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Introduction
The health of all children living in Canada is at
risk from exposure to environmental hazards.
Hundreds of toxic substances, such as air
pollutants and pesticides are known, or are
suspected of contributing to adverse child health
outcomes. Much remains to be understood about
environmental links to adverse health impacts. In
the meantime, it is better to be safe than sorry.
Much can be done to reduce or prevent exposures.
According to Health Canada:
• 12.2 per cent of children in Canada have
asthma1
• 26 per cent of children between the ages of
six and eleven have one or more learning or
behavioural problems2
• Birth defects are the leading cause of infant
death3
• Several cancers are on the rise among young
adults4
For a number of these health outcomes boys
seem to be particularly at risk. The prevalence of
cancer, asthma, learning and behavioural
disorders, and some birth defects appears to be
greater among boys than among girls. Health
outcomes where girls appear to be at higher risk
include breast cancer among
young women, asthma after
the age of 15, and two birth
defects, spina bifida and
congenital hip dislocation.
The reasons that boys appear
to be at greater risk for the
health outcomes discussed
in this report are largely
unknown. Several reasons
have been suggested
including genetic,
hormonal, and physiological
differences between the sexes.
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Of concern is the fact that, according to US
biomonitoring studies, men appear to have a
greater body burden of certain chemicals than
women including lead, polychlorinated
dibenzofurans and some polycyclic aromatic

hydrocarbons, organophosphate pesticides, and
polychlorinated biphenyls (PCBs).5 Large scale
biomonitoring studies have not yet been
conducted in Canada that would help determine
whether a similar difference exists in the
Canadian population. It is not known why this
male-female difference is the case, although
differences in metabolism have been suggested,6, 7
as well as potential differences in levels of
exposure (e.g., through work).8
A father’s exposure to toxic chemicals can affect
the health of his children — male or female.
Numerous studies have found a link between
paternal occupational exposures and negative
child health outcomes including birth defects,
cancer and developmental delays.
This report summarizes the information currently
available on the rates of diseases and disabilities
of boys compared to girls and what is known
about the environmental links to these health
impacts. The issue of male vulnerability to
environmental hazards is an emerging area of
scientific research and public education.9 More is
known about the hazards of maternal exposures
to toxic chemicals. The reduction or prevention
of maternal exposures
remains very important for
the health of all children.
This report focuses on
environmentally-linked
diseases and disabilities
amongst boys. It also
examines the role fathers
play in ensuring children’s
environmental health.
The focus of this Father’s
Day report is also on
exposure to toxic chemicals
commonly encountered in the indoor and outdoor
environment rather than on well-known hazards
such as smoking, alcohol and drugs. We need to
know more about the reasons why boys appear to
be more vulnerable. In the meantime, both
parents, and all members of society, can take
action to prevent exposure to toxic chemicals.
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Boys at Risk
Cancer
Although childhood cancer is very rare in Canada
it is a serious condition that has great impacts on
affected children and families, including the
potential for long-term (late) health effects in
survivors.10 Although mortality from childhood
cancer has improved in recent decades, it is still
the leading cause of illness-related death for
children more than one year of age.11 According
to the Canadian Cancer Society and the National
Cancer Institute of Canada, more boys between
the ages of 0 and 19 are diagnosed with cancer
every year in Canada than girls.12 The reasons for
this sex difference are unknown.
Among young adults (aged 20–44) cancer
incidence shows a steady increase, although
death from these cancers is dropping as well.
Since the 1970s, there has been an overall
upward trend in cancer incidence among young
adults (aged 20–44) — at a rate of more than two
per cent per year, or just under 20 per cent per
decade. 14 Although cancer incidence remains
greater among young women than among young
men overall, the following cancers in particular
have increased among young men:
• Non-Hodgkin’s lymphoma — 4.9 per cent
per year increase between 1983 and 1994
• Testicular cancer — 2.2 per cent increase per
year between 1983 and 1999
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The causes of these increases are not known.
Some of the increased incidence may be
explained by improvements in diagnosis, but
environmental health experts stress that it is not
likely to be the whole explanation.15 Since
cancers develop after a long latency period, early
childhood, prenatal or exposures prior to
conception may be a contributing factor.
Exposures of both the mother and the father
(prior to conception or during pregnancy) are of
concern.16, 17, 18 Exposures that occur when cells
are rapidly dividing (particularly during
development in the womb) are thought to pose
the greatest risk.19
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Various cancers in children appear to be more
likely with parental (often occupational) or
childhood exposure to the following
substances:20
• Pesticides
• Solvents
• Petroleum products
• Motor vehicle exhaust
• Benzene
• Hydrocarbons

