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ABSTRACT

The utilizaLion of contaminated bottom sediments as

agricultural soil was i-nvestigated as a new approach of the dredged

sediment, di-sposal"

Bottorn sediments colleeted from Hamilton Harbour, Humber Bay

Port Stanley, Detroit River Mouth, and Lake St. Clair were used for

the determination of chemical, physical and biological properties

considered important for the evaluation of bottom sediments as agri-

cultural soil.

It rvas proved in leaching experiments and lysimeters that

the concentrations of element.s" released from the bottom sedinients

dispersed in water, were lower than those recommended for water for

publie use with the exception of lnanganese and nickel. (Cd < 0.001

mg/l, Cr < 0.2 *e/t, cu 0.08 mg/l, Fe 0.08 mg/l, pb < 0.001 mg/J-,

Mn 2.9 mg/L, Hg < 0.05 mgll, Ni 0.07 ng/I, Zn L.I mg/l). The suir-

abil-ity of contaminated bottom sediments from Hamilton Harbour,

Humber Bay and Detroit River as agricultural soil was verified in

greenhouse experiment by planting tomatoes and coln with a good crop

yield. The crop yield of the Humber Bay tomato plants was best,

follorved by ihose of Hamilton Harbour and Detroit River.

Tomato plants and corn did not take uo various elements in

the proportions in rvhich the elements occurred in the sediments,
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but exerted a selective action, absorbing greater amounts of some

elements than others, Tomato plants toolc up nutrients and trace

elements only to a certain limiLing concentration characteristic

for individual plant organs. The concentrations vere comparable

with those found by soil scientists studying the uptake of elements

from soils.

Following maximum concentrations rvere determined for tomato

frui.t grohrn in Humber Bay sediment: K 37,000 mg/kg, NIg 2,100 mg/kg,

Ca 11750 mglkg, zn 40 mg/kg, Sr 30 mg/kg, Cu 23 mg/kg, Pb L2 mE/kg,

Co 7 mglkg, Cd 2 urg/kg - Arsenic, molybdenum, manganese, chromium,

nickel and mercury were below the levels of detecti.on.

11/



ACKNOI.TLEDG E}{ENTS

I am lndebted to professor J.R. Kramer, my reaserch

supervlsor, who has provlded rne wlth a wealth of lnformatlon and

ideas ln hls j-nterestlng lectures and vivld dlscusslons and ln the

preparatlon of this study.

A number of scientlsts at canada centre for rnland waters
in Burlington were very helpful and r especlal_ry want to thank for
their valuable criticisurs, suggestions and advise durlng the study
to Dr. P. Sly, Dr. R. Thomas, Dr. A. Kemp, Dr. y.K. Chau, Dr. J.
Williams and Dr. C. Dell.

:



t.
2.

3"

4.

4.1

4.2

4.3

4.4

5.

5.1

5.2

6.

6.1

6.2

6.2 "t
6.2.2

6.2.3

6.3

6.3.1

6"3"2

TABLE OF CONTENTS

Introductlon

Statement of the Problem

Purpose of the Present Investlgatlon

Previous Work - Dredglng

Purpose of Dredglng

Nature of Dredged Sediments

Dredglng Technlques

Disposal and Use of Dredged Sedlments

Sources Affectlng the Bottom Sedlments

Polnt. Sources

Dlffuse Sources

Experimental

Introduction

Sanpllng

Sanpling Locatlons

Sampllng llethods

Sample Storage, Preparation and Descrlpt,ion
of Sediments

Methods

Leachlng Experinents

Lyslmeters

14

15

18

Page

1

4

5

7

7

B

9

10

2T

2T

23

23

24

25

26

1t

32

vl

I
1
I!
i



6. 3.3

6 .3.4

6. 3.5

6.3.6

6 .3.7

6.3. B

6. 3.9

6.4

7.

TABLE OF CONTENTS CONTINUED

Permeability

Bulk Density, Particle Density,

Total Porosity

Parti-cle Size Distribution

Clay Mineralogy

Cation Exchange Capacity

Bioassay

Greenhouse ExperimenE

Results and diseussion

Summary and Recommendations

Refer:ences

Tables

Figures

Page

33

36

36

36

37

3B

39

4I

70

72

vt-L



I
I

2.

3"

4.

5"

6.

7.

8.

9"

LIST OF TASLES

TABI,E

1. Llst of L973-74 dredglng projecrs scheduled for
the Province of Ontarl.o

Changes Ln composltion of bottom sedl.ments
colLected from Lake Erle and Lake Ontarlo

Nltrogen, Phosphorlc Acid and potash conta{ned ln
FertllLzers sold durLng the years L97l to lrITZ

Sample locatLons

Factors affectlng the properties and composition
of bottom seciiments ln the selected sample locatlons

Permeability classes for saturated subsor.ls and
thc corresponding ranges of hydraulic conductlvitw
and perrneabillty

chemical compositions of core sections 0-3 cm and
15-20 cm collected by Benthos corer

chernical composltlons of bottorn sedinnents colrected
by Shipek sampler

Ouantlties of elements detected in the lyslmeter
percolate and percentage ratlos

10' euantr-tles of elements detected ln the rysimeter
percolate and percentage ratios

11' or-rantities of eleme'ts reieased from the Hamllton
Harbour and Lake st. clalr sediments and detected
ln the e,ater Ln leaching experlmenEs.

iIt
I

rl

vl 11



LIST OF TABL}'S CONTINUED

TABLES

12' lletal concentratlons released from bottom sedlments
and detected ln lrater ln lyslmeter and leachlng
experlments

t-3. Sedlment permeabillty

14- Mrneralogical compositlon of the( 2;rm fractlon
of bottom sedLments determlned by x-ray diffraction

15. catr-on exchange capaclty and exchangeable catr.ons
of the collected bottom sedlments

L6. Exchan6ieable catlons - traces

\7. contents of exchangeabre cations in pprn and per-
centage ratlos of element contents J.n sedlments
and contents of e.xchangeable catr-ons - calclum,
magnesium, potassiun and sodium

18' contents of exchangeable cations in ppr,r a'd per-
. centage ratlos of element concents l_n sediments

and contents of exchangeable cations - manganese,
Lron, copper and zlnc

L9 - catr,on exchange capaclty of the corrected bottom
sedLment samples

20- Green pigrnent deterrclnation l-n corlected bottom
sedLment samples

2i. Water conient, bulk denslty-, partlcle densj.ty
and poroslty of collected sediment sampJes

1x



LIST OF TABLES CONTINUNT)

TASLE

22. Partlcle sLze distrlbutlon of collected sedLment
samples

23- weight of fresh and drted tomato organs grorm ln
Hanllton Harbour" Humber Bay and Detroit RLver
sedirnents

24- water content of tomato organs groqrn r.n Hamllton
Harbour, Humber Bay and Detrolt RLver sedlnents

25. Composition of tomato organs and corn

26. QuantltLes of elements contained in specific organs
of tornato pLant gror^rn in Hamilton Harbour, Humber
Bay and Detroit RLver sedlments

27 " Element concentration gradle't ln tomato organs

28. Amounts of sediment required to supply the amounts
of elements consumed for the plant growth

I



FIGURE

1.

t2.

13.

2.

3.

4.

5.

6.

7.

8.

9.

LIST OF }'IGURES

Relatlonshlp between the purpose of dredging,
quallty of sedlments and dlsposal or use of
sedlments

Soll map of the Great Lakes Dralnage Basin -
soll groups

So11 ruap of the Great Lakes Dralnage Basin -
textural classes

Great Lakes seasonal runoff dlstributLon

Sarnpling Locations - general-

SanplLng locatlon - Hamllton Harbour

Sanpling loeatlon - Port Stanley

Saurpllng location - Detrolt River llouth

Sanpllng location - Lake St. CLair

10. Sampling location - Humber Bay

11. Schema of a Lyslmeter

PartLcle slze distrlbutlon of collected sedlment.s

PartLcle size dl"strlbution of collected sedlments

14. Relationshlp between the elernent concentratl-on ln
llairllton llarbour:, Hurber Ba1- and Detroit River
sedlrnents and lts concentration 1n the tomato
flult

xi



LIST OF FIGURES CONTINUED

FIGURE

15 .1 Calcltnn concentratlon ln sedlments and organs of
tomato grown l-n these sediments

15.2 Magneslum concentratlon in sedlments and organs
of tomato grown ln these sedlments

15.3 Potasslum concentration Ln sedlments and organs of
tomato grovrn in these sedlments

15.4 Iron concentratLon ln sediments and organs of
tomato grown ln these sediments

1.5.5 Nickel concentration ln sedl-ments and organs of
. tomato grown j-n these sediments

l-5.6 Chroml-um concentratlon in sediments and organs

of tomato grown in these sedinents

15.7 Lead concentration in sediments and organs of
tomato grown in these sedlments

15.8 Cadmium concentration ln sediments and organs of
tomato grown in these sedlments

15.9 Zinc concentratlon in sediments and organs of
tomato grown in these sediments

15.10 Strontlum concentration in sediments and organs
of tourato grown la these sedlr,rents

15.11 Cobalt concentrat,lon 1n sedicrents and organs
of toroato groh'rt ln these sedlrnents

a

I

i

l

i

xl1



LIST OF FIGURES CONTINUED

FIGURE

L5-L2 I'Ianganese concentration in sediments and organs
of tomato grown in these sed.iments

15.13 Copper concentration in sediments and organs
of tomato grorJn in these sediments

L6. Required sediment mass to cover the uptake of
elements by one tomato plant

L7 - Roots of a tonato plant grovm in Hamilton Harbour
sedirnent

18.

19. Roots of a tomato plant grown in Detroit River
sediment

20 ' rnterrelationship among chemicar and physical
properties, safety aspects and fertility of the
sediments.

Roots of a tomato plant grown in Humber Bay sediment

xiii



INTRODI]CTION

The dralnage basln of the Great Lakes lncludes 175,000 square

mLles of the unlted States and 1201000 sguare miLes of canada. The

Lakes occuPy almost a thlrd of thelr dralnaqe area(95,000 square ml1es)

The topographlc settlng of the Lakes was brought about by

pre-glacial erosion of the bedrock creatlng reglonal topographle lows

in r^'htch relatlvely recent glaclal meltwaters accunnurated.

Hough (1958) summarj-zed the bedrock geology of the area of
the Great Lakes and descrlbed the glacial and postglacial hlstory of
the l-akes. chapman and purnam (1966) descrlbed the glaclaL and post_

glaciaL history of the southern Ontario.

A r'200 per cent increase in the populatlon in the Grear

Lakes Basin between 1860 and 1960 to over 32,000,000 inhablrancs (1973)

has created many serlous envlronrnental problems lncludlng water pollut-
ion and eutrophication of the Lower Great Lakes. The populatron
proJected for the year 2,000 (57,000,000) will further aggravare the
envlronmental situation by increased use of waCer, by generatlng more

and new pollutants, and by causing heavy soll eroslon.

Factors affecting the popuratton livlng ln Great Lakes Basrn

lnclucllng \*'ater, itave becn studled intenslvel-v. lrrater has been usecl

and unfortunately misused to a steadily growlng extent. water quality
in Lake Hrie, Lake onEario and Lake I{ichlgan iras deteriorate6 signlf-
cantly. rn recent years sclentists have focused more attentlon on

1.



the bottom sediments and demonstrated that changes in water compos-

Ltlon and lncreased so11 eroslon have changed the chemlcal, physrcal,

and blologlcal propertLes of the sedlments, ln partlcuLar, in the

harbours and rlver mouths. Brydges, T., (rgzo), callender E., (1969),

Hartley' R. P.' (1961a), Harter, R.D., (1969), Kemp (1971), Kemp er ar,
(L972), KLndle" E.M., (1925), Lewls, C.F.M., and McNeely R.N., (1967),

Lewis, C.F.M., (1966), Rukavina, N.A., (tgZO), Thomas, R.L., (1969),

Thomas, R.L. et al, (1972), Thomas R.L., (1969a), Thomas, R.L., (1971),

Wood, L.E., (1964) , Willlarns, J.D.H. et al, (1971)

Navigatlon on the Great Lakes is one of manrs actlvitles. The

annual amount of sediments accumulated in Lower Great Lakes harbours

and channels ln the u.s.A. and canada is 7"600,000 m3 and 545,000 m3

respecciveLy, r^'hich must be removed annually by dredglng.

Wlth regard to the chemical composition the dredged bottom

sediments can be classlfled as uncontaminated and contamlnated. Dred-

ged sediments have been disposed either by dumping J.n deeper Lake water

or by transportlng and storing on,land, so far wlthout utlrizatlon.
Water pollutlon caused by dumplng contaminated clredged sedlmenEs 1n

open lakes lnltlated a number of R&D proJects almed at a less harmful

dlsposal.

The purpose of this study r-s to attenpt a new approach of
the dredged sediment.s disposal: the utlrization of sediments as

agrlcultural soll or as fertllizers. There is a:r excellent exarnple

in the hlstory of manklnd. The NJle was to anclent Egvpt what

fertillzers + r^'ater are to modern farmers arounci the world. Ic created

in the midst of a sterlle land an elongated oasls that for thousands



of years has nurtured clvlllz:rtlon rrntil bulldlng of the Aswan dam.

liaclt year ctre rnal.n stream of the Nlle, swollen wlth the torrentlal

ralns that fa11 ln lithlopla, rushes north and spreads lts sediment-

laden waters over Egypt. The Egvptlans never had to fear exhaustlng

soll: every summer ttre Ntle refreshed it, and, moreover, provlded

Lrrlgat 1on.



2. STATE}IIiNT OT TIIE PROBLE}|

Harbours and clranncls of the Great Lakes are regularlv

dredged to remover accumulated bottom sedlments: (a) Uncontaninated

sed{rnents by m.ants actlvltles. In general , chemlcal and physlcal

Propertles of the sedlments correspond to those of the solls of the

dralnage basln. (b) Sedlments contamLnated by manrs activltles whlch

contaln more elements or g,reater amounts of elements than the solls.

The dtsposal of uncontamtnated sedlments presents no envlr-

onmental problems. Conversely, dumplng, contaml-nated harbour sedlments

{nto the lakes creates an extenslve and serlous l-ocal \.rater pollutlon.

Dredged sediments stored on land have, so far, not been put to

practl.cal use. Iloreover, lf there ls no need for landfi11 dhe pr:ocure-

nent of adequate 1andfi11 sites for the dredged rnaterl.als 1s a nraJor

problenr ln lake dredglng.

l
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3. PUI{POSE OF' TIIIi PRIiSI'NT IIT\IIISTIGATION

The uttllzatlon of bottom sedlments dredged ln the Grear

Lakes as agrlcultural so1"1 or as fertlllzers tras not been serlously

consldered. However, applvlng dredged contamlnated bottom sedlments

on the flelds apparently brlngs great advantages: (a) No recontam-

lnatlon of the vrater and sedlments of the Great Lakes. (b) No need

for adequate landft1l s1tes. (c) Utlllzatlon of contamlnants, espec-

tally trace elements, as valuable nutrlents for the plant growth.

The purpose of the present study was to lnvestlgate the

posslblllty of uslng bottom sedlmenrs ln agrlculrure. The study has

three obJectlves:-

To revlew dredglng in the Lower Great Lakes paylng- speclal

attentLon to the extent of dredglng, nature, dlsposal and

use of dredged nraE.erlals.

To review and assess the sources whlch slgnlflcantlv affect

chernlcal, physLcal and blologlcal propercles of bottom

sedl.ments of the Great Lakes, L.e. flrstly, naturers factors,

L.e. cllmate, solls, and lraters of the Great Lakes Basin and,

secondly, .nanrs actlvltles, 1.e. populatlon growth, contanlnatlon

caused by munlclpalicies, Lndustries and agrl.culture.

To study the sultabt)-1ty of sedlments collected frorn varlous

locat J.ons as ap,r1cul.tr:ral sol1, 1n partl cular,

(a) to deterrnlne chemlcal, phvslcal and blologlcal propertics

consldered lmportant for the classificatlon of unccntamlnated

and contamlnatecl bottom sedlnnents as agrtcultural soll.

L.
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(b) to lnvestig,ate the effects of varlous bottorn secllments

on the growth of selected plants and uptake of elements from

the sedlments by selected plants ln g,reenhouse experlnrents,

(c) to prove by approprlate testlng that contamlnated bottom

sedlments do not pose any lrealth hazards ln soll and ln crops

to the envlronment.



