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Executive Summary

Health Canada has conducted an assessment of the most current science on lead and consolidated the
information in a State of the Science report.

Lead (Pb) is a naturally occurring element found in rock and soil, yet widespread anthropogenic use has
resulted in its ubiquitous presence in the environment. Environmental lead concentrations are
extensively measured and reported by national, provincial, and municipal initiatives across Canada.
Lead is found in all environmental media in Canada as well as in food and drinking water. Levels of lead
in most environmental media have declined significantly over the past few decades.

Canadians are exposed to low levels of lead in food, drinking water, air, dust, soil, and products.
Although blood lead levels (BLLs) have declined by over 70% in Canada since 1978-1979, lead is still
widely detected in the Canadian population. In 1978-1979, approximately 27% of Canadians aged 6 to
79 years had BLLs at or above 10 micrograms per deciliter (ug/dL) compared with less than 1% of
Canadians today. BLLs tend to rise after infancy, peak between 1 and 3 years of age, decline slightly
during childhood and adolescence, and rise again with age in adults. BLLs are highest in seniors. Based
on the 2007-2009 Canadian Health Measures Survey, geometric mean BLLs are 0.90 pg/dL, 0.80, 1.12,
1.60, and 2.08 pg/dL for the age groups of 6 to 11, 12 to 19, 20 to 39, 40 to 59, and 60 to 79 years,
respectively. These findings are consistent with trends reported in the United States. Although national
Canadian BLL data for children under 6 years of age are currently lacking, BLLs for this age group are
expected to be similar to those reported in the United States, where the geometric mean BLL for
children 1 to 5 years of age is 1.51 pg/dL.

After the implementation of measures to reduce exposures to lead through the inhalation route (e.qg.,
prohibition of leaded gasoline), oral exposure from food and water now represents the most significant
route of lead intake for the general adult population. For infants and children, ingestion of non-food
items contaminated with lead (e.g., house dust, lead-based paint, soil, products) along with dietary intake
through food and water are the greatest sources of environmental exposure to lead. Several factors are
known to be associated with BLLs. Umbilical cord BLLs are correlated with maternal and infant BLLs.
BLLs in infants are correlated with maternal BLLs and lead in breast milk. In children, BLLs are
associated with lead levels in water, soil, and household dust. Lead-based paint may be a significant
source for those living in older homes. In Canada, BLLs are higher in males than in females; in smokers
than in non-smokers; in individuals born outside of Canada than in those born in Canada; in individuals
living in older homes (greater than 50 years) than in those living in newer homes; and in residents of
households with lower income levels than in those with higher income levels. Elevated BLLs may also
result from the increased rate of remobilization of bone lead in blood during life stages such as
pregnancy, lactation, menopause, andropause, and post-menopause. Accordingly, at certain life stages,
an individual’s bone lead stores can represent the single greatest potential source of increased BLLs, as
the amount of lead released back into blood for systemic circulation increases.

Effects associated with BLLs below 10 pg/dL, down to 1-2 pg/dL, have been reported in the health
effects database and include neurodevelopmental, neurodegenerative, cardiovascular, renal, and
reproductive effects. The evidence of an association between health effects with BLLs in the

lower range of exposure is strongest for neurodevelopmental effects in children, most commonly
assessed as a reduction of intelligence quotient and attention-related behaviours. Developmental
neurotoxicity has been associated with the lowest levels of lead exposure examined to date, both in
observational studies and in animal experiments. In humans, neurotoxic effects of lead can persist until



Final Human Health State of the Science Report on Lead Health Canada

the late teen-age years. Dose-response modelling conducted with available observational studies does
not currently demonstrate a population threshold for developmental neurotoxicity. Infants and children
are a susceptible subpopulation for lead exposure because they have greater gastrointestinal absorption
and less effective renal excretion than adults in addition to different behaviour patterns. Identification of
infants and children as a susceptible subpopulation and neurodevelopmental effects as the critical health
effect is considered protective for other adverse health effects of lead across the entire population.

Although BLLs of Canadians have declined significantly over the past 30 years, health effects are
occurring below 10 pg/dL. There is sufficient evidence that BLLs below 5 pg/dL are associated with
adverse health effects. Health effects have been associated with BLLs as low as 1-2 ug/dL, levels that
are present in Canadians, although there is uncertainty associated with effects observed at these levels. It
is considered appropriate to apply a conservative approach when characterizing risk; accordingly,
additional measures to further reduce exposures of Canadians to lead are warranted.

This State of the Science report is published along with a Risk Management Strategy for Lead which
provides a comprehensive description of the existing management measures and progress to date under
the Canadian Federal Risk Management Strategy for Lead. Research and monitoring will continue to
support the assessment of lead in Canadians and, where appropriate, assess the performance of potential
control measures identified during the risk management phase.
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Lead

Introduction

In 1994, the Federal-Provincial Committee on Environmental and Occupational Health produced a
report on the evidence for low-level effects of lead. The committee recommended a tiered approach to
intervention, beginning at blood lead levels (BLLs) above 10 pg/dL, based on evidence that health
effects were occurring in the range of 10-15 pg/dL (CEOH 1994). In addition, the report concluded that
no clear evidence of a threshold had been shown for the critical neurotoxic effects of lead. Since that
time, substantial scientific evidence has been published that demonstrates that health effects occur at
BLLs below 10 pg/dL, the current Canadian blood lead intervention level. Current levels of lead in the
Canadian environment and the general population along with the scientific evidence for these effects are
presented as an update in this State of the Science report.

This State of the Science report was prepared by evaluators within the Contaminated Sites Division and
Existing Substances Risk Assessment Bureau of Health Canada. Data relevant to the report were
identified in original literature, review and assessment documents, independent contractor reports,
stakeholder and academic research reports, and recent literature searches up to February 2012. The
report does not represent an exhaustive or critical review of all available data. Rather, it presents a
summary of the critical information upon which the evaluation is based. The content of this document
was reviewed by senior Health Canada staff for adequacy of data coverage and defensibility of the
evaluation. This State of the Science report is published along with a Risk Management Strategy for
Lead which provides a comprehensive description of the existing federal management measures and
progress to date under the Canadian Federal Risk Management Strategy for Lead.

The critical information and considerations upon which the assessment is based are summarized below.

Substance Identity and Properties

Lead (Pb) is an odourless, bluish-grey, lustrous metal that is malleable, ductile, and resistant to chemical
corrosion. Lead has three common oxidation states: Pb® (elemental lead), with Chemical Abstracts
Service (CAS) Registry Number 7439-92-1, Pb®*) (plumbous compounds), and Pb“* (plumbic
compounds); in nature it is the plumbous form that predominates (ATSDR 2007). The melting and
boiling points of elemental lead are 327.4°C and 1740°C, respectively (ATSDR 2007). While elemental
lead is insoluble in water, salts of the plumbous form may be highly water soluble (e.g., lead(Il)nitrate)
(ATSDR 2007). Measurements of lead in environmental and biological media rarely identify the form,
but rather refer to the lead moiety contained within unspecified substances. Therefore, for the purposes
of this report, “lead” will refer to the lead moiety; where relevant, specific lead substances will be
explicitly identified by name or CAS registry number.

Production

Canada is a significant global producer and supplier of refined lead, ranking eighth in the world in 2009
in terms of mine production (68 624 tonnes) and sixth in terms of refined lead production (101 484
tonnes) (Panagapko 2009). Summaries of mine production of lead and refined lead metal production in

5
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Canada are presented in Figures 1 and 2, respectively. In 2009, Canadian mine output of lead decreased
by 31%, whereas world mine output increased by 3.4%. Most lead in Canada is produced as a co-
product of zinc mining, while the recycling of lead, mainly from depleted car batteries, represented the
primary source of Canada’s total refined production (61%) in 2009. Nearly 90% of refined lead
produced in Canada is exported to the United States. In 2009, lead concentrates were produced at two
mines in Canada. Primary refined lead metal was produced from domestic and foreign concentrates at
two smelters, one located in New Brunswick and the other in British Columbia, while secondary lead
metal (157 456 tonnes) was produced from recycled lead (primarily car batteries) at four sites in
Quebec, Ontario, and British Columbia (Panagapko 2009).

Figure 1. Canadian mine production of lead, 1998-2009
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Figure 2. Canadian refined lead metal production, 1998-2009
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Uses

Lead has been used extensively in a variety of applications primarily owing to its low melting point and
excellent corrosion resistance in the environment (ATSDR 2007). When lead is exposed to air and
water, films of lead sulfate, lead oxides, and lead carbonates are formed that, in turn, act as protective
barriers, slowing or halting further corrosion of the underlying metal. For these reasons, lead has been
intentionally added to a wide range of components in the built environment, examples including cable
sheathing, circuit boards, lining for chemical baths and storage vessels, chemical transmission pipes,
electrical components, polyvinyl chloride (as a chemical stabilizer), and radiation shielding. Lead
continues to be used extensively in rolled and extruded products in the construction industry; the use of
lead sheeting in the building industry has increased in recent years (IARC 2006). Currently, the
production of batteries, used predominantly in the automotive industry, comprises the single largest
global market for refined lead (75%) since the phase-out of lead in household paints, gasoline additives,
and solder in food cans (OECD 1993; Keating and Wright 1994; Keating 1995; Panagapko 2009).
However, certain lead compounds are still used in the industrial setting as basic paint primers for iron
and steel (Panagapko 2009). According to the International Agency for Research on Cancer (IARC
2006), approximately 100 000 tonnes of lead are used annually in the manufacture of lead shot and
ammunition. Lead stampings, pressings, and castings are also still widely used for many weighting
applications, including wheel balance weights, weights for analytical instruments, and yacht keels
(IARC 2006).

Both soluble and insoluble lead compounds have a variety of industrial uses (NTP 2004). Lead acetate
(CAS No. 301-04-2) is used as a water repellent for mildew protection as well as a mordant for cotton
dyes. Lead acetate trihydrate (CAS No. 6080-56-4) is used in the production of varnishes and chrome
pigments, and as an analytical reagent, while lead chloride (CAS No. 7758-95-4) is used in the
manufacture of asbestos clutch or brake linings, as a catalyst, and as a flame retardant. Lead nitrate
(CAS No. 10099-74-8) is used as a heat stabilizer in nylon, in the manufacture of matches and
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explosives, and as a coating on paper for photothermography, and lead subacetate (CAS No. 1335-32-6)
is used in sugar analysis and for clarifying solutions of organic substances (HSDB 2010).

Lead azide (CAS No. 13424-46-9) and lead styphnate (CAS No. 15245-44-0) are both used in the
manufacture of munitions. Lead carbonate (CAS No. 598-63-0), lead fluoride (CAS No. 7783-46-2),
lead fluoborate (CAS No. 13814-96-5), and lead naphthenate (CAS No. 61790-14-5) are all employed as
catalysts, with additional uses in both the electronics and optical industries (lead fluoride), in coatings
for thermographic copying (lead carbonate), as a curing agent for epoxy resins (lead fluoborate), and as
a varnish drier (lead naphthenate). Both lead phosphate (CAS No. 7446-27-7) and lead stearate (CAS
No. 1072-35-1) are used as stabilizers in the plastics industry, while lead iodide (CAS No. 10101-63-0)
and lead sulphate (CAS No. 7446-14-2) had previous applications in photography, as well as in
thermoelectric materials (lead iodide) and with zinc in the production of galvanic batteries (lead sulfate).
Lead oxide (CAS No. 1317-36-8) and lead sulfide (CAS No. 1314-87-0) are used in ceramics
manufacturing, as a vulcanizing agent in rubber and plastics (lead oxide), and as a humidity sensor in
rockets (lead sulfide). Lead chromate (CAS No. 7758-97-6) is employed as a pigment in paints, rubber,
and plastics, while lead tetraoxide (CAS No. 1314-41-6) is used in plasters, ointments, glazes, and
varnishes. Lead thiocyanate (CAS No. 592-87-0) is used in the manufacture of safety matches and
small-arms cartridges, while lead arsenate (CAS No. 7784-40-9) was historically used as an insecticide
and herbicide, but has no current application (NTP 2004).

Organic lead compounds, including tetraethyl lead (CAS No. 78-00-2) and tetramethyl lead (CAS No.
75-74-1), were once widely used as anti-knock additives in motor vehicle fuels in North America before
their use in on-road vehicles was prohibited in the 1990s. In Canada, there is currently limited approved
use of organic lead in gasoline for piston engine aircraft (avgas) and racing fuels for competition
vehicles®, as an exemption in the Gasoline Regulations under the Canadian Environmental Protection
Act, 1999 (CEPA 1999) (Canada 1999).

A summary of Canadian lead use in 2005-2007 is presented in Table 1.

Table 1. Estimate of the uses of lead and lead compounds in Canada between 2005 and 2007 as
reported by Natural Resources Canada

2005 2006 2007

LEAD USE? - 3 - b ; b
Primary | Recycled | Total Primary | Recycled | Total | Primary | Recycled | Total

Lead used for or in the production of (tonnes):

Antimonial X X 34 241 X X 30532 X X 33565
Lead

Batteries and X X % 1366 X X X X X
battery oxides

Chemlca] X d X 3868 _ X X - X
uses; white

1 A competition vehicle is defined in the Gasoline Regulations as “a vehicle or boat that is used exclusively for competition
and does not include a vehicle that is used on a highway or a vehicle or boat that is used for recreational purposes.”
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2005 2006 2007

LEAD USE? : - : - : -
Primary | Recycled Total Primary | Recycled Total | Primary | Recycled Total

lead, red lead,
litharge,
tetraethyl lead,
etc.

Copper alloys,
brass, bronze, X X 12 6 X 9 - X X
etc.

Lead alloys (tonnes):

Solders X X X 180 X X X X X
Others

(including

babbitt, type X X X 268 X X X X X
metals, etc.)

Semi-finished products (tonnes):

Pipe, sheet,
traps, bends,
blocks for
caulking,
ammunition,
etc.

X X X 2999 X X X X X

Other lead

products 2496 2119 4615 2154 2704 4858 1491 2512 4003

Total 28 633 39433 68 066 18 577 29 851 48 428 19921 36 591 56 512

Source: Panagapko 2009.
& Available data, as reported by users.
® Includes all remelt scrap lead used to make antimonial lead. Note: this survey is currently suspended by Natural Resources
Canada. Numbers may not add to totals owing to rounding error.
¢ X: undisclosed, Confidential Business Information.
¢ _: indicates nil.

Lead service lines have been installed in drinking water systems in many countries including Canada.
The National Plumbing Code of Canada permitted the use of lead for service lines until 1975 and in
solder until 1986 (Health Canada 2007a). By 1990, the use of solder containing lead in new plumbing
and in repairs to plumbing for drinking water supplies was prohibited under the National Plumbing Code
(Health Canada 2009a). Therefore, pre-1990 existing distribution and plumbing materials may be a
source of lead in domestic tap water.

Until the 1960s, lead was added in significant quantities (ranging from 10% to 50%) to household and
industrial paints either as a pigment (lead(I1) chromate) or to speed up drying, resist corrosion, and
increase durability (lead(1l) carbonate) (ATSDR 2007; CMHC 2009). In Canada, the lead content of
consumer paints has been steadily decreasing since the introduction of restrictions limiting the amount
of lead in indoor paint under the Hazardous Products Act (HPA) in 1976 to 5000 mg/kg (0.5%) and
through voluntary action on the part of paint manufacturers to limit the amount of total lead in both
interior and exterior consumer paints in 1991 to 600 mg/kg. In November 2010, the 600 mg/kg limit was

9
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reduced to 90 mg/kg (0.009%) by amendment to the Surface Coating Materials Regulations, now under
the Canada Consumer Product Safety Act (CCPSA). Also in November 2010, the total lead content limit
of applied paints and other surface coatings on children’s furniture and other articles, toys, equipment,
and other products for use by children in learning or play, and on artists” pencils and brushes was
reduced from 600 to 90 mg/kg (Health Canada 2010a). However, despite decreased lead levels in newer
paints and surface coatings, opportunities for lead exposure from these sources still exist, as many older
buildings may contain older paints and coatings.

Lead may be present in inexpensive jewellery, despite the requirements introduced in Canada in 2005
under the HPA and continued under the CCPSA, which limit the lead content in jewellery products
intended primarily for children under 15 years of age to 600 mg/kg of total lead and 90 mg/kg of
migratable lead.

Art supplies, such as inks, dyes, paints and pastels, and coloured glazes for pottery or glassware, may
also contain inorganic lead pigments. The 90 mg/kg total lead limit under the Surface Coating Materials
Regulations applies to all children’s art paints. General artists’ paints are exempt from the 90 mg/kg
total lead limit, but if they contain lead, their label must include a lead content warning. Artists’ paints
contain a much wider range of pigments than do children’s paints and are therefore more likely to
include lead-based pigments (Health Canada 2009b). The Glazed Ceramics and Glassware Regulations
(GCGR) under the CCPSA limit the amount of leachable lead in glazes on ceramic and glass products
intended for preparing, serving, or storing food. Lead crystalware, which by definition contains lead, is
widely used for serving beverages (Health Canada 2009b). The leachable lead content of lead crystal
used for serving food or beverages is strictly limited under international industry standards. There are no
permissible uses for lead in food in Canada. Tolerance levels for lead in food are listed in Table 1 in
Division 15 of the Food and Drug Regulations.

Health Canada has introduced several measures to reduce lead in consumer products as part of the Lead
Risk Reduction Strategy for Consumer Products (LRRS) (Health Canada 2010a). The Consumer
Products Containing Lead (Contact with Mouth) Regulations (CPCLR), which came into effect in
November 2010, impose a total lead limit of 90 mg/kg for accessible components of products whose
normal pattern of use involves mouth contact. These components include all products intended for play
and learning by children under 3 years of age, children’s crayons, chalks, modelling clays and similar
materials likely to be ingested, mouthpieces of musical instruments, and sports mouthpieces.?

Lead is present in certain products used in recreational activities, such as in castings used for fishing
weights, diving weights, or toy soldiers, soldering, making stained-glass articles, using leaded glazes to
make pottery, glass blowing, and screen printing (Grabo 1997). Lead and all its associated products are
prohibited ingredients in cosmetic products marketed in Canada under the Cosmetic Regulations of the
Food and Drugs Act (Health Canada 2010b). Tolerance limits exist for lead in Natural Health Products,
and the concentration of lead in pharmaceuticals must not exceed the limits specified in Schedule B
publications of the Food and Drugs Act (Health Canada 2007b). Some traditional products can contain
high levels of lead, but these uses are not permissible in Canada. Greta and Azarcon, Hispanic remedies

2 Health Canada proposes to extend the 90-mg/kg total lead limit under the CPCLR to include all toys for children under 14
years of age, child care articles and equipment, and children’s clothing and accessories.® The INSPQ study did not measure
soil lead concentrations, therefore soil lead concentrations could not be controlled for in the model.

10
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taken for an upset stomach, contain over 90% lead by weight in the form of lead oxide and lead
tetraoxide, respectively (Baer and Ackerman 1988; U.S. CDC 2010a). Traditional Kohl eye makeup
contains lead in addition to herbs, ashes and other materials; it contains principally lead sulphide but it
may also contain lead tetraoxide or lead carbonate (Alkhawajah 1992; Vaishnav 2001; Health Canada
2010c). In Canada, lead may be found as an impurity in a small number of pesticide products, as a
formulant impurity in several rodenticides and antifouling paints, and as an impurity in the technical
grade of several active ingredients (2010 email from Pest Management Regulatory Agency, Health
Canada, to Risk Management Bureau, Health Canada; unreferenced). Owing to lead’s ubiquitous nature,
it is present in many consumer products as either unintended residues or impurities in other metals. Lead
is listed on Schedule 1, List of Toxic Substances, under CEPA 19909.

Releases to the Environment

After the prohibition of leaded fuel for use in on-road vehicles, the primary anthropogenic sources of
lead include releases from the mining and smelting of lead ores as well as other ores in which lead is a
by-product or contaminant, processing, use, recycling, or disposal (WHO 1995; ATSDR 2007).
Electrical utilities also release lead into the environment in flue gas from the burning of fuels such as
coal, in which lead is a contaminant (ATSDR 2007).

Releases of lead to the environment are estimated based on Environment Canada’s National Pollutant
Release Inventory (NPRI). Response to the NPRI is required for those organizations that meet reporting
criteria; however, the NPRI does not represent all releases to the environment, and in the case of lead, it
does not include some significant sources (e.g., releases to land and water from facilities that are not
required to report to the NPRI and lead in products such as shot and sinkers). According to the NPRI
database, in 2009, releases of lead and lead compounds into the Canadian environment totalled
approximately 436 000 kg: 260 000 kg to air, 16 000 kg to water, and 160 000 kg to land (Figure 3)
(Environment Canada 2010a). Of the releases to air, approximately 70% of the total was released by the
mining and metals production industries and 17% was released by air transportation; Canadian military
bases accounted for approximately 85% of the releases to land (Environment Canada 2010a).

11
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Figure 3. Releases and emissions of lead into the Canadian environment as reported to the NPRI
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Sources of Exposure and Concentrations in Environmental Media and Food

Owing to a long history of global anthropogenic use and its naturally occurring presence, lead is
ubiquitous in the environment. Canadians may be exposed to lead through environmental media, their
diet, and various other sources, including health and consumer products. The main route of exposure to
lead for the general adult population currently is oral exposure from food and drinking water, followed
by inhalation (ATSDR 2007; EFSA 2010). Inhalation is an important route of exposure for individuals
living in the vicinity of point sources of lead (UNEP 2010). The dermal route is not considered to be a
significant route of exposure to lead. For infants and children, who have different behaviours from
adults, including crawling, greater frequency of hand-to-mouth contact and mouthing behaviour,
additional sources of exposure include oral intake of paint chips, house dust and soil contaminated with
lead, primarily sourced from older lead-containing paint. Factors that contribute to lead exposure for the
general population include oral intake from products which could contain lead, particularly older
products, (e.g., costume jewellery, toys, leaded crystal, art supplies), living in or frequently visiting older
buildings that contain deteriorating lead paint or that are undergoing renovation activities, and
behaviours such as smoking or pica (CoEH 2005; ATSDR 2007, 2010; Bushnik et al. 2010).

Concentrations of lead in Canadian ambient air, soil, indoor air and house dust, food, and drinking water
are presented in the following sections. Measurements of lead in environmental media are based on the
lead moiety contained within unspecified lead substances and therefore represent exposure to total lead.

Since the literature cut-off for the draft State of the Science (SOS) report in February 2011, a number of
Canadian studies have become available. The Institut national de santé publique du Québec (INSPQ
2011) conducted a cross-sectional study in four boroughs of Montréal, Quebec, from September 2009 to

12
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March 2010. The study sample was randomly selected from the targeted boroughs. This study
simultaneously evaluated the BLLs of young children (ages 1 to 5) and the potential sources of exposure
to lead (dust, paint, and water) in their home indoor environments in order to determine the impact of
these sources on their BLLs. A second study was conducted in St. John’s, Newfoundland and Labrador,
in the summer and fall of 2010 (Bell et al. 2011). Using a convenience sample, the study investigated the
role of housing age in lead exposure of young children (aged 6 months to 6 years) in St. John’s. A cross-
sectional design was followed, where exposure (lead levels in dust, paint, soil, tap water and garden
produce) and children’s BLLs were measured over a similar time period. A third cross-sectional study
was conducted to examine the distribution of BLLs and the prevalence of BLLs higher than 10 pg/dL in
(North) Hamilton, Ontario from 2008 to 2009 (Richardson et al. 2011). A secondary objective was to
explore associations between potential lead sources, specific risk and mitigating factors, environmental
lead concentrations, and children’s BLLs. The study sample was self-selected due to low response in the
study area. Lead concentrations were measured in water, dust, and soil samples as well as in the blood of
children under 7 years of age. Canada is the first country to design a statistically representative national
baseline study for lead concentrations in dust sampled from 1025 urban households, entitled the
Canadian House Dust Study (CHDS). Samples for the CHDS were collected between 2007 and 2010
and included wipe sampling (McDonald et al. 2010, 2011) and vacuum sampling (Rasmussen et al.
2011). The above studies have been reviewed and incorporated into the sections that follow. Overall,
these data demonstrate that current environmental lead concentrations have a measurable effect on BLLs
in children.

Ambient Air

Ambient air concentrations of lead are measured and reported as part of Environment Canada’s National
Air Pollution Surveillance (NAPS) program at 26 of 286 sites nationwide (Environment Canada 2010b).
Under this nationwide program, filter-based samples of particulate matter (PM) having aerodynamic
diameter less than 2.5 um (PM_;) are collected and analyzed for a variety of elements, including lead.
PM s is respirable and therefore available for systemic absorption. NAPS data demonstrate that ambient
air lead concentrations in Canada have declined significantly following the introduction of unleaded
gasoline in Canada in 1975 and the prohibition on leaded gasoline for use in on-road vehicles in the
1990s. As shown in Figure 4, in Canada, average ambient air concentrations of lead declined by more
than 99% between 1984 (0.16 pg/m®) and 2008 (< 0.0015 pg/m®) (Environment Canada 2010b). The
prohibition on leaded fuels, combined with the imposition of greater controls on lead mining and
smelting e3missi0ns, has resulted in average ambient atmospheric lead concentrations consistently below
0.02 pg/m*.
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Figure 4. Average concentration of lead in ambient air in Canada
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Source: Data were obtained from Environment Canada (2010b).

Between 2000 and 2009, more than 12 000 individual ambient air measurements were reported. During
this 10-year period, the 5th to 95th percentile concentrations of lead PM, 5 in Canada ranged from
0.0004 to 0.014 ug/m?; the 5th, 50th, and 95th percentile concentrations of lead are presented in Table 2.

Table 2. Concentration of lead in PM,5s (ug/m®) in Canada by percentile

Concentration of lead (ug/m3)?
Year 5th 5ot 95th
Percentile Percentile Percentile

2000 0.0004 0.0016 0.014

2001 0.00048 0.0024 0.012

2002 0.00052 0.0027 0.013

2003 0.00081 0.0025 0.011

2004 0.00089 0.0016 0.0084

2005 0.0012 0.0014 0.0084
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Concentration of lead (ug/m3)?
Year 5th 5oth 95th
Percentile Percentile Percentile
2006 0.00062 0.0014 0.0068
2007 0.00051 0.0014 0.0056
2008 0.00051 0.0012 0.011
2009 0.0023 0.0045 0.014

Source: Data were obtained from Environment Canada (2010c).
#Values < Limit of Detection (LOD) were assigned a value LOD/2. Between 2000 and 2008 the median LOD ranged from
0.001 pg/m? (2000 and 2001) to 0.003 pg/m® (2007). In 2009, the median LOD was approximately 0.007 pg/m°. The LOD
varied across the sampling time frame due to the use of different analytical instruments and protocols over time.

Leaded gasoline is permitted in aviation fuels used in small aircraft with piston engines. This use
continues to be a source of lead in ambient air and is currently the largest single source of lead emissions
to air, comprising approximately half of the national inventory released in the United States (U.S. EPA
2010a). Lead concentrations in air increase with proximity to airports where piston-engine aircraft
operate (U.S. EPA 2010b). In a study conducted around North Carolina, children living within 500 m
and 1000 m of an airport where leaded aviation gasoline was used had higher BLLs than other children
(Miranda et al. 2011). In Canada, based on the NPRI, as industrial releases have declined, the
contribution of lead releases to air from aircraft to total lead releases has increased, rising from
approximately 9% in 2000 to approximately 17% in 20009.

Soil

Natural levels of lead in soil reflect the mineralogy of the soil parent (geological) material. Soils and
sediments act as primary environmental sinks for lead compounds.

Given its historical dispersive uses, lead is found in virtually all surface soils around the globe, where it
can remain indefinitely as a result of its non-volatility and low soil mobility. Due to lead’s tendency to
strongly adsorb to soils, it is generally retained in the upper soil layers, and its deposition is regarded as
irreversible and permanent unless it is removed through remediation (ATSDR 2007).

In Canada, background lead concentrations in soils sourced from various geographical areas are
available through Natural Resources Canada’s Geological Survey of Canada (GSC). Lead
concentrations in glacial till were reported to range from 1 to 152 mg/kg, with an arithmetic mean
concentration of 9.65 mg/kg and a 90th percentile of 16 mg/kg, based on 7398 samples collected
throughout Canada for the particle size fraction < 63 um (Rencz et al. 2006). Glacial till is considered to
represent the background concentration (i.e., the normal abundance of lead in unmineralized soil that is
unaffected by anthropogenic activities) (Rencz et al. 2006).

Lead levels in soil tend to be higher in cities, near roadways, around industrial sources that use or emit
lead, near weapon firing ranges, or next to homes, buildings, and structures such as lighthouses where
crumbling leaded paint has fallen into the soil (CMHC 2009). Lead-contaminated soil can be tracked
into residences and contribute to the lead content of indoor settled dust. In areas with lead-contaminated
soils, soil lead appears to be the primary underlying source of variation in both internal floor dust lead
and hand-wipe dust lead (Zahran et al. 2011). Several analyses have been conducted that link exterior
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lead, measured by soil concentrations around the home or play area, to increased exposure in children
(Lanphear et al. 1998; Bell et al. 2011).

Mean concentrations of lead in soil samples collected from residential areas and parklands in Canada
range from 35.6 to 766 mg/kg, with individual samples ranging from 2.8 to 24 477 mg/kg (Table 3).
Most soil samples have lead concentrations below the current Canadian Council of Ministers of the
Environment (CCME) soil quality guideline for human health of 140 mg/kg, which is currently under
revision (CCME 1999). Rasmussen et al. (2001) reported concentrations of lead in garden soil sampled
during the winter of 1993 in Ottawa, Ontario where lead concentrations ranged from 16 to 547 mg/kg (n
= 48) with a median concentration of 34 mg/kg.

Soil samples collected from cities located near point sources generally have higher mean lead
concentrations than those collected in residential areas and parklands (Table 3). Average soil
concentrations range from 13 to 750 mg/kg overall, with concentrations in individual samples ranging
from 3 to 4800 mg/kg. Soil lead concentrations near point release sources, such as those observed in Flin
Flon, Manitoba, the site of a copper—zinc smelter, are generally higher than those commonly found in
communities not exposed to point release sources. The concentration of lead in Flin Flon’s soil was
reported to range from 5 to 1447 mg/kg, with a mean concentration of 196.4 mg/kg. Of the 106 sites
tested in Flin Flon and neighbouring Creighton, Saskatchewan, 41% exceeded the CCME soil quality
guideline for lead of 140 mg/kg (Manitoba Conservation 2007).

A study examining lead concentrations in soil in St. John’s, Newfoundland and Labrador, demonstrated
that the geometric mean soil lead concentration was significantly different between homes built before
1970 (geometric mean 187 mg/kg) and those built post-1980 (geometric mean 28.5 mg/kg) (Bell et al.
2011). Geometric mean soil lead concentrations declined from 292 mg/kg for houses predating 1946 to
169, 89, 57, 32, and 25 mg/kg for housing cohorts of 1946-1960, 1961-1970, 1971-1980, 1981-2000,
and post-2000, respectively. Across all housing ages, soil sampled along the drip line of houses had, on
average, higher lead concentrations (103 mg/kg) when compared with soil in play areas and gardens
(85.8 and 52.8 mg/kg, respectively). However, BLLs in children in the study were most strongly
correlated in a univariate analysis with soil lead concentrations from play areas followed by garden soil,
and were not correlated as strongly with lead concentrations in drip line soil.

A 2008-2009 study conducted in (North) Hamilton, Ontario found that the main predictor of soil lead
concentrations was proximity to current and historic industry, accounting for 8% of the variance in the
soil lead concentrations (Richardson et al. 2011). In a univariate analysis, soil lead concentration was
significantly correlated with BLLs in children; however, after controlling for other exposure media (i.e.,
dust, water) and significant modifiers (e.g., sex, age, and household income) in the regression model, the
correlation was no longer significant. Soil lead concentration was found to be a strong contributor to
household dust concentrations, suggesting that soil was not making a substantial unique contribution to
children’s BLLs from direct consumption; instead, soil lead’s contribution to children’s exposure was
primarily through household dust (Richardson et al. 2011). It should also be noted that soil samples were
collected approximately 7 to 10 months following the collection of blood samples, further affecting the
interpretation of the results.
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Table 3. Lead concentrations in soil (mg/kg)

Concentration

: (mg/kg)
Year Location n - - Reference
Arithmeti
Range
€ mean
Background
- Glacial Till, All Canada 729 9.65 1-152 Rencz et al. 2006
Residential and Parkland
- Cariboo Region, BC? - - 9.5°
- Kootenay Region, BC? - - 75°
- Lower Mainland Region, BC® - - 60°
- Omineca Peace Region, BC® - - 35°
- Skeena Region, BC* - - 15° B.C. MOE 2010
Thompson Nicola Okanagan Region, b
- c - - 15
BC
- Vancouver Island Region, BC® - - 30°
- Vancouver, BC? - - 300°
2003 Victoria, BC* - 90¢ - Bowman and Bobrowsky 2003
2010 St. John's, NL (all) 190| 91.9 2.8-6800
2010 St. John's, NL (dripline) 141 103 8.5-6800
' Bell et al. 2011
2010 St. John's, NL 182| 858 | 3.8-1900
(play area)
2010 St. John's, NL (garden) 31 52.8 2.8-560
2004- , 123 d
2005 St John’s, NL (all) 1 446/148" | 9-24477
2004- , -~ d
2005 St John’s, NL(dripline) 328 | 766/194° | 15-24477
2004 Bell et al. 2010
2005' St John’s, NL(ambient) 514 | 411/138" | 9-12,738
22%%‘; St John’s, NL (road) 389 | 222/136° | 16-1765
2010 Halifax, NS 220| 109/43° 10-767 Heidary-Monfard 2011
1990- Wellington-Dufferin-Guelph Public Health
2007 Guelph, ON 91 142 5-420 2007
2000 Ottawa, ON 50 | 647338 | 15.60- Rasmussen et al. 2001
547.44
2009 (North) Hamilton, ON - - <5-790" Richardson et al. 2011
2006 Lake Claire Watershed, QC* 2 35.6 23.1-50 Ndzangou et al. 2006
Near / on local anthropogenic source
1994- . .
1999 Trail, BC - 750 - Hilts 2003
2004 Cold Lake, AB 63 13 3.37 Defense Research aggoaevelopment Canada
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Concentration
: (mg/kg)
Year Location n - - Reference
Arithmeti
Range
€ mean
Creighton, SK 13 925 6.3-250
Flin Flon, MB 93 | 196.4 5-1447 . .
2006 Manitoba Conservation 2007
Cranberry Portage, MB?® 1 21.9 -
Bakers Narrow, MB" 1 5.3 -

2007 Igaluit, NU 19 - 17-45 Laird 2010

2008 Toronto, ON 30 38 9-210 Aqua Terre Solutions Inc. 2009

2004 Sudbury, ON 365 | 49.98 3.5-194 | Centre for Environmental Monitoring 2004

2000 Port Colborne, ON 17 217 6-1800 OMOE 2002

2010 Oakville, ON 5 - <10-28.1 Fisher Environmental Ltd 2010

2010 |Massawippi and Ssg“":rango's fIVErS: | 59 - 12.32-149 Saint-Laurent et al. 2010

2009 Buchans, NL 53 729 27-4800 Conestoga-Rovers & Associates 2010

2004 Sydney, NS 55 | 297/340% | 52-1700 Lambert and Lane 2004
- not reported ¢ Average of 0-10 cm depth
aConsidered_ representative of uncontaminated soil "From homes built prior to 1950
. concentration for each region. 9Represents minimally impacted conditions in the greater vicinity

95th percentile of Flin Flon, Manitoba

°Roads, parks, schoolyards " Represents non-impacted conditions in the greater vicinity of
¢ Median Flin Flon, Manitoba

Indoor Air and House Dust

Canadians spend up to 90% of their time indoors, at home, at school, or in the workplace (Leech et al.
1996). Therefore, indoor environments have the potential to be a significant source of exposure to lead
for Canadians.

In the United States, lead-based paint in homes built before 1960 and up to as recently as 1978
represented the most significant source of lead in indoor air (U.S. EPA 2010c). Lead from lead-based
paint can be dispersed when the paint degrades and can then contaminate household dust, which, in turn,
can become resuspended in air. Lead contamination can also arise from home renovation activities, such
as paint removal by scraping, sanding, or open-flame burning. The use of lead in certain indoor
activities, such as hobby soldering and stained-glass making, can also contribute to elevated lead
concentrations in indoor air. Consistent with these findings on indoor air, studies have frequently
implicated household settled dust as a major source of lead exposure through ingestion, particularly for
infants, toddlers, preschoolers, and young children (Rabinowitz et al. 1985; Lanphear et al. 1996a,
1996b, 1998; Manton et al. 2000; Roy et al. 2003). The potential sources of lead contamination of
indoor settled dust can vary and include exterior contaminated soil, deteriorating paint containing lead,
consumer products, various hobbies, such as welding, making stained-glass articles and pottery making,
and activities such as smoking (HUD 2001; Jacobs et al. 2002; Sanborn et al. 2002).

Three Canadian studies have been identified that report lead concentrations in indoor air associated with
PM, 5. Rasmussen et al. (2006) reported lead concentrations in indoor air in homes of non-smokers in
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Ottawa, Ontario, from samples collected in 2002. The reported concentrations of lead in PM; 5 ranged
from 0.0004 to 0.0027 ug/m®in rural residences (n = 10, median concentration = 0.0023 pg/m*, LOD =
0.0002 pg/m?), and from 0.0010 to 0.0051 pg/m? in urban residences (n = 10, median concentration =
0.0015 pg/m*, LOD = 0.0002 ug/m®). Matched indoor, outdoor, and personal PM,s samples were
collected in Windsor, Ontario, and analyzed for lead content; the median lead concentration of all the
samples was reported to fall in the range of 0.001-0.010 ug/m* (LOD = 0.002 pg /filter and 0.15 mg
particles/filter) for eight samples collected in 2004 and 37 samples collected during 2005-2006; the
highest concentrations were found in outdoor air (Rasmussen et al. 2007, 2009). Information on indoor
sources of lead from the Ottawa and Windsor homes sampled was not available.

