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Abstract - 

,

- 

The resultsof surveys of invertebrate structure, sedirnent chernigti-_y and toxicity 

from 1988 and 1990 in the Spanish River mouth and Whalesback Channel are In 1988 

17 sites were sampled at the mouth of the Spanish River; suggested severely degraded 

inverebrate communities in the Whalesback Channel area. associated with high levels of metals, 

particularly nickel, copper and zinc, in the sediments. As a result of these data a_ subsequent, more 
extensive, survey conducted including more than 40 sites in the Whalesback'and-North,Ch811.flel, 

These data were with results from 49 reference sites in the North Channel sampled as part 

of an Environment Canada programme to develop biological guidelines. Comparison with 

the reference site data show that there is extensive impairment in the Whalesback Channel and most 

ofthe channel has a degraded benthic thus impairment extends a considerable distance 

beyond the area of concern boundary. This is shown both fi'om the comparison with the reference 

sites from t_heNorth Channel and fiom the predictions based on the entire Great Lakes reference sites. 
Furthermore, it would appearthat there is evidence of some efiwt being felt in the North Channel in 
the areawherethe major water exchange is occurring between the Whalesback and North Channel-. 

A comparison of the- environmental characteristics at those sites where degraded communities occur 
provides strongevidence that the impairment is associated with high levels of metals, particularly 

copper, nickel and zinc. However, it is not possible to any particular metal of concem as 
their distributions are highly correlated. * 

Sediment toxicity data do not confirm that the d¢gf8Id¢d benthic communities are related to 

high metal levels. However, there are some confounding factors that-may the lack of 

concordance in these data -

l 

Finally, -it is possible fi'om the reference site data to set targets that will indicate recovery of 

the benthic community and also to establish concentrations for metals at which a recovery 

can be expected. The numeric we would propose for the impacted area are 1490 m’ 
Chironomidae for inshore Waters and. for D. hoyi in the ofishore waters _1637 mg . 
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Introduction
V 

-In 1980 the lower Spanish River and its ‘harbour area were designated as an "Area of 

Concern" based on a undertaken in 1980. The problems identified were tainting 
of fish flesh, "degraded benthic and indications of nutrient enrichment, restrictions on domestic- 

water use, and impaired fish In additioneoncentrations of PCBs and some 
metals in the harbour sediments were found to exceed provincial guidelinespforthe open water 

disposal of dredge spoils; -

i 

Ongoing abatanent atthe EB. Eddy Forest"Products pulp and paper mill in Espanola 

has resulted in significant improvements in water quality and recovery of benthic invertebrate 

communities inthe Spanish River has been documented by consultants (Spanish River RAP 1988). 
There has also been a reduction in fish tainting and potable water taste and odour problems (Spanish 

River RAP 1988). However, results of Sediment analyses in 1986 in the harbour area confirmed to 
show elevated metal concentrations, particularly nickel and copper, which may originate from metal 
mining activity in the "Sudbury area- 

" The National-Water Research (N .W.RI.) of Enviromnent Canada, with the support 
ofthe Great Lakes Cleanup Fund, conducted extensive sampling ofthe sediments in the Spanish River 

harbour area and the depositional zones of the Whalesback Channel and North Channel in 1988 and 

1990. The study was intended “.0 identify far field effects fi'om the Spanish.Riv_er mouth on benthic 

invertebrate communities and document the extent of contamination. 

-Description of Spanish River
' 

The Spanish River watershed (14,000 km’) is located on the Shield, and fi'om its 

headwaters the river flows south and enters the North Channel of Lake Huron near the village of 

Spanish. The watershed consists of network of rivers and lakes regulated by numerous control 

structures which operated to hydro electric power generation in the downstream 

reaches. Significant tributaries to the Spanish River include the Wakonissin, Vennillion and Aux 
Sables rivers. The Vermilion R drains the greater part of the Sudbury metal mining basin and its 
confluence withgthe Spanish IL is just upstream of Espanola. 

\
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Figure 1. North Channel Study Area 
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The Area of includes the reach of riva below Espanola (S2 lcm) and the harbour area 

west of the river mouth to a north south line between Kirke and Greene Islands (Figure 1). To 
investigate the far field efl‘ects of the Area of Concern the study area was expanded to include the 

whole of the Whalesback Channel, the McBean Channel and "the North Channel (Fig. 1).. In addition 

to provide reference information 335 “sites sarnpled in the entire Great (Reynoldson e_t al. 

1995a) were used as a basis for comparison. 

Methods 
Sampling areas 

The ‘location of each site was established in the field using either Loran C or a hand-held 
Geographical Positioning System (GPS). At each site, samples were ‘taken of sediment for chemical 

and physical in" addition, sampleswere collected forthe community structure of the benthic 

and in 1990 for whole-sediment exposures in the laboratory with the oligochaete 

worm Iilbifex mbgex. Sites em sampled once in June or July in was and 1990. In was 11 sites 
weresampled, concentrating oin Channel (Fig. 2) and depositional zones. 

In 1990 49 sites were sampled to provide more complete coverage of the Whalesbaclc Channel and 

to investigate possible efiects in the North Channel. In 1988 only sediment chemistry and 

invertebrate community structure were examined. In 1990 sediment toxicity was also 

In additiondata are presented fi'om an Environment Canada programme developing biological 

guidelines that sampled 335 "reference sites” in the Great Lakes. From these data 

or normal conditions for invertebrate communities, sediment characteristics and toxicity test 

are being established (Reynoldson et al. 1995a, 1995b). In particular 49 "reference sites" 

from the North Channel (Fig. 3) have been used for comparison purposes. 

Field and Laboratory Techniques ' 

Sediments were from samples taken using a benthos corer. Samples for 

geochemical analysis (Table 1) weretaken fi'o_m the surface 2 cm of the core. Afier sampling, the 
sediment was homogenized in a glass dish with a nalgene spoon. .

4
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Table I._ Summary of sediment variables measured by NWRI in ihe.M Channel and Spamsh 
- Area.

l 
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M1301’ Ions 
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. TiO2 . 
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MnO_ , 

C40 
No.20 K20 

iii? 
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Yes 

ma -0.1 
Gravel mm an flw 

5555 iii? 