4. PRIIVIOIJS h'ORK - DRIiDCING

4.1 Prrrnose of dredglnn

Ilost of tlre dredglng carrlcd out ln the Great Lakes serves

navlgatlon and, to a smaller extent, provldes materlal for landflll

and constructLon materlal. Responstbtlttv for developlng and maln-

talning 115 Great Lakes harbors and navlgarlonar channels in the

unlted states rests with the us Army corps of Engineers. About 50

harbours and channels are dredged annuall-y and the remalnder every

two to flve years. Llttoral drlft and river sediments accumulaclng

ln harboursand rlver mouths have been removed by dredgers and nearly

always deposited ln deeper lake waters. Ritchle and speakman, (Lglz),

stated that thesc sedlrncnts amount tc approxl:nate]-y 7r600,o0o rn3

a;:d vary ln character from uncontamlnated to heavJ.ly contaminated.

'l'he amount of dredged sedlments on the Canadian slde is anproxlmat.ely
?

545,000 nr-. Dredglng projects for 1973-74 admlnlstered by Deparrment

of Pub1lc works of canada, ontarlo Reglon are shown 1n Table 1. A

reratLonshlp between purpose of dredglng, qualitv of sedimenEs and

disposal- of sedlments ls illustrated schematicallv in Flgure 1.

Dredging presents two maln envlronmentar probrt-ms

durlng dredging, at the slte of dreclging arrd the dlsposal slte 1n the

lake:

(a) Dispcrsai of contenlnants, creatlng a locallzed source

of hlgh oxygen dernand,

(b) Dlsposal of contamlnated sediments.



4.2 liature of dre*'.ed sedlrnents

The sedlment deposltlon ln the St. Lawrence Great Lakes

ref lcct ttre bedrock morphology of each lake. l'lach lake ls dlvided

l"nto a number of lndlvldual baslns filled wlth accumulated fine graln

sedLments. The sedlment texture reflects the energetlcs of the lndlv-

ldual lake svstem. Fine grain sedlment accummulates ln the lndlvldual

troughs Ln each Lake and coarser gralned sedlment ls found ln the

nearshore zone and on the rldges between the lndlvJdual troughs.

The flne graln sedi,m€nts are generally soft, medlum gray comPresslble

clays or sllty clays at the centre of each subbasln becomlng more

sllty towards the rim of the basln. Gravel, sand and sllt occur on

the rldges and ln the ne:rrshore zones. The overall chemlcal anC

physlcal propercles of bottom sedlments are closely related to glaclal

deposlEs and so1ls of the Great Lakes tsasin and varv wldely. The sur-

flclal sedlments contaln varlable amounts of quartz, (2O-95i(), feldspar,

(5-257"), clay mlnerals, (3=7O7"), organlc carbon ( 0.1-62) and calclte,

(0-570. Quartz and feldspar are most abundant ln the coarser near-

shore sediments whlle clay mlnerals and organlc carbon are domlnant

ln the flner offshore sedlments. The clav minerals are usually

chlorlte, 1111te, and kaollnlte wlth some nontnorlllonite.

Quantltles of contamlnants and toxlc elements and compounds

have stcadily lncr,-::rsed ln the boErom sedi;ienis of Lake ErJe and

Lake Ontarlo. (Kemp, A.L.1.t. - 1973), Table 2. I)ue to the high

adsorptlon capaclty of rnost of the lake and rlver bortom sediments

sonle con)pounds f rom lndustrlal and rnunlclpal waste waters become

res;{deint 1n the sedJments. Adsorntlon capacltv varles conslderablv



among sediments, depending on the particle size distribution, type
of clay and the chemical composition or the sediments, (pilliams et
aL - L970),(Harrer - 1968),(Shukla er al _ 1971).

. Most of the bottom sediments dredged in major harbours are
heavily contaminated (Gannon, Beeton - 1969). The major contaminants,
in particuLar, nitrogen, phosphorus, metals, and oil, arise from
nunicipal and industrial wastes from the adjacent areas. Although
efforts are being made to reduce these discharges, major improvements

are not likely to take place for a number of years, especiarly for the
large u's' urban areas- rn the long term, however, the r,/aste loads
ln the Great Lakes"should gradually be reduced as wasre treatment
faeilities are installed and or-d p'ants are phased out.

rn areas outside the harbors, mainry in channers, 
"orrt"*ir,"r,t

1eve1s are usually lorver. some problems are specific to particurar
areas, such as mercury in Lake St. Clair.
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4.3 Dredging techniques

Existing dredges and dredging practices have been designed

apparently with only one aspect in mind: to rernove as much material
as possible for mlnimum cost. The industry is almost exclusively
j-nterested in excavated quantities. rf there are any requirements on
dredging, for exa'ple, to recluce the loads of f ;-nes, the ef fieiency
of operations is decreased and the cost i.ncreased.. consequently,

af present the fines most hea-vily contaminated are allorved to drift
a\"ray or are not desired in the output. contract unit prices for._
lake dredging vary from $0.45 to $1.50 per cubic meter of removed

material . The ma.ior facLor influencing cost are the project s'ze,
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lo

type of msterrar to be excav'tcd, cilstance to dlsposnr sItes, and

tlre avallabllltv of properly equlpped dredglng conrractors.
Dredglng can be accomplrslred bv meclranlcal or hvdraulic

undervater drcdges r.rhich operate from the r.rater surface. ltechanlcal
dredges lnclude: the dlpper, cramsherr and bucket ladcrer. rtvdraurrc
dredges include the dustpan, trairer hopper, and cutterhe:rd dredges.
Equlpmenc sultable for accurate operatlon and mlnlmal d{sturbance and

loss of flnes includes dustrran dredge, alrpump, prain suctlon and

mud-cat. Acres (1972) reviewed, in deta11, technlques and equipment.

4.4 ,a"

EnvLronmentally, dlsposal of dredglngs 1s now

crlt!'cal cperatlon- ltuch conslderatlcn has been given
the dlsposal of the contaminated sedlments on 1and.

Acres Consultlng Servlces Ltd (Ig7Z) proposed that
be used as contaminant traps mlnimlzing scour'ng act'on and

tlre quantltv of sedlmerrts to be dredged in one area. Thls
consl'dered a promlslng approach almed at improvlng overall
quallty at the expense of accumulatlng contamlnants only ln
harbours.

consLdered a

recenily to

harbcurs

maxlmizlng,

may be

lake

the

DurnDlnf: of Scdlnie:rts ln opel .lakes

Dlsposal 
'n 

the open lake ls the cheapesr approach wlch che
nraterlal tr'nsported i.n a plpe to thc ncr,: slte lccated as close as

posslble to rhe harbourbut ln a sufflclent depth or dumped from a

scow or hopper drecige. Irowever, there have been serlous obJectlons



l1

n8{rlnst dumping contamlnated scdlments, in partlcular, dredged

ln harbours. They dlsperse ln water and resectle over a larger area

and thus l"ncrease the overall water pollutlon. Gannon and Beecon

(1969), demonstrated that the dlsposal of the dredged contamlnated

bottom sedlments ln the open lakes 1s harmful to many 1lvlng specles.

!e9.!1tt
Landftll wlth dredged materlal is wldespread world-wi<le.

However' lf there Ls no need for landflll the procurement of adequate

landfllI sltes for the dredged marerlal {s a maJor problero in lake

dredglng. rf ln ontario the sediment is heav{ly contamlnatedl ird,
consequently, ls considered a potentlal hazard to the envlronmenE,

only Landflll dlsposal must be considered.

Storage on the shore r.'1 thout lrnmedLate use

The congr:ess of the united states, through i'ubrlc Lav. 91-116

authorlzed the U.S. Army Corps of Engineers: (1) to deslgn and construct
a system of conflned dlsposal facllltles at var{ous harbours rvhose

sedirnents are deemed polluted by the U.S. Environrnental protectlon

Agency. (2) to transPort polluted dredgings from harbour bottoms aboard

dredges to these dlsposal facllitles where sollds ul.ll be allowed to
settle out and the supernatant water dlscharged lnto the Lakes through

a ve{r system.

Rltcirle and Speakman, (Ig7Z) invcstlgated the proposed

procedure and assessed lts affectlveness durlng dredglng at Asht.abula

;

l

1
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?(2ti8,000 rn" antlttal drerlglnJ'.) anct Frl.rport llarbors (524,o0o .3 ,,rrn,ral

drc'd1',lng) - strrnples were taken f rom hoppers of a hopper dreclge oper-
atlng' In both lrarbours. In thc settling experlmcnts the concentratlons
of partlculate contamlnants ln the supernatant water were reduced by

85 to 97 per cent at settling tlme of one to four hours. rt was

concluded that contamlnant loadlng co Lake Erle from dredg,lng would

be reduced by nore that 95 per cent uslng confined dlsposal faclllties"
rt ls assumed that settltng wrll be carrled out for ten years. After
that tlme efflclent wasce treatment plants are supposed to ellmlnate
the contaminatlon of harbours.

!.L

Ltttle information was found in the llterature on u_se of
dredged bottonr sedinrents as agrlcultural soll. The author of thls
studY successfully planced tomatoes ln varlous sedlments (Haniilcon

I{arbour, Lake ontarlo, Lake Erle) in pors, ln 1970-1971 at ccrt.r,

Burllngton.

Ilalmer (197r) studied trre use of the sedlmenrs collected
from Lake Trummen, Sweden, in agrrculture. Dried sedlments were

mlxed wl-ch arablc sorl,. For a1l solr-sedlrnent ratios, includlng
100 per cent sedlmenc the crop was better than for soil on1v. For

example' a crop of avena showed a naxlmum increase ln crop we!.ght

of 7o per cent for a mJxture of 30 per cent solr and 70 per cent

scdlment.

l{dodhouse, Seneca and Broom (r972) described the experlments
wltli tlre establi.shneat of nci,'corcprass on sonc crcclged spol1 areas

ln North carolrna- Direct secrrlng appeared to offer a rapid and
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relatlvely economlcal routc to stablllze dredged

tlrat courl:1ete cover was achleved ln two p,rowlng

spo1l.

seasons.

I t was proved
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5. SOURCT.:S AF'FF:C'rING Ttili IT)RIIATION, CuI'].rICAL ANI)

PIIYSICAL PFOPI.:IITIIiS OF ROTTO}! SI':DI}1NNTS

Classtflcatlon of nutrlent sources

Vollenwelder (1970) proposed a divlslon of nutrlent sources

lnto dlffuse and polnt sources. Polnt sources lnclude sewage and

lndustrlal uaste htater systems. Dlffuse sources are natural sources

of nutrlents (untouched mounfaln and woodland streams, so11 erosJon,

aeollan loading and blologlcal sources such as aquatlc blrds, fal11ng

leaves and pollen), and artlflclal and senrlartlflclal sources (nutrlent

supply resulting frorn human activities, for exanrpl.e" artlf1c1a1 and

natural fertlllzers leached frorn farrnland). It ls obvlous that bcth

nutrlcnt sourcds affect the quallty of r.:ater as veLl as the'chc-r:rical

and physical characterlstlcs of sedlments. Vollenr.relderts classlf-

lcatlon was used here with sllght nodiflcatlons to water and bottom

sed lrnents :

Pol nt nutrl ent sourc.es:

I. Contamlnatlon caused by munlclpal_ltles

2. Contamjnatlon caused bv Lndustrles

Both factors are affected bv populatlon growth.

Dlffuse sources

1. Natural sources: watersheds and sol1s of Great

Lakcs BasJ.n (affected by clinate)
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5.1 Polnt Sources

Co_nta-mlnatlon cnused bv- munlclpalltles

The Great Lakee are the aource of domestLc raw r.rater supplles

for about 240 munlctpalltles as well as for numerous Lndustrlal plants

situated near or on the shores of the Lakes. Some of the plants are

supplled by the municlpal system, but sone hsve thetr own intakes.

McNish and Lawhead (1968) estl,mared rhat in ]-966 28,00o,ooo persons

were supplted by water purnped from the Great Lakes, (approxlnately
o

15 x 10- gallons per day). The aggre8ate capacLty for lndustrlaL

pumpage from the lakes was approxlrnately three tlnes the capaclty of

the municlpal pumping stations.

The avallable data lndlcate that for a 75 per cent lncrease

ln populatlon, from 1956 to 1966, the comblned munlcipal and inclusrrial

punpage rate increased about slxfold

Except for the chlcago diversLon of about 31200 cublc feec

per sec. lnto the drainage basin of the l.tlsslsslpl RLver the water

used by the munlclpalttles and lndustrles Js returned to the Lakes.

unfortunately, lt 1$ very often heavily contamlnated. rtris leads to
pollutlorral effects parti.cularly apparenc in lake areas adJacent.

to large centres of populatl-on and lndustry.

The munlclpal statlstics publlshed every year in r\r'atcr

and Pollutlon control's Directory" demonstrate thac in 196g-69 of

324 cttles ln the Provlnce of Ontarlo, IJII had prlnary lraste t,reatnent and

202 had prlmary wLth secondary or secondary equlvalent waste treatment.
In 1972-7 3 of 340 cltles, I91;( had prlrnary and L7Z prlmary wlth secondary
or equlvalen! secondary waste treatrnent.

I
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Domestic rvastes refer to the hurnan excreta, rqaste arising from food

preparation and other discarded products both mineral and organic.

The ratio of the contri.bution of the urban population and agriculture

toward phosphorus pollution is about 10:1, toward nitrogen porlution
2:L- EPA (1971), Henkens (1972), DeJoung (1972), sraith (1967)

published some data on the nitrogen contributi-on per square rnile per

year from urban and rural watersheds.

The addition of nitrogen frorn the Great Lakes watershed

in ontario hras 941595 tons of nitrogen per year, and the addition

from Lake Erie watershed is 5lr978 tons per year.

Conta4inqtion caused bv industrial processing

Much of North American industry is located along the Great

Lakes because of the great water requirements. rndustriat ,utu,
consumption in the Great Lakes area is greater than the average in
the U.S.A. and Canada.

rn addition to the required products industrial processes

generate great amounts of solid and liguid wastes and obnoxious gases

of several kinds:

1- Toxic substances e.g. sulfuric acid, cyanides, metal salts,
phenol, mine wastes, eEc

2. Matter not. harmftrl to human popul.ation, pJant, fish or

animal life but causing undesirable odor, taste or colour.

I
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3.

4.

Decomposable organlc rnatter adtled to the atrearns 1n

quantitles so great thar thev consume thelr free oxvgen

content.

substances too rndlgestabr-e for ordlnarv treatrnent (e.g. cel1-
ulose and llgneous natter frorn paper and pulp lndustrv,
olls from petroleum processlng). They are slor.rlv dlgested,
lf at all, by blochemlcal processes and are harmful to
every environment.

So1ld wastes practlcallv insoluble ln rraterr e.B. slug,s,

sludge, flnes etc.

6' Heat' The effluent from thermal processes such as conclensed

coolant may have harmful effects on streams.

7 ' Radloactrvlty, i-e- ef f ruents fron nucr-ear po-b-er pr.ants.

Anderson (1969) reports that chemlcar 
'ndusrry 

used approx-
lmately 700 billton galLons of water ln the Great Lakes reglon ln
1959' and lt may requlre 21000 birrlon garlons a year by r9go. The

pulp and paper Lndustrv ln the Great Lakes reglon used 300 bi1r"lon
gallons in 1959 and mav need 5oo bilrlon gallons per vear bv 1980.

Tate (1971) anaryzed the q'ater use ln three lnregrated lron
and steel plants ln the canadjan sectlon of tire Great Lakes (Stelco,
Dofasco, Algoma) and estimated the amount of total nater i'take for
1968 as apnroxlmatelv 163 r292 nITIlon sallons. lle foreca"ts tlr"t th"
qrater consumptlon 

'i11 reach about 300,000 mJ.rllon garlons r.n r9g0.
l,llxon and Zelslcr(1966) summarlzed the variety of wastes

arrd dlscharge substances that can emanate from varlous induscrlal

5.
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Proccsses.

Althoup'.h 1t is mandatorv that the harrnf ul and toxlc

compounds ln water be treated in munlcipal and lndustrlal treatment

plants the present practice leaves very muclr to be deslred. Solld

stastes are dumped dlrectly lnto the Great Lakes and unEreated waste

waters are allowed to flow dlrectly lnto the rlver of the Great Lakes.

