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ABOUT ENVIRONMENTAL DEFENCE CANADA

Environmental Defence Canada provides Canadians with the tools
and knowledge they need to protect and improve their environment
and health. We are a national, char itable organization committed to
engaging the public, f inding solutions, and protecting the environ-
mental r ights of future generations.

To do so, we:

·· research and develop campaigns to inform Canadians about
cr itical environmental issues;

·· provide legal, scientif ic and communications assistance to
qualif ied groups and individuals; and

·· participate in signif icant legal proceedings, and advocate for law
and policy reform.

OUR WORK

We focus our work in core programme areas:

1. Protecting the Land

2. Producing Safe Food

3. Reducing Air Pollution

4. Safeguarding Our Water

5. Reducing Toxic Chemicals

6. Promoting Native Environmental Rights
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...BECAUSE OUR LIVES DEPEND ON IT

Using data collected by Health Canada as part of its Total Diet
Study (TDS), Environmental Defence Canada assessed the health
risks associated with dietary heavy metal exposure.  Some heavy
metals are contaminating our food, putting the long-term health
of Canadians at r isk.

The Total Diet Study collects data on food contamination from
cities across Canada and calculates the total daily intake of many
common toxic substances.  Environmental Defence Canada received
TDS heavy metal data through an Access to Information request
and compared this data to scientif ically established intake guide-
lines for these metals.  These guidelines were developed by the US-
based Agency for Toxic Substances and Disease Registry and the US
Environmental Protection Agency through their public health
research.

Environmental Defence Canada determined that a number of metals
foreign and toxic to human bodies -  specif ically cadmium (Cd) and
lead (Pb) - are being consumed by all age groups above intake
guidelines.  Other metals that are required in small amounts for
proper health - copper (Cu), magnesium (Mg), molybdenum (Mo),
nickel (Ni), and zinc (Zn) - are being consumed above intake guide-
lines by some age groups.  The following table outlines those met-
als for which consumption exceeds the intake guideline.

SSuummmmaarryy  TTaabbllee
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Canadians depend on federal agencies to ensure that the food they eat is free of toxic pollution.
Health Canada, the Canadian Food Inspection Agency (CFIA), Environment Canada, and Agriculture
and Agri-Food Canada are not successfully meeting this obligation.  Environmental Defence Canada
has uncovered signif icant heavy metal contamination in food.  Despite the fact that Canadians are
already over the limit of heavy metal intake guidelines, industry continues to pollute Canada's envi-
ronment with these toxic substances.

The Total Diet Study is an indicator of the current food safety situation, and must be used as a tr igger
for action.  Environment Canada, Health Canada, the CFIA, and Agriculture and Agri-Food Canada must
take precautionary measures, working together for long-term policy and legislative changes that will
eliminate the release of heavy metals into the environment.  As steps towards achieving this goal,
Environmental Defence Canada recommends the following actions to ensure that the long-term health
of Canadians is not endangered:

1. Environment Canada must enact regulations for the phase-out of heavy metal releases to air and    
water under the Canadian Environmental Protection Act. 

2. The Food and Drugs Act and Regulations must be reviewed and updated.  Under the Act, toxic food 
residue standards, called Maximum Residue Limits, must be developed, enacted, and made legally   
enforceable for all heavy metals.

3. The Canadian Food Inspection Agency must carry out ef fective monitor ing of all heavy metal con-
tamination of food, and must pull all foods exceeding the Maximum Residue Limits of f the shelves.

4. The Total Diet Study program must continue to monitor and analyze Canadian food pollution data, 
and communicate all results to the public in a timely and accessible manner.

5. Health Canada must produce an online registry of food contamination data modeled af ter 
Environment Canada's National Pollutant Release Inventory.

6. Agriculture and Agri-Food Canada must set national farm management standards that protect food 
from heavy metal contamination, such as regulating the land application of phosphate fertilizers      
and sewage sludge.
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Health care is one of the most important issues in Canada today.
Governments both nationally and provincially are dedicating
resources to improving the health of Canadians.  To make the most
ef f icient use of limited health care dollars, a proactive approach
must be taken to promote good health and prevent poor health.

An important part of preventative health care is maintaining a safe
food supply.  Canadians depend upon the federal government to
protect the safety of food in Canada.  Environment Canada, Health
Canada, the Canadian Food Inspection Agency, and Agriculture and
Agri-food Canada are pr incipal players in the ef fort to ensure that
food in Canadian homes and restaurants is free of pollution.

Environmental Defence Canada's Producing Safe Food campaign
envisions: 

· a transparent and accountable food safety system that
ef fectively monitors and enforces food pollution violations;         

· a safe and environmentally sustainable food system free of 
dangerous chemicals and other toxic substances in both
locally produced and imported food.

Metallic Lunch:  An Analysis of Heavy Metals in the Canadian Diet is
the f irst in a ser ies of reports directed at exposing the existing
limitations of our food safety system.  Using previously unreleased
raw data from Health Canada's TDS, it reveals the ser ious problem
of heavy metal contamination in food and the health ef fects asso-
ciated with chronic overexposure to these metals.  

The Total Diet Study program is an important indicator of the cur-
rent safety of our food supply.  As such, it must tr igger action
when problems are revealed.

Metallic Lunch: AN ANALYSIS OF HEAVY METALS  IN THE CANADIAN DIET                                              May  2003

6       Environmental Defence Canada, a registered charity, engages the public, finds solutions and protects environmental rights...

Introduction

This report

reveals the

serious problem

of heavy metal

contamination

in food and the

health effects

associated with

chronic over-

exposure to

these metals.



Metallic Lunch is a warning cry to the federal government, and all
relevant departments and agencies, to respond to the disturbing
reality of ubiquitous food pollution by developing policies, regula-
tions and monitor ing systems that will reduce exposure levels in all
aspects of the Canadian diet. 

