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Executive Summary

This report summarizes information on key chemical exposures for children focusing on those
largely related to food. It discusses a number of chemicals or categories of substances including
lead, mercury, pesticides, dioxin-like compounds, bisphenol A, phthalates, polybrominated
diphenyl ethers (PBDESs) and perfluorinated compounds (PFCs). Toronto Public Health’s (TPH)
review of research indicates that the levels of evidence for each of these substancesis different.
All are of concern to varying degrees; nonetheless all are worth reducing in the diet or from other
routes of exposure where feasible. In light of incomplete information on risks to health, this
report highlights relevant precautionary advice on ways to reduce or minimize exposure.

The effects on the developing child from some substances, such as lead and mercury, are quite
well known. Lead istoxic to the brain and nervous system of the fetus, infant and young child at
very low doses. Nowadays, lead exposure is much less from food than it was in the past when
some cans had lead solder. However, traces of lead can still end up in food becauseitisa
widespread environmental contaminant. Lead can also still be a problem in drinking water
because of old lead pipes or plumbing fixtures.

Methylmercury, the most toxic form of mercury, is also harmful to the developing brain and
nervous system. The most important source of methylmercury is from fish consumption. The
critical period of vulnerability islargely during pregnancy although fish consumption messages
typically advise caution for both pregnant women and children in consuming high mercury fish.
Exposure to pesticidesis also known to be associated with health impacts in children such as
certain cancers or neurodevelopmental delays. However, the evidence suggests that exposures
prior to conception or during pregnancy in parents who work with pesticides or exposure during
pregnancy or in infancy to pesticides used in the home are more important than food exposure
which is comparatively much lower. Effects from dioxin and dioxin-like compounds are also
well studied in people who had high exposures or from low level prenatal exposure. While food
isthe most common source, the levelsin food have declined in the last couple of decades.

On the other hand, health effects from substances such as BPA, PBDEs, phthalates and PFCs are
known only or mainly from animal studies. Exposure studies indicate however, that most people
carry traces of these compounds in their bodies beginning at an early stage of life and that the
effects on living organisms or the environment are of potential or actual concern.

Food or food containers, packaging, processing and cookware contribute to varying degrees to
children’s exposures to these substances. For some of these substances, such as dioxin-like
compounds, lead, phthalates or PFCs, their presencein food is likely from environmental sources
and thereforeit is challenging to reduce exposures with individual dietary choices. In some
cases, such asfor BPA and PFCs, not al the sources for children’ s exposures are known.

In the case of many of these substances, the critical exposure periods generally appear to bein
utero, during early infancy and in some cases, during early childhood and adolescence.
Therefore, the recommended actions can be taken in a child care setting or in the home.
However, they may apply also, and in some cases more directly apply, to pregnant or
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breastfeeding women, and to women who may become pregnant (that is women of childbearing
age).

Thisreview identifies a number of best practices, including several recommendations from
Eating Well with Canada’ s Food Guide, that can minimize potential risks from food- or food-
related exposures including: avoiding processed foods of low nutritional quality; reducing high
fat meat, fish and dairy recognizing the nutritional need for full fat dairy for children under two
years of age and the nutrition benefits of higher fat fish such as salmon; cooking methods that
reduce saturated fat; serving fresh or frozen food items when feasible; and, avoiding heating food
or drink in plastic containers. Existing TPH messages about eating low mercury fish and flushing
drinking water to reduce lead are also important for reducing exposures.

In addition to food-related exposures, other environmental sources for many of these substances
may exist in children’s daily lives. For example, lead from old paint, pesticides from indoor use
and flame retardants or PFCs from consumer products end up in indoor dust, an important
exposure pathway for toddlers and young children in particular. Regular hand washing (with
plain soap), wet dusting and a “shoes off” policy in playrooms where children are crawling on
the floor can reduce exposure to the substances which are higher in indoor dust than in food.

TPH and community and City partners will continue to increase awareness about ways to reduce
food-related chemical exposures and to incorporate other environmental health childproofing
strategies by developing and disseminating appropriate educational and training material.
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1. Introduction

1.1 History of the Issue

In 2005, Toronto Public Health (TPH) released alengthy report entitled, Environmental Threats
to Children: Understanding the Risks, Enabling Prevention which discussed the state of the
evidence for children’s exposure sources and potential health effects from environmental threats,
including both risk and exposure reduction practices related to food contaminants.

In 2007, the Toronto Board of Health (BOH) heard concerns regarding specific chemical
substances, including bisphenol A (BPA) and phthalates, which may pose risks to children’s
health from their presence in food. The focus of the concerns was around exposures that may be
present at child care centres. The BOH consequently requested that the Medical Officer of
Health report back to them on “the top ten other food additives or container properties which
may harm children’s health at child care centres’.

This report provides a summary of background research on contaminants that can occur in food
(including from food packaging, processing or food containers) or drinking water and that are of
concern to children’s health. This document supports the staff report to the BOH that outlines
ways that child care centres might incorporate exposure reduction measures to address these
contaminants of concern in food.

1.2 Scope of the Report

The research on certain food-related contaminant exposures and potential associated health
effects has expanded substantially since TPH reviewed the literature in 2005. Thelist of
substances reviewed here was initially informed in part by the concerns of some Toronto parents
and also by TPH’ s ongoing work to reduce children’s exposure from all sources, not only food.
Severd criteriawere used to determine the list of substances examined: evidence for widespread
exposure in humans; differential vulnerability or exposure for children compared to adults; and
the potential for effects that are serious and irreversible (e.g. asthma, cancer, reproductive or
neurodevelopmental impacts). In all cases, food or water are known exposure pathways which
may be amenable to exposure reduction strategies. In addition, the Government of Canada has
included these chemicals among alist of “ substances of interest” which are deemed priorities for
risk assessment and appropriate controls under the Chemicals Management Plan (Government of
Canada, no date).

This report builds on the 2005 TPH report and includes up to date information on lead, mercury,
pesticides, dioxin-like compounds, BPA, phthalates, perfluorinated compounds (PFCs) and
polybrominated diphenyl ethers (PBDES) (or flame retardants). The report describeswhat is
known about the potential exposure and health effects from each of these substances, or
categories of substance.

A review of regulations and policy actions underway for the substances in this report isincluded
where relevant and where important new information was available. The conclusions from this
review inform dietary and practice recommendations for parents and for child care practitioners
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presented here. While the review of the literature pointed to gaps in scientific evidence that
should be addressed, the inclusion of research recommendations regarding this suite of
substances was beyond the scope of the current report.

1.3 Why Children are Vulnerable

Children are exposed to environmental substances through many potential pathways. They are
often more exposed to environmental contaminants relative to adults and their exposures can
differ substantially because children behave and spend their time differently than adults do.
Health scientists recognize a number of main environmental media through which contaminants
travel to people: air, water, soil, dust and food. Children take in more per unit body weight of
the contaminants found in these media compared to adults (NRC, 1993; Selevan et al, 2000; US
EPA, 2003). Freguent hand-to-mouth patterns of behaviour in young children mean that soil and
dust can be important exposure routes. Children breathe more rapidly than adults do which
means that they take in more of the pollutants found in air. Children consume nearly double the
amount of water per unit of body weight and relatively much larger amounts of certain foods
compared to adults (Selevan et al., 2000).

Windows of vulnerability to harm are not all completely known for individual contaminants but
they may span several stagesin children’s development beginning prior to conception and
occurring during prenatal and postnatal periods. The hazards to children of several of the
substances included in this report are not fully or equally understood. Thus, the focus here is on
precautionary primary prevention and ways to reduce exposure, in light of incomplete
information on risks to health. The practices to reduce children’s food- related or drinking water
exposures outlined in this report also guide parents and child care practitioners on taking action
where it is feasible and within their control without compromise to nutrition, safety or other
important health protective/disease prevention practices.

2. Food and Food-Related Exposures for Children

2.1 Introduction

Food can be an important, although not always the largest, source of exposure to some
contaminants for children. Canadian dietary surveys have previoudy indicated that exposures to
contaminants through food were generally below guideline limits and in some cases, had
declined significantly over time (Health Canada, 1998a). In the last ten years, however, there
has been greater attention placed on a broader range of environmental chemicals for which recent
science indicates exposures for children, including through food, are of possible concern.