5.2 Dlffuse sources

Watersheds of the Great Lakes RasLn

Disregardlng lake outflo\rs such as Detrolt Rlver, Nlagara

Rlver etc. the dralnage basln of the Great Lakes 1s characterlzed by

an absence of maJor tributaries. Few large rlver but many small

riversand streams flor.r lnco the Greac Lakes. ].'he largest trib,rtary

ls the Nlplgon River corrtributlng arr annual average flow up to 13000

cublc feet per sec. 'lhe outlet flow of the Lakes ls almost uniform

throughout the year because of thelr extremely large storage capacity.

Tl're Greac Lakes contain about 25,000 km3 of water. The compositton

of water in rlvers and creeks of the Great'Lakes 1s affected by

natural reactlons wlth solids, l_lqulds and gases.

Solls of the Great Lakes DrainaRe Basln

The knowledge of the sol1 characterlstlcs of any dralnage

baslrr ls helpful Ln evaluatlng correctly the chenlcal and phys;lca1

propertles of botton sedlments deposlted 1n lrarbours and river mouths

by rivers And creeks. Generallv, the sediments corresDond to the

soiLs available irr tlre drainitg,e basln
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l'lr.ure 2 srrows tlre sorr groups in trre basln (rnodlfled after
lnicbber trnd llof fnran 197O anrl l,apadakls 1969) . Flgure 3 slrowg the
cl lvlslon by texcural class: clays, cray loams, loams, sands and

sand loams, and by the topographlc groups (after Webber and lloffrnan

1970).

sol1 eroslon 1s an lmportant factor detachlng sol1
textures from Land and movlng tlrem rnto streams and lakes where

they deposlt as bottom sediments.

Climate, especially preclpltaclon and remperature, Is a

domlnant factor of soil formatlon affectlng leachlng intenslty,
vcgcEacion, organic matter decav, and weathering,. phillips a:rd

Ifc culloch (1972) provlded detarled information on the climate of
the creat Lakes Basin. petland (196g) presented a tabre of seasonar

runoff distrlbutlon, (Ftgure 4).

T'e sol1 eroded by ru'off settles in the Great Lakes and

forms the bulk of surflcr.al sedlments. Holrever, these factors were

not studled systematlcally.

The sources of contamlnatron from egrlcultural rand are:
1. Anlma1 wastes. (Do'ahue et ar 1970) estlilated that the
domestic anlmals ln the unlred staces produce over onc billion rcns
per year of fecal wastes. llanure, primary organ!.c matter, procluces

offenslve odoursr maY be a source of lnfectlon ag,ents and durlng heavv

ralns produces a rLtnclf f hlgh rn blochem{ca1 oxv*en denrand.
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2. Processlng wastes lncludlng wastes from cannerlesr rneBt

processlng, poultrv lntlrrstry, ve;'.etable processln5,,, ttre

cotton textlle lndustry etc.

Plant resldues generated by farm and forest operatlons.

Plant nut.rlencs, 1.e. fertllizers. commercLal fertlrlzers

used ln proper amounts do not contrlbute significantly to

pollutlon. Iflten used at excessively hlgh levels, any of the

fertlllzer elements mav pollute waters and cause eutroph-

lcation. The amount of nltrogen and plrosphorus and potasslurn

ln fertilizers sold in onrarlo and canada tn 197L and L972

are recorded ln Table 3. rn 1972 use of fertilizers was

hlghest ln the Lake Erle basln (516,145 tons), folJ_owed by

Lake lluron (216rI74 tons), Lake Ontarlo (/r09,0/16 tons) and

Lake Superlor 1>aslns (1,907 tons)

AbouE 75 per cent of all pestlcldes used in ontarLo are for

ag,rlcultural purposes. EPA monltorlng conducted ln ontarlo

In 1969 and 1970 haa proved that the revels of pestlcldes

found ln ontarlo soLl and surface urater ln the Great Lakes

Basln were relatlvely low and would not contrlbute slgnlf-

lcantly to dlrect contanrinatlon 1n the Great Lakes Basln.

HutJens (1972), Kohlenbrander (L972), ltenkens (Ig7?) revlewed

important elements 1n ag,rlculcure: nltrogen and phosphorus.

3.

4"

cwo verY
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6. LXTRII!INr^!.*

6.1 Introductlon

slnce very llttle has been done on the utlrlzatlon of the
bottom sedlments ln the agrlculture 1t was necessary to start accord-
Lng to the objectives outllned prevlouslv.

Ftrstry, select' adopr and nrodlfy sultable chemlcar, physlcal
and blologlcal methods for testlng sedLments.

secondlv' to verlfy tlre suitabllitv of dredged bottom sedlments
as agricultural so11 ln greenhouse experLments by.plantLng selected
plants under aeroblc condltions.

iRequlred properrles of dredged sedinrents serected for {agrlcultu_ral turrroses 
i

Dredged sediments which are to be considered for use as I

agrlcultural soil must obvlously meet two basrc condltr.ons:
:1. Safety aspects 
j

(a) Toxlc elements ln crops planted 
'n 

bottom sedlments or i

solls mlxed wlth bottom sedlments should not exceed permlss- i

lbJ-e levels.

(b) concentrations of harmful or toxr.c elements and conpounds

released from the sedlrnents by water, raln, snow, sleet,
shottl d be lower than those recornmended f or \+'ater f or pub11c

use.

2' Fercllrtv and crop vlerd should be equlvalenr to those of
good, productlve soi1s,
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Requlred

used as a

chemj.cal composition for bottorn sediments
ricultural soil

To be classified as highly productive soil.s as well as bortom

sediments must contain certain elernents in a suitable form. sixteen
elements have been demonstrated to be essenti-al for the gror,rth and

reproduction of crop pLants. Nitrogen was first proven to be essentiaL

for plants in the eighteenth century, the other 15 elements were

subsequently proven essential later. pLants contain sod.ium, iodine,
selenium and cobalt which have not yet been proven essential for them

but which are a necessity for man and animals who eat plants. silicon
and aluminium also occur in all plants but apparently they serve no

useful purpose. Nineteen elements are knorun to be essential for
animars that require 15 of the 16 elements needed by planrs (boron

is not required by animals) but, irr a<idi-tion, animals need -codium,

cobalt, selenium and iodine (Lamb, 1958).

After systematic investigations essential elements were

divided basically into rhe follorving groups:

1' Essential macronutrients: carbon, hydrogen, oxygen, nitrogen,
sulfur, phosphorus, magnesium, calcium, potassium: for the

most part the macronutrients form the plant structure.
2- (a) Essential micronutrients: iron, boron, manganese, molyb-

denun, copper , z),tc.

(b) supplementary micronutrients: vanadium, chromi-um, nickel
cobalt, tung,sten and titanium.
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The accurate function of micronutrients (iron, manganese,

zinc, copper, boron, nrolybdenum) is not knovrn. These elements may

limit plant growth either because they may be deficient in the soil,

or, as it is more often the case, because some condition in the soil

reduces their availability.

The group 2(b) forms a somewhat arbitrary grouping based

on the consideration that each of these elements can assume various

val-ency levels and hence participate in oxydation-reduction processes

within the plant cel1 (Giese, L973).

There are many papers, reviews, and monographs covering the

uptake of nutrients and trace elements from soils by various plants

and the metabolic and physiological functions of trace elements in

the fields of plant, animals, and microrganisms (Giese, L973), (Larnb

et al-, 1958). The revier,r of the rvhole subject is beyond the scope

of this study. Only little attention has been focused on the uptake

of elements from lake bottom sediments.

6-2 Sampling

Sampling locations

Main criteria for the selection of locations for sarnpling

bottom sediments were as f olloi,,rs:

1. To sample sediments from the areas selected for d::edging

in 1973-74.

2. To collect sediments characteristically contaminated

by industrial and municipal waste vraters and by runoff

from farmland.
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Flve locatlons were ch<',st'n, r.;rch representlnq certaln cvrres

of envlrorrpl1.11 1,,1 lnf lucrrccs on tlle se<llmr,nt.

I ' ll;tmt'l ron llarbotrr - Scdlments af f ectetl malnlv bv lndustrlal
(stcel lnrlustry) and nrtrnlclpal. was te r,raters contalnlng soluble
and lnsolublc concamlnants. (flgure 6)

2' Port stanlev - sedlments contamlnated by runoff from farmland

and lndustrral waste waters. Dredglng proJects are scheduled

for porr Sranley tn 1973_74. (ftgure 7)

3. _ Sed{ments contamlnated bi,

lndustrral and municlpal. waste e/ater lnput. (Flgure g)

4. LaFe St. Clalr - Sedlnents steadlly contamlnated mostl_y by

industrial (chernlcal) waste r.,aters brought by St. Clair
Rlver- A rarge dredgin* project r-s belng carrled out on

Lake Sr. Clair. (Ftgurs 9;

5. Humber B,av - sedlments contanlnated bv lnriustrlal (varlous

lndustrles) and mun{cipar r.raste }raters brought by }flrnico

Creek and llumber Rlver. (Figure 1O)

The longitudes and latltudes of sampllng locatlons and water
depth are presented in Table 4.

Factors affectlng the propertles and conposltlon of bottom
sedlments in the selected locatlons are surnmarized 1n Table 5.

6.2.2 !gg,_l_lne rncthods

Followtng, thc niechods ouLllncd by sly (1969) sedlnren! sanrples

were collected r'1th shlpek buckec sarnpler a'd Benthos gravlty core
uslng 200 cbr long plastlc tube of 6.7 cm lnternal rtlaneter. The

shlpek sampler uas uscd io collect surflclal sedlnrer-tts rdltlr the
maxlrnttm ctrtt i nn, .lsptlr up to 10 <:rn. The Ilenthos corer rvas used f or

I

I
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sedlment samplrng dow. to a deptlr of ro0 cnr. Trrcse sirmp)es;rrlowed

a deternrlt'raclon of selected paramet('rs ac dJffcrcnt sedlment depths.
To obtaln a rcpresentatlve sampre from each area (approx-

tlmatelv 400 m-) a numbcr of shlpck buckets wcre collected at dlfferent
locatlons ln each area. Some properties, r.n partlcurar, texture,
coLour, odourt were assessed and visualrv compared. The frnal sampre

was collected for the locatLon representlng tvplcal sedlment propertles
for the whole area.

6.2.3 S-torage, prenaratlon ancl descriDtlon of sedlments

collected shlpek samples were placed rn 2o r-pla.stlc buckets
and covered wtth Argon g.as. The buckets were sealed and stored ln
the coldroom at a temperature of 4oc. The Benthos cores were stored
at 4oC and withln three davs extruded and subsampled.

pir and I:h were nieasureci ln Shlpek buckecs lminecilately aftcr:
retrleval and on the Benthos core at the tlrne of subsampllng. Trre

sedlment external propertles (colour, texture, odour) were descrlbed
whlle subsampllng the Benthos cores. ltethods for extrudrnc and

subsampllng ttre cores and measurlng the Eh and pH were those of
Kenrp et al (L971). The corour of the sedrment was descrlhed usrnn

tlre }{unsell colour scale. *

To obtain a representatlve sarnpre a few cores were taken
f rom storage buckets bv hand i.'ith a 4o cm lonq plastlc ilenthos trrbe.

*)furrse1l Cglor Conrpany Inc., Ilaltimore, llaryl.and, 2121g, U.S.A.

I

I

I
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samples collected by this method were mixed in a large beaker and

divided into two parts. one part r.Jas air clired, stored in sealed

plastic bags and. used later for all experiments r.rhich required dry

sediments- The second part was used for water content determination

(by freeze drying) and for all analyses rvhich r./ere carried out on

wet sediments. The freeze dried sample after water content d.etermination

was sieved throught a 35 mesh screen to remove any shells or large
pieces of detritus. rt was ground to pass 200 mesh, stored in plastic
vials in a desiccatorand finallv used for the determination of chemical_

parameters.

. 6.3 Merhods

The methods applied in thisstudy are summari'zed, on page Zl_28.
If necessary, more details on the methods are on page 31_40. The previous

application of these methods is sr.rmmarized on page 29_30.

The selected methods perrnitted to assess the impact of the
bottom sediments on soil and crop safety as well as soil fertirity
and yield' An interrelationship among chemical and physical properties,
safety aspects and fertility of the sediments is sho'rn in Figure 20.
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termination Purpose: Ilethod: Reference

emical

alysis of
diments:

raching exp-
inent

To determine the amounts of
essential elements in collected
sediments

.To determine the quantities
of elements released from
sediments by simulating
conditions during dredging
or when sediments ar:e spread
on fields during torrent-
ial rains.

I{eia.ls: Acid excraction
followed by A.A. Spectro
photometric deLermination

Total ?hosphorus : color-
i.rnerical as orthophosphate
after sodium carbonate
fusion.
Total Nitrogen: Kjeldahl
digestion f,ollorved by
steam distillation into
boric acid solution
Total S_u1phu.s: by sod-
iun carbonate and

sodium nitrate fusion
Hot rvate_lr soluble boron:
col-orimetrical by curcurnin
rnethod

Inorganic and organic
carbgn: High ternperature
combustion in Leco

analyzet.

A ner.r rnethod specially
developed for this
determination.

St. Johns

(1973) Klein
(t972)

Parsons and

Strickland
(1968) Jackson
(19s8)

Bremner (1965)

Jackson (1958a)

J. I . I.Jear

(le6s)

Tabatabai and

Bremner (1970)

Kemp and

Lervis (1968)

This srudy
Page 31
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le f erence

lmeters To {ctcrmlne the quantltles }tetlrod based on llter- Tlrls study

of elements released frorn erature references, wlth Page 32

sedlment column hy percola- speclally desig,ned 5',1ass

tlng water and assess the lyslmeters (Ftf.. 11)

extent of leachlng elemenEs

from sedlments sPread on

the flelds.

cmeablllty To determLne the volume of l.Iater malntalned at a R.C. Reeve

water percolatLng through a constant leve1 ln 1ysl- (1965)

sedlment column and assess meters Percolating
the posslble runoff and through a sedLment

lrrigatlon capacltY column

of bottorn sedlments

lk denslty To derermine physlcal prop- Stanclarci }fethocls for E1ake, (1965)

rtlcle erties of sedlments considered soll testing Vomocil (1965)

nq{rv- Por- lrnoortarit for good crop F.A.S.1'. partlcle slze iiukavlna and_"'l

1ry, Partic- ylelds. analysLs based on plpette Duncan (1970)

: slze analYsis and EmerY settl-
.stributlon lng tube analYsls.

Lay mlneral- To determlne the mlnerals X-ray dlffrectlon Derl (1973)

present, ln sedlments whlch

affect the catLon exchange

capaclty and retentlon of
elements ln the sedlment.

atl.on ex- To determlne potentLal Ans'nonlun acetate
(ptt - 7)

Chapman (1965)

'.ange

apac 1 ty
so11 fcrtll 1ty

ly
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Reference

oassay

fertl1lty assay uslng mlxed algal

cu I ture .

eenhouse To study the sultablllty of Growing selected plantg

varlous bottom sedlments as under constant conditLons

ag,rlcultural soll by grow- (temperature, humldlty,

lng selected plants and sedlment amount, dral,n-

To evaluate pocentlal so11 llodlfled mlcroblolog'.lcal Tchan (1959)

en{ca}

ops

ralysls of and amounts of elements followed by acld extra- Johnson (1962)

evaluate crop yleld ap,e, waterlng)

To determine the presence }letals: dry ashlng l{ard and

contalnecl tr1 roots, Jeaves ction and A.A. sDectroph- water & h'aste 
i

and crop of grown plants. otometrlc determlnatlon water treatment

Research Sub-

dlvi'slon, CCTI\t

BurlLngton, (1973)

Iterrelatlonship between chemlcal and physlcal propertles of sedlments and safety aspects

rd fertlllty ls lllustrared ln Fig. 20.
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Prevl ous Ltork I'urpos c

slnrcters l.elrman and Wllson (1971) rrsed To strrdy the chemlcal changes ln
lyslmc.ters f i 1l.ed wl ttr calcareous ef f luent
sol1 for percolatlnp, Ehe domestic
ser.rage effluent

Vlnnik and Bolvshev (1972) used To studv the amounL and chemlcal
lvslmeters planted wlth trees composltl-on of water percolatlng
and g,rass through the lyslmenter.

lk denstty Donahue et a1 (1971), Harmon To study relatLonshlp becween solL
and Fraullnl (1940), Grlm and texture, fertllltv and CEC, to
Bray (1936) used thls study dlfference ln CEC on clays,
phenomenon. to determlne fhe varlatl-ons Ln

CEC of clay mlnerals r,rlth partlcle
slze.