2.1 THE ORIGINS OF THE TOTAL DIET STUDY PROGRAM

Health Canada's Total Diet Study, which tests contaminant levels in
food sold in Canadian grocery stores, is a highly ef fective tool for
monitor ing the success of Canada's food safety system. 

The Total Diet Study concept began in the United States during the
Cold War when the Consumers Union published several reports
about radioactive fallout in the American food supply. The United
States government responded by developing the TDS in 1961 to
monitor strontium-90, cesium-137, pesticides, and selected nutr i-
ents in the diets of young men.1 By testing many dif ferent foods
and preparing them in the appropriate manner, an estimate of a
person's total daily exposure to toxic contamination could be
determined.2

The United States Food and Drug Administration posts all Total Diet
Study data on its web site at http://vm.cfsan.fda.gov/~comm/tds-
toc.html for public review.

1. Pennington, J.A.T., Gunderson, E. 1987. History of the Food and Drug
Administration's Total Diet Study - 1961 to 1987.  Journal of the Association of Off icial
Analytical Chemists, 70, 772-782.
2. Ibid
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2.2 THE TOTAL DIET STUDY IN CANADA

The World Trade Organization now requires Total Diet Studies to be
conducted by its member states, and the World Health Organization
of the United Nations has developed guidelines for the implemen-
tation of Total Diet Studies.  The f irst Total Diet Study was carr ied
out in Canada between 1969 and 1973.3 Since then, several subse-
quent testing rounds have been completed.  The Canadian TDS
tracks a wide range of contaminants, including heavy metals, vet-
er inary drugs, pesticides, PCBs and other industr ial chemicals.

The Canadian TDS program collects food from retail outlets in f ive
major cities across Canada.  Imports and domestically produced
food are not distinguished in the sampling process.  The food sam-
ples are prepared in a laboratory according to normal cooking
practices.4 Samples of the same food type are blended into a sin-
gle "composite" that is then tested for contamination.  An average
contamination level is then calculated for each contaminant in
each food type.5

Next, scientists calculate the exposure that Canadians receive
through their diet.  To do this, Health Canada conducted a survey
to determine the average amount of each food that is eaten by
Canadians of dif ferent ages.  This sur vey is called the Nutr ition
Canada National Survey, and was conducted between 1970 and
1972.6

3.  Conacher, H.B.S., Graham, R.A., Newsome, W.H., Graham, G.F., and Verdier, P. 1989. The
Health Protection Branch Total Diet Program: An Overview. Canadian Institute of Food
Science and Technology Journal, 22, 322-326.
4.  Conacher H, Mes J. 1993. Assessment of Human Exposure to Chemical Contaminants in
Food. Food Additives and Contaminants, 10, 5-15.
5.  Conacher, H.B.S., Graham, R.A., Newsome, W.H., Graham, G.F., and Verdier, P. 1989. The
Health Protection Branch Total Diet Program: An Overview. Canadian Institute of Food
Science and Technology Journal, 22, 322-326.
6.  Health Canada.1973. Nutr ition Canada National Survey. Ottawa: Information Canada.
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Health Canada used the food consumption data from 1972 as a pr i-
mary source to calculate present day exposure to heavy metals,7

though portions of this data have since been updated and compared
with US data and provincial sur veys.

The average contamination of the food is multiplied by the average
amount that is eaten to calculate the total daily exposure to the
contaminant from that food.  The daily exposures from all foods are
then added together to calculate the total daily dietary exposure to
the contaminant.8

Some results of Health Canada's TDS program are occasionally pub-
lished as articles in scientif ic journals, but the raw data is not
made available to the public.

2.3 OBTAINING THE TOTAL DIET STUDY DATA

Health Canada has never before released the complete Total Diet
Study database to the public.  Environmental Defence Canada's
food safety research led to a formal request through the Access to
Information Act, an appeal when the request was denied, and sever-
al letters to then-Minister of Health Allan Rock.

Health Canada f inally promised to give us the data in response to
our plans to publicly release a less accurate form of food safety
information that we received from the Canadian Food Inspection
Agency.  Health Canada sent us the heavy metal data from the Total
Diet Study several months later, in the summer of 2001.

7.  Health Canada. 1990. Action Towards Healthy Eating - Canada's Guidelines for
Healthy Eating and Recommended Strategies for Implementation. Ottawa: Public Works
and Government Services Canada.  Retr ieved online February 25, 2003 from:
http://www.hc-sc.gc.ca/hpfb-dgpsa/onpp-bppn/action_healthy_eating_toc_e.html.
8.  Health Canada. 2002. [Total Diet Study Heavy Metal Analysis]. Unpublished raw data
received through Access to Information Request.
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Unless otherwise referenced, the Total Diet Study data and related
information discussed in this paper were taken directly from the
raw data f iles and text documents received from Health Canada
through this Access to Information request.9

9. Through the Access to Information request, Environmental Defence Canada received
87 f iles including spreadsheets, reports, meeting minutes, memos, and other docu-
ments.
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A "heavy metal" is an element that exhibits certain metallic prop-
erties such as high electr ical conductivity and very high density.10

The toxicities of heavy metals vary.  Some, such as zinc and man-
ganese, are essential dietary nutr ients that are required for good
health.  Others, such as cadmium and lead have no biological func-
tion in the human body, and can cause adverse health ef fects at
very low levels.11

3.1 HEAVY METALS OF PARTICULAR CONCERN

Of pr imary concern are metals that are not used by the body to
maintain health.  These metals, such as lead and cadmium, pose
the greatest r isk to human health.  They build up in the body
throughout a person's life, and can reach potentially dangerous
levels over time.12

Other metals are required for our body to function normally.  Zinc,
copper, molybdenum, magnesium, and others are all used by the
body to stay healthy.  Safety standards for these metals are set as
ranges of healthy consumption.  Negative health ef fects can be
seen when too much or too little of these metals are ingested.

