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‘ABSTRACT
”A study was: carrled out to determlne the geochemlstry of

sedlments in; the Spanlsh Rlver Area of cOncern and its vic1n1ty

H.

Surfic1al sedrments were ‘collected at thlrty-seven sampling
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elements (81, Al Fe, Ca, Mg, K and Na) and trace‘elements (Co,
'Cu, Ni, Pb and Zn) in the sedlments. Eight sedlment cores were
:collected at selected sampllng statlons to determlne background
concentratlons and concentratlon proflles of trace elements in
the sedlments. The sequentlal extractlon procedure was carrled
.out using sedlments collected at three selected statlons 1n ‘the

. study area to determine associations of trace elements with
different geochem1ca1 components in the sediments. Assoc1atlon of
trace elements with dlfferent partlcle size of the sedlments was .
determlned to evaluate the potentlal for transport of the trace
belements and for effects on benthic}organisms through sediment
digestion. Most of the collected Sediments.consisted of clay -and -
silt particles (<63 um) . The-concentration ranges of major -
elements in sedlments 1nd1cated a similar source of mater1al
deposited at the Area of Concern durlng past years. The

' concentratlons of Nl.and Cu ranged between 77 to 1,032 ug/g and
18 to 171 ug/g, respectlvely, in sedlments in the Whalesback
‘Channel and between 45 to 865 ug/g and 16 to 201 ug/g,
respectlvely, 1n the study area outs1de the Whalesback Channel.

The results’ suggested there is transport of sed1ment—assoc1ated

trace elements from the SpaniSh River:Area’of Concern into the



North Channel Lake Huron.,Concentratlon profiles of trace
,‘elements 1nd1cated 1ncreased 1nputs of Nl,‘Cu,vPb and Zn into the
v Area of cOncern durlng the 1930's followed by a decrease of the
lnputs around_the 1970’s.§These 1nputs most llkely reflect m1n1ng
and smeltlng of Nl and Cu .ores. 1n the SPanlsh Rlver dralnage
Vbas1n.{The results of the study 1nd1cated that 50 ug/g of N1, 20
'ugl_gi 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 in fine-

| qrained,seqii‘ments»ét -‘theﬁ‘tudy.._ar?a-,;,galéulu@tes% sediment Vot

enrichment factors showed that surficial sediments at the study

'_area are enrlched to a greater extent by Cu, Pb and N1 than those

in Lakes Huron, Erie and Ontario. Nickel was assoc1ated mainly
‘with sediment particles <13 um in the Whalesback Channel. On the
other hand,-sediment particles >13 um contained greater.
concentrations ofjgu,(upmto,l,éss ug/g) than the smaller |
particlesi 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, Ph-and '
Zn.in the sediments. The_results shoﬁed that the area containing
sediments enriched by trace elements, particular;yhni anQ"Cu,ﬁl
exceeds the area nresently defined as theASpaniSh'RiVer Area of

Concern.

INTRODUCTION .

The lower Spanish River and its harbour area are among the forty-

three Great Lakes Areas of Concern (AOC) designated by the U.S.-



cah‘adé I‘hternational Joint Ccinﬁxissidh' ‘for rehabilitation. There

_ "are collectlve efforts of the Unlted States and Canadlan federal

' governments, the elght Great Lakes States, the Prov1nce of- '

ontaris, and’local ‘stakeholders’to ‘develop: ‘and’ ‘implement” remed1a1
action plans” (RAPs) to restofe ehviréniiental quality in the Areas

of Cohcerh in the Great Lakes Basin Ecosystenm’ (U.S. Environmental

_éfétection‘Agénéy, 1994). - R BE L ED 44 ae

Deterioration of the ecosystem of the Spanish River AOC was
described in detail iﬁ;the'Remediai'hctiéh“Plan"(épanish River =
RAP Team, 1988). Increased concentratlons of nutrlents in the

water, degradatlon of fish populatlon, devoid of

" macroinvertebrates, and contamination of bottom sediments by Cu,

Zn, Ni, cr and PCBs were the major problems in the Spanish River

AOC. "

The Spanish River drains an area in size about 14,000 km? with
the'majority of“the drainage basin located in the geographic

Dlstrlct of Sudbury, Ontario. The river emptles 1nto the North

‘Channel ‘of Lake Huron (Figure 1) The upper part of ‘the Spanish

River drainage basin'iS‘underlain by Precambrian igheous rocks

‘including the Sudbury ‘Eruptive. The lower. part of the dralnage

'ba51n is underlaln by sedlmentary, volcanic and derived

metamorphic” rocks.‘Surf1c1a1 dep051ts con51st of a thin layer of

_undlfferentlated‘51lts, clays and sands with scattered swamps and

bogsibetween.bedrbck ridges.



