Subst.Environ.Eng 38(1):185-200.
87. Anwar, M. 2005. "Arsenic, cadmium and lead levels in hair and toenail samples in Pakistan."
Environ.Sci. 12(2):71-86.
88. Kile, M.L. et al. 2005. "Toenail arsenic concentrations, GSTT1 gene polymorphisms, and arsenic
exposure from drinking water." Cancer Epidemiol. Biomarkers Prev. 14(10):2419-2426.
89. Yanez, J. et al. 2005. "Arsenic speciation in human hair: a new perspective for epidemiological
assessment in chronic arsenicism." J.Environ.Monit. 7:1335-1341.
90. Wilhelm, M., et al. 2006. "Revised and new reference values for arsenic, cadmium, lead, and
mercury in blood or urine of children: basis for validation of human biomonitoring data in
environmental medicine." Int.J.Hyg.Environ. Health 209(3):301-305.
91. Hemond, H.F., and H.M. Solo-Gabriele. 2004. "Children's exposure to arsenic from CCA-treated
wooden decks and playground structures." Risk Anal. 24(1):51-64.
92. Kwon, E., et al. 2004. "Arsenic on the hands of children after playing in playgrounds."
Environ.Health Perspect. 112(14):1375-1380.
93. Ursitti, F., et al. 2004. "Assessing and managing exposure from arsenic in CCA-treated wood play
structures." Can.J.Public Health 95(6):429-433.
94. Shalat, S.L., et al. 2006. "A pilot study of children's exposure to CCA-treated wood from playground
equipment." Sci.Total.Environ. 367(1):80-88.
95. Xue, J., et al. 2006. "A probabilistic arsenic exposure assessment for children who contact
chromated copper arsenate (CCA)-treated playsets and decks, Part 2: Sensitivity and uncertainty
analyses." Risk Anal. 26(2):533-541.
96. Zartarian, V.G., et al. 2006. "A probabilistic arsenic exposure assessment for children who contact
CCA-treated playsets and decks, Part 1: Model methodology, variability results, and model
evaluation." Risk Anal. 26(2):515-531.

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 16

Chemical Summary Form, Inorganic Arsenic (continued)