The sample was divided as follows:

1 

_ 

Samples for the detennination of particle size distribution were placed into a plastic 
- pilljar and stored at ambient temperature in the field. Upon retum to the laboratory, samples 

i 

were fieeze-dried and analyzed following the method o'fDnnca'n and LaHaie (.1919). 
l 

The remaining sediment in the glass dish was stored in a 500 mL plastic container at 
4°C in the field and to the National Waterikesearch Laboratory for fi'eeze drying and 

1 

analyses of metals, major ions and nutrients, l

p 

Samples for the identification and enumeration of benthic invertebrates were taken fi'om the
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top 10 cm of a bentbos core (I.D. 6.6cm, area 34.2 cm’, x 292.3 to convert to no. m’). At each site 
three suchcores were taken. Each core tube is considered a replicate sample unit and was removed 
and the cements placed into a plastic bag and kept cool until sieved-.- The contents of each bag were 
sieved through a 500pm mesh in the field as quickly as possible after .sarnpling.~ Ifsieving could not 
be done in the field, 4% formalin was added to the bag and the replicate sampleswere stored at 4°C 
and sieved as soon as possible thereafier. "After sieving the samples were placédin plastic vials (50 

mL) and preserved with 4% -formalin Replicates with large amounts of organic were placed 

in larger and again preserved with 4% formalin; Afier 24 h the formalin was replaced by 
ethanol.- -- 

v- ‘Samples were sorted with a low power stereo microscope (100-400X)' anditidentified to the 

species or genus level where possible using appropriate identification guides. As required 
(cim 

_ 

nomidae and Oligochaeta‘ ) slidemounts were made for high power microscopic identification. 

Type specimens of all identified specimens were submitted to experts (R.O. Brinkhurst for 

Qligochaeta; B. Bilyj and D." Oliver for Chironomidae; G. Mackie for Mollusca) for confirmation. 

The confirmed type specimens are being maintained, as a reference collection-.~ . 

Whole-Sediment Tests 

_Ag mini-ponar sampler was used to obtain five replicate field samples of sediment for 

laboratory bioassays with the oligochaete worm Tubzfex tubifex. Each replicate sample was placed 
in a plastic bag and held at 4°Cuntil tests could be conducted. Tests were conducted, in sets of six 

to seven, over a period of approximately months. A clean control sediment fi'om Long Point, 
Lake Erie, was also tested each set ofsamples is providebiological quality assurance. Complete 

detailsof the culture of organisms and conditions for toxicity testing 11 'tubifex are described 

elsewhere (Reynoldson ct al. 1991, Reynoldson et al. 1994). Tests with II tubifex were 

conducted in 250 mL glass 60 to 100 mL of sieved (S00 mesh), homogenized 

sediment with approximately 100 to 140 of overlying carbon-filtered, dechlorinated and aerated 

Ontario water (pH 7.8 to 8.3, conductivity 439 to 578 pohms/¢m, h8fdI1css'119 to 137 mg/L). 

The sediment was allowed to settle for 24 h prior to addition of the test organisms. Tests were 

initiated with the random addition of 4 organisms per beaker for II tubifex adults that were 8 to 9 

weeks old. Tests were conducted at23:l:l°C with a 16L: 8D photoperiod. Tests were static with the

8
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periodic addition of distilled Water 10 replace water lost during evaporation. beaker was 
a plastic petri dish with a central hole for aeration using a Pasteur pipette and air line. 

Dissolved oxygen concentrations and pH were measured at the beginning, middle and end of each 
exposure period. Tests were terminated afler 28 dby passing the samples through a 500 

|.r_m mesh sieve and a250 um mesh sieve at test completion Endpoints measured. in the tests were 
survivalarid pr0dl_1<>ti0n'0fc0'COOnS and young. " 

om Analysis L

i 

__ 

ontheprooedures liywfighl ef “L (.1984) Pattern analysis 

was used to describe the biological Stmetute of the data at the reference sites and correlation and 
multiple discr-iminant analysis was conducted to relate the observed biologieal structure to 
the environmental characteristics. - 

» The biological structure of the data was examined using two pattem recognition techniques, 
cluster analysis and ordination. The mean values the five replicates for the numeric taxonomic 

data were usjed as descriptors of the benthic invertebrate These community data were 
not transformed and the raw were used because numeric difl‘_erence_s are thought to be 

important-community descriptors. -~'I‘he {Bray and Curtis association measure was used because it 
consistently well in a variety of tests and simulations on dilferent types of data (Faith er ql. 

1987); Clustering of the reference sites was done using an agglomerative hierarchical firsion method 
with unweighted pair group mean averages The appropriate number of groups 
selected by the group structure and, particularly, the spatial location of the groups in 

ordination space. Ordination was used to reduce the variables required to identify the structure of 
the data. A multkdirnensional scaling (MDS) method of ordination was used, ,i.e.-, ‘Semi- Strong- 
Hybrid multidimensional Mu1ti—dim.ensional methods use order rather than 

metric information and, thus, avoid the problematic assumptions of linearity inherent in many 
ordination techniques (Belbin 1-991). This is of particularvalue when relating ordination scores to 
environmental characteristics. clustering and ordination was done using PATN (Belbin 1993), 
a pattern analysis package developed by CSIRO in Australia. The prediction of community 

based on reference site data was done using a model based on 216 sites, using discriminant 
analysis in the method described by Reynoldson er al. (l995b).

9



Results 

1988 study A 

.

V 

At the 1.7 sites the Chironcmidae (midges) and Tubificidae (worms) were the two 
dominant families, followed by the sphaeriid molluscs (clams) and the chaoborid midges 

(phantom midges). Generally however the number and type of organisms found were low. The 
fi'0m the 1933 §flmP1ifl8‘hav¢ been 0011198166 with the referencesites -t_i'om'th.e'North Channel- 

(Table 2). The average number of total organisms -in the area sampled in 1988 is an order of 
lower the overall average for the _North Channel area - Furthermore the diversity of 

families and species is 4 -5 times less,‘ although it must be acknowledged that the number of sites 
sampled However these coarse scale indicators do suggest a reduction in both numbers 
and diversity of species in the Spanish River mouth area. '

. 

Table 2. A comparison ofbenthic invertebrates abundance and diversity in the North Channel 
and Spanish River study area. 

Reference sites "‘- 1988 sites 1990 sites 

Avg.sNo. m’ - 5344.3. 741.1 507.8 
No. Families 
N<H*PP/SW" ,. . , _ 

‘Note: reference site data fcruse cn'2;50;4n to the of0.-S8 
Reynoldsonetal.1989.

' 

IntheNorth Channel’ ‘ ’ 

refermce‘ sites the dcminan‘ 
" ” 

t famh ‘es are respectively the Chironomidae 
(midgesxiflanstoridae (scuds), Sphaeriidae=(cla‘ms), Asellidae ‘(sow bugs) and Tubificidae (worms). 