" SpANISH RIVER
. BASN

whaiespack
Channel

JFIGURE_I. LOCATION AND'WBTERSHBD OF THE BPKNISH-RIVER .
(modified after Spanish River - Harbour Area, Remedial Action , -
Plan, 1988) ' : \ C
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'iérieuiture,vihduStry} particularly metal mining and smelting and

| plilp’'and papér plant; Forestry management afid recréation are the

najor anthropogenic’ activities in the Spanish River drainage '
pasin. The ‘vermilion RiVer ahd Junctich Creék, t¥ibutaries of the

§panish River; draif the“métal mining and smelting/refining”area

i T e e o TR . N N S m s i Il

*iﬁ#%ﬁéESﬁéiﬁfy Basin: feaytd E;ﬁ;; BASSETTE REL . pRORLETE e
NSk I R T W Loy R E e ot el i
A'muitidiSCiplinarﬁ.studyfﬁasfcarriedZOut from 1988 to 1991 to
‘assééé'éﬁésqua1iﬁy bf shspéﬁaedVaha"bottaﬁ'ééaiménés“ana Ehé**?
objectiye of the study‘Was'to pr0v1de“1nformatlon for‘plannlngv.'
the remediel_action_to rehabilitate the spanish'River Abc. This
repert describes the geochemical properties of”the bottom
sediments in the AOC and 1ts vicinity. The results presented in J
the report have been used in the assessment of the effects of '
sedlment quality on the benthic invertebrates communlty in the
~ area. Further, the results will be used in the preparat;on of the
summary:report.onpthe multidisciplinary study carried out between
1988 and’lgglkin the Spanish'River AoC and adjacent area in the

'North cChannel of Lake ‘Huron. =~~~

'MATERIALS AND METHODS
Sediment ‘sampling
Sediment samples were obtalned at the Spanlsh River mouth and

within the Whalesback Channel areas in 1988. At elghteen sampllnq'

stations;:surficiallsedimehts were collected by using a mini-
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"Ponar grab sampler. At an addltlonal e1ght statlons, a surficial

5 cm of sedlments was collected by a modified Kajak—Brlnkhurst
corer” equlpped w1th a plastlc liner. At four - sampllng statlons,
additional sedlment cores’ were collected (two cores per statlon)
for the separatlbn cf sediment porelwater ‘andl détefminatisn’ of
concehtration profiles 6f major and ‘trace elements’ in the
Eediﬁentsg’The‘lccatich'of'the'1988 sediment sampling stations is

shown in Figure 2.

In 1990, a surf1c1al 5 cm of sediments was collected at nlneteen
vstatlons within the Whalesback Channel and at twenty-flve

 stations outside the Whalesback Chanriel (Figure 2). In adlticn,

surface sediments were collected using a mini-Ponar grab sampler
in the vicinity of the 1988 grab‘eamplingrstations 8, 12 and 17
in the Whalesback Channel for the determination of chemical forms

of trace elements in thetsediments (Figure 2).

At four stations (603, 616, 638 and 644, Figure 2) cores were
collected to investigate the backgrcund cohcentrations of the
trace elemente;in sediments at the study area. Further, two -
surface'sedimeat samples were collected in.the western and
southern parts of the Whalesback Channel by mini-Ponar grab
sampler to ihvestigate the'asSOCiation of the trace elements with

sediment particles of different size.
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SAMPLING SITES - SPANISH RIVER STUDY AREA 1988, 1990

FIGURE 2.




With thefexceptlon of the thre.

Saiple storage and processing_ﬁ;?“"i

e samples collected for the e

i =

determlnatlon of chem1ca1~forms of;trace elements 1n the

oty - Sy *._.E.i., IaE . TETRS R PR R

Whalesback Channel the surface sediment samples were manually

ihomogenlzed in a plastlc contalner u51ng a plastlc spoon, and f

: d1v1ded 1nto subsamples for the determlnatlon of partlcle s1ze

dlstrlbutlon and concentratlons of major and trace elements. The

subsamples for the determlnatlon of the partlcle size were

_collected into plastlc bags and stored at 4°C prlor to analy51s.

The subsamples for the determlnatlon of major and trace elements

»were'collected into plastic jars prewashed by 5% HNO; and rinsed

three tlmes w1th dlstllled water, and freeze-dried prlor to

analysis. Sediment cores were subsampled in the fleld into 1-cm

sectlons u51ng a hydraulic extruder (Mudroch and MacKnlght
1994) . Each section was collected in prewashed and rinsed plastlc
containers (waShing method similar to that described above). All
core sections were frozen and'freezefdried. Dried surface
sediment samples and core sections were sieved using a Zoamesh
screen to remove large objects, Such,aSLWood chips, etc. Sieved
samples were homoqeniied by grindinénuslng a'mechaniCal grinder
equipped with an agate grlndlng dish. The sediments collected at'.
three sampling statlons for the determlnatlon of chemlcal forms
of the trace elements were stored 1niprewashed glass jars. The
jars were filled completelybto 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

-
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dwithin fourteen days‘Of COllectécn.,Sediment'cores chlected-at'

stations 3. 16, .38 and .

