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Source: WHO, reproduced in CPCHE (2005) Child Health
and the Environment – A Primer

Multiple Determinants of Health
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Physical Environmental
Determinants of Health

Exposures to:

Biological agents

Bacteria, Viruses, Fungi, Parasites

Hazardous substances in air, dust, soil,
food, water, consumer products

Injuries

Trauma- home hazards, auto, bicycle, dog bites

Temperature extremes- cold, heat, outdoor exercise

Noise-induced hearing loss- adolescents
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Children’s Health and the Environment

Outline

• Why- children are more at risk to hazardous

substances

• What- health impacts & exposures are associated

• Where- environmental hazards are encountered

and can be reduced
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Why- children are more at risk

Children Are Not

Little Adults
Until recently,
childhood
environmental health
risks were
considered as scaled
down risks from
adult occupational
risks

Giotto, National Gallery, Washington DC
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because they have:

1. Different and higher
exposures

2. Dynamic developing
physiology

3. Longer life expectancy

Children Are Not Little Adults

Photo Credit: CAPE
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Children Are Not Little Adults
1. Different and Higher Exposures

 Unique exposure
pathways
– Pre-conceptual and

transplacental
exposures

– Breastfeeding

 Stature and living zones
– Location – lower to the

ground

 Exploratory behaviours
– Hand-to-mouth,

object-to-mouth
– Non-nutritive ingestion

 High surface area to
body mass ratio

– Skin
– Gastrointestinal tract

– Lungs

 Children do not
understand danger
– Pre-ambulatory
– Adolescence – “high

risk” behaviours
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Pathways of Exposure

Canadian Partnership for Children’s Health and the Environment- A Primer, August, 2005:9, Adapted from
Health Canada, 1998 www.healthyenvironmentforkids.ca
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Breastfeeding

• Breast milk is the safest and most
complete nutrition for infants

• Yet human milk can be a marker for surveillance
of environmental contamination

• Mothers should try to avoid toxic exposures to:
 DDT, DDE, PCBs, Dioxins
 Mercury
 PBDEs

Photo Credit: WHO

Unique Exposure Pathways
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Stature and Living
Zones

• Lower to the
Ground/Flooring

Exploratory
Behaviours

• Hand to mouth

• Object to mouth

• House dust and soil
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 Pre-ambulatory children are unable to remove
themselves from danger

 Pre-reading children cannot read warning signs &
labels

 Pre-adolescent / adolescent
children may take unreasonable
risks due to cognitive immaturity
and "risk-taking" behaviours

Children/Adolescents Do Not
Recognize Danger

Source: www.children.cape.ca
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Children Are Not Little Adults

2. Dynamic Developmental Physiology

A child is building the “body for a
lifetime”

The demands of rapid growth and
development

– Require higher breathing rate/oxygen
intake, caloric and water intakes

– Enhanced absorption and retention of
nutrients
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Moore, Elsevier Inc, 1973

Critical Windows of Development
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Early life exposures and delayed health effects
due to long latency periods :

Cancer:
Benzene and childhood leukemia
Bisphenol A (BPA) and breast/prostate cancer

Emerging Evidence:
Cardiovascular diseases
Diabetes
Obesity- BPA
Neurological impacts

(Alzheimer’s-lead and
Parkinson’s-pesticides)

Children Are Not Little Adults

3. Longer Life Expectancy
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Some Children Are Even More Vulnerable

 Genetic differences

 Cultural differences

 Socioeconomic
differences

- poverty linked to greater
exposure, less nutrition

- 10% of Canadian children live in poverty
- 25% of First Nations children

http://intraspec.ca/2009EnglishC2000NationalReportCard.pdf
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 Respiratory diseases/Asthma
 Neurodevelopmental/behavioural
 Cancer
 Impacts on the endocrine and

immune systems
 Reproduction problems

Focus on Serious and/or Irreversible

Exposure-related Health Outcomes that
Can Affect Large Numbers of Children

CPCHE: First Steps in Lifelong Health, December 2008:3

What- health impacts & exposures

are associated
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10 X 106 Alveoli

300 X 106 Alveoli
(age 8)

Environment
Can Impact:

Growth
• Tobacco
smoke

• Particulates
• Ozone
Gauderman. Am J Respir Crit Care

Med , 2000, 162 (4): 1383

Function
• Indoor air
• Ozone

18

Respiratory Development:
Continues Through Linear Growth
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Children’s Unique Vulnerability
to Air Pollution

Inhale more pollutants per kilogram of body weight
than do adults

Because airways narrower, irritation can result in
greater airway obstruction

Asthma the most prevalent chronic illness among
Canadian children (13% in 2001)

Wallace and Cooper, 1986
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Neurodevelopment Continues
Through Puberty!