Contaminants and chemicalsin food are varied and may appear in foods for different reasons.
Substances used in agriculture or emissions from industry or vehicles may deposit on food crops.
Crops and food animals may also become contaminated from persistent contaminantsin the
environment and transfer their accumulated |oad to people. Other contaminants may end up in
food because they leach out of food containers such as plastic bottles or other containers, when
they are heated. Some types of food packaging may aso transfer contaminantsto food. Table 1
depicts the child health concerns and varied food-rel ated sources of exposure to the substances
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reviewed by TPH. Exposures sources relevant to the child care setting are also identified
separately.

Table 1. Health Concerns and Exposure Sources for Substances of Interest

Substance Child Health Concerns Exposure Sources
Lead = Large body of literature (epidemiological, Possible Food-Related Exposure Source
toxicological) demonstrating adverse effects - . .
at low levels " I_Drlnklng water from homes with lead service
lines and lead pipes
) il:ljzr?tz;?gdblood lead level in children has been | Prepared drinks including infant formula made
with tap water
) EI :# geg)iﬁgtor;?&gﬁls(lg\;‘vgreg olrrgf !'gf c? (;:Ie’ = Typically found at low levels in all foods due to
performancer)) ' P historical contamination
= The vulnerable windows of exposure are in Relevance to Child Care Setting
utero, infancy and childhood to early school = Comparable to exposures at home
ears L
y = Primarily through dust, consumer products,
water and food
Mercury = Large body of literature (epidemiological, Possible Food-Related Exposure Source
toxicological) demonstrating adverse effects : . . .
of mercury = Fish consumptl_on, especially from eating large
predatory species such as shark
= Neurodevelopmental (delayed developmental
milestones and cognitive, motor, auditory, . .
and visual deficits) best studied from prenatal Relevance to Child Care Setting
exposure = Comparable to exposures at home
* The most important vulnerable window of » Primarily through fish
exposure to mercury is in utero .. concern to
minimize exposure of women (including
teenage girls) during childbearing years
» Young children are also considered to be at
risk from mercury exposure
Pesticides = Pesticide exposure in utero or in infancy from | Possible Food-Related Exposure Source
parental occupational exposure or from .
household uses linked to: altered birth . Exposure to IO\.N levels of pestlc_ldes from
outcomes. cancers in childhood eating conventionally grown fruits and
neurodevélo mental imoacts ’ vegetables, more common with imported
P P produce
= No study of health impacts of pesticides from
food exposures Relevance to Child Care Setting
) E:\;lgrlﬁcvglvg?pg;%?gzzg p%?evént g ;ﬁggge = Indoor and outdoor uses for pest control are
eating conventionally grown produce generally larger exposure sources.
= Other home exposures (e.g. head lice
treatments or pet flea treatments) not likely to
be relevant to most child care settings

Table 1. Health Concerns and Exposure Sources for Substances of Interest (cont’d)
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Substance Child Health Concerns Exposure Sources
Dioxin-like 2,3,7,8-TCDD characterized as a known Possible Food-Related Exposure Source
Compounds human carcinogen; increased risks of = Exposure is largely through food
cancer in adulthood is a concern . . . .
= Highest levels in fats from animal-derived
Important vulnerable window of exposure foods — meat, poultry, fish, eggs and dairy
for adverse effects on neurological and products
immune sys'tem,. neon_ate.dgvelopment »= PCBs higher in predatory freshwater fish
and endocrine disruption is in utero, ..
concern to minimize exposure of young = Levels declining since 1980s
girls to these persistent substances
before reproductive age Relevance to Child Care Setting
Widespread low-level exposure seen in
) e . = Comparable to exposures at home
biomonitoring studies. Exposures have
decreased over time since the 1980s with
reduced environmental emissions
Bisphenol Few human studies Possible Food-Related Exposure Source
A (BPA) Developmental and reproductive effects = Heating BPA-containing plastic baby bottles
at low levels (animal studies). during infant formula preparation and from
. . liners of infant formula cans
Continuous widespread exposure to low
levels seen in biomonitoring studies = Consumption of canned food, particularly
Routes and sources of exposure not fully soups and pastas
understood Relevance to Child Care Setting
;/rl:(ljnglz?ibr:e S:rr;o?n(f);r?éposure IS In utero = Comparable to exposures at home (many
9 y y sources)
Phthalates Limited epidemiological and adequate = Found in many products including: some soft

animal data

Developmental and reproductive,
respiratory and allergic effects

Biomonitoring data show evidence of
widespread low level exposure

plastic toys, plastic floor coverings, scented
personal care products

= Also present in dust which may be an
important exposure route for toddlers

Possible Food-Related Exposure Source

* Found in low levels in many different food
items: meat, fish, dairy, vegetables

» Processed and high fat foods may have
somewhat higher levels

Relevance to Child Care Setting

= Comparable to exposures at home (many
sources)

Table 1. Health Concerns and Exposure Sources for Substances of Interest (cont’d)
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Substance Child Health Concerns Exposure Sources
PBDEs Little research examining health effects of | = PBDEs used in a wide range of products in
PBDEs in humans — associations with the home (furnishings, carpets, electronics)
lower birth weight .
= Dust is the largest source of exposure for
Thyroid, hepatic, and neurological system young children
effects (animal and in vitro studies) Possible Food-Related Exposure Source
E.g. increased incidence of certain liver . Co . . N
cancers; associations with hyperactivity, Foods h|gh_|n ammal_ fats including fish,
L : meat and high fat dairy
decreased habituation, learning and X L
memory in rat and mouse studies = Health Can_ada dietary studies indicate that
PBDEs unlikely to be of harm at the current
Widespread exposure concentrations in food
I-!uman exposure has rapidly increased Relevance to Child Care Setting
since 1980s
= Comparable to exposures at home (many
sources)
Perfluorin- Reproductive and developmental impacts, | = Primary source of exposure is likely through
ated cancer; suspected endocrine disruptors foods due to widespread environmental
Compounds (animal studies) contamination
(PFCs) Few human studies; links to lower birth Possible Food-Related Exposure Source

weight, lowered sperm quality

Widespread in the environment; some
persist, bioaccumulate

Routes and sources of human exposure
not fully understood

Widespread human exposure to PFOA
and PFOS seen in biomonitoring data;
declines in those voluntarily phased out of
production and use

= Found in low levels in many different food
items: meat, fish, dairy, vegetables

= Appear in small amounts in some foods with
certain grease-resistant paper packaging
(e.g. microwave popcorn; fast food french
fries and sandwich wrappers, frozen pizza
paper liners)

= Health Canada dietary studies indicate that
PFCs unlikely to be of harm at the current
concentrations in food

= Non-stick pan surfaces may have small
amounts of residues when new but not seen
to be a major source of PFCs in foods

= Using non-stick pans on high heat (>350°C)
may release harmful fumes and degrade the
surface coating

Relevance to Child Care Setting

= Comparable to exposures at home (many
sources)

The following sections of the report outline the findings of the science evidence review.

The scientific information base for substances included in the review suggests that not all are of
equal significanceto children’s health. In addition, while the evidence for impacts on children
from some substances may be compelling, food may not be the most important route of

exposure.
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2.2 Lead

Lead isawell known and well studied neurotoxicant that can harm the devel oping nervous
system. At low levels, lead affects the intellectual and cognitive development of a child, their
behaviour, ability to concentrate and irritability. Effects have been demonstrated at exposure
levelsaslow as 2 pg/dL in blood (Jusko et al., 2008; Braun et al., 2006). No threshold for lead
effects has been demonstrated (Lanphear et al., 2005; Canfield et al, 2003) and a steeper dose-
response curve has been found at blood lead levels below 10 pg/dL (Lanphear et al., 2005).

Exposure to lead is greatest for children ages 1 to 3 when hand to mouth behaviour is the most
frequent. Children are believed however, to be at greatest risk from the harmful effects of lead up
to age 6 (Cecil et a., 2008; Hornung et al., 2009). Thisis dueto their greater absorption of lead
and distinct vulnerability because of their devel oping brains and nervous systems. Children with
inadequate calcium, protein or iron in their diet will also absorb greater amounts of lead,
therefore adequate nutrition is important. Ensuring children have an optimal diet with regular
meals, low- to modest-fat content and in particular, adequate intake of calcium and iron, reduces
susceptibility to lead toxicity (Mahaffey, 1995).

There are small amounts of lead in our food; however, levels have been decreasing' since the
phase out in the early 1990s of |eaded gasoline in Canada, which reduced the widespread
environmental contamination (ATSDR, 2007). Lead-solder for food cans, another source of lead
in food, has aso been substantially eliminated; however some imported foods may still be
packaged in lead soldered cans (Health Canada, 2009a).