In 2001, Rasmussen et al. reported multi-element profiles of indoor dust collected during the winter of
1993 from a total of 50 residences of smokers and non-smokers located in 10 neighbourhoods in Ottawa,
Ontario. The total lead concentration in settled house dust samples ranged from 50 to 3200 mg/kg (n =
48), with a median concentration of 220 mg/kg; the study did not segregate lead concentrations in dust
based on household smoking status. More recently, several studies have examined the concentration of
lead in dust on a national level and in several older Canadian communities, where elevated lead
concentrations in dust may be expected; results are presented in Table 4.

The CHDS reported that the concentration of bioaccessible lead in vacuum samples ranged from 7.9 to
3916 mg/kg, with median and geometric mean concentrations of 63 and 74 mg/kg, respectively
(Rasmussen et al. 2011). Bioaccessible lead concentrations represent the concentrations of lead extracted
from the sample under biologically relevant conditions (i.e., in simulated stomach fluids) and typically
represent between 63% and 81% of the total lead content of the sample, depending on the solubility of
the lead compounds present (Rasmussen et al. 2011). Lead compounds characterized by low solubility
(e.g., elemental lead and lead sulfate) can undergo transformation reactions to more soluble forms (e.g.,
lead carbonate and lead oxide) during weathering under humid conditions (MacLean et al. 2012).

The CHDS identified three distributions of lead in household dust from technician-collected vacuum
samples. The first distribution included 90% of homes; the household dust lead concentration in the
homes was less than 250 mg/kg, and the geometric mean was 57 mg/kg. The second distribution
included 7.5% of homes, which had household dust lead concentrations > 250 and < 975 mg/kg with a
geometric mean concentration of 447 mg/kg. The third, and highest, distribution comprised 2.5% of
homes; these homes had household dust lead concentrations greater than or equal to 975 mg/kg, with a
geometric mean lead concentration of 1730 mg/kg. The second and third groups were, in general,
populated with progressively older homes; however approximately 10% of the homes with lead
concentrations greater than 250 mg/kg were built after 1980 (Rasmussen et al. 2011).

Sources of lead in household dust were investigated in four homes in the CHDS with lead concentrations
greater than 1000 mg/kg (MacLean et al. 2011). The homes were built in 1905, 1982, 1999 and 2000.
Minerals commonly found in lead-based paint were identified in the dust of all four homes. However,
paint in these homes was not sampled, so it was not possible to attribute paint as the source, particularly
in the newer homes, where lead levels in paint are expected to be lower. The other lead species
identified in dust included metallic lead, lead species found in soil, and organic lead species. Multiple
organic lead species were found in household dust, source identification was not possible. Authors noted
that indoor sources should be considered as well as outdoor sources for organic lead in household dust
based on the use of organic lead in some consumer products (MacLean et al. 2011).
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Speciation of lead in household dust samples collected with a purpose built vacuum system from one 65-
year-old two-storey home and one two-storey home of unidentified age in Ottawa, Ontario, was recently
reported (Beauchemin et al. 2011; Walker et al. 2011). Information on the types of lead species present
in house dust aids in source characterization. Walker et. al. (2011) reported that lead levels from dust in
the upstairs bedrooms, where recent renovations had been completed, were substantially higher than in
the living room (adult bedroom 14,000 mg/kg versus living room 240 mg/kg). This study reports lead
particles in dust from the main floor living room were consistent with lead particles found in garden soil,
whereas dust particles in the upstairs bedrooms were primarily consistent with the components of paint
(including white lead and lithopone) (Walker et al. 2011). Beauchemin et al. (2011) analyzed samples of
paint, plaster, and household dust. The results demonstrated that in this 65-year-old home, paint was a
major contributor to the lead content of household dust.

Dust from household vacuum bags of 201 homes in four selected older boroughs of Montréal, Quebec,
were reported to contain geometric mean concentrations of 116.54 mg/kg (range 2.90-6897.80 mg/kg)
bioaccessible lead and 201.49 mg/kg (range 6.20-8000.00 mg/kg) total lead (Gauvin et al. 2011). The
geometric mean concentration of bioaccessible lead in these older homes (116.54 mg/kg) was higher
than the geometric mean concentration (74 mg/kg) reported in the nationally representative CHDS.
Wipe samples were also collected in these Montréal homes and are presented with other recent Canadian
studies and one analysis of U.S. data in Table 4; results obtained in these Canadian studies are similar to
those recently reported in the U.S. National Health and Nutrition Examination Survey (NHANES) study.

Wipe sampling involves the movement of a wet wipe over a known area to collect dust. During analysis,
the wipe and all adsorbed dust are digested and measured. Results are reported as an amount of lead per
area, which is termed “loading”. Wipe dust samples were collected from 222 randomly selected Ontario
homes as part of the CHDS; lead loading levels ranged from < LOD to 67 pg/ft* (McDonald et al. 2010).
Lead concentrations in wipe dust samples, in addition lead concentration in blood and other
environmental media, were measured in three Canadian studies that targeted older homes and
communities in Montréal, Quebec (INSPQ 2011), St. John’s, Newfoundland and Labrador (Bell et al.
2011), and Hamilton, Ontario (Richardson et al. 2011); lead loading levels ranged from < LOD to 6101
Hg/fte. In the U.S., wipe samples were collected along with measurements of BLLs in children 12 to 60
months of age as part of NHANES from 1999 to 2004 (Gaitens et al. 2009). The geometric mean
loading levels were 0.52 ug/ft* (n=2065 homes) for all non-missing floor dust and 7.64 pg/ft* (n=1618
homes) for window dust. The authors noted that the NHANES sampling strategy is representative of the
U.S. population and not housing stock. The results obtained in the Canadian studies are within the same
order of magnitude to those recently reported in the NHANES study.

Four studies identified a correlation between dust lead loadings and age of the home, with older homes
having higher floor dust lead loadings (Gaitens et al. 2009; McDonald et al. 2010; Bell et al. 2011,
INSPQ 2011). Three of the studies (Gaitens et al. 2009; Bell et al. 2011; INSPQ 2011) noted a
significant difference in lead loading levels between homes built before and after approximately 1950.
Gaitens et al. (2009) noted that the difference coincided with reductions in the lead content of paint in
the U.S.

Prior to 1940, paint in the U.S. typically contained between 20% and 50% lead. In 1955, a voluntary
paint industry standard reduced this to 1%, followed by regulations in 1978 that limited the lead content
to 0.06% by weight (Gaitens et al. 2009). In Canada, restrictions limiting the amount of lead in indoor
paint under the HPA to 5000 mg/kg (0.5%) were implemented in 1976. The reduction of median lead
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concentrations over time was observed in a study conducted by INSPQ (2011); median concentrations of
lead in paint chips were 1900 mg/kg (homes built before 1920), 1100 mg/kg (homes built between 1920

and 1949), and 395 mg/kg (homes built between 1950 and 1974). The median concentration of lead in
paint chips sampled from homes built in 1975 and later was below the LOD of 10 mg/kg (maximum
concentration = 12 mg/kg). The maximum concentration of lead in paint chips (260 000 mg/kg) was
measured in a home built between 1950 and 1974. Bell et al. (2011) reported a median concentration of
lead in paint chips of 1651 mg/kg for St. John’s homes built before 1946, 191 mg/kg (for homes built
between 1946 and 1970), 46.1 mg/kg (for homes built between 1971 and 1980), and 27.5 mg/kg (for
homes built in 1981 and later). Additionally, a statistically significant correlation was observed between
the concentration of lead in paint chips and lead loadings in household dust in St. John’s (Bell et al.
2011). In the North Hamilton study, lead concentrations in paint chips were not measured; however, the
neighbourhoods with the highest median lead house dust loadings corresponded to the neighbourhoods
with the oldest housing stock and higher median yard soil lead concentrations (Richardson et al. 2011).

Table 4. Lead loadings in household dust in Canadian residential homes

ey % Concentration
Year Location n Sample location | geometric mean 2 Reference
. <LOD range
concentration
Vacuum samples: bioaccessible lead (mg/kg)
Whole house,
2007=" | anada 1025 |technician 63/74 0 7.9-3916 Rasmussen et
2010 al. 2011
collected
Not stated .
2010- |4 boroughs of S Gauvin et al.
2011 Montréal, QC 201 part|C|pargt 93/117 0 2.9-6898 2011
collected
Wipe samples (ug/ft?)
208 |Entry 0.52/- 22 <0.086-58
218 |Kitchen 0.095/- 49 <0.086-15
Living
. 114 |{room/family <LOD/- 49 <0.086-45 McDonald et
C
2008 Ontario room al. 2010
93  |Adult bedroom 0.30/- 43 <0.086-39
50 Child bedroom <LOD/- 60 <0.086-67
23 |Playroom 0.32/- 26 <0.086-20
2010 b hs of 305 |Floor 0.70/0.85 — 0.08-90.9
— oroughs 0 -
2011  |Montréal, QC* | ogg |Child bedroom 7.15/7.14 — |<lopmiae  |MSPQAM
window sill
194 |Floor 0.6/0.61 — 0.06-407
2010 St. John’s, NL 184  |Windowssill 1.35/1.1 — <LOD™-1236  |Bell etal. 2011
180 [Window trough 17.8/17.8 — <LOD®-6101
2008-  |(North) __|Living room . o <1-109° Richardson et
2009 Hamilton, ON floor al. 2011
1999- , 2065 | All floor -/0.52 Gaitens et al.
United States — —
2004 1618 |Window sill -/7.64 2009
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not reported

& Limit of detection.

® The vacuum bags or contents of a canister vacuum used by the participant were obtained and submitted for analysis.

¢ Samples collected in 222 Ontario homes during January—March 2008: Barrie (57 homes), Greater Sudbury (86 homes) and
Thunder Bay (79 homes).

¢ samples collected between September 2009 and March 2010.

° LOD is reported to be 0.019 pg.

"LOD is reported to be 0.125 ug.

9 From homes built prior to 1950. Report indicates that 196 households participated in environmental sampling; only a small
number were built after 1950.

A significant relationship between house dust and BLL has been observed in recent studies (Dixon et al.
2009; Bell et al. 2011; INSPQ 2011; Richardson et al. 2011). In the INSPQ study, children’s geometric
mean BLLs were significantly different when comparing the first and third tertiles in floor dust and
window sill dust lead loadings and when comparing the first and third categories of lead concentrations
in paint (INSPQ 2011). For floor dust lead loading, children’s BLLs increased from 1.20 pg/dL (first
dust loading tertile, < 0.45 pg/ft?) to 1.48 ug/dL (third dust loading tertile, > 1.22 pg/ft®). The significant
difference between the first and third tertiles of floor dust lead loading was maintained when adjusting
for different variables (e.g., age, sex, minority status, season, education). However, the difference was
no longer significant when adjusted for other exposure variables, such as lead concentration in kitchen
tap water and paint (INSPQ 2011).® For paint, the BLLs increased from 1.24 pg/dL (first category; x-ray
fluorescence (XRF) surface measurement < 1mg/cm?) to 1.63 pg/dL (third category; paint chips > 5000
mg/kg). Similarly to floor dust, when lead levels in paint were in the third category, there was a
significant relationship between BLL and lead concentration in paint when accounting for confounders,
but the relationship was no longer significant when other exposure sources (kitchen tap water and dust)
were considered. In the winter samples, for window sill dust lead loading, it was reported that children’s
BLLs increased from 1.42 pg/dL to 2.45 pg/dL for the first (< 3.54 pg/ft*) and third tertiles (> 14.14
ug/ft?), respectively. In this case, the association remained significant when controlling for confounders
and when controlling for other exposure factors (kitchen tap water and paint) (INSPQ 2011). Bell et al.
(2011) reported statistically significant correlations between BLL and lead loadings in household dust;
the correlation was strongest for floor dust (r*= 0.128) and weakest but still significant for window
trough dust (r* = 0.055). In the North Hamilton study, based on a univariate analysis, approximately 5 to
8% of the variance in the children’s BLLs was accounted for by household dust (r* = 0.053-0.078)
(Richardson et al. 2011). Richardson et al. (2011) found that yard soil is a strong contributor to
household dust lead levels but does not appear to independently influence BLL, and older homes had
higher lead concentrations in both dust and soil. A significant association between children’s BLLs and
floor and window household dust loading as well as renovations over the previous 12 months was found
in the U.S. NHANES data for 1999-2004 (Dixon et al. 2009). A model constructed on these data was
able to pzredict BLLs in U.S. children over household floor dust lead loading ranging from 0.25 to

40 pg/fte.

® The INSPQ study did not measure soil lead concentrations, therefore soil lead concentrations could not be controlled for in
the model.

22




Final Human Health State of the Science Report on Lead Health Canada

Food

Before the phase-out of lead in gasoline, inhalation was the predominant route of exposure to lead for
the general public (ATSDR 2010). Lead levels in all environmental media (except soil) have since
declined, and the predominant route of lead intake for the general adult population is currently oral
exposure from food and drinking water (ATSDR 2007, 2010; EFSA 2010). While there are no
permissible Canadian food uses for lead, it has been detected in a variety of foods. Lead is primarily
introduced to foods through uptake from soil into plants and deposition onto plant surfaces. For
example, leafy vegetables grown in lead-bearing soil will contain lead in their leaves and have lead-
containing particles on their surface (ATSDR 2007). Fish can absorb lead from water and sediments
while other animals may be exposed to lead through the foods they eat (Health Canada 2011a).
Additionally, lead may be introduced to foods during transport to market, processing, and kitchen
preparation including cooking with water contaminated with lead, or from the use of lead-containing
utensils and storage of food in lead-containing vessels, such as lead-glazed ceramic foodware and lead
crystal ware (U.S. EPA 1986a; Health Canada 1992; ATSDR 2010). Consumption of wild game that has
been shot with lead bullets is another potential source of dietary lead exposure (Tsuji et al. 2008; Health
Canada 2011a). The European Food Safety Authority identified uptake from soil as the primary source
of lead in foods (EFSA 2010).

Since 1969, Health Canada has carried out a Total Diet Study (TDS) to estimate levels of exposure to
chemicals through the food supply for Canadians in different age and sex groups and cities (Health
Canada 2010d). To date, six separate studies have been undertaken. Five were carried out between 1969
and 1973, 1976 and 1978, 1985 and 1988, 1992 and 1999, and 2000 and 2004; the most recent TDS was
initiated in 2005, and data are available up to 2007. Lead concentrations in foods in the Canadian
marketplace are currently low. Health Canada TDS results show that the dietary intake of lead (in units
of ug/kg body weight [bw] per day) by average Canadians of all ages and sexes has decreased since
1981 (Figure 5). The major reason for this decrease has been the replacement of lead-soldered cans for
food storage with lead-free cans.
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Figure 5. Estimated dietary intake of lead by average Canadians (all ages and sexes)
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Estimated dietary intake of lead from food for all ages of the general Canadian population is
approximately 0.1 ug/kg body weight per day. Overall, dietary exposures are generally higher for
children and decrease with age (Health Canada 2011b). Based on data collected as part of the First
Nations, Food, Nutrition and Environment Study (FNFNES), average daily intake of lead from food and
tap water for BC First Nations people living on reserve was estimated to be 0.23 pg/kg body weight per
day (Chan et al. 2011).

Data on lead levels in table-ready food assessed as part of the Canadian TDS conducted from 2003 to
2007 are presented in Appendix 1. Lead levels ranged from less than 0.1 ug/kg in natural spring water to
392 ug/kg in herbs and spices. During the years 2003 to 2007 lead levels were consistently highest in
herbs and spices (ranging from 292 to 392 ug/kg), with the next highest food product being salt (ranging
from 41.5 to 202 pg/kg). The food groups contributing most to the dietary intake of lead since 2004 in
Canada are beverages (e.g., beer, wine, coffee, tea, soft drinks), cereal-based foods, and vegetables
(Health Canada 2011a). The largest lead contributor to European dietary exposure is cereal products
(EFSA 2010).

Lead concentrations in traditional food samples consumed by BC First Nations people living on reserve
have recently been measured as part of the FNFNES. Lead concentrations in all food items were at
background level except for beaver heart, Canada goose, deer, and grouse meat. The highest
concentration of lead was reported in grouse meat, at 61 pg/kg; the source of this lead was likely from
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lead shot. Heavy consumption of some game meat may be associated with an increased risk of lead
exposure due to lead shot contamination (Chan et al. 2011).

In addition to the TDS and FNFNES, lead is also measured in food through the Canadian Food
Inspection Agency’s (CFIA) National Chemical Residue Monitoring Program (NCRMP) and Children’s
Food Project. The Children’s Food Project Report on Sampling for 2007-2008 reported lead
concentrations in 836 processed food samples (CFIA 2011). The samples included grain, dairy, and
processed fruit and vegetable products, as well as miscellaneous products, such as ready-to-eat meals
(Table 5). The highest lead levels were found in grain-based products; 162 of the 365 samples had lead
levels above the detection limit. For those 162 samples, the mean lead concentration was 25 pg/kg and
the range was from 2 to 977 pg/kg. The Children’s Food Project Report on Sampling for 2006-2007
(Table 5) measured 350 samples, with 11 results above the detection limit (CFIA 2009). The highest
lead concentration was reported in organic vegetable baby food (140 pg/kg). Concentrations of lead in
foods from the most recent NCRMP annual report for 2005-2006 are presented in Appendix 2; the
highest concentration of 2040 pg/kg reported came from 1 of the 81 samples of chicken muscle (CFIA
2010).

Table 5. CFIA Children’s Food Chemical Residues Project results

Number of Samples Concentration (ng/kg)
Metal analyte Total no. Total no. Total no. - .
. L Minimum Maximum Mean
samples negative positive
Sampling years 2006—-2007 (CFIA 2009)
Total 350 339 11
Baby food, fruit 34 33 1 60 60 60
Baby food, fruit 10 9 1 50 50 50
organic
Baby food, meat 10 10
Baby food, poultry 14 14
Baby _food, poultry, 2 1 1 40 40 40
organic
Baby food, vegetable 20 20 0
Baby food, vegetable, 10 9 1 140 140 140
organic
Fruit/vegetable juice 132 132 0
FrU|t/\_/egetabIe juice, 18 18 0
organic
Cookie 94 89 5 40 100 70
Cookie, organic 6 4 2 40 40 40
Sampling years 2007-2008 (CFIA 2011)
Total 836 445 391
Fruit- and vegetable- 375 187 188 2 344 29
based
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Number of Samples Concentration (ng/kg)
Metal analyte Total no. Total no. Total no. . )
. L. Minimum Maximum Mean
samples negative positive
Grain-based 365 203 162 2 977 25
Dairy-based 38 30 8 2 42 15
Miscellaneous 58 25 33 0 159 23

Drinking Water

Drinking water is a source of exposure to lead. Lead may be introduced into drinking water as a result of
dissolution from lead service connections, old lead-based solders used to join copper pipes within homes
and buildings, and plumbing fittings, faucets, and components containing lead.

The amount of lead leaching from the plumbing system is affected by a number of factors, including the
age of the plumbing system, the chemistry of the water (e.g., water temperature, pH, buffering
capacity/alkalinity), and the length of time the water sits in the pipes (Health Canada 2009a). Seasonal
variations in temperature between the summer and winter months have been correlated with changes in
lead concentrations, with the warmer temperatures of the summer months increasing lead concentrations
(Britton and Richards 1981; Karalekas et al. 1983; Colling et al. 1987, 1992; Douglas et al. 2004).
Douglas et al. (2004) reported a strong seasonal variation in lead concentration in Ottawa, Ontario, with
the highest lead concentrations seen from May to November.

The introduction of the disinfectant chloramine to water systems with lead-containing pipes, fixtures, or
solder may increase the amount of dissolved lead in water due to changes in water chemistry. In
Washington, D.C., a change of disinfectant from free chlorine to chloramine in the early 2000s caused
an elevation in drinking water lead concentrations which resulted in elevated BLLs for children (< 1.3
years) consuming that water (Edwards et al. 2009). A similar trend was observed in North Carolina,
where the use of chloramine disinfectant was a significant predictor of BLL in children (Miranda et al.
2007a). In this study, lead concentrations in water were not measured, and the authors suggested that the
increase in BLL was caused by an increase in lead concentration in drinking water resulting from the
switch to chloramine. The impact of chloramines on children’s BLL was mitigated in newer housing,
where the presence of lead service lines and lead solder was less likely. The increase in BLL for children
where chloramine was used was greatest in houses built before 1926, followed by houses built in 1926—
1950 and 1951-1975 (Miranda et al. 2007a).

A study conducted by the U.S. Centres for Disease Control and Prevention examined the relationship
between lead service lines and BLLs in children in Washington, D.C. between 1998 and 2006. The study
found that children tested after a partial replacement of their lead service lines (the length of the water
service line from the water main to the corporation valve was replaced) were more than 3 times as likely
to have a BLL > 10 pg/dL compared with children who had never had a lead service line (odds ratio
[OR] 3.3, Cl 2.2-4.9) (Brown et al. 2011). In addition, there was no significant difference between
children’s BLLs in homes with an intact (full) lead service line (the entire length of the service line from
the water main to the water meter in the residence) and in those homes with a partially replaced one.
Based on these results, the study authors concluded that partially replacing lead service lines may not
decrease the risk of elevated BLLs associated with lead service line exposure (Brown et al. 2011).
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However, the study was not designed to quantify the impact of lead concentrations in drinking water on
children’s BLLs.

There is no national database for lead concentrations in Canadian drinking water; however, many
municipalities and provinces maintain databases on the results of water quality analyses, including the
concentration of lead (Table 6). The Province of Ontario has published results of its Drinking Water
Surveillance Program, which include data on the concentrations of lead in treated water as it leaves the
water treatment facility (OMOE 2011). These data indicate that average concentrations of lead in treated
water leaving the water treatment facility are currently less than 1 pg/L, and historical data suggest that
they have been at this level since 2000. Average concentrations are well below Health Canada’s
Maximum Acceptable Concentration (MAC) of lead in drinking water of 10 pug/L and are consistent
with lead concentrations in drinking water at the tap, resulting primarily from the contribution of
materials in the distribution system (e.qg., lead service lines) and plumbing system.

Table 6. Concentrations of lead (ng/L) in treated water exiting treatment facilities in Canada

Concentration (ng/L)
Year Location n Median/ . . Reference
Minimum Maximum
mean

2005 2 1.6/- - -
2006 3 <0.5/- - -
2007 Victoria 10 <0.5/- 0.3 <0.5 CRD 2010
2008 9 0.3/- <0.2 0.9
2009 10 0.4/- <0.2 0.5
2009 Calgary - <0.5/- - - Calgary 2010
2000 451 0.1/- <0.05 4.7
2001 435 0.05/- <0.05 8.7
2002 375 0.04/- <0.05 4.88
2003 . 377 <0.05/- <0.05 6.83

Ontario OMOE 2011
2004 256 0.07/- <0.05 10.3
2005 356 0.04/- <0.01 20.8
2006 328 0.03/- <0.01 5.14
2007 329 0.02/- <0.01 29
2006 - -/<1 <1 <1
2007 - -I<1 <1 <1

Montréal Montréal 2010
2008 - -/<1 <1 <1
2009 - -/1.03 0.78 1.27

2008-2010| ~ Halifax and - Typical, <0.5 - - Halifax 2011
Dartmouth ypical, <t.
Halifax and . .
2009-2010 Dartmouth - Typical, <0.5 - - Halifax 2011

2005 Yukon - -/- <0.1 0.4 Yukon 2011
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Concentration (ng/L)
Year Location n Median/ . . Reference
Minimum Maximum
mean
2006 - -/- <1.0 1.8
2007 - -/- <0.1 0.3
2008 - - <0.05 0.98
2009 - -/- <0.2 0.5
2010 - -/- <0.1 7.6
2005 248 -/- <0.2 11
2006 136 -/- <0.2 14
2007 . 144 -/- <0.2 11 .
Manitoba Manitoba 2011
2008 142 -/- <0.2 19
2009 102 -/- 0.09 10.6
2010 108 -/- 0.09 9.44

- not reported

Concentrations of lead in drinking water distribution systems from the National Survey of Disinfection
By-Products and Selected Drinking Water Contaminants in Canadian Drinking Water (2009-2010)
(Tugulea 2011), the Ontario Drinking Water Surveillance Program (years 2000-2007), Saskatchewan
(2005-2010), and Charlottetown, Prince Edward Island (2009) are presented in Table 7. The national
survey sampled 65 sites in all provinces and territories in the summer and winter seasons during 2009-
2010. However, the results are not statistically representative of Canadian population exposure, and
samples were collected from the system after 10 minutes of flushing, which represented the distributed
water after it left the water treatment facility and before it reached the service line or plumbing. The
median concentration in winter was less than the method detection limit of 0.5 pg/L (range:

<0.5-8.2 ug/L) and was 0.6 ug/L (range: < 0.5-24 pg/L) for summer samples.

Table 7. Concentrations of lead (ng/L) in drinking water distribution systems in Canada

. Concentration (pg/L)
Year Location n - — - Reference
Median Minimum Maximum
Various locati 65° 0.6 <0.5° 24
2009-2010 | Various locations Tugulea 2011
across Canada . d d
31 <0.5 <0.5 8.2
2000 445 0.32 <0.05 18.5
2001 447 0.28 <0.05 29
2002 . 369 0.28 <0.05 8.66
Ontario OMOE 2011
2003 376 0.23 <0.05 13.5
2004 390 0.18 <0.05 359
2005 362 0.19 <0.01 44.9
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. Concentration (pg/L)
Year Location n - — - Reference
Median Minimum Maximum

2006 330 0.18 <0.01 30.4
2007 321 0.16 <0.01 108
2005 237 0.45 0.01 11
2006 209 0.2 0.001 89
2007 222 0.20 0.001 17

Saskatchewan Saskatchewan 2011
2008 267 0.30 0.01 31
2009 276 0.20 0.00021 68.8
2010 366 0.40 0.01 186
2009 Charlottetown Typical, <0.2 Charlottetown 2009
2005 18 - <0.2 0.3
2006 Manitoba 11 - <0.2 0.3 Manitoba 2011
2007 10 - <0.2 0.6

- not reported

& Samples collected during summer.
®30 of|65 samples were below the method detection limit (MDL): 0.5 pg/L; LOD/2 was used to impute values for these
samples.

¢ Samples collected during winter.
918 of 31 samples were below the MDL: 0.5 pg/L; LOD/2 was used to impute values for these samples.

The median concentrations of lead measured in Ontario and Saskatchewan distribution systems ranged
from 0.16 to 0.32 pg/L and from 0.2 to 0.45 pg/L, respectively. In Saskatchewan between 2005 and
2010, 1577 measurements of lead were reported, and concentrations ranged from 0.0002 to 186 pg/L; of
these, 32 measurements (2%) exceeded 10 ug/L. In Ontario between the years 2000 and 2007, lead
concentrations ranged from below 0.01 to 359 ug/L; three samples were taken from the same location as
the maximum (359 ug/L) 2 weeks later and were significantly lower (1.59, 1.62, and 1.68 ug/L).
Overall, only 13 of 3038 measurements (0.4%) of lead in drinking water distribution systems in Ontario
between 2000 and 2007 resulted in lead concentrations greater than 10 ug/L.

Lead concentrations in over 10 000 samples collected from 2005 to 2010 from private drinking water
wells in Prince Edward Island, were provided to Health Canada and are presented in Table 8 (PEI 2011).
Approximately 90% of the samples had measured lead concentrations below the detection limit of

2 ng/L, and the average concentration for this period was 9 pg/L with levels ranging from < 2 to

335 pg/L.
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Table 8. Concentrations of lead (ng/L) in private wells used for drinking water in Prince Edward
Island

Year n % non-detectable Average concentration Maximum concentration
(ng/L) (ng/L)

2005° 1077 84 0.9 68.0

2006° 2086 87 0.8 99

2007% 2491 82 1.6 335

2008° 2083 91 1 35.4

2009° 1760 98 0.2 64

2010° 526 99 0.02 5.0

Source: PEI 2011.
% Prince Edward Island data represent unfiltered samples.
® Data represent both filtered and unfiltered samples.
¢ Data represent filtered samples.

Concentrations of lead in residential tap water samples were identified for a number of municipalities
and for the Provinces of Saskatchewan, Ontario, Quebec, and Newfoundland and Labrador (Table 9).
Regulatory sampling for these provinces includes flushing before collecting the water sample for lead
analysis. In the municipalities of Edmonton, Alberta, and Winnipeg, Manitoba, the median
concentrations of lead reported were < 0.5 and < 1 pg/L, respectively. In Saskatchewan, of the 176
measurements reported, the median lead concentration was 6.7 pg/L, and concentration ranged from <
0.1 to 60 nug/L. Quebec supplied information on the concentration of lead in tap water covering the years
2005 through 2010; during this time frame, the median lead concentration ranged from 2 to 5 ug/L
(range 0.06-530 pg/L) in more than 13 000 samples (Quebec 2011). Between 2005 and 2010, 27 of
5331 tap water samples were reported to have lead concentrations in excess of 10 ug/L in residences in
Newfoundland (Newfoundland and Labrador 2011).

In a corrosion study, Capital Health and EPCOR in Edmonton, Alberta, reported that 11 of 35 homes
receiving water through a lead service line and sampled between June and November 2007 had lead
concentrations exceeding 15 ug/L in first-draw stagnant water (water that was present in the pipes for at
least 6 hours), and 60% of those 11 had lead concentrations that remained above 15 pg/L after 5 minutes
of flushing (EPCOR 2008).

In June 2007, Ontario changed the regulatory requirements for sampling of lead. Ontario Regulation
170/03 (Ontario 2010) requires that stagnant samples (after 30 minutes of stagnation) be taken from
homes known or suspected to have lead service lines. In 2007-2008, the Province of Ontario conducted
a Community Lead Testing Program; lead levels in more than 37 000 samples were collected in two
sampling campaigns (OMOE 2009). These results indicated that 2.3% of the measurements exceeded
the OMOE standard and Health Canada’s MAC during the winter and 3.1% exceeded this level during
the summer. The next priority is to test those homes known or suspected to contain lead solder.
Therefore, these measurements represent exposures for the subpopulation with the highest probability of
lead exposure via drinking water. For the eight Ontario cities for which lead concentrations in residential
plumbing were identified in 2009, the concentrations were reported to range from < 0.02 to 1320 ug/L
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(Table 9). Of the 3159 samples, 175 were reported to exceed the Ontario Ministry of the Environment
(OMOE) guideline value of 10 ug/dL.

A study covering four boroughs of Montréal, Quebec, conducted by INSPQ, measured lead in water
samples in 313 homes during the fall and winter of 2009-2010. Based on the average of five 1 L kitchen
tap water samples collected per household (1 L collected after a 5 minute flush and four 1 L samples
collected sequentially following 30 minutes of stagnation), the geometric mean lead concentration was
determined to be 1.60 pg/L, with a range of 0.06-27.98 pg/L (INSPQ 2011). A comparison between
Montréal homes built before 1970 with and without lead service lines was published by Beausoleil and
Brodeur (2007). Of the 130 homes sampled in that study in the summer of 2006, 111 homes with lead
service lines and 19 without were sampled. Data from two sampling protocols were reported; the first
(composite sample) was a composite of stagnant and flushed water collected following 30 minutes of
stagnation (average of first litre, second litre and a third one litre after 1 minute of flushing), and the
second (flushed sample) was 1 L collected after a further 4 minutes of flushing (corresponding to 5
minutes of total flushing). The results indicated that the average lead concentration in homes with lead
service lines (composite: 20 ug/L, flushed: 11 ug/L) was substantially higher than those without lead
service lines (composite: 1 pg/L, flushed: 0.7 ug/L). In 2007, Deshommes et al. (2010) measured lead
concentrations in 45 Montréal homes with lead service lines. The study reported both dissolved and
particulate lead concentrations; dissolved lead concentrations (maximum 114 ug/L) were significantly
higher than particulate lead concentrations (maximum 12 ug/L) (Table 9).

Lead was measured in household drinking water collected from approximately 20 different households
in each of 21 B.C. First Nations communities from 2008 to 2009 as part of the FNFNES. The maximum
concentration measured was 20.4 ug/L; a total of 3 (first draw samples) of 568 samples exceeded the
drinking water guideline of 10 pg/L (Chan et al. 2011).

Stagnation time has been identified as one of the most important physical factors in the consideration of
a monitoring program (AWWARF 2004; Health Canada 2009a). Concentrations of lead can increase
significantly following a few hours of water stagnation in the distribution system (Lytle and Schock
2000). Schock et al. (1996) concluded that lead concentrations increase exponentially upon stagnation,
but ultimately approach a fairly constant value after overnight stagnation. As such, sampling with little
or no stagnation (i.e., flushed samples) may underestimate lead concentrations in the drinking water
(Schock and Lemieux 2010).

Table 9. Concentrations of lead (ng/L) in residential tap water in Canada

. % > 10 Concentration (ng/L)

Sample location Year n : — a Reference
pg/L Median Min Max

British Columbia,
First Nations 2008-2009 568 0.5 20.4 Chan et al. 2011
reserves
Edmonton® 2009 - <0.5 EPCOR 2009
Saskatoon® 2009 8 0 <2 Saskatoon 2009
Saskatchewan® 2009 176 - 6.7 <0.1 60 Saskatchewan 2011
Winnipeg® 2009 - <1 <1 <1 Winnipeg 2009
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Health Canada

. % > 10 Concentration (pg/L)
Sample location Year n - — a Reference
ng/L Median Min Max
e 2007/8! 37517 2.3 Auverage: 2.0 - -
Ontario P OMOE 2009
2008 37 895 3.1 Average: 1.9 - 491
Hamilton® 2009 634 8 - <1 97 Hamilton 2010
(North) Hamilton® 2008 - - - <0.5" 28" Richardson et al. 2011
Waterloo® 2009 121 0 - <1 4 Waterloo 2009
Barrie® 2009 512 0.2 - 0.11 23.9 Barrie 2010
Kingston® 2009 198 - <0.02 48.1 Kingston 2009
Ottawa® 2009 264 - <0.5 38 Ottawa 2011
St. Catharines® 2009 2 - <0.02 0.03 St. Catharines 2009
Sudbury® 2009 790 0.5 - 1 17 Sudbury 2009
Thunder Bay” 2009 454 21 - <1 1320 Thunder Bay 2009
Montréal® ¢ 2006 111 53 Average: 11 3 33
Montréale’f 2006 19 - Average: 0.7 1 2.7 Beausoleil and Brodeur
Montréal® ¢ 2006 111 - Average: 20 3 95™ 2007
Montréal® ' 2006 19 - Average: 1 0.3 7"
2007 135 N d'sgo"’ed 2.1 114
Montréal” 039 Deshommes et al. 2010
2007 135 - particulate <0.02 12
Pb
Montréal' 165
(4 selected 2009/10 313 h ' 2.08 0.06 27.98 INSPQ 2011
omes)
boroughs)
2005 1009 0.7 2 20
2006 2220 0.3 3 90
. 2007 2573 0.8 5 370
Province of Quebec Quebec 2011
2008 2649 0.4 3 0.5 45
2009 2730 0.5 2 0.2 530
2010 2678 0.6 2 0.06 154
2005 839 0.4 <1.0 <1.0 46.0
2006 1009 0.6 <1.0 <1.0 45.0
Newfoundland and 2007 817 0.6 <1.0 <1.0 430 | Newfoundland and
i Labrador 2011
Labrador 2008 1148 0.6 0.20 <1.0 49.0
2009 1029 0.4 <1.0 <1.0 54.0
2010 489 0.2 <1.0 <1.0 52.0
2010 194 - 0.51° 0.11° 19.1°
St. John’s . . . Bell et al. 2011
2010 194 - 0.84 0.15 58.2
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- not reported “ Sampling 15 June to 15 October 2008 (warm water,

& Min: minimum; Max: maximum. summer sampling).

® No flushed sample protocol. ' Based on average of five 1L kitchen tap water samples

¢ Water collected after 30 minutes of stagnation. collected per household. 1 L collected after 5 minute flush,
¢ Homes with lead service lines. four 1L sequential samples collected following 30 minutes
¢ Flushed sample (5 minute). of stagnation. Sampled September 2009 to March 2010
"Homes without lead service lines. (fall sampling and winter (cold water) sampling).

9 Composite sample. Approximately 56% of these households likely had lead

" Water drawn upon entering home with no specified or service lines. Note: The column reporting % > 10 ug/L
_known stagnation period. includes only samples collected after 5 minute flush.

' Values below the method detection limit (MDL) are ™ Average of maximum values

_reported as 0. " From homes built prior to 1950

I Sampling 15 December 2007 to 15 April 2008 (cold water,
winter sampling).

Although average lead concentrations in Canadian drinking water are considered to be low (i.e., below
10 ug/L), drinking water is considered to be an important source of exposure to lead for Canadians when
lead service lines or other lead-bearing materials are present in the distribution and plumbing systems.
As water lead concentrations increase, water becomes an increasingly important source of exposure for
children (Miranda et al. 2007a; Edwards et al. 2009; Renner 2009; INSPQ 2011).

