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ABSTRACT

Aim: There has been a growing concern in the last few 
years with the exposure of children to environmental 
chemicals. There is little knowledge regarding their 
effects on developing organisms. The objective of this 
study was to investigate the recent medical literature on 
environmental chemical hazards to child health.
Methods: The bibliographic research was conducted 
using the MEDLINE database, as well as through direct 
research, limiting the scope to articles published within 
the past 8 years. 
Results: Children have a greater exposure to environ-
mental pollutants than adults, because their metabolic 
needs and behaviors put them at special risk of contact 
with chemicals when they breathe, eat, drink or play. 
Heavy metals, pesticides, persistent organic pollutants 
and, at home, environmental tobacco smoke have been 
associated with the increasing number of diseases such 
as asthma, neurodevelopmental disorders and childhood 
cancer. 
Conclusions: Pediatricians and other health professionals 
who treat children and adolescents are entrusted with 
the task of recognizing the hazards that environmental 
chemical agents may pose.

Key words: Environmental exposure, environmental pol-
lution, chemical compounds

SAŽETAK

Cilj: U proteklih nekoliko godina, u porastu je zabrinu-
tost zbog izloženosti djece kemikalijama koje se nalaze u 
okruženju. Malo se zna o učincima tih kemikalija na 
organizme u razvoju. Cilj je ovog istraživanja bio 
proučiti noviju medicinsku literaturu o opasnostima 
kemikalija koje se nalaze u okruženju, te njihovu 
utjecaju na zdravlje djece.
Metode: Proučavanje literature provedeno je korištenjem 
baze podataka MEDLINE, te neposrednim istraživanjem, 
pri čemu su uzeti u obzir jedino radovi objavljeni u pro-
teklih osam godina.
Rezultati: Djeca su izloženija onečišćivačima koji se nalaze 
u okruženju od odraslih, jer su zbog svojih meta boličkih 
potreba i ponašanja izloženi posebnu riziku vezanom uz 
kontakt s kemikalijama dok dišu, jedu, piju ili se igraju. 
Teški metali, pesticidi, postojani organski onečišćivači, te 
kod kuće sekundarni cigaretni dim, dovedeni su u vezu sa 
sve većim brojem bolesti u djece poput astme, neuroloških 
razvojnih poremećaja, ili raka. 
Zaključak: Pedijatrima i ostalim zdravstvenim djelatnici-
ma koji liječe djecu i adolescente, povjerena je zadaća 
prepoznavanja opasnosti koje mogu prouzročiti kemijs-
ka sredstva koja se nalaze u okruženju.

Ključne riječi: izloženost okruženju, onečišćenost okru-
ženja, kemijski spojevi 

INTRODUCTION

Environmental conditions are among the major 
factors that determine children’s health. Unfavora-
ble situations regarding access to drinkable water, 
sewage disposal and housing conditions contribute 
to remarkable morbidity and mortality of children 
in developing countries1. Moreover, there has been 
a growing concern all over the world in the last 
decades with environmental contamination by 
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chemical agents produced by industrial, mining 
and agricultural activities, and with their possible 
relationship with the increase in the prevalence of 
congenital malformations, asthma, cancer, and 
neurological and behavioral disorders in children 
in recent years2.

Currently, around 85,000 chemical agents are 
produced and used in industrialized countries, 
2,800 of which are mass-produced (over 500,000 
kg a year). Less than 45% of these agents have 
undergone basic toxicological tests and less than 
10% have been investigated as to their toxic effects 
on developing organisms.

Children are especially vulnerable to the expo-
sure to environmental chemical agents, due to their 
physiological characteristics: they drink more water, 
eat more, and breathe in a greater amount of air 
per kg than adults do. An infant up to the sixth 
month of life drinks seven times more water, while 
a preschooler (1 to 5 years old) eats three or four 
times more per body weight than an average adult. 
Oxygen supply in a resting infant is twice as high 
as that which is observed in an adult. On top of 
that, the hand-to-mouth habit and playing or 
moving close to the ground contribute to children’s 
greater exposure. Thus, any chemical agents found 
in water, air, soil and foods are more likely to be 
ingested by children than by adults3.

