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ABSTRACT

The aim of this study was to investigate the eadmium (Cd) exposure level from

traditional food in Fort Resolution. Northwest Territories. We used dietary reealls and

traditional food use !Tcquency to obtain infonnation on traditional food eonsumption. and

analyzcd Cd concentrations in traditional food. We also estimated total Cd intake via

market and traditional food. and cigarette smoking. Traditional food accounted for only

10 % of the diet in the community in tenns of energy intake. The range of Cd

concentrations measured was 0 to 1869 )JglIOOg wet weight. with the lowest found in

cranberry. and the highest in moose kidncy. Cd concentrations in traditional food groups

were comparable with those of Canadian market food. Cd concentration in the Iiver and

kidney ofcaribou and moose exceeded the action levc1 (1 )Jglg) establishcd by Agriculture

Canada. but the !Tequencies of consumption of these foods were relatively low. Cd

intakes !Tom traditional food ranged !Tom 0.01 to 1713 )Jglday/person. Average Cd

intakes !Tom traditional food were estimated to be 10 % and 6 % of the Provisional

Tolerable Weekly Intake (PTWI). 7 )Jglkg body weightlperson. for women and men.

respeetively. The major eontributors to the total Cd intake on a population basis were

moose Iiver for women. and flesh of moose and earibou for men. The average Cd inhalcd

!Tom eigarette smoking was 21.1 ± 9.1 )Jglday/person. Total Cd intakes !Tom traditional

food and smoking were estimated to be 24% and 20% of the PTWI for women and men.

respeetively. The total Cd intakes of smokers and nonsmokers were significantly different

(p < 0.001). The total Cd intake via market and traditional food. and cigarette smoking

was 246.4 )Jglweek which was lower than the PTWI. 500 )Jglweek. Another objective of

this study was to invcstigatc an effeet of food preparation on Cd speciation in food. We

hypothesized that food preparation had an. effeet on Cd speciation in food. Baking

caribou kidncy at 350 oC resulted in a significant decrease in the level ofCd bound to high

moleeular weight proteins (p < 0.05). Metallothionein level was significantly decreased.

but it still contained about 40% ofthe Cd. The effect of cooking on the bioavailability of

Cd in food remains to be confinned.
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RÉSUMÉ

Celte étude a pour objectif d'étudier le niveau d'exposition au eadmiwn (Cd) contenu dan.~ les

aliments traditionnels. à Fort Resolution dans les Territoires du Nord-Ouest. Nous avons utilisé des

rappels alimentaires ct des études de la fréquence '.Ie la consommation d'aliments traditionnels pour

recueillir des données sur la consommation d'alhnents traditionnels ct analyser leurs eoneentratior~; de

Cd. Nous avons également évalué les apports totaux en Cd provenant d'aliments traditionnels.

d'alimenl~ commereiaux ct du tabac. L'alimentation tmditionnelle représente 10 % seulement de

l'alimentation de la communauté. L'éventail des concentrations de Cd varie entre 0 ct 1 869 mglg du

poids frais. la plus faible concentration ayant été observée dans les eanneberges ct la concentration la

plus élevée dans les reins d'orignaux. Les concentrations de Cd dans les groupes d'aliments

traditionnels ont été comparées à celles des aliments disponibles sur le marché canadien. Les

concentrations de Cd dans les foies ct reins de caribou ct d'orignal dépassent le seuil d'alerte (100

mg/g) fixé par Agriculture Canada. quoique la fréquence de consommation de ces aliments reste

relativement faible. Les apports en Cd provenant d'alimenl~ traditionnels varient entre 0.01 ct 1 713

mg/jour/personne. Les apports moyens en Cd provenant d'alimenl~ tmditionnels équivalent

respectivement à 10 % ct 6 % de la dose hebdomadaire provisoire acceptable (DHPA). soit 7 mg/kg

BW/personne pour les hommes ct pour les femmes. Pour les femmes. c'est le foie d'orignal qui fournit

la dose la plus importante de Cd ct pour les hommes c'est la chaire d'orignal ct de caribou. La quantité

moyenne de Cd inhalé (cigarettes) s'établit à 21.1 ± 9.1 mg/jour/personne. Les apports totaux en

eadmiwn provenant des aliments traditionnels ct du tabac équivalent respectivement à 24 % ct 20 % de

la dose hebdomadaire provisoire acceptable pour les hommes ct pour les femmes. Les apports totaux

en eadmiwn des fumeurs ct des non fumeurs diftèrent de manière significative (p < 0.001). Les

apports totaux en eadmiwn provenant des aliments traditionnels ct commercialisés ct du tabac

équivalent à 246.4 mg/semaine. cc qui est inférieur à la DHPA (500 mg/semaine). L'autre objectif de

celte étude était de définir l'effet de la préparation alimentaire sur la spéciation du eadmiwn dans

l'alimentation. Nous sommes partis de l'hypothèse que la préparation des aliments avait un effet sur la

spéeiation du cadmium. Lorsque l'on fait cuire le rein de caribou à 350 oC, on observe une diminution

significative de la quantité de cadmium dans les protéines à fort poids moléculaire (p < 0,05). Les

concentrations métallothionéines ont diminué de façon marquée méme si elles contenaient encore 40 %

de cadmium. L'effet de la cuisson sur la biodisponibilité du eadmiwn dans ('alimentation doit

néanmoins être encore confirmé.



•

•

•

Hi

ACKNOWLEDGMENTS

1 would like tirst and forcmost to thank Dr. Laurie Chan for providing constant

support. encouragement and invaluable advice throughout the Masters program. He was

a great supervisor and friend to me.

1am also grateful to the Indigenous People in F~;1 Resolution for their participation in

this projcct. as weil as those who helpcd the s:.uvey und sample collection.

1 thank the staff and students in CINE for their warm support: espeeially Dr. Olivier

Resevoir for the advice on this projeet. Kobi Yeboah for tcchnical support for HPLC,

Maljolaine Boulay for advice on statisties. and Doug Leed for his fiiendship and

encouragement as weil as computer assistance.

1 would also like to thank Dr. Timothy Johns. and Dr. John S. Blais for being my

eommittee members.

1 want to express a special thanks to my parents. and my brother. Chris. for their

eontinued encouragement.

1 am also grateful for HaeKyung Cho. Mina Kim. Jong Lee. and Joyce Jorongue for

their love and fiiendship through whieh 1was able to overeome my personal hardship. and

eonellntrate on writing the thesis.

Finally. 1 wish to thank my special fiiend. Alfred Lee. for the fiiendship, and happy

memory.



•
ABSTRACT

RESUME

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF TABLES

TABLE OF CONTENTS

iv

Page

ü

ili

iv

vii

LIST OF FIGURES ix

• ABBREVIATIONS x

CHAPTER 1: INTRODUCTION 1

1.1. Rationale 3

1.2. Hypotheses 3

CHAPTER 2: LITERATURE REVIEW 4

2.1. Cadmium in our environrnent 4

2.2. Toxie effccts ofCd on human health 5

2.2.1. Aeute Cd toxicity 5

2.2.2. Chronic Cd toxieity 5

, 2.3. Cd in food and Cd intake 7
:"r:a,:

2.4. Cd metabolism II

2.4.1. Interaction with nutrients 12

• 2.4.2. Cd speeiation 13



•

•

•

2.4.3. Risk assessment

2.5. Metallothionein

2.5. t. Characteristics of MT

2.5.2. Biological functions of MT

2.5.3. Cd and MT

2.5.4. MT and Cd toxicity

2.6. Traditional foods

2.6.1. Contamination oftraditional foods

2.6.2. Bcncfits of traditional foods

2.6.3. Risk and benefit assessments

CHAPTER 3: ASSESSMENT OF DIETARY CADMIUM INTAKE FROM

TRADITIONAL FOOD IN FORT RESOLUTION

3. t. Introduction

3.1.1. Community profile

3.2. Matcrials and methods

3.2.1. Dietary survey

3.2.2. Traditional food samplc collection

3.2.3. Cd analysis

3.2.4. Statistical analysis

3.3. Rcsults

3.3. t. Use oftraditional food

3.3.2. Cd concentrations in traditional food

3.3.3. Estimation ofdaily Cd intake ITom traditional food

3.3.4. Risk ofCd exposure ITom traditional food

3.3.5. Smoking

3.3.6. Total Cd intake from smoking and traditional food

3.3.7. Estimation ofweekly Cd intakc from smoking and food

v

Page

14

15

15

17

18

19

20

21

22

23

25

25

25

26

26

27

28

29

29

29

40

44

53

56

58

62



•
vi

Page

•

3.4. Discussion and conclusion

CHAPTER 4: CADMIUM SPECIATION

4.1. Introduction

4.2. Matcrials and mcthods

4.2.1. Food preparation and Cd analysis

4.2.2. MT analysis

4.2.3. Cd spcciation

4.2.4. Statistical analysis

4.3. Rcsults

4.4. Discussion and conclusion

CHAPTER 5: GENERAL DISCUSSION AND CONCLUSION

66

70

70

71

71

71

72

73

73

76

80

•

CHAPTER 6: BIBLlOGRAPHY 82

Appcndix 1: DictaI)' recall. traditional food use frequency. and smoking habit

questionnaires 106

Appendix 2: Frequency oftraditional food use by season 119

Appendix 3: Cd concentrations ofindividua1 traditional food items 127

Appendix 4: Table 26. Mean frequency of consumption ofanimal organs by gender 131

Table 27. Mean frequency ofconsumption ofanimal organs by age 132

Appendix 5: List of scientific names 133



vii

LIST OF TABLES• Page

Table 1: Typical Cd concentrations in food 8

Table 2: Daily Cd intakes in various eountries 10

Table3A: Age and gender distributkm ofparticipants in the study 30

Table 3B: Age and gender distribution of participants with dietary reealls

eontaining traditional food 31

Table 4: List of traditional food mentioncd by ail participants in deseending 33

order of !Tequeney

Table 5: List oftraditional food mentioned in dietary reealls 34

Table 6: Average daily intake oftraditional food 35
---;.:: ~.-

Table 7: Estimated daily intakes of traditional food by gender 37

Table 8: Estimated daily servings for traditional food 38• .. ,Table 9: Frequeney ofconsumption of traditional food 39

Table 10: Cd concentrations in traditional food !Tom Fort Resolution 41

Table Il: Mean Cd concentrations in traditional and market food 43

Table 12: Mean and median ofdaily Cd intake !Tom traditional food 48
"

Table 13A: Proportionate distribution ofCd intake from traditional food 50

bymen

Table 13 B: Proportionate distribution of Cd intake from traditional food 50

bywomen

Table 14: Comparison ofaverage weekly Cd intakes &om traditional food 52

with the PTWI

Table 15: Frequeney ofconsumption oftraditional food with highest Cd 54

ii eoncer;trations
:1

Table 16:\~stimated Cd doses !Tom traditional food 55

Table 17: Mean frcq~leney ofconsumption ofanimal organs 57

• Table 18: Age and gender distribution cfsmoking questionnaires eombined 60



viii

with dietary reealls containing traditional food• Table 19: Mean aJ'ld median oftotal daily Cd intake ofsmokers and nonsmokers 61

Table 20: Mean and median of total daily Cd intake from smoking and 63

traditional food

Table 21: Comparison ofaverage weekly Cd intake l'rom smoking and 64

traditional food with the PTWI

Table 22: Estimated weekly total Cd intakc from traditional and market food and 65

smoking

Table 23: Comparison ofCd and MT in raw and cookcd caribou kidneys 74

Table 24: Comparison ofCd levels in raw and cooked caribou kidneys 77

•

•



•

•

•

il'

LIST OF FIGURES

Page

Figure 1: Location of Fort Resolution 2

Figure 2A: Distribution ofdaily Cd intake (traditional food consumers) 46

Figure 28: Distribution ofdaily Cd intake (ail participants) 47

Fibrure 3: Distribution of smokers and nonsmokers in traditional food consumers 59

Figure 4: Cadmium distributions and elution profiles in raw and eooked kidney 75

cytosol

\\

1
/1



• ABBREVIATIONS

x

AAS Atomic Absorption Spcctrophotomctcr

Ag SiIvcr

BW Body wcight

Ca Calcium

CaBP Calcium binding protcin

Cd Cadmium

CdCh Cadmium chloride

Cd-Cysteine Cadmium bound to cysteine

Cd-GSH Cadmium bound to glutathionein

Cd-MT Cadmium hound to metallothionein

CdO Cadmium oxide

Cu Copper• FPLC Fast Protein Liquid Chromatography

GI tract Gastrointestinal tract

Hg Mercury

HPLC High Performance Liquid Chromotography

MT Metallothioncin

Ni Nickel

NTD Nitrilotriacctic acid

PCBs Polychlorinated biphenyl

PTWI Provisional Tolerable Weekly Intake

Zn Zinc

Zn-MT Zinc bound to metallothionein

•



1

•
CHAPTER 1: INTRODUCTION

Cadmium (Cd) has been reeognized as one of the major toxie pollutants in the aretie

eeosystem (Barrie ct al. 1992: Thomas ct al. 1992). Together with other toxie metals and

organie eompunds. Cd is transported to the Canadian Arctic and subarctic areas !Tom

industrially active mid-Iatitudinal areas through ocean and air eurrents (Lockhart et al.

1992). Cd contamination is a consequence not only of long-range transport but also of

natural proeesses and local discharges to the environment (Government of Canada 1991).

The Canadian Aretie is riehly endowed with mineraI resources: before 1986. 68 mines had

been developed and abandoned (Thomas ct al. 1992). To date. 10" kg of tailings have

been produced at mine sites in the Aretic and diseharged into lakes and the ocean (Caine

and Brown 1987: Government ofCanada 1991).

• High levels of Cd have been found in !Tesh water fish (Loekhart ct al. 1992). marine

animaIs. and land animais (Muir ct al. 1992: Thomas ct al. 1992) !Tom the Arctie. Fish

and games arc important food resourees to the Canadian Aretie Indigenous Peoples

(Kuhnlein ct al. 1994: Kuhnlein and Soueida 1992). Coneerns about the adverse hcalth

etTeet of Cd on Indigenous Peoples have been raised since elevated Cd levc1s in sorne

traditional food items were reported (Archibald and Kosatsky 1991: Barrie ct al. 1992:

Gamberg and Seheuhammer 1994).

Fort Resolution in the Northwest Territories (600 10'N. 113°40·W. population 445.

1988) is located on the southshore of Great Slave Lake (Figure 1). Beeause of the

proximity of Fort Resolution to an abandoned lead/zine mine (Pine Point), the Indigenous

People in Fort Resolution arc coneerned about the levels of Cd in their traditional food

.,and health etTeets related to the consumption of Cd comtaminated food. This research

was requested by the community to assess the risk of Cd exposure !Tom consurning

traditional food.

•
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Figure 1. Location ofFort Resolution
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To asccrtain whcthcr thc Indigcnous People in the community are at rislc, it is

necesslllY to estimate the aetual dietlllY intake of Cd from traditional food consurnption.

ln this study. dietal)' survcy and analysis of Cd in traditional food were conducted for the

estimation ofCd exposure !evel.

Another purpose of this study was to investigate the effcct of food preparation on Cd

speciation in food. Toxicokinetics of ingcsted Cd are known to be different depending on

chemical forms ofCd (Cherian ct al. 1979: Maitani ct al. 1984: Ohta and Cherian 1995).

1.1. Rationale

This study was undertaken to assess the the risk of Cd exposure level from traditional

food in Fort Resolution. Northwest Territories. The presence of chemical contaminants in

Canadian northem ecosystem has been reported to threaten traditional food systems of the

Indigenous People (Barrie ct al. 1992; Loekhart et al. 1992: Muir et al. 1992: Thomas et

al. 1992). Cd accumulates in the food chain and is one of the contaminants of particular

concems. The abandoned lcadlzinc mine. Pine Pont. is located near Fort Resloution. Il is

well known that foodstuffs produced in the vicinity of point sources show elevated Cd

levels (Environment Canada 1994). The Indigenous People in the community are

concemed about the safety of their traditional food and adverse health effects of Cd.

Thus. this study was requested by the community.

1.2. Hypotheses

Wc hypothesize that the exposure level ofCd from traditional food in the community is

within the guideline level specificd by Provisional Tolerable Weekly Intake (PTWI).

Another hypothesis is that the total exposure level of Cd from smoking. market food and

traditional food. is within the PTWI.

For the Cd speciation. we hypothesize that food preparation has an effect on Cd

species in the food.
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CHAPTER 2: LITERATURE REVIEW

2.1. Cd in our environment

Cd (atomic numbcr 48: relative atomic mass 112.40) is a mctal that bclongs. togcthcr

with zinc and mcrcury. to group lib in the Periodic Table. Cd is widely distributed

throughout the environment. Cd can be detcctcd in ail cnvironmental media including

frcshwatcr. soil. scdiment. and seawatcr (Environmcnt Canada 1994). The major Cd

bearing minerais are zinc sulphides. sphalerite. and wurtzite (Nriagu 1980).

Increased anthropogenic activities such as mining and industrisal uses of Cd have

caused environmental Cd contamination. and it has drawn public awareness during the last

few decades (Elinder 1985). Commcreially. Cd is produced as a by-product of zinc

refining (Robards and Worsfold 1991). Since the 1940s. Cd has been used for industrial

purposes such as for Ni/Cd-batteries. pigments. stabilizers for PVC. and alloys

(Lymburner 1974). Cd is easily volatiliscd at the operating temperatures in common

industrial processes.

Anthropogenic activities add about 3 to 10 times more Cd into the atmosphere than

natural sources (Niragu 1980: Yeats and Bewers 1987). Cd occurs naturally as a result of

volcaRic emmisions. and Cd is distributed and transported by rain and wind. Waste

incineration and combustion of coal and oil are other sources of Cd released into the

atmosphere. Cd sludge and soil waste account for most of the Cd waste (Environment

Canada 1994). Increased use of sludge-based fertilizers and phosphate fertilizers has

caused Cd contamination ofagricultural soil (SherJock 1984).

ln Canada. Cd was identified from the Canadian Environmental Protection Act as one

of the priority substances to be studied because it may be harmful to the environment and.~.
to human health (Environment Canada 1994).

2.2. Toxle effeets of Cd on human health
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Adverse health effccts from ehronie and aeute Cd exposures have been reported in

experimental animaIs and human populations (WHO 1992). There have been a few

studies on toxie effccts of oral Cd exposure in animal models where normal dietaIy

intakes ofhuman were simulatcd (Groten ct al. 1990: Groten et al. 1991a). Toxie effects

ofCd discussed here mainly focus on rcports from human populations.

2.2.1. Acute Cd toxlcity

Acutc Cd toxieity mostly oceurs among industrial workers through the inhalation of

high doses of cadmium oxide (CdO) and cadmium fumes (Friberg ct al. 1973). Symptoms

arc manifestcd as severe respiratory toxieity with dyspnea. cough. edema. and even

pulmonary tibrosis or permancntly impaircd lung function (Heath ct al. 1968: Townshend

1968: Chcrian and Goyer 1989). Ingestion of high doses of Cd through eontaminated

hands is another exposure route of acute Cd intoxication in the working environment

(Robards and Worsfold 1991). Only a few cases of acute Cd intoxication via ingestion

have been reported in the general population. In Sweden. children were intoxieated by

fruit juice from a vending machine where a Cd-plated reservoir was used (Nordberg et al.

1973). From 1940 to 1950. acid food prepared in Cd-plated utensils eaused acute Cd

intoxications (Lutkin et al. 1944). Symptoms of aeute ingested Cd toxieity included

nausea. vomitting. and abdominal pain. but the reeovery was fast beeause of the low

amount ofabsorbed Cd due to vomitting.

2.2.2. Chronlc Cd toxlclty

Chronie Cd toxieity is usually caused by long term exposure to low levels of

. environmental Cd. and the symptoms arc sometimes exprcssed even after the cessation of

Cd exposure (WHO 1992). The major target organ ofchronie Cd toxieity is the kidneys.

Renal tubular damage is the best identiticd health effcct of ehronie Cd exposure (WHO

Task Group 1977). Renal tubular dysfunction is eharacterized by proteinuria rieh in low
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molccular weight proteins; Proteinuria as a sign of ehronie Cd toxieity was tirst reportcd

in workers exposcd to CdO dust (Friberg 1948).

Cases of renal damage from ehronie Cd exposurc have been doeumentcd. In the

general population. eonsumption of Cd eontaminatcd food eauscd nephrotoxieity. The

most weil known incidence of Cd poisoning was reported in lapan. The syndrome is

terrned as "\tai-Itai disease" which causes bone fracture as a seeondary effcct of rcnal

faiture. The Cd source was rice grown in irrigated water contaminatcd by Cd from the

effiuents of mining operations (Nogawa ct al. 1989; Nriagu 1990). In England.

contaminated vegetables and fruits produeed from gardens in a zinc-mining town.

Shipham. eaused renal damage among the inhabitants who consurned these contaminated

foods (Inskip ct al. 1982).

Pulmonary emphysema is caused by ehronie inhalation of Cd. Cases of toxic effeets of

Cd on the lung arc usually reported from industrial workers who arc exposed to airbom

Cd (Davison 1988).

