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Kgstddy wasgcarried out to fiétermine the geochemistry_of 

sediments in;the¢Spanish River area of Concern and its vicinitjti 
Surficialisedfments were collected at thirtysseven sampling {Ha 

£ , 
_ 

) 7 :| 
., ‘- 

i »—*.-1;-__ . 

~ - 7- '-~- 

stations in the study area to determine the distribution/of mafior 
elements (Si, A1,_Fe, Ca[»M§i K and Na) and traceielementé (ca; 

‘ - 

:_.;‘-ya I‘ I C :5 
‘ ., ‘,‘>_v' . ‘\.‘ 

' 

i " i 

Cu, Ni, Pb and Zn) in the sediments. Eight sediment cores were 

collected at selected sampling stations to determine packqronnd » 

. 

.‘ 
1 

' HY ‘F .1 ~_¢ . 
'\ 1* »?i1 1'” T concentrations andaconcentration profiles ofgtrace elements 1D 

= 
-- -~ 

_ 

- 1 - 1 -~~ =- :.<; 

the sediments; Thejseqnential extraction procedure nae carried
l 

. J ‘/ 
,

' 

out using sediments collected at three selected stations in the 

study area to determine associations of trace elements with 

different geochemical components in the sediments. Association_of 
trace elements with different particle size of the.sediments was 

determined to evaluate the potential for transport of the trace 

elements and for effects on benthic organisms through sediment 
digestion. Most of the collected sediments_consisted of clay and 
silt particles (<63 um); The-concentration.ranqes of major 4 

. 

' 

_ 

» 
,_ . 

elements in sediments indicated.a similar source of material 

deposited at the Area of Concern durinq past years. The .l*
, 

concentrations of Ni and Cu ranged between 77 to 1,032 ug/g ands 

18 to 171 ug/q, respectively; in sediments in the Whalesback 

Channel; and between Q5 to 865 ug/g and 16 to 20l§ug/g,’ l. 3 

respectively, in the study area outside_the Whalesback Channel. 

The results suggested there is transport of sediment—associated 

trace elements from the Spanish River Area of Concern into thei 

\\ 

-1..-—



§orth_Channel, Lake Huron. Concentration profiles of trace
i 

slements "i1;¢v@ Pb and Zn intb the 

Area Qt ¢¢n¢ern durinq»the»;9§0!§¢f9ll¢wed»by,§-¢e¢re§$§ vf the . . v....__,V .v . _»_ . ,»- .5 , ...> . . ‘pk 

%92@t§h2¥@uP¢,§h§,197P!¢;M?b§§§ i§P@€§¢@°§$,%i¥§1xl¥sf%s9¥i@i9ing 
an¢-%@§l?in9,¢f Ni1§nd,¢“»9¥¢§ in tbs §Pa@i%haRiY§rr§=e%"a9§¢ 

P?§i§r Th? Fe§Pl§?.9fa§h?~5tu§Y.§P¢i9?t§§ t§?t.§°»99/9 9? §i¢@2° 

uq/qr of C0,, 49 119/qt of 10 119/9 <>f §Pb an~d10° ?=<>fl..l-20 119/q'¢f_ 

Zn can be covaidared ?he ba¢kgr@u9¢ ¢°n¢¢n¢rati¢n§ in §iP?'~ 
grained sediments at the study area.5Qalculated sedim§nt_v,pH_ 
enrichment factors showed that surficial sediments at the study 
area are enriched to a greater extent by Cu, Pb and Ni than those 
in Lakes Huron, Erie and Ontario. Nickel was associated mainly 
with sediment particles <13 um in the Whalesback Channel. on the 

other hand, sediment particles >13 um contained greater 
concentrations of Qu (up to 1,959 ug/g) than the smaller ._ . _ 

particles. The results of the study suggested.that changes in pH 
and redox potential in bottom sediments or at the sediment-water 
interface may increase the potential for toxity of Cu, Ni, Pb-and 
Zn in the sediments. The results showed that the area containing 
sediments_enriched by trace_element§, particularly Ni and Cu, _ 

exceeds the area presently defined as the Spanish River Area of 
Goncern. € - 

~ 3 
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The lower Spanish River and its harbour area are among the forty- 
three Great Lakes Areas of Concern (AOC) designated by the U,S,—

1 
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cahada international Joint c¢mmi$si¢n for rehabilitation. There 
are cbiieétivé efiiorts of~the?United States and-Canédian federal 
.>w >~ '.;- 1- -_- - —._ » , 

_ 
¢~ 1- ,_' 

. . 
.~ ._ ~_-1 i ‘ ‘ 

Y’ . , 
.. . . _. . t... ,_,_, 1 . ,> _ .... . , .....,_‘ ._ ..... ..,. ,_ ,.. . ,.,_ _ w gbvernmenc;;@tn¢we1gnt>creat"Lakes states; the PfbV1h¢é of *i~~ 

ontario; andfilocal stakeholders to develop and implement remedial 
abti5fi*pians”XRAPs)*to restoie*éfiVir3nfiefita1*qfia1itY*in“the*Kreas 
6f~c¢neeifi*1n the Great Lakes Bflsifi Eeaéyeeaa (sis; Entironméntal 

§rotection‘A9én5§' 1994)-i’ '“ 
I 

2" 4 22 I. sv st ~ fififi 

bététiafétian bf tné écbsystem o£‘£he Spanish River Aoc was
’ 

described in detail in the Remedial Action Plan (Spanish River* 

RAP Team, 1988f. Increased concentrationsiof nutrients in the 

water, degradation of fish population, devoid of 
‘

. 

macroinvertebrates, and contamination of bottom sediments by Cu, 

Zn, Ni, Cr and PCBs were the major problems in the Spanish River 
AOC." ‘ *="‘ '- 

- 

‘ 

; 
-~o > " '~» 

, 

' 

= *' ' ‘i ~" 

The Spanish River drains an area in size about 14,000'knF with 
the majority of the drainage basin 1ocated_in the geographic 

. i 
‘

. 