Eighty of the organisms found belong tothese five It is notable that three of these 

families (Haustoridae, Asellidae, Sphaeriidae) were virtually absent (Fig. 4) fi'om sites sampled in 

1988 (Fig 2). Only the tubificid worms occurred at numbers similar to those observed in the North 
Channel reference sites (Fig. 4). 

The spatial pattem of the benthic communities sampled in 1988 has been by 

clustering and ordination of the species level data and extrapolati_ng‘the assemblages observed

10
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from this analysis to a map of the sampling area. Ten of the sites fall into a single group (Fig 5), ’ 
which when displayed geographically (Fig. 6) include all the sites in the southern part of the study 
area. 

Figure 5 Cluster analysis Qfbenthic species sampled in the Spanish River area of the 
North Channel (I988 - species level). 
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The average number of organisms in each of the four groups of sites is shown for -the total 

number of invertebrates found (Table 3) and for those taxa that were best correlated with the 

ordination vectors. These are, respectively, Ilyoabilus templetoni (Q8150), other unidentified 

Tubificidae (0.78“3‘3), Heterotrissocladius sp. (0.7566) and other unidentified Chironolnidae (Q6825),- 

The least impacted area (Gp 1) has comparatively high numbers and the greatest oftaxa 

with atotal of 5 and ll genera or species. These sites form a discrete geographic group 

along the shore of the Spanish River mouth and the channel, just north of Aird Island. This 

area also has the lowest average values for all the metals (Eu, Ni, Zn, As, V, Pb, Co). The 

sites _form less geographically and biologically distinct groups. The ordination plot 

of individual sites (Fig. 6) shows Gp l sites to form a cluster in the centre of the plot. The 

Gp 2 sites have similar numbers of animals as Gp l, but lower diversity. A total of only 4 
and 6 genera/species were found The main diflerence between Gp 1 and Gp 2 was the absence of 

Chironomidae in Gp 2, however, tubificid worms occurred in numbers to Gp 1. One site (4) 
has high numbers of Chaoborus, which accounts for the high average number of animals at the two 
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sites. This particular organism is only semi-benthic and spends much of the time feeding in the water 
column, and is not exposed, as much, to sediment eontanainants. The sites forming Groups 
3 and 4~have the lowest diversity and numbers of organisms (Table 3) and include the majority of sites 

in the part of the Whalesback Channel (Fig. 6). ~ 

- Table 3. Average organisms and values for selected geophysical sediment 
for sites in g1"0upsf0rmed by cluster analysis in the Spanish River 

mouth area and at 49 North Channel reference sites. ‘ 

Va|i§b1e_ W 
-7 Qplnites 002001 Op3ni_1es 0,4-an 

I 
n10|0;te|i(1i0.e01e)' 

- 7l'0h101'g'mhm(afvg) 
N Families"

‘ o (avg) 
“.1 No0u1e_n\Ispeeiee(avg) 

. -.-_.-; I. 
.1. ‘.5 .| 
Hereretriueeledllfl IPP 

Geopllyslml 
.1>=i»fl=0-0 _ Metah (i1g.g drywt) 
Oil 
Ni 
Zn 

934% 

Alajor Heinents 
S102 
A12 0.3 mos 
M80 
C00 
N130 mo mo 

" P105. 
.. not 

18.3 
M7.1 
13.6 

0.0 
1.4 
0.5 
7.2 

14.5 

34.9 
115.0 
135.7 

1-4 
50.5 
-35.6 
17.3 

67.7 
11,15 
4.4 
1.8 
1.8 
1.9 
2.7 
0.2 
02 
7.1 

6.1 
2.7 
3.0 

0.1 
2.3 
0.0 
2.5 

10.8 

19.7 
295 

177.8 
21.6 
69.2 
45.1 
19.8 

67.0 
10.7 
4.8 
1.6 
2-0 
3.1 
2.3 
0.2 
0.2 
7.8 

1.2_ .1: 
_ 

0.4 
as ' 

2.0 1.0 
vs.-s < 1.0 1.0 

0.0 02 - 0.1 
as 0.1 0.0 
0.0 0.0 0.1 
0.2 0.7 0.0 

11.9 17.2 11.6 

111.0 174.0 139.0 
310.7 1032.0 686.3 

313.7 ‘ 204.0 339.0 
44.0 10.0 . 18.5 g 02.0 112,0 90.0 1 

41.0 104.0 01.0 
21.0 500 30.5 . 

64,0 57.8 64.0 
10.0 11.1 11.1 
1.9 a.1 0.1 
1.5 1.0 1.: 
19 1.0 1.: 
2.0 2.4 2.1 
as . 2.4 as 
01 0.0 
02 ' 0: 
10 11.2 11.0 

0.4 
0.2 

"'Note:1eferenoesitedataadjustedfi1ruseof25O;anmeshaoeordingtotheeonve1sionfaetorof0.58reportedby 

Reynoldson et =1. 1909. 

These 1988 data when compared with thereferenee sites from the North Channel show a 

large qualitative reduction in the numbers of individuals in the Spanish River area in the diversity 

of tam at both family and species level (Table 3) expressed on an aversge P61’ site b8$i$- 
Furthermore, there appears to be a gradation of efi‘ect in the Spanish River mouth fi'om the less 

impaired Gp 1 sites to the most severely impaired Gp .3 and 4 sites. which have representatives of only

14



one or two species and one or two individuals per core. " ‘
T 

To explain these qualitative difierences in the‘ber‘1thic invertebrate community we have 
examined sediment geophysical attributes for which data were collected. Water depth has a 

significant role (through temperature and grain size) on the distribution and abundance of benthic 
fauna, however the depth at both the reference sites and the isite groups fiom the 198.8 study (Table 
3) are in the same range, the greater depth of the Gp '3’ sites'(17.2m) may have a ‘effect on 
numbers. The values for the mqor elements suggest thait there are no major in 

sediment type would account for the observed differences in the benthic fauna There is a slight 
elevation in iron (Fe,O,) and manganese (MnO) at the more: impacted sites (Table 3) and sodiumis

\ 

elevated in allthe 1988 study sites relativeto the sites. The organic content (L01) is higher 
at the Gp 3 and Gp 4 sites, approximately twice thebackground values recorded at the reference 
sites. The most obvious differences insediment-quality between the reference and the Spanish 
River sites and between the groups of sites in the Spanish lliver area are concentrations of heavy 
metals. Average values for copper (Table 3) range fiom double the referencevalue (Gp l) to five 

_
l 

times the reference value (Gp 3). Nickel average values range from double the reference condition 
(Gp 1) to ten times the reference value (Gp 3). All the other imetals measured show values elevated 
above the average value for the North Channel: vanadium twp times, zinc two and a halftimes, lead 
three times, cobalt three and a halftimes and arsenic five times. 

