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ABSTRACT
With farmed British Columbia (BC) oysters containing higher cadmium concentrations than wild oysters, long-term exposure to cadmium through consumption
of oysters has the potential to cause health risks. This study reports on a risk assessment for cadmium intake resulting from the consumption of BC-cultured oyster.
The study concludes that Health Canada’s current recommended BC-cultured oyster consumption rate for Canadians of 12 oysters per month exceeds the Agency
for Toxic Substances and Disease Registry chronic oral minimal risk levels (MRL)
of 0.2 µg·kg−1 ·day−1 by approximately 4- to 5-fold and reaches the Food and Agriculture Organization/World Health Organization (FAP/WHO) reference dose of
1 µg·kg−1 ·day−1 for cadmium consumption for Canadians. This suggests that although the current recommended maximum oyster consumption rates is consistent
with the FAO/WHO and U.S. Environmental Protection Agency limits for acceptable risk, it leaves little or no room for error or uncertainty. This is noteworthy
as recent studies demonstrate toxicological effects at cadmium intakes of 0.43 to
0.71 µgCd·kg−1 ·day−1 . This study indicates that a lower maximum BC-cultured oyster rate should be considered, particularly for high risk groups, including women
with low iron stores, people with renal impairment, smokers, children, and indigenous people who consume organ meats of games and wildlife other than shellfish.
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INTRODUCTION
British Columbia (BC) oyster production is a multimillion-dollar industry with
great economic potential (Web citation 1). The leading areas of oyster production
in BC are Cortez Island, Desolation Sound, Baynes Sound, and the Sunshine Coast
(Web citation 2). In years 1999 to 2000 shipments of oysters from British Columbia
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were turned back from Hong Kong market, because they exceeded limits on cadmium for imported shellfish. Import limits are 3–4 µg·g−1 in the U.S., 2 µg·g−1 in
Hong Kong and Australia, and 1 µg·g−1 in New Zealand (Broten 1998; Kruzynski
2002). Canada has no import standard for cadmium in oysters.
There are no historical data on cadmium concentrations in farmed oysters on
the BC West Coast prior to 2000 (Kruzynski 2002). The Canadian Food Inspection
Agency (CFIA) tested cadmium concentration in BC-cultured oysters in 2000 and
found the average cadmium concentration was 2.63 µg·g−1 wet weight (shucked
meat) (Kruzynski 2002). The highest concentrations reached 4.56 µg Cd.g−1 in
2-year old oysters (Kruzynski 2002). A market survey of cadmium concentrations
in farmed oysters purchased from various seafood outlets in the lower mainland of
Vancouver reported concentrations ranging from 0.9 to 3 µg·g−1 wet weight (Brunjes and Bendell-Young 2005, unpublished data). In comparison, the Canadian Total
Diet Study (1993–1999) lists fresh or frozen shellfish to contain 0.0153 µg·g−1 wet
weight, i.e ., much lower than cadmium concentrations in BC-cultured oysters. Cultured oysters were reported to contain higher levels of cadmium than wild oysters
(Kruzynski 2000) and other shellfish (Kruzynski 2002). Inter-tidal or wild oysters
feed during high tides only. Current aquaculture practices result in oysters being
continuously submerged and therefore feeding 24 h a day, unlike inter-tidal oysters
that do not feed between tides. The longer feeding period may be one of the causes
for high cadmium content in cultured oysters.
The Joint Food and Agriculture Organization and World Health Organization
(FAO/WHO) Expert Committee on Food Additives (JECFA) established in its 16th
meeting a Provisional Tolerable Weekly Intake (PTWI) for cadmium of 400 to 500 µg
of cadmium per adult person. This corresponds to a provisional tolerable cadmium
intake of 0.81 (i.e ., 400 ÷ 7 ÷ 70) to 1.01 µg·kg−1 ·day−1 , which was simplified to
1 µg·kg−1 ·day−1 and left unchanged in subsequent meetings (JECFA 2004). However,
Cd-linked bone and kidney toxicities were observed in people whose dietary Cd
intakes were well within the PTWI (Satarug and Moore 2004). Exposure levels of 30
to 50 µg Cd per day for adults or 0.43 to 0.57 µg·kg−1 ·day−1 have been associated
with increased risk of bone fracture, cancer, kidney dysfunction, and hypertension
(Satarug et al. 2000; Satarug et al. 2003). It is therefore possible that the FAO/WHO
weekly suggested limit is under-protective and that consumers are at risk while their
cadmium intake is below the PTWI.
The Canadian Guidelines for dietary intake of cadmium through oyster consumptions advise a limit of oyster consumption of 12 oysters a month for adults
(i.e., 3 person−1 week−1 ). Ignoring cadmium intake from other dietary sources, intake of three BC farmed oysters (average weight ranges from 40 to 50 g) high in
cadmium produces an intake ranging between 315 µg per week (i.e., 3 week−1 ×
40 g × 2.63 µg·g−1 ) and 395 µg per week (i.e., 3 week−1 × 50 g × 2.63 µg·g−1 )
or between 0.64 and 0.80 µg·kg−1 ·day−1 . This is less than the JECFA’s PTWI for 70
kg adults of 490 µg per week (or 1 µg·kg−1 ·day−1 ) but above the Agency for Toxic
Substances and Disease Registry (ATSDR) chronic oral minimal risk levels (MRL) of
0.2 µg kg−1 day−1 (ATSDR 1999) and within the range of exposures (i.e., 0.43 to
0.57 µg·kg−1 ·day−1 ) associated with human health effects. The Canadian Environmental Protection Act Assessment Report for Cadmium and its Compounds (CEPA
1994) states that members of the general population in Canada are exposed to
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cadmium compounds in amounts that are at or near those that have been associated
with mild effects on the kidney. The WHO reaffirmed during the 16th, 33r d , and
41st meetings that “there is only a relatively small safety margin between exposure
in the normal diet and exposure that produces deleterious effects” (Web citation 3).
It is therefore possible that cadmium in Pacific oysters may contribute to potential
health concerns.
The objective of the present work is to explore the human health risk associated
with Cd intake by consuming BC-cultured Pacific oyster (Crassostrea gigas) and to
make recommendations with regards to oyster consumption.
METHODS
This study applies the National Academy of Science risk assessment paradigm
(NRC 1983) for human health risk characterization. The risk assessment comprises
of hazard identification, dose-response (effects) assessment, exposure assessment
and risk characterization. Human exposure from each exposure route was calculated
according to (USEPA 1998; Han et al. 1998), i.e.,
TDIi = (CEi · EF · ED)/(BW · AT),