Toth and Ott (1970) - deter- To study the effects of organlc
nined CEC on bottorn sedlnrents rnatfer content on CEC and changcs

from lludson and Delaware Rivers in CEC on uret and drv sedlnents.

loassay Gannon and Beeton (1969) stud- To conslder the dlsposal of dredged
led the effect of dredged spolls {n the open lake.
materlals from selected Great
Lakes harbours on plankton

and benthos.
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6.3.f I.erachInrJilc{_11cnr.s

I-e:rchlrlg experlment 1s a slmple test lntroduced wlth the
obJectlve to sinrulate condltlons durlng dredglng or when sedlments

are spread on frelds durlng torrentlal ralns. In both cases the
scdlmerrt 1s nrlxed wrth a large vorume of water and strrred v1r,.or-
otrslv: therefore, ln a laboratorv lnvestlgatlon a speclflc amount

of the sediments must be stlrred ln a many tlmes greater mass volume

of water and thc quantltles of elements released bv whatever mechnlsms

from the sediment r-nto the water determlned anaryticarry. The

quantitles released from suspended sedlments can be consl"dered the
mlximum under the prevailing conditlons.

Haniltcn lrarbour alr drled and wet sedlment, conslcered
extremel)r contaminated, and Lake st. clalr alr drled and **et sediment,
consldered less contaminated, were used for leachlng experlments.

slxtv g of the wet sediment and approxlmately 120 ml distl11ed
water r"rere stirred wlth a Teflon st.lrrlng bar in a 500 ml Erlenrneyer

flask for 24 and 48 hours ac a constant room temperature (2OoC). Tire

Erlenmeyer flask vras covered wlth polyethylene film to prevent
evaPoratLon. Dlstl11ed water was added to the alr drled sediments
to brLng rhe total vorume to 1g0 ml. After 24 hours of mlxlng wirhout
letting the suspensron settle 50 rnl of rt was qulckly poured lnto
a 100 ml graduated cv11nder. Irost of the sedlrne't was rerioved by
centrLftrgl,ng and rhe rest by f llrrarlon rhrough 0.45 }lilllpore f ilter.
Afrer 48 hours of inlxJng the rest of the suspenslon was irandled the
same kr&y.

The flltrate lras analyzecl for selected elements bv
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analytical procedures described bv Traversy (1971). The elenent

concentrations were expressed in ppm.

6.3.2 Lvsimeters

Lysimeters were employed to determine extractability,

release, and mobi-lization of elements in bottom sediments. The

elements analyzed in the effluent rvere calcj-um, magnesi-um, sodium,

potassium, cobalt, cadmi.um, copper, iron, 1ead, manganese, mercury,

nickel, zinc, nitrogen, phosphorus and organic carbon.

Appara.tus

Ten, 90 cm long, 7 cm diameter lysimeters were desi"gned and

corrstructed for this project. They consj.sted of truo parts, top

open cylinder and bottorn part, both made of glass. (tigure 11)

The .top cylinder had four holes for inserting pH and Eh

el-ectrodes. The electr:odes were nounted in l{algene stoppers and connected

to a pH and Eh meter. pH electrodes rirere calibrated against buffer

solutions of pH values 7 and 4. The Eh electrode was cari.brated

against a mixed solution of M/300 K3Fe(CN)6, I'I/300K4Fe(CN)U and

M/10 Kcl. The top cylinder was separated from the bottom part by

a disc of nylon 18 screen mesh, supplied by B.and S.H. Thompson &

co. Ltd, Montreal. After placing the disc on top of the bottoin

part both parts were joined by metal springs mounted on the glass

hooks. A Teflon outflor' ti-rbing r,ras attached to fhe outlet of the

bottom part. The lysiineters were fi11ed with rvet and dry sedirnents to

a level slightly above the first electrode outlet. The,rveight of the

sediment was approximately 700 g. rt took about 24 hours before the

sediment settled down in the lysimeters. Three elution liquids
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distilled rrater, dilute citric acid, pH=4, and sulfuric aeid, pH=4,

were Poured carefully on the sediment so that the sedimenl surface

was not disturbed. A constant height of the liquid column of 10 crq

was maintained by adding elution liquids with a separating funnel.

A 500 ml Erlenmayer flask was used as a receiver for the percolaLe.

This liquid was analyzed for the above mentioned elements. The

volume of liquids applied and percolated in the lysimeters during

the 14 day experiment was only about 400 m1 mainly due to the very

1or.r permeability of the sediment. Wet Humber Bay sediment ri/as

practically impermeable: therefore, this lysimeter experirnent rnras

cancelled.

The chemical analyses of effluents rrere carried out by

methods described by Traversy (1971).

6.3.3 Pe::nieabilitv

Perrneability of soil to water is a parameter used. conrmonLy

in soil science and is an absolute measure of the soil physical

condition- No information r{as found on permeability of bottom

sediments to water. Horvever, the knowl-edge of permeability was

consldered important to assess irrigation capability of bottom

sediments

R.C. Reeve (1965) described permeability along rvith rnethods

for permeabijity cleterrainaiion. Lvsirneters used for tl-re stuCy of

element release were employed for tl're determination of permeability

of bottom sediments to \,rater.
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The lvslmeters werc fllIcd wlth the lndlvtcJual secl lrnenrs

so thar tlre colurnn helght was 30 cm. Tlre frozen sedlnrents were

allowcd to thawed nnd tlren trserl . 'rlre dtsttlled w{rter column above

the sedlment column was malntained constantlv 10 cm lrlgh. The

temperature of qrater was tB-20oc. Tlre volume of percolate raras

mcasured and recorded daily.

Permeablllty of the sedlmc't to v/ater was carcurated

by the equarlon

n \tL
K=w p g AAhAr

w

in rvlrlch K, = permeability wlth water, 
"*2

V Volume of percol-ate in tlme At, cm3

L a length of the soi. 1 colum, crl

Ah = dlffernece in hydraulic head between the

inflow and outflor.r ends of the soil column, cm

A = cross sectlonal area of the solL column, cm2

At = tlme lnterval for volume of percolate V co

pass through the solJ., sec.

n E vlscosLty of water at given temperature, polses

o* = clensJt;' of Lrater, g p*, 
"*3

I o acceleratlon of gravlty, cm.sec-2
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O tNt,al

conduct lvl ty and

proposcd pernrcablllry clnsses

permeabl I 1ty, Table (6)

based on hvdraullc

TAI}LF: 6

Perrneablllty classes for saturated Subsoils, and the corres-
pondlng Ranges of Hvdraullc conductlvltv and l,ermeablltty

(O rNeal, 1952)

Class Perrneab 111 ty
2

cm.

Very slow

S low

Moderately

Iloderate

Moderately

Rapld

Very rapld

3 x to-10

3 x to-10

15 x 1"0-10

60 x 1o-10
170 x 10-10

350 x 10-10

15 x to-lo

6o x 10-10
170 x 10-10

350 x 1o-1o

700 x 1O-1o

7oo x 1o-1o

slow

rapld

llydraullc conductlvlty

lnches/hour I cm./hour

0.05 I o. rzs

0.0s-0.2 I 0.12s-o.5

0.2-0.8 I o.s -2.o

0.8-2. s I z.o -6 .2s
6.25 -L2.52.s-s.o | '

Is.o-10.0 I rz-s -2s.0

1o.o I zs.o
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6. 3.4 Ilrrlk rlons{tv^ rr;rrtlcle tlensl ! v, !otal poros l tv

Dctcrminatlon of bulk rlenslty, pa'ticle denslty, and cotal

of wet and alr drled sedlrnents was carrled out bv nethods

ln "llcchods of Soll Analysestr.

poros I tv

cle'scrlbed

6.3.5 Partlcle slze distrlbutlon

The partlcle slze dlstrlbutlon of a soll or a bottom

sedlment .expresses tlre proportions of the varj.ous sizes of partlcles

which !t contalns.

Ttre sand, s11t, clay percencag,e composltlon of each

sedlinent was determlned by a F.A.s.T. partlcle size analysis. The

method based on two establlslred procedures, plpett.e anal-ysis and

Emery settllng tube analvsls, was described ln detail bv Rukavina

and Duncan, (L972)

6.3.6 9l"v--@:efw
X-ray dtffractlon method ls the most useful method for

the ldentlflcation of mineral specles and quantltatlve estlmatlon of

their Propertions in such polvcomponent svstems. A method described

by Dell (1973) was used to study the bortom sedlments.

The ( 2ytf racti.on vr:rs obtalned by sedlmentatlon and then

magnesLurn saturated bv washlng three tlmes wlth 1N ltsclr. Excess

salts were removed from sample by washlng, wlth distilled water and

methanol untll the decantate vielCcd a rregatlve cirlorlde lesc. Ttre

clav was concentrated bv centrlfugacion anci then placeci on porous

ceramlc plates uslng an eye-dropDer and allowed to drv at room
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tempcrilturc. onc plate i-as glvcerol saturatcd by dropptng g, lvcerol
onto the dried sampre and allor"rlng to drv twelve lrours bcfore

X-raylng. Another platc was run fr'fst as an alr-dried samrrLe and

X-rayed agaln after heat treatment. The samples vrere examlned

wlth a Phlllps X-ray dlffractometer usLng cu Kdr,- radlatlon.

Four dlfferently prepared samples were used for X-rav

determinatlon: 1) air-drled sample, Z) glycerol-treated sample,

3) sample heated to 40oob for two hours, cooled ln the furnace to
200oc and placed 1n a desiccator untll x-raved,4) sample heated

to 52ooc for two hours, coored in tlre furnace to 2oooc and placed

l-n a desslcator untll X-rayed.

6.3.7 Catl.on exchange capacltv

catlon exchanqe capacltv and the content of exchangeable

catlons are among the factor frequentlV used to characterJ_sc aprl_

cultural sol1s, therefore, they were used for the evaluatlon of
bottom sediments as agrlcultural soll.

Most lnvestlgators at present enrprov methods based on

saturatlng the exchange complex wlth a glven catlon, and then

determinlng the total of the adsorbed catlons. Three reagents

commonly used for chis purpose are lN ammonlun acecate (pil 7),
lN sodJtrm acetate (pH 8.2) and o.5N bartum chlorlde plus 0.2H rr1_
ethanoamlne solutlon (pll 9.2). The flrst two nethods can be used on

botil calcareous and noncalcareous solls: che thlrd 1s trsed on aclcl

solls wlrere lt ls deslred to determlne both exchang,e capaclcy and

tlte amounts or excltangeable hvdrogen. The an:::ronlum acetate rnethod
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was used ln tirls worl: and ls dcscrlhecl by Chapnran (1965).

Tlre detcrmln:.rtl.n of exclranlicable catlon.s wqs carrled out
by a rnethod descrlbed by Jackson (195g) uslng r5e anrnonlum acecate
extract. rn tlre solutlon the metals were dcterrnlned bv atomlc
absorb tl on spectroscopy.

6.3.8 Bloassav

It was assumed that the applicatlon
tests for the evaluatlon of sedlment fertilitv
orlentatLon results.

of mlcroblo1og1cal

would bring fast

Bloassay experlments were carrled out wlth air drled, wet
and frozen sediments bv a method developed bv Tchan (1959).

Flve g' (dry weight) of sample was mixecl wlth 50 nr1 distill.ed
vrater ln 250 m1 Erlenmeyer flask, whlch ruas pluged loosely wlth a

cotton plug. The sedlment was allowed to settle and the solutlon
to cLear- A mixed a1gal culture was used as lnoculum. After the
lnoculatlon the sampre was lncubated at room terrnperature untJer a

battery of fluorescent lamps for 14 davs at a recommeded light lntensltv
of about 400 - 500 foot candle. The rlght condlcrons were kepr
constant for each 24 hours: 1g hours rlght,6 hours dark. The posltlon
of the flask r^'as changed every day to elrmlnate unequar lrlumlnatlon.
After l4 days the samples and contrors were flltered through .glass
fl1rer paper on Buchner fu..t:l . The resldue with the f1ltcr paper
Lras recurned Lo the flask and extracted overnlght bv methanol ln
darkness at 4oc. Tlre resldues were washed out wlEh small quantitles
of methanol. filcered, dlluted to 5O ml; absorbance was rneasured at
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6650 a. The control values rvere subtracted from the values of the

inoculated samples

Mixed algae culture and preparation of the inoculum: A

mixed algae culture rvas obtained frorn trrlardts Natural science

Establishment' Inc. and contained folloruing species: Pediastrum sp,

Eudorina sp., Anabeana sp., spirogyra sp., oedogonium sp., corteria sp,

The algae cultures were chosen because of their fast growth rate,

size and ease of handling. The recommer{ded medium for chosen species

is Soil-water medium (Pringsheim, L946). Variarions of this rnediurn

are for nonsterile culture, specially for isolation purposes and for
grorving algae in order to secure normal grorvth forus. The algal

culture rvas filtered through loosed packed glass wool to obtain

a ho-mogeneous suspension. The algal cells were then separated and

washed in distil-led rvater, centrifuged and finally resuspended in
distilled rvater. Two drops of this rvashed suspension i^/ere used for
each f1ask.

6.3.9 Greenhouse experiments

The greenhouse experiments lrere carried out in the green-

house of Mclnlaster university, Hamilton, ontario, und,er constant

conditions (temperature 2o-22oc, constant hunidity, regular watering) .

Wet sediments eollected in Harnilton Harbour, Humber Bay and Detroit
River and transported in closed pJ astic buckets rvere, pl,a c:ed separater ..,

jn three plastic trays about six rveeks before planting. T|e sedj-nents

became relatively dry. No fertilizers, manure or mulch were applied

during the whole experiment.
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Tlrrec 10 cm tonlato sec<!l lng of lndctcrminatc type
and tlrrec corh scedl I n1'.s wcrr. p lantctl 1n eaclr tray contalnlng approx_

{rnately 150 kg sedlmcnt. Ttre progress of tomato and corn growlng

was observed reg,ul;rrlv once a wcek" photographs (slides) were taken
every two or three weeks for a future evatuatlon.

Tto tomato plants from eaclr se<Jlment type vJere used for
plant anarysls. They L'ere rernoved carefully from the soll and

lmmedJ.ately subdlvlded lnto four organs.

t.
2.

3.

t.

roots whlch r"rere washed free of soil wlth water.

s tems

leaves

frui ts .

sie:ns and lcaves cf corn r,,ere analyzed together. Accor:4i.ng

to methods of ward and Johnston (1g62) all speclflc plant organs were

welghed, their water content determlned and then analyzed for
potasslum, calcium, magnesrumt manganese, r.ron, copper, molybderium,

zlnc, arsen, clrrornlun, nrckel , read, cadmlum, strontlum, cobalt and

mercury.
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6.4 $I-UJ!__{.I! r)rsc.r:ssrnN

9!t_tl't g:4-_.elfl1!!l_9_" of se<t I menr

Results of chenlcal analvses are llsted ln Table 7

(Rcnthos cores) and T;rble B (Shlpek sanrples). Tables slrow the element
contents of coll.ected sedlmenrs Ln a decreaslng order. rt is obvious
that the lrarnllton lrarbour sedlment has a greater quantttles of
nearly all elements than the other sedLments.

Letchinp exneLiments

T'e quantltres of elements determlned in the sedlmenc

and 1n the flrtrate in reachlng experlnrents as welr as the percenEage

ratlos of the _concentratl0n of elements ln the sediment and thac of
the f llrrace are shown in Tabi-e ll.

Cirlclum, nagnes1un, sodlun, potassium, 1ron, rnangAnese,

copperr nlckel, zlnc, nltrogen anci reactlve poo-ehosphorus \.rere.
r'elcased from the sedlments and determined quant,ltatlvely in the
htater. cobalt, cadmium, mercury, and organic carbon were not detected
ln the qrater.