Due to the paucity of information about the 
consequences of such an exposure, a new and chal-
lenging field of research has been taking shape: 
environmental health in pediatrics. This field seeks 
to shed some light on the effects of environmental 
exposures to chemical or physical (e.g.: ionizing 
radiation) agents and on how these agents reach 
the children, and thus seeks to help with the pre-
vention, diagnosis and management of various 
diseases that are possibly caused or aggravated by 
these conditions4-7.

The aim of the present review is to provide 
information about the susceptibility of children to 
the exposure to environmental chemical agents, 
placing special emphasis on the moments of greater 
vulnerability from intrauterine life to adolescence. 
It also describes specific aspects of the agents or 
groups of agents (heavy metals, pesticides, persist-
ent organic pollutants) of greatest interest in our 
setting and suggests tools, such as environmental 
history, which can be useful in finding and apply-
ing solutions to the problem8,9. Articles published 
on this subject between 1998 and 2006 were 
accessed via the Medical Literature, Analysis, and 
Retrieval System Online (MEDLINE).

EXPOSURE TO CHEMICAL AGENTS AND 
DEVELOPMENTAL STAGES

The risk of exposure to chemical agents may be 
present in intrauterine life (fetal growth period). 
The term placental “barrier” has become completely 
inadequate after those events involving thalidomide 
and dietilstilbestrol in the 1950s and 1960s10.

Besides drugs, lipophilic chemical contaminants 
such as polycyclic aromatic hydrocarbons (found 
in cigarette smoke), organic mercury compounds 
(methylmercury) and ethyl alcohol can easily cross 
the placenta11.

Some essential processes, such as the central 
nervous system development, predominantly occur 
during fetal life and during the first years of life. 
These processes include differentiation of the cere-
bral cortex, neuronal migration, synaptogenesis 
and myelination12. Fetal vulnerability and the neu-
rotoxicity of some of the afore-mentioned agents 
during this period have been extensively docu-
mented in cases of fetal alcohol syndrome and in 
severe neurological disorders observed in Iraqi chil-
dren who had been exposed to methylmercury 
during their intrauterine life due to their mothers’ 
intake of bread contaminated with mercury fungi-
cides in the 1970s13. In the neonatal period, there 
is a higher risk for the uptake of chemical agents 
through the skin, since keratinization is only com-
plete around the fifth to eighth day of life. In addi-
tion, the body surface/mass ratio is greater in new-
born infants than in older children and in adults. 
For a given exposed area, a newborn infant absorbs 
three times more than, and a child twice as much 
as, an adult11.

The metabolic pathways of chemical agents that 
enter the body are not fully developed at birth and 
during the first months of life. The capacity to 
metabolize, detoxify and excrete many chemical 
agents is different from that observed in adults. In 
many cases, as in exposures to lead and organo-
phosphates, children are less able to fight these 
agents due to the fact that they lack or are deficient 
in enzymes that could metabolize them and elimi-
nate them2.

Another important aspect is that occasional dif-
ficulties in metabolizing toxic agents may result in 
the buildup of these agents in storage organs or tis-
sues (e.g.: bones and adipocytes) in case of contin-
ued or chronic exposure of children. Given the life 
expectancy of these children, the consequences of 
these exposures may be observed only several years 
later, for instance, possible development of cancer 
associated with exposure to cigarette smoke com-
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ponents, from intrauterine life to the household 
environment during childhood14.

Processes caused by biological agents such as 
bacterial infections or environmental exposure to 
fungi, or by chemical air pollutants (e.g.: cigarette 
smoke or products from fuel combustion), cer-
tainly interfere with lung development. The prolif-
eration of alveoli and pulmonary capillaries begins 
in the fetal period and extends to the fifth or eighth 
years of life, and problems during the normal 
development of this process may cause permanent 
sequelae on the morphology and function of the 
respiratory tract.

