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Environmental Hazards and the
Lives of Children

by Dorothy Noyes Kane and Robert W. Kates

With the exception of the perils of nuclear war, it
is safer to be a child in America today than ever
before. Today’s newborn child has a far greater
chance of reaching maturity (98%) than his or
her counterpart at the turn of the century (77%).
In 1979, of the 1.9 million deaths in the United
States, only 1% were children between the ages of
1 and 15 (see Table 1).

THE “NEW MORBIDITY”

It is the virtual conquest of infectious
diseases that has so greatly reduced mortality in
childhood. But trauma from accidents—often re-
ferred to as the “new morbidity”—also has been
reduced markedly in the last several decades. In
the U.S. in the period from 1923 to 1932, the ac-
cident death rate for children under 5 was 75%;
for those 5-14, approximately 40. By 1979, the
rate had decreased to 25.7 for those under 5 and
15.0 for those 5-14.

Real progress has indeed been made in re-
ducing the acute impact of the new morbidity,
but much more needs to be done. For example,
the rate of motor vehicle accidents, which ac-
count for over 20% of all fatalities and almost
50% of all accidental deaths in the U.S. among
children 1-14, has improved little in the last 30
years. In the 1948-52 period, the motor vehicle
death rate for those 1-4 was 10.9, and in 1980,
9.1. For the 5-14 age group, it was 9.1 in that
same 1948-52 period and 7.9 in 1980. By con-
trast, the rate of motor vehicle and other trans-

*Unless otherwise noted, death and illness rates have the
standard denominator “per 100,000.”

port accidents beteen 1955 and 1971 in all Euro-
pean countries—except for England, Scotland,
Wales, Sweden, Switzerland, and Sri Lanka—has
been described as “alarming.”

The drowning mortality rate in the U.S.
presents a sad picture: In the 25-year period from
1955 to 1971, drowning rates increased from 6.9
to 8.3 for 1- to 4-year-old boys, the highest in-
crease in some 26 countries. In 1980, the rate
was 7.1. On the other hand, since 1950 acciden-
tal drowning and submersion rates in 26 coun-
tries have decreased “considerably,” particularly
in Finland, Japan, the Netherlands, Norway, and
Sweden. (Increases were recorded for 5- to
9-year-old boys in Chile.)

In the same period, a significant reduction in
childhood accidents took place throughout the
world, particularly in the Scandinavian countries
such as Sweden, which currently holds the world
record for the lowest accident mortality rate
among 1- to 4-year-olds.

THE “NEWER MORBIDITY”

An even greater threat than the obvious and
acute trauma exacted by certain hazards may lie
in more subtle and cumulative impacts on chil-
dren. The impact of these hazards—the “newer
morbidity”—consists of the illnesses and
developmental problems triggered or aggravated
in sensitive children by the release of noxious
gases and particulates, metals and fibers, food ad-
ditives, radiation, and loud noise.

Whereas the newer morbidity may not result
in immediate mortality, it may be producing not
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2 Environmental Hazards to Young Children

TABLE 1. Major Causes of Death (1979), lliness (1980), and Accident (1980) Total U.S. Population

and U.S. Children?

DEATHS
Total U.S. Population % U.S. Children %
(N=1,913,841) (N=19,254)
1. Heart disease 38.3 1. Accidents 46.9
2. Cancer 21.1 2. Cancer 11.1
3. Stroke 8.8 3. Congenital anomalies 8.3
4. Accidents 5.5 4. Homicide 3.7
5. Pulmonary disease 2.6 5. Heart disease 2.8
6. Pneumonia and influenza 24 6. Pneumonia and influenza 24
7. Diabetes 1.7 7. Meningitis 2.2
8. Cirrhosis of the liver 1.6 8. Anemias .8
9. Arteriosclerosis 1.5 9. Suicide .8
10. Suicide 1.4 10. Stroke 7
11. All other 15.1 1'1. All others 2.3
INCIDENTS OF ACUTE ILLNESS
(N=484,159,000) (N=189,629,000)
1. Respiratory conditions 52.3 1. Respiratory conditions 52.7
2. Injuries 15.0 2. Infectious and
parasitic disease 14.1
3. Infectious and
parasitic disease 11.1 3. Injuries 11.8
4. Digestive system 5.1 4. Digestive system 4.6
5. All other 16.5 5. All other 16.5
ACCIDENTS
(N=68,089,000) (N=21,693,000)
1. Home-related 39.2 1. Home-related 46.1
2. Work-related 15.9 2. Moving vehicle 4.2
3. Moving vehicle 6.4 3. Work-related 0.0
4. All other 41.4 4. All other 49.7

IAges 114 for deaths based on National Center for Health Statistics data (1982); ages 0-16 for illness and accidents based on National Center

for Health Statistics data (1981).