The contents of calclum, magneslum, lron, sodlum, zlnc,
nlckel, phosphorus relcased from alr dried sedlnrents were higher
than those from wet sedlments. The ratlo of these rrro concents was

dlfferenc for each elenenc and sediment. Therc were neg11glb1e
quancLtatlve dlfferences between the amounts of organlc carbon, copperi
nltrogen,potasslum arrd manganese released from alr drlecl and wet
sedl-ments.

a
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f'hc :tmounts of el enrent s rc leased f rom ltamll ton Ilarbour

drv sedinrcnt wcre Rcrlcrally hlllher tlran those from Lake St. Clalr
dry sediment. on tlre other hand, on the percentage basls, calclum,

mag,nesltrm' potasslum and mang,anese percentap.e ratlos of the llanllton
Harbour sedlment and leachlng water lrere hlgher than those of the

Lake St. clalr sedlment and leachlng wat.er: percentag,e ratlos erere

nearly equal for sorllum and lron. Zinc, n1cke1 and copper percentage

ratLos of the Lake St. CLalr sedLmenE and leachlng vater were hlgher

than those of the Hamllton Harbour sedlment and leachLng water

The quantltles of elements released ln leachlng experirnents

were many tines hlg,her than those deternrlned ln lysl$eter percolates.

rn a l.e;ichlng experiment all so1 ld partlcl.es are in a continuous

contact wlth \.rater. on the other hand, ln a lyslmeter porosltv and

permeabLllty are the factors that declde about the frequencv of

Contact between r^rater and sedlments.

ConcentratJ.ons of elements detected ln leachlng experlnencs

were lower than those recommended for water for publlc use but

for mang"anese and nlckel concentratlons. .consequentry, it ma1, be

'assumed that the bottom sedl-ments dlsposed of in a landflll or used

as agricultural soll do not presenc any potential hazard to the

environment, ln partlcular, to the groundwater.
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TABLE 12

lletal concentrations released from bottorn sediments and detected

.in vat_er in 1-r/simeter and leachi_ng expefiments

I'letal Concentration Concentrations determined in rvater from
perrnitted by air dried sediments in:
Health Standards Lysimeters leaching experiments
(*g/r) (me/l) (rne/1)

Cadmium 0.0f

Chromium 0.05

Copper 1.0 0.006 0.08

Iron 0. 3 0.001 0.08 /

Lead 0.05

Ifanganese 0.05 0.001 0.07. Lake St. Clair

2.9 Harnilton Harbour

Mercury 0.005

Nickel 0.03 0.004 0.07

Zinc 5 0.C47 L.l

Detecti-on Limits
using solvent extraction

Cd - 0.001 mgll

Cr - 0.2 FslL

Cu - 0.001 mg/I

Fe - 0.05 r,.mg/l

Pb - 0.001 mg/1

Mn - 0.00f mg/t

Ni - 0.C0r ng/l

Zn - 0.001 rng/l

Hg - 0.0s fElI
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J:::-$g!s.ig

The quantltles of elements releascd by the three dlfferent

eluants were nearly the same, tlrerefore, only tlre resulcs frorn experlments

rvlth dtst11led ltater uere evaluated. Ouancltles of elements detected ln the

percolate along wlth the approprlate quantltles ln sediments and the

percentage ratlos

quantlty of elements ln the percolate x 100

quantlty of elements ln wet or dry sedlrnents

are shor,rn ln Tables 9 and 10.

Marked dlfferences were found in quantltLes of elements released

from wet and dry sedlments. Water ln wec samples suppressed anv larger

chernieal and mineralogical changes. Converselyr at alr drylng, extractability

and rnolirllzatlon capqclties of a number of elements were changed, arrd, con-

sequently, great,er quantitles of those elements were detected ln the effluents.

The arnoutlts of calclurn in the ef f I uents vrere small and dif f erent

for tested sedlments. Tfre percentage ratios were constant for Ham11to.n

Harbour, Detrolt Rlver, Lake St. clair, belng 0.1 for wet sediments, and

approxLmately 1.0 for dry sedlrnents. The percentage ratlos for Port Stanley

sedl-ments were completely dlfferent belng 0.05 for wet sedlments and 0.20

for dry sedlment respectLvely. Tte amounts released from dry sedlrnents were

slgrrlficantly hlgher than those frorn wet sedJ.rnents.

The nragnesium contents released were small and varled wldely.

'Ihe amounts released from dry sediments werc lri.gher than those froni

wec sedlnents. There Lras no correlatlon between the magneslum contents

ln wet or dry sgdiments and ln the effluents. Althoug,h thc nagneslurn con-

tent ln the llamllton llarbour sedlment was the lowest, the magneslum content

t'

t

I
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ttc'tr-'ctcd 1n the effluent frorn wet and drv secllrnents was hlghest wlttr tlre
excrrl)t lon of tlrt: Detroi-t lilver drv sedlurent. I'he percentilg,e ratlos 

'ere
equal for the Lake st. clatr, Detrolt ltlver, I)ort stanlev sedlments but

/slgnlflcantly lower than the llanrllton l.larbour ratio. The percentage raclos
dcsccndcd 1n thls: ordcr: H;rrnllton llarbour, Detrolt Rlver, Lake St. Clalr
and Port Stanlev dry sedlments.

onl.y mlnute quantltles of sodlum were detected in alI effluents.
The hlghest quantltv was released from the Hamllton Harbour sedimenc. The

quantltles of sodl.um released frorn dry sedlnents were slightlv hlgher, bv

20 - 50 per cent, than those from r*,et sedlments.

Potasslur0 was released lrr mLnute quantltles from wet and 4ry
sedlments. The amounts released from dry secllrnents rvere hlgher by a factor
of two than those f rorn wet seclirnents. No blg dif f erences ln percentafe
ratlos for wet and dry secllments were established.

Although the contenr of l-ron was large in all sedlnrents the

guantltles released frotn wet and dry se<lirnents and detected in the effluent
vtere extremely small' practically the same for all sedlments. The percentage
ratlos were In the range of 10-6.

The amounts of manganese were extremely smal1 in effluents from
wet and dry sedlments and dlfferent for varlous locatlons.

Mlnute amounts of copper were detected, same quantltles for wet
and dry sedlments taken from the same 1ocatlon, slJghtly different for all
locat lons ' Thc percentage ratlos f or wet and drv sedln,er) Ls were nracclcaJ.)-y

equal for wet and drv sedlments from the sarne locatlcns buc dlffer for all
loeatlons.
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On1.y minor quantities of zinc were detected. They ruere different

for all sedirnents . Zi-nc amourrts released f rom drrT sedinents h/ere aDDrox-

imately twice higher thar:, those from wet sediments. There was Door

correlation betrveen the amounLs of zinc in sediments and those in effluents.

The amounts of niclcel detected in the effluents from various

sediments were srnall and varied widely. The amounts of nickel released

from dry sediments were smaller than those from rvet sediments.

Although the amounts of lead were almost the sarne in the Lake

St' Clair, Detroit River, Port Stanley sedirnents, very high in the Hamilton

Harbour sediment'the amounts of lead released were at the levels of detect-

abi]-ity. No lead was detected in the percolate from Lake St. Clair and

Port Stanley sediments. Only a minute amount of lead was detected in

the dry Harnilton Harbour and Detroit River sediments.

The contents of cobalt, cadmiuin, mercufi, and organic carbon

r,rere below detectable 1evels in the percolating water.

The amounts of nitrogen released from all sedirnents r,rere sma11,

i-n parricular, for Detroit River, Lake St. Clair and PorL Stanley sediments.

The quantity of nitrogen released frorn dry sediments was slightly greater

than that from wet sedinents by about 2.57. The nitrogen content of the

Hamilton Harbour sediment devj-ated significantly frorn those of other

sediments, by nearly three degrees of magni-tude.

Jtlore phosphorus tvas released fron dry than r.ret sedinents bu,r- in

both cases total phosphorus quantities r.rere extrenely smal1, Ttre percenta5l,e

ratio, of order of the 10*4 .lenronstrated the small extractabilitv and mob-

ilization of phosphcrus i.n sediment columns.



47

'l'lrc :rmorrntr; of c'1e'mt'nts relcase<l f rom al1 sedlments and detected

1n ru;rtcr wcre Lowt.r tlr;rn tlr()se pernr{ tte<l bv llcirlch Standarrls (Table 12) .

Lchnra.n :rnd h l l son ( 19 71) f ound that che concentra t lon-s of

lron, rrant',anese, nlckt:l, coi)Per, zlnc, lcad, and cadmlum 1n a domestlc

sewage effl.ucnt were effcctlvely reduced durlng percolatlon throu;,,|1

cirlcareous soll. llowever, after a longer perlod of tlme larger quantltles

of lron, manp.anese, and copper were detected, lndlcatlng the posslble

saturatlon of the sol. 1 wtth these metals. From the aspect of saturatJ.on

bottom sedinrents nay be classlfled from unsaturated to saturated wlth

major, minor, and trace elenents. The degree of saturatlon depenCs on

a nunrber of factors such as the composli.lon, structure and partlcle

sl.ze dlstrlllution of the orlglnal uncontamlnated bottom sedlments,

the impact of winds, waves, currents, and the availability of contamin-

atlng metal compounds etc. The extremelv smal.l amount of elements

released from r.ret sedlnrents lndlcated that tlre sediments hrere unsaturaCed

wlth scme elernents and saturated wlth other elements. An oversaturatlon

was caused by alr drylng of sedlments.

Permeabllltv

Calculated permeabillty values of drv, wet, and frozen sedlments

to water as well as thelr classJflcatlon after OrNeal are shown ln Table

13. Permeablllty of bottom sedlments to htater could be classlfled as

-1 nverv slow (3 x 1O ^") and onlv for the ltamllton Harbour and llunber Bay

drv sercilmr:rrts as .s1cn.,, ( 3 ir 10-10 to 15 ,, 10-10). wet sedlnrent raken

ln l{unrber Bay was lm1>ermeable.
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Thc prt'treatrncnt of the scrllnrents had a deflnlte lnrpncE on

permeabl1lty. Irrhcn the sedlnients srcre alr drJed thelr structural

propertlcs changed probabll'due to at,grcgatlon. Pern,eabll1ty of dry

sediments was alwavs g,reater than that of wet and frozen sedln,ents. No

dcfintte relatlonslrJp was establlshed between weE and frozen sedLments

Sediment locatlon Permeabll ltv decrease

during a

landf i.I I

Harnllton llarbour drv - frozen - wet

DetroJ.i Rtver or; - uet - frozen

Port Stanley dry - wet - frozen

Lake St. C1air dry - frozen - wet

Hunrber Bav drv - frozen - wec (lmpermeable)

Very low permeabillty of bottom sedlments lndlcates that

torrentl-aL ralnfall the bulk of vrater wll1 run off frorii a

slce rather t-han percolate throup',h the sedlnient.

Clay tlt_neralory

The results of the mineraloglcal analyses of the sedlments

were summarlzed tn Table 14. The results vrere glven to the nearest percent

but the precision vras in tbe order of 5 per cent of the reported value.

The( 2,u fractlon of sedl-ments contalned 1n addlclon to clay

mlnerals substantlal amounts of non-clav mlnerals such as quartz,

feldspars and carbonates. The most abundant clay mineral ln collected

setlln,cnts 1s i111te rangJng f rcrn 35 to 55 per cent .of tire total ( 2p

fracLlon. Other cJ.ay mlnerals present are: expandable clay nlnerals,

0 to 2 per cent.; chlorlte, 2 to 6 per cent: vermlcullte, I to 4 per cent:
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n ntxcd-layer lO-14

I to 5 per ccnt.

Non-clav mlnerals

35 per cent; potash feldspai

2 to 5 per cent; calcite, O

per cent.

clrry mlnernl, 5 to 9 per cent and kaolinlte,
o

ln

,3
to

tl're 2u fractJ.on are quart.z, l1 to

to 7 per cent; plagloclase feldspar,

17 per cent and dolomlte, 0.5 to I

The lntenslty of dlffractlon from {nvestlgated bottom

sedlments was obvlously affected, ln addltlon to the concentratlon

of the ml-neral"s, crystal slze and crystal perfect,Lon, by a number of

factors such as organic matter, the abundance of varlous erements,

and arnorphous substances whlch acted as nondiffractlng dilutents.

The devlatlons in results could be ascrlbed to all these factors.

-Qeliq-Sjlglta u1g-c,a-pn c r ry.

The catlon exchange capacl,ty and the content of exchange-

able catlons for all sedi.ments in wet, dry and frozen states are shor.'n

in Table 15 and 16. The percentag,e ratlos of element contents Ln

sediments and contents of exchangeable catlons lrere calculated and

are presented ln Tables 17 and 18.

The replaceabllity of the exchangeable catlons varled ln

varlous sediments and among wet,, alr drled and frozen samples. The

greatesE catlon exchange capacity was found for llamllton llarbour

sedlmenc and Humber Bay sediment, the lowest for Lake st. clair and

Port Stanley seCiments"

No Ccflnite relatlonshlp could be establlshed berween
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dry, wet, and frozen sediments and cation exchange capacity. This

is in complete disagreement with Tothfs (1970) observations. Factors

responsible might be sediment composition, types of minerals present

in sediments and many others:-

Locat.ion

Hamilton Harbour

Humber Bay

Detroit River

Port Stanley

Lake St. Clair

Exchange

frozen
r_4.11

I^tet
]-2.77

frozen
9.10

wet
6.22

dry
6.0

Cation

dry
L4.T6

frozen
L4.66

dry
L0.15

frozen
9.55

frozen
7 .33

Capacity

\^ret
10.55

dry
12.66

wet
7.50

dry
6.22

wet
4.69

Air drying and freezing changed the exchangeabre

characteristics.

Air drying at ambient terperature:_

(a) tended to fix i-ron and manganese in an unreplaceable

form;

(b) did not affect the replaceability of nagnesiurn, sodium

(in Hamilton Harbour sediment), potassium (in port Stanley and Detroit
River sediments);

(c) increased the replaceability of calcium, copper , zinc,

sodium (in Lake st. clair and ilumber Bay sedjarents), potasslum (in

Harnilton Harbour, Lake st. clair and llumber Bay Sediurents).
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Freezlng and meltlng of sedlments:_

(a) decreased the rcpraceabrllty of potassrum, sodlu'l
lron, mnn*nn{:se, zlnc (except for port stanley and Humber Bay),

copper (ln llamtlton l{arbour, Humber Bay sedlments);

(b) drd not affect rhe repraceabrllty of magnestum (ln
Hanllton Harbour, Port scanl"ey and llumber Bay sedl-menrs), copper
(ln Port Stanley sedlrnent), zlnc (in port Stanley sedlment);

(c) - lncreased the replaceablltty of calclum and magneslum

(ln Detrolr River and Lake st. clalr sediments), copper (in Detrolt
Rl.ver and Lake St. clalr sedirnents), zlnc (in Humber Bay sedlment).

The greatest avarrabtltty of rron and manganese was in
wet sediments. By alr drvLng aird by freezlng considerable flxatlon
of irorr and mauganese.occured ln al-l- sedincnts. Ircn fLxatlon rras

more extensive for the Hamilton llarbour and ilumber Bay sedlments

than for tlre other three. Drylng of bottom sedlments reduced

exchangeable iron to almost trace levels. Ferrous and manganous

ions are raptdly oxidlzed in alr to ferrLc and manganlc i.ons and tend

to precipltate as insoluble oxldes.

when consr-dered as percentage ratlos the exchangeabre zrnc

ratlos lrere extremely varlable in all sediments. Although the zlnc
concentration of the HanLlton Harbour sedlment was relatlvery high

the exchangeable zLnc var-ue of the wet, sedlment was smarr. Dryrng

the bottorn secliment causeri obvlously such e chenrlcal change that t6e
cxchangeable zlnc lncreased to an extremel,w hlgh value, fron O.247,
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to 8.2X af. the total zlnc content of tlrc sedirnent.

Clay rnaterlals affect slgnlflcantly the catlon exchnng,e

capaclty of sedlments and sol1s. An attempt was made to evoluate

lndlrectly the catlon exchange capacity values using known caclon

exchange capaclty rang,es for lndlvldual clay mlnerals, (Grlm, 1968)

and mlneralogical composltion of ttr.(? fractlon of the lnveetlgated

sedLments determlned by X-ray dlffraction, (Table L4). Low and hlgh

catlon exchange capacltv values were used for organLc nnatter (100

and 150 neq/100 g) as well as for clay mlnerals. Partlcle sLz.e

dlstrLbutlon (Table 22> ytelded the percentag,e of clay materlal

ln the sedJments. The catlon exchange capacLty values deternlned

experimentally and those evaluated lndlrectly are surnrnarlzed in

Table 19. The same orders of catLon exchange capacity values were

obtained for those decermlned experlmentally anrl those obtalned by

using low catlon exchange capaclEy values for lndivldual cJ-ay mlnerals

and average values for org.anic macter (100 to 150 rneq/100 g). However,

both orders were dlfferent with the exceptlon of cation exchange capaclty

values for Lake Sc. Clalr sedlment wlrlch were the lowest ln all evaluatlons.

