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Abstract We evaluated the preliminary impact of the

Canadian ‘‘non-toxic’’ shotshell policy, for the hunting of

migratory game birds, by examining blood-lead levels of

First Nations people living in sub-arctic Canada. If the use

of lead shotshell was the major source of lead exposure as

has been postulated and the ban on the use of lead shotshell

for hunting migratory birds was immediately effective, we

would expect that blood-lead levels would be typical of a

geographic area remote from industrialization. Our findings

present some concern in that approximately 18% of the 196

First Nations people examined had blood-lead levels

‡100 lg/L.
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Recently in the United States and several European coun-

tries, the use of lead shotshell was banned for waterfowl

hunting due to the toxic nature of lead pellets when

ingested by waterfowl and raptors (Scheuhammer and

Norris 1995). In Canada, the use of lead shotshell was

banned nation-wide for only migratory bird harvesting on 1

September 1999 (Environment Canada 2000); thus, in

Canada, lead shotshell can still be legally purchased for the

harvesting of upland game birds and small mammals. In a

study of Cree of the Mushkegowuk Territory (i.e., western

James Bay region of northern Ontario; Tsuji and Nieboer

1997), the prevalence of lead pellet exposure via the

ingestion of tissue embedded lead pellets and/or fragments

was quantified, using radiography. It was shown that

approximately 15% of randomly selected radiographic

charts, had evidence of lead pellets contained in the

digestive tract (Tsuji and Nieboer 1997). Any ingested lead

pellet and/or fragment can add to an individuals’ lead body

burden (Madsen et al. 1988; Gustavsson and Gerhardson

2005). Indeed, edible portions of meat from birds harvested

with lead pellets in the Mushkegowuk Territory, showed

lead levels [0.5 lg/g wet weight (ww; 33 of 371 samples

or 9% of the samples), the level adopted as a human

consumption guideline for fish protein in Canada (Tsuji

et al. 1999; Scheuhammer et al. 1998). Lead levels in the

tissues examined reached 19,900 lg/g ww (Tsuji et al.

1999). Similarly, researchers for the Canadian Wildlife

Service have reported that of 827 pooled breast samples

from game birds harvested in Canada with lead pellets,

10% of these samples contained lead levels [0.5 lg/g ww

(Scheuhammer et al. 1998). In addition, these two studies
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showed (through radiography and atomic absorption

spectrometry) that elevated lead levels in game birds were

the result of whole and/or lead pellet fragments being

embedded in the tissues sampled. It appears that the

ingestion of tissue from game birds harvested with lead

pellets may be a significant source of lead exposure for

First Nation people and other subsistence harvesting

groups.

Several studies (e.g., Smith and Rea 1995) have found

elevated tissue-lead levels in the First Nation population of

the Mushkegowuk Territory, where no other source of lead

exposure other than lead-pellet-contaminated meat was

found. An association between the consumption of wild

meats (mostly waterfowl) and lead in cord and maternal

blood was reported for these same First Nation communi-

ties (Hanning et al. 2003). Further, Levesque et al. (2003)

explored the source of lead exposure in Nunavik (northern

Quebec), by determining stable isotope ratios for Inuit and

southern Quebec newborns, and found that leaded ammu-

nition was the probable source of contamination for Inuit

newborns with atmospheric lead being the source for

southern Quebec newborns (Levesque et al. 2003). As a

whole, these studies suggest that game birds harvested with

lead pellets can be a major source of lead exposure for

people who consume traditional foods. In this study, we

evaluate the preliminary impact of the ‘‘non-toxic’’ shot-

shell federal policy on First Nation, blood-lead levels in

sub-arctic Canada; while, also establishing baseline data

for future studies.

