
mH§T€@» 

TD 
226 
N87 
No. 
03 
c.1

9 

9#~o5

1 

4- 

||\|sT|T 

/ 00, */. 
E 

°‘_4=&E 

4,9’ 

EFFECTS OF SUBAQUEOUS GOLD MINE 
TAILINGS ON LARDER LAKE ECOSYSTEM 

A. Mudroch, F. Rosa, T.B. Reynoldson, 
G.E.M. Hall Z. Kezhun and R.D. Coker 

NwR| Contribution No. 94-03 

\\ //

\



Va-1 

' W‘ 
-Q,‘

- 

Effects of Subaqueous ‘Gold Nline Tailings on Larder Lake Ecosystem r 

A. Mudroch‘, F. Rdsa‘, T.B'. Reynoldson‘ , 

‘ G.E.M. Hallz, Z. Kezhuna, and R.D. Coker‘_ .

r 

1,Lakes Research Branch, National Water Research. Institute, Environment Canada 

CCIW, 867 Lakeshore Rd, BURLINGTON, Ontario, Canada 
2. Geological Survey of Canada, OTTAWA, Ontario, Canada

i 

3.' Institute of Geography, Chinese Academy of Sciences, BEIJING, China V 

January 1994

\



MANAGEMENT PERSPECTIVE
y 

Metal mine taili_ngs ‘and waste rock are a source of contam_inants in.t_he environment. 
Toxic elements transported from land-disposed mine tailings an_d waste rock in 

dissolved or particulate form affect the quality of surface andground waters, the 
health of terrestrial and aquatic biota, and become transported byair from the disposal 
site into the surrounding environment. Subaqueous disposal of the tailings and waste 
rock has been considered an option for permanent storage of these materials. Recent 
studies on evaluation of the impact of the subaqueous tailings on the environment 
dealt only with the geochemistry of the tailings and chemistry ofthe overlying waters. 
A multidisciplinary study was carried out in Larder Lake, northern Ontario, to evaluate 
the suitability of the lake for subaqueous disposal of gold mine tailings.’ The study 
included tdetermination of the limnological regime and ‘quality of water, bottom 
sediments and sediment pore water in the lake. -Obtained. results were used in the 
assessment of the health of biota in the lake.

‘ 

The results showed that Larder Lake is a typical well stratified temperate lake. with 
sufficient concentrations ofrdissolved oxygen to support aquatic life. However, it was 
found that primary production in -the lake was lower than predicted "from the 
phosphorus-chlorophyll relation compared to other similar temperate freshwater lakes. 
The i_,n_hi,b_ition of primary production" was attributed to high concentrations of dissolved 
trace elements, particularly Cu, inthe lake water. High concentrations of As, Cu, Ni, 
Cr and Znin bottom sediments across the lake indicated transport of the subaqueous 
tail_ings deposited along the north shore and in the northeast arm of the lake. The 
concentrations of Zn, Cu, Ni and Fe were greater in the bottom than inthe surface 
waters suggesting migration of these elements from the sediments and subaqueous 
tailings into the overlying water. This observation wasrsupported by the .resu|ts 
showing high concentrations of the elements in s.ed_iment pore water. The 
concentrations of these elements in"the se.di‘ments,exceeded the "Severe Effect 
Levels" given in the Ontario Ministry of the Environment and Energy (OMEE) sediment 
quality guidelines. Determination" of chemical forms oftrace elements i_n the sediments 
showed that cons_i_derably- large quantities of the elements were easily available. The 
benthic invertebrate community in Larder Lake was severely impaired: it was either 
non—existent or‘ represented by extremely low densities of organisms. The results of 
testing of sediment toxicity showed_a _wide,spre_ad"toxicity to Tubifex ytubifex in Larder 
Lake. The survivaland reproduction rates of T. tubifex indicated a long+term,'i.e.,.over 
28 days, chronic toxicity. It was concluded that relatively high concentrations of 
easily available Cu, Zn.and Ni in sediments and high concentrations of As, Cu, Ni and 
Zn in sediment pore water and lake water contributed to the observed sediment 
toxicity. ~ 

' 

V 

. . 

The Ontario Ministry of Environment and Energy data and __result»s of this study showed 
that ‘the concentrations of As, Cu, Pb, Ni and Zn in the effluent from the tailing pm: 
into Larder Lake were lower than those given in the Metal Mining Liquid Effluent
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Regulations. However, continuous loadings of As, Cu, Ni and Zn in the tailing pond 
effluent eliminated the benthicinvertebrate community in Larder Lake. These findings 
suggested that the Metal Mining Liquid Effluent Regulations should rather be based 
on the loadings of deleterious substances to the receiving aquatic environment than 
on their concentrations in the mine effluents. Further, theresults of the study showed 
deterioration of the aquatic ecosystem by leaching different metals and trace elements 
from land:-disposed metal mine, tailings and suggested the development of new 
techniques for the disposal of the taili_ngs. .

» 

Further, the results of the investigation showed that temperate, stratified, relatively 
shallow lakes, such as Larder Lake, are not suitable for subaqueous disposal of metal 
mine tailings. Transport of contaminants from the tailings across the lake, destruction 
of- the benthic community and depressed -primary production in Larder Lake were the 
majors indicators of the negative effects on the lake's ecosystem. The results of the 
study suggested that thermally stratified temperate lakes with regular overturn and 
subsequent mixing of contaminants leached fromthe tailing particlesare not suitable 
for disposal of mine tailings. However, it has to be noted that the tailings on the 
bottom-of Larder Lake were previously disposed onthe land and therefore partially 
oxidized. Further studies need to be carried out on't_he effects-of disposed .anoxic 
tailings on the ecosystem of a thermally stratified temperate lake. On the other hand, 
conditions of permanently chemically stratified lakes or man-made reservoirs should 
be considered forsubaqueous disposal of mine tailings. ln a chemically stratified water 
body, a chemoc-line will prevent the migration of contaminants into surface waters. 
In addition, such water bodies have an almost non-existent benthic community in 
bottom sediments. Therefore it appears that subaqueous disposal of metal mine 
tailings into deep, chemically stratified lakes "or man-made reservoirs may be harmless 
to the biota in the surface waters and to the benthic community onthe bottom ofthe 
lake. . - 

' 
' 

. 
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.. FOREWORD‘ 

_ 
This report contains unpublished original data from a study conducted over a 

period of three years (1990 - 1992). None of the information contained herein isrto 
be cited or quoted or used in any way without the written permission of the authors. 

, Furthermore, the interpretation of results presented in the report are to. be 

regarded as tentative pending completion ofthe research project and full assessment 

of the effects ofmine tailings on the Larder Lake ecosystem. 

The study is a..par1t of the project on assessment of effects of mi_n_ing activities 
on aquatic ecosystems in Canada carried out by the scientists of the Sediment/Water 
interaction Project, Lakes Research Branch, National Water Research Institute, 

Burlington, Ontario. The field work was carried out by the authors of the report with 
the help of Mr._ M. Mawhinney, and Ms. J. Valve. Ms. K. Lantagne provided 

invaluable assistance in the preparation of this report. 
‘ ' 

. .
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SUMMARY AND CONCLUSIONS 
1. An investigation was carried out to evaluate the effects -ofhgold mine tailings 
deposited on the bottom of Larder Lake, Ontario, on the lake's ecosystem. Larder Lake 

is located in the Precambrian Shield of northern Ontario about 15 km east of Kirkland 
Lake, and 19 km west of the Ontario-Québec border. There is an operating gold mine 

at the northeast corner of the lake. The lake has a surface area of 37 km’ with a mean 
and maximum depth of 12.3 and 33.5 m_, respectively. The lake receives water from 
land drainage, four major creeks and the outflow from the gold mine tailings pond 

located on thenorth shore. The |ake’s»outflow is via the Larder‘ River which joins a 

system of lakes and rivers in the area.'Surfacej water from the area will eventually 

flow into the Ottawa‘ River. 4 

i 

» 1 

2. Water and bottom sediments were sampled at thirty-eight sampling stations in the 

lake in August 1990, 1991, and 1992, to determine the limnological features ofithe 

lake,'geochemistry of the bottom sediments, benthic community structure and toxicity 

of the sediments to benthic organisms. Barber and Raven Lakes, in the vicinity of 

Larder Lake, were used as control sites in thestudy. Conductivity and pH were 
determined in water -samples collected at the thirty-eight sampling stations. Profiles 

of temperature, pH, conductivity and concentrations of dissolved O2 were obtained 

at six sampling stations in Larder Lake and at five stations in the control sites. -The 

concentrations of nutrients, chlorophyll a, t'race_'elements _and major ions were 

determined in water collected 1 m below the water surface and 1 m above the lake 
bottom. Particle: size distribution,concentrations of major and trace elements and 

benthic community structurewere determined in surficial-sediments collected at the 

thirty-seven sampling stations in the lake. The toxicity of the bottom sediments were 

tested in the laboratory using Tubifex tubifex reproductive bioassay. 
3

» 

3. Thermal stratification of Larder Lake was typical of a.wel'l_st'ratified temperate lake, 
with epilimnion and thermocline thickness between 5 to_ 7 m and 2 to 4 m.

10



respectively, and surface water temperature between 17.5 and 19.8°C during the 

sample period in August. The remainderof the water column consisted of hypolimnion 
with water temperatures between 4 and 9°C. The thermocline in Raven Lake, which 

was used as a control site, was 1 to 2 m deeper than in Larder Lake, most likely due 
to_a greater exposure to winds. Generally, the concentrations of dissolved oxygen in 

Larder Lake water were greater than 6.5 mg/L across the lake. 

4. Primary production in Larder Lake was lower than predicted from the phosphorus- 
chlorophyll-relation and compared to other similar temperate freshwater lakes. The 
inhibition of primary production was attributed to_ high concentrations of dissolved 

trace elements, particularly Cu, in Larder Lake water. The results of the study showed 
that about 67% of dissolved Cu was in a readily available form in the lake water. In 
the Larder Lake water“column, light transmission increased from the surface towards 

the bottom. On the other hand, the light transmission decreased towards the ‘lake 
bottom in the control lake. In addition; the light transmission in Larder Lake surface 

water was about 10% less than in the control lake. The results indicated t'ra_nsport of 
particles-from the tailing pond outlet and resuspension of subaqueous tailings and their 
transportfacross Larder_Lal<e. - 

_ 

-

. 

5. The concentrations of dissolved Na, K, Ca, S04 and Cl in water were similar across 
Larder’ Lake. However, they were more than 2 times greater than those in the 

downstream control lake. Theresults showed that the water quality in Larder Lake 
was greatly affected by the outflow from the tailing pond on the north shore of the 
lake. - 

‘ 

. 

L

- 

6-. The concentrations of dissolved Zn, Cu, Ni and Fe were greater in the bottom than 
in the surface water in Larder Lake. The results ‘suggested migration of these elements 
from the bottom sediments into overlying water. The concentrationof dissolved trace 
‘elements ‘particularly, As, cu, Ni, Zn and Cr, in Larder Lake" water were ~3 to 7 times 
greater than those in the downstream control lake. The greatest conc'entration,s of 

. 

L 1 1
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dissolved trace elements were found in the tailing pond outlet and were up to 17 
times greater than those in the lake water. The concentrations of dissolved As", Ni, 
and Cu in Larder Lake water were 2, 2 and 4 times greater, respectively", than the 
_"L_owest’Effect" concentrations given by the Department of the Environment (DOE) 

guidelines for the protection of freshwater life. Mean concentrations of dissolved trace 
elements were lower than their analytica|.detection__ limits in all streams in the vicinity 

of Larder Lake and i-n the control lake upstream of Larder Lake. However, the 

concentrations of dissolved Zn, Co, Cd, As, and Ni were greater than-the detection 

limit in the water of the downstream control lake. The results indicated’ transport of 

the contaminants from Larder Lake downstream into adjacent surface water bodies. 

7. The concentrations of trace elements, particularly As and Ni, .in sediment pore 

water collected in Larder Lake were considerably greater than those in the control 

lakes. The concentrations of As, Cu, Ni-,~ Zn and Pb in pore water collected from the 

topmost.5 cm layer of thesediments were up to 110»times greater than those given 
as “Lowest Effect" concentrations for freshwater biota life. 4

7 

8. The results "indicated an outstanding geoch_emica'l character of 'su'rficial' sediments 
along the north shore of Larder Lake at the outlet from the tailing pond. According to 

their geochemical composition and visual observatio'ns,the sediments atthis ‘area 

consisted mainly of mine tailings.AThe results suggested that the quality of the 

sediments in the northeast arm and north-central part of the lake, in the vicinity of the 

submerged tailings, was greatly affected by the contaminants in the failings‘ and by 
those in the outflow from the tailing "pond. The concentrations of trace elements‘, i.e., 

As, Cu, Ni, Cr and Zn, in most of the surficial sediments collected in Larder Lake 

exceeded the "Severe Effect Levels"'given, in the OMEE guidelines. There was no 
relationship between particle size and the conce'ntrations of the trace elements in the 

sediments. However, significant correlation was found between the concentrations 
of As, Cu, Ni, Pb and Zn and organic matter in the sediments. The results of the 

determination of chemical forms of different elements in the sediments showed that 

-12
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Cu was mainly associated"wi'th‘ organic matter. Readily available fraction of~Cu, Zn 
and Ni represented 0.2, 1.5 and 7.2% of their total concentrations in the sediments, 
respectively. Consequently, a considerable quantity of Ni, i.e., about 50 ,ug/g, was 
in the readily available-form in the sediments. The results indicated a restriction of 

migration of trace elements from sediment pore water into overlying lake water by Fe~ 

oxides. '
" 

9; Concentration profiles‘ in the sediments indicated an increase of several trace 

elements, particularly As, Ni, Zn and Cu, towards the sediment surface. The increase 

started at the 3 to 4 cm sediment depth and indicated input of tailing particles from 
the tailing pond into -the lake, particulary during the collapse of the tailing pond dike. 

Calculated enrichment factors showed that As concentrations increased up to 30 
times and Cu and'Ni up to 55 and 45 times, respectively, above the background 
concentrations in the Larder Lake surficial sediments. 

10; The benthic_invertebrate community in Larder Lake was severely impaired. It was 
either non-existent orlrepresented by extremely low densities, such as 1_-2 organisms 
per’ 100 cm’, The results suggested a possible relationship between the absent 
be§nthi_c organisms and the distance from the subaqueous tailings. The difference 
between the presence and absence of the benthic “organisms could not be 

discriminated by the examined sediment‘characteristics. The results of testing of 
sediment toxicity to. Tubifex tubifex showed widespread toxicityin Larder Lake. The 
survival and reproductiverates of. T. tubifex indicated a long-term, i.e,, >28 days, 
chronic toxicity-. ltwas concluded that the relatively high concentrations of available 

t_race elements, particularly Ni", in the sediments and high con_cent_rations of As, Cu, 
Ni and Zn in sediment pore water and lake water contributed to the observed sediment 
toxicity. "

V 

11_. The Ontario Ministry of Environment and Energy data and result-sof this study 
showed that the concentrations of As, Cu,.Pb, Ni and Zn in the effluent from -the 

A T 
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tailing pond into -Larder Lake were lower than those given in the Metal Mining Liquid 
Effluent Regulations. However, the concentrations of As, Cu, Ni and Zn in Larder‘ Lake 

bottom sediments have been elevated by the continuous loading through the effluent 

from the tailing pond to a level which is untolerable to benthic organisms. The 

absence of benthic invertebrate community has a-negative effect on Larder Lake 

ecosystem. Further, these fin'd_ings.confirm results of p_revious'studies on effects of 

mining on the environment which showed deterioration of aquatic environment by 
leachingridifferent metals and trace elements from land-disposed mine tailings. The 

results of this study suggested that the Metal Mining Liquid Effluent Regulations 

should be based rather on the loadings of deleterious substances to the receiving 

aquatic environment than on their concentrations in the mine effluents. - 

12. The results of the investigation showed that temperate stratified‘ lakes, such as 

Larder Lake, are not suitable for subaqueous disposal of metal mine tailings.- 

Destruction of the benthic- community and depressed plrimary produc-tion in Larder 

Lake were the major indicators of the negative effects on the lake's ecosystem. 

However, it has to be noted that the tailings on.the bottom of Larder Lake were 

previously disposed on the land and therefore partially oxidized. Further studies need 

to be carried out on the effects of disposed anoxictailings on the ecosystemof a 

thermally stratified temperate lake. The results of the study fu.rther suggested that 

ideal co'n_d,itions for subaqueous-disposal of mine tailings would be a water body with 

a .sufficiently._d'eep layer of anoxic water to prevent the oxidation of the tailings-and 

migration of toxic trace elements into the water column, Further, a permanently 

chemically stratified water body will bemore suitable than a thermally stratified lake 

with _a regular overturn -and subsequent mixing of contaminants leachedfrom the 
» I 

- . 

tailings on the bottom of the lake into the water column. On the other hand, tailings 
disposed on the bottom of a chemically stratified lake or man-made reservoir will be 

isolated from the surface waters. Consequently, a negligible migration of toxic‘ trace 
i - > 

l . 
. 

- _ . . . 

elements through the chemocline should not affect the 'primary"production in the 

surface water of a permanently chemically stratified water body. Further, deep, 
L 

T 

L
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chemically stratified lakes have almost an non-existent benthic community in bottom 
sediments and therefore the effects of subaqueous disposal of mine tailings into such 

lakes would not need to be considered on benthic organisms. _

.