These data provided strong evidence of a degadrd benthic fauna due to 
sed1m' ent contam 'i ‘on, particularly metals. In order to confirm" ‘A 

that was a sed1m' A 

ent associated‘ 

impairment and to better define the geographic extent of the impairment a more extensive survey was 
undertakenin1990. * ~- 

\ . 

1990 Study -

V

E 

In 1990 49 sites were sampled (Fig. 2_) and the sampling area was extended into the North 
Cllatmcl to provide a more comprehensive assessment of the, relationship of the "Area of Concern” 
to the Whalesback and North Channels. Furthermore,‘ we iincorporated an estimate of sediment 
toxicity based on laboratory testing of sediment as well as gcOc‘l1emi6a,l sediment characterization and 
community assessment. '
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Figure 7. UPGNIA cluster analyals ofbenthic .'q2ecies' sampled in the ébanish River area of the 
North Channel (1990). a
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Invertebrate Community Structure 

In 1990 a total of 11 invertebrate families and 34 genera or species were identified from 41 
sampling stations from which data were available. The average number of individuals per m’ was 
507.8. The abtmdanoe to that of 1988 (Table 2) and considerably lower than the reference 

sites, and although the diversity is greater than in 1988 is stilltonly a third ofthat observed‘ in the 

reference area (Table 2). Families occurring in these sites were notably-the Haustoridae (sends), 
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Epherneridae (mayflies), Valvatidae (snails) (Fig. 4) and two other worm the Lumbriculidae 
and Naididae. -

E 

the spatial pattern of the benthic commurrifies was examined by clustering and 
ordination of species and genus level data. To examine the pattern in the invertebrate community 
structure the data were log transfonned and rare species :1(_< .0._4 individuals per core) were not 
included in the am 2 

resulted in 9 ofthe 34 being iemruaea. 
From the we have distinguished four groups of sites (Fig. 7). These have been 

plotted on the map of the study (Fig. 8) and show a clearjseparation between the North Channel 
(Gp 4) and the Whalesback Channel (Gps 1-3). We have the species based ordination and 
related the overall correlation of both the species the sediment datawith the species 
ordination ‘scores (Table 4), the mean values for those variables best correlated with the pattern in 
the invertebrate communities are also shown for each site grjoup (Table 4). 

-

1 

Relationship of species and sediment attributes to ordination vectors and mean (with 
SD) values for selected species and sediment attributes fiom groups formed by 

of species data. Q

, 

Table 4. 

Variable Correlation Gpl G91 __ GP3 GP4 Reference 
D. bay! 
Plaidiransp

L 
Proeladiussp 

0,7680 

0.4995 

0.4809 

0.4439 

0.1 (0.3) 

0.1 (0.2) 

0.2 (02) 
0.5 (0.2) 

0.1 (rs) 
0.1 (0.4) 

0.0 (0.0) 

0.1 (0.2) 

0.2 (0.4) 

0.: (2.0) 

0.0 (0.0) 

9-.1 (0.-3) 

0.0 (0.1) 0.0 

5.6 (3.0) 4.5 (6.6) 

0.9 (0.7) 0.3 (2.1) 

0.0 (0.1) 
p p 

1.s(1s) 

I
7 

Sodium 
Copper 
Nidcel 

90¢ 

0.6041 . 

0:661
_ 

0.5560 ‘ 

0.5265 

0.4706 

pm <0-.1) 

2.2 (0.5) 

131.6 (20.9) 
011.2 (14s.a) 
17-3) ,(7-9) 

23 (0.1) 
Z-0 (9-4) 

118,,-7 (415) 
$51.0 (r91_.s) 
-20a (9.6) 

2.3 (0-.1) 

2.1 (0.2) 

1153 (41.1) 
$05.1 (229.4) 

11.5 (9.0) 

2.1 (0.4) 2.1 

1.1 (0.3) 1.9 

16.4 (43.5) ~34.9 

321.0 (220.5) 115.0 
27.0 (8.8) _V 7 0 V A 

There is little diflerence between the communities three of the groups (Gps 1-3) in the 
Whalesback Channel, all have low nu_rn_bers of organisms. There are some slight dilferences in the 
numbers of Pisiaium and Ilvodrilus between the three groups. The most noticeable and 
important difierence is the low number of Diporeia hoyi in the sites (Gp's 1)-3) in the Whalesback 
channel in comparison with the Gp 4 sites and the North.Cha‘nnel reference sites. For purposes of 
comparison we have included the )/alues for the same at the reference sites. The numbers of 
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Figure 8. Orcfinafion and site groups from community structure cluster analysis 
(25 species > 0.4/sample) Spanish River sfudy area 1990.
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Diporeia in the reference sites is to those found in the Gp 4 North Channel sites included in 
the study, although Procladius numbers are lower than the reference site average. Of the sediment- 
variablesthat are best to the community structure (Table 4),_there is little difierence in the two 
major elements (K and Na) and again values are similar lto those found at the reference sites.- 
However, the two metals copper and nickel are both elevated in the Whalesback Channel and are 
alll"1ost'dolllile'tlle‘values in the"Gp 4"sites, and" these in turn are almost double tbe reference site 
average (Table 4). 

' 

V 

’ 

-

, 

The sites have beenplotted in ordination space (Fig. 8), The least impacted sites (Gp 4) are 
separated on the axis and form a discrete group. Those variables best correlated with the 
ordination matrix" 

‘ ' 

are by arrows showing the oi‘-TierTl_tTation of the -variable, thelrelative 
importance’ 

‘ ' of the varlab' leisindicated‘ 
‘ 

bytlielength‘ 
" of the arrow. These are generally oriented along 

thefirstveetogpartlelllarlys 
' 

Pzsld:um_ 

' " 

themetals copper and nickel. This 
confimls the interpretation that Diporeia -is structurally an iniportant part of the l)6l1lil1l_T T 

'c community 
and that its abundance is associated with metal concentration in the sediment-. 

T 

Data have beal collected oninvertebrate species from 345 reference sites in the Great Lakes, 
at thetime of data fi'om 216 ofthese sites have been used in a multivariate model that-allows 
prediction of invatebrate communities from environmental cllaractaistics. This model updates that 
presented by Reynoldson er al. (1995b) based on 91 sites. llsing 79 we were able to identify 
six community assemblages in the Great Lakes. There was a strong geographic component to the 
six assemblages indicated by the distfibution of sites the lakes (Table s), 

Table 5. . Geogrqrhic distribution ofsix community assemblages from 216 reference sites in 
the Great Lakes. 

