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Abstract 

Six marshes adjacent to the Great Lakes were 
investigated to evaluate their beneficial and/or detrimental 
effects on the water quality of the lakes. The nutrient 
(N and P) and trace element (Pb, Cu, Cr, Ni, Cd, As and Hg) 

' 

concentration changes in marsh water, the geochemistry of 
sediments, and the nutrient and trace element uptake by 
marsh plants and their biomass production were investi- 
gated. The marsh water retained pH values of between 7.8 
and 8.4, and the sediments were submerged mineral soils 
with pH ranging between 6.9 and 7.2, with more than half 
of the particles in the silt size (2-63 um) fraction. Concen- 
trations of nutrients and trace elements in marsh water 
and sediment were compared with those found in Lakes 
Ontario and Erie. Large differences were observed between 
the concentrations of various forms of nitrogen present 
in marsh, lake and stream water. Most of the nitrogen 
present in the marsh water was in the form of organic 
‘nitrogen. Dissolved oxygen concentration in the marsh 
water during summer months remained relatively high 
(4-8 mg L " ). The nutrient input to the marshes affected 
the aboveground biomass production and the species 
composition in the (marshes. Submerged‘ macrophytes 
accumulated higher concentrations of Pb, Cr, Ni, Cd, Co 
and Cu than the emergent macrophytes. All of the marshes 
studied showed a high capacity to retain nutrients and 
metals. The degree of. this retention depended on the 
hydrological regime and species composition in the marsh. 
It; was calculated that a complete discharge of the marshes 
into the adjacent lakes would co'ntrib'ute only‘ negligible 
q'uant_it_ies of N and P in relation to the loadings from 
other sources. 

Résumé 

Les effets positifs et négatifs delsix marais attenants 
aux Grands lacs sur la qualité des eaux de ces derniers ont 
été étudiés. On a examinéles variations dans les concen- 
trations en matieres nutritives (N et P).et en oligo-éléments 
(Pb, Cu, Cr, Ni, Cd, As et Hg) de l’eau des marais, la geo- 
chimie des sédiments et l'assimilat_ion des éléments sus- 
mentionnés par les plantes des marais ainsi que la produc- 
tion de leur biomasse. L'eau des marais avait un pH de 
7,8 2‘: 8,4, tandis que les sédiments étaient constitués 
de sols mi_néir'aujx dont» le pH se situait entre 6,9 et 7,2 
ét dont la granulométrie était surtout du type limoneux 
(2 5 63 um). La concentration en matiéres nutritives et 
en oligo-éléments des eaux et des sediments des marais 
a été comparée a celle des lacs Ontario et Erié. Les con- 
centrations en diverses formes d’azote.différaient beaucoup 
entre les marais et les lacs et les cours d'eau. Dans les 
marais, on a trouvé surtout de l'azote organique, et la 

concentration en oxygéne dissous est restée relativement 
élevée durant les mois d’été (4 5 8 mg L“). L’apport 
de matieres nutritives aux marais a influé su_r la production 
de la biomasse au=dessus du sol et sur la composition des 
espéces. Les macrophytes. submergés ont absorbé, plus 
de Pb, de Cr, de Ni, de Cd, de Co et de Cu que les macro- 
phytes émergés. Tous les ma_r'a_is se sont montrés hautement 
capables de retenir les matiéres nutritives et les métaux. 
Ce filtrage dépendait du régime hydrologique et de la 
composition des espéces. D'a'pr'es les calculs, si les marais 
se vidaient cornpilétement dans les lacs adjacents, leur 
apport de N et de P serait négligeable comparativernent 
a celui d’-autres provenances. 
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introduction 

GENERAL 

Due to many variables every marsh in the world is 

unique. Externally, some of the variables are the climate; 
t_he geograph_i_c_al setting, i.e., the geomorphology ofLan 
area and the size and type of associated water body (area 
or length of a lake, pond or reservoir or the depth and 
flow regime of ,a river or stream thatborders, goes through 
or is a part of the wetland); and the use of the land 
bordering the wetland, which may contribute to various 
vegetative cover and habitat types in the surrounding 
marsh area. internally, some of the variables are the mo_r- 
phology and morphometry of the marsh and the veLgetLatLive 
cover-water ratio, which oontributes_to the variety of 
different microlandscapes within the marsh and to its size. 