97. Stilwell, D.E., and K.D. Gorny. 1997. "Contamination of soil with copper, chromium, and arsenic
under decks built from pressure treated wood." Bull.Environ.Contam.Toxicol. 58(1):22-29.
98. Concha, G., et al. 1998. "Low-level arsenic excretion in breast milk of native Andean women
exposed to high levels of arsenic in the drinking water." Int.Arch.Occup.Environ.Health
71(1):42-46.
99. Krachler, M., et al. 2000. "Concentrations of selected trace elements in human milk and in infant
formulas determined by magnetic sector field inductively coupled plasma-mass spectrometry."
Biol.Trace Elem.Res. 76(2):97-112.
100. Grandjean, P., et al. 1995. "Relation of a seafood diet to mercury, selenium, arsenic, and
polychlorinated biphenyl and other organochlorine concentrations in human milk." Environ.Res.
71(1):29-38.
101. Sharma, R., and .S. Pervez. 2005. "Toxic metals status in human blood and breast milk samples in
an integrated steel plant environment in central India." Environ.Geochem.Health 27:39-45.
102. Dabeka, R.W., et al. 1993. "Survey of arsenic in total diet food composites and estimation of the
dietary intake of arsenic by Canadian adults and children." J.AOAC Int. 76(1):14-25.
103. Llobet, J.M., et al. 2003. "Concentrations of arsenic, cadmium, mercury, and lead in common foods
and estimated daily intake by children, adolescents, adults, and seniors of Catalonia, Spain."
J.Agric.Food Chem. 51(3):838-842.
104. Wilhelm, M., et al. 2003. "Dietary intake of arsenic, mercury and selenium by children from a
German North Sea island using duplicate portion sampling." J.Trace Elem.Med.Biol. 17(2):123132.
105. U.S. Food and Drug Administration. 2005. "Total Diet Study."
http://www.cfsan.fda.gov/~comm/tds-toc.html.
106. Tao, S.S., and P.M. Bolger. 1999. "Dietary arsenic intakes in the United States: FDA Total Diet
Study, September 1991-December 1996." Food Addit.Contam. 16(11):465-472.
107. Vela, N.P., and D.T. Heitkemper. 2004. "Total arsenic determination and speciation in infant food
products by ion chromatography-inductively coupled plasma-mass spectrometry." J.AOAC Int.
87(1):244-252.
108. Wilhelm, M. et al. 2005. "Consumption of homegrown products does not increase dietary intake of
arsenic, cadmium, lead, and mercury by young children living in an industrialized area of
Germany." Sci.Total.Environ. 343:61-70.
109. Vela, N.P., et al. 2001. "Arsenic extraction and speciation in carrots using accelerated solvent
extraction, liquid chromatography and plasma mass spectrometry." Analyst 127(7):1011-1017.
110. Williams, P.N., et al. 2005. "Variation in arsenic speciation and concentration in paddy rice related
to dietary exposure." Environ.Sci.Technol. 39(15):5531-5540.
111. Rieuwerts, J.S., et al. 2006. "Bioaccessible arsenic in the home environment in southwest England."
Sci.Total Environ. 371(1-3):89-98.
112. Park, M.J., and M. Currier. 1991. "Arsenic exposures in Mississippi: a review of cases."
South.Med.J. 84(4):461-464.
113. Rastogi, S.C., and G. Pritzl. 1996. "Migration of some toxic metals from crayons and water colors."
Bull.Environ.Contam Toxicol. 56(4):527-533.
114. U.S. Environmental Protection Agency. 1999. "Chemicals Evaluated for Carcinogenic Potential."
http://www.epi.uci.edu/valleycenter/EPAListCarcinogenicChemicals.pdf.

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 17

Chemical Summary Form, Inorganic Arsenic (continued)

115. Smith, A.H., et al. 2006. "Increased mortality from lung cancer and bronchiectasis in young adults
after exposure to arsenic in utero and in early childhood." Environ.Health Perspect. 114(8):12931296.
116. Moore, L.E., et al. 2002. "Childhood cancer incidence and arsenic exposure in drinking water in
Nevada." Arch.Environ.Health 57(3):201-206.
117. Seiler, R.L. 2004. "Temporal changes in water quality at a childhood leukemia cluster." Ground
Water 42(3):446-455.
118. Chanda, S., et al. 2006. "DNA hypermethylation of promoter of gene p53 and p16 in arsenicexposed people with and without malignancy." Toxicol.Sci. 89(2):431-437.
119. Kubota, R., et al. 2006. "Urinary 8-hydroxy-2'-deoxyguanosine in inhabitants chronically exposed
to arsenic in groundwater in Cambodia." J.Environ.Monit. 8(2):293-299.
120. Chakraborty, T., et al. 2006. "Micronuclei and chromosomal aberrations as biomarkers: a study in
an arsenic exposed population in West Bengal, India." Bull.Environ.Contam.Toxicol. 76(6):970976.
121. Mo, J., et al. 2006. "Chronic arsenic exposure and oxidative stress: OGG1 expression and arsenic
exposure, nail selenium, and skin hyperkeratosis in Inner Mongolia." Environ.Health Perspect.
114(6):835-841.
122. Ghosh, P., et al. 2006. "Cytogenetic damage and genetic variants in the individuals susceptible to
arsenic-induced cancer through drinking water." Int.J.Cancer 118(10):2470-2478.
123. Smith, A.H., et al. 2000. "Arsenic-induced skin lesions among Atacameno people in Northern Chile
despite good nutrition and centuries of exposure." Environ.Health Perspect. 108(7):617-620.
124. Ahmad, S.A., et al. 2004. "Arsenicosis in two villages in Terai, Lowland Nepal." Environ.Sci.
11(3):179-188.
125. Fewtrell, L. et al. 2005. "An estimation of the global burden of disease due to skin lesions caused
by arsenic in drinking water." J.Water Health 32:101-107.
126. Pi, J. et al. 2005. "Vascular dysfunction in patients with chronic arsenosis can be reversed by
reduction of arsenic exposure." Environ.Health Perspect 113(3):339-341.
127. Rahman, M., et al. 2006. "Prevalence of arsenic exposure and skin lesions. A population based
survey in Matlab, Bangladesh." J.Epidemiol.Community Health 60(3):242-248.
128. Minamoto, K. et al. 2005. "Arsenic-contaminated water and extent of acute childhood malnutrition
(wasting) in rural Bangladesh." Environ.Sci. 12(5):283-291.
129. Haupert, T.A., et al. 1996. "Health effects of ingesting arsenic-contaminated groundwater."
Wis.Med.J. 95(2):100-104.
130. Morse, D.L., et al. 1979. "Arsenic exposure in multiple environmental media in children near a
smelter." Clin.Toxicol. 14(4):389-399.
131. de Burbure, C., et al. 2006. "Renal and neurologic effects of cadmium, lead, mercury, and arsenic
in children: evidence of early effects and multiple interactions at environmental exposure levels."
Environ.Health Perspect. 114(4):584-590.
132. Windham, G.C., et al. 2006. "Autism spectrum disorders in relation to distribution of hazardous air
pollutants in the San Francisco Bay area." Environ.Health Perspect. 114(9):1438-1444.
133. Hanlon, D.P., and V.H. Ferm. 1987. "The concentration and chemical status of arsenic in the early
placentas of arsenate-dosed hamsters." Environ.Res. 42(2):546-552.