(1)

where TDI is the total daily intake of cadmium (µg·kg ·day ), CE is the chemical
exposure from all sources (including dietary, soil, water, and/or oysters, and/or
tobacco smoke (µg person−1 · day−1 ), EF is the exposure frequency (365 days ·
year−1 ), ED is the exposure duration (70 years), BW is the body weight (70 kg) and,
AT is the averaging time for exposure duration (ED × 365 days.year−1 = 25,550
days).
Hazard quotients (HQ) for each exposure route i were determined as
−1

HQi = TDIi /Rf D

−1

(2)

following the U.S. Environmental Protection Agency (USEPA) Region III Risk-Based
Concentration Table, January–June 1996 (USEPA 1996), where, Rf D is the oral reference dose (µg·kg−1 ·day−1 ). The recommended FAO/WHO reference dose (Rf D)
of 1 µg Cd.kg−1 ·day−1 for a 70 kg man is used. The USEPA reference dose is also 1
µg Cd.kg−1 ·day−1 , based on a NOAEL (no observed adverse effects level) of 10 µg
−1
Cd.kg−1 ·day
 and an uncertainty factor of 0.1. The Hazard Index (HI) was then
derived as HQi .
To assess toxicity of cadmium, we examined studies that delineate health problems
at different exposures. Only non-cancer health effects were examined in the present
work.
RESULTS AND DISCUSSION
Hazard Identification
Animals can absorb and bioaccumulate cadmium from the environment (WHO
1992; Satarug et al. 2003). Some shellfish have high accumulation rates of cadmium and can accumulate up to 120 µg·g−1 wet weight without apparent ill effect
(Kruzynski 2002). Mussels can accumulate up to 1000 µg Cd · g−1 without effects on
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growth (Fischer 1988). Oysters are able to concentrate cadmium above the maximum permissible limits for edible consumption (Rosas et al. 1983). According to the
Codex Alimentarius Commission standards, Maximum Permissible Concentration
(MPC) for Cadmium in most foods ranges between 0.05 µg·g−1 and 1.0 µg·g−1 (such
as in mollusks) (Web citation 4).
The main sources of human exposure to cadmium are air, water, soil, food, and
cigarettes. Cadmium levels in urban air are typically in the range of 2 to15 ng·m−3
(Elinder 1985; WHO 1992; OECD 1994). These levels are higher than those found
in rural areas (0.1 to 5 ng·m−3 ), but are lower than those found near active lead
or zinc smelters (300–700 ng·m−3 ) (Bernard and Lauwerys 1986; Hutton 1983). In
Canada, the mean concentration of Cadmium in drinking water from various studies
is 0.044 µg·L−1 (Dabeka et al. 1987). The current USEPA maximum contaminant
level (MCL) and Canadian guidelines for cadmium in drinking water are 5 µg·L−1
(USEPA 1991; EBI Web citation 5). A typical soil concentration of cadmium is 0.06 to
1.1 µg·g−1 (Web citation 6). Cadmium is a non-essential element in human nutrition.
For Canadians, the primary routes of exposure to cadmium are through food and
tobacco use. Foods containing the highest cadmium concentrations include meat
organs (142 ng·g−1 ), peanut butter and potato chips (86 and 100 ng·g−1 ), cabbage
and raspberries (84 and 93 ng·g−1 ), and cooking fats and salad oils (90 ng·g−1 )
(Canadian Total Diet Study 1993–1999). Fresh or frozen shellfish contain 15.3 ng
Cd.g−1 (Web citation 7).
The two main storage sites for cadmium in the human body are the liver and the
kidney. For low-level exposures in the general environment, about 30–50% of the
cadmium body burden is stored in the kidneys, with concentrations in the cortex
being approximately 1.25 times higher than in the kidney as a whole. Absorbed
cadmium accumulates mainly in the renal cortex and liver (JECFA 2004). In nonoccupationally exposed subjects the concentration of cadmium in the liver increases
with age. Cadmium is eliminated from the organism mainly via urine. The amount
of cadmium excreted daily in urine is, however, very small. It represents only about
0.005–0.01% of the total body burden per day, corresponding to a biological half-life
of about 18 to 33 years (Kjellstrom 1992). Antagonists of cadmium, Cu, Fe, and Zn,
tend to decrease cadmium uptake (McLaughlin et al. 1999).
Exposure Assessment for Canadians
Exposure assessment is based on Canada’s 1994 Assessment Report for Cadmium
and its Compounds: (1) Respiration: The maximum intake from air for adults 20
to 70 years old is estimated at 0.09 µg·person−1 ·day−1 . Based on U.S. data, urban
dwellers may inhale between 0.1 to 0.7 µg·day−1 (Friberg et al. 1974). (2) Water Consumption: The exposure from consumption of drinking water per day is approximately 0.036 µg·person−1 ·day−1 for 20 to 70 years-old adults. (3) Soil Ingestion: The
estimated maximum cadmium intake of the 20 to 70 years old from soil is 0.023
µg·person−1 ·day−1 . Environmental exposure to cadmium (air, dust, and water) does
not contribute significantly to background exposure except in the immediate vicinity of a smelting operation (Friberg, 1974). (4) Dietary Uptake: Data from the U.S.
Food and Drug Administration (FDA) Total Diet Study (TDS, 7-year summary, 4/82–
2/89) (E. Gunderson, FDA, Division of Contaminants Chemistry, unpublished data)
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suggest that the mean lifetime exposure to total cadmium from all food (excluding
shellfish) is approximately 10 µg·person−1 ·day−1 . This value is also reported in the