Lead can enter drinking water from lead service lines, from solder containing lead or from brass
fixtures. Older plumbing, in Toronto homes built prior to 1955, may include lead pipes or may
still have lead service lines. The use of lead solder for incoming water pipes was banned in
Ontario in 1989 (MTTHU and SRCHC, 1995). On June 7, 2007, the Government of Ontario
introduced more stringent requirements (O. Reg 243/07) for flushing and testing of drinking
water taps in schools, private schools and child care centres (also called “day nurseries’) in
response to renewed concerns about potential lead exposure from Ontario drinking water
systems. The regulatory requirements for child care centres for example require that facilities @)
flush their pipes either weekly or daily and b) perform regular testing for lead in drinking water
(MOE, 2007a; MOE, 2009). In November 2009, the MOE amended the regulation to require
annual drinking water testing by day nurseries with newer plumbing (post-1989) which were
previously exempt from testing requirements (MOE, 2009). If lead levelsin drinking water are
elevated, the local Medical Officer of Health will assist the facility in determining waysto
reduce lead levels and in monitoring the safety of the drinking water (M OE, 2007b).

Where there is some concern isin older homes where lead service lines may still be in place.
The City of Toronto is currently engaged in an accelerated long term initiative to replace lead
service pipes to homes that were built before 1955 but this process has been dlated to take nine
years (Toronto Water, 2007) and only applies to the public segment of the serviceline. In the
fall of 2009, Toronto Public Health and Toronto Water distributed over 200,000 brochuresto

! Since 1969, Health Canada has been testing the lead level in food available in markets across Canada through the
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househol ds suspected of having lead service lines, bringing greater awareness to the issue of lead
in drinking water and to lead service line replacement (both the public and private segments of
theline) as the most effective long-term strategy to reduce lead in drinking water. For
households in older homes where there are pregnant women or children under age 6 however,
TPH is encouraging these families to use an end-of-tap water filter that is certified to remove
lead in the interim (TPH, 2009). Thisis particularly important if they are preparing artificial
baby milk (i.e. infant formula) or beverages for young children. TPH has aso incorporated
detailed messages about ways to reduce exposure to lead in drinking water into its infant feeding
and infant formula preparation factsheets used by public health staff. TPH is also disseminating
information on other ways for the public to minimize their own or their children’s exposure, with
afocus on pregnant women and parents. For example, in revisions to the “Hidden Exposures’
fact sheets series for prenatal educators, other service providers and the public, the section on
lead is being updated to reflect this new information on lead exposure reduction measures. In the
spring/summer of 2009, Toronto Public Health held training sessions with over 100 public health
inspectors, public health nurses and other staff on sources of lead exposure and ways to support
the public to reduce their exposures to lead.

In summary, lead levels in food have been decreasing since the restrictions on lead in gasoline
and in solder for food cans. Lead levelsin food are generally low unless imported canned foods
are acomponent of the diet. Following recommendations for an optimal diet as described in
Eating Well with Canada’ s Food Guide, particularly ensuring that children have adequate dietary
calcium and iron intake, can mitigate the impacts from lead. Lead in drinking water can be a
concern where there are still lead service lines such as many houses in Toronto older than 1955.
The Ontario Ministry of Environment has new requirements for flushing and testing drinking
water that apply to all licensed child care centres and schools. The City of Toronto isworking to
address the replacement of lead service lines which contribute the most to lead levelsin drinking
water. Given thisinitiative will take a number of years, TPH is communicating ways to minimize
lead exposure from all sources with afocus on homes with those most vulnerable to impacts
from lead.

2.3 Mercury?

Mercury in the environment from natural and human sources is transformed through the action of
microbes to an organic form of mercury called methylmercury. Methylmercury is a persistent
substance which concentrates in organisms found in the aquatic food chain. It can be harmful to
the developing brain and nervous system and is another well studied neurotoxicant. Low-level
exposure to methylmercury has been associated with problems with attention, fine-motor skills,
language devel opment, visual-spatial abilities and verbal memory among children who were
exposed while in the womb (NRC, 2000). Therefore the main concern isto avoid or minimize
exposure for pregnant women. TPH and other agencies such as Health Canada and the United
States Environmental Protection Agency (US EPA) aso recommend minimizing exposure to
infants and young children because they are also at risk from mercury exposure.

2 Toronto Public Health reported on alengthy review of the literature on toxicity and exposure to methylmercury in
fish in a 2006 report titled, Fish Consumption: Benefits and Risks for Women in Childbearing Years and Young
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The most important and largest source of methylmercury exposure to peopleis from eating fish
and shellfish (Mahaffey 2004). Methylmercury content in fish varies depending on species and
the size of thefish. Itishighest inlarge, long-lived predatory fish like shark and swordfish
among others. Health Canada and other agencies generally recommend that vulnerable groups
restrict how much they eat of these high mercury fish (e.g. see Health Canada 2008a & b; US
DHHS/EPA, 2004). Canned tuna is among the most commonly consumed fish in Canadaand isa
popular choice for children. White canned tuna (made from the Albacore tuna species) is
generally much higher in mercury than light canned tuna which is usually made from the
Skipjack tuna species (TPH, 2006). TPH considers light canned tunato be alow mercury fish
species acceptable to serve to young children up to two Canada Food Guide servings® per week.
TPH recommends that people chose “light” over “white” canned” tuna when feeding their
children.

The 2008 TPH Guide to Eating Fish for Women, Children and Families carefully balances
messages about the nutritional benefits of fish while letting people know about risks from
contaminants and how to minimize these. This resource focuses on the most vulnerable
subgroups in the population and encourages consumption of a variety of fish species, while
pointing towards the fish species with lower levels of mercury. The guide also identifies fish that
have high levels of omega-3 fats and those that may be caught or farmed in away that is harmful
to the environment.

In summary, the largest food source of methylmercury isfish. TPH has studied thisissue
extensively. The 2008 TPH Guide to Eating Fish for Women, Children and Families provides
advice on fish consumption for children and other vulnerable subgroups in order to minimize
mercury intake while still allowing fish to be included in the diet for its nutritional benefits.

2.4 Pesticides®

Pesticides are chemical substances that are used to kill living organisms such as noxious plants,
weeds, insects, mould or fungi. Hundreds of different pesticides are used in agriculture and for
horticultura (i.e. lawn and garden) purposes. The term “pesticides’ therefore refers to a range of
many different individual chemicals designed for different purposes and having differing degrees
of toxicity.

In recent years, the health effects in children from exposure to pesticides have been studied to a
much greater extent, particularly since a 1993 report of the U.S. National Research Council drew
attention to the greater vulnerability and exposure to pesticides for children.® Evidence from

% A Canada Food Guide serving is 75 grams or 2.5 grams or about half acup. A typical can of tunais 120 grams
(drained weight) which equals 1.6 Canada’ s Food Guide servings (TPH, 2008).

“ Bisphenol A (BPA), discussed in section 2.6, is a substance of concern that is used in the epoxy resin lining of food
cans. Available data on the average levels of BPA found in cans of tunaindicate that it is present in levels that are
low compared to other canned foods. Toronto Public Health considers canned tuna an acceptable and healthy food
source for children. Mercury levels should guide the choice of how much light and which (light vs. albacore) canned
tunato serve children rather than concerns about BPA in cans.

® Toronto Public Health has previously reviewed the science of exposure and health effects from lawn and garden
pesticidesin alengthy report (TPH, 2002). This report updates the information since that 2002 review.

® The NRC (1993) study prompted considerable improvements to how children’s vulnerabilities are included in the
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many studies indicates an elevated risk of certain cancers or neurodevel opmental impactsin
infants or children where there was parental occupational exposure to pesticides or exposure
from using them in and around the home, especially during pregnancy, rather than from dietary
exposure (Infante-Rivard & Weichenthal, 2007; Rauh et a, 2006; Eskenazi et al, 2007; Rosas et
al, 2008).

The Canadian Food Inspection Agency (CFIA) monitors pesticide residues on imported and
domestically produced food in Canada. Diet does not appear to be arelatively high source of
exposure to pesticides for Canadian infants or children based on CFIA data. Pesticides residues
are not detected in most foods sampled from Canadian markets (80% or better) and where
residues were detected, exceedances of Maximum Residue Levels’ (MRLSs) are infrequent (less
than 1% of fresh produce samples exceeded the MRLSs) (CFIA, 2006). A 2005 CFIA study of
processed® fruit and vegetable foods consumed by children ages 2 to 10 years found only 21 out
of 594 samples (3.5%) had detectabl e pesticide residues, none over the MRLs (CFIA, 2005). A
U.S. study showed that pesticide residues were lowest on fruits and vegetables that were
organically grown®, intermediate in those produced through integrated pest management (IPM)
or certified as containing no detectable residues (NDR) and highest in conventionally grown
produce (Baker et al, 2002).