2Note that totals in data source! are inconsistent; thus, some percentage columns exceed 100%.

only more illnesses but more serious and more
chronic illnesses, than injuries caused by ac-
cidents. A case in point is the incidence of res-
piratory diseases among children under 6, which
is 6 times higher than disability resulting from

accident-related injuries. Polluted air is a major .

contributor to respiratory diseases. When pro-
tracted, these childhood diseases may prove to

be antecedents of respiratory disease in adult-
hood.

Long-term exposure to low-level lead, al-
though not a prime Kkiller of children, is exerting
a deleterious impact upon their central nervous
and other body systems. Current estimates indi-
cate that approximately 8%, or over 1.5 million
American children between the ages of 6 months
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and 5 years, show evidence of excessive amounts
of lead in their blood. Almost 20,000 children in
1981 were known to be under pediatric care for
lead toxicity.

Unfortunately, consideration of the newer
morbidity has not yet been accorded high
priority in medical circles. It is neither well de-
fined nor well recognized, and it may never be
because of the time lag following exposure and
the difficulty of obtaining data concerning its
unique impact. For example, in 1979, the Sur-
geon General sought a 20% reduction in the mor-
tality of children 1-14 as one of his goals for the
1980s. Yet, he made no reference to any cause of
childhood morbidity other than lead exposure.

ORDERING THE HAZARDS

The environmental hazards to children en-
compass a huge domain, including hazards aris-
ing from nature, society, and technology. Or-
dering this domain is a function of historical or
professional antecedents and, increasingly, regu-

“latory decisions. Classification of mortality and
morbidity is controlled by the International Clas-
sification of Diseases, which serves as the basis
for state death certificate data, for the morbidity
statistics of the National Center for Health Sta-
tistics, and as the prime database for the accident
data of the National Safety Council. The system
is practical but inconsistent. Deaths are classified
by 2 whole-body disease groups (infections, neo-
plasms); 13 physiological or mental systems
disease groups; a catch-all “symptoms” group;
and a group of “external causes™: accidents, poi-
soning, and violence. Throughout the system the
“cause” of death is in many cases only a symp-
tom or an associated cause.

Accidents are also classified by a locational
scheme that distinguishes between transport-
and nontransport-related deaths. The latter are
classified by home, farm, mine and quarry, in-
dustrial workplace, recreational site, public road,
building, residential and institutional, or other.
The National Safety Council groups these into
home, farm, workplace, and public facility sites.

In addition to classification by consequence
(e.g., mortality rate), hazards are also classified
by their source (e.g., motor vehicles), by their
environmental pathways (e.g., air pollution), by
their functional threat (e.g., poison), or by their
exposed population (e.g., pedestrians). Although
any specific classification may possess an inter-
nal logic, overall, there is little logic. A specific
chemical substance, for example, may fall into
several categories—as a consumer product, an
air or land pollutant, a poison, or a prescription
drug.

In organizing this volume, we have tried to
compromise between the familiar, if less logical,
categories of the various hazard management
professions and a more meaningful and con-
sistent organization. We have taken as a base the
newly devised scheme of the Hazard Assessment
Group of Clark University’s Center for Tech-
nology, Environment, and Development
(CENTED) for conceptualizing technological
hazards. That scheme conceptualizes tech-
nological harm as a sequence of causally con-
nected events that lead from human needs and
wants, to choice of technology, to possible
releases of materials and energy, to human ex-
posure, and, eventually, to harmful consequences
(see Figure 1). The focal point of the model is the
release stage, defined as the unexpected loss of
control over flows of energy and materials. Such
flows are essential to all living things, and this

FIGURE 1. Causal sequence of hazard evolution. Most technologies originate in an attempt to
satisfy human needs and wants, but through the release of materials or energy exceeding the
capabilities of exposed organisms to cope lead to undesirable human and biological consequences
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model provides the basis for a powerful common
language to describe hazards. A release is defined
as hazardous to the extent that it exceeds the
level at which target organisms can cope with it.

