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The results for porewater, water column and suspended-trapped sediments chemistry 

in the Spanish Harbour/Whalesback Channel and North Channel, are summarized. 

Sediment porewater nutrients are found to be enriched by a factor of 30 to 2600 when 

compared to lake ‘water levels. The highest increase was found for ammonia at the station 

closest to the river mouth. Total metal concentrationsin porewater are highest at a depth 

of 8 cm, which corresponds to peak loading between 1950 and 1960, ‘based on sedimentation 

rates reported for this area. Total metal concentrations in water in the Whalesback 

Channel are 50 to 60% higher than in the North Channel, however the concentrations meet 

the federal guidelines for the protection of aquatic life. The mean current speed and 

direction in the “Whalesback Channel is 3.8 in a southerly direction into the North 

Channel. This research clearly indicates that at least during the study period (May to 

September), there is trace metal and nutrient transport occurring from the Spanish 

Harbour/Whalesback Channel to the North Channel of Lake Huron. Metal concentrations 

in the suspended sediments are above the Lowest Effect Level given by the Ontario 

Ministry of the Environment and Energy sediment guidelines. Remediation of the water
/ 

and sediment quality in the Whalesback Channel would considerably decrease contaminant 

loadings to the open water of Lake Huron.



1- INTRODUCTION 
The Spanish River is located on the Canadian Shield with the majority of the 

Spanish River watershed located in the geographic District of Sudbury (Figure la). 

The bedrock geology of the Spanish River drainage basin is comprised of two. major 

lithological units. The upper part of the watershed is characterized by Precambrian igneous 

rocks, including the Sudbury Irruptive, while the lower part is underlain by sedimentary, 

volcanic and derived metamorphic rocks. Surficial deposits are typically thin layers of 

undifferentiated silts, clays and sands interspersed with swamps and bogs between bedrock 

ridges. The ‘mean annual flow for the river is 132.6 in’-sec" with a 20-year flood flow of 

1,100 ms-sec" (MacLaren Plansearch, 1984”). 

In 1985, the Spanish Harbourywas designated by the International joint Commission 

as one of the 42 Areas of Concern (AoC) in the Great Lakes Basin, based on an assessment 

undertaken in 1980. Problems identified -included: tainting of fish, impaired benthic 

communities, and indications of nutrient and metal emichment in the adjacent near shore 

waters, Concentrations of polychlorinated biphenyls (PCBs) and some metals in the 

sediments were found to exceed provincial guidelines for the open water disposal of dredge 

spoils. Other impaired uses included domestic water-taking,‘ livestock watering and fish 

habitat losses. Use impairments in the AoC to that date were largely attributed to the 

waste loadings from a pulp and paper mill located 52 km upstream at Espanola (Ross-, 

1975). Chronology of operations is reported below.
' 

Dymond and Delaporte (1952) were the first to report on the degradation of the
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Spanish.River. Subsequent studies carried out by Swabey (1965) and Conroy and McGrath 

(1967) documented the biological impacts associated with the waste discharges from this 

facility. From 1947 until approximately 1980, commercial fishermen fishing the 

Whalesback Channel could not market walleye due to the tainting problems (Swabey, 1965 ; 

Loftus, 1980). The taste of the fish was described as being "like fuel oil and turpentine" 

(Loftus, 1980) and was attributed to tainting by phenolic substances from the upstream 

pulp and paper (Swabey, 1965; MOEE, 1983). A 1972 water quality survey carried 
out by the of the Environment and Energy (MOEE) found that due to high 

loadings of . 

BODS, dissolved oxygen levels were as low as 4.2 mg-L" 40 downstream of the mill 

(MOEE, 1972). Bacteriological counts exceeded body-contact recreation objectives with 

fecal coliforms ranging from 500-900 counts/100 mL at I_!1span'ola, to 68-400 counts/100 mL 
near the river mouth. In 1980, the Spanish Harbour was included in the 1980 Great Lakes 

International Surveillance Plan. The results of the study documented eutrophication 

-problems in the harbour (Hayman, 1980). 

Chronology of Espanola 

Date 
p 

Event 
g 
W. (Source; E.B. Eddy, 198.7 and 1990 annual reports) 

1905 - startup as groundwood facility. 
1912 - first two paper machines on-line. 
1914 - two additional paper machines brought on-line. 
1920s - fifth and sixth paper machines brought on-line. 
1927 - ownership changes to Abitibi Power and Paper. 
1932 - facility shutdown. 
1943 - converted to Kraft production (265 tons/day); 

facility owned by Kalamazoo Vegetable Parchment (KVP) Co. 
1965 - production expanded to 625 tons/day. 
1966 - facility ‘purchased by Brown Forestlndustries Ltd.- 
1969 - facility purchased by George Weston Ltd.;

' 

given present name E.B. Eddy Forest Products Ltd. 
1970 - spill recovery and primary treatment installed. 
1977 - oxygen bleaching installed on softwood line. 
1980 - hardwood line converted to< oxygen bleaching. 
1983 - secondary treatment implemented.
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1988 - chlorine dioxide substitution implemented.
i 

1989 - switch to dry debarking; < 

all effluents diverted to secondary treatment. 
1990 - chlorine dioxide substitution increased on hardwood line; 

in-plant modifications continued. 

A harbour is often considered to be one of the final sinks for all types of soluble and 

particulate contaminants released to the environment and for materials produced in the 

water body itself. Near shore areas, in particular, are often characterized by wide 

variations in concentrations of contaminants due to localized inputs and as a result of near 

shore mixing processes. Contaminants entering a water body in soluble form eventually 

associate with particulate matter either by adsorption, chemical association, or biological 

uptake. This association can occur in the water column and/or in the bottom sediment 

compartments. The material in the water column settles to the -bottom, but may be 

recycled back into the water column through resuspension induced by physical 

processes. The most .important process by which particulate matter is removed from the 

water column is through sedimentation. 

The purpose of this study was to measure sediment porewater profiles at three sites 

in the Whalesback Channel of the North Channel, lake Huron; and one control site to 

determine concentrations of trace elements and nutrients in the sediment porewater.“ The 

concentration of soluble and particulate nutrients and total metals in the water column were 

to be measured, and related to those in porewater and sediment. However the most 

important task was to measure the sedimentation rates of suspended particulates and 

associated contaminants in Lake Huron at four limnologically different sites. Sedimentation 

rates were to be observed at two levels in the water column; at 10' metres below surface,
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and 2 metres above the lake bottom. Since contaminants have a high affinity for 

particulate matter, conclusions were to be concerning the pathway and eventual. fate 

of contaminants, from the Spanish Harbours/Whatlesback Channel, out into the North 

Channel waters. Studies to achieve the ‘above goals were initiated in 1988, with the 

measurements of contaminants and nutrients in sediment porewater; A study to assess the 

transport of contaminated sediment from the Whalesback Channel, out to the-1 open waters 

of the North Channel, was initiated in 19990 and completed in 1992. Sediment, traps were 

deployed from April to September (1990 to 19.92) at four stationsito measure sedilnentation 

rates at two levels in the water column, inside the Whalesback Channel and outside in the 

North Channel waters. Current meters were deployed at 3 stations (110, 111, and 112, 

Figure ll) ), at a depth of 10 m to measure water temperature, current speed and direction. 
Water column physico-chemical measurements were carried out at selected stations along 

two transects in the Whalesback channel in July 1991.
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VIA TION TABLE ' 

Abbreviation __ 0 _Deseription 

TSM _ Suspended » 

_, _ Inorganic Suspended Matter 

OSM __ _' Suspended Matter 

r A 
..T9*?1.T"“PP¢d Matter 

‘lTM_ 
_ 

Ilwrganic Matter ‘
i 

OTM _ Qvganic Trapped Matter 
l LOI _ _g 

on Ignition 

CHLA it , .Ql!l‘Z¥9Ph.Y“ 11 

CHLA.U Chlorophyll a (uncorreéted) 

CHLA.C a (corrected) 

drool _ __ H V 
Organic Carbon 

PN . 