1 
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ABBRE VIA TION TABLE 

Abbreviation W V 
Description _ 

_ 

TSMt Total Suspended l_\_llatter 

ISM Inorganic Suspended Matter 
C OSM H Organic Suspended Matter 

LOI Loss on Ignition
' 

l 

-CHLA . _ 

T Chlorophyll a M 

l 

CHLA.U Chlorophyll aluncorrected) 
T 

C 

CHLA.C - C'hloroph_yll a (corrected) 

POC ' 

_ 
Particulate Organic Carbon 

C-ORG . _ Total Organic Carbon 
PN‘ i_Paprticulat'e Nitrogen Y 

TP - Total Phospho_rus , 

' 

- TPP Total Particulate Phosphorus 
in 

CTFP Total Filtered Phosphorus 

__‘sRP Soluble" Reactive Phosphorus 

so? I Soluble Organic Phosphorus 

_ 

Nitrate 

N02 . Nitrite. P 

I pic Dissolved Inorganic Carbon 

g_ 
ooc 

_ A 

Dissolved Organic Carbon 

Cl P lChloride »
~ 

'sto4p Sulphate _.

‘ 

g 
$5.9: _' Silica



1. INTRODUCTION
_ 

Mobilization of different metals and trace elements from tailings and waste rock 

generated by metal mining has a potential for long-term environmental implication 

after active mining has ceased (Mudroch and Capobianco, "1979, 1980; Mudroch and 

Clair, 1986; Allan and Mudroch, 1989). Results of many studies showed negative 
effectsof metal mine tailings and waste rock on terrestrial "and,‘particular|y, aquatic 

environment (Nriagiu et al, 1982; Nriagu, 1983; Allan, 1988).. Different elements 

transported from the tailings disposed on land in*dissolv_ed or particulate forrn affect 

the quality of ground- and surface waters, the health of terrestrial and aquaticbiota, 

and become transported by air from the disposal site into surrounding environment. 
Acid production, in tailings-and waste rock disposed on land is the result of the 

oxidation of sulphide minerals. Under low pH, different elements in the tailings and 

waste ‘rock become solubilized and transported into the environment. '
‘ 

Subaqueous-disposal of the tailings and waste rock has been considered an 
option for permanent" storage of these materials. Under specific conditions, mine 
tailings and waste rock disposed on the bottom of lakes or oceans may not release 
toxic elements into the overlying water in concentrations which would affect the 

lacustrine or marine ecosystem. Recently, few studies have been carried out to 
evaluate the behaviour of different elements in mine tailings disposed on the bottom 

of lakes and oceans (Pedersen, 1983, 1984, 1985), and evaluate the impact of the 
subaqueous tailings on the "environment. However, these studies dealt only with 
geochemistry and mineralogy of the tailings, and chemistry of the overlying. lake or 

ocean water "and pore water extracted from the tailings. No comprehensive study was. 
.carried out to evaluate the effects of the subaqueous tailings on laci_.istrine_or marine 
biota, 'particuI._arly benthic organisms, theresuspension and transport of the tailings 
from the disposal site, and chemical forms of the elements in the tailings ‘and potential 

for their release into the overlying waters.’ However, a proper technology for 

subaqueous disposal of metal mine tailings and waste rock can not be developed 
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without the assessment of their impact on lacustrine and marine ecosystems under 

different environmental conditions. . 

A multidisciplinary study was carried out to investigate the processeslaffecting 
the potential of subaqueous mine tailings for long-term degradation of an aquatic 

ecosystem. Factors considered in the study included-natural biogeochemistry of the 

receiving environment, physico-chemical processes affecting the solubility or 

precipitation of different elements in tailings deposited on lake -bottom, the presence 

of the elements, particularly As, Cu, Zn, Cr,'Ni;,_ Co and in the tailings, hydrological 

and limnological’conditions of the lake which may affectbiological and chemical 
processes involved in,solubili'zation'of the elements of interest, and the health of biota, 

particularly benthic organisms, on the bottom of the lake. The objective of the study 

was to evaluate a lake suitable for subaqueous disposal of metal fmine tailings and 
waste rock. 

' 7 " " 

' 
' 

' - 

_

l 

Following a careful survey of lakes, in Ontario containing metal mine tailings on 

the bottom, Larder Lake in the viclinityof Kirkland Lake, Ontario, was chosen for the 
study (Figure 1). The taili_ngs on the bottom of Larder Lake originate from a gold, mine 

on the northeast shore of the lake. A continuous outflow from the tailing pond into 
Larder Lake was a recognized disadvantage which may affect the results of the study. 
On ‘the other hand, the study was ‘designedimainly to investigate the physical 
behaviour of the subaqueous tailings, the processes affecting the availability and 

release of different elements "in the t_aili'ngs and effects of the tailings on benthic 

organisms _on the bottom of the lake. Further, a controlled outflow with a known 

chemical compositionfrom land-disposed tailings-‘into the lake was more desirable 

than an uncontrolled or unknown seepage from tailings disposed along the shore of 

other lakes in Ontario which were considered for the study. Different partsof the 

study were carried out in August 1990, 1991 and 1992. Augustwas considered most 

suitable study period m'ainlyT_for the sampling in evajluation of’biologica'l"activity_‘such 

as benthicrcommunity structure and primary production in the lake. The analytical 

__ 
_ 

I 

.. l 
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methods used in the determination of the concentration of major and trace elements 

in water and sediment samples collected in Larder Lake and two other lakes used as 
a control enabled analysis for about forty-five parameters. However, only selected 

pararnetesrs were used in the interpretation of the results. The non-used part of the 

data was kept for future studies of the area. 

2. MATERIALS AND Meruoos 

Study Area 
_ 

A 
' 

- 

.' Q
/ 

Larder Lake is -located in Northern Ontario, at latitude-48° 05' and longitude 79° 

38’, 19 km west of the Ontario-Québec border (Figure 1).VThe lake is situated in the 

Precambrian Shield_, with a surface area of'37 km’, and a water content of 45x1 O7 ma. 

Larder Lake has a mean and a maximum depth of 12.3 and 33.5 m, .respectively. The 
perimeter of the shore line_is 73.7 km. The geology of the drainage basin consists 
mainly of a conglomerate of_sandstone, mudstone, marble, chert, iron formation, and 

related magnitites. Small areas of siltstone, shale, and orgillite, were found to the east 

of the lake. Larder Lake is divided into three morphologically differentareas: the west 
and east arms. and the main central basin (Figure 2). The lakereceives water from land 

drainage, four major creeks and the outflow from the gold mine tailings pond (Figure 
-3). The Larder Lake outflow is through the Larder River, which flows into -the southern 
end of Raven Lake (Figure 2). Surface waters from this area will _'eventually*flow into 
the Ottawa River. Raven Lake and Barber Lake were used as "control" lakes due to 

their similar geomorphological conditions and absence of effects of mining activities 

on the lakes. . 

- 

. 

‘ 

-

' 

- Gold at Larder Lake commenced in 1938 (Gordon et al., 1979), and the 
tailings were disposed into the Upper Tailing Area (Figure 3) which was a low-lying 
wetland draining into the lake (Canadian Mining Jo‘u'rnal,"1951_)‘. The tailings gfadi;i'a_ll,y 
extended to the Lower.,.Ta_i_li_ng Area (Figure 3) along the north shore of Larder Lake. 

~ 

s 

. 19

l



ln 1970, constructionof a dike created a tailing pond in the Lower Tailing Area 
(Ontario Ministry of the Environment and Energy). According to information from staff 

members of the mining company at Larder Lake, the dike wall collapsed in the 1970's 
releasing large amounts of tailings into the lake. Further small slumps of tailings from 
the tailing pond into the lake occurred in May 1983. Released tailings generated a 

large fan-shaped layer of tailings on the bottom of the lake, extending to a diSt'ance 

of approximately 50 rn from the outflow from the tailing pond. ~

_ 

Sampling, Sample Preparation and Analytical Methods -
- 

' Thirty-eight sampling stations were established in Larder Lake for collecting 
water and sedi‘ment...,a_nd in situ measurements. Seven additional sampling stations 

were located along a transect from the tailing pond outlet towards offshore (Figure 2). 

J Water_. ' 

- 

' 

-- t 

At thirty-eight LarderyLake_ ‘sampling stations, surface to bottom profiles of 

temperature and light transmissions in water were recorded,. using a combined 
transmissometer-electronic-bathythermogragph (TEBT) system. A, HYDROLAB 
Profiling System (Model, Data Sondek -3) was usedfor recording continuous.profile‘s 
of-pH, temperature, specific conductivity (COND) and dissolved oxygen 
concentrations (DO) from the water surface to the lake bottom, at six stations in 

Larder Lake and four stations in Raven Lake. The HYDROLAB recorder was allowed 
to reach and record down to the sediment water interface to detect any gradients that 
may have existed below the sampling depth of 1 m above bottom. In addition, pH. 
COND, and F were measured. at the thirty-eight Larder Lakestations, at 1 m below the 
water surface-and 1 m above bottom, using a Van Dorn bottle for sample collection 
(Rosa.et a/., 1991). Collected samples were analyzed at lab temperature, using the 

Cole Palmer Analyzer, Model 5800-O5. for measuring pH and COND, and Orion ion- 
-selective electrode for measuring the concentrations of'F. -At all sampling stations a 

Y_Sl oxygen meter was usedto measure in situ DO". ' " 

__ 

' ' "
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\ . 

Water samples for particulate and soluble nutrient analysis were collected by 
Van Dorn bottle from thirteen stations in Larder Lake a_nd one station in both Raven 
and.Bar_ber Lakes. At each station two samples were collected, one at 1 m below 
water surface and the second at 1 m abovethe lake bottom. Particulate organic 
carbon and nitrogen (POC, PN), chlorophyll a (CHLA), corrected and ‘uncorrected 

(CHLA.C, CHLA,-U) for phyophyten, total filtered and unfiltered phosphorus (TFP, TP_) 

and total organic.carbo_n.(C-ORG) were determined according to “Philbert and Traversy 
(1974). Total particulate phosphorus (TPP) was calculated from‘ the difference 

between TP and_TFP. For the determi‘nation‘of total suspended matter (TSM) the 
samples were f'iltered,'using precombusted (500°C) and pre-weighed Whatman GF/C 
glass fibre filters (app_roxi‘mate pore size 1-2_pm). The filters were-then dried at 100°C 

for 3 hours to obtain the dry ‘weight of the TSM, The inorganic suspended matter 
(ISM), measured after -the sample was combusted at 500°C for 2-.5 
hours. Organic suspended matter (OSM) was c’alcu_i_ated from the difference between 
TSM and ISM. . 

' 
'

~ 

' 

For the deter'rni‘nation’of major ions and trace elements, two water samples 
from two depths, 1 m below water-surface and ,1 m above lake bottom,‘ were 

\ . 

collected at thirty-eight sampling stations i_n Larder Lake (Figure 2). Water samples 
were collected at seven additional sampling stations in Larder Lake. The stations, 
labelled with the LT notation, were located on a transect from the tailing pond outflow 

towards offshore (Figure 2). Further, water samples were collected at three stations 
in Raven‘ Lake. All water samples for the determination of major ions’ and trace 

elements were collected using a Van Dorn bottle and analyzed for forty-four 

parameters atthe laboratory of Geological Survey of Canada,"Ottawa. One of the two 
samples collected at each depth._was filtered and acidified for-the determination of 

dissolved elements. The second sample was left unacidified and filtered for the 
. 

_

I 

determination of concentrationof. major ions. The filtration of the samples wascarried 

out in the field within a few» hours of ‘collection using Millipore glass filtration 

apparatus, with 0.45 pm cellulose acetate filters. The samples were acidified with 50
21



pl of Ultrex HNO3._ All samples were sen't_to the laboratory in Ottawa as quickly as 
possible and stored at 4°C until analyzed. 4

: 

Air-acetylene AAS Was used in the determination of the concentrations of Na, 
K, Ca and Mg. Cesium at 0.1% concentrations was used as an ionization buffer and 
La at O_.-5% concentration was used as. a releasingagent. Ion chromatography was 
used to determine N02,-N, N05, P04, Br, S04 and Cl concentrations, according to the 
method described by Smee er al (1978). ' 

' 

'
‘ 

Hydrid formation technique was used to determine the concentrations of As, 
Sb, Te, Bi, and Se using NaBH,,"as the-initial reductant. Arsenic was reduced in Va 

second process with Kl and ascorbic acid prior to analysis by quartz tube atomic 

absorption spectrometry (AAS). The reported concentrations represent As(lll) and As 
(V), Hydrochloric acid was used to reduce Sb‘, Te, and Bi which werethen determined 
by inductively coupled plasma mass spectrophotometry ~(lCP<MS). The results 

represent concentrations of these elements in their inorganic forms. Sub-samples for 

the de_termin_ation of Se were digested with KZSZOQ prior to the reduction by-6M HCI 

and analyzed by ICP-MS. The concentrations of Se, represented total‘Se,in organic 
and inorganic forms. Aluminum, Ti, V, Co, Ni, Cu, Zn, Y, Cd, In, La, Ce, Pr, Nd, Sm, 
Eu, Tb, Gd, Dy, H0, Er, Tm, Yb, Lu, Pb, _U, Mn and Fe were determined by l'C-P-MS 
following a 10-fold preconcfentration usingan automated procedure.“ ' 

.- 

7 The bioaavailable portions of Cu, Zn, Pb and Cd.-in the water samples were 
determined in the field by An_o_dic ‘Stripping Voltametry (AVS), according to Hall- a_nd 

Vaive (199‘3).Free ions were determined after chelation on a -Metapac CC-1 resin, 

prepared by Dionex. 
A 

A 

' 

- 

' ' 

‘ 

-
V 

Qedmlitmiiw . . 

-

' 

. The samples “of sediment poreywater, were collected at twelve sampling 

stations in Larder Lakenand at -one station in both Raven and Barber Lakes. Bottom 

_ A 
. 
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sediments were sampled using a modified Kajak-Brinkhurst corer. Sediment sections 
of 0 to 5 cm and 5 to 10 cm sediment depth were extruded from the core liner under 
nitrogen atmosphere and separately squeezed to collect the pore water, A squeezer 
assembly, designated by Kalil and Goldhaber.(1973), was\used for collecting the pore 

water. During the process, the pore water was separated from the sediment by a 0.45 
pm millipore-filter. The pore water squeezed from the individual sediment‘ sections was 
collected in vials pr'e-acidified with 0.4% Ultrex HN03 and stored at 4°C prior to the 
analysis. The time between sample collection and termination of squeezing was less 
than 5 hours. The majorions and trace elements were determined by lCP—MS. 

Bottom Sediments ' 

- 

A 

‘

V 

Surficial sediment samples were collected at thirty-six sampling stations in 
L‘a_rd_er Lake (Figure 2) using a miniponar grab sampler. The sampler encloses an area 
of Z32 cm’ to an average depth of 5 cm. Collected sediments were ‘placed in a glass 
tray, homogenized with a plastic spoon and transferred to plastic vials. Samples were 

stored at 4°C_._in the field and freeze, dried in the laboratory prior to grinding and 

chemical analysis. At fiveof the thirty-six sampling stations (stations 7, 17, 26, 27 
and 34), amodified Kajak Brinkhurst corer was used to obtain sediment cores for the 
determination of concentrations profiles of major and trace elements in the sediments. 

The cores were subsampledinto 1 cm vertical sections. Sample preparation and 
analysis ofthe individual sections were similar to those jusedifor the surficial 

sediments described above. The. concentrations of major elements (Si, Al, Fe, Mg, Ca, 
K, Na, Ti, P_,_ Mn and P) andltrace elements (As, Cu, Co, Cr, Ni, Pb, V and Zn) in 

sediment samples wereidetermined by x-ray fluorescence spectrometry (Mudroch, 
1985). The precision of the analysis was determined by analyzing "five pellets made 
fror_n"a_ homogenized sediment sample. Relative deviations for major elementsin 
sediment samples can be expected at -the following levels:_Si0, 2%, K20 and AIZO3 
4%, Fe203 and Ca0' 2%, Mg0 and Na20 10%. Absolute deviations of 0.01% to 
0;02% were found for Mn0, TiO,, 'an_d'P205.. Genera_lly,'the coefficient of variationfor 
trace elements was less than 10% and continuously declining with increased trace 
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element concentrations in the samples. The accuracy of the analyses was verified by 
running Canadian reference standards Syenite SY-2 and soils SO-2 and S0-4.and 

comparing the analytical results with the stated reference values for major and trace 

elements. .

9 

Particle size distribution was ‘determined on wet sediment samples using the 
sedigraph method (Duncan and LaHaie, 1979). Data was expressed as percent of 
sand, silt and clay in the sample. Loss on ignition (LOI) was determined by heating dry 
sediment at 450°C to constant weight, -i.e., approximately three "hours. . 

- Blenthic invertebrates 
'

_ 

Sediment sampling for the determination ofbenthic invertebrate community 

structure was conducted using a modified Kajak Brinkhurst. corer. A Plexiglas core 
tube with an inside diameter of 6.6 cm was used in the lcorer. Only" the top 10 cm 
of the co-res were sampled. Thus._one core sampled an area of 34-.2 cm’ with the 

volume of 3-42 cm’. Benthiccommunity structure was examinedlat-35 sampling 
stations‘ in Larder Lake. At each station a sample was composedtof three cores. Each 
core was ext'rudedinto a plastic whirl-"pak bag. Sediment sieving for the benthic 
organismswere conducted in the field.ySamples were sieved through 500 um mesh. 
The residues on the sieve were preserved in 4% formalin for sortingand identification 
in the laboratory. 

_ 

‘ 

_ 

, 

-. 

Sediment toxicity was examined at 35 sampling stations in Larder'Lake. 

Sedimentsarnples for the testing were collected using theminiponar grab sampler. 