The chemical composition of marsh water and the 
geochemistry of the marsh sediment are both strongly 
influenced by the bedrock geology, and land use activities 
in the drainage basin have a major influence on the nutrient 
supply to the marsh. In support of this, Bjork (1967) 
proved that even an occasional addition of nutrients, 
such as a short—term supply of sewage to the surface sub- 
hydric soil layer, could have a prolonged effect on aquatic 
macrophyte production by enrichment of the nutrient 
pool maintained in the perennial plant system. Thus, one 
may expect ‘that lakeside marshes will have a significant, 
even profound, influence on the natural flow of n'ut'rients 
from the terrestrial landscape to an open la_ke (Prentki 
et al., 1978). Indeed, nutrient transformation processes 
such as sorption, coprecipitat_i_on, active uptake, nitrifica- 
tion and denitrification remove P and N from the free- 
flowing water of a wetland and transfer them to the sub- 
strate and biota for storage (S|oey at a/., 1978). Because‘ 
of these characteristics wetlands were used for» many 
years in Europe for sewage treatment, and extensive recent 
research has been carried out in the United States on 
this subject (Tourbier and Pierson, 1976; Tilton et al., 
1976). A 

1 

- 

L 

'

L 

Some information is available which characterizes 
nutrient inputs and outputs and the p'roduct_io'n and 
nutrient assimilation by macrophytes in marshes, whereas 
less information is available which describes microLbLia_l 
assimilation and related nutrient transport in marsh water 
and sediment. 

CLHAPTER 1
L 

GREAT LAKES MARSHES 

The littoral zone of the Great Lakes, including 
shallow water and shoreline wetlands, is a valuab_le wi_LldLlife 
habitat. Owing to the increase in population around the 
Great Lakes and the demand for rural and industrial land, 
the marshes have been used asa space for landfill, garbage 
-disposal, dredge spoil disposal and other similar purposes. 
In confirrhatinon of this-, a_n evalujation of existing _m_arsh- 
lands along the northern shore of Lake Ontario has shown 
that although there were 22 400 acres of marshes at the 
beginning of the nineteenth century, in 1977 only 13027 
acres remained (McCullough, 1977). L 

In the past, Great Lakes coastal marshes were mostly 
studied for management purposes as fish and wildlife 
habitat and because of their special value to agriculture. 
The Canadian Wildlife Service (CWS) has identified impor- 

' tant waterfowl staging areas and doc_u_mented waterfowl 
use of these areas (Dennis, 1974; Dennis and -Chandler,

L 

1974; Johnson, 1976). 

Since studies of the significance of wetlands with 
respect to water quality, however, have largely been 
‘neglected-, this study was initiated to evaluate the bane- 
ficial and/or detrimental effects of selected marshes periph- 
eral to the Great L_a_k'es. The i_n_vestigations included changes 1 

in the nutrient and trace element concentrations of marsh 
water, the geochemistry of sediments, a_nd the nutrient‘ 
and trace element uptake by marsh plants. The‘ study 
was designed to cha'r'acterize each marsh and to help assess

V 

its possible effect on the water quality of the lakes. The_ 
infor'mat_ion, obtained will also provide a useful background 
for any further investigations of sediments-water qua|_ity 
interactions in other Great Lakes (and freshwater) wetland 
systems. 

L 
L

L 

STUDY AR EA 

Six marshes adjacent to the Great Lakes werestudied 
with respect toL the concentration of nutrients and metals 
in the water, sediment and aquatic macrophytes: Cootes 
Paradise on Lake Ontario; Big Creek marsh on Lake Erie; 
Dover, St. Lukes and Balmoral marshes on the nort_h-

L 

eastern shore of Lake St. Clair; and partof the marshy area



in the St. Clair Fliver delta. These study areas are shown 
in Figure 1. 
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Figure 1. Study area sites. 

All six marshes lie at about the same latitude and 
hence they are influenced by similar climatic conditions. 
The most-. important climatological parameters, given by 
Thomas (1953), are summarized in Table 1. 

1. Climatic Conditions of the Study Area 

Mean annual temperature . 7 .2°C 

Mean July daily'mi1_:_ir_num temperature 15.6°C 
Mean July daily maximum temperature 

’ 

_26.7°C 

Mean January daily minimum temperature =12-.2°C 

Mean J daily maximum temperature -1 .l°C 

Mean annualsnovvfall 1016 mm 
Mean annual rainfall 635 mm_ 
Mean Ju_ly'tot_a.l hours of bright sunshine. .275 

Mean January total hours of bright sunshine 75 

. The pH values of the marsh waters ranged between 
7.8 and 8.4 and reflect the predominant influence of 
carbonate bedrock. - 

Ontario soils are also strongly influenced by the 
properties of the bedrock material. Webber and Hoffman 

_ (1967) defined the soil of the Big _Creek marsh drainage 
basin as an undulating sandy loam and the soil of Cootes J 

Paradise drainage basin as an undulating and rolling clayey 
soil. Both are classified as Gray'Brown Podzol. Walpole 
Island‘ in the St. Clair River d_el_ta and Dover, yB‘a.l'moral
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and St. Lukes marshes consist of level clayey soils, classified 
as Humic Gleysols. 

