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‘.l“ ABSTRACT

DR o LT T T ——

The Noranda copper smelter in Rouyn-Noranda, Quebec, 1is a
- major sourée~q£1802; emitting nearly 600,000 tonnes annually.  This
amount is Eqﬁivalént to 7OZ of Quebec's SO, production, making this
smeltér the.second largest point source of SO2 in Canada. . Heavy
metAISvandvother elements oc¢éur in sulfide ores. When these ores are
smelfed fot‘their copper content, large amounts of heavy metals

agsociated 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, f

and M in lakes near the smelter, and lower levels in lakes located

‘ further away within our 70 km radius study zone. Metal loadings were

attributed to a variety of sources including mine tailings, land

runoff, and aerial deposition.
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INTRODUCTION

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

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

7 600,000 tonnes of sulfur dioxide (SO2) annually, an amount equivalent

to 70% of the province's total SO, production.- It is second only to
inco in Sudbury, Ontario, for SOj emissioﬁs in Canadal. Héavy metals,
as well as atsenic and selenium, are present in sulfide ores;.qpon'
smelting the ores for thei; copper content, large amounfs of these

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

~along with the SO3.

A>study of the pollution affects on the surrounding bog
vegetation was carried out in 19812, Our study concentrates on lake
sediments and sgrface waters in the same area as that studied in 1281,'
in order tvobtain an overall assessment 6f the smelter's environmen-

_tal impact.

4 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 °

of Cu, Ni, Mn, Al, and Fe, and in selected cases As and -Se. Major -

fons tncluding Ca*¥, Mg*t, Na*, k%, 504, €17, and Alkalinity were
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;iso detected. In lake sedimentg, levels of Cu, Ni, Zq, Fe, Al, Cr,.
Cd, Pb,»Mﬁ,'and.Mp-were determine&, Eh and pH readings were taken, .
and X—ray'difftaction aﬁalysis“performed on samples from predetermined
. depths to obtain inférmation on the'mineralogiéal composition of the
sediment. Le?els of total organic and total inorganic carbon'were
-also dgtermined,' On selécted'lakes, sediment pafﬁicle size analysis

and pollen counts were performed.

The studyobf the environmental impact of the mining/smelting

‘industry in this‘region is nét new. Environment Quebec has issued a
;eries of reports dealing with this problem. Their E series report on
Rouyn*‘Norahdé3 deait with various aspects of the environmental
problem, including metai_depbsitioﬁ, precipitation chemistry and
ecolbgical'éna'social aftereffects.. Our report, while a general
overview, contains complefe metal deposition profiles for the sedimenﬁ '
. cores taken from seven lakes scattered in our 70 km radius study

area. It includes some lakes previously studied ﬁy Environment
Quebec. The lakes were chosen to determine if any pollution trends in
 the region predominate, and to evaluate if interprovincial transport

of pdilutidn can occur.



also detecteds In lake sediments, levels of Cu, Ni, Zn, Fe, Al, Cr,
Cd, Pb, Mn,iand.Mo'were determined. Eh and pH readings were - taken,

and X—réy difffgction analysis performed on samples from predetermined

| depths to obtéin 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 cbunts were performed.

The study of the environmental imbact of the mining/smelting

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

series of reports dealing with this ﬁroblem. Their E series report on
ROuyn—Norénda3 deait with various aspects of the environﬁental
problem, inclﬁding metal deposition, precipitation chemistry and
ecologiéal and social aftereffects. Our réport, while a general.
overview, contains complete metal deposition profileg for the sediment
cores taken from seven lakes scattered in our 70 km radius study

area. It includes some lakes previously studied by Environment
QUébéq. The lakes wefe chosen to determine if any pollution tfends in

the region predominate, and to evaluate if interprovincial transport

.of pdilution can occur.




* METHODOLOGY

The sampling for this study was carried out‘in June of

= 1982. On lakes where no hathymetric maps were available, an echo=
sounder was used to locate the maximum depth. Electronic Bathythermo;

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

and sediment temperatures were also recorded. .

