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ABSTRACT 

. ..._ .V-.......,__.._.. ._._.... ..,. . .- . ... -11.: ....._.. 

The Noranda copper smelter in Rouyn=Noranda, Quebec, is a 

. major source of S02, emitting nearly 600,000 tonnes annually. ,This 

amount; is equivalent to 707; of Quebec's S02 pf0dUCt10na— making this . 

smelter the second largest point source of S02 in Canada.. Heavy 

metals and other elements occur in sulfide ores. When these ores are 

smelted for their copper content, large amounts of heavy metals 

associated with the minerals are emitted into the atmosphere. 

Results of sediment cores analysed from seven area lakes 

indicate high loading in the top 7 cm of sediment with Cu, Zn, Fe, Pb,
t 

and Mn in lakes near the smelter, and lower levels in lakes located" 

. further away within our 70 km radius study zone. Metal 1oad;i_n‘gs ‘were 

attributed to a variety of sources including mine tailings, land 

runoff, and aerial deposition.
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inrnonucrlon 

The Rouyn-Noranda, Quebec, project was carried out to assess 

'L_the general environmental impact of pollution from Noranda's smelter 
"on the surrounding lakes. Noranda's two stacks spew out nearly 

600,000 tonnes of sulfur dioxide (S02) annually, an amount equivalent 

to 70% of the province's total S02 production.. It is second only to 

lnco in Sudbury, Ontario, for S02 emissions in Canadal. Heavy metals, 

as well as arsenic and selenium, are present in sulfide ores; upon‘ 

smelting the ores for their copper content, large amounts of these 

ore-associated metals and non-metals are released into the atmosphere 

along with the S02. 

A study of the pollution affects on the surrounding bog 
vegetation was carried out in 19812. Our study concentrates on lake 

sediments and surface waters in the same area as that studied in 1Q81,V 

in order to obtain an overall assessment of the smelter's environmen- 

_tal impact. 

/‘ Both water samples and sediment cores were taken from lakes 
"Preissac, Dufault, Osisko, Opasatica, Macamic, Chassignolle, and 

Duparquet, all of which are located within a 70 km radius of 

Rouyn-Noranda (Figure 1). Surface water was analysed for trace levels ' 

Qf Cu, Ni, Mn, Al, and Fe, and in selected cases As and Se. Major ' 

ions including ca*+, Mg++, Na+, xi, sou‘, cl‘, and Alkalinity were
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also detected. In lake sediments, levels of Cu, Ni, Zn, Fe, A1, Cr,. 

Cd, ?b, Mn, and Mo-were determined, Eh and pH readings were taken,. 

and X-ray diffraction analysis performed on samples from predetermined 
. 

depths to obtain information on the mineralogical composition of the 

sediment. Levels of total organic and total inorganic carbon were 

-also determined,‘ On selected lakes, sediment particle size analysis 

and pollen counts were performed. 

The study of the environmental impact of the mining/smelting 

industry in this region is not new. Environment Quebec has issued a 

series of reports dealing with this problem, Their E series report on 

Rouyn=Noranda3 dealt with various aspects of the environmental 

problem, including metal deposition, precipitation chemistry and 

ecological and social aftereffects.' our report; while a general 

overview; contains complete meta1_deposition profiles for the sediment ' 

. cores taken from seven lakes scattered in our 70 km radius study 

area. It includes some lakes previously studied by Environment 

Quebec. The lakes were chosen to determine if any pollution trends in 

dthe region predominate, and to evaluate if interprovincial transport 

of pdllution can occur.
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' METHODOLOGY 

_”A1982. 

sounder was used to locate the 
maximum depth. 

I 

Mn, al, Fe, As, and Se) were 
collected in 1 L 

't1Oned on site into apgggfiimatelywl cm layers 
to a depth of g§Wcm.- 

The sampling for this study was 
carried out in June of 

On lakes where no bathymetric maps 
were available, an echoé 

lE1ectronic Bathythermo- 

graph (EBT) profiles were obtained 
at each sampling station. Water 

and sediment temperatures were also 
recorded.. 

Surface water samples for trace element 
analysis (Cu, Ni,‘ 

polyethylene bottles 

prewashed with dilute HNO3, distilled water and acidified with 2 
mL 

of cone. H03. For major ion analysis (Ca++, Mg++,_Na+, Kl, so,=, 

Cl", SiO2 and Alkalinity), water samples 
were collected in 100 mL 

polyethylene bottles, prewashed with dilute 
HN03 and distilled water. 

$urface water pH readings were taken 
at each sampling station. The 

water analysis was carried by the Water 
Quality Branch, Environment 

Canada (Ontario region) in Burlington, 
Ontario. 

Sediment cores were obtained using a Benthos 
gravity corer 

equipped with a 5 cm diameter plastic liner. 
Each core was subsec- 

Eh 

___{_,._.. 

and PH fE§§£A¥}_3,§__._‘Y‘.-3*’?._.EE1“?P_c9P the 9:1 cm 
and 6-7 cm 

._. 

sections (spotu 

checks at lower depths indicated nearly constant 
Eh and pH and theret~ 

. 
.__._..._.——'A— _r..-..- ,...__._., .._~_ 

fore only the twovreadings were recorded). 
Each 1 cm section was
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tplaced in a selfésealing 
p1astic_bag and put on 

ice until returned 
to 

A 

the.1aboratory; Prior to processing, 
the samples were kept 

frozen. 