_ T T_ T T T 

99.1 9112 G113 GP4 G95 G96 
Ontario 6 
Erie 

’ 33 

North Channel l7 
Michigan 5 5 

4 

12 20 
V 

3 7 ' 35
_ 

t-t-uw 

O\ 
MN Ot bl 

fill!‘ 

~l 

In 

\
i 

of44 North Channel sites included in the model, seen; are is Gp 3, which is predominantly
19



aNorth Channel group The remainder are in Gp 5 which is a L. Superior group. The dominant taxa 
inthese two groups of sites are in Gp 3 the chironomids; Procladius sp (9.4%), Chironomus sp and 
Tar'rytwsus sp (7.6%) and sp (5.7%). Other taxa present in relatively high numbers in this 

community areD. hoyi and Tubiiicid worms. In Gp 5 D. hayi is dominant and comprises 41% of the 
total abundance followed by sp (8.7%), Stylodrilus heringlanus (8.5%), and 

(6.-0%), itogetha these four for 60% ot_‘~the--benthic invertebrate 
species in assemblage. In fad 5 is typical of oligotrophie conditions and Gp 
3 is represented by more mesotrophic species. We have - examined . the relationship 

and community suucturein these Great.Lakes communities. Using nine 

predictor variables, five sediment characteristics (percent silt and LOI and concentration of 
calcium and sodium) and four water column attributes (depth, pH, nitrate and alkalinity), 

we can correctly predict the community assemblage at a site 90% of the time (Reynoldson et al. 
1995b). This approach was used to predict the community assemblages in the Spanish River area 

sites sampled in 1990. The list of predictor variables was modified for predicting the Spanish River 

sites as wata? samples were not taken. Thevariables available fiom the 1990 Spanish River samples 
were tested the reference data assemblage and ten variables were selected as the best 

"predictors of the 216 reference depth, latitude, longitude, percent sand, silt and L01, and 

concentration in the sediment of iron, nickel and copper. Using a model 

developed iiom the reference sites we predicted the probability of which assemblage 

would occur at 46 of the Spanish River area sites (Table 6) for which data were available for all ten 

variables nine of the sites were predicted to Gp 5 and in only five with a probability of less 
than Fiiteen-sites. were predicted as being Gp 3 sites but ofthese only four had a probability 

correctgroup andinnine ofthe remaining ll sites Gp S the community was almost 
as likely to be Gp 5. The distribution of the predicted sites is shown in Figure 9. d 

4 

In order to compare the actual with the predicted community we have plotted the 
preference sites and the Spanish River sites predicted to that ’referen,_ce group in the same ordination

20
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Figure 9. Predicted and observed community assemblages in the Spanish River area
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space (Fig. 10). For those Spanish River sites predicted to. Gp 5 twelve lay the envelope of" 

the reference sites (Fig. 10). The remaining 17 were outside the range of variation observed in the 
reference sites 10) and are considered as impaired. “A comparison of the abundance of the 

dominant species in this community assemblage (Fig 11) shows even those sites that "passed" had 
reduced numbers of the four most abundant taxa, those that "failed" had severely reduced numbers. 

Eight ofthe sites predicted to have a‘Gp 3 had an assemblage of organisms (Fig. 10). 
The remaining seven sites were outside the range of variation observed in this community 10) 

mdagainfl1emmbersoforganis1nsinthesitesthat'”fafled"waee1qrundylow(Fig. ll), particularly 

the chironomids. The clam, Pisidium SP, did not appear to be by the contamination, as 
mmbersatrefaencesites and SpanishRiverareasitesweresimilar(Fig 11). Based onthe species 
that have been most reduced in (Fig 11) the amphipod Diporeia and the chironomid species 
appear most sensitive to the contaminants present. . 

“ 
' 

' 

. 

T

A 

Table 6. Predicted community groups for 1990 Spanish River area sites. 
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s (0.142) 
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s (0561) 3 (0.435) 
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Finallyswe have plotted the geographic distribution of the sites that were within (unimpaired) 
and outside (impaired) the range of variation observed in the reference sites (Fig. 10). This shows 

that those sites that wae most alfected" were almost exclusively in the Whalesback Channel (Fig-. 9). 
Only sites in the North Channel appeared to be impaired. sites are adjacent to the 

passage through which the major exchange of water the Whalesback and North 

Channels (Rosa 1995). This suggests there is transferof contaminants between the two channels that 
is having a deleterious efi‘ect on benthic communities. 

4 

" 
V 

.‘ 
-'

, 

Sediment Toxicity I n 

" 

_

t 

_ 

Sediment samples ii-om 4_6 locations were available for laboratory assessment of 
using the Tubifex tubifex (Oligochaeta) reproductive; We examined three test endpoints 

to assess the degree of sediment associated toxicity in the study area: survivorship of adults; 
production of cocoons and; production of young. t 

A 

From correlation analysis we examined the relationship between the variables and 

the number of cocoons and young produced in the test (Table 7). The nietalszinc, lead and copper 
have the highest correlation with the numbers of cocoons prioduced. Surprisingly, this correlationis 

positive but may be due to the fact that four of these sites are sandy and while the concentrations are 
low the metals may be more available. ‘ 

.

V 

To establish a decision point on whether a test result can be considered to indicate sediment 
toxicity we have used data fiiom the array of reference sites in the (Reynoldson er al. 

l995a)Afor which we have established normal responses for including II tubifex. 

_From these reference sites criteria have been estab' lished from 
V‘ ° 

4 

ent is indicated 

ml. 1995). In the case of 2". Iubifex, inwurtfed tests, these values are :4 cocoons 
and 21 young per 4 adult worms. The values for each test siteand thereference sites are illustrated 
in Figure 12, together with the criteria value that indicates toxicity is_ present Sixteen sites fail to 

meet the criteria for the number of cocoons produced and sites to the for the 

number of young produced The sites were respectively separated into two groups for each toxicity 
endpoint, those that meet the criteria and that fail_ed_and the Mann-Whitney non-parametric test 
for independent" used for each of the sediment attributes. Those variables that were 

'

25
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significantly difl'_erent (P < 0.05) in-the two groups aistmgttithea by their toxicity are indicated in 
Table s. 

*

> 

Table 7. Correlations between sediment toxicity aml sediment chemistry, those correlations 
at the P > 0.01 level indicated in bold - 

. . 

.Y."1=b1°.
. 

YWI18‘ 

Zinc 

Maguemnn 
Potassium 
Calcium 
Nickel 
Silica 
Sodium 
Cobalt 
L01 

. _um 
Manganese 
Arsenic 
Silt V. 4 

Vanadium 
Sand . 