JECFA assessment (2004). A Canadian group examined dietary intake of cadmium
in their study of 24 individuals in 5 cities (Dabeka et al. 1987) and found that the cadmium intake averaged 13.8 µg·person−1 ·day−1 (Dabeka et al. 1987), i.e., comparable
to the FDA’s TDS results. A dietary study including 110 individuals conducted by
Dutch researchers found an average daily cadmium intake of 10 µg·person−1 ·day−1
(Ellen and Van Loon 1990). Based on the typical cadmium content of relevant foods,
Satarug et al. (2000 and 2003) reported the highest cadmium intake of 29.3 µg ·
person−1 ·day−1 for Australians not including shellfish consumption as a route of
exposure.
Cadmium concentrations in country foods from kidneys and livers of moose,
caribou, and deer ranged between 0 and 1,869 µg·g−1 wet weight, with the highest
concentrations found in moose kidney (Kim et al. 1998). Cadmium concentrations
in traditional food groups were comparable with those of Canadian market food.
Highest levels of cadmium were found in the liver and kidney of caribou and moose.
Cadmium intakes from traditional food estimated by dietary recall ranged from 0.01
to 1713 µg·person−1 ·day−1 (Kim et al. 1998). Average cadmium intakes for women
and men from traditional food were estimated to be 9% and 6%, respectively, of the
FAO/WHO Provisional Tolerable Intake. Kim et al. 1998 showed that approximately
20% of indigenous people may consume caribou and/or moose liver or kidney 1 to
5 times per week in winter and summer. Receveur et al. (1998) reported that both
male and female of northern indigenous people at 40 to 60 years age group consume
a daily intake of 112 g of moose liver. This suggests that cadmium dietary intakes
in certain sections of the population can reach values as high as 30,000 to 150,000
µg·person−1 ·day−1 over certain periods in their lives, i.e., far above the provisional
tolerable intake of 70 µg·person−1 ·day−1 . The potential effect of cadmium intake on
this sub-population raises concerns and requires further study.
The average cadmium concentration in BC oysters is 2.63 µg·g−1 for 40–50 g oysters (Kruzynski 2002). This implies a cadmium uptake rate of 42 to 53 µg·person−1 ·
day−1 based on the Health Canada maximum recommended consumption rate of 12
oysters per month, i.e., approaching the FAO/WHO established PTDI for cadmium
of 70 µg·person−1 ·day−1 for dietary intake from all sources.
Because one cigarette contains 0.5 to 2 µg of cadmium, of which 10 to 20% may
be inhaled (Nordberg 1974; Elinder 1985), people smoking 20 cigarettes per day
can therefore be exposed to 2 to 4 µg Cd.person−1 ·day−1 (Elinder et al. 1983; Web
citation 8). Similarly, based on Canada’s 1994 Assessment Report for Cadmium and its
Compounds, estimated cadmium intake for cigarette smokers is 3.7 µg·person−1 ·day−1
for adults 20 to 70 years old. Direct measurement of cadmium concentrations in
body tissues confirms that smoking doubles the cadmium body burden above levels
observed in individuals not smoking (ATSDR 1999). The latter study suggests that the
combined cadmium exposure may be as high as 20 µg·person−1 ·day−1 in smokers,
compared to approximately 10 µg·person−1 ·day−1 in non-smokers (Elinder et al.
1976; Hallanbeck 1984). The average cadmium inhaled from cigarette smoking was
2.31 ± 1.00 µg·person−1 ·day−1 (Kim et al. 1998). The total cadmium intake via market
and traditional food and cigarette smoking was estimated to be 137 µg per week (Kim
et al. 1998).
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The combined uptake rate of cadmium in non-indigenous Canadians can therefore be estimated at approximately 0.09 + 0.036 + 0.023 + 13.8 or 14.0 µg·person−1
·day−1 in non-smokers and approximately 14 + 3.7 = 17.7 µg·person−1 ·day−1 in smokers not consuming cultured BC oysters. The uptake rate can be expected to be substantially higher in indigenous Canadians who consume certain country foods. Consumption of cultured BC oysters at Health Canada’s maximum recommended rate of
12 oysters per month would raise the estimate of the cadmium uptake rate to approximately 59 to 70 µg·person−1 ·day−1 in non-smokers and 63 to 74 µg·person−1 ·day−1
in smokers. These estimates are very close or at the FAO/WHO tolerable daily intake of 70 µg Cd person−1 day−1 . The background exposures estimated here are
mean values for people not living near point sources of cadmium contamination.
The background exposures estimated for those living or working near high concentration sources of the contaminants will need to be evaluated using information
specific to those sites.
Toxicity Assessment
Nephrotoxicity from cadmium exposure increases prevalence of low molecularweight proteinuria (Nogawa et al. 1992; Olsson et al. 2002). Renal tubular dysfunction and consequent proteinuria are generally accepted as the main effects following
long-term, low-level exposure to cadmium. An estimate of the risk for the development of nephrotoxicity in humans as a result of long-term exposure to cadmium can
be obtained from epidemiological observations of the occurrence of tubular proteinuria among workers occupationally exposed to airborne cadmium for long periods
of time (Nordberg 1993). Another method of estimating the risk of development
of nephrotoxicity from cadmium exposure is to use model calculations based on