In the INSPQ 2011 study, a multivariate analysis was completed that controlled for confounding factors
(e.g., age, sex, visible minority status, total water consumption by body weight) and exposure variables
(e.g., lead concentration in floor and window dust and wall paint). This multivariate analysis
demonstrated that children who consumed kitchen tap water containing higher lead concentrations (>
3.274 pg/L) had mean BLLs significantly higher than those of children who consumed kitchen tap water
with lower lead concentrations (< 0.748 pg/L). The presence of lead service lines also resulted in
significantly higher blood lead levels in children. The study authors determined, based on a multiple
linear regression analysis controlling for confounding factors and exposure variables, that a 10-fold
increase in the concentration of lead in water would result in a 23% increase in children’s BLLs (INSPQ
2011).

The relationship between the age of the house and water lead concentrations was examined in studies
conducted in St. John’s, Newfoundland and Labrador (Bell et al. 2011), Montréal, Quebec (INSPQ
2011), and Hamilton, Ontario (Richardson et al. 2011). In the St. John’s study, average lead
concentrations in flushed kitchen tap water were slightly higher in pre-1970 housing compared with
post-1980 housing, but the difference was not statistically significant (p = 0.234) (Bell et al. 2011).
However, concentrations of lead in kitchen tap water samples from the INSPQ study were significantly
higher in homes built before 1920 (geometric mean concentration 2.05 pg/L) than in those built after
1975 (geometric mean concentration 0.55 pg/L, p < 0.005) (St-Laurent et al. 2012). In the North
Hamilton study, houses constructed prior to 1920 and between 1920 and 1944 were significant
predictors of kitchen water lead concentration (p < 0.001), accounting for approximately 13% of the
variation in tap water lead concentrations (Richardson et al. 2011).

Exposure to Lead Levels in the Canadian Environmental Media and Food

Recent concentrations of lead in Canada were identified for all environmental media including indoor
and outdoor air, soil, house dust, food, and drinking water.
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Many factors, including the concentration of lead in environmental media and food, contribute to total
lead exposure. There has been extensive research investigating the primary sources of exposure to lead
over time. However, many existing exposure studies were conducted at a time when lead concentrations
in both environmental media and people were much higher. As such, it is unclear whether the results of
those studies are still relevant today. Many existing studies did not consider all sources of exposure,
particularly dietary exposure. Many studies that identified dust and paint as major sources of exposure
for children were conducted in areas that had low lead concentrations in water, so the importance of
water as a source may have been underestimated (Edwards et al. 2009). In children, there has
historically been a strong association between BLLs and both soil lead concentrations (Mielke et al.
1997, 2007; Mielke 1999) and pica behaviour (LaGoy 1987; Mielke et al. 1989). Lead contamination of
indoor settled dust can arise from outdoor sources, such as lead contaminated soil (Hertzman et al. 1990;
Adgate et al. 1998). Houses in proximity to point sources of lead, such as smelters or contaminated sites,
can display elevated concentrations of lead in household dust (Hertzman et al. 1990; von Lindern et al.
2003; Spalinger et al. 2007). Dust contaminated with lead can be generated during renovations in which
lead-based paint is removed (Farfel and Chisolm 1990; HUD 2001); hence, renovation activities can
directly affect BLLs in children (U.S. CDC 2009a). Removal or remediation of the source of lead
contamination has been demonstrated to result in reduced indoor dust lead concentrations, which
directly reduced BLLs in resident children (Rhoads et al. 1999; Hilts 2003; Lanphear et al. 2003; B.C.
MOE 2009).

Three recent Canadian studies, conducted from 2008 to 2010 in Montréal, Quebec (INSPQ 2011), St.
John’s, Newfoundland and Labrador (Bell et al. 2011), and Hamilton, Ontario (Richardson et al. 2011),
examined relationships between children’s BLLs and specific sources of exposure. In the INSPQ (2011)
study, the authors found that overall, lead concentrations were low in tap water, household dust, and
paint. Lead concentrations were highest in older homes and there was a clear association between year
of construction and concentrations of lead in water, paint, and dust (INSPQ 2011; St-Laurent et al.
2012). Twenty-seven percent of residences sampled (primarily older residences) had high lead
concentrations in paint chips (up to 260 000 mg/kg), exceeding the 5000 mg/kg criterion, whereas 31%
of residences sampled had high lead concentrations in paint on walls and various surfaces, exceeding the
1 mg/cm? criterion. Although lead concentrations in water, household dust, and paint were generally
low, the authors found that both residential tap water and window sill dust (winter samples) had a
statistically significant impact on the BLLs of children participating in the study. Drinking water was the
most constant and significant source associated with higher BLLs in children. Lead service lines were
considered to be the primary source of tap water lead contribution. As the concentration of lead in water,
paint, and dust increased, so did BLLs in children. The contribution of lead in household dust and paint
to the BLLs of the children in the study was smaller than that from water, but within the same order of
magnitude (INSPQ 2011).

The St. John’s study found significant correlations between children’s BLLs and lead concentrations in
indoor dust (floor, window sill and window trough), flushed kitchen tap water, and residential soil,
specifically from play areas (Bell et al. 2011). Concentrations of lead in water were generally low and
were highest in older homes, although this difference was not statistically significant. The highest
environmental concentrations of lead were associated with paint chips from inside or outside the house
in which the child lived, and concentrations were significantly higher in older homes, pre-1970.
However, there was no correlation between BLLs and lead concentrations in paint chipping from indoor
or outdoor surfaces or dripline soil. Lead concentrations were quantified in above-ground and below-
ground garden produce from 34 participating households; however, due to insufficient data, the authors
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were unable to test for correlations with children’s BLLs. Further analysis of the study results to
determine which environmental factors best explain the BLLs is underway by the study team (Bell et al.
2011).

In the (North) Hamilton, Ontario, study, environmental sources of lead exposure, including tap water,
household dust, and yard soil were significant predictors for children’s BLLs based on univariate
regression analysis (Richardson et al. 2011). When considering all three media and controlling for
modifiers in a multivariate analysis, tap water was the only significant predicator of children’s BLLs.
Water lead concentrations were generally below the MAC of 10 pg/L. Yard soil appeared to be a strong
contributor to household dust lead leads, but did not appear to be a strong contributor to BLLs
(Richardson et al. 2011). Neighbourhoods with higher median living room dust levels corresponded to
areas with higher median yard soil lead concentrations, which were also the areas with very old housing
stock. The authors investigated the contribution of a given source to BLL by doubling the lead
concentration in one medium and keeping the concentration of lead in other media constant. Based on
this modelling exercise, a doubling of the tap water lead concentration resulted in a 4 to 15% increase in
children’s BLL. A doubling of lead concentrations in household dust and yard soil resulted in an 8 to
22% and 0 to 12% increase in children’s BLL, respectively. The study authors were unable to determine
one sole factor that was most responsible for determining a child’s BLL (Richardson et al. 2011).

The results of these Canadian studies support conclusions from earlier work, which identified drinking
water, household dust, lead-based paint, and residential soil as important contributors to lead exposure
for children. As concentrations of lead in water, dust, paint or soil increase, these media become
increasingly influential contributors to BLLs. However, in all of these recent Canadian studies, there
was no single predominant source of lead exposure for Canadian children. In two Canadian studies,
exposure sources such as water, soil, household dust, and lead-based paint accounted for a moderate
proportion (< 22%) of the total variability in children’s BLLs based on modelling (INSPQ 2011;
Richardson et al. 2011). It should be noted that these studies did not examine lead exposure from food or
consumer products, which are considered to be meaningful contributors to lead exposure for the
Canadian population.

Overall, food, water, and ingestion of non-food items contaminated with lead including dust, lead-based
paint, soil, and products, are all considered to be important sources of exposure. Other risk factors,
including age, sex, age of house, and socioeconomic status, are also important contributors to the
variability in BLLs.

Lead Concentrations in the General Population

Toxicokinetics

Gastrointestinal absorption of lead depends on physiological and physicochemical properties, such as
nutritional status (fasting, calcium, and iron status), age, particle size, and solubility (ATSDR 2007,
EFSA 2010). Absorption of lead ingested with food is 3-10% in adults and increases up to 40-50% in
children (Alexander et al. 1974; Ziegler et al. 1978). Fasting significantly increases the absorption of
water-soluble lead (ATSDR 2007). Nutritional iron and calcium deficiencies in children both appear

to increase lead absorption (EFSA 2010). Respiratory absorption of up to 95% of particles smaller than
1 um has been demonstrated (Hursh et al. 1969, as cited in EFSA 2010), while less than 1% of inorganic
lead is taken up into the systemic compartment after dermal exposure (ATSDR 2007; EFSA 2010).
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Once lead has entered the body, its kinetics are largely governed by calcium dynamics, as lead mimics
the behaviour of calcium. Consequently, any inorganic lead present in the body is distributed essentially
in the same manner regardless of the route of exposure (Chamberlain et al. 1978, 1979; Kehoe 1987).
Lead circulates in the bloodstream and either accumulates in bone or is excreted from the body. Under
steady-state conditions, 96 to 99% of the lead is bound to proteins in red blood cells (Schutz et al. 1996;
Bergdahl et al. 1997, 1998, 1999; Hernandez-Avila et al. 1998; Manton et al. 2001; Smith et al. 2002;
ATSDR 2007) and thus is not available to cross into other tissues or organ systems (Goyer 1990). Bones
act as a reservoir for lead and accumulate up to 90% and 70% of the absorbed lead in adults and
children, respectively (Barry 1975). Circulating blood lead represents less than 1% of the total body
burden, while soft tissues represent about 8% (EFSA 2010). The half-life for lead in blood and soft
tissue is approximately 30 days, and in bone is approximately 10 to 30 years (Rabinowitz 1991; EFSA
2010). Owing to the profound difference in half-lives, there is a continual exchange of lead between the
bones and the blood and soft tissue so that the concentration in blood and soft tissue remains relatively
constant. More importantly, lead in bone can, under certain conditions, be mobilized at an increased rate
and released back into the systemic circulation. Pregnancy, lactation, menopause, andropause, extended
bed rest, hyperparathyroidism, and osteoporosis are all conditions that result in increased blood lead
concentrations from bone stores (Silbergeld et al. 1988; Franklin et al. 1997; Gulson et al. 1997, 1999a,
2003). Lead released from maternal bone can serve as a source of exposure of the fetus when calcium is
mobilized and used for production of the fetal skeleton (Silbergeld et al. 1988; Franklin et al. 1997,
Gulson et al. 1997, 1999a, 2003).

Multiple conditions can result in the remobilization of lead stored in bone and, hence, significantly
increase blood lead levels (BLLs), even with the declining environmental exposures evident in North
America during the past few decades (Korrick et al. 2002).

Regardless of the route of exposure (oral, inhalation, dermal), the major excretory pathways for lead in
the human body are urinary and intestinal (faecal). These two pathways account for up to 75% and 25%
of the total excretion of absorbed lead, respectively (Klaassen 2008). Sweat, saliva, hair, nails, and
human milk have also been identified as minor routes of excretion (Hursh and Suomela 1968; Hursh et
al. 1969; Griffin et al. 1975; Rabinowitz et al. 1976; Chamberlain et al. 1978, 1979; Kehoe 1987;
Stauber et al. 1994; ATSDR 2007).

Biomarkers of Exposure

The concentration of lead in whole blood is the most widely used biomarker of exposure both for
general population surveillance and as the principal exposure metric in epidemiological studies
investigating associations between lead exposure and health outcomes. BLLs reflect a combination of
recent exposure and, to some extent, chronic exposure due to the transfer of lead between bone and
blood (EFSA 2010). BLLs are strongly influenced by recent exposures over the previous 30 days based
on the half-life of lead in blood.

In contrast, bone lead, because of its extremely long half-life, is a biomarker of chronic exposure or total
body burden; under normal physiological conditions, bone can be considered a comparatively stable
compartment where the vast majority of the lead in the body is stored. In practice, however, bone lead is
not the preferred biomarker of exposure to lead owing to the limited availability of x-ray fluorometers
for non-invasive bone assessment.
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Lead can also be measured in other biological matrices, such as breast milk, cord blood, urine, hair, and
teeth. Most epidemiological and experimental studies preferably use blood and bone measurements
making the interpretation of data using other biological matrices more difficult. Hence, the present
assessment focuses on data measuring lead in bone and blood. Hanning et al. (2003) examined maternal,
cord, and infant BLLs, and lead in breast milk. Maternal and cord BLLs were significantly correlated,
breast milk lead concentration and maternal BLLs were significantly correlated, and infant BLL was
correlated with matched cord BLL. Thus, lead concentration in breast milk and cord blood are good
biomarkers of maternal and infant exposure to lead. Maternal bone may account for approximately 80%
of the lead in cord blood (Gulson et al. 1997, 1999b, 2003). Lead in breast milk and maternal BLLs are
significantly correlated with infant BLLs (Ettinger et al. 2004; Koyashiki et al. 2010). In one study,
maternal BLL and breast milk accounted for 30% and 12% of the variability in infant BLLs,
respectively (Ettinger et al. 2004). Ettinger et al. (2004) found that although concentrations of lead in
breast milk were low, they have a strong influence on infant blood lead levels even when considering the
influence of maternal blood lead (Ettinger et al. 2004; Koyashiki et al. 2010). Urinary lead is an
indicator of recent exposure to lead, and represents the amount of lead being eliminated but, in general,
has not been strongly correlated with observed health effects. Accordingly, urinary lead is not a
preferred biomarker to assess the effects of lead in humans. The measurement of lead in hair has
potential for external contamination and thus is not considered to be a useful biomarker of exposure.

Lead in Human Milk

Breast milk not only is a biomarker of exposure for lactating women but also is a source of exposure for
breast-fed infants. Maternal bone and diet are the dominant sources of lead in breast milk (Gulson et al.
1998). In one Canadian study, concentrations of lead in breast milk were significantly less than lead
concentrations in formula and evaporated milk; however, BLLs were significantly higher in infants
receiving breast milk and formula than in those receiving evaporated milk (Hanning et al. 2003). A
longer duration of breast-feeding is associated with higher infant blood lead concentrations (Lozoff et al.
2009).

In a 1981 survey concentrations of chemical residues, including lead, were measured in the milk of
210 mothers across Canada. Lead concentrations ranged from < 0.025 to 15.8 pg/L, with a geometric
mean concentration of 0.566 pg/L (Dabeka et al. 1986). Lead concentrations in human milk from 25
Cree women averaged 2.08 £ 1.67 pg/L (mean + standard deviation) with a range of 0.41-8.33 pg/L
(Hanning et al. 2003). Based on an analysis conducted by Koyashiki et al. (2010) of 11 international
studies, the maternal milk: blood ratio for lead ranges between 0.01 and 0.48.

Although there are no recent Canadian data on lead concentrations in human milk, lead will be measured
in breast milk in Canadian women as part of the Maternal-Infant Research on Environmental

Contaminants Study (MIREC). MIREC is a national 5-year study recruiting approximately 2000 women
from 10 sites across Canada and is expected to be completed in 2012. In addition to breast milk, MIREC

37



Final Human Health State of the Science Report on Lead Health Canada

will measure a variety of contaminants in maternal blood, urine, and hair as well as cord blood and
P
meconium”,

Lead in Blood

Blood lead levels, or BLLs, represent aggregate exposure to lead from all routes and all sources,
including environmental media, products, and lead remobilized from bone. As there are sufficient BLL
data to quantify lead exposure in the Canadian population, estimates of daily intake of lead were not
derived.

In August 2010, Health Canada and Statistics Canada released national BLL data collected as part of the
Canadian Health Measures Survey (CHMS). Blood lead was measured in 5600 Canadians aged 6 to 79
years at 15 sites across the country from March 2007 to February 2009. The sample represented 96.3%
of the population; full-time members of the Canadian Forces and residents of Crown lands, Indian
reserves, institutions and certain remote regions were excluded. Lead was detected in blood in almost
100% of the population with a geometric mean BLL of 1.34 pg/dL. BLLs in Canadians have declined by
over 70% since 1978-1979, when the geometric mean BLL was approximately 4.79 ug/dL among
people aged 6 to 79 years (Bushnik et al. 2010). This decline is attributed to the successful phase-out of
lead in gasoline, lead-based paints and lead solder in food cans, in addition to other government
regulations and industry action over this time period.

BLLs in Canadians exhibit characteristic age trends. From birth up until 6 months of age, an infant’s
BLL will reflect that of its mother (Schell et al. 2003). The transfer of maternal lead, either through the
placenta or later through breast milk, is the dominant source of an infant’s total lead body burden
(Manton et al. 2000). As children become more active and mobile at around 6 months of age,
environmental lead exposures gradually increase. Settled dust and soil start to represent an increasing
portion of overall exposure to lead through hand-to-mouth behaviour and the mouthing of non-food
objects that may contain lead, which is often exacerbated during teething (Manton et al. 2000; Tulve et
al. 2002; U.S. CDC 2009a). Studies of lead-exposed children have confirmed an increase in BLLs
beginning in late infancy, with peak childhood BLLs being reached between 1 and 3 years of age
(Baghurst et al. 1987; Dietrich et al. 1993, 2001; Canfield et al. 2003a; U.S. CDC 2009b; Bell et al.
2011; INSPQ 2011; Richardson et al. 2011; Zahran et al. 2011). In a study conducted in St. John’s,
Newfoundland and Labrador, children under 3 years of age had significantly higher geometric mean
BLLs than did children older than 3 years (Bell et al. 2011). In studies conducted in Montréal, Quebec
and Hamilton, Ontario children aged 24 to 35 months and 18 to 36 months, respectively, had higher
geometric mean BLLs than did younger and older children; however, BLLs were not statistically
different (INSPQ 2011; Richardson et al. 2011). BLLs tend to decline slightly during childhood and
adolescence and then begin to rise again with age in adults. Seniors typically have the highest BLLs
which result from exposure to higher environmental lead concentrations in the past and the
remobilization of lead that has been accumulating in bone over time into the blood stream.

* Meconium represents the earliest faeces, i.e., material ingested during gestation in utero, and allows evaluation of in utero
exposure via the oral route.
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According to the CHMS data, BLLs in Canadians in the youngest age group measured, 6-11 years are
0.90 png/dL, decrease slightly from 12 to 19 years (0.80 pg/dL), and then increase with age to 1.12, 1.60,
and 2.08 pg/dL for the age groups of 20-39, 40-59, and 60-79 years, respectively (Health Canada
2010e). Males have significantly higher blood lead concentrations than do females in all age groups
except 6-11 years (Bushnik et al. 2010).

Fewer than 1% of Canadians aged 6 to 79 years have BLLs at or above 10 ug/dL. Approximately two
percent have BLLs from 5 to < 10 pg/dL, 23% have concentrations between 2 to <5 pg/dL, and 74% of
the population have BLLs below 2 pg/dL. At least 95% of people younger than 20 years of age have
BLLs below 2 ng/dL, but by ages 60-79, 53% have BLLs exceeding 2 pg/dL (Bushnik et al. 2010).

A comparison of historic and recent data on human BLLs between Canada and the United States shows
that BLLs and trends in these two North American populations are comparable. Recent analyses of
2007-2008 National Health and Nutrition Examination Survey (NHANES) data for the United States
(U.S. CDC 2011) found similar BLLs as those found in Canada. The U.S. geometric mean BLLs for the
age groups 6-11 and 12—19 years were 0.988 and 0.800 ug/dL, respectively, compared with 0.90 and
0.80 pg/dL for the same age groups in Canada (Bushnik et al. 2010; U.S. CDC 2011). The geometric
mean and 95" percentile BLLs in the US population over 1 year of age were 1.27 and 3.70 pg/dL
respectively, whereas the geometric mean and 95™ percentile BLLs for Canadians aged 679 were 1.34
and 3.79 ug/dL respectively.

BLLs in Canadian children have continued to decline significantly over the past few decades of
monitoring; data collected from 1987 to 1990 indicate that average BLLs in Canadian children at that
time were predominantly in the 5 to 7 pg/dL range (CEOH 1994). Currently there are no national
Canadian BLL data for children under 6 years of age. Given the similarity of BLLs between Canada and
the U.S. for other age groups, NHANES BLL data are a reasonable surrogate for BLLs in Canadian
children under 6 years of age. The geometric mean and 95th percentile BLLs for children aged 1 to 5 in
the 2007-2008 NHANES were 1.51 and 4.10 ug/dL, respectively (U.S. CDC 2011).

Studies in three Canadian cities measured BLLs in children under 7 years of age between 2008 and
2010. A study was conducted during the fall and winter in four boroughs of Montreal, Quebec (INSPQ
2011). The geometric mean BLL for children aged 1-5 years was 1.35 pg/dL, with concentrations
ranging from 0.37 to 19.06 pg/dL; only one child had a BLL exceeding 10 ug/dL. These boroughs were
selected based on certain criteria (e.g., older houses, presence of lead service lines) to investigate the
impact of residential sources of lead on the BLLs of young children. Data from a second study of
children aged 6 months to 6 years living in older homes in St. John’s, Newfoundland and Labrador,
measured a geometric mean BLL of 1.12 pg/dL, with BLLS ranging from 0.21 to 7.5 pg/dL (Bell et al.
2011). In a study conducted in Hamilton, Ontario, the geometric mean BLL for children aged 0 to 6
years was 2.21 pg/dL, with concentrations ranging from < 1.0 to 19.4 ug/dL; less than 1% of children
had BLLs exceeding 10 ug/dL (Richardson et al. 2011). It should be noted that the North Hamilton
study quantified lead in capillary blood using graphite furnace atomic absorption spectrophotometry
with a relatively high LOD (1.0 pg/dL) which could have resulted in higher lead estimates than in
studies where quantification of blood lead was in venous blood using inductively coupled plasma mass
spectrometry (ICP-MS) with much lower LODs (0.01-0.1 ug/dL), a more commonly employed
technique. BLLs for children living in the region of Nunavik, northern Quebec, reported in Turgeon-
O’Brien et al. (2010), have declined significantly over the past decade and are similar to levels in the
United States and elsewhere in Canada (see Table 10 for details). The results from these studies further
demonstrate that children who participated in these Canadian studies have BLLs similar to those of U.S.
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children. Although there are currently no national BLL data for Canadian children under the age of
6 years, BLLs in children aged 3 to 5 years are currently being collected as part of Cycle 2 of the
CHMS.

A health survey that serves to complement the CHMS is the First Nations Biomonitoring Initiative. This
national survey targets First Nations people over the age of 20 living on reserves (south of 60°N). A
pilot project was conducted in 2010-2011, followed by the full survey in 13 additional First Nations
communities across Canada in 2011-2012. This survey provided for the first time the opportunity to
determine national-level data for BLLs of First Nations peoples living on reserves and serves to
elucidate additional risks to vulnerable subsets of the general population. Subsequent to this study, and
contrary to the exposure profile for the general Canadian population, it has been hypothesized that a
major source of lead exposure is through harvesting of wild game.

Several studies completed under the Northern Contaminants Program have surveyed BLLs in
communities north of 60°N (Donaldson et al. 2010). Blood lead was measured in Inuit, Dene/Metis, and
non-Aboriginal mothers across several regions of the Canadian Arctic. Baseline studies, completed in
the mid- to late- 1990s, found higher geometric mean BLLs in Inuit (1.9-5.6 pug/dL) and Dene/Metis
(3.5 pg/dL) mothers than in the non-Aboriginal mothers (1.3 pg/dL). In follow-up studies conducted
between 2004 and 2007, geometric mean BLLs had decreased markedly to between 0.69 and 1.6 pg/dL.
The proportion of Aboriginal mothers with BLLs above 10 pg/dL also decreased from between 3.2%
and 19% in the 1990s to no exceedances of 10 pg/dL in the follow-up studies (Donaldson et al. 2010).
BLLs decreases in Nunavik have been attributed to the reduced use of lead shot for hunting of
traditional foods (Levesque et al. 2003).

Elevated BLLs that result from local point source contamination of lead in soil have been measured in
children living in Canadian communities that adjoin smelters. Geometric mean BLLs in these
communities ranged from 2.70 to 5.6 ug/dL (Government of New Brunswick 2005; Trail Health and
Environment Committee 2007, 2009; Intrinsik 2010).

Blood lead levels in the general population are presented in Table 10.
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Table 10. Blood lead levels (BLLs, pg/dL) from Canada and the United States and in Canadian
adults and children

BLL (95% CI) (ug/dL)

. Sampling
Location Age n i Reference
year L Ge:ngn:;rlc 95th percentile
National level data
Canada 1978-79 | 6-79 years | 4142 4.79 Canada Heallh Survey:
1.34 3.79
6-79years | 5319 | () 2471 4a) (3.32-4.26)
0.90 1.95
6-11years | 910 | (5g170.99) (1.65-2.26)
0.80 1.64
12-19years| 945 | (g 74085) (1.47-1.82) -
Canada 2007-09 CHMS:
2039 1165 1.12 3.12 Health Canada 2010e
-ovyears (1.04-1.21) (2.75-3.49)
1.60 3.87
40-59years| 1220 | (1 46 1 75) (3.16-4.57)
2.08 5.19
60-19years| 1079 | 4 955 29) (4.20-6.18)
1.27 3.70
lyear | 8266 | (1517134 (3.50-3.90)
151 4.10
1-5years | 817 | (1 3771 6p) (3.40-5.19)
: 0.988 2.50 NHANES:
United States 2007-08 [ 6-11years | 1011 (0.914-1.07) (2.10-2.88) U.S. CDC 2011
0.800 1.9
12-19 years| 1074 | 7440 850) (1.70-2.32)
20 years and 5364 1.38 3.90
older (1.31-1.46) (3.68-4.23)
Cord blood
Mushkegowuk a 0.30-11.08 :
Territory, Ontario Not reported [ Newborn 79 2.08 +1.67 (range) Hanning et al. 2003
0.8-209 Cord Blood Monitoring
Nunavik, Quebec 1993-1998 | Newborn 193 3.7° (ran e') Program:
g Boucher et al. 2012
Children’s data
Mushkegowuk a 0.50-5.50 Hanning et al. 2003
Territory, Ontario Not reported | 4 months 31 1.67+1.04 (range)
Nunavik, Quebec 2000-02 | 4-6years | 109 41450 1(}051}13g7é)1 Després et al. 2005
. c 0.4-12.8
Nunavik, Quebec 2005-2007 | 9-13 years | 193 2.0 (range) Boucher et al. 2012
. 10 months— 1.7 Turgeon-O’Brien et al.
Nunavik, Quebec 2006-08 4.5 years 129 (1.4-1.9) Not reported 2010
Belledune, New 2004 3-6 years 10 3.54 12.5 (maximum) Government of New
Brunswick 7-15years | 13 2.70 19.2 (maximum) Brunswick 2005
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. . BLL (95% CI) (ug/dL)
. ampling -
Location Age n Reference
year s Ge:n?:;rlc 95th percentile
o]
0-6 years 643 @ 1213% 32)
0-18 120 2.15°
i months 1.95-2.40
(North) Hamilton, 2008 ( ~ ) <1.0-19.4 (range) | Richardson et al. 2011
Ontario 18 months- | 1, 2.34
<3 years (2.15-2.57)
o]
3-6years | 369 | & 30)
6 months-5 .

. . 2007 ears 132 5.1 14.1 (maximum) Trail Health and
Trail, British y! Environment
Columbia _ :

2009 |8 m;e’;tgs 3| 100 5.6 22.7 (maximum) | Committee 2007, 2009
Flin Flon, Manitoba 2009 0-6 years 202 @ 521_725 95) Not reported Intrinsik 2010
311
1.35
1-5 years 306 range:
g (1.27-143) 0.37-19.06
3.94
, 1-<2 years 50 1.32 range:
Montréal, Quebec 050-4.77
(4 selected 2009-10 INSPQ 2011
boroughs) 3-52_
2-< 3 years 66 141 range:
0.39-7.46
2.90
3-5 years 190 1.34 range:
0.37-19.06
2.71
6 months -6 1.12 (2.70-3.38)
years 257 (1.04-1.2) range:
0.21-75
St. John’s
! 6 months - < 1.29
Newfoundland and 2010 range: Bell et al. 2011
Labrador 3 years 105 (1.14-1.46) 021-75
2.5
144 1.00 (2.25-3.0)
3 -6 years (0.91-1.01) range:
0.21-4.58
Adult data
Mushkegowuk Pregnant a 0.66-6.04 :
Territory, Ontario Not reported Women 83 2.29+1.25 (range) Hanning et al. 2003
Québec City 2001  |18-65years| 441 e &y 2 11.1 (maximum) INSPQ 2004
Provi £ Oueh Adult men 125 3.1° 20.9 (maximum)
rovince of Quebec | 593 Adult - - ) ) Abdelouahab et al. 2008
women 7 1.74 12.5 (maximum)
. 18-74 3.9 : Dewailly et al. 2007;
Nunavik, Quebec 2004 years 917 (3.7-4.1) 49.7 (maximum) Fontaine et al. 2008
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Sampling

BLL (95% CI) (pug/dL)

Location Age n i Reference
year s Ge:ngn:;rlc 95th percentile
Men
30-65 33 25 4.6
ears
British Columbia 2004-05 V\)// Clark et al. 2007
omen
30-65 28 1.7 3.7
years
Dene/
Métis
Pregnant 17 1.3 0.48-3.5
women (range)
16-36 years
) Inuvialuit
nuvtk, NOTthWeSt | 5905.06 | Fregnant | 5, 13 0.44-5.6 Donaldson et al. 2010
17-38 years (range)
Non-
aboriginal
Pregnant 6 0.69 0.46-1.0
Women (range)
23-40 years
Pregnant
Baffin, Nunavut 2005-07 e 99 1.4 0.41-7.1 Donaldson et al. 2010
years (range)
Pregnant
Nunavik, Quebec 2007 wom;g 18- 4 1.6 0('%%76')7 Donaldson et al. 2010
years

ClI: confidence interval.

& Arithmetic mean.

> Capillary sampling (versus venous sampling), LOD of 1.0 pg/dL

50th percentile.

Several factors are known to be associated with increased human exposure to lead and consequential
increased BLLs. Maternal bone and blood lead are the major source of exposure for the developing
fetus. Cord BLLs are correlated with maternal and infant BLLs. Maternal exposure to lead in
occupational settings, such as lead smelting, battery manufacturing, and recycling, can result in elevated
BLLs in neonates and infants (ATSDR 2007). Lead concentrations in breast milk are significantly
correlated with infant BLLs, however maternal BLLs have a stronger influence on infant BLLs (Ettinger
et al. 2004). Seasonal variations in BLLs have been reported in the literature, with higher BLLs
observed in warmer periods (e.g., summer) (Yiin et al. 2000; Haley and Talbot 2004). Seasonal variation
was also observed in the INSPQ study in which the BLLs of children sampled in the fall (geometric
mean concentration 1.50 pg/dL) were significantly higher than those of children sampled in the winter
(geometric mean concentration 1.27 pg/dL) (INSPQ 2011).

In the United States, BLLs have been reported to be strongly dependent on time elapsed since
immigration of individuals from their country of origin to the U.S., with BLLs being highest in those
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who had immigrated most recently (U.S. CDC 2006). This trend was also seen in Canada where
individuals born outside Canada had a significantly higher BLL (1.54 pug/dL) than did Canadian-born
individuals (1.29 pg/dL) (Bushnik et al. 2010). In the INSPQ study, children with visible minority status
had significantly higher BLLs than did children without visible minority status (INSPQ 2011). Infants
born in the United States of parents who originated from countries with less stringent regulations
controlling the industrial use and release of lead may also be exposed to elevated BLLs derived from the
mobilization of maternal lead stores during gestation (Rothenberg et al. 1999a, 1999b; ATSDR 2007).
This finding can be attributed to continued use of lead in other countries, such as leaded gasoline and
lead solder in canned foods, and less stringent regulatory measures mitigating the impact of industrial
pollution.

BLLs among Canadians aged 12 to 79 years, as part of the CHMS, were associated with smoking
behaviour and alcohol consumption regardless of age and sex. BLLs are higher in Canadians residing in
households with lower household income levels compared with higher income levels (Bushnik et al.
2010). Continued elevated exposure to lead for all age groups often occurs among the economically
disadvantaged in the United States and Canada as a result of poor housing and other socioeconomic
conditions (ATSDR 2010; Bushnik et al. 2010).

In older communities, several exposure sources and risk factors may converge. Older communities are
more likely to have lead service lines, lead-containing fittings, and lead solder in the plumbing systems,
lead-contaminated soil from current or historical industry or from fallout from historical use of leaded
gasoline on major roads, and lead-based paint in the home. In addition, these older areas may have a
higher proportion of new immigrants or families with lower incomes. Older homes may be more likely
to undergo renovations. Results from the CHMS confirm that BLLs are significantly higher in
individuals living in older homes (greater than 50 years) compared with newer homes (Bushnik et al.
2010). In the INSPQ study, BLLs in children living in residences built before 1920 were significantly
higher than those of children living in residences built after 1975, and concentrations of lead in water,
floor dust, and paint chips were all correlated with the age of home; levels were higher in homes built
before 1950 (INSPQ 2011; Levallois 2011). The objective of the study in St. John’s, Newfoundland and
Labrador was to investigate whether there is increased lead exposure for children living in older housing
stock in St. John’s (Bell et al. 2011). Downtown areas of St. John’s have high soil lead levels resulting
from urbanization and the traditional practices of painted clapboard housing and coal burning. In
particular, high soil lead concentrations have been found along the drip line of residences built before
1960 and anywhere on properties that date to 1920 or earlier. Housing age cohort was a significant
predictor of BLLs and children aged 6 to 72 months living in residences built before 1946 had
significantly higher geometric mean BLLs than did children living in younger residences (Bell et al.
2011). In the North Hamilton, Ontario, study, older housing and proximity to historic and current lead-
emitting industries were also good predictors of children’s BLLs (Richardson et al. 2011).

Health Effects

Health effects of lead have been extensively studied. The adverse health outcomes of lead exposure have
been well documented for a wide variety of tissues, organs, and organ systems. This assessment focuses
on chronic health effects in humans where there is evidence to indicate that effects are occurring below
the current blood lead intervention level of 10 ug/dL including neurodevelopmental, neurodegenerative,
cardiovascular, renal, and reproductive effects. Human epidemiological studies are presented along with
relevant in vivo animal evidence in support of findings in human studies. Therefore, this document is not
a review of all the toxicity data on lead or intended to establish reference values; rather, it is a
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presentation of the most sensitive and best characterized health effects. Comprehensive reviews of the
health effects database of lead are provided in review documents published by international agencies,
including WHO (1995), IARC (2006), the U.S. EPA (2006), ATSDR (2007), NTP (2012). A draft
review is also available from the U.S. EPA (2012).

Developmental Neurotoxicity

Epidemiological studies have reported an association, after adjusting for confounders, between early-life
lead exposure and adverse developmental effects on a variety of neurological, neurophysiological,
cognitive, and behavioural endpoints, including:

e neuromotor function (Dietrich et al. 1993; Wasserman et al. 2000; Ris et al. 2004; Després et al.
2005; Fraser et al. 2006; Boucher et al. 2012);

e academic achievement and reading or math skills (Needleman and Gatsonis 1990; Fergusson et
al. 1997; Lanphear et al. 2000; Al-Saleh et al. 2001; Wang et al. 2002; Miranda et al. 2007b;
Chandramouli et al. 2009);

e delinquent or antisocial behaviour (Fergusson et al. 1993; Bellinger et al. 1994b; Needleman et
al. 1996, 2002; Dietrich et al. 2001);

e attention and executive function (Bellinger et al. 1994a; Canfield et al. 2003b; Chiodo et al.
2004, 2007; Ris et al. 2004; Braun et al. 2006; Nigg et al. 2008, 2010; Wang et al. 2008;
Bouchard et al. 2009; Froehlich et al. 2009; Ha et al. 2009; Cho et al. 2010 ; Kim et al. 2010;
Nicolescu et al. 2010);

e auditory function (Schwartz and Otto 1991; Dietrich et al. 1992; Osman et al. 1999); and
e visual function (Fox et al. 1997, 2008; Rothenberg et al. 2002b; Laughlin et al. 2008).

In the past decade, many of these effects have been associated with blood lead concentrations less than
10 pg/dL (Osman et al. 1999; Lanphear et al. 2000, 2005; Canfield et al. 2003a, 2003b; Chiodo et al.
2004, 2007; Despres et al. 2005; Fraser et al. 2006; Tellez-Rojo et al. 2006; Miranda et al. 2007b;
Chandramouli et al. 2009) and several studies have modelled a dose—response relationship that extends
down to the lowest blood lead concentrations studied (1-2 ug/dL) (Canfield et al. 2003a; Miranda et al.
2007b; Jusko et al. 2008; Jedrychowski et al. 2009).

BLLs have long been reported to be associated with attention-related behaviours. The consistency of the
effects is most evident from recent studies in children 3 to 18 years old, and effects have been reported
at BLLs below 5 pg/dL in multiple studies (Chiodo et al. 2004, 2007; Braun et al. 2006; Nigg et al.
2008, 2010; Wang et al. 2008; Ha et al. 2009; Froehlich et al. 2009; Cho et al. 2010; Kim et al. 2010;
Nicolescu et al. 2010; Plusquellec et al. 2010). Two studies using the same NHANES data set (1999-
2002) reported similar results when comparing attention deficit hyperactivity disorder (ADHD) in
children 4-15 (Braun et al. 2006) and 8-15 years of age (Froelich et al. 2009), with a mean BLL around
2 ug/dL. Odd ratios were, respectively, 4.1 (Cl 1.2-14) and 2.3 (CI 1.5-3.8) compared with the reference
population (mean BLL 0.8 pg/dL). Nigg et al. (2010) found an association between BLL and ADHD
even after controlling for covariates including 1Q in a group of children 6-17 years of age with a mean
BLL of 0.73 pg/dL and a maximum BLL of 2.2 pg/dL. Overall, there are multiple cross-sectional
studies in human that consistently report an association between attention related behaviours, and the
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evidence is sufficient to support the observation of effects below 5 pg/dL. In June 2012, the NTP
concluded that there is sufficient evidence that BLLs < 5 ug/dL are associated with various indices of
reduced cognitive function, and increased incidence attention-related behaviours and problem
behaviours in children (NTP 2012).