'§Q§t?h§}e$baCk Chanpel werewstoredfén‘plastlc bagsyatb4°c.;§pe
samples were then separated. into six different size fractions
(<13 um, 13 to 20 um, 20 £o 27 um, 27 to 35 Um, 35 £o 44 im and

_44%t9‘53 um) using the Warman Gyclcsizer fcllowing the method

described by Mudrocn,and'ﬁﬁncan (l$é§). Each sedlment size ;.
fraction was freezé;driedpandnmannally'homogenlzedvprlor o the

'determination of the concentrations of trace'elementsg

Analytical Methods

» The concentratlons of major elements (si, Al, Fe; Mg, Ca, K and
Na) and trace elements (Cu, Co, cr, N1, Pb, V and Zn) in sedlment
samples wvere determlned by x-ray fluorescence spectrometry
'(Mudroch 1985) The prec181on of the ana1y51s was determined by
analyzing five pellets made from a homogenlzed sedlment sample.
RelatiVe deviations for major elements in sediment samples can be
expected at the following levels: SioO, 2%, K,0 and ALQ, 4%, Fe,0
and Ca0 2%, Mgo'and Nagb 10%. Absolute deviations.of 0.01% to
0.02% were found for.Mno, Tioz,'and P(%.wéenerally,-the
coefficient of varlatlon for trace elements was less than 10% and
contlnuously decllnlng w1th 1ncreased trace element
‘concentratlons in the samples. The accuracy of the analyses was.

verified by runnlng Canadian reference standards Syenlte SY-Z and
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soils SO-2 and SO-4, and the National Water Research Institute

sedlment standard'WQl,uand comparlng the'analytlcal results with

the stated reference-values for major ‘and trace elements.

E T I

'v‘\Thétdétermination of. chemicﬁl forméof trace elemehts in”tﬁree

»surface sedlments collected in the Whalesback Channel was carrled,
out u51ng sequent1a1 extractlon procedure deslgned to partltlon
the;elements into five fractions us%ng the;nethod described by
'Canpbell et al. (1985). Prior to tnis procédure,.sedlmentipore-
water was extracted from the sedlments by a hlgh-speed -
refrlgerated centrlfuge. The extractlon of ‘the pore water and the'
sequentlal extractlon procedure were carrled out under N-
atmosphere to prevent oxidation of the sediments with subsequent
lchanges of chemical forms.ofvthe investigated tracejelements. The
conCentrations of trace eléments in the extracts generated“by'the
sequentlal extractlon procedure vere determlned by graphlte
furnace atomic absorptlon spectrometry u51ng internal standards.

| Partlcle size dlstrlbutlon was’ determlned on wet sediment samples
using the sedigraph method (Duncan and LaHaie, 1979). Data Was '
expressed as percent of sand, 511t and clay in the sample. The
concentration of organic matter_ln the sediments was determined

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

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

AAParticle sige: distributzon and concentratxons of major elements

£
P R PR

 With .two. exceptions, sedlmentsncollectedvat'a11 sampllng statlons .'
- in.1988 and-1990,oons;sted;of_sp,to 95% of;f;ne-gralned (<63 um)
"partlcles. Therefore it was not necessary to standardlze the

'-»,conoentratlons of major and trace elements for partlcle slze. The

ooncentratlohnranges‘oﬁ major eleménts in surf;CLal seg;ments and

in»sediment coreS'ih the Whalesbaék ChahneifGere as foliows:iss-

-~ to 70% SlOz, 10 to 11 7% Al(%, 1. 3 to 2 3% MgO, 1 7 to 2 2% CaO,
2. 3 to 2 7% Kzo, and 3 to 3.4% Nazo Relatlvely narrow ranges of
the concentratlons of ma]or elements in the sedlments 1nd1cated a
continuous 1nput of geochemlcally s1m11ar mater1a1 into the
Whalesback Channel. |

fThe concentratlon ranges of majorfelements outside the Whalesback.ff
" Channel were as follows: 59 to 68% 5102; 11.2‘to 13.5% Aléh;‘1.7_
to 2.3% Mgo; 1.7 to 7% Cao; 2.1 to 3% K,0; and 1.5 to 2.3% Na,0.
The'widertconcentration‘ranges of the major eiements, |
partlcularly Cao in the sediments out51de the Whalesback Channel
-1nd1cated additlonal sources of mater1a1 to those 1n the

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
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the other three stations, i. e.; 612, 613 and 616, in the outlet |
were 10 5 9 3 and -11. 7% The range of concentrations of organic
matter in the sediments was between 1 7 and 9 0% outside the
Whalesback Channel and between 5. 9 and 10 8% 1n the Channel.
Generally, the concentrations were greater in the Whalesback"
Channel sediments than those outside the Channel. The |
'gconcentrations of organic matter 1n sediments in the study area
are typical»for the Great-LakeS-sediments (Thomas and Mudroch
;u197§) There ‘was no relationship between the concentrations of

_eorganic matter and major and trace elements 1n the sediments in

‘the study area.

The concentrations of S in sediments ranged between 0.14 and
10.30% in the Whalesback Channel, and between_o.il andvo.so% in
-the sediments outside the ChannelT’The greatest concentratiOns of
~ 8 (0 50%) were found 1n sediments at station 612 in the outlet
from thée Whalesback Channel. Further, the concentrations of S 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 l<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
" 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 1n the sedlments at the study area. Thls

1nd1cated*that trace elements 1n the sedlments were assoclated
with different geochem1ca1 components of the sedlments in

addltlon to the. p0551ble assoc1atlon w1th s.'