information on the chemobiokinetics of cadmium and on the critical concentration
of cadmium in the renal cortex. Such model calculations indicate that exposure to
a cadmium concentration of 14 µg·m−3 in industrial air during the workdays of the
year for 25 years would give rise to an accumulation of cadmium in the renal cortex
of 200 µg·kg−1 . This concentration corresponds to an approximate 10% excess risk
of low molecular-weight proteinuria (Nordberg 1993). In long-term low-level exposure, cadmium accumulates in the kidney and gives rise to renal tubular damage
(Nordberg 1993).
Long-term renal tubular dysfunction may lead to abnormalities of calcium
metabolism. Both human and animal studies indicate that skeletal damage (osteoporosis) may be a critical effect of cadmium exposure (Jarup et al. 1998b). A characteristic feature of chronic cadmium poisoning, as seen in a cadmium-contaminated
area in Japan, was osteoporosis and osteomalacia (Kjellstrom 1992; Tsuchiya 1992).
It was termed the itai-itai (“ouch-ouch”) disease. Symptoms of this disease include
weak bones that lead to deformities, especially of the spine, or to more easily broken bones. It is often fatal (Schroeder 1974). Further, cadmium may damage the
testes (male reproductive glands) and may affect the female reproductive cycle (Web
citation 9) at significantly higher doses than are the focus of the present work.
Experimental studies have suggested that low-dose exposure to cadmium may
affect life cycle related diseases and reproductive toxicity including endocrine disrupting effects (Kaji et al. 2002). However, epidemiological studies did not clearly
Hum. Ecol. Risk Assess. Vol. 13, No. 2, 2007
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support the experimental observations. Further research is required to determine
whether cadmium is responsible for the aggravation of life cycle related diseases or
has the capability to act as an environmental endocrine disrupter in humans (Kaji
et al. 2002).
On the basis of a multicompartmental model (Kjellstrom and Nordberg 1978;
Nordberg and Kjellstrom 1979) for cadmium distribution in the body and the estimated deviation of cadmium levels in the renal cortices of human populations, it
has been estimated that a daily cadmium intake of 55 µg·day−1 in food (population
average) would lead to 0.1% of the population reaching the “critical” cadmium concentration of 200 µg g−1 wet weight in the renal cortex after 50 years and develop
tubular proteinuria (Kjellstrom et al. 1984; Piscator 1985; WHO 1989). For concentrations of cadmium in renal cortex not to exceed 50 µg·g−1 , total intake should not
exceed approximately 1 µg·kg−1 ·day−1 continuously for 50 years (this assumes an
absorption rate of 5%, and that 10% of the absorbed daily dose is rapidly excreted,
and a daily excretion of 0.005% of the body burden). The PTDI for cadmium was
therefore set at 70 µg·person−1 ·day−1 (i.e., 70 kg·person−1 × 1 µg·kg−1 ·day−1 ) and
the WHO/FAO established a reference dose (Rf D) for cadmium of 1 µg·kg−1 ·day−1
(JECFA 2004), which is equivalent to 57 µg·person−1 ·day−1 for a 70 kg person. The
USEPA reference dose for cadmium is also 1 µg·kg−1 ·day−1 , based on a NOAEL (no
observed adverse effects level) of 10 µg·kg−1 ·day−1 and an uncertainty factor of 0.1.
However, more recent studies indicate that exposure levels of 30 to 50 µg cadmium
per day for adults (or 0.43 to 0.71 µg·kg−1 ·day−1 ) are associated with increased risk
of bone fracture, cancer, kidney dysfunction, and hypertension (Satarug et al. 2003).
These studies suggest that the NOAEL for cadmium may be substantially less than
10 µg·kg−1 ·day−1 used to derive the reference dose and that the current reference
dose may be too high.
Risk Characterization
Table 1 illustrates that a TDI of 0.2 µg·kg−1 ·day−1 is calculated for non-indigenous
Canadians who do not consume oysters. This cadmium intake approximates the
Agency for Toxic Substances and Disease Registry (ATSDR) chronic oral minimal
risk levels (MRL) of 0.2 µg·kg−1 ·day−1 (ATSDR 1999) and corresponds with a hazard
index (HI) of approximately 0.2, i.e., less than 1.0. Based on a consumption rate of
12 oysters per month and using the USEPA reference dose (Rf D = 1 µg·kg−1 ·day−1 ),
cadmium intake is approximately 0.84 to 1 µg·kg−1 ·day−1 for non-smokers and 0.9
to1.06 µg·kg−1 ·day−1 for smokers. This cadmium intake is 4- to 5-fold greater than the
ATSDR chronic oral minimal risk levels (MRL) and corresponds to hazard indices
in oyster consumers of approximately 0.84 to 1 for non-smokers and 0.9 to 1.06 for
smokers. This suggests that the current recommended maximum oyster consumption rates are consistent with the FAO/WHO and USEPA limits for acceptable risk,
but leave little or no room for error or uncertainty.
A key source of uncertainty in the derivation of recommendations for oyster
consumption lies in the selection of the reference dose. For example, Satarug et
al. 2000 argued that the FAO/WHO reference dose of 1 µg·kg−1 ·day−1 is too high
to ensure that renal dysfunction does not occur as a result of dietary Cd intake
(Satarug et al. 2000). If based on recent studies (Satarug et al. 2003) the reference
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Table 1.