Phosphorus 
Imn 

my 

0-5922 -(1) 
0.5401 (2) 
0.5259 (3) 
-0.5097 (4) 
-0.4060 (s) 
-0.-4646 (6) 
0-4630 (7) 
0.4090 (8) 
0.4049 (9) 
0.3925 (10) 
0.3663 (11) 
-0.34670 (12) 
0.3311 (13) 
-0.3260 (14) 
0.3247 (15) 
03011.§(1s). 
02662 ((17) 
-02594, (18) 
-0.1621, (19) 
0.093s1(20) 
0.09'204(21) 
-0.0110 (22) 

0.2164 (s) 
0.3190 (3) 
0.2411 (10) 
-0.4159 (1) 
-03024. (5) 
.0352‘. 0- (2) 
<0.1833l_j(l3) 

0.3151 (4) 
0.1146 (14) 
0.1669 (15) 
4.12962 (6) 
0.1927 (:12) 

0.0921 (19) 
0.2797 (7) 
0.19ss..(11) 
0.1563 (16) 
-*0.12l2_-(18) 
0.0430 (20) 
0.0240 (21) 
-J.14_2'3 (17) 
-0.0098 (22) 

For both endpoints the metals zinc, copper, lead and nickel showthe greatest difierencem 
the two groups of However, contrary to expected the higher concentrations are found in those 

sites that pass thecrjiteria and those sites failing toiproduce _c_)'r_ young have lower metal 
values. _Fr'om the relationship between the community data and metal evalues the sediment 

and the toxicity in some sediments-we would have to see a positive 

relationship between concentrations of metals and toxicity. fact the reverse appears to 

be the ease. There are a number of possible. explantltiona 
1. The in the benthic is not associated with sediment associated 

contaminants. 

2., The observed toxicity is not related to total? metal concentrations and total metal 

concentrations are a poor i11_dica_t0r of bioavailability in this test. 
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3. Thebioavailability is being confounded by other attributes" of the sediment. 

4. A single species test provides little information about whole community response. 

Table 8. Mean inrlg/g dry weight for those variables qre_ significantly dlfererlf 0° 
< 0.05) in groups of sites passing andfqiling II tubifex reproductive test. 

‘ 

Fai1__ “Pass Young Fail Pm 1-.2... 

Zinc 
A 

189.4 295.2 
' 68.3 116.7 
Lead ' 50.9 88.4 

- Cobalt 32.6 45.9 
. L01 " 

_ 

as 93 - 

Chromium 90.8 - 100.5 

Nickel 306.7 529.2-

1 

0.001 
0.001 
0.001 
0.003 
0.022 
0.024 
0.034 

Magiesium 
Zinc 
Nickel 
Potassium 
Lead 
Copper 
Silica ~ 

Arsenic 
Aluminium 

2.86 " 2.09 
151.2 ' 274.5 
195.6 
2.95 
37.4 
54.8 
58.8 
11.8 
13.3 

490.2 
2.45 
81.0 
106.7 
62.3 
24.2 
12.2 

0.003 
0.005 
0.006 
0.006 
0.007 
0.010 
0.01 1 
0.020 
0.03 1 

Fimlly' gwehaveexammed‘ 
" 

thespat1al_' "onofthosesitesthatfailedtomeettheto1n'cit_y 

criteria (Fig. 13). Most noticeable is that in contrast to the community structure response the 
majority ofthe are not in the Whalesback Channel but the North Channel. This explains much. 

of the apparent anoinaly in the relafionship between metals and toxicity. The twelve sites in the North 
Channel (Fig. 13) that produced the lowest numbers of cocoons (average 14.9) had the highest 

proportion of sand (18.7%) and the lowest organic cor-tent (5.5%). We suspect that the response 
at these sites is difierent to the five sites with reduced cocoon production (average 20.8) in the 

Whalesback Channel (Fig. 13), which had the highest organic 0O1_Itfllt (9.7%) and lowest level Of sand 
\. . , 

,‘ 

(0.0%). in the twelve North Channel is likely due to loworganic content 

(Reynolilson et 01- 1991) sand levels perhaps together with metal contamination and greater 

ofthose thetals' This we consider to be a difierent responseto that observed in 
the sites in the It is also noteworthy that the where is apparent 

in the North Channel co‘-incides with the oneregion in the North Channel where communites were 

(Fig. 9). This is the vicinity associated with the greatest exchange of suspended materials 

(Rosa 1995) may suggest a high rate ofexposure to contanunan' 

5 ' 
ts 

in this area. There is little diiference in metal levels in the Whalesback Channel those sites
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that passed and the five that are considered toxic, although nickel, copper and arsenic have slightly 

higher concentrations. We can provide no explanation for the reduced reproduction at these sites and 
can only speculate that it is associated with either the particular metal fiactions present or due to 

other umneasured contaminants. e 

Three of the seven sites with reduced yotmg production are those with a high proportion of 

sand (618, 621, 623). the others) site 1635 had high levels of nickel (607 ppm), copper 

(128 (300 ppm), site 112 had a very high proportion of clay (78.3%) and site 618 had 

a low organic content (2.5%). The sample forsedirnent analysis at 614_was lost. Of 
these sites we consider onlysite 635 shows toxicity the low numbers at the other sites are probably 
due to physical characteristics. 

Sediment Chemistry
n 

Fmallywehaveeararninedthepattemofthe measured sediment attributesto determine ifthere 

was evidence of a spatial pattern that may relate to the observed biological Data were 

available fi'orn 49 Some samples for particle (8 sites) and % loss on ignition (L01) (3 sites) 
were lost and values were substituted by taking the average of the closest sites at a depth 

(Table 9). Examination of spatial pattern for 24 sediment attributes was undertaken by 1m1ltivariate~ 

analysis using the same clustering and ordinationv methods as in the analysis of .s; I863] pattern of 

community structure.
2 

Table 9. 
_ 

Sites for which particle size and L01 data missing.
‘ 

Site Siteslused to establish Missing silt? Sites to 
averagevalue 

g V g _ 
averagevalue 

Particle Stu L01 
602 601, 603 r 601 SE1 fiom 1-988 
110 620, 649 " 11.1 608, 616 
60.8 111, 603 

' 610 606, 609
l 

618 617, 623 
625 645, 641

' 

637 113, 638, 642 
647 632,- 630, 629
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Figure I4. Dena?-ogrmn-of River area sites , based on 24 sediment attibutesfiom 1990. 
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The-dend'ro'gr'am flm thereafe three groups of‘ (Figure 14). A small group (Gp 
3) of four sites and two larger, similar sized, groups (If sites, Using the Wallis non- 

parametiic test we examined those variables which difl‘eredIthe most in the three groups. Twelve of 

G the 24 variables showed significant diiferenees (Table IQ) in the three groups. Five of these are
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metals, major elements and LOI. The four sites forming Gp 3 have much lower concentrations 
of the majority ofniajor elements and metals the other sites Concentrations ofmost of these 

12 sediment attributes Gp 3 are very similar to the average values for the North Channel reference 
sites (Table 10). 1

i 

Table I0. Average_value_s'for_selact_ed variables in 3 groups ofpsites 
' 

qmdlllorfln Channel sites, ordered by de"gree' of diflerence 
in the groups. 7 p

" 

V==i=b1= Gal 621- .. GP3 ' 

. .. . _ .. _ I
V 

Sulphur 1405 2655 250 n.a. 