Concentrations of trace elements in surficial sediments

The concentratlons of trace elements 1n surf1c1al sedlments,
:collected 1n the Whalesback Channel 1n 1988 are shown 1n Table l.lh
The greatest concentratlons of Co, Cu, Ni, Pb and Zn 1n the 1
sediments were found at statlon 14 located in the western part of.
the Channel (Figure 2). ngh concentratlons of these elements
3159 existed in the sediments collected-atvstatlons 10 to 13v
(Table 1) in the’vicinity of Aird Island in the southern part of
the Whalesback Channel (Figure 2),»AnaiYSis_Qf_additionalisamples»
‘collected in the wnalésbéék'channél in 1990 indicated enrichment
of surficiai sediments by Ni;}cu,—;b and Zn over the major part |

of the Whalesback Channel (Table 2). =

The greatest c0ncentrations of Co, Cu, Ni, Pb.and Zn'in the
sedlments collected out51de the Whalesback Channel were- found4atb
statlons 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). Relatlonshlp existed among Co, Cm, Fe, Nl,le

and Zn concentrations in the sediments in the Whalesback Channel,

indicating a similar source of the trace elements and Fe (Tables




'uTABLE;l;-L

h_ CONCENTRATIONS OF TRACE ELEMENTS IN SURFICIAL SEDIHENTB

cacn o s 20 IN WHALESBACK CHANNEL, 1988 sl P
. (1n ug/g Co, Cu, N1, Pb and Zn, 1n % Fe)
Nl Gaciiomiasd Lioab s Lerwmportoof mbelimer b ie
. 8tations. . - Co. . Fe Ni Pb Zn
1 .9 }~.~.18-‘a“,1 67-~""‘62 . 4190, ...:59
2 11 40 2.40 120 21 106
3 11 37 - 2.04 102 20 92
4 12 - 47 2.40 122 21 111
- 5 12 ¢ 53 . 2.35 ¢ 431 =0 22 120
6 13 43 2.30 107 11 106
7 12 63 2.58 - 159 26 124
8 12 60 2.49 1142 31 118
9 12 27 3.07 52 9 79
11 ‘ 16 86 2.93 226 34 170
12 19 84 2.90 218 - 37 167
13 24 108 3.34 444 55 213
14 - 56 174 ' 5.38 1032 -~ 104 ~ 339
15 32 141 6.42 317 63 224

17 - « . -15 .5 76 - 2.45 ¢ 171 . . 32 131

cores 0-5 cm: {

4 27 111 5.29 317 47 204
5 . 27 162 4.30 583 121 332
9 17 - 77 " 3.08 198 36 172
10 . 34 159 4.67. 856 104 340
11 45 182 5.13 932 . 134 405
S 1 11 ‘132 - 4.07 . 658 . - 79 312
13 - 35 152 - 4.41 790 92 344

15 ' 10 23 1.70 77 - 20 71



TABLE 2

CONCENTRATIONS OF TRACE BLEMENTS IN BURPICIAL BEDIMENTS'
: i IN: WBALESBACK CHANNEL, 1990 Lo D
Pb and Zn, 1n % Fe)

(1h ﬁg/q Co, Cu, Nlp

hores 0"5 cm. :

N
i

stations -ﬂ§>; {,;Ph

620 . . 165. 1140 i. 6.50 637 pfi1Q1 . 1353 i
625 .. ., 73. 179 7, 6,10 839 108 ; 375 .
626 o 59° . 135 © 6.00 626 - 86 ' 323°°
627 o 65: - .150 . 5.97 741 92 339

- 628i . - pe: 85870 124 1 6,61 683. 77 . 311 .
629 S0.. 510 7132 °° 6.25 0 712, .. 91 319
630 T: T 7427 7 118 7 5.50 476° 7 74 2856
631 40 - 90 4.53 457 58 . 217
632 - . B2 154 5.75 - 683 121 366
634 . 54 143  5.45 786 79 324

635 : - 53 128 - 6.01 607 74 300
639 23 48  5.35 372 34 229
640 52 124 4.85 743 75 306
641 ' 43 105 - 5.25 535 60 256
645 15 46 3.5 . 215 . 38 150
646 27 63 4.45 291 33 173
647 N - 43 100 6.61 469 58 242
648 . 63 139 5.78 785 = 100 - 311

649 58 147 - 6.20 653 : 83 313



. TABLE 3.

;¢CONCENTRAEION8 OF ‘TRACE ELEMENTS IN SURFICIAL SEDIMENTS
OUTSIDE WHALESBACK CHANNEL, 1990

?tatiqgsjﬂt wuﬁ‘

601 [ A

602
603
604
606

607 .,

608
609 .
610
612
613
616
617
618
619
621
622
623
636
637
638
642
643

- 644
650

Qﬁqp

=

41
.30
34

19 .,

35

: 12 R SRS

20

33

58
47
67
17"
27
77

11

9 .

44
61
30
29
46
20
23
39

76
77
.78
67
-1

86"

49
- 80
201
120
129
33
66
-170
27
28
34

© 151
- 65

72
123
57

16

'sitl’,?'.

104

. thguasluu

1

-~ B Ly A@it\ :?9
Thiswme Y L A A aan -t
2.72 117 41
- 3.24 . -- 321 90
4.60 310 94

. 4.55. - . 300 - . 108
4.92 210 66
6.40 . .217 - 60
4.51 1339 89
4.43 182 .. - 47 ..