H __ __ 
l_’articul_ate Nitrogen 

Tr _ _ _ g 

Total Phosphorus
A 

t 
_."1.1’.1.’ _ g 

Total Particulate Phosphor_u§__
_ 

__t-_ NH: 

SRP _ g g 

Soluble Reactive Phosphoru5__ 

NO, + NO, ___lfIitrate plus Nitrite 

TRANS Light
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2. AND IVIETHODS 
Study Area 

Log; tion 

The Spanish River is located on the Canadian Shield with the majority of the 

Spanish River watershed located in the geographic District of Sudbury (Figure la). From 

its headwaters, the river flows in a southerly direction towards the North Channel of Lake 

Huron and discharges south of the Village of Spanish in the District of Shedden. Its 

drainage area encompasses approximately 14,000 km‘. The Spanish River watershed 

consists of ta network of lakes and rivers whichare regulated by twenty-two control 

structures. The average slope of the Spanish River from its headwaters to the town of 

Espanola is approximately 1.1 m/km-. - 

The bedrock geology of the Spanish River drainage basin is comprised of two major 

lithological units. The upper part of the watershed is character-ized_ by Precambrian 

igneous rocks, including the Sudbury Irruptive, while the lower part is underlain by 

sedimentary, volcanic and derived metamorphic rocks. Surficial deposits are typically thin 

layers of undifferentiated silts, clays and sands interspersed with swamps and bogs between 

bedrock ridges. 

The surficial geology of the river and the adjacent nearshore area originated during 

the Wisconsin glaciation. The location of the north shore of the glacial Lake Algonquin 

Heal‘ M3586)’ resulted in the deposition of varved clays. When the glacial lake level 

dropped, lacustrine and beach sands were deposited in the area, as well as varved clays and 

silts. These deposits now form the streambanks and riverbed of the Spanish River 

downstream of Espanola.
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Significant tributaries include Wakonassin, Vermilion and Aux Sables Rivers. The 

Wakonassin and Aux Sables Rivers are essentially pristine Waterways, although historically 

they were used to transport red and white pine to mills located at the mouth of Spanish 

River. For the first 30 years» of this century, major sawmills operated at the mouth of the 

Spanish River at Spanish Mills and Moyles Mills (Brown, 1983). The Aux Sables River 

joins the Spanish River at the town of Massey. It contributes approximately 15 % of the 
baseflow of the lower Spanish River (Beak, 1980). a 

The Vermilion River drains the greater part of the Sudbury Basin, including INCO 

and Falconbridgevmetal mining properties at Levack/Opaning and INCO smelting! refining 

facilities at Copper Cliff. The Vermilion River merges with the Spanish River just 

upstream of the town of Espanola. _ 

The lower reaches of the Spanish River have been impacted since the turn of the 

century by log operations and subsequent waste discharges from a pulp and paper 

mill facility at Espanola. Mining, and smelting operations in the Sudbury Basin 

have been a major source of heavy metals for the river and have resulted in an extensive 

area of contaminated sediments in both the nearshore zone of the AoC and the Whalesback 

Channel, Problems identified at the time included: tainting of fish, impaired benthic 

communities and indications of nutrient and metal enrichment in the adjacent nearshore 

waters. Concentrations of PCBs and some metals in sediments were found to. exceed 

provincial guidelines for the open water disposal of dredge spoils. Other impaired uses 

included domestic water-taking and livestock watering.
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Sampling, Sample Preparation Methods 

Sampling gstations were established in the Spanish Harbour study area for collecting 

water, sediment and other in situ measurements, Reynoldson et al, (1995). Additional 

sampling stations were located along two transects‘; one from the Spanish River mouth, 

westward past Jo.hn’s Island, out to North .Cha.nnel waters, the other from Aird Bay, 

towards‘ the south to the North Channel. The East-West and the North-South transects 

were-established to detect any spatial gradients due to riverine and other local inputs. These 
stations were 

labelled with the "T" notation, (Figure 1b)., 

_ 
At most -sampling stations, surface to bottom profiles of temperature and light 

transmissions in water‘ were "recorded, a combined transmissometer-electronic- 

bathythermograph‘ (TEBT) system. A YSI -'oxyge_n meter was used to measure in situ DO, 
In addition, "pl-I was at selected stations in the two transects, at 4 m below the 
water surtface. Collected samples were analyzed for pH at laboratory temperature, using 
the Cole Palmer Analyzer, Model 5800-05, 

Water samples for particulate-and soluble nutrient, and trace» elements analysis were 

collected by Van Dorn bottle (Rosa ét al, 1991) from selected stations the study area, 

At these stations one sample was collected at 4 m below water surface. Particulate organic 
carbon and nitrogen (POC, PN), chlorophyll a (CHLA), corrected and uncorrected 

(CHLA.C, CHLA.U) for phyophyten, and total phosphorus (TP) were determined 

according to (EC 1992, V.1). For the determination of total suspended matter (TSM), the 

samples were filtered, using precombusted (soo°c) and pres-weighed Whatman GF/C glass 

fibre filters (approx_imate~pore 1-2 pm). The filters were dried at 100°C for 3 hours to
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obtain the Weight of; the TSM. The inorganic suspended matter was 

gravimetrically measured after the sample was combusted. at 500°C for 2.5 hours. Organic 

suspended matter (OSM) was calculated from the difference between TSM and ISM. 

At these stations, one water sample was collected and filtered for the determination 

of dissolved elements. The filtration of the samples was carried out in the field within a 

few hours of collection using Millipore glass filtration apparatus, with 0.45 am cellulose 

acetate filters. The samples were acidified with 50 pl of HNO3-.e All samples were 

stored. at 4°C until analyzed.’ ' 

Sétlililéllt p0i‘éWatei' 

The samples of sediment pore water were collected at three sampling stations (1,2, 

and 8) in the harbour area and at one station (14) just outside the harbour toward the 

offshore. One dialysisfimpler’ "Deeper" (Hesslein, 1976), was used at each of the four 

stations in this study, -to recover in porewater at 1cm intervals, To remove any O, 

stored in the samplers’ acrylic lmaterial, the peepers were bubbled with N, for two days 

before assembling them (Carignan et_ al.,- 1994). Each peeper has a sequence of 60 cells. A 

few days prior to sampling, 't_h'e cells were filled with oxygen-free deionized, doubly distilled 

water (DDW) and the open side was covered with a 0.45 [LID ceill.ll,l0,se'me_mbrane. (Gelman 

Scientific, Inc.) (Rosa and Azcue, 1993). Subsamples of the water used in the assembling 

and storage of the peepers were kept as blanks for further analysis -to monitor any possible 

contamination_. The peepers were kept in bubbling chambers with Oxygen-free.DDW until 

divers installed them vertically in relatively flat areas at the lake bottom. The peepers were 

left inserted in the bottom sediments for four weeks to allow the water in the cells to 

equilibrate with the ambient sediment pore water. At retrieval, the peepers were quickly
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rinsed with lake water to dislodge adhering sediment particles. The porewater from each 

cell was immediately removed, by using disposable syringes. The samples were collected in 

6 mL polystyrene vials and acidified, with Ultrapure Seastar concentrated acid and stored 
at 4°C until analyzed. Trace metal and major ions samples were acidified with 50 pL of 

HNO,, and those for nutrients were acidified with 50 p-L of I-I,SO,. All the vials were 

previously acid washed following the method recommended by Nriagu et al. (1993). The 

samples were analyzed for trace elements by inductively cou'pled plasma atomic emission 

spectroscopy (ICP-AES) using a J obin Ivon Model 74. The standard solutions consisted of 

high purity concentrations of the trace elements in a solution of 2% HNO, (Delta Scientific 

Laboratory Products, Canada). 
0 

4
» 

mpg! sediments 
From April to September 1990 to 1992, cylindrical sediment traps (aspect ratio of 

14:1) arranged in sets of fijve in a sedimentation trap frame assembly (Rosa, 1985), were 

deployed at two leve_|s' in the water column at four locations (stations 110, 111, 112, and 

