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MANAGEMENT PERSPECTIVE

This report provides information on the availability of metals in
contaminated sediments to some plant speqies. The information can be
used in planning of a proper design of Confined Disposal Facilities
used for the disposal of contaminated sediments dredged from the Great
Lakes waterways.

It can also be useéd -in assessing an alternative for a remedial
action plan for the treatment of contaminated sediments at the Areas

of Concern in the Great Lakes Basin.



COMPARAISON DE LA CROISSANCE ET DE L'ABSORPTION DE METAUX
PAR '

CYPERUS ESCULENTUS, TYPHEA LATIFOLIA ET

PHRAGMITES COMMUNIS POUSSANT SUR

LES SéBIMENTS CONTAMINE% DANS DEUX PORTS .DES GRANDS LACS

PERSPECTIVE ﬁE GESTION

Cet expos& fournit des informations sur la disponibilité
des métaux des s8diments contaminés pour certaines espéces de
plantes. Ces ;nformations peuvent étre utilisées dans 1la
planification des installations d'élimination restreinte
utilisées pour 1'élimination des sé&diments contaminés drague’s

dans les voies navigables des Grands Lacs.



EXECUTIVE SUMMARY

A bioassay was carried out to investigate the availability of
metals in contaminated sediments c¢ollected from Hamilton Harbour,
Ontario, and Times Beach, Buffélo, N.Y. Both sediments were ﬁeavily
contaminated with metals, in particular, Zn, Cu and Pb.

The objective of the study was to evaluate the suitability of
different plants for colonizing contaminated sédiments dredged from
the Great Lakes waterways and dvi_spo\se_d at Confined Disposal Facilities
(CDF's) along the shoreline. The' growth and metal‘ uptake by two
macrophytes (Typha latifolia and Phragmites éorh’tﬂunis) was compared to
Cyperus esculentus, a plant designated as "index plant" in past
studies by the scientists from U.S.A. and The Netherlands. The
experimen‘i: was designed to simulaté the growth of the plants in a
marsh (flooded sediment under reduced conditigns) and at an upland
condition (oxidized sediment with a regular field moisture capacity).
The wuptake of me'tauls by TIypha and Phragmites indicated that both
plants are suitable to colonize CDF's containing sediments with high
metal concentrationé. The suitability of the "index" plant for the
prediction of metal availability from contaminated sediment was
confirmed by the experiments.

The study was funded by the Environmental Laboratory, Waterways
Experiment Station, Department of the Army, US Corps of Engineers,

Vicksburg, Mississippi, and was carried out under ECD-236 study.
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RESUME

On a effectué un bio-essai pour &tidier la disponibilité
des métaux dans les sédiments contaminés prélevés dans le
1'Etat de New York. Ces deux sédiments ont &t& fortement
contaminés par les métaux, particulidrement le zinc, le cuivre

et le plomb.

L'objectif de cette &tude &tait d'évaluer la possibilité
de diversés plantés & &tablir des colonies dans les sédiments
contaminés dragués dans les voies navigables des Grands Lacs
et déposés dans des installations d'élimination restreinte

(IER) sur la rive. La croissance et 1'absorption des métaux

de deux plantes macrophytes (Typha latifolia et Phragmites

communis) ont &t& comparées 3 celles de Cyperus esculentus,

- <ecfue comme "plante indicatrice” au cours d'&tudes

»antérieufes effectuées par des scientifigques des ﬁlats-Unis

et des Pavs-Bas. L'expérience a &té congue pour simuler la
croissance des plantes dans un marais (s&diments inondés dans

ages cohditions réductrices) et dans les conditions des bas-plateaux

(sédiments oxydés avec une capacité d'humidité normale des

champs). L'absorption de métaux par Typha et Phragmites a
colonisation des IER contenant des s&diments 3 forte teneur

en métaux. Ces expériences ont permis de confirmer 1'utilité

de la plante indicatrice pour prévoir la disponibilité des mé&taux

dans les sé&diments contaminés.

L'2tude a €t5 financée par 1'Environmental Laboratory,
Waterways Experiment Statior, Department of the Army, U.S.
Corps cf Enginzers, Vicksbirg, Mississipi, selon le contrat

ECD=2236.



INTRODUCTION

La prise de conscience des effets n&fastes pour l'environnement
associés & l'Slimination en eau libre des déblais de dragage
contaminés a entrafné l'augmentation de 1'&limination de ces
déblais dans des installations d'élimination restreintes (IER)
dans les Grands Lacs. Une fois les déblais de dragage déposés dans
les 1ER, les plantes peuvent &tablir une colonie sur le site.