Childhood Cancer Statistics in
Canada May Not Tell the Whole
Story
The number of new cases of cancer per
100, 000 children aged 0–19 per year
increased in Canada between 1974 and
1984, but has not increased since that
time. The lack of a clear upward trend in
childhood cancer incidence could reflect
Canada’s relatively small population
(especially since specific types of childhood
cancer are relatively rare). In the US and the
European Union — where the populations
are larger — childhood cancer rates
increased about one per cent per year over
three decades. Steady increases occurred
in the same cancers seen in children in
other industrialized countries, including
Canada. These cancers most often seen in
children include leukemia, brain cancer and
non-Hodgkin’s lymphoma (NHL).21

Asthma
Asthma is an increasingly common childhood
disease and it is more common in young boys
than in young girls. In the 1996–1997 National
Population Health Survey, asthma was reported
in 12.2 per cent of children and youth in Canada
under the age of 20 — up from just over two per
cent in 1978.22 The prevalence rate of asthma was
13.3 per cent of boys aged 0–14 years, compared
with only 9.5 per cent of girls.23 Similarly,
between 1980 and 1990, hospitalization of
young children in Canada for asthma increased
by 28 per cent among boys compared to 18 per
cent among girls.24
Why asthma is more common among boys is not
clear but some researchers have suggested that it
may be because they are born with smaller
airways, relative to their lung size, than girls.25, 26
It may also be because they tend to have more
allergies, which can predispose them to
developing asthma.27
While research continues on many fronts,
scientists generally agree that asthma is the result
of an interaction between genetic predisposition
and environmental triggers.28 Strong scientific
evidence exists linking sources of indoor air
pollution, such as dust mites and environmental
tobacco smoke, to the development of asthma.29
Similarly, there is considerable evidence linking
exposure to outdoor air pollution (especially
ozone) with the aggravation of asthma
symptoms.30 Outdoor air pollution may be
related to the development of new-onset asthma,
although this has yet to be conclusively
demonstrated.31 Finally, there is suggestive
evidence that pesticides and volatile organic
compounds (VOCs) emitted from furniture,
cleaning products and household furnishings
may act as triggers.32, 33
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Learning and Developmental
Disorders and Disabilities
The prevalence of neurobehavioural and
neurodevelopmental effects among children in
Canada is strikingly high:
• According to data collected for the 1997
National Longitudinal Survey on Children
and Youth, 26 per cent of children in Canada
aged 6 to 11 years had at least one
identifiable emotional/behavioural, academic
or social problem34
• 16 per cent of children in Canada aged four
to five years showed delayed vocabulary
skills35
• And, according to the Autism Society of
Canada, autism rates in Canada have climbed
from an estimated one in 10,000 children 20
years ago to an apparent rate of one in every
200 children (or 50 per 10,000).36
For unknown reasons, boys are at an increased
risk of having many of these disorders including
autism, Attention Deficit Hyperactivity Disorder
(ADHD), learning disabilities, Tourette’s
syndrome, cerebral palsy, and dyslexia.37, 38, 39, 40
Autism is approximately four times more
common in boys than in girls,41 and according to

the Learning Disabilities Association of Canada,
among children with ADHD, boys outnumber
girls by up to four to one.42
The reasons why neurodevelopmental disabilities
are more common in boys than girls are not well
understood and have not been researched to any
great extent.43 Different explanations have been
proposed including:44
• Genetic differences
• A slower rate of biological maturation in
males
• A greater vulnerability to accidental physical
injuries in males
• A different pattern of prenatal hormone
production with effects on the programming
of brain development
• The fact that a greater number of stem cell
divisions occur during male fetal
development which gives rise to a greater risk
of genetic errors
• Differences in brain structure, function and
chemistry45

