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Abstract

Infants and children are at higher risk than adolescents and adults for exposure to environmental
toxins via ingestion for a number of reasons: their smaller size (and proportionately larger dose of
ingested toxins), their closer proximity to the ground, dirt, and indoor dust, their boundless
curiosity and oral exploratory behaviors, pica habits that may persist into school-age for children
with autism or other developmental delays, their proportionately larger daily water and milk
intake, and food preferences that differ markedly from adolescents and adults. Children depend on
adults to protect them and keep their home environment safe. Pediatric care providers can integrate
environmental health topics into their well-child care practices, offering guidance and resources to
parents concerned with reducing the risks to their children posed by hazards in their homes,
daycare centers, preschools, schools, and the other environments in which they spend time.

Children are more vulnerable to the ingestion of environmental toxins than adults for a
variety of reasons, including differences in size, behaviors, diet, and even where they spend
their day. Children breathe more air, drink more water, and eat more food per kilogram of
body weight than adults. This results in greater exposures per kilogram of body weight to
any contaminants in the air, water, or food compared with adults. In the 2015 annual report
of the American Association of Poison Control Centers’ National Poison Data System
(NPDS), there were 56,798 human exposure cases secondary to unintentional environmental
exposures, representing 2.6% of all human exposure cases.! Fifty (4%) deaths were
secondary to unintentional environmental exposures, and 28% of these deaths were in people
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younger than age 20 years.! Table 1 shows the typical environmental chemicals and metals
that can be encountered every day by children living in hazardous environments.

INGESTED ENVIRONMENTAL TOXINS: WHY ARE CHILDREN AT HIGH

RISK?

Ground-Level Size

Because infants and children are smaller than adolescents and adults, they will get a larger
dose per unit size of chemicals they are exposed to in their environment. Crawling infants
and toddlers live closer to the ground than older children and adults. They can be more
exposed to chemical-containing household dust on their hands or feet from the floor or on
carpeting. Indoor use of pesticides, for example, usually involves the spraying of chemicals
along the edges of the floors, a place where infants and toddlers spend much of their time.
Mouse baits and ant traps are placed in room corners, where infants and toddlers can grab
and try to ingest them. In the 2015 NPDS report, pesticides accounted for the eighth and
ninth most common category of substances for pediatric (age <5 years) and human exposure
inquiries, respectively.l In 2015, 42% of all human exposure cases involving pesticide (/7=
83,483) exposure were in children age 5 years or younger.!

Oral Exploratory Behaviors

Pica

Infants and toddlers have “hard-wired” oral exploratory behaviors that include putting
nonfood objects, including new toys, in their mouths. Thumb-sucking, a comfort-seeking
behavior, is a common manifestation of the toddler’s oral habits. Such oral exploratory
behaviors put them at high risk of ingesting foreign objects, such as paint or plaster chips
(Figure 1), ant or rodent baits, or toxin-containing household dust. Such behaviors start to
extinguish by age 3 to 4 years in otherwise typically developing children.

Toddlers lack the cognitive abilities to discriminate “food” from “nonfood” items to be put
in their mouth, the condition known as pica. The Environmental Protection Agency (EPA)
estimates that young children consume on average 200 to 800 mg of dirt daily.? If
playground dirt is contaminated with lead or other bioavailable contaminants, then children
can be exposed while playing in bare dirt areas. Indoors, pica and mouthing behaviors lead
to increased exposure to dust that may harbor lead, polybrominated diphenyl ethers
(PBDEsS), or perfluoroalkyl substances (PFAS).3 Persistent pica behaviors are linked to
certain medical conditions, such as iron deficiency anemia and sickle cell disease. Children
with developmental disorders such as autism may have a higher propensity for pica
persisting into later childhood and even adolescence.

Water and Diet

Children drink proportionately more water per unit size than adolescents and adults. Older
infants may drink up to 28 to 32 ounces of water daily if their powdered formula is
reconstituted with tap water.# Infants and toddlers drink much more milk as an important
component of their nutrition than do adolescents or adults. Some environmental chemicals,
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such as PFAS, have been shown to pass into breast-milk and to the infant during lactation.>
Infants can also be exposed to contaminants if breast-feeding mothers are using certain
imported breast creams that contain mercury. However, the American Academy of Pediatrics
continues to recommend breast-feeding as the preferred choice for the first year of an
infant’s life.6

Children also have different dietary preferences than do adults, eating proportionately more
fruits and fruit juices and less meats and vegetables. Products containing rice, a typical first
food and major ingredient in various infant foods, can often contain inorganic arsenic and
may contribute to an infant’s arsenic exposure.’