One grab stamplewas collected at each station. The‘ sediments were transferred to a 

4 L plastic container with a plastic liner. Samples were stored on ice in the field; and 

at 4°C in the laboratory prior to 'test_ing.- The storage period ranged from 100-180 

days. Earlier experiments (Reynoldsonet al, 1991) have shown storage up to 168 

days did not effect test results. Toxicity was estimated‘ using the .tub1‘fex 

reproductive bioassay (Reynoldson et al. 1991 ),' which-use the numbers of cocoons 
. V. . 

4 
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and young produced by four sexually mature worms as an indicator of sediment 
toxicity‘; The method was described by Reynoldson et al (1991). For each station, 

five laboratory replicates were tested. The tests were conducted at 22.5°C (:t: 1°C), 

and test sediments were pre-treated by sieving through 250 pm mesh to remove 
indigenous organisms. 

Detection limits » 

Parameter Detection Limit 

TSIVI 
|s|v| 
OSM 
LOI 
CHLA 
CHLA.U 
CHL1A.C 
POC 
PN 
TP 
TPP 
TFP

_ 

SRP, 
SOP 
N03 
N02 
DIC 
DOC 0 

Cl 1 

so. 
sio, Y 1 

a 

' 

' 

§1Q3Q1QI1I.§i§i§fF§I§§if§Iii§§A 

Parameter Detection 
, ‘-';:-:;:c;:-'»'-'~ .-:-:~. . . . .,:-:-:;:-:-:- 

. . ":;~-.. 
10 pg/L 
10 pg/L 
10 ,ug/L 
0.1% 
0.1 pg/L 
0.1 pg/L 
O.1_pg/L 
10 pg/L . 

2 /19/I-_ 
0.2 pg/L 
0.1 pg/L 
0.2 pg/L 
0.2 pg/L 
0.1 pg/L 
10 pg/L . 

50 pg/L 
100 pg/L 
100 /1g/L 
50 /19/L 
20 pg/L 
20 /19/L 

SiO2 
Ti0, 
Al203 
Fe203 
MnO 
M90 
CaO 
.Na20 
K20 ' 

V P205 

~.'.\--.~.'.'.'.'.'-'.'-'-'-'.¢~Z\.~.~.~.'.¢.'Z'.' 

" 0.01 %’ 
0.01% 
0.01% 
0.01% 
0.01% 
0.01% 
0.01% 

- 0.01%. 
0.01% 
0.01% 
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- Detection limits cont'.d. 

Parameter 

NA -= 

Cr 
Hg ' 

As 
Sb 
Zn ' 

Cu ' 

Ni . 

Fe 
Ba 
Sr 
Bi - 

Cd 
Co 
Mn " 

Pb
F 
Na ~

K 
Ca 
M9 
S .. 
AI
V 
Li 0 
Sc 

Not Analyzed 

0.15 ,ug/L 
-0.2 ,ug/L 
3 pg/L 
5 pg/L f 

15 pg/L ~ 

20 pg/L 
1 pg/L . 

1 ',uvg/L 

0.2 pg/L 
2 pg/L 
15 I49/L 
10 pg/L 
20 ,ug/L 
15 us/L . 

100 pg/L 
100 jig/L 
100 "/J9./“L

. 

100 pg/L ' 

NA
_ 

_1o /lg/L 
1 yg/L 
1 /Jg/L -

I 

NA
. 

1 I19/L» 
.

- 

0._005 pg/L 

/' 

Detection Limit Detection Limit 
- ‘ "1 ' ':‘ ':'*.7‘$:T*"5:!:1:1.<:?: o - 1" ' "1>‘:5:1:=:1 

' 
'0'$:1'5:?':=:7:$:5:1'7:7"1 

v.~:\.‘v 

A N5“/1975 
5 /19/9 
1 us/9 
1 /19/9 
1 /19/9 
0.01% , 

1 /19/9 
1 /19/9 
5 /19/9 
0.2 pg/g 
1 /19/9 
1 /19/9 
2 I19/Q. 
NA 
0.01% 
0.01% 
0.01% ' 

10 /19/9 
0.01% 
1 '/19/9 
NA.

_ 

5 /J9/9 
1 /J9/9 
5 pg/kg



/ 

Statistical Methods _
. 

Water and sediment pore water - 

_ 

'

h 

- Data matrices for the concentrations of major ions and trace elements in 

surface and bottom lake water and in the pore water were generated. Mean, standard 

deviation, median and range of concentrations were calculated" for each parameter in 

each matrix._Simple linear correlation analysis was performed between and among 
parameters according to Spiegel (1961). Statistical difference between concentration 
means indifferent water samples was determined by t-test analysisaccording to 
Spiegel (1961). Cluster analysis and principal ‘component analysis were used to 

determine the homogeneity of bottom and surface water chemistry in Larder and 

Raven Lakes. - 

Sedimentsand benthic invertebrates ‘ 

. 

~ » .
. 

Major objectives of this study were to determine spatial patterns in the 

geochemistry of sediments in Larder Lake, particularly the distribution of tailings 

materials, and to determine the impact of sub-aqueoustailings on the biota in the lake. 

The large sampling grid? and the number of variables made‘ a rrliultivariate statistical 
approach the most appropriate for both pattern analyses and relating any effects of 

sediment variables on the biota. Data were stored in three" matrices, one for physico- 

chemical characteristics of sediments the second for benthic community structure, 
and the third for sediment toxicity results. Structural pattern and spatial rela_tionsh_ip 
between sites were established by ordination, i.e., principle component analysis, and 
cluster analysis, i.e., K—means and average linkageclustering. Data were standardized 
for cluster analysis of toxicity data and sediment chemistry and physics. Relationship 

between site groupings-based on effects on biota and sediment. characteristics were 
investigated using multiple discriminant analysis lMDA). Data were stored using Lotus 
123 version 2.3. Analysis of the data wascarried out using the SYSTAT statistical 
package (Wilkinson, 19.90). * 

-

- 
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3. RESULTS AND DISCUSSION 

Water Chemistry .

” 

Temperaturestructure, lighttransmission and thermal 
stratification depths _

~ 

, 
From the onset ofthermal stratification to fall overturn, there are many physical 

processes/mechanisms that influence the distribution of biological and chemical 

parameters in lakes. Special caution must be exercised when correlating chemical and 
biological data, with the variability of thermal stratification depths, and water 

temperatures, since they may both directly or indirectly affect ambient nutrient 

concentrations. Thetthermal stratification of Larder Lake was typical to temperate 
freshwater lakes (Prepas a_nd Trew, 1983) (Table -1, Figure 4). Thermal layers were 

well established in mid-August, with light transmission increasing toward the lake 

bottom at most of the stations, (Table 1, Figure 5). In, contrast, in Raven Lake, which 

was used a_ control site, the light transmission decreased toward the lake bottom._The 

mean light transmissicgn in Larder Lake surface water was about 10% lower than that 
in Raven Lake. This may be due to the greater quantities of suspendedparticles 
transported from tailing pond outlet and by resuspension of subaqueous tailings and 

their transport across the lake. » 

- 

l 

»
. 

The amount of organic matter produced in a lake sinks through the water 
column. The port_ion.w'hich does not decay i__n the water column settles. on the lake 

bottom. Decaying organic matter at the sediment surface can consume the oxygen 

in the hypolimnion. ln'Larder. Lake, thisvconsumption was minimal due to a low organic 

matter content in surficial sediments as shown. in Table 2. Therefore high 

concentration of dissolved oxygen was foundiin the lake's hypolimniori during the 

sounding period (Tables ,3 and 4). Relatively high concentrations ofdissolved trace 

elements in the water columnindicatedthatany measurable oxygen demand may be 

due to chemical (COD) ‘rather than.biological demand‘ (BOD) (Table 5‘). fr
T
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' pH, temper_atu_re,. conductivity and concentrations. o_.f_dissolved O, in the water mm .

- 

Continuous water columndepth profiles of pH, temperature, COND and DO in 
Larder Lake are shown in Figures 6 to 17. Both Larder and Raven Lakes were 

thermally stratified during the sampling period. The thermal layers were typical of a 

well stratified temperate lake, with epi_li_mnion and thermocline thickness between. 5 

to 7 m, and 2 to 4 m, respectively, and surface water temperatures between 17.5 and 
19.8°C; The remainder of the water column consisted of a cold, 5-9°C hypolimnion. 
The thermocline of Raven Lake was -1 to 2 m deeper than in Larder Lake, most likely 
due togreater exposure of the lake to prevailing winds. 

In Larder and Raven Lakes, pH, temperature and COND alldec-reased with water 
depth (Figures6 to 17). Since both VCOND and pH were temperature dependent, the 
lowest values were recorded at levels closest .to the lake bottom where the 
temperature was the lowest; Larder Lake water had pH ranges from 8.2, at the 
surface, to 7.6, at the bottom. Raven Lake surface to bottom pH ranged from 8.0 to 
"6.9, respectively. i 

- 
- 

_ 
_ 
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.
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, The COND results in Larder"Lake ranged from 99 to 102 ps/cm at the surface, 
and 79 to 88 us/cm at thelake’ bottom. In Raven Lake the COND at stations 1 and 
2' were approximately 48 ',us/cm at the surface and 32’ }1s_/cm at the lake='bottom, 

v \ . 

’ 

_

' 

which was a factor of two decrease from Larder to Raven Lake. Station 3 in Raven 
Lake, which was downstream from Larder River inlet (Figure -2), had a 15% greater 
COND than that at stations 1 and 2. COND recorded at the Lander -River inlet to 
Raven Lake over an one hour period (Figure 12) displayed valuesof 98 /Js/cm, similar 
to the values recorded in Larder Lake surface water. The increase in conductivity 
observed at station in Raven Lake may have been due to the transport of major ions 
and trace elements from Larder Lake to Raven Lake via the Larder~River.

A 

. Larder and Raven‘ Lakes D0 profileswere typical. of those in well stratified 
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temperate lakes. The DO concentrations in water were greater than 6.5 mg/L at all 
stations, with the exception of station 30 in Larder Lake and station 3 in Raven Lake, 
which exhibited minimum concentrations of‘4.7 and 2.-0 mg/L, respectively, in the 

water at the sediment/water interface. Both. lakes illustrated a minimum DO in the 
thermocline (Figures 7, '8, 10, 13, 14 and 16). These results were also jtypical of 
stratified temperate lakes. However, the DO minimum were less pronounced than in 
other lakes and may be attributed to the lack of decaying organic mattertrapped in 
the thermocline zone of Larder and Raven Lakes (Hargrave, 1975). Generally, the high 
DO concentrations in Larder Lake may be due to the low primary productivity and 
consequently low levels of organic ‘matter in the bottom -sediment. Any observed 
oxygen depletion in both lakes may be more likely attributed to chemical rather than 
biological'oxygen demand. ln addition, the oxygen concentrationswere determined 

. 
. i

r 

very close to the sediment/water interface using the HYDROLAB Profiling,System.
- 

Therefore, -any oxygen depletion (O;-saturation < 100%) may be only localized near‘ 
the bottom of the lake at fewareas. . 

_' 
- 

,

' 

Nutrients t
. 

Water quality problems" may arise in any water-body, if the nutrient 

concentrations exceed certain levels which promote excessive algal production. 

Generally, increased levels of phosphorus, nitrogen, and carboniin the -lake water, 

have been inextricably related to biological productivity. Although many elements and 
compounds are requiredfor biosynthesis, nitrogen-and phosphorus have long been 
considered to be the principal limiting nutrients for primary production. ln addition, 

. 
- 

' 

\ 
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there was evidence that organic carbon may also limit production in some situations. 
The concentration of nutrients and chlorophyll a are shown in Table 6. In general, all 
particulate nutrient concentrations were low, with the exception of POC, PN and TP 

(Table 6). Larder Lake was a brown water -lake, and the high ADOC and POC were 
probably due to the humic acids the ‘lake receives from the drainage basin.‘The high 

concentrations of POC relativeto OSM’ were most likely due" to the humic‘ acids 
adsorbed onto the organic particulate and detected as organic carbon. ln clear water " ‘ 
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lakes the OSM/P.0C_ratios are in the 8 to 12 range; in Larder Lake this ratio was <1. 

The concentration of N03 in Larder Lake water "ranged from 1.1 to 2.3 mg/L. 
The concentrations of NO, were all less than 0.05 mg/L. The main source of nitrate 
was from the tailing pond outlet, with concentrations of 12.5 mg/L. In Raven Lake the 
concentration of N03 ranged from 0.26 to 0.48 mg/L and concentrations of N02 were 
less then 0.05 mg/L. It can be expected that nitrogen will not be a limiting nutrient 

with such supply of nitrate to_Larder Lake. This supports the fact that the low 

production may be due to. other reasons rather then nutrient limitations. 

The mean concentration of TP and total filtered phosphorus, TFP, were equal 
for the two layers,/epilimnion and hypolimnion (0.019 -_ 0.20) and 0.012 mg.L", 

respectively. The particulate phosphorus fraction, TPP (ATP - TFP) was 20%‘ higher in 

the hypolimnion (0.0083) than in the epilimnion. In Raven Lake, these phosphorus 
forms, i.e., TP, TFP & TPP, were considerably lower, 0.0075, 0.0050 and 0.0020 
mg.L", respectively, than in Larder Lake. These lower phosphorus levels reflect better 

the low CHLA concentrations observed in Raven Lake. -
. 

Generally, POC and CHLA havethe greatest vertical stratification and year-t_o- 
year variability, of all the parameters (Prepasand Trew, 1983). Table 6, shows the 
mean POC concentration and CHLA in epilimnion and hypolimnion in Larder Lake. 
Greater concentrations of POC occurred in the epilimnion. The concentrations in the 
hypolimnion_ were less variable than those in the epilimnion. However,’the 
concentrations of POC in the epilimnion and hypolimnion were -not statistically 

different. 
_ 

' 

l 

t

H 

The CHLA, CHLA-C and CHLA-U, concentra'tionsare shown in Table 6. Mean 
concentrations of CHLA in the epilimnion and hypolimnion were statistically different. 
The amountof CHLA, indicative of algae production, was greater in the""epilim,nio_n, 
which was a partof the euphotic zone. Differences in concentrations between 

. 

’ 31



epilimnion and hypolimnion may also be due to thermocline particulate retention (13% 
for POC), reported by _Rosa .(1985) and for subsurface maximum of chlorophyll, 
usually found in the thermocline region (Dobson, 1984). . 

< 

i

l 

The concentrations of all pa_,rticulate nutrients were generally very low, with the 
exception of organic carbon a_nd phosphorus. TSM concentrations were relatively very 
low, from 1 to 1.2 mg/L,“ of which 60 % was organicpmatter (Table 6). The 
productivity of Larder“ Lake and Raven Lake (control) was compared to Precambyrian 
Shield lakes (Prepas and Trew, 1983) by using chlorophyll a measurements and 

relating chlorophyll levels, to TP levels (Figure 18). Phosphorus-chlorophyll regression 
plots for the epilimnion (Figure 18, Top). Show a typical positive slope for the shield 
lakes‘for_CHLA.U. The data from Raven _Lake showed a good‘ fit with the shield lakes. 

On the other hand, the data from Larder Lake indicated» lowerprimary production than 
predicted by the regression line. Data obtained in Raven Lake for CHLA.U at 1 m 
below the water surface, fits with the shield lakes data rather than the LarderlLake 

data (Figure 18). Giventhe phosphorus concentrations of Raven Lake, the shield lakes 

regression equation would :clear_ly predict the CHLA.U concentration within 10%.- 

However, the prediction for the concentrations in Larder Lake of CHLA.U were 
different form theresults obtained in the study. This implies that biological predictors 

in Larder Lake do not follow the expected pattern and seems tobe inhibited , based 

on its TP levels. CHL,A.C measured inthe epilimnion (1»m below water surface), was 
very low, (0.2 to 1.8 ~u_g/l) or below detection limits (DL), (Table 6). The results 
indicated that primary production, particuiarly during the sampling period, was 
abnormally low. According to .Molot. and Dillon (1991), the total chlorophyll- 

phosphorus relationship for 15, "nutrient limited", central Ontario lakes (Figure 19) 

can be expressed as: . 

' 

. 

' 
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c-h|,,,=o.329TP,,,, + 0.606 , 

The relationship was established by‘ linear regression using data collected over ag 12 -F " ~32



year" period. Based on this relationship the tota_l CHLA (~CHLA.U) concentration in 

Larder Lake water should be in the range of 5 to 7.0 pg/l. Chlorophyll concentrations 

in surface water in Raven Lake were 1 pg/l, which is_common in oligotrophiclakes. 

Based on lake classificationmodels and concentrations of carbon and phosphorus, the 

total chlorophyll concentration__s of Larder Lake should range between ‘5 and" 7 pg/l. 

However, the CHLA concentration in surface water was only 1.6 pg/l, a factor of 4 
to 5 lower than predicted. _

. 

.

r 

As shown below, benthic organisms activities were suppressed due to the 
degradation of bottom sediments caused by tailings deposited on the bottom of L-arder 

Lake, The low primary production may be attributed to a number of effects. The 
presence of bio-available C-u in the lake in concentrations of 10.9 /1g/L, was most 

. 
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likely affecting the primary production. - 
V 

. 