Older children (at preschool or school age) 
interact more constantly with the surrounding 
environment, due to their nutritional and meta-
bolic requirements, and behavioral characteristics. 
Besides the household environment, new environ-
ments such as leisure areas and school may expose 
children to chemical contaminants15. One should 
recall that, in the so-called developing countries 
like Brazil, many children live, go to school, and 
play in places where the soil is highly contaminated 
by industrial waste, or in areas that are too close to 
garbage dumps or polluted water sources.

Finally, in adolescents, the quick development 
of the endocrine system towards sexual maturity is 
a vulnerable target, making them susceptible to 
related disorders5. Entry into the job market, which 
sometimes involves activities that are unhealthy 
and inappropriate for children and adolescents, 
becomes a possible risk of exposure to toxic sub-
stances.

CHEMICAL AGENTS OF INTEREST IN 
OUR SETTING 

Lead

The effects produced by the exposure of children 
to lead have been well documented for over 100 
years14. With the improved knowledge about the 
possible effects of lead on child development, 
blood lead levels currently tolerated are five times 
lower than those accepted in the 1970s.

The fact that apparently asymptomatic children 
had low IQ scores, difficulty expressing themselves 
verbally, attention disorders and behavioral prob-
lems was crucial for the establishment of increas-
ingly lower acceptable levels. 

The mechanisms through which lead affects the 
central nervous system functions remain unclear, 
but its interference in calcium transport and possi-
ble effect on the development and maturation of 

neuronal connections may lie in the genesis of the 
observed involvement14.

In addition to the central nervous system, the 
urinary tract (kidneys) and the biosynthesis of 
hemoglobin are the other targets of toxic lead 
action, and anemia is a common finding in this 
type of exposure.

Lead pollution persists on a worldwide basis 
due to its use in metallurgy, manufacture of car 
batteries, ammunition industries, manufacture of 
crystals and production of paints and dyes. 

Acute lead toxicity is rarely described in chil-
dren nowadays, and is characterized by severe CNS 
involvement (encephalopathy), which may develop 
into seizures followed by coma and death if appro-
priate life support and specific treatment with 
chelating agents (e.g.: dimercaprol and edetate cal-
cium disodium) are not available.

Mercury

Mercury is one of the most abundant metals on 
Earth. In addition to natural sources, it is found in 
various human activities, such as mineral extrac-
tion, coal combustion (thermoelectric plants), elec-
tronic industry, paper industry, and pulp bleaching 
(where mercury is used in the electrolytic process 
for the procurement of chlorine, being one of the 
resultant residues).

Metallic mercury, discharged into rivers and 
oceans, enters the food chain and turns into an 
organic compound (methylmercury) and is then 
submitted to biomagnification, where growing 
concentrations are observed even at the top of the 
food chain, which comprises large predator fish, 
which are eventually eaten by humans15. Organic 
mercury compounds are highly absorbed via food 
intake, opposed to metallic mercury, whose uptake 
is negligible.

Just like lead, organic mercury is toxic to the 
developing brain13. Studies with children exposed 
to methylmercury in utero showed adverse effects 
on intelligence and poor performance in speech, 
attention and memory.

Exposures to high levels of mercury, as the ones 
that occurred in Minamata Bay and in Iraq, cause 
cerebral palsy and remarkable mental retarda-
tion16.

More recent studies, conducted in the Sey-
chelles, Indian ocean and on the Faroe islands in 
the North Atlantic, which included children whose 
mothers had eaten contaminated fish during preg-
nancy, have yielded controversial results. Whereas 
in the former one there was no correlation between 
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the levels of mercury detected in mothers and the 
cognitive development of concepti, there was an 
association between mercury levels detected at 
birth in umbilical cord blood (mean of 22.9 micro-
grams/liter) and poor cognitive performance at 
eight years of life in the second study13.

Pesticides

Pesticides for agricultural or domestic use, besides 
their significant morbidity and mortality from 
acute exposure, especially in developing countries, 
are a concern in terms of their long-term effects on 
the health of children exposed through water and 
soil contamination and food residues.