Bone disorders are another manifestation ofchronie Cd toxieity. Several cases of bone

effects were reported from industrial workers exposed to Cd (Nieand ct al. 1942; Friberg

1950: Potts 1960). Ostcomalacia was diagnosed together with renal tubular dysfunction

among ltai-Itai disease patients reported in lapan (Kono 1956: Yamagata and Shigematsu

1970). Since \tai-Itai disease was mostly shown in multiparous and menoposal women.

nutritional status such as levels of vitamin 0 and Calcium (Ca) has been thought to be

involvcd in Cd indueed bone cffects (Cherian and Goyer 1989). Bone disorder was

bclievcd to be secondary to rcnal faiture rather than a direct effect of Cd on bone because

requircd levels of Cd for bone disorder were higher than those for renal damage (Chcrlan

and Goyer 1989). However. there is evidenee showing that Cd accumulates directly in

bone even whcn the kidneys function normally. indicating that the toxic effcct may be

prlmary to the bone rather than solely secondary to renal faiture (Krishnan 1989: Whelton

.;et al. 1994).

Carcinogeneeity of Cd in human has been suggested with limited evidcnee. whereas in

animal. studies Cd eareinogeneeity is weil doeumented (Snow 1992). Even though

epidcmiologieal studies have reported inereased mortality from cancer of faetory workers
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exposcd to Cd by inhalation (Friberg 1950; Kipling and Waterhouse 1967; Lemen et al.

1976), available cpidemiological data are insufficient because studies are usually bascd on

small numbers and Cd cxposure is usually found with thc presence of other carcinogcns

(Ryan et al. 1982). However, it has becn gcnerally accepted that Cd may be associated

with cancer of the lung and prostate in human (Piscator 1981; Waa1kes and Oberdorster

1990). Cd has becn classificd as a possible human carcinogen (IARC 1987).

There arc other reported chronic Cd toxicitics such as hypertension, eardiovascular

effects, and atherosclerosis. Nevertheless, whether chronie Cd exposure eauses these

toxicities directly is still uncertain (Cherian and Goyer 1989).

2.3. Cd in food and Cd intake

Food is the main Cd source in the general population, with minor contributions of Cd

intake from ambient air and water (WHO 1992). Contamination of agricultural soil from

excessive application of sewage sludge and phosphatic fertilizer has becn recognized as a

potential problem of the transfer of Cd to the human food chain (Ryan 1982). Elevated

concentrations of Cd have been reported in tissues of animais which were fed sewage

sludge-amended diets (Boyer ct al. 1981) and corn leaves grown in soil treated with

sludge (Miller and Boswell 1981). Cd levels in garden crops planted on sludge amendcd

soil have been reported to be higher than those from untreated soil (Furr et al. 1976).

Cd levels in foodstutTs arc relatively low except for a few specific food items

(Chmielnicka and Cherian 1986). Root crops and leatY vegetables usually show higher

Cd levels bccause they arc more responsive to soil Cd (Street 1977). Shellfish. and

animal organs such as Iiver and kidney are the foods with the highest Cd contents

(Sher1ock 1984). Table 1shows typical Cd levels in foodstuffs. Cd levels in food depend

on areas where the food is produced. Elevated levels of Cd have been found in cereals,

'. fruits, and IcatY vegetables grown in Cd-contaminated soils (Sher1ock 1984; Krishnan ct

al. 1990; Moreiras 1992). In Flin Fion, Manitoba, a town near a metal smelter. garden

vegetables werc produced with considcrably high Cd concentrations. The
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Table 1.

Typical Cd Concentrations in Food"

Food Cd (mg/kg) Food Cd(m )

Cabbage 0.01 (0.04)* Meat, beef 0.02
Lettuce 0.06 (0.18)* Beefkidney 0.6
Potatoes 0.03 (0.14)* Beefliver 0.15
Tomatoes 0.02 Meat, pork 0.02
Carrots 0.05 (0.15)* Pork kidney 0.26

• Spinach 0.08 (0.63)* Pork Iiver 0.09
Apples 0.01 Chicken Iiver 0.09
P1ums 0.01 (0.02)* Freshwater fish 0.1
Who1erice 0.08 Lobster parts 3.4
Wheatgrain 0.04 (0.07)* Crab(brown meat) 4.3
Who1ewheat 0.09 Mussels and oysters 0.56
Wheat flour 0.2 Salt cod 2.51
Eggs 0.03 Salmon 0.2
Milk 0.02 Ground fish cod 0.11

• modified from Chmielnicka and Cherian, 1986
* Conlaminaled area

•
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soil also showcd a high Cd content in tbat area (Eva 1991). Several factors affect Cd

uptake of plants from soil including Cd content in tbe soil. pH of the soil and presence of

other mctals (Bruwaene et al. 1984). Cd levels in Canadian market food bave been

monitored for ovcr 20 years (Mcranger and Smith 1972: Kirkpatrick and Coffin 1977:

Conacher ct al. 1989: Dabeka and McKcnzic 1992). The levels were similar to those from

other countries (Chmielnicka and Cherian 1986: Schumacher et al. 1994).

Daily intake of Cd via food can be estimated by two different approaches (Kjellstrom

1979). Onc is mcasuring cxcrcted Cd in fcces and the other is measuring Cd in food. Thc

latter combincd with dictaI)' survey is more commonly used for epidemiological studies to

calculatc daily intakc of Cd. Various countries have estimatcd daily Cd intakcs (Table 2).

Lcvcls ofdaily Cd intake arc affccted by dietaI)' habits and Cd concentrations in individual

foodstuffs consumcd.

Direct comparisons of estimatcd values ofdaily Cd intake need consideration beeause

study methods used for the estimation. study approaches. and preparation of food for Cd

analysis even with the same method vaI)' from country to country (Galal-Gorcbev 1991:

Chmielnicka and Cherian 1986). Ovcr the past decades. Canadian Cd daily intakes bave

been invcstigated by differcnt approaehes and their results varied from 14.5 to 82

~lglday/person (Mcrangcr and Smith 1972: Kirkpatric and Coffin 1977: Conaeher et al.

1989: Dabcka and McKenzie 1992).

Cd contents in food. frcquency of food consumption. and dietaI)' habits are important

faeton; which can affcct dietary Cd intake levels. Several eountries ineluding Canada. the

USA. and Denmark reported cerflals. potatoes. and vegctables as the major eontributors to

daily Cd intakcs (Galal-Gorchcv 199\). In Spain. vegetable consumption accounted for

55% of the total daily Cd intake (Moreiras and Guadrado 1992). CereaIs and their

products in Grceee eonstituted 30% of thc total daily Cd intake (Tsoumbaris and

Tsoukali-Papadopoulou 1994). This study also showed that Cd contents in food were not

. : always positively related with the contribution to thc daily Cd intake implying tbat food

frcquency was also a major factor affeeting the Jevel of Cd intake. A study conducted in

thc USA for a period of 45 years has reported that changes in food consumption patterns

caused the total dietary Cd intake to remain constant or._ decline
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Table 2.

Daily Cd Intakes in Various Countries

10

•

Country
Australia
Belgium
Canada

Cfùna
Czechoslovakia
Denmark
Finland
France
Gennany
Italy
Japan'
UK
Netherland
NewZealand
Poland
Sweden
USA

Cd intake Ceg/day)

20-50
15-45
15-80

43
60
39
8.3
20-30
17-57
32
19-800
10-30
32
2.5-27
20
10-20
13-92

References
AuslralianGovemment 1977, Webb 1975

Buchet el nI.1983. Fouassin and Fondu 1980
Conacheret ni. 1989, Dabeka and Mckenzie 1992
Kirkpatrick and Coffin 1977

Chen el al. 1993
US EPA 1979

Tjell el al. 1983
Leeknri el al. 1988

Chmidnicka and Cherian 1986

Chmielnieka and Cherian 1986, Robords and Worford 1991
Coni el al. 1992

Chmielnieka and Cherian 1986, Robords and Worford 1991

Bernard and Lawerys 1984
Chmielnicka and Cherian 1986

Chsolm et ni. 1987, Slnessen el ni. 1988
Forstner 1984

Kido el ni. 1988
Chmielniekn and Cherian 1986, Robnrds and Worford 1991
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slightly in spite of inercascd Cd levels in food for the period of rime (Travis and Etnier

1982).

Levels of dietary Cd intake in certain groups of people with special eating habits ean

be mueh inereased by eonsuming partieular food items. A study in Italy has shown that

consumption of seafcods just once a week can increase the Cd intake by up to 375

J.lg/week ITom 222 J.lg/week. suggesting a possible health risk for people who consume

these foods ITcquently (Coni ct al. 1992). Assessment of dietary Cd intake among

Indigenous People in James Bay Cree. Quebee also demonstrated an inerease in Cd intake

ITom 385 J.lg/week up to 685 J.lg/week due to consumption of particular food items

(Archibald and Kosatsky 1991).

ln addition to food. cigarette smoking is another important souce of Cd intake because

of the Cd aeeumulated in tobaeco leaves. It is weil known that cigarette smokers show

higher body burdens of Cd than non-smokers (Lewis ct al. 1972: Archibald and Kosatsky

1991: Coni ct al. 1992). Inhaled Cd through the respiratory system ean be absorbed more

efficiently than ingested Cd. Respiratory absorption of Cd is about 20 to 60% (Cherian

and Goyer 1989). Since one cigarette contains approximately 1 to 2 J.lg of Cd (Elinder

1985). about 0.2 to 1.2~lg of Cd ean be absorbed per one cigarette. Smokers who smoke

one or two packs a day will be exposed to the Cd levels whieh may cause health risks.

Cigarette smoking was found to be a major source of Cd intake in Inuit in Northem

Quebee (Benedetti ct al. 1994)

2.4. Cd metabolism

Less than 10% of ingested Cd ean be absorbed by the QI tract in humans. and the

major route of exeretion is the feees (Friberg 1971). Cd absorption is affeeted by several

factors such as nutritional status. forms of ingested Cd. and degree of bioavailability of

Cd in food (Fox 1983: Cherian & Goyer 1989). Age (Kjellstrom 1979) and gender

(Flanagan et al. 1978) also affect Cd absorption. The meehanism of Cd absorption in the

QI tract is not elearly understood. Absorbcd Cd is aeeumulated mainly in the liver and

kidneys with different preferential sites of deposition depending on ehemieal forms of Cd
. :-.:;-.

(.-
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(Chrnielnicka & Chcrian 1986). The liver and kidneys together account for more than half

of the Cd body burden (Nordberg ct al. 1985). Cd is cxcrctcd very slowly with a long

biological half-lifc of lOto 30 years (Robards 1991).

Cd metabolism also appears to be affected by routcs of Cd exposure. resuhing in

differcnt tissue distributions (Lehrnan and Klaassen 1986: Scheuhammcr 1988).

Accumulation of Cd is morc rcsponsivc to orally administercd Cd than to intrnvenously

administercd Cd. When Cd is given orally. the concentration of Cd in tissues increases

more than the increase in dosage. whereas intravenously administercd Cd shows a

proportional increase in tissue Cd concentration with increase in dosage (Lehman and

Klaasscn 1986), The ratio of Cd accumulation (kidneylliver) differs dcpending on the

route of Cd exposure. The ratio (kidncylliver) is higher after oral administration than

parenteral administration (Engstron and Nordberg 1979: Cahill ct al. 1983: Bhattacharyya

ct al. 1986). Jonah & Bhattacharyya (1989) have reported that the ratio of Cd

accumulation (kidneylliver) from the two routes arc the same at the carly stage of Cd

absorption. but the ratio from only oral Cd increases later white that from parenteral

administration rcmains constant.

2.4.1. Interaction with nutrients
,

Interactions between Cd and essential minerais have been reported both in human and

animal studies. Cd is known to alter the metabolism and functions of essential mincrals by

competing for ligands in biological systcms (Julshamn ct al. 1977: Petering et al. 1979:

Whanger 1979: Sehafer and Forth 1984), Thus. many of Cd induced toxicity are thought

to be derived from sccondary deticiency of these minerais (Bremncr 1974).

Resuhs from animal studies have shown that uptake of Cd from the intestinal mucosa

and transport of Cd to other organs arc inereased in iron-detieiency (Hamilton and

Valbcrg 1974: Flanagan et al 1978: Fox 1979). In humans. lowjron stores ean enhancc

Cd absorption by as mueh as 20% (Nordberg et al. 1985b). Detailed mechanism of the

development of Cd induced anemia is not well known. but binding of Cd to mucosal

transfcrrin is thought to interrupt iron rnctabolism. which rcsults in anemia



•

•

•

13

(Samarawickrama 1979: Aiscn 1980). A rccent study from mice has shown that even low

doses of Cd cause a dose-dependent elevation of transferrin concentration in plasma and a

decrease in Ihe saturation of transferrin with iron (Kozlowska 1993).

However. supplementation of iron can exert a proteetive effcct against Cd toxieity

aecompanied by reduetion of Cd accumulation in organs (Fox et al. 1980; Cousins et al.

1991). The protective effcct of iron on Cd toxieity has been attributed to decreased

uptake of Cd through gastrointestinal tract due to competition between these two metals

for the binding sites of mucosal transferrin (Schafer and Forth 1984; Fox et al. 1971;

Groten 199\).

Zn deficiency can also increase Cd absorption (Foulkes 1985: Hoadley and Cousins

1985). and supplementation of Zn ean decrease Cd absorption and Cd toxieity ( Jacobs et

al. 1978; Jaeger (990). Competition between these two metals for binding sites of

metallothionein (MT) in intestincs has been regarded as one explanation for the

antagonistic effect of thcse two metals (Hempe and Cousins 1991).

Copper (Cu). calcium (Ca). and selenium (Se) are other trace mineraIs which arc

known to affect Cd absorption and rctention (Chmienicka and Cherian 1988; Whanger

1992). Since the binding affinity of Cd to the calcium binding protein (CaBP) is almost as

high as calcium and the activity of CaBP is increased in case of Ca deficiency. diets with

low Ca can increase body rctention of Cd (Hamilton and Smith 1978; Nordberg 1985).

Cd absorption has been shown to be decreascd by high Ca containing diet (Nordberg et al.

1985b).

Cousins ct al. (1991 ) reported that the effcct ofessential minerais on the interruption of

Cd mctabolism is most significant when iron is eombined with these mineraIs. Interactions

ofCd with other nutrients such as protcin (ltokawa et al. 1973: Uthe and Chou 1980) and

dictary fiber (Spiller and Amen 1975; Kiyozumi ct al. 1982) havc been also reported to

affect Cd absorption.

2.4.2. Cd Speclatlon
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Spcciation can be detincd as "the range of physico-chemical forros of an clement

which together make up its total concentration in a sample" (Florence 1982). The

importance of metal speeiation in environmental and biological systems has becn

discussed. including concems about hwnan hcalth in terros of the mobilization and

transportation of heavy metals and their complcxes to the food chain (Quintus 1995).

Forros of Cd present in nature can be classified as free hydmted Cd ion and complcxcd

labile and non-labile Cd species (Robards and Worsford 1991). The complexing agents

can be both organic such as nitrilotriacetic acid (NTO). extracellular components and

dietary tiber. and inorganic such as chloride. The principal Cd species in seawatcr are

various chloride complexes. while the ionic forro is predominant in soft water. In river. Cd

is present either in free hydmted forro or cadmium carbonate depending on water pH. In

animal tissues. most of the Cd is complexed to a binding forro of Cd-MT (Kagi ct al.

1980). and in plants and vegetables. most of Cd arc known to be bound to MT-like

protcins (Kaneta ct al. 1983;Wagner 1984).

Because of thc different toxicokinetics of ingested Cd depending on ils chemieal forro,

speeially more pronouneed toxic effect ofbio10gieal1y bound Cd (Weigel ct al. 1987), and

heat stability of Cd-MT(Cherian 1974), identil)dng Cd species in food may be he1pfu1 in

investigating a way ofdecreasing exposure levels of Cd toxieity by sereening special foods

or prepamtion methods. (Cherian ct al. 1978: Cherian 1979: Maitana ct al. 1984).

2.4.3. Rlsk assessment

ln evaluating health risks from Cd exposure. the most critieal organ is the kidney.

Since the cortex is the site where the tirst adverse effeet oceurs. the Cd concentration in

the cortex is of importance. The eritical renal Cd concentration in the hwnan is 200 mglkg

wet tissue which is a starting point for renal effeets (Friberg et al. 197\). Levels of Cd in

, hwnan kidney cortex in Canada have been reported to range from 40 to 232 mglkg dried

tissue whieh are higher than values reported from other countries (Meranger et al. 1981).

The geneml population in Canada are eonsidered to be exposed to Cd levels whieh have

been assoeiated with mild effects on the kidney (Environment Canada 1994).
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The Icvel of total Cd intake over a lifctime whieh rnay cause toxic effects has been

calculatcd as 2000 mg (Sugita 1988; Nogawara 1989). Levels ofdaily Cd intake required

for a non-smokers at age 50 to reach the critical Cd concentration in the renal cortex, 200

mglkg tissue. has been estimated to range from 104 to 486 J.lg, depending on assumptions

(WHO 1992). These assumptions include gastrointestinal absorption rate (either 5 or 10

%), halftime in the kidney cortex (either 17 or 30 years), one- third or one-quarter of the

body burden ofCd in the kidney, and constant Cd levels in the food for the last 50 years.

The Joint FAO/WHO Expert Committce on Fooll Additives (JECFA) has established

the Provisonal Tolerable Weekly Intake (PTWI) for Cd as 7 J.lglkg HW (1989). Unlike

the case of food additives and pesticides where the Acceptable Oaily Intake (ADI) limits

arc establishcd based on the known certainty that a lifetime exposure will not result in any

adverse health cffcet, heavy metal contaminants are expressed as PTWI (WHO 1985).

The term "provisional" expresses the tentative nature of the evaluation of the

contaminants, and the term "tolerable", signifying permissibility rather than acceptibility, is

used when the intake of the contaminants is unavoidable with otherwise nutritious food.

The provisional tolerable intake is also expressed on a weekly basis rather than daily basis

because of the nature ofthe contaminants which aceumulate in the body.

The PTWI of Cd, 7 J.Ig1kg BW, was estimated from the assumption of Cd

accumulation of over a period of 50 years at an exposure rate equivalent to 1J.Ig/ kg BW.

The PTWI is applicable to adults. ehildren, and infants for all food types. JECFA (1989)

also estimated the dietary Cd intake to be usually 1-4 ~lglkg BW/week, and recognized a

rclatively small safety margin between exposure in the normal diet and exposure that

produced deleterious effects. Thus, it was suggested that the level of Cd intake should be

monitored continuously.

2,5. Metallothionein (MT)

2.5,1. Charaeteristics of MT
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MT is a low molceular weight protein (6000-7000 Da) which was tirst isolated from

equine renal cortex (Margoshes & VaUce 1957; Kagi and VaUce 1960). MT is

characterized by its high metal content and high cysteine content (up to 30%). MT shows

a unique amino aeid sequence with a eharaeteristie distribution of eysteinyl residues. Cys

X-Cys. in the abseenee of aromatie amino aeids and histidine residues (Kagi ct al. 1979).

Cystcine residues in MT are involved in binding seven divalent metal ions through

mereaptide bonds.

MT ean be divided into three classes based on structural eharaeteristies (Kojima 1991).

Class 1MTs arc polypeptides with locations elosely related to those in equine renal MT.

and aU vertebrate forms are ineluded in this elass. Class 11 MTs inelude polypeptides with

locations of eysteine only distantly rclated to mammalian forms sueh as yeast MT. Class

111 MTs refer to atypieal nontranslationaUy synthesized metal-thiolate polypeptides

eontaining Y-glutamyleysteinyl units (Robinson and Jackson 1986).

MT oeeurs throughout the animal kingdom. and is also found in higher plants.

eukaryotie mieroorganisms. and sorne prokaryotes (Kagi and Sehaffer 1988). MT has

multi-isoforms whieh differ slightly in their amino aeid sequences. Most vertebrate tissues

eontain MT 1and MT 11 as two major isoforms (Kagi 1979). whereas MT 111 is specifie to

the brain (Uehida et al. 1991) and MT IV is specifie to skin (Quaife ct al. 1994). In

animais. MT is most abundant in the Iiver. kidneys. pancreas. and intestines (Kagi and

Sehaffer 1988).

The tertiary structure of MT is eharaeterized by two domains: Cl- domain and /3
domain (Ncilson and Winge 1984: Neilson ct al. 1985). A total of twenty eystcine residues

in these domains render MT an ability to bind heavy metal ions sueh as Cd. Hg. Zn. and

Cu with different binding affinities. The Cl-domain extends from amino aeid residue 31 to

61 within the enrboxyl-terminal end of the moleeule. and the amino terminal /3- domain

extends from 1to 30. The Cl-domain has II eysteine residues whieh ean bind four atoms

ofZn or Cd. or five to six atoms ofCu. The /3-domain eontains 9 eysteine residues whieh

ean bind three atoms of Zn or Cd. or six atoms ofCu. Zn and Cd preferentiaUy fill the Cl

domairi ftrst. whereas Cu fills the /3-domain ftrst. The number and position of eysteines
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that participate in the binding of mctals arc invariant between MT 1 and MT II (Winge et

al. 1984).

MT synthcsis in the nucleus and cytoplasm can be induced by administration of metals

such as Cd and Zn at the transcriptional level (Brcmner 1987). Othcr factors which

stimulatc biosynthcsis of MT include honnones. cytotoxic agents. and pathophysiological

conditions associatcd with physical or chemical conditions (Cherian and Chan 1993).

Dcgradation and the half-Iivcs of MT arc closcly rclatcd to the typc of metals bound to

MT (Cousins 1983). Half-Iivcs of MT arc 1-4 days dcpending on thc types of metals

bound. Mctals bound to MT appcar to protect MT ITom proteolysis becausc the order of

scnsitivity toward dcgradation is apo-MT » Zn-MT> Cd-MT (Meulenaar et al. 1985).