Cadmium exposure from all sources CE in µg−1 person−1 day−1 ; the
Tolerable Daily Intake TDI in µg·kg−1 ·day−1 ; the Agency for Toxic
Substances and Disease Registry (ATSDR) chronic oral minimal risk
levels (MRL) and the calculated Hazard Index (unitless) for a cultured
BC oyster consumption of 12 oysters per month using the FAO/WHO
reference dose of 1 µg−1 .kg−1 day−1 and a suggested lower reference
dose corresponding to observed effects concentrations.
Non-oyster consumers
and non-smoker

Cadmium Exposure
(µg·person−1 ·day−1 )
TDI (µg·kg−1 ·day−1 )
MRL (µg·kg−1 ·day−1 )
HI for Rf D of
1 µg·kg−1 ·day−1
HI for Rf D of 0.5
µg·kg−1 ·day−11

Oyster consumers
and non-smokers

Oyster consumers
and smokers

59–70

63–74

0.20
0.20
0.20

0.84–1
0.20
0.84–1

0.9–1.06
0.20
0.96–1.06

0.40

1.68–2

1.8–2.12

14

dose is adjusted to 0.50 µg Cd.kg−1 ·day−1 , i.e., the cadmium intake rate at which
toxicological effects have been observed and hence assuming no adjustment for
uncertainty through an uncertainty factor (i.e., UF = 1.0). In Table 1 are shown
that the hazard indices for oyster consumers at the maximum recommended oyster
consumption rate of 12 oysters per month increase to approximately 1.68 to 2 for
non-smokers and 1.8 to 2.12 for smokers, indicating potential for effects.
Another key source of uncertainty is the large variation in cadmium intake and exposure through sources other than consumption of oysters among sub-populations.
This variability can cause certain parts of the Canadian populations to be at a considerably higher risk than others at the same rate of oyster consumption. For example,
women who are subject to iron, zinc, or calcium deficiencies are subject to higher
intestinal absorption rates of cadmium salts and an increased cadmium deposition
in the kidney (Ohta and Cherian 1995). Other people in “high-risk groups” are
those who have a renal impairment from diabetes (Satarug et al. 2000) causing
twice the risk of tubular dysfunction in kidney cortex than the normal population
(Jarup et al. 1998a). Sub-populations at possibly the greatest risk are those who consume caribou and moose organ meats, which contain exceptionally high cadmium
concentrations.
Using the lower suggested reference dose of 0.50 µg·kg−1 ·day−1 , the hazard index
falls below 1.0 if oyster consumption rates are less than 6 oysters per month. To
remain below the ATSDR chronic oral minimal risk levels (MRL) of 0.2 µg kg−1
day−1 , the oyster consumption rate needs to be further reduced to 2 to 3 oysters per
month.
It may be argued that oysters are only a minor or seasonal component of the
diet. However, the New Zealand Total Diet Survey of 2000 (Vannoort et al. 2000)
concluded that five foods within a “typical” diet contributed 72% of the cadmium
intake. These foods are oysters (40%), potatoes (14%), breads (13%), silverbeet
Hum. Ecol. Risk Assess. Vol. 13, No. 2, 2007
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(3%) and carrots (2%). Mean renal cortex cadmium concentrations at age 50 in
Canada ranges between 25 and 100 µg·g−1 wet weight (LeBaron et al. 1977) for individuals not exposed to excessive amounts of cadmium. In Europe, current average
concentrations of cadmium in the renal cortex in the general population at the age
of 40 to 60 years range between 15 and 40 µg·g−1 (WHO 2000). Considering that the
critical level associated with increased risk of bone fracture, cancer, kidney dysfunction, and hypertension is approximately 50 µg·g−1 wet weight (Satarug et al. 2003;
Hotz et al. 1999), it appears that there is only a small safety margin between cadmium
exposure in the normal diet and exposures that could produce deleterious effects.
It is therefore important that human consumption guidelines appropriately and
cautiously consider the hazards of cadmium exposure in high risk groups such as
smokers, women with low blood iron content, children, individuals with renal impairment, and people habitually eating a diet rich in cadmium, such as farmed oysters
or game meats.