District of Sudbury, Ontario. The river empties into the North
i 

Channel of Lake Huron (Figure 1). The upper part of the.Spanish 
"River drainage basin is underlain by Preoambrian igneous rocks ' 

including the Sndbury Eruptive. The lower part of the drainage 

basin is underlain by sedimentary, volcanic and derived " i 

metamsrphio rocks; surri¢ia1 deposits Consistfof a thin layer of‘ 

_undifferentiatedhsi1ts, clays and sands with scattered swamps and 

bogs between.bedrock ridges. - 
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Agrichltfire,*indfistry] particularly metal mining and smelting and 
pulp ana"§apér§§1antj?fb§est§§fiahaéémént"Sid za¢§éaei¢a are the 

major anthropogenic activities in the Spanish Ri$é£Fai5in5§é*3“** 
‘V 
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basin} The vefmilibh River §hdf3uhE£i6fi*éreékj*£¥ib&£5iié§“of the 
§§afiiéfi‘fiivE§T‘&§5ifi"the*fiétai*minifi§*3fid §fie1£i5§yr;§i515§*area 
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A multidisciplinary.study was carried out from I988 to 1991 ta‘ 
H__ _"’ _hL_' ‘ V 

V 
. . . .. IA , 

. ._. _ 
M» _ 

assess the quality of shspehaeq and sattam sédiments“and the*“’ 

benthic'commfinity‘§trucEfire in*%h¢*s§§fiish.§i§¢r A65Y'Thefi“f 

objective of the study was to provide information for planning . 

the remedial action to rehabilitate the Spanish River ADC. This 
report describes the geochemical properties of the bottom 
sediments in the AOC and its vicinity. The results presented in

I 

/ I 

. 
1 

. 
- V

. 

the report have been used in the assessment as the effects of "' 

sediment quality on the benthic invertebrates community in the' 

area. Further, the results will be used in the preparation of the 
summary réport on the multidisciplinary study carried out between 

1988 and 1991fin the Spanish River AQC and adjacent area in the 

North Channel of'Lake”Huron; * -#'*“'~ " *d “** ’ ii" 

MATERIALS AND METHQD§ 
seaiman£*samp1ing "'= “ \ "’“" 

p 

- 

* *

_ 

Sediment samples were ébtained at the Spanish‘Riyer mouth and*“ 

within the Whalesback Channel areas in i988. At eighteen sampling 

stations, surficial sediments were-collected by using a mini-
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Ponar grab sampler. At an additional eight stations, a surficial 
5"cm of sediments was collected by a modified Kajak—Brinkhurst 

corer*equipped5with?a plastic liner. At f6ur7samplin§ stations, 
aaaieienei-§ea1fie5t*eeree*¢e2e Eol1é¢ted”(twoiborss 5&2 station) 

» 
. ._‘ 

.. ._ _ 

rar*£ne separation at seaimefit pore water and aeEe¥fiinatié5Ker 

conCéfitration profiles of major-and trace elements‘in the 

sediments, The location of the 1988 sediment sampling stations is 

shown in1Fiqure 2; 
‘ 

e= ' “e "Yle"e> en ~e>» I >< ~*~1 4- 

In 1990, a surficial 5 cm of sediments was collected at nineteen 

stations within the Whalesback Channel and at twenty-five
/

\ 

stations outside the Whalesback Ghannel (Figure 2). In adition, 

surface sediments were collected.using a mini-Ponar grab sampler 

in the vicinity of the 1988 grab sampling stations 8, 12 and 17 

in-the Whalesback Channel for the determination of chemical forms 

of trace elements in the sediments (Figure 2). '_ ‘

- 

( 
, . 

At four-stations (603, 616, 638 and 644, Figure. 2)vcores were 

collected to investigate the background concentrations of the . 

trade elements in sediments at the‘study area. Further; two ' 

surface sediment samples were collected in the western and 
southern parts of the Whalesback Channel by mini—Ponar grab

H 

sampler to investigate the association of the trace elements with 

sediment particles of different size.’ * ' 
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Sample storage and processing'”7*- * ~~ ‘

- 

'Wi1=h Qt §§1¥1Pl%$. 9gl.}1.s-=<.<?,.*=;~==.<i,. finer,‘ . 

determination of ¢néaiéa1*f6§m§*aréiiaeewéiaiénts in‘the“
V 

\ . _ ,__‘ __ _, 1 ,.@.- - 
1 _. _- .,.. __ .r:__. - .. . y<_ . h . . 

- . /. .,._ y. < 2; -.-.,-;_ —.—-~.— .-.--*2‘ ""2 -;= n, -1 
-‘J ... .7-,,.__;‘. ¢\4_’ ._, _ . A‘ . \~4 . ...1!..: K 

Whalesback channel, the surface sediment samples were manually 

ihomogenized in a P1§§ti¢-container using a plastic spoon} and_t 

divided into subsamples for the determination of particle size 

distribution and concentrations'of7major and trace elements. The‘ 
. 

/
‘ 

~ .- <~. . =~ ..'- . .~ .~ 

subsamples for the determination of thejparticle size were éii 

collected into plastic b&9$ Qfid stored at 4°C prior toianalysis. 

The subsamples for the determination of major and trace elements 
\

. 

were collected into plastic jars prewashed by 5% HNO3 and rinsed 

three times with distilled water, and freeze—dried prior to 

analysis. Sediment cores were subsampled in the field into 1—cm 

sections using a hydraulic extruder (Mudroch and MacKnight,
_ 

1994). Each section was collected in prewashed and rinsed plastic 

containers (washing method similar to that described above). All 

core sections were frozen and freeze—dried. Dried surface 

sediment samples and core sections were sieved using a 20*mesh 

screen to remove large objects, such as wood chips, etc. sieved
4 

samples were homogenized by grinding using a mechanical grinder 

equipped with an agate grinding dish. The sediments collected at“ 

three sampling stations for the determination of chemical forms 

of the trace elements were.stored in prewashed glass jars. The 

jars were filled completely to the top with the samples and 

tidily closed to avoid oxidation of the sediments, and stored at 
4°C prior to analysis. Analysis of the samples was carried out _

n



. 