Thc degradation rate of Zn-MT and Cd-MT has bccn shown to be approximately 115000

that of apo-MT (Cuoudhuri ct al. 1992). In vivo. half-Iife of Cd-MT is three to four

times longcr than that of Zn-MT. Thc degradation of MT scems to occur concomitantly

with the rclease of metals or right aftcr thc relcasc of mctals bound. and the turnover of

metals bound to MT is assoeiated with thc degradation of MT (Dunn ct al. (987).

2.5.2. Blologiesl funetlons of MT

Rcsistance against metal toxicity has becn regarded as the major role of MT due to its

mctal-binding propcrties. Protective effeets of MT arc dcmonstrated by reduced rnetal

toxicity aftcr the induction of MT by Zn or low doses of Cd (Goering ct al. 1984a:

1984b).

MT has becn suggestcd to serve as a Zn and Cu storage protein because MT is,

isolated as a major Zn- and Cu-binding protcin in many tissues such as Iiver, kiclneys.

pancreas. and intestines (Kagi and Kojima 1987). The positive relationship between

contents of Zn and Cu and MT concentrations in tissues has been demonstrated in animal

studies with various results depending on the species of animaIs and the type of tissue. .

studied (Templeton and Cherian 1991: Cherian and Chan 1993).

Homeostatic controls of MT in Zn and Cu metabolism have been also studied in the

gastrointestinal absorption level. Absorption of Zn is inversely related to the
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concentration of intestinal MT (Menard et al. 1981; Cousins 1985: Hoadley et al. 1988).

ln case of Zn-deficiency. the amount of MT present in the intestinal mueosa is liltle with

incrcascd transfer of Zn to the plasma. Contrarily. in Zn-Ioadcd state. more Zn is

incorporated into incrcased intestinal MT and the transport to the plasma is rcdueed.

Cousins et al. (1992) have suggested that binding competition between saturable cystein

rich intestinal protein and MT for intracellular Zn is responsible for the inhibitory effcct of

MT on Zn absorption. However. the role of MT in regulating absorption of Zn and Cu is

based on results ITom studies using physiologically irrclevant levc1s. Whether intestinal

MT is important in controlling absorption of nutritionally relevant levels of Zn and Cu

needs further investigation (Bremner 1991).

2.5.3. Cd and MT

Chemica1 form of Cd in food is one of the factors affeeting Cd absorption and

metabolism (Chmielnicka and Cherian 1986). Cherian (1979) showed that different

biocomplexes oforally administered Cd are distributed in tissues in different manners. Cd

MT was mainly distributed to the kidneys whereas cadmium ehloride (CdCh). Cd

Cysteine. and Cd bound to glutathionein (Cd-OSH) were distributed mainly in the liver.

Other sudies also showed that Cd-MT was prefercntially transported to the kidneys and

CdCh to the liver when given orally (Tanaka et al. 1975: Min et al. 1991; Ohta et al.

1991). ln addition. mueh less Cd is thought to be absorbed ITom Cd-MT than from CdCh

(Sugawara et al. 1988; Sugawara and Sugawara 1991),

Cd absorption in Gl tract is thought to be undertaken through two steps: (1) uptake of

Cd from the lumen into mueosa involving non-specifie binding to the membrane. and (2)

transport of Cd from mucosa into blood by an intemalization process (Sahagian et al.

1967: Foulkes 1985: Foulkes 1988). The second step is slower than the first step whieh is

~~thought to regulate the absorption of Cd (Kello et al. 1979; McGivem and Mason 1979).

However. the meehanism of Cd absorption through the gastrointestinal (01) tract is still

not fully undcrstood.
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MT is believcd to play a raie in rcgulating Cd absorption (Richards and Cousins 1975:

Sqibb ct al. 1976: Foulkes and McMullcn 1986). Foulkes and MeMullen (1986) have

reportcd that endogenous mucosal MT appears to be a major determinant of mucosal Cd

retention. Min ct al. (1991) supportcd the idea of the regulatory role of MT in Cd

absorption by showing that mucosal MT preinduccd by Zn or Cd traps Cd in intestinal

mucosa and rcduees Cd transport to organs. Furthermore. different roles of endogenous

and exogenous MT in Cd absorption have been demonstratcd (Ohta et al. 1989: Ohta and

Chcrian 1991). It is suggested in these studies that the exogenous MT can decrease the

Cd uptakc ITom lumen to mucosa (step 1). wheras the endogenous MT can decrease the

rclcase ofCd from the intestinal mucosa into the bloodstream (step 2).

Dcpcnding on forms of Cd. different mcchanisms of Cd absorption have been

suggcsted. Cd-MT is probably intcmalizcd in an intact form into intestinal cells and

furthcr passes through the basolatcrol membrane. still remaincd intact (Lehman and

Klaassen 1986: Ohta ct al. 1989: Sugawara and Sugawara 1991). For CdCh. dissociated

Cd ions arc intemalizcd into the cells. and Cd absorption is rcgulatcd by Cd induced MT

(Foulkcs and McMullen 1986: Sugawara and Sugawara 1987). One study also reported

that Cd may enter the portal circulation via a paracellular route when the dose of CdCh is

very high (Goon and Klaassen 1989),

2.5.4. MT and Cd Toxicity

Cd induccd MT shows a paradoxieal role in Cd toxicity (Nordberg et al. 1975).

Intracellularly induced MT decreases Cd toxicity by sequestering Cd ions and forming

Cd-MT (Cherian 1980: Goering and Klaassen 1984b). Pretreatment of low doses of Cd

prevent.~ acute Cd toxieity in animal studies (Cherian and Nordberg 1983: Goering and

Klaassen 1984a: 1984c), Extracellular Cd-MT. howc"ver. has been shown to be more

toxic than inorganie Cd (Nordberg ct al. 1975: Sendelbach ct al. 1989: Chan et al. 1992).

The concentration of Cd in the kidneys which can cause nephrotoxicity is much lower

after an injection ofCd-MT than CdCh (Goyer et al. 1989).
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Cd salts and Cd-MT have differcnt target organs for toxicity. Injected Cd-MT shows

nephrotoxicity after prcfercntial distribution to the kidneys (Squibb et al. 1984:

Sendclbaeh ct al. 1989), whems CdCh shows hcpatotox.icity after selective accumulation

in the liver (Sendelbach and Klaasscn 1988: Scndelbaeh ct al. 1989). Target organ of Cd

tox.icity is also affected by whether the ex.posure to Cd is acute or ehronic. Acute

ex.posure to inorganic Cd produces only hepatotox.ieity, but the target organ changes to

the kidneys with chronic Cd ex.posure (Friberg ct al. 1974: Goering and Klaassen 1984a:

1984e).

The reasons why the target organ changes ITom the liver to the kidneys and Cd-MT is

more nephrotox.ic is still unclear. Dudley ct al. (1985) suggested that nephrotox.ieity duc to

Cd-MT is eaused by Cd-MT released ITom the liver. lt has been reported that kidncy

synthesizes less MT than liver in response to both CdCh and Cd-MT with the least

induction of Cd-MT in the kidney (Sendelbach and Klaassen 1988). The theory of kidncy

damage caused by Cd-MT releascd ITom liver was supported by Chan ct al. (1993) with a

study of liver transplantation. lt was found ITom this study that Cd ean be released from

the liver. ex.ist in the form ofCd-MT in blood stream, and accumulate in the kidney.

2.6. Tradltlonal foods

Traditional foods which are also known as indigenous foods arc those "foods ITom the

environrnent whieh became includcd into the eultuml food use patterns of a group of

Indigenous People" (Kuhnlein and Turner 199\). Patterns offood uses among Indigenous

Peoples in Canada have gone through changes since contacts with Europeans. Declines in

the use of tmditional foods by Indigenous Peoples with the introduction of market food

due to severa\ factors such as political. demogmphic, and economic clements, have

resulted in deteriorated diet quality (Kuhnlein 1992). Increased consumption of

nutritionally inferior market food, usually highly processed food with lowest eosts, has

been noted as a waming for possible health risks and nutritional defieieneies (Kuhnlein

1989b: Kinloeh ct al. 1992: Johns ct al. 1994).
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Traditional food systems for Indigenous Peoples in Canada show diverse patterns

refleeted by difTcrent physieal environments (Kuhntein and Turner 1991). General1y,

plants, greens, sca mammals, land animaIs, and birds which were available in surmunding

environments wcre the sourccs of precontact diets. In thc west coast of British

Columbia, various kinds ofroots, plant greens, wild berries, shrubs. and tish and seafoods

arc still important food items (Lepofsky et al. 1985: Kuhnlein 1989a: Kuhnlein 1990:

Kuhnlcin 1992). In thc Canadian aretie and subaretic. varieties ofspeeies of sea marnmals.

land animaIs and birds arc predominantly used (Kuhnlein and Soueida 1992: Kuhnlein et

al. 1994). The species most frcquently used by the Sahtu Oene-Metis of the Northwest

Territorics in the western Canadian arctic inc1ude the caribou, moose. beaver and black

seotcr (Kuhnlcin ct al. 1994). For the Inuit food of Baffin Island inside the Arctic circle.

ringed scats. narwhal. arctic char, and tundra greens as wetl as caribou are the most

frcquently uscd food items (Kuhnlein and Soueida 1992: Chan et al 1995).

2.6.1. Contamination of traditional foods

Thc prcscncc ofeontaminants in the arctie ecosystcm has been recognized as a threat

to thc arctic food chain (Lockhart et al. 1992: Muir ct al. 1992: Thomas et al. 1992).

Potcntial1y toxic organic compounds. metals. acids, and radionuclides arc known to be the

major pol1utants in thc Canadian aretic and subaretic areas. Chlorinated organic

compounds (cg. PCBs). organic pesticidcs (cg. toxaphene). polycyclic aromatic

hydrocarbons, and mctals (cg. mereury. cadmium. Icad and arsenic) arc the eontaminants

ofmost conccm (Muir ct al. 1988: Zcdeck 1980: Barric 1992: Thomas et al. 1992).

Pathways and sources ofthe arctic contaminants are discussed in detail by Barrie et al.

(1992). Many mines have been developed and abandoned in the Canadian North because

of its rich mineraI rcsources. which is known to contribute to the metal contamination in

thc soils and waters of aretie area (Loekhart et al. 1992: Thomas et al. 1992). Industrial

aetivities in mid-Iatitudinal areas are also important eontributors to the aretie

contamination of metal and organic compounds. These toxie substances are transported

to the aretie by air and ocean currents.
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Significantly highcr levels of toxic metals have been reported in lower trophic levels

(Macdonald et al. 1986). and in marine marnmals such as ringed seals and narwhals from

the arctic (Wagemann ct al. 1983; Hansen ct al. 1990; Wageman ct al. 1994).

Safety of traditional foods is of particular concem among Indigenous Pcoples. They

still consume traditional foods available in their natural environrncnt and sorne of the

traditional foods have exceptional nutricnt attribute to them (Wong 1985: Wein 1994).

Dietary mereury intake for Arctic residents from contaminated fish and wildlife animaIs

has bcen discussed as an important issue (Bcrkes 1980; Kershaw ct al. 1980: Whcatley

and Wheatley 1981). Chan ct al. (1995) have reportcd that. in Baffin island. mereury

intake from traditional food exceed the guideline in ail age groups. Organic mercury

levc1s in blood of Inuit residents have bee., shown to exeeed the 'risk' level of 100 nglg

because of consumption ofcontaminatcd naditional foods (Kinloch et al. 1992).

Thcrc is no systematic study on levc1s of Cd in traditional food. Cd levcls in marine

mammals. fish. and caribou have bcen reported (Wong 1985; Gamberg and Scheuhammer

1994; Chan et al 1995). Cd intake from consuming organs of arctic wildlife such as

caribou. moose. muskoxcn has bcen considcrcd as a health risk to Indigcnous Pcoplcs

who rc1y on thcse animaIs as food rcsources (Archibald & Kosatsky 1991: Gambcrg &

Schcuhammer 1994).

2.6.2. 8enefits of traditional foods

Traditional foods are good sources of many nutrients and contribute to the nutritional

balance of diets of Indigenous Peoples. Wild plants, wildberries, and greens utilizcd by

Indigenous Peoples arc good sources of carbohydrate. vitamins. and essential mineraIs

(Kuhnlein 1989; Kuhnlein 1990; Kuhnlcin and Soueida 1992). Various kinds of sea

. mammals and land animaIs contain many essential nutrients inclüding energy. protein. fat.

retinol. and mineraIs (Appavoo ct al. 1991; Kuhnlein and Soueida 1992: Morrison and

Kuhnlein 1993: Kuhnlein et al. 1994). Although imported market foods have been

displaeing traditional foods to a great extent. Indigenous Pcoples still rely on their

,, ,
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traditional foods for energy. protein. and mieronutrients. compensating for the poor

quality ofmarket foods they consume (Kinloch et al 1992).

Sorne of the green plants. wild benies. and root foods eonsumed by Indigenous

Pcoples have almost the same as or even higher nutrient values than those from market

foods (Kuhnlein 1989; Kuhnlein 1990: Kuhnlein and Turner 1991; Wein 1994). Many

traditional meats sueh as moose and caribou have higher nutrient densities for protein.

iron. and riboflavin than commercial meats (Wein 1994). Lipid compositions of the

traditional Dene foods have shown that traditional foods ean make an important

contribution to a deerease of fat intake per unit energy and to mai:;cain benefieial ratio of

P:S and omega-J to omega-6 fatty aeids for eardiovaseular health (Appavoo et al. 1991).

Studies eondueted in Broughton Island showed that signifieantly higher levels of omega-J

fatty aeid were found in the blood and breast milk of the residents eonsuming sea mammal

fatty tissues rieh in omega-J fatty aeids (Innis et al. 1988: Innis and Kuhnlein 1988). The

fat tissue of fish (ooligan) are rieher in vitamin A and Ethan lard, corn oil. or margarine

(Kuhnlein ct al. 1982).

There arc also cultural. social. and eeonomie benefits in the traditional food system

(Kinloch ct al. 1992; Wein 1994). Aetivities of hunting and fishing promote social ties.

individual spirit. and physieal strength. In addition. imported market foods are very

e"pensive and quality ofdiets beeomes deteriorated when market foods are substituted for

traditional foods.

2.6.3. Risk and benefit assessments

Assessment of risks from eonsuming eontarninated traditional foods is a eomplieated

issue. There arc nutritional. eeonomie. social. and cultural benefits in traditional food

system. and there are health risks assoeiated with the diet transition to imported market

food (Kuhnlein 198ge; Kinloch ct al. 1992). In an attempt to avoid eontaminated

traditional food by mereury. the residents in Sugluk. Northern Quebee. switehed to store

food. However. they eould not afford to buy substitute foods equal in nutritional value to

that of the traditional food they replaeed (Wheatley & Wheatley 1981). In an isolated
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eommunity. economie hardship was evcn eneountercd beeause of the expenditure on

market food. There have been rccommendations for the use of traditional foods

regardless of the presence of eontaminants. eonsidering the benefits of trnditional foods

(Kuhnlcin 198ge: Archibald & Kosa:sky 1991: Kinloch ct al. 1992). A risk evaluation of

Cd intake from traditional food in the Cree has eoneluded that eonsumption of caribou

and moose should not nccessarily be avoided (Archibald & Kosatsky 1991). A similar

conclusion was made ITom the risk assessment of diet mercury intake in Sugluk. Northem

Quebee. where high blood mereury levcls were big eoneems (Whcntlcy & Wheatley

1981 ).

..



•

•

•

2S

CHAPTER 3: ASSESSMENT OF DlETARY CADMIUM INTAKE FROM

TRADITIONAL FOOD IN FORT RESOLUTION

3.1. Introduction

For risk assessments of dietary intake of eontaminants. it is neeessary to obtain valid

information on food eonsumption and contaminant levels in the food eonsumed. Based on

this information. in case of heavy metals. dietary intakes of the eontaminants are

estimated. and it is determined whether the estimates exeeed Provisonal Tolerable Weekly

[ntake (PTWI) to assess potential health problems (WHO 1985).

There arc several methods for obtaining food eonsumption data in estimating henvy

metal intake: total diet or market basket studies. selective studies of individual foodstuffs•

and duplieate portion studies (WHO 1985). The ehoiee of the most appropriate method

depends on several factors: whether the objeet to be studied is individuals or populations.

the size of a given population. whether a givcn population is a risk group. and available

resources (WHO 1985: Kumpulainen 1991: Pennington 1991). Comparative evaluations

of the methods above have been weil diseussed by Pennington (1991).

The major Cd sources in a general population are food and cigarette smoking

(Chmiclnieka and Cherian 1986). [n the present study. surveys on diet and smoking

habits were undertaken together with Cd analysis in traditional food in 1994. in order to

estimate the Cd exposure level through traditional food and smoking. The estimated Cd

intakes were eomparcd with PTWI for risk assessment.

Findings in patterns of traditional food use. Cd concentrations in traditional food. and

estimates of Cd intake from traditional food followed by smoking habits and estimate of

Cd intake from cigarette smoking arc presented in this ehapter.

3.1.1. Communlty profile
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Fort Resolution (61° W'N, 113° 40'W) is loeated on the peninsula of Resolution Bay

on the south side of Great Slave Lake, Northwest Territories. The total population in Fort

Resolution is estimated as 475 (53% of males and 47% offemalcs) (1988, Govemment of

NWT). Indigenous Peoples comprise 87% of the population in the eommunity (42% of

Dene and 47% of Metis) (1987). The native language. Chipewyan. and English arc the

spoken languages in this area.

Topographieally, the area is on lake sands and silts in swampy coast, and is thiekely

forested. Fort Resolution is rich in minerai resources. specially lead. zinc, and silver. The

mean high and low temperatures in January arc -22.4°C and -32.9°C, and, in July, 20.7°C

and 10.5°C. The average annual precipitation of rainfall is 16.2 cm and snowfall 174.0

cm.

Major eeomomic aetivities include logginglsawmill, trapping. hunting, and domestie

fishing. Trapping still provides a signifieant proportion of the residents' Iivelihood. The

total number of trappers arc estimated as 114 people (1987-1988). Private household

average ineome is $25,741 (1985). Food prices arc 3 % higherthan in Yellownife (1987).

The main water source for the community is Great Slave Lake. and most hous(1s have

1137 litre storage tanks. There is a sman pit area for sewage disposai 2.7 km away ITom

the eommunity. The community has a health centre with a mcdical staffof seven people.

3.2. Materials and Methods

3.2.1. Dietary survey

During the study period in 1994, 50 people of age over 20 were randomly selected for

the survcy in each of latc winter and fan. Thc total number of selectcd participants was

100. This represented 10 % of the population in Fort Resolution.

The survey eonsisted of four parts: 24-hour dietary recans. traditional food use

frequcney, smoking habit questionnaires, and soeiocultural questionnaires. The survcy

was carried out by a lrained local researeh assistant both in English and Chipewyan during
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late winter (February-April) and fall (September-November). Questionnaires usoo in this

study arc presentOO in Appcndix 1. Three women who were pregnant or breast feeding

were excluded. Hence. the total number of participants in tbis stud/ was reduced to a

total of97 people.

Respondents reeorded the kinds and amounts of both traditional and rnarbt food thcy

consumed on the previous day in dietary reeall questionnaires. Qnly traditional food

recorded to be eonsumed was used for the purpose ofthis study. The traditional food use

frequency questionnaire already developed spccifieally to Oene-Metis food was used.

About 60 speeies of animaIs. fish. birds. their specifie parts. and plants were !istOO in the

questionnaire. Respondents were asked whether or not each speeies LJ becn eonsumed

for the last three months in the food use frequency questionnaire. Ifyeso the questionnaire

asked how often specifie parts of the speeies had been eonsumed: never. <I/week. 1

2/week. 3-5/week. 6-7/week. Thus. the food use frcqueney refleeted food use patterns

during summer and winter.

The periods for the maximum and the minimun use of traditional food had been

identifiOO as faU and late winter, respeetively. These two seasons. therefore, were chosen

for the dietary reeall interviews for quantitative estimation on reeent intake of traditional

food. To obtain more representative eonsumption pattern of usual intake of traditional

food, the food frcqueney questionnaire was used for summer and winter.

3.2.2. Tradltlonal food sampie collection

ln order to estimate daily Cd intake from traditional food. it is neeessary to know Cd

concentrations in the food items aetually consumed. Commonly eonsumed traditional

food was samplOO for Cd analysis three times during the study period. Individual food

items were hunted or eolleeted indcpendently. Prepareûf09d,items were purchased from

households in the community when available. No specifie precaution· was taken into

aeeount to avoid Cd contamination during food preparation proeeesses in order to refleet

the ·on.the table' levels ofCd in food.



•

•

•

28

Collected traditional food items includcd not only those mentioncd in the dietnry rccalls

but also other food resources available in the community. Collected food samples were

shipped frozen to thc laboratory (CINE. Macdonald Campus. McGill University) and

immcdiately storcd at _80DC until analysed for Cd.

3.2.3. Cd analysis

Chemicals alld glasslVare

Nitric acid (ultrapure grade) was purchascd from J. T. Baker (Baxter. Missassagua.

ON). and standard Cd solution was purchascd from ACP chcmicals (St. Leonard. QC). Cd

standard solution with the same acid concentration as samples was prepared daily with

40% nitric acid dilutcd with deionizcd water. Ail glassware was soakcd in 20%

hydrochloric acid for at least one day prior to use.

Cd alla(lwis

Two aliquots of about 1.0 g of samples wcre weighed and dried to constant weights in

a vacuum oven at 60°C with a pressure of 30 Pa for 24 hours. Dried samples were

digested with nitric acid. First. 2ml of nitric acid was added and the samples were left

ovcmight at room temperature. The samples wcre then heated at 60°C for 12 hours.