CONCLUSION
This study indicates that based on currently available data, Health Canada’s recommended BC-cultured oyster consumption rate of 12 oysters per month can be
expected to cause a cadmium intake rate of approximately 0.84 to 1 µg·kg−1 ·day−1
for non-smokers and 0.9 to 1.06 µg·kg−1 ·day−1 for smokers. This cadmium intake
rate exceeds the ATSDR chronic oral minimal risk levels (MRL) of 0.2 µg·kg−1 ·day−1
(ATSDR 1999) by approximately 4- to 5-fold and reaches the FAO/WHO reference
dose of 1 µg·kg−1 ·day−1 for cadmium consumption for Canadians. This suggests that
while the current recommended maximum oyster consumption rates is consistent
with the FAO/WHO and USEPA limits for acceptable risk, it leaves little or no room
for error or uncertainty.
This study notes recent studies indicating toxicological effects of cadmium at exposure levels of 0.43 to 0.71 µg·kg−1 ·day−1 . This indicates that the current FAO/WHO
reference dose may be too high. If the reference dose is lowered, the BC-cultured
oyster consumption rate should be lowered substantially.
There are several sub-populations that are at higher risks of cadmium toxicity
than the general population. These subpopulations include women with low iron
store, people with renal impairment, smokers, children and indigenous people who
smoke and consume internal organs of games and wildlife other than shellfish. Lower
cultured oyster consumption rates should be recommended for people in these highrisk groups. It is possible that the high-risk groups comprise a substantial portion of
the population. Indigenous Canadians are amongst the highest risk sub-populations
due to the reliance on country foods, such as organ meats, moose, caribou, and
whitefish. The potential health effects in this sub-population are beyond the scope
of this study but merit additional attention.
Several international bodies such as the European Union (EU), United Nations
Food and Agriculture Organization/World Health Organization (FAO/WHO), Codex
Alimentarius Commission (CODEX) and Australia New Zealand Food Authority
(ANZAF) are considering lowering the limit of 1 µg·g−1 (Kruzynski 2002). Canada
should consider stipulating its own acceptable limit to 1 µg·g−1 and attempt to further
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investigate the cause of oyster cadmium contamination in farmed BC oysters and implement corresponding management strategies to reduce cadmium concentrations
considering that cultured oysters appear to contain higher Cd concentrations than
wild oysters from nearby sites (Kruzynski 2000).

REFERENCES
ATSDR (Agency for Toxic Substances and Disease Registry). 1999. Toxicological Profile for
Cadmium. U.S. Department of Health and Human Services, Atlanta, GA, USA
Bernard A and Lauwerys R. 1986. Effects of cadmium exposure in humans. In: Foulkes EC
(ed), Handbook of Experimental Pharmacology, vol 80, pp 35–177. Springer-Verlag, Berlin,
Germany
Broten D. 1998. BC oysters face cadmium challenge. Watershed Sentinel 8(No.6):1–6
Brunjes T and Bendell-Young L. 2005 (Unpublished). Cadmium Levels in Oysters Farmed
off the West Coast of British Columbia. Center for Coastal Studies and Department of
Biological Sciences. Simon Fraser University, Burnaby, BC, Canada
Canadian Environmental Protection Act. 1994. Priority Substances List Assessment Report:
Cadmium and its Compounds. Environment Canada and Health Canada, Ottawa, Ontario
Dabeka RW, McKenzie AD, and Lacroix GMA. 1987. Dietary intakes of lead, cadmium, arsenic
and fluoride by Canadian adults: A24-hour duplicate diet study. Food Addit Contam 4(1):89
Elinder CG. 1985. Cadmium: Uses, occurrence, and intake. In: Friberg L, Elinder CG,
Kjellström T, et al. (eds), Cadmium and Health: A Toxicological and Epidemiological
Appraisal, pp. 24–63. CRC Press, Boca Raton, FL, USA
Elinder CG, Kjellstrom T, and Friberg L. 1976. Cadmium in kidney cortex, liver, and pancreas
from Swedish autopsies. Arch Environ Health 31:292
Elinder CG, Kjellstrom T, Lind B, et al. 1983. Cadmium exposure from smoking cigarettes:
Variations with time and country where purchased. Environ Res 32(1):220–7
Ellen G and Van Loon JW. 1990. Determination of cadmium and lead in foods by graphite
furnace atomic absorption spectrometry with Zeeman background correction: Test with
certified reference materials. Food Additives and Contaminants 7:265–73
Fischer H. 1988. Mytilus edulis as a quantitative indicator of dissolved cadmium. Final study
and synthesis. Mar Ecol Prog Ser 48:163–74
Friberg L, Piscator M, Nordberg GC, et al. 1974. Cadmium in the Environment, 2nd ed. CRC
Press, Cleveland, OH, USA
Han BC, Jeng WL, Chen RY, et al. 1998. Estimation of target hazard quotients and potential
health risks for metals by consumption of seafood in Taiwan. Arch Environ Contam Toxicol
35:711–20
Hotz P, Buchet JP, Bernard A, et al. 1999. Renal effects of low-level environmental cadmium
exposure: 5-Year follow-up of a subcohort from the Cadmibel study. LANCET (North
American Edition) 354(9189):1508–13
Hutton M. 1983. Sources of cadmium in the environment. Ecotoxicol Environ Safety 7:9–24
Jarup LM, Elinder CG, Nordberg G, et al. 1998a. Health effects of cadmium exposure—a
review of the literature and a risk estimate. Scand J Work Environ Health 24(3):240
Jarup LM, Alfven T, Persson B, et al. 1998b. Cadmium may be a risk factor for osteoporosis.
Occupat Environ Med 55 (7):435–9
JECFA (Joint Expert Committee on Food Additives). 1985. Food and Agriculture Organization
and World Health Organization (FAO/WHO). Guidelines for the study of dietary intakes
of chemical contaminants; the 16th Meetings of the Joint FAO/WHO Expert Committee
on Food Additives. WHO Offset Publication No. 87, p 54. World Health Organization,
Geneva, Switzerland
Hum. Ecol. Risk Assess. Vol. 13, No. 2, 2007