'_ 

Dissolved major ions and trace elements - 

_ 

The concentrations of major ions and trace elements in water are shown in 
Tables 7 to 10. Median, mean and range of dissolved trace elements concentrations 
are shownin Table 11. The concentrations of dissolved major ions were similar in 
surface and bottom water across Larder Lake. Small increase in concentrations of S04 
existed in the northeast arm at station 27 (Table 7, Figure 20). There was no thermal 
stratification of water at this station. The results suggested an input of S0,, from the 
bottom sediment or from the outflow ofBear Creek at this part of Larder Lake. The 
concentration of Na, K, Ca, Mg, SO, and Cl were considerably greater in Larder Lake 
than in Raven Lake water (Tables 7 and 8) The results showed that the water quali_ty 
in Larder Lake‘ was greatly affected by the outflow fromthe tailing pond on the north 
shoreof the lake. ' 

- 

' 
1

- 

The concentrations of dissolved As, Sb, Ba and Sr in the surface water 

exceeded those in thebottom water. Onfthe other hand, concentrations of Zn, Cu, Ni 
and Fe were greater in the bottom water than in the surface water in Larder Lake 
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(Table 12). The results suggested migration of Zn, Cu, Ni and Fe-from the -sediments 

into overlying water. At station 16, anomalously high concentrations of dissolved Ni 

and Zn existed in the bottom water. The concentrations of dissolved trace elements 

in Raven Lake water were 3 to 7 times lower than in Larder Lake (Tables 9 and 10). 

Th_e concentrations of dissolved As, Ni and Cu in Larder Lake water were 2, 2, and 
4 times greater, respectively, than the Lowest Effect (LE), guidelines (McNeeIy et al, 
1-979) for the protection of freshwater life (Figure 21). Mean concentrations of trace 
elements were lower than detection limits in all the streams and in Barber Lake (Table 

5-),f'upstream of Larder Lake. I 
V

_ 

_ 

The concentrations of dissolved Zn, Co, Cd, As and Ni were greater than the 

detectionlimjits in Raven Lake water. The concentrations of dissolved As and‘ Ni in 

Raven Lake were greatest at station 3, which was downstream from the inflow of the 

Larder River (Figure 3). The concentrations ofdissolved Ni in the bottom waters in 

Raven Lake at station 3 were withincthe same range as those in Larder Lake (Table 

10). The concentrations of the five abovetsrace elements were below detection limit 

in the water samples collected in Barber Lake. The results indicated an input oftrace 

elements from Larder_ to Raven Lake water, particularly to the southern part of the 

lake, downstream of the Larder River inflow (Figure 3). _” 

1 S_tatis,ti_cal analyses of water chemistry in Larder Lake usingithe concentrations 

of eight (As, Sb, Zn, Cu, Ni, Fe, Ba and Sr) indicated relatively 

homogeneous surface and bottom‘ water mass in the lake. However, at few areas the 

bottom water contained greater concentrations of some elements,. particularly 

dissolved Fe and Ni, than in the rest of the lake. Greatest concentrations of dissolved 

Fe (57.7 pg/L) were found in the bottom water at.the sampling stations located in the 

vicinity of the tailing pond outflow. At this area, the concentrations of Fe in bottom 

sediments were also greater than in the rest of the lake. The results suggested 

migration of Fe from the sediments intothe bottom waters."Greatest mean 

concentrations of dissolved Ni (55.8 ug/L) existed in the bottom water in the centre 
4 . 

\, 
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of the l_ake. Chemical speciation of trace elements (Figure 22) showed that about 10% 
of Ni in bottom sediments in the centre of the lake was in an exchangeable form. 
Therefore the high concentrations of Ni in the bottom water at this part of the lake 

may reflect migration of Ni from the sediments into overlying water. Mean 
concentrations of dissolved Fe in surface water in the northeast arm and eastern part 
of Larder Lake were greater than in the rest» of the lake. The results indicated an 
inflow of water containing Fe into the northeast arm of the lake. 

-In the m-ultivariate analyses, the difference in the concentrations of dissolved 

Ni and Fe in Larder Lake surface and bottom waters separated the sampling stations 

into different groups-.(Figure's 23 and 24). Low concentrations of all eight parameters 
in Raven Lake water separated c_learly Raven Lake water chemistry from that of Larder 
Lake-(Figures 23_ and 24). 

_ 

W ' 

_ 
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. The greatest concentrations of dissolved trace elements were found -in -the 

tailing pond outlet (Table 5), The concentration ratios (Enrichment lndex), between the 
tailing pond outlet and Larder Lake, for dissolved As, Cu, Ni, Zn, and Pb (Table 13), 
ranged from 6 to 17, The effluent flow and the concentrations of As, Cu, Ni, Zn and 

Pb inthe effluent have been monitored. by-the Ministry of the Environment and Energy 
(OMEE, 1993). In 1992 (Figure 25), the greatest (flow and recorded loading were 
during the month of July (OMEE, 199-3). The mean annual loadings of Ni, As, Cu, Zn 
and Pb were 22,49, 1224, 685, 211 and 1-53 kg, respectively. The mean effluent 
concentrations of soluble Cu, Ni, and Zn entering Larder Lake from the tailing pond 
outlet were 450, 1000,"and 240 pg/l, respectively, for 11991’ and 1992, 

(OMEE,1993). The mean in-lake concentrations based on the average of surface and 
bottom water samples for the 38 sampling stations were-16.2, 44.8, and 6.6~pg/ll for 
Cu, Ni, and Zn, respectively, (Table 5). Larder Lake has a volume of 456 million m3, 
(MNR, personal-communication). Based on the above loadings‘ and lake volume, the 
soluble in-lake concentrations of Cu, Ni, and Zn would increase at” .1 ‘rate “of 

approximately 10 % ‘per year. This calculation assumes that there would be no metal 
T 

A 

1 as



transformation from the soluble to the particulate phase. lf the assumption is made 
that one half of the soluble metals entering Larder Lake would undergo phase 

transformation through adsorption and/or" chemical reactions, then the in‘-lake 

concentration increase of the" soluble component would be 5% per year. This implies 
that onehalf of the metal loadings would be" removed from the water column by 

sedimentation processes. This would correspondto a loading of 340, 1125., and 105 

kg/yr of Cu, Ni, and Zn to the sediments in -Larder Lake. This loading would be an 

underestimate, since the particulate fraction entering the lake through the tailing pond 

outlet and other sources, has not been taken into account. Dividing the particulate 

loading by th_e lake a'rea,_ the net accumulationof Cu, "Ni, and Zn in the bottom 

sediments is 9, 24 and 3 mg/m2/yr,'based on the 1989 to 1.992 data, collected by 
OMEE, and NWRI. . 

I '
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The Ontario Ministry of Environmentand Energy data and results ofthis study 
showed that the concentrations of As, Cu, Pb, Ni and Zn in the effluent from the 

tailing pond into Larder Lake were lower than those given in the Metal Mining Liquid 

Effluent Regulations (Environment Canada, 1992). -However, Larder Lake continues 

to receive high concentrations of trace elements from thetailings disposed in the 

tailing pond. The concentration of these elements in the lakelwater were already about 

5 to _24 times greaterthan the background concentrations measured in Barber Lake. 

The_Enrichment Index between thetailing pond outlet and Barber Lake for the above 

dissolved trace -elements ranged_between 24 and 407 (Table 13). lf trace element 

indices (TEI) were calculated by dividing the ambient concentrations bythe given 
guidelines for aquatic life (Conc/LE), the concentrations of As, Cu, Ni, Zn, and Pb in 

t-hewater at 1 m above the lake bottomwere between .< 1 and 39 timesgreater than 

those given in the DOE‘guidelines for the lowest effect on freshwater biota (Table 1-4). 

In Larder Lake, the greatest traceelement indices for water was for As, followed by 

Cu, Ni, Zn, and Pb. » 
- 
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Sediment Pore Water Chemistry» "
i 

- Results of sediment pore water analyses are presented in Table 15. In Larder 

Lake, the concentrations of trace elements in pore water were 2 to 20 times greater 
than those in the lake water (Tables 9 and 10). These differences were not. 

uncommon, even in uncontaminiated lakes, and were observed often for many 
naturally occurring trace elements and nutrients (Carignan and Nriagu, 1985). in 

Larder Lake, theconcentration of trace elements, particularly As and Ni in the 

sediment pore water were much greater than in the control lakes. The differences in 
the concentrations between the control lakes and Larder Lake were statistically 
different for many elements, with the exception of Cu. The concentrations of all trace 
elements in the sediment pore water were 10 times greater in Larder Lake than in 

other lakes, such as Jack of Clubs Lake, British Columbia, which has also been 

contaminated by effluents from gold mining activities (Mudroch et al, 1993). Spatial 
distribution of As, Cu, -Ni, and Zn in sediment pore water in Larder Lake water are 
compared to guidelines in Figure 26. When trace element indices were calculated by 
dividing the ambient concentrations in the lake by the concentrations given in the 

guidelines for aquatic life (Conc/LE),.the concentrations of As, Cu, Ni, Zn, and Pb in 
sedimentpore water were 1 to 110 times greater than lowest effect concentrations 
for freshwater biota life DOE guidelines (_M_cNeely, 'et' 'a/.., 1979) . - 4 .

. 

Sediment Chemistry _
_ 

Horizontal distribution of major and trace elements 
'

Y 

V Surface sediment samples collected at thirty-seven, sampling stations in Larder 
Lake were analyzed to determine the concentrations of major and trace elements and 
particle size distribution. The results of the analysis are shown in Tables 2, 16'and 17. 
Using PCA and cluster analysis enabled to distinguish four groupsof sediments of 
similar geochemical character. Median, _mean and ranges of concentrations of major 
and trace elements in surficial sediments are shown in Table 18. - 

. 

'
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The clustering of sediment samples by-major elements generally produced a 

similar pattern to that obtained by the clustering-by trace elements. Four stations, nos.
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2'1 to 24, along the north shore of the lake represented one group (Figure 27). This 

group of sediments contained the lowest mean concentrations of organic matter, i.e., 
3.6%, from all sediments collected in the lake. In addition, the sediments in this group 

contained the greatest mean concentrations of Fe and Ca, i. e., 7.5% and 15.4%, 

respectively. The results indicated the presence of subaqueous tailings deposited at 

this area with _Fe originating from arsenopyrite in the tailings.“High concentrations of 

Ca most likely originated. from liming the tailing pond to reduce the acid drainage. With 

the exception of sampling station no. 1, sediments from all stations in thewest arm 

belonged to the second group together with the sediments from a large part of "the 

centre of the lake, and with two stations in the farthest-end of the northeast. part of 

the lake (Figure 27_). The's,edi‘ments in this-group contained the greatest 

concentrations of organic matter in the lake. The results suggested that the trace 

elements in the sediments at thesefareas may become associated with organic 
compounds and become‘ more toxic to the biota living atthe bottom of the lake, 

Sediments collected at stations nos. 18, 20, 25 and 26¢ in the vicinity of“ the 

subaqueous tailings (Figure 27) formed the third group. The group also included 

sediments at station 13 in the southwest part of the lake. These sediments contained 

the second greatest concentrations of Fe, Ca and organic matter, and the greatest 

concentrations of Mg. The results indicated transport of tailing particles deposited 

along the north shore with subsequent mixing of-the particles with the lake sediments 

with high concentratio'ns.of organic matter. The last group was representedby 
sediments, from stations nos. 34 to 37 locatedalong the southeast shore of the lake, 

and from station ,1 in the most west part.of the lake. Sediments at these stations 

contained the lowest concentrations_of Fe, and appeared to be least affected by the 

major elements originating from the transport of -tailing particles _in the lake. . 

The division into clusters byusing the concentrations of trace elements,» i. e., 
. 

I . 
.

. 

As, Pb, Zn, Cu, Ni, Co, Cr, V and S, separated Larder Lake bottom sediments into-four 
groups, The first group contained sediments from‘ sampling stations nos. 21 to 24.. 

These stations were located along the north shore of the lake in the vicinity of the 

. 
. 

- 
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outlet from the tailing pond. Mean concentration of S in the sediments at these 

stations was 11,800 /Jg/g, and- exceeded many times that in the rest of the sediment 
in the lake. High concentrations of S indicated the presence of the submerged tailings 
at this area. The second group co_ntain_ed sediments from the following 18 sampling 
stations in the lake: all five stations, nos. 25 to 29, located in the northeast arm, 
seven stations, nos.- 10-, 18, 2_O, 30, 31, 32 and 17, in the centre of the "lake, four 
stations, nos. 13 to 16, in the southern part of the lake, and three stations, nos. 

T 

4, 

7 and 8, in the west arm of the lake (Figure 28). Mean concentrations of As, Zn, Cu, 
Ni and Cr in the sediments belonging to this group were the greatest in the lake.iThis 
indicated a widespread conta_minat_ion of sediments by trace eleme‘n_ts'from the tailings 

across the entire lake. In addition, the mean concentration of S in the sediments in 
this group was the second greatest, i.. e., 2,900 pg/g S, in Larder Lake bottom 

sediments. This suggested a dispersion of the sulphur-containing tailing particles 

across the lake. The third-group contained sediments from 10 sampling stations in the 
lake. Three of the stations, nos. 2, 3 and 5, were in the vvjest arm of the_lake.- The 
rest of the stations, nos. 11', 12, 19, 33, 34, 35 and 37vwere generally in the centre 
of the lake (Figure 28). Mean concentrations of As, Ni and Cr in the sediments 

belonging to this group were among the greatest in the lake bottom sediments. 
However, the mean concentration of S was among the lowest in the sediments across 
the lake. The results suggestedthe input of As, Ni;aind Cr into the bottom sediments 
at these stations by different processes, suchtas adsorption, precipitation, etc., than 
by the transport of tailing particles across. the lake. The fourth group contained 

'
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sediments from 3 sampling stations, nos. 1 and 6, located in the west arm of the 
lake, and no. 36 in the southeast corner of the lake. The-concentrations of all trace 
elements in the sediments at these stations were the lowest in the lake and indicated 
the least affected areas of the lake by mining activities. »

. 

» In summary, it was found that the surficial sediments along the north shore at 
the outlet from the tailing pond had an outstanding geochemical charalcter.-'Accordiing 
to their composition and visual observations, they consisted mainly of mine tailings. 
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The results indicated that the sediments in the northeast arm, and north-central part 
of the lake, in the vicinity of the submerged tailings, were greatly affected by the 
contaminants in the tailings‘ and by those in the outflow from the tailing pond. The 
concentrations of trace elements in most of the surficial sediments collected in Larder 
Lake exceeded the "Severe Effect Levels" given in the sediment guidelines prepared 
in 1992 by the Ontario Ministry of the Environment and EnerQV (Table 19). There was 
no relationship between particle size and concentration of the trace elements in the 
sediments. However, there wasa significant correlation (P <1 0.05) between five 

trace elements (As, Cu, Ni, Pb and Zn) and organic matter content, as measured by 
LOI. On the other hand, the amount of variance explained by LOI ranged from 62% 
for Pb to 14% for Zn. ' 

~ 
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Concentration‘ profiles._o_f major and trace elements . 
1 . 

Sediment cores were obtained fromstations 7, 17, 26', 27, and 34 in Larder 
Lake to evaluatethe changes of sediment geochemistry and input trace elements. The 
concentration _pr_ofi_les of major and trace elements in the sediments are presented in 

Tables 20 and 21, respect_ively. — 

With few ‘exceptions,/the _COm;entration profi_les of major elements suggested 
deposition of geochemically similar ‘material on the bottom of Larder Lake. The 
exceptions were elevated concentrations of Fe2O3 and ~TiO2, -'at_the,surface of the 
sediments core collected at allstations, Further, elevated concentrations of M90 
‘existed at the surface of‘ cores collected at stations 7,17, 26 and 27. The 
concentrations of CaO were lower at the surface than in the rest of the cores. The 
pattern of the concentration profiles of Fe,03, TiO2, MgO and CaO corresponded to 
that of most of the trace elements (Table 20), and indicated that the source of these 

elements was the'mi_ne;tailings. ' 
' 

'
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' 
ii Concentration profiles clearly indicated’ an ‘increase of ’se'v'e‘ral trace" elements, 

particularly As, Ni,-Zn and Cu, towards the sediment surface. The increase which 

1 
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started at the 3 to 4 cmsediment depth was observed in all five sediment cores, and 
v /,

_ 

reflected the inputs of the trace elements from the gold mining activities. Assuming 
an annual sedimentation rate of 2 to 3 mm in the lake, the major inputs of trace 
elements to Larder Lake -commenced in the '1970's. This time corresponds to the 
collapse of the tailing pond dike on the north shore of the lake; The greatest 
concentrations of Ni, Cu and Zn and As in the top 4 cm of sediment cores supported 
the indication that these elements entered Larder Lake as tailing particles. In addition, 

the trace elements were transported in dissolved form through the Tailing Pond Outlet. 
Concentration profiles of trace elements at stations 7 and 27 are shown in Figure 29. 
The greatest concentrations of all ‘determined trace elements at the sediment surface 
were foundat station 27 (Figure 3). V ~ 

‘ Enrichment factor of trace elements in the sediment cores was calculated by 
dividing their concentrations, at each depth interval by.the background concentrations 
i.e., the lowest concentrations of eachelement in the sediment profile. The 
enrichment factors are shown in Table 22. The greatest enrichment factor of all trace 
elements existed for As, followed by Cu, Ni, Zn, Cr, Co, and Pb,. Vanadium-had the 
lowest enrichment factor. Lead showed a consistent gradual increase towards the 
sediment surface, with enrichment factor between 3 and 4, None of the concentration 
profiles for all trace elements showed a decrease atthesurface. This indicated that 
loadings .of trace elements to bottom sediments, continue in Larder Lake. 