10. Baird, C. 1995. Environmental Chemistry. New York: W.H. Freeman and Company.
11. ATSDR. 1999. Toxicological prof ile for cadmium. Atlanta, GA: U.S. Department of
Health and Human Services, Public Health Service. Retr ieved online February 25, 2003
from: http://www.atsdr.cdc.gov/toxprof iles/tp5.html; and ATSDR. 1999. Toxicological
prof ile for lead. Atlanta, GA: U.S. Department of Health and Human Services, Public
Health Service. Retr ieved online February 25, 2003 from:
http://www.atsdr.cdc.gov/toxprof iles/tp13.html.
12.  Baird, C. 1995. Environmental Chemistry. New York: W.H. Freeman and Company;
and Meranger, J.C., Conacher, H.B.S., Cunningham, H.M., and Krewski, D., 1981, Levels
of cadmium in human kidney cortex in Canada. Canadian Journal of Public Health, 72,
269-272.
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3.2 METALS INCLUDED IN THE TOTAL DIET STUDY DATA

The Total Diet Study performed by Health Canada measured the con-
centrations of 21 heavy metals in food stuf fs consumed by the aver-
age Canadian (Table 1).  Exposure to these metals is expressed in
milligrams (mg) of metal consumed per kilogram (kg) of body
weight per day (mg metal/kg/day).

TTaabbllee  11::  MMeettaallss  ffoorr  wwhhiicchh  EEnnvviirroonnmmeennttaall  DDeeffeennccee  CCaannaaddaa  hhaass  TTDDSS
ddaattaa  ((TToottaall::  2211  mmeettaallss))
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The results were divided into age and gender groups to account for
changes that occur in our diets as we age, and dif ferences in the
eating habits of men and women.  A break down of age and gender
is descr ibed in Table 2.

TTaabbllee  22::  AAggee  aanndd  GGeennddeerr  GGrroouuppiinnggss  iinn  tthhee  TToottaall  DDiieett  SSttuuddyy

3.3 REGULATING FOOD SAFET Y IN CANADA

Canada's food safety laws, contained in the Food and Drugs Act
and Food and Drug Regulations, do not regulate dietary intake lev-
els of heavy metal contaminants.13 Instead, they regulate levels
of some contaminants in foods themselves.

13.  The complete text of the Food and Drugs Act and Regulations can be found on the
Health Canada web site at: http://laws.justice.gc.ca/en/F-27/index.html.
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The Regulations outline maximum levels of arsenic, lead, and tin
allowed in specif ic food types; dif ferent levels of metal are allowed
based on the type of food (Table 3).  Paragraph B.15.001 of the
Food and Drug Regulations specify that:

TTaabbllee  33::  CCaannaaddiiaann  MMaaxxiimmuumm  RReessiidduuee  LLiimmiittss  ooff  HHeeaavvyy  MMeettaallss  iinn  FFoooodd  

(Table I of Division 15 from the Food and Drug Regulations C.R.C., c. 870)
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B.15.001. A food named in Column III of an item of Table I to this Division is

adulterated if the substance named in Column I of that item is present

therein or has been added thereto in an amount exceeding the amount,

expressed in parts per million, shown in Column II of that item for that

food. SOR/78-404, s. 1; SOR/79-249, s. 1.



Under the Canadian Food Inspection Agency Act, the Canadian Food
Inspection Agency (CFIA) is responsible for the administration and
enforcement of the Food and Drug Act as it pertains to food.  The
CFIA is a federal agency that was created to combine the adminis-
trative and enforcement roles of four federal ministr ies:
Agriculture and Agri-Food Canada, Fisher ies and Oceans Canada,
Health Canada and Industry Canada.

The CFIA is supposed to prevent food that is unf it for human con-
sumption from reaching the dinner plates of Canadians.

3.4 USE OF INTAKE GUIDELINES

Health Canada's Total Diet Study program is not an enforcement
tool in the food safety system.  Instead, it is used to inform food
policy and regulatory development.  

It monitors the overall state of food safety using internationally
established intake guidelines developed by toxicologists. While
perhaps not designed to be, it is an indicator of the ef fectiveness
of the CFIA's enforcement ef forts.  Unfortunately, the program is
backlogged and unable to analyze food samples and produce f inal
numbers until many years af ter the samples have been taken.14

As the understanding of the food safety problem expands, a new
framework for r isk assessment is emerging.  As a result, the use of
intake guidelines has come under close scrutiny.  We are faced with
chronic exposure to low levels of var ious toxic substances from
multiple sources, and Environmental Defence Canada questions the
lack of a precautionary pr inciple that considers these factors in
r isk assessment.  A lack of evidence of harm is not evidence of lack
of harm.15

14.  Health Canada. 2002. [Total Diet Study Heavy Metal Analysis]. Unpublished raw
data received through Access to Information Request.
15.  Groth, Edward, III. 2000. Science, Precaution and Food Safety: How Can We Do
Better? New York: Consumers Union of U.S. Inc. Retr ieved online February 20, 2003
from: www.consumersunion.org/food/codexcpi200.htm
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In the past, Heath Canada has used Provisional Tolerable Daily Intakes
(PTDIs) developed by the World Health Organization as the oral expo-
sure guidelines for determining whether the contaminants found in
Canadian food pose a signif icant r isk to the health of the average
Canadian.

In the interest of adequately representing the r isk Canadians face from
food contamination, Environmental Defence Canada chose the lowest
available oral exposure guidelines, developed by the United States
Environmental Protection Agency (US EPA) and the Agency for Toxic
Substances and Disease Registry (ATSDR).  These guidelines are not
guaranteed safety levels, but are reference levels for assessing r isk
associated with contaminant intake.