. 5.75 251 97
. 6.29 757 146
5.55 498 117
6.30 721 117
9.54 231 23
5.20 —~ 252 87
6.20 865 110
.3.25 45 15
3.26 63 17

. 8.04 - 73 15
- 3.89 687 86
4.55 274 . 66
4.31 321 88
4.30 779 72
1.70 253 59
2.55 52 .19
5.45 453 108

155
. 269
277
. 267
191

184
259

162
222
- 452
329
372
147
217
404
75
84
103
341
223
243
308
197
60

292

!

19
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TABLE 4

TR RELATIONSKIP -AMONG TRACE .ELEMENTS AND Fe - IN WHALESBACK CHANNEL
: BURFICIAL SEDIMENTS COLLECTED IN 1988

Rk SR 3RS PR R Y 3. S g R L T S i o)

: ﬁ(COIIELationECOEffiCientS)ﬁﬂﬁjmhﬁh

a7 e faren
. - - e
= = s

8622 ©* © Tb4oo ¥ ‘".8849 .9175
( " 24)  ( 24) (. 24)  ( 24)
.0001 .0001  .0001 .0001

Cu #9249 11 150000 ".8755° T 49228 1 w9507 ‘s L9749
.0001 - .boo%~f“ 40001 -~ = .0001 - s000L ~J,000{

Fe 8622 .8755  1.0000  .7476 .7682 . .8057
.0001 - ‘.oooi .0000" ' .0001  .0001 .0001

Ni .9490 £9228 .7476 ©  1.0000 9411  .9601
| .0001 . .0001 .0001 .0000 L0001 .0001
Pb .8849 | .9507 7682 :  {9411.  1.0000 - .9730

| 0001  .o001 = .0001 ”L0001”JM% ‘.oooo T Lo001
Zn ,9175 .9749 "~ .8057 .9601" - .9730 - 1.0000
.oOoi .0001 o001 . - .0001 .0001  .0000

COeff1c1ent
(Sample size)
Slgnlflcance



TABLE 5 T
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RELATIONSHIP AMONG TRACE ELEMENTS AND Fe IN WHALESBACK CHANNEL

.., BURFICIAL SEDIMENTS COLLECTED IN 1990

(Sample size).
Significance

+ @ LI ‘iv: (Correlation coefficientsg) - FuThE

s 31 & . to-a v af H o N s =]
""" R 1 Fe e N ‘Pb Zn
Co 1.0000 .9479 .7305 .9172 .8682 © .9178
 19) (  19) C19) (T 19) ( - 19) (  19)
o .0000 .0001 .0004 . .0001 0001 .0001
cu  .9479 1.0000 .6719  .9198 L9329 .9396
(e 19) ¢ 19) o 19)~r  ( -..19) ( 19) o 19)
.0001 .0000 .0016 .0001 .0001 .0001
Fe .7305 .6719 1. 0000 .6175 .6097 .7292
( 19) (. 19) 19) ( 19) ( 19) (- 19)
.0004 .0016 .0000 .0048 .0056 .0004
Ni .9172 .9198 .6175 1.0000 .8476 .9226
( 19) ( 19) ( 19) ( 19) ( 19) ( 19)
.0001 .0001 .0048 .0000 .0001 ,0001
Pb .8682 .9329 . .6097 .8476 1.0000 .9256
( 19)  (  19) 19) (19)  ( 19) - (  19)
.0001 .0001 .0056 .0001 .0000 .0001
Zn .9178 .9396 .7292 .9226 .9256 1.0000
(  19) ( 19) 19) ( 19 ( 19) ¢ 19)
.0001 .0001 .0004 .0001 .0001 0000

‘Coeff1c1ent >>>>>>>>>>



L Co.....1.0000 . .

“Pb . .6943 ..8395 .  .1435 .7459
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TR .I TABLE 6

RELATIONSHIP AMONG TRACE ELEMENTS AND Fe OUTSIDE S
! “WHALESBACK CHANNEL' BURFICIAL ‘SEDIMENTS COLLECTED ‘IN 1990

sl A.u Eos iaieood e T Thiw v g @ Ao Tl o s BN S SR TR
(Correlatlon coeff1c1ents)
g SO 4 a 2 i E gt
1 H v iy ¥ ‘-"').~ % PRS- - €3 - !

'co . cu  Fe - Ni - Pb

ST es) T 2By (T 28) (T 28) T T 28) ¢
,»0000 0001 .1125 .0001

Cu .8651‘ 1.0000 '_-.2077 .9465
. )

.0001  .0000 L3191 .0001

Fe  .3254  .2077 . 1. 0000 .2245

(  25) ( 25) ( -25) - ( 25) _( 25) (
.1125 .3191 .oooov .2806
Ni _ .8688 .9465 .2245

«0001 0001 - -.2806 -~ 20000

25) © ( 25)  ( 25) . ( 25) C( 28) o
.0001 .0001 .4938 :

Zn - ~ .8399
(0 25)° (- 25) (. 25) (- 25)  ( 25) - (
.0001 °  .0001 .3085

.9601 .2122 . .9265 .9233 1.