The lndlrectly evaluated Lower values of the Hunber Bay

sedlment were caused probably by a great amount of amorphous organlc

matter, whlch had a greater CEC than 150 meo/100g.

It has been repeatedly clalmed that the capaclty of a

so11, and cbviously of a bottorn sedlmerrt, to e>:chang,e catio:rs, ls

the best slngle lndex of poEentlal soll (sedlment) ferc111ty, (Donalrue

et al, 1971). 'n-lth regard to thls statement the tlamllton llarbour
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and Humber Bay sedlments shotrld be the most fertlre, the Detrolt
Rlverr Lake st. clalr, and i)ort stanle'y sedlmt'nts should show a

e lgnlflcantly lower fertlllty. Algal bloassay verlfled thls stnte-

ment, however, ln greenhouse experlments Humber Bay sedlment gave

a double yleld in tornato stemsr leaves and frults than the Hamilton

Harbour and Detrolt Rlver sedlmcnts. Conseouently, cauclon should

be exerclsed ln the lnterpretatlon of the results of catton exchange

capac I ty.

The knowledge of the effect of drying on cstion exchange

capacity and exchangeable catLon contents Ls very lmportant. The

dredged sedlnent vtll bc stored ln a p11e or spread on flelds rqhere

they wt11 slow1y dry under aeroblc condltlons.

Bl"oassav

Ttre results from the determlnatlon of algal grovrt.h are

shown tn Table 20. There were dl"fferneces between the Hamllton Harbour

and Humber Bay sediments and all other sedlments, and sma11 dlffer-

ences between the Lake St. clalr, port stanley and Detroit Rlver

sedlments. T'here were no large dif ferences among the r.'et, alr drled

and frozen sedlments. The devlatlon of tlre llamllton Harbour alr

drled sedJment was probably caused by a thln layer on the water surface

contalnlng. unvrettable particles that prevent.ed 1lght penetratlon

to the sedlnrent and algal cultures. However, correlatlon was established

arnong tlre alga1 bioassav, catlon c>:cirange capac 1ty , total pcrrosl cy and

greerrhouae expeflnenEs. The growth rate of to6lagoes and corn -*as

observed fn tnts degree: ll'.n'abcr Bay sedlrnent) Hanllton Harbour sed!:rent)

Detrolt Rlver sedlment.
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The bloasr;rry tests ln whlch algal cultures Here Rrown on

tlre hnrbour and opcn lake sedlments nnd changes ln oprlcal denslty
recorded gave some lnslght into thc posslble effect of sedlmenta

on selectcd genera of algae. supplemented by other testa they could

be useful for evaluatlng the bottom sedl-meng fertlllty and toxlclty.

However, more research is needed to establlsh deflnlte

relatlonshlp between growth rates of alg,ae and plants in bottom

sedlments.

{}ulk denslt.v, partlcle densltv. total_ porosttv.

Bulk densrty, particre denslty and total poroslty of arl
sedlnsrgr are shor^m tn Table 21. I.lith respect to the low part{cle

denslty of 2.43 the Humber Bay sedlment could be characterlzed as

sedlment contalnLng a large anlount of organic matter. The Hamrlton

llarbotlr sed lnrent cont.rJned a great arnouilt of f lnes anrl organlc matter.
The bulk denslty of wet and air-drled sediments was sJ_gniflcarrtly

lower than that of tlre other sediments. The bulk derrstty of the

dry sediment was nearly twlce greater than the bulk densltv of the

wet sedLment.

The sedlments collected from the DetroLt RLver and Lake

St. Clatr rn'ere simllar ln properrles and could be characterlzed as

typlcal mLneral sedlments. T'l're port Stanley sedlment contalnlng

the smallest conterrt of o::ganlc carbori had the greatest i;u1k denslty

and lowesc poroslty.

.After plantlng the seedllngs ln the sedlnents ln the

greenhouse the growth rate was dlrectly proportlonar to the total
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poroslty of the sedlment$: llamll ton Harhour ) llr.cnber Day) Detrolt
River- llowever rater (abouc 10-r2 r,eeks), the plant g,rowth changed

slgnlficantly and Humber Bay sedrment became the most productlve:
llumbcr Boy ) Harrilton llarbour ) necrolt Rlver.

It was lrnposslble to declde whether observed dlfferences
ln plant growrh were attrlbutable to the changes in the sediment

pore system.

Donahue et ar (1971), stated that normal root g,rowt,h is
severely restricted ln fine-textured horizons when the bulk denslty'
is greater than 1.4, and ln coarse-textured soil of bulk denslcy
above 1.6. rn thls investlgatlon the seillments used ln greenhouse

experlment.s had lower bulk denslty, Harnilton Harbour - 0.97 g/cn3;
Humber Bay 1.02 e/"n3, ancr Detrolt River 1.21 g/cm3 respectrvery.

Itore research work is required to draw a deflnlte concluslon
about the relatlon between total poroslty arrd tire growth rate of plants.

lgrllcle slze dlstrlbutLon

partlcle srze dlstrlbutlon dragrams for the lndlvidual
sedlments rvere pl0tted from the data calculated by a ccrw computer

program (Flgure 12, 13). The basic statlstLcal values along wirh
the sand, sLlt, and clay percentages are shou.n ln Table 22. Sedlrcents

collected from Lake St. clalr, the Detrolt Rlver, and port Stanrey

had a greater rnean grain slze than Hairllton Harbour and Hunber Bav

sedlments' suggesting a possible higher energy envl-ronmen!. He,mll.to'

llarbour sedlment contarned the hlghest atrlount of clay slze partlcles
whereas Lake St. Clalr sedlrnent had the lowest.

t'
I
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uslng the soll texture classlflcatlon and partlclc slze

dlstrlbutlon data the sedlmcnt coulcl be classlfled as follows:-

Hamllton Harbour alLtv clay

llumber Bay sl1ty clay

Lake St. Clalr sllty loam

DetrolE Rlver silty clay

Port Stanley stlty clay 1oam.

Partlcle size dlstrlbutlon aids characterlzatlon of sedLments \^rlth

regard to their use in agrlculture.

Greenhouse gJ:perim.ents

After sEartLng, plants seedllngs 1n Hamrlion Harbour

scdirnents had the fastest growth rate. The sedlrnent seemed to supply

the requlred nutrlents ln the rlght proportlons. However, t\.ro rnonths

later the g,rorotlr rate slowed dor^m slgntflcantly.

By contrast' the tomato plant.s ln Hurnber Bay sedlment made

contLnuous apprecl.able growth progress and surpassed all other

tomato plants. The tomato plants in Detroit Rivcr sedlment grew

slower than the other tomato plants durLng the whole perlod.

rnltlally, the cor-our of reaves was dark g,reen on the

tomato plant grown ln Hanllton llarbour sedlment, gre€n 1n Huurber Bay

sedlment and pale green in Detrolt RLver sedlment. Three months

later there was no colour dlfference between Harnllton Harbour and

llumber Bay leavcs and only a sl1ght dlfference belween these t,*,o

and Detrolt ]tlver leaves. Humber Bay leaves were wl,der and longer

than Hamlldon Harbour and Detrolt Rlver leaves in the followlng
order: -
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llumbcr Bay 1eav(ls

138 mrn long

8/r mm wlde

Detrolt Rlver lcavcs

115 rnm long

71 mm wlde

ilamllton Harbour leaves

110 nrn long

6l rrn wlde

Table 23 shows the fresh and drled welghts of roots,

stems, leaves, and fruits of tomato plants g,rown ln Hamllton

Harbour, Humber Bay and Detrolt Rlver sedlments. Table 21 shows

the water contents ln tomato parts. Stems, leaves and frults from

Humber Bay sedlrnent welghed twl,ce as much as those from Hamllcon

Harbour but the roots of the llamllton Harbour tomato plant were

hcavler than those of the Hurnber Bay tomato. The crop yleld of the

Humber Bay tomato frult was best, (100 per cent) followed by llamilton

Harbour (48 per cent) and Detrolt lttver crop ylelds (30 per cent).

Tlre greatest varlation ln water contellt was found Jn::oots, the smallest

1n fruics.

The results of chernlcal analyses of the corresponding

plant organs expressed in concentratlon ng/kg vere summarlzed ln

table 25. The quantLtles of elements ln speclflc organs of one plant

qrere calculated and tabulated, Table 26. The concentratlons of lndLv-

ldual eLements ln the sedLment roots, stems, leaves, and fruits were

arranged ln graphs. Indlvld.ral scales were provided to lllustrate

the dlfferences ln concentratlons. (Flgures 15, 1-13 )

Tornato plants did not take trp the rrarlous elements in

the proporclons ln whlch the elements occured 1n the sedLments.

Ttrey took up ma-jor, mlnor and trace elernents only to a cert.aln llmltlng



58

conccntratlon characterlstlc for lndtvlclual plant orgons. Generally,

the smallest elemcnt concentratlons were found ln the frults. These

facts were Prescnted sclrenratlcally ln Table 27. The concentratlons

were comparablc wlth those founcl by so11 sclentlsts investlgatlng

tlrc uptake of elements from solls, Table 29.

The effect of tlre concentratlon of the elements in the

sedlments on their concentratlon ln the tomato plants was evaluated,
(flgure 14) and the followlng conclusions drawn:

1. The greater the elcmenc concent,ratlon ln the sedlment

the Breater lts concentratlon Ln ttre tomato plant:1ead, iron, zlnc,

manSanese.

2. The greater the element concentratlon ln the sediment

the lovrer its ;oncentratlon 1n the tornato plant: copper, strontlun,,

cobelt (only partially valid)

3. The element concentratlon rn the plant approaches a

concentratlon llmit: arsen

4. In addLtlon to the element. concentration ln the sedlment

other factors affect 1t concentratlon ln the tomato plant and cause

great dlscrepancies:-

(a) Wlth lncreasing element concentratlon Ln the

sediment its concentration ln the tomalo plant

lncreases (Humber Bay) as well as decreases

(llarnllton Harbour) nlckel , cadmium, chromlum.

(see also ltem b)
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(b) The element concencratlon has hardly any

on lts concentratlon ln the tomato plnnt:

chromlum (see also ltem a).

effect

Urrtake of sqeciflc elements bv.tomato plants

Calc lum

The calcLum content was very hlgh ln all organs of the

tomatoes indlcatlng an easy release of clacLum from calcLum bearlng

rnl,nerals (calclurn carbonate) ln the sedlments. (flgure 15.1)

The highest. amount of calclum accumulated in the leaves, four tlmes

tlrat of the sedlments, followed by the calcLurn contents of stems,

roots and frults. Calcium concentratlons ln roots, stems and leaves

r+ere of 10r0C0 mg per kg dry basls magnltude. The lndlvldua.l con-

centratlons seemed to be llnrltlng values. There was no correlatlon

between rhe calclum quantlty 1n the sedlments and calclum quantlt,les

ln the varLous tomato org,ans. For example, although the calclum '

content of the sedlment was twlce that of Detrolt River sedlment the

calcium concencs of the roots and leaves were practlcally the same,

the calclum contents of Detroit Rlver st,ems and fruits lrere hlgher

than those of Hamllton Harbour tomato.

llggnesl.um

There was no correlatlon between the magneslum quantlty

ln the sedlnrenc arrd tire rnagnesium quantltles ln tomato organs,

(Ftgure L5.2). The domlnant factor seemed to be rhe avallability

of magneslum in the sedlrnents. llagneslum occurred ln dolomitic
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rlmestone, see Tablc 13. slncc dolomltlc llmestone is not so

readlLy dcc<lrnposcd as ls calclte tht amount of exchangeahle magneslum

vas less than that of exclrang.eable calclum.

The llamtlton llarl.lour sedlment had the loweet magneslum

concentratlon but the magneslum concentrations 1n roots, stems and

leaves were greater ttran those frorn llumber Bay and Detrolt Rlver

sedlments. Ttre magneslum concentratlons ln the fruits and roots from

all three sedlments were alnost equal and appeared to be converglng

to a deflnite value rangc, approxlmately 6000 mg per kg dry welght

for roots, and 2000 rng per kg dry weight for frults. The concentral-ions

of magneslum ln leaves and stems rarrglng frorn 5200 to 19,000 mg per

kg corresponded to the nutrient levels deternLned by the Soil Science

I)epartmenr, Iiichi.garr SLate Ltniversity, 1968.

Potassluq

The uptake of potassl-um by all tomato organs was hlgh and

rePresented one of the most Lmportant factors ln tomato plantlng and

had a direct lmpact on potasslurn deflclency, (Flgure 15.3).
Potasslum deficiency synptons :-

(a) plants rvoody and slow-growlng (observed maln1y on

tomato planted ln Detrolt Rlver sedlment, to a lesser extent ln

Ilamllton Harbour sediment)

(b) Some leaves are dary bluislr-grecn. There r{,as a

narked differcncc in cclour of the leaves nrentloned before: susoected

potasslum Ccflclency es one of the posslble causes;

(c) Frult ofren fatl c.o rlpen evenly (not observed);

(d) Curllng, yellowing, scorchlng, brownlng of leaf

marglns and tips (not observed);
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(e) Stems are weak (observed on Detroit River tomato)

The potassium concentrations varied rvidely in stems and

leaves of the individual plants, but were the same in the fruits,
approximarely 37,0000mg per kg.

Although the potassium concentrations were nearly the
same in the sediments and fruits, the uptake of potassium for one

plant grown in individuar sediments r.rere different : 929 mg for
Harnilton Harbour plant , 4oL4 mg for Humber Bay plant, and 840 mg

for Detroit River plant

J'c' shicluna (1962) propo"ed a following classificarion
of potassium minerals:

Relatively unavailable potassium feldspar, muscovite

Fixed or slowly ava11able

Potassium biotite, hydrous mica
i11ire

Readily available potassium exchangeable and water

soluble potassium

Table 14 shorved that the sediments differed mainly in illite
(Humber Bay 35%, Hamilton Harbour 372, Detroit River 502) and in
feldspar (Humber Bay L2z, Hamilton Harbour 6,2, Detrait River 5z).
rt was proven in leaching experiments that no significant amount of
water soluble potassium rvas available, see Table 1I. potassium

\nas present in an exchangeabre for-n in amounts st_,Led j-n Tab].cs 15, 16.
Hamilton Harbour sedirnent :

0'60 meq/100 g = 234 r,rg/kg = 14.5 z of rhe torar potassium

Humber Bay sediment:

0.18 nreq/100 g = 70 mg/kg = 3.9 Z of the total potassium
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Dctrolt Rlvcr scd

O.02 mcq/100 g -

Upon drylrrg the cat

dld not clrange I theref ore, noc

nble to plants was suspected.

Irien t :

8 mg/kg - 0.53 Z of tlre total potasslum

lon exchanp,e capactty of the sedlmente

potassium flxatlon ln forms unavall-

consldcrlng the resuLts from X-ray d1ffractlon, leachlng

erperlments and catlon exchange capaclty measurements the theoretlcal

conditions were totally unfavourable for the tomato growth. The

potasslum amounts determlned by catLon exchange capacity were comp-'

letely lnsufflctenc. I1ost of the pot.asslum was ln the form of the

relatlvely unavallable and slot"rly avallable potasslurn and only a

mlnor part was ln a readily avallable form.

The dlscrepancy beEween potasslurn uptake and available

exchangeable potasslum could be explalned only in such a way that

during the growln€i season, a maJor part of potasslum absorbed by the

plants had to come from the relatlvely unavallable potassrum that

decomposed and thereby released thelr potasslum.

Iron

Iron availabtllty to the plants ls related to many factors,
e.g. the proportlon of ferrous and ferrlc ions, type of prant, pH,

and aeration of the soll. Iron released from ferromagnesl-um mlnerals

rnay be absorbed on hurnus anC clays by lon exchange and becone unavall-

ab1e. Aeratlon makes lron unavallable as proven by Che deterntlnatlon

of catlon exchange capaclty of wet and dry sedlments. (Tab1e 27). The

mechanlsms'bv wlrlch ferrous lons are absorbed by roots and translocatecl
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to stems, leaves, and frults are poorly understood.

In all plancs tlte higlrest omount of lron was found 1n

tlrer roots. (f tgure 15.4). Tlre roots f rom llamllton llarbour serllment

ulth the greatest sedlment l"ron nmount contalned the greatest amount

of lron. However, there rrras no correlntton between the lron quantlcles

ln sedlrnents and roots of llumber Bay and Detrolt Rlver sedlmerrts.