Les déblais de dragage finement granulés contiennent de
grandes quantités d'€léments nutritifs qui favorisent une
croissance vigoureuse des plantes. La cr&ation d'un marais ou
Eelle d'une zone de restauration de la végé&tation naturelle
constituent deux des solutions possibles pour la gestion des IER.
De nombreux sites d'élimination sont de plus en plus utiliséé
p'r les poissons et la faune. Plus de 145 espices d'oiseaux
ont &té observées dans les IER des Grandsé Lacs (U.S. Army
Engineers Waterways Experiment-Station, Vicksburg, 1985).
Cepehdant,,des contaminants peuvent passer des déblais de

" dragage disposés 3 ces endroits aux plantes et ensuite 3 la
chaine alimentaire. Un test a &t& mis au point 3 la Waterways
Experiment Station (WES), Vicksburg, Mississippi; E.-U., afin
d'évaluér la consommation par les plantes des cohtaminants
sontenus dans les s&diments. Ce procfdé a été aprligué pour
tester un certain nombre de sédiments contaminés et a donné
des résultats et des renseignements précieux pour préveir
i'absorption possible paxkles plantes de contaminants provenant
des déblais de dragage (Van Driel et al, 1985; Lee et al , 1983;
Polsom Eﬁ;il' 1981). Ce procédé consiste & faire pousser une

rlante indicatrice, Cyperus esculentus, dans des sédiments testés

Sans des conditiors simulant des milieux de terres humides et
de bas-plateaux. La croissance des plantes, la phytotoxicité
et la bicaccumulation des contaminants sont surveill&es. Dans

les s&diments contaminés, un rapport a &té observé entre



INTRODUCTION

The awéreness of adverse environmental‘impacé associated with the
open water disposal of contaminated dredged material brought apout
increased disposal into confined disposal facilities (CDF's) in the
Great Lakes. After dredged material has been Placed in a CDF, plants
can invade and colonize the si?e. Fine-grained dredged material
contains great quantities of nutrients which promote a vigorous growth
of plants. The creation of a marsh or natural revegetation are two of
the available alternatives for the management of a CDF. Many of the
disposal sites become extensively used by fish and Wildlife.' Over 145
species of birds have been found ai the Great Lakes CDF's (U.S. Army
Engineers Watefwaﬁs Experiment Station, Vicksburg, 1985). However,
contaminants may move from disposed dredged material into plants and
subsequently into the food chain. A test was develobed at Waterways
Experiment Station (WES), Vicksburg, Mississippi, USA, to evaluate the
uptake of contaminants from sediments by plants. This procedure has
been applied to testing a number of contaminated sediments and has
given valuable results and information to predict the potential for
plant uptake of contaminants from dredged material (Van Driel et al.,

1., 1981). The procedure involves

1985; Lee et al., 1983; Folsom et

growing an index plant Cyperus esculentus in tested sediments under

conditions of both wetland and upland environments. Plant growth,
phytotoxicity and bioaccumulation of contaminants are monitored. A
relationship was observed between the uptake of some metals by Cyperus

esculentus and other plants, including agronomic crops, in a
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contaminated sediment under. similar conditions in a greenhouse.
Consequently, thg test results obtained by the plant bioasgay can be
used to design appropriate management strategies of CDF's to minimize
the mcbilitf of contaminants through the ecosystem developing at the
n;w disposal area.

| In this study a plant bioassay was carried out with contaminated
sediments from two Great Lakes harbours, the index plant Cyperus
esculentus and two macrophyte species common in the Great Lakes

coastal marshes, Typha latifOIia-and Phragmites communis.

Scope of Work

A study of uptake of Cd, Co, Cr, Cu, Ni, Pb and Zn by the
freshWate; marsh plants Typha latifolia and Phragmites communis  was
conducted with sediments under extreme oxidized (upland) and reduced
(flooded) conditions. Cyperus esculentus was used as the index plant
in the experiments. Sediments were analysed for total and DTPA-
extractable metals.

The specific objectives of the study were:

1. To assess the accumulation of metal by Typha latifolia and
Phragmites communis, common species,growing in the Great Lakes
marshes;

2. To determine the suitability of the greenhouse double-bucket
technique for the assessment of the growth/contaminant uptake by

these, and similar, plant species.
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rimental Design

a)
b)

c)

_Sediments/soils used in the experiment were:

Times Beach sediment, Buffalo, Lake Erie

Hamilton Harbour sediment, Lake Ontario

reference soil (sandy loam) supplied by the Waterways Experiment
Station (WES) Vicksburg, Mississippi, U.S.A.

Plants used in the experiment were Cyperus esculentus, Typha

latifoiia and Phragmites communis.

All three plants were grown under upland (oxidized) and flooded
(reduced) conditions. |
Under flooded conditions each plant/sediment combination was
replicated four times, except WES reference so0il, which was
replicated two times.

