
1+1 
, 

• 
Scientific Excellence • Resource Protection & Conservation • Benefits for Canadians 

Excellence scientifique • Protection et conservation des ressources • Benefices aux Canadiens 

Metal Concentrations in Fish 
and Sediment from Lakes near 
Flin Flon, Manitoba 

S.E. Harrison, M.D. Dutton, R.V. Hunt, 
J.F. Klaverkamp, A. Lutz, W.A. Macdonald, 
H .S. Majewski and L.J. Wesson 

Central and Arctic Region 
Department of Fisheries and Oceans 
Winnipeg, Manitoba R3T 2N6 

July 1989 

Canadian Data Report of 
Fisheries and Aquatic Sciences 
No. 747 

Fisheries 
and Oceans 

Peches 
et Oceans Canada 

~... . -' _ _ •. ~.!.!.::... 



(anadian Oat a Rl'porl of 
Fi~heric .. and Aquatic Sdence .. 

[l.lt :,( 1\ IWI h prIll IJl' a mc::JlulIl I (II Illi Ilg and ,Ireh 1\ I fig da t a cnlllpilal illib II hnl 
liull III Ill' Jt1al~\i, i inc:iuJl' d "Ill'll Ll1rllpil.tlhill" ll\mr1111t1l~ II til h~1\ ~ OCLII rrc::pilrr.:d 

III 'lI pPllrt (\1' (1111,'1 I'lulnal J1uhlll'iltill l l' III rc:p'lrt fltl 'UhJCLI mattLI III Jata 1'<.[11111 
rdl n:l thl hr-nuJ Inlnnl, <lIIU [Hlli.:te, (II Ihe fkpartl11l'lll <II F i ~hertL' ;JEd Olr.:an , 

IldIlWI\, 11,llertt.:~ dUU il41l<lllL ,,'it:IILl:~ 
Ihla n:pllrh ~([l nUl 1I1!t:IHkJ 1111 !:!t:nn,d dl,tflhutl,ln ilnu the c:unll'nb mil . 11101 

he ILil' rIL'u tn 1/1 IlIht:r l'uhll(:,.11I'III' \\ itlHtut prillt IHIlIen lllllHlril<ltloln fr <lrn the 

",llint! r.: 'I"hl l,l1l1ll·nt 1 hL Lllfrt.:C:1 cilJt 1,'11 apr''.II' ,dh)'t the ah Itall "rr,.ch a'poll 
Pat:( n:r,q I' all Llh'tl<lI.' !I:J ill .11/ IWfi, \ . III/ I" "'I<ll/,hl I/! \ 1/',III(/( f' Jlld illdL:\ l'd 
'0 thL I kpartmlnt" ,1!l IIU .Ii IIIJ~ III ,ci,nldIL .Ind tLLltllil,d f'lIhli<.Jlloll' 

\1I1110l' l 1 2~ 111 lill, ,ui<', \\el': 1"L1LJ.1' ~ I hl'IIC' ~IIIJ \lannt: <"'UIICl' 11,111 
[(culld \lImhLI,21, Ih(1 \\nl 1~'IIl'J a~ IlLrulll1lCnl "I h,Ik'IIC'~ dnd thc Emltlln 
11Il'lll [i,hC'fll" nJ \!J.riJ1l' C'f\ Ilt D,Ha Rep,,, h 1 ht: (UII LOt ,.'t it.:, llilfm \\il illlr ll­

\JUl '1\ 1\ it 11 1 hl flU hlt ... ·,tl 1011 . 11 rl'ppn 1I1II11hCI I II t , 
I) IIJ IC'P(lIb.trt rroulII:t:J ITt!I"llilll\ hUI ,I I, fllllllnt:lcJ 11:llllInall\ Kctjul',t loll 

· lIdIlIJU.d ICrllll' \\ill he it\kci h~ [ilL i"UlllgC,I.lhil htmnl 1t,leu Oil [hl 110111 ,'(lll'! 

.tnd IlIk pdgC ()UI-Ill- ' Ind, n:p"n II III hl 'llrr11c:d ("I <l Il', h ~ l "l1mmcrclJI agLlIt 

Rapport ,tati,tiquc canadien dcs 
sdence'i halieut ique, ('I aqualique!oJ 

1<: r'lpr"il' ,1.111,IIYIIC: Ctllill 'I cla"cl I ,I .1IL1l1lc r iL'. compil'lIllln' Ul 
' \.'11111.'<.' pl'lIl k,tjllclk- Ii: ,I pl'lllll i 11111111 J 0111.11 'I (c, u 1mpilaliot1\ .!ul<lnl d'llUI 

q,lill' l-lC prc'parr.:l' ;1 (',lprUI J'autlC\ pl!h li l.lli'll1' lHI I app,11 t~ 1 c, \UJCI, de'l4lpp'1r!, 

,uli liqLle:' rdkll'I.1 I., I <i ... k' galllt1lt' lIL, Il1ll'lC:l d Jc:, f'ilhllL(lIl' Ju tnll1l,t,'IL .11.."' 
PeLIle ,I dL' (h.,',11I l''':'I'~ dllt' Ie, ,i'"IILl' h,tliLUli<.jut: l'1 lIljuallqllt.:" 

[l" r,lp[1l1rt ,Iall ltqUe III ,,'111 Pi' dl..'llIll·' 'I UII \. la,le Ji,trihll[i,'" t:1 kill 
""IC:IlLI Ill' 0'111 (la, ':11l' IIIUlliulIllC dall' L1nl pUh l iL.ll illll all .tlll'lf1"llillll t:Lltll' 

pl·,;d;lbk lk I'c l ahll,'llll.:111 ;(1I1t.:1I1 L, lilrl" L\UCI paldll "\I-dl'~'lI' Ju 1t.:'Un1l Jl 
!t ,l lflte: ["PPOtl II!, lapP"n, l:ttl'llqu~ ,,1(11 1","1l1l', Jan 1;1 IL\ III 1(' :\11111,\ u'1' 

;, '/1" I '[I/IIII/(!/lll' 1" Iw/il wi(/II'"' 1:1 II ... ,,1111 t.I'", ,jail I'mtlc\ .I nil 11.:1 ,ii:, [111 \111 .. ,1 

""JI' 'l' ll'l1lllll.jllL:' ..:t lnltnlq.le, d ll \llnlq~tl 
Le~ 1I1I m~' Ill' I :1 ~ 5 Ill. I.l Ill' '1' 1 il fI n l dl' fl U h II L' .1 til I C' tIL It \t:1 L' ,I a t I,t '11"1" , ", 1-

\ 1«(, Jc' pC..tlL. LI lit 101 Iller. Ll.' ,IUnll-[1l 2(' d IhOont ell! rllhl it~ 'J lilrLJ~ lappl11[ 
,1.11 l~lI'-1L1C~ Ju 'en IlL tic' pl'I.'ht:- It Jt: 1,1 lilt:!, mitm[nl de Pcche LI de ITm ir<JlIIlt:­

I1h'lli II. r'lllil dLlllt:1 Jc' 1<1 ... CIIL' a LlL' l'lLlhlt I"r, Ill' la p"rUIII'II UU rtlllllern 1(,1 
I c" 1;((11")(1' 1<l1 1'"'-llil" ,"11\ pr"dlllh " I'Llltdllll II"~I"II," lI1ai~ nUnlCI.ll·' a 

i'ultl' I"1l nallun.d 1 c ... llL-m,lIll!. ,IL l.lrr,lIl, 't:llIllt ',Iii la lit' pdl 1't:whll"ll11o:nl 

IIIILIII d""1 II. Ill'ITt IlgulI: 'Ut 1.1 , ' ,1\1 Lrtl ill CI 1,1 p.'!:(, dll lill l' I L" lil[1r(l'l Pili'" 
·,'1<1111 f'lllrnl\ cnnlre rt:tllhlltilll. 11.11' Ik iI~Lllf lllmmCI,I.,L1, 

• 



Canadian Data Report of 

Fisheries and Aquatic Sciences 747 

July 1989 

METAL CONCENTRATIONS IN FISH 

AND SEDIMENT FROM LAKES 

NEAR FLIN FLON, MANITOBA 

by 

S.E. Harrison, M.D. Dutton, R.V. Hunt, 

J.F. Klaverkamp, A. Lutz, W.A. Macdonald, 

H.S. Majewski and L.J. Wesson 

Central and Arctic Region 

Department of Fisheries and Oceans 
• 

Winnipeg, Manitoba R3T 2N6 

This is the 33rd Data Report 

from the Central and Arctic Region, Winnipeg 



i i 

© Minister of Supply and Services Canada 1989 

Cat. no. Fs 97-13/747E ISSN 0706-6465 

Correct citation for this publication is: 

Harrison, S.E., M.D. Dutton, R.V. Hunt, J.F. Klaverkamp, A. Lutz, W.A. 
Macdonald, H.S. Majewski, and L.J. Wesson. 1989. Metal concentrations 
in fish and sediment from lakes near Flin Flon, Manitoba. Can. Data 
Rep. Fish. Aquat. Sci. 747: iv + 74 p. 

• 



TABLE OF CONTENTS 

ABSTRACT/RtSUM£ 

I NTRODUCTl ON 

METHODS 

ACKNOWLEDGMENTS 

REFERENCES 

LIST OF TABLES 

Table 

Surface area and location 
of study lakes 

2 Water chemistry parameters of 
study lakes 

3 Detection limits in tissues and 
sediments 

LIST OF FIGURES 

Figure 

A map showing the geographical 
location of the study lakes. 

2 Sediment metal profil es for 
the study lakes: 

a) Hamell Lake 

b) Douglas Lake 

C) Phantom Lake 

d) Cliff Lake 

e) Meridian Lake 

f) Cleaver Lake. 

g) Naosap 11ud Lake 

h) Kotyk Lake 

i ) Nek i k Lake 

j) Saskatchewan #1 Lake 

k) Saskatchewan #2 Lake 

1 ) Saskatchewan #3 Lake 

m) Saskatchewan #4 Lake 

Page 

Iv 

2 

2 

Page 

4 

5 

6 

Page 

7 

8 

8 

9 

9 

10 

10 

11 

11 

12 

12 

13 

13 

14 

iii 

Appendix 

2 

3 

4 

LIST OF APPENDICES 

Metal concentrations in sediment 
core samples from the study 
lakes 15 

Means and standard deviations of 
metal concentrations In sediment 
core samples • 36 

General characteristics and metal 
concentrations In liver and muscle 
of white sucker and northern pike 
from the study lakes 44 

Means and standard deviations of 
metal concentrations In liver and 
muscle of white sucker and 
northern pike from the study 
lakes 71 



ABSTRACT 

Harri SOI\ S. E., M. D. Duttol\ R. V. Hunt, J. F. 
Kl averkallJ,J, A. Lutz, W. A. Macdonal d, 
H. S. Ma jewsk i, and L. J. Wesson. 1989. 
Metal concentrations in fish and sediment 
from lakes near Flin Flol\ Manitoba. 
Can. Data Rep. Fi sh. Aquat. Sci. 747: iv 
+ 74 p. 

Northern pike (Esox luciusl, white 
suckers {Catostomus commersonil,~ater were 
sa~led in 1982 from thlrteen lakes in Manitoba 
and Saskatchewan. Five lakes were within 8 km 
of Flin Flol\ four were 23 to 43 km east of Flin 
Flon, and four were 68 to 84 km northwest of 
Flin Flon. Liver and skeletal muscle from 142 
northern pike and 152 white sucker were analyzed 
for As, Cd, Cu, Hg, Pb, Se and Zn. Water 
sallJ,Jl es were analyzed for Na, K, Ca, Mg, SOl" 
Cl, pH, conductivity, dissolved inorganic carbon 
{DIC l, di ssol ved organi c carbon {DOC l, NHI, -N, 
and N03 -N. Thi s report presents these chemical 
data as well as age, sex, 1 ength, wei ght, and 
condition factor of the fish sa~led. 

In 1985, sedi ment cores were taken from 
all 13 lakes, sectioned and analyzed for Zn, 
Cu, Cd, Hg, and Se content. Tab 1 es and plots 
of sediment metal profiles are provided for each 
1 ake. These data will be further eval uated and 
analyzed in a primary publication. 

Key words: Zinc; copper; cadmi um; mercury; 
selenium; lead; arsenic; sediment; 
fish. 

Harri soI\ S. E., M. D. Duttol\ R. V. Hunt, J. F. 
Kl averkallJ,J, A. Lutz, W. A. Macdonal d, 
H. S. Ma ~wski, and L. J. Wesson. 1989. 
Metal concentrations in fish and sediment 
from lakes near Flin Flol\ Manitoba. 
Can. Data Rep. Fi sh. Aquat. Sci. 747: iv 
+ 74 p. 

Des grands brochets · {Esox 1 ucius l, des 
meuniers noirs {Catostomus cOiiiiierso;;n:-et des 
eChantillons d'eau ont ete preleves en 1982 dans 
trei ze 1 acs du Manitoba et de 1 a Saskatchewan. 
C i nq de ces 1 acs sont s i tues dans un rayon de 8 
km de Flin Flol\ quatre se situent de 23 a 43 km 
a l' est de Fl in Flon et quatre se situent de 68 
a 84 km au nord-ouest de Fl in Flon. Des echan­
tillons de foie et de muscles squelettiques 
provenant de 142 grands brochets et de 152 
meuniers noirs ont ete analyses pour detecter la 
presence d I As, de Cd, de Cu, de Hg, de Pb, de Se 
et de Zn. Les echant ill ons d I eau ont ete 
analyses pour determiner la teneur en Na, en K, 
en Ca, en Mg, en SOl, et en Cl, de meme que le 
pH, la conductivite et la teneur en carbone 
inorganique dissous {CIDl, en carbone organique 
dissous {COOl, en NHI,-N et en N03-N. Le rapport 

iv 

presente le donnees chimiques de meme que l' age 
le sexe, la longeur, la masse et le coefficient 
de condition des pOissons echantillonnes. 

En 1985, des carottes de sedi ments de 
chacun.des lacs ~nt ete prelevees, sectionees et 
ana 1 ysees pour determi ner 1 a teneur en ZI\ Cu 
C~ ~g et Se. Des tableaux et des graphique~ 
decrlvent la teneur en metaux des treize lacs. 

Ces donnees feront 1 'ob ~t d'etudes et 
d'analyses plus poussees dans· le cadre d'un 
article a paraftre dans une revue scientifique. 

Mots-cles: zinc; cuivre; cadmium; mercure; 
selenium; plomb; arsenic; sediment; 
pOisson. 
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INTRODUCTION 

Since 1930, a base-metal smelter has been 
in operation in Flin Flon, '~anitoba, which is 
located on the Manitoba-Saskatchewan border at 
approximately 55°N and 102°W (F1g. 1). From 
1971 to 1980, this smelter milled and processed 
about 15 200 000 tonnes (t) of mixed suI fide 
ores producing approximately 544 000 t of cop­
per, 640 000 t of zinc and 1 100 t of cadm1 um 
(Anon 1980). During this period, substantial 
amounts of gold (17 t), silver (327 t) and sel­
en i um (523 t) were produced as by-products of 
the milling, leaching and smelting processes. 

Until 1974, emissions of suI fur oxides and 
metals were discharged to the atmosphere through 
two stacks (53 m and 69 m high). In 1974, one 
of these stacks was replaced by a taller stack 
approximately 250 m high. Since then, emissions 
have been di scha rged to the atmosphere 1 arge 1 y 
from the taller stack. Precipitation collection 
and snow sampl ing demonstrated that these emis­
sions are a major source of Cd, Zn, Cu, Pb and 
As input to lakes up to 284, 264, 60, 87 and 68 
km, respectively, from the smelter (Franzin et 
al. 1979). In 1982, controls were installed 
wh i ch reduced pa rt i cu 1 ate emi s s ions by 85% 
(Fraser 1983). 

Water, sediment, and macrophyte samples 
from lakes in the Flin Flon area contained ele­
vated metal concentrations (Van Loon and Beamish 
1977; Jackson 1978; McFarlane and Franzin 1978; 
'~cFarlane et al. 1979; Franzin and McFarlane 
1980, 1981). A preliminary study on Cd, Cu and 
Hg levels in livers of white suckers and north­
ern pike from five lakes close to the smelter 
described relationships between metal concentra­
tions and fish age, but the limited data could 
not detect signi ficant statistical relationships 
between metal concentrations in fish, and envi­
ronmental variables, sediment metal concentra­
tion or metal deposition on lakes (McFarlane and 
Franz i n 1980). 

In 1982, we conducted a survey on lakes as­
sumed to be with i n the depos it i on zone of the 
smel ter (based on the estimates of Franzin et 
a1. 1979), to determine levels of metal contam­
ination in two fish species: the white sucker 
(Catostomus commersoni), a benthic feeder, and 
the northern pike (Esox lucius), a piscivore. 
Liver and skeletal muscle wer=e-analyzed for the 
metals Zn, Cu, Cd, Hg and Pb, and the semi­
metals Se and As; lake water was analyzed for 
ionic composition. The survey was designed to 
evaluate factors such as, lake water chemistry, 
distance of lake from smelter, direction of pre­
vailing winds, fish species, sex and age, which 
may affect metal contamination of these fish. 
The survey also evaluated the effect of instal­
lation of the taller stack on metal concentra­
tions in fish (compared to data of McFarlane and 
Franzin 1980). In 1985, sediment cores were 
taken from each lake to assess the metal loading 
and metal loading chronology and to evaluate 
effects of the pollution control measures on 
meta 1 concent ra t ions in sed i ment. The da ta 
presented in this report wi 11 be further 
evaluated, analyzed, and presented in a primary 
publication. 

METHODS 

During July 1982, adult white suckers and 
northern pike were captured from 13 lakes. Five 
of these lakes 'Fl in Flon Lakes' were located 
within an 8 km radius around the smelter (Fig. 
lA). Four lakes 'Manitoba Lakes' were located 
23 to 43 km east of the smelter (Fig. 1B). Four 
lakes 'Saskatchewan Lakes', were located 68 to 
84 km northwest of the smelter (Fig. 1C). 

Criteria for lake selection were road 
access, relatively small and consistent surface 
area, and presence of at 1 east one of the fi sh 
species of interest. Topographical maps 
(1 :50 000) and, when necessary, a planimeter 
were used to es t i ma te 1 a ke su rface a rea, 1 oca­
tion, distance and direction from the smelter. 