Thus, a basic distinction in this volume has
been made between energy and materials hazard
releases. Using a study of 93 technological haz-
ards, the Clark Group has shown that marked
differences exist in the characteristics of energy
and materials hazards. Readers may recognize
these differences as similar to the differences be-
tween acute and chronic consequences and be-
tween the new and the newer morbidity
(Hohenemser, Kates and Xasperson, forth-
coming). With few exceptions, energy hazards
are distinguished by releases of kinetic energy on
a macroscopic scale, whereas materials hazards
generally affect organisms on a molecular level.
Energy hazards have short persistence times, im-
mediate consequences, and only minor
transgenerational effects. Materials hazards per-
sist in the environment, have delayed conse-
quences, and on the average affect at least one fu-
ture generation.

There is a major difference in the scientific
understanding of energy hazards and materials
hazards. By and large, the causal structure of en-
ergy hazards is well understood. In contrast, the
links between exposure and consequences for
many materials hazards are at best correlational,
and true causal understanding awaits scientific
understanding of such important but complex
consequences as cancer or arteriosclerosis. These
differences between energy and materials hazards
are probably fundamental and are related to the
levels of biological organization.

Within this basic framework, we revert to
more traditional and familiar categories. Five
hazards are classified as energy hazards: traffic,
burns, falls, noise, and radiation; and 4 as
releases of materials hazards: submersion, toxic
ingestions, metals and fibers, and gases and par-
ticulates. In each category there are certain in-
congruities: Radiation, an energy release,
behaves at low levels as a toxic material; submer-
sion, as a material ingestion, exhibits behavior
similar to other accidental energy releases if too
protracted. Nonetheless, the overall concept of
disjunctive releases of energy and materials to
which youthful organisms are rot adjusted, as
presented in this volume, appears to be more

specifically illuminating than the prevailing liter-
ature.

Within each hazard type there are further di-
visions. For example, under traffic accidents we
distinguish between injuries in cars, on foot, or
while cycling; under metals and fibers we include
lead, mercury, cadmium, and asbestos; under
radiation we identify ionizing and nonionizing
sources and consequences; and under gases and
particulates we consider the major pollutants
both indoors and out.

CHILDREN’S SUSCEPTIBILITIES

Although children have the advantages of
bone resilience and the general capability of re-
pair, they are especially sensitive to environ-
mental hazards because (1) their organs and sys-
tems are still developing, and disruption and dis-
turbance, particularly at critical developmental
periods, may result in irreparable damage; (2)
their immune competence may not be as great as
adults’; (3) they frequently inhale and absorb
more pollutants per unit of body weight than
adults do; and (4) their exposure to certain haz-
ards is frequently greater.

For a few hazards, however, additional spe-
cial sensitivities are not widely recognized. These
include children’s unique problems in the traffic
environment (their vision and hearing limita-
tions and their misperceptions regarding traffic
flow, signals, etc.); their small muscle volume
and highly sensitive skin; their difficulties in han-
dling language cues in a noisy environment; their
greater susceptibility to blood loss, sepsis, head
injuries, and fractures; and the often serious psy-
chological impact of trauma.

All children are thus at particular risk, but 3
other factors put some children at greater risk
than others: being male, being poor, and being a
member of a family under stress. The risk rates
in 1978 for males 1-14 compared with females
was 1.88 for accidents, 1.35 for cancer, and 1.16
for birth defects. Poverty is hazardous, particu-
larly in cases of pedestrian deaths, burns, and
falls, and sometimes under conditions of high
noise and air pollution. Affluence, on the other
hand, more seriously affects mortality among au-
tomobile passengers and swimming pool users.
Familial stress is related to child abuse, which
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£ may result in, among other problems, cigarette-

induced burns and scalds, falls, and drownings.

Age is a variable factor. Two-year-old boys
arc at greatest risk of drowning, 1- to 4-year-olds
of suffering burns, and 4- to 5-year-olds of being
involved in pedestrian accidents. Falls pre-
dominate among preschoolers, and household
poisonings among children 2 to 3 years of age.
Those under 1 year and particularly under 6
months are at high risk as car passengers, and all
those from 1 to 4 are at greater risk than older
children. Children from 6 months to 5 years are
most susceptible to lead poisoning.

Geographical location is also a factor. Urban
arcas are most dangerous for pedestrian mishaps,
burns, falls, and for exposure to metals and fibers
as well as gases and particulates. Table 2 summa-
rizes the special sensitivities of children and re-
lated risk for 9 hazards.