Autism is a neurodevelopmental disorder
characterized by difficulties with
communication, impaired social interaction,
and repetitive patterns of interests and
behavior.46
ADHD is a “neurobiological disability that
interferes with a person’s ability to sustain
attention or to focus on a task, and to
control impulsive behaviour.”47
Tourette’s syndrome is a “neurological or
‘neurochemical’ disorder characterized by
tics — involuntary, rapid, sudden
movements or vocalizations that occur
repeatedly in the same way.”48
Learning disabilities can be lifelong, range
in severity, and result from impairments in
processes related to learning. They may also
impact organizational skills, social
perception and social interaction.49
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Birth Defects
“You get only one chance to develop your
brain. Developmental neurotoxicity
therefore has high priority in environmental
health.”
Source: Grandjean, P. 2004.
“Neurodevelopmental Disorders in Children:
Some Old and Emerging Threats.” EEA/
WHO/Collegium Ramazzini Workshop:
Children in Their Environments. Budapest,
June 22.

A number of toxic substances in the environment
are believed to contribute to the incidence of
neurodevelopmental disabilities because they are
neurotoxic, or in other words they have harmful
effects on the developing brain and nervous
system. Evidence of developmental neurotoxicity
exists for a small number of substances. These
include:50, 51, 52
• Lead
• Methylmercury
• Arsenic
• Ionizing radiation
• Dioxins
• Some pesticides
• Solvents
• PCBs (industrial chemicals discontinued in
the 1970s but still persistent in the
environment)
However, scientists note that 201 chemicals have
documented evidence of neurotoxicity in adults
and over 1000 chemicals can cause neurotoxicity
in laboratory studies. The ability of these or other
chemicals to also cause neurotoxicity in the
developing brain is poorly understood but of
serious concern.53
Evidence is increasing about substances that are
similar in many important ways to dioxins and
PCBs.54 In particular, there is growing evidence
from animal studies about the developmental
neurotoxicity of the flame retardants known as
PBDEs.55, 56, 57

Of the 350,000 babies born in Canada every year,
two to three per cent are born with birth
defects.58 Overall, birth defects tend to be more
common in boys than in girls.59, 60, 61 Note
however that some specific defects are more
common among girls (e.g., spina bifida and
congenital hip dislocation.62 Canadian data do
not indicate an overall upward trend in birth
defects in recent decades.
Reproductive system defects, including
cryptorchidism and hypospadias, account for
about half of the increased risk of birth defects
among boys.63 In addition, some studies indicate
that these two birth defects may be on the rise in
industrialized countries across the last three to
four decades.64 Stillbirths and miscarriages —
which are due in many cases to the presence of
birth defects — also seem to be more common in
boys.65
Environmental factors have been identified as a
cause with relative certainty in two to three per
cent of all cases of birth defects.66 Other known
causes include genetic conditions and intrauterine infections.67 However, for the majority of
defects — nearly 60 per cent — the cause is
unknown.68, 69, 70 Experts agree that most birth
defects likely result from multiple factors such as
an interaction between one or more genes and
the environment either prenatally or even prior
to conception.71
Some environmental exposures are known to
cause negative developmental outcomes,
including birth defects. These include exposures
of the mother or the father (before conception or
during pregnancy) to high levels of:72
• Lead
• Methylmercury
• Ionizing radiation
• PCBs contaminated by dioxins and furans
Other suspected chemicals include: 73
• Organic solvents
• Some pesticides
• Some air pollutants
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Cryptorchidism is a condition where one or
both testicles have not descended. It is a
known risk factor for later development of
testicular cancer.
Hypospadias refers to an abnormal opening
of the urethra (or urinary tract) on the lower
surface of the penis.