The developmental neurotoxicity endpoint that has been most studied, and for which there is the greatest
weight of evidence of a causal relationship, is the adverse consequences of early-life lead exposure on
psychometric tests of intelligence (1Q) among school-aged children. This body of research demonstrates
an association between chronic lead exposure in early life, as measured by various biomarkers, and
decrements in school-aged children’s 1Q. Although some studies of early-life lead exposure and
childhood 1Q did not demonstrate statistical significance, the cognitive effects are generally indicative of
effects of concern at exposure levels below 10 pg/dL (Ernhart et al. 1987, 1989; Cooney et al. 19893,
1989h, 1991; Bellinger et al. 1991, 1992; Dietrich et al. 1992; Schnaas et al. 2006). Many of the
individual epidemiological studies model a dose-response relationship for developmental neurotoxicity
down to the lowest blood lead concentration range measured, 1-2 pg/dL (Schwartz 1994; Lanphear et al.
2000, 2005; Canfield et al. 2003a; Chiodo et al. 2004, 2007; Schnaas et al. 2006; Tellez-Rojo et al.
2006), but not all studies report this pattern of results (e.g., Surkan et al. 2007; Chandramouli et al.
2009). The overall weight of human evidence supporting developmental neurotoxicity following lead
exposure, at levels below the current blood lead interventional level, is strong when considered in the
context of potential measurement error; the potential for overcontrol of modifying rather than
confounding variables; the relative insensitivity of 1Q decrement as a measure of brain injury; and the
complex interdependence of effects on magnitude, duration, and timing of exposure. There is also
evidence indicating persistence, until at least the late teenage years, of the changes in neurological
systems associated with childhood blood lead concentrations including effects on memory, learning-1Q,
attention, visual construction,” and fine-motor coordination (Fergusson et al. 1997; Ris et al. 2004).
However, longitudinal studies in adults (not highly exposed during childhood versus highly exposed
during childhood with cessation in adulthood) are lacking to confirm irreversibility.

The pooled analysis study by Lanphear et al. (2005) has been established as the critical study for the risk
characterization of the effects of lead on children’s IQ score. The pooled analysis combines data from
seven longitudinal studies. It contains the highest number of subjects (n = 1333), is diverse as it includes
studies from the United States, Mexico, Australia, and Yugoslavia, but not Canada, and contains a
sufficient number of pre-school and school-aged children with BLLs below 10 pg/dL. The pooled
analysis contains a sufficient number of subjects to provide the statistical power needed to best
characterize the relationship between BLL and 1Q score at low exposure levels.

Lanphear et al. (2005) pooled data from seven longitudinal prospective studies initiated before 1995 and
followed subjects from birth or infancy until 5 to 10 years of age. The data retrieved were from Boston,
Massachusetts (Bellinger et al. 1992), Cincinnati, Ohio (Dietrich et al. 1993), Cleveland, Ohio (Ernhart
et al. 1989), Rochester, New York (Canfield et al. 2003a), Mexico City, Mexico (Schnaas et al. 2000),
Port Pirie, Australia (Baghurst et al. 1992), and Kosovo, Yugoslavia (Wasserman et al. 1997). The
analysis involved a total of 1333 children with complete data on requisite covariates. A subject’s 1Q was
assessed at primary school age (mean age of assessment 6.9 years, range 4.8-10 years) and five of the

® Assessed through Block Design Subtest of the Wechsler Intelligence Scales for Children (WISC-111) and the Rey-Osterrieth
Complex Figure — Accuracy Score.
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seven studies assessed 1Q at 6 or 7 years of age. The assessments were conducted with an age- and
language-appropriate version of the Wechsler Intelligence Scales for Children (WISC-R, WISC-III,
WPPSI, or WISC-Spanish).

Children’s blood lead was sampled by either venous or capillary sampling, depending on the protocols
of the individual participating studies. Four blood lead indices were used in the analyses: (1) concurrent,
defined as BLLs measured closest to the time of cognitive testing (2) maximum, (3) lifetime average,
and (4) early childhood, defined as the 6-month to 2-year mean blood lead. Data on cord blood lead
were also available for 696 subjects. The pooled median concurrent, maximum, lifetime average, and
early childhood BLLs were 9.7, 18.0, 12.4, and 12.7 ug/dL, respectively. Eighteen percent (n = 244) of
subjects had maximum blood lead concentrations of less than 10 pg/dL and 8% (n = 103) of subjects had
maximum blood lead concentrations below 7.5 ug/dL.

Data on the following covariates were included in the pooled analysis: maternal 1Q, education, marital
status, and prenatal alcohol and tobacco use; Home Observation and Measurement of the Environment
(HOME) inventory score; and subject sex, birth order, and birth weight. The influence of ethnicity was
investigated for the subset of U.S. data. Potentially important covariates that were not included in the
pooled analysis included socioeconomic status (SES), nutritional status, and paternal 1Q. Lanphear et al.
(2005) found an inverse relationship between concurrent BLL and 1Q score. 1Q point decrements of 3.9,
1.9, and 1.1 were associated with concurrent BLLs of 2.4 to 10 pg/dL, 10 to 20 pg/dL, and 20 to 30
ug/dL, respectively. Lanphear et al. (2005) in a pooled-analysis based on studies conducted in times of
higher lead exposure concluded that intellectual deficits are associated with maximum BLLs of less than
7.5 nug/dL in children. However, since BLLs have declined considerably since the Lanphear (2005) study
was conducted, there is uncertainty regarding the extrapolation of this dose-response curve to the current
Canadian population.

The health effects literature from experimental studies in laboratory animals supports the findings of the
observational studies in humans. There is no equivalent to an 1Q test in animals, but adverse behavioural
outcomes that reflect learning and memory have been demonstrated at the lowest blood lead
concentrations studied (approximately 10 pg/dL) in multiple species, including non-human primates
(Cory-Slechta and Thompson 1979; Rice 1984, 1985; Rice and Gilbert 1985; Gilbert and Rice 1987,
Rice and Karpinski 1988). Studies in laboratory animals indicate that the developmental neurotoxicity of
lead is not reversible and persists after exposures cease and blood and brain lead concentrations return to
normal (Rice 1984, 1985; Cory-Slechta 1995; Rice and Barone 2000). To date, no exposure threshold
for lead-induced behavioural deficits in laboratory animals has been established.

Key studies that have investigated the association between blood lead levels and neurodevelopmental
effects in humans and in experimental animals are summarized in Table 11. Considering the
technological limitations of the measurement methods, BLLs identified in the table should not be
interpreted as clear thresholds of effect. It should also be emphasized that the effects and BLLs reported
in this and subsequent tables in this section are based on the study authors’ conclusions.
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Table 11. Neurodevelopmental effects and associated BLLs (ng/dL)?

BLL associated with the

Study type Effect effect (ng/dL) Reference

Human studies Increased ORs for ADHD in children 4—15 >13 Braun et al. 2006
years of age
Significant iati ith ADHD i

ignificant association wi scores in 19 Cho et al. 2010

children 8—11 years of age
Decreased performance on
standardized tests of reading and math in grade 2 Miranda et al. 2007b
4
Increased ORs for ADHD in children 8—15 >2 Froelich et al. 2009
Non-linear analysis indicates that BLL as low as
about 2 pg/dL may be associated with decline in 2.1 Jusko et al. 2008
1Q
Association Wlth ADHD both as a diagnosis and <9 Nigg et al. 2010
as a symptom dimension
In(_:reased inattention and hyperactivity in 22 Kim et al. 2010
children 8-10 years of age
IQ decrements in 10-year olds 2.5 Schnaas et al. 2006
Major depressive disorder, panic disorder, and
generalized anxiety disorder in young adults 3 Bouchard et al. 2009
(aged 20—39 years)
Increased inattention >3 Chiodo et al. 2004; 2007
Association with ADHD and with mediated 347 Nigg et al. 2008

hyperactivity

Positive association with ADHD in children

positive trend with levels

(6—17 years) with increasing BLLs between 0.1 <3.5 Ha et al. 2009
and 10 pg/dL
IQ decrements and hyperactivity in children 8 to 374 Kim et al. 2010
11 years of age
No 1Q decrements in children aged 6 to 10 years 3—4 Surkan et al. 2007
No effect on tests of standardized Chandramouli et al
educational outcomes in children aged 7-8 2-5 2009 '
years
Increased ADHD-related behaviour in children .

viourin enl 3-5 Nicolescu et al. 2010
8—12 years of age
Decreased math and reading skills

<

in 6—16-year olds from NHANES I > Lanphear et al. 2000
Decreased score on Fagan Test of <5
Infant Intelligence in infants 7 months of age (maternal blood) Emory et al. 2003
Mild association with deficit in cognitive <5 Jedrychowski et al.
function in children 12 to 36 months of age (cord blood) 2009
Prevalence of ADHD in Chinese children 4—12 <5 Wang et al. 2008

years of age
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BLL associated with the

Study type Effect effect (ng/dL) Reference
IQ decrements and lower academic achievement .
at 4—11 years of age (verbal and non-verbal) S Min et al. 2009
_IQ dgcremer_lts an_d other neurological 54 Chiodo et al. 2004
impairment in children aged 7—9 years
Higher ADHD and inattention scores, greater
hyperactivity and poor attention in children 7—9 54 Chiodo et al. 2004, 2007
years of age
IQ decrements in 10-year olds 7 Bellinger et al. 1992
IQ decrements in 3—5-year olds 7.4-1.7 .
No threshold for effects 3.4-9.7 Canfield et al. 20032

1Q decrements in children 5—10 years of age;
Pooled-analysis (7 studies)

<7.5 (maximal)
2.4-10 (concurrent)

Lanphear et al. 2005

IQ decrements in 11—13-year olds 7.9 Tong et al. 1996
IQ decrements in children aged 6 to 10 years 5-10 Surkan et al. 2007
Decrements in Bayley Mental Development
Index (MDI) in 2-year 5-10 Tellez-Rojo et al. 2006
olds
Decreased performance on tests of standardized 5_10 Chandramouli et al.
educational outcomes in 7—8-year olds A 2009

Animal studies Neurobehavioural impairments in Cory-Slechta and

10

rats Thompson 1979
Neurobehavioural impairments in Rice 1984, 1985;
monkeys 12 Rice and Gilbert 1985;

Rice and Karpinski 1988

% As reported by study authors. Note that for many of the studies, the LOD was approximately 1 pg/dL and the limit of
quantification (LOQ) was approximately 3 pg/dL. This limit of analytical capacity causes difficulty in interpreting study
results in this low range of exposures.

Neurodegenerative Effects

Neurodegenerative effects (e.g., cognitive decline) have not been as well studied as developmental

neurotoxicity. The observational and experimental evidence that exists supports an association between
lead exposure and increased rate of neurological decline. Associations between bone lead concentrations
and neurodegenerative effects have been more consistently reported than have associations between
blood lead and neurodegenerative effects (Shih et al. 2006).

While there is observational and experimental evidence to support an association between lead exposure
and increased rate of neurological decline, the weight of evidence is limited for BLLs below 10 pg/dL.
Associations between BLLs and age-related cognitive decline have been observed in several studies
(Wright et al. 2003; Stewart and Schwartz 2007; Khalil et al. 2009; Weuve et al. 2009). The likelihood
of older men scoring less than 24 on the Mini-Mental State Exam (MMSE) was inversely associated
with blood lead concentrations among subjects of the U.S. Veterans Affairs Normative Aging Study
(NAS) with a mean blood lead concentrations of 5 pg/dL (Wright et al. 2003). These results, however,
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are in contrast to findings from other cohort studies examining both men and women with similar levels
of exposure (Muldoon et al. 1996; Nordberg et al. 2000; Krieg et al. 2005).

Tibia lead concentration, but not blood lead concentration, has been associated with cognitive decline in
a cohort of older women with mean blood lead concentrations of 2.9 ug/dL (Weuve et al. 2009). Tibia
lead level, but not blood lead, was similarly associated with lower current cognitive performance and
cognitive decline in a longitudinal occupational cohort study (Khalil et al. 2009).

Occupational cohort studies have relatively consistently reported a number of central nervous system
and peripheral nervous system effects at blood lead concentrations higher than 20 pg/dL, with few data
available at lower blood lead concentrations. Effects reported in occupational cohort studies include
abnormal postural sway, abnormal visual-evoked potential and brainstem auditory-evoked potential
(BAEP), peripheral sensory nerve impairment, neuromotor impairment, and neurological symptoms
(ATSDR 2007).

There are few experimental data on the effects of lead-induced neurodegeneration on animal behaviour.
Studies in both rats and non-human primates at blood lead concentrations of about 20 pug/dL demonstrate
that older animals are more susceptible to the adverse neurobehavioural effects of lead than are younger
animals at comparative doses and durations of exposure (Rice 1990, 1992a, 1992c; Cory-Slechta and
Pokora 1991).

Key studies that have investigated the association between neurodegenerative effects and BLLs are
presented in Table 12.

Table 12. Neurodegenerative effects and associated BLLs (ng/dL)?

BLL associated with the

Study type Effect effect (ug/dL) Reference
Human studies Increased risk for essential tremor 3 Louis et al. 2003
No association with neurobehavioral test .
scores in NHANES 111 3.3 Krieg et al. 2005
No association with MMSE score 3.7 Nordberg et al. 2000
Increased risk of MMSE score < 24 5 Wright et al. 2003
No association with neuropsychological 54 Muldoon et al. 1996
test scores (urban)
Impaired neuropsychological test scores of 7 Muldoon et al. 1996
older women (rural)
Animal studies Neurobehavioural impairments in adult 11 Rice and Karpinski 1988
monkeys
Increased beta-amyloid proteins in older 20 Basha et al. 2005

rats exposed only as infants

Neurobehavioural impairments (increased
fixed-interval and variable-interval 20 Cory-Slechta et al. 1991
response rates) in older rats

Neurobehavioural impairments in adult

25 Rice 1990, 1992b, 1992¢
monkeys
Increased beta-amyloid proteins and
plaques in 23-year-old monkeys exposed 32-36 Wu et al. 2008

only as infants

®As reported by study authors
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Cardiovascular Effects

There are multiple lines of evidence, including human epidemiological studies, in vivo animal assays,
and in vitro experiments, that demonstrate that chronic lead exposure can result in adverse
cardiovascular effects in humans by various mechanisms. Lead exposure has been associated with
several cardiovascular endpoints, including cardiovascular mortality, stroke mortality, myocardial
infarction (MIA) mortality, inotropic and chronotropic cardiotoxicity, and peripheral arterial disease,
and there is evidence for several of these effects at blood lead concentrations of less than 10 pg/dL
(Lustberg and Silbergeld 2002; Navas-Acien et al. 2004, 2007, 2008; Menke et al. 2006; Schober et al.
2006). The endpoint that has been most studied and for which there is the greatest weight of evidence of
a causal relationship is lead-induced increases in blood pressure, particularly systolic blood pressure
(SBP), or risk of hypertension.

There have been a large number of epidemiological studies of blood lead and blood pressure or risk of
hypertension in adults as well as in pregnant women, and many report a significant, but modest,
association (Rothenberg et al. 2002a; Glenn et al. 2003; Nash et al. 2003; Vupputuri et al. 2003; Chen et
al. 2006; Yazbeck et al. 2009; Wells et al. 2011). Several meta-analyses have also reported a
significantly positive, but small, association (Staessen et al. 1994; Schwartz 1995; Nawrot et al. 2002).
The modest effect size and the inconsistency of results can be attributed, in part, to measurement error in
both lead exposure and blood pressure. Biological variations such as age, diet, gender, and ethnicity
(which are all risk factors of cardiovascular disease) may also explain the inconsistency in the results,
since these co-variates were not consistently controlled for in the above-noted studies. In contrast to
studies that have relied on blood lead as a measure of exposure, bone lead concentration has more
consistently been associated with increased blood pressure or risk of hypertension in the aged (Cheng et
al. 2001).

Glenn et al. (2003) reported on the longitudinal association between adult BLLs and annual change in
blood pressure in occupationally exposed males. The average blood lead at baseline was 4.6 pg/dL, with
a range of 1 to 20 pg/dL. Vupputuri et al. (2003) reported on the cross-sectional relationship between
BLLs and SBP among 14 952 adults in the Third National Health and Nutrition Examination Survey
(1988-1994) (NHANES I11). Blood lead was significantly associated with higher SBP and diastolic
blood pressure (DBP) among African-American men and women, but not Caucasians. The mean BLLs
were 5.4 and 3.4 pg/dL for African American men and women, respectively. Other studies also observed
higher BLLs, higher blood pressures and higher prevalence of hypertension among non-Caucasians
compared with Caucasians (Den Hond et al. 2002; Scinicariello et al. 2010). Nash et al. (2003)
examined a study group of females aged 40 to 59 from the NHANES Il1 data set for increases in SBP
and/or DBP and general risk of hypertension associated with increases in BLLs. An increase from the
lowest BLL quartile (mean, 1.0 ug/dL; range 0.5-1.6 ug/dL) to the highest (mean, 6.4 pg/dL; range 4.0—
31.1 pg/dL) was associated with a 1.7- and 1.4-mm Hg increase in SBP and DBP, respectively.

Glenn et al. (2006) followed 575 subjects in a lead-exposed occupational cohort in the Republic of
Korea between October 1997 and June 2001. Blood pressure changes in relation to tibia lead
concentration were evaluated, as well as changes in concurrent BLL. The mean BLL in the cohort was
31.4 pug/dL and the mean tibia lead concentration was 38.4 pg/g tibia bone mineral at first presentation.
Change in SBP was statistically associated with concurrent BLL. Cheng et al. (2001) performed a cross-
sectional and a longitudinal study on the relationship between tibia lead concentration and SBP in 519
participants of the U.S. Veterans Affairs Normative Aging Study (NAS) from Greater Boston,
Massachusetts. They reported a significant positive association with a 0.1 mm Hg increase in SBP per
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ug lead/g tibia bone. Gerr et al. (2002) assessed the association between tibia lead concentration and
blood pressure in young adults (19-29 years old) who were heavily exposed or not exposed to lead in
their childhood. When comparing the four bone lead concentration groups (< 1 pg/g, 1-5 pg/g, 6-10
Mg/g and > 10 pg/g), SBP and DBP were respectively 4.3 and 2.8 mm Hg higher (p < 0.05) in the
highest bone lead concentration group compared with the lowest. The corresponding BLL for the high
bone lead group was 3.15 pg/dL. Blood lead was not statistically significantly associated with blood
pressure suggesting that the observed increase in blood pressure was related to the long-term effects of
past exposure.

Lead exposure has been associated with increased SBP or risk of hypertension among environmental
cohorts with average blood lead concentrations as low as 3-5 pg/dL (Vupputuri et al. 2003; Martin et al.
2006). Other studies have disputed the presence of a relationship between low-level lead exposure and
hypertension (Staessen et al. 1994; Chu et al. 1999; Nawrot et al. 2002). There have been few analyses
on the shape of the blood lead concentration—response relationship for cardiovascular effects; some
show evidence of an attenuation of the slope over lower ranges of current blood lead concentrations for
SBP and MIA mortality (Schwartz and Stewart 2000; Martin et al. 2006; Menke et al. 2006), but not
stroke mortality (Menke et al. 2006).

Both chronic and subchronic oral exposure to lead in laboratory animals results in elevated blood
pressure. This effect has been demonstrated in multiple species and has been repeatedly demonstrated in
multiple rat strains. Three-month oral lead exposures that produced a mean blood lead concentration of
2.4 ng/dL resulted in approximately a 30% increase in blood pressure in rats (Attri et al. 2003).
Similarly, when rats were exposed to varying concentrations of lead in drinking water for 60 days,
exposure that led to a BLL of 2.15 pg/dL resulted in a 10% and 11% increase (p < 0.01) in SBP and
DBP, respectively, compared with controls (Tsao et al. 2000).

As a whole, meta-analyses of the epidemiological findings have identified a persistent trend in the data
that supports a relatively mild, but statistically significant association between BLL and SBP in adults
(ATSDR 2007; ILZRO and EBRC 2008; EFSA 2010).

Key studies that have investigated the association between BLL and cardiovascular effects are
summarized in Table 13.

Table 13. Cardiovascular effects and associated BLLs (ng/dL)?

Study type Effect L5 2?:;&'?;%? dvl\il)t Rl Reference
Stress-induced increase in total
peripheral vascular resistance in 2.8 Gump et al. 2005
children aged 9 years
Increased risk of peripheral arterial disease 2.9 Navas-Acien et al. 2004
No association with ambulatory SBP 2.9 Staesson et al. 1996
Increased risk of cardiovascular mortality 3.6 Menke et al. 2006
Increased SBP among Caucasian males 4.6 Glenn et al. 2003
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Increased SB among African-Americans 34-54 Vupputuri et al. 2003
Animal studies Increased blood pressure in rats 2.4 Attri et al. 2003

Increased blood pressure in rats 3.2 Ding et al. 1998

Increased blood pressure in rats 2.15 Tsao et al. 2000

EDEN: Etude des Déeterminants pré et post natals du développement et de la santé de I’Enfant
& As reported by study authors

Renal Effects

In humans, the general pattern of lead nephrotoxicity indicates severe deficits in function and
pathological changes when BLLs > 50 pg/dL, enzymuria and proteinuria becoming evident when BLLsS
> 30 pg/dL, and reduced glomerular filtration (measured as a decrease in creatinine clearance or increase
in serum creatinine) when BLLs < 20 pg/dL (ATSDR 2007). A review of the epidemiological literature
conducted by Ekong et al. (2006) concluded that lead contributes to nephrotoxicity at BLL < 5 pg/dL
and this is particularly true in susceptible populations, such as those with hypertension, diabetes, and/or
chronic kidney disease (CKD).

An inverse association between blood lead and glomerular filtration rate (GFR) has been reported, after
adjusting for confounders, in most environmental cohort studies, and this has been observed in cohorts
with mean blood lead concentrations as low as 2 pg/dL (Akesson et al. 2005). A 10-fold increase in
blood lead is associated with decreases in creatinine clearance ranging from 10 to 30 mL/minute
(Staessen et al. 1992; Payton et al. 1994). Increases in serum creatinine of 0.08 mg/dL are associated
with a 10-fold increase in blood lead (Kim et al. 1996).

Several significant studies and reports spanning a decade examine the relationship between blood lead
and renal function. Longitudinal studies from subsets of the NAS found associations between decreased
creatinine clearance and BLL (Payton et al. 1994) and increased serum creatinine (Kim et al. 1996).
When the results were stratified by diabetes and hypertension status, significant associations between
serum creatinine concentration and lead levels (blood and bone) were found in diabetic and hypertensive
groups, which suggest the possibility of interactions between lead exposure, glomerular function, and
diabetes or hypertension (Tsaih et al. 2004; ATSDR 2007). As part of the Belgian Cadmibel Study,
decreased creatinine clearance was significantly associated with blood lead (Staessen et al. 1992). Mean
BLLs were 11.4 and 7.5 pg/dL for males and females, respectively.

Muntner et al. (2003) analyzed serum creatinine concentrations as a function of GFR and BLL as part of
NHANES 111 (1988-1994). The mean BLL was 3.3 pg/dL in the normotensive group and 4.2 pg/dL in
the hypertensive group. There was a strong, dose-dependent association between BLLs and elevated
serum creatinine and chronic kidney disease (CKD) among persons with hypertension. In a follow-up
analysis of the NHANES 111 and NHANES 1999-2002 data, there was a clear dose—response
relationship between the quartiles of BLL and the prevalence of hypertension (Muntner et al. 2005). In
an analysis of associations between joint exposure to low-level cadmium and lead from NHANES
(1999-2006), a statistically significant trend was found between the quartiles of BLL and blood
cadmium and reduced estimated GFR (Navas-Acien et al. 2009). The authors concluded that both
cadmium level and lead should be considered as risk factors for CKD. The relationship between BLL
and kidney function in adolescents (12—20 years of age) was investigated by Fadrowski et al. (2010)
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from NHANES Il1 data. Higher BLLs were associated with lower estimated GFRs, and the median BLL
was 1.5 pg/dL.

There are few in vivo data on environmentally relevant lead exposures and renal function in animals. A
blood lead concentrations of 26 pg/dL in rats produced decreased creatinine clearance and accelerated
renal microvascular and renal tubulointerstitial injury (Roncal et al. 2007). A blood lead concentrations
of 29 pg/dL in rats produced transient hyperfiltration, a finding consistent with similar data from
relatively high-exposure occupational cohort studies. This exposure level also produced mild renal
tubular atrophy and interstitial fibrosis (Khalil-Manesh et al. 1993).

Key studies that have investigated the association between BLL and renal effects are summarized in
Table 14,

Table 14. Renal effects and associated BLLs (ng/dL)?

BLL associated with the

Study type Effect effect (ng/dL)

Reference

Human studies Reduced GFR and creatinine clearance,

Women’s Health in Lund Area Study 2.2 Akesson et al. 2005

Risk of elevated serum creatinine and
chronic kidney disease among 2.5-3.8 Muntner et al. 2003
hypertensives, NHANES IlI

Reduced creatinine clearance, Belgian

Cadmibel Study 7.5 Staessen et al. 1992
Reduced creatinine clearance, NAS 1988— 8.1 Payton et al. 1994
1991
Increased serum creatinine, NAS 1991— 9.9 Kim et al. 1996
1994
Animal studies Reduced creatinine clearance,
microvascular and tubulointerstitial injury 26 Roncal et al. 2007
in rats
Transient hyperfiltration, tubular atrophy, 29 Khalil-Manesh et al. 1993

and interstitial fibrosis in rats

®As reported by study authors

Reproductive Effects

Key reproductive effects observed in females that have been associated with low-level exposure to lead
include delays in sexual maturation, risk of spontaneous abortion, and low birth weight/pre-term birth.
Epidemiological evidence in African American and Mexican American girls based on an analysis from
NHANES Il data, demonstrated an association between delayed puberty in adolescent girls and blood
lead concentrations as low as 3 pg/dL (Selevan et al. 2003). These findings have been replicated in two
of the three additional studies that have examined this effect (Wu et al. 2003; Denham et al. 2005; Wolff
et al. 2008) and are supported by recent and replicated mice in vivo studies that reported a 30% delay in
onset of puberty at blood lead concentrations of 2—3 ug/dL compared with 0.7 pg/dL (lavicoli et al.
2004, 2006). These low-dose in vivo studies also report a dose—response relationship, with no evidence
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of attenuation in the relationship as blood lead concentrations approach 0.7 ug/dL. Delayed onset of
puberty and reductions in circulating levels of insulin-like growth factor 1 (IGF1), luteinizing hormone
(LH), and estradiol (E2) were associated with female rats exposed to lead during gestation only, with a
peak blood lead concentration of about 14 ug/dL (Dearth et al. 2002). Altered levels of progesterone
were reported in monkeys with blood lead concentrations of 25-30 pg/dL (Foster et al. 1996).

Older epidemiological studies have reported associations between spontaneous abortion and
occupational lead exposure (Hertz-Picciotto 2000). Findings from more recent environmental cohort
studies are inconsistent, but methodological issues limit the strength of the conclusions that can be
drawn from these studies. One well-designed, but not yet replicated, study from Mexico City (1994—
1996) reported a concentration—effect gradient over blood lead concentrations of 3 to 29 ug/dL with an
increased odds ratio of spontaneous abortion of 1.8 (ClI 1.1-3.1) for each 5-ug/dL increase in blood lead
concentration for women ranging from 14 to 43 years of age (Borja-Aburto et al. 1999). In another study
of pregnant women from Mexico City, a 0.1% increment in the maternal plasma to blood ratio was
associated with a 12% greater incidence of reported history of spontaneous abortion (Lamadrid-Figueroa
et al. 2007). However, in a study conducted with 351 women in Iran from 2006 to 2008, mean BLLs did
not differ significantly between spontaneous abortion cases and ongoing pregnancies (Vigeh et al.

2010). The mean BLL was 3.8 ug/dL. Overall, there is limited evidence to conclude that there is
increased risk of spontaneous abortions with BLLs < 30 ug/dL (U.S. CDC 2010b).

The epidemiological evidence for an association between maternal blood lead and birth weight and pre-
term birth is inconsistent, probably owing to differences in study design, sample size, and control for
confounders (U.S. CDC 2010b). In a birth cohort study from Mexico City, Gonzalez-Cossio et al. (1997)
reported that bone lead burden is inversely related to birth weight. Infants from mothers with tibia lead
concentrations in the highest quartile (> 15 ug/g) were, on average, 156 g lighter than infants from
mothers in the lowest quartile (< 4.5 ug/g). From the same cohort, Hernandez-Avila et al. (2002)
reported a positive association between bone lead concentration and shorter birth length. In a separate
study (Mexico City 1997-1999), maternal whole-blood lead levels measured during the first and second
trimesters yielded an inverse association with length of gestation and increased risk of prematurity
(Cantonwine et al. 2010).

In males, most reported effects on the reproductive system have been observed at BLLs > 10 ug/dL and
include decreased sperm count, morphological aberrations, and an increased risk of infertility
(Alexander et al. 1996; Sallmen et al. 2000; Bonde et al. 2002). However, one study from the Russian
Federation reported an association of BLLs as low as 3 pg/dL with decreased growth and differences in
pubertal onset in periadolescent boys (Hauser et al. 2008).

In experimental animals, lead adversely affects offspring development at maternal blood lead
concentrations that do not produce maternal clinical toxicity. Effects reported range from fetal mortality
to reduced birth weight and postnatal growth. In vivo, in rats and monkeys, fetal mortality and reduced
birth weight and postnatal growth have been associated with maternal blood lead concentrations of 30—
50 pg/dL. Maternal blood lead concentrations of 13 ug/dL and higher have resulted in increased fetal
resorptions in dams and maternal blood lead concentrations of 10 pug/dL and above have resulted in
increased external malformations in pups (Flora and Tandon 1987).

Key studies that have investigated the association between BLL and reproductive effects are
summarized in Table 15.
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Table 15. Reproductive effects and associated BLLs (pg/dL)?

BLL associated with

Study type Effect the effect (ng/dL) Reference
Human studies Delayed puberty in females 3 Selevan et al. 2003
Delayed puberty in females 3 Wu et al. 2003
Delayed puberty in males 3 Hauser et al. 2008
No increased risk of spontaneous abortion 3.8 Vigeh et al. 2010
Increased risk of spontaneous abortion 5 Borja-Aburto et al. 1999
!Decrease In gestational Iength_ and 7.2 Cantonwine et al. 2010
increased risk of pre-term delivery
Increased time to pregnancy 10 Shiau et al. 2004
Increased relative risk of infertility 10-15 Sallmen et al. 2000
Decreased sperm concentrations 15-24 Alexander et al. 1996
Animal studies Delayed onset of puberty in female mice 0.7 lavicoli et al. 2004
Altered structure of Sertoli cells and 7 Murthy et al. 1995
spermatids in male rats
rDa?;:reased number of spermatozoa in male 7 Barratt et al. 1989
Increased external malformations 10 Flora and Tandon 1987
Delayed onset of puberty in female mice 8-13.0 lavicoli et al. 2006

Delayed onset of puberty and altered
hypothalamic—pituitary—gonadal (HPG) 14 Dearth et al. 2002
axis in female rats

Structural damage to seminiferous tubules

and reduced prospermatogonia in male rats 14 Corpas etal. 1995

®As reported by study authors

Mode of Action

Overall, the mode of action for lead is attributed to its affinity for thiol groups (-SH) and other organic
ligands in proteins (Vallee and Ulmer 1972). The molecular characteristics of lead are very similar to
those of calcium, which results in the kinetics of lead being greatly influenced by calcium dynamics.
This is well illustrated by the observation that gastrointestinal absorption of lead is influenced by dietary
calcium intake, such that adults and children with low dietary calcium will absorb more lead (Ziegler et
al. 1978; Heard and Chamberlain 1982; Blake and Mann 1983; Mahaffey et al. 1986). Lead can
substitute for calcium (and perhaps other essential metals) and this is considered to factor into the mode
of action as well (Bressler and Goldstein 1991; Zawia et al. 1998; Hanas et al. 1999; ATSDR 2007;
EFSA 2010). Like calcium, lead accumulates in bones. Lead can opportunistically cross cellular
membranes through the voltage-regulated Ca®* channel (Calderon-Salinas et al. 1999) or by
“piggybacking” on the active transport system such as Ca’*~Mg**-adenosine triphosphatase (Simons
1988).

Consequently, the health effects associated with lead are considered to occur via common modes of
action, such as lead’s ability to mimic other biologically essential metals (calcium, iron, and zinc), the
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most notable of which is calcium (Kosnett 2006). In the nervous system (central and peripheral),
calcium-dependent reactions and calcium homeostasis disruptions are thought to be the most important
pathways leading to overt toxicity (EFSA 2010). In the cardiovascular system, the increases in
intracellular Ca** triggered by the presence of lead (along with other effects) cause increases in vascular
smooth muscle tone, resulting in increased microcirculation resistance, and thus blood pressure
(Piccinini et al. 1977; Kramer et al. 1986; Watts et al. 1995; Hwang et al. 2001). ATSDR (2007) has
postulated that the effects of lead, elevation in blood pressure, and decrements in GFR may be related.

In vivo, lead interferes with the activities of key enzymes in the synthesis of heme, a critical component
of hemoglobin, and adversely affects erythrocyte morphology and life span (Klaassen 2008; EFSA
2010). It is the inhibition of delta-aminolevulinic acid dehydratase (ALA-D), in addition to other
enzymes required for heme synthesis, that results in the increased production of zinc protoporphyrin
(detectable in both blood and urine) and ultimately in lower amounts of hemoglobin in red blood cells.
This effect of systemic lead exposure is seen clinically as anemia (U.S. EPA 1986b; Goering 1993).

Risk Characterization

There is evidence of health effects associated with blood lead concentrations under 10 pg/dL, down to
1-2 pg/dL, which include neurodevelopmental, neurodegenerative, cardiovascular, renal, and
reproductive effects. Of these, the strongest association at the lower levels is for neurodevelopmental
effects, specifically the reduction of 1Q score and attention-related behaviours. 1Q score is the most
widely measured endpoint to assess developmental neurotoxicity from exposure to lead. The weight of
evidence from observational and in vivo experimental animal studies supports the following conclusions
on neurotoxicity:

e Developmental neurotoxicity has been associated with the lowest levels of lead exposure
reported, both in observational studies and in animal experiments.

e In humans, the developmental neurotoxic effects of lead can persist until the late teen-age
years.

e In laboratory animals, the developmental neurotoxic effects of lead can persist after
exposures have ceased and blood and brain lead concentrations have returned to normal or
control levels.

e Currently, dose-response modelling conducted with data from observational studies does not
demonstrate a population threshold for developmental neurotoxicity over the lower ranges of
current environmental lead exposures. For some endpoints, such as 1Q deficits, the
preponderance of evidence indicates that the dose—response relationship is curvilinear, with a
steeper slope over the lower ranges of current environmental lead exposures.

e Lead can interact with multiple cell types in the central nervous system, and potential modes
of action supported by experimental evidence have been developed to explain the observed
developmental neurotoxicity of lead. These modes of action are considered relevant to
humans.

Infants and children are a susceptible subpopulation for lead exposure because they have greater
gastrointestinal absorption and less effective renal excretion than adults. Selection of infants and
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children as a susceptible subpopulation and neurodevelopmental effects as the critical health effect is
considered protective for other adverse effects of lead across the entire population.

The most comprehensive analysis for developmental neurotoxicity was conducted by Lanphear et al.
(2005) who pooled and analyzed data from seven longitudinal studies. The Lanphear et al. (2005)
analysis contains the highest number of subjects (1333 children), is diverse in including studies from the
United States, Mexico, Australia, and Yugoslavia, but not Canada, and contains a sufficient number of
pre-school and school-aged children with blood lead levels below 10 pg/dL. The pooled analysis
contains a sufficient number of subjects to provide the statistical power needed to best characterize the
relationship between BLL and 1Q score at low exposure levels. The pooled analysis study by Lanphear
et al. (2005) is identified as the critical study for the risk characterization of neurodevelopmental effects
in children since there is no comparable analysis available for attention-related behaviours.

Dose—-response analyses have been conducted by some agencies, such as the European Food Safety
Authority (EFSA 2010) and the Office of Environmental Health Hazard Assessment of the California
Environmental Protection Agency (OEHHA 2007), to characterize risk. Once the dose—response
relationship was characterized, a benchmark dose was determined and used to calculate margins of
exposure. These margins do not reflect a safe level but rather serve as an indicator of exposure
producing a specified effect. Both EFSA (2010) and JECFA (2010) concluded that the existing
provisional tolerable weekly intake (PTWI) for lead of 25 pg/kg-bw is no longer appropriate to protect
human health. In addition, JECFA (2010) concluded that, based on current data, it was not possible to
establish a new PTW!I that would be health protective. Based on the dose—response modelling conducted
by California OEHHA (2007) and EFSA (2010), each incremental increase in BLL of 1 pg/dL is
associated with approximately a 1-point deficit in 1Q. More details on the various dose-response
assessments reported in the literature are presented in Table 16.