- 

_ 12 

within fourteen days of colledtion. Sediment cores collected-at 
. 

M ' ‘
. 

statipne 3., and A 4.;:we.r;e J-=§=<-:<=1;"i<>n<?-$1 J;<.>->.oQbtei-H e_:§ample.§1._.from 
/ .. 

~ + .1. '-41;‘ I = 
:1 ms. 1'4-I ~ 1:‘ 1-.-En .1“; . 1 ~<f~-V-1 

the following depths; surrq¢e;if¢i@i9;6mia5a l5~cm, Two surface 
_ 

. I. . ¢. - . f 
t -_-;_ ~_ .. 

4 
_. ., _,. 

~ .. - 1 _,», ‘v M ,.;_ . 

sediment samples collected§in;the western and_southern parts of 

§§§tYh§}e§5aCk channel'weremstoredf§n plastic hagsF§t’4°C.;§pe 
samples.were then separated into six different size fractions- 

. -<~" _\ i .- . ... 4 <'\I . -. c Q. ,, 

f._-; f, . 2 __'_ \ 
. -7 _ _ 

.1 ‘, A, "i -T“-.
, 

(<13 um, is to 20 gm, 20 to 27 um; 2? to 3$3Hmf ssrga 44,qm!and 

4§fito 53 um) using the Warman Gyclosizer following the method 
described by Mudroeh and Dfincan (l$8§). Eachgsediment sizegé. - 

fraction was freezeédried and manually homogenized prior £5 the 
determination of the concentrations of trace elements; “ 

Analytical Methods . 
Y 

. 

' 

i

- 

The concentrations of major elements (Si, Al, Fe; Mg, ca, K and 
Na) and trace elements (Cu, Co, Cr,-Ni, Pb, Y and Zn) in sediment 
samples were determined by x-ray fluorescence spectrometry' 

(Mudroch, 1985). The precision of the analysis was determined by 
analyzing five pellets made from a homogenized sediment sample. 
Relative deviations for major elements in sediment samples can he 
expected at the. following levels,-: SiO2 2%, K20 and A1203 4%, 

_ 

Fe2O.3- 

and cao 2%, MgO and Nag) 10%. Absolute deviations of 0f01% to 

0.02% were found for MnQ, T102, and Pfh. Generally, the 

coefficient of variation for trace elements was less than 10% and 
r 

' - i 

'

. 

continuously declining with increased trace element ‘_ 

concentrations in the samples. The accuracy of the analyses was. 
verified by running Canadian reference standards Syenite SY-2 and



soils SO-2 and SO-4, and the National Water Research Institute 

sediment wnaerihns resets with 
the stated-referéncéiyalués for mdjbf and trace elements, 

The determination bf,chemic§l forms“of trace elements in three 

surfiace sediments collected in the Whalesback Channel was carried 
out using sequential extraction procedure designed to partition 

thefelements into rive fractions using theimethod described;by 
Campbell et al. (1985). Prior to this procedure, sedimentipore 
water was extracted from the sediments by a high-speed_ 1 

refrigerated centriiuge. The extraction of the pore water and the 

sequential extraction procedure were carried out under N5- 

atmosphere to prevent oxidation of the sediments with subsequent 
changes of chemical forms of the investigated trace elements. The 

concentrations of trace elements in the-extracts generated by the 
sequential extraction procedure were determined by graphite 

furnace atomic absorption spectrometry using internal standards. 

Particle size distribution was determined on wet sediment samples 

using the sedigraph method (Duncan and Lafiaie, 1979). Data was 

expressed as percent of sand, silt and clay in the sampleL The_ 
concentration.of organic matter_in the sediments was determined 

as loss on ignition (LQI) by heating dry sediment at 450°C to 

constant weight, i.e., approximately three hours,, i
-
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RESULTS AND DISCUSSION * 

;I. 

' 

. 

" 

A 

A

- 

P!¥$i¢1Q$8il81¢i8tIibuti9n andleeneentratiene of major elements- 
,;»_; ‘ 

_~_‘ , _; 3,4. ,~»___‘ ,,.,__‘_--.-.»-_ _ _. ___ .. , _ 
_ -..~ .-.- ,.~.‘. ~ 

. _._,.,. ,.L_.l_.n_j _- .~>_:'-_J _\.;_...,_,.-.._»._ A‘ .~.. ,;>.¢‘.e_L: _M_._.~_=_, ;:.=._~_t .; ;~_- ;_;-.>~..,.:-~ I 

With two exceptions,-sediments collected at all sampling stations 
-in-1988 and 1990 consisted of_9p to 95% of fine-grained (<63 um) 

particles, Therefore it was not necessary to standardize the" 
concentrations of major and trace elements for particle size. The 
concentration ranges or major elements in surficial sediments and 
in sediment cores'in_the_Whalesback Channelowere as follows: 65; 

to 70% SiO2;,l0 to l1,j$,Al§%; l,§Nto 2.3%iMg0; 1.7 to»2;2% CaO; ~ 
., _. . 

- ».- 4 - 
. _» 4 '- - "~ 

‘V 

--. ,1 . 

2.3 to 2.7% K20; and. 37 to 364% Naédi Relativelyv narrow ranges of ' 

the concentrations of major elements in the sediments indicated a 

continuous input of geochemically similar material into the 

Whalesback Channel. , . 

in 

The concentration ranges of major elements outside the Whalesback 
Channel were as follows: 59 to 68% SiO2; 11.2 to 13.5% Al§§;c1.7_ 
to 2.3% Mgo; 1;? to 7%nCaO; 2.1 to 3% B50; and 1.5 to 2g3% Nag). 
The wider concentration ranges of the majOr elements, 
particularly cao, in the-sediments outside the Whalesback Channel 
-indicated additional sources of material to those-in thev 

Whalesback Channel. -_ . 