Sutface,water samples forvtrace element analysis (Cu, Ni,

~ Mn, Al Fe, As, and Se) were collected inlL poIYethylene bottles
prewashed with dilute HNO3 distilled water and acidified with 2 mL
of conc. HNO3. For major ion analysis (Ca++ Mg++,_Na+, Kt, S0y,
Cl‘, §i0, and Alkalinity), water samples were collected in 100 mL
polyethylene bottles, prewashed with dilute HNO3 and distilled water.
Surfacedwater pH readings were taken at each sampling station. The
water analysis was carried by the Water Quality Btanch, Enviroﬁment

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—

“tioned on site into approximately 1 em layers to a depth otwgémeng-mﬁh

e T

and pH readings were taken on the”le cm and 6—7 cm sections (spot

S O, P v e i

checks at lower depths indicated nearly constant Fh and pH and there~:

e S
[

fore only the two readings were recorded) Each 1 cm section was
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'ﬁlaCed in a self

, the 1aboratory. prior to proces

- tion analysis was carried out.

“extraction procedu

.~

—sealing plastic bag and put on jce until returned to

sing, the samples were keptvfr0zen,
Samples were initially freeze—dried and then sub]ected to appropriate

analyses. To determine sediment mineral composition, x-ray diffrac-

Levels of total organic and total

inorganic carbon were determined asing a Leco Carbon Analyser- On

both the Lac pufault and Lac Chassignolle cores,'particle size analy- .

sis'using the sieve and sedigraph method“ and pollen-counts5 were

_ performeda

The concentrations of the following heavy metals in the

sediments'were determined: Fe, Cu, Mn, 20, Al, Cr, Ni, Mo, Pb and

cd. To extract the metals from the gsediment, the freeze—dried samples

were initially ground to 200 mesh size. Then, 0.8 & of the sample was

placed into a clean 125 mL ErlenmeyerT flask containing anti-bumping

glass beads. To the flask, 25 ml of 3:1 HC1l: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 oL of solu~

"tion/remained. The flask was then cooled to room temperature and the

solution boiled down to the required volume. The digested sample,

together with the residue, was rinsed into & 100 mL plastic centrifuge

tube with double—distilled water. The tube was centrifuged at 12000

rpm for 15 pinutes after which the supernatent was decanted into 2

re repeated, i.e: the acid mixture was added and the
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; Lac Osisqu(als

~ deposition and seepage

RESULTS AND DISCUSSION.
) Xnown as Lac Tremoy)

"Locéted 1.5 km south of the smelter at 48°19'N, 70°00'E, Lac

Osisko 1is subjected not only to jndustrial pollution through aerial

from miue-taiiing ponds; but also to municipal

waste discharges. ' The Benthos coté was qbtained'from a depthi of 8 m
with the EBT prbfile indicating jsothermal conditions in the water

'columh. ‘The 0=1 cm sediment layer was found to have reducing
conditions (En-110 V) and pi 6.6 while at 6-7 cm oxidizing conditions

(Eh 4+ 160 mV) were exhibited with a pH of 6.5.

Significant enrichment in the metals Cu, Zn and Fe

(Figures 2(a), (b)) was observed over the 0-6 cm_depth range (see

tion to background level
els of 7297 ug/g, 14469 ygl/g and 246750

Table 4). Transi s was found to occur in the

' -7 cm section. Maximum lev

ug/g were obse:Ved for Cu, ZIn and Fe respectively. Cd and Pb
(Figures Z(c), (d)) were detectable only to the 5 cm depth. Maxiﬁum

1evef; of 132 pg/g and 1609 uglg for Cd and Pb respectively were found

}13 the top layers. .

The Mn (Figure 2(d)) profile shows the metal concentration

over the 0-6 cm depth range'to be lower than the background level.

'_This behaviour can be better understood by considering the existing
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Electrochemical conditions. Eh measurements indicate reducing

. conditions-in the top 6 cm of the core and oxidizing conditions in‘the

lower sections.' Generally when manganesée oxides are in 28 reducing

o environment, a lowaring in the oxidation state of the metal will

occurs Withf’Mn, the lower the oxidation state, the greater its
solubilitj'in water and thus the greater its mobility Under
reducing conditions, Mn will be lost from the gediment 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

“maintain 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 gimilar to that of Mn;
the reasonpfor.the increase in the metal concentration with sediment

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

_depth range to the background level of approximately 31000 wg/g- The

lower Al 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

3 ~{ess Al than do ‘the clays which predominate in the background.