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 18

Chemical Summary Form, Inorganic Arsenic (continued)

134. Hanlon, D.P., and V.H. Ferm. 1986. "Concentration and chemical status of arsenic in the blood of
pregnant hamsters during critical embryogenesis. 1. Subchronic exposure to arsenate utilizing
constant rate administration." Environ.Res. 40(2):372-379.
135. Hood, R.D., et al. 1987. "Distribution, metabolism, and fetal uptake of pentavalent arsenic in
pregnant mice following oral or intraperitoneal administration." Teratology 35(1):19-25.
136. Hood, R.D., et al. 1988. "Uptake, distribution, and metabolism of trivalent arsenic in the pregnant
mouse." J.Toxicol.Environ.Health 25(4):423-434.
137. Wlodraczyk, B., et al. 1996. "Arsenic-induced alterations in embryonic transcription factor gene
expression: implications for abnormal neural development." Dev.Genet. 18(4):306-315.
138. Waalkes, M.P., et al. 2006. "Enhanced urinary bladder and liver carcinogenesis in male CD1 mice
exposed to transplacental inorganic arsenic and postnatal diethylstilbestrol or tamoxifen."
Toxicol.Appl.Pharmacol. 215(3):295-305.
139. Waalkes, M.P., et al. 2006. "Urogenital carcinogenesis in female CD1 mice induced by in utero
arsenic exposure is exacerbated by postnatal diethylstilbestrol treatment." Cancer Res.
66(3):1337-1345.
140. U.S. Environmental Protection Agency. 2005. "Detailed Tracking Report for IRIS Chemical
Assessment." http://cfpub.epa.gov/iristrac/index.cfm?fuseaction=listChemicals.showList.
141. Stilwell, D.E., and K.D. Gorny. 1997. "Contamination of soil with copper, chromium, and arsenic
under decks built from pressure treated wood." Bull.Environ.Contam.Toxicol. 58(1):22-29.
142. O'Rourke, M.K., et al. 1999. "Evaluations of primary metals from NHEXAS Arizona: distributions
and preliminary exposures. National Human Exposure Assessment Survey."
J.Expo.Anal.Environ.Epidemiol. 9(5):435-445.
143. Pellizzari, E.D., et al. 1999. "National human exposure assessment survey (NHEXAS): exploratory
survey of exposure among population subgroups in EPA Region V."
J.Expo.Anal.Environ.Epidemiol. 9(1):49-55.
144. Thomas, K.W., et al. 1999. "Population-based dietary intakes and tap water concentrations for
selected elements in the EPA region V National Human Exposure Assessment Survey
(NHEXAS)." J.Expo.Anal.Environ.Epidemiol. 9(5):402-413.
145. U.S. Geological Society. 2006. "Arsenic in Ground Water of the United States."
http://water.usgs.gov/nawqa/trace/arsenic/.
146. U.S. Environmental Protection Agency. 2006. "Technology Transfer Network: 1999 National-Scale
Air Toxics Assessment." http://www.epa.gov/ttn/atw/nata1999/nsata99.html.
147. U.S. Environmental Protection Agency. 1999. "Recognition and Management of Pesticide
Poisonings." http://www.epa.gov/oppfead1/safety/healthcare/handbook/handbook.htm.
148. U.S. Environmental Protection Agency. 2005. "Priority List of Hazardous Substances for the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) Section
104(i)." http://www.atsdr.cdc.gov/cercla/.
149. U.S. Agency for Toxic Substances and Diseases Registry. 2003. "ToxFAQS for Arsenic."
http://www.atsdr.cdc.gov/tfacts2.html.
150. U.S. Centers for Disease Control (ATSDR). 2006. "Priority List of Hazardous Substances for the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) Section
104(i)." http://www.atsdr.cdc.gov/cercla/.
151. U.S. Environmental Protection Agency. 2002. "Child-Specific Exposure Factors Handbook."
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=55145.
Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 19