Metallic Lunch compares the data generated by Health Canada's Total
Diet Study Program to the US EPA and ATSDR's oral exposure guidelines
in order to identify potentially hazardous exposure levels.  It is impor-
tant to note that further and ongoing research may uncover health
concerns related to exposure at lower limits than currently assigned to
each toxic compound.
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3.4.1 THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY'S
ORAL REFERENCE DOSE16

The US EPA develops Oral Reference Doses (RfDs) for substances
that are of environmental or human health concern.  The RfD is
typically expressed in milligrams of chemical per kilogram of body
weight per day (mg/kg/day).  It is regarded as an estimate of daily
exposure that the human population, including the most sensitive
members, can tolerate over the course of a lifetime without appre-
ciable r isk of adverse ef fects.

The RfD is der ived from an experimentally determined No-
Observable-Adverse-Ef fect-Level (NOAEL) that is then adjusted
based on uncertainty factors that reflect the var ious studies used
to determine the NOAEL.  These studies may involve human popula-
tions (epidemiologic investigations) and/or laboratory animals.

The Reference Dose is useful as a reference point from which to
gauge the potential ef fects of the chemical at other doses.   As the
frequency and/or magnitude of the exposures exceeding the RfD
increases, the probability of adverse ef fects in a human population
increases.

3.4.2 THE AGENCY FOR TOXIC SUBSTANCES AND DISEASE REGISTRY'S
MINIMAL RISK LEVEL17

Based in Atlanta, Georgia, the Agency for Toxic Substances and
Disease Registry is an agency of the US Department of Health and
Human Services, and is mandated to provide health information to
prevent harmful exposures and disease related to toxic substances.

16.  This section based on: United States Environmental Protection Agency. 1993.
Reference Dose (RfD): Description and Use in Health Risk Assessments. Retr ieved
online February 25, 2003 from: http://www.epa.gov/ir is/rfd.htm
17.  This section based on: ATSDR. Toxicological Prof iles. Retr ieved online February 25,
2003 from: http://www.atsdr.cdc.gov/toxprof iles/
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The ATSDR develops toxicological prof iles for a wide range of sub-
stances.  These prof iles include oral Minimal Risk Levels (MRLs)
that are determined using a method very similar to the US EPA's
Reference Dose.  Oral MRLs are expressed in milligrams per kilo-
gram per day (mg/kg/day).  The MRLs are determined from No-
Observable-Adverse-Ef fect-Levels and are divided by a safety factor
to protect the most sensitive members of the population.  An MRL
is an estimate of a level of hazardous substance intake that will
likely be without appreciable r isk of non-cancer health ef fects over
a life-time.
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Environmental Defence Canada determined that a number of metals
foreign and toxic to human bodies -  specif ically cadmium (Cd) and
lead (Pb) - are being consumed by all age groups above intake
guidelines.  Other metals that are required in small amounts for
proper health - copper (Cu), magnesium (Mg), molybdenum (Mo),
nickel (Ni), and zinc (Zn) - are being consumed above intake guide-
lines by some age groups.  Table 4 outlines those metals for which
consumption exceeded the intake guideline.  The concentrations of
these metals in food are low, but even at these low levels human
consumption is exceeding established guidelines.

TTaabbllee  44::  VViioollaattiioonnss  ooff  IInnttaakkee  GGuuiiddeelliinneess  iinn  tthhee  TToottaall  DDiieett  SSttuuddyy  DDaattaa

4.1  CADMIUM

Health Canada has known that cadmium in our food is a potential
health problem for decades.  In the f irst Canadian Total Diet Study,
carr ied out between 1969 and 1973, cadmium was identif ied as a
contaminant close to the upper limit of the World Health
Organization's Provisional Tolerable Daily Intake, and therefore of
great concern.18

While cadmium is a natural part of the earth's crust, its presence
in the wider environment is increased by human activity.  Cadmium
is used in the electroplating of other metals such as steel because
it is especially resistant to corrosion.  It is also used as a stabilizer
in PVC plastics.  It is a major component of rechargeable "nicad"
(nickel-cadmium) batter ies.

18.  Conacher H, Mes J. 1993. Assessment of Human Exposure to Chemical
Contaminants in Food. Food Additives and Contaminants, 10, 5-15.
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Cadmium is pr imarily associated with zinc ores, and its pure form is
produced as a by-product of zinc-processing.19 Cadmium is
released into the environment through the mining and smelting of
zinc, lead and copper, the combustion of coal, wood and oil, waste
incineration, and the application of phosphate fertilizers or
sewage sludge to soil.  Small amounts can be released to the envi-
ronment through natural weathering processes, forest f ires, and
volcanic eruptions.20

4.1.1 PATHWAY TO THE FOOD SUPPLY

Agricultural crops, such as potatoes, wheat, r ice, and other grains
absorb cadmium from their surrounding soils or directly through
their leaves.21 Agricultural land can be contaminated by cadmium
through the application of fertilizers and sewage sludge.22

Phosphate fertilizers applied directly to agricultural land to
increase food production contain cadmium as a natural part of
phosphate rock.  Long-term application of phosphate fertilizers
has been shown to increase cadmium levels in soil.23 Over the last
30 years, an average of 4.75 million tonnes of phosphate fertilizer
were used per year in North America.24

19.  Baird, C. 1995. Environmental Chemistry. New York: W.H. Freeman and Company.
20.  ATSDR. 1999. Toxicological prof ile for cadmium. Atlanta, GA: U.S. Department of
Health and Human Services, Public Health Service. Retr ieved online February 25, 2003
from: http://www.atsdr.cdc.gov/toxprof iles/tp5.html
21.  Health Canada. 1998. Contaminant Prof ile - Cadmium. In The Health and
Environment Handbook for Health Professionals. Available online at: http://www.hc-
sc.gc.ca/ehp/ehd/catalogue/bch_pubs/98ehd211/con_prof iles.pdf
22.   ATSDR. 1999. Toxicological prof ile for cadmium. Atlanta, GA: U.S. Department of
Health and Human Services, Public Health Service. Retr ieved online February 25, 2003
from: http://www.atsdr.cdc.gov/toxprof iles/tp5.html
23.  World Health Organization. Section 3: Sources of Human and Environmental
Exposure. In Cadmium: Environmental Health Cr iter ia. Geneva: 1992. Pages 36-45.
24.  International Fertilizer Industry Association. Phosphate fertilizer nutrient con-
sumption.  Retr ieved online February 12, 2003 from: http://www.fertilizer.org/ifa/sta-
tistics/indicators/tablep.asp
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HHooww  ttoo  UUnnddeerrssttaanndd
tthhee  IInnttaakkee  GGuuiiddeelliinnee
UUnniittss

The size of your body
will af fect how you react
to the ef fects of toxic
contamination in your
food.  That is why the
intake guidelines are
always expressed as
"contamination level
per kilogram of body
weight." As a result,
small children are more
sensitive to contamina-
tion levels.