Samples were initially 
freeze-dried and then 

subjected to appropriate 

analyses. .15 determine sediment 
mineral composition, 

x-ray diffrac- 

“ tion analysis was 
carried out. Levels of total organic and 

total 

;inorganic.carbon were 
determined using a Leco 

Carbon Analyser. On 

both the Lac Dufault 
and Lac Chassignolle 

cores, particle size 
ana1y- c 

sis using the sieve 
and sedigraph 

method” and pollen—counts5 
were 

. 

perVf9rme<_1;.— 

"The concentrations of the following heavy 
metals in the 

sediments were determined: 
Fe, Cu, Mn, Zn, Al, Cr, 

Ni, Mo, Pb and 

Cd. To extract the metals 
from the sediment, the 

freeze—dried samples 

were initially ground 
to 200 mesh size. 

Then, 0.8 g of the 
sample was 

‘placed into a clean 125 
mL Erlenmeyer flask 

containing anti-bumping 

glass beads. To the flask, 25 mL of 3:1 HCl;HNO3 
(aqua regia) was 

. added. Heating was done initially 
at 50°C on a 

hotplate/shaker until 

_ 

the orange foaming 
ceased; the temperature was 

then raised over a 20 

minute period to 150°C 
where it was maintained 

until 3-5 mL,of solu+ 

"tion’remained. The flask was then cooled 
to room temperature 

and the 

4 fektraction procedure 
repeated, i.e. the acid mixture 

was added and the 

solution boiled down to 
the required volume. 

The digested sample, 

together with the residue, 
was rinsed into a 100 

mL plastic centrifuge 

tube with double-distilled 
water. The tube was centrifuged 

at 12000 

rpm for 15 minutes after which 
the supernatant was 

decanted into a
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ic f1ask.l The 
residue was washed 

with double-distilled 

at l2000 rpm fo 

ining the initia 

the washing 
lOO mLcvo1umetr r 15 minutes, and 

wateg, centrifuged 
again 

added to the 
wolumettic flask conta 

1 extract. 

was used to dilute 
to volume. The samples were 

Absorptidn
I 

in the company's 
.‘0ouble—dlstilled water 

analysed using a 
Varian AAf775 Series 

Flame Atomic 

ameters qupted 
er using the par 

m lakes Osisko ah Spectfdphotcmet 

1.methods hook.. The 
samples fro 

d Macamic 

ty was found 
(see 

analytica ood reproducihili 

were analysei in 
triplicate; when g 

e remaining core 
s 

sed in duplicate. 

Table l).th 
amples were analy



iisunrs AND Discussion, 

H” 

Lac dsisko (also 
known as Lac Tremoy) 

lter at 48°19‘N, 
70“O0'E, Lac 

"Located 1.5 km south of 
the sme 

Osisko is subjected not 
only to industrial 

pollution through aerial 

_ 

deposition and seepage from 
mine-tailing ponds, but also_to municipal 

waste discharges. 
‘The Benthos core was obtained 

from a depth of 8 m 

with the EBi profile 
indicating isothermal 

conditions in the water
I 

I 

column. ,Thep0él cm sediment layer 
was found to have 

reducing 

66‘ conditions (Eh-110 my) and pH 6.6 
while at 6-7 cm oxidizing 

conditions 

) were exhibited 
with a pH of 6.5. 

‘(Eh + 160 mV 

Significant enrichment in 
the metals Cu, Zn and 

Fe 

(Figures 2(a), (b)) was observed over 
the 0-6 cm depth range 

(see 

s was found to occur 
in the 

Table 4). Transition to background 
level 

els of 7297 pg/g, 14469 pg/g and 245750 

'6-7 cm section. Maximum lev 

uglg were observed for 
Cu, Zn and Fe respectively. 

Cd and Pb 

(d)) were detectable 
only to the 5 cm depth. 

Maximum 

(Figures 2(c). 

i 

levels of 132 ug/g and 
1669 uglg for Cd and Pb 

respectively were found 

2' 
Fin the top layers.A 

concentration 
profile shows the metal 

5 . 

The Mn (Figure 2(d)) 

range to be lower than 
the background level. 

he existing erstood by considering t over the 0-6 cm_depth 

'_This behaviour can be 
better und
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Electrochemical conditions: 
Eh measurements indicate 

reducing 

l,4conditions-in the top 6 cm of 
the core and oxidizing 

conditions in the 

lower sectional’ 
Cenerally when manganese 

oxides are in a reducing 

environment, a lowering 
in the oxidation state of 

the metal will 

occur. With'."Mn, the lower the 
oxidation state;_ the 

greater its 

solubility in water and 
‘thus the greater its 

mobilitys. Under 

reducing conditions, 
Mn will be lost from 

the sediment to the 
water 

(this is verified by 
the water analysis 

results, Table 3). At the 

lower sections of the core, less reducing conditions 
prevail which

" 

Apmaintain the higher 
oxidation states of Mn, thereby 

stabilizing the 

metal in_the sediment. 
Thus, higher levels 

are observed at lower 

depths, 

While the Al profile 
(Figure 2(e)) is similar to that of Mn; 

the reason for the 
increase in the metal 

concentration with sediment 

depth is different. Al levels steadily 
increased over the 0-6 cm 

‘depth range to the 
background level of 

approximately 31000 ug/g, The 

lower A1 concentration 
in the top sediment 

sections may be attributed 

to the enrichment of organic materials 
and debris resulting 

from land. 

clearing for mining purposes, 
as these materials 

contain significantly 

;y 
”less Al than do the clays 

which predominate in the 
background. 