Cliff Lake, the only 'Flin Flon Lake' loca­
ted in Manitoba, is the domestic water source 
for the residents of Fl1n Flon and the industri­
al usage source for milling, leaching and smelt­
ing operations. Douglas Lake is the domestic 
water source for Creighton, Saskatchewan. A 
popular recreation area is located on the north 
end of Phantom Lake. 

Fish were captured with overnight sets of 
gill nets, 230 to 280 m long, ranging between 50 
and 110 I11TI stretched mesh. After removal from 
the nets, fish were placed on ice for transpor­
tation to a field laboratory near Flin Flon. 
Before di ssect i on, the wei ght, fork 1 ength, and 
sex were r~corded, and samp 1 es of pectora 1 fi n, 
opercu 1 ar bone, and sca 1 es were removed for age 
determination (Mills and Beamish 1980; Beamish 
1981). Condition factor was calculated using 
the equation of Bagenal and Tesch (1978): 

Weight (g) x lOS 
Cond it i on fac tor 

[Fork length (mm)]3 

The entire liver and 50 to 80 g of skeletal 
muscle below the dorsal fin on the left side of 
the fish were removed, weighed, placed in small 
polyethylene bags, and frozen for transportation 
to the Meta 1 sAna 1 ys isLa bora tory at the 
Freshwater Institute, Winnipeg, Manitoba. 

In September, 1985, four sediment cores 
were taken from the deepest region of each lake 
(up to 18 m), with the exceptions of Phantom, 
Cl iff and Saskatchewan 113 lakes. The deepest 
regions of these three lakes exceeded depths 
considered practical or safe for scuba diving. 
Scuba divers thrust acryl ic plastic tubes 5 cm 
in diameter and 32.5 cm long into the bottom 
sediment, then plugged one end with a rubber 
stopper before removing the tube from the sedi­
ment and plugging the other end. Water above 
the core surface was removed before sectioning. 
The sediment cores were sectioned into 2, 2, 2, 
2, 2, 5, 5, and 5 cm slices in succession, from 
top to bottom, to a total depth of 25 cm. Each 
sl ice was placed. in a plastic bag and frozen. 

Muscle (4-6 g wet) and liver (0.5-1 9 wet) 
samples were digested for analysis of Cd, Cu, 
Pb, and Zn with 5 mL conc. nitric acid and 1 mL 
conc. suI phuric acid in 25 X 200 mm test tubes 



using an aluminum block heater at 130°C. Ch~r­
ring of any organic residues commences fo110w1ng 
the evaporation of the nitric acid. Hydrogen 
peroxide (50~) was added by drops until the 
solution was clear. The heating, charring, and 
peroxide addition was repeated until no further 
charring occurred. 

The total sample volume was then brought up 
to 25 mL with distilled-deionized water. Muscle 
samples were further treated by an extraction 
and concentration process for analyses of Cd, Cu 
and Pb. This process consisted of adding 3 mL 
of diethy1 ammonium diethy1 dithiocarbamate 
(DDDC; 0.5~) in butyl acetate, mixing. in . a vor­
tex for 30 s, then removing and centr1fug1ng the 
butyl acetate 1 ayer for 5 mi n (Ki nrade and Van 
Loon 1974). 

r1ercury analyses of the tissues were per­
formed as described by Armstrong and Uthe 
(1971). Arsenic and selenium were analyzed 
using the methods of Vi jan and Wood (1974). 

Sediment samples were oven-dried at 80°C 
and a 0.5 g subsamp1e was ground with a glass 
mortar and pestle, followed by a nitric, per­
ch10ric, hydrofluoric acid digestion, following 
the methods of Sturgeon et a1. (1982). Concen­
trations of Pb and As were not determined in 
sediment samples. 

A Varian AA-5 atomic absorption spectropho­
tometer equipped with a BC-6 simultaneous back­
ground corrector was used for ~ta 1 . a~d trace 
element determinations. Detect10n 11mlts were 
as shown in Table 3. 

Water samples for analyses of Na, K, Ca, 
Mg, SO .. , C1, pH and conductivity were collected 
in July, 1982, at a depth of 1 m, with a Van 
Dorn apparatus. Because Naosap Mud Lake is very 
shallow, its water sample was taken at a depth 
of 0.5 m. At the field laboratory, a samp1~ of 
this water was allowed to equilibrate untl1 a 
constant pH (steady for at least 30 s) was 
recorded (8 to 10 mi nutes). A Fi sher Model 119 
field pH meter, cali brated with reference buf­
fers between each sample was used to measure 
pH. Samples for dissolved inorganic carbon 
(DIC) and disso1 ved organic carbon (DOC) were 
collected at arm's length depth in 50 mL poly­
propylene syringes. Individua.1 samples . for 
NH .. -N and N03-N were collected 1n glass v1~ls. 
Sample collection procedures and ana1yt1ca1 
methodologies are described in Stainton et a1. 
(1977). 

Alkalinity was calculated using an equation 
described by Schindler et al. (1980): 

Mn and Fe were not analyzed and included in the 
calculations because they are present only in 
the low uM. L -1 range (McFarlane et al. 1979). 
The concentrations of N03 were frequently found 
to be below detection 1 imits and therefore were 
not included in the calculations. 
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Table l. Surface area and location of study lakes. 

= 
Region Lake Location Area Distance (km) Direction 

(ha) from smelter from smelter 

FLI N FLON HAMELL LAKE 54°48'N lOI°57'W 233 4 NW 
DOUGLAS LAKE 54°44'N 101056'W 122 5 SW 
PHANTOM LAKE 54°43'N lOlo52'W 478 5 S 
CLI FF LAKE 54°48'N lOI°51'W 246 6 N 
MERIDIAN LAKE 54°44'N 101°59'W 123 8 W 

MANITOBA CLEAVER LAKE 54°43'N 101°33'W 58 23 SE 
NAOSAP MUD LAKE 54°51'N 101°29'W 58 27 NE 
KOTYK LAKE 54°53'N 101°29'W 127 30 NE 

NEKI K LAKE 54°56'N 101°16'W 187 43 NE 
SASKATCHEWAN SASK LAKE NO. 1 55°02'N 102°49'W 35 68 NW 

SAS K LAKE NO. 2 55°05'N 102°53'W 57 74 NW 
SASK LAKE NO. 4 55°22'N 102°40'W 25 83 N~J 

SASK LAKE NO. 3 55°13'N lOr55'W 128 84 NW 



Table 2. Water chemistry parameters of study lakes. 

Lake Na K Ca Hg SO.. Cl Al kali nity pH Conductivity DIC DOC NH .. -N N0 3 -N 
IImol oL-1 IImol oL- 1 IImol oL- 1 IImol oL-1 IImol oL-1 IImol oL- 1 

lI equiv.L- 1 IISo cm- 1 IImoloL-l IImoloL-l IImoloL-l IImoloL-! 

HAMELL LAKE 70.5 35.5 384.2 118.0 152.0 90.3 716.3 7.54 110 660 670 1.7 <0.016 

DOUGLAS LAKE 104.8 39.1 598.8 177.7 164.5 158.0 1209.9 8.35 170 1160 630 3.3 <0.016 

PHANTOr1 LAKE 154.0 49.6 546.4 237.7 156.1 90.3 1369.3 8.50 170 1210 630 1.1 <0.016 

CLI FF LAKE 74.4 32.2 374.3 149.7 154,1 39.5 806.9 7.72 120 790 600 1.1 <0.016 

MERIDIAN LAKE 53.9 24.8 234.0 86.2 133.2 22.6 430.1 7.56 70 430 1440 2.2 <0.016 

- - - - - - - - - - - - - - - - - - - - - - - - - -
11l 

CL EAVER LAKE 85.7 20.5 262.0 146.0 68.7 70.5 714.3 6.98 80 700 460 2.2 <0.016 

NAOSAP ~'UD LAKE 67.0 24.8 401. 7 88.0 71.8 14.1 913.4 7.60 100 880 940 2.8 0.032 

KOTYK LAKE 57.9 16.4 190.1 69.9 56.2 16.9 465.0 7.40 60 430 1010 2.8 <0.016 

NEKIK LAKE 73.9 19.9 162.4 74.0 52.0 16.9 445.8 7.35 50 410 1030 2.2 <0.016 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SASK LAKE tID. 94.0 31.7 157.7 147.7 53.1 19.7 610.5 6.50 70 580 710 3.3 0.016 
SASK LAKE NO. 2 53.9 15.9 81.1 53.9 57.3 5.6 219.7 6.14 30 220 750 2.8 <0.016 

SASK LAKE NO. 3 84.0 31.7 104.3 77.7 70.8 16.9 321.3 5.88 50 300 1120 2.2 <0.016 
SASK LAKE NO.4 60.9 19.9 76.6 82.1 66.6 11. 3 213.7 5.85 30 220 440 2.2 0.048 
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Table 3. Detection limits in tissues and sediments. 

= 

Muscle Liver 

As and Se < 0.05 < 0.05 

Cd < 0.01 * < 0.05 * 
Cu < 0.01 * < 0.5 

Pb < 0.02 * < 0.1 * 
Zn < 0.05 < 0.3 

Hg < 0.01 < 0.01 

* Diethyl ammonium diethyl dithiocarbamate extraction 

** [Pb] and [As] not determined in sediments 

Sediment 

< 0.1 ** 
< 1 

< 2.5 

** 
< 1 

< 0.01 
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Appendix 1. 

Metal concentrations in sediment core samples from the study lakes. 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

-------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=4 LAKE=HAMELL LAKE ------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

0-2 7390 2710 51 5.49 9.61 97.3 52.15 

2-4 10200 2860 61 7.18 13.2 96.8 51.90 

4-6 9410 2980 62 4.22 14.6 96.2 52.17 

6-8 6860 2470 50 1 .01 . 13.5 96.5 53.61 

8-10 6420 1690 41 1.94 ".7 96.4 54.98 

10-15 5390 940 26 1.77 6.86 96.2 55.77 

15-20 3280 360 13 0.44 3.29 96.0 56.52 

20-25 1140 120 3 0.22 1.80 95.6 56.13 

2 0-2 9620 2880 60 1.95 14.4 97.4 51.93 

2-4 11800 3080 63 13.4 96.9 51.60 

4-6 8530 2890 59 14.6 96.6 53.41 
...... 

6-8 9040 2810 58 4.64 14.2 96.7 53.31 0'1 

8-10 8740 2640 52 3.02 12.7 96.1 53.95 

10-15 8050 2480 50 4 . 50 12.3 96.2 53.61 

15-20 4160 820 23 1. 37 5.48 95.8 57.32 

20-25 1680 200 6 0.20 1.96 95.5 58.26 

3 0-2 7200 2690 55 9.28 97.6 53.14 

2-4 9050 2860 56 10.0 13.0 97.0 52.52 

4-6 10500 2920 62 6.68 13.3 96.5 53.07 

6-8 9060 3000 59 5.40 14. 1 96.4 53.05 

8-10 7850 2870 56 3.78 13.6 96.2 53.50 

10-15 6670 2230 48 4. " ".5 95.8 54.55 

15-20 5580 1090 30 2 . 19 7.36 95.6 56.84 

20-25 2410 300 9 0.40 2.6 95.4 57.94 

4 0-2 9420 2820 59 1 1 .3 97.3 53.44 

2-4 10500 2950 65 4.24 13.6 96.6 53.08 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRV WEIGHT 

-------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=4 LAKE~HAMELL LAKE ------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURV SELENIUM % H2O % WEIGHT LOSS 
ON IGNITION 

4 4-6 10000 2850 62 4.20 13. 1 96.6 53.78 

6-8 8840 2860 58 4.33 12. 1 96.3 53.92 

8-10 6620 2600 51 3.67 11.8 96.1 55.02 

10-15 6440 2020 43 4.10 10.2 95.7 55.52 

15-20 5100 1100 29 2.22 5.83 95.6 58.19 

20-25 1400 290 7 0.43 2.93 95.6 57.90 

------------------------------- REGION-FLIN FLON DISTANCE (km) FROM SMELTERc5 LAKE=DOUGLAS LAKE ------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURV SELENIUM % H2O % WEIGHT LOSS 
ON IGNITION 

0-2 11000 1880 56 9.77 97.2 66.30 
..... 

2-4 11000 1920 58 6.30 9.58 96.8 65.65 -.....J 

4-6 11000 1900 58 5.94 9.49 96.9 65.86 

6-8 12000 1960 57 4.36 15.6 96.8 65.70 

8-10 12000 1960 56 5.60 14.7 96.7 66.51 

10-15 13000 1890 57 6.28 16.8 96.3 65.07 

15-20 5950 890 26 1.78 7.83 96.2 70.88 

20-25 400 94 2 0.14 2.07 96.8 77 .19 

2 0-2 12300 1830 60 12.8 97.1 62.71 

2-4 13600 1880 62 15.2 96.9 63.63 

4-6 13100 1800 62 6.72 14.3 96.7 63.71 

6-8 13100 1880 62 3.96 14.7 96.4 63.84 

8-10 13200 1900 60 4.10 14.5 96.8 64.44 

10-15 13400 1870 62 5.59 15.6 96.4 63.78 

15-20 12500 1820 57 4.09 15.3 96.0 64.35 

20-25 7560 1150 36 2.29 10.9 96.0 69.47 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRV WEIGHT 

------------------------------- REGION~FLIN FLON DISTANCE (km) FROM SMELTER=5 LAKE=DOUGLAS LAKE ------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURV SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

3 0-2 13400 1930 62 13.9 97.1 65.25 

2-4 13200 1830 62 8.23 13.9 96.7 64.79 

4-6 13200 1930 61 2. 11 13.4 96.7 65.55 

6-6 13300 1890 61 3.91· 14.3 96.6 65.10 

8-10 13600 1980 64 4.12 14.1 96.4 65.84 

10-15 14100 1800 62 5.35 15.2 96.2 64.33 

15-20 7280 1160 36 2.60 10.4 95.7 70.17 

20-25 12800 1910 61 5.25 13.8 96.4 65.91 

4 0-2 13800 1960 62 3.77 13.9 97.0 64.60 

2-4 14300 2030 64 14.6 63.99 

4-6 13500 1880 61 4.24 14.8 96.6 65.18 

6-8 980 130 4 0.24 2.32 96.5 78.00 I-' 
00 

8-10 13400 1990 62 14.6 96.8 64.93 

10-15 13800 2100 62 5.26 15.6 96.3 64.54 

15-20 7690 1070 33 2.22 12.2 96.1 70.76 

20-25 2600 340 1 1 0.63 4.39 96.5 76.43 



METAL CONCENTRATIONS IN SEOIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

------------------------------- REGIONaFLIN FLON DISTANCE (km) FROM SME~TER;5 LAKE:PHANTOM LAKE -------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM ~ H2O ~ WEIGHT LOSS 
ON IGNITION 

0-2 5640 910 29 11 .7 0.98 38.5 5.91 

2-4 1620 260 7 0.42 1.95 25.9 3.59 

4-6 220 46 <1 0.08 0.15 38.4 2.49 

6-8 100 36 <1 0.04 0.43 39.9 2.17 

8-10 100 37 <1 0.10 <0.10 40.6 1.97 

10-15 99 37 < 1 0.04 <0.10 45.8 2.06 

15-20 100 36 <1 0.04 O. 11 52.5 2.61 

20-25 100 34 < 1 0.02 0.10 49.3 2.52 

2 0-2 5630 840 26 8.65 4.53 36.5 11.20 

2-4 550 110 3 0.56 0.54 34.0 3.32 

4-6 120 40 <1 0.04 <0.10 48.3 2.63 
I-' 

6-8 99 34 <1 \; 0.03 <0.10 47.9 2.75 \.0 

8-10 100 34 <1 0.03 <0.0 51.2 2.81 

10-15 93 33 <1 0.03 <0.10 48.1 2.46 

15-20 87 31 <1 0.03 <0.10 42.7 2.43 

20-25 71 26 < 1 0.02 0.15 35.2 2.05 

3 0-2 7560 1690 41 6.78 4.00 89.1 16.24 

2-4 8160 1880 44 7.36 6.38 86.1 16.09 

4-6 3810 740 18 2.33 3.12 70.2 6.18 

6-8 5180 1000 28 11.20 6.18 57.7 8.30 

8-10 4190 880 22 3.84 3.52 43.9 8.00 

10-15 390 110 3 0.22 0.51 28.5 3.26 

15-20 42 13 2 0.03 0.17 56.7 4.67 

20-25 36 10 <1 0.03 0.15 52.3 3.88 

4 0-2 9120 2100 50 9.73 8.67 93.2 25.15 

2-4 8410 1950 48 9.48 7.76 90.0 22.27 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=5 LAKEsPHANTOM LAKE --------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

4 4-6 8720 1820 45 7.03 8.12 88.6 20.96 

6-8 6700 1550 36 4.80 7.28 86.6 19.38 

8-10 5400 1310 30 3.51 5.54 83.0 17.23 

10-15 1630 370 8 0.88 . 1.90 77.7 11.52 

15-20 130 34 <1 0.11 0.42 66.3 6.28 

20-25 86 23 <1 0.06 0.33 67.2 7.81 

-------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=6 LAKE=CLIFF LAKE ---------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

0-2 5490 1190 20 5.06 3.93 89.6 14.22 

2-4 6120 1290 25 3.82 4.33 84.3 13.22 N 
0 

4-6 5710 1190 23 2.55 3.71 81.8 12.85 

6-8 4840 1200 25 1.79 3.46 79.4 12. 13 

8-10 1460 380 9 0.62 1.94 74.6 9.97 

10-15 150 38 <1 0.09 0.46 68.7 8.51 

15-20 160 46 <1 0.07 0.56 72.9 10.34 

20-25 110 33 <1 0.04 0.42 69.9 8.79 

2 0-2 6310 1320 22 6.61 4.33 90.5 15.16 

2-4 6590 1320 24 3.67 3.84 86.0 13.95 

4-6 4800 1240 22 1 .85 3.42 82.7 13.40 

6-8 2720 740 14 0.96 3.32 80.3 12.78 

8-10 490 150 3 0.26 1.20 78.2 1 1 .81 

10-15 220 72 0.14 0.85 75.3 10.75 

15-20 220 66 <1 0.09 0.57 72.8 9.88 

20-25 140 45 < 1 0.09 0.67 75.4 11.90 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