LOI 1.8 9.8 3.2 
' 

7.1 
Potassium 2.6 2.3 2.9 2.7 
Ninkfll 389 555 124 115 
Copper as 118 40 as 
zinc 242 299 121 136 
Cobalt 3.8.7 48.1 16.2 17.3 
Phosphonls 0.2 0.2 

' 

0.1 0.2 
mm 1.4 2.2 5.1 4.4 
Lead 

A 

'14 -s1 27 as
o 0.6 0.6 0.2 

‘ 1 
Aluminium 12.4 

A M 12.1 13.6 11..-s 

Groups 1 and 2 both have much higlwr values for both sulphur and metals and the diflerence 

between the groups is the degree to which values are elevated above Gp 1 and the reference sites. 
Group 2 has the highest values, particularly of sulphur, nickel and copper.

’ 

We have plotted the sites in ordination space to establish how I111? groups of sites are 

and the plot suggests that in fact many of the sites form a contimxous gradient rather than fall into 

discrete groups (Fig. 15). Sites toward the left side of the plot 15) have 

concentrafions and those to the lefl tend to have low metal levels. Similarly sites located toward the 

top of the plot have high sulphur levels and those on the bottom have low sulphur levels. With the 

exception of sites in Gp 1 the sites are primarily oriented along‘ a gradient of increasing sulphur and 
metal concentrations fiom the bottom right side of the plot to the top lefi hand corner. 

- The geographic distiib'ution.of the sites (Fig. 15) shows the majority of those forming Gp 2, 
with the highest metal sulphur concentrations, to be located inside the Whalesback Channel and 
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Figure 15. Site groups from cluster analysis and ordination 
of 24 sediment attributes in the Spanish River Study Area 1990.



those forming Gps 1 and 3, with lower sulphur and metal levels, to be outside the Whalesback 
Channel. 

To provide a regional context to the sediment characteristics of the Spanish River area we 
compared 22 (Table 11) for the reference sites in 'the‘North Channel (Fig. 3) with 

those for the in the Spanish River: area. -

A 

Table 11. Sediment attributes used tb compare reference sites-with I990 stualy sites "in the 
0 

Spanish‘ 
" ' River area, together with correlation values for SSH ordination. 

Variable Cmelafion
' 

Nickel 
C°PP°1' 
Cobalt 
Chromium 
Lead 
Silica 
Vanadium 
Iron 
Titalniurn 
Sand 

Arsenic 
Clay 
L01 
Potassium 
Silt 
Manganese 
Phsophorus 
Sodium 

. 
Calcium 

0.9523 
0.-9349 
0.9284 
0.8871 
0.8701 
0.8643 
0.8509 
0.8385 
0.8358 
0.7806 
0.7389 
0.7288 
0.7284 
0.7129 
0.7012 
0.6581 
0.6243 
0.4773 
0.4702 
0.4485 
0.3074 
o.1o2§ 

The datahave again bejenplotted in ordination space (Fig. 16) and show the lIla]0l'll1Y-'0fS1tBS 

to be distributed the first ordination vector; The reference sites (open circles in ordination 

plot) have been enclosed by a hand polygon and 15 Spanish River area sites the 

envelope of variation associated with the reference sites. These '15 sites (open circles on map) are 

located in the North Channel (12), the Serpent River‘ mouth and two sites, away fiom the 
flow, in the Whalesback Channel, Cluster analysis of the 98 (49 reference and 49 Spanish 

River) produced three large groups. of sites. A group made up of 29 reference sites and 5 Spanish 
34
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River sites (112, 621, 622, 623, 644 - open squares on ordination plot). A second group of sites 
made up of zo reference sitesand 18 Spanish River sites,‘ these are indicated by small squares in 

16 and although some are outside the envelope of reference sites cannot be by 
cluster 'I_'he group is made up exclusively of 26 Spanishkiver sites (solid circles), the 

as saw as iwebwk 
Chsnne1tobedifi'erei1ttothegreaterpart'offlieNonhChannel(Fig.16)andthatthedifi'enceisdue 

to metal nickel and WP?“ (T able 1°)i The spatial Patten! 
(Fig. 1'6) also suggests exchange of sediment fi-om the Whalesabck Channel to tlleiNOl1h 

Chm _elthu_ _ghthe,passagesbetween' theislands' .ThoseareasoftheNorth'Channel*iirheresed1m' ent 

metalciincentrafions are elevated are associated with those passages (Fig. 16). 

Conclusions and Summary - 

Data collected fi'om the 1988»and 1990 surveys indicated that there were both elevatedmetal 

concentrafions communities in the Whalesback Channel, without regional 

data it was diflicult to provide a broader contextfor the significance of the efiects on the invertebrate 
communities. The fiict that thae available fi'om reference sites in the North channel provides 

such a context to make a quantitiative assessment of the extent of the deleterious in and 

beyond the area of concern and to provide targets to define recovery of the impacted area 

The reference site data show that there is extensive impairment in the Whalesback Channel 
and almost the area a benthic community-, this a considerable 

distancel 

i 

the boundan' 
up 

" 

'eeersie area ofconcem. This is evident bear fi'0n1 tiiejemiperieeii 

sites fi'om theN0rtl't Channel em fi'Om the predictions based on the entire Great 
. _ 

...>:', 

sites. Furthermore, it would appear there is evidence of some elfect being felt in the 

North Channel in the areawhere the major exchange is between the Whalesback and 

North Channel. A comparison of environmental characteristics at those sites where degraded 
communit1' 'es occur and referee. . _ , 

provides str0ng' 

" 

evidence that the impairmentis associated with 

highlevels of metals, particularly copper, nickel and zinc. However, it is not possible to distinguish 

any particular metal of concern as their occurrence is highly correlated. 