Under upland conditions plant/sediment combination was replicated
four times in Hamilton Harbour, three times in Times Beach and
two times in WES refererce soil. (The reason for fewer
replicates was the lack of the sediment shipped from Buffalo, and
the soil supplied by Vicksbﬁrg,)

There were 57 pots, 30 under flooded conditions and 27 under

upland conditions.

Sediment Selection

One of the objectives of the bioassay experiment was to test

contaminated Great Lakes sediments. Sediments from two sites were
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chosen for the experiment. The sites are located in the lower Great
Lakes and the general geochemical composition of the sediment is
similar. .The sediments from both localities are contaminated mainly
by metals from local industrial wastes, and are not suitable for open
wﬁter diposal. Confined disposél facilities already exist at both |
sites. Localities of selected sites shown in Figure 1 are following:
° Times ﬁeach, Buffalo

° Hamilton Harbour

WES reference soil was described by Folsom et al. (1981).
Plant Selection

The other objective of the experiment was to assess the growth
and metal uptake by ﬁacrophytes common in the Great Lakes marshes. .
Iypha latifolia and Phragmites communis are dominant wetiand
macrophytes in the Great Lakes Basin and both are virtually
cosmopolitan in distribution. In the Great Lakes Basin, Phragmites
occupies drier sites than Typha latifolia. In addition, both species
grow naturally at the Buffalo's Times Beach disposal area. Cyperus
esculentus was used as an index plant to compare the uptake of metals
from sediments by Typha and Phragmites. Cyperus esculentus also grows
in the Great Lakes Basin in nature wetland habitats as well as

cultivated field as weeds.



EXPERIMENTAL PROCEDURES

Treatment of Sediments and Reference Soil

Times Beach sediment obtained from the upland conditions at the
disposal site and WES reference soil were shipped in plastic buckets
to Burlington, dntario. Upon arrival, the sediment and soil were
divided into two portions. One portion was distributed into the inner
containers of.the dbuble buckets, filled with demineralized water and
maintained under 5 cm layer of water. Hamilton Harbour sediment was
collected using a box corer. The flooded conditions'were created as
described above. The second po;tion of both, the Times Beach and
Hamilton Harbour sediménts and the WES reference soil were air-dried
in thin layers on trayé lined with polyethylene sheets. The dry
material wés ground to pass through a 2 mm sieve. Sieved sediments
and soil were transferred into .inner containers of double buckets and
moistened tp 70% of field capacity. The "double bucket" construction
for upland conditions was described by Folsom et al., 198l. Sediments
and soils prepared under flooded and upland conditions were maintained

in the greenhouse for four weeks prior to planting.



Plant Species

Cyperué esculentus tubers used in the experiment originated from

-tge same source as tubers used in corresponding experiments by Folsom
et al. (1981).

Typha latifolia seeds were obtained from a marsh located at the
western end of Lake Ontario. A small experiment was also conducted
using Hamilton Harbour sediment and TIypha rhizémes and plants.

Phragmites communis seeds were obtained from the same 1location as

those of Typha. Phrapgmites rhizomes were also included in the small

experiment mentioned above.

Greenhouse Environment

Cyperus esculentus was grown in the greenhouse from 14.August to

28.September 1986, Phragmites communis from l4.August to 31.October

1986, and Typha latifolia from 15.August to 7.November 1986. The
average day and night temperatures during the experiments were the
following:

August 15 - August 30: Day average 33°C; night average 25°C
September 2 - September 15: Day average 29°C; night average 25°C
September 16 - September 30: Day average 27°C; night average 24°C
October 1 - October 15: 'Day average 25°C; night average 24°C

October 16 - October 30: Day average 27°C; night average 25°C
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Relative humidity r#nged from 65% to 90%.
The average day length in August was 14 hours, in September 12.5

‘hours in October 11 hours.

Germination, Planting, Growing and Harvesting

Cyperus esculentus

Five presprouted Cyperus tubers were planfed in each container
with sediments and soil. The'growing period in the sediment was 45
days. No flowering occqrred during this\petiod. After 45 dajs the
plants were harvested. All aboveground tissues, roots and tubers were
collected from e;ch pot, rinsed with demineralized water, blotted dry
with filter paper and dried to constant weight at 70°C. Aboveground
tissue and roots were ground to a powder in an automatic grinder using
an achate grinding dish to avoid metal contamination. Tubers were