-------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=6 LAKE-CLIFF LAKE --------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM ,. H2O ,. WEIGHT LOSS 
ON IGNITION 

3 0-2 5810 1310 21 5.77 4.12 88.5 13.78 

2-4 6160 1270 24 2.85 4.46 83.3 12.64 

4-6 4340 1110 21 2.13 3.07 80.3 12.22 

6-8 1040 260 5 0 . 67 1. 79 75.1 9.70 

8-10 260 68 <1 0.17 0.65 69.6 8.23 

10-15 110 29 <1 0.07 0.33 65.0 6.96 

15-20 97 29 <1 0 . 06 0.34 69.5 8.80 

20-25 70 21 < 1 0.03 0.27 63.1 6.78 

4 0-2 6190 1290 21 8. 11 3.76 90.8 15.41 

2-4 5890 1270 23 5.54 3.52 86.0 14.36 N ..... 
4-6 5000 1100 21 3.29 3 . 68 83.2 13.61 

6-8 1100 280 5 0.68 1.77 77.7 11.20 

8-10 170 53 <1 0.17 0.56 73.6 11.42 

10-15 140 39 <1 0.08 0.39 70.6 9.99 

15-20 120 37 <1 0.08 0.59 73.6 9.10 

20-25 100 35 < 1 0.08 0.42 73.5 10.82 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=8 LAKE=MERIOIAN LAKE -------------------------------

CORE SECTI ON (em) ZINC COPPER CADMIUM MERCURY SELENIUM '" H2O '" WEIGHT LOSS 
ON IGNITION 

0-2 2960 580 15 2.53 4.01 92.3 25.34 

2-4 3370 580 16 2.73 5.51 90.8 25.02 

4-6 2620 520 1 2 1 . 68 3.72 88.8 23.66 

6-8 1860 510 1 1 1.07 3.36 86.5 23.07 

8-10 1550 400 10 0.80 2.66 84.6 21.84 

10-15 350 91 2 0.20 1 . 12 80.8 21.08 

15-20 110 30 <1 0.09 0.38 73.8 16.78 

20-25 95 33 <1 0.07 0.59 78.5 19.42 

25-30 87 33 <1 0.05 0.32 67.0 9.80 

30-35 96 41 <1 0.05 <0.10 42.1 2.95 

2 0-2 2630 540 15 2.79 3.10 92.0 25.19 

2-4 2760 580 15 2.85 3.65 90.2 24.77 N 
N 

4-6 2700 560 14 2.66 3.49 89.3 24.96 

6-8 2640 540 14 2.18 3.48 87.3 24.18 

8-10 1780 430 11 1.40 3.02 84.0 23.91 

10-15 420 120 3 0.26 1.33 80.6 22.06 

15-20 84 23 <1 0.08 0.49 72.0 15.47 

20-25 120 44 < 1 0.08 1. 14 80.9 19.78 

25-30 86 33 < 1 0.06 0.33 56.8 5.41 

30-35 99 41 < 1 0.03 0.12 40.4 2.18 

3 0-2 3260 590 15 2.58 3.32 92.3 26.18 

2-4 3480 590 16 2.32 3.60 90.1 25.36 

4-6 2160 520 13 1. 73 3.45 88.5 24.81 

6-8 1780 490 12 1. 24 3.09 87.0 24.66 

8-10 1450 460 10 0.89 3.00 85.7 23.83 

10-15 530 150 4 0.34 1.55 81.9 22.10 



METAL CONCENTRATIONS IN SEOIMENT CORES 
IN MICROGRAMS PER GRAM DRV WEIGHT 

------------------------------- REGION-FLIN FLON DISTANCE (km) FROM SMELTER=8 LAKE~MERIDIAN LAKE -----------------------------

CORE SECTION (c:m) ZINC COPPER CADMIUM MERCURV SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

3 15-20 130 33 <1 0.10 0.60 75.8 18.45 

20-25 83 25 <1 0.06 0.27 72.7 16.36 

4 0-2 2580 560 15 2.87 3.25 92.1 25.04 

2-4 2710 15 2.76- 3.59 89.7 24.06 

4-6 2740 540 15 2.18 3.29 88.5 23.33 

6-8 2490 540 13 1.97 3.42 87 . 1 23.21 

8-10 1960 510 12 1.38 3.06 84.9 22.44 

10-15 650 200 5 0.45 1.80 80.8 21.17 

15-20 89 24 <1 0.07 0.56 71.6 14.81 

20-25 110 39 <1 0.08 0.87 78.0 17.73 

------------------------------- REGION~MANITOBA DISTANCE (km) FROM SMELTER=23 LAKE~CLEAVER LAKE -------------------------------
N 
w 

CORE SECTION (c:m) ZINC COPPER CADMIUM MERCURV SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

0-2 940 160 6 1.99 2.26 94.9 47.27 

2-4 920 210 6 0.59 2.82 93.5 46.78 

4-6 410 120 2 0.33 2.30 93.5 47.02 

6-8 250 73 0.23 1.55 93.0 47.77 

8-10 140 50 <1 0.16 1.42 96.7 48.60 

10-15 130 43 < 1 0.14 1.20 83.4 48.26 

15-20 96 38 <1 0.12 1.16 91.4 46.57 

20-25 90 38 <1 0.12 1.24 90.6 46.82 

2 0-2 1460 240 8 1.27 3.20 94.6 45.58 

2-4 1100 270 9 0.68 3.50 93.3 47.02 

4-6 690 200 5 0 . 47 2.74 93.2 47.37 

6-8 370 110 2 0.25 2.02 92.8 47.23 



METAL CONCENTRATIONS IN SEOIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

------------------------------- REGION~MANITOBA DISTANCE (km) FROM SMELTER=23 LAKEmCLEAVER LAKE -----------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM '" H2O '" WEIGHT LOSS 
ON IGNITION 

2 8-10 190 60 <1 0.16 1.50 92.4 47.77 

10-15 120 45 <1 0.13 1. 28 92.1 48.43 

15-20 90 36 <1 O. 11 1 . 17 91.5 46.61 

20-25 86 36 <1 0.09 · 1. 06 90.5 47.27 

3 0-2 1640 200 8 1.26 2.65 95.3 44.16 

2-4 1330 240 8 0.84 2.77 94.0 46.31 

4-6 980 260 9 0.57 2.73 93.6 44.43 

6-8 880 230 7 0.33 2.61 93.0 46.11 

8-10 610 180 5 0.34 2.56 92.7 45.88 

10-16 98 36 <1 0.10 1.02 92.1 46.73 

15-20 92 34 <1 0.08 0.81 91.4 47.17 
N 
.::. 

20-25 160 55 0.16 1 . 1 1 90.6 47.98 

4 0-2 910 190 5 0.70 2.01 95.0 48.64 

2-4 790 220 6 0.67 2.90 94.2 47.72 

4-6 460 140 4 0.29 2.26 93.8 47.97 

6-8 140 49 <1 0.18 1.50 93.2 48.63 

8-10 130 46 <1 0.15 1. 24 92.4 46.87 

10-15 110 45 <1 0.11 0.97 91.8 47.21 

15-20 89 42 <1 0.10 1 . 12 91.0 46.43 

20-25 86 40 <1 0.08 1. 24 90.6 48.90 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

------------------------------ REGIDN~MANITOBA DISTANCE (km) FROM SMELTERa27 LAKEaNAOSAP MUD LAKE ----------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM % H2O % WEIGHT LOSS 
ON IGNITION 

0-2 1.67 97.9 

2-4 110 36 <1 0.25 1.63 97.3 60.88 

4-6 77 31 <1 0.08 1.42 97.0 60.98 

6-8 330 69 2 0.09 1. 20 97.1 61.64 

8-10 270 64 2 0.07 0.95 96.9 61.46 

10-16 130 36 <1 0.07 0.95 96.7 61.98 

16-20 75 24 <1 0.06 0.70 96.7 60.84 

20-26 45 14 <1 0.06 0.74 96.8 60.38 

2 0-2 65 25 <1 <0.01 1.34 97.4 61 . 1 1 

2-4 82 23 <1 <0.01 1.60 97.2 61.10 

4-6 1550 77 3 <0.01 1.35 97.0 60.78 

6-8 1120 120 4 <0.01 0.94 96.7 61.64 N 
(J1 

8-10 380 54 <0.01 0.90 96.5 61.64 

10-15 140 36 <1 0.05 0.74 96.4 60.41 

15-20 70 24 <1 0.04 0.73 96.2 60.60 

20-25 86 21 <1 0.05 0.83 59.97 

3 0-2 420 69 3 0.08 1.49 60.80 

2-4 320 58 3 0.07 1.38 94.6 60.70 

4-6 150 37 0.05 1.06 95.7 62.52 

6-8 70 26 <1 0.06 0.88 95.7 62.98 

8-10 60 24 <1 0.05 0.90 95.4 62.85 

10-15 56 23 < 1 0.06 0.87 95.1 62.11 

15-20 61 22 < 1 0.04 0.80 94.9 62.04 

20-25 59 19 <1 0.06 0.75 93.9 61.20 

4 0-2 360 54 2 0.22 1 . 21 97.0 66.52 

2-4 290 63 3 0.14 1.40 96.1 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRV WEIGHT 

------------------------------ REGION:MANITOBA DISTANCE (km) FROM SMELTER=27 LAKEaNAOSAP MUD LAKE ----------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURV SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

4 4-6 220 61 2 0.21 1. 38 96.0 61.32 

6-8 120 28 <1 0.13 0 . 72 915.9 

8-10 72 19 <1 0.09 0.93 95.6 63.18 

10-115 154 19 <1 0.08 0 . 83 95.2 61.49 

15-20 52 18 <1 0.08 0.85 94.4 60.61 

20-215 53 20 <1 0.05 0.83 93.9 58.54 

-------------------------------- REGION=MANITOBA DISTANCE (km) FROM SMELTER-3D LAKE-KOTVK LAKE -------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURV SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

0-2 610 95 4 0.38 2.61 95.0 64.06 

2-4 630 100 4 0.23 2.50 94.6 64.02 N 
0"1 

4-6 620 100 4 0.65 2.50 95.2 64.60 

6-8 540 100 4 0.46 2.72 95.7 63.91 

8-10 410 98 4 2 . 60 95.4 

10-15 240 69 2 0.16 2.00 95.0 63.01 

115-20 420 100 4 0.27 2.25 94.8 63.31 

20-25 99 34 <1 0.10 1.49 93.3 63.43 

2 0-2 650 100 4 0.33 2 . 27 95.9 64.45 

2-4 500 95 3 0.01 2.32 94.6 64.41 

4-6 460 100 3 0.26 2.44 95.2 64.10 

6-8 360 100 2 0.31 2.52 95.6 64.72 

8-10 290 88 2 0.25 2.48 95.5 65.27 

10-15 200 62 0.18 2.24 98.9 64.26 

15-20 140 40 <1 0.14 1 .85 

20-25 79 27 <1 1.64 96.1 



• 

METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

-------------------------------- REGION=MANITOBA DISTANCE (km) FROM SMELTER=30 LAKE=KOTYK LAKE -------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

3 0-2 260 34 <1 2.31 97.7 

2-4 260 38 <1 2.56 97.3 

4-6 410 57 2 2.54 97.6 

6-8 560 83 3 2.56 90.1 

8-10 810 130 6 2.75 96.9 

10-15 360 55 2 0.32 2.33 96.8 

15-20 310 56 2 0.14 1.77 96.7 

20-25 380 91 3 0.11 1.43 96.6 

0-2 0.33 2.51 ·97.2 

2-4 200 66 2 2.61 97.1 

4-6 97 36 <1 2.91 97.0 
N 

6-8 550 110 4 3.31 96.9 -...,J 

8-10 380 99 3 2.95 96.9 

10-15 260 75 3 0.19 2.52 96.9 

15-20 200 58 2 O. 11 2. 15 96.8 64.67 

20-25 150 51 <1 0.08 1.78 96.6 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

-------------------------------- REGION=MANITOBA DISTANCE (km) FROM SMElTER=43 lAKE=NEKIK LAKE --------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM ~ H2O ~ WEIGHT LOSS 
ON IGNITION 

0-2 180 31 <1 0.14 0.77 95.7 39.08 

2-4 150 24 <1 0.12 0.61 92.7 30.28 

4-6 130 26 <1 0.09 0.89 91.9 30.84 

6-8 120 17 <1 0.09 · 0.52 89.1 23.43 

8-10 75 10 <1 0.04 0.20 81.6 14.26 

10-15 63 8 <1 0.03 <0.10 79.9 12.30 

15-20 42 12 <1 <0.01 <0.10 42.9 2.45 

20-25 32 6 <1 0.01 0.38 41.5 2.38 

2 0-2 130 37 <1 0.13 0.97 96.6 50.16 

2-4 210 31 <1 0.12 1.06 96.0 50.51 

4-6 230 36 0.06 1. 54 95.7 47.56 

6-8 220 36 0.05 1.40 95.1 44.73 
N 

8-10 170 30 0.05 1. 31 94.7 46.01 
CO 

10-15 190 34 <1 0.07 1. 23 94.3 44.92 

15-20 160 30 0.04 1. 37 95.0 53.27 

20-25 140 28 <1 0.02 1.46 95.2 55.62 

3 0-2 180 31 2 0.04 0.97 96.0 34.31 

2-4 190 31 2 0.03 0.91 94.8 40.57 

4-6 180 33 2 0.02 0.95 94.5 42.05 

6-8 180 38 2 0.15 1. 18 94.0 41.12 

8-10 160 37 2 0.11 1. 25 93.3 39.43 

10-15 130 31 0.08 1. 07 92.7 36.70 

15-20 79 18 <1 0.03 0.65 88.4 25.37 

20-25 65 20 0.03 0.70 88.3 29.70 

4 0-2 190 39 <1 0.05 1.32 97.0 

2-4 220 40 0.05 1.34 96.4 53.61 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

-------------------------------- REGION=MANIT08A DISTANCE (km) FROM SMELTER z 43 LAKE-NEKIK LAKE ---------------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM 'I H2O " WEIGHT LOSS 
ON IGNITION 

4 4-6 230· 39 0.06 1 . 36 96.1 53.37 

6-8 260 44 0.22 1.48 95.4 53.11 

8-10 240 44 0.22 1.42 95.0 52.14 

10-15 210 40 0.17 · 1 .41 95.1 48.65 

15-20 130 32 0.10 1 .28 94.0 46.36 

20-25 110 29 <1 0.07 1 . 56 94.4 49.57 

---------------------------- REGION&SASKATCHEWAN DISTANCE (km) FROM SMELTER=68 LAKE=SASK LAKE NO.1 -----------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

0-2 120 44 0.12 0.90 94.3 30.76 

2-4 130 44 <1 0 . 12 0.88 92.7 21L53 

4-6 130 48 <1 0.12 0 . 82 80.9 26.83 
1'.> 

"" 
6-8 130 48 <1 O. 11 1. 00 80.1 26 . 10 

8-10 130 45 <1 0.10 0.92 24.92 

10-15 130 48 <1 O. 11 0.97 87.0 27.35 

15-20 110 42 <1 0.05 0.86 85.5 22.41 

20-25 130 45 <1 0.12 0.92 83.8 26.74 

2 0-2 110 43 <1 0.07 0.79 91.5 24.16 

2-4 120 45 <1 0.09 0.92 90.4 25.74 

4-6 120 45 <1 0.10 0.98 94.2 25.74 

6-8 120 43 <1 0 . 18 0.90 91.9 29.78 

8-10 120 43 <1 0.12 0.93 90.7 28.72 

10-15 130 47 <1 0.12 0.94 27.18 

15-20 1 10 41 <1 0.08 0.84 69.8 28.80 

20-25 110 40 <1 0.06 0.79 68 . 1 23.96 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

---------------------------- REGION-SASKATCHEWAN DISTANCE (km) FROM SMELTER=68 LAKE-SASK LAKE NO.1 -----------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM ~ H2O ~ WEIGHT LOSS 
ON IGNITION 

3 0-2 120 46 <I 0.13 0.93 94.3 29.83 

2-4 110 45 <I 0.05 0.77 91.6 22.90 

4-6 130 50 <I 0.13 0.80 89 . 7 28.159 

6-8 130 49 <I O. I I , 0 . 74 89.0 27.80 

8-10 120 47 <I O. I I 0.88 27.34 

10-15 120 48 <I 0.10 0.77 86.6 27.18 

115-20 100 42 <I 0.06 0.72 85 . I 25.65 

20-25 110 46 <I 0.06 0.83 81.5 25 . 01 

4 0-2 120 45 <I 0.13 0.92 94.7 30.82 

2-4 120 46 < I 0.13 0.90 93.0 30.83 
w 

4-6 130 48 <I 0.13 0.90 92.5 30.24 a 

6-8 120 47 <I O. I I 0.87 92.0 28.59 

8-10 110 44 <I 0.09 0.87 90.8 27.30 

10-16 100 44 <1 0.07 0.79 89.2 26.80 

15-20 100 45 < I 0.06 0.79 87.6 26.21 

20-25 130 47 <I O. 12 0.97 86.6 30.18 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

---------------------------- REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER~74 LAKEsSASK LAKE NO.2 -----------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

0-2 170 41 <1 0.12 1 .21 88.9 24.76 

2-4 170 39 <1 0.15 1.43 85.4 25.53 

4-6 180 39 < 1 0.14 1.53 85.4 25.28 

6-8 180 41 <1 0.12 1.27 85.5 24.Ql 

8-10 160 40 <1 0.09 1.04 85.4 24.90 

10-115 170 40 <1 0.08 1 .01 85.6 26.00 

15-20 170 41 <1 0.07 1.09 84.4 27.60 

20-25 190 39 <1 0.07 1. 27 82.7 27.02 

2 0-2 190 41 <1 0.14 1. 36 8Q.7 26 . 54 

2-4 170 41 <1 0 . 14 1.42 68.4 27.08 

4-6 170 40 <1 O. 11 1. 15 84.2 25.42 

6-8 180 42 <1 0 . 15 1. 24 87.7 26.41 

8-10 150 38 <1 0.09 0.92 25.58 
w ...... 