Canadians are exposed to low levels of lead through food, drinking water, air, dust, soil, and products.
Although blood lead levels (BLLs) have declined by over 70% in Canada since 1978-1979, lead is still
widely detected in the Canadian population. In 1978-1979, approximately 27% of Canadians aged 6 to
79 years had BLLs at or above 10 pg/dL compared with less than 1% of Canadians today. BLLs tend to
rise after infancy, peak between 1 and 3 years of age, and decline slightly during childhood and
adolescence before rising again with age in adults. BLLs are highest in seniors, followed by children
under 6 years. Based on the 2007-2009 Canadian Health Measures Survey (CHMS), geometric mean
BLLs are 0.90 pg/dL, 0.80, 1.12, 1.60, and 2.08 ug/dL for the age groups of 6 to 11, 12 to 19, 20 to 39,
40 to 59, and 60 to 79 years, respectively. This is consistent with the trends reported in the United
States. Although a data gap for national Canadian BLL data in children under 6 years currently exists,
the geometric mean BLL for children 1 to 5 years of age in the U.S. population is 1.51 pg/dL.

Since the implementation of measures to reduce exposure to lead through the inhalation route (e.g.,
prohibition of leaded gasoline), oral exposures from food and water now represent the most significant
sources of lead intake for the general adult population. For infants and children, ingestion of non-food
items contaminated with lead (e.g., household dust, lead-based paint, soil, products) along with dietary
intake through food and water are the greatest sources of environmental exposure to lead. Several factors
are known to be associated with BLLs. Umbilical cord BLLs are correlated with maternal and infant
BLLs. BLLs in infants are correlated with maternal BLLs and lead concentrations in breast milk. In
children, BLLs are associated with lead levels in water, soil, and household dust. Lead-based paint may
be a significant source for those living in older homes. In Canada, BLLs are higher in males than in
females; in smokers than in non-smokers; in individuals born outside of Canada than in those born in
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Canada; in individuals living older homes (greater than 50 years) than in those living in newer homes;
and in residents of households with lower income levels than in those with higher income levels.
Elevated BLLs may also result from increases in the rate of remobilization of bone lead in blood during
life stages such as pregnancy, lactation, menopause, andropause, and post-menopause. Accordingly, at
certain life stages, an individual’s bone lead stores can represent the single greatest potential source of
increased BLLs, as the amount of lead released back into blood for systemic circulation increases.

Effects associated with BLLs below 10 pg/dL have been reported in the health effects database and
include neurodevelopmental, neurodegenerative, cardiovascular, renal, and reproductive effects. In
humans, neurodevelopmental effects of lead can persist until the late teen-age years. The evidence of an
association between health effects and BLLs below 5 pg/dL is strongest for neurodevelopmental effects
in children, as indicated by a reduction of 1Q score and attention-related behaviours. Developmental
neurotoxicity has been associated with the lowest levels of lead exposure examined to date both in
observational studies (down to 1-2 pg/dL) and in animal experiments. It must be noted that for many of
the studies, the LOQ was approximately 3 pg/dL, making it difficult to interpret the lower end of the
dose response curve. Uncertainty in the accuracy of the measured BLLs increases at or below the LOQ.
Dose-response modelling conducted with available observational studies does not currently demonstrate
a population threshold for developmental neurotoxicity.

Although BLLs of Canadians have declined significantly over the past 30 years, health effects are
occurring below 10 pg/dL. There is sufficient evidence that blood lead levels below 5 pg/dL are
associated with adverse health effects. Health effects have been associated with BLLs as low as 1-2
ug/dL, levels that are present in Canadians, although there is uncertainty associated with effects
observed at these levels.

Table 16. Summary of dose-response assessments by international agencies and regulatory
authorities of BLLs versus 1Q deficits based on Lanphear et al. (2005)

Organization Ene{Eeis Assessment results Reference
assessed
1Q deficits in Calculated the average change in IQ over a range of 1 to 10 pg/dL based on
children the best-fit log-linear model presented in Lanphear et al. (2005) from 2.4 to
OEHHA 30 pg/dL (the 5th and 95th percentiles, respectively, for the pooled data set) to| OEHHA
o (based on : oo - . ;
(California) Lanphear et develop a child-specific health guidance value: benchmark incremental 2007
al 2%05) change in blood lead concentration (APbB) of 1 pg/dL of blood in children’s
' blood that would reduce 1Q by up to 1 point (de minimus)
Logarithmic model Piecewise linear model
BLL BMDy, BMDLy BMDy,
1Q deficits in (wgdl) | (ugdl) | gan |BMPtertedDig g
children Concurrent 0.35 0.26 1.8 1.20 Jargensen
EFSA (based on 2010; EFSA
Lanphear et Peak 0.39 0.27 1.03 0.69 2010;
al. 2005) Life-time 0.36 0.25 1.48 0.97
Early
childhood 0.56 0.34 3.77 1.61
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Organization Ene{Eeis Assessment results Reference
assessed
Concluded the piecewise linear model, using the segment fit to the lower
BLLs, provided less uncertain estimates of the BMDL ;. Determined the 95th
percentile lower confidence limit of the benchmark dose (BMD) of 1% extra
risk (BMDLy;) of 1.2 pg/dL as a reference point for the risk characterization
of lead when assessing the risk of intellectual deficits in children measured by
the Full Scale 1Q score
Based on a dose—response analyses (not provided), estimated that the
IQ deficits in  |previously established PTWI of 25 pg/kg-body weight is associated with a
JECFA children decrease of at least 3 1Q points in children. The Committee concluded that the JECFA 2010
PTWI could no longer be considered health protective and withdrew it.
Incremental 1Q loss (IQ points per pg/dL)
T Log-linear with
IQ deficits in . . . . .
c(r?ildren BLL (ug/dL) |Log-linear with cut point| low-exposure |Two-piece linear
US.EPA |(basedon linearization ;{%EPA
Lanphear et <2 0.94 2.29 0.45
al. 2005) <5 0.87 141 0.45
<75 0.73 1.09 0.45

BMD: Benchmark Dose. BMDL.: Benchmark Dose (lower confidence limit).

Level of Confidence and Uncertainties

The level of confidence in the health effects database is high. The database is well populated, contains
numerous human observational studies, and assesses multiple organs or systems. Furthermore, the
critical health effects identified are based on well-established endpoints and are supported by
mechanistic data as well as studies conducted in laboratory animals. Despite some uncertainties, the
overall findings from the literature are relatively strong and clear, particularly regarding the most critical
health effect identified in children.

The following uncertainties were identified. The use of BLLs as the biomarker of exposure is well
correlated with health effects, but does not represent whole body burden (e.g., lead sequestered into
bone). Also, confounders such as socioeconomic factors, which can influence 1Q score results, were not
always accounted for in human studies. Effects may be related, in part, to co-exposures to other
chemicals. In addition to the inherent uncertainties related to analytical limitations, at the time when
many of the blood analyses were conducted there was no standardized methodology for measurement of
blood lead concentrations below 10 pg/dL. The variance on those blood measurements was determined
by the U.S. Centers for Disease Control and Prevention to be 4 pg/dL (U.S. CDC 2007). For many of the
studies, the LOQ was approximately 3 pg/dL, making it difficult to interpret the lower end of the dose-
response curve. Pooled analyses incorporating recent published epidemiological data at BLLs under 5
ug/dL have not been reported. Biological variations such as gender, diseases state, nutritional state,
genetics, and ethnicity can also influence the absorption of lead or the severity of the effects observed.
Hence, the following individuals are considered to be part of more susceptible subgroups: children,
males, aging adults, pregnant women, non-Caucasians and people suffering from hypertension, chronic
kidney disease, diabetes and nutritional deficiencies. Finally, it should be noted that some of the effects
identified are based on population observations as opposed to individual effects.
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Confidence in the data on levels of lead in the Canadian environment and Canadians is high. National
surveys and programs report recent data on concentrations of lead in Canadians and environmental
media (ambient air, house dust, and food), and levels of lead in drinking water were supplied by several
provinces and identified in municipal and provincial publications. Furthermore, the national data are
supplemented by studies comparing measurements of lead in air and house dust in several communities.
Three recent studies conducted in Canada have examined the contribution of lead in environmental
media to BLLs in children. Gaps exist for Canadian national blood level data in children less than

6 years of age. The second cycle of the Canadian Health Measures Survey (CHMS 2009-2011) will
include children aged 3 to 5 years. However, a gap will remain for children under 3 years of age, who
are expected to have elevated exposures compared with older children. The U.S. NHANES includes
children under 6 years of age and is considered an acceptable surrogate for Canadian data owing to the
similarity and consistency of BLLs between Canada and the United States for other age groups.

Additional research and monitoring, including exposure studies and measurements in Canadians and
effects at low-level exposures, will continue to support the assessment and management of lead.

Conclusion

In infants and children, neurodevelopmental effects are considered to show the strongest association,
with a decrease in 1Q score and attention-related behaviour being the most sensitive endpoints.
Developing infants and children are more susceptible to lead’s toxic effects than are adults, owing to

a higher gastrointestinal absorption rate and less effective renal excretion in addition to different
behaviours. The relationship between neurodevelopmental effects and blood lead levels represents the
strongest evidence of adverse health outcomes from exposures to lead concentrations below 10 pg/dL in
this vulnerable population. Identification of infants and children as a susceptible subpopulation and
neurodevelopmental effects as the critical health effect is considered protective for other adverse effects
of lead across the entire population.

In summary, although BLLs of Canadians have declined significantly over the past 30 years, health
effects are occurring below the current Canadian blood lead intervention level of 10 ng/dL. There is
sufficient evidence that blood lead levels below 5 pg/dL are associated with adverse health effects.
Health effects have been associated with BLLs as low as 1-2 ug/dL, levels that are present in Canadians,
although there is uncertainty associated with effects observed at these levels. It is considered appropriate
to apply a conservative approach when characterizing risk; accordingly, additional measures to further
reduce exposures of lead to Canadians are warranted.

The outcome of this State of the Science report is consistent with conclusions from the larger scientific
community (OEHHA 2007; EFSA 2010; JECFA 2010; U.S. CDC 2010b; WHO 2010; NTP 2012). Both
EFSA (2010) and JECFA (2010) concluded that the provisional tolerable weekly intake (PTW!1) for lead
could no longer be considered to be health protective, as there is no evidence of a threshold for critical
lead-induced health effect.

61



Final Human Health State of the Science Report on Lead Health Canada

References

Abdelouahab, N., Mergler, D., Takser, L., Vanier, C., St-Jean, M., Baldwin, M., Spear, P.A. and Man Chan, H. (2008).
Gender differences in the effects of organochlorines, mercury, and lead on thyroid hormone levels in lakeside communities of
Quebec (Canada). Environ. Res., 107: 380-392.

Adgate, J.L., Willis, R.D., Buckley, T.J., Chow, J.C., Watson, J.G., Rhoads, G.G. and Lioy, P.J. (1998). Chemical mass
balance source apportionment of lead in house dust. Environ. Sci. Technol., 32(1): 108-114.

Akesson, A., Lundh, T., Vahter, M., Bjellerup, P., Lidfeldt, J., Nerbrand, C., Samsioe, G., Stromberg, U. and Skerfving, S.
(2005). Tubular and glomerular kidney effects in Swedish women with low environmental cadmium exposure. Environ.
Health Perspect., 113(11): 1627-1631.

Alexander, B.H., Checkoway, H., van Netten, C., Muller, C.H., Ewers, T.G., Kaufman, J.D., Mueller, B.A., Vaughan, T.L.
and Faustman, E.M. (1996). Semen quality of men employed at a lead smelter. Occup. Environ. Med., 53: 411-416.

Alexander, F.W., Clayton, B.E. and Delves, H.T. (1974). Mineral and trace-metal balances in children receiving normal and
synthetic diets. Q. J. Med., 43: 89-111.

Alkhawajah, A.M. (1992). Alkohl use in Saudi Arabia: Extent of use and possible lead toxicity. Trop. Geogr. Med., 44: 373-
377.

Al-Saleh, 1., Nester, M., DeVol, E., Shinwari, N., Munchari, L. and al-Shahria, S. (2001). Relationships between blood lead
concentrations, intelligence, and academic achievement of Saudi Arabian schoolgirls. Int. J. Hyg. Environ. Health, 204: 165—
174.

Aqua Terre Solutions Inc. (2009). Soil and Groundwater Sampling Lakeshore Boulevard East Toronto, Ontario. Toronto,
Ontario. Available at: www.toronto.ca/wes/techservices/involved/transportation/gardiner _east/pdf/2009-09-
29 lakeshore phase2 sampling_report.pdf

ATSDR (2007). Toxicological profile for lead. U.S. Agency for Toxic Substances and Disease Registry, Public Health
Service, U.S. Department Of Health And Human Services, Washington, DC. [accessed: Feb. 2011] Available at:
www.atsdr.cdc.gov/toxprofiles/tp.asp?id=96&tid=22

ATSDR (2010). Case studies in environmental medicine (CSEM). Lead toxicity. How are people exposed to lead? U.S.
Agency for Toxic Substances and Disease Registry. [accessed: Feb. 2011] Available at:
www.atsdr.cdc.gov/csem/lead/docs/lead.pdf

Attri, J., Dhawan, V., Mahmood, S., Pandhi, P., Parwana, H.K. and Nath, R. (2003). Effect of vitamin C supplementation on
oxidative DNA damage in an experimental model of lead-induced hypertension. Ann. Nutr. Metab., 47: 294-301.

AWWAREF. (2004) Post optimization lead and copper control monitoring strategies. AWWA Research Foundation, Denver,
CO (Report No.: 90996F).

Baer, R.A. and Ackerman, A. (1988). Toxic Mexican folk remedies for the treatment of empacho: the case of azarcon, greta,
and albayalde. J. Ethnopharmacology, 24: 31-39.

Baghurst, P.A., Robertson, E.F., McMichael, A.J., Vimpani, G.V., Wibb, N.R. and Roberts, R.R. (1987). The Port Pirie
Cohort Study: lead effects on pregnancy outcome and early childhood development. Neurotoxicology, 8: 395-402.

Baghurst, P.A., McMichael, A.J., Wigg, N.R., Vimpani, G.V., Robertson, E.F., Roberts, R.J. and Tong, S.-L. (1992).
Environmental exposure to lead and children’s intelligence at the age of seven years. The Port Pirie Cohort Study. N. Engl. J.
Med., 327: 1279-1284.

Barratt, C.L., Davies, A.G., Bansal, M.R. and Williams, M.E. (1989). The effects of lead on the male rat reproductive system.
Andrologia, 21: 161-166.

62


http://www.toronto.ca/wes/techservices/involved/transportation/gardiner_east/pdf/2009-09-29_lakeshore_phase2_sampling_report.pdf
http://www.toronto.ca/wes/techservices/involved/transportation/gardiner_east/pdf/2009-09-29_lakeshore_phase2_sampling_report.pdf
http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=96&tid=22

Final Human Health State of the Science Report on Lead Health Canada

Barrie (2010). City of Barrie drinking water system annual water report for the period of January 1 to December 31, 2009.
Barrie, Ont.: The City of Barrie Water Operations. [accessed: Feb. 2011] Available at:
www.barrie.ca/Living/Environment/WaterServices/Documents/2009DrinkingWaterSystemReport.pdf

Barry, P.S.1. (1975). A comparison of concentrations of lead in human tissue. Br. J. Ind. Med., 32:119-139.

Basha, M.R., Wei, W., Bakheet, S.A., Benitez, N., Siddiqi, H.K., Ge, Y.W., Lahiri, D.K. and Zawia, N.H. (2005). The fetal
basis of amyloidogenesis: exposure to lead and latent overexpression of amyloid precursor protein and beta-amyloid in the
aging brain. J. Neurosci., 25: 823-829.

B.C. MOE (2009). Profiles on remediation projects: Teck Cominco Lead-Zinc Smelter, Trail, B.C. British Columbia Ministry
of Environment. [accessed: Feb. 2011] Available at: www.env.gov.bc.ca/epd/remediation/project-profiles/pdf/teck-
cominco.pdf

B.C. MOE (2010). Protocol 4 for contaminated sites: determining background soil quality. [accessed: Feb 2012] Available at:
www.env.gov.bc.ca/epd/remediation/policy_procedure_protocol/protocols/pdf/protocol-4-v2-final.pdf

Beauchemin, S., MacLean, J.C.W. and Rasmussen, P.E. (2011). Lead speciation in indoor dust: a case study to assess old
paint contribution in a Canadian urban house. Environ. Geochem. Health. 33(4): 343-352.

Beausoleil, M. and Brodeur, J. (2007). Le plomb dans I’eau potable sur I’Tle de Montréal. Montréal, Que.: Agence de la santé
et des servies sociaux de Montréal. 52 pp.

Bell, T., Campbell, S., Liverman, D.G.E., Allison, D. and Sylvester, P. (2010). Environmental and potential human health
legacies of non-industrial sources of lead in a Canadian urban landscape the case study of St. John’s, Newfoundland. Int.
Geol. Rev., 52(7-8): 771-800.

Bell, T., Allison, D.J., David, J., Foley, R., Kawaja, M., Mackey, S., Parewick, K., Pickard, F., Stares, J., and Valcour, J.
(2011). Biomonitoring for environmental lead exposure in children from pre-1970s housing in St. John's, Newfoundland and
Labrador. St. John’s (NL): Memorial University of Newfoundland, Eastern Health and Health Canada.

Bellinger, D., Sloman, J., Leviton, A., Rabinowitz, M., Needleman, H.L. and Waternaux, C. (1991). Low-level lead exposure
and children’s cognitive function in the preschool years. Pediatrics, 87: 219-227.

Bellinger, D.C., Stiles, K.M. and Needleman, H.L. (1992). Low-level lead exposure, intelligence and academic achievement:
a long-term follow-up study. Pediatrics, 90: 855-861.

Bellinger, D., Leviton, A., Allred, E. and Rabinowitz, M. (1994a). Pre- and postnatal lead exposure and behavior problems in
school-aged children. Environ. Res., 66: 12-30.

Bellinger, D., Hu, H., Titlebaum, L. and Needleman, H.L. (1994b). Attentional correlates of dentin and bone lead levels in
adolescents. Arch. Environ. Health, 49: 98-105.

Bergdahl, I.A., Grubb, A., Schutz, A., Desnick, R.J., Wetmur, J.G., Sassa, S. and Skerfving, S. (1997). Lead binding to 8-
aminolevulinic acid dehydratase (ALAD) in human erythrocytes. Pharmacol. Toxicol., 81: 153-158.

Bergdahl, I.A., Sheveleva, M., Schutz, A., Artarnonova, V.G. and Skerfving, S. (1998). Plasma and blood lead in humans:
capacity-limited binding to 3-aminolevulinic acid dehydratase and other lead-binding components. Toxicol. Sci., 46: 247—
253.

Bergdahl, I.A., Vahter, M., Counter, S.A., Schutz, A., Buchanan, L.H., Ortega, F., Laurell, G. and Skerfving, S. (1999). Lead
in plasma and whole blood from lead-exposed children. Environ. Res., 80: 25-33.

Blake, K.C.H. and Mann, M. (1983). Effect of calcium and phosphorus on the gastrointestinal absorption of **Pb in man.
Environ. Res., 30: 188-194.

63


http://www.barrie.ca/Living/Environment/WaterServices/Documents/2009DrinkingWaterSystemReport.pdf
http://www.env.gov.bc.ca/epd/remediation/project-profiles/pdf/teck-cominco.pdf
http://www.env.gov.bc.ca/epd/remediation/project-profiles/pdf/teck-cominco.pdf

Final Human Health State of the Science Report on Lead Health Canada

Bonde, J.P., Joffe, M., Apostoli, P., Dale, A., Kiss, P., Spano, M., Caruso, F., Giwercman, A., Bisanti, L Porru, S.,
Vanhoorne, M., Comhaire, F. and Zschiesche, W. (2002). Sperm count and chromatin structure in men exposed to inorganic
lead: lowest adverse effect levels. Occup. Environ. Med., 59: 234-242.

Borja-Aburto, V.H., Hertz-Picciotto, |., Rojas-Lopez, M., Farias, P., Rios, C. and Blanco, J. (1999). Blood lead levels
measured prospectively and risk of spontaneous abortion. Am. J. Epidemiol., 150: 590-597.

Bouchard, M.F., Bellinger, D.C., Weuve, J., Matthews-Bellinger, J., Gilman, S.E., Wright, R.O., Schwartz, J. and Weisskopf,
M.G. (2009). Blood lead levels and major depressive disorder, panic disorder, and generalized anxiety disorder in US young
adults. Arch. Gen. Psychiatry, 66(12): 1313-1319.

Boucher, O., Burden, M.J., Muckle, G., Saint-Amour, D., Ayotte, P., Dewailly, E., Nelson, C.A., Jacobson, S.W., and
Jacobson, J.L. (2012). Response inhibition and error monitoring during a visual go/no-go task in Inuit children exposed to
lead, polychlorinated biphenyls, and methylmercury. Environ Health Perspect. 120(4):608-615.

Bowman, C. and Bobrowsky, P.T. (2003). Health and the urban geochemical environment, Victoria, BC. In: Proceedings of
the International Symposium on Environmental Geochemistry, Edinburgh, UK. 6th ed. p 140 [cited in Bell et al. 2010]

Braun, J.M., Kahn, R.S., Froehlich, T., Auinger, P. and Lanphear, B.P. (2006). Exposures to environmental toxicants and
attention deficit hyperactivity disorder in U.S. children. Environ. Health Perspect., 114: 1904-19009.

Bressler, J.P. and Goldstein, G.W. (1991). Mechanisms of lead neurotoxicity. Biochem. Pharmacol., 41(4): 479-484.

Britton, A. and Richards, W.N. (1981). Factors influencing plumbosolvency in Scotland. J. Inst. Water Eng. Sci., 35(4): 349-
364.

Brown, M.J., Raymond, J., Homa, D., Kennedy, C. and Sinks, T. (2011). Assocation between children’s blood lead levels,
lead service lines, and water disinfection, Washington, DC, 1998-2006. Environ. Res., 111: 67-74.

Budtz-Jagrgensen, E.B. (2010). An international pooled analysis for obtaining a benchmark dose for environmental lead
exposure in children. Prepared for the European Food Safety Authority by the University of Copenhagen. 9 pp.

Bushnik, T., Haines, D., Levallos, P., Levesque, J., Van Oostdam, J. and Viau, C. (2010). Lead and bisphenol A
concentrations in the Canadian population. Health Reports 21(3). Statistics Canada Catalogue No. 82-003-XPE. 12 pp.
[accessed: Feb. 2011]. Available from: www.statcan.gc.ca/pub/82-003-x/2010003/article/11324-eng.pdf

Calderon-Salinas, J.V., Quintanar-Escorcia, M.A., Gonzalez-Martinez, M.T. and Hernandez-Luna, C.E. (1999). Lead and
calcium transport in human erythrocyte. Hum. Exp. Toxicol., 18(5): 327-332.

Calgary (2010). 2009 water quality report. Calgary, AB.: The City of Calgary Waterworks. [accessed: Feb. 2011] Available
at:
http://content.calgary.ca/CCA/City+Hall/Business+Units/Water+Services/Drinking+Water/Annual+Water+Quality+Report/
Annual+Water+Quality+Report.htm

Canada. (1999). Canadian Environmental Protection Act, 1999. Government of Canada. S.C., 1999, c. 33, Canada Gazette.
Part 111, vol. 22, no. 3. Availableat: www.gazette.gc.ca/archives/p3/1999/g3-02203.pdf

Canada. 2010. Consumer Products Containing Lead (Contact with Mouth) Regulations, P.C. 2010-1484, 25 November 2010,
SOR/2010-273. [accessed: Feb. 2011] Available at: http://laws-lois.justice.gc.ca/eng/regulations/SOR-2010-273/index.html

Canfield, R.L., Henderson, C.R. Jr,. Cory-Slechta, D.A., Cox, C., Jusko, T.A. and Lanphear, B.P. (2003a). Intellectual
impairment in children with blood lead concentrations below 10 microg per deciliter. N. Engl. J. Med., 348: 1517-1526.

Canfield, R.L., Kreher, D.A., Cornwell, C. and Henderson, C.R. Jr. (2003b). Low-level lead exposure, executive functioning,
and learning in early childhood. Child Neuropsychol., 9(1): 35-53.

64


http://content.calgary.ca/CCA/City+Hall/Business+Units/Water+Services/Drinking+Water/Annual+Water+Quality+Report/Annual+Water+Quality+Report.htm
http://content.calgary.ca/CCA/City+Hall/Business+Units/Water+Services/Drinking+Water/Annual+Water+Quality+Report/Annual+Water+Quality+Report.htm
http://www.gazette.gc.ca/archives/p3/1999/g3-02203.pdf

Final Human Health State of the Science Report on Lead Health Canada

Cantonwine, D., Hu, H., Sdnchez, B.N., Lamadrid-Figueroa, H., Smith, D., Ettinger, A.S., Mercado-Garcia, A., Hernandez-
Avila, M., Wright, R.O. and Téllez-Rojo, M.M. (2010). Critical windows of fetal lead exposure: adverse impacts on length of
gestation and risk of premature delivery. J. Occup. Environ. Med., 52(11): 1106-1111.

CCME (1999). Canadian Council of Ministers of the Environment. Lead: Soil quality for the protection of environmental and
human health. [accessed: Feb. 2012] Available at: http://ceqg-rcqe.ccme.ca/download/en/269/

Centre for Environmental Monitoring. (2004). Metal Levels in the Soils of the Sudbury Smelter Footprint. [accessed: Feb.
2012] Available at: www.sudburysoilsstudy.com/EN/media/\Volume 1/SSS Vol | b _App C%20_CEM.pdf

CEOH (1994). Update of evidence for low-level effects of lead and blood-lead intervention levels and strategies — final report
of the working group. Federal-Provincial Committee on Environmental and Occupational Health. Ottawa, ON.: Health
Canada, Environmental Health Directorate [September 1994].

CFIA (2009). Children’s Food Chemical Residues Project Report on Sampling for 2006-2007. Canadian Food Inspection
Agency, Ottawa, Ontario. [accessed: Feb. 2012] Available at: http://epe.lac-bac.gc.ca/100/206/301/cfia-acia/2011-09-
21/www.inspection.gc.ca/english/fssa/microchem/resid/2006-2007/babrese.shtml

CFIA (2010). 2005-2006 National Chemical Residue Monitoring Program annual report. Canadian Food Inspection Agency,
Ottawa, Ontario. [accessed: Feb. 2012] Available at: http://epe.lac-bac.gc.ca/100/206/301/cfia-acia/2011-09-
21/www.inspection.gc.ca/english/fssa/microchem/resid/reside.shtml

CFIA (2011). Children’s food project report on sampling for 2007-2008. Canadian Food Inspection Agency, Ottawa,
Ontario. [accessed: Feb. 2012] Available at: http://epe.lac-bac.gc.ca/100/206/301/cfia-acia/2011-09-
21/www.inspection.gc.ca/english/fssa/microchem/resid/2007-2008/babbebe.shtml

Chamberlain ,A.C., Heard, M.J., Little, P., Newton, D., Wells, A.C., and Wiffen, R.D.. (1978). Investigations into lead from
motor vehicles. Harwell (GB): United Kingdom Atomic Energy Research Establishment. Report No.: AERE-9198.

Chamberlain, A.C., Heard, M.J., Little, P., Wiffen, R.D., Harrison, R.M., Megaw, W.J., and Butler, J.D.. (1979). The
dispersion of lead from motor exhausts [and discussion]. Philos. Trans. R. Soc. Lond. Ser. A Math. Phys. Eng. Sci. 290:557—
589.

Chan, L, Receveur, O, Sharp, D, Schwartz, H, Ing, | and Tikhonov, C. (2011). First Nation Food, Nutrition & Environment
Study (FNFNES): Results from British Columbia (2008/2009). Prince George, BC: University of Northern British Columbia,
[accessed: Feb. 2012] Available at:

http://www.fnfnes.ca/docs/BC%20Reports/FNFNES_Report BC_FINAL_PRINT_v2.pdf

Chandramouli, L., Steer, C.D., Ellis, M. and Emond, A.M. (2009). Effects of early childhood lead exposure on academic
performance and behaviour of school age children. Arch. Dis. Child., 94: 844-848.

Charlottetown (2009). Typical water quality analysis. Charlottetown, P.E.I.: City of Charlottetown Water Utility. [accessed:
Feb. 2012] Available at: http://www.city.charlottetown.pe.ca/pdfs/TypicalWaterQuality.pdf

Chen, X-K., Yang, Q., Smith, G., Krewski, D., Walker, M. and Wen, S.W. (2006). Environmental lead level and pregnancy-
inducted hypertension. Environ. Res., 100: 424-430.

Cheng, Y., Schwartz, J., Sparrow, D., Aro, A., Weiss, S.T. and Hu, H. (2001). Bone lead and blood lead levels in relation to
baseline blood pressure and the prospective development of hypertension: the Normative Aging Study. Am. J. Epidemiol.
153: 164-171.

Chiodo, L.M., Jacobson, S.W. and Jacobson, J.L. (2004). Neurodevelopmental effects of postnatal lead exposure at very low
levels. Neurotoxicol. Teratol., 26: 359-371.

65


http://ceqg-rcqe.ccme.ca/download/en/269/
http://www.sudburysoilsstudy.com/EN/media/Volume_I/SSS_Vol_I_b_App_C%20_CEM.pdf
http://epe.lac-bac.gc.ca/100/206/301/cfia-acia/2011-09-21/www.inspection.gc.ca/english/fssa/microchem/resid/reside.shtml
http://epe.lac-bac.gc.ca/100/206/301/cfia-acia/2011-09-21/www.inspection.gc.ca/english/fssa/microchem/resid/reside.shtml
http://www.city.charlottetown.pe.ca/pdfs/TypicalWaterQuality.pdf

Final Human Health State of the Science Report on Lead Health Canada

Chiodo, L.M., Covington, C., Sokol, R.J., Hannigan, J.H., Jannise, J., Ager, J., Greenwald, M. and Delaney-Black, V. (2007).
Blood lead levels and specific attention effects in young children. Neurotoxicol. Teratol., 2; 538-546.

Cho, S. C.,, Kim, B. N., Hong, Y. C., Shin, M. S,, Yoo, H. J., Kim, J. W., Bhang, S. Y., Cho, I. H., and Kim, H. W. (2010).
Effect of environmental exposure to lead and tobacco smoke on inattentive and hyperactive symptoms and neurocognitive
performance in children. J Child Psychol Psychiatry, 51:1050-1057.

Chu, N.F,, Liou, S.H., Wu, T.N. and Chang, P.Y. (1999). Reappraisal of the relation between blood lead concentration and
blood pressure among the general population in Taiwan. Occup. Environ. Med., 56: 30-33.

Clark, N.A., Teschke, K., Rideout, K. and Copes, R. (2007). Trace element levels in adults from the west coast of Canada
and associations with age, gender, diet, activities, and levels of other trace elements. Chemosphere, 70: 155-164.

CMHC (2009). Lead in older homes. Canada Mortgage and Housing Corporation. Order No. 61941. [accessed: Feb. 2011]
Available at: http://www.cmhc-schl.gc.ca/textVersion/?tv=/odpub/pdf/64064.pdf?lang=en+lead%20in%20your%20home

CoEH (2005). Lead exposure in children: prevention, detection, and management. Committee on Environmental Health.
Pediatrics, 116(4): 1036-1046.

Colling, J.H., Whincup, P.A.E. and Hayes, C.R. (1987). The measurement of plumbosolvency propensity to guide the control
of lead in tapwaters. J. Inst. Water Environ. Manag., 1(3): 263-269.

Colling, J.H., Croll, B.T., Whincup, P.A.E. and Harward, C. (1992). Plumbosolvency effects and control in hard waters. J.
Inst. Water Environ. Manage., 6(4): 259-269.

Conestoga-Rovers & Associates. (2010). Human Health Risk Assesment Town of Buchans, Newfoundland and Labrador.
Waterloo (ON): Conestoga-Rovers & Associates. [accessed: Feb. 2011] Available at:
www.env.gov.nl.ca/env/env_protection/whatsnew/humanhealth058704rpt.pdf

Cooney, G.H., Bell, A., McBride, W. and Carter, C. (1989a). Low-level exposures to lead: the Sydney lead study. Dev. Med.
Child Neurol., 31: 640-649.

Cooney, G.H., Bell, A., Mcbride, W. and Carter, C. (1989b). Neurobehavioural consequences of prenatal low level exposures
to lead. Neurotoxicol. Teratol., 11: 95-104.

Cooney, G.H., Bell, A. and Stavrou, C. (1991). Low level exposures to lead and neurobehavioural development: the Sydney
study at seven years. In: Farmer J.G., ed. International conference on heavy metals in the environment. Vol. 1. Edinburgh
(GB): CEP Consultants Ltd. pp. 16-19.

Corpas, 1., Gaspar, I., Martinez, S., Codesal, J., Candelas, S. and Antonio, M.T. (1995). Testicular alterations in rats due to
gestational and early lactational administration of lead. Reprod. Toxicol., 9: 307-313.

Cory-Slechta, D.A. (1995). Relationships between lead-induced learning impairments and changes in dopaminergic,
cholinergic, and glutamatergic neurotransmitter system functions. Annu. Rev. Pharmacol. Toxicol., 35: 391-415.

Cory-Slechta, D.A. and Thompson, T. (1979). Behavioral toxicity of chronic postweaning lead exposure in the rat. Toxicol.
Appl. Pharmacol., 47: 151-159.

Cory-Slechta, D.A. and Pokora, M.J. (1991). Behavioral manifestations of prolonged lead exposure initiated at different
stages of the life cycle: I. Schedule-controlled responding. Neurotoxicology, 12: 745-760.

Cory-Slechta, D.A., Pokora, M.J. and Widzowski, D.V. (1991). Behavioral manifestations of prolonged lead exposure
initiated at different stages of the life cycle: 1. Delayed spatial alternation. Neurotoxicology, 12: 761-776.

66


http://www.cmhc-schl.gc.ca/textVersion/?tv=/odpub/pdf/64064.pdf?lang=en+lead%20in%20your%20home

Final Human Health State of the Science Report on Lead Health Canada

CRD (2010). Annual overview of drinking water quality in greater Victoria. Victoria, B.C.: CRD Water Services, Capital
Regional District. [accessed: Feb. 2011] Available at: www.crd.bc.ca/water/waterquality/annualreports.htm

Dabeka, R.W., Karpinski, K.F., McKenzie, A.D. and Bajdik, C.D. (1986). Survey of lead, cadmium and fluoride in human
milk and correlation of levels with environmental and food factors. Food Chem. Toxicol., 24(9): 913-921.

Dearth, R.K., Hiney, J.K., Srivastava, V., Burdick, S.B., Bratton, G.R. and Dees, W.L. (2002). Effects of lead (Pb) exposure
during gestation and lactation on female pubertal development in the rat. Reprod. Toxicol., 16: 343-352.

Defense Research and Development Canada. (2004). Evaluation of the contamination by explosives and metals in soils,
vegetation, surface water and sediment at Cold Lake Air Weapons Range (CLAWR), Alberta, Phase Il Final report.
Valcartier (QC): Defence Research and Development Canada. Report No.: TR 2004-204. [accessed Feb. 2012]. Available at:
http://pubs.drdc.gc.ca/PDFS/unc57/p522640.pdf

Denham, M., Schell, L.M., Deane, G., Gallo, M.V., Raenscroft, J. and DeCaprio, A.P. (2005). Relationship of lead, mercury,
mirex, dichlorodiphenyldichloroethylene, hexachlorobenzene, and polychlorinated biphenyls to timing of menarche among
Akwesasne Mohawk girls. Pediatrics, 115: e127-e134.

Deshommes, E., Laroche, L., Nour, S., Cartier, C. and Prévost, M. (2010). Source and occurrence of particulate lead in tap
water. Water Res., 44: 3734-3744.

Den Hond, E., Nawrot, T., and Staessen, J. A. (2002). The relationship between blood pressure and blood lead in NHANES
I11. National Health and Nutritional Examination Survey. J Hum Hypertens 16, 563-568.

Després, C., Beuter, A., Richer, F., Poitras, K., Veilleux, A., Ayotte, P., Dewailly, E., Saint-Amour, D. and Muckle, G.
(2005). Neuromotor functions in Inuit preschool children exposed to Pb, PCBs, and Hg. Neurotoxicol. Teratol., 27: 245-257.

Dewailly, E., Ayotte, P., Pereg, D., Déry, S., Dallaire, R., Fontaine, J. and C6té, S. (2007). Exposure to environmental
contaminants in Nunavik: metals. Nunavik, Que.: Institut national de santé publique du Québec, Nunavik Regional Board of
Health and Social Services. ISBN 13:978-2-550-50450-4 (printed), ISBN 13:978-2-550-50449-8 (PDF). [accessed Feb2012]
Available from: www.inspg.qc.ca/pdf/publications/661_esi_contaminants.pdf

Dietrich, K.N., Succop, P.A., Berger, O.G. and Keith, R.W. (1992). Lead exposure and the central auditory processing
abilities and cognitive development of urban children: the Cincinnati lead study cohort at age 5 years. Neurotoxicol. Teratol.,
14: 51-56.

Dietrich, K.N., Berger, O.G. and Succop, P.A. (1993). Lead exposure and the motor developmental status of urban six-year-
old children in the Cincinnati Prospective Study. Pediatrics, 91: 301-307.

Dietrich, K.N., Ris, M.D., Succop, P.A., Berger, O.G. and Bornschein, R.L. (2001). Early exposure to lead and juvenile
delinquency. Neurotoxicol. Teratol., 23: 511-518.