Another 2 ml of nitric acid was addcd. and the samples were heated at 80 oC for 24 hours.

Completely digestcd samples were made up to 10 ml with deionized water.

Cd concentrations in the digested food samples were dctermined by using a Hitachi Z

8200 Atomic Absorption Spcctrophotometer with Zeeman Background Correction with

extemal refcrcnce standards. Eithcr flame or graphite furnace mode was uscd. Optimal

analytical parameters and temperature program were selected as suggested by the

manufacturer (Hitachi 1987: Hitachi 1992). The instrumental detection limit was three

times the standard deviation of the blank. Detection limits for the flame and the graphite

furnace modes were 0.01 ppm. and 0.01 ppb. respectively. Concentrations below the

deteetion limits were regarded as zero.
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Qua/ity control assurance

Accuracy and precision of the analytical method werc tested with standard refcrence

materials from the National Institute of Standard & Teehnology (oyster tissue SRM

1566a. Apple lcaves SRM 1515 and Bovine liver SRM 1577b). Standard refcrence

matcrials were always includcd in the digestion and Cd analysis with every batch of

sample. Analysis results of standard reference materials were within 1 S.D. of the

certified values. Two rcplicates of blank samples werc includcd in cach analytical bateh

to monitor contamination. Deionized water was used throughout the analyses.

3.2.4. Statististical analysis

The distribution of Cd intakes did not conform to the normal distribution when tested

with Shapiro-Wilk test. The lack of fit to the normal distribution was not substantial1y

altered by log transformation of the data. Therefore. nonparametrie statistic was

condueted for the significance test by using the Wilcoxon rank sum test or the Kruskal

Wallis test. Average daily servings of traditional food were normal1y distributed. and the

differences in season and gender were tested by the Student's t-test. Statistieal analyses

were performed with SAS/STAT (Version 6. SAS Institute Ine.. Cary. North Carolina).

3.3. Results

3.3.1. Use of tradltional food

Of the 97 dietary recal1s coUected. 61 dietary reeal1s eontained traditional food. A

demographic distribution of participants in the present study is shown by gender and age

in Table 3A. Men aecounted for 56 % of the partieipants in the study. In Table 3B.

; distribution of gender and age of dietary recaUs which eontained traditional food are
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Table3A.

Age and Gender Distribution of Participants in the study

Age\Gender Women Men Total (% ")

• 20-39 19 26 45 (46.4)

40-60 13 13 26 (26.8)

>60 11 15 26 (26.8)

Total (%") 43 (44.3) 54 (55.7) 97

• Values in the brackets are percentage of the total number of the participants.

•

30
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Table3B.

Age and Gender Distribution of Participants with Dietary Recalls
Containing Traditional Food

31

Age\Gender Women Men Total (%a)

• 20-39 8 Il 19 (31.1)

40-60 10 9 19 (31.1)

>60 10 13 23 (37.7)

Total (%a) 28 (45.9) 33 (54.1) 61

• Values in the brackets are percentage oftraditional food consumers.

•
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shown. Men aecounted for 54 % of the traditional food cOnsumers in the study.

Proportions of traditional food consumers of older people (31.1 % for 40-60 yrs.• and

37.7 % for over 60 yrs.) were greater than the corrcsponding proprtions of the age groups

ofparticipants in the study (26.8 % for both 40-60 yrs. and over 60 yrs.).

A total of 33 kinds of traditional food spccies were reported to be used in the

community from the traditional food use frequency interview. Frequencies of use of these

traditional food items are prcsentcd in Table 4 in descending order of frequency. The

numbcr oftotal mentions (N) for each food item was the sum of mcnticns of "ycs" to the

question whcthcr the food was uscd by rcspondcnts for the last thrcc months. rcgardless

of how many timcs the food was consumed weekly. Percentage (%) shows the

proportion of total mentions of each food item to the total number of respondents of

traditional food use frequency (N=97).

Moose is the most frequently consumcd traditional food in the community. A total of

92 out of 97 participants. or an equivalcnt of about 95% of the participants. mentioned

consuming moose. ln addition to moose. barrenland caribou and whitefish arc the food

mentioned by more than 80% of the participants in summer and late winter. The food

mentioned by more than 50 % of the participants include ptarmigan. jackfish. rabbit.

loche. trout. and Canada goose in descending order of total mentions. Food least

frequently used arc sorne spccies of wildbcrries. wild rhubarbs. black currents. bear. and

spruce hen. Frequencies of use of specifie parts of animaIs and fish arc presented in

Appendix 2 by season.

Table 5 lists traditional food mentioned in dietal)' recalls collccted. Only 16 kinds of

traditional food were mentioned in the dictaI)' recalls. Duck fat and black scoter flesh

marked with asterisks ("') were not available during the periods of food sample collection

for Cd anaysis.

Average amounts of daily intake oftraditional food (g1day/person) were estimated for

the whole community on a population basis from dictaI)' recall. The result is presented in

Table 6. Total weights of each types of food mentioncd in dictaI)' recalls were dividcd by

the total number of participants in the study (N=97). Barrcnland caribou flesh. whitefish

flesb. and moose flesh wcre the most important food in the community.
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Table 4•

• List orTradltlonal Food Mentloned by AIl Participants in Desœnding
Onfer or Frequency ( Tradltlonal Food Use Freqnency) (N=97)

Food Frequency

N" %

Moose 92 94.8

Bam:nland Caribou 87 89.7

Whitelish 85 87.6

Ptamùgan 69 71.1

Jacklish 64 66.0

Rabbit 62 63.9

Loche 58 59.8

Trout 51 52.6

Canada goose 46 47.4

Mallard 42 43.3

Longnose sucker 38 39.2

Prairie chicken 37 38.1

Muskrat 36 37.1

Saskatoon benyb 29 30.9• Inconnu 24 24.7

Cranbeny 22 23.4

Canvasback 17 17.5

Beaver 13 13.4

Pintail 13 13.4

Swan 10 87.0

Wild raspbeny 7 7.4

Woodland Caribou 6 6.2

Purple goosebeny 6 6.2

Snow goose 5 5.2

SplUcehen 3 3.1

Green goosebeny 3 3.1

Beac 2 2.1

High bJuebeny 1 1.0

Blackbeny 1 1.0

, Wild slrawbeny 1 1.0

Black currents 1 1.0

Wildonion 1 1.0

Wild rhubarb 1 1.0

• • Number ofrcspond.nts who answcr that th.y consum. cach food item

• Total number ofrcspond.n....94 (milsinB frcqu.n.)"'J)
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List ofTraditional Food Mentioned in Dietary Recalls° (N=61)
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•

Food
Whitefish
Loche
Moose
Moose
Caribou
Rabbit
Muskrat
Black scoter*
Caribou
Moose
Moose
Moose*
Bison
Moose
Duck

Part
F1esh
F1esh
F1esh
Liver
F1esh
F1esh
F1esh
F1esh
Bonemarrow
F1esh
Nose
Fat
F1esh
Ribs
Fat

Preparation
Baked
Baked
Baked
Baked
Dried and Baked
Boiled
Cooked
Baked
Cooked
Dried and Smoked
Cooked
Cooked
Cooked
Cooked
Cooked

•

*Food ilems which were nOI included in Cd analysis and calculation ofdaily Cd inlake
•Both seasons, laie winler and fall, are included•



o·
• •

Table 6.

Average Daily Intake orTraditional Food
i'-

Food Part Preparation Estlmated Daily Intake'

Cg/day/penon)
Barrenland caribou F1esh Baked 71.5
Moose F1esh Baked 44.4
Whitefish F1esh Baked 33.1
Muskrat F1esh Cooked 13.7
Black scoter F1esh Baked 5.9
Rabbit F1esh Boiled 5.8
Bison F1esh Baked 5.2
Loche F1esh Baked 4.6
Moose F1esh Dried and Smoked 4.1
Can'bou Bonemarrow Cooked 2.6
Moose Ribs Cooked 2.3
Duck Fat Cooked 2.3
Moose Liver Baked 1.7
Woodland caribou F1esh Dried 1.1
Moose Fat Cooked 0.6
MooSe Nose Cooked 0.6

• Values were generaled by lotal weighl (g) ofeach food + Ihe number oflotal panicipants in the study (N=97).
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Average amounts of dally intake of traditional food by gender are shown in Table 7.

These values were obtained by dividing the total weights of each food by the nurnber of

dietary recalls Cof each gender group in the study. For example, the average amount of

daily intake for barrenland canDou tlesh for women was estimated as 59 glday/person by

dividing the total weight (2546 g) by the number of dietary recalls collccted from women

(N=43). Amounts ofdaily intake ofsome food tended to differ by gender. Average dmly

intakes of barrenland caribou tlesh and moose f1esh for men were greater than for women.

ln contras!, whitefish f1esh was consumed more by women than men.

Daily servings of traditional food (glday) are presentcd in Table 8. The largest daily

serving (450 glday) was calculated from bakcd loche tlcsh. The smaUest daily serving was

44 glday from dricd and smoked moose tlesh. Daily servings were calculated by dividing

the total weights of each food recorded to be consumed in dietary recalls by the number

of pcople who consumed the food. An average daily serving of traditional food was

233.2 glday with a standard error of 13.5 glday.

Average daily servings of traditional food werc calculated by gender and season. The

average was 342.6 glday with a standard error of 23.5 glday for men (N=33). and 287.3

glday with a standard error of 22.5 glday for women (N=28). The result of the statistical

test shcwcd no difference of average daily servings between gender groups. By season,

the average for late winter was 283.0 glday with a standard error of2J.9 glday (N=37),

and 370.0 glday with a standard error of 22.8 glday for faU (N=24). Average daily

servings oflate winter and fall were significantly differcnt (p <0.05).

Table 9 shows the frequency of consumption of traditional food by season. The

frcquency, shown as day/weeklperson, was estimated from dietary recaUs. The frcquency

of consurnption for each traditional food was ealculated as the nurnber of dietary recaUs

containing each food itcrn divided by the total number of dietary reealls in each season

multiplied by 7. Since dietary recaUs do not differ greatly from day to day on a

population basis even ifone individual may show very different eating patterns from one

day to the next day. it can be assumed that dietary recaUs overaU represent a daily eating

pattern in a given week. Barrenland caribou tlesh was the item consumed most frcquently

in both late winter and fall with a frequency of consumption of 2 days/weeklperson.



• Table 7.

Estimated Daily Intakes of Traditlonal Food by Gende!'"

Women

Food Part Preparatlon Average DaUy Intake b

Cg/day/person)
Barrenland caribou Aesh Baked 59.2
Whitefish Aesh Baked 41.9
Moose Aesh Baked 40.1
Muskrat Aesh Cooked 19.2
Bison Aesh Boiled 6.6
Rabbit Aesh BoUed 5.2
Duek Fat Cooked 5.2
Moose Liver Baked 3.9
Moose Aesh Dried and Smoked 2.9
Moose Fat Cooked 1.4
Woodland earibou Aesh Dried 1.2
Black seoter Aesh Baked 0.3

• Men

Food Part Preparatlon Average DaUy Intake '
Cg/day/person)

Barrenland Cnrribou Aesh Baked 81.3
Moose Aesh Baked 47.9
Whitefish Aesh Baked 26.0
Black Seoter Aesh Baked 10.4
Muskrat Aesh Cooked 9.3
Loche Aesh Baked 8.3
Rabbit Aesh Boiled 6.3
Moose Aesh Dried and Smoked 5.0
Caribou Bonemarrow Cooked 4.6
Bison Aesh Cooked 4.2
Moose Ribs Cooked 4.2
Moose Nose Cooked 1.0
Woodland earibou Aesh Dried 1.0

• Oued on dieUlry rcclllis in spring and fllll.
• Caleulatcd by tolal weighl of..ch food item consumcd.;. number ofwomen in the slUdy (N=43).
'Clllculatcd by totlll wcight of cach food item consumcd.;. number ofmen in th. slUdy (N-54).

•
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TableS.

Estimated Daily Servings for Traditional Food

Food N" Daily serving b

(g1day)

Barrenland caribou F1esh Baked 28 247.7 ± 15.1
Moose F1esh Baked 16 269.4 ± 31.2
Whitefish F1esh Baked Il 291.5 ± 37.8
Muskrat F1esh Cooked 3 441.7 ± 36.3
Black scoter F1esh Baked 3 191.3 ± 80.1
Rabbit F1esh Boiled 2 281.5 ± 56.2
Bison F1esh Bakcd 2 254.0±28.8
Loche F1esh Baked 1 450.0±0.0
Moose F1esh Dried and Smoked 9 43.8 ± 7.8
Caribou Bonemarrow Cooked 1 250.0± 0.0
Moose Ribs Cooked 1 225.0 ± 0.0
Duck fat Cooked 1 225.0± 0.0
Moose Liver Baked 1 169.0± 0.0
Woodland caribou F1esh Dried 2 53.0±0.0
Moose fat Cooked 1 60.0 ± 0.0
Moose Nose Cooked 1 56.0±0.0

Total traditional food 83 233.2 ± 13.5

• Number ofconsumelS of!he food (,0)

• Average daily serving ± SEM
co
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Table 9.

Frequency ofConsumption ofTraditional Food'

•

~, \.

Food

Barrenland caribou
Moose
Whitefish
Moose
Muskrat
Black scoter
Rabbit
Bison
Woodland caribou
Loche
Caribou
Moose
Duck
Moose
Moose
Moose

F1esh
F1esh
F1esh
F1esh
F1esh
F1esh
F1esh
F1esh
F1esh
F1esh
Bonemarrow
Ribs
Fat
Liver
Fat
Nose

Bakcd
Baked
Baked
Dried and Smokcd
Cooked
Baked
Boilcd
Baked
Dried
Baked
Cooked
Cookcd
Cooked
Baked
Cooked
Cooked

Frequency of Consumption
(Day/Week/Person)

Late winterb FaUb Both seasons'
2.3 1.7 2.02
lA 0.9 1.15
004 1.2 0.79
0.8 0.5 0.65
0.3 0.2 0.22
0.1 0.3 0.22
0.3 0.0 0.14
0.1 0.2 0.14
0.3 0.0 0.14
0.0 0.2 0.07
0.1 0.0 0.07
0.1 0.0 0.07
0.1 0.0 0.07
0.1 0.0 0.07
0.1 0.0 0.07
0.1 0.0 0.07

•Based on dielary recalls

bCaIculated by (number ofdietary recaIls containing each food ilem + tolal number ofdielary recalls in each season x 7)
•CaIculated by (number ofdietary recalls containing cach food item + total number ofdielary recaIls in the study x 7)
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Food items with second highest ITcquency of consumption in lale winter and faU were

bakcd moose flesh and whitcfish flesh. rcspectively.

More varieties of traditional food werc eonsumed in late winter than in fall. In late

winter. there was only one food item with zero ITequency of consumption. In faU. food

with zero ITequency of consumption inc1udcd rabbit flesh. caribou bone marrow. moose

ribs. fats ITom moose and duck. moose Iiver and moose nose. In gencral. traditional food

was eonsumed more frequcntIy in Jate winter than in faU.

3.3.2. Cd concentrations in traditional food

Cd concentration was measured in a total of 100 traditional food items. The result is

shown in Table 10. Food was eatagorized in four major food groups: meat. fruits and

vegetables. organs, and fish. Cd concentrations were expressed as J.lg/IOOg wet wcight.

The result ofCd analysis for individual food items is presented in Appendix 3.

Cd concentrations measured in food speeies ranged ITom 0 to 1869 J.lg/1OOg wet

weight with an overall mean of 136 ± 630 J.lg/IOO g wet weight and a median of 2.0

J.lg/IOO g wet weight. The lowest Cd concentration was mcasurcd ITom cranbcrry jam and

mooseberry, and the highest was measured ITom moose kidncy.

The meat group consists of raw and cooked flcsh of land animais such as moose.

caribou. rabbit. bear. muskrat. buffalo. bcaver. and of birds species such as ptarmigan and

maUard. The highest Cd concentrarion in the meat group was measured in smoked and

fricd moose with 15.8 J.lg/IOO g wet weight. The lowcst Cd concentration was measured

in boiled ptarmigan with 0.6 J.lg/IOO g wet weight.

ln the fruits and vegetabJes group. eranberry and mooseberry either in raw or in jam.

rhubarb and garden potatoes were includcd. Cd concentrations in these food items were

generally lower than those ITom other food groups. Cd concentrations in the fruits and

vegetables ranged ITom 0 to 1.7 J.lg/IOO g wet weight. The highest Cd concentration was

measured in garden potatoes.

Cd concentrations in animal organs ranged ITom 0.3 J.lg/IOO g wet weight to 1869 J.lg/

100 g wet weight. The lowest was found in raw internai fat of moose, and the highest
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was found in raw kidney of moose. Other organ samples from which Cd levels were

mcasurcd inc1ude the Iiver. heart. intestine. bone marrow and tongue from moose and

caribou. Cd concentrations in Iivcrs and kidneys werc much higher than those ITom the

rest of the food items in the organ group. Mean Cd concentrations in raw Iivers and

kidneys ITom moose wcre 703 ± 379 and 1869 ± 276 J.Ig/IOO g wet weight. rcspcctively.

Mean Cd concentrations measured in raw Iivers and kidneys ITom caribou were 161± 146

and 126 ± 75 ~lg/IOO g wet weight. rcspectively. Cd concentrations in hearts were less

than 10 J.Ig/1 00 g wet weight.

The fish group consists of ITesh water fish inc1uding whitefish. jaekfish. sueker. trout.

and loche. Cd was measured in f1esh. eggs. and intestine of the fish samples. Smoked

sucker f1esh showed the highest Cd concentration with 16 ~Ig/I 00 g wet weight in the

group. The lowest Cd concentration was found in the f1esh of loche with 0.2 J.Ig/IOO g

wet weight.

The mean. mcdian. and range of Cd concentrations in each food group are presented in

Table Il. The organ group showed the highest mean Cd concentration with 255 J.Ig/l 00

g wet weight. !lnd the fruits and vegetables group showed the lowest mean with 0.6

J.Ig1100 wet weight. The mean Cd concentration of the meat group. 42 <tglIOO g wet

weight. was higher than that of the fish group. 6 J.Ig/IOO g wet weight. but the medians of

two groups were the same with 2 ~lg/I00 g wet weight.

The mean. median. and range of Cd concentrations in traditional food groups were

a1so compared with those ITom Canadian market food in Table 11. The higest mean Cd

concentration in Canadian market food groups was found in the organ group. 271 ~lgll 00

g wet weight. which was simiiar to the mean of the same group in traditional food. 255

J.Ig1100 g wet weight. The range of Cd values in the organ group of Canadian market

food. 1 - 18500 J.Ig/IOO g wet weight. was widerthan that oftraditional food. 0.3 - 1869

J.Igl 100 g wet weight. The lowest mean Cd concentration in Canadian market food was

shown from the meat group as 0.9 J.Ig1 100 wet weight which was lowerthan that from

traditional food. The fish group in Canadian market food showed a mean of Il J.Ig1100g
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Table Il.

'.

• •

Mean Cd Concentrations OlgllOOg wet m.) in Traditional and Canadian Market Food

Food Traditional Food from Fort Resolution Canadlan Market Food'

Nb mean median range Nb mean median range

Meat 32 42 2 0.6-16 18 0.9 0.4 0.1-7

Organ 34 255 17 0.3-1869 12 271 17 H8500

Fish 25 6 2 0.2-16 5 II 0.5 0.1-8

Fruits and Vel!etables 13 0.6 0.2 0-2 37 2 1 0.H2

aDabeka & McKenzie 1992
bNumber ofindependenUy harvesled samples
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wet weight. and the fruits and vegetables group showed a mean of 2 Ilgll00g wet

weight. Both means of fish and fruits and vegetables werc similar to those of traditional

food.

3.3.3. Estimation of daily Cd intake from traditional food

To calculate daily Cd intakes from traditional food. infonnation on the types and

amounts of traditional food consumed on a given day is necessary in addition to the

infonnation on Cd concentrations in the food. Results of dietary reea11 interviews were

used to obtain sueh infonnation. Out of the total of 97 participants in the interview of

dietary reca11s. only 61 people recorded to consume traditional food. In general.

participants who recorded to eat traditional food did not consume a wide variety of

traditional food.

Traditional food mentioned in dietary reca11s. as shown in Table 5. were mainly

freshwater fish and games. Two food samples. duck fat. and black scoter flesh were not

included in Cd analysis because they were not available during the time of sumple

collection. Cd intakes from eonsumption of these food were not included in the estimation

of Cd intakc. However. the dietary reca11s where the duck fat and black scoter flesh were

recorded to be consumed were included in the calculation and analysis of Cd intake

because those dietary reealls contained more than one kind of traditional food. Duck fat

and black scoter flesh were consumed by only two people. Therefore. it can be assumed

that these food items do not contribute significantly to the average Cd intake on n

population basis. In addition. Cd levels in fat arc usua11y negligible.

Daily Cd intakes (Ilg/day/person) from traditional food for 61 individuals were

ealculated by multiplying Cd concentrations (J.lg/g) of consumed food by weight Cg) of the

food. and adding up Cd intakes from a11 traditional food items consumed on that day. For

... the daily Cd intake of one person who consumed food with Cd concentration below the

instrumental deteetion Iimit. 0.01 J.lg/day/person was used for the ealeulation of geometrie

mean.
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The overall arithrnetic mcan of estirnated daily CG· ;niakes from traditional food w&:

37.0 Ilglday/person with a standard deviation of 218.3 Ilglday/person and a median of 9

Ilglday/person. The range of daily Cd intakes from traditional food was from 0.01 to

1713 Ilglday/person. The highest daity Cd intake from traditional food was reported from

a sixty-ycar-old woman who consumed bakcd moose Iiver.

