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Children breathe more air per kilogram of body weight than adults at rest, as shown 
here. An infant has three times the minute ventilation of an adult and a 6-year-old 
has double. Children also tend to be more physically active than adults. It is clear 
therefore, that environmental toxicants found in the air, both indoors and outdoors, 
will be delivered to children at higher internal doses than to adults. These toxicants 
include ozone, oxides of nitrogen, particulate matter, lead, mercury as well as 
moulds, volatile organic compounds (VOCs), and other air toxicants.  
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It is widely recognised that children and  
young people are at increased risk from toxic 
air compared to most adults (see Box 1, p.11). 

Emerging evidence indicates that toxic particulates 

can travel through the mother’s placenta wall,18 

and there is strong evidence that inhalation of 

air pollution by pregnant women affects the 
development of the foetus.19 

During early childhood, a critical time for physical 

and cognitive development, infants are particularly 

vulnerable to the effects of harmful substances  
on their growth.20 

As children breathe faster than adults, they  

take in more polluted air: an infant breathes in 
three times as much air as an adult, and a six-
year-old breathes in twice as much, relative to 

their weight.21 

Children also tend to spend more time outside, 

where concentrations of air pollution from traffic 
are generally higher.22 And when children are 

walking or in a pushchair, they are often at the 

height of vehicle exhausts meaning that they 

breathe in higher concentrations of pollutants.23 

The risk of air pollution exposure to children’s 

health is particularly acute during periods of cold 

weather, when pollution concentrations rise and 

when the symptoms of respiratory conditions such 

as asthma are already worsened.24 

INFANTS BRE ATHE IN 

THREE TIMES 
AS MUCH AIR
AS ADULTS*

SIX-YE AR-OLDS  
BRE ATHE IN 

T WICE AS 
MUCH AIR*

2x

3x

1x
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FIGURE 1
Breathing rates calculated by dividing daily inhalation rates
(m3/day) from Table 5 of Layton (1993) by body weights
presented in Table 3 of Layton (1993) (original data from

National Food Consumption Survey 1977–1978).

because mercury vapor collects at èoor level, and the breath-
ing rate per unit of body weight is much higher in preschoolers
than in adults (Figure 1). This resulted in acute poisoning of the
child when no adults in the household were clinically affected
(Centers for Disease Control 1990).

Children’s exposures are inèuenced by their activities and
where they spend their time. Compared to adults, they spend
more time outdoors and in active play and sports. A study of
activity patterns in California found that children under 12 years
of age spent an average of 124 minutes per day engaged in
active sports, hiking, or outdoor activities, compared with only
21 minutes for adults (Wiley et al. 1991).

Physiological and Behavioral Factors
A number of behavioral factors inèuence the extent of ex-

posure. Young children explore the world by mouthing objects
and therefore have more hand-to-mouth transfer of contami-
nants that may be deposited on surfaces than older children or
adults. In addition, children exhibit pica behavior much more
often than adults (Baltrop 1966); thus exposure to contaminated
soils can be higher especially in pica children. Children are gen-
erally more active than adults, resulting in exposures that may be
higher via both the inhalation pathway (elevated breathing rates)
and dermal pathways (playing in contact with soil). Children are
less attuned to personal hygiene than adults, and so contact with
soils may be more prolonged for children. Young children can
consume diets with less variety and different preferences than
adults. This results in dramatically increased consumption of
some items compared with adults. For example, on average,
non-nursing infants consume over 16 times the average US con-
sumption of apple juice (National Research Council 1993). In
addition, young children have higher èuid and food intake rates
than adults so that their exposures to contaminants in items they

FIGURE 2
Total mean daily water intake (ml/kg-day) (Ershow and Cantor

1989). Total water intake includes drinking water and water
used in food and beverage preparation.

consume is elevated relative to adults. For example, total èuid
intake decreases from 189 ml/kg/day during the érst 6 months
to 35 ml/kg/day in adults (Figure 2) (Ershow and Cantor 1989).
This results in increased exposure of children to water-borne
contaminants relative to adults per unit body weight.

Early childhood is the only time of life when humans con-
sume breast milk. During the érst months, it may be the sole
source of nutrition. Persistent lipophilic organic chemicals, such
as the organochlorine pesticides, are concentrated in breast milk,
which is estimated to contain 4% lipid (OEHHA 2000b). Inves-
tigators have estimated that 12% to 14% of the érst 25 years’
intake, in terms of toxic equivalents (TEQs), of polychlorinated
biphenyls (PCBs) and dioxins occurs in the érst 6 months of
breastfeeding. The TEQ intake on a picogram per kilogram body
weight basis is 50 times greater in the breastfeeding infant than
the adult, based on measurements of the TEQ in breast milk and
foods consumed by families in the Netherlands (Patandin et al.
1999). A number of factors inèuence the movement of chemicals
from the mother’s body tissues into breast milk. These include
the lipophilicity of the compound (which determines ability to
partition into milk fat), protein binding in plasma and milk, and
inèuence of the pH of milk and plasma on ionization (Findlay
1983; Fleishaker, Desai, and McNamara 1987). The pH of breast
milk (6.6 to 6.8) is more acidic than plasma (7.2 to 7.4). There-
fore basic compounds can attain higher concentrations in breast
milk than plasma as they become trapped by ionizing at the more
acidic pH of the milk (Findlay 1983). A chemical that is highly
protein bound in the plasma may not be available for transport
into milk. However, if the chemical has higher afénity for milk
protein than plasma protein, then it may be pulled into the milk
preferentially (Findlay 1983). These factors may all apply, and
predictions of concentrations of a drug or environmental chem-
ical in breast milk are difécult, particularly for nonlipophilic
chemicals (Wilson et al. 1985).