Sediment toxicity data do not confirm that the degraded benthic commimities are related to

\
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high metal levels. However, there are some confounding factors that may the lack of 

concordance in these data. First, only one test species was the tubifieid worm .Tu‘b'ifex tubifex. 
In fact the str_uctu_re suggest the Tubiiicidae"was‘the‘ least group and 

showed relatively little change in inthe study area (Fig. 4, Table 3). The most taxa 

were the amphipod Dip0reia_ and the .Chi_ronomidae (midges). Unfortunately, at the time of this 
. . 

4 
' 

.

“ 

-_st_udy,‘the_ run bioassays unavailable. "It"wojul_d:"seernthat in this case 

thewrongspecies for theimportance of a battery of 

species ratherthan relying on single species tests. The possible explanation is that the test was 
responding not to whole metal concentration but to a fiaction, and that total metal 

concentration is a poor indicator ‘of bioava.i_lability.. test appears to be responding to other 
sediment attributes thanmetal concentration, particularly ‘the proportion of sand and clay (which 
efi'ects availability) and the amount» of organic material which is related to food availability. This 

"
s 

latter issue has since been addressed through a-methodological change and animals are now fed at the 
beginning of the assay. V 

Finally, it is possible fi'om the reference site data to that will indicate recovery of 

thebenthic community and to establish sediment concentrations for metals at which a recovery can 
be From our reference site data base we have established that two diiferent communities 
would be expected to occur in the area (Fig. 9"). In the shiillower, more sheltered inshore, areas a 

community where ehironomid midges and malluscs are most abundant Should In the more 
09811 and ill 91¢ N011}! Channel, 8 more oligotrophic ‘species, particulalrly D. 
hoyi, the oligochaete S heringianus and the chironomid Hetcrotrissocladius is The actual 
numeric targets have been derived from the Nortlriéihannel {r.eferenee- sites were "included in the 
Gp 3‘ and Gp 5 assemblages. From the North there were 30 and _l6 reference sites 
respectively in the two groups. Frornthese we determined that for Gp 5 (oifsliore) only 

D. in SllfiCiGl'tt $0 derive '8 Similafly fgr the negrghgfg 

-sites (Gp 3) ‘a number for the family Chironomidaewas consisdered most appropriate, as no single- 
genus was suficiently For both-taxa the distribution among the sites was "contagious 
(Table 12) and therefore a cfiteria value was established the lower 95% confidence 

calculated from the geometric mean a log (x+1) transfonnation, * 

a

I 
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The numeric we would propose for the impacted areaare 1490 m’ Chifonontidae for 
inshore waters and for D; hoyi, in the ofishore 1637 hm’-. Selection of the appropriate 

should bebased on the predictive model which is used sites to a'Gp 3 or Gp 
5 We would also strongly encourage the use of the was comparison 
of the using the approach single 

15;‘
l 

some “'17): ifloweverfas and a general 

targetthesenumefictargetsmaybeusefiili" 
' 

-

" 

.-:|;-1 
, , . 

1:Table 12 Mean": of tar‘g'e't'species iii North Chkznnel reference sites and 
.. proposed criteria for establishing nan-degraded invertebrate comimmities in 

the North Channel.
‘ 

Chironcmidae ' Diporeiahoyi 
* Inshore-Gp3 Otfshore-‘GpS 

Arithmetic s (no. core) 11.2 11.3 
Variance - 133.0 50.7- 

9594, ct. (99, core) _ 

s.1 
"‘ 

5.6 

‘Criteriaexpressedi m.m M14l9MlH 
r ma 

the remediation for a non-degraded benthic 

we have assumed that the observed degradation is related to metal 
concentrations inthe We have targets for three metals, copper, nickel and 

zinc, as these particular elements were best correlated with the observed e_fi'ects. The 

proposed target for remediation are based on values found in the sediment at the 49 reference sites 

(Fig, 3). Examination of the statistical distribution of the three metals. shows both, copper and 

to approximate a normal.distribu1ion (F1g.~ 18). . Nickel concentration clearly does not follow a normal 

distribution The geographic distribution of the three elements have been expressed as values above 
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and below the mean values (copper and and above and below what appear to be two 
distributions (Fig. 18) for nijokel. For and zinc there is no clear geographic pattern to the 
distribution of sediment with elevated metal level_s'(Fig. 19). The elevated concentration at some 
sitesis likely associated with local conditions and there is a strong correlation with physical sediment 

amine; for copper with sand (-0.152) and LOI (o.ss5) and for zinc with L01 (0.135) and~'I’OC 
'(5.'€5‘7)} 

' 

nickel concentration lessees ieviaew a igeegaene ‘pattern’ 

'9 ' 

the 

concentrations occur in the vicinity of the Whalesback Channel (Fig-. 19). Also tl_1e correlation 

between nickel concentration and physical was much lower, the best eorrelanrion 
LOI (0.446). suggests that local conditions are less in determining the 

wncentiafion and that a larger scale process may be of more importance. 

Table I3. Values for three imetals at reference in the North Channel 

Mean 
' 

115 1 35 136 
S.D a1 1s 69 
95% CL. ‘ 

V 

. . 24.4 4.9 194
A 

Bad<gmundConc 50 40 100-120
4 

omoasmr. » 16 16 - 120 " 

OMOEESEL 15 110 820 

In establishing targets we have again calculated 95% confidence intervals (Table I3). 
in this case we are proposing the upper 95% confidence interval as the target As this is 

fi'om reference sites with acceptable communities we believe these are reasonable 
rmaediation The target values for copper and zinc are similar or close to backgrou1_1c_l levels 

reported byMudroch (1995) fiom sediment cores taken in the Spanish River area This suggests met 
values at reference areas represent historic conditions and are reasonable targets. It is also 

noteworthy both the baclrground, reference site mean values‘ and -targets are above the Ontario 

Ministry o'fEnvironme11t (OMOEE) (I-EL) coneentretions (Persaud et al. 1992). 

'l‘he target value for nickel (139 ug.g) is almost threetimes the background concentration from eere 

data. This reflects the fact that values in the reference area are elevated, however, because the 

» 

" 5 40 

Upper-95% 01,.-(rrepeeeararset) 139.4 
4 

39.9 155.1 ‘
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Figure 19. Concentration of three metals at reference sites in the North Channel.-



invertebrate cormnunities are considered to be unimpaired tolerate these levels we consider 
this to be an acceptable remediation target for this area. it is notweorthy that the proposed 
value exceeds the OMOEE Severe Efi'ect Level (Tliable 13).
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