To calculate how an
intake guideline trans-
lates into a daily intake
per person, multiply the
intake guideline by the
person's body weight.
For example, a 60 kilo-
gram male can consume
0.0000785 mg
Pb/kg/day, or a total of
0.00471 milligrams of
lead per day.
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Today, Ontar io spreads approximately 200,000 tonnes of sludge on
over 10,000 hectares of agr icultural land. In 1997, the City of
Toronto dedicated about half the sludge generated, or 53,000
tonnes, from their Ashbr idges Bay wastewater treatment plant
(ABTP) to land application.25 The City intends to increase to 100
per cent land application.   The average 1997 cadmium level in
ABTP's sewage sludge was 5.8 mg/kg, with a maximum of 11.1
mg/kg.26

Cadmium released into the air eventually settles on land, including
land used for food production.  In Ontar io, industry reported cad-
mium releases of over 7,100 kg under Ontario Regulation 127 in
2001.  Major companies responsible for cadmium releases to air
under this regulation are Inco Limited (4,884 kg) and Falconbridge
Ltd. (2,219 kg).27

Total cadmium releases by Canadian industry are tracked by
Environment Canada's National Pollutant Release Inventory (NPRI).
In 2001, industry reported 204,000 kilograms of cadmium released
on-site (including air pollution, water pollution, spills, leaks, and
landf ill disposal), and an additional 167,000 kg sent to outside
waste dumps for disposal, for a total of 371,000 kg of cadmium
released into the environment.  This is up almost 25 per cent from
the total of 301,000 kg reported in 2000.28

25.  Sidhwa, P. 2001. Biosolids research and demonstration f ield tr ials in Southern
Ontario. Environmental Science & Engineering Magazine. Retr ieved online February 24,
2003 from http://www.esemag.com/1101/biosolids.html.
26.  City of Toronto. Metals in Biosolids. Retr ieved online February 24, 2003 from
http://www.city.toronto.on.ca/sewers/metals.htm.
27.  Environmental Defence Canada. 2003. [OnAir 127 air emissions data].  Received
through Freedom of Information request.
28.  National Pollutant Release Inventory (2001).  NPRI Data Search. Retr ieved online
February 25, 2003 from: http://www.ec.gc.ca/pdb/querysite/html/queryform.cfm.

Results



Major companies responsible for releasing cadmium into the air
and water, as reported to the NPRI in 2001, are Hudson Bay Mining
& Smelting Company Ltd. (53,190 kg to air, 100 kg to water); Inco
Limited's Copper Clif f Smelter Complex (4,840 kg to air); Noranda
Inc.'s Brunswick Smelter facility in Belledune, NB (540 kg to air,
120 kg to water).29

The 10 most cadmium-contaminated foods are listed in Table 5.
Many of the 10 are plant in or igin, including several fresh vegeta-
bles.  This is likely due to the prominent role that soil pollution
plays in cadmium contamination.

TTaabbllee  55::  TTeenn  FFooooddss  MMoosstt  CCoonnttaammiinnaatteedd  wwiitthh  CCaaddmmiiuumm

29.  Ibid.
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4.1.2 TOXICOLOGICAL ASSESSMENT

Cadmium is not used by the body in any way to maintain health.
Cadmium is a health concern because it accumulates in the body
even when only a small amount is ingested over time.  Cadmium
concentrates in the kidney and liver.  Concentrations in these
organs are zero at birth and r ise with age.  Kidney levels peak at
around 50-60 years of age, and liver levels peak at around 20-25
years of age.  Cadmium's major target organ is the kidney, and
chronic exposure can lead to kidney disease.  The US EPA has desig-
nated cadmium as a probable carcinogen.30

For the general population, the pr imary sources of cadmium expo-
sure are food and cigarettes.  The Canadian Total Diet Study data
shows levels of cadmium in vegetables and grains equal to and
exceeding those of animal products (Table 6).  Because the average
Canadian consumes a greater amount of cereal and vegetable prod-
ucts, these are the greatest sources of cadmium for the general
population.

TTaabbllee  66::  CCaaddmmiiuumm  CCoonnttaammiinnaattiioonn  LLeevveellss  iinn  CCaannaaddiiaann  FFoooodd

30. Meranger, J., Conacher, H., Cunningham, H, and Krewski, D. 1981. Levels of cadmi-
um in human kidney cortex in Canada. Canadian Journal of Public Health, 72, 269-272.
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A Minimal Risk Level (MRL) of 0.0002 mg Cd/kg/day has been
developed by the Agency for Toxic Substances and Disease Registry
for the protection from kidney toxicity of the most sensitive indi-
viduals of the general population.31 The TDS performed by Health
Canada indicates that cadmium intake levels exceed the MRL in
every age group (Figure 1).  Canadians of all ages are at r isk of
increased kidney problems due to unhealthy levels of cadmium in
their diet.