Translocation of iron from the roots to the other pJ-ant

organs was lnteresting. The stems seerned to functl,on as a valve

allowing only a definite max{mum lron concentratlon, 25 rng per kg.

rron accumulated 1n leaves, j-n the range from 300 to 500 mp', per kg.

only rnlnute amounts of lron were transferred from leaves to f,rults.
A defintte maxLmum lron concentratlon, about 5 mg/kg, was found ln

the frults.

Nlckel

No corr:eI:ltlon was establlshed between the nlckel content

of the sedlments ancl nickel contenE of the plant organs. (Flgur:e 15.5)

Disregarding certain deviatlons, nlckel distrlbution in the roots,

stems and leaves vtas equa1. No nlckel was transl-ocated fron che stem

to the frults.

Chroml-um

No correlatLon was establtshed between the chromlum content

of the sediments and chromlurn content of the plarrt organs. (Flgure 15.6)

T'lte chronrlum concentrat1on 1n all tonrato crgans seemed to :rclrleve

deflnlte values, for roots aboui 20 nrg/kg, for steris 50-80 rag/kg

and for leives about lo mg/kg. The stems seemed to be the storage
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area

1.c.

llarbour

( rlgure

244-440

for

no

chrom I um. Clrromlum

chrornlum was detcctcd

Lead

appeared to bc unavallable to the frults,

ln f rults.

Tlre effect of lead content Jn the sedlment on the lead

contents of the plant organs was neg1lglble. (Flgure 15.7). f'fre

concentratlons of lead converged to deflnlte ranp.es: 30-45 mg/kg

for roots, 10-12 rng/kg for sterns, 25-34 mg/kg for leaves, and 2-3

mglkg for frults.

Cadmlum

SInce the cadmlunt concentrations were small ln both the

sedlrnents and the tomato plants, the analytlcal values deviated.

(Ftgure 15.8).. The greatest cadmlum concentratlon was determlned

ln leaves, ncarly equal ln roots and sterns and the srnallest ln the

fruits. cadml.um vras translocated from the Humber Bay sedlment in

greater amounts that from the Haml1ton Harbour and Detrolt Rlver

sedlments.

The lnitLal cadmlum concentratlon of the sedlment had no

effect on cadrnlum concentratlon of the speclfle org,ans of the to$aco

plants

Zlnc

Zlnc contents per tomaro plant was 7.2 mg ln Hamllton

sediment, 4.L mg for Hunrber Bay and 2.8 mg for l)etrolt RJver.

15.9). Ttre maxlmum zlnc concenCrat, lons -w-ere in the roots,

mg/kg; and stens, 200-360 ng/kg; and frulrs, 25-40 ng/l;e;
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The lntttal zlnc content ln the scc!lrnents affec!ed t.he zlnc contents

of the roots, stems, and leiaves, but d1d not affecc che zlnc content

of the frutt. The llamllton llarhour seclJment wlth an extrernely hlgh

zlnc amount had grcatest zlnc content than tomato plants grorrn ln

Humber Bay sedlment and both had a greater zlnc content chan tomatoes

1n Detrolt Rlver Sedlmcnt. The lrreg,ularlty ln the zlnc content of

the stem was dlsregarded

The zlnc concentratLons of the frults were practtcally

equal , 25-40 rng/kg dry basls, for al.l. sedlments. The percenrage

ratLos of the transferred zlnc from the sedlments and the zlnc amounts

ln the roots varled wldely, from 10 per cent for Hamllton Hirrbour

sedlment to 76 per cent for Humber Bay sedlment to 205 per cent for

DetroJ.t Rivcr scdiarcnt. The zlnc concentratlons of llarnllton llarbour

and Humber Bay sedlments were greater than those of roots. on the

other hand, the zlnc concentration of Detroit Rlver sedlment was

less than that of roots as well as leavcs.

S tront lum

Strontlum translocated easlIy from the sedlments lnto

the tomato plants. strontlum concentratlons of roots, stems, and

Leaves were hlgher than those of the sedlments buc signlflcantly

lower than those of the frults. (rlgure 15.10). An lnterestlng

relatlonshlp was found between the strontium conce.ntratlons of the

Dctroic Rlver sedirnents and tonrato plants an<i ll:rn1lton llarbour and

Ilusrber Bay sedlments and tomato plants. The lower tlre strc)ntl,un

concentratl-on of the sedl.ments the h16',lrer the stronCium concentraClon
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of the lndlvrdual port ro's of the tonrato plants. Ilowever, the
revcrse relatlonslllp was e.stabl lshcd betwcen llarnllton Harbour and

Humber Ray sed {mc'nts arrcr tomato plants. The hrgher the strontlum
concentratlon of the sedlment, the hlgher the strontlum concentratlon
of tomato plarrt s .

Coba 1 t

cobalt concentratlon 1n the sedlments ranged from about
10 to 17 mg per kg. (flgure 15.11). lltrh the exceprlon of the
cobart concentraclon ln the Detrolt Rlver sedlment the cobalt
content regularly dlmrnrshed in the order:- sedlment-roots-stems_
frult. However, the leaves accurnulated cobar-t and thelr cobar.t
eoncent approached tlrat of the sediment.

|ia-nganese

The r:ranganese uptake by p,.ants wlth t.e exception of
frult seemed to match the manganese concentratrons 1n sedlments.
(Figure 15.12). on the other hand, there seemed to be a deflnlte
llmit for the manganese contcnts 1n ro<.rts (300 mg/kg) and stems
(400 mg/kg) ' Irrhatever the lnltlal manganese content ln the sedlment
the uptake of manganese by tomato frult was mr.nuce, less than 1 mg

per kg dry weight. The uptake of manganese by leaves was always 15

per cent of the lnltlal manganese quanttty ln sedlments, and thus
the manganese amount ln leaves varled. lramllton lrarbour tornato

had the hl.g,hest total rnanganese concent.

LoJ:per

The lnltlal copper in the sedlmenr:-
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(a) scetned to havc' an lnverse relatlonshlp to thc

copper content of the roots and l.eaves, 1.e., the hlg.her

the copper content ln tlre sedlments the lor.rer content ln

the roots and leavcs. (Flgure 15.13)

(b) had not effect on the coppcr content ln the stenns;

lt was conslstently ln the range ot 20-25 rn8/k8'

(c) had no effect on the copper content ln the frulte;

lt was consistently about 20 mg per kg,.

The copper contents of the rools and leaves ltere always

htgher than those of the scems and frults.

Uptake of elements for plant growth and sedlment
.exhaustlon . _

The -plant Toots take up durlng the growlng perlod certaln

amounts of macronutrlents, mtcronutrLene and trace el-ements. Consequently

tlie sedimelt becomes exirausted, the J,ndlvldual elements are taken up

ln dif ferent proportlons.

An attempt was made to evaluate the over-all sediment

exhaustlon by calculatlng the loss of elements from a glven mass of

sedlment during the growlng season. Arbltrarlly, the sedlment mass

was taken to be 1000 g.

Two slmpllfying assumptLons were made:

1. 'every element ls ln aval1able form and

2. the plirnt takes up on1-y that portlon r.'hlch l-t needs

, for 1ts growth under prevalllng condltlons.

.The elenent concentratlons 1n the sedlments deternlned

analytlcally -*-erc base values expressed ln nB/kg or mg/1000 g

(Value A) , (Table 28) .
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Thc quontltles of elc:ments

to Ehc PIsnts \tere dctermlnecl analyti

one plant (Value B) ' 
Table 26'

Tire exhaustlon ttt1"s (E'V)

expressed 1n g:

EV - R/A

The calculated value

scale 1 - 3000'

translocateci from the sedlment

ca1ly and exPressecl in m8 Per

uas calculated as follows and

was Plotted on the logarlthrnlc

carr tllustrate the calculaclon
The followlng' exarnPles

of the exhausrlon values:

Tlre lron concentratlon ln Humber Bay sed

The lron concentratlon ln the planc (B)

Hypotherlcai exhaustlon of the sedimcnt

the gror^rth of one tomato plant 11-y=n/A)

In oLher vJords, 1 kg sedlment could provJ-de

lron for 1330 tomato plants (28'0OO mg/kg : 21mg)

The potasslum concentratlon In Humber Bay

sedLment

The potasslum concentratlon ln the plant

Hyporhetlcel exhaustlon of the sediment for

the grovrch of one tomato

In other words , 2'25 kg sedlment ls requlred

for one tornato Plant '

trnenc (A) 28,000 rng/1000 s

21 ng

for
o.75 g

1,800 rng/1'000 g

4,014 ng

2,250 g

studled elements were

an<l lretrolt P'lver sed1ments

(l'lgure 16 . )

The e:'Jraustlon values for the

plotted foi llarnllton Harbour' HuTriber Ray

for one plant uslng a logarithmlc scale
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To assess tlre accuracy of catlon exb,hanS',e'capaclty vriluea

of calclum, magneslum, potrrssium, zlnc, manganese, copper, and Lron,

the approprlate values for elemcnt uptake amount, element content

ln sediment, exchangeable catlon quantlry together wlth the amounte

of sedlment requlred to cover the element quantltles taken up were

surnmarlzed ln Table 28.

Conslderlng the root extenslon the mass of the sediment

requlred for one plant was estlmated between one and four kg

(Flgures 17, 18, 19).

If the mass of sedirnent requlred to supply the quantltles

of elements consumed for t,he plant growth were calcuLated fron the

eJ.ernent content ln studled sedlments one kllograrn of each sedlnent

would bc suf f lcicnt for all clcnlcnts except potessium ln.,Hu:nber Ilay

sedlment where 2.22 1<g sedln:ent was needed.

If exchangeable catlon qrrantity were used for the ealculatlon

of tlre requLred mass of the sediment then l kg sedl"ment would be

requh'ed to cover the uptake of zlnc, manganese, copper, and iron;

4 kg sediment would be needed for calclum and magneslum wlth the

exceptlon of llumber Bay sedlmenE, where 4.5 kg is requlred. However,

extremely hlg,h anct obvlously unreallstlc quantitles of sedlment would

be needed to cover thc loss of potasslum from Humber Bay (38 kg)

-and the Detrolt Rlver sedlment (105 kg)

From these calculatlons a concluslon could be drawn thaL

tl:e standard methocl for tlre determLnatJon of catlon exchange capaclty

rendered licorrect val-ues for potasslum.



70

S1JWARY

(.1) The suitability of contaminated bottom sediments collected in

(2)

Hamilton Harbour, Humber Bay and Detroit River lfouth as agri-

cultural soil was verified in greenhouse experiments by planting

tomato and corn with.a good crop yield. The crop yield of the

Humber Bay tomato plants was best (100 per cent), followed by

those of Hamilton Harbour (48 per cent) and Detroit River

(30 per cent)_. The Eh of the cropped sediment was over 250 nV.

For all investigated sediments the quantities of elements

released in leaching experiments \rere many times higher than

those determined in lysimeter percolates but were lower than

those recommended for water for public use (values in parentheses)

with the exception of manganese and nickel. The highest values

vrere determined for Hamilton Harbour dry seCirnent:

cd < 0.001 mg/l (0.01 ng/L), Cr < O.2 ng/L (0.05 ng/L),

Cu 0.08 mg/1 (1.0 mg/l), Fe 0.08 me/l (0.3 mglf), Pb < 0.001 mg/l

(0.05 ng/l), Mn 2.9 ^e/t (0.05 mg/l), Hs < 0.05 me/l (5 *e/t),

Ni 0.07 ng/I (0.03 ne/L), Zn I.I rl,e/L (5 urg/1;.

Consequently, it may be assumed that the bottom sediments disposed

of in a landfill or used as agricultural soil will not presenr

any potentiaL hazard to the environmentr in particular, groundwater.

(3) Tomato plants and corn clj,d noc talce up various elenrents in tire

proportions in rvhich the elements occurred in the sediments or

7.

were determined as available in cation exchange capacity measrrrement,
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leaching e>periments or lysimeLers. Tomato plants took up major

and minor nutrients and trace elements only to a certain limiting

concentration characteristic for iridividual plant organs. Following

maxlmurn concentrations were determined for tomato fruit:

K 37,000 mg/kg, lIg 2,100 rng/kB, Cb 1'700 mg/kg, zn 40 rng/kg,

Sr 30 mB/kB, 'Cu 23 mglkg, Pb L2 ng/kg, Co 7 ng/kg, Cd 2 me/kg'

Arsenic, rnolybdenum, manganese, chromium, nickel and mercury

were not detected in tomato fruit-

(4) The reguired sediment mass to cover the uPtake of elements by one

tomato plant varied from one sediment to the other, for examp|e

for Humber Bay sediment it was evaluated as follows for specific

el-ements: K 2,240 g, Ca 24A g, Sr 130 8, MB L20 g' Cd B0 g,

Cu 50 B, Co 48 E, Cr \7 8, Ni 14 8, Zn L0 g, Mn 9 g, Pb 6 g,

Fe<1g.

RECOMMENDATIONS

(1) The present investi-gation ended with successful gr.owing of tomato

plants and corn in sediments in a greenhouse. Field tests, however,

are required to evaluate all problems encountered from the trans-

port of dredged sediments and spreading on the fields to the

changes rvhich may occur in the sediments during and after the

growing season.

(2) To continue the greenhouse experiments for different plants in

order to assess the overall utilization of sediments in agriculture.
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El ement
(;on t en t

l,!'il:l: ?

(llr:t:11'.t's 111 (l1t11Posltlt,rr of lltrtttrnr lit'tl tnrt'rr!s

(iol lect i'.t f rt-inr L;tkt. lir tt' ;rn<l Lakt. Orrt:rr lo

1.,\KI.: litt I li t.AKl.: oN't'Aluo
."tt a.," r.'.t t '*dt-lti.a.l-c(O-1 cnr)

surf ace sc,tl itncnt
( 0- I cnr)

before
Irrrltrstrlallzatlon

Ca

Na

FeZ

1

2t

Itg Z

P7(

lln Z

st:l

2.27

0 .68

4.52

2.2L

o. 111

0.r3

27.O7

2.7L

5.94

0. 39

927

100

55

270

LO2

2L

163

./ 2.45
0.71

3. B0

2.28

0 .068

0.07

27.L7

2.62

5. 75

0.41

663

4L

36

l.23

60

22

BO

5.76

1.18

3. 86

1.78

o.r42

o. 38

25.11

., 7.'>

5.15

0.37

2,302

230

90

369

720

2B

228

lntlustrlal lzatlorr

r.33
0.79

4 .38

1.84

0.o53

0.10

27 .95

2.87

6.50

"- 0. 38

B5

30

36

9B

74

25

118

ppb

Pb

Zn

N1

Co

7"

"t

Hg

ppm

PPM

pPm

PPN

ppm

pPn

lft--



li I trop,cn r I'itt'rspltorlt: Ac

SoI<l dtrrInR

T,\ltl.1!i J

lcl nnrt l)otaslt Cotlt;tluetl ln l:crtll lzers

tlrc Ycrrrs 1971 ittrd 1972

l.97L

Contained
'f onnage

so1 d

Total

t97 2

Provlnce

::r:rtef 1a1 |

,r-io

'r|
';rnada

irlxtures:

1;t119

':rI,
inad a

.irlo

'.1-|
.rda

Tonnage
sold

Tota1

364,96A

1,112,999

529,789

997 ,979

894 ,7 49

2, 110 ,9 7B

N I t rogen
(N)

i'l.rosphor1c
ac ld

(P205)

30,462

r9g,424

98, 81 5

77O,357

r29,277

359,781

Potash=
(Kzo)

'\1 7 )Q

46 ,831

84,942

r56,362

r17,671

203,1 9 3

n'ltrogen
(N)

Conta i rred

33,319

199 ,803

100,4oo

3.7t!,294

133

-'tl4

l'otash
(Kzo)

Ij
I

I
I
I
I

I:i? ?4,

43,3{O

86 ,57 9

15t),568

Phosplroric
acid

(r205)

379, f,08

1,171,355

525,408

1,OO3,875

905,016

2 ,Ji 5,23O

99,279

285,037

42,83L

82,8r4

142,110

367,851

101 ,563

277,236

42,2L5

78,9O4

Ll13,778

356,140



TARt,F: 4

SA}IPI-E LOCATIONS

Snrnpllng locatlons Latl tud e Longl ttrde htater
Depth (m)