Relatively low levels of 
both Ni (Figure 2(c)) 

and Cr 

(Figure 2(f)) were found_in 
the sediments. The Ni profile is similar 

to those of Cu, Zn and 
Fe with the metal enrichment 

point occurring at
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_appr6ximately the 5 cm depth. The maximum Ni level was 
103 ug/g with

‘ 

th\ background level being 
55 ug/g. The Cr concentration 

profile, 

however, exhibits rather 
erratic behaviour. The minimum Cr level of_ 

"i39 HE/8 is found in the 
2-3 cm section with the maximum 

level of 98 

_ug/g at 5-6 cm. jThis type of Cr behaviour 
was not observed in any 

of. 

the bother ,lal<es with thepevxception of 
Lac Dufault. Possible reasons 

for Asuchla fluctuation 
in the ‘metal levelsmight. 

"include changes. in the 2 

V operational technology of 
the mining/smelting industry as 

well as 

~ modifications in the treatment of waste 
materials prior to-their 

_disposal. ‘Otherwise, no specific pattern can 
be established from the 

Cr profile. 

Carbon analysis was 
performed.on the sed ment sections 

to 

‘estimate the total organic 
(TOC) and total inorganic 

(TIC) carbon 

content (Figure 2(g)), Total carbon content increased 
steadily from a 

background level to 6.72 in 
the_surface layer, This increase was 

due primarily to organic 
carbon, with the overall 4.7% 

difference 

restimated to be 4.3% organic 
carbon and 0.42 inorganic 

carbon, The 

increase in the total carbon 
level coincides with the advent 

of mining 

T in the area (1926). bThis is supported by the pollen 
dating results. 

A"Water runoff from the mnes nay have 
carried minerals enriched with 

nutrients such as phosphorus 
and its related compounds. 

The nutrients 

would provide an ample source 
for the growth of benthic 

comunities in 

the lake. Coupled with the mining industry 
would be an increase in 

the human population of the 
area, thereby increasing the amount of



sections, fipon be 

§aste discharges and 
thus the levelé o 

the increaée in 
organic carb 

ek-projection, would coin 

;§'1n 1926. minihglindust 

f organic carbon. 

en and heavy metal 
lev 

.; 

Furthermore, 

els in the 647 cm 

cide with the start of 
the

4



~



n in: Eng-ll-Q3 0- 

. 14.000 
22.000 mood 

%°°° 

26.000

~ 

10900»
‘ 

LAC OSISKO CORE 1 

0000

~ 

Emcwm

N 
,3. 

Emnlccioz 

1 9 
£9 

mmfiamsn 

emu;

~ 

_. W”,W_,._



H in: uglg 
150

I 

135 120 
VI! 

105 

LAC OSISKO CORE1 E2 

Eamo



~~ 

1500: ‘1650 -1800‘: 
1 

1.. 

I 1 in 

900 1050 1200- 1350 

Pb 

LACOSISKO cone 1 

750006054 W.0 mm 0 

. 

b 

_ 

.

L 

O 

50 

0
. 

5 

0

5 

1

1 

2

2 

E3 

Samo 

.....e..3 

25. 

9.ms.::_:.2. 

S. 

2.. 

ma 

2. 

5.2. 

mmfiamfl 

92.2.



~~

o 

mu

m300 
0.: 

m.0 
ml

W
9

m
m 

m- 

..m

I

1

m

M 

m-

mm

1 

mmSC 

W.

0 

w- 

M. 

..\. 

.o.( 

._... 

...

1 W 

mwn. 

L. 

MW 

mm. 

.xm&

. 

m*uc1m 

~.mv. 

cmmn«¢u:a¢o= 

om 

>. 

2*»: 

mmaflamzn 

cmvn:

.



~ 

flmcwm 

NQJ. 

Emnlacfloz 

2 
Q, 

59 

mm..:am3.. 

emu; 

100 

AE8 

£30





_ 10 _ 

’ flag Dufault 

Lac Dufault is located approximately 8 km NNE from the 
db 

Noranda stacks at 48°l8'N, 79°01'E. Abandoned mine shafts as well as 
I 

mine-tailing ponds are located within 2 km of the lake. 

Two cores were obtained: Core 1 (C1), was taken from a 

depth of 8 m with the EBT profile showing isothermal conditions in the 

water column. Eh measurements indicated oxidizing conditionsi 

throughout the core, with a surface Eh of +150 mV.and pH 7.2. The 

second core, C2, was taken from a depth of 15 m with the EBT profile 
‘ indicating stratified conditions in the water colum. Here again, 

oxidizing conditions prevailed throughout the core, with the surface 

layer having an Eh of +160 mV and a pH of 6.9. 

Of the two cores, Core 2 (C2) may be the more representa- 

tive. In general, deeper parts of a lake are less likely to be 

disturbed and thus are better accumulators of particles, Furthermore, 

the near neutral sediment pH levels reduce the possibility of metals 

leaching into the water. (This is supported by the low metal levels 

”f6¢n4 in the water analysis). Shallower portions of the lake bottom 
T are subjected to an increased amount of water mtion which may disturb, 

the top few centimeters of sediment, thereby giving incorrect indica- 

tions of the surface core conditions. Thus, some differences exist 

between the results of Cl and C2.