Ding, Y., Vaziri, N.D. and Gonick, H.C. (1998). Lead-induced hypertension. 11. Response to sequential infusions of L-
arginine, superoxide dismutase, and nitroprusside. Environ. Res., 7: 107-113.

Dixon, S.L., Gaitens, J.M., Jacobs, D.E., Strauss, W., Nagaraja, J., Pivetz, T., Wilson, J.W. and Ashley, P.J. (2009). Exposure
of U.S. Children to Residential Dust Lead, 1999-2004: 1l. The Contribution of Lead-Contaminated Dust to Children’s Blood
Lead Levels. Environ. Health Perspect., 117(3):468-474.

Donaldson, S.G., van Oostdam, J., Tikhonov, C., Feeley, M., Armstrong, B., Ayotte, P., Boucher, O., Bowers, W., Chan, L.,
Dallaire, F., Dallaire, R., Dewailly, E., Edwards, J., Egeland, G.M., Fontaine, J., Furgal, C., Leech, T., Loring, E., Muckle,
G., Nancarrow, T., Pereg, D., Plusquellec, P., Potyrala, M., Receveur, O., and Shearer, R.G. (2010). Environmental
contaminants and human health in the Canadian Arctic. Sci. Total Environ., 408(22):5165-5234.

Douglas, 1., Guthmann, J., Muylwyk, Q. and Snoeyink, V. (2004). Corrosion control in the City of Ottawa—Comparison of
alternatives and case study for lead reduction in drinking water. In: Robertson, W., Brooks, T., eds. 11th Canadian National

67


http://www.crd.bc.ca/water/waterquality/annualreports.htm
http://pubs.drdc.gc.ca/PDFS/unc57/p522640.pdf
http://www.inspq.qc.ca/pdf/publications/661_esi_contaminants.pdf

Final Human Health State of the Science Report on Lead Health Canada

Drinking Water Conference and 2nd Policy Forum, April 3-6, 2004, Calgary, Alberta. Ottawa, Ont.: Canadian Water and
Wastewater Association.

Edwards, M., Triantafyllidou, S. and Best, D. (2009). Elevated Blood Lead in Young Children Due to Lead-Contaminated
Drinking Water: Washington, DC, 2001-2004. Environ. Sci. Technol., 43: 1618-1623.

EFSA (2010). Scientific opinion on lead in food. European Food Safety Authority. EFSA Journal, 8(4): 1570. 147 pp.
[accessed: Feb. 2011] Available from: www.efsa.europa.eu/fr/scdocs/doc/1570.pdf

Ekong, E.B., Jaer, B.G. and Weaver, V.M. (2006). Lead-related nephrotoxicity: a review of the epidemiologic evidence.
Kidney Int., 70: 2074-2084.

Emory, E., Ansari, Z., Pattillo, R., Archibold, E. and Chevalier, J. (2003). Maternal blood lead effects on infant intelligence
at age 7 months. Am. J. Obstet. Gynecol., 188: S26-S32.

Environment Canada (2010a). National Pollutant Release Inventory (NPRI) Online Data Search, Facility Reported Data and
Air Pollutant Emissions (all sources). 2000 to 2009 database for lead and lead compounds. Available at:
http://www.ec.gc.ca/pdb/websol/emissions/ap/ap_query_e.cfm

Environment Canada (2010b). National Air Pollution Surveillance Program. Available at: www.ec.gc.ca/rnspa-
naps/Default.asp?lang=En&n=5C0D33CF-1

Environment Canada (2010c). National Air Pollutants Surveillance (NAPS) Program, monitoring data for years 2000- 2009.
[Internal Database prepublication NAPS data]. Ottawa, Ont.: Environment Canada, Air Monitoring Data.

EPCOR (2008). EPCOR Capital Health Backgrounder Document [accessed: Feb. 2011].

EPCOR (2009). Edmonton Water and Wastewater Performance Report. [accessed: Feb. 2011] Available at:
www.epcor.ca/en-ca/Customers/water-customers/water-quality-reports/Documents/Edmperfreport2009.pdf

Ernhart, C.B., Morrow-Tlucak, M., Marler, M.R. and Wolf, A.W. (1987). Low level lead exposure in the prenatal and early
preschool periods: early preschool development. Neurotoxicol. Teratol., 9: 259-270.

Ernhart, C.B., Morrow-Tlucak, M., Wolf, AW., Super, D. and Drotar, D. (1989). Low level lead exposure in the prenatal and
early preschool periods: intelligence prior to school entry. Neurotoxicol. Teratol., 11: 161-170.

Ettinger, A.S., Tellez-Rojo, M.M., Amarasiriwardena, C., Bellinger, D., Peterson, K., Schwartz, J., Hu, H., Hernandez-Avila,
M. (2004). Effects of breast milk on infant blood lead levels at 1 month of age. Env. Health Perspect., 112(14): 1381-1385.

Fadrowski, J.J., Navas-Acien, A., Tellez-Plaza, M., Guallar, E., Weaver, V.M. and Furth, S.L. (2010). Blood lead level and
kidney function in US adolescents. Arch. Int. Med., 170(1): 75-82.

Farfel, M.R. and Chisolm, J.J. (1990). Health and environmental outcomes of traditional and modified practices for
abatement of residential lead-based paint. Am. J. Public Health, 80(10): 1240-1245.

Fergusson, D.M., Horwood, L.J. and Lynskey, M.T. (1993). Early dentine lead levels and subsequent cognitive and
behavioural development. J. Child Psychol. Psychiatry, 34: 215-227.

Fergusson, D.M., Horwood, L.J. and Lynskey, M.T. (1997). Early dentine lead levels and educational outcomes at 18 years.
J. Child Psychol. Psychiatry, 38: 471-478.

Fisher Environmental Ltd. (2010). Phase Il Environmental Site Assessment 60 Shepherd Road Oakville, Ontario. [accessed:
Feb. 2011] Available at: http://www.oakville.ca/Media_Files/planning10/z161652-ph2esa60.pdf

68


http://www.ec.gc.ca/rnspa-naps/Default.asp?lang=En&n=5C0D33CF-1
http://www.ec.gc.ca/rnspa-naps/Default.asp?lang=En&n=5C0D33CF-1
http://www.epcor.ca/en-ca/Customers/water-customers/water-quality-reports/Documents/Edmperfreport2009.pdf
http://www.oakville.ca/Media_Files/planning10/z161652-ph2esa60.pdf

Final Human Health State of the Science Report on Lead Health Canada

Flora, S.J. and Tandon, S.K. (1987). Influence of calcium disodium edetate on the toxic effects of lead administration in
pregnant rats. Indian J. Physiol. Pharmacol., 31: 267-272.

Fontaine, J., Dewailly, E., Benedetti, J.L., Pereg, D., Ayotte, P. and Déry, S. (2008). Re-evaluation of blood mercury, lead
and cadmium concentrations in the Inuit population of Nunavik (Québec): a cross-sectional study. Environ. Health, 7: 25.

Foster, W.G., McMahon, A. and Rice, D.C. (1996). Subclinical changes in luteal function in cynomolgus monkeys with
moderate blood lead levels. J. Appl. Toxicol., 16: 159-163.

Fox, D.A., Campbell, M.L. and Blocker, Y.S. (1997). Functional alterations and apoptotic cell death in the retina following
developmental or adult lead exposure. Neurotoxicology, 18: 645-664.

Fox, D.A., Kala, S.V., Hamilton, W.R., Johnson, J.E. and O’Callaghan, J.P. (2008). Low-level human equivalent gestational
lead exposure produces supernormal scotopic electroretinograms, increased retinal neurogenesis, and decreased retinal
dopamine utilization in rats. Environ. Health Perspect., 116: 618-625.

Franklin, C.A., Inskip, M.J., Baccanale, C.L., Edwards, C.M., Manton, W.I., Edwards, E. and O’Flaherty, E.J. (1997). Use of
sequentially administered stable lead isotopes to investigate changes in blood lead during pregnancy in a nonhuman primate
(Macaca fascicularis). Fundam. Appl. Toxicol., 39(2): 109-119.

Fraser, S., Muckle, G. and Despres, C. (2006). The relationship between lead exposure, motor function and behaviour in Inuit
preschool children. Neurotoxicol. Teratol., 28: 18-27.

Froehlich, T. E., Lanphear, B. P., Auinger, P., Hornung, R., Epstein, J. N., Braun, J., and Kahn, R. S. (2009). Association of
tobacco and lead exposures with attention-deficit/hyperactivity disorder. Pediatrics 124: e1054-e1063.

Gaitens, J.M., Dixon, S.L., Jacobs, D.E., Nagaraja, J., Strauss, W., Wilson, J.W. and Ashely, P.J. (2009). Exposure of U.S.
Children to Residential Dust Lead, 1999-2004: 1. Housing and Demographic Factors. Enviorn. Health Perspect., 117(3):461-
467.

Gauvin, D. Rasmussen, P., Levallois, P., St-Laurent, J., Corteau, M., Lemieux, F., Leblanc, A., and Beaudet, A. (2011). Dust
and paint lead levels in homes of old districts of Montreal. Poster presented at the 21st Annual International Society for
Exposure Science Conference, Baltimore, Maryland. Abstract available at:
http://www.isesweb.org/Meetings/Docs/ISES2011_Abstract_Book.pdf

Gerr, F., Letz, R., Stokes, L., Chettle, D., McNeill, F., and Kaye, W. (2002). Association between bone lead concentration
and blood pressure among young adults. Am J Ind Med 42:98-106.

Gilbert, S.G. and Rice, D.C. (1987). Low-level lifetime lead exposure produces behavioral toxicity (spatial discrimination
reversal) in adult monkeys. Toxicol. Appl. Pharmacol., 91(3): 484-490.

Glenn, B.S., Stewart, W.F., Links, J.M., Todd, A.C. and Schwartz, B.S. (2003). The longitudinal association of lead with
blood pressure. Epidemiology, 14: 30-36.

Glenn, B.S., Bandeen-Roche, K., Lee, B.K., Weaver, V.M., Todd, A.C. and Schwartz, B.S. (2006). Changes in systolic blood
pressure associated with lead in blood and bone. Epidemiology, 17: 538-544.

Goering, P.L. (1993). Lead—protein interactions as a basis for lead toxicity. Neurotoxicology, 14: 45-60.

Gonzalez-Cossio, T., Peterson, K.E., Sanin, L.H., Fishbein, E., Palazuelos, E., Aro, A., Hernandez-Avila, M. and Hu, H.
(1997). Decrease in birth weight in relation to maternal bone-lead burden. Pediatrics, 100(5): 856—862.

Government of New Brunswick (2005). Belledune Area Health Study Summary Report. [accessed: Jan. 2011] Available at:
www.gnb.ca/0208/pdf/Belledune_Summary_Report-e.pdf

69


http://www.gnb.ca/0208/pdf/Belledune_Summary_Report-e.pdf

Final Human Health State of the Science Report on Lead Health Canada

Goyer, R.A. (1990). Transplancental transport of lead. Environ. Health Perspect., 114(11): 101-105.

Grabo, T.N. (1997). Unknown toxic exposures. Arts and crafts materials. AAOHN (Am. Assoc. Occup. Health Nurses) J.,
45(3): 124-130.

Griffin, T.B., Coulston, F. and Wills, H. (1975). [Biological and clinical effects of continuous exposure to airborne
particulate lead.] Arh. Hig. Toksikol., 26: 191-208. (in Yugoslavian)

Gulson, B.L., Jameson, C.W., Mahaffey, K.R., Mizon, K.J., Korsch, M.J. and Vimpani, G. (1997). Pregnancy increases
mobilization of lead from maternal skeleton. J. Lab. Clin. Med., 130(1): 51-62.

Gulson, B.L., Jameson, C.W., Mahaffey, K.R., Mizon, K.J., Patison, N., Law, A.J., Korsch, M.J. and Salter, M.A. (1998).
Relationships of lead in breast milk to lead in blood, urine, and diet of the infant and mother. Environ. Health Perspect.
106(10): 667-674.

Gulson, B.L., Pounds, J.G., Mushak, P., Thomas, B.J., Gray, B. and Korsch, M.J. (1999a). Estimation of cumulative lead
releases (lead flux) from the maternal skeleton during pregnancy and lactation. J. Lab. Clin. Med., 134(6): 631-640.

Gulson, B.L., Mahaffey, K.R., Jameson, C.W., Patison, N., Law, A.J., Mizon, K.J., Korsch, M.J. and Pederson, D. (1999b).
Impact of diet on lead in blood and urine in female adults and relevance to mobilization of lead from bone stores. Environ.
Health Perspect., 107(4): 257-263.

Gulson, B.L., Mizon, K.J., Korsch, M.J., Palmer, J.M. and Donnelly, J.B. (2003). Mobilization of lead from human bone
tissue during pregnancy and lactation a summary of long-term research. Sci. Total Environ., 303(1-2): 79-104.

Gump, B.B., Stewart, P., Reihman, J., Lonky, E., Darvill, T., Matthews, K.A. and Parsons, P. (2005). Prenatal and early
childhood blood lead levels and cardiovascular functioning in 9% year old children. Neurotoxicol. Teratol., 27: 655-665.

Ha, M., Kwon, H-J., Lim, M-H., Jee, Y-K., Hong, Y-C., Leem, J-H., Sakong, J., Bae, J-M., Hong, S-J., Roh, Y-M. and Jo, S-
J. (2009). Low blood levels of lead and mercury and symptoms of attention deficit hyperactivity in children: a report of the
children’s health and environment research (CHEER). Neurotoxicology, 30(1): 31-36.

Haley VB, Talbot TO (2004). Seasonality and trend in blood lead levels of New York State children. BMC Pediatr, 4 (8):
doi: 10.1186/1471-2431-4-8. [accessed: Feb. 2012] Available at:
w.nchi.nlm.nih.gov/pmc/articles/PMC449716/?tool=pubmed

Halifax (2011). 2009-2010 Typical analysis. Halifax, N.S.: Halifax Regional Municipality. [accessed: Feb. 2011] Available
at: www.halifax.ca/hrwc/WaterQuality.html

Hamilton (2010). Water reports: drinking water quality reports. City of Hamilton. [accessed: Feb. 2011] Available from:
www.hamilton.ca/CityDepartments/PublicWorks/WaterAndWasteWaterDev/Reports+and+Studies/WaterQualityReports.htm

Hanas, J.S., Rodgers, J.S., Bantle, J.A. and Cheng, Y.G. (1999). Lead inhibition of DNA-binding mechanism of Cys,His,
zinc finger proteins. Mol. Pharmacol., 56: 982-988.

Hanning, R.M., Sandhu, R., MacMillan, A., Moss, L., Tsuji, L.J.S. and Nieboer, E. (2003). Impact on blood Pb levels of
maternal and early infant feeding practices of First Nation Cree in the Mushkegowuk Territory of northern Ontario. Can. J.
Environ. Monit., 5: 241-245.

Hauser. R., Sergeyev. O., Korrick, S., Lee, M.M., Revich, B., Gitin, E., Burns, J.S. and Williams, P.L. (2008). Association of
blood lead levels with onset of puberty in Russian boys. Environ. Health Perspect., 116: 976-980.

Health Canada (1992). Guidelines for Canadian drinking water quality: guideline supporting document — lead. Ottawa (ON):

Health Canada, Safe Environments Programme. [accessed: Jan. 2011] Available from: www.hc-sc.gc.ca/ewh-
semt/alt_formats/hecs-sesc/pdf/pubs/water-eau/lead/lead-plomb-eng.pdf

70


http://www.halifax.ca/hrwc/WaterQuality.html
http://www.hamilton.ca/CityDepartments/PublicWorks/WaterAndWasteWaterDev/Reports+and+Studies/WaterQualityReports.htm

Final Human Health State of the Science Report on Lead Health Canada

Health Canada (2007a). Water Talk Fact Sheets: minimizing exposure to lead from drinking water distribution systems.
[accessed: Jan. 2011] Available at: www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/lead-plomb-eng.php

Health Canada (2007b). Evidence for quality of finished natural health products, version 2. [accessed: Jan. 2011] Available
at: www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/prodnatur/eq-pag-eng.pdf

Health Canada (2009a). Guidance on controlling corrosion in drinking water distribution systems. Water, Air and Climate
Change Bureau, Healthy Environments and Consumer Safety Branch, Health Canada, Ottawa, Ontario. [accessed: Jan. 2011]
Available at: www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/corrosion/index-eng.php

Health Canada (2009b). Lead information package — some commonly asked questions about lead and human health.
[accessed: Jan. 2011] Available at: www.hc-sc.gc.ca/ewh-semt/contaminants/lead-plomb/asked_questions-questions_posees-

eng.php

Health Canada (2010a). Consumer products containing lead (contact with mouth) regulations, Fact Sheet, November 2010.
[accessed: Jan. 2011] Available at: www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2010/2010_203fs-eng.php

Health Canada (2010b). Draft guidance on heavy metal impurities in cosmetics. [accessed: Jan. 2011] Available at: www.hc-
sc.gc.ca/cps-spc/legislation/consultation/_cosmet/metal-metaux-consult-eng.php

Health Canada (2010c). Consumer information — health concerns about lead in traditional kohl. [accessed: Jan. 2011]
Available at: www.hc-sc.gc.ca/cps-spc/cosmet-person/cons/kohl-info-khol-eng.php

Health Canada (2010d). Canadian total diet study. Ottawa, Ont.: Health Canada. [accessed: Jan. 2011] Available at: www.hc-
sc.gc.ca/fn-an/surveill/total-diet/index-eng.php

Health Canada (2010e). Report on human biomonitoring of environmental chemicals in Canada. Results of the Canadian
Health Measures Survey Cycle 1 (2007-2009). [accessed: Jan. 2011] Available at: www.hc-sc.gc.ca/ewh-
semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/chms-ecms/report-rapport-eng.pdf

Health Canada (2011a). Food and Nutrition — Lead. [accessed: Feb. 2012] Available at: http://www.hc-sc.gc.ca/fn-
an/securit/chem-chim/environ/lead_plomb-eng.php

Health Canada (2011b). Dietary Intakes of Contaminants & Other Chemicals for Different Age-Sex Groups of Canadians.
[accessed: Feb. 2012] Available at: http://www.hc-sc.gc.ca/fn-an/surveill/total-diet/intake-apport/index-eng.php

Heard, M.J. and Chamberlain, A.C. (1982). Effect of minerals and food on uptake of lead from the gastrointestinal tract in
humans. Hum. Toxicol., 1: 411-416.

Heidary-Monfard, S. (2011). Community Garden Heavy Metal Study. Halifax, Nova Scotia. [accessed: Feb. 2012] Available
at:
http://www.ecologyaction.ca/files/images/file/Community%20Garden%20Heavy%20Metal%20Contamination%20Study.pdf

Hernandez-Avila, M., Smith, D., Meneses, F., Sanin, L.H. and Hu, H. (1998). The influence of bone and blood lead on
plasma lead levels in environmentally exposed adults. Environ. Health Perspect., 106(8): 473-477.

Hernandez-Avila, M., Peterson, K.E., Gonzalez-Cossio, T., Sanin, L.H., Aro, A., Schnaas, L. and Hu, H. (2002). Effect of
maternal bone lead on length and head circumference of newborns and 1-month-old infants. Arch. Environ. Health, 57(5):
482-488.

Hertzman, C., Ames, N., Ward, H., Kelly, S. and Yates, C. (1990). Trail lead study report. Prepared by Department of Health
Care and Epidemiology, University of British Columbia for Ministries of Health and Environment.

Hertz-Picciotto, I. (2000). The evidence that lead increases the risk for spontaneous abortion. Am. J. Ind. Med. 38: 300-309.

71


http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/lead-plomb-eng.php
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/prodnatur/eq-paq-eng.pdf
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/corrosion/index-eng.php
http://www.hc-sc.gc.ca/ewh-semt/contaminants/lead-plomb/asked_questions-questions_posees-eng.php
http://www.hc-sc.gc.ca/ewh-semt/contaminants/lead-plomb/asked_questions-questions_posees-eng.php
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2010/2010_203fs-eng.php
http://www.hc-sc.gc.ca/cps-spc/legislation/consultation/_cosmet/metal-metaux-consult-eng.php
http://www.hc-sc.gc.ca/cps-spc/legislation/consultation/_cosmet/metal-metaux-consult-eng.php
http://www.hc-sc.gc.ca/cps-spc/cosmet-person/cons/kohl-info-khol-eng.php
http://www.hc-sc.gc.ca/fn-an/surveill/total-diet/index-eng.php
http://www.hc-sc.gc.ca/fn-an/surveill/total-diet/index-eng.php
http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/chms-ecms/report-rapport-eng.pdf
http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/chms-ecms/report-rapport-eng.pdf
http://www.hc-sc.gc.ca/fn-an/securit/chem-chim/environ/lead_plomb-eng.php
http://www.hc-sc.gc.ca/fn-an/securit/chem-chim/environ/lead_plomb-eng.php
http://www.ecologyaction.ca/files/images/file/Community%20Garden%20Heavy%20Metal%20Contamination%20Study.pdf

Final Human Health State of the Science Report on Lead Health Canada

Hilts, S.R. (2003). Effect of smelter emission reductions on children’s blood lead levels. Sci. Total Environ., 303(1-2): 51—
58.

HSDB (2010). Hazardous Substances Data Base [database on the Internet]. U.S. National Library of Medicine, Bethesda,
Md. [accessed: Jan. 2011] Available at: http://toxnet.nIm.nih.gov/cgi-bin/sis/htmlgen?HSDB

HUD (2001). National survey of lead and allergens in housing. Final report. VVol. I: Analysis of lead hazards, revision 6.0.
U.S. Department of Housing and Urban Development, Office of Lead Hazard Control, Washington (DC).

Hursh, J.B. and Suomela, J. (1968). Absorption of ??Pb from the gastrointestinal tract of man. Acta. Radiol., 7(2): 108-120.

Hursh, J.B., Schraub, A., Sattler, E.L. and Hofmann, H.P. (1969). Fate of *?Pb inhaled by human subjects. Health Phys.,
16(3): 257-267. [cited in EFSA 2010]

Hwang, K.Y., Schwartz, B.S., Lee, B.K., Strickland, P.T., Todd, A.C. and Bressler, J.P. (2001). Associations of lead
exposure and dose measures with erythrocyte protein kinase C activity in 212 current Korean lead workers. Toxicol. Sci., 62:
280-288.

IARC (2006). Inorganic and organic lead compounds. International Agency for Research on Cancer IARC Monographs on
the Evaluation of Carcinogenic Risks to Humans. Vol. 87.

lavicoli, 1., Carelli, G., Stanek, E.J., Castellino, N. and Calabrese, E.J. (2004). Effects of low doses of dietary lead on puberty
onset in female mice. Reprod. Toxicol., 19: 35-41.

lavicoli, 1., Carelli, G., Stanek, E.J., Castellino, N., Li, Z. and Calabrese, E.J. (2006). Low doses of dietary lead are associated
with a profound reduction in the time to the onset of puberty in female mice. Reprod. Toxicol., 22: 586-590.

ILZRO and EBRC (2008). Voluntary risk assessment report on lead and some inorganic lead compounds: lead (CAS 7439-
92-1); lead oxide (CAS 1317-36-8); lead tetroxide (CAS 1314-41-6); dibasic lead phthalate (CAS 69011-06-9); basic lead
sulphate (CAS 12036-76-9); tribasic lead sulphate (CAS 12202-17-4); tetrabasic lead sulphate (CAS 12065-90-6); neutral
lead stearate (CAS 1072-35-1); dibasic lead stearate (CAS 12578-12-0); dibasic lead phosphite (CAS 12141-20-7); polybasic
lead fumarate (CAS 90268-59-0); basic lead carbonate (CAS 1319-46-6); dibasic lead sulphite2 (CAS 62229-08-7). Human
Health Section, Final Draft, Status 4. March 2008. [This report has been prepared by ILZRO and EBRC Consulting GmbH
under contract to the LDAI Lead Risk Assessment Working Group].

INSPQ (2004). Etude sur I’établissement de valeurs de référence d’éléments traces et de métaux dans le sang, le sérum et
I’urine de la population de la grande région de Québec. Institut national de santé publique du Québec, Québec, Que. Cote:
INSPQ-2004-030.

INSPQ (2011). Etude de I'impact de la contamination par le plomb de I'environnement résidentiel sur la plombémie des
jeunes enfants - Rapport présenté par P. Levallois, J. St-Laurent, D. Gauvin, M. Courteau & Santé Canada. Direction de la
santé environnementale et de la toxicologie Institut national de santé publique du Québec.

Intrinsik (2010). Exposure study. Evaluation of environmental contaminant exposure in children (under 15) in Flin Flon,
Manitoba, and Creighton, Saskatchewan. [accessed: Jan. 2011] Available at: www.flinflonsoilsstudy.com/doclibrary.php

Jacobs, D.E., Clickner, R.P., Zhou, J.Y., Viet, S.M., Marker, D.A., Rogers, J.W., Zeldin, D.C., Broene, P. and Friedman, W.
(2002). The prevalence of lead-based paint hazards in U.S. housing. Environ. Health Perspect., 110(10): A599-A606.

JECFA (2010). Food and Agriculture Organization of the United Nations Joint FAO/WHO Expert Committee on Food

Additives, 73rd meeting, Geneva, 8-17 June 2010. Summary and conclusions. [accessed: Jan. 2011] Available at:
www.who.int/foodsafety/publications/chem/summary73.pdf

72


http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://www.flinflonsoilsstudy.com/doclibrary.php
http://www.who.int/foodsafety/publications/chem/summary73.pdf

Final Human Health State of the Science Report on Lead Health Canada

Jedrychowski, W., Perera, F.P., Jankowski, J., Mrozek-Budzyn, D., Mroz, E., Flak, E., Edwards, S., Skarupa, A. and
Lisowska-Miszczyk, 1. (2009). Very low prenatal exposure to lead and mental development of children in infancy and early
childhood: Krakow prospective cohort study. Neuroepidemiology, 32: 270-278.

Jusko, T.A., Henderson, C.R., Lanphear, B.P., Cory-Slechta, D.A., Parsons, P.J. and Canfield, R.L. (2008). Blood lead
concentrations < 10 pg/dL and child intelligence at 6 years of age. Environ. Health Perspect., 116: 243-248.

Karalekas, P.C., Ryan, C.R. and Taylor, F.B. (1983). Control of lead, copper, and iron pipe corrosion in Boston. J. Am.
Water Works Assoc., 75(2): 92-95.

Keating, J. (1995). Lead. In: Canadian minerals yearbook. Ottawa, Ont.: Natural Resources Canada.

Keating, J. and Wright, P. (1994). Lead. In: Canadian minerals yearbook: review and outlook. Ottawa, Ont.: Natural
Resources Canada.

Kehoe, R.A. (1987). Studies of lead administration and elimination in adult volunteers under natural and experimentally
induced conditions over extended periods of time. Food Chem. Toxicol., 25; 425-493.

Khalil, N., Morrow, L.A., Needleman, H., Talbott, E.O., Wilson, J.W., and Cauley, J.A. (2009). Association of cumulative
lead and neurocognitive function in an occupational cohort. Neuropsy., 23(1): 10-19.

Khalil-Manesh, F., Gonick, H.C., Weiler, E.W., Prins, B., Weber, M.A. and Purdy, R.E. (1993). Lead-induced hypertension:
possible role of endothelial factors. Am. J. Hypertens., 6: 723-729.

Kim, D.-S,, Yu, S.-D., and Lee, E.-H. (2010). Effects of blood lead concentration on intelligence and personality in school
children. Mol. Cell. Toxicol., 6(1): 19-23.

Kim, R., Rotnitzky, A., Sparrow, D., Weiss, S.T., Wager, C. and Hu, H. (1996). A longitudinal study of low-level lead
exposure and impairment of renal function. J. Am. Med. Assoc., 275(15): 1177-1181.

Kingston (2009). Kingston water-quality reports: annual water-quality report. Kingston, Ont.: Utilities Kingston. [accessed:
Jan. 2011] Available at: www.utilitieskingston.com/Water/WaterReports.aspx?wopenpane=0

Klaassen, C.D. (2008). Casarett and Doull’s toxicology — The basic science of poisons. 5th edition. New York, N.Y.:
Pergamon Press, Inc.

Korrick, S.A., Schwartz, J., Tsiah, S.-W., Hunter, D.J., Aro, A., Rosner, B., Speizer, F.E. and Hu, H. (2002). Correlates of
bone and blood lead levels among middle-aged and elderly women. Am. J. Epidemiol., 156(4): 336-343.

Kosnett, M.J. (2006). Lead. In: Olson K.R., editor. Poisoning and drug overdose. 5th edition. New York, N.Y.: McGraw-Hill
Professional. pp. 550-564.

Koyashiki, G.A., Paoliello, M.M. and Tchounwou, P.B. (2010). Lead levels in human milk and children's health risk: a
systematic review. Rev. Environ. Health., 25(3): 243-253.

Kramer, H.J., Gonick, H.C. and Lu, E. (1986). In vitro inhibition of Na-K-ATPase by trace metals: relation to renal and
cardiovascular damage. Nephron., 44: 329-336.

Krieg, E.F., Jr., Chrislip, D.W., Crespo, C.J., Brightwell, W.S., Ehrenberg, R.L. and Otto, D.A. (2005). The relationship
between blood lead levels and neurobehavioral test performance in NHANES |11 and related occupational studies. Public
Health Rep., 120: 240-251.

LaGoy, P. (1987). Estimated soil ingestion rates for use in risk assessment. Risk Anal., 7: 355-359.

73


http://www.utilitieskingston.com/Water/WaterReports.aspx?wopenpane=0

Final Human Health State of the Science Report on Lead Health Canada

Laird, B.D. (2010). Evaluating Metal Bioaccessibility of Soils and Foods Using the SHIME. Ph.D. Thesis. University of
Saskatchewan, Saskatoon. [accessed July 2012] Available at: http:/library2.usask.ca/theses/available/etd-11292010-
165216/unrestricted/Laird_CGSR_Approved_Thesis.pdf

Lamadrid-Figueroa, H., Tellez-Rojo, M.M., Hernandez-Avila, M., Trejo-Valdivia, B., Solano-Gonzalez, M., Mercado-
Garcia, A., Smith, D., Hu, H. and Wright, R.O. (2007). Association between the plasma/whole blood lead ratio and history of
spontaneous abortion: a nested cross-sectional study. BMC Pregnancy Childbirth, 7: 22.

Lambert, T.W., and Lane, S. (2004). Lead, Arsenic, and Polycyclic Aromatic Hydrocarbons in Soil and House Dust in the
Communities Surrounding the Sydney, Nova Scotia, Tar ponds. Environ. Health Perspect., 112: 35-41.

Lanphear, B.P., Weitzman, M. and Eberly, S. (1996a). Racial differences in urban children's environmental exposures to lead.
Am. J. Public Health, 86(10): 1460-1463.

Lanphear, B.P., Weitzman, M., Winter, N.L., Eberly, S., Yakir, B., Tanner, M., Emond, M. and Matte, T.D. (1996b). Lead-
contaminated house dust and urban children's blood lead levels. Am. J. Public Health, 86(10): 1416-1421.

Lanphear, B.P., Matte, T.D., Rogers, J., Clickner, R.P., Dietz, B., Bornschein, R.L., Succop, P., Mahaffey, K.R., Dixon, S.,
Galke, S., Rabinowitz, M., Farfel, M., Rohde, C., Schwartz, J., Ashley, P. and Jacobs, D.E. (1998). The contribution of lead-
contaminated house dust and residential soil to children’s blood lead levels: a pooled analysis of 12 epidemiologic studies.
Environ. Res. Sect. A, 79(1): 51-68.

Lanphear, B.P., Dietrich, K., Auinger, P. and Cox, C. (2000). Cognitive deficits associated with blood lead concentrations
<10 pg/dL in US children and adolescents. Public Health Rep., 115: 521-529.

Lanphear, B.P., Succop, P., Roda, S. and Henningsen, G. (2003). The effect of soil abatement on blood lead levels in children
living near a former smelting and milling operation. Public Health Rep., 118: 83-91.

Lanphear, B.P., Hornung, R., Khoury, J., Yolton, K., Baghurst, P., Bellinger, D.C., Canfield, R.L., Dietrich, K.N.,
Bornschein, R., Greene, T., Rothenberg, S.J, Needleman, H.L, Schnaas, L., Wasserman, G., Graziano, J. and Roberts, R..
(2005). Low-level environmental lead exposure and children's intellectual function: an international pooled analysis. Environ.
Health Perspect., 113: 894-899.

Laughlin, N.K., Luck, M.L. and Lasky, R.E. (2008). Postnatal lead effects on the development of visual spatial acuity in
rhesus monkeys (Macaca mulatta). Dev. Psychobiol., 50(6): 608—614.

Leech, J.A., Wilby, K., McMullen, E. and Laporte, K. (1996). The Canadian Human Activity Pattern Survey: report of
methods and population surveyed. Chronic Dis. Can., 17(3): 118-123.

Levallois, P. (2011). Montreal BLL study. Contribution of Enviornmental Factors to Blood Lead Levels. Presentation to the
Canadian Water Network. June 2011. [accessed: Feb. 2012] Available at: http://www.cwn-rce.ca/wp-
content/uploads/2011/04/Patrick-Levallois-presentation.pdf

Levesque B, Duchesne JF, Gariepy C, Rhainds. M., Dumas, P., Scheuhammer, A.M., Proulx, J.F., Déry S., Muckle, G.,
Dallaire, F., and Dewailly, E. (2003). Monitoring of umbilical cord blood lead levels and sources assessment among the Inuit.
Occup Environ Med, 60: 693-695.

Louis, E.D., Jurewicz, E.C., Applegate, L., Factor-Litvak, P., Parides, M., Andrews, L., Slavkovich, V., Graziano, J.H.,
Carroll, S. and Todd, A. (2003). Association between essential tremor and blood lead concentration. Environ. Health
Perspect., 111(14): 1707-1711.

Lozoff, B., Jimenez, E., Wolf, AW., Angelilli, M.L., Zatakia, J., Jacobson, S.W., Kaciroti, N., Clark, K.M., Tao, M.,

Castillo, M., Walter, T. and Pino, P. (2009). Higher infant blood lead levels with longer duration of breastfeeding. J. Pediatr.,
155(5): 610-611.

74


http://library2.usask.ca/theses/available/etd-11292010-165216/unrestricted/Laird_CGSR_Approved_Thesis.pdf
http://library2.usask.ca/theses/available/etd-11292010-165216/unrestricted/Laird_CGSR_Approved_Thesis.pdf

Final Human Health State of the Science Report on Lead Health Canada

Lustberg, M. and Silbergeld, E. (2002). Blood lead levels and mortality. Arch. Intern. Med., 162; 2443-2449.

Lytle, D.A. and Schock, M.R. (2000) Impact of stagnation time on metal dissolution from plumbing materials in drinking
water. J. Water Supply Res. Technol. - Aqua, 49(5): 243-257.

MacLean, L.C.W., Beauchemin, S., and Rasmussen, P.E. (2011). Lead Speciation in House Dust from Canadian Urban
Homes Using EXAFS, Micro-XRF, and Micro-XRD. Environ. Sci. Tehcnol., 45(13): 5491-5497.

MacLean, L.C.W., Beauchemin, S., and Rasmussen, P.E. (2012). Chemical transformations of lead compounds under humid
conditions: implications for bioaccessibility. Environ. Geochem. Health., Available online June 2012. DOI: 10.1007/s10653-
012-9467-X.

Mahaffey, K.R., Gartside, P.S. and Glueck, C.J. (1986). Blood lead levels and dietary calcium intake in 1- to 11-year- old
children: the Second National Health and Nutrition Examination Survey, 1976 to 1980. Pediatrics, 78: 257-262.

Manitoba (2011). Manitoba Lead Data 2005-2010 to Health Canada 28 SEP 11. Office of Drinking Water Manitoba
Conservation & Water Stewardship. [unpublished email communication]

Manitoba Conservation (2007). Concentrations of metals and other elements in surface soils of Flin Flon, Manitoba and
Creighton, Saskatchewan, 2006. Report NO. 2007-01. Winnipeg, Man.: Manitoba Conservation., [accessed: Jan. 2011]
Available from: www.gov.mb.ca/conservation/wildlife/ecosys/pdf/flinflon_metalcon2.pdf

Manton, W.1., Angle, C.R., Stanek, K.L., Reese, Y.R. and Kuehnemann, T.J. (2000). Acquistion and retention of lead by
young children. Environ. Res., 82(1): 60-80.

Manton, W.I., Rothenburg, S. J., and Manalo, M. (2001). The lead content of blood serum. Environ. Res., 86(3):263-273.

Martin, D., Glass, T.A., Bandeen-Roche, K., Todd, A.C., Shi, W. and Schwartz, B.S. (2006). Association of blood lead and
tibia lead with blood pressure and hypertension in a community sample of older adults. Am. J. Epidemiol., 163: 467-478.

McDonald, L.T., Rasmussen, P.E., Chenier, M. and Levesque, C. (2010). Wipe sampling methodologies to assess exposures
to lead and cadmium in urban Canadian homes. In: Proceedings of the annual international conference on soils, sediments,
water and energy. Vol. 15, Issue 1, Article 6. [accessed: Jan. 2011] Available from:
http://scholarworks.umass.edu/soilsproceedings/vol15/iss1/6

McDonald, L.T., Rasmussen, P.E., Chenier, M. and Levesque, C. (2011). Extending wipe sampling methods to elements
other than lead. J. Environ. Monit., 13: 377-383.

Menke, A., Muntner, P., Batuman, V., Silbergeld, E.K. and Guallar, E. (2006). Blood lead below 0.48 micromol/L (10
microg/dL) and mortality among U.S. adults. Circulation, 114: 1388-1394.