10-15 160 39 <1 0.08 0.95 79.7 25.78 

15-20 160 40 <1 0.07 1.07 87.6 26.32 

20-25 170 40 <1 0.06 1 . 17 84.1 27.33 

3 0-2 180 40 <1 0.15 1.37 26.46 

2-4 180 41 <1 0.18 1.48 78.8 27.23 

4-6 190 36 <1 0.14 1. 28 86.3 25.86 

6-8 160 38 <1 0.10 1.05 85.9 25.32 

8-10 160 40 <1 0.09 0.94 85.8 25.54 

10-15 160 42 <1 0 . 07 0.93 85.6 25.76 

15-20 160 41 <1 0.07 1 . 15 84.6 26.57 

20-25 190 42 <1 0.06 1 .31 83.6 27.28 

4 0-2 160 43 <1 0.17 1.37 90.4 28.03 

2-4 160 45 <1 0.17 1.41 88.5 27.91 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

---------------------------- REGION-SASKATCHEWAN DISTANCE (km) FROM SMELTERc74 LAKE-SASK LAKE NO.2 ---------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

4 4-6 170 44 <1 0.15 1.24 87.2 26.96 

6-8 150 40 <1 0.12 0.99 86.7 25.99 

6-10 140 40 <1 0.10 0.93 86.3 26.16 

10-15 150 40 < 1 0.08 0.96 86.1 26.73 

15-20 140 39 <1 0.07 1.04 85.6 27.59 

20-25 150 41 <1 0.06 1. 17 84.9 28.01 

---------------------------- REGION-SASKATCHEWAN DISTANCE (km) FROM SMELTER~83 LAKEaSASK LAKE NO.4 ---------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

0-2 140 58 <1 0.21 0.82 91.9 24.83 

2-4 150 57 <1 0.22 0.74 89.3 24.21 
w 

4-6 150 57 <1 0.19 0.84 88.2 23.91 N 

6-8 140 56 <1 0.22 0.87 87.0 23.91 

8-10 130 53 <1 0.20 0.81 86.1 23.51 

10-15 130 55 <1 0.18 0.73 79.5 23.33 

15-20 130 54 <1 0.14 0.75 81.3 22.71 

20-25 130 56 <1 0.14 0.69 82.2 22.35 

2 0-2 140 56 < 1 0.23 0.81 90.9 24.29 

2-4 150 59 <1 0.22 0.65 91.2 24.20 

4-6 140 56 <1 0.22 0.85 94.3 24.12 

6-8 150 59 <1 0.23 0.85 81.3 23.94 

8-10 130 55 < 1 0.19 0.80 86.7 23.50 

10-15 130 53 <1 0.17 0.74 85.2 23.15 

15-20 120 52 <1 0.15 0.66 79.6 22.46 

20-25 130 56 <1 0.12 0.81 81.7 21.48 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

---------------------------- REGIONcSASKATCHEWAN DISTANCE (km) FROM SMELTER=83 LAKE-SASK LAKE NO.4 ---------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM ~ H2O ~ WEIGHT LOSS 
ON IGNITION 

3 0-2 150 57 <1 0.24 0.89 92.0 24.28 

2-4 140 58 <1 0.25 0.95 89.4 23.94 

4-6 140 59 <1 0.22 0.93 88.5 23.80 

6-8 140 57 <1 0.20 · 0.90 87.6 23.83 

8-10 140 57 <1 0.20 0.81 86.6 23.63 

10-15 130 54 <1 0.17 0.87 85.6 23.22 

15-20 130 55 <1 0.12 0.80 84.0 21.82 

20-25 120 55 <1 0.16 0.78 82.8 22.74 

4 0-2 140 57 <1 0.21 0.92 88.7 23.39 

2-4 140 54 <1 0.21 0.93 92.2 24.68 

4-6 140 56 <1 0.22 0.87 89.7 23.84 W 
w 

6-8 140 56 <1 0.20 0.89 87.4 23.151 

8-10 140 57 <1 0.20 0.83 86.1 24.24 

10-15 130 54 <1 0.17 0.82 84.4 23.49 

15-20 130 56 <1 0.11 0.73 83.0 18.73 

20-25 120 55 <1 0.13 0.67 81.6 22.28 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRY WEIGHT 

---------------------------- REGION-SASKATCHEWAN DISTANCE (km) FROM SMELTER;:84 LAKE:SASK LAKE NO.3 -----------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

0-2 25 8 <1 0.02 0.12 47.6 2.64 

2-4 29 9 <1 0.02 <0.10 32.1 1.63 

4-6 34 12 <1 0.02 0.13 37.2 2.42 

6-8 66 22 <1 0.03 0.28 48.2 3.86 

8-10 65 24 <1 0.03 0.32 53.1 4.89 

10-15 70 27 <1 0.02 0.35 53.3 5.15 

15-20 75 28 < 1 0.02 0.38 55.2 4.89 

20-25 89 34 <1 0.02 0.21 54.6 3.98 

2 0-2 31 10 <1 0.02 0.14 49.0 2.64 

2-4 35 11 <1 0.02 0.19 39.0 2.54 

4-6 65 22 <1 0.02 0.36 43.1 4.76 

6-8 66 24 <1 0.02 0.27 60.2 4.83 
w 

8-10 75 30 <1 0.02 0.19 53.3 4.153 , ~ 

10-15 110 37 <1 0.03 0.12 56.2 3.25 

15-20 120 44 <1 0.02 <0.10 56.5 3.07 

20-25 110 44 <1 0.02 <0.10 56.5 3.01 

3 0-2 66 17 < 1 0.05 0.3 74.8 6.48 

2-4 47 14 < 1 0.04 0.16 62.1 4.91 

4-6 42 12 <1 0.02 0.13 52.1 3.25 

6-8 35 12 <1 0.02 <0.10 42.7 2.34 

8-10 47 15 < 1 0.01 0.16 50.5 4.03 

10-15 52 15 <1 <0.01 0.18 53.9 4.62 

15-20 76 23 <1 0.01 0.27 57.8 6.98 

20-25 60 18 <1 0.01 0.28 56.4 5 . 78 

4 0-2 63 18 <1 0.04 0.36 76.1 7.35 

2-4 43 12 < 1 0.02 0.18 57.1 4.28 



METAL CONCENTRATIONS IN SEDIMENT CORES 
IN MICROGRAMS PER GRAM DRV WEIGHT 

---------------------------- REGIONaSASKATCHEWAN DISTANCE (km) FROM SMELTERz84 LAKE.SASK LAKE NO.3 --------------------------

CORE SECTION (em) ZINC COPPER CADMIUM MERCURV SELENIUM " H2O " WEIGHT LOSS 
ON IGNITION 

4 4-6 26 9 <1 0.01 <0.10 40.0 2.16 

6-8 34 12 <1 <0.01 <0.10 43.5 2.82 

8-10 28 7 <1 <0.01 <0.10 33.2 1.55 

10-15 36 12 <1 <0.01 0.12 41.5 2.96 

16-20 40 10 <1 <0.01 0.10 39.2 2.96 

20-25 75 24 <1 0.02 0.33 55.8 6.27 

w 
U1 
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Appendix 2. 

Means and standard deviations of metal concentrations in sediment core 

samples. 



MEANS AND STANDARD DEVIATIONS OF METAL CONCENTRATIONS IN SEDIMENT CORES 
MICROGRAMS PER GRAM DRY WEIGHT 

-------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=4 LAKE=HAMELL LAKE --------------------------------

SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) ( SO) (MEAN) ( SO) (MEAN) ( SO) (MEAN) (SO) (MEAN) (SO) 

0-2 8408 1290 2775 90 56 4 3.27 3.14 11.1 2.3 

2-4 10388 1130 2938 104 61 4 7.14 2.88 13.3 0.3 

4-6 9610 847 2910 55 61 2 5.03 1 . 43 13.9 0.8 

6-8 8450 1065 2785 225 56 4 3.85 1.94 13.5 1.0 

8-10 7408 1090 2450 520 50 6 3.10 0.84 12.5 0.9 

10-15 6638 1094 1918 678 42 11 3.62 1.25 10.2 2.4 

15-20 4530 1021 843 347 24 8 1.56 0.84 5.5 1.7 

20-25 1658 548 228 85 6 3 0.31 0.12 2.3 0.5 

------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=5 LAKE=DOUGLAS LAKE --------------------------------

SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

0-2 12625 1255 1900 57 60 3 3.77 12.6 2.0 w 
-.....J 

2-4 13025 1424 1915 85 62 3 7.27 1.36 13.3 2.5 

4-6 12700 1146 1878 56 61 2 4.75 2.04 13.0 2.4 

6-8 9845 5938 1465 891 46 28 3.12 1.93 11.7 6.3 

8-10 13050 719 1958 40 61 3 4.61 0.86 14.5 0.3 

10-15 13575 479 1915 129 61 3 5.62 0.46 15.8 0.7 

15-20 8355 2861 1235 406 38 13 2.67 1.00 11.4 3.1 

20-25 5840 5522 874 825 28 27 2.08 2.31 7.8 5.5 

FOR CALCULATION OF MEANS, DATA REPORTED AS LESS THAN DETECTION LIMIT WERE SET TO 0.5 OF DETECTION LIMIT 



MEANS AND STANDARD DEVIATIONS OF METAL CONCENTRATIONS IN SEDIMENT CORES 
MICROGRAMS PER GRAM DRY WEIGHT 

------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=5 LAKE=PHANTOM LAKE --------------------------------

SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) (SO) ( MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

0-2 6988 1687 1385 613 37 11 9.22 2.06 4.5 3.2 

2-4 4660 4206 1050 1001 26 24 4.46 4 . 66 4.2 3.5 

4-6 3218 4050 662 839 16 21 2.37 3.29 2.9 3.8 

6-8 3020 3429 655 750 16 18 4.02 5.29 3.5 3.8 

8-10 2448 2755 565 636 13 15 1.87 2.09 2.3 2.7 

10-15 553 731 138 159 3 4 0.29 0.40 0 . 6 0.9 

15-20 90 37 29 11 <1 0.05 0.04 0.2 0.2 

20-25 73 28 23 10 < 1 0.03 0.02 0.2 0.1 

-------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=6 LAKE=CLIFF LAKE ---------------------------------

SECT! ON (em) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

0-2 5950 373 1278 60 21 6.39 1.31 4.0 0.2 W 
(Xl 

2-4 6190 292 1288 24 24 3.97 1.13 4.0 0.4 

4-6 4963 570 1160 67 22 2.46 0.63 3.5 0.3 

6-8 2425 1788 620 446 12 10 1.03 0.53 2.6 0.9 

8-10 595 592 163 151 3 4 0.31 0.21 1.1 0.6 

10-15 155 47 45 19 <1 0.10 0.03 0.5 0.2 

15-20 149 54 45 16 <1 0.08 0.01 0 . 5 0.1 

20-25 105 29 34 10 <1 0.06 0.03 0.4 0.2 

FOR CALCULATION OF MEANS. DATA REPORTED AS LESS THAN DETECTION LIMIT WERE SET TO 0.5 OF DETECTION LIMIT 



MEANS AND STANDARD DEVIATIONS OF METAL CONCENTRATIONS IN SEDIMENT CORES 
MICROGRAMS PER GRAM DRY WEIGHT 

------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=8 LAKE=MERIDIAN LAKE ---- - -------- - ------------ - --

SECT! ON (em) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) ( SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

0-2 2858 317 568 22 15 0 2.69 0 . 16 3.4 0.4 

2-4 3080 401 583 6 16 2.67 0.24 4.1 0 . 9 

4-6 2555 268 535 19 14 2.06 0 . 46 3 . 5 0.2 

6-8 2193 436 520 24 13 1.62 0.54 3.3 0.2 

8-10 1685 230 450 47 1 1 1.12 0 . 32 2.9 0.2 

10-15 488 131 140 47 4 0.31 0.11 1.5 0.3 

15-20 103 21 28 5 <1 0.09 0.01 0.5 0.1 

20-25 102 16 35 8 <1 0 . 07 0.01 0.7 0.4 

25-30 87 33 0 <1 0 . 06 0.01 0 . 3 0.0 

30-35 98 2 41 0 <1 0.04 0.01 <0 . 1 

------------------------------- REGION=MANITOBA DISTANCE (km) FROM SMELTER=23 LAKE=CLEAVER LAKE ------------------------------

SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM W 

(MEAN) ( SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) I.D 

0-2 1238 368 198 33 7 2 1 .31 0 . 53 2.5 0.5 

2- 4 1035 234 235 26 7 2 0.70 0 . 10 3.0 0.3 

4-6 635 260 180 63 5 3 0.42 0 . 13 2.5 0.3 

6-8 410 327 116 80 3 3 0 . 25 0.06 1.9 0 . 5 

8-10 268 230 84 64 2 2 0.20 0.09 1.7 0.6 

10-15 115 14 42 4 < 1 0 . 12 0 . 02 1.1 0.1 

15-20 92 3 38 3 <1 0.10 0.02 1 . 1 0 . 2 

20-25 106 36 42 9 <1 0.11 0.04 1.2 0.1 

FOR CALCULATION OF MEANS, DATA REPORTED AS LESS THAN DETECTION LIMIT WERE SET TO 0.5 OF DETECTION LIMIT 



MEANS AND STANDARD DEVIATIONS OF METAL CONCENTRATIONS IN SEDIMENT CORES 
MICROGRAMS PER GRAM DRY WEIGHT 

------------------------------ REGION=MANITOBA DISTANCE (krn) FROM SMELTER=27 LAKE=NAOSAP MUD LAKE ------------------------------

SECTI ON ( ern) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

0-2 282 190 49 22 2 0.10 0.11 1 . 4 0.2 

2-4 201 122 45 19 2 0.12 0.10 1.5 0.1 

4-6 499 703 52 21 2 0.09 0.09 1.3 0.2 

6-8 410 487 61 44 2 2 0.07 0.05 0.9 0.2 

8-10 196 156 40 22 0.05 0.04 0.9 0.0 

10-15 95 46 29 9 <1 0.07 0.01 0.8 0.1 

15-20 65 10 22 3 <1 0.06 0.02 0.8 0.1 

20-25 61 18 19 3 <1 0.06 0.01 0.8 0.0 

-------------------------------- REGION=MANITOBA DISTANCE (krn) FROM SMELTER=30 LAKE=KOTYK LAKE ---------------------------------

SECTION (ern) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

0-2 507 215 76 37 3 2 0.35 0.03 2.4 0.2 ~ 
a 

2-4 398 202 75 29 2 0.12 0.16 2.5 0.1 

4-6 397 219 73 32 2 0 . 46 0.28 2.6 0.2 

6-8 503 95 98 11 3 0.39 0.11 2 . 8 0.4 

8-10 473 231 104 18 4 2 0.25 2.7 0.2 

10-15 265 68 65 9 2 0.21 0.07 2.3 0.2 

15-20 268 124 64 26 2 0.17 0.07 2.0 0.2 

20-25 177 139 51 29 0.10 0.02 1.6 0.2 

FOR CALCULATION OF MEANS, DATA REPORTED AS LESS THAN DETECTION LIMIT WERE SET TO 0.5 OF DETECTION LIMIT 



• 

MEANS AND STANOARD DEVIATIONS OF METAL CONCENTRATIONS IN SEOIMENT CORES 
MICROGRAMS PER GRAM DRY WEIGHT 

-------------------------------- REGION=MANITOBA OISTANCE (km) FROM SMELTER=43 LAKE=NEKIK LAKE ---------------------------------

SECTION (em) ZINC COPPER CAOMIUM MERCURY SELENIUM 
(MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

0-2 170 27 35 4 < 1 0.09 0.05 1.0 0.2 

2-4 193 31 32 7 0.08 0.05 1.0 0.3 

4-6 193 48 34 6 0.06 0.03 1.2 0.3 

6-8 195 60 34 12 0.13 0.07 1.1 0.4 

8-10 161 68 30 15 0.11 0.08 1.0 0.6 

10-15 148 66 28 14 <1 0.09 0.06 0.9 0.6 

15-20 103 53 23 10 <1 0.04 0.04 1.0 0.4 

20-25 87 48 21 11 <1 0.03 0.03 1.0 0.6 

---------------------------- REGION=SASKATCHEWAN OISTANCE (km) FROM SMELTER=68 LAKE=SASK LAKE NO . 1 -----------------------------

SECTION (em) ZINC COPPER CAOMIUM MERCURY SELENIUM 
(MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

~ ...... 
0-2 118 5 45 <1 0.11 0.03 0.9 0.1 

2-4 120 8 45 <1 0.10 0.04 0.9 0.1 

4-6 128 5 48 2 <1 0.12 0.01 0.9 0.1 

6-8 125 6 47 3 <1 0.13 0.04 0.9 0 . 1 

8-10 120 8 45 2 <1 0.11 0.01 0.9 0.0 

10-15 120 14 47 2 <1 0.10 0.02 0.9 0.1 

15-20 105 6 43 2 <1 0.06 0.01 0.8 0.1 

20-25 120 12 45 3 <1 0.09 0.03 0.9 0.1 

FOR CALCULATION OF MEANS, DATA REPORTED AS LESS THAN DETECTION LIMIT WERE SET TO 0.5 OF DETECTION LIMIT 



MEANS AND STANDARD DEVIATIONS OF METAL CONCENTRATIONS IN SEDIMENT CORES 
MICROGRAMS PER GRAM DRY WEIGHT 

---------------------------- REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER=74 LAKE=SASK LAKE NO.2 -----------------------------

SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

0-2 175 13 41 <1 0.15 0.02 1.3 0.1 

2-4 170 8 42 3 < 1 0.16 0.02 1.4 0.0 

4-6 178 10 40 3 <1 0.14 0.02 1.3 0.2 

6-8 168 15 40 2 < 1 0.12 0.02 1.1 0.1 

8-10 153 10 40 <1 0.09 0.00 1.0 0.1 

10-15 160 8 40 <1 0.08 0.00 1.0 0.0 

15-20 158 13 40 <1 0.07 0.00 1 . 1 0.0 

20-25 175 19 41 < 1 0.06 0.00 1.2 0.1 

--------- - ------------------ REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER=83 LAKE=SASK LAKE NO . 4 -----------------------------

SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

~ 
N 

0-2 143 5 57 < 1 0.22 0.02 0.9 0.1 

2-4 145 6 57 2 < 1 0.23 0.02 0.9 0.1 

4-6 143 5 57 <1 0.21 0.01 0 . 9 0.0 

6-8 143 5 58 <1 0.21 0.02 0.9 0.0 

8-10 135 6 56 2 < 1 0.20 0.01 0.8 0.0 

10-15 130 0 54 < 1 0.17 0.01 0.8 0.1 

15-20 128 5 54 2 <1 0.13 0.02 0.7 0.1 

20-25 125 6 56 < 1 0.14 0.02 0.7 0.1 

FOR CALCULATION OF MEANS. DATA REPORTED AS LESS THAN DETECTION LIMIT WERE SET TO 0.5 OF DETECTION LIMIT 



MEANS AND STANDARD DEVIATIONS OF METAL CONCENTRATIONS IN SEDIMENT CORES 
MICROGRAMS PER GRAM DRY WEIGHT 

----- - ---------------------- REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER=84 LAKE=SASK LAKE NO.3 -----------------------------

SECTION (em) ZINC COPPER CADMIUM MERCURY SELENIUM 
(MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) (MEAN) (SO) 

0-2 46 21 13 5 < 1 0 . 03 0.02 0.2 0.1 

2-4 39 8 12 2 <1 0 . 03 0.01 0.1 0.1 

4-6 35 27 14 6 < 1 0.02 0 . 01 0.2 0.1 

6 - 8 50 18 18 6 < 1 0.02 0.01 0.2 0 . 1 

8-10 54 21 19 10 < 1 0.02 0.01 0 . 2 0 . 1 

10-15 67 32 23 12 <1 0.02 0 . 01 0.2 0.1 

15-20 78 33 26 14 < 1 0.01 0.01 0 . 2 0.2 

20-25 84 21 30 11 < 1 0.02 0.01 0.2 0 . 1 

FOR CALCULATION OF MEANS, DATA REPORTED AS LESS THAN DETECTION LIMIT WERE SET TO 0.5 OF DETECTION LIMIT 

+>0 
W 
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Appendix 3. 