Generally, etal enrichment occurs in the 6-8 cm depth range 
' ** . i 

M*‘\ ' .A V

. 

£or(§u: Zn, Fe ané:Pb fiFigures_§5a2:~£b2;fi£§22. 
The levels of these 

.metals are comparable with those from Lac Osisko. 
Levels ofi:;E;> 

V 

(Figure 3(c)) are consistent as well with those of Lac Osisko, with 

the sole difference being thg~lack 
gigpgggggg;a;1gnideczease_;g;;§e 

surface sed.ifienE_E£§- ‘This i§_BE_e.§1_i.9£§};1_e__i;.t1._t.h.a1:_ri9_r_s§_9.9_i_L1.8. 

conditions are present as in the previous;lakgflwhigh would allow for~ ..l...___._i.___¢——~-—-—-~ 
"aqueous forms of fin. The Al (Figure 3(b)) profile is similar to that 

_.____ ______..__$ ~«_..__ 

‘of Lac Osisko as well, with higher organic and debris 
levels being the" 

cause of the initial low Al levels near the 
surface.“ Low levels of 

both Cr and Ni (Figure 3(d)) were observed, with no 
specific trends 

being distinguishable from the profiles. 

Carbon analysis yielded data (Figure 3(e)) similar to 
that 

from Lac Osisko with increased levels beginning at the 
6-8 cm depth, 

positively deviating from the background 32 level to approximately 

9.5% at the surface. Here again, the increase was due mainly to 

organic carbon. 

!' Enrichment of both metals and organics tends to coincide 
___,_,,_.——————-~.—._. __. V i_, # 

1with*the_beginning%9§Rmihing near the lake. Not only is Lac Dufault 

being contaminanted by the runoff and seepage from 
the nearby mining 

operations, but also by the aerial deposition of particles from-the 

Noranda smelter. Of all the lakes studied, Lac Dufault and Lac Osisko 

4.are the.nnst comparable, as expected by their proximity to each other 

as well as similarities in nearby pollution sources."
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Lac Duparquet is located approximately 
35 km NW of the 

I 

Noranda smelter at 
48°29lN, 79°17fE. The core was obtained from

a 

-afipth of‘7 m with the EB? 
profile indicating slightly 

stratified 

temperature conditions in the water column.’ Eh 
measurements indicated 

"oxidizing conditions throughout 
the core, with a surface 

Eh of +370 mV 

I 

and pH 6.6. 

The Beattie gold mine and 
smelter are located on the 

northern shore of the lake. 
The mine was operational 

until 1953. 

'Fresently;.the smelter is used to 
process molybdenum. 

The metal profiles indicate 
increasing levels of Cu, Feg 

Zn,t 

fin, and Pb (Figures 4(a), 
(b), (c), (d)) in the top 8 cm with 

1 ~ '~ 
. 

-~ 
. 

’ 

_ 

lodces 

‘enrichment occurring in the range 
6-8 cm. Compared to £akee Osisko 

and Default, the levels of Fe, Cu and Zn are 
significantly lower. The 

_ 

increased levels of Pb can be 
attributed to atmospheric 

deposition. 

'The elevated level of M in the surface layer could 
be a result of the. 

mblyhdenum processing since the 
plant is located on the shores of 

the‘ 

‘rélake. _Al, Cr and Ni (Figures 4(a), 
(b), (d)) behave as in other 

regional lakes. Traces of Mo (Figure 4(d)) were found 
to a depth of 6 -' 

cm with an average of 24 ug/g. Our results for Cu, Pb, Zn, Ni, Cd,g 

and Mn compared well with those 
obtained from an earlier Quebec 

study 

thy Sloterdijk and Azzaria 
(1979)7 on Lac Duparquet using 

grab samples:
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.i .1-.1 . 

i 

‘ 

V Metal 
Iii“ 

7 V V_ V 

'.: _ 

Cu ‘Pb Zn Ni Cd Mn 

fitudy ppm ppm _ppm ppm ppm ppm 

. _ 
' 

AV 7»

' 

Quebee 53 56 200 45 3 
‘.840 

‘

. 

_.é;_—.—+__.— 

__—;.—_.—-?____._ 
A.éLn. 84- 58 222 49 « 1 1571 

Catfion ana1ysis_(Figures 
4(e) (f)) indicated fairly 

steady 

(0.1%), suggesting no 
substantial organic‘ 

1eve1s_of T06 (22) and T16 

influx intn the éreevdufing.the 
mining period.
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I 

smelter at Noranda at 48°47,N; 79°00'E. The core was obtained from a_ 

H 

the furthest in distance from the smelter of the lakes studied as well‘ 
i 

as being isolated from contaminant sources such as mine tailing 

- 14 _ 

Lac Macamic is located approximately 60 km north of the 

depth qt -2 111. _' The lake shallow throughout, and on the day of 

sampling; conditions were such that the top sediment layer was 

-disturbed,‘¢esulting in a light brown colored water, with elevated 

'.1gve1s of Al and_Fe.” Okidizing conditions were prevalent throughout 

'the core with a surface Eh of +315 mV and sediment pH of 6.4. 

.=.,The metal profiles (Figures 5(a) (b)) indicate stable levels 

throughout the core which are substantially lower than those of the 

other lakes studied. (This is not.surprising in that Lac Macamic is
I 

pondst‘ Constant levels of carbon (Figure 5(c)) were also observed. 