The results of the chemical speciation of trace elements in a sediment core from 
Larder Lake showed that Cu in thesediments was mainly associated with organic 
matter. ‘Zinc, Mn and Ni were associated mainly with iron oxides. lron was present 
mainly as oxide and associated with the residual, i.e., least available, fraction in the 
sediment (Figure 22). Readily available fraction of Cu, Zn anjd'Ni represented 0.2, 1.5 
and 7.2% of the. total concentrations in the ‘sediments, respectively. These 
concentrations represent a‘-considerable amount of readily‘ available Cu_,'Zn"and Ni. For 
example, 50 pg/g of. Ni were in the readily available form in the sedirnents. The results 
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suggested that the presence of Fe-oxides in the surificial sediments and oxic-‘bottom 

waters restricted migration of the trace elements in sediment pore water into. the lake 

waters. A similar phenomenonwas found in Jack of Clubs Lake, B.C., co'nta'ining 

considerably elevated concentrations of As, Cu, and Pb in sediment pore water and 
Fe-oxides in surficial sediments (Mudroch et a/., 1993). 

A
' 

Distribution of trace elements in the sediment profile indicated different sources 

of sediments in thepast. The results suggested that sediment above 14 cm sediment 
depth originated mainly from tailings transportedlinto Larder Lake from the -tailing 

pond. The sediments below’-18 cm depth is mainly from natural sources in the lake 
drainage basin. The sedimients between 14-18 cm depth are a mixture of the two 
sediment. A relationshiip existed between the concentrations of Cu, Pb, Zn and Cd and 
organic matter at different sediment depths.

' 

Benthic Community Structure r 

_
_ 

4 
Results showed few benthic invertebrates at any of the thirty five stations. At 

two stations, 22 and 23, samples were not obtained, as the substrate was too firm 
to be collected. No benthic organisms were found at eighteen samplingrstations in the 
lake. From the 45 sampling units taken at theremaining 15 stations, the following 
number of organisms were found: three oligochaetes, five nematodes, seven 

amphipods andvsixteen chironomid_larvae. At all but one of the 15 sites at which 

organisms were found, the maximum density was 100 organisms/mz (two individuals 
from'3 replicates). The only .sampling station v_vit_h a greater density of organisms was 
station 28 (Figure 30), where therdensity was-200 organisms/m’. This station was 
located at the mouth of one of the larger tributaries in the northeast arm ofthe lake. 

Given the paucity ofthe benthic community, it was difficult to interpret spatial 
patterns. However, examination of the distribution of the ‘sampling stations where 

species were absent does show a possible relationshipwith proximity to‘ the tailings. 
The boundary of the sampling stations where no fauna was found extends along the



north-east shore and out from the subaqueous tailings area. The smaller eastern basin, 
particularly its most east side, was‘ devoid of organisms. In attempt to relate these 

observations to sediment characteristics, the sites were grouped as having benthic 
organisms present or absent. Multiple discriminant analysis was then used to relate 
-these groupings to sediment characteristics. This was carried out using the variables 
shown to be ‘important by ordination in discriminating spatial differences in the 

sediment as well as with variables that are known to be important in structuring 
benthic communities, such as particle s-iz_e and organic matter content. Three 

separate analyses were out using the concentrations of major and trace 

elements and physical parameters." -

' 

None of the analyses suggested a relationship between the presence or absence 
of invertebrates and the range in values of the examined sediment characteristics. 
This was evidentfrom thelow values for the canonical correlation and the high-values 
for Lambda. This does not mean that the absence of a-benthic community was 
unrelated to- high levels of sediment contaminants, -such as different trace and major 
elements, as a lake wide phenomenon. Rather, thedifferences between presence and 
absence cannot be discriminated by the /sediment _characteristics examined. 
Examination of sediment toxicity may provide evidence that sediment contamination 
or other factors were responsible for the absence of a thriving benthic invertebrate 
community in Larder Lake. _ 

' 
' 

- 

‘

V 

.
l 

Sediment Toxicity _ 
- 

" - 

- As described above "the benthic community in Larder Lake was severely 
impaired: it was either non-existent or represented by extremely low densities (1-2 
organisms per 100 cm’). To determine whether this finding was related to sediment 
toxicity, directly or through other mechanisms,“the toxicity associated with bulk 
sediments was estimated. V

- 

Sediment samples were obtained at _35 sampling stations (Figure 2) for 

T 

T 43 

.- -. _



laboratory determination of sediment-associated toxicityas estimated by reproduction 

in the aquatic oligochaete Tubifex tubifex. Using five test endpoints the number of 

adults, empty cocoons, full cocoons, small young and large young, the spatial pattern 

in sediment toxicity was determined at the 35 stations using cluster analysis (K 
means) and ordination (PCA). The dendrogram in Figure 31 from the cluster analysis 

shows the first division to be a simple station group (group 4),. station number 28, off 

the large cluster. Station 28, located at the mouth of Bear Creek, had the greatest 

young prod'uction (Table 23). The next division occurred by asmall cluster (group 1 

with 2 sampling stations) splitting off frorri the large group (group 2). The large group 

2 then divides into two clusters -of Ia similarsize. Beyond these four clusters 

separation appears to be into small "groups. Therefore, the four cluster solution was 
used. r 

‘ 

_
V 

Transposition of these clusters in ordination space‘ showed a good 

discrimination __0n the first two principle components (Figure 31). - These two 

components explain more than 74% of the variance between the sites. The most 

toxic sites, group 1, showed high adult mortality i._e., >50%, and very little young 
production (Table_23).' The least impacted site, group_4, had the greatest number of 

large young and the highest overall production, although considerably lower than the 

control sediment (Table 23). Except for sediment from group 1, sampling station 

showed some ability to reproduce. l-‘lowever, the; reproduction was suppressed, 
particularly in the 17 stations comprising Group 2. On the other hand, none of the 
sediment from the samplestations demonstrated acute toxicity. of spatial 

pattern in the toxicity data (Figure 32) showed ‘no apparent relationship with the 

tailings material. The two most toxic sites (Group 1 - stations 7 and 14) werewidely 

separated, being located in the east basin and southern, part of the main lake basin 

(Figure 3-2»), and do not relate to either sediment pattern (Figures 27 and 28) or the 

observed community structure (Figure 3Q). The two large clusters (group 2 and group 

3) whichshow distinctly different. levels of reproduction both in numbers of cocoons 

and young produced (Table 23) do not appear to have any spatial pattern. _



Discriminant analysis was used to determine what relationship existed between 
observations on sediment toxicity and sediment characteristicsr Simple variables 
(particle size and LOI) were used first to determine whether the d_ifferenc‘es’in 

sediment toxicity were a result of basic differences in sediment particle size or food 
avai,la_bi_lity._ Results. of MDA analysis of the relationship of the tovxicity groups with 
sediment characteristics showed seven sediment variables: % clay, Al, Pb, Mn, % silt, 
K and Zn to discriminate between the groupingsicreated by toxicity test endpoints. 
These variables predicted correctly 77.1% of the sample stations. However, the 

differences in the "sediment variables in the four groups was small (Table 24)’. The 
increased toxicity in group 1 stations may be related to the greater concentrations of 
Zn and Pb. The most notable feature of the-sediment toxicity was that it was 
widespread, that the station with the least toxicity was the only station with a 

existing benthic community (station 28), and that at mo_st,station,s T. tubifex can 

survive -and reproduce. This suggested that chronic toxi_city_wa_s either longer term 

i.e., > 28 days or possibly related to water column, effects. _ 
Results showed that the 

standing crop of phytoplankton as estimated’ by chlorophyll concentration was 
extremely low for the observed phosphorus levels. We suspect that water column 
toxicity may be an explanation for the observed results. This would explain the lake 
wide absence of benthic community and the apparently low level of primary 
production. Sediments may have been the original vector as trace element levels were 
high, The. results of the chemical speciation showed considerably greater 

concentrations of available Ni in the sediments. In addition, leaching oftrace elements 

from. the sediments. could have been one of the primary cause of the toxicity to the 
lakebiota. Further, concentrations of Cu, Pb and Zn in the sediment pore and lake 
water exceed guidelines for the protection of aquatic life, most likely contributed to 
the observed sediment toxicity. V

r 
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Table 7. 

DEPTH OF THERMAL STRATIFICATIOSN AND LIGHT TRANSMISSION 
IN LARADER LAKE-AND RAVEN LAKE WATER 

STATION DEPTH_S_ _(m')_ LIGHT TRA_NSMlSSlON (%) 
. Epilimnion Hypdlimnion Bottom Epilimnion"Hypolimnion Bottom" 

l”'l'_I"l_l""l_l‘I"l_ 

(OO3\lO7U1-I>0OI\)—*1 

L10 
L11 
L12 
L13 
L14- 
L15 
L16 
L17 
L18 
L19 
L20 
L21. 
L22 
L23 
L24 
L25 
L26 
L.27 
L25 
L29 
L30 
L31 
L32 
L-33 
L34 
L35 
L35 
L37 
L-35 
LT 2 
LT3 
LT» 4 
LT 5 
LT -5 

LTT7 

II 
‘I 

N 
._,

I OD 

5.2 
10 
9.5 
9.1 
9.3 
7.6
9 

10.1 
10.3 
9.4
9 

12.8 
11.1 
9.4 

. 
11 

10.3 
10.5 
19.5 
9.9 
9.3 

10.1 
9.5 
5.5
9 

9.5 
10
3 

1.3 
11 
9.3 
9.5 
9.8 
6.8 
7.1 
5.9 
6.3
5 

6.3 
f 5 
8.1 

11.8 
10.8 
10.1 
9.9 

12-.5 
-9.9 
8.5 

5-2 
15 

15.5 
20.8 
17.-2 
7,6 

25.5 
26.5 
28.5 
27.2

9 
' 12.8 

29.5 
20.5 
21.8 
14.6 

. 36 
31.-2 

_ 25 
1 36 

36 
1 33 
12.5 

' 

17.9 
L 17.4 . 

13.5
8 

“-1.3 
. -H 

V 

1.6.1 
18 

I 17.9. 
6.8 
7.1 
5.9 
5-.3 

5. 

6.3 
V

5 
8.1 

11.8 
' 16.5 

21 
19 

28.4 
23.6 

- 

u 712 

69 
74.6 
67 
58 

72.8 
72.8 
66.6 
73.8 
74.2 
75 

- 75 
A 

' 72 
72.4 
73 

73,5 
72;-4 
'73 

~ 4 73.8 
68.8 
.72 
66 

7-7.2 
76.2 
75.4 
74.-4 
75.6 
75.2 

713 

-76 
74.6 
75.2 
53 

73.5 
' 

74 
72,2 
73 

65.2 
70 
73 

74.2 
' ~70 

72.4 
75.5 
75.5 
50.5 
52.4 
7.8.2 

59 
75.4 
75 
52 

74.5 
72.5 
70 

75,5 
77.2 
75.5 
72 

71.5 
75 

74.4 
75.5 
75.2 
76.2 
74.2 
76 

75.6 
63-2 
77.6 
76.6 
75.8 
72.8 
76.8 
77 
73 

74.4 
77 
76 

71 .2 
723.8 
74 

72.2 
73 

6.8-.2 

10 
73 

74.2 
77.2 
74 

77.5 
55 

53.5 
82-.4 
77 

69 
73.6 
73.2 
69.6 
70 

72.8 
71.2 
73 
76 

77.6‘ 
72 

71.6 
- 78 
74 

73.5 
73.8 
78 

78.8 
78 

76.8 
79.4 
76.8 
78.2 
75.2 
71 .2 
76.4 
77 
73 

74.4 
76.-2 
60 
72 

73.8 
74 

72.2 
73 

55.2 
70' 

73 
74.2 
77,2 
75.5 
50 

79.5 
79.4 
80
59
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Table 3. 

TEMPERATURE, pH, D|SSOL\_/ED O2 CONCENTRATION. 
TRANSMISSION. AND CONDUCTIVITY IN - 

LARDER LAKE AND ‘RAVEN LAKE WATER. 
' AT 1 m BELOW THE SLJRFACE 

STATION . TEMP 
°c 

pH 
Eng/L 
DO TRANS ' COND*

% uMO 

r-1.-1-r-I-1-r-"r-.1" 

cooosloaom-1>wr\>—~ 

L10 
L11 
L12 
L13 
L14 
L15 
L16 
L17 
L18 
L19 
L20 
L21 

L23 
L24 
L25 
L26 
L27 
L28 
L29 
L30 
L31 
L 32 
L33 
L 34 
L35 
L 36 
L 37 
L 38 R2 

L'22~ 

18.6 
19.8 
19.5 
19.5 
19.5 
19.8 
19.2 
19.5 
19.5 
19.0 
19.6 
19.0 
18.8 
18.2 
1 8.6 
18.7 
19.-0 
19.5 
19.2 
19.6 
19.5 
18.4 
19.5 
19.8 
19.5 
18.7 
18.7 
18.5 
18.7 
18.6 
18.4 
18.4 
19.2 
19.0 
18.2 
.18-2 
18.1 
17.5. 
18.4 

7.6 
8.1 7 
8.04 
7.88 
7.98 
7.82 
7.85 
7.95 
8.00 
7.54 
7.38 
7.45 
7.60 
7.51 

’ 7 .42. 
7.40 
7.76 
6.04 
7.62 
7.66 
6.05 
7.64 
7.76 
7.74 
7.71 
7.62 

' 7.65 
7.67 
7.64 
7.70 
7.64 
7.66 
7.73 
7.50 

A 7.66 
7.70 
7.76 
7.-56 
7.29 

8.95 
8.65 
9.2 
9.0 

8.85 
8.8 
6.7 

8.75 
8.7 
8.4 

8.75 
8.75 
8.75 
6.4 

6.45 
6.50 
8.75 
6.75 
6.75 

' 6.75 
6.75 
6.90 
8.8 
8.9 
8.9 

- 8:9 
. 9.0 
8.95 
8.90 
8.8 
8.7 

8.75 
8.9 
8.5 
8.9 
-8.8 
8.8 
8.9 

8.75 

1 so 
12_o 

1 20 
120 
1 60 
160 
1'60 
120 
1 20 
160 
1 so 
1 20 
120 
120 

A 

120 
1 20 

A 120 
120 
120 
1 60 
120 
1 20 
120 
120 
126 
160 
160 
160 

- 1 20 
120 
120 
120 
120 
120 
130. 
1 20 
160 
50 

-*COND measured atroom iemperaiture



Table 4. 

AT 1m ABOVE BOTTOM 

THERMAL STRUCTURE-, ‘TEMPERATURE, pH, 
DISSOLVED O2 CONCENTRATION, TRANSMISSION AND 

CONDUCTIVITY IN LARDER LAKE AND RAVEN LAKE WATER 

STATION THERMAL 
‘ STRUCT. 

TEMP 
OC 

pH DO 
mg/L 

TRANS COND*
. 

uMO 

I_'l"I'_'I-I_I"'I’—I""I'_ 

L10 
L11- 
L12 A 

L13 - 

L14 
L15 
L16 
L17 
L18 
L19 
L20 ' 

L21 
L22 
L23 ' 

L24 
L25. . 

L261 
L27 

'
' 

L29 
L30 
L31 
L32 
L33 .

- 

L34.” I 

L35 
L361 I 

L37 f 
L38 R2» 

ISO 7 

STR 
STR 
STR 
STR 
ISO 
STR 
616 

- STR 
STR sm em sm 
676 sm sm 
STR 
6T6 sm 
STR sm 
STR 
STR sm 
STR 
STR 
ISO sm sm sm sm 
|so 
ISO 
ISO 
|so 

A ISO 
I59 
STR 

18.0 
79.2 
7.8 
6.5 
7.-3 
19.0 
6.2 
.5-2 

6.5 
13.0 
- 8.1 

I 

5.8 
17.7 
7.5 
8.7 
5.1 
5.2 
6.2 
5.0 
5.0 
5-.1 

8.0 
7.6 
7.6 
8.7 

16.4. 
9.6 
7.-0~ 

6.4 
6.6 
16.2 
18.5 
18.2 
18.2 

18.10 
17.8 
5.3 

7.6 
7.29 
7.-31 

7.31 
7.20 
7.79 
7.54 
7.44 
7.48 
6.93 
7.16 
6.96 
7.16 
6.76 
6.70 
6.71 
7.22 
7.5.0 
6.76 
7.26 
7.32 
6.81 
7.20 
7.1 1 

7.03 
6.93 
7.32 
6.90 
6.88 
6.66 
6.64 
7.73 
7.50 
7.65 
7.65 
7.76 
7.42 
7.02 

9.0 
6.90 
6.9 
6.0 

6.65 
6.6 
9.6 
9.5 
9.9 
9.6 

. 
6.5 
6.75 
9.6 
9.1 
6.-6 

6.-6.5 

9.5 
9.6 
9.9 
9.4 

9.05 
10.1 
9.4 

I 9.3 
6.6 
6.7 
9.0 

6.75 
9.05 
6.2 
6.2 
6.9 
8.2 
6.9 
8.7 
8=.-.9 

- 8.9 
9.2 

72 
71 
75 

» 69 
73 
.74 
73 

' .76 
76 
48 I 

. 

76 
73 
79 
75 
75 
75 
66 
79 
76 
76 
79 
82 - 

76 
. 76 
75 I 

76 
76 
76 
78 
76 5. 