The greatest concentrations of organic matter in sediments ' 

(25.5%) were found at station 619 located between small islands, 

north of John Island, in the outlet from the Whalesback Channel 

-(Figure 2);_The concentrations of organic matter in sediments at 

J» 

wfi



4 
is 

the other three stations, i.e., 612, 613 and 616, in the outlet_ 
, I _ 

:. .,_. ._ .. ___ ,_ _:_ 1. I5. _ W .1 _. .... >'_ _ U .. .. 
> '_ _ 1“ .‘_ _ 

. __' __.~ ‘ _._ _v
> 

were 10.5, 9.3nand 11.7%5;The.range of concentrations of organic» 
' > 

I
L 

matter in the sediments was between 1.7 and 9.0% outside the 
» - -~~ ...-. -' ~.;“ . ..:'...‘ ‘.;.:. 4 , . ~ 

V 

-:';,;;;~\....v.,-1.;':=.\:$;--=»..u.;-ins \ 

Whalesback Channel and between 5.9 and 10.8% in the Channel. 
. ¢ _ , 

Generally, the concentrations were greater in the Whalesback» 

Channel sediments than those outside the Channel. The ‘ 

_' . =1“ i-_: 

concentrations of organic matter in sediments in the study area 

are typicalifor the_§reat-Lakes sediments (Thomas and Mudroch, 

1979). There was no relationship between the concentrations of -, 

organic matter and major and trace elements in the sediments in 

the study area- '. -" 
_ F _'

_ 

The concentrations of S in sediments ranged between 0.14 and 

0.30% in the Whalesback Channel, and between 0.11 and 0.50% in 
\ 

'
l 

the sediments outside the Channel. The greatest concentrations of 

S (0.50%) were found in sediments at station 612 in the outlet 

from the Whalesback Channel. Further, the concentrations ofrS in 
sediments at station 638 (Outside the Whalesback Channel, south 
of Aird Island, Figure 2) were 1.3% at the 9—cm and 16-cm ’~ 

sediment depths compared to 0.08% S in the 1*cm surface layer of 
the sediment. The sediments below the 5-cm depth are usually 
anoxic. Therefore it can be expected that the majority of.S at

V 

the 9-cm and 16—cm depth will be present as sulfides. Generally, 

the distribution of S in the sediments at the study area varied - 

from one station to the other showing no specific trends. There 
was no relationship between the concentrations of S and trace
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e1ements.and Fe in the sediments at the study area. This 1
’ 

‘f: ;x.:.'r: .5 -_n 1-: - 1- " 5 -r "2 ' 

: 
“ :1 1 . 

1"-'= 
._' ~._ ;_ . 

_:' <;. ' 

indicated“that~trace-elementsnin¥the;sediments,werezassociated 
with different geochemical components of the sediments in '4" .~. .‘ ._ .'-".<:_‘ . 2. - -v¢;~,;;..-_._~-1 _:-H. :,—.;_.-_-1=.*‘-1_?‘.~* -:3‘. 

addition to the possible association with S, ~ in 

Concentrations of trace elements in surficial sediments 
The concentrations of trace elements in surficial sediments, » 

collected in the Whalesback.Ghannel§in 1938 are shown in Table 1. 
The greatest concentrations of Co, Cu, Ni, Fb and Zn in the 1

A 

sediments were found at-station 14 located in the western part of 
the Channel (Figure 2). High concentrations oi these elements 

also existed in the sediments collected at stations 10 to 13 
\ _ _ 

- 

‘
. 

(Table 1) in the vicinity of Aird Island in the southern part of 
the Whalesback Channel (Figure 2). Analysis_of additional samples 
collected in the Whalesbiackv Channel in 1990 indicated enrichment 
of surficial sediments by Ni, Cu, Pb and Zn over the major part 
of the Whalesback Channel (Table 2). 

_ 

= '“'
- 

The greatest concentrations of Co, Cu, Ni, Pb and Zn in the . 

sediments collected outside the Whalesback Channel were found at 

stations 612, 616 and 619 (Table 3) located near the main outlet 

from the Whalesback into the North Channel near John Island 

(Figure 2), and at stations 636 and 642 (Table 3) south of Aird 

island (Figure 2). Relationship existed among Co, Cu, Fe, Ni, Pb 

and Zn concentrations in the sediments in the Whalesback Channel, 
indicating a similar source of the trace elements and Fe (Tables
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Stations- 
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2.04 
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3.34 
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.0000
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”TABLE'5 

s0R?IcIAL snoiflfiflws cpppgcmnp 1y_1990=H NV 

~ *7 *”=(Cofrelétioh*c6effiéiefit§Y* ¥i~ " 

. um 9 ., _ 1. _‘ n- ~ ~ ‘ Y». .._-;-.g2";¢.:-=;;=,._:'.->_e_.?_r)?zf€ =-'31?‘ ‘£111.11 5;’ gg -\ E 

.-'-;;..-,:;:. -- . 
". .»1 .- . 

M1‘-~'..“-'.'-/~£"= .1-9-_‘~ 3 5;-~r: .'.';E;"=':;;-'-1.1 :-.'-’ 2 ~», 

,___-__ ~n1@= Co 
1.0000 

( 19) 
.0000 
.9479 

H .0001 
.7305 

( 19) 
.0004 

_ 

.9172 
( 19) 
‘ .0001 

.8682 
( 19) 

.0001 

.9178 
( 19) 

. .0001 

--*= 
" Cu 

.9479 
(" 19) 
Q .0001 
1.0000 

.p»(- 19) 
1 .0000 

.6719 
(J .19) 

.0016 

.9190 
(' 19)

\ 

.9329 
( 19) 

.0001 
- .9396 

( l9) 1.0001 

Coefficient ‘
V 

(samgle size) 
$1gn1fic§nce 

. 
- .31; :1

_ 

<»9 19) 
.0004 
.6719 

(Q .0016 
1.0000 

( 19) 
. .0000 

.6175 
( l9) ’_.0048 
~».6097 
( 19) 

.0056 

.7292 
( 19) 

.0004 

A\‘-.1_;, ._ —.,-t.:..:.- .- :._. 
-. .1 1.-_.... 