379

W. W. L. Cheng and F. A. P. C. Gobas
JECFA. 1989. Food and Agriculture Organization and World Health Organization (FAO/
WHO). Evaluation of certain food additives and contaminants; the 33rd Meeting of the
Joint FAO/WHO Expert Committee on Food Additives. WHO Food Additives Series 24.
World Health Organization, Geneva, Switzerland
JECFA. 1993. Food and Agriculture Organization and World Health Organization (FAO/
WHO). Evaluation of certain food additives and contaminants; the 41st Meeting of the
Joint FAO/WHO Expert Committee on Food Additives, WHO Technical Report Series
837, pp. 28–30. International Programme on Chemical Safety, World Health Organization,
Geneva, Switzerland.
JECFA. 2004. Food and Agriculture Organization and World Health Organization (FAO/
WHO). Safety evaluation of certain food additives and contaminants. 61st meeting of
the Joint FAO/WHO Expert Committee on Food Additives, WHO Food Additives Series
52. International Programme on Chemical Safety, World Health Organization, Geneva,
Switzerland.
Kaji T, Koyama H, Satoh M, et al. 2002. Low dose exposure to cadmium and its health effects (2).
Life cycle related diseases and reproductive toxicity. Nippon Eiseigaku Zasshi 57(3):556–63
Kim C, Chan HM, and Receveur O. 1998. Risk assessment of cadmium in Fort
Resolution, Northwest Territories, Canada. Food Additives and Contaminants 15(3):307–
17
Kjellstrom T. 1992. Mechanism and epidemiology of bone effects of cadmium. In: Nordberg
GF, Alessio L, Herber RFM (eds), Cadmium in the Human Environment: Toxicity and
Carcinogenicity, pp 301–10. IARC scientific publications: no. 118. International Agency
for Research on Cancer, Lyon, France
Kjellstrom T and Nordberg GF. 1978. A kinetic model of cadmium metabolism in the human
being. Environ Res 16:248–69
Kjellstrom T, Elinder CG, and Friberg L. 1984. Conceptual problems in establishing the critical
concentration of cadmium in human kidney cortex. Environ Res 33:284–95
Kruzynski GM. 2000. In: Stocker M and Pringle (eds), Proceedings Series 2000/15. Report of
the PSARC Habitat Subcommittee Meeting, August 22, 2000. Canadian Stock Assessment
Secretariat (CSAS), Fisheries and Oceans Canada, Sidney, BC, Canada
Kruzynski GM. 2002. Cadmium in BC Farmed Oysters: A Review of Available Data, Potential
Sources, Research Needs and Possible Mitigation Strategies. Govt Reports Announcements
and Index (GRAandI), Issue 17, 2002, Sidney, BC, Canada
LeBaron GJ, Cherry WH, and Forbes WF. 1977. In: Hemphill DD (ed), Trace Substances in
Environmental Health - XI, pp 44–54. University of Missouri, Columbia, MO, USA
McLaughlin MJ, Parker DR, and Clarke JM. 1999. Metals and micronutrients—food safety
issues. Field Crops Res 60:143–63
Nogawa K, Kido T, and Shaikh ZA. 1992. Dose-response relationship for renal dysfunction
in a population environmentally exposed to cadmium. In: Nordberg GF, Alessio L, and
Herber RFM, (eds), Cadmium in the Human Environment: Toxicity and Carcinogenicity.
IARC scientific publications: no. 118, pp 311–18. International Agency for Research on
Cancer, Lyon, France
Nordberg GF. 1974. Health hazards of environmental cadmium pollution. Ambio 3:55
Nordberg GF. 1993. Cadmium carcinogenesis and its relationship to other health effects in
humans. Work Environ Health 19(Suppl. 1):104–7
Nordberg GF and Kjellstrom T. 1979. Metabolic model for cadmium in man. Environ Health
Perspect 28:211–7
NRC (National Research Council). 1983. Risk Assessment in the Federal Government: Managing the Process. National Academy Press, Washington, DC, USA
OECD (Organization for Economic Co-operation and Development). 1994. Risk Reduction
Monograph No. 5: Cadmium OECD Environment Directorate, Paris, France