Relatively low jevels of both Ni (Figure 2(c)) and Cr
(Figure Z(f)) were found in the sediments. The Ni profile is similar

to those of Cu, 7n and Fe with the metal enrichment point occurring at
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| .approximately the 5 cm depth. The maximum Ni level was 103 wg/g with
the background level being 55 ug/g. The Cr concentration profile,
however, exhibits rather erratic behaviour. The minimum Cr level of.
d'f39 wglg is found‘in the 2-3 cm Section with the maximum level of 98
,ug/g at 5—6 cm. This type of Cr behaviour was not observed in any of.
»the other lakes wi h the exception of Lac Dufault. Possible reasons
for such a fluctuation in the metal level might include changes in the:
perational 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.

Carhon analysis was performed.on_the sediment sections to
‘estimate the total organic (TOC) and total inorganic (TIC) carbon
| content (Figure 2(g))- Total carbon content increased steadily from a
2% background level to 6 7% in the surface layer. This jncrease was
due primarily to organic carbon, with ‘the overall 4. 7% difference
_estimated to be 4.3% organic carbon and 0.4% inorganic carbon. The
increase in the total carbon level coincides with the advent of mining
- in the area (1926). This is supported by the pollen dating,results.
““Water runoff from- the mines may have carried minerals enriched with
nutrients ‘such .as phosphorus and its related compounds. The nutrients
uould‘provide an ample source for the growth of benthic conmunities in
the lake. Coupled with the'mining jndustry would be an increase in

the human populatidn of the area, thereby ijncreasing the amount of




waste dischatges

the increase 1n organic carb

sections, upon ba
ry in 1926.

ﬂinigg indust

and thus the levels o

ck—projection,

.

£ organic carbon. Furthermore,

on and heavy metal levels in the 6-7 cm

cide with :he start'of the

would coin

i e e






(1in pg_lge .

. 14000
1

22000

18000

E

26000

LAC OSISKO CORE1

10000
RE .

6000

(o) yidea

w»m:«w 2(b). Distribution of Fe with Sediment Depth

_“.
.~.
;
H
;
|
i
i
|



o
4R|v.l

3L -

v w

cC

ol 3
49.-[.1

2

22,

8+ 7]

o ° O

‘ . 2 ol 3
@ g ©

. 1 - 1
(=) ) =] EY

20}
25l

(wo) yydeqg

Figure 2(c). Distribution of Ni and Cd with Sediment Depth




g
3L
1 /
o
(@]
=1
D
) -
or w
0 oc
o
,mu o
- X
2]
o 2
- (Yo}
g e m
€ <
-~ O
- O}
0]
o
Ok
~
o
o
7]
(=]
7o)
<
g
o
s
L
.v... o 1 1 ! 1 ]
: Ke) n o : ) (@] \D
- - N N
(wd) yidag

Figure 2(d). Distribution of Mn and Pb with Sediment Depth




- ml
3
(]
(@]
o
o}
M(lu.
o
S|
&
o 8
.
2 21
N
€
| >~
8 s
= 0
2 O
2
i 2}
(/2]
mw O
5 L Q
2 3
7
m(
| 1 1 L —d
| fe—w e @ 8] &

| ‘ AR | , : (wd) wded

Figure 2(e). Distribution of Al with Sediment Depth

A




100

(w9) yidea

o¢mﬂ1wc=nwo= of Cr with Sedi

ment Depth






- 10 -
" Lae Dufault

Lac Dufault is located approximately 8 km NNE from the
~ Noranda stacks at 48°18'N, 79°01'E. Abandoned mine shafts as weli_as

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

Two cores were obtained: Core 1 (Cl), was taken from a
depth of 8 m with the EBT profile showing isothermal conditions in tﬁe
water éolumﬁ.v Eﬁ measurements indicated oxidiéing conditionsv |
throughout the core, with a surface Eh.of +150.mV.and pH 7.2. The
second core, C2, was taken from a depth.of,IS m with the EBT profile
: 1ndicatingVStratified conditions in the water column. Here again,
oxidiziné conditions prevailed throughout the core, with the surface
layer having én Eh of +160 mV and a pH of 6.9.

0f the two cores, Core 2 (C2) may be the more representa-
tive. In general, deeper parts of a lake are less iikely to bé
disturbéd and thus are better accumalators 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

“féund in thé water analysis). Shallower portions of the lake bottom
 are Subjécted to‘an'increased amount of water ﬁbtionvwhich may disturb.
the top few céntimeters'of sediment, thereby giving incorrect indica—
tions of the surface co;e»éénditions. Thus, some differences exist

between the results of Cl and C2.