Figure 2A shows how the traditional food consumers are distributed over the various

rangcs ofCd intake. The rangc ofCd intakcs, 0.01 to 6 Ilg Iday/person accountcd for 28%

of the consumcrs. white 46% had Cd intakes of 6 to 12 Ilglday/person. Of the remaining

26%, only 1% accountcd for the Cd intake over 1500 Ilglday/person and rcst of the

rcmaindcr had Cd intakes of 12 to 15 uglday/pcrson. The overall geometric mean ofdaily

Cd intakcs from traditional food was 7.2 Ilglday/person with a 95% confidcnce interval of

5.8 - 8.6 ~lglday/person. Figure 2B shows the distribution of Cd intakcs from traditional

food for ail participants.

Table 12 presents means and medians of daity Cd intake from traditional food. The

means are expressed both in arithmetic and geomctric means as Ilglday/person. There

were no statistically significant effects of gender, age, and season on daily Cd intake from

traditiona\ food.

ln order to identify which traditional food contributed most to the total Cd intake on a

population basis during the study period, thc proportion of Cd intake from each food was

calculatcd The result is shown as percentage (%) of contribution to the total Cd intake

in Table 13A and 13B by gender. The contribution (%) of each traditional food to the

total intake of traditional food is also presentcd in Table 13A and 13B. Individual Cd

intakes for each type of food were added up and a proportion of the added value to the

total sum of Cd intakes from traditional food for each gender was taken as the

contribution (%) of each type of food to thc total intake of Cd from traditional food. The

same procedure was used to calculate the contribution of each traditional food to the total

intakc of traditional food. The arnount of each traditional food consumed was added up,

and the proportion of this value to the total weight of traditional food consumed was

ealculatcd in each gender.
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Figure2A.

Distribution of DaUy Cd Intake:
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Distribution of Dsily Cd Intake:
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Table 12.

Mean and Median of Daily Cd Intake (pglday/person) from Traditional Food

Season Gender Age N Arithmetic· Geometricb Median

Late winter Female 20-39 5 9.3 ±5.0 8.3 (5.3-13.2) 9.0
40-60 7 6.3 ±4.2 4.7(2.4-9.2) 4.6
>60 6 292.0 ± 696.3 18.4 (3.1-110.5) 8.2

Male 20-39 5 13.0 ± 8.7 10.9 (6.2-19.4) 12.7
40-60 6 8.7 ±6.4 5.8 (2.2-15.7) 7.3
>60 8 9.1 ± 5.0 8.0 (5.5-11.7) 7.5

FaU Female 20-39 3 6.8 ±2.3 6.5 (4.4-9.6) 6.8
:'--. 40-60 3 5.1 ±4.9 2.9 (0.5-16.4) 4.5
"
\. >60 4 15.3 ± 4.4 14.7 (10.6-20.5) 16.5
(r

Male 20-39 6 9.0 ±4.2 7.5 (4.0-14.1) 10.5
40-60 3 9.8 ± 6.5 7.4 (2.3-23.9) 13.5
>60 5 9.0 ±6.2 2.7(0.2-41.4) 9.0

• Arilhmelic mean :1: SO
b Geometrie mean (95 % confidence inlerval)
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Table 13A.

Proportionate Distribution of Cd Intake from Traditional Food By Womena

49

•

Food

Caribou
Whitefish
Moose
Muskrat
Bison
Rabbit
Moose
Moose
Caribou

Part (Prep.)

F1esh (baked)
F1esh (baked)
F1esh (baked)
F1esh (cooked)
F1esh (cooked)
F1esh (boiled)
Liver (baked)
F1esh (dried and smoked)
F1esh (dried)

Contribution ('PO) to total intake
Traditional foodb Cd
31.6 3.9
22.4 1.9
21.4 3.0
10.3 1.7
3.5 0.1
2.8 0.2
2.1 88.4
1.6 0.2
0.7 0.0

Total 96.4' 99.4

•

• Data from li total of 28 dietary recalls containing traditional food are pooled together and
the relative contribution of each food ilem is expressed as the percentage of the total intake.
Women are age of over 20 years.
b Traditional food is by weight.
C Totals do not add up to 100% because food items which were not included in the Cd analysis
are not shown in this table.



Table 13B.

Proportionate Distribution of Cd Intake from Traditional Food 8y Mena

50

Food

Caribou
Moose
Whitefish
Muskrat
Loche
Rabbit
Moose
Caribou
Bison
Moose
Moose
Caribou

Part (prep.)

Flesh (baked)
Flesh (baked)
Flesh (baked)
Flesh(cooked)
Flesh (baked)
Flesh (boiled)
Flesh (dried and smoked)
Bane marrow (cooked)
Flesh (cooked)
Ribs (cooked) .
Nose (cooked)
Flesh (dried)

Contribution (%) to total intake
Traditional foodb Cd

38.8 41.4
22.9 31.8
12.4 8.7
4.4 6.3
4.0 0.0
3n ~1

2.4 3.6
2.2 1.6
2.0 0.7
2.0 2.1
2.2 0.7
0.5 0.2

Total 96.81: 99.2

• Data from a total of 33 dietary recalls contaîning traditional food uc pooled togcther and
the relative contribution of each food item is expressed as the percentage of the total intake.
Men are age of over 20 years.
b Traditional food is by weight.
C Totals do not add up to 100% because food items which were not included in the Cd analysis
are not shown in this table.

1)
:31

~
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As shown in Table 13A, most of the Cd intakes for women. 88.4%, came from the

• consumption of bakcd moose Iiver. The second contributor was bakcd caribou flesh with

3.9 %, followed by bakcd moose flesh (3.0 %) and bakcd whitefish (1.9 %). Regarding

the contribution of each food to the total intake of traditional food, the rank of

contribution was not the samc as in the contribution to the total Cd intake. Baked

caribou flesh and baked whitefish flesh accounted for 31.6 % and 22.4 % of thc total

intakc oftraditional food. rcspectively. Consumption ofbakcd moose fl.;'Sh accounted for

21.4 % of traditional food consumption, and raw muskrat flesh. 10.3 %. Baked moose

Iiver, the major contributor to thc total Cd intakc, accountcd for only 2.1 % of the total

intakc of traditional food. which rcflects that thc grcater contribution of moosc Iiver to

total Cd intakc was duc to the high Cd conccntration in moose Iiver.

The result for men is shown in Table 13B. Major contributors to the total Cd intakc

for men werc baked caribou flesh (41.4 %), baked mQ9se flesh (31.8 %), and baked

whitcfish flcsh (8.7 %). Thcse three traditional food items also aeeounted for most of the

traditional food consumption in the same order as in the contribution to the total Cd intake

• trom traditional food. That is, baked caribou flesh, whitefish flesh and moose flesh had a

contribution of38.8 %, 22.9 % and 12.4 %. rcspectively.

Since the contribution of moose liver aeeounted for most of the total Cd intake in

women due to the high Cd concentration in the moose Iiver, the proportionate

contributions of traditional food items wcre recalculated without the moose Iiver. Major

contributors to the total Cd intake werc baked caribou flesh (33.8 %), baked moose flesh

(30.5 %). and baked whitefish (15.9 %). The rank order was the same as in men.

The totals summcd trom the contributions to the traditional food intakes in Table 13A

and 13B did not add up to 100 % because the samples in which Cd concentrations were
:::::'cr -,,=.:->

not analyzcd were not included. The totals trom the contributions of each food to the

total Cd intakes did not add up to 100% duc to the rounding errors.

:' Table 14 shows estimated average weekly Cd intakes trom traditional food for women

and men. The estimatcd averages wcckly Cd intakes werc 0.7 f.lg/kg BW/week for

women, and 0.4 f.lg/kg BW/week for men. The average weekly Cd intakes were

• calculated as:
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Table 14.

Comparison of Average Weekly Cd Intakes from Traditional Food
with the Provisional Tolerable Weekly Intake (PTWI)(Pglkg body weight/week)

•

Group

Wornen >20 yealS

Men> 20 yealS

N

43

54

Calculated Cd intake •

0.7
0.4

7.0

• Geometrie mean ofdaUy intake x 7 x probabilily ofeonsuming Imdilional food
on any given day+body weighl (50 kg for women. 65 kg for men).
The probabilily ofeonsuming Imdiliona\ food was ealeulaled as Ihe proportion ofdietary reealls
whieh menlioned traditi·nal food 10 ail dielary reealls in eaeh gender group (28/43. and
33/54 for women, and men, respeetively).
b From WHO, 1989
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(the gcomctric mean ofdaily Cd intakes) x 7 x (the probability ofconswning

traditional food on any givcn day)

body weight.

The probability of consuming traditional food on any given day was calculated as a

proportion of dietary rccalls containing traditional food of the total number of dietary

rccalls in each gender group. The probability for women was 28/43, and 33/54 for men.

Body weights were assumcd to be 50 kg for women and 65 kg for men.

The calculatcd values of wcekly Cd intakes ITom traditional food were compared with

the Provisional Tolerable Weekly Intake (PTWI) establishcd by WHO in Table 14. The

average weekly Cd intakes ITom traditional food for both men and women were much

lower than than PTWI, 7.0 ~lglkg BW/week.

3.3.4. Risk of Cd exposure from traditional food

Frequencies of consumption of food items with the highest Cd concentrations are

presented in Table 15. The ITequency of consumption shown in the table was obtained

ITom traditional food use ITequency interviews. Selected food items with the highest Cd

concentrations were livers and kidneys ITom moose and caribou. The average Cd

concentration in moose kidneys was about seven times higher than that in caribou kidneys

(703 ).lglIOO g wet weigbt, and 161 ).lglIOO g wet weight, respectively). Moose Iivers had

an average Cd concentration approximately fifteen times higher than caribou kidneys

(1869. and 126 ).lglIOO g wet weight. respectively).

Frcquencies of consumption of Iiver were higher than those of kidney for both moose

and caribou. By season, these animal organs were conswned more ITequently in the

summer than in the winter during the study period. Organs of barrenland caribou we~e

cClnsumed more frequently than those from woodland caribou in both seasons.

ln Table 16, estimated Cd doses ITom particular food items are presented. Values were

calculated by multiplying daily servings of each food by Cd concentrations. Cd doses

shown in the table estimate how much Cd can be consumed on the average by daily
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Table 15.

1 • •
Frequency of Consumptlon of Traditlonal Food w1tb Hlgbest Cd Concentrations

Food and Season Cd concentrations'

Frequency Winter (n'-51 ) Summer (n'-46 ) (pg/100g wet wt.)
Nb %e Nb °lcte

Woodland Caribou Iiver 161 d

None 51 100 45 97.8

< I/week 0 0 1 2.2

Barrenlaud Caribou Iiver

None 42 82.4 36 78.3

< I/week 9 17.6 10 21.7

Woodland Caribou k1dney 126 d

None 51 100 45 97.8
< Ifweek 0 0 1 2.2

Barrenland Caribou k1dney

None 44 86.3 35 76.1
< If week 7 13.7 11 23.9

I\loose Iiver 703

None 41 80.4 40 87.0
< Ifweek 10 19.6 6 13.0

Moose k1dney 1869

None 49 96.1 40 87.0

< Ifweek 2 3.9 6 13.0

• Nmnbcr ofU'aditional food use f'Rqucnq" in cach SC3SOD.

.. Nmnbef ofresponse eitber ID None or 10 <II week.

cCd t~·els measured in raw SllDples.

• A\'erage ofCd conœnntion measured in bolh species.
• Pcn:auagc: ofp3l1icipanb.
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Table 16.

Estimated Cd Doses from Traditional Food (pglday)'

Food Part Prepara""n N Cd Dose*

Moose Liver Baked 1 1713.3 ± 0.0
Muskrat Flesh Cooked 3 17.7±1.6
Moose Flesh Baked 18 10.1 ± 1.2

.. ~aribou Flesh Baked 28 7.4 ± 0.5
Whitefish Flesh Baked 11 5.8 ±0.8
Rabbit Flesh Boiled 2 5.6 ± 1.1
Caribou Bonemarrow Cooked 1 5.0 ± 0.0
Bison Flesh 2 2.5 ±0.3
Moose Flesh Dried and smoked 9 1.8 ± 0.3
Caribou Flesh Dried 2 0.6 ± 0.0
Loche Flesh Baked 1 0.0 ±O.O

Total traditional food 78 28.9 ± 21.9

• Ranked by Cd doses
* Values calculated as daily serving size ofcach food multiplied byCd concentration ofthat food.
Cd dose :1: SEM

•

01
01
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servings of each traditional food. The largest amount of Cd. 1713 Ilg. can be conswned

from moose liver. Thc Cd j'ltake levcl from a daily serving of moose liver is three times

higher than the limit of PTWI. 500 Ilg/person/week. without body weight consideration

(WHO 1972). The average Cd dose for total traditional food eonswned was 28.9 Ilg with

a standard error of 21.9 Ilg.

Since Cd is mainly accwnulated in the kidneys and the liver ofanimais and higher doses

of Cd ean be eonsumed by thesc organs. mean frcqueneies of eonsumption of animal

organs were ealeulated from the traditional food use frcqueney interviews. The result is

shown in Table 17 together with the pcrcentage of pcople who responded to consume the

animal organs. In gcneral. animal organs were not consumed very frcqucntly with mean

frequencies of less than 0.1 day/weck. Mean,frcquencies of consumption of animal organs

by season and gender arc presented in Appendix 4.

Weekly Cd intakes from animal organs ean be estimated from the results of Cd doses

and mean frequencies of eonsumption of animal organs. The weekly Cd intake from

moose liver was estimated to be 56.5 Ilg/week. The estimate was ealculated as: Cd dose

from moose liver (1713.3 Ilg/day) x mean frequency of consumption of moose liver

(0.033 days/week).

3.3.5. Smoking

Sinee cigarette smoking is another important source of daily Cd intake in addition to

food. smoking habits of residents in the community were also surveycd. A total of 88

participants filled the smoking questionnaires completely.

82% of the participants were smokers. Of these smokers. 58.3% were women and the

rest of the smokers. 41.7%. were mcn. Smokers smoked on the average of 14 ± 6

cigarettes/day/person. On the average. smokers had been smoking for 19 ± 13 years. In

-order to estimate the amount of Cd intake from smoking, 1.5 Ilg of Cd was assumed to bc

inhaled from one cigarette. The average Cd inhaled from cigarette smoking was 21.1 ±

9.1 Ilg/day/person for the smokers. The 95th percentile of Cd intakes from smoking was
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Table 17.

Mean Frequency of Consumption of Animal Organs (Daysl week) *

IMean Frequencyb
(Na= 97)

Food

Woodland caribou Liver 1 1.0 0.002 ± 0.020

Kidnev 1 1.0 0.002 ± 0.020

Barrenland caribou Liver 19 19.6 0.039 ± 0.080

Kidney 18 18.6 0.037 ± 0.078

Moose Liver 16 16.5 0.033 ± 0.075

Kidney 18 18.6 0.016 ± 0.055

Rabbit Liver 21 21.5 0.043 ± 0.083

Muskrat Liver 2 2.1 0.004 ± 0.029

Ptarmigan Liver 10 10.3 0.021 ± 0.061

Kidnev 14 14.4 0.029 ± 0.071

Pintail Liver 1 1.0 0.002 ± 0.D20

Kidney 1 1.0 0.002 ± 0.020

Mallard Liver 4 4.1 0.008 ± 0.040

Kidney 2 2.1 0.004 ± 0.029

Canada goose Liver 6 6.2 0.012 ± 0.048

Kidnev 7 7.2 0.014 ± 0.052

Prairie chicken Liver 2 2.1 0.004 ± 0.029

Kidnev 3 3.1 0.029 ± 0.071

Spruce hen Liver 1 1.0 0.002 ± 0.D20

Kidney 0 0.0 0.006 ± Om5

•

• For the whole population
• Number of participants in the food frequency qucstionaires
b Menn±S.D.
, Number of respondcnts who consumed the food
d Percentage of respondents who consumcd the food

•
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37.5 J-lglday/person. Therc was no sifuificant differcnce in smoking habit between men

andwomen.

3.3.6. Total Cd intake from smoking and traditional food

Total Cd intakcs from both traditional food and ~'II1oking wcrc cstimatcd. Thc nwnbcr

of participants who reportcd to conswnc any traditional food in dictary rccalls and

complctcd smoking questionnaires at the same time was 58. Ofthese 58 people. 27 were

women and 31 were men. Table 18 shows the distribution by gender and age.

Results showed that 78% of traditional food consumers were smokers. 42% of tbem

were women. The 95th pereentile of total Cd intake from both traditional food and

smoking was 57.1 ~lglday/person. Total daily Cd intakes for smokers from traditional

food and smoking ranged from 16.6 J-lglday/person to 83.3 J-lglday/person with a mcdian

of 25.5 ~lglday/person. For non-smokers. their total Cd intakes ranged from 4.6

J-lglday/person to 1713.3 J-lglday/person with a median of 10 J-lglday/person.

Figure 3 displays how many cigarettes were smoked daily by traditional food

consumers who were exposed to low and high levels of Cd from traditional food.

Traditional food consumers were grouped into either a low Cd intake group or a high

Cd intake group. depending on whether their Cd intakes from traditional food were

greater or less than 9 ~Iglday/person. the median Cd intake from traditional food. More

than half of the traditional food consumers were in the range of smoking 11 • 30

eigarettes/day. and nonsmokers accounted for 22% of the traditional food consumers.

Heavy smokers (21-30 eigarettes/day) aceounted for only 10% of the traditional food

consumers.

ln Table 19. arithmetie and geometric means of total daily Cd intakes from traditional

food and smoking for smokers and non-smokers are presented. The geometrie mean of

the total daily Cd intakes for smokers was 30.5 J-lglday/person with a 95 CVo confidence

interval of 27.2 - 34.1 J-lglday/person. The geometric mean for non-smokers was 13.9

J-lglday/person with a 95 % confidence interval of 6.1- 35.5 J-lglday/person. Smoking had
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Figure 3.

Distribution of Smokers and Nonsmokers
in Traditional Food Consumers
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Table 18.

Age and Gender Distribution of Smoking Questionnaire
Combined with Dietary Recalls Containing Traditional Food

60

• Age\Gender Women Men Total

20-40 7 10 17
40-60 10 8 18

>60 10 13 23

Total 27 31 58

•
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Table 19.

Mean and Median of Total Daily Cd Intakes (Jlgfday/person) ofSmokers and Nonsmokers'

•

Nonsmokers

Smokers

13

45

Arithmetic·

141.1 ±472.4

32.9 ± 14.2

Geometricd

13.9 (6.1-35.5)

30.5 (27.2-34.1)

Median

9.3

29.3

• Total daily Cd intake was calculaled from both consumplion oftraditional food and smoking.
Total daUy Cd intakes ofsmokers and nonsmokers were significanlly different at p < 0.001
b The final number ofparticipanls whose smoking questionnaires and dietary recaUs (with traditional fonds) are malched.
< Arithmetic mean ± S.O.
• Geomelric mean (95% confidence inlerval)

en...
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a statistical1y significant effect on the total daily Cd intake (p < 0.0·01). It should be noted

from Table 19 that the arithmetie mean of non-smokers resulted in a higher value than

that of smokers due to one extreme value of Cd intake from moose liver among non

smokers.

Means and medians of total daily Cd intakes from traditional food and smoking are

presented in Table 20. Season. age. and gender did not show any effeets on total daily Cd

intakes from traditional food and smoking.

Average weekly total Cd intakes from traditional food and smoking were calculated.

and compared with the PTWI. The result is presented in Table 21. The average weekly

total Cd intakes estimated for womcn and men were 1.7 and 1.4 J.lglkg BW/week.

respectively. which were lower than the PTWI. 7.0 J.lglkg BW/week. The average weekly

total Cd intake was ealculated as:

(geometric mean of total daily Cd intake from traditional food and smoking) x 7 x

(probability ofconsuming traditional food on any given day)x probability of smoking

body weight

The probability of smoking was obtained from ti,,; proportion of smokers to ail

participants in the smoking habit interview (81/97). Assumptions for body weights and

the probability of consuming traditional food are the same as in a similar calculation of Cd

intakc from only traditional food in the previous section.

3.3.7. Estimation of weekly Cd intake from smoking and market and tradltlonal

food

Weekly Cd intakes from smoking, and market and traditional food were cstimated.

The result is presented in Table 22. The estimate of total weekly Cd intake was 246.4

Ilg/week which was within the limit of PTWI. 500 Ilg/week (WHO 1972). The major Cd

source for the total wcckly Cd intake was cigareltee smoking (123.3 J.lg/week). Wcekly
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Table 20.

Mean and Median of Total Daily Cd Intake (Jlglday/person) from Smoking and Tradltional Food

•

Season Gender Age N Arithmetic' Geometricb Median
Late winter Wornen 20-39 4 26.7 ± 11.7 25.2 (17.4-36.5) 21.6

40-60 7 29.6 ± 17.3 23.8 (13.0-43.7) 25.5
>60 6 298.3 ± 693.3 30.1 (5.9-154.5) 16.5

Men 20-39 4 33.3±17.1 30.4 (19.0-48.8) 28.0
40-60 6 41.2 ± 15.4 38.6 (29.0-53.3) 14.1
>60 8 31.0 ± 23.7 24.5 (14.5-41.2) 26.1

FaU Wornen 20-39 3 17.3 ± 9.2 15.0 (6.8-33.1) 21.0
40-60 3 27.6 ±4.8 27.3 (22.4-33.2) 27.0
>60 4 20.9 ± 12.0 18.4 (10.3-32.9) 18.8

Men 20-39 6 23.0 ±9.4 21.3 (15.0-30.2) 22.3
40-60 2 41.2 ± 13.8 40.1 (25.0-64.2) 41.2
>60 5 28.8 ± 0.3 23.7 (11.9-47.0) 31.5

• Arithmetic mean ± S.D.
b Geometrie mean (95% confidence interval)
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Table 21.