113) (Figure lb), in Lake Huron. The surface traps were set at 10 m below Surface. The 
bottom traps were installed and kept at 2 m above the lake bottom. Each summer, the 

sediment traps were refurbished once at the middle of the study period, and then removed 

in September. _ 

The validity in the collection efficiency of these traps has been proven by 

experiments conducted by Bloesch and Burns (1980). The traps were carefully retrieved so 

as to resuspension of -settled material. The supematant was drained off through 

drain holes (Rosa, 1985), and the sediment samples were taken from the remaining 0.60 L 

of each of the five replicate traps, and combined into one sample. The variability among 

the replicate traps was found to be-between 5 and 10%. .
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The combined sample was homogenized and subsampled for the required chemical 

analyses. Subsamples were filtered through precombusted (500°C) and pre-weighed 

Whatman GF/C glass fibre filters (approximate. pore size 1-2 p) for total trapped matter 

(TTM). The TTM was »gravim_etrically measured after the sample was dried at 100°C. The 
inorganic trapped matter (ITM) was gravimetrically measured after the samples were 

coinbusted at 550°C. The organic trapped matter (OTM) were calculated by difference 

(TSM-ISM) and (TTM-ITM), respectively". The particulate phosphorus (PP) was measured 

by filtering a subsample through a Sartorius SM 11106, 0.45‘-[1 filter and digesting the 
sample filter in 50 mL of acidified water (0-.5 mL 30% H,SO,l50 mL of sample). The 
determination of phosphorus and other chemical constituents was caried out according to 

Environment Canada (1992, vol 1). 

Chemical analyses were carried out on the water samples collected at discrete depths 

each time the traps were removed, emptied, and replaced. The samples were analyzed for 

TSM, ISM, OSM, particulate organic carbon and nitrogen (POC, PN), and chlorophyll. 

During each sampling" time, an electronic bathytherinograph (EBT) was taken to register 

in situ surface to bottom, water temperature and depth profile. 

3. RESULTS AND DISCUSSION 
Water Chemistry 

Temperature structure, light transmission and thermal stratification depths \ 

g 

From the onset of thermal 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. The thermal
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stratification of the Spanish Harbour and North Channel is typical of djznictic. lakes. 

Thermal layers were well established in July, with light transmission decreasing slightly 

toward the lake bottom at the deeper. stations (Figure 2). The mean light transmission in 

surface waters (epilimnion) was about 10% higher than that in the hypolimnion at defiper 

stations. In contrast, in the shallow Stations in the llilrbfllll‘ (T13 t0 T14)’, the light 

transmission decreased ‘substa_nti_ally toward the surface (Figure 2). This was due to the 

greater quantities of suspended matter in the water column (Figure 3), due to dredging 

activities in the area along the North Shore; Regression analysis between TSM (y) and %. 
transmission (X) for all the transect stations with TSM data, shows a high st_atist_ically 
significant negative relationship between two parameters: i 

TSM (mg-L") =' s».o - 0.09 % 
(P < 0.001, n = 15, r = 0.87) 

Both the Whalesback Channel and the North Channel stations were thermally stratified 

during the period. The thermal layers were typical of a well stratified temperate 

lake, with epil_hnm°.on and thenn.oeline thickness between 8 to 12 m, and J2 to 10 m, 

respectively, and surface water temperatures between 17.0 and'21.0°C. The remainder of 

the Water eohnnn consisted of a eold, .7-.9°C_, hypolimnion.
0 

The suspended particulate matter in a lake sinks through the water column. The 

portion of organic matter, which does not decay, and the inorganic matter in the water 

column eventually settle on the lake bottom. Decaying organic matter in the water 

column and at the sediment surface can consume a considerable amount of oxygen. In the 

Spanish Harbour this consumption was substantial, especially at stations 2 and 8 (see 

below).
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flutrients '
e 

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 carbon in the lake Water, h_ave“been '.i.L1e.xt1;'icably related to 

biological productivity. Although many elements and compounds are required for 

biosynthesis, nitrogen and phosphorus have long been considered to be the principal 

limiting nutrients for. primary production. In addition, there was evidence, that organic 

carbon may also production in some situations. 
A

, 

The spatial distribution in the concentration of nutrients and suspended matter in 

the epilimnion, at selected transect sites "-T", are reported in Table 1. Total and inorganic 

suspended matter show‘ different spatial patterns at the shallow and deep stations. The 

shallow stations (Table 2) had the concentrations of TSM and ISM and the lowest 
% LOI. In the shallow areas winds can mix the Water column down to the bottom thus 
causing previously sedimented material to resuspend and redistribute throughout the water 

column. However, in deep areas the water colllmn iS_ stratified, and the thermocline acts 

as a barrier between the epilimnion and hfypolimnion-, because of temperature and density 

gradients, and confmes resuspended lnaterial to the hypolimnion, thus resulting in lower 

inorganic content at the deep stations as shown on Table 2.
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Table 1. Water Suspended Matter Concentrations (mg-L“) 
at swam Along Iivo Tmnsects 

Station TSM ' 

it "T1 1.-43 

ISM 

0.80 

OSM" 

0.63 

LOI
% 

44.2 

TP 
(us - L") 

8.6 

T3 1.07 0.47 0.60 56.3 8.2 

Ts 0.-97 0.43 0.53 55.2 6.5 

T7 0.70 0.07 0.63 90.5 11.5 

'1"-9 1.23 6.53 0.70 56.8 610.6 

T11 1.20 0.60 0.60 50.0 11.6 

-T13 1.75 0,70 1.05 60.0 14.2 

T15 2.60 1.45 1.15 44.2 

T17 6.40 4.40 2.66 311-3 20.5 
' 

T19 1.30 0.66 0.70 53.8 11.5 

T21 1.10 0.30 0.80 72.7 11.5 

. T22 1.24 0.68 0.56 45.2 13.1 

T25 0.87 0.23 0.63 73.1 10.9 

I 

T27 0.80 0.17 0.63 792 8.8 

T29 0.67‘ 0.07 0.60 90.0 6.7 

Physico-chemical’ parameters for the transect stations are reported in Table 2. 

Particulate nutrientsin the water column decrease in a westerly direction from the Harbour 

(T17) to the western end of the Whalesback Channel (T5) (Table 1, and Fig'1'n"e lb). 

is due to river loadings and resuspension increasing the suspended load in the Harbour‘. 

As distance increases towards the Whalesback Channel the suspended load decreases, due 

to less resuspension in the deeper areas, (Table 2) and greater net sedimentation. Some 

spatial trend exists for the North-South transect (Aird Bay to John’s Island), with the 

exception that the suspended load in the shallow area (T19 and T21 Table 1), is much less 

than in the Harbour area T17. The difference in TSM concentrations between T17
I 

(6.4 mg - L"), and T19 (1.3mg.L"), may be (due to the net loading from the Spanish River.
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Table 2. Water Suiface Temperature, Surface pH and % 
at Stations Along flvo Tmusects 

p_H 

Surface
_ Transmission 

Station 
_ , (%) 

Station . 
. Depth 

Temperature (m) 
(°C) Surface Bottom 

T1 8007 76.5 67.0 
8 

27.9 
7.93 72.0 58.3 31.-0 

T3 8.09 17 70.0 64.0 42.5 
,. .T4, 7.94‘ 

A '18 

16.9 
16.4 

.4 

.7
0 

77.9 60.0 39.-5 

_ 7 7.94 19. 78.0 66.0 18.8 
.T6 1.96 ,13_~_?_-. 79.0 73.0 29.8 

T7 7.95 19.2 179-1» 80.0 25.1 
T8 7.83 20.3 19-0 79.5 34.8 
T9 7.77 20.0 79.3 78.5 23.8 
T10 7.75 20.7 77.5 76.5 

8' 