General characteristics and metal concentrations in liver and muscle 

of white sucker and northern pike from the study lakes. 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

-------------------------------- REGION~FLIN FLON DISTANCE (km) FROM SMELTER K 4 LAKE~HAMELL LAKE -----------------------------

SPECI ES FISH NO. SEX 

NORTHERN PIKE FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

5 FEMALE 

6 FEMALE 

7 FEMALE 

WHITE SUCKER FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

5 FEMALE 

6 MALE 

LENGTH WEIGHT CONDITION TISSUE ZINC 
(CM) (GM) FACTOR 

558 1210 0.70 

512 905 0.67 

606 1430 0.64 

466 725 0.72 

500 905 0.72 

559 1140 0.65 

675 2095 0.68 

470 1422 1.37 

438 1113 1.32 

473 1690 1.60 

439 1270 1.50 

430 1160 1. 46 

436 1302 1.57 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

30 

4.2 

112 

4.0 

1 1 1 

4.0 

117.0 

4.8 

91 

5.4 

146 

4.1 

96 

4.8 

64 

4.0 

45 

1 1 

31 

6.5 

34 

8.7 

33 

7.3 

20 

11 

COPPER CADMIUM MERCURY SELENIUM LEAD 

9.2 

0.20 

30.2 

0.17 

31.5 

0.12 

15.7 

0.16 

22.3 

0.18 

13.5 

0.17 

14. 1 

0.19 

19.0 

0.17 

8.6 

0 . 14 

15.4 

0.26 

11.6 

0.25 

6.8 

0.27 

4.8 

0.38 

0.68 

<0.01 

1. 00 

<0.01 

1.3 

<0.01 

0.57 

<0.01 

0.26 

<0.01 

0.88 

<0.01 

0.84 

<0.01 

1.0 

<0.01 

0.30 

<0.01 

0.39 

<0.01 

0.31 

<0 . 01 

<0.04 

<0.01 

0.04 

<0.01 

0.03 

0.07 

0.03 

0.04 

0.04 

0.07 

<0.01 

0.02 

<0.01 

0.03 

0.04 

0.07 

0.04 

0.07 

<0.01 

0 . 02 

0.01 

0.02 

0.01 

0.01 

0.01 

0.03 

<0.01 

0.03 

<0.01 

0.03 

2.18 

1.33 

3.25 

0.94 

3.39 

1.02 

2.03 

1.05 

2.40 

1. 17 

3.20 

1. 14 

1.66 

0.98 

2.18 

0.96 

1.95 

1.35 

2.35 

1.63 

2.28 

1. 14 

1.60 

1.60 

1.47 

1. 21 

0.04 

<0.02 

<0.02 

<0.02 

<0.02 

<0.02 

<0.02 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

ARSENIC 

0.06 

0.03 

0.06 

0.01 

0.06 

0.03 

0.06 

0.03 

0.10 

0.03 

0.05 

<0.01 

0.05 

<0.01 

0.33 

<0.01 

0.78 

<0.01 

0.03 

<0.01 

0.06 

<0.01 

0.03 

<0.01 

0.03 

<0.01 

~ 
tTl 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

-------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=4 LAKE~HAMELL LAKE -----------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

WHITE SUCKER 7 FEMALE 500 1655 1 .32 L 42 18.6 0.75 0.01 1.95 0.07 

M 7.3 0.29 <0.01 0.06 1. 27 <0.01 <0.01 

8 MALE 443 1399 1 .61 L 26 8.9 0.43 0.01 2.27 0.20 

M 5.9 0.36 <0.01 0.03 1. 24 <0.01 <0.01 

9 FEMALE 515 1851 1. 36 L 36 22.5 0.58 0.01 1.87 0.10 

M 4.2 0.22 <0.01 0.02 0.97 <0.01 <0.01 

10 FEMALE 475 1615 1. 51 L 51 26.3 0.75 0.01 2.86 0.08 , , . 
M 15 0.22 <0.01 0.04 1.09 <0.01 <0.01 

1 1 MALE 435 1075 1 .31 L 44 11 .6 0.49 0.02 2.29 0.14 

M 8.6 0.32 <0.01 0.06 1.46 <0.01 <0.01 +:>0 
en 

12 FEMALE 501 1889 1.50 L 35 10. 1 0.89 <0.01 1.66 0.03 

M 4.9 0.24 <0.01 0.04 1.08 <0.01 <0.01 

13 MALE 432 1230 1.53 L 48 13.4 0.37 0.02 2.38 0.29 

M 8.0 0.27 <0.01 0.02 1.66 <0.01 <0.01 

14 MALE 430 1330 1.67 L 46 12.6 0.98 0.02 2.42 0.06 

M 5.8 0.35 <0.01 0.09 1. 28 <0.01 <0.01 

15 FEMALE 472 1640 1.56 L 34 10.0 0.39 0.01 1.97 0.04 

M 5.2 0.23 <0.01 0.04 1.00 <0.01 <0.01 

16 MALE 444 1200 1.37 L 48 14.6 0.40 <0.01 2.55 0.18 

M 4.7 0.26 <0.01 0.02 1.24 <0.01 <0.01 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=5 LAKE=DOUGLAS LAKE ------------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE FEMALE 

2 MALE 

3 FEMALE 

4 FEMALE 

5 MALE 

6 FEMALE 

7 FEMALE 

8 MALE 

9 UNKNOWN 

10 UNKNOWN 

11 FEMALE 

12 FEMALE 

13 FEMALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD 
(CM) (GM) FACTOR 

554 1095 

489 650 

523 687 

554 980 

454 690 

513 850 

576 1193 

444 605 

465 595 

485 555 

495 690 

567 1038 

463 663 

0.64 

0.64 

0.56 

0.56 

0.62 

0.62 

0.58 

0.58 

0.74 

0.74 

0.63 

0.63 

0.62 

0.62 

0 . 69 

0.69 

0.59 

0.59 

0.49 

0.49 

0.57 

0 . 57 

0.57 

0.57 

0 . 67 

0.67 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

51 

5.0 

38 

3.6 

51 

4.1 

71 

4.1 

40 

4.5 

34 

5.1 

41 

4.3 

43 

4.4 

32 

3.6 

46 

4.1 

46 

4.0 

32 

4.2 

38 

3.7 

26.1 

0 . 12 

33 . 0 

0.11 

34.2 

0.11 

36.0 

0.11 

13.9 

0.13 

24.4 

0.16 

26.4 

0.10 

25.6 

0 . 09 

20.3 

0.13 

45.9 

0.14 

34.2 

0.16 

25.6 

0.21 

16.5 

0 . 15 

0.20 

<0.01 

0.42 

<0.01 

0.33 

<0.01 

0.33 

<0.01 

0.12 

<0.01 

0.16 

<0.01 

0.11 

<0.01 

0.13 

<0 . 01 

0.11 

<0.01 

0.21 

<0.01 

0.38 

<0.01 

0.17 

<0.01 

0.08 

<0 . 01 

0.07 

0.08 

0.16 

0.18 

0.10 

0.08 

0.15 

0.11 

0.04 

0.06 

0.06 

0.09 

0.07 

0.09 

0.07 

0.08 

0.04 

0.09 

0.10 

0.10 

0.08 

0.09 

0.11 

0.13 

0.02 

0.06 

3.49 

0.59 

3.14 

0.49 

3.46 

0.55 

3.76 

0.53 

2 . 78 

0.56 

3.03 

0.63 

3.50 

0.76 

3.21 

0.64 

2.81 

0.59 

3.81 

0.48 

5.55 

0.73 

2.99 

0.54 

2.52 

0.76 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

ARSENIC 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

~ 
........ 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------- REGIONzFLIN FLON DISTANCE (km) FROM SMELTER=5 LAKE=DOUGLAS LAKE ------------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE 14 FEMALE 

15 FEMALE 

16 UNKNOWN 

17 FEMALE 

WHITE SUCKER FEMALE 

2 FEMALE 

3 FEMALE 

4 MALE 

5 FEMALE 

8 FEMALE 

7 FEMALE 

8 FEMALE 

9 FEMALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD 
(CM) (GM) FACTOR 

565 1202 0.67 L 31 16.2 0.10 0.04 2.52 <0.2 

502 695 0.55 

375 370 0.70 

484 732 0.65 

365 655 1.35 

406 905 1.35 

438 1080 1.29 

350 605 1.41 

387 805 1.39 

390 795 1.34 

~ 

344 597 1.47 

450 1280 1.40 

417 1091 1.50 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

• 

4.2 

51 

3.7 

65 

3.8 

27 

3.8 

47 

3.7 

45 

3.2 

39 

3.9 

42 

5.5 

38 

4.5 

43 

3.4 

36 

4.4 

34 

3.0 

26 

3.2 

0.16 

31.4 

0.14 

59.7 

0.14 

15.5 

0.18 

32.2 

0.20 

44.2 

0.21 

24.5 

0.19 

27.2 

0.26 

30.5 

0.20 

20.3 

0.15 

20.9 

0.14 

27.6 

0.14 

18.8 

0.12 

<0.01 

0.13 

<0.01 

0.10 

<0.01 

0.12 

<0.01 

0.17 

<0.01 

0.17 

<0.01 

0.42 

<0.01 

0.14 

<0.01 

0.14 

<0.01 

0.32 

<0.01 

0.17 

<0.01 

0.72 

<0.01 

0.51 

<0.01 

0.07 

0.06 

0.07 

0.08 

0.04 

0.04 

0.10 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.01 

0.01 

0.02 

0.04 

0.01 

0.01 

0.02 

0.02 

0.02 

0.03 

0.66 

4.01 

0.65 

3.58 

0.72 

2.91 

0.66 

1.99 

1. 13 

2.44 

1. 12 

1."90 

1. 1 1 

2.15 

0.92 

1.90 

1.40 

2.23 

1. 16 

2.79 

1.24 

2.16 

0.90 

2.68 

1.15 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

ARSENIC 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

0.16 

<0.05 

0.06 

<0.05 

0.05 

<0.05 

0.05 

<0.05 

0.36 

<0.05 

0.07 

<0.05 

<0.05 

<0.05 

<0.05 

+=­
ex> 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------- REGION-FLIN FLON DISTANCE (km) FROM SMELTER=5 LAKE&DOUGLAS LAKE ------------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

WHITE SUCKER 10 MALE 402 949 1.46 L 46 42.3 0.53 0.04 3.04 <0.2 0.08 

M 3.2 0.18 <0.01 0.06 1. 29 <0.05 <0.05 

1 1 FEMALE 395 900 1.46 L 31 21.6 0.26 <0.01 2.41 <0.2 <0.05 

M 3;0 0.16 <0.01 0.02 1.44 <0.05 <0.05 

12 FEMALE 393 925 1.52 L 44 32.0 0.74 0.01 3.06 <0.2 0.22 

M 3.2 0.34 <0.01 0.03 '.39 <0.05 <0.05 

13 FEMALE 430 1022 1.29 L 37 26.4 0.35 0.02 2.25 0.2 0.05 

M 3.5 0.12 <0.01 0.03 1. 28 <0.05 <0.05 

14 FEMALE 372 773 1.50 L 30 23.6 0.12 0.01 1. 81 <0.2 0.07 

M 4.1 0.12 <0.01 0.02 1. 23 <0.05 <0.05 
.j:::o 

15 MALE 433 575 0.71 L 43 33.7 0.14 0.03 2.09 <0.2 0.18 1.0 

M 4.1 0.12 <0.01 0.02 1. 27 <0.05 <0.05 

16 MALE 375 79B , .51 L 54 42.8 0.28 0.03 2.06 <0.2 <0.05 

M 3.1 0.15 <0.01 0.04 1. 38 <0.05 <0.05 

17 FEMALE 385 770 1.35 L 39 27.5 0.13 0.01 1.93 <0.2 <0.05 

M 4.5 0.22 <0.01 0.01 1. 21 <0.05 <0.05 

18 UNKNOWN 222 150 1.37 L 0.02 

M 4.9 0.20 <0.01 <0.01 1.06 <0.05 <0.05 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------- REGION~FLIN FLON DISTANCE (km) FROM SMELTER=5 LAKE=PHANTOM LAKE ------------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

5 FEMALE 

6 FEMALE 

7 FEMALE 

8 FEMALE 

WHITE SUCKER FEMALE 

2 MALE 

3 FEMALE 

4 FEMALE 

5 MALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD 
(CM) (GM) FACTOR 

598 1315 0.61 

543 1239 0.77 

440 660 0.77 

550 1330 0.80 

435 671 0.82 

670 2054 0.68 

590 1538 0.75 

900 5873 0.81 

388 798 1.37 

394 873 1.43 

377 762 1.42 

395 860 1. 40 

381 812 1.47 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

63 

6.4 

54 

9.1 

65 

6.8 

46 

12.7 

67 

4.3 

41 

15.9 

59 

12.5 

55 

9.2 

32 

6.2 

36 

3.8 

28 

5.9 

39 

6.2 

36 

7.8 

10.7 

0.13 

5.8 

0.13 

6.3 

0.12 

11 .5 

0.12 

8.7 

O. 12 

6.7 

0.14 

7.0 

0.14 

4.0 

O. 12 

19.9 

0.28 

18.0 

0.27 

11 • 2 

0.44 

12. 1 

0.41 

18.7 

0.34 

0.08 

<0.01 

0.12 

<0.01 

<0.01 

<0.01 

0.08 

<0.01 

O. 1 I 

<0.01 

0.28 

<0.01 

0.13 

<0.01 

0.27 

<0.01 

0.19 

<0.01 

O. 10 

<0.01 

O. 12 

<0.01 

0.10 

<0.01 

O. 18 

<0.01 

0.04 

0.09 

0.03 

0.08 

0.02 

0.04 

0.04 

0.06 

0.03 

0.04 

0.04 

0.13 

0.04 

0.09 

0.07 

0.22 

0.01 

<0.01 

0.01 

0.01 

<0.00 

<0.01 

0.005 

0.02 

0.01 

0.01 

2. 17 

0.55 

2.28 

0.77 

2.30 

0.71 

2.25 

0.42 

3.08 

0.58 

1.52 

0.60 

1.77 

0.51 

2.06 

0.88 

0.72 

0.88 

1.03 

0.86 

1. 14 

0.55 

I . 17 

0.50 

I .81 

0.56 

<0. I 

<0.05 

<0. I 

<0.05 

<0. I 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0. I 

<0.05 

<0. I 

<0.05 

<0. I 

<0.05 

0.2 

<0.05 

<0. I 

<0.05 

0.2 

<0.05 

0.2 

<0.05 

0.2 

<0.05 

ARSENIC 

<0.02 

<0.01 

<0.02 

<0.01 

0.02 

<0.01 

0.07 

<0.01 

0.02 

<0.01 

<0.02 

<0.01 

<0.02 

<0.01 

<0.02 

<0.01 

<0.02 

0.02 

0.03 

0.02 

0.03 

0.02 

0.02 

0.04 

<0 . 02 

0.02 

U1 
o 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=5 LAKE=PHANTOM LAKE ------------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TI SSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