Generally, metal enrichment occurs in the 6-8 cm depth range

for(ég/ Zn, Fe and Pb (Figures 3(a) (b), (c)). The levels of these

N eime ____,__,._.,,..._._4_._,_____‘.,

-metals are comparable w1th those from Lac Osisko. Levels oﬁiiﬁ{)
 (Pigure 3(c)) are consistent as well with those of Lac Osisko, with
the sole difference being the lack gﬁgpgggentration«decrease_in;ghe

surface sediment layer. T This 1 is predictable in that no reducing

(\_____//—-

conditions are present as in the previous lake which would allow for

T

"aqueous forms of Mn. The Al (Figure 3(b)) profile is similar to that

U
——

of Lac Osisko as_weil, with higher organic and debris levels being the
cause of the initial jow 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 ylelded data (Figure 3(e)) similar to that
from Lac Osisko with increased levels beginning at the 6-8 cm depth,
positively depiating from the background 3% level to approximately
9.5Z‘at the surface. Here again, the increase was due mainly to
organic carbon.

< Enrichment of both metals and organics tends to coincide

"with the beginning of mining 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

~are the most 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

' Norenda;smelter at 48° 29'N, 79°17'E. The core was obtained from a

. depth of 7 m with the EBT profile jindicating slightly stratified
temperature conditions in the water column. Eh measurements "indicated
:oxidizing conditions throughout the core, with a surface Eh of +370 mV

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.

'?resently;.the smelter:is used to process molybdenum.

The metal profiles indicate increasing levels of Cu, Fe, Zn,:
Mn and Pb (Figures 4(a), (b), (c), (d)) in the top 8 em with
’enrichment oacurring in the range 6-8 cm. Compared to-ggiz; Osisko
' andemfeult, the levels of Fe, Cu and Zn are significantly lower. The
 incteased levels of Pb can be attributed to atmospheric deposition.
'The elevated leﬁel of Mn in the surface layer could be a result of the.
molybdenum processing since the plant is located on the'shores of the
‘:5leke. 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 pgl/g. Our results for Cu, Pb, Zn, Ni, Cd,
and Mn compared well with those obtained from an earlier Quebec study

by Sloterdijk and Azzaria (1979)7 on Lac Duparquet using grab samples:
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" Metal

K o Ry {C | P |Zn N | cd Mn
Study ppm | ppm | PPT ppm | ppm | PP

quevec | 63 | 56 | 20| % 3 | 1840

49 | 1 1571

AE.D. | 8 | 58 | 222

Ca;bon analyéis_(Figures 4(e) (£)) yndicated fairly steady

levels of TOC (2%) and.TIC (0.1%), suggesting no substantial organic

influx into the éreavdufing,the mining period.
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" smelter at Noranda at'48°47,N; 79°00'E. The core was obtained from a

-14 -
Lac Macamic is located approximately 60 km north of the

depth of 2 m. The lake was shallow throughout, and on the day of

sampling, conditions were such that the top sediment layer was
-disturbéd,'fesulting in a light brown colored water, with elevated
'.1ev319‘df_Ai'and_Fe.”‘Okidizing conditions were prevalent throughout

‘the éofe:with‘a surface Eh of +315 mV and sediment pH of 6.4.

. The metal profiles (Figures 5(a) (b)) indicate stable levels
througﬁdut‘;he core which are substantially lower than those of the

other iakes'stﬁdied. ‘This is not surprising in that Lac Macamic is '

” the,fuftﬁeét in distance from the smelter of the lakes studied as well’

~ as beiﬁg isolated from contaminant sources such as mine tailing

ponds;‘ Constant levels of carbon (Figur; 5(c)) were also obserQed.
Thus, this lake can be used primarily as an indicator of the back- -
grquﬁd levels of the chemical species which we were measuring,
prima?ily because its mineralogy is comparable with:that of thg other

lakes”studied (see Table 5).
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. iﬁc Preissac

Lac Preissac is logated aéproxiﬁately 45 km east of the
"sﬁéltgr.  fhe mbét'febrgsentative core w#é Core 2 (C2), taken from a
" depth of lé.m 5f €p§roxiﬁate1y'48°22,N, 78°20'E. The EBT profile
:f:i;dicaféd'slightly Stfatified temperature conditions iﬁ the water
cglﬁ@g, fbxidiziﬁg.éﬁhditipﬂs prevailed throughdut the core, with the

sﬁffaée_Eh‘being>+460 uV and pH being 6.9.