17.0
8 

1 

T11 7.55 
8 21.0 70.0 73 015 8.2 

T12 7.49 
H ‘ 821.3 65.0 75.0 7.2 

T13 7.60 .21.3' 
8 

60.0 50-.0 9.2 
T14 7.68 21.3 50.0 58.0 10.0 
T15 7I67 845.8 58.0 7.2 
T16 1.35 22.4 

8 36.0‘ 8 

59.0 7.8 
T17 7.39 22.8 35.5 54.3 11.-4 

T18 
T19 

7.45 
7 .82 

22.6 35.8 47.0 8.0 

20.7 62.0 .0 6.0 
T20 7.8 20.5 66.0 64.0 8.2 
T21 7.87 20.5 13.0 56.0 10.6 
T22 7.87 20.3 879.5 73.3 10.6 
T23 7.82 20.3 79.3 78.0 25.2 
T24 7.88 20.1 80.0 78.0 32.8 
T25 7.67 20.2 75.0

- 
35.0 

TTZ6 7.8“ 18.9 59.8 74.0 
8 

10.5 
T27 s.13jf 

' '8“ 

17.8 79.0 6.5.3 15.0“ 

T28 8.22 17.4 
'1 

78.0 76.0 7.0 
T29 8.-31 17.7 77.3 71.0 30.1 

Dissolved oxygen measurements were also aken at each station, at 4 m below.surface and 
at 1 m above the bottom. Lowest bottom DO concentration Was 6.65 at station T17 

‘T1 to T18 - West to East transect 
T19 to T29 - North to South transect



4; 
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Trace metals 

Metal loading‘ s originate. in the:<“‘Siidbury and are related to the historical 

mining, milling and ‘smelting operations and to active point sources. Metals are transported 

from the watershed via the Vermilion and Spanish Rivers. The input of metals 

has resulted in an extensive area of contaminated sediments in the Spanish Harbour and 

Whalesback Channel. Total trace metal concentrations in water along two transects, West- 

East and North-South, are shown in Table 3. The East-West ‘Transect (Figure 4) shows a 

decreasing metal concentration from the Harbour ( station T17) through the Whalesback 

Channel out to the North Channel (station T1). Trends are much more pronounced for 

nickel and coPPe_r than lead and zinc. Water at stations T3, west of station T7 (Figure 1), 

in the North Channel, contains the lowest trace metal concentrations (Table 3). Not too far 

west of T3, water at station T1 showed increasing concentrations of copper and zinc. The 

nearest tributary to this area isthe Serpent River, This increase indicated that the 

Serpent River may be a possible source of copper and zinc to the North Channel. The 

greatest decrease (50%) in concentrations of nickel copper and zine were found from inside 

the Whalesback Channel out to the North Channel on an East-West direction (Figure 4 

top). Thus the Spanish River could-still be a source of copper and nickel to the Spanish 

Harbour-,Nort,h Channel system. There is also the possibility that the higher metal 

concentrations in water could be partially due to higher sediment resuspension and 

diffusion processes in the shallow Harbour area, resulting from greater turbulence in 

shallow environments. The North-South transect from Aird Bay and South through the 

Whalesback Channel, and out to the North Channel, also showed a high, but constant 

spatial trend in metal concentrations (Figure. 4, bottom), for all trace metals, particularly 

for nickel and copper. However, there is a 50% decrease in concentrations between the
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Whaliesback Channel (station T19 16 T25), nnd station 'I‘27, which is in the North Channel 

waters. 

Table 3. Water Dace Metal Concentrations (pg-L") 
at Stations Along rm» Dunsects 

6 

Station) 
0 

C6 “Cr Cu _.i_-i--i Ni 

pg T1 0.5 0.6 2.9 4.6 6.2 
T3 ' ' 

0.5 0-.4 1.1 5.5 2.1_ T7“ 10.5" i"0.4- 2.7 10.5 2.9 
T8 0.5 0.4 

“T 
2.0 10.8 2'3 

T9 0.5 0.5 
A 

1.9 210.9 3.4 

. 
T13 0.-5 0.4 1.7 11.7 10.9 
T17 0.-5 0.7 2.3 13.2 3.1 

' T19 0.5 j 
9‘ 

j 2.3 12.1 3.8 
T21 0.5 0.6 ; 

4 

2.0 10.7 5.1 5.7 
T22 0.5 0.5 _g2.2' 11.4 0.7 2.s 
T24 0.5 0.4 2.0 

7 

j 
10.8" 0.7 2.3 

*T25 0.5 " 0.6 2.4 g>11_.5_g 0.7 2.6 
“T27 '0 1 ' 

0.5 
_ 

0.4 1.0 5.1 ("0.7 ' 

1.6 

Regression analysis was performed between different fractions of suspended matter 

(TSM, ISM, OSM TP; Table 1) and metal concentrations (Table 3) in the water 

column. The data was arranged in three different sets; station T1 to T17; stations T19 to 

T27; and stations T1 to T27. Statistically significant (> 90%) correlation was found only for 

zinc and lead, (Table 4) in the organic fraction of suspended matter (OSM), in the transect 

T1 to T17 only. Copper and nickel show higher correlations with the ISM than OSM, 

although the correlation is not significant (<90%). These correlations indicate that zinc 

and lead have a greater affinity for the suspended organic fraction, where Ni and Cu 

associate preferably with the inorganic fraction. These results contradict findings of metal 

association in the bottom sediments in this area (Mudroch et al, 1995). The disagreement 

may be due to the difference in organic compositions of suspended sediments (30-290%, 

Table 1), and bottom sediments (3.2 - 9.8 %, Reynoldson et al, 1995). 
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Table 4. Regression Between Organic Suspended Matter (rng-L“) and 
Total Metal Concentrations (pg-L") in the Water 

Parameter“) 
I 

North - South Transects 

Parameter (y) 
OSMV Cu 

l 

Zn 
| 

Ni Pb 
it 1 

l*0.ss 

l

1 

R 0.05 
Slope 0.32 14.52

_ 

0.13 

_..,.Y'i¥!*°?°°Pl 1,1.-77 ._ -7‘?-.34 -1"-5 
4.28 

* 0.85 

7.32 
L29 

~ 5 l 

. 5 5 5 
'*r Level of significance > NW» ” 

The effect of and smelting operations in the Sudbury Basin, on the metal 

loadings to the Harbourand the Whalesback Channel is clearly identified by results shown 

in Table (5). The concentration of six metals in water (Table 5), sampled in three sections 

of~~-the study area shows considerable decrease (47%) in metalconcentrations from the 

impacted areas (Harbour and Whalesback Channel) to the North Channel waters. The 

greatest decrease (57%) was in the concentration of nickel. Total phosphorus (TP) shows 

similar dcxzrease as nickel-. 
Table 5. Total Metal and Phosphorus Concentrations in Water (pg-L") in 

1 1 at 1 11ve¢.Cvv'r¢'#r1¢"¢¢¢!1I2¢Swdy4r¢q 
1 -> 1 1 1 

' " 0‘ 

Whalesback Channel 
'

3 

Shallow ( < 15m) Deep ( > 15m) North Channel 

p p 

Average Std_.»l)ev.p‘ Average Std.Dév. 0 Average Std.Dev. ‘ B 5 BF Co 0.5 0.0 
p 

7' 

H 

0.0
p 

Ul Ul 0.5 0.0 (H 

Cr 0.6 0.1 
Z 1 A 

0.5, 0.1 UI U‘. 0.5 0-1- U-D 

Cu 2.1 0.-2 
' Q 

12.2 0.3 Ul U‘. 1.7 0C9 U) 

‘ Ni 11.8 0.8 10.9 0.3 U! Ul 5.1 0.40
A 

U) 

Pb 
p 

1.-6 1.7 0.7 0.0 Ul Ul 0.7 000 OJ 

Zn 5.3 ,__s.0 2.1 - 0.4 Ul 0| 3.3 2.1 OJ

l Sum‘ 21.9 - 16.6 - O\ 9\ 11.7 €\ 

‘%Ni' 54 - »- 660 44 
%zn” 024 16: - 

| 

___ .. _.__.___ .. . 

‘
,

I 

_

I- 28 

_ 

Tr‘ 
‘ ' 018.2‘ 7.1 1 10.2. 1.1 4

. 