FFiigguurree  11::  DDiieettaarryy  IInnttaakkee  ooff  CCaaddmmiiuumm  CCoommppaarreedd  ttoo  tthhee  IInnttaakkee
GGuuiiddeelliinnee

4.2  LEAD

Lead is released into the wider environment pr imarily through
human activity.  It is a major component of the mineral "galena"
which has been mined for thousands of years.  Lead's low melting
point allows it to be readily worked and shaped.32

31.  ATSDR. 1999. Toxicological prof ile for cadmium. Atlanta, GA: U.S. Department of
Health and Human Services, Public Health Service. Retr ieved online February 25, 2003
from: http://www.atsdr.cdc.gov/toxprof iles/tp5.html
32.  ATSDR. 1999. Toxicological prof ile for lead. Atlanta, GA: U.S. Department of Health
and Human Services, Public Health Service. Retr ieved online February 25, 2003 from:
http://www.atsdr.cdc.gov/toxprof iles/tp13.html
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It was used in ancient Rome as a structural support metal, for
water ducts, and for cooking vessels.  Var ious salts of lead have
been used as pigments in paints, and as colour ing agents in food.
It is a component of batter ies, solder used in the electronics indus-
try, and is also found in ammunition.33

Human activities that contr ibute to the environmental release of
lead into the air include mining, smelting, and other industr ial
applications.  Disposal of batter ies and other lead-containing
materials can release lead to the soil.34 The use of leaded gasoline
in the past has signif icantly increased the presence of lead in the
environment.  Lead in gas was released into the atmosphere and
eventually settled in the soil.

A growing concern over the health ef fects of lead, especially in
children, has caused the federal government to act by instituting a
number of policies and regulations, including the elimination of
leaded gasoline, banning of lead solder in the food canning
process, and a ban on lead-based paint.  Although lead exposure
has been reduced, the results of the TDS show food remains a hid-
den pathway.

4.2.1 PATHWAY TO THE FOOD SUPPLY

Atmospher ic deposition of lead on agricultural lands can result in
its absorption into plants.  Lead in soil does not dissipate, biode-
grade, or break down, and so the past practice of using leaded
gasoline is still a cause for elevated lead levels in soil.35

33.  Baird, C. 1995. Environmental Chemistry. New York: W.H. Freeman and Company.
34.  Health Canada. 1998. Contaminant Prof ile - Lead. In The Health and Environment
Handbook for Health Professionals. Retr ieved online February 25, 2003 from:
http://www.hc-sc.gc.ca/ehp/ehd/catalogue/bch_pubs/98ehd211/con_prof iles.pdf
35.  New South Wales Environmental Protection Agency. 2001. Pathways of exposure to
lead. Retr ieved online February 25, 2003 from:
http://www.epa.nsw.gov.au/leadsafe/leadinf8.htm#food. 

Results



Atmospher ic releases of lead reported under Ontar io Regulation
127 in 2001 amounted to 371,774 kg.  The main companies con-
tr ibuting to this pollution are:

· St. Marys Cement Inc. 202,760 kg
· Inco Limited 73,002 kg
· Falconbridge Ltd. 37,870 kg
· Philips Lighting Company 26,087 kg
· Archie McCoy Hamilton Ltd 15,780 kg
· Ingot Metal Company Limited 6,280 kg
· Siemens Milltronics Process Instruments Inc. 3,104 kg

Lead can leach from older plumbing into dr inking water or water
used for food manufactur ing or processing.36 While lead is not
allowed for sealing canned goods in North America, it is still prac-
ticed in other parts of the world.  Improperly glazed ceramic con-
tainers can also leach lead into stored food.37

According to the National Pollutant Release Inventory, Canadian
industr ies released 2,223,000 kg of lead on their sites, and sent an
additional 1,711,000 kg  to waste dumps for disposal, for a total of
3,934,000 kg of lead released into the environment.38

36.  Health Canada. 1998. Contaminant Prof ile - Lead. In The Health and Environment
Handbook for Health Professionals. Retr ieved online February 25, 2003 from:
http://www.hc-sc.gc.ca/ehp/ehd/catalogue/bch_pubs/98ehd211/con_prof iles.pdf
37.  Kessel, Irene, John T. O'Conner. 1997. Getting the lead out: The complete resource
on how to prevent and cope with lead poisoning.  New York: Plenum Trade, 135-140.
38.  National Pollutant Release Inventory (2001).  NPRI Data Search. Retr ieved online
February 25, 2003 from: http://www.ec.gc.ca/pdb/querysite/html/queryform.cfm.
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Major companies responsible for lead released into the air and
water, as reported to the NPRI in 2001, are Hudson Bay Mining &
Smelting Company Ltd. (176,900 kg to air, 400 kg to water); St
Marys Cement Company (101,000 kg to air); Noranda Inc.'s
Brunswick Smelter facility in Belledune, NB (8,050 kg to air, 240 kg
to water); Stelco McMaster Ltée (1540 kg to air); Safety-Kleen
Ltd.'s Lambton Facility (70 kg to air).39

The 10 most lead contaminated foods are listed in Table 7.  Note
that most require a certain amount of processing.

TTaabbllee  77::  TTeenn  FFooooddss  MMoosstt  CCoonnttaammiinnaatteedd  wwiitthh  LLeeaadd

4.2.2 TOXICOLOGICAL ASSESSMENT

Negative ef fects may be caused by lead at any concentration, espe-
cially in children.  The United States Environmental Protection
Agency has determined that

39.  Ibid.
40.  ATSDR. 1999. Toxicological prof ile for lead. Atlanta, GA: U.S. Department of Health
and Human Services, Public Health Service, page 449. Retr ieved online February 25,
2003 from: http://www.atsdr.cdc.gov/toxprof iles/tp13.html.

it would be inappropriate to develop a reference dose (RfD) for inorganic
lead (and lead compounds) because some of the health ef fects associated
with exposure to lead occur at blood lead levels as low as to be essentially
without a threshold.40

Results



Major food groups containing lead are prepared foods, fast foods,
fats and oils, and meat.  A break down of lead contamination in dif-
ferent food categories is located in Table 8.