‘stored unground.
Iypha latifolia

Seeds of T. latifolia were germinated in the greenhouse in a
plastic tray filled with a 1l:1 mixture of peat and vermiculite,
saturated with deionized water. The seedlings were grown in the peat:

vermiculite mixture for ten days when they reached about 2 cm height.
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Five blants were then planted in each container with sediments and
soil. The growing period in the sediment was 84 days. Aboveground
tissdes, roots and rhizomes were collected from each pot, rinsed with
demineralized water (sediment particles adhering to the roots and
rhizomes were removed with a plastic brush), blotted dry with filter

paper, and dried and ground by the same technique described for

Cyperus.
Phragmites communis

Seeds of P. communis were germinated in a plastic tray filled
with about 4 cm thick layer of sediment frdm an uncontaminated lake in
Ontario. Germinated seeds were grown in moist sediment for 165 days
when they reached a height between 5 and 19 cm. Before planting into
the containers with tested sediments, roots of eacﬁ seedling were
washed with deionized water to remove the growing substrate. Five
seedlings were planted into each container. At the time of planting
each seedling had an additional small shoot (about 1 cm long). Since
the plants differed in size, five seedlings of comparables sizes (1
taller, 3 medium size and 1 shorter) were planted in each container.
The growing period in tested sediments was 78 days. All above ground
pérts and roots were collected, rinsed with demineralized water,

blotted dry with filter paper, and dried and ground as described for

Cyperus.



ANALYTICAL METHODS

ElantMSamgles

The concentrations of Pb, Zn, Cu, and Ni weré determined in all
pulverized aboveground tissue samples by Inductively Coupled Plasma
spectrometry following the method described by Mclaren and Berman
(1981). The concentrations of Cd, Co and Cr were determined in the
plant extracts by flameless atomic absOrption sSpectrometry. The
accuracy of the procedures was verified régularly by subjecting a
étandard sample to the overall analytical procedure (U.S. National
Bureau of Standards, Standard Reference Material 1571, Orchard
Leaves). The analytical precision as determined by replicate analysis
of several samples of C. Esculentus, T. latifolia and P. communis was

generally <15%.

Sediments and Reference Soil

Total concentrations of major elements (Si, Al,‘Fe, Ca, Mg, K,
Na, Mn, P and Ti)band trace elements (Cu, Cr, Co, Pb, Ni, Zn, As) were
detérmined by X-ray fluorescence spectrometry using the method
described by Mudroch (1977). The precision of the analyses was
determined by analysing five pellets made from a homogenized sediment
sample. Relative deviations for major eléments in samples can be

expected at the following levels: SiO, 2%; K,0 and Al1,0, 4%; Fe,O, and
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Ca0 2%; and MgO and Na,0 10%. Absolute deviations of 0.01% to 0.02%
weté, found for MnO, TiO, and P,0,. Depending on their content
absolute deviations for .trace elements (Cu, Cr, Co, Pb; Ni, Zn and
As) are to Se expected in the range of 1 to 15 ug/g. .The accuracy of
tge‘ analyses was checked by rﬁnning Canadian Reference Standards
Syenite SY-2 aﬁ soils SO-2 and SO-4 and comparing the results with the
stated reference values for major and trace elemenfs. Total Cd was
dgtefmined by atomic absorption spectrometry using graphite furnace
.after digestioﬁ of sediment and soil samples with fuming HNO3 (five
times to dryness on a water bath). |

The'concentration of Hg was determined by a gold film mercury
analyzer after digestion of sediment and soil samples by HNO3:HC1
(20:1) using procedure described by Mudroch and Kokotich (1987). .DTPA
extractable metals were deiermined in dry, homogenized sediment and
lsoil samples prepared for planting and in sediments and soil samples
maintained under floéoded conditions for four'weeks prior to planting.
One composite sediment or soil sample was obtained for each tested
substrate. Flooded samples were taken with all ﬁrecautions necessary
to avoid aeration of the sediment. DTPA extracts were prepared
according to Lee et al. (1983). Concentrations of Cu, 2Zn, Cr, Ni, Cd
and Pb were measured in the extracts with flame atomic absorption
spectrometry and compared with standard soliitions of these elements
dissolved in ghe same extractant. Background correction was made.

Total C, organic C and inorganic C were determined in dry

sediment and soil samples by a Leco Carbon Analyzer. Organic C was
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determined after decomposition of inorganic carbon by hydrochloric
acid, and inorganic C is the calculated difference between total C and
organic C.

pPH of flooded sediment or soil was méas‘ur‘ed by a combination

- glass electrode (Metrohm) inserted directly into the wet sediments.

PH of upland sediment or soil was measured in a 1:2 sediment or soil -
water suspension using the air dried samples.

Particle size distribution was measured by a sedigraph using the
method described by Duncan and LaHaie (1979).

Mineralogical composition of sediments was determined
qualitatively by a powder X-ray diffraction using the Cu-target and

the Ni filter.