Comparison of Average Weekly Cd intake from Smoking and
Traditional Food with the Provisional Tolerable Weekly Intake (PTWI) (Jlglkg body weight/week)

•

;-,

Group N Calculated Cd Intake •

Women >20 years 43 1.8

Men >20 years 54 1.5

PTWI b 7.0

• Geometrie mean oftolal daily Cd intake from smoking and traditional food x 7 x probabilily ofeonsuming lradilional food
on any given day x probability ofsmoking! body weight (50 kg for women, 65 kg fnr men).
The probability ofeonsuming traditional food was ealeuJaled as the proportion ofdiel8ry reealls
whieh mentioned traditionsl food to ail dietary recalls in each gender group (28/43. and 33154 for
women, and men, respective1y).
The probabililY ofsmoking was calculaled as the proportion ofsmokers to ail participants in the Smoking Questionnaire (81197).
b From WHO, 1989
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Table 22.

Estimated Weekly Total Cd Intake from Traditional and Market Food and Smoking

•

Source of Cd intake

Traditional food

Market food

Smoking

Total

Estimated Cd intake (pglweek)

31.7"

91.4b

123.3e

246.4

500

• Overall geomelrie mean ofdaily Cd intake from traditional food (7.2) x 7 x probabililY ofeonsuming
tradilional food on a given day (61197). The probabilily ofeonsuming tradilional food was ealeulaled as
the proportion ofdietary recalls whieh menlioned lradilional food 10 the lolal number ofdietary
reealls eoUeeled.
b Reealeulaled from Ihe average daUy intake ofCanadians, 14.5 jlg/day, (Dabeka and MeKenzie.1992).
Markel food aecounled for 90 % oflhe diel in Fort Resolulion. The value was ealeulaled as 14.5 jlg/ day
x 7 x 0.9.
<Arithmelie mean ofCd inhaled from eigareue smoking daUy (21.1) x 7 x probability ofsmokiog
eigarelles (81197).
• Provisional Tolerable Weekly Inlake from WHO (1972).

m
(Il
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Cd intakes from traditional food and market food wel'e estimated as 31.7 Ilg/week and

91.4 Ilg/week. respectively.

The estimate for market food was reealulated from the average Cd intake of Canadians

(14.5 Ilg/day. Dabeka and McKcnzie. 1992). based on the assumptions that: 1) the dietary

pattt.:m of market food in Fort Resolution would be the same as that ofaverage Canadians:

2) Cd levels in the market food available in Fort Resolution arc the same as those in

average Canadian market food. The average Cd intake of Canadians was multiplied by 7

for the estimation of weekly intake. and 90 % of this estimate was taken as the Cd intake

from market food. Il was shown from our analysis that market food accounted for 90% of

the diet in the community in terms ofenergy intake.

3.4. Discussion and conclusion

Traditional food used in the community of Fort Rcsolution consisted of about 30

species of land animais and freshwate; fish. and sorne wildberries and plants. Types of

traditional food used in the community appeared to be atTected by the surrounding natural

environment. The types of traditional food used were comparable to those reported from

other areas such as the Pacific coasts. Baffin Island. and the remoted areas in the Yukon

(Kuhnlein 1984: Kuhnlein 1992: Chan ct al. 1995: Wein 1995).

About 63% of the population consumed traditional food on a daily basis. but

traditional food accounted for only 10 % of the diet in the communk,\' in terms of energy

intake. The averagc weight of traditional food consumed pel' person pel' day was less

than those reported from other native communities where similar studies were eonducted

(Kuhnlein 1989: Kuhnlein 1991). Most of the traditional food consumers recorded to

consume only one kind of traditional food item in their dietary recaUs. There is a

possibility that the use of traditional food was influeneed by the availability of natural food

resources. particularly during the study period. Neverthless. it is more Iikely that the

dictary pattern in the community has been affeeted by urbanization and westemization.

Traditional food was consumed more in fall than in late winter when average daily

servings oftraditional food were compared. Contrary to a study result reported by Wong
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(1985). results ofthe prescnt study showed that animal organs appeared to be conswned

more frequently by men !han by women.

Cd concentrations mcasurcd in traditional food from Fort Resolution were sunilar to

those of othcr studies. Cd concentrations in flcsh of ail fish species in the present study

agreed with Cd values reported from Great Slave Lake and from various lakes in the

Canadian arctic (Wong 1985: Lockhart et al. 1993). Cd levcls in Iivers and kidneys of

moose and caribou in tbis study wcrc also within the range of Cd levcls measured in Iivers

and kidneys of moose and caribou from Ontario. Northwest territories. and Yukon

(G1ooschcnko et al. 1988: Gamberg and Scheuhammer 1994). From thesc results. it can

be implicd that mine tailings discharged from a point source near the community have not

affccted the Cd concentrations of wildlife in Fort Resolution. Considering that Cd

conccntrations in lcafy vegetablcs are indicators of Cd contamination of soils (WHO

1992). ifcan be iInplicd from the low Cd concentrations measurcd in vegctables and

berries that the soil in Fort Resolution is not contaminated by Cd.

There wcrc large intragroup variations of mean Cd concentrations of sorne food

samples such as aniInal organs and fish as shown in Tablc 10. Thc reason for the

variations may be explained by thc fact that Cd levels can be influenced by age and size of

the species. and also by sampling times and location (Lockhart et al. 1993: Gamberg and

Scheuhammer 1994 ). These factors wcre not considcrcd in this study.

Cd conccntrations measurcd in livers and kidncys of moose and caribou in the prescnt

study wcre highcr than thasc of sorne aniInals reported frnm the studies monitoring heavy

mctals in organs of Canadian slaughtercd aniInals (Salisbury et al. 1991: Korsrud et al.

1985). Ali of the livers and kidneys of land aniInals in our study cxceeded the action level

of Cd. 1 l1g1g wet tissue. establishcd by Agri-Food Safety Division of Agriculture Canada.

1f excessive amounts of Cd arc found in food. further investigation is conducted and the

food mny be rcmoved from stores. Whcthcr the action level cnn be applied to traditional

('?Cd is not fully justified because the action level was estahlished conservatively based on

consumption patterns of average Canadians (Wong 1985). Un1ike the case of mercury

whcrc Federal Guidelines in fish is established. a similar guideline for Cd in fish does not

exist(Lockhart et al. 1993).
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Comparisons of Cd levels between traditional food and Canadian market food need

caution because the food categories in traàitional and Canadian market food are composed

of different food items. For example. the meat group of traditional food include rnainly

wildlife whereas that of Canadian market food include slaughtered animais and coldcuts.

Average Cd concentrations of the Canadian market food groups wcre similar to those of

corresponding food groups in traditional food.

Similar consideration can be applied to a comparison of Cd levels between traditional

food groups from different geographical areas. Ranges of Cd levels for organ and fish

groups from this study are comparable with those from Baffin Inuit Food. but Cd levels of

mcat and vegetablc groups tend to be lower in this study (Chan et al. 1995). Baffin Inuit

Food mainly consists ofmarine mammals. caribou. fish. and greens from the sea.

Average Cd intakcs from traditionai food were cstimated to bc only 10% and 6% of

the PTWI (7 J.lg/kg BW/person) for women and men. respectively. on a population basis.

The exposure level of Cd. however. can be elevated depending on eating habits as shown

in a similar study for mercury exposure from traditional food in Sugluk (Whcatley and

Whcatlcy 1981). For example. the daily Cd dose ofmoose liver was estimated as 1713

J.lg/day/person from our study. which implied a possibility of exceeding the PTWI. 500

J.lg/person/weck (WHO 1972) by consumption of a daily serving of animal organ. Levels

of Cd exposure for those who eat animal organsmore often will be higher than the levels

estimatcd on a population basis. Howcver. the result of food use frequency interviews

indicated that animal organs were not commonly consumed in the comlT',;Jnily during the
~:', .

study period (less than 0.1 day/weck). The weekly Cd intake from moose liver was

estimatcd to be only 53 ).lg/week from the mean frequeney of consumption and daily Cd

dose.

The Cd exposure level estimated from traditional food in Fort Resolution is higher

than that of average Canadians whose diets are mainly from market food. An average

daily Cd intake for the general population of Canada was estimated as 0.2 J.lg/kg

BW/person which coresponded to 3% of PTWI (Dabeka and McKenzie 1992). The

results of the diet survey in the present study showed that market food accounted for 90

% of the diet in the community. Provided that the eating pattern and the Cd
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concentrations of the market food conswned in Fort Resolution are similar to those of

average Canadians. the total daily Cd intake via food in the community can be estimated as

13% and 8% of the PTWI for women and men, respectively.

Smoking is a health problcm in Fort Resolution. 82% of adults were smokers and the

average Cd intake from smoking was estimated to be higher than Cd intake from food.

Levels of exposure to total Cd through smoking and consumption of traditional food

reached 24 % and 20 % ofPTWI (7 Ilglkg BW/person) for women and men, respectively.

Cd can be absorbed more efficiently by inhalation than through the GI tract (Nordberg et

al. 1985). Levels of Cd exposure from both traditional food and smoking were

signiticantly different between smokers and nonsmokers.

ln conclusion. the level of total Cd exposure from traditional and market food, and

smoking in Fort Resolution was estimated to be within the PTWI. Therefore. the potential

health risk associated with Cd exposure via food and cigarette smoking is minimal in Fort

Resolution.
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CHAPTER 4: CADMIUM SPECIATION

4.1. Introduction

The dietary form of Cd is one of the major factors which atTect the absorption and

tissue distribution of ingested Cd (Maitani ct al. 1984: Ohta ct al. 1985; Bergland ct al.

1995). Even though the exact rncchanisms of Cd absorption in GI tract is not clearly

known. several studies have suggested that Cd is absorbcd through ditTercnt mechanisms

depending on the chemical form of Cd ingested (Sugawara and sugawara; Ohta ct al.

1989: Ohta and Cherian 1995). For the tissue distribution of Cd. after the ingestion of

CdC\z • Cd is more likc1y to accumulate in the Iiver. and ingestion of Cd-MT results in an

increased Cd accumulation in the kidneys (Cherian 1983; Maitani ct al. 1984). The organ

deposition ratio (kidncylliver) of Cd is also known to be ditTerent depending on the Cd

speeies (Cherian 1979: Maitani ct al. 1984: Groten ct al. 1991 a).

ln long term exposure. the kidneys become the target organs of Cd toxicity (Friberg ct

al. 1974; Webb 1979). It has been shown that Cd-MT is more nephrotoxic than CdC\z

(Nordberg ct al. 1975: Groten et al. 1990). and that ingested Cd-MT reaehes the kidneys

in the form of Cd-MT (Cherian ct al. 1976; Min ct al. 199\).

The major source of Cd to human is food (Friberg ct al. 1974). The importance of Cd

speciation in food and in the food chain has been already recognized (Cherian ct al. 1978:

Cherian ct al. 1979: Maitani ct al. 1984: Quintus 1995). Cd is main1y present as bound to

MT. a heat stable protein. in animal tissues. and metallothionein-Iike proteins in plants

(Wagner and Trotter 1982: Stone and Overnell 1985; Webb 1986).

Speciation of Cd in food ean be meaningfu1 in investigating ways of decreasing Cd

toxieities from consumption of specifie food types. This study was undertaken to

investigate the etTect of food perparation on Cd speciation in food. Wc hypothesize that

food preparation has an cffcet on Cd species in food.
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4.2. Materlals and methods

4.2.1. Food preparation

Each often Caribou kidneys were dividcd into two portions. One-halfportion of each

kidney was placed in aeid washed crucibles and baked at 350°C for 30 minutes. About

2g ofcooked and raw portions were measured in duplieate and dried in a vacuum oven for

24 hours to constant weights. Dry matter (%) of eooked and uncooked samples were

caleulated.

4.2.2. MT analysis

Chemicals

Analytical-grade glycine and sucrose were obtained !Tom Fisher Scienfic Company

(Toronto, Ont). Silver standard solution (1000 ppm) for atomic absorption spectrometry

(Fisher, Toronto. Ont) was diluted in deionized water for 20 ppm silver solution.

MT alla(l'sis

Ag-hem method (Scheuhammer and Cherian 1986) was used for the analysis of MT.

Approximatcly 0.5 g of raw and cooked caribou kidneys were homogenized with a

polytron homogenizer (Brinkman instrument. Rexdale, Ont) in 2 ml of 0.25 M sucrose

buffer. The homogenates were ccntrifuged at 13,000 rpm for 20 minutes at 4°C (Dupont.

Sorval RC5C. Newtown, CONN). and the supematant fractions were spun again in an

Eppendorf centrifuge (Dupont, Sorval MCI2C, Newtown, CONN) for 3 minutes. An

aliquot of 0.2 ml of supematant, \.0 ml of 0.5 M glycine buffer (pH 8.5), \.0 ml of silver

solution (20 ppm), and 0.2 ml ofhemolysate were mixed in a vortex and heated for at least

2 minutes in a water bath at 100 oC. Heated samples were cooled and then centrifuged at

3,000 rpm for 5 minutes to remove prccipitated proteins. Addition of 2 ml of hemolysate

and the same procedure of mixing, heating, and centrifuging were repeated twice. The
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clear supernatant fractions were centrifugcd in Eppendorf centrifugc for 2 minutcs. Silvcr

concentrations in the supernatants were measured with a Hitach Z-8200 AAS with

Zceman background correction in the graphite furnace mode. Amounts of MT in snmples

were calculated with the following equation:

MT (J.lg /g tissue) = Ag measured (ppm) x 3.54 x total volume per tube x snmple dilution

+ sample volumc

wherc

3.54 ~lg MT= 1 ppm Ag. when MT was fully saturated with Ag

total volume per tubc = 2.8 ml (Iml glycine butTer. 0.2 ml sample. Iml Ag solution.

0.6 ml hemolysate)

sample dilution = (2ml sucrose butTer + sample weight (g» + sample weight (g)

sample volume =0.2 ml.

4.2.3. Cd speciation

Samp/e preparation and Cd ana~vsis

Approximately 1 g of each raw and baked kidneys were homogenized in 2 ml of 30

mM Tris-HCI (pH 8.6) (Fisher, Toronto. Ont) with a polytron homogenizcr.

Homogenizcd samplcs were centrifuged at 13,000 rpm at 4°C for 20 minutes. The

supernatant fractions wcre spun in Eppendorf centrifuge for 3 minutes and kept frozen

until analysis for total Cd and Cd speeiation. Total Cd in the supernatants were measurcd

with f1nme AAS. The procedures and quality assurance for the Cd analysis wcre the same

as described in Chapter 3.

Fast Protein Liqiud C/womatograp/(v (FPLC)

The Superose l2HR 10/30 colurnn (Pharrnacia. Baie d'Urfé. Quebec) was calibratcd

with proteins of known relative molecular mass by using molecular markers. The colurnn
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was connected to an ail stainicss-stccl HPLC system (Beckman. System Gold 126.

Fullerton. CA).

Prepared frozen supcmatants of kidney cytosol were thawed and filtercd (0.45 Ilm)

before injection to the FPLC system. Filtered su~'ematants (0.2 Ill) were eluted from the

pre-cquilibrated Superose column with 10 mM Tris-HCI (pH 7.0) at a flow rate of 1

mUmin. The UV signais wcre monitorcd at 254 nm and 280 nm simultaneously with a

diodc-array detector (Beckman. Systcm Gold 168 detector. Fullerton. CA). Eluted

fractions wcrc collcctcd every minute with a fraction collector (Mandel Ltd.. Gilson

FC203B. Middletown. WI). Cd concentrations in the collected fractions were measured by

graphite AAS.

Before evcry injection. the column was washed with two bed-volume (50 ml) of Tris

buffer. Cd was measured in the collected fractions to make it sure that there was no Cd

carried over bctween samples.

4.2.4. Statistlcal analysis

Paired I-tcst was used for comparions of total Cd concentrations. MT concentrations.

and levc1s of Cd species (as % of total Cd) between raw and cooked samples. The

comparisons were performed based on dry weights. P < 0.05 was considered to be

significant. Microsoft Excel (Version 5. Microsoft. Rcdmont. WA) was uscd for the

analysis.

4.3. Results

Cd concentrations and MT conccntrations were determined in raw and cooked caribou

kidneys. The result is shown in Table 23. There was no statistical significance in total Cd

concentrations between raw and cooked samples. MT concentrations decreased

significanUy after cooking.

Elution profilcs for the Cd speciation !Ire prcsented in Figure 4 for raw and cooked

samples. The solid line represents absorbance at 254 nm. MT with a molecular weight of
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Table 23.

Comparison ofCd and MT in Raw and Cooked Caribou Kidneys

n Raw Cooked p

Water content (%) 10 78.6 ± 1.5 68.6 ± 4.5 < 0.001
Total Cd (pglg wet wt.) 10 3.6 ± 2.1 12.3 ± 5.7 < 0.001
Total Cd (JIglg dry wt.) 10 15.6 ± 11.0 15.3 ± 7.8 D.S.

MT (JIglg wet wt.) 10 16.7 ± 16.9 16.4 ± 16.4 D.S.

MT (11212 dry wt.) 10 56.4±22.0 30.8 ± 31.0 <0.05

•
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Figure 4. Cadmium distributions and elution profiles in raw and cooked kidney cytosol.



•

•

•

76

about 6000 was eluted at about 14 minutes. Cd concentrations nleasurcd in the fractions

collected every minutes are also shown in Figure 4. These figures show how Cd is

distributcd in raw and cookcd kidney cytosol. The majority of Cd in raw kidncys were

measured in the fractions which containcd high molccular weight proteins (HMWP. M, =

50.000 - 500.000. f.lIction 6-13) and MT (M, =6000 - SOOO. fmction 14-15). After food

preparation. Cd concentrations in the fractions of HMWP were dccreascd as shown in

Figure 4. lt should be noted that the scale of Cd concentration in the clution profiles of

raw and cooked samples arc diffcrent.

An average of7S.1 % and 67.4% of Cd was recovered in raw and cooked samplcs.

respcctively (Table 24). ln both raw and cooked samples. MT containcd the highcst

proportion of Cd (about 40%).

Proportions of biologically bound Cd and free Cd to the total Cd in raw and cooked

samples were calculated. ln Table 24. levels of Cd bound to HMWP and MT. and levels

of frec Cd arc presentcd as percentage (%) of the total Cd in raw and cookcd samplcs.

The levcl of Cd bound to HMWP was reduced significantly after cooking. but the level of

free Cd did not change.

4.4. Discussion and conclusion

Total Cd concentrations in the caribou kidneys wcre not affecled by heat treatment.

The increase in the Cd concentration bascd on wct weight (9%) was probably a resuIt of

the loss ofwater content (10%) during cooking. However. the Cd concentration remaincd

the same when expresscd based on dry wcight.

MT was shown to be stable after heating at SO°C for 2 to 5 minutes (Cherian. 1974). In

this study. however. thc MT level was significantly dccreascd aftcr the samples were

bakcd at 350 OC for 30 minutes. This rcsult suggests that somc MT may be oxidizcd or

denatured in the process of cooking. The Ag-hem metal saturation method was used to

measure MT concentration; the amount of Ag which replaccd other metals (mainly Cd in

this case) bound to MT was measured to estimate MT concentration. The decrease in
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Table 24.

Comparison of Cd levels (% ortotal Cd) in Raw and Cooked Caribou Kidneys

•

n Raw Cooked p

Cd bound to HMWP 10 26.8 ±9.3 15.3 ± 9.3 <0.05
Cd bound to MT 10 39.4 ± 30.1 42.1 ± 23.1 n.s.
FreeCd 10 11.9 ± 10.8 10.0 ± 7.4 n.s.

Total (%) 78.1 67.4
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MT concentration suggests that the molecular structure of MT may have been altered and

contained less metal ions.

Thc result ofchromatography showed that the majority ofthe Cd in mw caribou kidney

was bound to eithcr HMWP or MT. However. most of the HMWP was denatured during

the cooking process and the bound Cd was relcascd to be free Cd. Even though MT

concentration was dccreased after cooking. most of the Cd (about 40%) was still hound to

MT. Bccausc of thc diffcrcncc in the rccovcry rates bctween raw and cooked samples

after the clution from the column. the amount of recovcred free Cd remained thc same.

Results of our analyses of total Cd and MT. and Cd spcciation imply that thc total

dietary Cd from animal kidneys remains the same after cooking, but the total amount of

Cd bound to MT may be decreascd.

The uptakc of Cd is much lower for Cd-MT than for Cd saits (Sugawam ct al. 1988;

Sugawara and Sugawara 1991; Ohta and Cherian 1995). but biologically bound Cd-MT is

known to be more toxic than frec Cd , especially for thc kidneys (Nordberg ct al. 1975;

Lagally et al. 1980; Weigel et al. 1987; Grotcn et al. 1990).

Cd ion and Cd-MT are thought to bc absorbcd through different absorption

mechanisms, cven though the exact mechanisms are not understood. Cd ion is believed to

be absorbed through the G1 tract and transported to the Iiver (Cherian ct al. 1979; Ohta

and Cherian 1995). For Cd-MT. it is suggestcd that the molecule is absorbcd partially

intact. and immediately transported to the kidneys (Groten ct al. 1991; Ohta and Cherian

1991).· The ionic Cd degraded from Cd-MT is thought to undergo the same uptake route

as inorganic Cd (Groten ct al. 1992). However. Crews ct al. (1989) have shown that an

MT-Iike protein in pig kidney could survive both cooking and simulated in vil/'()

gastrointcstinal digestion.