WHITE SUCKER 6 FEMALE 364 725 1.50 L 41 19.5 0.08 0.02 1. 12 0.2 0.05 

M 5.5 0.22 <0.01 0.01 0.59 <0.05 0.03 

7 FEMALE 372 830 1.61 L 49 33.2 0.18 0.04 1.29 <0.1 0.04 

M 6.1 0.18 <0.01 0.01 0.77 <0.05 0.04 

8 FEMALE 401 980 1. 52 L 20 10.9 0.05 0.01 1.34 0.3 0.12 

M 4.2 0.24 <0.01 0.01 0.59 <0.05 0.04 

9 UNKNOWN 347 610 1.46 L 34 9.3 0.16 0.01 0.80 0.4 0.23 

M 6.8 0.34 <0.01 0.02 0.62 <0.05 0.02 

10 FEMALE 392 910 1.51 L 24 9.0 0.15 0.02 1.88 <0.2 0.08 

M 4.5 0.18 <0.01 0.01 0.68 <0.05 0.04 

1 1 FEMALE 370 779 1.54 L 32 12.9 0.06 0.008 1.34 <0.1 <0.02 
(J'1 

M 7.1 0.26 <0.01 0.01 0.77 <0.05 0.04 
~ 

12 FEMALE 410 1030 1.49 L 32 11 .9 0.08 0.01 1.34 <0.1 <0.02 

M 4.4 0.19 <0.01 0.02 0.85 <0.05 0.02 

13 FEMALE 400 950 1.48 L 33 1 1 . 1 0.06 0.03 1. 22 <0.1 <0.02 

M 4.1 0.17 <0.01 0.01 0.72 <0.05 0.02 

14 UNKNOWN 379 775 1.42 L 32 13.0 0.12 0.13 1. 28 <0.2 <0.02 

M 4.4 0.25 <0.01 <0.01 0.61 <0.05 0.03 

15 FEMALE 402 970 1.49 L 20 6.0 O. 11 0.006 1. 13 <0.2 <0.02 

M 4.5 0.21 <0.01 <0.01 0.74 <0.05 0.02 

16 FEMALE 376 868 1.67 L 33 12.7 0.15 0.01 1. 28 <0.1 <0.02 

M 3.7 0.20 <0.01 0.01 0.65 <0.05 0.03 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

-------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=6 LAKE-CLIFF LAKE --------~---------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE UNKNOWN 

2 UNKNOWN 

3 UNKNOWN 

4 UNKNOWN 

5 UNKNOWN 

8 UNKNOWN 

7 MALE 

8 FEMALE 

9 MALE 

10 FEMALE 

11 FEMALE 

WHITE SUCKER FEMALE 

2 FEMALE 

LENGTH WEIGHT CONDITION TISSUE ZINC 
(CM) (GM) FACTOR 

245 102 0.69 

254 112 0.68 

250 100 0.64 

253 133 0.82 

259 132 0.76 

240 107 0.77 

455 665 0.71 

393 479 0.79 

397 511 0.82 

413 576 0.82 

521 1040 0.74 

442 1229 1.42 

428 1170 1.49 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

108 

6.8 

154.0 

6.0 

120.0 

7.1 

94 

5.6 

99 

4.3 

132.0 

7.0 

120.0 

5.2 

80 

4.8 

53 

6.8 

36 

3.9 

53 

7.5 

57 

4.1 

55 

4.0 

COPPER CADMIUM MERCURV SELENIUM LEAD 

5.0 

0.18 

3.5 

0.12 

5.1 

0.16 

6.7 

0.18 

7.4 

0.13 

4.7 

0.14 

12.1 

0 . 13 

12.8 

0.12 

6.1 

0.15 

12.3 

0.12 

12.3 

0.23 

30.8 

0.18 

23.4 

0.29 

0.29 

0.01 

0.22 

<0.01 

0.41 

0.01 

0.46 

<0.01 

0.29 

<0.01 

0.39 

<0.01 

1.0 

0.02 

0 . 49 

0.01 

0.23 

<0.01 

0.41 

0.01 

1.6 

0.02 

1.3 

<0.01 

0.62 

<0.01 

0.04 

0.007 

0.05 

0.01 

0.08 

0.01 

0.02 

0.02 

0.07 

0.01 

0.04 

0.009 

0.05 

0.07 

0.03 

0.04 

0.02 

0.02 

0.02 

0.04 

0.04 

0.14 

0.04 

0.03 

0.04 

0.03 

2.04 

1.64 

1.43 

1. 70 

1.96 

1. 72 

2.10 

1.60 

1.84 

1. 50 

2.30 

1.80 

1. 53 

1.42 

2.25 

1. 72 

2.86 

1. 70 

2.60 

1.89 

2.82 

1. 28 

3.48 

2.04 

3.01 

1.83 

<0.02 

<0.02 

<0.02 

<0.02 

<0.02 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

-

ARSENIC 

<0.03 

0.02 

<0.03 

0.06 

<0.03 

0.04 

0.05 

0.05 

<0.03 

0.04 

<0.03 

0.04 

0.01 

0.05 

0.05 

0.04 

0.08 

0.04 

0.04 

0.03 

0.02 

0.01 

0.13 

0.04 

0.12 

0.04 

Ul 
N ' 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

• 

-------------------------------- REGION=FLIN FLON OISTANCE (km) FROM SMELTERz6 LAKEzCLIFF LAKE -------------------------------

SPECIES FISH NO. SEX 

WHITE SUCKER 3 FEMALE 

4 FEMALE 

5 UNKNOWN 

6 FEMALE 

7 FEMALE 

8 MALE 

9 FEMALE 

10 FEMALE 

1 1 UNKNOWN 

12 FEMALE 

13 FEMALE 

14 UNKNOWN 

15 FEMALE 

LENGTH WEIGHT CONOITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD 
(CM) (GM) FACTOR 

405 962 1.45 L 64 20.7 0.65 0.04 2.91 <0.1 

361 720 

229 150 

436 1185 

373 776 

312 470 

481 1458 

378 710 

185 77 

347 625 

458 1333 

297 373 

347 655 

M 

1.53 L 

M 

1. 25 L 

M 

1.43 L 

M 

1.50 L 

M 

1.55 L 

M 

1 .31 L 

M 

1.31 L 

M 

1.22 L 

M 

1.50 L 

M 

1.39 L 

M 

1.42 L 

M 

1.57 L 

M 

4.8 

41 

7.9 

77 

5.8 

35 

4.1 

66 

6.0 

61 

8.4 

39 

5-.0 

47 

8.0 

8.0 

66 

7.6 

31 

4.7 

63 

7.3 

17 

6.3 

0.33 

14.9 

0.19 

12.6 

0.24 

17.4 

0.16 

24.0 

0.26 

26.6 

0.22 

18.9 

0.28 

18.3 

0.22 

0.23 

14.4 

0.18 

9.7 

0.27 

35.3 

0.25 

10. 1 

0.25 

<0.01 

0.15 

<0.01 

0.29 

<0.01 

0.26 

<0.01 

0.20 

<0.01 

0.44 

<0.01 

1 .4 

<0.01 

0.35 

<0.01 

<0.01 

0.28 

<0.01 

0.31 

<0.01 

0.28 

<0.01 

0.20 

<0.01 

0.04 

0.02 

0.009 

0.09 

0.01 

0.02 

0.01 

0.03 

0.006 

0.03 

0.009 

0.02 

0 . 02 

0.03 

0.01 

0.01 

0.05 

0.009 

0.02 

0.03 

0.02 

0.01 

0.02 

0.02 

1.50 

2.99 

1.2 

2.2 

1. 72 

2.158 

1.80 

3.215 

1. 815 

4.89 

1.49 

2.90 

1.83 

4.10 

1. 74 

1.35 

3.17 

1.157 

2.50 

1.62 

3.81 

1.85 

2.60 

1.69 

<0.02 

<0.02 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

ARSENIC 

0.28 

0.06 

0.02 

0.04 

0.64 

0.03 

0.11 

0.04 

<0.02 

0.03 

0.23 

0.05 

0.14 

0.06 

0.15 

0.06 

0.09 

0.34 

0.05 

0.17 

<0.01 

0.16 

0.06 

0.20 

0.07 

U1 
W 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------- REGION=FLIN FLON DISTANCE (km) FROM SMELTER=8 LAKE=MERIDIAN LAKE -----------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

5 FEMALE 

6 UNKNOWN 

7 UNKNOWN 

8 FEMALE 

9 FEMALE 

10 FEMALE 

1 1 FEMALE 

12 MALE 

13 UNKNOWN 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD 
(CM) (GM) FACTOR 

630 1524 0.61 

563 1030 0.58 

533 1070 0.71 

508 672 0.51 

467 670 0.66 

345 245 0.60 

324 228 0.67 

485 795 0.70 

464 645 0.65 

502 800 0.63 

428 509 0.65 

442 570 0.66 

382 370 0.66 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

• 

26 

3.5 

97 

5.0 

35 

3.6 

44 

4.7 

66 

3.7 

62 

4.8 

5.1 

22 

4.2 

65 

4.5 

40 

4.1 

63 

4.3 

29 

3.6 

45 

3.5 

11 .6 

0.21 

33.2 

0.17 

10.8 

0.16 

18.6 

0.17 

13.8 

0.16 

11.0 

0.14 

0.18 

7.0 

0.15 

15.8 

0.12 

35.3 

0.16 

31.2 

0.16 

8.0 

0.18 

9.2 

0.18 

0.40 

<0.01 

1. 27 

<0.01 

0.61 

<0.01 

1.52 

<0.01 

0.24 

<0.01 

o. 11 

<0.01 

<0.01 

0.17 

<0.01 

0.65 

<0.01 

0.88 

<0.01 

0.41 

<0.01 

0.41 

<0.01 

0.50 

<0.01 

0.09 

0.15 

0.15 

0.15 

O.OS 

0.17 

0.17 

0.24 

0.04 

0.05 

0.03 

0.04 

0.02 

0.04 

0.05 

0.09 

0.10 

0.17 

0.12 

0.23 

0.04 

0.06 

0.06 

0.10 

0.04 

0.05 

2.68 

0.88 

4.03 

0.65 

2.S3 

0.71 

2.94 

0.55 

1.94 

0.89 

2.08 

0.56 

1.53 

0.80 

2.15 

0.54 

2.25 

0.53 

2.84 

0.59 

3.21 

0.64 

2.17 

0.59 

2.61 

0.65 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

ARSENIC 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

U'1 
.po 



• 

METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------- REGION-FLIN FLON DISTANCE (km) FROM SMELTERz8 LAKE-MERIDIAN LAKE -------------------------------

SPECIES FI SH NO. SEX 

WHITE SUCKER FEMALE 

2 MALE 

3 FEMALE 

4 FEMALE 

5 FEMALE 

6 FEMALE 

7 FEMALE 

8 FEMALE 

9 MALE 

10 FEMALE 

1 1 FEMALE 

12 FEMALE 

13 FEMALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD 
(CM) (GM) FACTOR 

402 1100 1.69 

360 675 1.45 

422 1045 1.39 

492 1689 1 .42 

403 839 1.28 

430 1082 1.36 

374 740 1 .41 

325 455 1.33 

317 461 1.45 

394 758 1.24 

460 1310 1 .35 

295 360 1.40 

286 355 1.52 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

49 

3.2 

46 

2.9 

44 

3.7 

46 

3.1 

38 

5 . 5 

49 

4.2 

38 

3.6 

3.8 

3.4 

52 

3.2 

59 

3.7 

4.1 

5 . 7 

33.8 

0 . 20 

26.1 

0.21 

20.9 

0.23 

33.0 

0.24 

6.8 

0.29 

26.3 

0.31 

15.9 

0.27 

0.24 

0 . 22 

27.0 

0.26 

34.6 

0.16 

0.26 

0.24 

0.23 

<0.01 

0.12 

<0.01 

0.60 

<0.01 

0.30 

<0.01 

0.18 

<0.01 

0.21 

<0.01 

0.13 

<0.01 

<0.01 

<0.01 

O. 11 

<0.01 

0.58 

<0.01 

<0.01 

<0.01 

0.03 

0.03 

0.02 

0.01 

0.02 

0.04 

0.05 

0.03 

0.03 

0.06 

0.02 

0.05 

0.02 

0.02 

<0.01 

<0.01 

<0.01 

<0.01 

0.03 

0.02 

0.05 

0.05 

0.01 

<0.01 

0 . 02 

<0.01 

3.05 

0.44 

2.22 

0.31 

1.98 

0.35 

1.77 

0.30 

3.08 

0.81 

2.17 

0.48 

2.03 

0.44 

0.38 

0.44 

1.80 

0.57 

2.83 

0.48 

0.58 

0.44 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.05 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.05 

<0.05 

ARSENIC 

0.06 

<0.05 

<0.05 

<0.05 

0.05 

<0.05 

<0.05 

<0.05 

0.10 

<0.05 

0.22 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

0.19 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

(J1 

(J1 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------- REGION-FLIN FLON DISTANCE (km) FROM SMELTER=8 LAKE=MERIDIAN LAKE -----------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

WHITE SUCKER 14 UNKNOWN 389 660 1 .31 L 0.03 

M 4.6 0.30 <0.01 0.02 0.57 <0.05 <0.05 

15 FEMALE 446 1121 1. 26 L 39 17.5 0.42 0 . 04 1.89 <0.2 0.06 

M 3.7 0.36 <0.01 0.04 0.70 <0.05 <0.05 

18 MALE 358 732 1.60 L 40 18.0 0.10 0.02 <0.2 

M 4.4 0.21 <0.01 0.02 0.48 <0.05 <0.05 

17 FEMALE 420 1070 1.44 L 0.02 1.22 <0.05 

M 3.4 0.25 <0.01 0.02 0.33 <0.05 <0.05 

18 MALE 400 851 1 .33 L 58 31.9 0.14 0.03 2.57 <0.2 0.06 

M 3.7 0.22 <0.01 0.02 0.30 <0.05 <0 . 05 

U1 
.CTl 

------------------------------- REGIONzMANITOBA DISTANCE (km) FROM SMELTER-23 LAKE-CLEAVER LAKE ------------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

NORTHERN PIKE UNKNOWN 320 269 0.82 L 51 5.5 0.06 0.07 0.89 

M 3.7 0.15 <0.01 0.09 0.25 <0.05 

2 FEMALE 374 319 0.61 L 41 10.8 0.10 0.02 1.20 

M 4 . 3 0.16 <0.01 0.12 0.21 <0.05 

3 UNKNOWN 334 280 0.75 L 53 8.2 0.04 0.03 1.07 

M 4.2 0.13 <0.01 0.07 0.26 <0.05 

4 FEMALE 373 373 0.72 L 60 14.2 0.08 0.05 1. 21 <0.09 

M 4.0 0.14 <0.01 0.08 0.17 <0.05 

5 FEMALE 529 925 0.62 L 47 20.3 0.37 0.19 1. 88 <0.05 

M 10.6 0.16 <0.01 0.37 0.22 <0.05 

6 UNKNOWN 438 602 0.72 L 32 11.9 0.13 0.08 1. 26 <0.05 

M 3.2 0.16 <0.01 0.18 0.25 <0.05 



.. 

METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------- REGION=MANITOBA DISTANCE (km) FROM SMELTER.,23 LAKE.,CLEAVER LAKE -----------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TI SSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

NORTHERN PIKE 7 FEMALE 503 947 0.74 L 20 10.B 0.29 0.08 1.38 <0.05 

M 3.8 0.18 <0.01 0.25 0.29 <0.05 

8 MALE 474 728 0.68 L 46 7.7 0.27 0.10 1.58 <0.05 

M 5.4 0.15 <0.01 0.26 0.26 <0.05 

------------------------------ REGIONcMANIT08A DISTANCE (km) FROM SMELTERz27 LAKE=NAOSAP MUD LAKE ---------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TI SSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

NORTHERN PIKE FEMALE 540 1017 0.65 L 39 1 1 . 2 0.06 O.OB 1 .61 <0.05 

M 4.0 0.12 <0.01 0.18 0.12 <0.05 

WHITE SUCKER FEMALE 403 1095 1.67 L 14 5.5 0.02 <0.01 0.52 <0.05 

M 3.2 0.31 <0.01 0.10 0.10 <0.05 

2 FEMALE 345 728 1.77 L 15 4.7 0.02 <0.01 0.56 <0.05 U1 
-...j 

M 2.9 0.24 <0.01 0.02 0.14 <0.05 

3 FEMALE 374 887 1.70 L 17 5.90 0.03 0.03 0.56 <0.05 

M ,3.6 0.30 <0.01 0.08 0.12 <0.05 

4 FEMALE 392 935 1.55 L 14 4.3 0.02 0.02 0.52 <0.05 

M 3.1 0.22 <0.01 0.06 O. 11 <0.05 

5 MALE 357 839 1.84 L 16 5.4 0.03 0.04 0.75 <0.05 

M 2.5 0.22 <0.01 0.07 O. 11 <0.05 

6 FEMALE 390 949 1.60 L 18 6.8 0.03 0.06 0.70 <0.05 

M 2.7 0.22 <0.01 0.06 0.14 <0.05 

7 FEMALE 362 784 1.65 L 19 6.5 0.02 0.01 0.55 <0.05 

M 3.7 0.24 <0.01 0.03 0.12 <0.05 

8 MALE 380 756 1.38 L 19 5.0 0.04 0.02 0.55 <0.05 

M 3.0 0.27 <0.01 0.11 0.10 <0.05 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

------------------------------ REGION=MANITOBA DISTANCE (km) FROM SMELTER=27 LAKE=NAOSAP MUD LAKE ---------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

WHITE SUCKER 9 FEMALE 345 633 1.54 L IS 5. I <0.01 0.03 0.61 <0.05 

M 3.4 0.30 <0.01 0.03 O. I I <0.05 

10 FEMALE 420 1170 I .58 L 17 5.0 0.02 0.04 0.59 <0.05 

101 3.3 0.31 <0.01 0.04 0.12 <0.05 

" MALE 335 583 1.50 L IS 2.1 0.05 0.01 0.51 <0.05 

101 2.8 0.20 <0.01 0.05 0.12 <0.05 

12 MALE 339 e17 1. 58 L 14 3.5 0.02 0.03 0.53 <0.05 

101 3. I 0.24 <0.01 0.03 0.11 <0.05 

13 MALE 355 598 1.34 L 12 3.0 0.03 0.03 0.48 <0.05 

101 3.8 0.27 <0.01 o.oe o. , I <0.05 (n 

CO 

14 FEMALE 365 783 I .81 L 13 2.5 <0.01 0.02 0.39 <0.05 

101 3.4 0.45 <0.01 0.02 O. , I <0.05 

IS FEMALE 398 989 1.57 L 16 4.8 0.03 0.02 0.58 <0.05 

M 3.4 0.38 <0.01 0.08 0.15 <0.05 

16 FEMALE 380 874 1.59 L 22 8.8 0.02 0.03 0.67 <0.05 

M 2.7 0.23 <0.01 0.04 0.14 <0.05 



~ ~ 

METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

-------------------------------- REGION=MANITOBA DISTANCE (km) FROM SMELTER=30 LAKEzKOTYK LAKE -------------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE UNKNOWN 