Thus, this lake can be used primarily as an indicator of the back- ' 

ground levels of the chemical species which we were measuring, 

primarily because its mineralogy is comparable with-that of the other 
1akes’studi'ed (see Table 5).
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.: iac Preissac 

‘Lac Pfeissac is located approximately 45 km east of the
_ 

.Vsmelter. ,The most representative core was Core 2 (C2), taken from a 

"depth of 16.m at approximately 48°22,N, 78°20'E. The EBT profile 

cm.indicated'slight1y stratified temperature conditions in the water 

column, 56xidizing conditions prevailed throughout the core, with the 

surface_Eh being +460 mV and pH being 6.9. 

k Three abandoned mine shafts and three mine dumps are present 

‘on the western shores of the lake. Although active mining ceased in 
fit‘ the_l950's,_seepage from the mine dumps into the lake is probable. 

h The natal profiles indicate a general enrichment point at 

ithe 10 cm depth, with lewels of Fe, Zn, Cu, and Pb (Figures 6(a), (b), 
l» 

(c), (d)) increasing steadily nearing the surface. Fe, Zn and Cu 

.4,;eV§l§ ig pug gap l0 cm can be attributed to the mining operations 
I 

nearby; Pb is present for the most part through atmospheric 

,:4_aeposition. Compared with Lac Macamic where no such sources of 

'contafiination exist, the levels of these metals are noticeablyvl 

7$igherc Cr, Ni and Al levels (Figures 6(d), (c), (a)) are comparable 
lvpg 

‘with those of other lakes; 

, 
No significant fiariation in the carbon contents 

4(F1gfiré§ 6(e) (f)) was observed. Apparently, no significant organic
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Qeste contamination is fed into the lake either by its major 

futrihuteryg RiviérefKinoje§is-or by the surrounding—cottage population.»

1

,

‘

‘
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~ 

‘Lac Chassignolle is located approximately 35 km east of the 
. 

Noranda smelter at approximately 48°20TN, 78°28'E and is connected by 
' 

a nafrow channel at its southeast end to Lac Preissac. The core was 

ipobtained from a depth of 8am with the EBT profile indicating 

isothermal conditions in the water column; oxidizing conditions 

prevailed throughout the core with a surface Eh_of.+270.mV and pH of 

cm. a

e 

The metal profiles as well as metal levels were comparable 

“to those_of Iac Preissac. Such behaviour was not altogether unexpec- 

ted. The same mining operations that Lac Preissac is exposed to are 

present to the northeast of Lac Chassignolle. Furthermore the fact 

:that the two lakes are connected makes metal transport from Preissac 

-to Chassignolle a distinct possibility (note that.in this region, the 

££natural’flow_of water_is south). 

IIn general, the metal enrichment begins in the 5-6 cm 

section, with increases in the levels of Mn, Zn, Cu and Fe 

i#(Tigures 7(a), (b), (c9). The behavior of Al (figure 7(c)) is similar 
T" 

to that of other lakes, where.increased levels of surface silt 

»(Eigure 7(e)) result in lower Al levels (this was verified hy"s-ray 

diffraction and particle siae analysis). Both Ni and Cr (Figures 7(b) 

(d)) levels remained constant while neither Cd nor M0 were detected.



,Here, as in Lac Preissac, the carbon levels Figure 7(f) 

.téfiainéd.r¢1ét1ve1y unchanged, thereby suggestifig no significant. 
? organic wasté influx frofi the surrounding area,
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Lac Opasatica is located approximately 25 km to the south- 

IT west of the smelter at approximately 48°04'N, 79°l9'E. The core was 

obtained from a depth of 15 m with.the EBT profile indicating strati- 

; fied temperature conditions in the water column. Strongly oxidizing 

1to have occurred via aerial deposition. (An earlier report by Arafat 

A 

suggests the same). However, as in lakes Preissac and Chassignolle, 
fthe natural water.f1ow is southerly and metal transport through the 
water system isTa possibility. 

conditions were observed throughout the core, with a surface Eh of 

+550 mv and pH of 7.4. 

Unlike most of the other lakes studied (excepting Macamic) 

which were directly exposed to contaminant sources; Lac Opasatica has 

neither mines nor tailing ponds on or near its shores. The closest 

such sources are abandoned mines approximately 9 km to the northeast_ 

near arnttieldl _However, there is still noticeable metal enrichment 

at the 4 cm depth with increasing levels of Fe, Mn, Zn, Cu, and Al ' 

(Figures 8(a) (b)) nearing the surface. Pb, Mo and Cd were not 

detected.. The elevation in metal levels in the surface layers appears 

and Glooschehkoz using moss samples from the same general area 

The mineralogy in the lake sediments was the same as that 
for other lakes with the exception that calcite was also present (see



_ 20 _ 

fable 5). A higher level of inorgfinic carbop (1.6%) was also detefifed 

(Figure 8(5))-as éomparéd to 0.1% levels found in the other 

sfti~diied-L- »
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The sediment enrichment factors (SEF) (Table 4) were calcu- 
V-—_...—————-—:-""""’*"""”““‘ "M" " 

.«._....._ 
>,lated by taking the average metal content in the top 2 cm of sediment~ 

if: and dividing the value by the average background level; Lac Osisko, 
. . « 

«»»~—--~“'“‘'‘’'' """' ' "“““ 

tjilocated in Rouyn-Noranda approximately 1.5 km from the smelter, 
4 

A ) _ /; X
\ 

s.exhibited.high enrichment factors inxéugiéfi and(?b,tith values of 166, 

i118~and.l30 respectively. Lac Dufault;Mlocated‘approximately 8 km 
V"‘ ’___’__’__,_, ~ 

'4 north of the smelter, had sap values of 145, 25 and 90 for the same 
_ _g__,_,__....7..~__~_‘_________________~ ‘fly “gym ___»_«mmw”Mm___,w,,W,_p,__r_w_«AuM,_¢_mm_e~.r”r 

~Vmetalstre§pegtigely: The remainder of the lakes (Duparquet, Preissac, 
. 

