
Regulatory Toxicology and Pharmacology 35, 429-«7 (2002)
doi:lO.lO06/rtph.2002.1558

Biological Basis
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Children, particularly neonates, can be biologically
more sensitive to the same toxicant exposure on a body
weight basis than adults. Current understanding of the
rates of maturation of metabolic capability and evi-
dence from case examples on pharmaceuticals, drugs
of abuse, environmental contaminants, and dietary
and endogenous agents indicate that human infants
up to approximately 6 months of age are typically-
but not always-more sensitive to chemical toxicity
than adults. For most chemicals, the immaturity of in-
fant biotransformation, elimination, and other physio-
logic systems usually produces higher blood levels for
longer periods. There is metabolic capacity for most
tested substances in the newborn, although it is quite
low and immature for some chemicals. For some chem-
icals, unique metabolic pathways not available in the
adult human can also be utilized by the newborn. The
newborn's metabolic capacity rapidly matures and, by
about 6 months of age, children are usually not more
sensitive to chemical toxicity than adults. By then,
most metabolic systems are reasonably mature, becom-
ing almost completely capable by 1 year of age. In many
cases children are less sensitive than adults. Whether
children are at greater risk from chemical exposures is
another question. Risk depends on both inherent sen-
sitivity and exposure conditions. If chemical exposure
levels remain below those capable of overwhelming a
child's metabolic detoxification systems and produc-
ing toxicity, children will be at no greater risk than
are adults. Children of all ages are still developing so
even if they are exposed to chemicals at levels below
those of adults, they may be at greater risk than adults.
However, as long as those exposure levels are still be-
low those required to produce toxicity, children will
not be at greater risk. C 1002 EIwvier 8cl_~ roSA!

environmental chemical exposures! might have on the
health of infants, children, and the developing fetus.
That concern led to the children's health provisions
of the 1996 Food Quality Protection Act, to President
Clinton's 1997 Executive Order Protection of Children
{rom Environmental Health Risks and Safety Risks,
to establishment of the U.S. Environmental Protection
Agency's (EPA's) Office of Children's Health Protection
and Children's Health Protection Advisory Committee,
and to numerous other children's health research and
policy efforts.

Much of the current concern surrounding children's
health and risks from chemicals in the environment is
attributed to the 1993 National Academy of Sciences
(NAS) report Pesticides in the Diets of Infants and Chil-
dren. That report concluded that children may expe-
rience quantitatively and qualitatively different expo-
sures to chemicals than do adults, that children may
be more or less sensitive to chemically induced toxic-
ity compared to adults, and that standard approaches
to risk assessment and regulation may not always ac-
count explicitly for potential age-related differences in
exposure and toxicity. The report raised concerns that,
at least in some cases, children may not be protected
adequately by current regulatory policies.

Response to the NAS report has included vigorous
debate about the extent to which children mayor
may not be experiencing disproportionate impacts from
chemical exposures. In many cases, scientific data are
lacking, fostering increased reliance on inference and
concomitant tension among stakeholder viewpoints.
Physiologic and pharmacologic differences due to age
have become better understood, however, as have age-
related differences in chemical exposure patterns and
levels. Age-related effects on susceptibility appear to

INTRODUCTION 1 The term "environmental chemical- is used to refer to substances

of industrial , natural, agricultural, or pharmaceutical origin to which
eXJXJ8ure may occur orally, dermaIly, via inhalation, or across the pIa-
centa, either intentionally or unintentionally.

Increasing attention over the past 10 years has been
given to the potentially disproportionate impact that
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depend on the chemical of concern, the effect that is ob-
served, the dose that is received, its duration, and the
period of development during which exposure occurred.
Infants, children, or the developing fetus are more sen-
sitive than adults in some cases and less sensitive in
others.

Nonetheless, controversy over whether the young
are inherently more sensitive to chemical toxicity than
adults continues. There are many physiologic and phar-
macologic reasons why the sensitivity of children and
adults to chemical exposures may differ. The devel-
oping organism experiences many complex, integrated
events involving the regulation of cell growth, differ-
entiation, and morphogenesis. Interference with those
events through mutation or through altered cell di-
vision, hormone activity, enzyme function, or energy
sources can have significant adverse impacts on devel-
opment. Many environmental factors can have an im-
pact on normal development, including nutritional ade-
quacY (e.g., protein, vitamin, and folic acid availability),
maternal smoking and alcohol consumption, prescrip-
tion drugs, and chemical contaminants such as lead and
organic mercury.

The relevant question, however, is not whether chil-
dren are inherently more sensitive than adults but
whether they are at greater risk. This question requires
the integration of information about chemical hazards
and exposure and evaluation of regulatory agency ap-
proaches to setting limits on chemical exposures. Some
are concerned that the current regulatory scheme per-
mits chemical exposures that entail risks to neonates,
infants, or children because inadequate attention is
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FIG. 1. Organ development and stature or body weight as a per-
centage of adult values by age in the human. Source: Based on data
from Altman and Dittmer, 1962.

given to their potentially greater sensitivity to chem-
ical toxicity. This is a reasonable concern and one that
can be addressed by examining in some detail how and
why neonates, infants, and children can be inherently
more sensitive to toxicity than adults.

GROWTH AND DEVELOPMENT

Evaluating chemical toxicity to developing systems is
of major importance because damage to a physiological
system prior to its full development can permanently af-
fect the system (NAS, 1993). Although not as dramatic
as the growth from conception to birth, human postna-
tal growth during the first year of life is extraordinary:
a typical human infant increases in weight by about
200% and in length by 50% (Sparks, 1998). The rates of
growth of the various organs in the human infant are
not identical to the overall rate of growth. Figure 1 illus-
trates the rate of growth for several organs in humans.
The differences in the rates of growth have toxicological
implications, notably with respect to "windows of vul-
nerability."

Sensitivity during development makes children un-
ique because only a developing human or animal can

experience toxicity that is integral to the developmental
process. The young can also experience acute or chronic
toxicities that are not necessarily unique to the young,
but that may occur at a lower dose due to the immatu-
rity of defense mechanisms that are fully developed in
the adult. In this sense too, the young may be more sen-
sitive than adults. The differences in response between
the young and the adult are sometimes discussed in
terms of either pharmacokinetics or pharmacodynam-
ics, the former considering the factors producing an ef-
fective dose and the latter considering intrinsic organ
or system susceptibility. Both, of course, are important
to every toxic response, but when the young and the
adult experience the same dose, the special vulnerabil-
ity of the young becomes evident. For example, many
substances that can be used with relative safety by
the pregnant mother can be quite harmful to her de-
veloping child. These include alcohol, tobacco, cocaine,
opioids, amphetamines, and other psychotherapeutic
drugs (Kopecky and Koren, 1998).

The period of developmental vulnerability for the
young starts at conception and extends through gesta-
tion, parturition, infanthood, childhood, and up to and
through adolescence. Although most vulnerable during