Organochlorine pesticides (DDT, hexachloro-
benzene, aldrin) have a large environmental per-
sistence and, although they were taken out of the 
market many years ago or been used sparingly 
nowadays, they can be found in farmlands or in 
industrial areas where they had been produced. 
Lactating women can mobilize organochlorine 
residuals from body stores (fat) and incorporate 
them into breastmilk. Animal studies have demon-
strated the relationship of these agents with car-
cinogenesis, teratogenesis, immunotoxic effects and 
as endocrine disrupters17.

Organophosphate pesticides, such as malathion, 
chlorpyriphos, diazinon, and carbamates (e.g.: car-
baryl) are widely used all over the world for pest 
control. Their mechanism of action is related to 
acetylcholinesterase inhibition. The essential role 
of acetylcholinesterase in the developmental stage 
(modeling) of neuronal connections in the central 
nervous system seems to be well established. There-
fore, one cannot rule out the possibility that chil-
dren who are continuously exposed to these agents 
may develop some problems, with possible neu-
robehavioral disorders as a result14.

Persistent organic pollutants (POPs)

Besides organochlorine pesticides, other com-
pounds that are environmentally persistent and 
build up in storage tissues (e.g.: adipose tissue) 
have been investigated as to their toxicity to devel-
oping organisms. Among these compounds we 
have polychlorinated biphenyls (PCBs) and the 
dioxin group, whose best known member is tetra-
chloro-dibenzodioxin (TCDD). PCBs used to be 
employed because they made excellent electric and 
thermal insulating materials, especially for electri-
cal transformers. Although their use was banned, 
they are still found in the environment due to 

industrial residues with occasional water and food 
contamination.

Dioxins may be present in chlorophenoxy (2-4-
dichlorophenoxyacetic acid) herbicides, nowadays 
in lesser amounts than in the past, but mainly as a 
by-product of the combustion of materials con-
taining chlorine, as occurs in the incineration of 
industrial waste or garbage13.

PCBs and dioxins have been associated in ani-
mals studies with carcinogenesis and with the role 
of endocrine disrupters, with consequences such as 
low sperm count and infertility17.

Tobacco smoke

Tobacco smoke contains a wide range of chemical 
agents, including carbon monoxide and sulfur 
dioxide (also found in air pollution emissions in 
big cities, either from motor vehicles or industrial 
activities), and extremely toxic compounds, such as 
hydrogen cyanide, and carcinogenic substances 
(e.g.: benzopyrene).

The harmful effects of passive exposure of chil-
dren to cigarette smoke and correlates can be felt 
in utero, extending throughout childhood. The 
effects of smoking on pregnancy include miscar-
riage, low birth weight and cognitive disorders. 
The association of tobacco smoke exposure in the 
household with recurrent otitis, lower airway infec-
tions, and induction or exacerbation of bronchial 
asthma14 in children has been well documented. 
There also seems to be an association between the 
incidence of cancer in adulthood and exposure to 
tobacco smoke in childhood14 .

ENVIRONMENTAL EXPOSURE TO 
CHEMICAL AGENTS AND CHILDHOOD 
DISEASES

There seems to be a great amount of information 
and evidence, some of which is based on consistent 
epidemiological studies, that the occurrence of 
some diseases or group of diseases has increased in 
the last decades, especially in northern hemisphere 
countries2,14,16.

This trend has also been observed in industrial-
ized regions and in big cities in developing coun-
tries.

Among the several factors that could explain 
this increase are the improvement in diagnostic 
tools (as in the case of childhood cancer), greater 
exposure to chemical agents (e.g.: air pollutants 
and pesticides), and to physical agents (e.g.: elec-
tromagnetic radiation).
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Asthma

Asthma incidence among children aged less than 18 
years increased more than twice in the United States2 
and in other industrialized countries in the last dec-
ade. The major triggers of acute asthma attacks are 
cigarette smoke (at home), volatile organic com-
pounds found in construction materials, cleaning 
products, adhesives, and pesticides. In the external 
environment of big cities, ozone (O3) and sulfur 
dioxide (SO2), produced by motor vehicles or by 
industries and thermoelectric plants, together with 
particulate material, have a key role in the develop-
ment of asthma attacks. These chemical agents add 
up to external biological factors (allergens), such as 
pollen, fungi, dust mites and others, affecting main-
ly those children who live under poor housing con-
ditions14.