Susceptible Populations

Some subgroups of children are especially susceptible to the ingestion of environmental
chemicals. Children living at or below the poverty line who live in older housing are
disproportionately at greatest risk of lead poisoning.8

Children with autism spectrum disorder or other developmental delays may have persistent
mouthing behaviors and pica well into the school-age years. These children continue to be
candidates for lead poisoning from eating paint chips, dirt, or mouthing home items laden
with lead-containing dust.®

HOUSEHOLD SOURCES OF CONTAMINATION

Water

Diet

Access to safe drinking water is essential to the health of children, but water contamination
events involving both public municipal supplies as well as private wells still occur. Well
water can be contaminated by a number of naturally occurring chemicals, including arsenic,
copper, and manganese. It can also be contaminated by man-made sources, such as lead in
water mains, service pipes, school drinking fountains and bubblers, household indoor
plumbing, pesticide run-off, perchlorates, nitrates from the agricultural use of fertilizers, and
PFAS from contaminated groundwater. Municipal water supplies can also be contaminated
by the above contaminants, notably lead, PFAS, and other organic and inorganic chemicals.

Food can be the source of trace chemical residues, such as bisphenols, metals, pesticides,
polychlorinated biphenyls (PCBs), PFAS, and other contaminants. Arsenic has been detected
in rice products and brown rice syrup, leading to new US Food and Drug Administration
(FDA) guidance about limiting the intake of certain rice products in children and women
who are pregnant.10 Fish can absorb and store toxins such as mercury, PCBs, and dioxins in
their fatty flesh, with higher concentrations in larger predator fish (eg, tuna, swordfish) that
are eaten by humans.11:12

Children in some families may be given herbs or ethnic home health remedies by parents
who believe supplementation preserves the health of their child. However, some herbs and
herbal remedies can be contaminated by metals (such as lead or mercury) or undeclared
pharmaceuticals, thereby posing a health risk.1314
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Metals or pesticides can also contaminate imported herbs and spices used in food
preparation. One study of Chinese raw herbs detected metals (lead and cadmium) and
pesticides (chlorpyrifos) in the plant material itself.1> Another “market basket” study found
that Indian spices imported into the United States, such as turmeric, could be contaminated
with measurable amounts of lead.16

Environment

Children spend large amounts of their time at school or at play in places such as homes,
public or private schools, nurseries or daycare centers, or outdoors in playgrounds where
they are playing in bare dirt or sandboxes. It is estimated that preschool children ingest up to
800 mg of dirt during outdoor play.2 The “built environment” can be the source of a child’s
toxic exposures if the homes or schools themselves are contaminated or if they are located in
a hazardous location such as on or near toxic waste sites, smelters, electrical generation
plants, or other industrial or agricultural concerns. All pose significant ingestion hazards to
children from contamination by chemicals or other toxins. Residential surfaces and dust can
be contaminated by lead, PFAS, indoor pesticides, and PBDEs, as detailed earlier in this
review. Although lead-containing interior paints have long been banned in the US, until
recently plumbing faucets and taps could contain up to 8% lead and still be labeled as “lead-
free.”1” Outdoor soil can contain lead, arsenic, PCBs, and other toxins that can be absorbed
through the gastrointestinal tract and become bioavailable when ingested. Lastly, there are
limited regulations to identify, track, or remediate environmental hazards in school or
childcare settings,'® and there is no federal agency to provide oversight.

Children’s toys or furniture (eg, pewter toys, older cribs containing lead-based paint) can be
contaminated with lead. Some household products, such as shower weights (which can
contain cobalt), bleach, cleaners and detergent pods, furniture oils and polishes, or button
batteries (which may contain corrosive agents) may be accessible to a toddler. There are case
reports of children who have been poisoned by lead after ingestion of gold-plated lead
medallions, charms, or other lead-containing jewelry.1%:20 Mothers wearing imported
cosmetics, such as sindoor or kohl, contaminated with metals like lead or mercury may
inadvertently put their infants at risk. Imported cookware may not be lead-safe and may
contaminate food during cooking.