Materials and Methods

Fort Albany and Kashechewan First Nations are located on

the Albany River in the western James Bay region of

northern Ontario; while, the City of Hamilton is a non-

native, industrial community located in southern Ontario,

Canada. Only adults (‡18 years old) were recruited for this

study from Fort Albany (48 females, 51 males; sample

collection fall 1999), Kashechewan (48 females, 50 males;

sample collection fall, 1999, and winter, 2000), and

Hamilton (27 females, 25 males; sample collection fall,

1999, and winter, 2000).

Subjects were asked to complete a questionnaire in an

interview format to collect personal data pertaining to

subject identification, demographics, lifestyle, and the level

of consumption of traditional foods. A signed consent form

was obtained from each participant after reviewing details

of the study. This study was approved by the McMaster

University Research Ethics Board.

Whole blood samples for lead determination were col-

lected in lavender-top, 6-mL plastic Vacutainer tubes

containing the anticoagulant EDTA (Becton–Dickinson).

Blood samples were gently mixed, allowed to cool to room

temperature, frozen, and stored at –20�C. Blood samples

were shipped frozen to the Centre de toxicologie/Institut

national de sante publique du Quebec for lead

determination.

Lead determination was by electrothermal atomic

absorption spectrometry (Perkin Elmer model ZL 4100).

Simply, samples were diluted and injected into the instru-

ment. Matrix matched calibration was performed using

reference material from the Centre de toxicologie’s inter-

laboratory comparison program; while, routine checks for

accuracy and precision were also performed using refer-

ence material from this program. Periodic evaluations were

also performed using external proficiency testing (e.g., US

Centers for Disease Control and Prevention). The detection

limit (DL) for lead (10 lg/L) was based on three times the

average standard deviation of instrumental noise.

Samples with blood-lead levels below the DL limit were

imputed as 1/2 DL to allow for statistical analyses. Blood-

lead data were grouped by location and sex. Arithmetic and

geometric means for blood lead were calculated for both

sexes at all locations. Number of individuals having

‡100 lg/L (the blood-lead level of concern for children

and women of reproductive age; Health Canada 1995) was

determined for both sexes at all locations. The relationship

between blood-lead levels and age among individuals (by

sex) was assessed by linear regression analysis. Variation

in age-adjusted, blood-lead levels between sex and location

was assessed by analysis of variance (ANOVA). The

relationship between age-adjusted, blood-lead levels and

diet was explored. Principal component analysis (PCA)

was used to summarize the complete suite of dietary

questions as described in Tsuji et al. (2006).

Results and Discussion

Descriptive statistics are presented in Table 1. Participants

with blood-lead levels ‡100 lg/L are as follows: Fort

Albany, females 4/49, males 13/48; Kashechewan,

females 3/48, males 16/51; Hamilton, males 0/25,

females 1/27. Our findings present some concern in that a

relatively large proportion of people living in the First

Nations examined had blood-lead levels [100 lg/L.

Hypertension may be an issue as both systolic and diastolic

blood pressures are increased by blood-lead concentrations

in the 100–200 lg/L in both males and females (ATSDR

2005).

Significant, positive relationships were found between

blood-lead levels and age for the sexes (females: r2 = 0.16,

p \ 0.0001; males: r2 = 0.04, p \ 0.02) although the

amount of variation explained was low. ANOVA revealed

significant main effects (location, p \ 0.0001; sex,
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p = 0.0003) but also a significant interaction of loca-

tion · sex (p = 0.002). Because the significance of the

main effects were orders of magnitude greater than that of

the interaction, we felt it worthwhile to explore the data

further by plotting the age-adjusted blood means (Fig. 1).

It is clear that the residents of Fort Albany and Kashech-

ewan have higher body burdens of lead than residents of

Hamilton (and comparable to other First Nation groups;

Table 1), even though the Hamilton area is highly indus-

trialized. Occupational exposure is not a serious issue in

these First Nation communities as there are no formal

industries established, and other sources of lead exposure

have been shown not to be a factor (Smith and Rhea 1995).

Consequently, the gender difference observed for First

Nations (Fig. 1) is likely related to the use of leaded

ammunition (typically by males) and the consumption of

wild meats obtained through hunting.