Chart
Figure ll

Hamllton
Harbor

r,3016. 8'N 79or,8.5'tI 10 6

Port Stanley lnslde harbour
see chart

4 I

Det ru.l t Rlver 42ooo'N B3oog'lJ 5 a

Lake fit. Clalr 42c'29.5tN g2o 42.5'\,tr 5 9

Huml"rer Bay 43o37.7'H 7go27 .7'w L2 10

\
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TABI,E 7

chemical composition of core sections 0-3cm and r5-20cmcollected bv Benthos Corer

Hamilron I Humler Bay I letroitnarbour L l River
Port Stanleyl Lake

I Sr. Ctai
0-3 L5-2A 0-3 15-20 0-3 I5-20 0-3 15-20 0-3 L5-20

,c

al C

a1 P

a1 N

z I s.os

z 
I ro.oz

oo* I 
6,000

oo* 
I 

3,200

oo* 
1121,300

oo'" 
| 

11,800

ppm I L,440

pp* I 7,100
I

on* 
I 

70,s00

on* 
I 

1,200

nn* i 4,700

ppb I o,roo

I 
6.10

I g.n

| ,.,,,0
I

I 3,250

26,LO}

4, Boo

L,20O

6,g5o

35,500

3,000

4,500

2,ooo 

I

o.2s I

I

4,B4o 
I

,'T

,?B 
T

'.2l
__t,rl

,,, I.-,I
I

"i
,go 

I0's 
I2l

3.05

6.7 2

2,4O0

2,50o

51,500

7,000

1,700

2,650

27,OA0

430

3,500

3,950

0.2

520 
,

I30i
I

220 |

I

4so I
I
I

46 
1

I
81 

|
Itrl
I

160 
|
I7l
I

1l

| 2.4s
I

4.6s

1,600

1,900

12,500

6 ,600

1,950

2,400

27 ,5OO

410

5,300

2,r0o

I 2.ee
I

I

| 7.18

1,600

r,450

63,000

2L,LBO

2,400

3,300

31,900

460

1,200

2 ,800

sr) Ppm

PPIIl

Ppm

ppm

PPM

pPm

nnm

ppm

ppm

Ppn

ppm

0.28

L0,760

330

250

820

475

I,005

]-73

2,6L0

48

6

0.1s 
10.12

402 
| 

23s

"l 33

210 | 13s

,so I 1so

oul sB

uri 6s

trl 14

130 
I 

86

'l 3

11 1

I.45 I

4.28 I
I

I

330 
I

1,050 
I

9,800 
I

8,g00 
I

1,600 
I

2,800 
I

)1,100 
I

210 
I

esO 
I

1,750 j
I

I

o.10 
|

tro 
Io, 
I

1?3 
Is0 I

I

32 
1

I2,t I
I

I

'ol
'ol
,T

I1l
I

I .95

6.20

1,400

1,010

69,000

9 ,800

2,750

3,600

21,950

s45

1,020

230A 
\

0.18

70

25

2l.0

7B

2T

30

8

33

3

1

1 .30

4.04

39,

1,30r

L4,751

11,40(

2,7O(

3,80(

23,00(

41(

q\r

2,50C

2.57

8.52

2,000

1,400

81,000

27,4OO

2,750

4,2AO

19 ,500

420

800

2,850 
i

0.0e 
10.08

ea I ro

42 I ro

130 
I 

]7a

1le 
I 

60

"l 42

"ltl 10

"l 36

rl z

,l 2

Ch** .



Ctremical comPosition
collected bY

TABLE B

of bottom sediments
Shj-pek samPler

)rg. C

lotal- C

total P

[ota]- N.

)a

vIo

K

Na

Fe

Mn

s

Hg

B(hot water

Zn

V

Sr

tPb

t\1

Cu

Co

Cr

cd

Be

4.97

7 .54

4,oo0

3,255

2L,750

4 ,600

t,600

6 ,800

40,500

I ,600

5,500

5,300

o.32

4,160

45

236

1,100

66

2.74

4.87

1, 785

2,L40

13,250

6 ,100

1 ,800

2,800

28,000

400

B,20o

3,300

2.7 2

s.42

700

|,277

11,700

1l-, 600

1,500

2,95O

32,900

410

800

2,500

0.10

117

24

138

B5

35

32

1nIV

40

2

1

r.7 6

4.26

s45

830

16,750

9 ,300

z,4oo

3 ,9oo

22,20o

6?-O

980

1,900

0.14

68

27

230

93

?.8

29

-lo

6/

Hamilton
Harbour

Humber
Bay

Detroit
River

Port
StanleY

Lake
St. Cl-air

2.2L

5.L2

500

r,260

12,100

]2,750

2,300

so1-)

ppm

ppm

ppn

ppm

ppn

ppm

ppm

ppm

ppm

ppb

ppn

ppin

pplTl

ppm

ppn

ppln

ppITI

ppn

ppm

ppm

ppm

0.15

408

30

248

269

50

15

L4

L24

8

1

3,900

22,2O0

405

900

2 ,500

o.L2

78

z5

L28

BB

2-7

?!r

1nl_u

26

2

I

136

L]

330

15

2

It

39

2

1



TABLE 9

Quantltles of elernents detected Ln the
Lyslmeter percolace and percencage ratlos

CALCI1;1T , POTASSIU}I

I.IET DRY WIiT DRY WET DRY WET DRY

Sample mg ln Z of dry rng. ln Z of dry Sample rng. ln 7 of. dry m8. in Z of drl
effluent velght effluent welght effluent welght effluenc welgtrc

Hamilron 23 O.1O 186 O.85 1 0.06 I. 0.06
Harbour

Lake st. 15 o.L2 L2o 1.0 t' o'05 2 o'10

Cl.alr

Detrorr 13 o.11 115 o.98 1 o'07 2'5 0'17

River

Port I O-O5 34 0.20 1'5 0'06 2 0'08
Stanley

MAGNESIUM COPPER

mg. ln 7 of d.ry mg. ln Z of dry
ef f luent welg,ht ef fluent welghr

Harnilton 8 0.17 14 0.30 0.006 0.004 0.006 0.004
Harbour

Lake st. 4 0.o3 I 0.06 0.004' 0.011 0.003 0.009

Clalr

Derrolr 4 0.o3 18 0.16 0.005 0.016 0.005 0.016
RLver

port 3 o.O3 5 O.O5 0.007 O.O24 0.007 0.024
Stanley

Sample rng tn Z of dry mg. ln Z of dtY
effluenE veiglru ef fluentr , weLg,hE

SODITn|

Sample ng. in Z of dty mg. l-n Z of dry
effluent welght effluent velght

. ZINC

rng. ln 7" of dry mg. 1n 7 of dry
effluent weighc effluent wcl.glrt

Hamltton 7 0.105 9 o.13 0.016 /r x 10-3 0.047 1.5xLO-3
Harbour

Lake st. 2 0.05 3 0.08 0.006 B x 10-3 0.010 0.01 3 '

Clalr
Derrolr 4 a.L4 5 0.17 0.008 7.1>:10--1 0-017 0.015
Rlver
porr 2 0.05 3 0.08 0.005 8 x 10-3 0.007 0'.010
Stanley



Quantities of elements detecicd in
Llsimeter percolate and oercentage

IRON

the
ratios

I'ANGANESE

I,]ET DRY I.IET DRY

I,IET DRY I,IET DPJ

mple mg. Ln
effluent

7" of dry Tng. in
rveight ef f luent

% of drY mg. in 7" of dtY

r.reight ef f luent weight7 of dry
weight

mg. in
effluent

mil-ton
rbour
ke St.
air

troit
ver

rt
anley

x 1o-6

x 1o-6

x 1o-6

-?1x10" 10-3

10-4

10-3

10-5

10-s
_I!

10.

0.001

0.00L

0.001

0.0003

2

4

3

l-.l-xLO-6

LEAD

% of dxy rng. in % of drY
weight ef f luent rveight

mg. in % of d'tY

ef f luent r'reight

1x 6x

5 x 10-4 -q8x10-

mB., in 7" of drY
ef f l-uent weight

7x

2x
3x

1x
3x1o-4 7

'-?
1x10- 2

4

3

x

x

10-6 o.oo1

10-6 o.oo1

10-6 o.oo1

-56x10-

-qx10"
-lLx10

0.0003 1.1x10-6 5x1o-4 8x1o-5

TOTAI NITROGEN

mple mg. in
effluent

.r,ri1ton
rrbour

rke St.
.air
rtroit
.ver

rrt
:anley

tmple

0.046_t,
5x10-

.nd

*lLBx10

nd

-55x10'

nd

-L9x10

nd

2

-?8x10"

-?11x1-0 -

-?/rx10-

0 .061

_lt
x 10'

_tt
x10

_lt
x10

1.5

I

5

6

B

nd

nd

nd

nd

nd

nd

nd

*10-3 5x1-o-4

x 1o-3 6.1x1-o-4

xl-o-3 5xl-o-4
nd

NICKEL

mg. in % of drY
ef f luent r'reight

mg. 1n
effluent

Z of dry
r.reight

E]TACTIVE ?lIosPHoRUS

me.' in % of dtY mg' in 7 of drY

"?ir".". 
weight effluene weight

rmilton
rrbour

r.ke
:. Clair
:troit
lver
)rt
!anIey

Bx

6x

5x

1o-3 1.5xlo-3

1o-4 3 x 1o-3

1o-4 1.7xlo-3

ro-4 1 -7xto-3

-? -?2x10- 3xl0-
( -'1, -L9x10-'4x10" l>r1o

zxLo-4 3x1o-3 5x1o-4

1o-4 3x1o-3 5x1o-4

ro-4 t.Bx1o-3 4x1o-1'

4

3

1.

-? -?10 - 1.5x10 -

^alo-J B x 1o-'

-? -110 ' 3.5x10 -

?t.- a.
3.5x10 --

-11.7x10 -

.-1
2.SxLO '

-11.5x10 '

4x

3x
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TAlil,ii l3

SEDI}'INNT PER}IEABILITY

SA}fPLE COI-DITIONS PERMEABILTTY IN cm2 RATE *

.AI'IILTON HARBOUR dry

frozen

wet

3 * to-10

t * 1o-10

6 * 10-11

slow

very slow

verv slow

)ETROIT RIVER dry

frozen

wet

1.1 x 10-10

-1 1Bx10--
2 * 1o-11

very slorv

very slow

very slor.r

LAKE ST. CI,AIR dty

frozen

wet

2 x 10 '"

-]'t7x10--
-] 13x10--

ve r s lclr

very slow

very slor.r

PORT STANLEY dry

frozen

!/et

5 x to-1I

3 * to-ll
-'t 'l

I x 10 --

very slow

very slorv

very slow

HUI.'BER BAY dry

frozen

wet

-'l o6x10*"
-1 12 x 1O ^-

s l-orv

very slow

*classificatLon after O rNeal (published in Methods of soil analyses )
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Cation Exchange

bottom

TABI,E 19

Capacity of the collected

sediment samples

eri.mentally determined

cEc

l^iet
iment

r0.6

72.8

7.5

6.2

4.7

Hanilton Harbour

Hunber Bay

Detroi.t River

Port Stanley

Lake St. Clair

CEC Evaluated from

natter = 100 neg/100g

Clay I'fineralogy

CEC of org. matter = 150meg/100g

CEC clay
Low

HH

CEC of org.

cEc
Low

clay values
High

values
High

DR

HH

18.2

L7.6

15.1

l-4.9

9.6

i_5 .3

IT.7

'o '.?

8.4

7.L

HH 2L.3

20.5

17.8

].6.6

11 .4

HB

DRPS

DR

HB

Dry
Sediment

L4.2

L2.7

L0 -2

6.2

6.0

11.6

.9. B

8.6

.6.9

5.3



TABLE 20

Green Pignent Determination in Collected
Bottom Sediment Samples

(absorbancy at 665 n6U )

SAMPLB DRY SEDIMENT

o66s

,WET SEDIMENT

Does

FROZEN SEDIMENT

Doos

HAMILTON

HARBOUR .236 .374 .368

}II'MBER 
.

BAY .r49 .L43 .L4L

LAKE ST.

CLAIR .07s .47 5 .o7 5

PORT

STANLEY .085 .069 .o64

DETROIT

RIVER .o67 .065 .064



TABLE 21

Irlater content, bulk denslty, partlcle denslcv and poroslty
of collected sediment samples

;A]'lPLE I.IATER
CONTENT

(%)

BIILK DllNSITY
(e/"*:;

l.let I Dry

PARTICI.E
DENSITY

(s /"t3;

POROSTTY (Z)

]AXILTON

HARBOUR 55.79 0.51 0.97 2.55 61 .83

DETROIT

RIVER 40.23 I .02 1.21 2.66 s4.46

LAKE ST.

CLAIR 41.68 0.9s r.15 2.65 56.56

PORT

STANI-EY 28.2I 1.34 1.41 2.60 45.48

HI]MBER

BAY 45. 80 o.79 t.o2 2.43 58.O



TABI,E 22

Particle size distribution of collected sediment -samPles

SEDI]'{ENT I'IEAN i

GRAIN SIZd
I(phi) 
i

STANDARD

DEV]ATION
}lEDIAN

GRAIN SIZE
(phi)

COI'TPOSITION
silt clay size

60.50 37 .50

sand
7"

PORT

STANLEY



TABLE 23

I,leight of fresh and dried tomato organs gror.rn in
Harnilton Harbour, Humber Bay and Detroit River sediments

TA3LE ?4

I,Iater: content of tornato organs grorvn in
Harqilton Harbour, I{umber Bay and Detroit River sediments

SEDI}lENT Tomato
Organs roots stems leaveslfruirlTOTAL

}IAI-fILTON

HARBOUR

Fresh

dry

B.B

1.9

l-33.6

13.3

L26.O

14 .5

110.6

8.2
369 .0

38.0

HUMBER

BAY

Fresh

dry

7.8

L-4

473.5

32.L

400.3

38.5

233.5

t7.2

1115.1

89.2

DETROIT

RIVER

Fresh

dry

3.6

0.9

99.3

8.1

B5 .0

8.1

81 .l-

5.2

269.O

". 23.3

SEDII'fENT ro?/rs stemsIleavesIfruit

HA]'{ILTON

I]-ARBOUR 7 B. O one BB. 5 92.5

HUMBER

BAY 8T.B 93.2 90.4 92.7

DETROIT

RIVER 75.2 91. B 90 .5 93.7
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Ca

Mg

K

Fe

Cr

Ni

Pb

cd

I af

I

,co
I

I l'tt
I

I

Cu

I

As

Ilo

Zn

ir-..b

TABLti 27

Iilement concentration gradlent
in tomato organs

L>S> R>F

S=L>S>F

S>F>L>R

R-L>S>F

S>R>L>F(n.d.)

R = S = f, > F (n.d.)

R > L > S > F.

R>S>L>F

L>S>R>F

L>S>

R=L>

R>L>

L>R>

R>F

S=F

S>F

S=F

R>S=L>F

R > S = 
".r 

U

R.>S>L>!'

Element concentratLon range
in tomato frul-t

500 - 1,750 mg/kc

1,700 - 2,100 mglke

35,000 - 37,000 mg/kg

3 - 5 mg/kg

n.d.

n.d.

2 - L2 mg/kg

25 - 40 mglkg

| - 2 ms/ks

13 - 30 mg/ka

O - 7 rng/kg

n.d.

2O mg/kg

n.d.

< 0.1 mg/kg

( 5 r:raltg
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found l"n soils and plants

TARI-I 29

Total concentrations of trace elements typlcally

Conc. ln Solls f+ll)
Common Range

0.06

0.5

100

0.r_ - 40

2-100

0.01- 7

5 - 3000

1-40

2-100

2-200

100 - 4000

o.2 - 5

10 - 1000

0.1 - 2.0

20 - 500

10 - 300

0.1_ - 5

30-75

0.2 - 0.8

0.2 - 1.0

0.0s- 0.5

4-15

0.1 - 10

15 - 100

1-100

0.02- 2.0

0.1 - 10

15 - 200

>75

>50

s0 - 100

>10

> 200

v
l
I
l
t'I
t.
t
I,

Conc. in Plants Vg,/e)
Normal r Toxlc

I
1

FROM: Page, A. L. (1973)
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Flgure 17- Roots of a tomaEo plant grosn ln ttamllcon Harbour sedlment



Flgure 18. RooCs of a Comato planc 8ro'utn in Hurnber Bay sedimeoE
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Chemical analYsis of sediment

Particte size distribution

Density

Soil fertilitY Yield
Ctay mineralogY
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