Cancer 

Despite the reduction in mortality rates and an 
increase in survival rates, due to diagnostic improve-
ments and anticancer treatments in recent years, the 
incidence of some types of childhood cancer has 
surprisingly risen. The incidence of acute lymphob-
lastic leukemia increased nearly 30% between the 
1970s and the 1990s in the United States, rising 
from 2.8 cases per every 100,000 children to 3.5: 
100,000.2 Between 1973 and 1994, the incidence 
of brain cancer increased by 39.6%, with a similar 
behavior between males and females3. Other types 
of cancer, found in young adults who had just 
grown out of adolescence, such as testicular cancer, 
increased by 68 % in the same time period2.

A question that is still open is whether the 
improvements in diagnosis and case notification 
could explain such increases or whether the presence 
of chemical agents in the environment, given the 
high geographical correlation found in some cases, 
might be related to the collected epidemiological 
data18.

Neurological developmental disorders

It has been estimated that around 6% of live births 
in the United States may have neurobehavioral dis-
orders, from attention deficit/hyperactivity disorder 
to autism. The causes have not been clearly estab-
lished yet, but the association of agents, such as 
heavy metals (lead, mercury), certain pesticides and 
persistent organic pollutants (polychlorated biphe-
nyls) with brain injury in children is widely known, 
as previously described. Neurological developmental 
disorders probably result from the interaction 

between environmental factors and the individual 
susceptibility of every child, such as genetic predis-
position. However, there is no doubt that exposures 
to high concentrations of agents such as organic 
mercurials, under certain circumstances (in utero), 
may, in isolation, cause remarkable damage17.

Endocrine disruption

Endocrine disrupters are natural or exogenous syn-
thetic chemical agents that can mimic or modify the 
action of hormones14. Initially, the term was used to 
describe agents with estrogenic effects, such as estro-
gens found in plants and in foods of vegetable ori-
gin. Currently, the term is also used for disrupters of 
thyroid function or pancreatic islets (insulin produc-
ers) or for those which modify androgenic activity.

Even though few studies have been conducted 
with humans, some organic chlorinated compounds, 
such as DDT and chlordecone and polychlorinated 
biphenyls, revealed estrogenic activity in laboratory 
studies. Reproductive and fertility disorders were 
investigated in wild animals, such as birds and rep-
tiles.

In human beings, an association has been made 
between exposure to endocrine disrupters and the 
increase in the incidence of hypospadias in boys and 
the increasingly earlier onset of puberty in girls2.

ENVIRONMENTAL HISTORY IN 
PEDIATRICS

Currently, the training of health professionals and 
pediatricians does not include environmental health 
studies, which would properly prepare them for the 
recognition, treatment and prevention of environ-
mentally related diseases and exposures. Due to bio-
logical, psychological, behavioral and social discrep-
ancies between adults and children, there is the 
necessity for specific education of pediatricians in 
pediatric environmental health by including such 
syllabus in the School of Medicine curriculum, in 
Medical Residency programs and in continued edu-
cation19.

The World Health Organization acknowledges 
that it is necessary to educate and train health pro-
fessionals for the prevention, diagnosis and treat-
ment of diseases related to environmental risk fac-
tors, since these diseases are regarded as an impor-
tant global public health problem. A series of train-
ing courses organized by the WHO have been 
developed, including the elaboration of teaching 
materials, information brochures for health profes-
sionals and, mainly, the promotion of Environmen-
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tal History in Pediatrics as an integrating part of 
standard medical History20,21.