Chemical Summary Form, Inorganic Arsenic (continued)

152. U.S. Environmental Protection Agency. 2006. "Child-Specific Exposure Factors Handbook 2006
(External Review Draft)." http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=56747.
153. U.S. Environmental Protection Agency. 2006. "Arsenic in Drinking Water: Arsenic Rule."
http://www.epa.gov/safewater/arsenic/regulations.html.
154. U.S. Centers for Disease Control (ATSDR). 2006. "Minimal Risk Levels (MRLs) for Hazardous
Substances." http://www.atsdr.cdc.gov/mrls/index.html.
155. U.S. Environmental Protection Agency. 2003. "Minor Clarification of the Primary Drinking Water
Regulation for Arsenic." http://www.epa.gov/fedrgstr/EPA-WATER/2003/March/Day25/w7048.htm.
156. U.S. Environmental Protection Agency. 2003. "Restricted Use Products (RUP) Report June 2003."
http://epa.gov/opprd001/rup/rupjun03.htm.
157. U.S. Environmental Protection Agency. 2004. "Chemical Emergency Preparedness and Prevention:
Extreme Hazardous Substances (EHS) Chemical Profiles and Emergency First Aid Guides."
http://yosemite.epa.gov/oswer/ceppoehs.nsf/EHS_Profile?openform.
158. U.S. Environmental Protection Agency. 2006. "AirData: About AQS Hazardous Air Pollutants."
http://www.epa.gov/air/data/help/haqshaps.html.
159. World Health Organization. 1981. "International Program on Chemical Safety, Experimental
Health Criteria 18: Arsenic." http://www.inchem.org/documents/ehc/ehc/ehc018.htm.
160. U.S. Environmental Protection Agency. 2006. "TRI Explorer: Providing Access to EPA's Toxic
Release Inventory Data." http://www.epa.gov/triexplorer/.
161. Wolz, S., et al. 2003. "Residential arsenic and lead levels in an agricultural community with a
history of lead arsenate use." Environ.Res. 93(3):293-300.

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.

Last revised 8/1/2007: includes research articles and other information through 2006.

Page 20