.8651Lﬁﬁhb .3254U¢”3*V,8688}‘_ng.6943ﬂﬂ : .8399

0000
25)
.0000

coefficient
(Sample size)
Slgnlflcance
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4randq5)ﬂlfhere was 5'féiatiénshib'amond”éé,'éu;:ﬁi;"in anddbb in
fthe sedlments out51de the Whalesback Channel However, no

relatlonshlp was found between these trace elements and Fe

PEL e R T N U R i S R i

"concentratlons 1n the sedlments in thls‘area (Table 6). The

o

results 1nd1cated-that the transport of sedlment partlcles

contalnlng the trace elements from the Whalesback Channel affects

the assoc1atlon of the trace elements w1th dlfferent sedlment

components. These associations need to be further 1nvest1gated{

Concentrati;n;profiles ofﬂtrace éiAmen%E'in Qéﬁimenis*
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,vNi
and Zn towards the sediment surface_at;stationhl indicated p
continuous recent inputs of these elements into the Shoepack Bay
._of the North Channel on the other hand, the concentration
.proflles of Cu, Ni and Zn in sedlments at statlons 2 and 4 in the
Whalesback Channel indicated an input of material-recently less
enriched with the trace elements thanwinwthe.past;fAt#stationss
in the:Whalesback Channel (Figure,Z);vthe.concentrations-of cﬁ,
Ni, Pb and Zn fluctuated slightly within’27.cm sediment depth and
did not 1nd1cate any major changes in the 1nput of the’ trace E

elements 1n thlS area over the past years.



]

—‘:NIWInnl....l_._OlTl ”_ZIIL

(wo). ejdweg v100-j0 Yideg
1z-62 819 PiClL 016 §L 95 & T}
Les¢ 0z8L Ol-vh 21-0L 68 L9 ¥  €Z 1O

002

 ooc
00Y

004

p| uonBIS

fre

.

_ UZ - ad e 8|.| N |

' (o) eidumg 8200 joitadeq

@Sz s viT o8 e 08 vE T
oczc 0zl Oiyh B0l 08 28 sy  €Z | KO

008

b

G5588888°

g %

g uonels

o 18
s £,

00, .

-{6/6n) UbKRAWeSUOD

Loot”

(B/Bn) uongiuediion

: _” UZ —o—~ Gd —te= N —— _z.....U_..

{wo) ejdwieg 8109 johdeg
1262 8191 ¥4 O8 8L 9§ v Tl
0281 9Lyl Zl0L 68 19 Sv €2 4O

08

—t oot

0%}

~ guopeig

— UZ —~ Gd =N ~— ,_zulL,

" (wo). edures 8.0 jo Wideq .
oz8l v 20l 68 19 . S ez
20z 819 viZh o6 &L o5 0 ve | Tl

IEE R E R

~} uopels

STI0D WAATH HSINVAS

(8/Bn) uonenuUsUCD

ovi

(6/6n) uogugueouod

CONCENTRATION PROFILES OF TRACE ELEMENTS IN SEDIMENTS

FIGURE 3.




25
Sedimentationvrates were calculated from concentration profiles
of ¢s'¥ and Pb*'"? in sedimentlcorés?collectedﬁby-the ontario
uinféfry%af“fﬁé'En&ifoﬁmént3at“tﬁé‘éﬁaﬁigh“ﬁiver“xféafaf”cahéernd
in’ 1988 The data were obtalned from the Ontario Mlnlstry of the

e 1B e o - e PO .‘

Env1ronment and used 1n the calculatlon. At the area north of

i %

Aird Island 1n the Whalesback phannel the calculated
_sedlmentatlon rate was approx1mately 0. 32 cn per year. At the
iarea adjacent to John. Island in ‘the Whalesback Channel the
calculated sedimentation rate was approx1mately 0.18 cm per year.
However, low accumulation of sediments on the bottom.of the
Whalesback Channel andﬁsubsampling the‘cores'into 2-cm sections
prior to the determination of Cs™ and Pb?° allowed only an
estimation of approximate sedimentation rates. On the other hand,

the sedimentation rates calculated using a Cs”7

COncentration’
profile agreed well with those calculated from the.ﬁb”°
'.concentrations, Assuming that the.sedimentation rate in the
Whalesback Channel is about 0.20 to 0.30 cn per year and using.
the concentration prOfiles of trace elements at station 14
_ (Flgure 3), the dep051tlon of Ni, Cu, Pb and Zn started to
1ncrease around the 1940's followed by a decrease 1n the mlddle
of the 1970’s in the Whalesback Channel. This may reflect “mining
and smelting of Ni and Cu ores in the Spanish Rlver dralnage
ba51n. However, the sedlmentatlon 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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"BackgrcuadrcchcentfatioﬁS?ofntraceﬁeiemehts‘in-sediﬁents>umﬁiésé
To: 1nvest1gate ‘the ‘background - levels of CO, ‘cu, -:Ni;:-Pb and Zn in
thé:sediments: out51de :the’ Whalesback Channel sedlment cores ‘were
collected- at statlons 616:and- 603, located near. the ‘main:outlet

- from thé ‘Whalesback Channel at;Jchn ISland}pand>at;statibnsﬁ638_-
and 644~in*theQNOrth Channel} south of :Aird Island (figureﬁz).