. ‘_,, 

.9172 V. .8662 
0 

< 619) '919> 
- .0001. = 10001 

- .9190 .9329 
. ( 6-19) .64 19) 

- .0001 ..000l 
1 

’“* >.so97 
< 19) ( 19) 

.0048 .0056 
'1.0000 .8476 

( 19) . ( 19) 
. '_.00O0 .0001 

1 

' .3476 1.0000 
( 19) - (V 19) H .0001 .0000 

.9226‘ - .9256 
( . 19) ( 19) 

.0001 .0001‘ 

21 
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Q .- 

Zn 
; 
.9179 

( 19) 
.0001 
.9396 

( 19) 
.0001 
.7292 

(' 19) 
.0004 
.9226 

( 19) 
.0001 
.9256 

( 19) 
.0001 

1.0000 
( 19) 

.0000
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l 
TABLE.6' 

RELBTIONSHIP AMONG TRACE ELBMQNTB AND F6 OUTSIDE 

K.‘ .__L\1 ('1 .1 ... _-' _- “-1-... 

— -;——¢-.1 .,- {~ —§~ 5: .-- 1- .-~.~.~ .~-::~=-0 ¢—- ~ —:- ~ : ;- :—. -~ ‘:"'§-.;- ‘-1,» ~.- <-.— ?',"§"' 1- —_;~,- 
__,_ ¢__ 3- ‘:1; ._., . ~.—~. 

-i ,, .~,-~._. . .5 - 
-. 2,: 1- -_~, ) 3.‘; .; ,_. _,.- i :~ .6-._, _. , >1, -.,. 

\* 1 1 1 _ 

._;-_'._- — .»._.\.‘: 
..\ .. 

P‘. :' :'=;'_.-7:_1:-;-_-_,_'~ ;’.*‘.'. :‘ 

7 CQ-@@,. 

» _.._--_ I-I‘ 

Cu 

F$- 

Ni 

Zn‘ 

-(--.25) >l~0O00 
.0000 
.8651 

( '25) 
.0001 

. v.- 

.3254 
( 35) 

.1125 
. 

.8688 
( 25) 

.0001 
_§6943 

(. 25) 
.0001 

9 .3399 
(' 25) 

.0001 

* *'l‘\"L‘“= P"; .-- --;-..:;, '!Z 1.1.3:". .':‘_'.‘>'15‘.?'. _Z.1- ‘ J K11 »..»~-"M-'»‘~_'.:i 

(Correlation coefficients) 

~\ p .._r .\ 

- cu 
,W.g651 
( ”'Z5Y 

10001 T4» 
>

L 

'1.0o00 
( 25) 

.0000 
V .2077 
( 25) 
,.3191 
.9465 

( 35) 
.0001 

,.e395 
( 25) 

.0001 

.9601 
( ‘25) 

.0001 

(Sample size) ’ 

Sign1fic§nce _ 

1 ;" 11% -= -~--'-1‘--v . '-...._.._...._- » ' 

1 I -1*?‘-\ -".'_\-1;.':;-:1.-:~_~ ;" 
_ _£ 3" 

.Fe 
;¢w,325¢ 
1 

( 125)" 
.1125 

. ~.2077 
(_ 25) 

.3191 
1.0000 

( ;25) 
< .0000 

. .2245 
( 

A 25) --.2806 
".1435 

.( 25) 
.4933 
.2122 

'( J 25) 
.3005

\

5 

11.8588 (o”'25) 
H .0001 
.9465 

( 25) 
.0001 
.2245 

( 35) 
.2906 

1.0000 
(_ 25) 
.0000 
@7459 

( 25) 
.0001 

1.9265 
(" 25) -.0001

A 

.1. "<-é 
.,_._. -..~ .-==_ »_ ~§:. 2 

a pi r'», ..~ 1 

1 Pb _.16943 -.-,-1, |v ("“ 25T 
.0001 
.5395 

( 25) 
.0001 

" .1435 
( 25) 
.4938 

<.7459 
(- 25) 

.0001 
.1.0000 
( 25) 

.0000 

.9233 
< "25) 

.0001 

~Coefficient_ 
_ __ __ ,j. i 

Q
( 

22 

Z? .3399 
25) 

.0001 

.9601 
25> .0001 

.2122 
25) 

.3085 

.9265 
. ( 25) 

.0001 

.9233 
( 25) 

.0001 
1.0000 

25) 
.0000



V 
- 

- 

- 

~ 
- 23 

‘-' 3 " -'-7 -. '.\__:. ="" ,,. ' ' -=1 _‘ -‘ --’. ~"‘~ 
4 and 5). There was a relationship among Co, Cu, Ni, Zn and Pb in 

the sediments outside the Whalesback Channel. However, no ~ 

relationship was found between these trace elements and Fe 
$+#wwv€fis%¢rnw ?? £??¢Q fiend €1,an @%i%si2n1 w¥r?1§is six: concentrations in the sediments in this area (Table 6). The . 

,-9 . 
" ‘ 1 

' ' irentioqu Q3 CPQ mfliaueuas V 

results indicated that the transport of sediment particles 
7; _, §.t._.._ ‘A 

_ g 
_ _ , ., ,_.,.;, 1, ,,...._1' :.. _o. . . ,._. H.‘ 

.; - .:._-.. .~,;; . .- 
1 :_._ ,. ~, -' - .. .. 

-= ,1 » 
. ,~ ~., _._ * ., . :_. -_ ,. ..~_. ;_~ . . - ... _. :.....;_ 4:. .. _,. :_ M 

containing the trace elements from the Whalesback7Channel affects 
. . .— .|__ > . . . _ (_;. -w-*7" ~> '~ ~;_-1, _--L --1-: - e 

the association of the t£a¢é eieméats éith different sediment 

components. These associations need to be further investigated. 

