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Protecting
Children’s
Health
is the
Why
are Children
More
FoundationVulnerable
for Protecting
Health
thanPublic
Adults?
•
•

Early life exposure to stressors can have life-long health
consequences.
Examples:
a. Biological – early life exposure to polio virus causes
lifelong paralysis
b. Chemical – early life exposure to lead or methyl mercury
results in life long neurological deficits
c. Physical –early life exposure to solar radiation can result
in adult onset skin cancer

Conclusion – Everyone is a child early in life. Thus,
protecting against the risks of early life exposures must
be the starting point for public health protection.
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Each Year, 1.7 million Deaths for Children < 5
Years Old Are Attributable to the Environment

Air Pollution and Child Health (2018 report)
• Air pollution is one of the leading
threats to child health, accounting for
almost 1 in 10 deaths in children
under five years of age.
• About 600,000 deaths in children
under 15 years of age were attributed
to the joint effects of ambient and
household air pollution in 2016.
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Children as a Subpopulation
•

Subpopulation Definition: A group that forms
a relatively fixed portion of the population.
They may share vulnerability factors based on
ethnicity, shared genetic polymorphisms,
common social stress factors, etc.

•

United States laws that use the term
“subpopulation” include:
Ø
Ø
Ø

Safe Drinking Water Act Amendments (1996)
Toxic Substance Control Act amended (2016 Frank R.
Lautenberg Chemical Safety for the 21st Century Act)
Food Quality Protection Act (1996)
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Childhood as a Series of Lifestages
•

Lifestage Definition – a distinguishable time frame in an
individual's life characterized by unique and relatively stable
behavioral and/or physiological characteristics that are
associated with development and growth.

•

Thus, childhood can be viewed as a sequence of lifestages
(including fetal, infant, toddler, adolescent).

•

Allows for developing lifestage specific exposure factors
necessary for assessing/modeling exposure.
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Was Paracelsus
Was Paracelsus
Correct -correct
Does re:
The
Dose
Makes
the
Poison?
the Dose Makes the Poison?
Only partially correct:
Susceptibility may vary
considerably, depending on
factors such as species, sex, and
lifestage of exposure/dose.
Before concluding that
environmental exposures are safe,
we need to investigate the potential
for differences in both exposure and
8
toxicity at various lifestages.

Children are Not Just Little Adults!

Different
Environmental
Exposures

ADME (absorption,

distribution,
metabolism, and
excretion) Differences

Windows of
Susceptibility During
Development

Differences in toxic response between children and adults
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How Children are Different from Adults
Short staturecloser to ground
Increased food
intake and
metabolic rate
Altered excretion
Long “shelf life”

Hand-to-mouth
activity
Increased air intake
Increased skin
surface area
Ongoing organ
development

Goals of USEPA’s 2005 Children’s Age
Grouping Guidance
• Stress that children are not small
adults when it comes to assessing
exposure.
• Provide a consistent set of age
groups to classify early lifestages.
• Support future development of
exposure factors, generation of
monitoring data and analysis.
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Physiological Changes
• Brain - Attains 90% of its adult size during a child’s first three years of life,
but development continues past age 18.
• Lungs - Continue to develop for the first 18 years. Children also consume
proportionately more air.
• Immune system - Children under 3 have immature immune systems, lacking
the variety & quantity of an adult’s antibodies.
• Liver - Children’s immature liver enzymes may not break down
contaminants as quickly as adults.
• Skin - More permeable for an infant than an adult and there is a higher
surface area to mass ratio.
• Gastrointestinal Tract - Increased permeability and absorption, especially in
early infancy.
• Plasma - Children have fewer plasma proteins, which help bind certain
chemicals.
• Kidneys - Children have slower excretion from the kidneys than adults.
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Behavioral Changes
Compared to adults, infants and children:
• Eat & drink proportionally more than adults on a weight basis.
• Breastfeed.
• Eat limited food choices.
• Hand/object-to-mouth behavior.
• Crawl on the ground as toddlers.
• Undeveloped and inexperienced decision making

13

Behavioral Example 1: Apple Consumption
Age (years)

Mean
(g/kg-day)

Birth to 1 yr

5.75

1 to <2 yr

4.53

3 to <6 yr

3.48

6 to <11 yr

2.25

16 to <21 yr

1.13

Adults

0.86

Infants consume nearly 7 times more apple products than
adults (on a body weight basis)
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Behavioral Example 2: Water Intake
Age (years)

