Benzo(a)pyrene (BaP)
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
Benzo(a)pyrene (BaP) is a polycyclic aromatic hydrocarbon (PAH) that is a byproduct of incomplete
combustion or burning of organic (carbon-containing) items, e.g., cigarettes, gasoline, and wood (1).
Pure BaP crystals are pale yellow and needlelike with a faint odor (1). BaP is commonly found with
other PAHs in cigarette smoke, in grilled and broiled foods, and as a by-product of many industrial
processes (1). BaP is also found in ambient (outdoor) air, indoor air, and in some water sources (1).
BaP is metabolized (chemically modified in the body) in humans and animals to form a number of
metabolites that may elicit toxicity (1). BaP and BaP metabolites can bind to DNA forming a structure
called BaP-DNA adducts. The formation of BaP-DNA adducts can interfere with or alter DNA
replication (formation of DNA copies during cell division), and may be associated with an increased risk
of several forms of cancer (1). BaP is classified as having a mutagenic mode of action (MOA) for
inducing tumor formation, and is thought to require metabolic activation to become carcinogenic (2).
Much of the current information pertaining to health effects following BaP exposure come from adult
occupational exposure studies and experimental animal studies (1), though human developmental studies
are accumulating (see Exposure and Toxicity Studies from the TEACH Database, in this Chemical
Summary) (2). In experimental animal studies, effects of BaP exposure during pregnancy include
increased incidence of several types of cancer in adulthood (3-7); impairments in the development and
function of the immune system (8-11) (some of which persisted into adulthood (9)); and impairments in
fertility in adult males and females (12, 13).
Based on what is known about effects of BaP exposure, health concerns associated with BaP exposure
for children are: formation of BaP-DNA adducts which may lead to errors in DNA replication and
increased risk of cancer (1, 2); also increased risk of cancer associated with BaP metabolite formation
(1, 2); persistent effects on the development and function of the immune system (8-11); and reduced
fertility in offspring during adulthood following BaP exposure during pregnancy (12, 13).
Concerns for BaP exposure of pregnant women and children are: ambient air contamination from mobile
sources (e.g., cars) and industrial sources (e.g., coke ovens, metal processing plants); fetal exposure
from maternal cigarette smoking; fetal and childhood exposure from second-hand cigarette smoke; and
exposure from diet, including grilled and broiled food (1). Children may also have greater exposure than
adults to contaminated soil in areas where BaP-contaminated soil from industrial contamination may be
present, because of behavior patterns, particularly hand-to-mouth activity (1).
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
Ambient Air

Relative
Potential for
Children’s
2,3
Exposure
Higher

Indoor Air

Higher

Sediment

Higher

Soil

Higher

Diet
Drinking Water

Medium
Lower

Surface Water

Lower

Groundwater

Lower

4

Basis
BaP is a ubiquitous compound in ambient (outdoor) air due to
numerous releases from multiple processes, such as metal
processing plants, motor vehicle emissions, wood stoves, tar
and asphalt fumes, and cigarette smoke.
BaP is a common indoor air pollutant, particularly in homes
where people smoke. Indoor media include cigarette smoke,
cooking and grilling, and smoke from burning wood or coal
in heating stoves or fireplaces.
BaP partitions strongly to sediment, but will break down
when exposed to UV in sunlight.
BaP partitions strongly to soil, but will break down when
exposed to UV in sunlight.
BaP is found primarily in grilled or charcoal-broiled foods.
BaP has very low solubility in water, but can be found in
drinking water when groundwater or surface water sources
are contaminated with BaP. BaP binds to particulate matter in
water, which is often removed by filtration before reaching
the tap.
BaP has very low solubility in water, but can be found bound
to particulate matter in surface water. BaP contamination can
occur as a consequence of industrial pollution.
BaP has very low solubility in water, but can be found bound
to particulate matter in groundwater. BaP does not leach to
groundwater, but can be transported to groundwater as a
consequence of industrial pollution.