" Three ébandoned mine shafts and three miﬁe dumps are present
‘oﬁ the Westerh shores of the lake. Although active mining ceased in

- the_i950's;_seépage from the mine dﬁmps into the lake is probable.

fheAnEtallperiles indicate a general enrichment point at
Cthe iO cm depfh, with levels of Fe, Zn, Cu, and Pb (Figures 6(&),.(b),
b»'(é); (&)) increasing steadily nearing the surface. Fe, Zn and Cu
.‘»le;elg'ig th@vgoﬁ 10 cm can be attributed to the mining operations

' ﬁeatby;‘Pb'ié present for the most part through atmospheric

,:‘_dépositibn. Compared with Lac Macamic where no such sources of

'cOntaﬁiné;idh exist, thé’lgvéls of these metals are noticeably |

.“%igher. Cr, Ni and Al?levéls'(Figures 6(d), (c), (a)) are comparable

v;;A_with'thosé of other lakes.

_ No significant variation in the carbon contents

(Figures 6(e) (f)) was observed. Apparently, no significant organic
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Géste contamination is fed into the lake either by its major

B ~ tributary, RiviérefKinoje%is-or by the surrounding cottage population.
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Lac ChassignOlle is located approximately 35 km east.of the
Noranda smelter at apprOXimately 48620fN, 78°28'E and is connected by
' a ngfrow channel at its southeast end to Lac Preissac. The core was
"obtained’from a depth of 8:mvwith the EBT profile indicating
isothernal'conditions in the water column. Oxidizing'conditions
l’prevailed throughout the core with a surface Eh of +270 mV and pH of

'_64

The metal profiles as well as metal levels were comparable
" ‘ . “ ’ 't‘o"thoSe,of Lac Preissac. Such behaviour was notv altogether unexpec-—
ted. Thevsame nining 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
yiA' ' [‘ - to Chassignolle a distinct possibility (note that in this region, the

f;natural flow of water is south).

“In general the metal enrichment begins in the 5-6 cm
section, with increases in the levels of Mn, Zn, Cu ‘and Fe
‘F(Figures 7(a),'(b), (¢)). The behavior of Al (Figure 7(e)) is similar
B to that of other lakes, where increased levels of surface silt
»(Figure 7(e)) result in lower Al. levels (this was verified hy x-ray
diffraction and particle.size‘analysis). Both Ni and Cr (Figures 7(b)

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

e e A e e m e s w1 = e et v




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

.téﬁained.reiétivelykunchanged, thereby.suggestihg no significant .

: organic waste influx from the surrounding area.
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Lac Opasatica

Lac Opasatica is locgtéd approximatély 25 km.to’the south—
Jf west of the 5mg1ter at approximately.48°04'N, 79°19'E. The core was
obtained from a depth of 15 m with the EBT pfofile indicating strati-
- fied temﬁérature éonditioné‘in the water column. Strongly oxidizing
conditions were observed throughout the core, with a surface Eh of |

+560 mV and pH of 7.4.

Unlike most of the other lakes studied (excepting Macamic)
which Weré directiy exbosed'to confaminant sources;.Lachpasatica has
néither‘ﬁihes nor tailing ponds on or near its shores. The closest
5ﬁch sources are abandoned mines approximately 9 km to tﬁe northeast_‘
near Arntfield; _Howevér,'thgre is still noticeable metal enrichmeﬁ; '
at thé 4 em depth_wifh increasing levels of Fe, Mn, Zn, Cu, and Al -
(Figures 8(a) (b)) neariﬁg the.surface. Pb, Mo and Cd were not
detected. . The eievation iﬁ metal levels in the surface laygrs appears
. to haye occurréd via éerial deposition. (An earlier repoft by Arafat
and G1o6schépkoé using moss samples froﬁ the same general area |
A gﬁggegts the saﬁe). .However, aé in lakes Preissac and Chassignolle,
“the natural water. £low is southerly and metal trahsport through the

water system is avpossibi1ity.