’ fhe-cohcehtratioh8~cfsco;iCﬁ;*Ni; Pb, Zn and Fe in the surface 1

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

7.
‘ TABLE. 7 N
'CONCENTRATIONS OF METALS AT DIFFERENT SEDIMENT DEPTHS
~(in ug/g Co, Cu, Ni, Pb and Zn, in % Fe) -
Station ‘Sed. depth Co »ICu Fe Ni Pb 2Zn
603 1 -39 62 4.31 265 79 247
603 9 - 24 69 4.35 213 63 208
603 15 30 75 4.78 152 40 154
616 1 63 99  5.82 550 82 303
616 = - 9 51 137 5.48 615 133 - 344
616 - 15 61 = 106  6.03 7’330 42 - 191
638 1 42 80 4.20 1042 87 456
638 . - 9 27 . 41 .5.80 .  68. 11 113
638 15 19 43 4.53 54 12 117
644 . 1 21 50 3.79 409 72 208
644 9 18 40 4.80 . 51 10 95
644 15 19 - 4 4.78 52 10 95




27
The results 1nd1cated that about 50 ug/g of Ni,dzq'ug/g'of Co, 40
ug/g of Cu, 10 ug/g of Pb and 100 to 120 ug}ghof.én can‘be. B
con51dered the background concentratlons of these elements 1n ]

f1ne-gra1ned sedlments at the study area in the North Channel At

[ L .»;\., a~~..~

statlons 603 and 616 the concentratlons of the trace elements '

PR Bean ELisd SRR O L S AT - 2> B [PTRL=N ‘.'LDE.'&‘.". R

were greater than the above suggested background levels at the

-.15-cm sedlment depth. The results 1nd1cated a greater layer of o

enriched sedlments dep051ted at thls area than the area at
statlons 638 and 644 Th1s 1s most llkely due to a contlnuous
long-term transport and dep051tlon of trace elements-enrlched
materlal as well as greater sedlmentatlon 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.

- Results of many previous studies indicated that the background

concentrations of Ni, Cu, Pb and vain 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, respectlyely (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, respectlvely, 1n surf1c1al

sedlments 1n Lake Huron dep051tlonalfareas and embayments

(Mudroch et al.; 1988). The concentratlons of Nl, Cu, Pb and Zn
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given by Thoma§Iandeudroch-(1979) rangédfbetwéeh%8~and,100i 25 o
andejSsita 5o'ahd»so¥to?1ob ug/g;>respé¢tive1y;*in surficial .
'éediménté%colleCte6 ih“thé 1970’s in NdrthNChahnel in the' o
vicinity of the préseht study area.'The éOncentrations of Ni, Cu,
‘Pb*and’zn‘in’surfic¢ial” sedihents  determined 'in® this etudy ‘s T
éxcéedéd3€hoégﬁfouhd'iﬁffhe31970's; However, it should be noted
that anélytiCal methods used_in the determination of-the
Goncentrations of ‘trace elements in sediments ‘can affect the

results (Mudroch et ali, 1988).: "wi fr . Tiaoto Faupo G mas

Considering the background concentrations of Ni, Cu, Pb and Zn to
be 50, 40,,1o and 120, réSpectiVely, calculate& énrichment |
factors ih‘the sediments rahged between 1 to 20 for Ni, <1 and
4.35 for Cu, <1 and 12;1'for Pb,“and4<1 and 3.13-f6r Zn in the
Whalesback Channei;:The7enrichment factors ranged between {1.and.’
'17.3 for Ni, <1 and 5.03 for Cu, 1.5 and 14.6 for Pb, and <1 and
3.»77“fof: Zn in the _s_ediméhts outside the Whalesi:ack*cﬁannel. The
'enrichment fa¢tors were. calculated for Cu, Pb and Zn in éurficial
sediments  in Lakes'Hﬁron, Erie and OntarioAin the 1970’s (Kempl
énd'Tﬁomas,w1976)..They rahged between~<1 and’z;zlfor Cu;-<1 and
14.0 for Pb, and <i and 6.2 fof §n in the three Gfeat Lakes. In
Laké Ontario, maximal‘enrichment factor for Ni was 3.0 (A.
Mudroch, National Water Résearchwlnstitute, unpublished déta).
Accarding to this inférmatioh,'surface sediments iﬁ the study
area were enriched,ﬁéfé blei, Cu and Pb than those in Lakés

Huron, Erie and gntario. The enriChment“factbr for Ni was greater
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in sedlments in the WhalesbackVChannel than in the rest of the |
study area.t TR e
ceneentrations of'trace elements in different partiele size
fractions of the sedxments
fh; assoc1atlon of trace elements'with‘éirfe;ent partieleuslze
_fractlons of sedlments 1n the western a&a southern partshof the
Whalesback Channel is ‘shown in Table 8. The data indlcated that
Ni was assoc1ated mainly Wlth partlcles <13 um in the sediments
collected in both.areas; on the other hand, sedlment particles
>13 um cgntained censiderably.greater concentrations of Cu than
the smaller particles (Table 8). The cencentrations of Pb and Zn‘
decreased_hith the decreasing size of the particles in sediments
‘collected at the western part of the Whaleshack Channel, and

increased with the decreasing.siZe of the particles in sediments
" collected inbthe southern part of the Whalesback Chennel. Therev
'was a relationship between the COneentrations of.Ni and organic
matter in different sediment partieie size in both locations.
High concentrations of Cu in 5% and 43% of sediment particles in
the western and southern part, respeetively; of‘the Whalesback
Channel should be con51dered in bioassessment of the sedlment
quallty. Benthlc organlsms dlgesting preferably partlcles >13 un
would be exposed to very hlgh.concentratlons of Cu ;n the;r food
source in the Whalesbaek 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 conside:ed in assessing the

effects of trace elements onlthe‘biota in the study area.