Significant (p £ 0.027, r2 = 0.12) relationships between

age-adjusted, blood-lead levels and PCA-1 (m = 9.97), and

PCA-3 (m = –6.21) were found; non-significant relation-

ships were noted for PCA-2 and 4 (p ‡ 0.09). PCA-1

explained 39.6% of the variance in the original matrix;

people with relatively high values on PCA-1 consumed

relatively more wild game, especially waterfowl (load-

ing = 0.846; Tsuji et al. 2006). While individuals with

relatively high values on PCA-3 consume relatively more

market-bought fish; PCA-3 accounted for 13.7% of the

total variance (Tsuji et al. 2006). The finding of only a

weak positive relationship between age-adjusted, blood-

lead levels and the diet variable (i.e., PCA) representing

wild game was not unexpected in that not every piece ofT
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Fig. 1 Plot of age-adjusted blood means and 95% confidence

intervals for the remote First Nations communities of Fort Albany

and Kashechewan, and the industrial city of Hamilton, Ontario,

Canada
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meat from wild game will be contaminated with lead pel-

lets and/or fragments. Moreover, in matched (left and right)

breast samples taken from the same bird harvested with

lead shotshell, it has been shown that lead concentrations in

the tissue can vary by several orders of magnitude

(Schuehammer et al. 1998; Johansen et al. 2001).

If the use of lead shotshell was the major source of lead

exposure in these First Nation communities as has been

postulated (e.g., Smith and Rea 1995) and the ban on the

use of lead shotshell for the harvesting of migratory game

was immediately effective, we would expect that blood-

lead levels would be typical of a geographic area remote

from industrialization, taking into account that blood lead

is reflective of acute exposure (although there is input from

endogenous sources of lead, i.e., bone; Gulson et al. 1995).

One explanation is that since lead shotshell was just banned

in 1999, people still had a supply of lead shotshell and were

using up these supplies (Tsuji 1998). Another explanation

is that in remote regions of North America, the lead shot-

shell ban is virtually unenforceable (Tsuji 1998; Balogh

1999). As steel shotshell (a ‘‘non-toxic’’ alternative to lead)

is much more expensive than lead to purchase (more than

two times the price of lead shotshell; Tsuji 1998) and since,

lead shotshell is still legally available Canada-wide (for

hunting upland game and small mammals), there is little

economic incentive for disadvantaged people to switch

(Tsuji 1998; Balogh 1999).

At present, there are no federal laws restricting the

chemical composition of the ammunition that can be used

to harvest upland game birds because these birds are typ-

ically non-migratory (Scheuhammer et al. 2003) and fall

under the jurisdiction of the provincial governments (see

for e.g., Ontario Provincial Offences 1999). Only migratory

game birds are regulated by the federal ‘‘non-toxic’’ shot

policy under the Migratory Birds Act (Environment Can-

ada 2000). Thus, to remove a readily available source of

lead shotshell, the use of lead shotshell for the harvesting

of all wild game should be banned as any wild game har-

vested with lead pellets may become contaminated with

lead pellets and fragments (Tsuji et al. 1999) to a point

where the game meat is of toxicological concern with

respect to human consumption. Programs that have been

proven to be successful in Alaska to convince subsistence

hunters to switch from using lead shotshell (as hunting

waterfowl with lead shotshell was banned US-wide in

1991) have included a box-for-box swap of steel shotshell

for lead, and a way to get steel shotshell to the people in

Alaska at a price comparable to lead (the US Fish and

Wildlife Service worked with ammunition manufacturers

on this aspect of the program; Balogh 1999). Similar pro-

grams have been proposed for the Mushkegowuk Territory

but have yet to be implemented. Thus, until lead shotshell

is banned for all wild game hunting, we believe that

elevated blood-lead levels will continue to be observed in

populations who partake in traditional hunting pursuits and

consume game meats harvested with lead shotshell.
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