Biomonitoring studies provide information about children’s total exposure (that is, from all
sources) to pesticides. Some exposure studies have shown that children have higher levels of
exposure to certain insecticides such as pyrethroids, from home and garden uses rather than from
diet (Lu et a., 2006; Fortin et al., 2008). Children who eat conventionally grown fruit and
vegetable produce appear to have low-level exposure to certain agricultural-use insecticides as
has been measured in some studies (Fortin et a, 2008). U.S. research indicates that a diet of
organic produce reduces children’s pesticide exposure measurably (Curl et a., 2002; Lu et al.,

ways that government departments, including Canada' s Pest Management Regulatory Agency, test, regulate and
monitor pesticides. The progressive, child-protective elements of the Pest Control Products Act (PCPA), the law that
regulates pesticides in Canada, are discussed in Chapter Six of Environmental Threats to Children (TPH, 2005).

" Health Canada determines the maximum amount of pesticide residues, “that are expected to remain on food
products when a pesticide is used according to label directions, (and that) will not be a concern to human health”
(Health Canada, 2009b: pagel). These values are then legally established as maximum residue limits (MRLS) which
are now specified and regulated under the PCPA. As of September 2008, the PMRA had completed re-eval uations
on 75% of 401 pesticide active ingredients registered before 1995. This re-evaluation program began in 2005. This
process has resulted in the discontinuation or phasing out of registrations for over one hundred pesticide active
ingredients which were either discontinued by registrants or did not meet requirements under the new PCPA, or
both. The process of updating the individual pesticide MRLs s proceeding in tandem. Health Canada states that the
re-evaluation program and revisions to the MRL s are applying modern assessment approaches including
consideration of exposure risks in sensitive segments of the population, such as infants, children, pregnant women
and the elderly; and combined exposure from dietary, residential and drinking water sources. As these assessment
procedures continue to be modernized they will also be required to assess the risk of cumulative exposure to
pesticides with a common mechanism of action.

® ltems tested included fruit and vegetable juices, sauces and jams, frozen and canned fruits and vegetables, and
condiments such as ketchup, relish, mustard and pickles. Of the 21 samples with detectable residues, 14 were dried
fruit bars.

°® While U.S. organic produce was not always pesticide free, it had significantly lower residue levels and was less
likely to have residues of multiple pesticides. Some pesticides may end up in organic (and conventional) produce
from soil contaminated by past pesticide use or as spray drift from neighbouring non-organic farms (Baker et al,
2002).
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2006; Lu et a, 2008; Fortin et al, 2008). It is not known however, whether serving children
organic produce provides health benefits because it is unclear if the observed low level exposures
are harmful to begin with. In other words, no studies have linked harmful effectsin children from
eating conventionally grown produce compared to organic produce. While there are clear
benefits'® in terms of environmental protection, maintenance of biological diversity and
sustainability from organic agricultural practices, whether organically grown produceis
nutritionally superior to conventionally grown foodsis still debated in the literature (Winter &
Davis, 2006; Bourn & Prescott, 2002; Zhao et al, 2006).

Among the ways recommended by government agencies to lower pesticide residue levels on
fruits and vegetablesis thoroughly washing and wiping all produce before eating (U.S. FDA,
1993; Krol et a, 2000; Health Canada, 2009c). A recent review indicates that in most cases large
reductions in pesticide residues can be achieved from various processes, but particularly from
washing, peeling and cooking foods (Kaushik et al., 2009).

Parents can also choose to purchase locally™ or domestically grown fruits and vegetables when
available as these generally have detectable pesticide residues less frequently and seldom exceed
MRLs (CFIA, 2006). Serving children a variety of fruits and vegetablesis also advocated as a
strategy for lessening exposure to pesticide residues that may be more common on certain types
of produce or foods. Finally, as an exposure reduction strategy parents can also integrate some
organic produce when it is available or can be afforded.

In summary, there are a number of ways to reduce children’s exposure to pesticidesin the diet as
outlined above. Washing, peeling and cooking conventionally grown produce can reduce intake.
Choosing organic foods will minimize food-related exposure to pesticides. Purchasing organic
foodsis not alow cost option but other factors, such as the environmental benefits from
ecologically sustainable organic practices, may influence the decision to serve organic. In
addition, choosing local foods when feasible may not significantly reduce pesticide exposure, but
it can reduce air pollution impacts from transportation of food and supports the regional
economy. TPH maintains that parents should serve children a healthy diet with avariety of fruits
and vegetables, choosing fresh over processed whenever possible. Canada’ s Food Guide
emphasizes the importance for reducing the risks of certain cancers and heart disease by eating a
diet that isrich in different vegetables and fruit (Health Canada, 2007a). Parents and child care
centres may choose to serve organic when it is feasible or affordable.

19 Organic agricultural practice avoids the use of chemical pesticides (insecticides and herbicides), synthetic
fertilizers, sewage sludge or seeds originating from genetically modified organisms (GMO) for crops (Canadian

______________________

given growth hormones or antibiotics, and that animal wastes, slaughter by-products or genetically modified
organisms (GMOs) are not included in their feed.

1 pyrchasing local foods also can reduce the impact on the environment from greenhouse gas emissions (GHGs) of
long distance transportation. Region of Waterloo Public Health has calculated that the environmental impact of 58
food items commonly eaten in the region was about 52,000 tons of GHGs from the nearly 4,500 miles they travelled
(Waterloo Region Public Health, 2005). Given our heavy reliance on imported produce, including a portion of the
organic produce available in Toronto, thisis an important consideration.


http://www.cog.ca/whatisorganic.htm
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2.5 Dioxin-Like Compounds

Dioxin-like compounds are alarge group of structurally and chemically related substances that
include polychlorinated dibenzodioxins (PCDDs, aso known as “dioxins’), polychlorinated
dibenzofurans (PCDFs, also known as “furans’) and the * ‘ dioxin-like'’ polychlorinated
biphenyls (PCBs) (Srogi, 2008). Dioxin-like compounds in the environment have different
origins. Dioxins are by-products of certain processes; they come largely from incineration of
municipal solid waste (Hylander et al., 2003; Chang & Lin, 2001, Chang et al., 2004) or hospital
waste (Coutinho et a., 2006), but can also arise from uncontrolled burning of household waste,
especially plastics, chlorine bleaching of paper and pulp, the manufacture of some pesticides
(Chen, 2004) and from natural processes. PCBs were used predominantly as coolants and
lubricants in electrical equipment. While they were never manufactured in Canada, production in
the United States ceased in 1977 because of evidence of adverse environmental and human
health effects from the manufacture, use and disposal of these chemicals. These compounds are
ubiquitous in the environment.

Dioxin-like compounds vary widely in their toxicity. About 30 different types are considered to
have significant toxicity (WHO, 2007). The most toxic compound, 2,3,7,8 tetrachl orodibenzo-p-
dioxin (TCDD), is classified by the International Agency for Research on Cancer (IARC) as
carcinogenic to humans (IARC, 1997).

The health effects from dioxin-like compounds have been studied in animals and in people,
generally from higher exposures (e.g. accidental or occupational) than would be experienced by
the general population. Thereis limited evidence for impacts on pregnancy outcomes, such as
being small for gestational age or preterm birth, with low level exposure to dioxin-like
compounds (Wigle et al 2007). Studies of impacts from lower level, environmental exposures to
dioxin-like compounds have largely focused on exposures during the prenatal period, rather than
during childhood (Wigle et al 2007). Where postnatal exposure has been studied, it has focused
on infants and exposure to dioxin-like compounds through breast milk. The only known effects
in children from postnatal exposure (typically higher level) aone are chloracne, recurrent ear
infections and reduced growth in height, however the evidence is variable (Wigle et a 2007).

There have been several birth cohort studies conducted in different parts of the world which have
examined impacts from prenatal exposure to PCBs, the most extensively studied of the dioxin-
like compounds. Prenatal PCB exposure is associated with an array of neurodevel opmental
effects including abnormal reflexes among newborns, reduced motor skills among infants and
cognitive deficits in early childhood (Jacobson et al., 2002; Wigle, 2003; Boucher et al, 2008).
Children whose mothers regularly ate PCB-contaminated fish from Lake Michigan during and
before pregnancy were followed through to age 11 years and the highest exposed in this sample
showed poorer performance on various tests of 1Q, reading and verbal comprehension, memory
and attention (Jacobson and Jacobson, 1996).