Environmental factors specifically associated with
birth defects that are more common among boys
have not been well studied. However,
hypospadias in particular is associated with:74
• Exposure to pesticides and dioxins
• Living near hazardous waste sites
• Maternal work in the leather industry
• Paternal work as vehicle mechanics

Testicular Dysgenesis Syndrome:
Starts in the Womb
Testicular Dysgenesis Syndrome (TDS) is a term
used to describe a cluster of related reproductive
effects that may have a common causal origin,
including environmental exposures.78 These
effects include the birth defects cryptorchidism
and hypospadias, poor semen quality (i.e.,
reduced sperm count, more abnormal sperm),
lower fertility and perhaps also testicular cancer.
Several researchers have noted that these male
reproductive disorders appear to be increasing in
most industrialized countries.79, 80, 81, 82, 83, 84
Between 1984 and 1996 there was a significant
downward trend in sperm concentration in
Canadian men,85 and the Infertility Awareness
Association of Canada estimates that infertility
now affects over half a million Canadian men
and women.86

The apparent susceptibility of boys to birth
defects is not well understood but several
suggestions have been made:
• Fetal development of the male reproductive
system occurs very rapidly making it more
vulnerable to harm from exposures (rapidly
growing cells have a greater potential to
incorporate errors than those that grow more
slowly).75
• The development of the male reproductive
system is more complex than the female
reproductive system. The male system is
dependent upon a progression from the
female in the early embryo. With more
developmental steps, greater opportunity
arises for anomalies or birth defects to
occur.76
• In defects that originate in an X chromosome,
females have a chance to “neutralize” this
defect as they have two X chromosomes,
whereas males only have one X
chromosome.77
Photo credit: Mark Surman
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Researchers hypothesize that TDS results from
exposure to endocrine disrupting chemicals
during pregnancy when male reproductive organs
are developing.87, 88, 89 Interestingly, many
endocrine disrupting chemicals began to be used
in the 1970s when researchers started to observe
TDS effects.90, 91, 92
Endocrine disruptors are also suspected of being
linked to the declining male to female sex ratio
in many industrialized nations — that is, fewer
male children are born every year.93 Between
1970 and 1990, there was a decline of 2.2 males
per 1000 live births in Canada.94 Researchers
suggest that endocrine disruptors may alter the
normal path of male sexual development by
altering the hormonal environment necessary to
create the male reproductive structures. If certain
male hormones are disrupted, the embryonic and
fetal genital structures and gonads will develop
differently and can appear feminized.95 It is also
thought that endocrine disruptors can trigger sexspecific mortality in utero.96

What are Endocrine Disrupting
Chemicals (EDCs)?
Often called “endocrine disruptors,”
“hormone disruptors” or “endocrine
toxicants,” EDCs are chemicals that can
mimic or block hormones in our bodies.
They can also be directly toxic to the
endocrine system. The endocrine system
coordinates and regulates communication
between cells through hormones that act as
chemical messengers, and it plays a crucial
role in maintaining and coordinating normal
growth, development and good health.97