Lead has no known biological function in humans.  It is poorly
absorbed by the body from the digestive system, though children
can absorb lead much more readily than adults.  The slow rate at
which it is eliminated from the body leads to a build up of lead in
the bones and red blood cells.41

TTaabbllee  88::  LLeeaadd  CCoonnttaammiinnaattiioonn  LLeevveellss  iinn  CCaannaaddiiaann  FFoooodd

41.  Ibid.
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Lead is associated with a number of adverse health ef fects.  It can
interfere with the creation of oxygen-carrying hemoglobin, leading
to anemia, and it is also known to cause neurobehavioural prob-
lems in developing fetuses and young children.  Lead has negative
ef fects on children's behaviour, attentiveness, and their IQs.42

While the US EPA has determined that there is no safe limit of lead
exposure, for the sake of analysis Environmental Defence Canada
used an intake guideline of 0.0000785 mg Pb/kg/day developed by
Environmental Defense (USA) based on information developed by
the California Environmental Protection Agency.43

The TDS performed by Health Canada indicates that lead intake lev-
els exceed this RfD in every age group (Figure 2).  Canadians of all
ages are at r isk of negative health ef fects due to these levels of
lead in their diet.  It is clear that current lead exposure reduction
activities are not suf f iciently protecting the health of Canadians.
Further precautionary measures are required to reduce industr ial
releases of lead into the environment.

4.3 OTHER METALS

There are a number of metals tested in the Canadian Total Diet
Study program that exceed applicable RfDs or MRLs in the diets of
infants and children, but whose levels gradually fall within the
guidelines as the diets of Canadians change with age (Figures 3-7).
These metals include copper, manganese, molybdenum, nickel, and
zinc.  The 10 most contaminated foods for these metals can be
found in Table 9.

42.  Ibid.
43.  Environmental Defense. 2002. References for Scorecard Risk Assessment Values.
Retr ieved online February 25, 2003 from: http://scorecard.org/chemical-
prof iles/ref/rav_edf.html

Results



FFiigguurree  22::  DDiieettaarryy  IInnttaakkeess  ooff  LLeeaadd  CCoommppaarreedd  ttoo  tthhee  IInnttaakkee  GGuuiiddeelliinnee

TTaabbllee  99::  TTeenn  FFooooddss  MMoosstt  CCoonnttaammiinnaatteedd  wwiitthh  VVaarriioouuss  HHeeaavvyy  MMeettaallss
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FFiigguurree  33::  DDiieettaarryy  IInnttaakkee  ooff  CCooppppeerr  CCoommppaarreedd  ttoo  tthhee  IInnttaakkee
GGuuiiddeelliinnee

FFiigguurree  44::  DDiieettaarryy  IInnttaakkee  ooff  MMaannggaanneessee  CCoommppaarreedd  ttoo  tthhee  IInnttaakkee
GGuuiiddeelliinnee

Results



FFiigguurree  55::  DDiieettaarryy  IInnttaakkee  ooff  MMoollyybbddeennuumm  CCoommppaarreedd  ttoo  tthhee  IInnttaakkee
GGuuiiddeelliinnee

FFiigguurree  66::  DDiieettaarryy  IInnttaakkee  ooff  NNiicckkeell  CCoommppaarreedd  ttoo  tthhee  IInnttaakkee  GGuuiiddeelliinnee
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FFiigguurree  77::  DDiieettaarryy  IInnttaakkee  ooff  ZZiinncc  CCoommppaarreedd  ttoo  tthhee  IInnttaakkee  GGuuiiddeelliinnee

Most of these metals are important parts of maintaining good
health and are thus essential dietary nutr ients.  In fact, man-
ganese, molybdenum, and zinc have Recommended Daily
Allowances for adults of 2.0 - 5.0 mg/day, 0.075 - 0.25 mg/day,
and 15 mg/day, respectively.44 While too little of these metals can
lead to negative ef fects, so can too much.

These metals are present in the earth's crust and their presence in
the environment is increased by human activity.  Copper, for exam-
ple, is released through mining activities, the application of
sewage sludge to land, and the use of agricultural chemicals.45

All told, industry was responsible for releasing 2,290,000 kg of
copper, 10,180,000 kg of manganese, 111,000 kg of molybdenum,
1,900,000 kg of nickel, and 18,840,000 kg of zinc both on-site and
through transfers for disposal in 2001 (Table 10).46

44.  ATSDR. 2000. Toxicological prof ile for manganese. Atlanta, GA: U.S. Department of
Health and Human Services, Public Health Service. Retr ieved online February 25, 2003
from: http://www.atsdr.cdc.gov/toxprof iles/tp151.html; and ATSDR. 1994.
Toxicological prof ile for zinc. Atlanta, GA: U.S. Department of Health and Human
Services, Public Health Service. Retr ieved online February 25, 2003 from:
http://www.atsdr.cdc.gov/toxprof iles/tp60.html.
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TTaabbllee  1100::  IInndduussttrriiaall  RReelleeaasseess  ooff  SSeelleecctteedd  HHeeaavvyy  MMeettaallss  ttoo  tthhee
EEnnvviirroonnmmeenntt  iinn  22000011

There are adverse human health ef fects associated with excess
dietary exposure to each of these metals.  For example, molybde-
num has been associated with a gout-like sickness, and some mem-
bers of the population are especially sensitive to nickel, suf fer ing
a form of skin dermatitis when exposed to the metal orally.47

In the case of excess exposure to manganese, neurotoxic ef fects
include weakness, slow and clumsy gait, speech disturbances, and
tremors.48 Zinc is required for the proper functioning of hundreds
of enzymes, and is therefore the most abundant metal in humans.
It can be found in all tissues and tissue f luids, but overexposure to
zinc has been shown to cause anemia.49

Children are at r isk of negative health ef fects due to intake of
these heavy metals above the intake guidelines.