Dioxin-like compounds are associated with increased risks of certain cancers in animals and
people. They may act like cancer promoters or co-carcinogens (Irigaray et a., 2007). IARC and
the U.S. EPA aso conclude that PCBs are probable human carcinogens based on evidence from
epidemiological studies (in adults but not in children) and experimental animal studies (Wigle et
al 2007). Thereis evidence from in vitro and animal studies, and in small human studies, that
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dioxin-like compounds are endocrine disrupters (Mocarelli et al., 2008). Moreresearchis
needed to determine the long-term effects of low-level exposures to dioxin-like compounds on
cancer risk, immune function, reproduction and development in humans (I0M, 2003).

Due to their chemical characteristics, dioxin-like compounds are persistent and they accumulate
in the fatty tissues of plants and animals. For most people, including children, over 90% of
exposure to dioxin-like compounds comes through the diet. Average Canadian dietary intake of
dioxins, furans and similar substancesis estimated by Health Canada to be 0.62 picograms (pg)
per kg of body weight per day (Health Canada, 2005). This value is below the World Health
Organization (WHO) guideline level of 2.3 pg/kg bw/day which is considered “tolerable” or not
expected to produce health effects. Health Canada currently uses the WHO guideline for
tolerable intake of dioxin-like compounds.

Based on 1999 Canadian Total Diet Study data the levels of dioxin-like compounds are highest
in food items such as butter, higher fat dairy (such as milk and cheese), ground beef, eggs,
wieners/sausages and organ meats (Health Canada, 2006a). L evels of dioxin-like compounds
tend also to be higher in freshwater fish than in marine fish or shellfish. A 1999 study of Dutch
preschool children examining the relative contribution of different foods to PCB and dioxin
exposure found that dairy foods, meat and meat products and processed foods contributed the
most to PCB and dioxin intake after weaning (Patandin et al 1999). The levels of dioxin-like
compounds in different food groups vary internationally.

Dioxin-like compounds can be measured in the tissues of all people. A 1998 Health Canada
exposure study among people in the Great L akes basin indicated that exposure to dioxin-like
compounds such as PCBs was generally higher in infants, children and adolescents than adults at
that time (Health Canada, 1998b). The proportionately greater intake of food per unit of body
weight of children compared to adults and their greater intake of certain types of food, such as
milk, explain the higher exposure measures for younger age groups (Wigle, 2003).

Human body burdens of dioxin-like compounds have continued to decline over time since
severa countriestook regulatory actions to reduce their release to the environment. For example,
there has been a 60% decrease in the overall release of dioxins and furans from Canadian sources
since 1990 (Health Canada, 2005). Studies of dioxin and furan levelsin Canadian breast milk
show that the levels decreased by about 50% from the 1980s to the 1990s (Health Canada, 2005).
Longterm U.S. biomonitoring dataindicate that serum dioxin levelsin people have decreased
80% since the 1980s (CDC, 2003). The most recent Canadian data, from the 2008 Alberta
Biomonitoring Program, indicate that serum levels of dioxin-like compounds in pregnant women
in Alberta were below those measured in U.S. studies (Government of Alberta, 2008).

While the exact risk from intake of low levels of dioxin-like compoundsin the diet is not clear,
reducing exposure can be achieved through dietary choices and food preparation practices (I0OM,
2003; Health Canada, 2005). For example, trimming visible fat, removing the skin from meat or
fish and cooking using methods that reduce fat (such as oven broiling) can reduce intake of
animal fats. Reducing overall intake of saturated fats such as butter, reducing reliance on high fat
animal foods such as eggs, organ meats, wieners and sausages, and including lower fat versions
of dairy products such as milk and cheesein a child s diet are also important strategies. The



Childproofing for Environmental Health: An Examination of Food Related Exposures 16

exception to this advice is the position, currently supported by agencies such as the Canadian
Paediatric Society and Health Canada, recommending that a high fat diet (~50% of energy from
fat) is appropriate for children up until they are two years of age (see Roy et a, 1995). Choosing
marine, canned fish or shellfish over freshwater fish more often is also an exposure reduction
strategy. Fruits, vegetables and grains contain lower levels of dioxins, which in some cases can
be reduced by washing or peeling (IOM, 2003). Eating a balanced diet, with adequate amounts of
fruits, vegetables and grains, therefore, also helpsto avoid excessive exposure from asingle
source (WHO, 2007; Health Canada, 2005). The U.S. Institute of Medicine suggests that such
strategies should be a priority for reducing exposure in girls and young women in the years
before they become pregnant (I0M, 2003). While breastfeeding can be alarge source of dioxin-
like compounds for breastfed infants, the many benefits of breastmilk outweigh and in fact,
mitigate the risks of contaminant exposure (Landrigan et al, 2002; TPH, 2005; Jorissen, 2007).
Finally, households can individually reduce their own contribution to dioxins in the environment
which end up in food by not burning residential waste (Health Canada, 2005).

In summary, dioxin-like compounds are persistent substances that are ubiquitousin the
environment. Food isthe major source of exposure to these substances. While they can be
measured in humans globally, levels have decreased in recent decades as regulation to ban their
production or limit their releases to the environment has come into place in industrialized
nations, including Canada. Health Canada, the U.S. Institute of Medicine and the World Health
Organization provide dietary recommendations that can reduce the public’s exposure to these
persistent compounds. While the precise health effects from children’s exposures to dioxin-like
compounds need to be better characterized, exposure reduction measures such as reducing intake
of saturated fats, red meat and processed foods can be taken to reduce their exposure. Such
advice is consistent with healthy eating guidelines, therefore TPH supports these practices as a
way to minimize any potential risks.

2.6 Bisphenol A (BPA)

BPA is produced worldwide and used in many consumer products including polymers, resins,
dyes, flame retardants and dental sealants. It isused in the lining of food cans and in hard plastic
food and water containers. It has been detected in all media, including indoor air, water, dust,
and soil (Vanderberg et a., 2007).

General population exposure to BPA is primarily through the diet, but can also be through skin
absorption and inhalation of airborne dust. BPA can leach from the epoxy linings of canned
foods and polycarbonate water and baby bottles (recycling symbol number 7) into the foods and
liquids that they contain. People can aso be exposed following treatment with BPA-containing
dental sealants. Not al the sources for children’s exposures to BPA are known, although food
and liquids are presumed to be primary sources. Wilson and colleagues (2007) studied children’s
exposure to BPA at child care centres and at their homes. They estimated that 99% of the
exposure to BPA was from children’s diet. Wilson et a., (2007) measured BPA in over 83% and
68% of the children’s solid and liquid foods, respectively.

BPA isused in an epoxy resin as the inner coating of food cans to prevent rusting and corrosion.
Severa studies have explored the conditions that support or enhance leaching of BPA from the
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linings of cans. Health Canada s recent exposure assessment found that children ages 1 to 4 years
have the highest levels of exposure to BPA, with the majority of this exposure coming from
consumption of canned foods (Health Canada, Environment Canada, 2008). The U.S.-based
Environmental Working Group (EWG, 2007) tested approximately 100 canned foods and
beverages for BPA. Fifty seven per cent (57%) of all the canned food had detectable levels of
BPA (range: non detect to 385 ppb; average: 7.9 ppb), however there was considerable
variability in levels measured both within and among the different types of canned food, with
soups and canned pastas having the highest levels.*? In the spring/summer of 2008 Health
Canada supplemented this dataset and tested BPA in bottled water (average of 1.5 pg/L ), canned
drinks (average of 0.57ug/L), and baby food products pre-packaged in glass containers with
metal lids (average of 0.95 ppb) (Health Canada, 2009 d, e & f).

Health Canada has also assessed BPA levelsin infant formula available in Canada finding
concentrations ranging from 2.27 to 10.2 ppb (Health Canada, Environment Canada, 2008).%
Health Canada (2008c) estimates that Canadian infants who are fed infant formula consume an
average of 0.2 to 0.5 ug/kg bw/day from canned liquid formula with aworst case scenario
estimate of up to 1.35 ug/kg bw/day.

Health Canada also conducted studies on the amount of BPA that |eaches out of plastic baby
bottles and found thisto vary depending on the bottle, the temperature to which it is heated and
the length of time that the bottle is heated (Health Canada, Environment Canada, 2008).™* A
series of experimental leaching studies using BPA-based plastic baby bottles found arange of
BPA levels (< 0.15 to 8.323 ppb) in the liquid contained therein (Health Canada, Environment
Canada, 2008).