Mean
(mL/kg-day)

1 to <3 mo

136

3 to <6 mo

93

6 to <12 mo

62

1 to <3 yr

23

3 <6 yr

19

Adults

16

Infants drink 8-1/2 times more water
than adults.
15

Toxicokinetic Differences Between
Children and Adults
There are numerous physiologic differences
between newborns and adults that affect
toxicokinetics including:
– size of lipid and tissue compartments
– organ blood flows
– protein binding capacity
– immature function of renal and hepatic
enzyme systems
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USEPA’s Guidance on Selecting Age Groups for
Monitoring and Assessing Childhood Exposures
to Environmental Contaminants (2005)
Groups < 1 Year

Groups > 1 Year

birth to < 1 month
1 to < 3 months
3 to < 6 months
6 to < 12 months

1 to < 2 years
2 to < 3 years
3 to < 6 years
6 to < 11 years
11 to < 16 years
16 to 21 years
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USEPA’s Exposure Factors Program
•

•

•

The Child-Specific EFH presents
behavioral and physiological data
on various factors used in assessing
exposure for children ages 0 to 21
years old.
Analyzes exposure factors data
using USEPA's recommended age
groups for assessing childhood
exposures.
Chapters for various factors are
updated periodically and available
online.
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Child-Specific Exposure Factors
Handbook – Content
§
§
§
§
§
§

Breast milk intake
Food intake
Tap water intake
Soil ingestion
Mouthing behavior
Inhalation rates

§ Soil Adherence
§ Activity Factors
§ Consumer
Products
§ Body Weight
§ Life Expectancy
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USEPA’s Supplemental Guidance for Assessing
Susceptibility from Early-Life Exposure to Carcinogens
• Integration of age-specific
values for both exposure
and toxicity/potency.
• Sum exposures and/or risks
across all lifestages
• Use of linear extrapolation
to lower doses is thought to
be sufficiently health
protective in the absence of
chemical specific
information.

Years of
age
<2

Adjustment
factor
10x

2 to <16

3x

>16

1x
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Integrating USEPA’s Cancer Supplemental Guidance & the
Children’s Age Grouping Guidance for Exposure Assessment

This cancer
potency
adjustment
applies only
to chemicals
that cause
cancer via a
mutagenic
mode of
action.

Exposure Age Groupings

Exposure Duration
(yr)

Age Dependent
Adjustment
Factor (ADAF)

birth to < 1 month

0.083

10x

1 to < 3 months

0.167

10x

3 to < 6 months

0.25

10x

6 to < 12 months

0.5

10x

1 to < 2 years

1

10x

2 to < 3 years

1

3x

3 to < 6 years

3

3x

6 to < 11 years

5

3x

11 to < 16 years

5

3x

16 to < 21 years

5

1x

21 to <70 years

49

1x

World Health Organization Lifestage Proposal
Identifying important life stages for monitoring and
assessing risks from exposures to environmental
contaminants: Results of a World Health Organization
review
• Includes a proposed harmonized set of age bins for
assessing risks from chemical exposure.
• Early life age groups facilitates consistency with recent
guidance.
• Age bins allow results from longitudinal birth cohort
studies to be combined.
• Region-specific exposure factors and monitoring data are
needed to apply the bins.
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Proposal Details
Tier 1: Adopt guidance similar to USEPA’s 2005 recommended childhood age groups.
Tier 2: Consolidate some of the age groups defined above in order to reduce the
burden of developing age specific exposure factors data for different countries/regions.
Life Stage
Preconception
Fetal
Newborn (Neonatal)
Infant

Tier 1 Groups
Preconception
Prenatal
Birth to <1 month
1 to <3 months;
3 to <6 months;
6 to <12 months

Tier 2 Groups
--Conception to birth
Birth < 1 month
1 month < 12 months

Toddler
Early childhood

1 to <2 years;
2 to <3 years
3 to <6 years;

1 year < 2 years
2 years < 6 years

Middle childhood
Early Adolescence
Late Adolescence

6 to <11 years
11 to <16 years
16 to <21 years

6 to <11 years
11 years < 16 years
16 years +
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Key Messages
• Children’s health protection is the starting
point for public health protection!
• Early life exposure to stressors can have
life-long health consequences.
• Important to recognize that children are
not little adults.
• Children’s lifestage/age group differences
are important to account for when
assessing exposure & risk.
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For
More
Information…
For More Information…

www.epa.gov/children

epa.gov/risk/guidance
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