One of the roles of a pediatrician is to guide and 
instruct parents and family members on how to 
reduce or prevent exposures to the most common 
and potentially harmful chemical substances, but 
special attention should also be paid to new risks 
and to the effects produced by prolonged low-dose 
exposure (chronic exposure)22,23. Many of the cur-
rently described and well-documented environmen-
tal risks were first discovered by the observation and 
investigation of some clinicians, for instance, the 
neurological disorders caused by methylmercury in 
Minamata, the congenital malformations caused by 
ethyl alcohol, among others24.

A survey conducted by Kilpatrick et al. with 
pediatricians in Georgia (USA) about their knowl-
edge of Environmental History revealed that only 
one in five pediatricians had had a training course in 
this area, but all of them believed that the informa-
tion obtained through History could detect harmful 
exposures25. 

Observing the incidence and prevalence of dis-
eases and using such information for interventions is 
a well-established strategy used in Public Health 
approaches; the necessity to follow up chronic dis-
eases mediated by environmental factors in children 
has been increasingly acknowledged. It is believed 
that at least three clinical situations, as previously 
described, are correlated or may be exacerbated by 
the exposure to certain environmental agents: asth-
ma, cancer and neurological development disor-
ders16.

Information about the environment is important 
for children’s health and should be included in every 
complete pediatric history14,26.

What is environmental history in Pediatrics? It is 
a series of basic and concise questions that allow 
pediatricians to identify possible exposures of chil-
dren to several chemical, physical and biological 
environmental factors, according to their specific 
vulnerabilities at each developmental stage. These 
questions reflect the regional social aspects of each 
population, and it is important that environmental 
history be carried out on a routine basis with all 
children (symptomatic or not)14,10,26,27.

Environmental history, together with clinical his-
tory, allows health professionals to keep track of 
external and internal environmental conditions, 
behaviors and risk factors that are important to chil-
dren’s health. Examples include characteristics of the 
house, school, day care centers and recreation areas; 
proximity to garbage dumps; urban regions with 

heavy traffic and with polluting industries; potential 
exposure to pesticides or other chemical products, 
among others28.

Nowadays, there are specialized units that keep 
track of diseases and other problems related to envi-
ronmental factors in the USA, Canada, Mexico and 
Spain, as well as other initiatives in Argentina and 
Uruguay. Since most health professionals do not 
have enough knowledge about the effects caused by 
exposures to chemical and physical agents, these 
specialized units play a crucial role in the diagnosis 
and follow-up of patients, provision of information 
to the population, research, training of health pro-
fessionals and implementation of preventive meas-
ures29.

FINAL CONSIDERATIONS

As we may perceive, pediatricians and other health 
professionals who treat children and adolescents are 
entrusted with the task of recognizing the hazards 
that environmental chemical agents may pose. This 
task should not be limited to developing skills for 
the detection of already established health damage 
or for the implementation of proper preventive 
measures in the environment shared by children. It 
is high time pediatricians, along with other profes-
sionals, organizations such as environmental organi-
zations, centers for information and toxicological 
assistance, and non-governmental organizations for 
the protection of children and of the environment, 
actively struggle for legislative measures that prop-
erly protect our children and adolescents from envi-
ronmental contamination by chemical agents9,29.

Pediatricians may help promote better environ-
mental health among their patients and in the com-
munity where they work in different ways. The 
inclusion of related topics in usual guidelines (e.g.: 
vaccination schemes) would be an important step. 
Measures such as sorting out and recycling garbage, 
using less pesticide in the household environment, 
and encouraging the intake of natural foods instead 
of industrialized ones are some examples of habits 
that should be promoted17,30. In the community, 
participation in campaigns for less polluting alterna-
tive sources of energy (wind power, solar energy) 
and for reduced circulation of motor vehicles (good-
quality public transportation and implementation 
of bicycle paths) may contribute to the improve-
ment of environmental conditions in urban centers. 
Strategies for the preservation of water sources and 
forests are trends that should be supported by every-
body17. 
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Finally, at the regional and national levels, pedia-
tricians should engage in and actively advocate 
health and legal measures that allow the early detec-
tion of environmentally related diseases in children 
and the availability of resources for their manage-
ment and prevention14,17,30.
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