Biomonitoring studies show that almost all people sampled in developed countries have
detectable levels of BPA intheir bodies (Calafat et a, 2005). Many scientists state that current
public exposure to BPA, as reflected in biomonitoring studies, isin the range that has been
shown to cause adverse effectsin laboratory animals (vom Saal, et al., 2007). While BPA is
thought to be rapidly detoxified and excreted by adults, the ability to detoxify BPA is not fully
developed in the fetus and newborns, resulting in higher levels of the toxic unconjugated or
“free” form of BPA in their tissues (Health Canada, Environment Canada, 2008; NTP-CERHR,
2008). Recent research indicates that fetal tissues may in fact also de-conjugate BPA back to the
toxic form (Ginsberg and Rice, 2009). These studies challenge the prevailing assumption that
fetal and newborn exposure to BPA isinsignificant due to rapid conjugation of BPA in pregnant
women and newborns (Ginsberg and Rice, 2009).

Health Canada’ s assessment of BPA concluded that based on existing animal studies, exposure
to BPA can affect reproductive, neurologica and behavioural development (Health Canada,

12 Health Canada' s review of this information concluded that the EWG data on canned foods were appropriate to
apply to Canada (Health Canada, Environment Canada, 2008).

2 Follow up studies by Health Canada on liquid canned and powered infant formula available in Canada confirm
that the liquid canned formula BPA concentrations ranged from 1.14 to 5.44 ppb, with an average of 2.88 pbb
(Hedlth Canada, 2008d); whereas, no BPA was detected in any of the powered formula samples (MDL = 0.13 ppb)
(Health Canada, 2009q).

“Health Canada studies found that the amounts of BPA that leached did not differ substantially depending on
whether the bottle was new or used or whether milk or apple juice was the heated liquid.



Childproofing for Environmental Health: An Examination of Food Related Exposures 18

Environment Canada, 2008). The US National Toxicology Program similarly expressed some
concern for the effects of BPA on development of the prostate gland and brain, and for
behavioural effects in fetuses, infants and children (NTP-CERHR, 2008).

Epidemiological evidence is emerging that supports the animal studies. Human population
studies are indicating evidence for an association between exposure to BPA and reproductive
effects (Li et al., 2009; Takeuchi et al., 2004; Sugiura-Ogasawara et a., 2006; Hiroi et a., 2004);
cardiovascular disease, diabetes, and liver enzyme abnormalitiesin adults (Lang et al., 2008);
and behavioural effectsin toddlers (Braun et a., 2009). These studies are limited and more
research is needed before the relevance of epidemiological findings are completely understood.
The US National Institute for Environmental Health Sciences recently announced a $30 million
research program on the developmental effects of BPA as afirst step to achieve this need.
Based on the exposure assessment summarized above, Health Canada states that exposures to
BPA for the general population, including newborns, infants and children, are well below the
current provisional Tolerable Daily Intake (pTDI)™ and therefore are not expected to pose a
health risk. This conclusion is also supported by assessments conducted by the U.S. Food and
Drug Administration (FDA) (U.S. FDA, 2009).

Nonetheless, the Canadian federal government stated that, as a precaution, in light of the
uncertainty about sources and toxicity of BPA, and in recognition of the sensitivity to newborns
and infantsto BPA, they would take steps to ensure that exposures for newborns and infants are
minimized. The government is currently drafting regulations to prohibit the importation, sale and
advertising of polycarbonate baby bottles that contain BPA along with taking action to limit BPA
releases to the environment (Government of Canada, 2008). The federal government is also
working with manufacturers to continue efforts on the general principle of ALARA (aslow as
reasonably achievable) to reduce BPA in food packaging applications relevant to infants and
newborns, including in can liners, and to explore setting migration targets for canned foodsin
general.

Therefore, based on areview of the available science, TPH recommends that as a precaution,
parents and service providers should reduce infant exposures to BPA through feeding practices
where feasible. This can be achieved by exclusive breastfeeding up to age six months (followed
by the introduction of appropriate complementary foods and continued breastfeeding for up to
two years and beyond) as the healthiest and safest method of feeding infants. TPH also
recommends avoiding heating foods or liquids in polycarbonate plastic bottles or containers (that
is, those labeled with recycling symbol number 7). Thisis particularly important where infant
formula or expressed breast milk is served in plastic baby bottles. Parents can choose
alternatives to plastic baby bottles such as glass, or BPA-free plastic, but if plastic bottles (either
BPA-based or BPA-free) are in use, parents and service providers should follow the advice of
TPH and Health Canada on how to prepare and warm infant formula or breast milk safely.

%5 The current Canadian reference level (developed in 1996), known as the pTDI, is 25 micrograms per kilogram of
body weight per day (ug/kg bw/day) (Health Canada, 2008c). Thisvalueishalf of the toxicological reference
values applied by agenciesin the U.S. or Europe. However, these reference levels do not incorporate recent evidence
of the low level effects of BPA. Scientists argue that the toxicological reference values are inadequately protective
of health (vom Saal and Hughes, 2005).
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On the question of reducing exposure to BPA from canned foodsin a child’ s diet, TPH
acknowledges that canned food can be an important, and for some (e.g. food bank users) possibly
the only, source of nonperishable protein, vegetables and fruit, when refrigeration or fresh or
frozen alternatives are not available. While fresh or frozen foods are preferable to canned or
highly processed versions, it is not always feasible for the individual to avoid their use. Federal
government actions to reduce or remove BPA from canned food liners are seen as the more
appropriate approach to further minimize risks from BPA in this context. The Medical Officer of
Health included a recommendation to that effect in comments submitted in June 2008 on the
government’s 2008 Draft Screening Assessment for Bisphenol A to then Minister of Health
Tony Clement.

TPH has already incorporated the detailed messages about ways to reduce exposure to BPA into
itsinfant feeding and infant formula preparation factsheets used by public health staff. TPH is
al so disseminating information on other ways for the public to minimize their own or their
children’s exposure, with afocus on pregnant women and parents. For example, in revisions to
the “Hidden Exposures’ fact sheets series for prenatal educators, other service providers and the
public, the section on plastics is being updated to reflect this new information on BPA exposure
reduction measures.

2.7 Phthalates

Phthal ates are a class of synthetic chemicals used in many industrial applications, consumer
products, personal care products, and building materials. Some phthal ates are used to make
polyvinyl chloride (PVC) plastic more flexible and are found in PV C flooring and wall
coverings, vinyl shower curtains, cable, wire, and toys, among other uses. Phthalates are used in
personal care products, particularly fragranced items like some lotions or perfumes. Although
PV C plastics often contain phthalate plasticizers, the American Plastics Council states that
phthal ates are not used in plastic beverage bottles, plastic food wrap, food containers or any
other type of plastic food packaging (Enneking, 2006). A different plasticizer which isnot a
phthalate, diethylhexyl adipate (DEHA), is commonly used in plastic wrap and containers.

Phthalates are ubiquitous in the environment. They are released into the environment during the
manufacture, use and disposal of products. They are not covalently bound into plastics therefore,
they do not stay bound within the products in which they are used. They have been measured in
the majority of people in biomonitoring studies (Silva et al., 2004). Phthal ates do not
bioaccumulate but are rapidly broken down in the human body and excreted (Hauser and Calafat,
2005; Wormuth et al., 2006). It is believed that the metabolites of phthalates are more toxic than
the parent compounds (Wittassek and Angerer, 2008). Children have higher levels of phthalates
and their metabolites in their bodies compared to adults. The reasons for this are not completely
understood (Wittassek and Angerer, 2008).

The sources and pathways of exposure to phthalates are not completely understood and vary
depending on the type of phthalate. For infants and toddlers exposure may be largely from
mouthing plastic objects, or from dust, food or persona care products (Wormuth et a., 2006).
The origins of phthalatesin foods are diffuse because they are widespread environmental
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contaminants. Thus, thereislittle that consumers can do to reduce their exposure to phthalatesin
food (Wormuth et al., 2006).

Studies have found that where there are high concentrations of specific phthalates measured in
dust, or PVC or vinyl flooring, thereis an associated increased incidence of asthma, respiratory
symptoms and allergies in children and adults (Bornehag et al., 2004; Jaakkola et al., 2000;
Jaakkola & Knight, 2008). Animal test studies and epidemiological studies also indicate that
prenatal exposure to phthalates has anti-androgenic and estrogenic effects, particularly on the
male reproductive system (Swan et al., 2005; Fisher et a., 2004; Foster, 2006). Hauser and
Calafat (2005) note that further epidemiological study on reproductive effects and allergic and
airway symptoms are needed.