V 

_¢Md,l J 

g. 
V

_ 

Chassignolleg Macamic, and Opasatica), all located 25 km or more from 

the.smelter; had SEF's ranging fro 1 to 5.5, the exception being Lac‘ 

Dnparquet where a value of 25 was obtained for-Mo.- This is probably 

“due to M0 being processed at the former Beattie Gold Mine on the 
‘ shores oftthe comparison of our results with those obtained 

‘ 

by Nriagu SE 3;} (l982)8 dealing with Sudbury area lakes, which are 

similar to the lakes in our study area from a mining/smelting point of 

view; yields some parallels (the SEF's ot the Sudbury study are listed 
T 

tin Table 6). ‘The $EF data from both studies suggests a trend of 
' decreasing metal enrichment with distance travelled from the smelter; 

Such a trend is further indicated in two additional studies by Arafat 

and Glooschenko'(19812 and 19829) dealing with levels of As and Se in 

both/theufiudbury and Rouyn-Noranda regions.‘ It is apparent that the 

.jmechanism of atmospheric transport of heavy metals is most effective. 
itpin the area of the smelter proper (a radius of approximately 15 km or'_ 

p less) as seen in the SEF's for lakes Osisko, Dufault, Ramsey, 
t 

ttM'cFa_rflan'e,'tpa.nd Vermillions As the distance between the smelter and
I 

....-....:. ....__..._-.. -..l...-.'.-...... ..



_ ‘.- 

the sampling station increased, a significant drop in metal enrichmentl 

occurred (lakes Duparquet, Macamic, Preissac, Chassignolle, Opasatica, 

,and Windy). A marked difference in the absolute values of the SEF's 
‘ existed between the Sudbury and Rouyn-Noranda area lakes. The reason 

lies in the_fact that the Sudbury lakes rely almost exclusively on 

. 
atmospheric transport as the method by which the heavy metals are 

’ distributed. ,There are no mine-tailing ponds or similar contamination 

sources near these Sudbury lakes. In Rouyn-Noranda, however, apart, f*
~ 

~~ 

from aerial deposition, contaminant sources such as abandoned mines, ~ 

_______,_______.. 
p H . 

mine-tailing ponds, and active metal processing plants are located 

near the lakes. Minor variations in SEF's may also be caused by the 

"differences in the composition of the ores smelted (in Sudbury, Ni is 

the metal of interest while in Rouyn-Noranda, it is Cu), resulting in 

different by-products, as well as differences in the technology used 

.in plant operations. Because of such factors, these numerical 

differences are not altogether unexpected. 

ln terms of absolute levels of the studied metals, lakes g? 
Osisko and Dufault had the highest concentrations. Their contamina= 

: 
tidnzwas, and still is, a result of the mining/smelting operations,

‘ 

,..___..._.__..._................_......_.._.._ 

._*aerial deposition, land runoff, as well as waste discharges. Further 
.._......., 

.......... 
F-—.—._..._.....——— 

‘away from the smelter (in lakes Duparquet, Preissac and Chassignolle), 

the major contamination source was not the smelter bt local po1lutors.. 
(see each individual lake section). Lac Macamic, furthest from the 

_§melter at 60 km, was found to have relatively constant levels of
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metals throughout the core. Thus, the effect of atmospheric transporths 

of heavy metals to outlying lakes appears to be minimal. A comparison 
:. of our sediment metal concentrations with those obtained in a study on. 

Lake Erie by Walters gt_§l, (1974)1° clearly shows how the surrounding 

V-industries affect the type of pollution entering the lakes. (The 

_surface sediment metal concentrations for both the Rouyn—Noranda lakes 

and Lake Erie are found in Table 7). While industrialization in the 

Rouyn~Noranda area is primary and secondary in nature (e.g. mining and 

smelting), secondary and tertiary industries (processing and support 

services) predominate around Lake Erie. As such, different contami- 

‘nation sources exist. Whereas in Rouyn-Noranda the smelter and 

mineetailing ponds are of primary concern, the waste discharges of the 

.‘manufacturing-industries surrounding Lake Erie are of considerable 

importance. Most of the contamination of Lake Erie appears to be 

organic in nature, whether it be chemical dumping or nutrient influx.’ 

To this end, significantly higher levels of organic carbon was found 

by Kemp inha l269 studyll. From the results ducted in Table 7, it is 

clear that even with mineralogical differences between the Lake Erie 

and RouynfNQranda regions, the major deciding factor in heavy metal 
‘’levels is the type of industry in the region. Thus, the numbers from 

Fhbuyn-Noranda are significantly higher. 