THE BURDEN OF HAZARD

Taken together, environmental hazards
probably account for 20 million incidents of in-
jury and illness in children under 17 and for per-
haps 60% of the 20,000 deaths recorded each
year in children aged 1-14. The toll of hazards
detailed in Table 3 is relatively accurate for ac-
cidental deaths, but the proportion of deaths
from cancer, birth defects, and other illnesses as-
sociated with environmental hazards can only be
guessed at.

Even if cause is debatable, the tragic finality
of death makes its counting easy. A central state
registration system assures accuracy to within 1%
or 2%. Not so with morbidity: Its definition
varies by statistical source but generally com-
bines measures of professional medical referral
with days lost from normal activity. The major
sources for morbidity statistics are the National
Center for Health Statistics biennial health sur-
veys of civilian households (41,000 in 1977),
supplemented by reports collected from a num-
ber of sources by the National Safety Council
and special surveys. The 1982 National Health
Interviews Survey reports 4 million persons un-
der age 6 injured from all causes (21.47%) and 6
million between 7 and 16 (14.6%).

Estimates of morbidity are subject to consid-
erably more variance. For example, traffic in-
juries have been found to be underreported by
perhaps 100%. This is particularly true among
those under 5 years. Poisoning episodes may also
be underreported by a like amount, and submer-
sion figures do not include near-drownings.

Taken together and using as a base the over-
all injury and illness estimates of the National
Health Survey, it is estimated that each year at
least 30% of the 25 million children under 6 and
of the 40 million children aged 6 to 16—a total
of approximately 20 million—suffer the effects of
injury and illnesses related to environmental
hazards.

Within each category of hazards, progress is
uneven: Poisons, fires and burns, and falls injure
fewer children, traffic, about the same as in the
past, and submersion, more than in the past.
Submersion includes near-drowning, for which
we have no specific data, only estimates. Despite
this enormous toll of injury and illness, the death
toll is small and decreasing steadily over time.
Progress has been greatest in reducing accidental
death from the acute energy hazards. The degree
to which the newer morbidities of air pollution,
toxic ingestion, and radiation may replace these
deaths is unknown, but to date it has apparently
not risen and has not as yet shown up in
measures of cancer or birth defects.

Each chapter from 1 to 5 addresses a
different energy hazard, and each chapter from 6
to 9, a different materials hazard. For each haz-
ard current knowledge is reviewed under 5
different themes: (1) consequences, in terms of
mortality and morbidity; (2) children’s special
sensitivities to the hazard, (3) characteristic
places, seasons, and times of high exposure; (4)
high-risk subgroups of children; and (5) efforts at
prevention and protection.

The concluding chapter—which analyzes
children’s mortality records for the United States
and 11 other developed nations—focuses on haz-
ard management for the decade ahead, outlining
what might be achieved by wise choices of
protection measures. It provides specific recom-
mendations for reducing the risks from each haz-
ard type and suggests the 3 most. important
priorities.
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TABLE 3. Death, lliness, and Injury of Children from Environmental Hazards

DEATHS ILLNESS AND INJURY
All Younger Older All Younger Older

Hazards 3,700 1,200 2,500 180,000 50,000 130,000
Motor Vehicle 121,000 42,000 79,000

Passenger 1,630 640 990 37,000 7,000 30,000

Pedestrian 1,610 540 1,070 22,000 1,000 21,000

Pedalcycle 460 20 440 928,000* 90,000* 838,000*
Fire and Burns 1,324 846 478 571,000* 272,000* 293,000*
Falls 200 111 89 2,496,000* 1,112,000* 1,384,000*
Noise None Unknown —_
Radiation:

Ionizing Unknown Unknown

Nonionizing None Known None known
Drowning 1,659 803 856 Unknown
Toxic Ingestion 257 167 90 100,000-2.5 million

Household Products ~——————— Unknown--

Food Additives Unknown
Metals and Fibers

Asbestos Unknown Unknown

Cadmium None known Unknown

Lead 300400 20,000

Mercury None Known Unknown
Gases and Particulates

Indoors 127 51 76 Unknown

Outdoors Unknown 1.25-3.1 million
Sources: Varied (see text)
*With the exception of the asterisked figures, younger children are defined as those under 5 years; older children, 5-14. The asterisked
figures are: for younger children, those 7-16. **All’* with an asterisk refers to children under 17; without an asterisk, to those under 15.
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