Substances known to be highly toxic and that are
thought to be endocrine disruptors include:98
• PCBs
• Dioxins and furans
• Organochlorine pesticides (e.g., DDT)99
There is also limited but growing scientific
evidence about the endocrine disrupting
potential of the following substances:100
• Phthalates — found in personal care products
such as deodorant, cologne and aftershave,
and in polyvinyl chloride plastic known as
PVC or vinyl (identified by the #3 recycling
symbol)
• Bisphenol A — found in soft drink cans, tin
food cans, dental sealants, resins, dyes and
polycarbonate plastic food and water
containers (identified by the #7 recycling
symbol)
• Brominated flame retardants such as PBDEs
— found in many consumer products
including foam, fabrics, casings for
computers and electronic appliances
• Surfactants such as nonylphenol — used in
detergents, cleaners, degreasers, paints, and
some pesticides and cosmetics
• Lead, cadmium and mercury101 — toxic
metals found in a variety of consumer
products such as inexpensive jewellery (lead),
thermometers or thermostats and paints
(mercury), and some plastics (lead and
cadmium).
People are exposed to these chemicals mainly
through food and consumer products, although
adult exposures in some work settings are likely
higher than elsewhere (e.g., the application of
pesticides by farmers, or the use of metals, vinyl
chloride and other chemicals in many industrial
processes).102 Experimental studies, mainly in
animals, have shown that it takes only a relatively
small amount of exposure to these chemicals to
disrupt normal hormone functioning.103
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Fathers’
Exposures and
Their Children’s
Health
Numerous studies have found positive
associations between fathers’ exposures to
environmental chemicals and fetal or child
health problems (in both boys and girls)
including low birth weight, spontaneous
abortion, congenital anomalies, cancer and
developmental delays.104 Laboratory,
epidemiological and animal studies all suggest
that paternal exposures are important.105
Some researchers think that fathers may be more
vulnerable to harm from toxic chemicals than
mothers in the sense that they are more likely to
pass on damage from such exposures to the
developing fetus.106 This is because, once males
reach maturity, sperm are constantly developing
and are therefore continuously vulnerable to
encountered harmful exposures.107 Whether these
exposures create greater vulnerability prior to
conception or not, it is important to remember
that maternal exposures to toxic chemicals are of
equally serious concern.
Father’s exposures have the potential to create
risks across the entire course of fetal and child
development. 108, 109, 110, 111 The relative importance
of different individual exposures and their origin
and timing may vary. They may also occur
simultaneously. For example, harmful exposures
can occur prior to conception and lead to genetic
mutations in sperm. Chemicals of concern can
also be carried in seminal fluid and be transfered
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to the mother affecting conception or birth
outcome. As well, fathers can bring home
hazardous chemicals from the workplace, on
their clothing, skin, hair, shoes or equipment, or
they may create exposures at home through the
use of pesticides or other toxic chemicals,
especially during home renovations. These
activities can in turn lead to maternal and then
fetal exposure during pregnancy, or to
contamination of the home environment during
childhood.
The majority of studies on paternal exposures to
toxic chemicals and their effects on child health
have focused on exposures encountered in the
workplace. These are highlighted in the table on
the next page.
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Fathers’ Work Exposures and Potential Child Health Impacts
Chemicals of
Concern
Some
pesticides

Work Settings
Farms, pesticide production
facilities, gardens and
greenhouses, golf courses,
etc.

Potential Im
pacts
Impacts
Fathers’ work exposure to pesticides have been associated
with a host of negative child health outcomes including:
• birth defects112
• childhood cancers113, 114
• spontaneous abortion115
• developmental disorders116, 117
In a study of male pesticide applicators working on farms,
their children were found to have a higher rate of birth
defects or developmental disorders in the first three years
of life.118 This was especially the case in their male children.
In a study of Ontario farmers “higher risks for miscarriage
and prematurity…[were] found with direct paternal exposure
to certain agricultural pesticides.”119 Many studies have
found that children of Vietnam veterans exposed to the
banned herbicide Agent Orange, have an increased risk of
spina bifida, cleft palate and tumors.120

Petroleumderived
hydrocarbons
including
motor vehicle
exhaust,
paints,
solvents, etc.

Petroleum and chemical
industries, rubber
manufacturing, printing
shops, motor vehicle related
industries (e.g., body shops),
painting and aircraft
industries, hair salons, dry
cleaners, electrical
assembling, installing or
repairing industries, etc.