8.1 0.8 4 
I I 

Sum = Sum of 6 metals
U
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Regression analysis between total phosphorus and total nickel in the water column show a 

significant correlation (Table 6), in the West - East, and the combined transects. Most 

likely nickel is associated with the inorganic fraction of the TP, since nickel has no 

correlation with the organic suspended matter (OSM), (Table 4). This may be due to the 

soluble nickel and adsorption of phosphorus onto clay particles. 

Table 6. Regression Between ma! Phosphnnls (m8"L") and rm: Metal 
Concentrations (pg-L") in the Water 

West-EastTransects 
Statistics - Parameter (y) 

Cu 
| 

Zn 
| 

Ni 
‘ 

Pb 
TP R 0.13 0.11 **0.80 0.22 

Slope 0.02‘ 0.os 0 

_ 
0.01 0.002. 

Y-intercept 
_ 

1.87 3.83 2.03 0.69 

n! 
M6‘ 3' 

6 6 6 

_ 

North-South & West,-East. Transects 
Statistics . - Parameter (y) 0 

Cu 
| 

' Zn 
| 

Ni 
| 

Pb
' 

‘ I 

Y-intercept 1.s6 3.94 4 6.80 0.36 
' 0 

11 

‘TP R 
_ 0.11, 

_ 

0.03 *¥0.'51 
0 

0.30 
6 

S_lope 0.01 
"" 

0.01 0.20 0.05 

n 
7' 

ii 
3 H ’_-(“M111 

11 

Porewater 

Peepers were deployed at the beginning of June and retrieved in mid-July‘ 198,8. One 

double peeper (Figure ,5), was deployed at each of the four. stations studied (Figure 6), to 

obtain sediment porewater profiles of nutrients, trace and major elements. Concentration 

profiles of major and trace metals obtained from sediment cores at these stations were 

discussed by Mudroch et a1, (1995). 

Sediment porewater concentration profiles, of selected nutrients, trace inetals and

19



maior ions to a depth of 10 cm,are shown in Tables 7 to 10, for the four sampling stations. 

The whole concentration-depth profiles for nutrients, and trace elements are reported in 

Appendix A. In general, elevated concentrations of most parameters, were found in the 

sediment porewater collected at the three stations in the harbour when compared to the 

control station outside the Spanish Harbour. The concentration of different 

parameters in the sediment porewater profile occur at different depths at each station. 

-is related to the distance of the respective station to the river mouth, and to the 

accumulation of different fractions of organic and inorganic suspended sediments on the 

lake bottom. Within the sediment column, the formation of dissolved chemical Species, 

depends upon biochemical processes, mainly the bacterial decomposition of organic matter 

and physico-chemical processes, such as desorption of soluble species from the parficulate 

fraction. ’ 

Ammonium and phosphorus concentrations in the bottom few centimetres (-5 to 0 

cm depth, Tables 7 to 10) of lake water are generally low (0.025 and 0.007 mg.L", 

respectively), increasing to concentrations in the sediment porewater at different 

depths in the sediments. The concentration profile of these two parameters is different at 

all four stations-, and indicates a possible relationship with distance from the source 

(Spanish River) for ammonia, and to water depth for phosphorus (Figure 7). The 

concentrations of ammonia in the sediment porewater were greatest at station _8 which is 

closest to the river mouth, for all four stations. The concentrations at this station are 10 

times greater than at station 2, downstream of station 8, and about 60 times greater than 

at station 14, furthest from river mouth, and the control station(1). This trend in ammonia 

concentrations is possibly due to the sediment organic matter being decomposed mainly by 

sulfate-reducing bacteria.
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1 1? 

Phosphorous concentration maximas in the sediment porewater occur at different 

depths in the sediments, and appear to be related to, water depth. Station 8, which is the 

neareast to the Spanish -River mouth and the shallowest (6 m water depth) has 
concentrations of phosphorus deeper in the sediment profile (at about 40 cm) than at station 

2 (8 m water depth) and station 14 (12 l_Il water depth) (Figure 7). These results also 

indicate that station 8 receives greater loading of organic material than stations 2 and 14. 

Since concentrations of phosphorus are within the Same range (2.5 - 3.0 mg - L") 

at these three stations, the composition of organic material at these depths, where maximas 

occur, be similar. In order to compare the impact of nutrient loadings at each 

station, a ratio between the concentration in the profile and concentration in the 

lake water was calculated. For ammonia, the ratios at stations 1, 2, 8, and 14 are 50, 200, 

2600, and 30, respectively. For phosphorus, -these ratios for stations 1, 2, 8, and 14 are 300, 

500, 400, and 600, respectively. The high ammonia ratios at station 2 and particularly at 

station 8, can be the result of historical river loadings to the harbour from the upstream 

pulp and paper mill, sewage treatment plant effluents, and decomposition of organic 

matter. 

The results indicated reduced conditions (absence of NO, + NO,) (Figure 8) in the 

bottom waters at station 8. Increased diffusion caused by anoxic regeneration due to 

reduced conditions, increase concentrations of ammonia in lake water between 0.5 and 0-.6 

mg.L", (Table 9); this is 20 times greater than ambient concentrations. Similar levels of 

regeneration has been reported by Bonanni et al (19_92) for a highly eutrophic system. No 

phosphorus regeneration was apparent at any of the stations. The lowest concentrations 

NH, similar to those at the control station 1 were found at station 14, which is the furthest 

from the river mouth at the eastern end of the Whalesback Channel. A unique 

concentration profile with maximum concentrations between 5 and 10 cm depth, peeking
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at 8 cm, was also found at this station for all the parameters measured with the exception 

of NH,_, Sr, and Mn. Station 14 is the only station that exhibits any noticeable soluble Fe 

concentrations in the sediment. Low concentrations of soluble iron were found at the 

sediment-water interface at all other stations. The results indicated that most of the Fe is 

in the particulate fraction in this area, since Fe concentrations were lower than the 

detection limit in the sediment porewater. -

_ 

At station 8, the concentration profiles of Ca, Ni, NH,, Sr, Ba and Ti in porewater 

showed similar and increasing quasi-linear concentration gradients, with increasing depth, 

to the sampled sediment depth (50 cm). The results indicated regeneration of 

soluble Mn and Fe at station 8 most likely due to anoxic conditions in the bottom waters 
(Table 9 and Figure 9). The concentration profile of Na was constant (Figure 10), at all 

stations with lowest. concentration at station 1 and highest at station 8. Copper 

concentrations, in the sediment porewater (Figure 11) were considerably greater at stations 

2 and 14 (factor of 15-20) than those at stations 1 and 8. Lead showed the same spatial 

variability as Cu, (Figure 12). The concentration profiles of nutrients, trace and major 

elements which are not reported in the text above, are shown in Appendix A. 

SEDIMENTATION RATIE (DOWN—FLUX)
y 

Sedimentation data can be obtained by using properly designed sediment traps 

(Hargrave and Burns, 1979; Bloesch and Burns, 1980). A well designed trap avoids 

overtrapping as well as nndertrapping of particulate material. However sediment traps do 

not solve the problem of resuspension of bottom sediments or mineralization within the trap 

(Bloesch and_Bums, 1980). This study was planned to further understand different 

sedimentation processes, and how these processes can be used toaid in understanding 

contaminant pathways and transport in the North Channel of Lake Huron.
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11-om April to September 1990 to 1992, the sediment traps at the four stations (110 

to 113, Figure 1b), were refurbished twice with a mean exposure time of 56 days. Mean 

summer sedimentation rates of suspended material at each station at 10 m below surface 
and 2 in above the lake» bottom were measured for the summer periods. 