Over 200 chemicals used in industry and in common
household products are known to be toxic to the brain:
• metals (lead and mercury)
• solvents such as benzene
• pesticides (particularly organophosphates)

Neurobehavioural Health Outcomes
 28% of children (0-11) have at least one

identifiable learning or behavioral problem
 16% of children aged 4-5 show delayed

vocabulary skills Landy, S. and Tam, K.K. 1998 Understanding the Multiple

Risk Factors on Child Development as Children Grow. Applied Research Branch; HRDC
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 Cancer- still rare among
children but leading cause of
illness-related death in
children older than age 1
 Leukemia- most common

cancer type for children from
birth to age 4
 30 year upward trend in large

populations in EU and US
 No upward trend in Canada
 Suspected early

environmental contributors-
pesticides, solvents,
radiation

Childhood Cancer



22

Immunological Impacts
CPCHE Primer, August 2005: 56

• Suppression decreased ability to fight
infection

• Upregulation formation of antibodies-
plays a role in development of allergies,
asthma, recurrent otitis media, eczema

• Evidence of immunotoxic effects from
exposure to PCBs, dioxin, organochlorine
pesticides
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Some endocrine-disrupting chemicals can interfere with
sexual functioning or reproductive ability:

Changes in sperm
count or shape,
altered sexual

behaviour, and decreased
fertility

Changes in sexual
behaviour, early
onset of puberty

and menstrual cycling,
decreased fertility,
gestation time, lactation,
spontaneous abortions,
and premature
menopause

A reproductive toxicant can
affect reproductive health
throughout the life cycle.

Impacts on Reproduction
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Where- environmental hazards are

encountered and can be reduced

• Outdoor Air

• Soil

• Indoor Air/Dust

• Water

• Food

• Consumer Products

Often overlapping media and routes
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Outdoor Air Pollution
Emissions:
Combustion of fossil fuels
 Domestic heating
 Power generation

Transportation
Industry
Waste incineration
Residential wood burning

• Particulate Matter PM
• Ozone O3
• Nitrogen Dioxide (NO2)
• Sulphur Dioxide SO2
• Carbon Monoxide (CO)
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Ambient Ozone and Asthma
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• Sum of health risk for a mixture of pollutants: Ozone,
PM, NO2

• Reported twice a day

www.ec.gc.ca/cas-aqhi

Air Quality Health Index (AQHI)
Currently available only in Gatineau and Quebec City

At Risk Groups:
• Respiratory, Cardiovascular,

Diabetes
• Children
• The elderly
• Those active outdoors

– Sports
– Strenuous work

• Sensitivity varies
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Air Quality Health Index (AQHI)
AQHI Actions Recommended by Environment Canada

Health Risk
Air Quality

Health Index
Health Messages

At Risk Population* General Population

Low 1 - 3
Enjoy your usual outdoor

activities.

Ideal air quality for outdoor

activities.

Moderate 4 - 6

Consider reducing or

rescheduling strenuous activities

outdoors if you are experiencing

symptoms.

No need to modify your usual

outdoor activities unless you

experience symptoms such as

coughing and throat irritation.

High 7 - 10

Reduce or reschedule

strenuous activities outdoors.

Children and the elderly should

also take it easy.

Consider reducing or

rescheduling strenuous activities

outdoors if you experience

symptoms such as coughing and

throat irritation.

Very High
Above

10

Avoid strenuous activities

outdoors. Children and the

elderly should also avoid

outdoor physical exertion.