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
In humans, BaP has been associated with chromosomal replication (DNA copying) errors and altered
DNA in gametes (sperm and eggs); BaP also forms BaP-DNA adducts in fetal, child, and adult tissues
(1, 14-28). In adults, BaP exposure was associated with altered sperm morphology and decreased sperm
numbers (15, 24), and decreased egg numbers (14). At high levels of acute exposure in adults, BaP has
been reported to be associated with immune system suppression and red blood cell damage, which can
lead to anemia (1).
In experimental animal studies, BaP exposure during pregnancy resulted in increased incidence of
tumors in lung, liver, ovaries, and other organs in adult offspring (3-6, 29). BaP exposure during
pregnancy resulted in increased incidence of fetal death (30-34), abnormalities (e.g., exencephaly or
growth of the brain outside of the skull, and thoracoschisis or cleft in the chest wall) in offspring at birth
at doses ranging from 50-300 mg/kg (32, 35-37), impaired development of T lymphocytes (8-11), and
decreased antibody responses (4, 5). Reduced fertility during adulthood has been observed following
BaP exposure during pregnancy (12, 13). Formation of BaP-DNA adducts have been detected in several
species and in several tissues following BaP exposure during pregnancy (38-42).
7

Carcinogenicity Weight-of-Evidence Classification : BaP is classified as having a mutagenic mode of
action (MOA) for inducing tumors, and is thought to require metabolic activation to become
carcinogenic (2). BaP is classified by the U.S. EPA as B2: a probable human carcinogen (1); based on
numerous adult studies in several animal species (primates, rats, mice) that demonstrate BaP can
increase the incidence of tumors (1). BaP is often used as a positive control in tumor formation
experiments and in genotoxic assays (1) (http://www.epa.gov/iris/subst/0136.htm, II.A.1) (43); last
agency verification date 12/4/91. The World Health Organization International Agency for Research on
Cancer (IARC) concluded that there was sufficient evidence that BaP is carcinogenic (causes cancer) in
experimental animals and that BaP is probably carcinogenic in humans
(http://monographs.iarc.fr/ENG/Monographs/vol32/volume32.pdf) (44).

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 AGuidelines 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
<

Studies have measured concentrations of BaP in media that children may encounter. One study of
BaP concentrations in house dust, personal air, outdoor air, and food samples was performed in a
study of children’s exposure to PAHs in Minnesota, and found BaP in 43-58% of different types of
air samples, 19% of household dust samples, and 22% of food samples (45). One study of children in
day care centers found that BaP was detected in indoor air and floor dust, and not detected in solid
foods (17). Another study in Spain of BaP in diet detected BaP in foods, and children ages 4-9 years
old were found to have the highest estimated daily intake of BaP, as compared to adults and
adolescents (46). Another study of BaP concentrations in soil found higher concentrations in soil of
homes near steel processing plants than homes further away (47).

< BaP and its metabolites have been detected in urine of pregnant women and children (18-20). BaP
has been detected in placenta, cord blood, maternal blood, and human breast milk (16).
< BaP and BaP metabolites can chemically bind to DNA to form BaP-DNA adducts, which may
interfere with DNA replication (see Introduction and reference 1), and have been detected in
reproductive organs of adults. BaP-DNA adducts were detected in granulosa-lutein cells in ovaries
of adult women who were exposed to cigarette smoke from smoking themselves or from secondhand smoke (14). Increasing amounts of BaP-DNA adducts in sperm of adult men were associated
with significantly decreased sperm counts (15, 24).
<

BaP-DNA adducts have been detected in multiple tissues during development (1, 14-28). The
placenta can metabolize BaP, and these metabolites bound to DNA in placenta (16, 21, 22, 48) and
cord blood (16, 21, 27, 28). One study detected BaP adducts in preimplantation embryos (early in
prenatal development) from couples where the father and/or mother, or even the father alone,
smoked cigarettes (23). BaP-DNA adducts were also detected in blood of mothers and their newborn
infants (25).

<

Decreased birth weight and head circumference in infants at birth were significantly associated with
maternal exposure to cigarette smoke during pregnancy, as measured by the combination of cotinine
and BaP-DNA adduct formation concentrations in fetal cord blood together, but not with either
concentration alone (26, 49).

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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B. EXPERIMENTAL ANIMAL EXPOSURE AND EFFECTS
<

Effects of BaP exposure on sperm and egg development in animals have been studied. Adult male
and female mice, who were exposed to BaP during pregnancy via gavage (tube-feeding) (12) or
injection (13) of their mothers during pregnancy, had reduced numbers of sperm and egg follicles
respectively.