75. " 

70 
~ 73 

72 
w 73 
66 
69 
61 

120 
'1 20 
1 20 
1 20 
120 
1 20 
1 20 
1 20 
1 20 
1 20 
1 20 
11 20 
120 
1 20 
1 20 
1 20 
1 20 
1 20 
1 20 
1.20 
130 
120 
120 
"120 
120 
130 
130 
130 

1 120 
130 
120 
120 
1-30 
120 
120 
.120 
190 
50 

lSO= lsothérmal 
STR= Stratified 
‘FCOND measured. at room te'mperatu.re' -
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Table 6. _
_ 

' CONCENTRATIONS OF P00, PN. CHLA;.;U, CHLA.C, TP, TFP, DOC, TSM, ISM & OSM 
IN LARDER LAKE AND RAVEN LAKE WATER, AT 1m BELOW THE. SURFACE 

STATION POC 
mg/L 

PIN 

mg/L 
-CHLA.U 

ug/L 
CHLAJC 

ug/L 
TP 

mg/L 
TFP 
m9/L 

DOC 
mg/L 

TSM 
mg/L 

ISM 
mg/L 

OSM 
mg/L 

L2 
L4 
L7 
L10 
L10 
L17 
L19 
L21 
L26 
L27 
L30 
L34 
L37 

1 .59 
9.50 
1 .71 
1 .77 
1 .09 
1 .29 
1 .94 
2.19 
0.94 
0.99 
1 .42 
1 .07 
1.40 

0-.133 
0.380 
0.170 
0.175 
0.245 
0.133 
0.200 
0.240 
0.048 
0.048 
0.130 
0.3.04 
0.159 

-A—A—Au-L-L'\,-1l—L-A-A <7)b9lO'\|U.I(»J(hI\J\|-l> 

1.0 
2.2 
0.7 

-A-A-A--A-L-to 

Z:>l-o01¢~'-0.100 

1.5 
1.2 
0.8. 
0.4 
2.0 
0.2 

0.0184 
0.0194 
0.0178 
0.0101 
0.0104 
0.0192 
0.0192 
0.0199 
0.0200 
0.0210 
0.0187 
0.0182 
0.0180 

0.0155 
0.0111‘ 
0.0112 
0.0110 
0.0115 
0.0111 
0.0110 
0.0110 
0.0154 
0.0140 
0.0123 
0.0107 
0.0120 

5.88 
NA 

6.42 
5.96 
6.36 
6.03 
NA 
NA 

6.38 
6.33 
NA 

6.13 
NA 

0.80 
0.93 
1.33 
1.20 
3.70 
0.85 
1.00 
1.17 
1.71 
0.92 
1.24 
1.00 
NA 

0.00 
0.07 
0.13 
0.00 
0.20 
0.15 
0-.40 
0.0.0 
0.00 
0.00 
1.00 
0.00 
NA 

0.00 
0.07 
1 .20 
1 .20 
9.50 
0.09 
0.00 
1 .17 
1-71 
0.92 
0.24 
1 .00 
NA 

1.62 .0187. 1.6 1.2 0.0.189 0.0122 6.19 1 .32 1.16 1.-16 Mean . 

R2 Q-8.2 0.1 Q0 _ 

"'1 
0.8 0.00.72. 0.0058 6.32 0.57 0,007 0.05 

NA = Not Analysed 
,|

. 

. CONCENTRATIONS OF POC, PN, CHLA.U, CHLA.C, TP, TFP," 000, TSM, ISM 3. OSM 
IN LARDEB LAKE AND RAVEN LAK_E. WATER, AT 1m ABOVE BOTTOM 

STATION POC 

L2 
L4 . 

L7 
L10 
L16 " 

L17 
L19 1 

L21 
L20 
L27 .

~ 

L30 
L34 
L37 

mg/L 

1 .33 
2.20 
1 .96 
2.65 
1 .54 
2.50 
1 .79 
1 .30 
0.48 
0.38 
1 .85 
1 .24 
1 .45 

PM 
mg/L 

0.109 
0.195 
0.175 
0.233 
0.140 
0.175 
0.310 
0.940 
0.032 
0.044 
0.245 
0.160 
0.168 

CHLA.U 
ug/L 

0.5 
0.5 
0.5 
0.8 
0.6 
0.4 
0.4 
1.3 
0.5 
1.0 
0.1 
2.0 
0.7 

CHLAICI I A 

ug/L 

' TP 
mg/L 

TFP 
mg/L 

DOC 
mg/L 

TSM 
mg/L 

ISM 
mg/L 

OSM 
mg/L 

0.2 
0.4 

' 0.3 
0.7 
0.4 
0.2 

- 0.9 
0.5 
DL 

- 0.4 
DL 

. 1.9 
' 0.2 

010177 
0.0177 
0.0170 
0.0184 
0.0191 
0.0208 
0.0213 
0.0314 
0.0204 
0.0219 
0.0175 
0.0183 
0.0181 

0.01 1 1 

0.0092 
0.0102 
0.01 15 
0.0103 
0.01 18 
0.0108 
0.0.136 
0.0133 
0.0143 
0:01 17 
0.0125 
0.0123 

-NA 
NA 

6.10 
6.60 
6.47 
6.54 
NA 
N./’~ 

6.43 
6.67 
NA 

6.16 
’ NA 

0.96 
1 .13 
0.50 
1 .20 
1 .10 
1 .00 
1 .50 
NA 

1 .23 
1.85 
1.07 
0.92 
1 .00 

0.00 
0.33 
0.00 
0.00 
0.00 
0.00 
0.10 
NA 

0.15 
0.77 
0.14 
0.33 
0.29 

0.90 
0.00 
0.50 
1 .20 
1-10 
'1 .00_ 
1 .40 
NA. 

1 .09 
1 .08 
0.93 
0.58 
0.71 

Mean 1.59 0.225 . 0.7 0.5 0.02 0-0117 6.42 1.12 0.18. 0.95 
F121 0.47 0.04 

V 
_ 

'DL DL 8' 0.0078 0.0042 6.9 
' 0.71 0.04 0.5 

DL = less than or detection limit’ 
NA = Not Analysed



Table 7.

1
0 

CONCENTRATIONS OF DISSOLVED F, Ca, Mg, SO4"AND1C| 
IN LARDER LAKE AND RAVEN LAKE WATER, 

AT “fin BELOW THE SURFACE 

STATION F 
u glL 

Na 
mg/L

K 
mg/L 

Ca. 
mg/L 

M9 
mg/L 

so, 
mg/L 

Cl 
mg/L 

l"'l"'l’_l_I_'|""'l"'I"'|" 

£OC0\lO7U'l--b(4Jl\J-"' 

39 

37 
33 
33 

_ 

33 
* 34 

35 
_ 

41 
L10' 39 
L11 fi 33 
L12 4 33 
L13 33 
L14 41 
L15 -39 
L16 ~ 39 
L174 33 
L13 40 
L19 1 33 
L20 

_ 
38 

L 21 _ 138 
L 22 '37 

L 23 47 
L 24 37 
L 25 39 
L126 

, 

- 40 
L27 .37 
L28 ‘A37 
L29" 33 
L30 . 37 
L31 . 37 
L32 42 
L33 39 
L34 39 
L35 - 49 
L 36 39 
L 38 . 42 
LT14 ' 

~ 36 
LT 3 A 39 
LT 5 1 

' 34 
LT 7 

' 34 
R»-1 

‘ 40 
R 2 39 
R-3 38 

38» 
4.54 
4.54 
4.53 
4.44 
4.38 
4.46 
4.35 
4.44 
4.47 
4.54 
4.47 
4.49 
14.49 
4.50 
4.44 
4.41- 
A444 
4.49 

- 4.54 
_443 
4.47 
4.-56 
4.62 
4.51 
4.65. . 

435 
4.46 
4.44 
4.4.7 
4.43 
4.41" 
4.4-3 
4.29 
424 
427 
.424 
4.20 
5.02 
446 
4.29 
4.-24 
2.1 0 
2.03 
2.34 

033 
079 
035 
073 
079 
079 
073 
031 
073 
031 
079 
0.79 
0.79 
0.79 
0.79 
031 
031 
031 
034 
079 
079 
033 
033 
031 
031 
079 
033 
034 
031 
079 
073 
031 
1079 
0.78 
0.79 
0.79 
0.78 
0.94 
0.84 
0.81 
0.79 
0.47 
0.47 
0.51 

13.71 
13.29 
13.36 
13.48 
13.41 
13.48 
13.34 
13.50 
13.53 
13.40 
13.30 

. 13.41 
1341 
1339 
1335 
1377 
'1 3.74 
13.82 
13.86 
13.80 

13.70 
13.86 
13.88 
13.97 
13.91 
13.92 
13.99 
14.04 
13.84 
13.95 
13.88 
13.89 
13.86 
1-3.88 
13.91 
13.93 
1 4.35 
1 4.05 
1393 
1401 
373 
339 
8.01 

4.30 
4.24 
4.29 
4.27 
4.30 
4.29 
4.24 
4.29 
4.34 
4.32- 
4.34 
4.32 
4.34 
4.32 
4.27 
4.32 
4.35 
4.34 
4.35 
4.32 
4.34 
4.32 
4.37 
4.38 
4.38 
4.34 
4.44 
4.44 
4.-38 
4.35 
4.38 

A 4.34 
4.34 
4.32 
4.34 
4.30 
4.30 
4.30 
4.-30 
4.24 
4.27 
2.06 
2.04 
2.44 

-17.-8 
17,-9 
130 
173 
173 
132 
131 
131 
131 
132 
132 
132 
133 
133 
133 
132 
134 
133 
133 
134 
133 
133 
133 
133 
133 
133 
19.1 
190 
139 
133 
132 
134 
132 
131 
130 
130 
130 
194 
135 
132 
18.2 
10.0 
10-.1 

11.5 

5.27 
5.11 
5.27 
5.10 
5.05 
5.19 
5.04 
5.00 
4.92 
4.89 
5.18 
‘490 
307 
542 
503 
499 
493 
515 
499 
5.13 
5.05 
5.04 
5.15 
5.19 
5.41 
5.08 
5.24 
5.33 
5.15 
5.01 
4.98 
15.19 
5.03 
5.06 
4.89 
4.94 
4.95 
5.18 
4-.94 
4.96 
4.94 
1 .83 
1 .77 
2.36



Table 8. 

\ . 

CONCENTRATIONSLOF DISSOLVED F, Na, K1, Ca, Mg, SO4 AND Cl 
IN LARDEF1 LAKE AND RAVENLAKE WATER 

AT 1_lT\ ABOVE THE BOTTOM 

STATION F 
ug/L 

Na 
mg/L 

K. 

mg/L 

1 Ca 
mg/L 

M9 
mg/L 

S04 
mg/L 

. C1 
mg/L 

I_I'_'l_I'_l_l_'f_'f*f_ 

(O®\lO')U1-8>~0Of\1—* 

1 ‘ 38 
.. 

36 
. 

36 
_ 

35 
35 
36 

' 

. .35 

_ 

35. 
. 
39 

L 10 36 
L 11 i 

38 
L12 .37 
L13 37 
L14 39 
L15 39 
L16 33 
L17 1 33 
L18 " 37 
L19 37 
L 20 . 

38 
L21 

1 

38 
L22 33 
L23 ‘ 38 
L24 ' 

- 37 
L '25. . 40 
L 26 . 

- 38 
L 27 37 
L 29 . 36 
L 30 1 36 
L 31 35 
L 32 40 
L 33 . 40 
L 34 - 

' 39 
L 35 38 
L36_ 1 39 
L37 39 
L38 . 33 
LT3 34 
LT5 34 
R1 39 
R2 37 
R3 ‘.37 

4. 49' 
7 7 

4.26 
4.30 
4.21 
4.15 
4.38 
4.-.29 

4.37 
4.40 
4.51 
4.49 
4.35 
4.38 
441 
‘437 
429 
435 
433 
441 
440 
444 
434 
435 
424 
425 
424 
443 
427 
430 
435 
423 
430 
423 
4.27 
434 
4.134 
4.27 
449 
3.99 
1 .75 
1 .75 
1.80 

0.83 
0.78 
0.78 
-0.81 
0.79 
031 
0.78 
0.78 
0.78 
0.79 
0.81 
0.79 
0.78 
0.79 
031 
0.81 
0.78 
0.78 
0.81 
0.7-9 
0.79 
0.79 
0.78 
0.78 
0.79 
0.79 
0.83 
0.7.9 
0.79 

. 0.78 
0.78 
079 
_079 
079 
079 
0.81 
0.79 
0.79 
0.76 
0.43 
0.43 
0.45 

1354 
1305 
1315 
1295 
1295 
1350 
1311 
1324 
1323 
1314 
1329 
1305 
1313 
1350 
13.46 
13.47 
13.47 
13.60 
13.52 
13.74 
13.88 
13.66 
1 3.53 
13.65 
1375 
13.70 
13.97 
13.62 
1350 
1355 
1353 
1392 
1339 
13.89 
13.93 
14.07 
1.4.07 
14.13 
13.70 
5.52 
5.57 
5.9.1 

429 
415 
415 
407 
411 
430 
413 
423 
435 
427 
435 
4.-.26 
427 
.423 
430 
429 
427 
434 
432 
440 
444 
430 
429 
4.32 
437 
434 
4.40 
430 
429 
434 
430 
434 
434 
4.-.34 

432 
4.37 
4.32 
429 
417 
L71 
1 .72 
1.82 

17.9 
18.1 
17.2 
16.7 
17.3 
18.0 
17.6 
177 
17.9 
17.8 
18.2 
173 
18-.1 

. 7.9 1. 

173 
130 
130 
130 
17.8‘ 
18.1 
17.9 
18.-4 
18.0 
17.9 
17.9 
-17.9 
18.6 
17.9 
17.8 
117.8 
17.6 
.18.1 
418.2 
1.8.2 
18.1 
131 
131 
135 
175 
-91 
.90 
9.3 

5.04 
4.93 
4.89 
4.87 
4.96 
5.06 
4.8.3 
4.93 
4.89 
5.14 
5-.01 
5.02 
5.02 
4.97 
5.07 
5.00 
4.93 
4.96 
5.09 
5.08 
5.04 
5.1 0 
5.02 
4.90 
5.02 
5.1 3 
5.10 
4.75 
4.95 
5.02 
4.81- 
5.07 
5.07 
5.04 
4.96 
4.98 
4.8.5 
5.13 
4.98 
1.44 
1.45 
1.58



Table 9. 

CONCENTRATIONS OF DISSOLVED As, Sb, Zn, Cu, Ni, Fe, Ba~ AND Sr IN 

LAFIDER LAKE AND RAVEN LAKE, AT 1m BE-LOW “THE SURFACE IN Aug/L. 

STATION Asv Sb Zn Ba Sr 

r’-1-1-'1-r——r_-1-2'1-1-' 

(0(D\lO')U1J>(Dr\J—* 

L10 
L11 
L12 
L13 
L14. 
L15

' 

L16 
L17 
L13 
L19 
.L2O 
L21 
L22 
L23' - 

L24 
L25 
L26 
L27 
L28 
L29 . 

L30 
L31 
L32 
L33 
L34 
L35 
L35 
L-38 
"LT1 ~ 

LT3 
LT5 
LT7 
R1 
R2 
R3 

23.59 
23.80 
21.59 
21 .7-5 
24.15 
21.94 
22.18 
22.01 
22.46 
24.49 
23.70 
22,99 
22.51 
24.26 
24.44 
23.44 
22.90 
22.71‘ 
24.40 
24.13 
23.70 
22.34 
23.25 
24.39 
25.05 
24.33 
24.43 
25-.51 
25.85 
23.90 
23.78 
23.50 
22.80 
24.13 
23.11» 
23.00 
24.65 
33.09 
26.99 
24.80 
424.18 
4.05 
41.49 
7.82 

3-.66 
3.35 
3.00 
3.28 
3.53 
3.45 
3.50 
3.57 
3.41 
3.80 
3.35 
3.50 
3.49 
3.81 
3.60 
3.313 
3.57 
3".-20 

3.30 
3.41 
3.55 
3.57 
3.84 
3.49 
3.62 
3.52 
3.33 
3.94 
3.74 
3.49 
3.48 
3.64 
3.40 
3.57 
3.32 
3.33 
3.92 
4.87 
3.92 
3.44 
3.33 
0.33 
0.53 
1.03 

-DL 
11. 

16 
.3 
DL 
12 
DL
4 

_
4

U 

U. 

U 

-~

U 

1:-r>1-4:-oo<.o~|o>r--t><n00>J>..l>-r>4>-014>-r>r-o>\1o>u1o>m4>cnu14>o1cn4>A 

9.5 
9.5 
9.5 
9.1 
9.7 
9.5 
9.1 
9.2 
9.5 
934 
9.4 
9.3 
9.1 
9.2 
9.1 
9.4 
9.4 
9.3 
9.5 
9,4 
3.9 
3-.7 

9.1 
9.0 
9-.-5 

9.5 
9.3 
9.3 
9.1 
9.3 
9.2 
9.2 
9.5‘ 

9.3 
9.2 
9.2 
9.1 
0.3. 
9.5 
9.3 
9,2 
5.3 
3.1 
6.4 

51 .0 
52.7 
53.2 
53.1 
53.4 
51 .7 
51 .0 
53.3 
52.6 
54.4 
53.2 
54.1 
52.5 
53.4 
52.4 
52.6 
55.3 
52.2 
53.8 
53.4 
53.6 
52.6 
51.1 
56.8 
53.7 
55.2 
53.6 
54.9 
53.8 
53.1 
55.7 
54.2 
54.0 
54,-0 
53.6 
52.5 
54.7 
56.6 
53.9 
55.6 
54.6 
26.6 
26.3 
31 .6 

DL = less than or detection limit



Table 10. 

CONCENTRATIONS OF DISSOLVED AS, Sb, Zn, Cu, Ni,-Fe, Ba AND Sr IN 
LARDER LAKE AND RAVEN LAKE, AT 1m. ABOVE BOTTOM IN U9/L 

STATION ‘As 3 35 Zn Cu I 

Ni 
A 

Ba Sr 

I_I'_l'_I_I_I"'I"'I_I_ 

CO®\ICDU1-I>(»JI\J—* 

L10 
L11 
L12 - 

L13. " 

L14 
L15 
L16 ‘ 

L17 
L18 
L19 
L 2.0 
L 21 
I-22 
L23 ‘ 

L24 
L25 
L26 
L27 . 