RESULTS

Sediments

Physical and chemical properties of the sediments and the
reference soil are presented in Table 1. Although Hamilton Harbour
and Times Beach sediments originated from the lower Great Lakes
drainage basin, the input from local industries affected the
composition of each sediment. The greatest difference was the
concentration of Ca (16.912 and 3.82% Ca0 in Hamilton Harbour and
Times Beach sediments, respectively). Calcium in Hamilton Harbour was

present mainly as CaCO; (high inorganic C content and presence of
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mineral calcite), and originated most likely from the lime used by the
steel industry in Hamilton. Times Beach sediment contained greater
‘qUantities éf organic C and K than Hamilton Harbour sediment. On the
other hand, the concentration of P was greater in Hamilton Harbour
sediment. Particle size distribution was similar in both sediments,
and with the exception of calcite in Hamiltén Harbour, both sediments
had similar mineralogical composition. Most common minerals were
illite, feldspar, quartz and chlorite. These minerals are common in
lower Great Lakes sediments (Mudroch, 1983). The WES reference soil,
classified as sandy loam, had much smaller concentration of CaCoO,,
organic C and P than both sediments.

Concentrations of trace elements in the sediments and reference
soil are presented in Table 2. Trace elements (Ni, Co, Cr, Cu, As and
Cd) were present in similar concentrations in Hamilton Harbour and
Times Beach sediments. Hamilton Harbour sediment contained greater
concentrations of Zn and a smaller concentration of Pb and Hg than
Times Beach sediment. .Concentrations of trace elements in sediments
from both localities are compared to those found in the sediments from
different areas of the lower Great Lakes in Table 2.

Concentrations of €d, Co, Cr, Cu, Ni, Pb, Fe, Mn and Zn extracted
by DTPA from. Times Beach and Hamilton Harbour sediments and WES
reference soil under upland and flooded conditions are shown in Table
2. The ratio of DTPA-extractable to total element concentrations

(Table 3) indicated the mobile fraction of these elements in the
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sediments. This fraction was associated in previous experiments (Van
Driel et al., 1965; Lee et al., 1983) with the plant-available
fracﬁion. The ratio was.highest for Cd iﬁ both sediments under upland
conditions, followed by Cd under flooded conditionms. However, the
ratio was different for other elements in Hamilton Harbour and Times
Beach sediments. Under flooded conditions, Cu and Pb appeared to be
more available in Times Beach sediment than in Hamilton Harbour
sediment, and Zn and Ni were more available in Hamilton Harbour than
in Times Beach sediment. Under upland conditions, greater quantities
of Cu, Ni, Pb and Zn were extracted from Hamilton Harbour sediment
than from Times Beach sediment. Only small portions of Cr, Co, Fe and
Mn were extracted from both sediments by the DTPA extraction

procedure.
Plant Growth

Cyperus exculentus

The C. esculentus -experiment was conducted on Hamilton Harbour
and Times Beach sediments and o6n the reference soil supplied by WES.
Cyperus performed best in Hamilton Harbour sediment under flooded
conditions (Table 3). The poorest growth was obtained in Times Beach
sediment under flooded conditions. However, there was a small
difference between the yield of nge;us grown in Hamilton Harbour and

Times Beach sediménts under upland conditions. Cyperus grown in



- 14 -

Hamilton Harbour under flooded conditions developed the greatest root

grown in WES soil.

Pﬁragmites communis

P. communis were grown on Hamilton Harbour and Times Beach
sédiments and WES reference soil.  Phragmites performed best in
ﬁamilton Harboﬁr sediment under flooded conditions, followed closely
by those grown in WES soil also under flooded conditions (Table 3).
The growth was very poor in Times ‘Beach sediment wunder flooded -
conditions. However, Phragmiteé produced similar quantities of
aboveground tissue in both sediments and soil wunder upland
conditions. The difference between the growth of Phragmites under
flooded and upland conditions suggest that this‘ species performs

better under the flooded conditions designed for the Cyperus
esculentus bioassay. Low yields of plants in Times Beach sediment
indicated suppression of growth which may be due to gither'tokicity or

nutrient limitation.
Typha latifolia
I. latifolia performed well in Times Beach sediment and WES soil

under flooded conditions (Table 3). Poor performance of Typha under

upland conditions indicated that the small seedlings used were not
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suitable for an wupland bioassay experiment designed for Cyperus
esculentus. A poor growth existed in Hamilton Harbour sediment under
flooded conditions. This sediment contained up to 0.2%Z of o0il and
grease (Mudroch and Sandilands, 1980). An oil slick developed o6n the.
surface of the water in containers maintained under flooded conditions
in the greenhouse experiment, most likely inhibited the growth of the
Iypha seedlings. However, rhizomes and plants of EZBQQ latifolia
planted in a plastic container (about 1 m x 1 m) filled with a wet
Hamilton Harbour sediment And maintained in an wupland condition
produced healthy looking plants, about 1 m tall after 75 days of

growth.