< BaP was reported to cross the placenta in mice (50, 51), rats (52), and guinea pigs (53, 54) following
maternal injection (50, 53, 54), dermal (51), or inhalation (52) exposure to BaP. BaP was also found
in maternal breast milk in rats following exposure via maternal ingestion of BaP, or injection of
mothers with BaP during pregnancy (55).
<

Effects of prenatal BaP exposure on fetal development have been investigated. Inhalation exposure
of pregnant rats (30) or mice (33) to BaP (25-100 μg/L) resulted in decreased numbers of live pups
at birth. Administration of BaP (50 mg/kg) by inhalation or injection to pregnant rats resulted in
decreased fetal weight (31, 34) and increased fetal resorptions (death) (34). Ingestion of BaP (50-300
mg/kg) by pregnant rats resulted in an increased number of stillborn pups (32). Injection of pregnant
mice with BaP also resulted in measurable changes in some enzymes in lungs (pyruvate kinase and
lactic acid dehydrogenase) of exposed fetuses (56).

<

Effects of BaP exposure during pregnancy on the occurrence of birth defects in offspring have been
investigated. In one study, there was increased incidence of birth defects, including exencephaly
(growth of the brain outside of the skull) and thoracoschisis (cleft in the chest wall), in offspring
following maternal exposure during pregnancy (via injection) to some BaP metabolites, but not to
BaP itself (36). In another study, pregnant mice were exposed to BaP via ingestion; the incidence of
abnormalities in exposed offspring at birth varied depending on the strain of mice, suggesting that
the genetic background of the mice was important (32).

<

Pregnant mice showed genetic variability in the ability to metabolize BaP following maternal
ingestion (37) or injection of BaP (57). The type of Ah receptor (aryl hydrocarbon receptor, or AhR)
in each strain influenced the extent of toxic effects of BaP exposure; the AhR binds aromatic
hydrocarbons (compounds containing rings of carbon atoms) including BaP, and is a component of
the cytochrome P450 system that metabolizes BaP and other compounds (1, 32, 35). The incidence
of teratogenic effects (e.g., fetal death and decreased fetal weight) (32, 37), and the time of onset of
aplastic anemia following BaP exposure during pregnancy via maternal ingestion (35) varied
between strains of mice that differed at the AhR locus, while numbers of tumors induced by BaP
exposure did not vary (57).

<

Offspring of pregnant mice, who were injected with BaP during pregnancy, had an increased
incidence of tumors, predominantly in lung, liver, and ovaries, during adulthood (3-6). Significantly
increased multiplicity of tumors (number of tumors that arose at each site) was seen in lungs of
offspring exposed during pregnancy, and this effect persisted through five generations of unexposed
offspring in one study (3). Liver tumors were more common in prenatally-exposed males than
females (4, 6).

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

Developing T lymphocytes of the immune system of offspring can be affected following BaP
exposure during pregnancy, with some effects persisting into adulthood. Atrophy (shrinkage) of the
thymus (the organ important for T lymphocyte development) was increased in offspring of pregnant
mice exposed to BaP via gavage (8). Thymic glucocorticoid receptor numbers were reduced in adult
rats who were exposed to BaP during pregnancy via maternal dermal exposure (9); glucocorticoid
receptors play a role in broad array of physiological processes in the body (9). Reductions in the
number of fetal liver T lymphocytes and some neonatal T lymphocyte subsets were also observed in
offspring following maternal exposure to BaP during pregnancy via injection (10) or ingestion (11).

<

Other hematological and immune system effects have been observed in mice following prenatal
exposure to BaP. Decreased antibody responses were observed in offspring following maternal
injection with BaP (4, 5), and the effect persisted into adulthood (5). Another study found reduced
numbers of leukocytes (white blood cells) and erythrocytes (red blood cells) in fetal and newborn
offspring following maternal BaP exposure via injection during pregnancy (58).