2 UNKNOWN 

3 UNKNOWN 

4 UNKNOWN 

5 FEMALE 

6 FEMALE 

7 FEMALE 

8 UNKNOWN 

9 FEMALE 

10 FEMALE 

I I FEMALE 

12 FEMALE 

13 FEMALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

423 529 0.70 

SID 755 0.57 

405 410 0.62 

377 393 0.73 

595 1349 0.64 

SID 864 0.65 

504 739 0.58 

390 428 0.72 

575 1066 0.56 

540 775 0.49 

532 967 0.64 

588 1305 0.64 

556 104B 0.61 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

82 

3.5 

"1 

4.6 

58 

4.2 

106 

5.0 

71 

4.7 

87 

4.4 

I 10 

5. I 

70 

5.2 

100 

4.8 

73 

4. I 

69 

4.8 

61 

4.7 

I 13 

5.3 

8.6 

O. I I 

2 1.7 

o. 13 

10.0 

o. 12 

7.9 

o. 18 

13.2 

O. I 1 

16.9 

o. 1 1 

16. 1 

0.08 

8.3 

0.10 

27.4 

0.09 

28.5 

0.10 

24.6 

0.12 

19.0 

0.12 

14.6 

0.11 

0.03 

<0.01 

0.09 

<0.01 

0.03 

<0.01 

0.03 

<0.01 

0.04 

<0.01 

0.05 

<0.01 

0.05 

<0.01 

0.04 

<0.01 

0.16 

<0.01 

0.12 

<0.01 

O. 13 

<0.01 

0.09 

<0.01 

0.10 

<0.01 

0.04 

0.05 

0.03 

0.14 

0.14 

0.06 

O. I I 

0.05 

0.05 

O. 13 

0.07 

0.11 

0.06 

0.14 

0.04 

0.07 

0.14 

0.26 

0.17 

0.34 

O. 16 

0.19 

O. 17 

0.25 

0.22 

0.26 

1. 14 

0.25 

1. 73 

0.26 

1.27 

0.29 

1. 0 1 

0.27 

1.08 

0.27 

1.50 

0.30 

1. 15 

0.25 

1. 27 

0.26 

1. 31 

0.27 

1.06 

0.23 

1.64 

0.26 

1.52 

0.23 

1.40 

0.24 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.0!5 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

0.05 

<0.01 

<0.02 

<0.01 

0.02 

<0.01 

<0.02 

<0.01 

0.04 

<0.01 

0.07 

<0.01 

0.06 

<0.01 

0.07 

0.02 

<0.02 

<0.05 .<0.01 

<0.05 <0.02 

<0.05 <0.01 

<0.05 0.03 

<0.05 <0.01 

<0.05 <0.02 

<0.05 0.02 

<0.05 0.04 

<0.05 <0.01 

(Jl 

<.0 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

-------------------------------- REGION-MANITOBA DISTANCE (km) FROM SMELTERz30 LAKE-KOTVK LAKE -------------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE 14 FEMALE 

15 MALE 

16 UNKNOWN 

17 FEMALE 

WHITE SUCKER FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

5 UNKNOWN 

6 FEMALE 

7 FEMALE 

8 FEMALE 

9 MALE 

.. 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

585 1454 0.73 L 58 8.0 0.04 0.07 1.35 <0.05 <0.02 

519 928 

450 592 

440 635 

426 1088 

418 1098 

396 902 

448 594 

267 267 

430 1058 

408 1012 

379 901 

376 657 

0.66 

0.65 

0.75 

1 .41 

1.50 

1.45 

0.66 

1.40 

1.33 

1.49 

1.66 

1.24 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

3.9 

76 

5.7 

78 

4.6 

109 

4.5 

22.4 

2.0 

20.7 

2.6 

21.4 

2 . 4 

14.9 

3.0 

19.2 

2.3 

23.7 

2.9 

23.4 

2.8 

19.2 

3.3 

16.6 

3.0 

0.08 

11.8 

0.11 

11.5 

0.11 

15. 1 

0.10 

7.2 

0.28 

7.0 

0.28 

5.7 

0.23 

3.6 

0.44 

2.8 

0.18 

6.3 

0.30 

6.9 

0.35 

7.8 

0.37 

3.2 

0.41 

<0.01 

0.07 

<0.01 

0.04 

<0.01 

0.03 

<0.01 

0.02 

<0.01 

0.01 

<0.01 

0.01 

<0.01 

0.01 

<0.01 

0.01 

<0.01 

0.02 

<0.01 

0.02 

<0.01 

0.01 

<0.01 

0.01 

<0.01 

0.20 

O. 11 

0.13 

0.06 

0.07 

0.05 

0.08 

0.04 

0.10 

0.04 

0.04 

0.04 

0.05 

0.01 

0.03 

0.02 

0.01 

0.02 

0.06 

0.02 

0.04 

0.04 

0.05 

0.04 

0.04 

0.30 

1.42 

0.28 

1. 10 

0.26 

1.06 

0.20 

0.78 

0.24 

O.Bl 

0.55 

0.73 

0.34 

0.38 

0.45 

0.44 

0.37 

0.88 

0.51 

0.81 

0.23 

0.68 

0.25 

0.72 

0.30 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

0.22 

<0.05 

0.33 

<0.05 

0.28 

<0.05 

0.27 

<0.05 

0.61 

<0.05 

0.32 

<0.05 

0.23 

<0.05 

0.36 

<0.05 

0.26 

<0.05 

0.02 

0.13 

<0.01 

0.06 

<0.01 

0.02 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.01 

<0.01 

<0.01 

0.02 

<0.01 

0.02 

0.01 

<0.01 

0.01 

<0.01 

0.01 
I 

<0.01 

<0.01 

<0.01 

m 
o 



· 
METAL CONCENTRATIONS IN FISH TISSUES 

IN MICROGRAMS PER GRAM WET WEIGHT 

-------------------------------- REGION=MANITOBA DISTANCE (km) FROM SMELTER"'30 LAKE=KOTVK LAKE -------------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TI SSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

WHITE SUCKER 10 FEMALE 311 444 1.48 L 24.2 2.6 <0.01 0.03 0.85 0.31 0.02 

M 2.3 0.14 <0.01 0.02 0.25 <0.05 <0.01 

1 1 FEMALE 357 875 1.48 L 16.9 3.9 <0.01 0.03 0.65 0.40 0.02 

M 2.3 0.19 <0.01 0.02 0.28 <0.05 <0.01 

12 MALE 375 696 1.32 L 17.0 2. 1 <0.01 0.03 0.39 0.44 0.02 

M 2.1 0.23 <0.01 0.04 0.57 <0.05 <0.01 

13 MALE 402 902 1.39 L 20.0 6.3 <0.01 0.02 0.37 0.29 0.01 

M 2.4 0.30 <0.01 0.05 0.35 <0.05 0.02 

14 FEMALE 405 939 1 .41 L 27.3 8.7 0.01 0.02 0.78 0.23 0.02 

M 2.7 0.18 <0.01 0.04 0.33 <0.05 <0.01 

15 FEMALE 381 791 1.43 L 18.8 2.6 <0.01 0.02 0.88 0.20 0.02 

M 2.4 0 . 27 <0.01 0.03 0.32 <0.05 <0.01 
C)) 

18 MALE 370 738 1 . 46 L 21.6 5.4 0.01 0.02 0.48 0.20 0.05 I-' 

M 2.7 0.33 <0.01 0.08 0.38 <0.05 <0.01 

17 FEMALE 409 1060 1.55 L 23.0 8.2 <0.01 0.03 0.78 0.10 0.01 

M 3.1 0.34 <0.01 0.04 0.24 <0.05 <0.01 

18 FEMALE 393 871 1.43 L 19.6 2.7 <0.01 0.08 0.71 0.19 0.01 

M 2.5 0.19 <0.01 0.04 0.35 <0.05 <0.01 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

-------------------------------- REGION=MANITOBA DISTANCE (km) FROM SMELTER=43 LAKE-NEKIK LAKE -------------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

5 MALE 

6 FEMALE 

7 FEMALE 

8 FEMALE 

9 FEMALE 

10 FEMALE 

WHITE SUCKER UNKNOWN 

2 UNKNOWN 

3 UNKNOWN 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD 
(CM) (GM) FACTOR 

685 2323 0.72 

710 2361 0.66 

526 952 0.65 

497 1007 0.82 

543 1004 0.63 

562 1324 0.75 

439 607 0.72 

541 1044 0.66 

530 1032 0.69 

532 973 0.65 

155 51 1.37 

162 52 1.22 

189 104 1.54 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

57 

3.8 

38 

3.9 

93 

4.0 

50 

4.1 

44 

2.8 

39 

4.1 

53 

3.3 

56 

3.3 

36 

2.8 

60 

4.6 

4.1 

3.9 

24 

3.2 

8.7 

0.09 

6.9 

0.11 

22.5 

O. 11 

8.3 

0.13 

25.0 

0.11 

9.2 

0.12 

21.6 

0.09 

15.9 

0.10 

8.0 

0.13 

25.5 

0.11 

0.27 

0.22 

0.18 

<0.01 

0.02 

<0.01 

0.05 

<0.01 

<0.02 

<0.01 

0.03 

<0.01 

<0.02 

<0.01 

0.02 

<0.01 

0.02 

<0.01 

<0.02 

<0.01 

0.09 

<0.01 

<0.01 

<0.01 

<0.01 

0.30 

0.36 

0.24 

0.17 

0.20 

0.18 

0.10 

0.12 

0.44 

0.28 

0.12 

0.19 

0.24 

0.18 

0.15 

0.21 

0.14 

0.18 

0.19 

0.17 

0.02 

0.02 

0.01 

1.93 

0.15 

1 • 13 

0.19 

1.66 

0.18 

1. 27 

0.17 

1.58 

0.20 

1. 31 

0.18 

2.06 

0.18 

1.09 

0.18 

1.57 

0.21 

2.04 

0.17 

0.25 

0.23 

0.19 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.02 

<0.02 

<0.02 

ARSENIC 

<0.02 

0.02 

<0.02 

0.02 

0.02 

0.01 

0.06 

0.01 

<0.02 

<0.01 

<0.02 

<0.01 

<0.02 

<0.01 

<0.02 

<0.01 

<0.02 

<0.01 

<0.02 

<0.01 

<0.01 

0.01 

0.01 

0"1 
N 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

• 

-------------------------------- REGION=MANITOBA DISTANCE (km) FROM SMELTERz43 LAKE=NEKIK LAKE -------------------------------

SPECIES FISH NO. SEX 

WHITE SUCKER 4 UNKNOWN 

5 UNKNOWN 

6 FEMALE 

7 FEMALE 

8 FEMALE 

9 FEMALE 

10 FEMALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD 
(CM) (GM) FACTOR 

170 73 1 .49 

164 60 1.36 

399 946 1 . 49 

344 657 1 . 61 

299 468 1 . 75 

343 653 1.62 

336 633 1.67 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

4.1 

3 . 8 

48 

2.8 

15 

2.9 

13 

3.0 

20 

2.6 

23 

2.9 

D.18 

0.17 

4.4 

0.22 

3.0 

0.28 

4.2 

0.24 

3.3 

0 . 18 

8.3 

0.12 

<0.01 

<0.01 

0.06 

<0.01 

0.05 

<0.01 

0.04 

<0.01 

0.04 

<0.01 

0.08 

<0.01 

0.02 

0.02 

0.05 

0.06 

0 . 02 

0.05 

0.05 

0 . 02 

0.02 

0.03 

0.04 

0.04 

0.18 

0.18 

0 . 74 

O. Ii 

0.54 

0.24 

O. Ii 

0.23 

0.62 

0.18 

0.64 

0.18 

<0.02 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

<0.1 

<0.02 

ARSENIC 

0.02 

0.01 

<0.02 

<0.01 

0.16 

0.02 

0.03 

0.02 

0.06 

0.02 

<0.02 

0.02 

---------------------------- REGION~SASKATCHEWAN DISTANCE (km) FROM SMELTERm68 LAKEzSASK LAKE NO.1 ---------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD 
(CM) (GM) FACTOR 

498 899 0.73 L 62 

M 7.4 

540 1050 0.67 L 41 

M 4.0 

543 950 0.59 L 58 

M 4.9 

425 525 0 . 68 L 70 

M 4.0 

6.9 

0.19 

27.9 

0.17 

40.0 

0.18 

7.5 

0 . 17 

0.04 

<0.01 

0.15 

<0.01 

0.11 

<0.01 

0.01 

<0.01 

0.12 

0.23 

0.18 

0.24 

0.19 

0.26 

0 . 06 

0.08 

1.35 

0.23 

1.54 

0.13 

1.40 

0.13 

1.05 

0.09 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

ARSENIC 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

0) 

w 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

---------------------------- REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER=68 LAKE=SASK LAKE NO.1 ---------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE 5 FEMALE 

8 FEMALE 

7 FEMALE 

8 MALE 

9 MALE 

10 MALE 

1 1 FEMALE 

12 FEMALE 

13 UNKNOWN 

14 FEMALE 

WHITE SUCKER UNKNOWN 

2 MALE 

3 FEMALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD 
(CM) (GM) FACTOR 

508 1010 0.77 L 59 7.9 0.02 0.13 1.54 <0.2 

501 790 0.63 

489 745 0.64 

481 739 0.66 

481 775 0.70 

487 740 0.64 

428 480 0.61 

445 571 0.65 

220 67 0.63 

511 980 0.73 

113 17 1. 18 

435 1187 1.44 

474 1510 1.42 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

6.8 

44 

4.2 

41 

5.1 

33 

4.0 

34 

5.8 

36 

5.7 

62 

4.1 

44 

4 . 6 

5.4 

5.7 

7.8 

18 

3.1 

18 

2.4 

0.24 

9.8 

0.13 

7.9 

0.20 

10. 1 

0.21 

8.2 

0.19 

11.9 

0.16 

13.1 

0.20 

11.8 

0.28 

0.20 

0.25 

0.46 

8.7 

0.63 

7.6 

0.30 

<0.01 

0.04 

<0.01 

0.15 

<0.01 

0.03 

<0.01 

0.05 

<0.01 

0.11 

<0.01 

0.04 

<0.01 

0.06 

<0.01 

<0.01 

<0.01 

<0.01 

0.10 

<0.01 

0.05 

<0.01 

0.20 

0.08 

0.10 

0.14 

0.18 

0.15 

0.23 

0.13 

0.20 

0.21 

0.29 

0.12 

0.09 

0.14 

0.18 

0.05 

0.06 

0.14 

0.13 

0.15 

0.05 

0.08 

0.07 

0.05 

0.04 

0.14 

1. 51 

0.12 

1.45 

0.10 

1.52 

0.14 

1. 22 

0.20 

1.54 

0.14 

1. 71 

0.20 

1.97 

0.19 

0.15 

1.83 

0.20 

0.93 

0.17 

0.95 

0.15 

0.08 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.05 

<0.2 

<0.05 

<0.05 

<0.05 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

. .. 

ARSENIC 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

0"1 
~ 
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METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

• 

---------------------------- REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER=68 LAKE=SASK LAKE NO.1 ---------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD 
(CM) (GM) FACTOR 

WHITE SUCKER 4 FEMALE 370 740 1.46 L 13 2.1 <0.04 0.04 0.89 <0.2 

M 

5 FEMALE 413 970 1.38 L 

M 

3.5 

16 

2.9 

0.36 

8.9 

0.34 

<0.01 

<0.04 

<0.01 

0.05 

0.03 

0.05 

0.19 

0.81 

0.13 

<0.05 

<0.2 

<0.05 

ARSENIC 

<0.05 

<0.05 

<0.05 

<0.05 

---------------------------- REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER=74 LAKEcSASK LAKE NO.2 ---------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE FEMALE 

2 MALE 

3 FEMALE 

4 FEMALE 

5 FEMALE 

6 FEMALE 

7 FEMALE 

8 FEMALE 

9 FEMALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD 
(CM) (GM) FACTOR 

547 910 0.56 

483 713 0.63 

580 1225 0.63 

463 627 0.63 

559 1140 0.65 

485 630 0.55 

495 740 0.61 

549 1082 0.65 

541 1130 0.71 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

68 

4.3 

85 

7.6 

67 

5.9 

67 

4.4 

67 

9.6 

60 

6.7 

64 

7. 1 

38 

7.4 

44 

9.5 

26.2 

0.15 

15.2 

0.24 

61.0 

0.15 

15.4 

0.20 

6.9 

0.21 

84.4 

0.13 

14.9 

0.18 

13. 1 

0.28 

0.31 

0.43 

<0.01 

0.19 

<0.01 

0.43 

<0.01 

0.16 

<0.01 

0.36 

<0.01 

0.64 

<0.01 

0.22 

<0.01 

0.25 

<0.01 

0.14 

<0.01 

1.09 

0.76 

0.32 

0.41 

1. 28 

0.94 

0.26 

0.33 

0.90 

0.72 

1. 76 

0.93 

0.61 

0.62 

0.63 

0.79 

0.36 

0.58 

2.06 

0.37 

1.68 

0.33 

2.14 

0.34 

1 .81 

0.43 

1. 73 

0.34 

2.60 

0.32 

1.50 

0.34 

1. 26 

0.38 

1.85 

0.41 

<0.2 

<0.05 

<0.2-

<0.05 

<0.2 

<0.05 

0.3 

<0.05 

<0.2 

<0.05 

0.2 

<0.05 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

ARSENIC 

<0.05 

0.26 

<0.05 

0.07 

<0.05 

0.14 

0.06 

0.06 

<0.05 

0.06 

<0.05 

<0.05 

<0.05 

0.06 

<0.05 

0.05 

<0.05 

0.18 

m 
CJ1 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

---------------------------- REGION=SASKATCHEWAN OISTANCE (km) FROM SMELTER-74 LAKE-SASK LAKE NO.2 ---------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

NORTHERN PIKE 10 MALE 455 690 0.73 L 61 18.5 0.16 0.24 1.56 <0.05 

M 4.0 0.32 <0.01 0.29 0.31 <0.05 0.08 

1 1 FEMALE 573 1182 0.63 L 60 40.3 0.29 1. 51 1.Sl9 <0.2 <0.05 

M 5.4 0.16 <0.01 0.98 0.40 <0.05 <0.05 

12 MALE 480 704 0.64 L 67 17.0 0.16 0.36 1.33 <0.2 <0.05 

M 5.0 0.17 <0.01 0.41 0.41 <0.05 0.13 

13 FEMALE 482 775 0.69 L 65 12.5 0.16 0.35 1. 58 <0.2 <0.05 

M 6.0 0.15 <0.01 0.45 0.111 <0.05 0.08 

14 FEMALE 848 1445 0.53 L 58 55.4 0.19 2.59 2.31 <0.2 <0.05 

M 6.2 0.27 <0.01 1.68 0.44 <0.05 O. 11 
0"1 
0'1 

15 UNKNOWN 545 1070 0.66 L 63 30.1 0.34 1. 31 1. 73 <0.2 <0.05 

M 5.2 0.20 <0.01 0.94 0.40 <0.05 0.10 

16 UNKNOWN 448 405 0.45 L 67 9.1 0.06 0.12 1. 18 <0.05 

M 4.0 0.14 <0.01 0.26 0.45 <0.05 0.08 

17 FEMALE 392 390 0 . 65 L 40 9.4 0.07 0.15 0.88 <0.05 

M 3.8 0.23 <0.01 0.29 0.38 <0.05 0.09 

18 FEMALE 288 352 1.47 L 65 12.9 0.10 0.15 1. 13 <0.05 

M 3.5 0.15 <0.01 0.25 0.37 <0.05 0.06 

19 FEMALE 422 390 0.52 L 47 13.6 0.09 0.13 1.47 <0.05 

M 4.5 0.09 <0.01 0.29 0 . 40 <0.05 <0.05 

oJ • 
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METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

• , . 