Reduce or reschedule strenuous

activities outdoors, especially if you

experience symptoms such as

coughing and throat irritation.
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Indoor Air

• Carbon Monoxide Detectors, check furnace
function

• Nitrogen Dioxide Check woodstove, fireplace

• Formaldehyde Avoid particle
board in furnishings/cupboards

• Volatile Organic Compounds
Avoid sprays, scented cleaning,
laundry, personal care products

www.cmhc-schl.gc.ca
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Health Effects in Children
of Second Hand Tobacco Smoke
 5 times higher risk of Sudden Infant Death

Syndrome (SIDS)

 Pneumonia and hospitalization in year 1 is 38%
higher

 Increased upper respiratory tract infections, asthma,
middle ear effusions

 Fire-related injuries

 Cancer
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Flame Retardants
Indoor Air/Dust, Food

• Polybrominated diphenyl

ethers (PBDEs)

• Used in computer/electronics casings,
upholstered furniture, textiles, foam

• Persistent, stored in fat

• Animal studies- evidence of
neurodevelopmental damage, cancer

• Damp dust/mop frequently

• Discard or cover open foam upholstery

• Eat less fatty foods
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Animal Allergens
Indoor Air, Dust

Cats most allergenic

Birds- feathers are allergenic + harbour dust mites

Cockroach faeces are linked to asthma morbidity

Prevention: Avoid exposure, especially in bedroom

– Allergens persist for many months after
removal of source

Frequent cleaning of environment and pet(s)

Adequate ventilation

Dust and moisture control

Air filtration



33

• Moisture- leaks, floods
• Plus substrate- wallpaper, ceiling tiles, carpets,

insulation material, wood, drywall, paper in
basement

• Discolouration- any colour: black, white, red,
orange, yellow, blue or violet

• Smell/Odour- musty or earthy- irritating VOC’s
• Can produce mycotoxins www.cmhc-schl.gc.ca/

Indoor Air- Mould
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Mould-related Health Effects
Airway and conjunctival irritation

Headache

Difficulty in concentrating

Hypersensitivity reactions: asthma, rhinitis

Infections due to immune suppression

Acute exposure associated with pulmonary
haemorrhage in infants- Stachybotris atra
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Preventing
Indoor Mould

• Control humidity
• Proper ventilation

Turn on exhaust fans
• Control moisture
o Repair all leaks and

plumbing problems.
o Clean up water

damage from floods
within 48 hrs

o Discard material that
cannot be cleaned
and properly dried.

Photo Courtesy : EPA

Small areas:
Toaster size
Scrub the area with soap and
water
Always wear personal
protective equipment,
including a disposable dust
mask and household rubber
gloves

Larger areas:
Seek the help of professionals

If Mould is
Present
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Dust Mites
Indoor Dust

Feed on human, pet dander
Prefer warm, humid environments
Sources:

– bedding, carpets, upholstery, soft toys

Prevention:
Encasing mattress and pillows
Washing of bedding in hot water
Frequent vacuuming/damp mopping
Decreasing clutter
Removing carpets

CDC
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When to Suspect Lead Exposure
Water, Indoor Dust, Paint Chips, Soil

• House built before 1950 with lead water pipes
or before 1960 when lead levels in paint were
extremely high- as much as 50% by weight

• House built before 1980 (exterior paint still had
substantial amounts of lead)

• Renovations, peeling paint, children eating paint
chips

• Lead solder used in copper water pipes (before
1989)

• A lot of dust in the home, summer time worse due
to increased house dust from soil and paint

• Industrial (battery recycling, smelting) source in
the neighbourhood

• Living or play areas close to high traffic with
years of deposits from leaded gasoline
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When to Suspect Lead Exposure
Indoor Dust, Folk Remedies, Consumer Products

• Poor nutrition – calcium and iron deficiency
• Parental hobby: soldering, stained glass, home

electronics, refinishing old painted furniture
• Folk remedy use: azarcon, paylooah, coral, ghasard
• Offshore toys
• Adult jewelry
• Low socioeconomic status

Remember Immature Function
e.g. Absorption

 GI absorption of lead in toddler:
40–70% of oral dose
(1/3 retention)

 GI absorption of lead in
non-pregnant adult:
5–20% (1% retention)