Fathers work exposures to solvents are associated with
increased incidence of:121
• childhood cancer
• spontaneous abortion
• birth defects
• low birth weight
More specifically, exposure to solvents and specifically
chlorinated solvents, benzene, alcohols, methyl ethyl
ketone, petroleum products and motor vehicle exhaust is
associated with childhood leukemia.122
Exposure to benzene, alcohols, lacquer thinner, turpentine
and hydrocarbons including diesel fuel is associated with
neuroblastoma, a nerve cell cancer.123
Exposure to solvents and petroleum products is associated
with acute non-lymphocytic leukemia.124
And exposure to vinyl chloride, organic solvents, toluene,
xylene, gasoline, benzene, tricholoroethane, and methylene
chloride is associated with spontaneous abortions.125, 126, 127
There is some suggestive evidence of adverse effects on
men’s reproductive functioning from exposure to solvents.
Glycol ethers are classified as toxic to reproduction in the
European Union.128
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Chemicals of
Concern

Work Settings

Potential Im
pacts
Impacts

Anesthetics

Operating rooms, dentists
offices, veterinary clinics

Fathers’ work exposure to inhalation anesthetics have been
associated with:129, 130
spontaneous abortions
congenital malformations

Metals

Plate and steel industries,
smelters, metal processing,
welding industries, battery
plants, car repair facilities

Paternal work exposures to various metals including
mercury, lead, zinc and copper have been associated with
an increased risk of:
childhood cancers131, 132
birth defects133
spontaneous abortions134, 135, 136, 137
Some metals have also been linked to decreased sperm
quality and fertility.138

Ionizing
radiation

Nuclear power plants

Children of fathers exposed to low-level ionizing radiation at
a nuclear plant in England had a six to eight fold increase
risk of leukemia, although this finding remains
controversial.139
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Playing It Safe:
Childproofing
Tips for Fathers
As a father, you can take steps to minimize the
toxic substances that you, your partner and your
children may be exposed to. You can do this at
work, at home and in your community.
Remember that these tips are just as important
for mothers.
At work, become aware of possible
environmental and occupational hazards. If you
work with chemicals, or in construction or
renovation, make sure you take all necessary
precautions to protect yourself and your family:
• Wear protective clothing and equipment (e.g.,
masks, gloves, or other protections)
• Wash your hands when possible, especially
before eating
• Change your clothes and shower when you
get home if facilities are not available at your
workplace
• Wash work clothes separately from other clothes
• Keep work equipment outside if possible (in
the tool shed or garage for example)
For more information on the chemicals you may
be exposed to on the job, and what you can do
about them, contact the Canadian Centre for
Occupational Health and Safety at 1-800-6684284 or visit www.ccohs.ca.
At home, it is important to:
• Remove shoes at the door
• Wet dust, vacuum and ventilate your home
regularly
• Minimize your use of toxic chemicals: buy
personal care products and cleaning products
that are less toxic. See www.lesstoxicguide.ca
for a list of safe alternatives
• If your hobbies involve the use of hazardous
substances make sure these are not practiced
in the living areas of the house, that your
workspace is kept well ventilated, and that
you wear protective clothing
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For many more useful tips, see Child Health and
the Environment — A Primer and the Playing It Safe
brochure available at
www.healthyenvironmentforkids.ca.
And in the community, as fathers you can:
• Become aware of the chemicals your children
may be exposed to in childcare facilities,
schools, playgrounds, parks, libraries, sports
fields and arenas. Ask what products are
being used — particularly cleaning products
and pesticides — and whether they have been
evaluated for health impacts. Find out if
alternative products or approaches have been
considered.
• Start or support campaigns to reduce
pesticide use, promote energy efficiency, and
reduce greenhouse gas emissions, etc.
• Voice your concerns to your elected officials
— many issues require policy change at the
municipal, provincial or federal level.
For more information on ways you can get
involved and steps that you can take to ensure a
healthy future for you and your children visit the
Canadian Partnership for Children’s Health and
Environment at
www.healthyenvironmentforkids.ca.
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