 TABLE 8

ASSOCIATION OF TRACE ELEMENTQ WITE SEDIMENT PiRTICLES-

(concentrations in ug/g dr ﬁeight)

Particle size sediment Ccu Ni Pb 2Zn  Organic matter
pm $ o ' %
<35>27 0.5 1365 847 135 420 ’ 8.44
<27>20 ‘ -2 1716 853 149 426 . 8.26
<20>13 5 1959 800 157 408 ) 8.31
0

<13 _ .9 170 1200 103 373 10.50
Southerg"gagg;qf”the Whalesback Channel

Particle size sediment ‘cu Ni Pb 2Zn drganiq matter

pm . % . S %
<44>35 4 189 61 13 163 . 1.05
<35>27 7 - 433 124 29 109 3.03
<27>20 10 . 591 150 56 123  3.68
>20<13 22 247 160 58 138 - 4.68

<13 57 . 71 229 79 215 - 7.59

Speciation of trace elements in sediments
The concentrations of trace elements in five fractions of the

sequential extraétion procedure are shown in Table 9.



TABLE 9
" TRACE ELEMENTS BPECIATiON'
(in ug/g 4ry veight and % of total element’concentrations)

STATION 8
Particle size: 0.5% sand, 80.2% silt, 19.3% clay

Element rr#:tiOnAl Fraction 2 Fraction 3 Praction 4 Fraction §

" cu <0.1 °  <0.1 8.2 . -47.6 4.2

% total : ‘ - 13.7 79.3 7.0

Ni 16.1 34.8 18.3 110.8 38.8

% total 7.4 15.9 8.4 50.6 17.7

Pb 0.5 0.3 5.7 . 17.7 11.8

% total 1.4 0.8 15.8 . 49.2 32.8

Zn 2.7 1 19.6 17.4 57.9 30.7

% total 2.1 15.3 13.6 45.1 . 23.9
STATION 12

Particle size: 2.1% sand, 78.0% silt, 19.8% clay .

. cu <0.1 9.4 a. ' 48.8 2.9
% total 14.3 7.3 74.1 4.4
Ni 20.6 78.1 8,9 106.1 © 35.9
% total 8.3 31.3 3.6 42.5 14.4
Pb - 1.6 14.3 4.1 - 15.9 13.2
%+ total 3.3 29.1 8.4 32.4 125.1
Zn 1.8 55.0 10.0 57.1 28.6
% total 1.2 36.1 6.6 - 37.4 18.8 -
STATION 17 ,
Particle size: 2.6% sand, 87.0% silt, 10.4% clay
Cu <0.1 0.1 6.2 38.4 3.2
% total - 0.2 12.9 80.2 6.7
N 11.7 19.6 12.4  90.9 32.8
% total 7.0 11.7 7.4 54.3 19.6
Pb 0.9 0.3 5.2 15.0 115.7
% total 2.4 0.8 14.0 40.4 42.3
Zn 70.3 11.5 14.4 6.0 30.3
% total 0.3 10.2 - 12.8

49.8 26.9
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It should be noted that the distribution of individual trace
elements among Varions fractions as'obtained with the sequential

extractlon scheme used in this. study, does not necessarlly

' reflect the scavenglng action of discrete sediment phases, but

‘rather should be considered as ope:atlonally deflned by the

extraction method. ’Generally; the distrioution of the trace

elements in the f1ve fractions of the sequential extractlon

'procedure was 51m11ar in all three sedlments collected for

analy51s in the Whalesback Channel.

_Copper, Nii'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 partlcles (Fractlon 2) in the sediments collected at
station 12 in the Whalesback Channel The concentratlons of
ea51ly_ava11ab1e Ni (Fract;on 1) in all three sediment sampleé’

were greater than those of Cu, Pb and Zn.

The weakly bound trace elements may be con51dered more
blochemlcally reactlve and have the capacity to 1nh1b1t enzyme-
catalyzed biochemical reactlons in sedlment blota, such as

miérobial and benthlc organlsms populatlons. Lowerlng the amblent

'pH of the sedlments may solubilize trace elements associated with

carbonatesv(Fraction 2){ This may‘incfease the potential for

toxicity of these elements to sediment biota. Changes in the
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- redox potential in the sediments or at the sediment—water

interface may bring about oxidation of'sulfideé with subsequent

solubilization of sulfide-aséociétéd,trace_elements,vThe”ambient‘_
redog potential of the sediments méy Changé, for example, during
the.resuspeﬁsion of sediment particles and'their'transport' |
through an oxic water column,‘Furthe:,‘trécé eleménfs boﬁnd to
Fe-Mn oxides (FréctiOn'3) may bécome‘releaSed during léwéring the
sediment reddx potential. This may ogéur in winter under ice
covef in the Whalesback Channel or during decomﬁosition.of
organic matter in the bottom sedimenﬁs. With considerabiyflarge‘
quantities of trace elements in the four,fraétiohs, the sediments
in the Whalesback Channel appeaf to have the pbtehﬁial to become
tokic withvany physico-chemica1~chéngesvwithin:the sedime#ts of

at the sediment/water interface.
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