PlantVChgmical Composition _

Résults of chemical analyses of the aboveground tissues of all
plants are presented in Table 5. Under upland conditions Cyperus
grown in Hamilton Harbour and Times Beach sediments accumulated
greater quantities of 2n and Cd than that grown in these sediments
under flooded conditions. Under both conditions Cyperus grown in
Hamilton Harbour accumulated more Zn than that in ‘Times Beach
sediment. In Hamilton Harbour Cyperus -accumulated more Cu under
upland than f£looded conditions.

Under upland conditions P. communis grown in Hamilton Harbour ;nd
Times Beach sediments acCumulated.greater quantities of Zn and Cu than

that grown in these sediments uhder flooded conditions. There was no
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~difference in the uptake of Cd by Phragmites grown under upland and
flooded conditions on both Times Beach and Hamiltgn Harbour
sediments. Under both conditions P. communis grown in Hamilton
Harbour accﬁmulated more Zn than that in Times Beach sediment. Under
;éland conditions plants gtéwing in Hamilton Harbour accumulated
greater quanitites of Zn, Cu and Pb than those in Times Beach
sediment. .

Only one plant of TIypha latifolia succeeded in Hamilton Harbour

sediment under flooded conditions. This plant accumulated greater
concentrations of Zn than the plants growing in Times Beach sediment.
The uptake of Cu, Pb and Zn by T. latifolia was greater under upland
than flooded conditions in Times Beach sediment. The ﬁptake of Cd was
similar by Typha grown on both Times Beach and Hamilton Harbour
sediments.

The relationship between the concentrations of metals in the

aboveground tissue of ‘Cyperus esculentus and that of Phrapgmites

communis and Iypha latifolia is shown in Table 6. The data indicate a

good potential for using Cyperus esculentus as an indicator species to

predict the uptake of Co; Cr, Cu and Zn by Ph;agmi;es communis, and
the wuptake of 2Zn by Typha latifolia growing on contaminated

sediments. However, this relationship derived from a controlled
greenhouse experiment needs to be verified under field conditions with
sediments contaminated to a different degree with fhese metals.
Details of the results obtained in the experiments are in the

Appendix.
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DISCUSSION

The yield of aboveground tissue of Cyperus esculentus varied from
7.34 to 12.50 g dry matter/pot under upland, and from 7.23 to 17.70 g
dry matter/pot under flooded conditions. The greatest yield was
obtained on Hamilton Harbour sediment. The diffence in the yield may
be due to different nutrient levels of the substrates (Table 1).
There is no obvious relationship between yield and metal status of the
substrates, whether expressed as total or as DTPA-extractable (Tables
2 and 3). Hamilton Harbour and Buffalo sediments were contaminated
with similar concentrations of metals and had similar quantities of
silt and clay particles. Greater quantities of Zn were extracted by
DTPA under both conditions from Hamilton Harbour sediment than from
Times Beach sediment, indicating that Zn was in more plant-available
form in Hamilton Harbour. Greater quantities of Cu ﬁere extracted
£rom Times Beach than from Hamilton Harbour sediment under flooded
conditions. There was not a gréat difference between concentrations
of the rest of the metals extracted by DTPA from both sediments (Table

2).

The yield of aboveground tissues of Cyperus esculentus grown in
contaminated sediments in The Netherlands ranged from 13.4 to 22.7 g
dry matter/pot under flooded conditions, and from 14.6 to 35.5 g dry

matter/pot under upland conditions (Van Driel _e_t_:_ al., 1985). The
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highest "upland® yield was obtained on the most contaminated
sediment. A greater yie;d of Cyperus gggglggggg grown in sediments in
The Netherlands than that observed in Times Beach and Hamilton Harbour
sediments céuld be due to a longer day length (average 16 hours aﬁd 25
minutes). About 25 of Cyperus esculentus grown in The Netherlands
sediments started flowering after 36 days, and a week later 75% of the
plants were flowering. C. esculentus grown in our experiments did not
flower in 45 days. The yield of aboveground tissue of Cyperus
esculentus grown at WES greenhouse in 15 highly contaminated sediments
from the Great Lakes waferways (Folsom et al., 1981) ranged from 3.0
to 231 g dry matter/pot under flooded conditions, and from 8.7 to
102.9 g dry matter/pot under upland conditions. However, the growing
period was 90 days (from June to November).