The mineralogy in the lake sediments was the same as that

for other lakes with the exception that calcite was also present (see
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fable'S). A higher level of inorganic carbon (1.6%) was also dete@fed

(Figure 8(d)) as compared to 0.1% levels found in the other lakes -

studied.-
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The sediment enrichment factors (SEF) (Table 4) were calcu-
el

lated by taking the average metal content in the top 2 cm of sediment

_—

dff and dividing the value by the average _background level, Lac Osisko,
, pshdmainis S -

located in Rouyn—Noranda approximately 1.5 km from the smelter,

~-exhibited high enrichment factors in ,g§§ and(?b/%ith values of 166,

118~andv130‘respectively. Lac Dufault, located approximately 8 km

\_/’

north of the smelter, had SEF values of 145 25 and 90 for the same
m

metals respectivelz: The remainder of the lakes (Duparquet Preissac;
I
Chassignolle, Macamic, and Qpasatica), all located 25 km or more from
the.smelter; hadrSEF'sbranging from 1 to 5.5, the exception being Lac
Duparquet’where a value of 25 vas‘obtained for-Mo.- This is probably
due to Mo being processed at the former Beattie Gold Mine on the
‘ ‘ shores of the lake. A comparison of our results with those obtained
lh' o f‘ by Nriagu et al. (1982)8 dealing with Sudbury area lakes which are
‘ B similar to the lakes in our study area from a mining/smelting point of
view, yields some parallels (the SEF's of the Sudbury study are listed
tin Table 6). The SEF 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 the Sudbury and Rouyn—Noranda regions. It is apparent that the

mechanism of atmospheric transport of heavy metals is most effective

"in the area of the smelter proper (a radius_of approximately 15 km or

 less) as seen in the SEF's for lakes Osisko, Dufault, Ramsey,

‘ . McFarlane, and Vermillion. As the distance between the smelter and

'




t sources near these'Sudbuty lakes. In Rouyn-Noranda, however, apart

- 22 -
the sampling station increased a significant drop in metal enrichmentd

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 tﬁe_faét 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

from aerial deposition, contaminant sources such as abandoned mines, -
mine-tailing ponds, and active metal processing plants are located

near the lakes. Mihor 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 mumerical

differences are not altogether unexpected.

In terms of absolute levels of the studied metals, lakes

e

Osisko and Dufault had the highest concentrations. Their contamina<

‘.tion/was, and still 1s, a result of the mining/smelting operationms,

I

aerial deposition, land runoff, as well as waste discharges. Furthetr

AR,

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

the major contaminationVSOurce,was not the smelter but IOCalwpollutors.t

(see eadh'individual'lake section). Lac Macamic, fdrtﬁest from the

Smelter at 60 km, was found to have relatively constant levels of
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metals throughout the core. Thus, the effect of atmospheric transport .

of heavy metals to outlying lakes appears to be minimal. A comparison

Ax of ourASediﬁent metal concentrations with those obtained in a study on

Lake ﬁrie by Walters et al. (1974)10 clearly shows how the surrounding
v-indnstries affect the type of pollution entering the lakes. (The
_surfsce sedinent metsl concentrations for both the Rouyn-Noranda lakes
and Lske.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) predominete around‘Lake Erie. As such, different contami-
'ﬁgtion sOgrcesbenist. Whereas in‘Rouyn-Noranda the smelter and
mine%tsiling ponds are of primary concern, the waste discharges of the
.‘nanufacturing-industries surrounding Lake Erie are of considerable
.imnortance. Most of the contamination of Lake Erie appears to be
Organicﬁin nature; whether it be chemical dumning or nutrient influx.
Tovthis end, significantly higher levels of organic carhoniwas found
bleemp in‘a 1269 study!l. From the resnlts duoted in Table'7, it is
clearfthat even with mineralogical differences between the Lake Erie
and Rouyn—Noranda regions, ‘the major deciding factor in heavy metal
'lleveIs is the type of industry in the region. Thus, the numbers from

'ROuyn-Noranda are significantly higher.

" In lakes Osisko and Dufault, the highest sulphate levels in
N

the surface waters were found (Table 3), probably due to the heavy 802
\\___’_,_m

c;————-—\__’_____,_____W___~ ——
emissions from the Noranda stacks. Similarly, Caz+, Mgz+ and Na%t

Wi - .