---------------------------- REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER=83 LAKE=SASK LAKE NO.4 ---------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

WHITE SUCKER FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

5 FEMALE 

6 FEMALE 

7 FEMALE 

8 FEMALE 

9 MALE 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD 
(CM) (GM) FACTOR 

591 1182 0.57 

590 1430 0.70 

585 1120 0.56 

575 1311 0.69 

392 978 1.62 

372 780 1 .52 

421 1141 1. 53 

468 1440 1.40 

365 760 1.56 

418 1150 1.57 

438 1380 1.64 

439 1135 1 .34 

379 838 1.54 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

61 

6.5 

54 

6.4 

38 

3.3 

35 

6.2 

27 

2.8 

2.8 

22 

2.9 

22 

3.5 

28 

2.9 

30 

3.6 

25 

2.6 

17 

2.4 

26 

2.7 

30.9 

0.22 

20.0 

0.21 

46.6 

0.16 

19.0 

0.17 

14.4 

0.26 

0.28 

16.4 

0.28 

9.1 

0.28 

26.5 

0.25 

23.6 

0.27 

17.2 

0.23 

7.3 

0.24 

21.3 

0.26 

1 . 10 

<0.01 

0.53 

<0.01 

0.44 

<0.01 

1.04 

<0.01 

0.23 

<0.01 

<0.01 

0.23 

<0.01 

0.29 

<0.01 

0.21 

<0.01 

0.24 

<0.01 

0.31 

<0.01 

0.41 

<0.01 

0.30 

<0.01 

0.39 

0.27 

0.25 

0.24 

0.44 

0.32 

0.68 

0.34 

0.09 

0.14 

0.05 

0.06 

0.08 

0.14 

0.14 

0.34 

0.06 

0.09 

0.08 

0.12 

0.08 

o. 11 

0.08 

0.21 

0.03 

0.05 

2.04 

0.27 

1.86 

0.31 

2.14 

0.24 

2.08 

0.22 

1.01 

0.32 

0.80 

0.36 

1.06 

0.38 

1.20 

0.29 

1.05 

0.43 

1 .17 

0.27 

0.90 

0.36 

0.81 

0.23 

0.70 

0.42 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.Q5 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

ARSENIC 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

0"> 
'-I 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

---------------------------- REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER~83 LAKEzSASK LAKE NO.4 ---------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONoI TION TISSUE ZINC COPPER CADMIUM MERCURY SELENIUM UAo ARSENIC 
(CM) (GM) FACTOR 

WHITE SUCKER 10 UNKNOWN 371 750 1 . 47 L 27 26.0 0.32 0 . 06 1. 10 <0.2 <0.05 

M 2.3 0 . 17 <0.01 0.04 0.48 <0.05 <0.05 

11 FEMALE 466 1465 1.45 L 29 22.2 0.46 0 . 07 0.89 <0.2 <0.05 

M 4.5 0.33 <0.01 0.08 0.32 0.08 <0.05 

12 FEMALE 423 1060 1.40 L 22 23.0 0.22 O. 11 0.95 <0.2 <0.05 

M 3.0 0.35 <0.01 0.19 0.25 0.05 <0.05 

13 FEMALE 418 1150 1.60 L 27 18.7 0.20 0.08 1.38 <0.2 <0 . 05 

M 2 . 9 0.25 <0.01 0.09 0.32 0.08 <0.05 

14 FEMALE 392 929 1.54 L 22 21.0 0.18 0.07 0.84 <0.2 <0.05 

M 3 . 1 0.37 0.01 0.14 0.28 <0.05 <0.05 
Q) 

15 FEMALE 460 1400 1.44 L 19 10.1 0.42 0.07 0.73 <0.2 <0.05 
0:> 

M 2.B 0.18 <0.01 0.18 0.26 <0.05 <0.05 

16 FEMALE 360 800 1. 71 L 29 21.3 0.17 0.05 1.06 <0.2 <0.05 

M 3.8 0 . 29 <0.01 O.OB 0.29 <0.05 <0 . 05 

17 FEMALE 427 1125 1.45 L 32 24 . B 0.38 0.05 1.03 <0.2 <0 . 05 

M 3.B 0 . 37 <0.01 0.05 0.41 <0.05 <0.05 

.. .. 
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METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

• 

---------------------------- REGION=SASKATCHEWAN OISTANCE (km) FROM SMELTER=84 LAKEKSASK LAKE NO.3 --------------------------

SPECIES FISH NO. SEX 

NORTHERN PIKE FEMALE 

2 FEMALE 

3 FEMALE 

4 FEMALE 

5 FEMALE 

6 FEMALE 

7 FEMALE 

8 FEMALE 

9 FEMALE 

10 FEMALE 

1 1 UNKNOWN 

12 UNKNOWN 

13 UNKNOWN 

LENGTH WEIGHT CONDITION TISSUE ZINC COPPER CADMIUM MERCURV SELENIUM LEAD 
(CM) (GM) FACTOR 

513 1035 0.77 

470 732 0.71 

569 1208 0.66 

472 676 0.64 

495 711 0.59 

455 641 0.68 

435 570 0.69 

411 520 0.75 

510 1022 0.77 

475 630 0.59 

227 75 0.64 

250 90 0.58 

274 137 0.67 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

82 

4.2 

108 

7.2 

127 

6.5 

83 

5.6 

58 

6.0 

121 

6.0 

102 

4.3 

124 

6.1 

53 

8.8 

96 

7.4 

6.2 

5.6 

8.2 

0.31 

10.9 

0.31 

17. 1 

0.22 

4.9 

0.29 

10.4 

0.31 

24.0 

0.24 

9.9 

0.21 

8.8 

0.28 

6.0 

0.38 

5.2 

0.26 

0.29 

0.14 

0.29 

<0.01 

0.15 

<0.01 

0.23 

<0.01 

0.08 

<0.01 

0.22 

<0.01 

0.19 

<0.01 

0.12 

<0.01 

0.08 

<0.01 

0.09 

<0.01 

0.24 

<0.01 

<0.01 

<0.01 

2.03 

0.98 

0.80 

0.59 

0.72 

0.62 

0.22 

0.43 

0.74 

0.66 

0.45 

0.52 

0.30 

0.48 

0.18 

0.34 

0.28 

0.55 

1 . 14 

0.99 

0.14 

0.17 

0.10 

0.18 

0.13 

0.25 

1. 91 

0.38 

1.91 

0.31 

1.90 

0.33 

1. 26 

0.36 

1.52 

0.34 

2.26 

0.37 

1. 72 

0.36 

1. 60 

0.37 

1.68 

0.37 

1.93 

0.34 

0.26 

0.34 

0.92 

0.37 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.05 

<0.05 

<0.05 

<0.2 

<0.05 

<0.2 

<0.05 

<0.05 

<0.05 

ARSENIC 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

O'l 
\.0 



METAL CONCENTRATIONS IN FISH TISSUES 
IN MICROGRAMS PER GRAM WET WEIGHT 

---------------------------- REGION=SASKATCHEWAN DISTANCE (km) FROM SMELTER=84 LAKE-SASK LAKE NO.3 --------------------------

SPECIES FISH NO. SEX LENGTH WEIGHT CONDITION TI SSUE ZINC COPPER CADMIUM MERCURY SELENIUM LEAD ARSENIC 
(CM) (GM) FACTOR 

WHITE SUCKER MALE 428 1142 1. 46 L 23 4.8 0.11 0.04 0.69 <0.05 

M 3.7 0.37 <0.01 O. 11 0.29 <0.05 <0.05 

2 FEMALE 446 1299 1.46 L 24 8.1 0.23 0.05 0.93 <0.2 <0.05 

M 2.8 0.31 <0.01 0.12 0.31 <0.05 <0.05 

3 UNKNOWN 307 468 1. 62 L 0.05 

M 3.4 0.31 <0.01 0.09 0.26 <0.05 <0.05 

• .. • 

"-J 
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Appendix 4. 

Means and standard deviations of metal concentrations in liver and 

muscle of white sucker and northern pike from the study lakes. 



Means and standard deviations of metal concentrations in fish tissues in micrograms per gram wet weight. 

Lake Species Tissue Zinc Coppe r Cadmi urn 11ercury Selenium Lead Arsenic 
(mean, S.D.) (mean, S.D.) (mean, S.D.) (mean, S.D.) (mea n, S.D.) (mean, S.D.) (mean, S.D.) 

Region- F1 in Flon 

HAI1EL L LAKE NORTHERN PIKE LIVER 100 36 19.5 8.7 0.79 0.33 0.03 0.02 2.59 0.69 * * 0.06 0.02 

MUSCLE 4.5 0.5 0.17 0.03 <0.01 0.05 0.02 1.09 0.13 <0.01 0. 02 0.01 

liH ITE SUC KE R LIVER 40 11 13.4 5.8 0.51 0.30 0.01 0.01 2.13 0.37 * * 0.15 0.19 

MUSCLE 7.4 3.0 0.26 0.07 <0.01 0.04 0.02 1. 26 0.23 <0.01 <0.01 

DOUGLAS LAKE NORTHERN PIKE LIVER 43 12 28.5 11.8 0.19 0.11 0.08 0.04 3.36 0.72 <0.2 <0.05 

MUSCLE 4.1 0.4 0.14 0.03 <0.01 0.09 0.03 0.62 0.09 <0.05 <0.05 

WHITE SUCKER LIVER 40 7 29.2 7.9 0.31 0.21 0.02 0.01 2.29 0.39 <0.2 0.09 0.09 

MUSCLE 3.8 0.7 0.18 0.06 <0.01 0.02 0.01 1.20 0.15 <0.05 <0.05 

PHANTOM LAKE NORTHERN PIKE LIVER 56 9 7.6 2.5 0.13 0.09 0.04 0.01 2.18 0.45 <0.1 0.02 0.02 ........ 
N 

MUSCLE 9.6 3.9 0.13 0.01 <0.01 0.09 0.06 0.60 0.11 <0.05 <0.01 

WHITE SUCKER LIVER 33 7 14.3 6.4 0.12 0.05 0.02 0.03 1.22 0.25 0.14 0.10 0.04 0.06 

MUSCLE 5.3 1.3 0.26 0.08 <0.01 0.01 0.01 0.65 0.08 <0.05 0.03 0.01 
CLI FF LAKE NORTHERN PIKE LIVER 94 38 8.0 3.6 0.53 0.41 0.04 0.02 2.16 0.47 <0.1 0.03 0.02 

MUSCLE 5.9 1.2 0.15 0.03 0.01 0.01 0.03 0.04 1.63 0.18 <0.02 0.04 0.01 

WHITE SUCKER LIVER 51 17 19.8 7.6 0.48 0.40 0.03 0.02 3.16 0.68 <0.1 0.19 0.16 

MUSCLE 6.1 1.6 0.24 0.05 <0.01 0.02 0.01 1. 67 0.22 <0.02 0.05 0.02 
MERIDIAN LAKE NORTHERN PIKE LIVER 50 22 17.1 10.3 0.60 0.43 0.08 0.05 2.56 0.65 <0.2 <0.05 

MUSCLE 4.2 0.6 0.16 0.02 <0.01 0.12 0.07 0.61 0.06 <0.05 <0.05 

HHITE SUCKER LIVER 47 7 24.3 8.6 0.26 0.18 0.02 0.01 2.20 0.58 <0.2 0.07 0.07 

11USCLE 3.9 0.8 0.25 0.05 <0.01 0.02 0.02 0.45 0.12 <0.05 <0.05 

* no data available. 

Note- For calculation of means, results reported as less than detection limit were set to 0.5 of detection limit. 
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Means and standard deviations of metal concentrations in fish tissues in micrograms per gram wet weight. 

Lake Species Tissue Zi nc Copper Cadmium Mercury Selenium Lead Arsenic 
(mean, S.D.) (mean, S.D.) (mea n, S.D.) (mean, S.D.) (mean, S.D.) (mean, S.D.) (mean, S.D.) 

Re~ion- Manitoba 

CLEAVER LAKE NORTHERN PIKE LIVER 44 13 11. 2 4.6 0.17 0.12 0.08 0.05 1. 28 0.25 * * <0.05 

MUSCLE 4.9 2.4 0.15 0.02 <0.01 0.18 0.11 0.24 0.04 * * <0.05 

NAOSAP MUD LAKE NORTHERN PIKE LIVER 39 11.2 0.06 0.08 1. 61 * <0.05 

(n = 1) MUSCLE 4.0 0.12 0.01 0.18 0.12 * <0.05 

WHITE SUCKER LIVER 16 3 4.8 1.4 0.02 0.01 0.02 0.01 0.57 0.09 * * <0.05 

MUSCLE 3.2 0.4 0.28 0.07 <0.01 0.05 0.03 0.12 0.02 * * <0.05 

KOTYK LAKE NORTHERN PIKE LIVER 85 19 15.5 6.7 0.07 0.04 0.10 0.06 1. 29 0.22 <0.05 0.04 0.03 -...J 
w 

11USCLE 4.7 0.5 0.11 0.02 <0.01 0.15 0.09 0.26 0.03 <0.05 0.01 0.01 

WHITE SUCKER LIVER 21 3 4.9 2.0 0.01 0.01 0.03 0.01 0.64 0.15 0.29 0.11 0.01 0.01 

MUSCLE 2.6 0.4 0.28 0.09 <0.01 0.04 0.02 0.35 0.11 0.03 0.00 0.01 0.01 
NEKIK LAKE NORTHERN PIKE LIVER 53 17 15.2 7.8 0.03 0.03 0.21 0.10 1. 56 0.36 <0.1 <0.02 

MUSCLE 3.7 0.6 0.11 0.01 <0.01 0.20 0.07 0.18 0.02 <0.02 0.01 0.01 

WHITE SUCKER LIVER 24 13 4.6 2.1 0.05 0.02 0.04 0.02 0.55 0.21 <0.1 0.05 0.06 

MUSCLE 3.3 0.6 0.21 0.05 <0.01 0.03 0.02 0.21 0.03 <0.02 0.01 0.01 

* no data available. 

Note- For calculation of means, results reported as less than detection limit were set to 0.5 of detection limit. 
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Means and standard deviations of metal concentrations in fish tissues in micrograms per gram wet weight. 

Lake Spec i es Tissue Zinc Copper Cadmium flercury Selenium Lead Arsenic 
( mea n, S.D.) (mean, S.D.) (mean, S.D.) (mean, S.D.) (mean, S.D.) (mean, S.D.) (mean, S.D.) 

Region- Sas katchewan 

SASK LAKE tlO.l NORTHERN PIKE LIVER 49 13 13.6 10.0 0.07 0.05 0.13 0.05 1.51 0.24 <0.2 <0.05 

MUSCLE 5.1 1.1 0.20 0.04 <0.01 0.18 0.07 0.15 0.04 <0.05 <0.05 

WHITE SUCKER LIVER 16 2 6.8 3.2 0.05 0.04 0.07 0.05 0.90 0.06 <0.2 <0.05 

HUSCLE 3.9 2.2 0.42 0.13 <0.01 0.05 0.16 0.03 <0.05 <0.05 

SASK LAKE NO.2 NORTHERN PIKE LIVER 61 11 25.4 21.3 0.24 0.18 0.74 0.68 1. 67 0.43 <0.2 <0.05 

MUSCLE 5.8 1.8 0.20 0.06 <0.01 0.63 0.37 0.39 0.05 <0.05 <0.05 
-...,J 

SASK LAKE NO.3 NORTHERN PIKE LIVER 95 26 10.5 5.9 0.17 0.08 0.56 0.55 1. 69 0.37 <0.2 <0.05 +=-

MUSCLE 6.2 1.3 0.27 0.06 <0.01 0.52 0.26 0.35 0.03 <0.05 <0.05 

WH ITE SUC KER LIVER 24 6.5 2.3 0.17 0.08 0.05 0.01 0.81 0.17 * * <0.05 

MUSCLE 3.3 0.5 0.33 0.03 <0.01 0.11 0.02 0.29 0.03 <0.05 <0.05 

SASK LAKE NO.4 NORTHERN PIKE LIVER 47 13 29.1 12.8 0.78 0.34 0.44 0.18 1. 98 0.20 <0.2 <0.05 

MUSCLE 5.6 1.5 0.19 0.03 <0.01 0.29 0.05 0.26 0.04 <0.05 0.05 

WHITE SUCKER LI VER 25 4 18.9 6.0 0.29 0.09 0.07 0.03 0.97 0.20 <0.2 <0.05 

MUSCLE 3.1 0.6 0.27 0.06 <0.01 0.12 0.08 0.33 0.07 <0.05 <0.05 

* no data available. 

Note- For calculation of means, results reported as less than detection limit were set to 0.5 of detection limit. 
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