Neil Brown current meters were deployed at three stations (110, 111, and 112, 

Figure 13), at a depth of 10 in , from 1990 to 1992-. Hourly water temperature, current 

speed, and direction was measured over the same time period that sediment traps were 

deployed, i.e. April to September 1990 to 1992. The daily mean current meter data 

shown in Figures 14 to 16. The greatest variability in the current speed was recorded at 

station 112, with a range of speed between 2 and 20 cm-sec". The seasonal temperature, 

speed, and direction are shown in Table 11) 

Table 11. North Guumel Average Summer Current Meter'Da1a, at 10 m Below Surface 
_ 

I 
_ _ _ _ 

Sm D s fr, 1) s T 1) s T 
1| 

' 
(degrees) (cm-s") (°C) (degrees) (cm-s") (°C) (degrees) (cm-S") (°C) 

11o 183 s.s 15.2 "1185;" is "'"3I8"“ 15.6” MNLA.” "N.'A; N."A'I 

111 1ss 2.5 10.1 114“ ia.5"14.s 11111 2.0 1211 
112 115 5.1 12:4 

i 165* * 1 5;z" 1z.s 112 s;o 1o.5| 
Mean 180 ’s."s" 112.8 1151“ v4;2'“'14.2’ "fi1‘14_', “2;5” i11.s”|

I 

D1= direction; S = speed; T = temperature; N.A. = current meter failed. 

Results for the study period show that the mean 1990 and 1991 current velocity and 

direction at the study site in the Harbour is 3.8 cm-sec", in a‘ southerly direction ,(1814°) 

into the North Channel. The relationship in speed and direction among the three stations 

are shown in Figures 13 to 16. The arrows indicate direction and relative magnitude of the 

water current speed. All three stations have similar current speed and direction 
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(approximately 4 cm.-sec“ in the South direction). Based on these results there can be a 

considerable volume of water transferred from the Whalesback Channel to the North 

Channel, through the two channels formed by Klots, Rainboth and Aikens Islands. The 

particulate downflux of Total Trapped Matter (TTM) at 10 m below the water surface, 
ranges from 1.5 to 3.0 g-mad". For all parameters, fluxes the bottom traps are 

consistently greater than the fluxes at the 10 m water depth. Metal concentrations 

"associated with suspended and trapped sediments are greater than the Lowest Effect Level 

(LEL) given. in the OMEE guidelines (Table 12). Y 

Table 12. Dace Element Concentrations in Tnipped .Maten°al, Surface and 
Bottom 1990 - 1992, Number of Cases Exceeding LEL and LoT 

_ ,. _ 

LEL (us-2") LOT (112-g") 
Ni 

(station 11:) 

>31 
>31 

> .90 
> 90 

As 
As (station 113) 

>6 
>6 

<33 
<33 

Zn (station 113) 
'> 120 
> 120 

< iézii 
< 820 

Cu 
--Cu (station 113) 

>25 
>25 < 114, 

30% > 114 

W . 

(station 113) 

>31 
>31 

< 250 
'< 250 

LEL = Lowest Effective Level; LoT 4-'-' Limit of Tolerance. 

The highest downflux and metal concentrations were found at the study site in e 

Ha_rbour., Trace element concentrations in the trapped matter were greater in the 

hypolinmion than the epilimnion traps. The greater concentrations near the bottom 

indicated some degree of resuspension, (Table 13c)., in both the Harbour and the North
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Channel sites. In order to easily compare concentrations at the three study sites, a metal 

index was calculated. The metal concentrations in the surface (10 m) traps were divided 

by the Lowest Effect Level concentrations. In 1991, copper had the greatest metal index 
_ r 

(eight times above the LEL Guidelines) of the three metals. All metals show a decreasing 
spatial trend from inside to the outside of the harbour. The 1991 trace elements 

concentrations at all trap sites were greater than those in 1990 and 1992, particularly for 

at the Harbour site (station 110). These data indicated that Cu, Cd and Zn 

loadings to the North Channel occur through surface waters, based on water current 

direction (see above) and suspended sediment concentrations. Although the results suggested 

some bottom transport, it was not as important as surface transport due to the bottom 

depth of the sill (7-10 m)-, between the Harbour and the North Channel. Year-to-year 

differences in the trace element indices show greater variability in the Harbour site (station 

110), with some fluctuations in the North Channel sampling stations. Trace element indices 

for 1991 were greater than those in 1990 and 1992 at all the stations except station 112. 

Cadmium showed the greatest change of all trace elements. The results clearly indicate 

that, at least during the summer months, there is trace element transport occurring from 

the Spanish Harbour into the North Channel waters. Contaminant loading from the 

Harbour into the North Channel could be estimated during the study periods, but n0t for 

a whole year since current meter and sediment trap data are not available from September 

to April, for the three years.
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Table 13¢. am» Sedimentation Rate! (g-m-16') 16; mm Stations in the 
(Bottom Traps were not deployed at station 113.) . North Channel, 1990 to 1992. 

1. Apr|l30-‘AI1gI_lSt2j8,1990Means 

POC |PN|'rP1>| 
32.22 A 

0.141 0.019 0.0045 

1.28 0.031 0.011 0.0027 

| 

Station 
| 

'I'I‘M.
| 

110 2.61 

111 1.51 
112” 

2 

2.s7 2.42 0.45 

0.39 

0.23 

0.175 0.026 0.0026 

2. May7-Angust28, 1991 Means 
POC PN TPP 
0.211 0.031 0.0066 

0.120 0.019 0.0048 

I 

Station _| ITM 
_] 

om 
110 2.37 2.31 0.56 
9111 

’ 

2.35 2.04 0.315 

112 3.63 3.06 0.62 0.22:2 0.026 0.0048 

3. May5-September3',1992Meam 

110 

POC PN TPP 
2.01 1.60 0.41 0.121 0.01.5 0.0022 

111 2.38 2.02 0.36 0.117 0.015 0.0022 

112 

4. North Channel 1990-92 Mean Gross Sedimentation (g-m"d“) 

3.32 2.71 0.61 0.158 0.024 0.002-1 

Static n TTM ITM OTM POC PN TPP 
110 2.50 2.04 0.45 0.158 0.022 0.0044 

111 2.08 1.78 0.30 0.106 0.015 0.0032 
H 

112 3.29 2.73 0.56 0.185 0.025 0.0032
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Table 13b. Net Nu_tn‘¢n__t Sedimentation Rates (g-m"d“) for Four Stations us the 
Naith Channel, 1990 to 1992 

1. Apl'il30-_AIlglI$l28,1990Mean5 ____ 

Station POC‘ PN 
| 

TPP 

Average 1.55 
| 

1.23 |'0.»32‘|" 0.153 
| 

0.022 

110 1.31" 1.03 0.23 0.171 0.023 
‘1'11'5"1.40 1.07 0.33 0.153 0.022 
112 2.04 1.61 0.43 0.174 0.027“ 
113 1.47‘ 1.1s“"'0-.293 0.114 0.016 

0.0034 
0.0026 

' 

0.0.031 

0.0016 

0.0027
I 

2. May7-August28,1991Means 
I“ 

' TPP 
110 1.46 1.11 0.36 0.103 0.018 0.0047 

I 

"111 1.42 1.08 0.34 0.126 0.020 0.0063 

M112 1.49 1.02 0.47 0.17-05 0.024 0.0055 
113 1.07 0.75 0.33 0.081 0.014 0.0029 

Average 1.36 |t__0.99 0.37 
| 

0.121 
| 

0.019 0.0048 

May5-_vSeptemb'er3,1992Means 
V TPP 
0.0017 

1.60 1.36 0.24 _0.084> 0.010 0.0018 

112 01.25‘ 0.990 0.26 0.082 0.011 0.0013 

113 1.21 0.960 0.25 0.090 0.013 

__;Station_ |0'rM| POC
| 

0.0012 

Average 1.30 
| 

1.05 
| 

0.25 
| 

0.031 
| 

0-.011 

3. 

‘$161166 TTM‘ ITM |oTM| 1>0c__| 
110137” 5 

1.14“ 0.39 0.25 0.067 0.010 

0.0015 

4. N61-111 Channel 1990-92 Mean Net Sedixnentafifll! Bates 
<24-fir‘) 

tlon TTM ITM OTM POC PN TPP 

111 1.47 1.17 0.30 0.121.‘ 0.017 0.0036 

112 1.59 1.21 0.39 0.144 0.021 0.0033 

. 113 
W 

1.25 0.96 0.29 0.095 0.014 0.0019 

| u 1 I 3 at Tel 
110 1.30 1.03 0.23 0.114 0.017 0.0033 

ézgrage 1.41 
| 

1.09 
| 

0.32 
| 
0.113] 0.017] 0.0030



Table 13¢. North Uuumel Resugpension Rates for 11|ree Stations 
1990 t0 1992 

(The resuspension rates were calciilated by subtracting the near bottom trap rates from the 
10 m below surface trap rates.) 