Mineral status also affect Cd uptake and tissue distribution of Cd. In states of essential

mineml deficiency such as Zn. Fe. and Ca. Cd uptake is increased. but supplementation of

these minemls can decrease Cd uptake in gastrointestinallevel and tissue deposition of Cd

(Nordberg ct al. 1978; Chmielnicka and Cherian 1985; Groten ct al. 1991b; Ohta and

Cherian 1995). The protective effects of mineml supplementation against Cd uptake p.re

not the same for Cd-MT and Cd saits. The total protection of mineml supplimentation for
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Cd-MT has been shown to be lower than for CdCI~ (Groten et al. i992; Ohta and Cherian

1995). In addition, Groten et al. (1992) bave shown that relatively more Cd is deposited

in the kidneys with Cd-MT than with Cd salts when mineraIs are supplemented, suggesting

that mineraI supplcmcntaion can not affect the absorption of the exogenous intact Cd-MT

which would reach kidney unhampered.

ln conclusion, the degree of Cd exposure from raw and cooked kidney is the same.

Thc amount ofCd bound to MT may be slightly reduccd, but the toxicological significancc

rcmains to be confmned.
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CHAPTER 5: GENERAL DISCUSSION AND CONCLUSION

The main purpose of this research was to investigate the degrce of Cd exposure

through the consumption of traditional food in Fort Resolution. Another purpose wns to

investigate whether or not cooking could affect Cd spcciation in food. Wc also cstimatcd

Cd intakcs ITom smoking and market food. The rcscarch was conductcd in 1994 with

surveys on traditional food consumption and smoking habits. and Cd analysis in traditional

food. About 10 % ofthe population in Fort Resolution participatcd in the study.

Thc levcl of Cd exposure ITom traditional food was within the limit of PTWI on a

population basis. Smoking elevated the Cd exposurc level significantly. but the avcrage

total Cd intake ITom both smoking and traditional food consumption was still within thc

PTWI limit. In order to asscss the total Cd exposurc Icvcl via markct and traditional food

and smoking. Cd intake ITom market food was estimatcd ITom thc average Cd intakc of

Canadians (Dabcka and Mckcnzic 1992). The total cxposure Icvcl via food and smoking

in Fort Resolution was also bclow thc PTWI.

The rcsult on Cd intake ITom traditional food in thc present study may represent the

average yearly Cd exposure even though the survey with dietary recalls was conducted

only for !Wo seasons. late winter and fall. These two seasons represent the periods for thc

maximum and minimum traditional food use in a year. Nonetheless, the Cd intakcs ITom

traditional food in late winter and fall werc not significantly diffcrent.

It has to be emphasizcd that the rcsults of this study can not be applicd to other

northern communitics. Both Cd concentrations in local food sources and dietary patterns

may vary among communities.

The risk assessment in this study was conducted bascd on the estimation of intake level

of an "average diet" in the community. Thus. the result is more pertinent to the risk

assessment for public health. There may be groups or individuals who arc at higher risk to

Cd exposure. for example, due to "abnormally" high ITequency of consumption of animal
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organs. There was one sixty-year-old woman whose daily Cd int3ke from traditional food

exeeeded the limit of PTWI by consumption of 170g ofbaked moose liver.

The exposure level to Cd from eonsumption ofanimal organs was in the safe range on

a population basis because ofthe very low mean ftcquencies ofanimal organ consumption.

However, consumption of animal organs should be minimized if the consumers arc heavy

smokers or eat other animal organs from market food rcgularly.

With regards to the effeet of food preparation on the level of Cd exposure, there is no

cvidence that the bioavailability of Cd in food could be altered significantly after cooking.

Thus, eooking method may not be an important factor in determining risk of Cd exposure.

1t is more important to consider nutritional status, specially esscntial minerais, in the risk

asscssment of Cd intake and Cd toxicity.

Systematie monitoring and education programs about effeets of Cd from consumption

of specifie traditional food items and from smoking on health should be initiated. In

addition, survcys on Cd levels in animal organs such as livers and kidneys from moose and

caribou should be continu.:d on a regular basis. There is no need to avoid consuming

traditional food considering that Cd exposure from traditional food is low and traditional

food system provides nutritional, economical, and cultural benefits.
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AppendO: 1: Dletary Recall, Traditional Food Use Frequency, and Smoking Habit
Questionnaires.
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Variance in Food Use in DeneIMétis Communities

Community
(nmnber 1.28)

1. FREQUENCY OF TRADITIONAL FOODS USE

Household number__ Respondent's gender _
(1=FemaJe.2=Male)

if gender=l then ask (and circle) whether:
Pregnant Yes No

Respondent's ID #

Lactatiilg: Yes No

Self-identification: Dene_

Age-group: 20-40_ 41-60_ Over 60_

Interviewer'5 name Date
(day/monthlyear)

Interviewer, please read to respondent:
This questionnaire concems traditional foods: traditional foods are foods that are coming fi
the local land and environment (animais, fish, birds, wild plants.•.)
Fol;' last (season), that is for the months of _
plèase, recall as exactly as you ca~ how manv days a week, you personallv ale the follo~

foods:

McGm. Macdonald campus
21.111 Lakeshore
Ste·ADne-de.Bellewc. Qc. H9X3V9



cooked (licsh or &ozco)
III1OI<cdIdricd

Ol1lans/pans
bcad-fishopipe (esopbagus)
other pantorpn (oama)

•
II!'--

fWi
1. WbIlelbb:

Flosh
Va No

_ ....._da,.._·
(... (7); 305 (5); '.1 (1); <, (I~ -10)1
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•

:z. Inconnu (coDal): Va No
Flcsh

cooked (licsh or &ozco)
SII10kcdldricd

Olllansfpans
bcad-fish-pipe (esopbagus)
other pantorpn (oamcs)

3. Clseo (hemoll: Va No
Flosh

cooked (licsh or &ozco)
SII10kcdldricd

O11l0aYpans
bcad-fish-pipc (csaphagus)
other panto'llll1 (oamcs)

4. Trour:
Flcsh

Va No

cookcd (licsh or &ozco)
smokcdldricd

Olllansfpans
hcod
ClIP
ft.h-pipc (aophagus)
other panto'llll1 (oamcs)

5. Loehe (burbol):
Flcsh

Va No

cookcd (licsh or &ozco)
SIIlOkcdIdricd

Olllansfpans
bcad-fish-pipc (esophagus)
other pantO'llll1 (oamcs)

cooked (licsh or &ozco)
SIIlOkcdIdricd

OlllansipUlS
hcod-fish-pipe (esophagus)
omer panlorpn (oama)

•
6. Nortbem Pilee

(Jeekl1lb):
Flosh

Va No



c:ooIœd (ticsb or &0=)
_cdldricd

Orpas/pans
bcad-lisb-pipe (esopbagusl
otber plrllO'ion (aamc:s)

•
7. eraylla, (blatJIsb):

Flesb

s. Walleye (plckuel):
Flesb

Va No

Vos No
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cookcd (trcsb or ftozco)
smokcdldricd

Orpas/pans
bw....
fisb-pipe (osopbogus)
otber plrll0'ion(aames)

9. Lan."ose Sodcer:
Flesb

Vos No

•

cookcd (trcsb or ftozco)
smokcdldricd

O'i0lUlpans
bw-fisb·pipe (osophogus)
olller plrllO'ion (oomes)

10. Olher fIIh (aamclplrllprepororion)

Il. Beloso wba!e:
Flesh

Vos No

c:ookcd (frc:sh or ftozco)
smokcdldricd

Olller pons/D'ion (aame)

12. Amie Solmoo
(Arctie ebar):

Flcsh
Vos No

•
cookcd (frc:sh or &0=)
smokcdldricd

O'iolUlJlUlS
hw-fish.pipe (osopbagus)
olller plrllo'll>n (namos)J •



W1PANIMALS

13. CaribcMI (waodlud): Yes No
Meat

0D0kcd (&ah or fi'ozal)
IIDOkcdIdried

0JpDIpans
bc:Id
!niD
tœgue
livcr
blood
SIOm&Ch
boac:

lDImJW

boac in soup
othcr

kiducy
adlcr pan/orpD (uames)

14. Caribou (buTeD1lJld):Ya No
Meat

0D0kcd (&ah or fiœeD)
smokcdIdried

0rgaDIpans
bead
braiI1
lœguc
livcr
bIood
aomach
bOlu::

DWtOW
bOI1c in soup
0Ihcr

Iddney
othcr panlorgu (aamcs)
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15. Moow
Meat

Ya No

cooked (&ah or frozaI)
SIIlClkcdIdried

Orpalpans
bead
brain
toIlguc
hcan
tivcr
iddllcy
blood
bOI1c:

DWrOW
bouc Însoup
othcr

othcr putlor;Jlll (aamcs)

16. Rabblt:
Meat

Ya No

c:ooked (&ah or frozcu)
smokaIIdried

OIpIlIpans
bead
Uvcr
blood
Initt
adlcr put/orpI1 (aamcs)



c:ookcd (Ih:sb or fiozcD)
smoItedIdricd

0Ip0/pIns
lIil 8< r...
li_
blood
bniD
ochcr pan/orglll (namcs)

•
17. Bea...

Meat

IB.Masknt:
Meat

v. No

V.. No
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_Iccd (Ih:sb or fio=I)
smokcd1dricd

OrpnIpons
loil
livcr
blood
brain
ochcr pan/orglll1 (namcs)

19. Lyns:
Meat

V.. No

•

_kcd (Ih:sb or tiozen)
smoItedIdricd

Organ/pans
bcad
Uver
blood
brain
ochcr p""'orglll1 (namcs)

20. Porcupllle:
Meat

V.. No

_kcd (lRsb or fio=I)
SIIlokcdldricd

Organ/pans
Uver
blood
!nain
ochcr pan/0'Blll1 (namcs)

21. Dan .hoep:
Meat

V.. No

coolccd (lRsb or tiozen)
SIIlokcd1dricd

Organ/pans
li,cr
blood
brain
ochcr pan/Orglll (namcs)

12. Bear:
Meat

V.. No

•
cookcd (Ih:sb or fio=I)
SIIlOkcdldricd

Olpllipans
Fat
blood
brain
ochcr pon/orpu (nomcs)



%3. 0tIIIr__(~)

.. DJBœ
Z4.Spncobea:

Meu
V.. No
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CllClbd (fiesh or fiD=)
IIIIOIa:dIdried

OrpD/para
JPz:œds
kidDcy
ban
U_
eus
Olbcr panst_ (1III11CS)

IS. Pnlrle chlckea:
Meu

V.. No

cooked (fiesh or fiD=)
IIIIOIa:dIdried

Olpllipans
JPz:œds
Iddncy
ban
UYa"
eus
Olbcr panst_ (1III11CS)

cooked (fiesh or fiD=)
smokedIdried

Olpllipans
JPz:œds
Iddncy
ban
Uver
Olbcr pansl_ (names)

•
26. Ptuml....:

Meal
V.. No

27. Black ducJulScoler: V.. No
Meal

cooked (fiesh or fiD=)
IIIUlkedidried

OlpllipUlS
JPz:œds
kidDcy
ban
U_
eus
Olbcr pansl_ (names)

28. Mallanls:
Meal

V.. No

•
cooked (fiesh or fiD=)
smokedIdrïed

OlpllipUlS
JPz:œds
Iddncy
ban
U_
eus
Olbcr panst_ (names)



coolœd (li=h Il< 60=)
_dried

0rpD/pans
lPzzards
kidDc:y
bean
Uver-otber puulOf1lllIl (=)

•
1t: "'IIIIa"_

Meal
Va N.
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•

30. OIdsquow (squaw duck):Vos No
Meal

c:ooIœd (li=h or Iiozcu)
SIIUlk<dIdried

OrpDIpans
lPzzards
Iàdocy
bean
Uver-Olber pllUlorpn (oames)

31. Wiaton
(whlsdlna duck): Vos No
Mea.

cooked (&esh or ftozcu)
smokcdldried

Organ/pUIS
sU=Is
IàlÙlCY
hcan
liver-OÛlcr pllUlorgan (oames)

32. Cau...bock:
Mea.

Vos No

cooked (&esh or ftozcu)
smokcdldried

Organ/pUIS
sU=Is
kidocy
hcan
livet
CllIlS
OÛlcr pllUlorpn (cames)

33. Cauada gODIe:
Mea.

Vos No

•
cooked (li=h or ftozcu)
smokcdldried

OrpDIpans
&i=nIs
kidDc:y
bean
Uvcr
fal-otber puulOf1lllIl (oames)



34. Saow pose (wa..): Ya No
Mal

cookcd (&ab or fiozcl)
IIIIOkcdIdricd

Otp.;.'pu1s
Fzanh
kidDey
bcan
Iivcr
cas
atbcr pansforpn (Ulmes)
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35. PlataiJ:
Meat

Ya No

cookcd (ttesh or f'rau:n)
smokcdldricd

Orpalpans
pzards
kidDey
hean
Uver
cas
other pansforpn (aames)

36. Swan:
Meat

Ya No

cookcd (&csh or froua)
smokcdIdried

OrpnIpans
aizzuds
kidlley
hean
livcr
cns
othcr pansforgan (Ulmes)

37. Other blrds (namclpanlpreplU'lltion)

[in Owich'in~ only, ask:
38. Stllgult eus Vcs No

PLANTFOOPS

39. Labrador lei
40. Law CIreY) Llucbcnics
41. Hlgh (black) blucbcnics
42. Crmbcrries
43. Ooosebcnies (arecu)
44. Oooscbcnies (purple)
45. Blackbcnies
46. Wild rupbaries
47. Wild suawbarics
48. Cloud bc:rri~cbcnics
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49. Red ClIlIIIIIlS
50.B1Id<_
51. S'sbroœ baries
52. RosdIips
53. WiId pcpp<rmin.
54. M_ <aet locallWlles)
55. WiId ...... (S"' locallWlles)
56. Wnd oaioas
57. Wnd rbubarb

!8. Olbo. p..... roodl (..mes)

[Intemewer, make sure .U the pages have been compJeledl
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Variance in Food Use in DeneIMétis Communities

n.INDIVlDUAL 24-HOUR RECALL

Community
(numbcr 1-28)

Household number__ Respondent·s gender_
(I=Fema1e. 2=ma1e)

if gender=1 then ask (and circle) whether:
Pregnant Yes No Lactating: Yes No

Respondent's ID #

Self-identification: Dene_ Métis_ Other_

Age-group:

Interviewer's name Date
(day/monthlyear)

Interviewer, please read to the respondent:
Please, rceall as exactly as possible what you ate yesterday, (wrire which da:
orthe week). ftom the time you tint woke-up.

TIME FOODNAME HOW PREPAREDIINGREDIENTS AMOUNT
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ID# _

TIME FOODNAME HOW PREPAREDIINGREDIENTS AMOUNT_.

Interviewer, dld you remember to check about:
the lard, butter, salad dressing, the milk/creamer/sugar in the drinks, any juice, alcohol,
'am/h ?J oney....
Any snacks, beverages, or foods consumed outside the home?

1. Did you take any vitaminlmineral supplements yesterday?
• Ifyes, what brand name?, ..:...-__

2. Was yesterday, a "usual day"?
Yes__
No (please explain)
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SMOKING QUESTIONNAIRE

10#
SEASON

1. AIe you currently smoking 1 or more cigarettes per day?
Ifyes, How many cigarettes per day?

How many years have you been smoking?

Ifno, Did you ever smoke 1 cigarette per day or more at 1east one year?

Ifyes, How many cigarettes per day?
For how many years did you smoke?
What year did you quit?
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Appendix 2: Frequency ofTraditional Food Use by Season
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Frequeacy ofTradlUoaal Food Use by Seasoa

Food ..d seuo.
Fnqu.1ICl' WIJoler(N-51\ SUIDIDV lN-46\

N % N %
~. F1csb Cooked.... 1 2 11 23.9
<Ilwock 39 76.5 30 65.2
1·2Iwock 10 19.6 5 10.9
3-Siwock 1 2

W1d1ellJ. F1csb 5moked.... 50 98 42 91.3
<Ilwock 1 2 4 8.7

W1d1ellJ. HOId Cooked.... 29 56.9 26 56.5
<Ilwock 19 37.3 34.8 34.8
1·2Iwock 3 5.9 4 8.7

W1d1ellJ. EB8 Cooked.... 48 94.1 33 71.7
<lIwock 3 2.9 12 26.1
1·2Iwock 1 2.2

W1d1ellJ. FlSIJpipe Cooked.... 51 100 45 97.8
<Ilwock 1 2.2

Jacoaau F1csb Cooked.... 40 78.4 33 71.7
<Ilwock 11 21.6 13 28.3

IICODDU F1csb Smoked.... 50 98 46 100
<Ilwock 1 2

IICODDU HOId Cooked.... 50 98 45 97.8
<Ilwock 1 2 1 2.2

Jaco.au EB8 Cooked.... 50 98 44 95.7
<Ilwock 1 2 2 4.3

Troat F1csb Cooked.... 21 41.2 25 54.3
<Ilwock 30 58.8 21 45.7

Troat F1csb 5moked
DODe 50 98 46 100
<llwock 1 2

TroUl HOId Cooked.... 32 62.7 35 76.1
<llweok 19 37.3 11 23.9

Troat EB8 Cooked.... 50 98 46 100
<Ilwock 1 2

Ln••• F1csb Cooked.... 21 41.2 18 39.1
<llwock 30 5B.B 27 57.8.
1·2Iwock 1 2.2

Ln... F1csb 5moked.... 51 100 45 97.8
<Ilwock 1 2.2

Ln... HOId Cooked.... 51 100 38 82.6
<Ilwock 8 17.4

Ln••• EB8 Cooked.... 40 78.4 29 63
<llwock 11 21.6 16 34.8J_.

F1csb Cooked.... 18 35.3 15 32.6
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<l/wc:ek 33 64.7 28 60.9
1·2Iwoek

Jocldlsb F1esb SllUlked
1100. SI 100 45 97.8
<l/wcek 1 2.2

Jocldlsb Head Cook«!
Donc 51 \00 42 91.3
<Ilwoek 4 8.7

J••ldlsb ESS Cook«!
00110 48 94.1 42 91.3
<I/week 3 5.9 4 8.7

LoDIDole suclœr F1esb Cook«!
DODC 44 86.3 33 71.7
<llwoek 7 13.7 12 26.1
1·2Iwoek 1 2.2
LoD~Dole JUebr Flesb SllUlked

DODC 39 76.5 23 56.5
<Ilwoek 12 23.5 19 41.3
1·2Iwoek 1 2.2

LoDIDole lucker Head Cooked
Donc 45 88.2 36 78.3
<Ilwoek 6 11.8 10 21.7

LoDgDoie Juclœr ESS Cookod
nODC 50 98 39 84.8
<Ilwoek 1 2 7 15.2

Loacaole lucker Fisbpipe Cook«!
nonc 51 100 45 97.8
<lIwoek 1 2.2

Coribou Woodl'Dd Flesb Cookod
Donc 45 90.8 45 97.8
<l/wcelc 6 9.8 1 2.2

C.r1boD Woodloud F1esb SllUlked
Donc 51 100 4S 97.8
<Ilwoek 1 2.2

Coribou Woodl'Dd Rib Cook«!
nODc 49 96.1 4S 97.8
<llwoek 2 3.9 1 2.2

Coribou WoodloDd Head Cookod
nODc SI 100 4S 97.8
<Ilwoek 1 2.2

Coribou Woodloud H.art Cook«!
DODe SO 98 45 97.8
<Ilwoek 1 2 1 2.2

Coribou WOOdloDd Tangue Cook.d
DODO SO 98 4S 97.8
<1Iwcck 1 2 1 2.2

Coribou WOodloDd Liver Cook«!
DODC S\ 100 4S 97.8
<Ilwoek \ 2.2

Coribou Woodloud Kidnoy Cookod
DODO SI 100 4S 97.8
<Ilwoek 1 2.2

Coribou WOodloDd Boncmanow Cook«!
nODO SO 98 4S 97.8
<Ilwoek 1 2 1 2.2

CoriboD Woodl'Dd BODe Houp
DODe SO 98 4S 97.8
<lIwClClk 1 2 1 2.2

Coribou Woodloud BODe CombillOd
110•• SI 100 4S 97.8
<lIweek 1 2.2

Coribou W.odIoDd Fil Cook«!
DODe SI 100 4S 97.8
<Ilwoek 1 2.2
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Caribou Ba.....ho<l FIesh Coolœd.... 1 2 10 21.7
<Ilweok 31 60.8 31 67.4
1·2Iweok 12 23.5 5 10.9
3-5lweok 7 13.7

Caribou Ba.....h.d FIesh Smolœd.... 5 9.8 17 37
<Ilweok 42 82.4 26 56.5
1.2Iwcek 4 7.8 3 6.5

Caribou Bam••ud Ib"bs Smokcd
nODO 5 9.8 20 43.5
<Ilweok 44 86.3 25 54.3
1.2Iweok 2 3.9 1 2.2