< Numerous experimental animal studies have examined BaP-DNA adduct formation following
prenatal and early life BaP exposure. Maternal exposure to BaP via gavage of pregnant monkeys
resulted in BaP-DNA adducts in fetal tissue that correlated with maternal BaP exposure levels (38).
Several studies in mice have detected BaP-DNA adducts in fetal liver and lung tissue following
maternal gavage exposure to BaP (32, 41, 42) or maternal injection with BaP (39, 40). The extent of
BaP-DNA adduct formation was influenced by genetic background or strain of the mice (32, 41) and
by gestational period during which exposure occurred (38, 41, 42).
<

Dermal exposure of pregnant mice to BaP was also shown to result in BaP-hemoglobin adduct
formation in erythrocytes of offspring (51). Increased micronuclei (unusually small nuclei that can
indicate DNA damage) formation in erythrocytes was also observed in offspring following maternal
exposure of mice to BaP via gavage during pregnancy (59).

<

One study reported that exposure of newborn mice to a single subcutaneous injection of BaP resulted
in lung adenoma (a type of tumor) formation during adulthood; treatment of BaP-exposed mice
during young adulthood with Panex ginseng extract (60) or peppermint extract (61) significantly
reduced the numbers and incidence of lung tumors.

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

<

Although BaP-DNA adduct formation demonstrates exposure has occurred, quantitative correlation
between exposure level and adduct formation currently remains unclear, and generally is not
considered sufficient for use in quantitative exposure assessments (1).

<

Current regulatory values exist for BaP exposure based on cancer and reproductive effects (see
Toxicity section). The U.S. EPA IRIS is currently reassessing BaP reference values
(http://cfpub.epa.gov/iristrac/index.cfm?fuseaction=listChemicals.showList&letter=B) (62).

< In view of the U.S. EPA Maximum Contaminant Level Goal (MCLG) of 0 for BaP (see Toxicity
Summary and Reference Values in this Chemical Summary), caregivers may consider an alternate
water supply where BaP contamination is impacting drinking water.
<

A detailed compilation of information pertaining to exposure and health effects of BaP is available
from the U.S. Centers for Disease Control Agency for Toxic Substances and Disease Registry (1).

< BaP is number 9 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 concern
of substances most commonly found at sites on the National Priorities List (NPL); there are currently
275 substances on this list (63). 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 (63).
<

The U.S. EPA recommends that age-dependent adjustment factors (ADAFs) be used in risk
assessments for carcinogens with a mutagenic mode of action, including BaP (2). The U.S. EPA
concluded that “higher cancer risks typically result from a given exposure occurring early in life
when compared with the same amount of exposure during adulthood” (2). Specific details are
provided by the U.S. EPA for adjustments for children from birth to less than 16 years old (2).

<

Consult “Child-Specific Exposure Factors Handbook,” EPA-600-P-00-002B, for factors to assess
children’s ingestion and inhalation rates; a 2006 draft version is also available (64, 65).

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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VI. TOXICITY REFERENCE VALUES
A. Oral/Ingestion
U.S. EPA Cancer Oral Slope Factor: 7.3E+0 (or 7.3) per (mg/kg)/day (range of 4.5E+0 or 4.5, to
11.7E+0 or 11.7) per (mg/kg)/day); factor was based on forestomach squamous cell papillomas
and carcinomas (types of tumors) in adult mice; and forestomach, larynx, and esophagus
papillomas and carcinomas in adult rats (www.epa.gov/iris/subst/0136.htm, II.B.1) (43). Last
Workgroup Verification Date 12/4/91.
U.S. EPA Cancer Drinking Water Unit Risk: 2.1E-4 (or 0.00021) per (μg/L), calculated using the
extrapolation method and the geometric mean of four slope factors obtained by differing
modeling procedures; derived from the combination of multiple data sets from two different
reports using more than one sex and species in adults (www.epa.gov/iris/subst/0136.htm, II.B.1)
(43). Last Workgroup Verification Date 12/4/91.
U.S. EPA Drinking Water Concentrations at Specified Risk Levels: 1E-4 (or 1 in 10,000), 5E-1 (or
0.5) μg/L; 1E-5 (or 1 in 100,000), 5E-2 (or 0.05) μg/L; 1E-6 (or 1 in 1,000,000), 5E-3 (or 0.005)
μg/L (www.epa.gov/iris/subst/0136.htm, II.B.1) (43). Last Workgroup Verification Date
12/4/91.
U.S. EPA Maximum Contaminant Level (MCL) for Drinking Water: 0.0002 mg/L. Critical effects
were reproductive difficulties and an increased risk of cancer
(http://www.epa.gov/safewater/contaminants/index.html) (66). Last revised 6/02.
U.S. EPA Maximum Contaminant Level Goal (MCLG): 0
(http://www.epa.gov/safewater/contaminants/index.html) (66). Last revised 6/02.