L29‘ 
L30 
L31. » 

L32 ~ 

L33 . 

L34. 
L35 '

: 

L36 . 

L37 
L33 
LT3 
LT5 R1 R2 R3 

23.85 
21.47 
20.28 
13.33 
21 .32 
22.33 
21 .37 
20.93 
20.90 
22.83 
23.03 
20.33 
21.24 
23.24 
23.10 
21 .70 
22.02 
21.22 
22.52 
22.97 
21.39 
27.27 
22.43 
22.73 
22.33 
21.97 
23.13 
22.82 
22.31 
21.92 
21.79 
25.06 
24.53 
23.72 
23.1 5 
23.02 
24.73 
30.02. 
21.8-8‘ 

1.99 
1 .74 
3.01 

3.61 
3.22 
3.04 
2,69 
3.17 
3.57 
3.21 
3.35 
3.36 
3.41 
3.43 
3.15 
3.46 
3.56 
3.41 
3.31 . 

3.52 
3.-32 
3.34 
3.44 
3.44 
3.52 
3.33 
3.53 
3.43 
3.21 
3.43 
3.72 
3.52 
3.09 
3.10 
4.04 
346 
-3.24 
3.11 
3.17 
3.37 
4.13 
3.36 
0.30 
0.39 

DI.-

4 

_L 

—L-—L 

€OU'l§D(DO®-l>\ICD-¢~(O

9 
10 
11 
29 
'10 

10
9 
17 
1.2 

14
9 
.8 

10. 
8.

4

U

U 

U 

_—'~—~ 

I--P~I"'®-#01-b-kl“-'00->OOm\l 

452.3 
50.5 
49.8 
50.5 
50.0 
52.-5 
51 .2 

0101010101 
f\)-L.-L-\--L 

O—'~OO®—* 

521.-0 

5.0.6 
5.1 .9 
52.9 
53.1 
-51.2 
52.0 
53.3 
53.9 
52.3 
54.0 
52.4 
52.7 
51.3 
53.9 
50.-9 
53.2 
53.6 
53.9 
53.6 
53.5 
53.5 
52.7 
53.1 
53.7 
53.6 
53.2. 
23:0 

24.7 

DL = less th,ar1or debtion Iirfnit_



Table 1 1. 

MEDIAN, MEAN, STANDARD DEVIATION (S.D.) AND RANGE OF DISSOLVED 
TRACE ELEMENTS IN LARDER LAKE WATER, AT 1.M BELOW THE SURFACE 

ELEMENT As. Sb Zn Cu Ni Fe Ba Sr 

MEDIAN T2 

MEAN 
S.D.. 

RANGE 
MIN 
MAX 

'23..70 

23. 68 

1.17 

21, .59 
26.51 

3.50 

3.52 

0.20 

3.00 

' 

4.00 

5.38 

2.89 

3.00 
16.00 

16.00 

15.54 

2.26 

10.00 
21.00 

45.00 28.00 

43.62 30.06 

12.17 6.-02 

21 .00 
42.00 

16.00 
66.00 

9.30 

9.30 

0.22 

8.70 
9.80 

53.40 

53.42 

1 .25 

51 .00 
56.80

\ 

MEDIAN, ‘MEAN, STANDARD DEVIATION (S.D-.) AND RANGE. OF DISSOLVED - 

' TRACE ELEMENTS IN LARDER LAKE WATER, AT 1M ABOVE THE BOTTOM - 

ELEM ENT 'Aé _Sb Zn ‘Cu Ni 
_ 
Fe B8 Sr 

MEDIAN 

MEAN 
S.D. 

RANGE 
I MIN 

MAX 

22.55 

22.-47 

1.48 

18.33 
27.27 

3.41 

3.37 

0.23 

2.69 
4.04 

9.00 

8.97 

4.61 

3.00 
29.00 

17.50 

17.11 

2.67 

1 0.00 
23.00 

48.00 30.00 

49.1 4. 43.56 

20.20 56.79 

A 

20.00 22.00 
135.00 331 .00 

91.10 

9.06 

0.30 

8.40 
9.60‘ 

52.45 

52.26 

1 .20 

49.80 
54.00



Table 12. 

MEAN CONCENTRATIONS ANDSTANDARD DEVIATION (SD) OF TRACE ELEMENTS 
’ 

- TN SEDIMENTS AND WATERS OF LAHDER LAKE 

Cu -.Ni F8 Ba Sr ELEMENT As 
A 

Sb Zn 

SE§D1MENT' "(U9/_g_) 7

I 

MEANS 
SD - .13.61 338.54 84.69 

'29.-85 660.38 272.29’ 409.07 518.15 
210.23 200,.-64 

44.98“ 
12.64 

628.22 
431.95 

163.36- 
77.97 

WATEB1 AT 1m BOTTOM (gg/L) 
1' 

MEAN 22.47 3.37 6.97 
'2 

17.11 
* so -- 1.46 0.23 2.67 

49.14 
20.20 

43.56 
56.79 

9.06 
0.30 

52.26 
" 

1 .20 

WATER AT 1M BELOW suR.iEA'c;E gug/L) 1. 

. 

H TMEAN 23.6.8 3.52 5.38 - 15.54 
' SD 1.17 0.20 2.8.9 2.26 

43.62 
12.17 

30.06 
6..02 

9.30 
0.22 

53.42 
1 .25 

..DlF.FEREN@E BETWEEN 1m ABOV,E_-BQTTOM‘AND 1m‘BELOW.$UR_FACE (ug/L) 
‘B-—"S 

T 2' “-1.21 -0.15 1 3.59. 1.57 - 
= 5.52 13.50 50.24 -1.16 

SD . 2.30 0.93 3.87 3.14 18.05 11.21“ 1.02 2.21

\

I
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Table 75. 

CONCENTRATIONS OF MAJOR IONS AND TRACE ELEMENTSKIN SEDIMENT PORE WATER 
LARDER LAKE, RAVEN lJ\KE,AN_D BARBER LAKE* 

Elements 
Major Ions and Trace Elegnents (ug/l__) 

Zn _ Cd Pb Cr Cu Li‘ Sr Ni 

D;-\1eC'. |_i_fi1it 1 1 1 5 
"v 

'1 

Co 
1 1 

'71 1 1 1 5,2 
Lake/Station. 

L16 84 
L4 ‘ 81 
L27 1 73 
L30 131 
L20 

A 

149 
L7 81 
L34 80 
L19 73 
L20 4 57 
L17 85 
L27 99 

R1 22 

B1 -27 

L37 ‘ ‘ 27 

_L._At_l-A-A—A_-L-A_A._A-l>—A 

DL 

-'DL 

DL 
DL
7 

DL 
13 
DL
5 

DL 
DL 
DL 
DL 
DL 

DL

5 

u—A 

OI\D\J-~ 

#>f\§b3J>(9(9CDm 

.-1 

U\.G)l'\J®-l>I'\)O§-A 

U1 

-&>\l—* 

1 
'

1 

3 DL 

—A 

-J 

—l 

4>—l\J@\lU'l(J\OJOO-¢~@—*

1

4 

31 
58 
19 
1,7 

135 
54. 
49 
10 
‘38 
26 
21 
66 

52 

78 

DL 

|\)._4|_\)_~_4...¢|\)._4Q7._5;\)_.»

1 

64.7 
' 69.4 

57 
131 

_ 
93 

80.1 
59.8 
59.7 
85.1 
109 
68.6 
104 

69.2 

6.9.4 

50 
54 
40
8 

. 155 
' 90 

91 
84 
149 
72 
98 

- 52

2 

39 

E.le.ments (mg/L) 
Elements Al 

' Major Ions ar_1q.‘[_race 
Ba Fe Mn 'Ca M9 Na As 

Dét.8C-.lim[iI 0-01 0.001 
K 

0.001 0.001 50.1 \~ 0.1 0.2 0 2 0.001 

Lake/Station < 

_. _ 

L37 
_ 

0.49 
L16 1 .61 
L4’ 0.29 
L27 - 4.7 
L-30 0.7 
L20 ' 0.83 
L7 0.28 
1.34 0,64 
1.19 0,62 
120 

A 

0.23 
L-17 0 .55 
L27 1 .06 

F11 
' 0,393 

Q 745 

0.0181 
0.0309 
0.027 
0.078 
0.086 
0.016 

2»»
7
8
3 

0.0184 
0.024 
0.025

9
7 

0.0305 
0.027 
0.024 

0.039 

004

3
7

7

0 .404 
3.45

1 
3.73 
2.51 
2-.27 
1 .93 
1 .25 
2.41 
1 .47 
2.69 
3.55 

1 .67 

2 03 

0.0794 
1.4 

0.4.1 
829 
0.75 
0.55

9 
.4 

0
3
3 

1' .29 
0.14 

. 
'1.1 

0.55

7
9
5 

1 .21 
‘ 0.30 

0.88 

4.

9

4

9 

19.7 
1.9.4 
17.2 
40.3 
24.5 
-24.6 
17.6 
19.3 
31.6 
34.1 
20.4 
36.1 

16.8 

, 
16.7 

5.6 
5.4 
4.2 

' 17 
6.5 
8.1 
4.6 
"5.4 

10.6 
10.5 
5.7 
18.4 

3.2 

4.2

5 
5.4 
4.3 
6-.5

5 
5.3 
5.2 
4.7
5 

5.9 
5.1 
5.3 

8.3 

3'-2 

—A—A_L.-A-5-L—A_AN-.A-A-L‘

0

0 

i.n'~|I>-i\>I\>|\>-¢~'m1>'cn'<.-> 

0.126 
0.681 
0.349 
0.156 
0.363 
0.49 

1-351 
0.151 
0.442 
0.49 

0.749 
0.156 

6 0.01

9 0.02
6 B1... V. 85 _ 

.

' 

‘SEDIMENT PORE WATER, collected" by sque’é_z1i_ng‘-the’ 

DL = less than or detection limit 
top most 5cm bf bottom sediment

5



Tbbfle 16L 

CONCENTRATIONS OF Pb, As,’Zn’,'Cu, Ni, C0, Cr AND V. 
IN LAFIDER LAKE SURFICIAL SEDIMENTS (Ot05cm) IN ug/Q ’ 

STATION * As Zn Cu Ni Co
I 

‘ C-r Iv 

L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8. 
L10 
L1 1 

L12 
L13 ' 

L14 
L15 
L15 
L17 
L15 
L19 
L2°~ 
L21 
L22 
L23 
L24 
L25 
L26 
L27 
I28 
L29 " 

L30 
L31 
L32" 
L33 
L34 A 

L35 
L36 
L37 

90 
1 607 
924 
576 

’ 707 
1'03 

11 07 
‘551 
457 
540 
331 

1511 
555 
334 
551 
545 
942 
341 
555 
555 
553 
407 
512 
590 
1052 
550 
715 
1019 
656 
781 
940 
585 
509 
340 
1 51 
209 

122 
370 
299 
250 
257 
120 
425 
353 
224 
199 
152 
405 
330 
215 
279 
332 
350 
151 
354 
354 
277 
275 
300 
299 
325 
201' 
254 
325 
250 
271 
438 
1 94 
207 
1 76 
1 13 
226 

105 
547 
525 
570 
522 
72 

713 
577 
155 
257 
150 
875 
525 
253 
591 
355 
491 
147 
454 
351 
282

I 

1 77 
283 
51 5 
483 
227 
329 
531 
375 
425 
515 
304 
399 
259 
1 16 
338 

151 
575 
715 
542 
525 
115 
515 
550 
405 
439 
325 
900 
551 
355 
525 
551 
750 
271 
704 
305 
277 
234 
326 
735 
521 
530 
540 
650 
474 
527 
791 
500 
432 
451 
225 
530 

119 
550 
310 

[253 
215 
155 
459 
-953 
594 
517 
375 
1419 
444 
331 
353 
1023 
1778 
~430 
1509 
493 
572 
544 
720 
1445 
1533 
529 
475 
729 
543 
543 
835' 
445 
290 
215 
153 
215 

59 
145 
105 
94 
57 

101 
1 37 
191 
135 
129 
130 
273 
115 
95 
114 
155 
290 
127 
254 
272 
312 
305 
314 
294 
255 
144 
151 
157 
125 
143 
152 
1 14 
91 
74 
74
70



Table 17. ” 

PARTICLE SIZEA ANALYSIS AND L01»
_ 

nu. SURFICIAL SEDIMENTS (0—5cm) m % 
STATION GRAVEL SAND SILT CLAY 

L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8“ ‘ 

L10 - 

L1 1 

L12 
L13 
L14 
L15 
L16 . 

L17 
L-1 3 " 

L19 ' 

L20 
L21? . 

L21./200m 
L22 
L23 -

' 

L23/5cm 
L24 
L25 
L26 
L21 
L23 
129 ~ 

L30 
L31 
L32 
L33 
L34_ 
L36 
L36

. 

L31 

.' 

-5

V 

@

.

.

' 

OOOOOOOOOUIOODOOOOOOOO§OOOOO 

0.32 
0.62

9
0 
DO

0
0 

8.2
0 

'1 .51 
- 0.33 
0-73

2 
2.03 

24.63 
0.44 
0.16 
2.1 1 

3.41 
1.12 
0.14 
0.9 

0.66 
0.66 

" 0.63 
" 0.31 
22.0.6 
0.33 
0.34 
0.16 
0.32 
0.03 
0.11 
1 .16 
0.16 
0.34 

41.69 
13.26 

' 

2.3 
0.39 
0.62 
0.46 
1 1 .7 
0.71 
3.99 
9.28 
2.99 

74.43 
41 .74 
49.79 
30.48 
44.92 
21,78 
36.69 
31 .79 
40.31 
44.01 
36.14 
36.-21 
29.03 
31.91 
31.32 
36.16 
4122 
11.69 
46.17 
67.52 
63.33 
4 0 
10.91 
32.11 
61 .619 
61 .31 
31.09 
26.19 

1.2 
42.13 
3423 
3623 

0. 

21.64 
30.93 
34.36 
33.12 
60.03 

24.05 
57.93 
49.48 
67.52 

53 
52.2 

62.36 
67.46 
57.58 
52.52; 
56.73 
62.99 
70.02 
67.43 
61 .62 
64-:21 
58.41 
59.76 
53.5 

32.14 
30.95

O 
29 

17.12 
-37.16 
.47.98 
62.57 
425.31 
1442 
66.61 
66.33 
6326

0 
60.16 
63.36 
61.16 
43.3 

36.93 

1 '(n=37‘)
3 

MEDIAN, MEAN,’ STANDARD DEYIATION AND 
RANGEFOR SURFIGIAL SEDIMENTS (0-5c'm) 

- GRAVEL 6 SAND 
L 
FRACTION C’ 

SILT _c1Jw 

MEDIAN‘ 

MEAN 
SD 

RANGE‘ 
MIN 
MAX

Q 

0.34 
1.42

0 
1 .34 

0.74 

4_-.63 

9.41 

0.03 
24.68 

37.82 

43.64 
16.20 

1 7.69 
74.43 

56.73 

51.41 
1.4.97. 

14.12 
70.02
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\ 

'TabAe T9. 
Mean concentrations of trace elements in four groups 
sediments in Larder Lake in pg/g f _ _ > 

Of 

' 

. As Cu
_ 

CO Cr Pb, Zn Ni 

Group 1 ¢H6O8 277 63 586 14 289 239 
_Group 2 " 764 487 47 3531 M433’ 312 621 
Group 3 

_ 

' 655 411 Mr 40 391‘ 34 237 530 

Hmfi'Gr9up 4 114 98 25 142 
__ 

W17 118 165 

OMEE sediment
’ quide1ines' _,;e 

Lowest effect 
~level 

120 

Sever effect 
level 

16 

110 

26 31 

_ V 

110 250 820 1: 
Persaud et al., 1992



Table 20. ~ 

CONCENTRATION PROFILES OF MAJOR ELEMENTS IN LARDER LAKE 
_- SEDIMENT CORES IN % 

STAHQNI 
DEPTH(cnfl 

$02 TiO2 A1203 Fe203 MgO CaO ‘Naf20“ K-207 'P205 

L7 
L7 
L7 
L7 
L7 
L7 
L7 
L7 
L7 
L7 
L7 

L17 
L17 
L17 
L17 
L17 
L17 
L17 
L17 
L17 
L17 
L17 

L26 
L26 
L26 
L26 
L26 
L26 
"L26 
L26 
L26 
L26 
L26 

L27 
L27 

“L27 
L27 
L27 
L27 
L27 

“L27 
IP27 
"L27 
L27 

L64 
L64 
L64 
L64 
L64 
L64 
L64 

“L64 
L64 
L64 
pL34 

00V~1mu14>Aw|\>-c> 

-1-;

_ 

r\:.c><oo6~1a>u14>cn1.\>- 

9_ 
10- 

o0~ImmA<4>N-5 

~(DQ\IO'>UI-$860M 

-9-10 
10-12 
12-14 

oo~1m<.n':~w1\>-.- 

(OQ\lO)UI-3>.GII\> 

9-10 
10-12 
12-14 

on~|1':nq\.>c.>1o- 

moo~1a'>u14>w1\> 

9-10 
10-12 
12-14 

m~1mo1-:~'wm- 
¢.ooo~1m01_z>w1\> 

9-10 
10-12 
12,-1.4 

52.4 
54.7 
55.7 
54.7 
58.2 
.57.7 
58.4 
59.1 
58.3 
58.9 
59.0 

552 
567 
521 
491 
464 
460 
546 
551 
516 
566 
566 

569 
522 
5L8 
526 
557 
596 
616 
'599 
606 
597 
594 

551 
515 
464 
52.2 
619 
707 
722 
721 
762 
720 
715 

59.3 
58.2 
60.18 
761.5 
6474 
656 
548 
5&9 
66.1 
647 
64.6 

0.5 12.7 
0.6 14.3 
0.7 15.3 
0.6 14.0 
0.5 14.0 
0.5 13.9 
0.5 13.7 
0.5 13.7 
0.5 13.6 
0.5 13.6 
0.5 -13.7 

06 A140 
07 140 
06 141 
0.8 13.7 
0.6- 12.7 

-9. 