———

levels are slightly elevated when compared with other regional lakes.
. H_,,____~——~————'—“”‘“"’“—~’”—~“ﬁa~*_‘ " llnalﬂg '
The . elevatign_inﬂggd__“_z_be attributed to the.liaiag of mine-tailing
——
ponds in the area, with subsequent lake water contamination through

spring runoff or streams. Similar results were obtained in a study by

_ Aziaria and Potvin (1979)12.

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

neutral point and there is no immediate _danger of metals leaching into

iy -
e T e

the water, concern should be expressed regarding Lac Dufault, for it

is from this lake that Rouyn-Noranda draws its municipal drinking

s T

.———'—'M e
: water. The high levels of heavy metals in its surface sediments are a

‘ 'potential for fluxing or leaching into the water if a significant pH

drop occurs. While acidification occurs primarily via the SO3 route, ,/
P - 3

‘ another source is that of seepage of mine tailingslinto the lakes.
Thevby—preduct‘of sulfide ore smelting usually contains pyrite (FeSj)
and under oxidizing conditions (which predominate in this region),

sulphuric acid can form13

1
i
!
|
v
1
[
[
|

2FeSy + 15/2 02 + 4Hz0 + Fey03 + 8H' + 450 &

hThus; care should be taken not only to minimize the‘future 802 outputs

from the smelter, but also to prevent existing mine-tailings from

entering the lakes.
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A secondary, though important, concern is that involving lese
L Duparquet. "The water flow in this region is naturally northerly.
Gontamihaﬁts, then, may be tfansported from Lac Duparquet into Lake

Abitibi through Riviére Duparquet and thus from Quebec to Ontario.

As mentioned ét the beginning of the report, this study was
a general_éve:view'of the transport qf‘heavf metais in the |
'biédiﬁéﬁéfaﬁdé'regién. As'such,‘more specifié interpfetations‘than
. fhose alregdy qffered herg'ééﬁ ﬁot be made simply becéuSe of the lack"

of detailed inveétigation._vﬁoweﬁer, with this study, the basis for

follow-up Ptbjeéfs has been established.
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Table 1: Sediment Extraction Results of Triplicaté Runs A

Standard Deviation - B Coefficient of Variation (%) ‘
s 318.0 1.6
e ‘ 2.2 3.5
o 0.4 a3
Fe 869.6 S 1.6
Ma | _} | 6.7 | 1.1
N o 1;9 o 4.3
Zn 1.3 o 1.5




‘blé 2. Physical Properties

Surface A
B ‘ Water Sediment |Sediment Eh (mV)| Sediment pH : . ,
Lake Water pH|Temp (°C)|Temp (°C)|0-1 cm 6-7 cm|0-1 ecm 6-7 cm| EBT Profile
Osisko 6.9 16.6 14.6  |-110 +160 ' |6.6 - 8.0 m depth
o isothermal
Dufault Cl 6.5 17.9 14.5 +150 + 80 7.2 6.8 8.0 m depth
L ‘ : isothermal
: » ‘ stratified
Duparquet = 16.6 - {+370 +225  |6.6 7.7 |7.0 m depth
o ) ' ‘ ' |rough and turbu-
lent conditions
slightly strati-
fied
~ |Macamic - 6:4 | 14.7 - +315 +310 [6.4 6.4 2.0 @ depth
B ' ' : . |isothermal
Preissac Cl | 6.7 | 16.3 | 14.5 |+340  +340 6.6 6.6 |12.0 u depth
o . o ‘ ' = ' ' |isothermal
' : - C2 6.8 ‘16.0 13.7 +460 +410 6.9 6.5 16.0 m depth
w slightly strati-
S : fied
Chassignolle| .- 16.8 | 15.8 [+270  +400 6.4 6.5 (8.0 m depth-
‘ ‘ : isothermal
Opasatica 6.6 16.2 10.7 |+560 ~ +370 {7.4 7.8 |15.0 m depth
o : stratified

| éﬁ S‘w{w Loseter /Ll




. Table 3. Surface Water Analysis (unfiltered samples)