45.  ATSDR. 2002. Toxicological prof ile for copper - draf t for public comment. Atlanta,
GA: U.S. Department of Health and Human Services, Public Health Service. Retr ieved
online February 25, 2003 from: http://www.atsdr.cdc.gov/toxprof iles/tp132.html
46.  National Pollutant Release Inventory (2001).  NPRI Data Search. Retr ieved online
February 25, 2003 from: http://www.ec.gc.ca/pdb/querysite/html/queryform.cfm.

Footnotes continue on next page.
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Through this straight comparison of heavy metal intakes and their
corresponding intake guidelines, it is clear that Canadians are
being subjected to unhealthy levels of these toxic substances.  

Cadmium, which can cause kidney disease and cancer, is being
eaten by Canadians of all ages above intake guidelines.  Lead,
which can cause negative health ef fects no matter how little is con-
sumed, is in the diets of Canadians of all ages.  Children are being
exposed to potentially unsafe levels of copper, manganese, molyb-
denum, nickel, and zinc.

Industry continues to release these toxic metals into the environ-
ment despite evidence that they reaches our food supply.  The TDS
are an indicator that our food safety system is failing to protect
Canadians from the ef fects of toxic pollution.  

Cadmium, which has been identif ied as a problem since the f irst
TDS was conducted in 1969, is still released into the environment
through industr ial practices.  Industry reported releases of
371,000 kilograms of cadmium in 2001.  Despite numerous ef forts
to curb lead exposure, industry still reports releases of lead in the
millions of kilograms, and this pollution is still reaching Canada's
food.  Industry reported releases totalling 3,934,000 kilograms of
lead in 2001.

The TDS has revealed food as an important exposure pathway, but
this cr itical part of the food safety system is not designed to tr ig-
ger action.  The federal government does not currently have the
capacity to address the issue of chronic over-exposure to heavy
metal contamination in our food.

47.  ATSDR. 1997. Toxicological prof ile for nickel. Atlanta, GA: U.S. Department of
Health and Human Services, Public Health Service. Retr ieved online February 25, 2003
from: http://www.atsdr.cdc.gov/toxprof iles/tp15.html
48.  ATSDR. 2000. Toxicological prof ile for manganese. Atlanta, GA: U.S. Department of
Health and Human Services, Public Health Service. Retr ieved online February 25, 2003
from: http://www.atsdr.cdc.gov/toxprof iles/tp151.html
49.  ATSDR. 1994. Toxicological prof ile for zinc. Atlanta, GA: U.S. Department of Health
and Human Services, Public Health Service. Retr ieved online February 25, 2003 from:
http://www.atsdr.cdc.gov/toxprof iles/tp60.html

Metallic Lunch: AN ANALYSIS OF HEAVY METALS  IN THE CANADIAN DIET                                              May  2003

36       Environmental Defence Canada, a registered charity, engages the public, finds solutions and protects environmental rights...

Conclusions and Recommendations

Industry
continues to
release toxic

metals into
the environ-

ment despite
evidence that

they reaches
our food

supply.



Environment Canada, Health Canada, the CFIA, and Agriculture and
Agri-Food Canada must take precautionary action, working togeth-
er for long-term policy and legislative changes that will eliminate
the release of heavy metals into the environment.  As steps
towards achieving this goal, Environmental Defence Canada recom-
mends the following actions to ensure that the health of Canadians
is not endangered:

1. Environment Canada must enact regulations for the phase-out of   
heavy metal releases to air and water under the Canadian  
Environmental Protection Act.

2. The Food and Drugs Act and Regulations must be reviewed and
updated.  Under the Act, toxic food residue standards, called
Maximum Residue Limits, must be developed, enacted, and legal-
ly enforceable for all heavy metals.

3. The Canadian Food Inspection Agency must carry out ef fective 
monitor ing of all heavy metal contamination of food, and must 
pull all foods exceeding the Maximum Residue Limits of f the 
shelves.

4. The Total Diet Study program must continue to monitor and ana-
lyze Canadian food pollution data, and communicate all results  
to the public in a timely and accessible manner.

5. Health Canada must produce an online registry of food contami-
nation data modeled af ter Environment Canada's National 
Pollutant Release Inventory

6. Agriculture and Agri-Food Canada must set national farm man-
agement standards that protect food from heavy metal contami-
nation, such as regulating the land application of phosphate fer-
tilizers and sewage sludge.
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AATTSSDDRR
Agency for Toxic Substances and Disease Registry (United States)

CCdd  -  Cadmium
CCuu  -  Copper

MMgg - Magnesium
mmgg//kkgg//ddaayy - Milligrams of a substance consumed per kilogram of a person's body weight per day.
A unit for expressing intake levels of a contaminant.  It measures a certain number of milligrams of a
substance for every kilogram of a person's body weight per day.
MMoo  -  Molybdenum
MMRRLL  -  Minimum Risk Level

NNaattiioonnaall  PPoolllluuttaanntt  RReelleeaassee  IInnvveennttoorryy  ((NNPPRRII))  -  Canada's national pollution registry.  Polluters meeting
certain cr iter ia must report all pollutant releases to the NPRI annually.  This information is made
available through an online search tool at the following URL:
http://www.ec.gc.ca/pdb/querysite/html/queryform.cfm.
NNii  -  Nickel

PPbb  -  Lead
ppppmm,,  ppaarrttss  ppeerr  mmiilllliioonn  -  A measure of concentration. The number of par ts of a particular substance are
present in every million parts of the complete mixture.
PPTTDDII  -  Provisional Tolerable Daily Intake

RReeccoommmmeennddeedd  DDaaiillyy  AAlllloowwaannccee  -  An amount of a substance recommended for daily intake to maintain
proper health
RRffDD  -  Reference Dose

TTDDSS,,  TToottaall  DDiieett  SSttuuddyy
A type of scientif ic study conducted by Health Canada that calculates the daily intake of contaminants
for an average diet.

UUSS  EEPPAA  -  United States Environmental Protection Agency

ZZnn  -  Zinc
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