The average metal concentrations in Cyperus esculentus grown on
Hamilton Harbouf and Times Beach sediments are compared to those
obtained by the experiments conducted with contaminated sediments from
The Netherlands and different localities in the Great Lakes in Table
5. The data show that C. esculentus grown in Hamilton Harbour and
Times Beach sediments accumulated greater concentrations of Zn, Cr, Cu
and Pb than that grown in other sediments from the Great Lakes and The
Netherlands. Plants growing in Hamilton Harbour sediments accumulated
the greatest quantity of Zn. The ratios between DTPA-extractable and
total concentrations of Zn and Cr were greater in Hamilton Harbour and
Times Beach sediments than those in the sediments from The
Netherlands. These ratios were generally similar for Cu, Ni, Pb and

Cd for all sediments.
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Typha latifolia and Phragmites communis

"The uptake of metals by aboveground tissues_of Typha latifolia,

Phragmites communis and Cyperus esculentus grown on Times Beach and

Hamilton Harbour sediments is compared in Figures 2 and 3. Under both
upland and flooded conditions, TI. latifolia and P. communis
accumulated smaller quantities of 2Zn and Cu than C. esculentus.
Iypha grown on Times Beach sediment accumulated greater quantities of
Pb than the other plants under upland .conditions. Typha and
Phragmites grown under both upland and flooded conditions on Times
Beach and Hamilton Harbour sediments accumulated smaller quantities of

Cd than Cyperus esculentus (Table 5).

Concentrations of Zn, Cu and Cd in aboveground tissues of Typha
sp. and Phragmites sp. gfowh in the Times Beach sediment in the
greenhouse are compared to those found in these speciés growing at
Times Beach, Buffalo, in Table 5. Concentrations of Zn were similar
in Phragmites sp. collected at site C, Times Beach, and those grown
under wupland conditions in the greenhouse experiment. Similar
concentrations of Zn were found in Phragmites sp. collected at site D,
Times Beach and those grown under flooded <conditions in the
greenhouse. The accumulation of Cu was h;gherv by Phragmites sp.
gréwing undér upland conditions in the greenhouse than in those
collected in the field. However, a similar concentration of Ci was
found in Phragmites sp. grown in the greenhouse under f£looded

conditions and those in the same species collected in the field.
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Aboveground tissues of Typha latifolia accumulated greater quantities
of Zn and Cu under both conditions in the 'greenhouse thaﬁ that
collected at Times Beach_sites D and G. The concentration of Cd was
similar in iboveground fissues of both species grown in the greenhouse

aﬁd those collected in the field.

the Uptake of Metals at the‘Dis osal

The data indicated that Iypha and Phragmites sp. bioassay in a
greenhouse can be used for the prediction of the uptake of metals at a
disposal site. In addition, the greenhouse experiment showed that
aboveground ﬁissues of both macrophytes accumulated less Zn, Cu #nd Cd
than that of Cyperus esculentus, particularly when growing wunder
flooded conditions. However, in a marsh mature Iypha and Phragmites
would produce a greater biomass than Cyperus, and therefore would
contribute more leaf litter containing the metals. Data presented in
Table 5 show that aboveground tissues of Phragmites sp. and Typha sp.
grown in Times Beach sediment had similar concentrations of metals to
those found in the Great Lakes marshes and other areas. Consequently,
the contribution of metals from the leaf litter from these macrophytes
would be similar at a disposal site and natural marsh. " The greenhouse
experiment demonstrated that both plants preferred flooded
conditions. In the marshes, the dry abovegrouhd tissues of both

species don't decompose completely in the fall. Stands of dry plants
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last until next growing season (end of April to May in the Great Lakes
area) in the marsh, contributing limited quantities of leaf litter
from fall to springf It has to be also considered that Typha sp. and
Phragmites sp. dont contribute to the waterfowl diet. They produce
dense stands usually not‘inhabited by waterfowl and other animals.
Muskarats are the only‘ animals grazing on rhizomes of Iﬁggg. It
appears that both macrophyte species may be a good vegetation cover
for contaminated sediments disposed in a confined facility until the
final capacity and design of that facility ié reached, which may take

a few years.