-

fotal Trace Element in - — , e
Surface Waters - Major Ion in Surface Waters
_ ve/L be/L - S
Leke - [CulNi |Mn Al | Fe Jas [se | ca Mg | Na | kK [soy | c1 |si0,|a1k |
déisko B by 4l100 | 15| 220]1.2 0.2(28.1|7.3|14.6[2.3 |81 [18.5]3.5 [18.8
[putaute 118 L,i 65 | 26| 120 - | - ]23.1]4.3] 4.8]1.0 |56 | 2.5[1.3 |15.3
Duparquet - 6_L..1' L.20 300 610} - | - - |-} - |- |- -1 - -
wacamic* | slt.1{ 20 |1100]1500] - | - |10.5 3.1| 1.9|1.3 | 9.1| 1.7|2.9 [27.5
'P_re'iés'aé | s|u.1] 20 320_ s20| - | - | 6.2|1.7] 1.6]0.77] 8.4] 1.2]3.6 |11.0
‘Chas's_;lg.r;ol:‘le SL.1t.zo 20| 610] - | - | 6.1[1.8] 1.4]0.80| 7.4 1.0[3.0 | -
- |opasatica | 5 L,-i 20 | 140] 190] - | - | 9.4 3.7| 2.7 1.1 |12.6] 2.4|1.5 |25.7|

L. Tess than
. * light brown water




Table 4. Enrichment Factors in Sediment Cores

Where FACTOR = fromt O ThD (PREGOLONTAL) LAVEL. eTg
[take  [Fe]ou |Mm |20 | &1 Jer [ n [m | cd "
Ostsko " 6 | 166 | L1 | 118 | L1 1] 2 - 1130 |13.2
Dufault C2 6| 145] 1| 25 1{rafis| -] 9 4
| Duparquet €2 | 1 s| 1 2 | L1 1| L1 25 3 -
macamte | 1 1] 15  1 L.1 1)1 - - -
Preissac C2 1 2 | 1.5 2| 1}1 | - 5.5 | -
|chassignotte | 1 2] 1.5 | 2.5 .1 1]t -| 35| -
Opasatica '_ 1 1] 1.5 | 1] 1] - - -

L. less than .
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" Table 5. X-ray Diffraction Data

Lake Sample Depth (cm) Composition
Oéiékbﬁi h f O->i | Ndrdiffergnceliﬁwmiﬂerals between the .
: 4-.5 0-1 cm and 14-15 cm sections. QUARTZ,
14=15 PLAGIOCLASES, AMPHIBOLES, MUSCOVITE, )
- CHLORITE, and ILLITE, However, mineral
levels in top section lower than in
lower section. '
Dufault C2 2- 3 JSame minerals as above. Mineral levels
. 22-23 . in lower section higher than in teop section
Macamic 0-1 Same mineréls as above. Consistent.levELs
2- 3. throughout. :
5-.7 ' :
13-14
.20-21 -
Preissac C2 0-1 Same minerals as above. Consistent levels
5~ 6 throughout.
12-13
19-20
Chassignolle 11-12 As above. .
0pasatica ' - 12-13 Same minerals as the other lakes except
- : that CALCITE also observed.
!;.




S Table 6. Sediment Enrichment Factors for Sudbury
Area Lakes : :

. | Metal
i Distance from
Lake Smelter (km) | Ni Cu Pb
. |Ramsey 4.5 38 36 5.9
McFarlane 6.0 | 18 31 3.2
Vermillion - 16 | 12 10 2.2
Windy _ 20 - 2.5 1.1 3.8
'_,




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

Metal Concentration (ug/g) *
] Lake . Fe cr | cd Zn Ni Cu
Osisko - 221,875 | 63 | 132 | 14,469 | 103 | 7,297
Dufault’ 235,500 | 26 -35 3,300 85 | 3,480
Duparquet - | 46,750 | 62 | N.D. 222 | 49 84
Opasatica 40,437 | 52 | N.D. 111 | 69 45
Preissac’. | 38,625 | 51 | N.D. 200 84 55
Chassignolle | 37,625 | 74 | N.D. 214 | 52| 50
" |Macamic . : 3,625 | 59 | N.D. 88 36 22
Erie 34-2 | 11,000 | 12 |-N.D. 53| 32 12
o 16-1 | 28,000 ) 60| 3.8 | 26 56 40
" N.D. not detected | S
' 34-2 Buffalo Harbour
. . . :7.16-1 Cleveland Harbour
"‘ © . -13-<2. South of Detroit |
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