Mielke, H.W. (1999). Lead in the inner-cities. Am. Sci., 87: 62-73.

Mielke, H.W., Adams, J.L., Reagan, P.L. and Mielke, P.W., Jr. (1989). Soil-dust lead and childhood lead exposure as a
function of city size and community traffic flow: the case for lead abatement in Minnesota. In: Davies B.E., Wixson, B.G.,
eds. Lead in soil: issues and guidelines. Environ. Geochem. Health, 9(Suppl): 253-271.

Mielke, H.W., Dugas, D., Mielke, P.W., Smith, K.S., Smith, S.L. and Gonzales, C.R. (1997). Associations between lead dust
contaminated soil and childhood blood lead: a case study of urban New Orleans and rural Lafourche Parish, Louisiana, USA.
Environ. Health Perspect., 105(9): 950-954.

Mielke, H.W., Gonzales, C.R., Powell, E., Jartun, M. and Mielke, P.W. (2007). Nonlinear association between soil lead and
blood lead of children in metropolitan New Orleans. Sci. Total Environ., 388: 43-53.

75


http://scholarworks.umass.edu/soilsproceedings/vol15/iss1/6

Final Human Health State of the Science Report on Lead Health Canada

Min, M.O., Singer, T.L., Kirchner, H.L., Minnes, S., Short, E., Hussain, Z. and Nelson, S. (2009). Cognitive development
and low-level lead exposure in poly-drug exposed children. Neurotoxicol. Teratol., 31: 225-231.

Miranda, M.L., Kim, D., Hull, A.P., Paul, C.J. and Galenao, M.A.O. (2007a). Changes in Blood Lead Levels Associated with
Use of Chloramines in Water Treatment Systems. Environ. Health Perspect., 115: 221- 225.

Miranda, M.L., Kim, D., Galeano, M.A., Paul, C.J., Hull, A.P. and Morgan, S.P. (2007b). The relationship between early
childhood blood lead levels and performance on end-of-grade tests. Environ. Health Perspect., 115: 1242-1247.

Miranda, M.L. Anthopolos, R., and Hastings, D. (2011). A Geospatial Analysis of the Effects of Aviation Gasoline on
Childhood Blood Lead Levels. Environ. Health Perspect., 119: 1513-1516.

Montreal (2010). Municipal drinking water reports. Montréal, Que.: la ville de Montréal. [accessed: Jan. 2011] Available at:
http://ville.montreal.qc.ca/portal/page? _pageid=6937,68593573& dad=portal& schema=PORTAL

Muldoon, S.B., Cauley, J.A., Kuller, L.H., Morrow, L., Needleman, H.L., Scott, J. and Hooper, F.J. (1996). Effects of blood
lead levels on cognitive function of older women. Neuroepidemiology, 15: 62-72.

Muntner, P., He, J., Vupputuri, S., Coresh, J. and Batuman, V. (2003). Blood lead and chronic kidney disease in the general
United States population: results from NHANES Il1l. Kidney Int., 63: 1044-1050.

Muntner, P., Menke, A., DeSalvo, K.B., Rabito, F.A.and Batuman, V. (2005). Continued decline in blood lead levels among
adults in the United States. Arch. Intern. Med., 165: 2155-2161.

Murthy, R.C., Gupta, S.K. and Saxena, D.K. (1995). Nuclear alterations during acrosomal cap formation in spermatids of
lead-treated rats. Reprod. Toxicol., 9: 483-489.

Nash, D., Magder, L., Lustberg, M., Sherwin, R.W., Rubin, R.J., Kaufmann, R.B. and Silbergeld, E.K. (2003). Blood lead,
blood pressure, and hypertension in perimenopausal and postmenopausal women. J. Am. Med. Assoc., 289: 1523-1532.

Navas-Acien, A., Selvin, E., Sharrett, A.R., Calderon-Aranda, E., Sibergeld, E. and Guallar, E. (2004). Lead, cadmium,
smoking, and increased risk of peripheral arterial disease. Circulation, 109: 3196-3201.

Navas-Acien, A., Guallar, E., Silbergeld, E.K. and Rothenberg, S. (2007). Lead exposure and cardiovascular disease: a
systematic review. Environ. Health Perspect., 115; 472-482.

Navas-Acien, A., Schwartz, B.S., Rothenberg, S.J., Hu, H., Silbergeld, E.K. and Guallar, E. (2008). Bone lead levels and
blood pressure endpoints: a meta-analysis. Epidemiol., 19: 496-504.

Navas-Acien, A., Tellez-Plaza, M., Guallar, E., Munter, P., Silbergeld, E., Jaarand, B. and Weaver, V. (2009). Blood
cadmium and lead and chronic kidney disease in US adults: a joint analysis. Am. J. Epidemiol., 170(9): 1156-1164.

Nawrot, T.S., Thijs, L., Den Hond, E.M., Roels, H.A. and Staessen, J.A. (2002). An epidemiological re-appraisal of the
association between blood pressure and blood lead: a meta-analysis. J. Hum. Hypertens.
16: 123-131.

Ndzangou, S.O., Richer-LaFléche, M. and Houle, D. (2006). Anthropogenic Pb accumulation in forest soils from Lake Clair
watershed: Duchesnay experimental forest (Québec, Canada). Appl .Geochem., 21: 2135-2147.

Needleman, H.L. and Gatsonis, C.A. (1990). Low-level lead exposure and the IQ of children. A meta-analysis of modern
studies. J. Am. Med. Assoc., 263: 673-678.

Needleman, H.L., Riess, J.A., Tobin, M.J., Biesecker, G.E. and Greenhouse, J.B. (1996). Bone lead levels and delinquent
behavior. J. Am. Med. Assoc., 275: 363-369.

76


http://ville.montreal.qc.ca/portal/page?_pageid=6937,68593573&_dad=portal&_schema=PORTAL

Final Human Health State of the Science Report on Lead Health Canada

Needleman, H.L., McFarland, C., Ness, R.B., Fienberg, S.E. and Tobin, M.J. (2002). Bone lead levels in adjudicated
delinquents. A case control study. Neurotoxicol. Teratol., 24: 711-717.

Newfoundland and Labrador (2011). Drinking water safety annual reports. Province of Newfoundland and Labrador,
Department of Environment and Conservation. [accessed: Feb. 2011] Available at:
www.env.gov.nl.ca/env/waterres/reports/index.html#drinkingwatersafety

Nicolescu, R., Petcu, C., Cordeanu, A., Fabritius, K., Schlumpf, M., Krebs, R., Kramer, U., and Winneke, G. (2010).
Environmental exposure to lead, but not other neurotoxic metals, relates to core elements of ADHD in Romanian children:
performance and questionnaire data. Environ Res 110, 476-483.

Nigg, J.T., Knottnerus, G.M., Martel, M.M., Nikolas, M., Cavanagh, K., Karmaus, K. and Rappley, M.D. (2008). Low blood
lead levels associated with clinically diagnosed attention-deficit/hyperactivity disorder and mediated by weak cognitive
control. Biol. Psychiatry, 63(3): 325-331.

Nigg, J.T., Nikolas, M., Knottnerus, G.M., Cavanagh, K. and Friderici, K. (2010). Confirmation and extension of association
of blood lead with attention-deficit/hyperactivity disorder (ADHD) and ADHD symptom domains at population-typical
exposure levels. J. Child Psychol. Psychiatry, 51(1): 58-65.

Nordberg, M., Winblad, B., Fratiglioni, L. and Basun, H. (2000). Lead concentrations in elderly urban people related to blood
pressure and mental performance: results from a population-based study. Am. J. Ind. Med., 38: 290-294.

NTP (2004). Report on carcinogens, lead (CAS No. 7439-92-1) and lead compounds.11th edition. National Toxicology
Program (U.S.). Research Triangle Park, N.C.: U.S. Department of Health and Human Services, National Toxicology
Program.

NTP (2012). NTP Monograph on Health Effects of Low-Level Lead. National Toxicology Program U.S. Department of
Health and Human Services. [accessed: Jun. 14 2012] Available at: http://ntp.niehs.nih.gov/?objectid=4F04B8EA-B187-
9EF2-9F9413C68E76458E

OECD (1993). Risk reduction monograph no. 1: lead. Background and national experience with reducing lead. Organisation
for Economic Co-Operation and Development, Paris, FR: Organisation for Economic Co-Operation and Development,
Environment Directorate. 277 pp.

OEHHA (2007). Development of health criteria for school site risk assessment pursuant to health and safety code section
901(g): child-specific benchmark change in blood lead concentration for school site risk assessment. Final Report. California
Office of Environmental Health Hazard Assessment. Sacramento, Calif. 107 pp.

OMOE (2002). Soil investigation and Human Health Risk Assessment for the Rodney Street Community, Port Colborne.
Ontario Ministry of the Environment. [accessed: Jan. 2012] Available at:
https://ospace.scholarsportal.info/bitstream/1873/6521/1/10302755.pdf

OMOE (2009). Community lead testing program. Years 2007—2008. Ontario Ministry of the Environment. [accessed: Feb.
201] Awvailable at: www.ontario.ca/ONT/portal61/drinkingwater/General?docld=DW_EL_PRD_039728&Iang=en

OMOE (2011). Drinking water surveillance program. Years 2000-2007. Ontario Ministry of the Environment. [accessed:
Feb. 2011] Available at: www.ene.gov.on.ca/environment/en/resources/collection/data_downloads/index.htm#DWSP

Ontario (2010). Safe Drinking Water Act, 2002, Ontario Regulation 170/03 Drinking Water Systems. Toronto (ON):
Government of Ontario. [accessed: Feb. 2011] Available from: www.e-
laws.gov.on.ca/html/regs/english/elaws_regs 030170_e.htm

Osman, K., Pawlas, K., Schutz, A., Gazdzi, M., Sokal, J.A. and Vahter, M. (1999). Lead exposure and hearing effects in
children in Katowice, Poland. Environ. Res., 80: 1-8.

77


http://www.env.gov.nl.ca/env/waterres/reports/index.html#drinkingwatersafety
http://www.ontario.ca/ONT/portal61/drinkingwater/General?docId=DW_EL_PRD_039728&lang=en
http://www.ene.gov.on.ca/environment/en/resources/collection/data_downloads/index.htm#DWSP

Final Human Health State of the Science Report on Lead Health Canada

Ottawa (2011). Reports on drinking water quality in Ottawa. City of Ottawa. [accessed: Feb. 2011] Available at:
www.ottawa.ca/residents/water/wa/city_wells/wq_reports/index_en.html

Panagapko, D. (2009). Canadian Minerals Yearbook 2009 - Lead. Ottawa, Ont.: Natural Resources Canada, Minerals and
Metals Sector, Mineral and Metal Commodity Reviews. [accessed: Feb. 2012] Available at:
http://www.nrcan.gc.ca/minerals-metals/business-market/canadian-minerals-yearbook/2009-review/3940

Payton, M., Hu, H., Sparrow, D., and Weiss, S.T. (1994). Low-level lead exposure and renal function in the Normative Aging
Study. Am. J. Epidemiol., 140: 821-829.

P.E.l. (2011). Concentrations of lead in private drinking water wells. Province of Prince Edward Island [unpublished email
communication].

Piccinini, F., Favalli, L. and Chiari, M.C. (1977). Experimental investigations on the contraction induced by lead in arterial
smooth muscle. Toxicology, 8: 43-51.

Plusquellec, P., Muckle, G., Dewailly, E., Ayotte, P., Bégin, G., Desrosiers, C., Després, C., Saint-Amour, D., and Poitras, K.
(2010). The relation of environmental contaminants exposure to behavioral indicators in Inuit preschoolers in Arctic Quebec.
Neurotoxicology. 31:17-25.

Quebec (2011). Concentrations of lead in residential tap water. Province of Québec [unpublished email communication].
Rabinowitz, M. (1991). Toxicokinetics of bone lead. Environ. Health Perspect., 91: 33-37.

Rabinowitz, M.B., Wetherill, G.W. and Kopple, J.D. (1976). Kinetic analysis of lead metabolism in healthy humans. J. Clin.
Invest., 58: 260-270.

Rabinowitz, M., Leviton, B., Needleman, H., Bellinger, D. and Waternaux, C. (1985). Environmental correlates of infant
blood lead levels in Boston. Environ. Res., 38: 96-107.

Rasmussen, P.E., Subramanian, K.S. and Jessiman, B.J. (2001). A multi-element profile of housedust in relation to exterior
dust and soils in the city of Ottawa, Canada. Sci. Total Environ., 267 125-140.

Rasmussen, P.E., Dugandzic, R., Hassan, N., Murimboh, J. and Grégoire, D.C. (2006). Challenges in quantifying airborne
metal concentrations in residential environments. Can. J. Anal. Sci. Spectrosc., 51(1): 2-8.

Rasmussen, P.E., Wheeler, A.J., Hassan, N.M., Filiatreault, A. and Lanouette, M. (2007). Monitoring personal, indoor, and
outdoor exposures to metals in airborne particulate matter: risk of contamination during sampling, handling and analysis.
Atmos. Environ., 41: 5897-5907.

Rasmussen, P.E., Niu, J., Chenier, M., Wheeler, A.J., Nugent, M. and Gardner, H. (2009). Project (I1) refined analysis and
characterization methods for metals in urban residential air. Metals in the Human Environment (NSERC MITHE-SN).
Annual Symposium, Aylmer, Québec, 20-21 Jan 2009.

Rasmussen, P.E., Beauchemin, S., Chénier, M., Lévesque, C., MacLean, L., Marro, L., Jones-Otazo, H., Petrovic, S.,
McDonald, L. and Gardner, H. (2011). Canadian House Dust Study: Lead Bioaccessibility and Speciation. Environmental
Science and Technology. 45(11): 4959-4965. .

Rencz, A.N., Garrett, R.G., Adcock, S.W. and Bonham-Carter, G.F. (2006). Geochemical background in soil and till. Ottawa:
Ont.: Geological Survey of Canada. Open File 5084. 64 pp.

Renner, R. (2009). Out of Plumb: When Water Treatment Causes Lead Contamination. Environ. Health Perspect., 117:
A542-A547.

78


http://www.ottawa.ca/residents/water/wq/city_wells/wq_reports/index_en.html

Final Human Health State of the Science Report on Lead Health Canada

Rhoads, G.G., Ettinger, A.S., Weisel, C.P., Buckley, T.J., Goldman, D.K., Adgate, J. and Lioy, P.J. (1999). The effect of dust
lead control on blood lead in toddlers: a randomized trial. Pediatrics, 103: 551-555.

Rice, D.C. (1984). Effect of lead on schedule-controlled behavior in monkeys. In: Seiden L.S., Balster R.L., editors.
Behavioral pharmacology: the current status. New York (NY): Alan R. Liss. pp. 473-486.

Rice, D.C. (1985). Chronic low-lead exposure from birth produces deficits in discrimination reversal in monkeys. Toxicol.
Appl. Pharmacol., 77: 201-210.

Rice, D.C. (1990). Lead-induced behavioral impairment on a spatial discrimination reversal task in monkeys exposed during
different periods of development. Toxicol. Appl. Pharmacol., 106: 327-333.

Rice, D.C. (1992a). Behavioral effects of lead in monkeys tested during infancy and adulthood. Neurotoxicol. Teratol., 14:
235-245.

Rice, D.C. (1992b). Lead exposure during different developmental periods produces different effects on FI performance in
monkeys tested as juveniles and adults. Neurotoxicology, 13: 757-770.

Rice, D.C. (1992c). Effect of lead during different developmental periods in the monkey on concurrent discrimination
performance. Neurotoxicology, 13: 583-592.

Rice, D.C. and Gilbert, S.G. (1985). Low lead exposure from birth produces behavioral toxicity (DRL) in monkeys. Toxicol.
Appl. Pharmacol., 80: 421-426.

Rice, D.C. and Karpinski, K.F. (1988). Lifetime low-level lead exposure produces deficits in delayed alternation in adult
monkeys. Neurotoxicol. Teratol., 10: 207-214.

Rice, D.C. and Baroneg, S. Jr. (2000). Critical periods of vulnerability for the developing nervous system: evidence from
humans and animal models. Environ. Health Perspect., 108: 511-533.

Richardson, E., Pigott, W., Craig, C., Lawson. M., and Mackie, C. (2011). North Hamilton Child Blood Lead Study Public
Health Report. Hamilton Public Health Services, Hamilton, Ontario. [accessed: Feb. 2012] Available at:
http://www.hamilton.ca/NR/rdonlyres/453D1F95-87EE-47D2-87 AB-
025498737337/0/Sep26EDRMS_n216098_v1_BOH11030_Child_Blood_Lead_Prevalence_Stud.pdf

Ris, M.D., Dietrich, K.N., Succop, P.A., Berger, O.G. and Bornschein, R.L. (2004). Early exposure to lead and
neuropsychological outcome in adolescence. J. Int. Neuropsychol. Soc., 10: 261-270.

Roncal, C., Mu, W., Reungjui, S., Kim, K.M., Henderson, G.N., Ouyang, X., Nakagawa, T. and Johnson, R.J. (2007). Lead,
at low levels, accelerates arteriolopathy and tubulointerstitial injury in chronic kidney disease. Am. J. Physiol. Renal.
Physiol., 293: F1391-F1396.

Rothenberg, S.J., Manalo, M., Jiang, J., Cuellar, R., Reyes, S., Sanchez, M., Diaz, M., Khan, F., Aguilar, A., Reynoso, B.,
Juaregui, M., Acosta, S. and Johnson, C. (1999a). Blood lead level and blood pressure during pregnancy in South Central Los
Angeles. Arch. Environ. Health, 54(6): 382-389.

Rothenberg, S.J., Manalo, M., Jiang, J., Khan, F., Cuellar, R., Reyes, S., Sanchez, M., Reynoso, B., Aguilar, A., Diaz, M.,
Acosta, S, Juaregui, M. and Johnson, C. (1999b). Maternal blood lead level during pregnancy in South Central Los Angeles.
Arch. Environ. Health, 54(3): 151-157.

Rothenberg, S.J., Knodrashow, V., Manalo, M., Jiang, J., Cuellar, R., Garcia, M., Reynoso, B., Reyes, S., Diaz, M. and Todd,

A.C. (2002a). Increases in hypertension and blood pressure during pregnancy with increased bone lead levels. Am. J.
Epidemiol., 156: 1079-1087.

79



Final Human Health State of the Science Report on Lead Health Canada

Rothenberg, S.J., Schnaas, L., Salgado-Valladares, M., Casanueva, E., Geller, A.M., Hudnell, H.K. and Fox, D.A. (2002b).
Increased ERG a- and b-wave amplitudes in 7- to 10-year-old children resulting from prenatal lead exposure. Invest.
Ophthalmol. Vis. Sci., 43: 2036-2044.

Roy, A., Georgopoulos, P.J., Ouyang, M., Freeman, N. and Lioy, P.J. (2003). Environmental, dietary, demographic, and
activity variables associated with biomarkers of exposure for benzene and lead. J. Exposure Anal. Environ. Epidemiol., 13:
417-426.

Saint-Laurent, D., St-Laurent, J., Duplessis, P., and Lavoie, L. (2010). Isotopic Record of Lead Contamination in Alluvial
Soils and Tree Rings on Recent Floodplains (Southern Québec, Canada). Water Air Soil Pollut., 209: 451-466.

Sallmen, M., Lindbohm, M.L., Anttila, A., Taskinen, H. and Hemminki, K. (2000). Time to pregnancy among the wives of
men occupationally exposed to lead. Epidemiology, 11: 141-147.

Sanborn, M.D., Abelsohn, A., Campbell, M. and Weir, E. (2002). Identifying and managing adverse environmental health
effects: 3. Lead exposure. Can. Med. Assoc. J., 166(10): 1287-1292.

Saskatchewan (2011). Concentrations of lead in municipal drinking water distribution systems. Province of Saskatchewan
[unpublished email communication].

Saskatoon (2009). Drinking water quality and compliance: city of Saskatoon for year 2009. City of Saskatoon Water
Treatment Plant. [accessed: Feb. 2011] Available at:
www.saskatoon.ca/DEPARTMENTS/Utility%20Services/Water%20and%20Wastewater%20Treatment/Documents/DWQ%
20and%20Compliance%20Report%202009.pdf

Schell, L.M., Denham, M., Stark, A.D., Gomez, M., Ravenscroft, J., Parsons, P.J., Aydermir, A. and Samelson, R. (2003).
Maternal blood lead concentration, diet during pregnancy, and anthropometry predict neonatal blood lead in a
socioeconomically disadvantaged population. Environ. Health Perspect., 111(2): 195-200.

Schnaas, L., Rothenberg, S.J., Perroni, E., Martinez, S., Hernandez, C. and Hernandez, R.M. (2000). Temporal pattern in the
effect of postnatal blood lead level on intellectual development of young children. Neurotoxicol. Teratol., 22: 805-810.

Schnaas, L., Rothenberg, S.J., Flores, M.F., Martinez, S., Hernandez, C., Osorio, E., Velasco, S.R. and Perroni, E. (2006).
Reduced intellectual development in children with prenatal lead exposure. Environ. Health Perspect., 114: 791-797.

Schober, S.E., Mirel, L.B., Graubard, B.I., Brody, D.J. and Flegal, K.M. (2006). Blood lead levels and death from all causes,
cardiovascular disease, and cancer: results from the NHANES |11 Mortality Study. Environ. Health Perspect., 114: 1538—
1541.

Schock, M. R. and Lemieux, F. G. (2010). Challenges in addressing variability of lead in domestic plumbing. Water Science
and Technology: Water Supply, 10(5): 792-798.

Schock, M.R., Wagner, 1. and Oliphant, R.J. (1996) Corrosion and solubility of lead in drinking water. In: Internal corrosion
of water distribution systems. 2nd edition. American Water Works Association Research Foundation and DVGW
Technologiezentrum Wasser, Denver, CO. pp. 131-230.

Schiitz, A., Bergdahl, I.A., Ekholm, A. and Skerfving, S. (1996). Measurement by ICP-MS of lead in plasma and whole
blood of lead workers and controls. Occup. Environ. Med., 53: 736-740.

Schwartz, B.S. and Stewart, W.F. (2000). Different associations of blood lead, meso 2,3-dimercaptosuccinic acid (DMSA)-
chelatable lead, and tibial lead levels with blood pressure in 543 organolead manufacturing workers. Arch. Environ. Health,
55: 85-92.

Schwartz, J. (1994). Low-level lead exposure and children’s 1Q: a meta-analysis and search for a threshold. Environ. Res.,
65:42-55.

80


http://www.saskatoon.ca/DEPARTMENTS/Utility%20Services/Water%20and%20Wastewater%20Treatment/Documents/DWQ%20and%20Compliance%20Report%202009.pdf
http://www.saskatoon.ca/DEPARTMENTS/Utility%20Services/Water%20and%20Wastewater%20Treatment/Documents/DWQ%20and%20Compliance%20Report%202009.pdf

Final Human Health State of the Science Report on Lead Health Canada

Schwartz, J. (1995). Lead, blood pressure, and cardiovascular disease in men. Arch. Environ. Health, 50: 31-37.
Schwartz, J. and Otto, D. (1991). Lead and minor hearing impairment. Arch. Environ. Health, 46: 300-305.

Scinicariello, F., Yesupriya, A., Chang, M. H., and Fowler, B. A. (2010). Modification by ALAD of the association between
blood lead and blood pressure in the U.S. population: results from the Third National Health and Nutrition Examination
Survey. Environ Health Perspect, 118:259-264.

Selevan, S.G., Rice, D.C., Hogan, K.A., Euling, S.Y., Pfahles-Hutchens, A. and Bethel, J. (2003). Blood lead concentration
and delayed puberty in girls. N. Engl. J. Med., 348: 1527-36.

Shiau, C.Y., Wang, J.D. and Chen, P.C. (2004). Decreased fecundity among male lead workers. Occup. Environ. Med., 61:
915-923.

Shih, R.A., Glass, T.A., Bandeen-Roche, K., Carlson, M.C., Bolla, K.I., Todd, A.C. and Schwartz, B.S. (2006).
Environmental lead exposure and cognitive function in community-dwelling older adults. Neurology, 67(9): 1556-1562.

Silbergeld, E.K., Schwartz, J. and Mahaffey, K. (1988). Lead and osteoporosis: mobilization of lead from bone in
postmenopausal women. Environ. Res., 47: 79-94.

Simons, T.J. (1988). Active transport of lead by the calcium pump in human red cell ghosts. J. Physiol., 405: 105-113.

Smith, D., Hernandex-Avila, M., Tellez-Rojo, M.M., Mercado, A. and Hu, H. (2002). The relationship between lead in
plasma and whole blood in women. Environ. Health Perspect., 110(3): 263-268.

Spalinger, S.M., von Braun, M.C., Petrosyan, V. and von Lindern, I.H. (2007). Northern Idaho house dust and soil lead levels
compared to the Bunker Hill Superfund Site. Environ. Monit. Assess., 130: 57-72.

Staessen, J.A., Lauwerys, R.R., Buchet, J.P., Bulpitt, C.J., Rondia, D., Vanrenterghem, Y. and Amery, A. (1992). Impairment
of renal function with increasing blood lead concentrations in the general population. The Cadmibel Study Group. N. Engl. J.
Med., 327(3): 151-156.

Staessen, J.A., Bulpitt, C.J., Fagard, R., Lauwerys, R.R., Roels, H., Thijs, L. and Amery, A. (1994). Hypertension caused by
low-level lead exposure: myth or fact? J. Cardiovasc. Risk, 1: 87-97.

Staessen, J.A., Roels, H. and Fagard, R. (1996). Lead exposure and conventional and ambulatory blood pressure. J. Am.
Med. Assoc., 275: 1563-1570.

Stauber, J.L., Florence, T.M., Bulson, B.L. and Dale, L.S. (1994). Percutaneous absorption of inorganic lead compounds. Sci.
Total Environ., 145: 55-70.

St. Catharines (2009). Drinking water monitoring program reports: 2009 annual report. City of St. Catharines, Ont. [accessed:
Feb. 2011] Available at: www.niagararegion.ca/living/water/pdf/2009DecewAnnualReport.pdf

Stewart, W.F. and Schwartz, B.S. (2007). Effects of lead on the adult brain: a 15 year exploration. Am. J. Ind. Med., 50: 729-
739.

St-Laurent, J., Levallois, P., Gauvin, D., Courteau, M., and Fontaine-Séguin, N. (2012). La présence de plomb dans
I’enviornement résidentiel et son impact sur la plombémie de jeunes enfants a Montréal. BISE Bulletin D’Information En
Santé Environnementale. Février 2012. Institut national de santé publique du Québec. [accessed: Feb. 2012] Available at:
http://www.inspq.qc.ca/bise/file.axd?file=2012%2f02%2fPresence_plomb_plombemie_jeunes_enfants.pdf

Sudbury (2009). Water quality reports: 2009 water quality reports. Greater Sudbury. [accessed: Jan. 2011] Available at:
www.greatersudbury.ca/cms/index.cfm?app=div_water&lang=en&currlD=7055

81


http://www.niagararegion.ca/living/water/pdf/2009DecewAnnualReport.pdf

Final Human Health State of the Science Report on Lead Health Canada

Surkan, P.J., Zhang, A., Trachtenberg, F., Daniel, D.B., McKinaly, S. and Bellinger, D.C. (2007). Neuropsychological
function in children with blood lead levels < 10 pg/dL. Neurotoxicology, 28: 1170-1177.

Tellez-Rojo, M.M., Bellinger, D.C., Arroyo-Quiroz, C., Lamadrid-Figueroa, H., Mercado-Garcia, A., Schnaas-Arrieta, L.,
Wright, R.O., Hernandez-Avila, M. and Hu, H. (2006). Longitudinal associations between blood lead concentrations lower
than 10 pg/dL and neurobehavioral development in environmentally exposed children in Mexico City. Pediatrics, 118: e323—
€330.

Thunder Bay (2009). Drinking water quality annual report 2009. City of Thunder Bay. [accessed: Jan. 2011] Available at:
www.thunderbay.ca/Assets/Living/Environment/docs/Water+Quality+Report+for+2009.pdf

Tong, S., Baghurst, P., McMichael, A., Sawyer, M. and Mudge, J. (1996). Lifetime exposure to environmental lead and
children's intelligence at 11-13 years: the Port Pirie cohort study. BMJ, 312: 1569-1575.

Trail Health and Environment Committee (2007). Annual fall blood lead testing results—2007. [accessed: Jan. 2011]
Available at: http://thec.ca/?page_id=8/

Trail Health and Environment Committee (2009). Annual fall blood lead testing results—2009. [accessed: Jan. 2011]
Available at: http://thec.ca/?page_id=8/

Tsaih, S.-W., Korrick, S., Schwartz, J., Amarasiriwardena, C., Aro, A., Sparrow, D. and Hu, H. (2004). Lead, diabetes,
hypertension, and renal function: the Normative Aging Study. Environ. Health Perspect., 112: 1178-1182.

Tsao, D. A, Yu, H. S., Cheng, J. T., Ho, C. K., and Chang, H. R. (2000). The change of beta-adrenergic system in lead-
induced hypertension. Toxicol Appl Pharmacol 164:127-133.

Tsuji, L.J.S., Wainman, B.C., Martin, 1.D., Weber, J.P., Sutherland, C., Liberda, E.N., and Nieboer, E. (2008). Elevated
Blood-lead Levels in First Nation People of Northern Ontario Canada: Policy Implications. Bull. Environ. Contam. Toxicol.,
80: 14-18.

Tugulea, A.-M. (2011). National survey of disinfection by-products and selected drinking water contaminants in Canadian
drinking water (2009-2010) [personal communication, unpublished data].

Tulve, N.S., Suggs, J.C., McCurdy, T. and Cohen Hubal, E.A. Moya J. (2002). Frequency of mouthing behaviour in young
children. J. Exposure Anal. Environ. Epidemiol., 12(4): 259-264.

Turgeon-O’Brien, H., Gagné, D., Vézina, C., Lauziére, J., Blanchet, R., Hamelin, A.-M., Ayotte, P. and Déry, S. (2010).
Contaminant nutrient interaction issues as part of a public health intervention study of Inuit children in Nunavik: fourth year
of data collection. In: Synopsis of research conducted under the 2009-2010 Northern Contaminants Program. Ottawa (ON):
Department of Indian Affairs and Northern Development, Northern Contaminants Program. ISBN 978-1-100-16962-0.

UNEP (2010). Draft final review of scientific information on lead. United Nations Environment Programme. Nairobi, KE:
UNEP Chemicals Branch, DTIE. Version 2010 October. [accessed: Jan. 2011] Available at:
www.chem.unep.ch/Pb_and_Cd/SR/Draft_final_reviews_Oct _2010/Draft_Final UNEP_Lead_review_Oct_2010.pdf

U.S. CDC (2006). Lead Poisoning Prevention in Newly Arrived Refugee Children: Toolkit. US Department of Health and
Human Services, U.S. Centers for Disease Control and Prevention. Atlanta, GA. [accessed: Jan. 2011] Available at:
www.cdc.gov/nceh/lead/Publications/RefugeeToolKit/Refugee_Tool Kit.htm

U.S. CDC (2007). Interpreting and managing blood lead levels <10 pg/dL in children and reducing childhood exposures to
lead. Recommendations of CDC's Advisory Committee on Childhood Lead Poisoning Prevention. U.S. Centers for Disease
Control. [accessed: Jan. 2011] Available at: www.cdc.gov/mmwr/preview/mmwrhtml/rr5608al.htm

U.S. CDC (2009a). Childhood lead poisoning prevention. U.S. Centers for Disease Control and Prevention. [accessed: Jan.
2011] Awvailable at: www.cdc.gov/Features/LeadPoisoning/

82



Final Human Health State of the Science Report on Lead Health Canada

U.S. CDC (2009b). National Health and Examination Survey 2007-2008 Laboratory Files, Blood Cadmium and Lead.
[accessed: Feb. 2011] Available at: www.cdc.gov/nchs/nhanes/nhanes2007-2008/1ab07_08.htm

U.S. CDC (2010a). Lead: folk medicine. U.S. Centers for Disease Control and Prevention. [accessed: Jan. 2011] Available at:
www.cdc.gov/nceh/lead/tips/folkmedicine.htm

U.S. CDC (2010b). Guidelines for the identification and management of lead exposure in pregnant and lactating women. U.S.
Centers for Disease Control and Prevention. [accessed: Jan. 2011] Available at:
www.cdc.gov/nceh/lead/publications/LeadandPregnancy2010.pdf

U.S. CDC (2011). Fourth National Report on Human Exposure to Environmental Chemicals, updated tables, February 2011.
U.S. Centers for Disease Control and Prevention. [accessed: Feb. 2011] Available at:
www.cdc.gov/exposurereport/pdf/Updated_Tables.pdf

U.S. EPA (1986a). Air quality criteria for lead. U.S. Environmental Protection Agency, Research Triangle Park, N.C.: U.S.
Environmental Protection Agency, Office of Research and Development, Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office. EPA 600/8-83-028F.

U.S. EPA (1986b). Benchmark dose technical guidance document [external review draft]. U.S. Environmental Protection
Agency. EPA/630/R-00/001. [accessed: Jan. 2011] Available at: www.epa.gov/ncea/pdfs/bmds/BMD-
External_10_13_2000.pdf

U.S. EPA (2006). National ambient air quality standards: air quality criteria for lead. U.S. Environmental Protection Agency.
[accessed: Jan. 2011] Available at: http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=158823

U.S. EPA (2007). Review of the national ambient air quality standards for lead: policy assessment of scientific and technical
information. OAQPS Staff Paper. U.S. Environmental Protection Agency. EPA-452/R-07-013. [accessed: Jan. 2011]
Available at: www.epa.gov/ttn/naags/standards/pb/data/20071101 pb_staff.pdf

U.S. EPA (2010a). Advance Notice of Proposed Rulemaking on Lead Emissions From Piston-Engine Aircraft Using Leaded
Aviation Gasoline; Proposed Rule. 40 CFR Part 87, Wednesday, April 28, 2010. [accessed: Jan. 2012] Available at:
http://frwebgate2.access.gpo.gov/cgi-bin/PDFgate.cgi?WAISdocID=ikWtyG/0/2/0&WAI Saction=retrieve

U.S. EPA (2010b). Advance Notice of Proposed Rulemaking on Lead Emissions from Piston-Engine Aircraft Using Leaded
Aviation Gasoline: Regulatory Announcement. EPA420-F-10-013, April 2010. [accessed: Jan. 2012] Available at:
http://www.epa.gov/otag/regs/nonroad/aviation/420f10013.htm

U.S. EPA (2010c). An introduction to indoor air quality. U.S. Environmental Protection Agency. [accessed: Jan. 2011]
Available at: www.epa.gov/iag/lead.html

U.S. EPA (2012). Integrated Science Assessment for Lead (Second External Review Draft). U.S. Environmental Protection
Agency, Washington, DC, Report No: EPA/600/R-10/075B. [accessed: Jan. 2011] Available at:
http://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=235331

Vaishnav, R. (2001). An example of the toxic potential of traditional eye cosmetics. Indian Journal of Pharmacology, 33: 46—
48.

Vallee, B.L. and Ulmer, D.D. (1972). Biochemical effects of mercury, cadmium, and lead. Ann. Rev. Biochem., 41: 91-128.

Vigeh, M., Yokoyama, K., Kitamura, F., Afshinrokh, M., Beygi, A. and Niroomanesh, S. (2010). Early pregnancy blood lead
and spontaneous abortion. Women Health, 50(8): 756—766.

von Lindern, I.H., Spalinger, S.M., Bero, B.N., Petrosyan, V. and von Braun, M.C. (2003). The influence of soil remediation
on lead in house dust. Sci. Total Environ., 303: 59-78.

83


http://www.epa.gov/iaq/lead.html

Final Human Health State of the Science Report on Lead Health Canada

Vupputuri, S., He, J., Muntner, P., Bazzano, L.A., Whelton, P. K.and Batuman, V. (2003). Blood lead level is associated with
elevated blood pressure in blacks. Hypertension, 41: 463-468.

Walker, S.R., Jamieson, H.E. and Rasmussen, P.E. (2011). Application of Synchrotron Microprobe Methods to Solid-Phase
Speciation of Metals and Metalloids in House Dust. Environ. Sci. Technol., 45(19): 8233-8240.

Wang, C.L., Chuang, H.Y., Ho, C.K., Yang, C.Y., Tsai, J.L., Wu, T.S. and Wu, T.N. (2002). Relationship between blood
lead concentrations and learning achievement among primary school children in Taiwan. Environ. Res., 89: 12-18.

Wang, H.-L., Chen, X.-T., Yang, B., Ma, F.-L., Tang, M.-L., Hao, M.-G. and Ruan, D.-Y. (2008). Case-control study of
blood lead levels and attention deficit hyperactivity disorder in Chinese children. Environ. Health Perspect., 116(10): 1401—
1406.

Wasserman, G.A., Liu, X., Lolacono, N.J., Factor-Litvak, P., Kline, J.K., Popovac, D., Morina, N., Musabegovic, A.,
Vrenezi, N., Capuni-Paracka, S., Lekic, V., Preteni-Redjepi, E., Hadzialjevic, S., Slavkovich, V. and Graziano, J.H. (1997).
Lead exposure and intelligence in 7-year-old children: the Yugoslavia Prospective Study. Environ. Health Perspect., 105(9):
956-962.

Wasserman, G.A., Musabegovic, A., Liu, X., Kline, J., Factor-Litvak, P. and Graziano, J.H. (2000). Lead exposure and motor
functioning in 4%-year-old children: the Yugoslavia prospective study. J. Pediatr., 137: 555-561.