Suitability of the Bioassay Procedure

A greenhouse bioassay of Typha sp. and Phragmites sp. is longer

than that of Cyperus esculentus. Ideally, the plants for the bioassay

should be started from seeds, and selected seedlings of similar size
should be planted into experimental containers, However, it takes
about th;ee months to obtain sufficiently strong seedings of
Phragm?;és communis which can be transplahted into tested sediments.
In addition, only about 25% of Phragmites seeds germinate. Similar
germination procedure should be used for a bioassay with Typha sp. We
tested thée use of rhizomes of Phragmites and rhizomes and plants of
Iypha. However, each rhizome section produced a different number of

shoots of wunequal size. Mortality of the rhizomes and plants was
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greater than 80%, and Phrag'mites shoots obtained from rhizomes were
sensitive to transplanting shock. Our experiments showed that both

macrophytes had a different moisture requirement than Cyperus

esculentus. A Typha latifolia did not grow well under upland conditions

suitable for C. esculentus. Both, Typha and Phragmites were taller

.and developed a greater root system than Cyperus. Consequently, a
larger container would be desirable if the plants have to grow to
their maturity. 1In marshes, these plants usually grow in soil which
is more often under "flooded" than "upland" conditionms, and. the effect
of waterlevel fluctuation on the uptake of metals is not known,
Similar conditions may apply to other macrophyte species which are
important in the waterfowl diet and may grow at _CDF's in thé Great

Lakes area.
SUMMARY
1. A series of experiments were carried out to investigate the

growth and wuptake of metals by the macrophytes Cyperus

esculentus, Typha latifolia and Phragmites communis from

contaminated sediments collected at two Great Lakes harbours.
One sedimex;t was from the confined disposal facility located at
Times Beach, Buffalo (Lake Erie), and the other from Hamilton
Harbour (Lake Ontarioc). Both sediments wére contaminated with
similar quantities ‘of heavy metals from local industries. An

uncontaminated fluvial sediment was used as a reference soil.
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All plants were grown on oxidized (upland) and reduced (flooded)

sediment under greenhouse conditions. Cyperus esculentus grown

1

in Hamilton Harbour sediment produced a greater quantity of

aboveground tissue than that grown on Times Beach under upland

and flooded conditions. Phragmites communis grown on Hamilton

H#rbour and Times Beach sediments produced a similar quantity of
aboveground tissue under upland conditions. However, the growth
was poor on Times Beach sediment under flooded conditions. Typha
latifolia did not grow in Hamilton Harbour sediment under upland
conditions. Under flooded conditionms, Iypha produced a greater
quantity of aboveground tissue on Times Beach than on Hamilton
Harbour sediment.

Under both, flooded and upland conditionms, Typha lapifolia and
Phragmites communis accumulated smaller quantities of Zn, Cu and
Cd than Cyperus esculentus. With few exceptions, small
quantities of Cr, Co and Ni were found in aboveground tissues of

the plants.

‘Concentrations of 2Zn, Cd and Cu were similar in aboveground

tissues of Phragmites grown in Times Beach sediment under upland
and flooded conditions in the greenhouse and those at the
disposal area in Buffalo. The aboveground tissue of Typha grown
in the greenhouse under upland and flooded conditions contained
gfeater qQuantities of Zn and Cu than that collected at the
Buffalo disposal site. However, the concentration of Cd was
similar in Typha grown under both conditions in the greenhouse .

and that at the disposal site.
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A good relationship between the concentrations of metals in the

aboveground tissue of Cyperus esculentus and that of Phragmites

communis and Typha latifolia indicated a good potential for using

Cyperus esculentus as an indicator species to predict the uptake

of Co, Cr, Cu and Zn by Phragmites and  Typha growing on
contaminated sediments. |

Some problems were experienced with the germination and
transplanting of Typha and Phragmites during the experiments.
Only a small percentage (about 25%) of the planted seeds
germinated. It was suggested to grow the seedlings for about 2-3
ﬁonths before transplanting into tested sédiments. In addition,
Typha did not grow well under upland conditions designed for the

index plant Cyperus esculentus. Typha and Phragmites developed a

greater root system than Cyperus, and, consequently, it appears

that a larger container should be used than that designed for the

Cyperus bioassay.
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Table 1 Chemical and Physical Properties of Sediments and Reference

Soil
_ ” Timés Hamilton WES
Beach Harbour Soilyw
Major Elements (% Dry Weight)
Sio, ' 64.3 36.1 79.7
Al,0,4 12.5° 6.9 12.4
Fe,0, 7.27 8.90 2.60
Ca0 3.82 16.91 0.42
Na,O 0.62- 0.53 1.03
K,0 _ 2.32 1.85 2.08
' Tio, | 0.65 0.30 0.73
MnO 0.13 0.17 . 0.19
P,0, 0.25 0.35 0.08
Mgo 1.94 3.30 0.81
Total C ’ 5.06 6.59 0.49
Org. C - 3.26 2.32 0.32
Inorg. c 1.80 4.27 0.17
Particle Size:
Clay 22.1 20.2 sandy
Silt 35.8 33.8 loam
Sand ' 42.1 46.0
PH (wet) , 7.01 6.85 5.90

pH (dry) 7.58 7.60 6.75
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FIGURE 2. Concentrations of metals in p1ant=sgnm on Times Beach sediment.
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