1. For April 30 - August 28, 1990 
OTM POC 

| 

PN TPP
| 

110 +1.30 -1.14 -0.16 -0.071 -0.010 -0.0011 
111 -0.11 -0.21 0.10 -0.007 -0.001 -0.0001 

I 

Station 

112 
0 

-0.85 -0.s1 -0.02 -0.0.01 0-.001 0.0005 

2,. Fo_rMflY7-AIlglI$¢Z3, 
Station 

| | 

rm 
| 

OTM POC IPNI 
-0.20 -0.108 -0.013 -0.001-9 

TPP
J 

0.03 0.006 0.001 0.0.015 
110 

0 “-1.041 ‘-1.20 
1'11 or 1.0.93“ +0.96 

A11: 
" 

é‘ 
-2.04 

3. For May 5 - September 3, 1992 

-0.16 -0.047 -0.002 0.0006
| 

OTM POC |P~| TPP
| 

_ 
110 4_ A=0.87 -0.71 “-0.161 -0.054 -0.005 -0.0005 
111 

2 

=0.7'8'H "H-02.66 "-0.12 -0.033 
112 -2.07 -1.72 -0.35 

\_smion_ 

n 

| 
1TM| 

-0.077 50.013 -0.0008 
-0.005 -0.0004 

4. Rosuspension Rate Means (g-. mad") For 
swan 'TTM OTM 

3 Seasons, 1-990-1992 
POC PN TPP

I 

1]1oM__ > 

_=1“.f19""' 21.020 30.17 -0.078 -0.009 -0.0012 

> _ 

111 
2 10.161“ 10.61‘ 0.00 -0.011 -0.002 0.0003 

112 -1.70 0-1.52 -0.17 -0.042 -0.005 0.0001 

-1.05 Average -1.16"
_ 

-0.11 -0.044 “-0.005 -0.0002 
Standard

_ 

Deviation “'55
' 

0.46 0.10 0.033 0.004 0.0008



BOTTOM SEDIIWENT REUSPENSION CALCULATIONS (UP-FLUX) 
Resuspension of bottom sediments is known to interfere with flux measurement close 

to the lake bottom. A simple procedure used here to calculate bottom resuspension, is 

based on the summer epilimnetic concentrations of TSM which are proportional tothe 
TTM flux out of the epilimnion (see regression below). This procedure is similar to the 

procedure used by Rosa (1985). 

Such a correction procedure was used in this study to calculate the resuspension for 

the study" The mean summer flux measured at 2 m above the bottom (gross flux, 
Table 13a) was subtractied from flux measured at 10 m below the water surface (net flux, 
Table 13b). The results show that total and inorganic suspended matter have the highest 

contribution to resuspension (Table 14). The 'I‘TM flux out of the epilimnion (10 m water 
depth) is related to the mean epilimnion TSM concentration (5 m water depth) by the 
expression:

4 

h 

y = 0.67 X + 0.80 (P = 0.100) 

(r = 0.55) 

y = flux out of the epilimnion (g-m" d") 

x = epilimnion mean concentration (g-m‘) 
The calculated slope of 0.67 -m - d"_ is the mean settling velocity of during the summer 

period. Settling velocities of 0.76 m-d", were reported by Rosa (1985), in the Eastern 

Basin of Lake Ontario.
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TABLE 14. Mean Flux at 2,9 _r_n_.4bg_ve the Bottom for 11sr¢¢,,s¢asq;is.l M 
" Whalesback Channel * i North Channel‘ i +""_.Wsmti<>'njs 

(Station 110) (Station 112) 
Z 

(Stns. 110,111 & 112) .._s _ _ _. e _ _ _ (Upward Upward Up-flux as a % Upward Up-flux as a % P A Up-flux as a 1% 
Flux of Total Flux Flux of Total Flux Flux of Total Flux, 

'Nutrients * *4 
it i 

(g _ m-2d-1) TTM -1.19 47 -1.70 4 51 -1.16 - 42 
ITM -1.02 49 -1.52 57 -1,05 46 
OTM -0.17 44 40.17 33 -0.11 " 37 

_ 
POC -0.078 46 -0.042 39 -0.044 35 
PN -0.009 50 -0.005 37 

' 

-0.005 .36 
PP -0.0012 39 0.0001 41 -0.0002 32 

~ 
' F 7 ,”___ 4 .. . .

I 

(us-m"d")
7 

Cu -256.6 
7 

59 -126.2 47 -164-.12 54 
Zn -535 45 -174 29 -263 32 
Ni -357.6 51 ~309.7 54 -"-282.5 50 
Pb -55.0 _ 41 -100.2 46 -24.6 31 

Mean 49 
H 

44 A ‘ ' ' 42 

Upward Flux = Resuspension 

The calculated upward flux of total suspended matter at 2 m above the bottom is 1.2 and 
1.7 g- m" d", or 47 and 51 % of the gross flux for stations 110 and 112, rrespectively (Table 
14). From these results, assuming constant flux, particulate concentration per unit area, 

and from the measured downward flux of TTM in the epilimnion (Table 138), the turnover 
times of TSM at 2 in above the bottom are estimated for the Whalesback Channel and 
North Channel. Since sediments can be recycled many more times in shallow areas than 

deep areas, it follows that the consistency and stability of the sediment-water interface is 

dependent on the intensity of physical mixing processes and water-depth. 

In a lake, especially in shallow zones where most of the resuspension occurs, the 

main cause of resuspension is oscillatory wave action at the sediment-water interface (Lee 

et al. 1981). The upward flux may also be due to migration of phytoplankton and
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zooplankton. Thisvmigration occurs mostly around the thermocline and epilimnion region 

and contributes less than 2% of the total downward flux (Burns and Rosa, 1980). 

Resuspension close to the lake bottom is mainly the result of currents and maior storm 

events, particularly during the spring and fall. - 
i, 

The mean ‘resuspension rates for nutrients at 2 m above the lake bottom for each 
season are shown on Table 13c. The greatest resuspension rates for TTM and ITM were 
observed at station 112 in the North Channel during 1991 and 1-992. The mean 

resuspension rates for 'l'I‘M and ITM at this station for the three seasons, (Table 13c) are 
a factor of 2, greater than the means for stations 110 and 111. This is due to the fact that 

station 112 is in the open waters of the North Channel, and is exposed to higher water 

currents than stations 110 and 111 (Table 11). The mean current speed for the three 

sampling periods at station 112 (4,5. cm-sec") is 50% greater than that at the other two 

stations (2.9 cm-sec"), (Table 11). The inorganic fraction of ’ the trapped matter (ITM) 

shows the resuspension (57%) of all the nutrients measured (Table 14). The 

calculated upward flux for Cu, Ni, Zn, and Pb is shown in Table 14. The greatest 

resuspension was found for Cu at station 110 (59%) and the lowest for Zn at station 112 
(29%). 

CONCLUSIONS 

’

I 

The lower reaches of the Spanish River have been impacted since the turn of the 

century by log operations and subsequent waste discharges from a pulp and paper 

mill facility at Espanola. Mining, milling and smelting operations in the Sudbury Basin 

have been a major source of" heavy "metals for the river and have resulted in an extensive 

area of contaminatedsediments inboth the nearshore ione of the AoC and the Whalesback
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Channel. The results of of the geochemical composition of sediment porewater, water 

column and suspended-trapped sediments in the Spanish Harbourlwhalesback Channel and 

North Channel are summarized. ' 

Total trace element" concentrations in water along two transec‘ ts, West-East and 

North-South in the study area, show a decreasing trace element concentration from the 

Harbour through the Whalesback Channel and out to the North Channel waters. Spatial 

trends in trace element concentration are much moresignificant for nickel and copper, than 

lead and zinc. The greatest decrease (50%) in concentrations of trace elements in the 

water column, from inside the Whalesback Channel out to the North Channel on an East- 

West direction was found for nickel and copper. Thus the Spanish River still appears to 

be a source of copper and nickel to the Spanish H_arbour-- North Channel system. A high 
constant spatial trend in traceelment concentrations was also found along the North-South 

Transect from Aird Bay through the Whalesback Channel, and out to the North Channel, 

particularly for nickel and copper. However, a 50% decrease in concentrations of these two 

elements was observed between the Whalesback Channel and the ‘North Channel waters. 