' In lakes Osisko and Dufault, the highest sulphate levels in 
\ *‘“*'~s____________,__________,,___. ____ .__..,.._.____.., 

the surface waters were found (Table 3), probably due to the heavy S02
. 

__~ 

emissions from the Noranda stacks. Similarly, Ca2+, Mg2+ and Na+~~



.. 

levels are slightly elevated when cqmparedlflifihggther regional lakes. 
-. ._/-— 

2 . 

'- hmmg 
,

. medwfiELE£L:E£M§gg@g$ptm4Rhgdmmrmflmg 
ponds in the area, with subsequent lake water contamination throug, 

r F'”##'_”__”_\ 
spring runoff or streams. Similar results were obtained in a study by

~ 
_ 
Aziaria and Potvin (l979)12. 

Although at the present time, water pH's are near the 

neutral point and there is no immediate danger of metals leaching into 
....._........._._—.. _ 

_the water, concern should be expressed regarding Eac Dufault, for it 
~___,_.. 

is from this lake that Rouyn*Noranda draws its municipal drinking 
__,,,,..._._..........._“......,..,.._A_..,...._..._ ,. W. ‘Wm WM‘ H I M I 

- water. _Ihe high levels of heavy metals in its surface sediments are a 

. 'potent'ial'for fluxing or leaching into the water if a significant pH 

drop occurs. While acidification occurs primarily via the S02 route, 1‘ 
‘ 

another source is that of seepage of mine tailings into the lakes.
1 

The by—product of sulfide ore smelting usually contains pyrite (FeS2) 

_and under oxidizing conditions (which predominate in this region), 

-sulphuric acid can form13:
* 

;2FeS2 +_’15/2 oz+_ 41120 + AI-‘e203 + 821‘? + 4so.,=e' 
f‘ 

hfhus, care should be taken not only to minimize the future S02 outputs 

jvfrom the smelter, but also to prevent existing mine-tailings from 
entering the lakes.
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1.; Lac 

A secondary, though important, concern is that involving ;ae
_ 

l 
Duparquet. ‘The water flu in this region is naturally northerly. 

Contaminants, then, may be transported from Lac Duparquet into Lake 

Ahitibi through Riviére Duparquet and thus from Quebec to Ontario, 

As mentioned at the beginning of the report, this study was 

a genera1_overview of the transport of heavf metals in the
V 

V>K6n§néNofanda’region. As such, more specifie interpretations than 

. those already offered here ean not be made simply because of the lack‘ 

of.detai1ed investigation._Vhowe§er, with this studj, the basis for 

fo11ow—fiP Ptofieets has heen established.
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Table 1: Sediment Extraction Result; of Triplicate Runs .; 

Standard Deviatign - _V goefficigng of Variation (2)
‘ 

A1» 
_ 

I 

313.0 1.6 

A 

C1: 
> , 

2.2 " 
3.5 

"cu 
_ 

- 
._ 

V 

2.3 

Fe - 

_ 

' 

% 
869.6. - 1.6 

’ 

_ 

6.7. _ 1.1 

Ni ‘_ 

A 
' 

' 

1.9 
I 

. 

« 4.3 

Zn 
‘ 

_ V 

1.3 
I 

‘ 

_ 

’ 

1.5



‘ble 2.,’ ?hysica1 Properties 

Surface .; 
H‘ 

A 

Water Sediment Sediment Eh (mV) Sediment pH * 

A
. 

Lake Water pH Temp (°C) Temp (°C) 0-1 cm 6-7 cm 0-1 cm 6-7 cm EBT Profile 

oe1ehe‘A' 6.9 
’ 16.6 14.6 -110 +160 I 6.6 - 8.0 m depth 

fmfw 

_’ isothermal 

Dufau1t.Cl 6.5 17.9 14.5 +150 + 80 7.2 6.8 8.0 m depth 
. 

e 

‘ 

. isothermal 

- 
» 

4 stratified 

Duparquet 4 16.6 - 
1 +370 +225 6.6 7.7 7.0 m depth "- 

.. 

V 

1 

' ‘rough and turbu- 
lent conditions 
slightly strati- 
tied 

j Maeamic » 6.4:_ ’_14.7 - +315 +310 
_ 

6.4 6.4 2.0 a depth 
' 

- 

' 
‘ 

. 

' isothermal 

Preissac c1 ‘16.3 - 14.5 +340 +340 6.6 ‘6.6. 12.0 fi.dépth 
."A ., V‘ A 

' 

= 

’ 

b‘ 
- isothermal

V 

' ‘ 

' C2‘ 6.8 ’16.0 13.7 +460 +410 6.9 6.5 1630 m depth 
_‘_ slightly fitfafii‘ 

." - fied‘ 

Chassignolie - 16.8 V'15.8 +27¢ ,+40Q 6.4 6.5 
I 

8.0 m depth“ 
A 3 

» isothermal 

Opasatica 6.6 
' 

16.2 10.7 +560 '- +370 7.4 7.8. 15.O__m depth 
‘ 

' 

‘ stratified 

if 

b:¢,U,;ea¢«r /Ll



I 

Table 3. Surface Water Analysis (ufifiltered samples) 
.a~ 

Tetal Trace Element in 
V A 

. . . 