Concentration profiles of trace elements in §36im¢n£s*, 

The concentration profiles of Cu, Ni, Pb and Zn in sediment cores 

collected at stations 2, 8 and 14 in the Whalesback Channel and 

station 1 outside the Channel (Shoepack Bay, Figure 2) are shown 

in Figure 3. A gradual increase in the concentrations of Cu, Ni 
. . /. _ _'.~.. . 

and Zn towards the sediment surface at station 1 indicated ' 

continuous recent inputs of these elements into the Shoepack Bay 
of the North Channel. On the other hand, the concentration 
profiles of Cu, Ni and Zn in sediments at stations 2 and 4 in the 

Whalesback Channel indicated an input of material recently less 
enriched with the trace elements than in the past. At station 8 

in the Whalesback Channel (Figure 2), the concentrations of cu, 

Ni, Pb and Zn fluctuated slightly within 27 cm sediment depth and 
did not indicate any major changes in the input of the trace Z 

_elements in this area over the past years. ' 

\, .
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Sedimentation rates were calculated from concentration profiles 

of Cs“7 and Pbm° in sediment‘corés€collectediby-the Ontario 
Hinistry75f“the'Environment‘at”the”§panish"RiVer“§rea”of“Concern 

ii i§88. The data were obtained from the Ontario Ministry of_the‘ 
?T'.':.""";.€_-:i.<;~@. >.1¢:'_:.'-_-:1 i‘=.F5i':".. ‘~i-'_~:*2~7‘_ "€'f'i..7'1‘: -~"',.-:.:f_, *Zf15;'=_= V 

V 
_ 

.

_ 

Environment and used in the calculation}-At the area north of 
,3. 1, L1 \:".:y2-i=1‘. 1.1 = _-L 1;.-1» 533;." ;_» '1, 11 -_=‘;=;-f»:-:,I":_‘ z,-T." €;=

_ 

Aird Island in the Whalesback Channel, theflcalculated 
< I 

- 

' 

'“‘ -3'1 i?5"Z .f' 

sedimentation rate was approximately 0.32 cm per year. At the
' 

area adjacent to John Island in the Whalesback Channel, the
V 

calculated sedimentation rate was approximately 0§18fcm per year. 
However, low accumulation of sediments on the bottom of the 

Whalesback Channel and subsampling the cores into 2—cm sections 
. 

_ > \ 

prior to the determination of_CsB7 and Pbuo allowed only an 

estimation of approximate sedimentation rates. On the other hand, 

the sedimentation rates calculated using a CsB7 concentration' 

profile agreed well with those calculated from the Pb“° V 

concentrations. Assuming that the.sedimentation rate in the _ 

Whalesback Channel is about 0.20 to 0.30 cm per year and using 
'

\ 

the concentration profiles of trace elements at station 14 

(Figure 3), the deposition of Ni, Cu, Pb and Zn started to 

increase around the 1940's followed by a decrease in the middle 
of the 1970's in the Whalesback Channel. This may reflect imining 
and smelting of Ni and Cu ores in the Spanish River drainage 

basin, Howeyer, the sedimentation rates and transport of fine- 

grained sediment particles may vary considerably from one area to 

the other in the Whalesback Channel as indicated by the 
concentration profiles of trace elements shown in Figure 3.
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Background>cuh¢entfatiansvofntracawélemehts‘in~sed1fients»~~g~»@= 
T9?inVéStiqat8?the*b@¢k9r0Und»levels,of»Co,~cu,@Ni¢~Pbvand Zn in 

the?seaim¢nts<eutsid¢;the@wha1esbaék@¢nanne1¢asea1m¢nt»¢oré§~were_ 
col1ectedrat"stations[616aand1603iflocatedlpear¢theimainibutlet 
frOm'thé;WhaléSbaCk Channel at Jbhn ISl3fld}5afid>at;statiOn5@638 
and 644 in thé North channel; south of3Aird I$1and Lrigurenz). 

The-concehtrétiohs of Co; Cfi;~Ni; Pb, Zn and Fe in the surface 1 

cm sediment, and at 9 and 15 cm sediment depth are shown in Table 

-coucnnmnarzous or nnrans AT nzrrzanum snbxnnnm DEPTH8- 
~ --"(i "Q9/9 co *¢u,»Ni.~Pb and~2n. in % Fe)~" 

Station “Bed. depth 
¢m 

.603 1 
603 ~ 9 
603» , 15' 

616 
_

1 
616 4 

- 9 
4 

616 ‘15 

9 638, ~_ _1 638 ~1' 9 
638 V 15

\ 
\ . . 644 1 

644. 9 
644 15 

_ N

) 

CO 

39 
24 
30 

63 
51 
61 

42 
27 
19 

21 
18 
19 

TABLB_7 

Cu .Fe 

_s2 4.31 
69 4.35 
75 4.78 
99 5.82 

"137 5.48 
106 6.03 

80 4.20 
» 41 '="5.80 
"43 -4.53 

50 3.79 
40 4.80 
41 4.78 

\1_

I 

Ni 

265 
213 
152 

550 
615 
'330 

1042 
1 68 

54 

409 
.-51 

52 

Pb 

79 
63 
40 

82 
133 
42 

187 
11 
'12 

72 
10 
10 

208 
154 

303 
344 
191 

456 
113 
117 

208 
95
95
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The results indicated that about 50 ug/g of Ni, 20 ug/g of Co, 40 

ug/g of Cu, 10 ug/g of Pb and 100 to 120 ug/g of Zn can be 
considered the background concentrations of these elements in 
-'5'? - .' - : .- 

" :- w ‘-.-, :- < :11. .~'.; ';;': ;"~~-“_ -_ -~-;:=_"--' ;:; ';_;_~,-_ .;, ‘J. '1, . ,.;'.';'= ‘I :;_ 
j_.r x. . . ._ ~ -. ~ - ~.- - - _-,. V J .. =_ >... .. __..,.. .; ~ _~ 4'5... - 

fineegrained sediments at the study area in the North Channel. At 
,.;;.@,~.e .,=t;..: ,:;,»@;> . ljil ;,...1 =1s~ é. ;@;x.,~,,. .u..<; c;;;;.,;@4<, ,. ;~;.;~ @@+;.=¢»,v 2:3 . ;1;;..-;;.e; 

stations 603 and 616, the concentrations of the trace elements * 

7 -. 1.25 :1 <1-t;¢. <.';'=.»-i=1-/5'-1;. 'g;~'—f;:'-‘..‘.=,-:.».€&a¢a :s>.="_=:», '-"t.(=~&~. ;:'.:--.:‘.@;"='. 