The federal government isin the process of banning di(2-ethylhexyl) phthalate (DEHP) from
products, such as teethers, toys and baby bibs, intended for young children, replacing the current
voluntary ban (Health Canada, 2008¢€). Health Canada monitors phthalates in teethers and rattles,
and advises parents and caregiversto restrict children from mouthing PV C toys not intended for
sucking and chewing for extended periods.

As phthalates are ubiquitous in the environment, including in food, there are few effective
exposure reduction strategies for the public, including child care providers and parents.
Strategies to protect children from exposure to phthalates should focus on federal and provincial
government restrictions on the use of these chemicalsin products, reducing their usein general,
and in improving industrial processes and waste disposal.

2.8 Polybrominated diphenyl ethers (PBDES)

Polybrominated diphenyl ethers (PBDES) are a class of flame retardants that have been used in
consumer products since 1960 (Snedeker, 2007). They are structurally similar to PCBs. They
can be found in products containing polyurethane foam, such as couches and mattresses, and in
electronics (La Guardia et a., 2006). As PBDESs are released from products like electronics
(particularly older electronics) and furniture, they are commonly found in indoor air and dust.

The average PBDE levels measured in North Americans are much higher than concentrations
reported in Europeans or Asians and they have increased substantially with time (Hiteset al.,
2004; Johnson-Restrepo et al., 2007; Environment Canada, 2006). Health Canada (2006b)
indicates however, that current levels of PBDE exposure in Canadians are well below those seen
to produce hedlth effectsin animals.

Although not all the routes of exposure to PBDES for people are fully understood, PBDEs in
food may be important for adult exposure. Data from a 2002 study in Vancouver indicate that
fish, meat and butter contain the highest concentrations of PBDESs among the foods sampled.
Health Canada states however, that the PBDE levels found currently in any retail foods are not a
health concern (Health Canada, 2006b).

Breastfed infants are the highest exposed because of the transfer of PBDEs through human milk
fat. Breastfeeding continues to be considered the healthiest way to feed infants nonetheless
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(Landrigan et al, 2002; TPH, 2005; Jorissen, 2007). Unintended ingestion of indoor house dust
however, is estimated to represent up to 93% or more of Canadian toddler exposure to PBDES
because of their frequency of mouthing events and the great amount of time they spend in close
proximity to the floor (Wilford et al., 2005; Jones-Otazo, et al., 2005). Ingestion of dust may also
be the major exposure pathway for all life stages except infancy (Jones-Otazo et al., 2005).

Animal and in vitro studies show that PBDEs affect the thyroid, hepatic and neurological
systems (Costa et al, 2008). Specifically, PBDES reduce serum T4 levels, increase liver weights
and the incidence of hepatocellular carcinomas, and they are associated with hyperactivity,
poorer habituation, learning and memory in rat and mouse studies (Costa and Giordano, 2007).
Thereisvery little research examining health effects of PBDEs in humans although some
Canadian research is underway at the University of British Columbia (UBC, n.d.).

The Government of Canada’ s Polybrominated Diphenyl Ethers Regulations (PBDE Regulations)
came into force on June 19, 2008. These regulations ban the manufacturing of PBDEs and the
use, sale or offer for sale, of two types of PBDE mixtures (containing three forms known as tetra,
penta and hexaBDE) that had already been voluntarily withdrawn by manufacturers. On March
27, 2009 the Government of Canada announced a proposal to also ban nona-, and deca-BDE
from electronics under these regulations (Environment Canada, 2009). These actions were taken
on the basis of environmental impacts but will also have the effect of reducing exposure to
peoplein the longterm. Because PBDEs are in so many products commonly used in our society
however, they will continue to be a contaminant of concern for some time.

Strategies to reduce exposure to PBDES, particularly from the diet, are limited because of their
widespread use and presence in the environment. Health Canada (2006b) recommends however,
that eating lower fat meat, dairy® and fish can minimize exposure to PBDESs.

2.9 Perfluorinated Compounds

Perfluorinated compounds (PFCs) are alarge class of fluorine-containing substances that are
used to make various materials grease, stain and water repellent. They are used in many
different consumer items such as carpets, fabrics, electronics, some personal care products and
food packaging (Midasch et a., 2006; Kissa, 2001). They are also emitted to the environment
from manufacturing processes. A number of the PFCs are very persistent, bioaccumul ate and
have been found in people and wildlife across the globe, which explains recent attention and
action concerning these chemicals. Two particular PFCs, perfluorooctane sulfonate (PFOS) and
perfluorooctanoic acid (PFOA) are of greatest concern because of their toxicity, high persistence
and widespread abundance in the environment and in people (USEPA, 2009 a and b; Health
Canada, 2007b). Few studies have looked specifically at the exposures of children, but they
appear to be comparable to those for adults (Fromme et al., 2009).

In Canada, PFOS and related PFCs have been placed on the Schedule 1 Toxic Substances list
under the Canadian Environmental Protection Act (CEPA 1999) because of concerns they pose
risks to the environment and biological diversity. PFOS was also among nine new persistent

16 Canadian Paediatric Society and Health Canada, continue to recommend however, that children be served full fat
versions of milk products until they are two years of age (see Roy et al, 1995).
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organic pollutants (POPs) recently added to the list of substancesidentified for international
action under the Stockholm Convention on POPs in May 2009 (UNEP, 2009).

Based on animal studies, PFCs are known reproductive and developmental toxicants. They are
also toxic to the liver and are possible endocrine disruptors (Lau et al., 2007; Jensen et al., 2008).
Animal studies indicate that they cause certain cancers and the US EPA has classified PFOA asa
known animal carcinogen (Jensen et al, 2008). Evidence of the health impacts in humans from
PFOS and PFOA is currently inconclusive (US EPA, 2009a). While studies of workers exposed
to high levels of certain PFCs provide some indication of increased risks for cancer of the
bladder, the U.S. EPA has yet to decide on how to classify carcinogenicity to humans from
PFOA'" (USEPA, 2009b). Some human studies suggest a possible effect on human fecundity
and an association with decreased weight at birth with exposure to PFOS or PFOA (Fei et al.,
2009; Calafat et al., 2007).

Though all routes of human exposure are not fully understood, diet appears to be the main source
of PFC exposure for Canadians (Tittlemier et al., 2007; Fromme et a., 2009). Exposure to PFCs
through water and air appears to be very low for the general population (Fromme et al., 2009).
Human exposure to certain PFCs (including PFOS and PFOA) appears to be declining based on
recent population biomonitoring studies in the U.S. by the Centers for Disease Control &
Prevention (CDC) (Calafat et al., 2007). A recent study of levels of four PFCs (including PFOS
and PFOA) in newbornsin New Y ork State has similarly shown sharp declinesin PFC blood
levels since 2000 (Spleithoff, et al., 2008). These temporal trends likely reflect changesin the
use of these substancesin consumer products brought about by government actions and by
voluntary industry phase outs of PFOA and PFOS. Health Canada research notes that current
estimated exposure to PFCs of Canadians is not high enough to present a concern to health
(Tittlemier et al., 2007; Health Canada, 2009h).

Research isincomplete as to all the food sources of PFCs, however a number of food items such
as fish and seafood, meat, poultry, frozen entrées, fast food items, microwave popcorn, fruits,
vegetables and dairy, have all been found to contain low levels of PFCs by both Canadian and
UK scientists (Tittlemier et a., 2007; UK FSA, 2006). PFCs may end up in meat and fish from
transfer through air, water or feed to the food-producing animal. As well, some paper food
packaging treated to repel grease, such as microwave popcorn bags, french fry boxes, pizza
boxes and fast food wrappers, can or may contain certain PFCs which in experimenta studies
appear to migrate in small amounts into food oil simulants and water (Begley, et a., 2005;
Sinclair et a., 2007). The estimated levels of intake of PFCs by Canadians (age 12 years and
older) are well below current toxicological reference values and are not likely to pose arisk to
health from dietary exposure according to Health Canada research (Tittlemier et a., 2007). There
is currently however, inadequate study of the dietary intake of PFCs by children (Frommeet al.,
2009). Because PFCs are measured in many different types of foods and no single food item
stands out as having uniquely high levels of PFCs, it is difficult to discern how exposure can be
reduced effectively through individual dietary choices alone.