Parents can bring home lead or other metals in dust on their clothing, and such “take home”
exposures pose a significant risk of contaminating both their vehicles and their homes.21-23
Certain adult hobbies, such as making pottery with leaded glazes, using lead solder in
making stained glass windows, or handling lead bullets for hunting or marksmanship, can
put children at high risk of exposure.24 Families who use ethnic home health remedies or
religious practices that incorporate certain powders, cosmetics, or metal implements can risk
exposing their children to metals such as lead or mercury.2®
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HEALTH EFFECTS OF COMMON ENVIRONMENTAL CONTAMINANTS

Arsenic

Arsenic is associated with anemia, gastrointestinal effects, poor appetite, weight loss, and

neurotoxicity. It also can affect a developing fetus and cause adverse pregnancy outcomes.
26,27

Bisphenol A, Phthalates, and Phytoestrogens

These chemicals are used in plastics, polyvinyl chloride plumbing, personal care products,
and thermal/carbonless receipts. Children are exposed to them from ingestion (contaminated
food and drink), inhalation, and dermal absorption. In animals, phthalates, bisphenol A, and
other phenols interfere with the production and function of hormones. There is ongoing
research to determine their health effects in humans.28.2

Flame Retardants (Polybrominated Diphenyl Ethers)

PBDEs are associated with endocrine disruptor and developmental effects in children,
although the data are limited.30-32

Formaldehyde

Very low levels of formaldehyde off-gas from certain building materials comprised of
pressed wood. This can cause eye, nose, throat, and skin irritation and can trigger asthma
exacerbations in sensitized people.33

Lead
Lead is a known neurotoxin associated with developmental delays, lower cognitive function,
attention deficits, poor executive function, learning disabilities, and neurobehavioral effects.
34-37 1t also causes anemia and has effects on bone growth, kidney function, immune
competency, and high blood pressure.3”

Mercury

Mercury (and methyl mercury) is a known neurotoxin that is associated with developmental
delays, behavioral disorders, and learning problems.38:39

Perfluoroalkyl Substances

PFAS is labeled by the EPA as an “emerging pollutant” that in animal models can cause
thyroid problems,*? metabolic changes,*! mammary gland abnormalities,*? and some
tumors.*3

It is also associated with elevated cholesterol and uric acid levels as well as increased rates
of kidney and testicular cancers in adults.** The possible health effects in children are not
yet well understood.4°:46
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Pesticides

Many pesticides, such as organochlorines, organophosphates, and carbamates, are known to
be neurotoxic in children.47:48 Others, such as rat baits, can cause bleeding.*® Pyrethrins and
pyrethroid agents used indoors to kill cockroaches and ants can exacerbate childhood
allergies and asthma and may themselves be neurotoxic.>°

Polychlorinated (and Polybrominated) Biphenyls and Dioxin

PCBs, polybrominated biphenyls, and dioxin are known to be endocrine disruptors and
associated with systemic effects in children.51

GIVING GUIDANCE TO PARENTS ABOUT THEIR CHILDREN’S HEALTH AND
THE ENVIRONMENT

Pediatric health care providers play a pivotal role in educating parents about hazards in the
environment of their children and how to avoid them. They also need to make sure that if
treatment is warranted that it is done safely and by health care professionals with expertise
in toxicology or environmental medicine. Table 2 provides some tips on best practices
during routine medical care, and Table 3 gives guidance that primary care practitioners can
incorporate into their counseling of families.

CONCLUSIONS

Children and families are often confronted with hazardous environmental chemicals in trace
amounts, which can undermine feelings of safety in their own home. The challenges of
everyday life include limiting the extent of childhood exposures to chemicals that can affect
their health both now and in the future.
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Figure 1.
Example of peeling lead paint. The toxic chips can be ingested by infants and toddlers.
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TABLE 2.

Tips for Practitioners: Screening for Environmental Toxins

« Take a good environmental history — ask about family’s housing and age of construction, nearby industry, airports, agriculture, and toxic waste
sites

« Ask about parental occupations and hobbies — consider“take-home”lead sources for parents engaged in lead-risk occupations (eg, home
remodeling and construction, firearms range workers, bridge workers, smelter workers)

« Don’t just ask about foods in diet — also ask about the family’s use of imported herbs, dietary supplements, imported spices, and variety in
diet, especially during infancy

« Don’t just ask about use of medicines — also ask about the family’s use of ethnic home health remedies, powders used in religious worship or
rituals, imported cosmetics, cookware

« All children should be screened for risk of lead exposures. Follow Centers for Disease Control and Prevention guidance for testing preschool
children with periodic blood lead levels

« Ask about source of household water, especially for younger formula-fed infants; where a private well is used, ask about frequency of well-

water testing

Pediatr Ann. Author manuscript; available in PMC 2020 January 25.
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