B. Inhalation
There are currently no inhalation reference values available.

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
<

BaP is regulated in public drinking water supplies (the Maximum Contaminant Level, or MCL, is
0.2 μg/L) ((http://www.epa.gov/safewater/contaminants/index.html) (66). There are currently no
regulatory values for BaP in ambient or indoor air, and the U.S. EPA is currently reassessing toxicity
values (http://cfpub.epa.gov/iristrac/index.cfm?fuseaction=listChemicals.showList&letter=B) (62).

<

BaP is listed within a category of chemicals called “polycyclic organic matter as 7-PAH” as a
Hazardous Air Pollutant (HAP) and is regulated under section 112(b) of the 1990 Clean Air Act
Amendments (67).

< The U.S. EPA requires reporting of quantities of certain chemicals that exceed a defined reportable
quantity, and that quantity varies for different chemicals (68). Under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), reporting releases of any
quantity of BaP exceeding 1 pound is required (68). Under the Emergency Planning and Community
Right-to-Know Act (EPCRA) Section 313 “Toxic Chemicals,” quantities of benzo(a)pyrene greater
than 25,000 pounds manufactured or processed, or greater than 10,000 pounds otherwise used, is
required (68).

VIII. BACKGROUND ON CHEMICAL
A. CAS Number: 50-32-8
B. Physicochemical Properties: BaP is a polyaromatic hydrocarbon that is poorly soluble in water, and
can adhere to particulate matter in water sources. Purified BaP is a yellow, crystalline substance. Search
for benzo(a)pyrene at http://chem.sis.nlm.nih.gov/chemidplus.
C. Production: BaP and other PAHs are not used or made commercially, but result from incomplete
combustion of organic (carbon-containing) materials such as cigarettes, wood, and coal (1). BaP and
other PAHs are formed and released in cigarette smoke; motor vehicle exhaust; emissions from coal; oil
and wood burning stoves or furnaces; coal tar and asphalt processes; incinerators; coke ovens in metal
processing plants; and foods that are smoked, grilled, or charcoal-broiled (1, 69).
D. Uses: Total U.S. reported releases and disposals of PAHs, one of which is BaP, were nearly 2 million
pounds in 2005 (70); total releases are likely to be greater than this estimate because not all sources of
BaP releases are required to report (1, 70).

Supporting references and summaries are provided in the TEACH database at: http://www.epa.gov/teach/.
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E. Environmental Fate: BaP is largely associated with particulate matter, soils, and sediment, with a
half life of 2 days to 1.9 years in different soils (1, 69, 71). It is reasonably stable in the atmosphere and
can be carried for long distances (1, 69, 71). In air, it may be broken down by light (photolysis) or may
react with ozone or NO2. In water, it will absorb strongly to sediment and solids in the water column,
where it can be degraded by light near water surfaces, or metabolized by microorganisms in some
natural water bodies (71). In soil, BaP associates with soil particles and will not leach into groundwater,
though groundwater has become contaminated (71). Most organisms can metabolize BaP, so it does not
readily bioaccumulate. Organisms that cannot metabolize BaP include: rainbow trout, bluegill, plankton,
and oysters (71).
F. Synonyms and Trade Names: 3,4-Benz(a)pyrene, BaP, B[A]P, BP, 6,7-Benzopyrene, 3,4Benzopyrene, Benzo[d,e,f]chrysene, 3,4-Benzpyrene, Benzpyrene, 3,4-benzylpyrene, 3,4-benz[a]pyrene,
3,4-BP, and others (for a more complete list, go to
http://chem.sis.nlm.nih.gov/chemidplus/jsp/common/ChemInfo.jsp?type=names).

Additional information on BaP is available in the TEACH Database for BaP, and at the following Web
sites:
http://www.atsdr.cdc.gov/mrls/index.html
www.epa.gov/safewater/dwh/t-soc/pahs.html
www.epa.gov/safewater/dwh/c-soc/benzopyr.html

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