Caribou BamDh.d Head Coolœd
aone 27 52.9 32 69.6
<Ilweok 24 47.1 14 30.4

Caribou BamDh.d Hcart Coolœd

DO" 34 66.7 30 65.2
<Ilweok 17 33.3 16 34.8

Caribou BarnDh.d Tangue Coolœd

DO'. 31 60.8 32 69.6
<Ilweok 20 39.2 14 30.4

Caribou Bammaud Liver Coolœd

DO'. 42 82.4 36 78.3
<Ilweok 9 17.6 10 21.7

Caribou BamDh.d Bleed Cookcd

DO'. 45 88.2 37 80.4
<Ilweok 6 11.8 9 19.6

Caribou BamDhud Stomach Coolœd.... 44 86.3 37 80.4
<Ilweok 7 13.7 9 19.6

Caribou BarnDh.d Kideey Coolœd
DO'. 44 86.3 35 76.1
<Ilweok 7 13.7 11 23.9

Caribou BamDhud BODcmarrow Coolœd
DODC 35 68.6 29 63
<llweok 16 31.4 17 37

Caribou BamDh.d BODe Seup.... 28 54.9 31 67.4
<Ilweok 23 45.1 15 32.6

Caribou BamDh.d BODe Cembillcd

DO" 47 92.2 46 100
<Ilweok 4 7.8

Caribou Bammaud Fal Seup
DODO 18 35.3 29 63
<Ilweok 33 64.7 17 37

Caribou BamDh.d Brai. Coolœd.... 32 62.7 46 100
<lJweok 19 37.3

Moale FIesh Coolœd.... 2 3.9 4 8.7
<lJweok 4~ 84.3 38 82.6
1·2Iweok 4 7.8 4 8.7
3-Siweok , 3.9

Moale FIesh Smolœd.... 11 21•• 18 39.1
<Ilweok 37 72.5 24 52.2
1·2Iweok 3 5.9 4 8.7

Moon Ribs Coolœd.... 17 33.3 22 47.8
1·2Iweok 34 66.724 52.2

MODle Head Coolœd.... 38 74.5 31 67.4
<Ilweok 13 25.5 15 32.6
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MODse Tangue Cooked
Donc 43 84.3 36 78.3
<Ilweek 8 15.7 10 21.7

MODIC Il.... Cooked
Donc 37 72.5 34 73.9
<Ilweek 14 27.5 12 26.1

Moale Uver Cooked
nonc 41 80.4 40 87
<l/week 10 19.6 6 13

MODle Blood Cooked
nonc 50 98 43 93.5
<Jlweek 1 2 3 6.5

MODle Kidney Cooked
Donc 49 96.1 40 87
<Ilweek 2 3.9 6 13

MODle BODe marrow Cooked
Donc 36 70.6 33 71.7
<Ilweek 15 29.4 13 28.3

MODle Bone Soup
nODC 31 60.8 33 71.7
<Ilweek 20 39.2 13 28.3

Moale Bone Combincd
nonc 48 94.1 46 100
<Ilweek 3 5.9

MODIC FIll Soup
nODe 24 47.1 33 71.7
<Ilweek 26 51 13 28.3
1.2/week 1 2

MODle Brain Cooked
nonc 42 82.4 46 100
<Ilweek 9 17.6

Rabbll Flesh Cooked
nODC Il 21.6 24 52.2
<Ilweek 39 76.5 22 47.8
l·2/week 1 2

Rabbll Ilead
nODc 25 49 34 73.9
<llweek 26 51 12 26.1

Rabbll Liver Cooked
DOOO 36 70.6 40 87
<Ilweek 15 29.4 6 13

Rabbll Blood Cooked
nODe 50 98 44 95.7
<llweek 1 2 2 4.3

Rabbll Smin Cooked
nonc 36 70.6 38 82.6
<Ilweek 15 29.4 8 17.4

Be.ver Flesh Coolccd
nODO 45 88.2 45 97.8
<Ilweek 6 11.8 1 2.2

Beaver Flesh Smoked
nODO 45 88.2 41 89.1
<Ilweek 6 11.8 5 10.9

BeaYer Tailfcet Cooked
nonc 46 90.2 45 97.8
<llweek 5 9.8 1 2.2

MUlkral Flesh Cooked
nono 44 86.3 36 783
<Ilweek 7 13.7 10 21.7

MUlkral Flesh Smoked
DODO 41 80.4 27 58.7
<l/wcclc 10 19.6 18 39.1

MUlkrat Uver Cooked
DOoe SI 100 44 9S.7
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<lIwcck 2 4.3
Mas_ T.i1 Cooked

IlOIlO 41 80.4 46 100
<lIwcck. 10 19.6

Bear F1es1l Cooked
IlOIlO SI 100 4S 97.8
<1Jwcck 1 2.2

Bear F1es1l S...ked
IlOIlO SI 100 44 9S.7
<lIwack 2 4.3

Spruce •• F1es1l Cooked
IlOIlO 49 96.1 4S 97.8
<lIwcck 2 3.9 1 2.2

PnIrIe dIIcb. F1es1l Cooked
IlOIlO 32 62.7 28 60.9
<lIwcck 19 37.3 18 39.1

PnIrle dIIcb. F1es1l S...ked
110" SI 100 44 9S.7
<lJwcck 2 4.3
PnIrlec~c"', . GizzanI Cooked

110" 46 90.2 39 84.8
<1Iwcck S 9.8 7 IS.2

PnIrle dIIcb. Kidlley Cooked
11011< 49 96.1 4S 97.8
<1Iwcck 2 3.9 1 2.2

PnIrIe dIIc.... Hcarl Cooked
110.. 47 92.2 41 89.1
<lIwcck 4 7.8 S 10.9

PnIrIe dIIcb. üver Cooked
00.. SI 100 44 9S.7
<I/wcck 2 4.3
_P' F1es1l Cooked

00.. 17 33.3 11 23.9
<1Iwcck 34 66.7 34 73.9
1·2Iwcck 1 2.2

PlonIIp. F1es1l Smoked
110.. SI 100 42 91.3
<l/wcck 4 8.7

PlonIIpo GizzanI Cooked
110.. 31 60.8 21 4S.7
<lIwcelc 20 39.2 24 S2.2
1·2Iwcck 1 2.2

PlonIIpo Kidlley Cooked
110.. 46 90.2 37 80.4
<I/wcck S 9.8 9 19.6

Pbnd&u Hcarl Cooked
110.. 37 72.S 27 S8.7
<lIwcck 14 27.S 19 41.3

PlonIIpo Liver Cooked
110.. 49 96.1 38 82.6
<lIweek 2 3.9 8 17.4

Mallord F1es1l Cooked
11011< 36 70.6 20 43.S
<1Jwcck IS 29.4 26 S6.S

Mallord F1es1l Smoked
11000 SI 100 44 9S.7
<1Iwcck 2 4.3

Mallord GizzanI Cooked
11000 47 92.2 38 82.6
<1Iwcck 4 7.8 8 17.4

Mallord Kidlley Cooked
11000 SO 98 4S 97.8
<lIwcck 1 2 1 2.2

Mallord Hcarl Cooked
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.... 46 90.2 39 84,8
<lJweek S 9.8 7 IS.2

MoDud Uver Cooked.... 49 96.1 44 9S.7
<1Jwcek 2 3.9 2 4.3

MoDud Egg Cooked.... SI 100 4S 97.8
<Itweek 1 2.2

C.....b.ek F1csh Cooked
00.. SO 98 30 6S.2
<lIweek 1 2 IS 32.6
1·2Iweek 1 2.2

Ca.ftJback F1csh Smokcd
110.. SI 100 44 9S.7
<l1weck 2 4.3

Cuvasback Gizzard Cooked
DO" SI 100 41 89.1
<llwcck 4 8.7
1·2Iweek 1 2.2

CI.nlb.dt Kidney Cooked
110•• SI 100 43 93.S
<lJweek 3 6.S

Ca.nlb.de. Hcart CDOked.... SI 100 42 91.3
<lIweek 4 8.7

Cam. COOle F1csh Cooked.... 29 S6.9 22 47.8
<lIweek 22 43.1 24 S2.2

Caud·coose Gizzard Cooked
DO•• 43 84.3 34 73.9
<lIwcck 8 lS.7 12 26.1

Ca.ad,coole Kidney Cooked.... 49 96.1 41 89.1
<lIweclc. 2 3.9 S 10.9

CIDadJ loole H.... Cookcd
"D. 46 90.2 37 80.4
<1Iwcek S 9.8 9 19.6

CI_ad_ COOle Uver Cooked
DOD. 48 94.1 43 93.S
<1Jweek 3 S.9 3 6.S

Caaad. COOlt Fil Cooked
110.. 48 94.1 44 9S.7
<Itweek 3 S.9 2 4.3

SDO" pose F1csh Cooked
IIOD. 46 90.2 46 100
<lIweck S 9.8

Sao" pole Gizzard Cooked
IIOD. 49 96.1 46 100
<lIweek 2 3.9

SaD. coole H.... Cooked.... SO 98 46 100
<lIweek 1 2

P1abll F1csh Cooked
DO" SO 98 34 73.9
<lIweek 1 2 12 26.1

P1abll F1csh Smokcd
DODO SI 100 4S 97.8
<lIweek 1 2.2

P1abll Gizzard Cooked
DO" SO 98 42 91.3
<lIweek 1 2 4 8.7

P1abll Kidney Cooked
DO" SI 100 4S 97.8
<lIweek 1 2.2
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..- Heut Cookod..... SI 100 43 93.S
<lIwoot 3 6.5..- U.... Cookod
110.. SI 100 4S 97.8
<lIweet 1 2.2

5.... f1esh Cookod
110.. SO 98 37 80.4
<Ilweet 1 2 9 19.6

5.... Gizzud Cookod
110.. SO 98 44 9S.7
<Ilweet 1 2 2 4.3

5.... Heut Cookod.... SO 98 46 100
<lIweek 1 2

IIJI. blae1lerry.... SO 98 46 100
<Ilwcck 1 2

Cn.1lerry.... 3S 72.9 37 8G.4
<lIweet 13 27.1 9 19.6

G.... coo.eberry.... SI 100 43 93.S
<lIweet 3 6.S

Parple COO.eberry·.... SI 100 40 87
<lIweet 6 13

1IIaekberry.... SO 98 46 100
<lIweet 1 2

WOd rup1lerry.... 44 91.7 43 93.S
<lIweet 4 8.3 3 6.S

WOd .tn..berry.... SI 100 4S 97.8
<lIweet 1 2.2

BbctelllTUt.... SI 100 4S 97.8
<lJweek 1 2.2

SuulOoO berry.... 37 77.1 28 60.9
<lIweet Il 22.9 17 37
3-Slweet 1 2.2

WOdooloo.... SI 100 4S 97.8
<lIweet 1 2.2

WOd rIlab.rIl.... SI 100 4S 97.8
<llweet 1 2.2
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Appendix 3: Cd concentrations oflndividual Traditional Food Items
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Cd Coaceatradons la Tradldoaal Food

Food Part Pronaradoa # Locadoa Cdlnnm)
MooIC F1csh Driod & Smolced 001 Je:aoRiver 0.04

030 Slave Dell& 0.04
Raw 005 Paulette Creek 0.01

067 Horxshorc-Slave River 0.02
062 HollCSbo..-S1ave River 0.03
066 Slave River 0.04

Fricd 020 Slave Dell& 0.01
Boilcd 026 SlaveDe11& 7.82

118 Jeaa. River 0.00
Smokcd 035 Piae Point Highway 0.01

038 Unidaltificd 0.08
Smolced & Friod 058 OoudetBoy 0.16

Uvcr Raw 014 SloveDel1& 4.35
063 SloveRiver 9.71

Boilcd 028 Slave Dell& 1.21
Kldney Raw OIS SloveDel1& 2.28

060 Honcshoo-5lave River 3.24
065 Slave River 50.56

Boilcd 027 Slave Della 7.82
Heut Raw 016 Jean River 0.03

061 Honcshoo-5lave River 0.08
064 SlavcRivCf 0.12
108 Uoidcntificd 0.02

Boilcd 046 Slave Della 0.11
116 IcanRiver 39.90

lotcstinc Raw 068 Honcshoo-5lave River 0.15
076 SlavoRiver 0.19

Boilcd 079 SlavcRiver 0.10
083 SlavcRiver 0.25

Tangue Raw 054 OoudetBoy 0.14
Internai fat Raw 018 Slave Delta 0.00

Caribou Fellh Raw 003 Rae1akcs 0.01
008 Unideotificd 0.04
050 SDOWCli~ NWT 0.02
106 p..ludeLake 0.01
110 P..ludeLake 0.01

Driod & Smolced 104 p..ludeLake 0.01
Boncmanow Raw 006 Rae1akcs 0.02

008 Unidcntificd 0.02
050 Soowclin; NWT 0.02

Heut Raw 013 Rac Lake 0.01
107 PIOlude Lake 0.02
101 PIOlude Lake 0.01

Kldcny Raw 100 p..ludeLake 1.42
102 PIOlude Lake 1.92
111 PIOlude Lake 0.45

Liver Raw 105 p..ludeLake 2.64
113 P..ludeLake 0.58

Intestinc Raw 109 p..ludeLake 0.04
103 PIOlude Lake 0.03
112 P..ludeLake 0.00

Rabbit F1csh Raw Uoidcntificd 0.02
Bear F1csh Raw 119 Ch....Creek 0.00

097 LiUlellullilo River 0.01
095 LiUle Buffl10 River 0.01

Smokcd 099 LiUle BuffI10 River 0.01
Loche F1csh Raw 114 LiUle BuffI10 River 0.00

117 FLResoLBev 0.00
Ptannlpu F1csh Raw 120 Unidaltificd 0.02

Uoidcntificd 0.01
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Friod UIlideoIi&od 0.02
BoUod 115 CommUllitv 0.01

Musknl F1esh Raw 010 Slave Delta 0.04
Buffalo F1esh Raw 012 HookLake 0.01
MaIIanIduck F1esh Boilod 039 Utile Bulfalo River 0.05
Beaver F1esh Raw 041 Utile Bulfalo River 0.16

OB4 Little Buffalo River 0.02
Smoked & BoUed 057 Nyarli.B River 0.02

kidoey Raw 040 UoideoIi&od 4.14
OB6 Utile Buffalo River 4.36

Uver Raw 043 Utile Buffalo River 0.55
OBS Utile Buffalo River 0.34

IntesiDC Raw 042 Utile Buffalo River 0.18
Heart Raw OB7 Umo Buffalo River 0.01

Whilelish F1esh Raw 004 Fort Resoluti•• Bay 0.01
011 Fort Resolutio. Bay 0.01
022 Fort Resolutio. Bay 0.01
092 Utile Buffalo River 0.03
093 Utile Buffalo River 0.02

lacklish F1esh Raw 070 P.uleUC...k 0.01
071 P.uleUC...k 0.01
045 P.uleUC...k 0.41
053 P.uleUC...k 0.03
052 Utile Buffalo River 0.00

Friod 053 P.uleUC...k 0.11
IntestinCl Raw 069 P.uleUC...k 0.01

052 Utile Buffalo River 0.19
053 PauleUC...k 0.21

Eu Raw 053 P.uleUC...k 0.01
Sucker Flesh Raw 07B P.uleUC...k 0.00

072 P.uleUC...k 0.02
073 Misalo. IaIaod 0.01
074 Misai•• IaIaod 0.06
075 Paulctt Crcek. 0.01

F1esh Smokod 025 Fort Reaolutio. Bav 0.16
Trout F1esh Raw OBO SimplOn ls1aDd 0.02
Craobcrry l\aw 007 P.ul.... C_k 0.00

017 Misalo. bl.ad 0.00
029 P.ul.... C_k 0.00
OB2 Moo.. Deer IaIaod 0.00

l.m 051 Mission lJIaDd 0.00
MoolCbcIrY Raw OBI Accroa PortallPt! 0.00
Rhubarb Raw 077 Fort Resolution 0.00

090 Fort Resolutio. 0.00
Berry Raw 094 Utile Buffalo River 0.01

096 Oravevard 0.02
Oude.potato Raw 002 Fort Resolution 0.01

037 Fort Resolution 0.01
091 Fort Resolutio. 0.03
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Appendix 4: Table 26. Mean Frequency of consumption of animal organs by gender
Table 27. Mean Frequency ofconsumption of animal organs by age
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TabJe26.

Mean Frequeucy ofConsumpliou ofAulmal Organs (Daytlweek)
ByGeuder

Food Women (43 ") Meu (54 ") n.,,}>
N' %d MeanF

.
N' %d Mean Fr"""cn

WoodJaud caribou Liva" 1 2.3 O.OOS±0.03 0 0 O.O±O.O
Kidnev . 1 2.3 0.OOS±o.o3 0 0 O.O±O.O

1lam:Dbmd caribou Liv.. 8 18.6 0.04±0.08 11 20.4 0.04 ± 0.08
Kidnev 7 16.3 0.03±0.07 11 20.4 0.04 ± 0.08

Moosc Liv.. 7 16.3 0.03±0.07 9 16.7 0.03±0.08

KidaeY 1 2.3 0.OOS±0.03 7 13.0 0.03 ± 0.07
Rabbi! Liv.. 6 14.0 0.03±0.07 IS 27.8 0.06±0.1
Muskrat Liv.. 0 0 O.O±O.O 2 3.7 0.0\±0.04
P1amûgau Liv.. 3 7 O.O\±O.OS 7 13.0 0.03±0.08

Kidnev S 11.6 0.02 ± 0.06 9 16.7 0.O3±0.08
Pintai1 Liv.. 0 0 0.0 ± 0.0 1 1.9 0.004 ± 0.08

KidDev 0 0 O.O±O.O 1 1.9 0.004±0.08
Ma11ard Liv.. 1 2.3 O.OOS±0.03 3 S.6 0.01 ±o.oS

KidaeY 0 0 O.O±O.O 2 3.7 0.01 ±0.04
Canada goosc Liv.. 2 4.7 0.01 ±0.04 4 7.4 0.01 ±O.OS

KidaeY 2 4.7 0.0\±0.04 S 9.3 0.02 ± 0.06
Prairie chicbIc Liv.. 1 4.3 0.OOS±0.03 1 1.9 0.004±0.03

KidDCY 0 0 0.0 ± 0.0 3 S.6 0.01 ±0.027
Sprucebcn Liv.. 0 0 O.O±O.O 1 1.9 0.004 ± 0.027

KidDev 0 0 0.0 ± 0.0 0 0 O.O±O.O
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M.... Frequency ofCODlumpllou ofAllJmal OrgIDl (Dayalweek)

&YAle

•

Food Age
26-40(45 "1 40.60 (26 "1 60< (26 "1

N' %. M.... freaueu..' N' %. M.... freauODcY' N' %d Meau freaueu..'
CariboaW. Liv.. 0 0 0.0*0.0 2 7.6 0.01 *0.04 0 0 0.0*0.0

KidDcv 0 0 0.0*0.0 1 3.8 0.0\%0.04 0 0 0.0*0.0
CaribouB. Liv.. 5 11.1 0.02*0.06 7 26.9 0.05*0.09 7 26.9 0.05 *0.09

KidDcv 4 8.9 0.02*0.06 7 26.9 0.05*0.09 7 26.9 0.05*0.09
Moose Liv.. 5 11.1 0.02*0.06 7 26.9 0.05*0.09 4 15.4 0.03*0.07

KidDcv 4 8.9 0.02*0.06 3 Il.S 0.02*0.07 1 3.8 0.01 *0.04
Rabbil Liv.. 1 2.2 0.004*0.03 10 38.5 0.08*0.1 10 38.5 0.08 *0.1
Musknt Liv.. 0 0 0.0*0.0 0 0 0.0*0.0 2 7.7 0.02%0.05
Plmmigan Liv.. 3 6.7 0.01 *0.05 3 Il.S 0.02*0.07 4 15.4 0.03%0.07

KidDcv 3 6.7 0.01 *0.05 4 15.4 0.03*0.07 7 26.9 0.05%0.09
MallanI Liv.. 3 6.7 0.01 *0.05 1 3.8 0.01 *0.04 0 0 0.0*0.0

KidDey 0 0 0.0*0.0 1 3.8 0.0\%0.04 1 3.8 0.01 *0.04
Pintail Liv.. 0 0 0.0*0.0 1 3.8 0.01 *0.04 0 0 0.0*0.0

KidDey 0 0 0.0*0.0 1 3.8 0.0\%0.04 0 0 0.0*0.0
Canada goose Liv.. 1 2.2 0.004*0.03 3 Il.S 0.02*0.07 2 7.7 0.02*0.05

KidDcv 2 4.4 0.01*0.04 1 3.8 0.01 *0.04 4 15.4 0.03*0.07
PJairie chichi< Liv.. 1 2.2 0.004 * 0.03. 0 0 0.0*0.0 1 3.8 0.01 *0.04

KidDcv 1 2.2 0.004*0.03 1 3.8 0.0\%0.04 1 3.8 0.01 *0.04
Sprw:ehen Liv.. 1 2.2 0.004*0.03 0 0 0.0*0.0 0 0 0.0*0.0

Kidnev 0 0 0.0*0.0 0 0 0.0*0.0 0 0 0.0*0.0
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Appendix 5: List of Scientific Names
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List ofscieotlfic oames

Scieotlfic oames

A/ces a/ces

Rangifer tarandus

Lepus americanus

Ursus americanus

Ondatra zibethious

Bison bison

Castor candadenis

Lagopus mutus

Anasp/atyrhynchos

Oxycoccus spp.

Viburnum edu/e

Rheum rhaponticum

Prosopium cy/indraceum

Esox /ucius

Catostomus catostomus
Save/inus namaycush
Lota Iota

Commoo oames

Moose

Caribou

Rabbit

Bear

Muskrat
Buffalo

Beaver

Ptarmigan

Mallard duck

Cranbeny

Mooseberry

Rhubarb

Whitefish

Jackfish

Sucker

Trout
Loche

134