Surface Waters 4 Major Ion in Surface Waters 
_ 

ug/L vg/L 
‘ 

_ 

~

_ 

Lake - 

‘ 

Cu Ni Mn» re As Se Ca Mg Na K sou. c1’ s1o2jA’11;
I 

O6_1sko 
_ 

_17 4 100 2,15 220 1.2 0.2 _28.l 7.3 14.6 2.3 81 18.5 3.5 18.8 
V 

Du~fa,uJ.t , 
18 65. 26 120 v— - 23.1 4.3 4.8 1.0 56 2.51.3 15.3 

Dupairquet . '6_L'.1L.2o 300 610 — - -_ - — — - - + -' 

Mac'amic* 
' 

sL.1 20 1108 1500 — — 10.5 3.1 1.9 1.3 9.1 1.7-2.9 27.5 

‘Ffre'iss.se 
A 

'5 L_.1 29 32o_ 520 _— -' 6.2 1.7 1.6 0.77 8.4 1.2 3.6 11.0 

'5L.11..2o 420 610 —_A -~. 6.11.8 1.4 0.80 7.4 1.03.0 s 

= dpasa:ica_ 5 L1 320 -146 190 — - 9.4: 3.7 2.7 1.1 12.6 2.4 1.5 25.7’
. 

._ 
* light brown water



Enrichment Factors in Sediment Cores Table 4. "W V d_‘q»” _ W .A 

“ when FA°'=°?< = AVER:Z:R::§Kg§§IIJ§Dm1%g:E(I3gL§§1I,A12.) °'£‘~.’;v$f-%g/g 
* 

‘F. 
A 

cu‘ H1111 Zn A1 Cr N1‘ M0 Pb ca 
A 

6 166 L.1 118 L.1 1 2 — 130 513.2 

nu}au1c c2 6 145 
' 

1 25 1 L._1 
A 

1.5 - 9o 4 

’. '1‘>uparque; c2 1 5' 1 2 L.1 1 L.1 25 3 - 

‘ 

I 

‘ 

1 1 1.5 1 L.1 1_ L.1 — - -. 

Pre1ssac’C2 1 2 1.5 2 L.1 —1 1 
‘ - 5.5 - 

I 

chassignoiie 
' 

_1 2 1.5. 2.5 ‘L.1 1 L.1 — 3.5 — 

Opa‘sfat«.i_cbab '_ 1 1 1.5 .1 
A 1' L.1 1 - — - 

L. less than . 

—-'~«m.-u.|a1.n:v»-

.
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Table 5.- X-ray Diffraction Data 

Lake Sample Depth (cm) Composition 

Osiskbfli 
2 3 0-11 

I 

No difference in minerals between the 
. 4--5 0-1 cm and 14-15 cm.sections.p QUARTZ, 

'14-A15 PLAGIOCLASES, AMPHl;BOI_.._ES_, MUSCQVIIE,
p 

-= QELQRIIE, and ILLITE, However, mineral 
levels in top section lower than in 
lower section» ' 

Dufault C2 2- 3_ 2Same minerals as above. Mineral levels 
. — 22-23 . in lower section higher than in top section 

Macamic 0- 1 Same minerals as above. Consistent levels 
2- 3- throughout. ’

v 

5-_7 ' 

13-14 
.20-21 1 

Preissac C2 Same minerals as above. Consistent levels '5- 6 throughout. 
12-13 
19-20 

Chassignolle 11-12 As above.a 

Opasatica ' ‘>12-13 Same minerals as the other lakes except 
‘ 

» - that CALCITE also observed. 

!;.
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- Table .6. Sediment Enrichment factors for Sudtiury 
Area Lakes -

» 

_- . Méta_~1. 

_ 
Distance from

_ 

Lake _ Smelter (lcui) Ni Cu_ Pb Zn 

Ramsey » 4.5 33 35 5.9 2.6 
Mggrajrlggng 6. 0 

_ 

18 31 3 . 2 1 .8 
Vermiiiion ' 

- 

-' 
12 

» 

2-.2 
Windy '. 

_ 
20 _. 2.5 1.1 3.8 1.0 

‘.1’



Table 7. Heavy Metal Levels in the Surface Sediments from -* 
- Lake Erie and the Rouyn-Noranda Area Lakes 

Metal Concentration (pg/g) 4' 

' 
Lake - 

- Fe Cr_ Cd Zn Ni Cu 

OS.i.Sko 
~ 2z§>1;”a_7_5’f 

2 53"“ iai 14,469 103 7,297 
Dufaulf 235-, 500 26 -A 35 3 ,300 85 3,480 
Duparquet ' 46 , 750 ~62 N. D. 222 V 49 84 
0p,a_$‘at-idea‘ 40,437 52- NJ). 111 

V 

69 45 
Preissnac’. 

‘ 
‘ 38,625 

2 

51 NJ); 200 84 55 
Chassignolle 37,52; 74 N.D. 214 52 

, 
5'0 

" vMa.cam1c_ = 3,625 59 _N.D. 
A 

as 36 
' 

- 22 

Eng 344.2 ,' 

1__1,,000;'_ -12. '~N.‘D. 53 32 12 
. 

’ 16-1 ' 28,000- 60' ’f3._8 
_ 

'26 4Q 
. 

V13-jjz 
_ 

23,000 037 1.0 
_ 

'18 65 31 
‘ 4N.D.‘Vn'ot’ detected 

V 2 7 A 2 

- 34:2 Bgffalo Ha_r:1>ou.r_ 
1. 

‘ 

.V . 

: L 16-51 Cleveland Harbour 
.2 ' 

_* 1342- South of Detroit '
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