Sediment porewater nutrients were found to be greater by a factor of 30 to l2600_ 
when compared to lthe nutrient concentrations in the lake water. The concentrations of 

nutrients and trace elements in the sediment porewater also show a spatial trend. The 

concentrations of ammonia were also found to be greatest at station 8 which is the closest 

station to the river mouth. Concentrations at this station were 10 times greater than those 

at station 2 (downstream of station 8) and about 60 times greater than those at station 14 

(furthest from river mouth) and station 1 (control). 

The concentrations of phosphorous occurred at different depths ni 

the sediment and appeared to be related to water depth in the study area. The maximum

33



concentrations of phosphorus at station 8 which is the closest to the river mouth and the 

shallowest (6 m) existed deeper in the sediment profile (40 cm) than those at station 2 (8 m 
water depth) and those at station 14 (12 in water depth). Concentration ratios 

(water/sediment porewater) for ammonia, at stations 1, 2, 8, and 14 were 50, 200, 2600, 

and 30, respectively. For phosphorus, the ratios for stations 1, 2, 8, and 14 were 300, 500, 

400, and 600, respectively. These high ammonia ratios at station 2 and particularly station 

8, are "most likely a result of historical river loadings to the Harbour from the upstream 

pulp & pjaper mill, sewage treatment plants effluent, and decomposition of organic matter. 
Station 14 is the only station where soluble Fe concentrations were foundin the sediment. 

At the other stations, low concentrations occurred at the sediment-water interface. At these 

stations soluble Fe concentrations were lower than the e detection limit, below the 

sediment-"water ‘interface. At station 8, porewater concentration profiles for Ca, Ni, NH,, 

Sr, Ba and Ti showed similar and increasing quasi-linear concentration gradients, with 

increasing depth, to the bottom of the collected -sediment profile (50 cm sediment depth). 

Copper concentrations in the sediment porewater, at stations 2 and 14, were greater 

(factor of 15-20) than those at stations 1 and 8. 

The greatest variability in the current speed was recorded at station 112, with a 

range of speed between 2 and 20 cm- see". is due to the fact that station 112 is in the 

open waters of the North Channel, and is not sheltered by land like the other stations. 

Results for the study period show that the mean 1990 and 1991 current velocity and 

direction at the study area in the Harbouris 3.8 cm~sec“ in a southerly d_i_rection (184°) 

into the North Channel. The relationship among the speed and direction at the three 

stations is very consistent for the three summer study periods. 

The particulate downflux of Total Trapped Matter (TTM) at 10 m below the water 
surface ranged from 1.5 to 3.0 g-m'1-d". For all parameters, fluxes in the bottom traps
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Weree consistently greater than the fluxes at the 10 m trap depth. Trace element 
concentrations associated with suspended and trapped sediments were greater than the 

Lowest Effect Level (LEL) given in the OMEE guidelines. The concentration of trace 
elements showed a decreasing spatial trend from inside to outside of the Spanish 

Harbour/North Channel system. The 1991 trace element concentrations at all trap sites 

were greater than those measured in 1990 and 1992, particularly for cadmium at the 

Harbour site. Results of the study showed that cupper, and zinc loadings to the 

North Channel mainly occur by transport through surface waters, based on water current 

direction (see above) and the concentration of suspended sediments. Although some 

transport along the bottom seemed to occurr, it was considered not as important as the 

surface transport due to the depth of the sill 

(7-10 In), between the Whalesback Channel and the North Channel. Our results clearly 

indicated that, at least during the summer months, trace element transport occurs from the 

Spanish Harbour-Whalesback Channel system into the North Channel waters. 

Year-to-year differences the trace element indices in the trapped matter, show 

higher variability in the Harbour site (station 110), with some minor fluctuations at the 

North Channel sites. Trace element metal indices for 1991 were greater than those for 1990 

and 1992., at all the sampling stations except station 112. Cadmium showed the highest 

degree of change. The calculated upward flux of total suspended matter at 2m above the 

bottom was 1.2 and 1.7 g-in" d", or 47 and 51. % of the gross flu-X, for stations 110 and 
112 respectively. From these results, assuming constant flux and particulate concentration 

per unit area, and from the measured downward flux of TTM in the epilimnion, the 
turnover times of at 2 m above the bottom are estimated to be two to tllree days. 
Since sediments can be recycled many more times in shallow than deep areas, it appears 

that the consistency and stability of the sediment-water interface shallow areas is fairly
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low. Thus these sediments are much more capable to contribute greater diffusion and 

regeneration of contaminants in sedimentyyporewater into the overlying water column.
> 

‘

. 

The results of the study clearly indicate that, at least during the summer months, 

there is trace element transport from the Spanish Harbour/‘Whalesback Channel into the 

North Channel waters. Contaminant loading from the Harbour into the North Channel 

could be estimated for the study periods but "not for a whole year since current meter and 

sediment trap data are not available from September to April, for the three study years. 

Loading reductions from the Spanish River to the Spanish Harbour/Whjalesback Channel 

system will utimately result in loading reductions to the North Channel waters. However 

this reduction may be masked by the resuspension of contaminated sediments with 

subsequent release of the contaminants into the overlying water, as shown by the results 

of this study.
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Parameter D I-. V-Foul. .| 

_ inwater 
Detection 
in Sediment 

As 
Zn 
Cu 
Ni 
Fe 
Cd 
Co 
Mn 
Pb 
Cr 
TSM 
‘ISM 
OSM 
TTM 
ITM 
OTM 
LOI 
CHLA 
CHLA.U 
CHLA.C 
POC 
PN 
TP 
TPP 
SRP 
NH, 
TRANS 

0.1 |.lg°L" 
1 #243 
1 pg-L" 
2 :¢g'L" 
1 #241‘ 
1 pg-L4 
1 ’1g,L.'l _ 

0.5 pg'L" 
5 pg§L" 
1 #z'L" 
10 p.g~L" 
10 pg-L" 
10 #34-"0 
10 pg~L" 
10 pg-L" 
10 pg~L'l 
0.1 ‘% 
0.1 as-L" 
0.1 p;g~L" 
0.1 pg~L‘l 
-10 pg-L4 
2 020- 1-" 
0.2 ;1g~L°' 
0.1 pg-L4 
0.2 pg’-L" 
5 #841‘ 
10 pg-L‘! 
1% 

5ng~z 
102': 
lug-2 
102': 
0.01 % 
0.2 pg- 
1 u2'g' 
Inga‘; 
lug-2 
1ug'g 

-L-'--L-L 

0'-u'-nu-ncq
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Table A2 Spanish Rivér Harbour Pore Water (mg/1) 
Station 2 

1.0 Mn Ca T1 Fe B Zn Cu Hi Sr Pb 
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um6A3 Spanish River Harbour Pore water (mg/1) 
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Table A4 Spanish River Harbour Pore Water (mg/1) 
Station 14 

Depth 00 N9 Ti Fe As Zn Cu SI‘ Pb 
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Figure 2. North Channel Surface and Bottom Transmission (%) 
East to West Transect ‘ 
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Figure 3. Metal Concentration Relationship with TSM and % Transmission 
West to East Transect 
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Figure 4. Total Metal Concentrations (ug/L) in the Water Column 
East to West Transect 
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Figure 7. Sediment Porewater Profiles; SRP & NH3 
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Figure 8. 
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9. Sediment Porewater ProfiIes- Mn & Fe 
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Fugure 10. Sediment Porewater Profi|es- Na & Sr 
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Figure 11; Sediment Porewater Profiles; Zn & Cu 
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Figure 12. Sediment Porewater PrQfiles: Ni & Pb 
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