380

Hum. Ecol. Risk Assess. Vol. 13, No. 2, 2007

Consumption of Cadmium Contaminated Cultured Oysters
Ohta H and Cherian MG. 1995. The influence of nutritional deficiencies on gastrointestinal
uptake of cadmium and cadmium-metallothionein in rats. Toxicology 97:71–80
Olsson I-M, Bensryd I, Lundh T, et al. 2002. Cadmium in blood and urine—Impact of sex,
age, dietary intake, iron status, and former smoking—Association of renal effects. Environ
Health Perspect 110(12):1185–90
Piscator M. 1985. Dietary exposure to cadmium and health effects: Impact of environmental
changes. Environ Health Perspect 63:127
Receveur O, Kassi N, Chan HM, et al. 1998. Yukon First Nations’ Assessment of Dietary Benefit/Risk. Centre for Indigenous Peoples’ Nutrition and Environment. MacDonald Campus
of McGill University, Ste-Anne-de-Bellevue, QC, Canada
Rosas I, Baez A, and Belmont R. 1983. Oyster (Crassostrea virginica) as indicator of heavy metal
pollution in some lagoons of the Gulf of Mexico. Water Air Soil Pollut 20(2):127–36
Satarug S and Moore MR. 2004. Adverse Health Effects of Chronic Exposure to Low-level
Cadmium in Foodstuffs and Cigarette Smoke. Environ Health Perspect 112(10):1099–103
Satarug S, Haswell-Elkins MR, and Moore MR. 2000. Safe levels of cadmium intake to prevent
renal toxicity in human subjects. British Journal of Nutrition 84:791–802
Satarug S, Baker JR, Urbenjapol S, et al. 2003. A global perspective on cadmium pollution and
toxicity in non-occupationally exposed population. Toxicology Letters 137:65–83
Schroeder HA. 1974. The Poisons Around Us, Toxic Metals in Food, Air, and Water. Indiana
University Press Bloomington, IN, USA
Tsuchiya K. 1992. Health effects of cadmium with special reference to studies in Japan. In:
Nordberg GF, Alessio L, and Herber RFM (eds), Cadmium in The Human Environment:
Toxicity and Carcinogenicity. IARC scientific publications: no. 118:35–49. International
Agency for Research on Cancer, Lyon, France
USEPA (US Environmental Protection Agency). 1991. Human Health Evaluation Manual,
Supplemental Guidance: Standard Default Exposure Factors. OSWER Directive 9285.603. Office of Solid Waste and Emergency Response, Washington, DC, USA
USEPA. 1996. Risk-Based Concentration Table, January-June 1996. USEPA Region 3,
Philadelphia, PA, USA
USEPA. 1998. Human Health Risk Assessment: Protocol for Hazardous Waste Combustion Facilities, Volume I. Peer Review Draft. Office of Solid Waste, Region 6, Multimedia Planning
and Permitting Division. Center for Combustion Science and Engineering, Washington,
DC, USA
Vannoort R, Cressey P, and Silvers K. 2000. 1997/98 New Zealand Total Diet Survey, Part
2: Elements-Selected Contaminants and Nutrients. Ministry of Health, Wellington, New
Zealand
WHO (World Health Organization). 1992. Environmental Health Criteria, vol. 134—
Cadmium International Programme on Chemical Safety (IPCS) Monograph. Geneva,
Switzerland
WHO. 1992. Cadmium Environmental Aspects. Environmental Health Criteria Vol: 135.
Geneva, Switzerland
WHO. 1989. Toxicological evaluation of certain food additives and contaminants: Cadmium.
WHO Food Additive Series 24:163–219
WHO. 2000. Air Quality Guidelines, 2nd ed. Chapter 6.3. Cadmium WHO Regional Office
for Europe, Copenhagen, Denmark

WEB CITATIONS
1. BC Ministry of Agriculture, Food and Fisheries. 2001. The 2001 British Columbia
Seafood Industry in Review. Available at http://www.agf.gov.bc.ca/fish stats/pdf/
Seafood Industry YIR 2001.pdf
Hum. Ecol. Risk Assess. Vol. 13, No. 2, 2007

381

W. W. L. Cheng and F. A. P. C. Gobas

2. Overview of the clam and oyster industry. 2003. Available at http://www.fwco.com/
shellfish.html
3. WHO Food Additive Series 46: Cadmium. Available at http://www.inchem.
org/documents/jecfa/jecmono/v46je11.htm and http://www.inchem.org/
documents/jecfa/jecmono/v52je22.htm
4. Delegate Report: Codex Committee on Food Additives and Contaminants, 37th
Session, April 25–29, 2005, The Hague, The Netherlands. Available at http://www.
fsis.usda.gov/regulations and policies/Delegate Report 37CCFAC/index.asp
5. EBI (The Environmental Bureau of Investigation). Available at http://www.e-bi.net/ebi/contaminants/cadmium.html
6. Cadmium background soil levels. Available at http://www.sandia.gov/eesector/
gs/gc/na/cadmiumsoillevels.html
7. Health Canada. 2006. Average concentrations (ng/g) of trace elements in foods
for Total Diet Study from 1993 to 1999. Available at http://www.hc-sc.gc.ca/fnan/surveill/total-diet/concentration/metal conc plomb 93-99 e.html
8. Cadmium: industrial sources and dietary exposure. 2003. Available at http://www.
nccnsw.org.au/member/tec/projects/tcye/detail/Household/Cad expsre 33.
html
9. Metal Toxicology. Available at http://www.cpp.org.pk/articles/metal toxicology.
html

382

Hum. Ecol. Risk Assess. Vol. 13, No. 2, 2007