were greater than the above suggested background levels at the ; 

11> 1,-"~ -'1_=~ '~.=;....-;~';:Y.‘ -. = =.1:r<._=1, "I; 5:". =1.-J -?.i'£1-Y ::= » 

15-cm sediment depth. The results indicated a greater layer of _ 

enriched sediments deposited at this area than the area at W 

stations 638 and 64§._This is most likely due to a contingous"wm 

1ong~term_transport and deposition of trace elements-enriched 

material as well as greater sedimentation“rates at the area near 

the outflow from the.Whalesback Channel than in the other parts 

of the North Channel. There was no relationship between the 

concentrations of trace elements and Fe in the sediments- 

collected at stations 603, 616, 638 and 644. .8 

Results of many previous studies indicated that the background ‘ 

concentrations of Ni, Cu, Pb and Zn in fine—grained sediments in 
Lake Huron depositional areas ranged between 30 to 51, 31 to 48, 

14 to 36 and 60 to 88 ug/g, respectively (Mudroch et al., 1988). 

These background concentrations are in agreement with those found 

in this study. Using the results of the previous studies, the
_ 

concentrations of Ni, cu, Pb and Zn ranged from 5 to 132, 2-to ‘ 

95,.1 to 151 and 6 to 233 ug/g, respectively, in surficial 
sediments in Lake Huron depositiona1’areas and embayments _ 

(Mudroch et al., 1988). The concentrations of Ni, Cu, Pb and Zn

J
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- 

. 

» 

" ,- . 
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given by Thomas and Mudroch-(1979) ranged between 8 and 100, 25 
and*5oy%5 ta so and sofito 100 my/q; respectively; in surficial \ 

§edimént§@co1lected'in the 1970's in north Channel in the '

, 

vicinity of the Present study area. The concentrations of Ni, Cu, 

arbfiandfizn*inPeurfieia1“sedinents“determinedEinethis study¥*@@v I 
\ - -

‘ 

exceeded those fauna in tnew1s1o';; However, it should be noted 
that analytical methods used in the determination of the ' 

concentrations of trace e1emenus~in*sea1ments>¢an=arre¢t~the 
results %MHdroch et 81?? 1988)§;"=~a *5. *;~~:»} §,m'v x ‘ - 

Considering the background concentrations of Ni, Cu, Pb and Zn to 
be 50, 40, 10 and 120, respectively, calculated enrichment 

_

Y 

factors in the sediments ranged between 1 to 20 for Ni, <1 and 
4.35 for Cu, <1 and 12.1 for Pb, and\<1 and 3.13 for Zn in the 
Whalesback Channel._The enrichment factors ranged between <1 and 
17.3 for Ni, <1 and 5.0; for Cu, 1.5 and 14.6 for Pb, and <1 and 
3.»77~fo'r Z11 in the sediments outside the Wha1esback*¢hanne'1. The 
'enrichment factors were calculated for Qu, Pb and Zn in surficial 
sediments-in Lakes Huron, Erie and Ontario in the 1970's (Kemp . 

and'Thomas,@1976).-They ranged between <1 and 2.2 for Cu, <1 and 
14.0 for Pb, and <1 and 6.2 for Zn in the three Great Lakes. In 

;\ . 

Lake Ontario, maximal enrichment factor for Ni was 3.0 (A. 

Mudroch, National Water Research Institute, unpublished data). 
V 

/
- 

According to this information, surface sediments in the study
_ 

area were enriched more by Ni, Cu and Pb than those in Lakes 
HurOn,'Erie and Qntario. The enrichment factor for Ni was greater
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» 

' \ _ 

' 
‘ ~1- 

in sediments in the Whalesback Channel than in the rest of the 

study_area. - 

5 ~__- _, _-_-_-._ ~:_ .-. r _ _ ; - '_4..=‘.' .1: -r.. __ I ___ ____ _ 

Concentrations of trace elements in different particle size 
fractions of the sediments . .r 

y

_ 

F’? T‘.'T‘:*-F-"5 F-'.’t‘—'5-r=~':‘#' .i‘:7”?~'1 1 7?.+_j‘="r-=.“-'>‘}3 ‘- 

The association of trace elements with.d1fferent particle size . 

I * 
' 

. 
""'7'~*~v%_:~=:~‘ I'= 

% 

" '"»~1 
. 

1.1. - :*l1_.'-5» 
-' "*1 'i=1>;¢; » /in 

, 

‘=i> 1 fractions of sediments in the western and southern parts of the 

Whalesback Channel is shown in Table 8. The data indicated that 

Ni was associated mainly with particles <13 um in the sediments 

collected in both areas. On the other hand, sediment particles- 

>l3 um contained considerably greater concentrations of Cu than 
the smaller particles (Table 8). The concentrations of Pb and Zn 

decreased with the decreasing size of the particles in sediments 

collected at the western part of the Whalesback Channel, and 

increased with the decreasing size of the particles in sediments 

collected in the southern part of the Whalesback Channel. There 
was a relationship between the concentrations of Ni and organic 
matter in different sediment particle size in both locations. 
High concentrations of Cu_in 5% and 43% of sediment particles in 
the western and southern part, respectively, of the Whalesback 
Channel should be considered in bioassessment of the sediment 

quality. Benthic organisms digesting preferably particles >13 um 
/ _ 

would be exposed to Very high concentrations of Cu in their food 
source in the Whalesback Channel. On the other hand, organisms 
selecting particles <13 um for their food source would be exposed 
to very high concentrations of Ni. Synergistic effects of these
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two toxic elements also need to be considered in assessing the 
V effects of trace elements on the biota in the study area.