0.-6 . 12.8 
0.5 14.2 
0.5 14.2 
0.5 14.2 
0.5 14.0 
0.5 13.9 

06 _140 
0.6 , 13.4 
0.5 12.8 
0.5 _ 13.6 

' 0.5 13.6 
0.6 ' 13.9 
0.6 

' 

14.1 
0.5 13._8 
0.5 13.8 
0.5 13.8 
0.5 13.9 

0.7 411.8 
0.6 11.6 
0.6 10.4 

~.05 111 
04 126. I 

04 _120 
0.4 12.1 
0.4 12.3 

~ 0.4 - 12.4 
0.4 12.8 
0.5 12.5 

0.6 -14.3 
0.6 114.4 

06 145 
.05 -161 
0.5 13.7 
0.6 ' 

. 13.8 
0.5 13.4 

161 
0.5 13.6 
0.5 13.5 
0.6 14.1 

9.7 
8.3 
7.4 
8.3 
6.3 
5.5 
5.3 
5.3 
5.2 
5.3 
5.3 

8.0 
10.1 
11.5 
104 
9.3 
9.2 
8.8 
7.0 
6.6 
5.9 
5.7 

10.7 
11.2 
9.2 
7.6 
7.0 
5.9 
5.4 
5.0 
5.0 
5.1 
5.1 

101 
05- 
102 
7.7 
3.7 
2.9 
2.9 
2.8 
2.9 
3.6 
3.0 

6.9 
7:2 
6.2 
6.4 
4.5 
4.4 
4.3 
4.1 
4.2 
4.4 
4.6 

2.6 
4.2 
4.4 
3.0 
2.7 
2.5 
2.5 
2.4 
2.4 
2.5 
2.4» 

62 
65 
69 
56 
69 
69 
42 
69 
29 
26 
25 
46 
62 
75 
76 
69 
26 
25 
22 
24 
24 
24 
5.5 
6.7 
8.1 
6.7 
1.9 
1.5 

G5-BUI-5-5 

2.7 
3.3 
2.8 
232 
2.2 
2.2 
2.1 
2.0 
2.1 
2._1 

2.2 

2.0 
2.2 
2.5 
2.5 
2.5 
24 
24 
26 
24 
24 
26 

2.3 
2-.2 

2.0 
1.9 
1.6 
1.7 
-2.4 

2.7 
2.6 
2.6 

1.8 
1.9 
2.0 
2.4 
2.3 
2.4 
2.4 
2.3 
2.4 
2.3 
2.4 

N-A-‘A-I-A-l_l-L-A-A-A 

'oco<ocn0o<oco~1u1cr>cu 

26 
25 
2.5 
2.4 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.4



Table 2 1. 
4 CONCENTRATION PROFILES OF TRACE ELEMENTS IN LARDER LAKE 

SEDIMENT coR1=.s IN ug/9 

i_____.._i__ 

1 DEPTH (cm) 
STATIONI 

V 

SC V Cr C0 Ni 
' 

’ Cu Zn AS Pb 

@\l0I(JI-5(D1\J-‘Q 

O(OW\I 

(.71-§(A5|\)_¢ 

L7 —
V 

L7 — 10.0 
-L7 — 10.0 
L7 - 1.0 
L7 - ' 

L7 - 6.0 
6.0 

O‘) 

L7 . 

— 6.0 
L7 -— 6.0 
L7 — 6.0 
L7 9‘-1 6.0 
L7 10-12 6.0 

L17 -' 10.0 
L17 — 11.0 
L17 - 13.0 
L17 — ' 13.0 
L17 ,-" 12-.0 
L17 - 12.0 

. L17 -. 

00~1o1u14>0o1o- 

4n00~1c><:1-|>7<.:1r\1 

L11 - » 

L17 9-10 
L17 10-12 
L17__12—14 

7.0 
6.0 
6.0 
7.0 

‘L26 —_ 14.0" 

L26 — 
, 

1'3 .0 

L26 - 
L26 

0o~1c101-3-'o,1M—~ 

4o0o~1o>u1-1'><.>1\'> 

12.0 
-— 10.0 

L26 — 7.0 
L26 — 6.0 
L26 - 6.0 
L26 - -6.0 

1.26 9»-10 6.0 
L26 10-112 - 6.0 
L26 12—1_4 6.0 

- 13.0 
L21 - - 13.0 
1.21 - 013.0 
1.21 - 01. 
1.21 - 'DL 
L27 - DL 
L21 - DL 
L21 - 
L27 9-10 
L27 10-12 
L21 12-14 DL 

L27- 
m\l<O'>0'l2k(0.l\J-* 

(D@$lG>(fl-QCDN 

DL 
DL 
DL 

L34 -
. 

111.34 - 6.0 
L34 — DL 
L34 

A 

-'- DL 
L34 

_ _ + . 

1 - DL 
-L34 -' DL 
.L34 - 
L.-34 - 
L134 9-10 ' 

L34 10—-12 
L34 12-14 z 

9.0 

(O®'\lO>UlJ>00l\) 

. DL 
DL 
UL 
01. 
5.0 

8.0‘ 

96.0 
36.0 
55-.0 
54.0 
52.0 
52.0 
51 .0 
52.0 
53.0 

_ 

50.0 

92.0 
1 03.0 
136.0 
137.0 
128.0 
127.0 
75 .0 

~-64.0 
58.0 
58.0 
58.0 

1 36 .0 
1 26-.0 
1 03.0 
79 .0 
58.0 
55 .0 
55.0 
50 .0 
51.0 

V 53 .0 
54.0 

96.0 
107.0 
89 .0 
60.0 
29.0 
25.0 

' 24.0 
25.0 
25 .0 
25 .0 
26 .0 

11.0 
87 .0 
5.8.0 
45.0 
45.0 
43.0 
-41.0 
-41.0 
39.0

_ 

40.0 
43.0 

456.0 
438.0 
1 66.0 
1 08 .0 
92.0 
92.0 
90.0 
90.0 
93.0 
88 .0 

245 .0 
295 .0 
375.0 
534.0 
807.0 
81.8.0 
397.0 
255.0 
1 30.0 
97.0 
91.0. 

414.0 
102.0 
109.0 
600.0 
236.0 
101.0 
36.0 
78.0 
19.0 
33,0 
85.0 

425.0 
542.0 
544.0 
362.0 
75.0 
43.0 
39.0 
38.0 
37.0 
36.0 
39 .0 

139.0 
359.0 
204.0 
76.0 

. 70 .0. 
66 .0 
63.0 
64.0 
60 .0 
62.0 

‘ 67.0 

69.0 
71.0 
50.0 
23.0 
22.0 

' '20.0 
- 20.0 

19-.0 
19.0 
17.0 

101 .0 
1 102.0 

12.0 
53.0 
43.0 
41.0 

" 

53.0 
32.0 
23.0 
20.0 
21.0 

94.0 
61.0 
46.0 
50.0 
33.0 
20.0 
19.0 

4 17.0 
17.0 
18.0 
18.0 

19 .0‘ 
69.0 

. 50.0 
36.0 
1 1 .0 

. 3.0 
1.0 

"1.0 
. 

7.0 
. 

7.0 
' 8.0 

. 
94.0 
70.0 
35.0 
23.0 

» -16.0 
16.0 
15.0 

. 15.0 
- -13.0 

I 13.0 
14.0 

8.87.0 
791.0 
383.0 
117.0 
63.0 
63.0 
61 .0 
58.0 
59.0 
60 .0 

724 .0 
753 .0 
950 .0 
9150.0 
805.0 
806.0 
941 .0 
355.0 
135 .0 
75.0 
64 .0 

1305.0 
1 136.0 
352.0 
143.0 

4. 216.0 
32.0 

. 61.0 
55.0 

. 56.0 
59.0 
60.0 

1095.0 
915.0 
652.0 
401.0 
66.0 
.321-0 
23.0 
23.0 
26.0 
26.0 
‘25 .0 

862.0 
1 067 .0 
689.0 
268.0 
188.0 
67.0 

1 _55 .0 
50.0 
44,0 
45.0 
48.0 

392,0 
661 .0 
343 .0 
91.0 
3.20 

1 32.0 
23.0 
21.0 
28.0 
28.0 

968.0 
1036.0 
1251 .0 
1290.0 
325.0 
31 1.0 
27.6.0 
107.0 
60.0 
36.0 

' 

31 .0 

1062.0 
560.0 
259.0 
161.0 
59.0 
34.0 
27.0 
24,0 
25.0 

- 26.0 
21.0 

543.0 
304.0 
155.0 
95.0 
13.0 
11.0 
9.0 

. 
9.0 
3.0 

' 

3.0 
10.0 

976.0 
712.0 
212.0 
47-.0 
34.0 

" 24.0 
20.0 
19.0 
18.0 
19.0 
20.0 

522.0 
191.0 
593,0 
205.0 
120.0 
1 19.0 
1 12.0 
109.0 
109.0 
105.0 

664.0 
514.0 
494.0 
341.0 
212.0 
324 .0 
290.0 
1 99.0 
1 413.0 
1 21.0 
1 11.0 

462.0 
331 .0 
294.0 
216.0 
171.0 
1 22.0 
108.0. 
96 .0 
95.0 
99.0 

1 05 .0 

337.0 
284.0 
228.0 
171 .0 
60.0 
42.0 
_31.o 
33.0 
31.0 

. 36 .0 
39 .0 

356.0 
263.0 
191 .0 
1 15.0 
106.0 
36.0 
31 .0 
13.0 
12.0 
14.0 
13.0 

945.0 
680.0 
80.8.0 
400.0 
138.0 
105.0 
56.0 
37.0 
31 .0 
29.0 

828.0 
> 200.0 
>2000 
1 186.0 
265.0 
248.0 
210.0 
141 .0 
122.0 
56.0 
46.0 

1 71 8 .0 
1 979.0 
843.0 
207.0 

. 65 .0 
-38.0 
40.0 
28 .0 
24.0 

' 

27.0 
22;._0 

1 487.0 
1342.0 
1 140.0 
334 .0 
27 .0 
23 .0 
1 4.0 

1 1.0 
1 0.0 
5.0 

391.0 
1019.0 
41.4.0 
216.0 

- .16.0 
3.0 
01. 

4 11.0 
1.0 
13.0 
1.0 

81.0 
61.0 
48.0 
35.0 
31.0 
31 .0 
28.0 
26.0 
27.0 
23.0 

89.0 
36.0 
16.0 
56.0 
36.0 
40.0 
45.0 
40.0 
34.0 
33.0 
30.0 

63.0 
49.0 
39.0 
33.0 
35.0 
30.0 
21.0 
21 .0 
21 .0 
22.0 
21.0 

50.0 
43.0 
36 .0 
31 .0 
19.0 
1 5.0 
12.0 
12.0 
.1_ 1.0 
11.0 
12.0 

65.0 
53.0 
35.0 
27.0 
27.0 
25.0‘ 
25.0 
24.0 
21 .0 
17.0 
19.0 

DL. = I953 than or detectioh 1111111"



7%Mb2Z 
ENRICHMENT FACTOR FOR TRACE ELEMENTS IN LARDER LAKE 

STAT|ON/ 
DEPTH (cm) 

Sc'V Cr Co Ni Cu 
_ 

Zn As Pb 

L7 " 
L7 — 
L7 - 
L7 - 
L7 - 
L7 - 
L7 - 
L7 

W\lO)(J'l-$5-GIN-* 

-L-A

< 

f\)OlOCD\lO)U'l-b-(070 

L7 .9- 
L7 10- ' 

L17 - 
L.17 - 
L17 - 
L1-7 + 
L17 — 
L17 - 
L17 ‘- 
L17 1- 
L17 9-10 
L17 _10-12 
L17 12-14 

o0\|mu1:><.0|\:-1 

<o_m~1cnu1J>c;>M 

L26 _- 
L26 
L20 -W 

L26 - 
120 - 
120 T- 
120 - 
L26 - 
120 9-10 
L20 _10-12 
120 12-1'4 

00~101014;00f\>- <omNo101-b-QM 

L27 - 
L27 — 
L27 - 

0o~1mu1:£u|\>- 

wmumm->-mm L27 - 
L27 _- 
[27 - 
L27 — 
L27 — 
L27 9-10 
L27. 10-12 
L27 12-1.4 

L34 — 
L34 — 
L34 

@\lO7(fl->'(a)N-* 

(D@\|O'>Ul-B0010 

L34 — 
L34 -_-' 

L34 — 
L34 _ 
L34 _ 
L34 '9.-10 
L34 10-12 

-la-l_l_§n-l—lu-A—§n-lunl 

'o'o'o'oooor\>~|\| 

.r 

-AQQ.-A-0-a.-A'_A-1-11-A 

oinoo-~1~1<o<oc>4> 

2.3 
2.2 
2.0 
1.7 
1.2 

-0-0-0-A-0‘-A 
'oo'ooc>-c: 

4.3 
.1 4.3 

4.3 
1 .0 

- 1.0 

-A-A-Au-A-L-A 

OOQQQO 

1.8 
1.2 

. 0.6 
1 

0.6 
0.0 
0.0 

. 0.0 
0.0 
0.0 

A 

0.0 
L34 12-14 1.0 

bi-'c>b'oo-1-»~1co 

1.6 
1 .8 
2.3 
2,4 
2.-2 
2.2 
1.3 
1.1 

-5'-A-A OQQ 

"""t""‘."‘!\7!° 

_oo-u1<‘oc.o<.n 

0.9 
0.9 
1.0 
1.0 

3.7 
4.1 
3.4 
23 
1.1 
1.0 
0.9 
1.0 
.1.0 
1.0 
1 .0 

""°.°:"‘.":"‘.-*:"‘:"|\*:" 

ococoooooomooo 

_A-A_A_A-A-4-n_AQ\Q1 

'o'-foooomcoom 

2.7 
3.2 
4.1 
5,9 
8.9 
9.0 
4.4 
2.8 
1.4 
1.1 
1.0 

5.6 
8.3 
8.3 
7.1 
2.8 
1.3 
1.0 
0.9 
0.9 
1.0 
1.0 

0.9 
3.9 
3.9 
9.3 
1.9 
1.1 
1.0 
1.0 
0.9 
0.9 
1.0 

2.8 
5.4 
3.0 
1 _.1 
1 ,0 
1 .0 
0.9 
1 .0 
0.9 
0.9 
1.0 

4.1 
4.2 
2.9 
1.4 

-A-l_-L-A-A-A 

O—*—*|\)I\7(D 

4.8 
4.9 
3.4 
2.8 
2.0 
2.2 
2.8 
1.5 

-1.-0-; 

QC-9 

5.2 
3.4 
2.6 
2.8 
1.8 
1.1 
1.1 
0.9 
0.9 
1.0 
1.0 

9.9 
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Table 23. 
GROUPING VARIABLE STATISTlCS.(ME_A_I\I AND S.D. 
SOLUTION OF SE-DIMENT TOXICITY IN LARDER LAKE 

) FOR FOUR CLUSTER 

Variable Gp. 1 (n=2) Gp. 2 (n(=_17) GP"-I 3 (0:15) Gp.4(i1 =. 
-1) 

Reference 
Sediment 

Adults 1.9 (0.7) '40 (0-Z) -

' 4.0 (0.2) 4.0 4.0 (0.0) Y 

Empty Cocoon S. 3.6 
I 

(1.4) ' “6.6 (3.0) 14.8 (3.-1) 16-.0 23.2 (2.0) 

Full Cocoons 9.8. ' (12-.7) 2.4 -(3.8) 10.3 (3.3) 15.6 18.2 ((L3) 

Small Young 1.0‘.
I 

(0.8) 13.6 (75) _ -34.6 (9.2) 31.4 60.8 (11.5)) 

Large Young 0.0 ~ (0.0) 
' 0.3 (0.5) 1.5 (1.1) 15.2 44.8 (5.3) 

Total Cocoons 13.4 (11.3) 9.1 (4.2) ' 25.1 (4.9) 3L6 41.4 (0.9) 

Total Young I. 1.0 (0.8) I 13.8 (75) as.) (9.5) 41.6 105‘. 6 (12.2) 

Table 24. 
ME-AN VALUES OF BIOASSAY END-POINTS’ AND IMPORTANT SEDIMENT '. 

VARIABLE FROM (MDA) (N FVOU_B(TOXlC|’TY' GROUPS AND A REFERENCE SEDIMENT 
_Vaflabw Ref Gp 1 epz G1» 3 Gp(4. 

T.c0c0on .43.4 13.4 -9.1 25.1 31.6 

T.y0ung 100.6 _1.0_ 36.1 466 
Cmyfi . 56.4 . 55.0 43.9 14.1 

em I

I 

74.8 32.9 39..-4. 38.5 .72 

_AhQe- . 

7.0 1.3.4 12,5 12.5 9.4 

lWn0 ~ 0.1) 9-1. .. 
' 0.3' 0.2 0.2 

(<20
I 

. I 

1.8 . L2 
I 

1.9 _1.9' 111 
Pb‘ '25.8

> 

43.7 16.00. 

Zn 96.6 - 3177.4 261. 

. 
26.7‘ ___3_2._9»_

8 . 277.8 254.4
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