Waterloo (2009). Water quality report. Region of Waterloo. [accessed: Feb. 2011] Available at:
www.regionofwaterloo.ca/en/aboutTheEnvironment/Quality Treatment2.asp

Watts, S.W., Chai, S. and Webb, R.C. (1995). Lead acetate-induced contraction in rabbit mesenteric artery: interaction with
calcium and protein kinase C. Toxicology, 99: 55-65.

Wellington-Dufferin-Guelph Public Health. (2007). Elevated Metal Levels in Soil- Background Information. [accessed: Feb.
2012] Available at: http://www.wdghu.org/tytler/default.html

Wells, E.M., Navas-Acien, A., Herbstman, J.B., Apelberg, B.J., Silbergeld, E.K., Caldwell, K.L., Jones, R.L., Halden, R.U.,
Witter, F.R. and Goldman, L.R. (2011). Low level lead exposure and elevations in blood pressure during pregnancy. Environ.
Health Perspect., 119(5): doi:10.1289/ehp.1002666

Weuve, J., Korrick, S.A., Weisskopf, M.G., Ryan, L.M., Schwartz, J., Nie, H., Grodstein, F. and Hu, H. (2009). Cumulative
exposure to lead in relation to cognitive function in older women. Environ. Health Perspect., 117: 574-580.

WHO (1995). Inorganic lead. International Programme on Chemical Safety, Environmental Health Criteria 165. World
Health Organization, Geneva, CH..

WHO (2010). Childhood lead poisoning. Geneva, CH: WHO Document Production Services, World Health Organization.
ISBN 978 92 4 150033 3. [accessed: Jan. 2011] Available at: www.who.int/ceh/publications/leadguidance.pdf

Winnipeg (2009). Annual report: city of Winnipeg water supply system. Winnipeg Water and Waste Department. [accessed:
Feb. 2012] Available at: www.winnipeg.ca/waterandwaste/pdfs/water/waterQuality2009.pdf

Wolff, M.S., Britton, J.A., Boguski, L., Hochman, S., Maloney, N., Serra, N., Lui, Z., Berkowitz, G., Larson, S. and Forman,
J. (2008). Environmental exposures and puberty in inner-city girls. Environ. Res. 107: 393-400.

Wright, R.O., Tsaih, S.W., Schwartz, J., Spiro, A., McDonald, K., Weiss, S.T. and Hu, H. (2003). Lead exposure biomarkers
and mini-mental status exam scores in older men. Epidemiology, 14: 713-718.

Wu, J., Basha, M.R., Brock, B., Coz, D.P., Cardozo-Pelaez, F., McPherson, C.A., Harry, J., Rice, D.C., Maloney, B., Chen,

D., Lahiri, D.K. and Zawia, N.H. (2008). Alzheimer’s disease (AD)-like pathology in aged monkeys after infantile exposure
to environmental metal lead (Pb): evidence for a developmental origin and environmental link for AD. J. Neurosci., 28: 3-9.

84


http://www.regionofwaterloo.ca/en/aboutTheEnvironment/QualityTreatment2.asp
http://www.wdghu.org/tytler/default.html

Final Human Health State of the Science Report on Lead Health Canada

Wu, T., Buck, G.M. and Mendola, P. (2003). Blood lead levels and sexual maturation in U.S. girls: the Third National Health
and Nutrition Examination Survey, 1988-1994. Environ. Health Perspect., 111: 737-741.

Yazbeck, C., Thiebaugeorges, O., Moreau, T., Goua, V., Debotte, G., Sahuquillo, J., Forhan, A., Foliquet, B., Magnin, G.,
Slama, R., Charles, M.A. and Huel, G.. (2009). Maternal blood lead levels and the risk of pregnancy-induced hypertension:
the EDEN Cohort Study. Environ. Health Perspect., 117: 1526-1530.

Yiin LM, Rhoads GG, Lioy PJ. 2000. Seasonal influences on childhood lead exposure. Environ Health Perspect 108: 177-
182.

Yukon (2011). Lead Results for Large Public Drinking Water Systems- Yukon Region, 2005-2010. Yukon Territories
[unpublished email communication]

Zahran, S., Miekle, H.W., Weiler, S. and Gonzales, C.R. (2011). Nonlinear associations between blood lead in children, age
of child, and quantity of soil lead in metropolitan New Orleans. Sci. Total Environ., 409; 1211-1218.

Zawia, N.H., Sharan, R., Brydie, M., Oyama, T. and Crumpton, T. (1998). Sp1 as a target site for metal-induced
perturbations of transcriptional regulation of developmental brain gene expression. Dev. Brain Res., 107: 291-298.

Ziegler, E.E., Edwards, B.B., Jensen, R.L., Mahaffey, K.R. and Fomon, S.J. (1978). Absorption and retention of lead by
infants. Pediatr. Res., 12(1): 29-34.

85



Final Human Health State of the Science Report on Lead Health Canada

Appendices — Concentrations of Lead Measured in Food

Appendix 1. Concentrations of lead in food reported in Canadian cities as part of the Canadian Total
Diet Study

Concentration (pg/kg)
FOOD GROUP
Composite 2007 2006 2005 2004 2003,
(Vancouver) (Halifax) (Toronto) (Winnipeg) (Montréal)

DAIRY PRODUCTS
Milk, whole <0.22 0.24 0.19 <0.37 <0.33
Milk, 2% <0.24 0.41 0.28 <1.08 <0.42
Milk, 1% 0.24 0.20 0.21 <1.33 <0.40
Milk, skim 0.30 0.17 0.26 <1.71 <0.33
Evaporated milk 0.23 0.76 0.69 5.46 0.52
Cream <0.19 0.25 0.19 <0.32 <0.22
Ice cream 2.52 2.35 2.14 <1.87 2.81
Yogurt 0.49 0.72 0.60 <1.82 <0.39
Cheese 7.63 5.54 5.33 5.93 8.07
Cheese, cottage 1.11 0.95 0.89 <0.36 0.57
Cheese, processed 9.80 5.10 411 6.00 135
Butter 151 0.42 1.41 <0.85 4.39
Chocolate milk, 1% N/A 1.22 1.34 N/A N/A
Buttermilk, 1% N/A 0.64 0.20 N/A N/A
MEAT AND MEAT PRODUCTS
Beef, steak 1.21 2.85 4.89 3.24 12.3
Beef, roast 1.42 2.29 7.60 1.36 4.28
Beef, ground 4.93 3.44 2.51 3.40 1.61
Pork, fresh 1.60 1.92 1.62 3.12 2.25
Pork, cured 4.95 9.10 3.98 7.39 9.37
Veal 3.53 2.46 5.34 2.24 2.67
Lamb 1.87 4.27 2.33 1.63 1.74
Luncheon meat, cold 4.20 7.42 7.46 4.02 7.73
Luncheon meat, canned 3.19 3.24 3.66 5.97 1.88
Organ meats 10.60 12.8 32.6 18.3 28.5
Wieners, sausage 6.35 7.19 4.25 5.42 10.5
POULTRY AND POULTRY PRODUCTS
Eggs <0.91 2.15 1.25 1.95 1.67
Fu?ﬂlet;y’ chicken and 1.98 2.27 213 2.16 211
Poultry, liver paté 6.95 3.65 4.20 8.34 5.64
FISH AND FISH PRODUCTS
Fish, marine 2.50 3.56 5.38 5.12 20.7
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Concentration (ng/kg)

FOOD GROUP
Composite 2007 20_06 2005 _200_4 2003,
(Vancouver) (Halifax) (Toronto) (Winnipeg) (Montréal)

Fish, freshwater <1.03 0.50 2.55 141 0.83
Fish, canned 3.69 1.70 2.92 1.88 2.13
Shellfish 4.48 8.00 3.87 6.23 5.92
SOUPS
Soups, meat canned 4.69 3.65 3.84 1.69 3.11
Soups, creamed canned 3.25 5.74 2.94 2.96 6.94
Soups, broth canned 3.73 4.69 3.06 1.89 2.18
Soups, dehydrated 5.56 6.53 3.48 3.64 2.32
CEREAL AND CEREAL PRODUCTS
Bread, white 2.15 5.45 2.61 3.89 6.12
Bread, whole wheat 3.72 3.44 2.31 5.02 6.75
Bread, rye 2.52 10.0 7.01 2.96 9.66
Cake 10.60 7.35 8.59 10.1 14.1
Cereal, cooked wheat 10.30 15.9 4.23 4.89 4.26
Cereal, corn 0.86 1.59 3.17 0.77 1.31
Cereal, oatmeal 10.50 8.86 2.12 5.16 5.98
Cereal, wheat, rice and 6.22 2.83 2.93 6.26 7.05
Cereal, mixed 1.93 1.47 2.60 221 3.20
Cookies, chocolate chip 8.73 8.33 14.7 11.8 11.0
Crackers 2.01 2.95 2.50 291 3.69
gi?éighgough””ts and 3.30 7.25 4.46 3.47 5.76
Flour, white 1.27 1.25 1.07 1.33 2.94
Muffins 5.27 3.66 2.47 4.88 5.04
Pancake and waffle 2.45 2.83 5.18 3.08 3.25
Pasta 5.53 7.49 7.27 4.83 3.74
Pasta, plain 4.66 7.75 3.09 3.45 2.38
Pie, apple 2.63 <2.72 2.88 6.33 3.40
Pie, other 3.97 <3.16 2.82 2.33 3.31
Rice 11.30 5.14 6.57 2.18 3.48
Buns and rolls 3.81 5.69 2.72 3.03 9.01
Bread, other 3.49 3.55 4.63 3.33 5.38
VEGETABLE AND VEGETABLE PRODUCTS
Baked beans, canned 3.46 5.77 6.82 5.53 4.17
Beans, string 7.88 431 5.61 4.06 4.79
Beets 8.73 4.52 4.99 3.40 4.62
Broccoli 4.65 4.13 2.39 2.51 5.75
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Concentration (ng/kg)
FOOD GROUP
Composite 2007 20_06 2005 _200_4 2003,
(Vancouver) (Halifax) (Toronto) (Winnipeg) (Montréal)

Cabbage 2.47 4.27 5.22 4.32 4.63
Carrots 4.34 27.7 6.24 3.46 5.70
Cauliflower 5.76 5.97 1.06 3.18 3.59
Celery 2.00 4.19 3.81 2.49 2.30
Corn 2.68 2.03 3.32 1.86 2.74
Cucumbers 2.27 3.13 4.18 3.42 9.36
Lettuce 3.50 6.28 2.30 4.36 2.81
Mushrooms 3.96 2.00 3.22 6.15 2.54
Onions 4.07 4.05 1.89 2.99 3.94
Peas 4.46 3.74 2.12 2.57 2.38
Peppers 2.13 1.75 3.64 1.08 1.12
Potatoes 6.86 2.98 2.02 4.68 5.42
Potato chips 2.09 2.12 1.41 1.79 1.14
Rutabagas or turnip 2.50 1.16 1.51 1.30 2.83
Vegetable juice, canned 1.58 1.17 1.14 1.33 1.56
Tomatoes 1.19 1.20 1.91 0.54 1.01
Tomato sauce 11.2 8.58 5.54 5.26 5.84
Spinach 18.8 155 23.8 N/A N/A
Asparagus 8.34 5.36 3.91 N/A N/A
Brussel sprouts 10.4 3.93 2.43 N/A N/A
Fouatoes, baked with 2.41 N/A N/A N/A N/A
Corn chips 2.34 N/A N/A N/A N/A
FRUIT AND FRUIT PRODUCTS
Apple juice, canned 2.07 1.68 1.29 1.68 3.85
Apple sauce 7.43 1.00 1.46 1.14 1.52
Apple, raw 7.64 5.76 1.98 2.63 4.28
Bananas <0.55 0.82 0.68 0.26 1.56
Blueberries 4.90 2.36 2.07 3.66 3.37
Cherries 3.32 2.33 1.44 2.27 2.49
Citrus fruits 0.84 1.98 0.78 5.47 <0.62
Citrus juice, frozen 1.40 1.94 2.60 4.35 7.26
Citrus juice, canned 0.82 0.39 0.25 0.50 <0.34
Grape juice, bottled 6.33 9.79 11.90 10.2 12.9
Grapes 1.81 0.85 1.75 1.83 0.95
Melons 1.65 6.90 0.81 0.73 0.55
Peaches 5.54 11.2 14.4 7.00 5.63
Pears 1.53 1.02 2.07 2.99 <2.20
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Concentration (ng/kg)

FOOD GROUP
Composite 2007 2096 2005 _200_4 2003,
(Vancouver) (Halifax) (Toronto) (Winnipeg) (Montréal)

Pineapple, canned 9.71 9.19 335 36.7 23.1
Plums and prunes 2.02 2.92 9.02 3.55 83.4
Raisins 20.1 23.2 29.7 9.80 23.3
Raspberries 3.29 1.97 1.98 2.21 1.78
Strawberries 2.73 1.76 1.71 151 <1.75
Kiwi fruit 2.93 0.95 0.04 151 <1.64
Apricot 25.60 385 20.8 N/A N/A
FATS AND OILS
Cooking fats and salad 0.84 185 <0.18 0.25 0.92
Margarine 0.81 <0.56 <1.23 0.67 <3.87
Mayonnaise 1.52 2.80 4.20 3.59 3.04
MISCELLANEOUS
Chocolate bar 8.92 10.20 9.21 941 10.7
Candy 3.54 541 4.71 5.27 5.68
Gelatin dessert 5.61 4.70 1.62 4.77 2.29
Honey, bottled 6.57 10.70 5.59 6.93 9.63
Jams 2.87 3.55 5.14 1.56 2.50
Peanut butter 4.37 5.98 3.65 3.03 2.85
Puddings 1.64 2.17 2.09 3.48 3.92
Sugar 0.42 0.39 <0.29 0.49 <1.26
Syrup 4.67 3.44 0.36 0.96 <1.60
Seeds, shelled 0.64 1.00 N/A 1.02 <1.86
Nuts 3.50 6.37 5.06 8.12 19.1
Popcorn 12.0 4.39 4.05 2.35 <29.3
Chewing gum 92.3 47.4 109 32.6 62.8
Condiments 4.62 5.23 3.36 2.28 5.89
Desserts 1.79 2.86 1.54 247 1.97
Salt 41.5 158 202 102 116
Baking powder 19.2 17.0 19.8 12.2 17.9
Yeast 41.2 30.1 23.3 30.1 38.7
Vanilla extract 3.29 2.65 1.81 0.73 <0.82
Herbs and spices 392 358 292 378 367
Soya sauce 17.7 175 175 10.8 1.15
Tap water, kitchen 0.38 <2.55 0.65 0.44 33.9
Tap water, area 0.57 <2.60 0.38 0.42 <0.72
Water, natural spring <0.17 <2.52 <0.10 N/A N/A
Water, mineral <0.15 <2.48 <0.14 N/A N/A
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Concentration (ng/kg)
FOOD GROUP
Composite 2007 2096 2005 _200_4 2003,
(Vancouver) (Halifax) (Toronto) (Winnipeg) (Montréal)

\?E'S:;rt;l‘ge;'eséts 2.19 4.60 1.37 1.28 <9.38
Dinner: cereal N/A N/A N/A N/A 1.26
Slg;rt‘;r;)‘éﬁ?t?;ab'es’ 1.05 2.29 1.40 N/A N/A
Formulae, milk 0.50 5.01 1.53 2.07 1.43
Formulae, soya 5.42 9.10 3.99 5.48 2.50
Fruit, apple peach 8.74 6.80 2.05 212 <8.82
Meat, poultry or eggs 1.43 3.27 1.06 1.64 <10.5
Vegetable, peas 1.66 2.72 0.92 211 <7.21
BEVERAGES
Alcoholic drinks, beer 0.30 <0.25 0.44 0.36 0.51
Alcoholic drinks, wine 9.78 12.6 15.2 144 14.1
Coffee 4.04 2.34 1.96 1.44 4.04
Soft drinks, canned 0.37 <0.25 0.23 0.71 0.32
Tea 5.32 7.71 4.62 2.63 2.54
Soy beverage, fortified 1.24 0.77 N/A N/A N/A
FOODS TO BE COOKED IN PACKAGE
Frozen entrées 4.08 4.01 3.94 2.68 <6.90
FAST FOODS
Pizza 8.24 6.93 7.42 11.9 9.36
French fries 2.77 1.32 1.86 2.16 <6.12
Hamburger 4.70 4.89 9.97 6.82 <8.03
Chicken burger 3.47 3.18 4.48 2.60 5.10
Hot dog 4.87 6.5 2.46 4.34 5.41
Chicken nuggets 2.76 2.06 2.90 3.36 3.97
Other E;?;?S&\:Ndfrgelin, Beef CZ%V:\),I mein: | Beef CS%VX mein: N/A N/A

Source: Health Canada 2010d.
N/A: data not available.
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Appendix 2. Lead concentrations in food products reported in the National Chemical Residue
Monitoring Program (NCRMP) Annual Report 2005-2006

No. of detections

Concentration range

Mean concentration

Food type persflfnarl)lgg. of (ppm) (opm) Origin of product
Raw milk 24/322 1.0-22.0 2.5 Domestic
Butter 0/11 ND ND 22?223”39'%33
1/12 40 40 Italy
1/15 40 40 Netherlands
1/20 10 10 Switzerland
Cheese Denmark, El Salvador,
0/50 ND ND Greece, raet Nowiay,
UK, U.S.
Egg 2/219 40 40 Domestic
1/162 70 70 u.s.
19/130 40-1450 166.3 Domestic
3/5 60-110 83.3 Argentina
4/7 130-230 185.0 Australia
11 80 80 Brazil
2/4 130-240 185 Bulgaria
1/1 50 50 Croatia
1/3 210 210 Greece
1/3 230 230 Iran
Honey 11 0.05 0.05 Malaysia
11 40 40 Romania
1/4 180 180 Switzerland
1/1 150 150 Turkey
2/4 200-210 205.0 u.s.
212 50-850 450 Vietnam
France, Hungary, Israel,
0/7 ND ND Moldova, Russian
Federation, Slovenia
Beef, muscle 5/168 110-1270 294.2 Domestic
Buffalo, muscle 0/79 ND ND Domestic
Chicken, muscle 1/81 2040 2040 Domestic
Cow, muscle 9/149 6.0-140.0 37 Domestic
Deer, muscle 0/2 ND ND Domestic
Duck, muscle 0/32 ND ND Domestic
Elk, muscle 11 18.0 18 Domestic
Fowl, muscle 3/84 80.0-160 130 Domestic
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No. of detections

Concentration range

Mean concentration

Food type persta(l)l:cnarl)lr;;). of (ppm) (ppm) Origin of product
Game bird, muscle 1/37 10.0 10.0 Domestic
Goat, muscle 0/5 ND ND Domestic
Goose, muscle 0/14 ND ND Domestic
Horse, muscle 5/180 7.0-180 64.8 Domestic
Mutton, muscle 0/168 ND ND Domestic
Ostrich, muscle 0/29 ND ND Domestic
Pork, muscle 1/186 210 210 Domestic
Rabbit, muscle 0/32 ND ND Domestic
Sow and boar, muscle 3/179 11.0-140 67.0 Domestic
Turkey, muscle 0/91 ND ND Domestic
Veal, muscle 0/178 ND ND Domestic
Wild boar, muscle 0/6 ND ND Domestic
Beef, cooked 0/11 ND ND Brazil
Goat meat, muscle 0/1 ND ND Australia
Mutton meat, muscle 0/3 ND ND New Zealand
Pork meat, muscle 0/7 ND ND Chile, Spain, U.S.
Pork, cooked 6/6 40-90 63.3 China
Salami 0/1 ND ND Hungary
Turkey meat, muscle 0/1 ND ND u.s.
Found in 50 samples

(total no. samples 50-1230 180 Domestic
Fresh fruit/vegetable unknown)
products Found in 29 samples

(total no. samples 40-780 168 Imported

unknown)

Apple, fresh 1/39 60 60 Domestic
Apricot, fresh 0/2 ND ND Domestic
Asparagus, fresh 0/4 ND ND Domestic
Bean sprouts, fresh 0/10 ND ND Domestic
Bean, fresh 0/34 ND ND Domestic
Beet, fresh 0/29 ND ND Domestic
Blueberry, fresh 0/34 ND ND Domestic
Broccoli, fresh 0/38 ND ND Domestic
Brussels sprouts, fresh 0/4 ND ND Domestic
Cabbage, fresh 1/72 650 650 Domestic
Cabbage, fresh Chinese 0/10 ND ND Domestic
Carrot, fresh 2/49 70-90 80 Domestic
Cauliflower, fresh 0/25 ND ND Domestic
Celeriac, fresh 0/3 ND ND Domestic
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No. of detections

Concentration range

Mean concentration

Food type perst;):narl)lr;;). of (ppm) (ppm) Origin of product
Celery, fresh 0/21 ND ND Domestic
Cherry, fresh 0/67 ND ND Domestic
Coriander, fresh 212 110-210 160 Domestic
Corn, fresh sweet 0/31 ND ND Domestic
Cranberry, fresh 0/6 ND ND Domestic
Cucumber, fresh 0/47 ND ND Domestic
éﬂggm‘ﬂég%h 0/24 ND ND Domestic
Dill, fresh 11 70 70 Domestic
Eggplant, fresh 1/12 80 80 Domestic
Garlic, fresh 0/4 ND ND Domestic
Grape, fresh 0/4 ND ND Domestic
Leaf lettuce, fresh 14/66 50-860 211 Domestic
Leek, fresh 3/14 50-380 197 Domestic
Lettuce, fresh 0/19 ND ND Domestic
Melon, fresh 0/9 ND ND Domestic
Mint, fresh 0/2 ND ND Domestic
Mushroom, fresh 0/42 ND ND Domestic
Nectarine, fresh 0/4 ND ND Domestic
Onion, fresh green 2/23 110-150 130 Domestic
Onion, fresh sweet 0/28 ND ND Domestic
Oriental vegetable 0/1 ND ND Domestic
Parsley, fresh 0/4 50-120 78 Domestic
Parsnip, fresh 1/22 160 160 Domestic
Pea, fresh 0/9 ND ND Domestic
Peach, fresh 0/8 ND ND Domestic
Pear, fresh 0/17 ND ND Domestic
Pepper, fresh hot 0/1 ND ND Domestic
Pepper, fresh sweet 1/49 80 80 Domestic
Plum, fresh 0/9 ND ND Domestic
Potato, fresh 3/106 50-1230 59 Domestic
Pumpkin, fresh 0/5 ND ND Domestic
Radish, fresh 4/29 50-240 127 Domestic
Raspberry, fresh 0/12 ND ND Domestic
Rhubarb, fresh 0/7 ND ND Domestic
Roquette, fresh 11 90 90 Domestic
Rutabaga, fresh 0/25 ND ND Domestic
Shallot, fresh 0/1 ND ND Domestic
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No. of detections

Concentration range

Mean concentration

Food type persta(l)l:cnarl)lr;;). of (ppm) (ppm) Origin of product
Snowpea, fresh 0/1 ND ND Domestic
Spinach, fresh 6/17 60-180 98 Domestic
Squash, fresh 0/27 ND ND Domestic
Strawberry, fresh 0/21 ND ND Domestic
Swiss chard, fresh 3/4 50-260 123 Domestic
Tomato, fresh 0/19 ND ND Domestic
g;g;antﬁoz':zs)h 0/34 ND ND Domestic
Turnip, fresh 0/1 ND ND Domestic
Zucchini, fresh 0/20 ND ND Domestic

Chile, China, New
Apple, fresh 0/47 ND ND Zealand, South Africa,
u.s.
Apricot, fresh 0/5 ND ND u.S.
Artichoke, fresh 0/9 ND ND France, U.S.
Asparagus, fresh 0/13 ND ND Mexico, Peru, U.S.
Avocado, fresh 0/19 ND ND Mexico, Peru, U.S.
Colombia, Costa Rica,
Banana, fresh 0/53 ND ND Eﬁgiﬂﬁ:&g”&fﬂ:&?’
Peru, U.S., Vietnam
Costa Rica, Dominican
Bean, fresh 0/16 ND ND Republic, Kenya,
Mexico, U.S
Beet, fresh 0/4 ND ND Mexico, U.S.
Bittermelon, fresh 0/1 ND ND Dominican Republic
Blackberry, fresh 0/1 ND ND Mexico
Blueberry, fresh 0/10 ND ND Argentina, Chile, U.S.
Broccoflower, fresh 0/3 ND ND u.S.
Broccoli, fresh 0/13 ND ND Mexico, U.S.
Brussels sprout, fresh 0/11 ND ND Mexico, U.S.
Cabbage, fresh 0/13 ND ND Ch'ggwt';fhﬂ'g”ds
Cabbage, fresh Chinese 0/6 ND ND China, U.S.
Cactus pear, fresh 0/4 ND ND Italy, M:f): Ii((::(e)l’ South
Carrot, fresh 1/4 100 100 (?hina
0/35 ND ND Mexico, U.S.
Cauliflower, fresh 0/18 ND ND u.s.
Celery, fresh 0/28 ND ND Mexico, U.S.
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No. of detections

Concentration range

Mean concentration

Food type per total no. of Origin of product
samples (ppm) (ppm)
Cherry, fresh 0/18 ND ND Chile, U.S.
Chive, fresh 1/2 50 50 China
Coconut, fresh 0/2 ND ND Dommlcar) Republic,
Thailand
Corn, fresh sweet 0/9 ND ND u.s.
Cranberry, fresh 0/2 ND ND u.s.
1/10 100 100 Mexico
Cucumber, fresh Honduras, The
0/21 ND ND Netherlands, Spain,
u.s.
Date, fresh 0/3 ND ND Israel, Jordan, Tunisia
Dragonftruit, fresh 0/6 ND ND China, Israel, Vietnam
Belgium, Dominican
Republic, Honduras,
Eggplant, fresh 0/11 ND ND Mexico. The
Netherlands, U.S.
Endive, fresh 2/3 50-80 65 u.s.
. Argentina, Greece,
Fig, fresh 0/13 ND ND Turkey, U.S.
Gai choy, fresh 1/1 60 60 Mexico
China, Hong Kong,
Republic of Korea,
Garlic, fresh 0/17 ND ND Mexico, Philippines,
Thailand,
Turkmenistan, U.S.
) 1/1 80 80 Thailand
Ginger, fresh - -
0/4 ND ND Brazil, China
Gooseberry, fresh 0/1 ND ND Colombia
Chile, Italy, Mexico,
Grape, fresh 0/75 ND ND South Africa, UK, U.S.
Argentina, Cuba,
. Jamaica, Mexico, South
Grapefruit, fresh 0/65 ND ND Africa, Swaziland, U.S.
Zimbabwe
Guava, fresh 0/14 ND ND Brazn_, Costa_ Rica,
Mexico, Taiwan
Italian parsley, fresh 1/1 130 130 Ethiopia
Jicama, fresh 0/1 ND ND Mexico
s Chile, China, Italy, New
Kiwi fruit, fresh 0/27 ND ND Zealand, U.S,
Kumgquat, fresh 0/3 ND ND Brazil, Israel
Leaf lettuce, fresh 2/5 50-90 70 uU.S.
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No. of detections

Concentration range

Mean concentration

Food type per total no. of Origin of product
samples (ppm) (ppm)
1/1 ND ND China
1/4 40 40 u.S.
Leek, fresh
0/1 ND ND Guatemala
Leek flower, fresh 0/1 ND ND China
Argentina, Chile, South
Lemon, fresh 0/31 ND ND Africa, U.S.
1/1 120 120 Mexico
Lettuce, fresh 2/38 60-560 310 u.S.
0/1 ND ND China
Lime, fresh 0/11 ND ND Brazil, Mexico, U.S.
Lobok, fresh green 0/1 ND ND China
Longan fruit, fresh 0/3 ND ND Thailand
Loquat, fresh 0/1 ND ND Vietnam
Lotus root, fresh 0/2 ND ND China
China, South Africa,
Lychee nut, fresh 0/6 ND ND Taiwan, Thailand
Malanga root, fresh 0/1 ND ND Nicaragua
Brazil, Cuba, Haiti,
Mango, fresh 0/18 ND ND Mexico, Peru, South
Africa
1/3 60 60 Brazil
China, Costa Rica,
on. fresh Ecuador, France,
Melon, fres
0/49 ND ND Guatema_la, Honduras,
Republic of Korea,
Mexico, Nicaragua,
Panama, U.S.
Mushroom, fresh 0/5 ND ND China, U.S.
Mustard, fresh 0/1 ND ND u.s.
Nectarine, fresh 0/18 ND ND Chile, U.S.
Okra, fresh 0/1 ND ND Egypt
. 1/7 40 40 Mexico
Onion, fresh green -
0/6 ND ND China, U.S.
Onion, fresh sweet 0/9 ND ND Mexico, U.S.
Orange, fresh 1/20 270 270 China
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Food type

No. of detections
per total no. of
samples

Concentration range
(ppm)

Mean concentration
(ppm)

Origin of product

0/120

ND

ND

Argentina, Australia,
Brazil, Chile, Cuba,
Cyprus, Dominican

Republic, Egypt, Italy,

Jamaica, Japan,
Republic of Korea,
Morocco, Panama,
Peru, South Africa,
Spain, Switzerland,

Taiwan, Thailand, U.S.,
Uruguay

Papaya, fresh

0/32

ND

ND

Belize, Brazil, Costa

Rica, Cuba, Denmark,

Guatemala, Jamaica,
Mexico, U.S.

Parsnip, fresh

0/2

ND

ND

u.s.

Passion fruit, fresh

0/2

ND

ND

Colombia

Pea, fresh

0/20

ND

ND

China, Guatemala,
Kenya, U.S.

Peach, fresh

0/22

ND

ND

Chile, U.S.

Pear, fresh

1/21

670

670

u.s.

0/26

ND

ND

Argentina, Chile, China,
Italy, Republic of
Korea, New Zealand,
Portugal, South Africa,
Spain

Pear, fresh Asian

0/8

ND

ND

China, Republic of
Korea

Pepper, fresh hot

0/9

ND

ND

Dominican Republic,
Netherlands, Trinidad
and Tobago, U.S.

Pepper, fresh sweet

0/29

ND

ND

Israel, Mexico, The
Netherlands, Spain,
u.s.

Persimmon, fresh

0/6

ND

ND

Chile, China, Israel,
Democratic People’s
Republic of Korea,
South Africa

Pineapple, fresh

0/27

ND

ND

Costa Rica, Ecuador,
Equatorial Guinea,
Guatemala, Honduras,
Mexico, U.S.

Plantain, fresh

0/4

ND

ND

Costa Rica, Dominican
Republic, Ecuador,
Guatemala

Plum, fresh

0/26

ND

ND

Chile, Italy, Spain, U.S.
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No. of detections

Concentration range

Mean concentration

Food type persta(l)l:cnarl)lr;;). of (ppm) (ppm) Origin of product
Pomegranate, fresh 0/1 ND ND u.s.
Potato, fresh 2/73 50 50 u.s.
Pummelo, fresh 0/16 ND ND Argentin_a, China,
Thailand
Pumpkin, fresh 0/1 ND ND u.s.
Radish, fresh 0/10 ND ND China, Mexico, U.S.
Raspberry, fresh 0/20 ND ND Chile, Mexico, U.S.
Snowpea, fresh 0/9 ND ND China, Guatemala
11 50 50 Egypt
. 9/29 60-1250 222 u.s.
Spinach, fresh -
3/4 40-70 60 Mexico
3/12 80-780 460 u.s.
Squash, fresh 0/13 ND ND Costa R{(jaé Mexico,
Starfruit, fresh 0/8 ND ND Malaysia, Taiwan
Strawberry, fresh 0/13 ND ND New Zealand, U.S.
1/2 60 60 China
Sweet potato, fresh 122 120 120 UsS.
0/6 ND ND Costa Rica, I_-|onduras,
Jamaica
Tangerine, fresh 0/2 ND ND China
Taro, fresh 0/1 ND ND Thailand
Belgium, Cuba, Israel,
Tomato, fresh 0/82 ND ND Mexico, The
Netherlands, U.S.
Ugli fruit, fresh 0/3 ND ND Jamaica
Watermelon, fresh 0/18 ND ND Chile, (_suatemala,
Mexico, U.S.
Yam, fresh 0/5 ND ND Brazil, Japan, U.S.
Yuchoy-sum, fresh 0/1 ND ND Mexico
Zucchini, fresh 0/2 ND ND Mexico
childs cereal-based 2187 40-50 45 Domestic
\(/:ehg;Ie?af)Iferfjblzﬂjen(;j foods 0/a7 ND ND Domestic
(Cnr::;g;:g rfef:lfs‘;s 7/198 50140 74 Domestic
Bottled water 0/16 ND ND Domestic
Apple drink 0/1 ND ND u.s.
Apple juice 0/1 ND ND u.s.
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No. of detections

Concentration range

Mean concentration

Food type per total no. of Origin of product
samples (ppm) (ppm)
1/1 86 86 China
. 2/2 70-80 75 South Africa
Apricot product
2/3 12-15 13.5 Turkey
0/4 ND ND Morocco, U.S.
Avrtichoke product 0/3 ND ND Spain
Asparagus, canned 0/1 ND ND China
212 1.0 1.0 Chile
Asparagus, frozen -
11 11 11 China
1/1 80 80 China
1/1 1.0 1.0 u.s.
Bean product France, India, Mexico,
0/6 ND ND Portugal, Thailand,
Turkey
Brussels sprout, frozen 1/1 1.0 1.0 Belgium
Cabbage, canned 11 130 130 Taiwan
Carrot, canned 0/1 ND ND The Netherlands
Carrot, frozen 1/1 30 30 Belgium
. 1/1 5.0 5.0 China
Cauliflower, frozen -
11 7.0 7.0 Mexico
Cherry, canned 0/1 ND ND u.s.
1/2 40 40 Brazil
3/21 40-90 60 China
1/4 60 60 Hong Kong
1/4 70 70 Italy
1/12 40 40 Japan
1/7 60 60 Thailand
Children’s cereal-based 1/30 40 40 u.s.
foods Australia, Austria,
Czech Republic, Egypt,
Germany, Iran, Israel,
Republic of Korea,
0/65 ND ND Malaysia, The
Netherlands, Pakistan,
Poland, Singapore,
Spain, Taiwan, Turkey,
UAE
2/4 40 40 China
Children’s fruit and 1/5 130 130 Egypt
vegetable-based foods 1/4 120 120 Iran
1/4 60 60 Thailand
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No. of detections

Concentration range

Mean concentration

Food type per total no. of Origin of product
samples (ppm) (ppm)
1/1 50 50 UK
Australia, Croatia,
Japan, Lebanon,
Malaysia, The
0/44 ND ND Netherlands,
Philippines, Poland,
Singapore, U.S.
12/23 40-150 71.7 China
2/20 80 80 Hong Kong
12/45 50-200 104 India
1/5 50 50 Singapore
1/15 50 50 Thailand
Children’s foods aran
(misce"aneous) 5/59 40-110 64 U.S.
Awustralia, Indonesia,
Italy, Japan, Republic of
Korea, Malaysia, The
0/81 ND ND Netherlands, Pakistan,
Philippines, Taiwan,
UK, Vietnam
1/2 1.0 1.0 Thailand
Corn, canned
0/1 ND ND u.s.
1/1 10 10 Chile
1/1 6.0 6.0 Mexico
Fruit cocktail 11 47 47 South Africa
0/1 ND ND Thailand
1/1 5.0 5.0 Vietnam
Mango product 0/3 ND ND Mexico, Thailand
1/1 43 43 China
1/2 15 15 Ecuador
1/2 7.0 7.0 France
11 40 40 Lebanon
Miscellaneous products 11 90 90 Mexico
1/4 8.0 8.0 Thailand
Germany, Japan,
0/6 ND ND Republic of Korea,
Taiwan, U.S.
10/17 1.0-40 254 China
Mushroom, canned 1/5 17 17 Taiwan
1/2 370 370 Vietnam
Mushroom, frozen 11 37 37 Italy
Pea product 0/4 ND ND u.s.
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No. of detections

Concentration range

Mean concentration

Food type persta(l)l:cnarl)lr;;). of (ppm) (ppm) Origin of product
0/1 ND ND China
Peach, canned 2/2 22-31 26.5 Greece
1/2 29 29 South Africa
Pear product 0/1 ND ND Spain
0/3 ND ND China
Pear, canned 1/1 110 110 South Africa
1/2 22 22 u.s.
Pepper, canned 11 10 10 Mexico
Pepper, frozen 1/1 2.0 2.0 Chile
Pineapple product 1/2 38 38 Thailand
Pumpkin, canned 11 10 10 China
Raspberry, frozen 1/1 4.0 4.0 Chile
Spinach, canned 0/5 ND ND u.s.
Strawberry product 11 4.0 4.0 Chile
Tomato juice 2/4 1.0-3.0 2.0 u.s.
Tomato, canned 1/1 9.0 9.0 Italy
11 24 24 Denmark
Vegetable, canned 1/1 3.0 3.0 France
1/1 39 39 Germany
11 14 14 Belgium
8/8 3.0-60 15 China
3/4 1.0-8.0 4.0 Ecuador
11 63 63 Hong Kong
3/3 7.0-31 17 India
Vegetable, processed 1L 1 1 Israél
11 135 135 Jamaica
5/6 1.0-14 4.6 Mexico
33 8.0-61 35 Spain
5/5 1.0-31 7.6 Thailand
1/1 3.0 3.0 u.s.
0/1 ND ND Guatemala
Maple syrup 80/148 180-670 286 Domestic

ppm: parts per million.

ND: not detectable.

Source: CFIA 2010
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