/ 

.\
| 

TABLE 8 
. \ 

ASSOCIATION OF TRACE ELEMENTS WITH QEDIMENT PARTICLE3- 

Western Part of the WhalesbacklQhannel 

Particle size sediment
% Fm 

- <35>27b' » 

<27>20 
<20>13 ' 

<13 ‘

O 

\O

0 

OUll\J.Ul 

Cu 

1365 
V1716 
1959 
170 

Southernlpart;of the Whalesback 

Ni 

847 
853 
800 

1200 

“Pb 

135 
149 
157 
103 

Channel 

3 Particle size sediment 
*. 

. pm , 

<44>35 
<35>27 
A<27>2O 
>20<13 

<13

4
7 

10 
22 
57 

CU 

189 
433 
591 
747 
71 

Ni 

61 
124 
150 
160 
229 

Pb 

13 
‘29 
56 
58 
79 

Bpeciation of trace elements in sediments 

(concentrations in ug/g dr Qeight) 

420 
426 
408 
373 

163 
109 
123 
138 
215 

Organic matter
% 

8.44 
_8.26 ,A 
8.31 

10.50 

Organic natter 
. g 3 

1.05 
3.03 
3.68 
4.68 
7.59 

The concentrations of trace elements in five fractions of the
' 

sequential extraction procedure are shown in Table 9.

\



(in ug/g dry weight and % of.total element ccncentrations) 
STATION 8 

~ TABLE 9

I 

' TRACE ELEMENTS BPECIATION' 

Particle size: 0.5% sand, 80.2% silt, 19.3% clay 
Element Fractional Ffaétiqn 2 Ftaction 3 Fraction 4 Fraction 5 

Cu 
% total 

A 

Ni 
% total 

Pb 
% total 

Zn 
% total 

STATION 12 

<O.l 

16.1 
7.4 

F‘o
u

0 
|§U'|. 

MK! 

I

I 
HQ 

\ ‘8c2 

a4.a ».1a.3 
15.9 - a.4 

5.7
1 

15.8 - 

CJO
I

I 
W(J 

19.6 17.4 
15.3 13.6 

-47.6 
79.3 

110.8 
50.6 

11.7 
49.2 
57.9 
45.1 

Particle 3139: 2.1% sand, 78.0% silt, 19.8% clay ~ 

Cu 
% total 

$1 
% total

N Pb 
%’total 

Zn 
%Atotal 

STATION 17 

<O.l 

20.6 
8-3 

(all-* 

I

O 
000'! 

P5P or RJW 

\D U h 
~=+ 

I~

I 
uam 14.3 ' 

78.1 
31.3 VQQ 

I‘

_ 
G\W 

Gih 
I

I 
fili 

14.3 
29.1 

ss.o 
_ 

10.0 
36.1‘ 6.6. 

48.8 
.74.1 

106.1 
42.5 

~l5-9 
32.4 

57.1 
37.4 

Particle size: 2.6% sand, 87.0% silt, 10.4% clay - 

Cu 
% total 

Ni . 

% total 
Pb 

% total 
Zn 

% total. 

<O.l 

11.7 
7.0 

LJO 
bib

8 
CDC 

um» 

CTO
I

I 
NIH 

6.2 
_.12.9 

19.6 12.4 
11.7 - 7.4 

C30 
Win 

P
. 

fill Old 

11.5 14.4 
10.2 . 12.8 

ao.2 
90.9 
54.3 

15.0 
40.4 

55.0 
49.8 

~15 

0

0 oh) 

38.8 
17.7 
11.8 
32.8 
30.7 
23.9 

bk) 

Q

O 
b\O 

35-9 
14.4 
13.2 
25.1 
28.6 
18.8 

Ml» 

9
9 

~lN 

32.8 
19.6 
15.7 
42.3 

30.3 
26.9
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It should be noted that the distribution of individual trace 

elements among various fractions as obtained with the sequential 

extraction scheme used in this study, does not necessarily , 

reflect the scavenging action of discrete sediment phases, but ‘ 

rather should be considered as operationally defined by the 

extraction method. >Generally, the distribution of the trace V 

elements in the five fractions of the sequential extraction 

procedure was similar in all three sediments collected for ' 

analysis in the Whalesback Channel. 
' " 

Copper, Ni, Pb and Zn were associated mainly with organic matter 

and sulfides (Fraction 4) or were in the crystallinic lattice of 

the minerals (Fraction 5). However, considerable quantities of_ 

Cu, Ni, Pb and Zn were associated with carbonates or adsorbed on 

sediment particles (Fraction 2) in the sediments collected at 

station 12 in the Whalesback Channel;-The concentrati0nS.of-. 

easily_avai1ab1e Ni (Fraction 1) in all three sediment samples’ 

were greater than those of Cu, Pb and Zn;
V 

The weakly bound trace elements may be considered more 

biochemically reactive and have the capacity to inhibit enzyme+ V 

catalyzed biochemical reactions in sediment biota, such as 

microbial and benthic organisms populations. Lowering the ambient 

pH of the sediments may solubilize trace elements associated with 

carbonates (Fraction 2). This may increase the potential for 

toxicity of these elements to sediment biota. Changes in the



1 
_ » 

’ 33 

redox potential in the sediments or at the sediment—water - 

interface may bring about oxidation of sulfides with subsequent - 

solubilization of sulfide-associated trace elements. The ambient 
redox potential of the sediments may change, for example, during 
the.resuspension of sediment particles and their transport' 

through an oxic water column. Further, trace elements bound to 
Fe-Mn oxides (Fraction 3) may become released during lowering the 
sediment redox potential. This may occur in winter under ice 
cover in the Whalesback Channel or>during decomposition of 
organic matter in the bottom sediments. With considerablyV1arge‘ 
quantities of trace elements in the four fractions, the sediments 
in the Whalesback Channel appear to have the potential to become 

~ 1 . 

toxic with any physico—chemical changes within the sediments or ’ 

at the sediment/water interface. 
_ 

, 

‘

_ 
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