Y Inits peer review of a 2005 draft risk assessment the U.S. EPA’s Science Advisory Board suggested that the
PFOA cancer data are consistent with the EPA guidelines descriptor “likely to be carcinogenic to humans’,
however, EPA online documents indicate that they are evaluating additional research and have not yet made
definitive conclusions as to the carcinogenicity of PFOA (US EPA, 2009b).
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Onetype of PFC, polytetrafluoroethylene (PTFE) is used commonly as the coating in non-stick
cookware. PTFE is described as being relatively non-toxic'® and chemically inert (Jensen et d,
2008; Health Canada, 1998a). Because PFOA, a more toxic substance than PTFE, isused to
make PTFE, new PTFE-coated cookware has been found to contain low level (ng/g or parts per
billion) residues of PFOA in the coating as a contaminant from the manufacturing process
(Begley et a., 2005). Studies examining the release of PFOA from use of non-stick pans are
limited in number. U.S. and U.K. government scientists have concluded from tests of such
cookware that the non-stick coating does not appear to be a significant source of PFOA; the
levelsin new cookware are too low to produce any detectable migration into foods; and, that
amounts appear to decline with subsequent uses (Begley et a., 2005; Bradley et al., 2007). Some
have measured PFOA in low amountsin air from heating pans to normal cooking temperatures
(Sinclair et a, 2007; Consumer Reports, 2007). The amounts vary depending on the brand of pan
but typically lessen with use of the pan. Heating pans with non-stick coating to high temperatures
(above those that would cause oil to smoke or burn) can cause the PTFE resin to deteriorate
(beginning above 260°C) and at very high temperatures (about 350°C) it can degrade to PFOA
and release fumes that irritate the respiratory system (Health Canada, 2006¢; Dupont, n.d.;
Sinclair et al., 2007). There is no evidence to suggest that using a pan where the surface is
scratched or flaking will increase exposure to PFC contaminants, however, one source suggests
that “ (f)laking can cause uneven heating that might accelerate emissions’ (Consumer Reports,
2007: 7). Since 2006, the manufacturers of non-stick cookware have been reducing and aiming to
eliminate PFOA content in their products as part of the US EPA PFOA Stewardship Program
(USEPA, 2009b).

In summary, TPH concludes that PFCs are of concern because of widespread presence in the
environment and in people and based on animal studies of their impacts on reproduction,
development and on cancer risks. Industry and government actions appear to be reducing the
amounts of key PFCsin the environment. Because thereislow level exposure to PFCsin many
foods and not all exposure sources for children have been adequately characterized, exposure
reduction strategies are not specific, but are consistent with all the principles of healthy eating
such asin Eating Well With Canada’ s Food Guide. Non-stick coated pans may contain small
amounts of PFOA as aresidue from manufacturing processes therefore as per the instructions
from manufacturers, non-stick coated pans should be washed well before first use and in
addition, should not be used on high heat (>350°C) to avoid the formation of harmful fumes or
degradation of the surface coating.

3.0 Recommendations for Exposure Reduction

TPH is recommending a best practices approach to help ensure that children’s exposures to
contaminants in the diet remain low. The recommended food or drinking water related exposure
reduction practices specific to each chemical reviewed are found in Table 2. In many cases, the
exposures to these contaminants through food occur because of widespread environmental

18 See al'so the following Material Data Safety Sheet which describes PTFE itself as unlikely to present a hazard
(unlessin powdered form which is not likely to be encountered in normal use):
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contamination therefore the opportunities to reduce exposure are limited and do not differ
whether children are at home or in achild care centre.

Table 2. Food or Water Exposure Reduction Practices for Chemicals of Interest

Substance(s) Recommended Practices

Lead in drinking Follow Ministry of Environment requirement for drinking water for school, private schools
water and day nurseriesincluding daily flushing if al or part of the plumbing that serves the
building was installed before January 1, 1990 and drinking water testing at least once each
year for al such facilities

(Seethttp://www.e-laws.gov.on.calhtmi/reggenglisyelaws regs 070243 ehtm)

In addition, if the child care centre is situated in a house built before the mid-1950s where
the lead service line has not been replaced, filtered tap water should be used to prepare
artificial baby milk (i.e. infant formula) and when preparing drinks for children under 6 years

of age (See TPH 2009 Lead in Drinking Water fact sheet

Mercury in fish Follow advice for childrenin TPH’s Guide to Eating Fish for Women, Children and
Familiesincluding:

e  Choose low mercury, high omega-3 fat fish

e  Avoid high mercury fish

e  Chooselight over white canned tuna

o  Choose avariety of fish species

BPA Choose fresh or frozen foods whenever possible.

Avoid microwaving/heating food or beveragesin plastic containers.

Prepare infant formula with boiling water and allow to cool before adding to plastic bottles.
If using plastic bottles to store breast milk or infant formula, re-warm using warm water
rather than the microwave.

Pesticides Where appropriate wash (or peel/trim) fruits and vegetables before giving to children
Integrate some organic and choose locally or domestically grown produce when available or
affordable

Perfluorinated Non-stick coated pans should not be used on high heat (>350°C)

Compounds

(specifically PFOA)

Pesticides Follow recommendations in Eating Well With Canada’ s Food Guide for:

o e Number of servings of avariety of fruits and vegetables

Dioxin-like e Number of servings for lean meat and meat alternatives, and dairy

Compounds

e Reducing high fat meat and dairy recognizing the higher fat needs of children under
age 2; trimming fat from meat and fish

Phthalates e Cooking using methods that reduce saturated fat

Thisreview identifies several best practices that can minimize potential risks from food- or food-
container related exposures including: avoiding processed foods of low nutritional quality;
serving fresh or frozen foods when feasible; reducing high fat meat and dairy, recognizing the
nutritional need for full fat dairy for children under two years of age, and the nutrition benefits of
higher fat fish such as salmon; using cooking methods that reduce saturated fat; and, avoiding
heating food or drink in plastic containers. Existing TPH messages about eating low mercury fish
and flushing drinking water to reduce lead are also important for reducing exposure.


http://www.e-laws.gov.on.ca/html/regs/english/elaws_regs_070243_e.htm
http://www.toronto.ca/health/lead/drinking_water.htm
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4.0 Conclusions

Thisreview of the evidence for exposure and health impacts indicates that scientific knowledge
for individual substancesis highly variable. The effects on the devel oping child from some
substances, such as lead and mercury, are well known. Pesticide exposure from home pest
control is aso known to be associated with health impacts in young children. Effects from
dioxin and dioxin-like compounds are also well studied in people who had high exposures or
from low level prenatal exposures and while food is the most common source, the levelsin food
have declined in the last couple of decades. On the other hand, health effects from substances
like BPA, PBDEs, phthalates and PFCs are known only or mainly from animal studies.
However, exposure studies indicate that most people carry traces of these compoundsin their
bodies beginning at an early stage of life and that the effects on living organisms or the
environment are of potential or actual concern.

The reasons for contaminants being present in food differ, depending on the specific substance.
Some persistent substances, for example, dioxin-like compounds or lead, are present in food due
to historical environmental contamination. Substances such as phthalates or PFCs may be found
in food because of current releases to the environment. In the case of these widespread
environmental contaminants, the ability to reduce children’s exposure through dietary choices
differs depending on the nature of the substance and whether a specific dietary source can be
identified. Food containers, food processing practices, packaging and cookware may also
contribute in varying degrees to the presence of these substances in food. In some cases, such as
for BPA and PFCs, not all the sources for children’s exposures are known, although food is
presumed to be a main source. Food exposures to pesticides are comparatively much lower than
the exposures that are linked to health effects in children such as parental occupational or
household uses.

Reducing food-related exposure to contaminants is a complex and challenging issue. Actual
exposure data for children in Toronto is not available and it is neither practical nor feasible to
gather such data to inform specific recommended actions. As aresult, TPH is recommending a
best practices approach to help ensure that children’ s exposures to contaminants through diet
remain low as a precaution.

In formulating the set of recommended practices above, TPH considered the severity of the
possible health concerns, the potential for exposuresin a child care setting, and the feasibility
and opportunities to reduce those exposures through reasonabl e and sustainable actions. The
recommended practices also balance nutrition and health benefits against any potential risks.

Thisreview identifies a number of best practices, including several recommendations from
Eating Well with Canada’ s Food Guide, that can minimize potential risks from food- or food-
container related exposures in a child care setting including: avoiding processed foods of low
nutritional quality; reducing overall consumption of high fat meat and dairy (recognizing the
nutritional need for full fat dairy for children under two years of age and the nutrition benefits of
higher fat fish such as salmon); using cooking methods that reduce saturated fat; serving fresh or
frozen foods when feasible; and, avoiding heating food or drink in plastic containers. Existing
TPH messages about eating low mercury fish and flushing drinking water to reduce lead are also
important for reducing exposure.
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