39

Pesticides Exposure
Indoor and Outdoor Air, Objects, Food

 Problems with spraying pesticides at home and in
schools

– Higher concentrations near the floor

– Persistence in some surfaces: carpets, soft

toys, furniture

– Overuse and misuse of pesticides

 Children’s behaviour and pesticides

– Crawling- contact

– Playing close to the floor- inhalation

– Hand-to-mouth- ingestion

– Object-to-mouth- ingestion- can acute poisoning
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Prevention

Use pesticides ONLY when the benefits outweigh

the risks:

• Avoid cosmetic or scheduled use of pesticides in the home

• Use integrated pest management (IPM), non-chemical pest controls-

baits and traps

• Support organic farming

If pesticides are necessary:

• Store in original containers with child-proof seals, in locked cabinet

• Use least hazardous chemicals, least dangerous mode of application

– Follow manufacturer’s instructions

– Use protective equipment

– Respect re-entry times

– Pregnant women should not apply pesticides
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Our New Plastic World
Consumer Products, Food, Beverages

• 100 Billion pounds of plastic produced
in USA each year

• Used in food and beverage
packaging, building products,
electrical wiring, vehicles, furniture,
toys and medical devices

• Comprise 70% of the synthetic
chemical industry

• Evidence that two types of plastic
additives – bisphenol A (BPA) and
phthalates (esp. DEHP) may disrupt
normal growth and development due
to hormone- mimicking behaviours
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Phthalates – in PVC Plastic # 3

Both human and animal studies support
adverse effects from exposure to
phthalates.

Phthalate exposure has been linked to:
•de-masculinization,
•low sperm count,
•abnormal genital development in boys,
hypospadias,

•premature breast development in girls,
•shortened length of pregnancy, and
•development of asthma and rhinitis
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Bisphenol A

• A chemical component of polycarbonate plastic used in
toys, baby bottles and sippy cups

• Also used to line metal food cans including infant
formula cans

• BPA is found in 95% of persons tested in the USA and
91% tested in Canada- children have the highest levels

• Crosses the placenta to the unborn

Early exposures linked to:
• breast cancer,
• prostate cancer,
• hyperactivity,
• obesity,
• low sperm counts,
• miscarriage,
• immune system alterations
• insulin resistance
• reproductive malformations

Genetically identical
agouti mice, the yellow one
fed a diet of Bisphenol A
Dolinoy et al., 2007
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Plastics: Preventive Measures

• Do not heat, microwave or
put hot food in plastic

• Use alternative materials
(glass, metal, ceramic)

• Buy PVC-free, phthalates-free and BPA-free
products

• Let manufacturers know you want safe
products

• Support legislation for safer products
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Take Home Point # 1:

The unborn, infants and children
are the most vulnerable to health
effects from environmental hazards

Photo Credit: CPCHE

“We are conducting a vast
toxicological experiment in
which our children and our
children’s children are the
experimental subjects”

Dr. Herbert Needleman, CPCHE Primer, 2005:5
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Take Home Point # 2:
We need to think about total intake of
toxins from multiple sources &

practice precaution & protection
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Take Home Point # 3:
Even relatively minor exposure

reduction efforts may lead to

big, lifelong health rewards!

Photo Credits: CPCHE, CAPE
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Resources
www.healthyenvironmentforkids.ca

 Community- Environment Canada’s outdoor air webpage,
Air Quality Health Index www.ec.gc.ca/cas-aqhi

 Home & Hobby- The Clean Air Guide, Lead in Your Home,
Canada Mortgage and Housing Corporation www.cmhc-
schl.gc.ca http://www.cmhc-
schl.gc.ca/en/co/maho/yohoyohe/momo/index.cfm

 Occupation- Canadian Centre for Occupational Health and
Safety www.ccohs.ca

 Personal- Environmental Health Associations of Ontario,
Quebec, Nova Scotia www.lesstoxicguide.ca

 Diet &Drugs- A guide to eating fish for women, children
and families www.toronto.ca/health; Health Canada
www.healthcanada.gc.ca/foodguide; Well water www.wellaware.ca;
Compendium of Pharmaceuticals & Specialities
www.pharmacists.ca/content/products/ecps_english.cfm

ATSDR, CDC, Toxnet
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Children’s Health and the Environment

Acknowledgments:
Literature Review, Materials, Translation, Dissemination