Big Creek Marsh — Lake Erie 

Big Creek marsh is a Canadian Wildlife Service 
sanctuary for migratory waterfowl. It is located at the 
west end of Long Point Bay and occupies an area of about 
850 ha. The major water source during the whole year is 
Big Creek, which runs along the northern border of the 
marsh. A few channels provide movement of the cre_ek 
water into the marsh. The marsh has no outlet, and Big 
Creek discharges into inner Long Point Bay of Lake Erie 
(Fig.2). 
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Figure Big Creek sampling stations. 

-In 1839,‘Big Creek entered the lake south of Long 
Point by means of a channel app_rox_imately 1.5 km wide 
at the western end of the Point (Wood, 1951); the cha_nne|, 
however, narrowed and finally filled in. Subsequently, 
Big Creek returned to an earlier outlet into Long Point Bay. 

The bedrock of Big Creek basin consists of Paleozoic 
sedimentary rocks, mainly limestones, dolomite, chert and 
sandstone. These are overlain by glacial drift of Pleistocene 
age and by minor amounts of alluvial, swamp and eolian 
deposits of Recent age (Yakutchick and Lammers, 1970). 
About 725 km’ of the Big Creek drainage basin area is 

used for farming _(to,bacco-, tomatoes, corn, peppers, etc.).
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Lake St. Clair Area Marshes — Dover, Balmoral, St. Lukes 
and Walpole Island 

Dover, Balmoral and St. Lukes marshes are located 
on the east shore of Lake St. Clair (Fig. 3). All three 
marshes, which are man-made and adjacent to each other, 
are important for the spring and fall migration, moulting, 
feeding a_nd nesting of a variety .of waterfowl. In past 
years, the marshes were used for private hunting. In 1974, 
Dover marsh was acquired by CWS and serves, at the 
pres_ent time, as a wildlife refuge. The water level i_n these 
marshes is regulated by pumps, dikes and channels. Water 
is supplied to Dover marsh from the nearby municipal 
drain, to Bal_mora_| marsh from Lake St. C|a_ir, and to 
St. Lukes marsh partly from the main drain and partly 
from Lake St. Clair. The water depth _in all three marshes 
ranges from 10 to 50 cm-,— and t_hey have no outlet. 

o Sampling Stations 

3 Municipal Drains 

Principal Roads 
‘ —-— Secondary Roads 

Figure 3.; "Dover, Balmoral and "St-. Lukes marsh sampling stations. 

The soils of the area are poorly drained sandy loams 
which overlie clay (Webber and Hoffman, 1967). In the 
past, most of the area was an elm-ash-maple swamp. 
Recently", however, artificial drainage has been used to 
achieve its agricultural potential. The fertility of the soil 
is increased by the addition of fertilizer. The abundance 
of fertilizing results "in high nutrient levels in the water 
of the field drainage system, which is also used for water 
level maintenance in two of the man-made marshes. 

Walpole Island, an Indian Reserve, is the largest of 
the islands in the St, Clair River delta (Fig. 4) (Ch_apm_an 
and Putnam, 1973). The St. Clair delta material is classified 
as silty sand by Wightman (1961). 

A large part of the island, which is now cultivated 
mainly for corn and soybean, was once a water-saturated 

marsh. The field drainage is controlled by several miles of 
drainage ditches and by pumping stations, which maintain 
water" levels below the level of the surrounding tributaries. 
The uncultivated part of the island is a combination of 
woodlot, meadow and marsh. 

Chenal Ecarté is the most important channel within 
the Walpole Island area carrying the waters of the St. Clair 
Ri_v_e_r‘toward the marshes. The Pottowatamie Island Dredge 

_Cut ‘Channel. and Johnston "Channel are branches of 
Chenal Ecarté which flow slowly through the Walpole 
Island area. Two small lakes are formed on part of the 
waterway»: Goose Lake, which is surrounded by a dike 
and receives water from Pottowatamie Island Dredge Cut 
Channel, and Johnston Bay, which is partly open along 
the northeastrnargin of Lake St. Clair. At high water levels, 
the part of the Walpole Island that is directly adjacent to 
Lake St. Clair is flooded by lake water. The meandering 
Chenal Ecarté and Johnston Channel are dredged regularly 
to a depth of approxima_tely 7 _rn_. The discha_rge of 
Johnston Channel is about 8 million cubic metres per 
day. Goose Lake and Johnston Bay have an almost uniform 
depth of approximately 1, rn. Pottowatamie Island Dredge 
Cut Channel is about 1-1.5 m deep. There are many other 
small channels providing access to the marshes where 
fishing and huntjing are the major activities. The water 
depth of the marshes ranges between 10 and 70 cm. 

The bedrock of the Lake St. Clair region is composed 
of Devonian and Mississippian limestone, sandstones and 
shales. Pleistocene deposits in the area form a physiographic 
region known as the St-. Clair Plain (Chapman and Putnam, 
1973). These deposits consist of uniform, gray g|aciolacus- 
trine clay (Soderman et al., _1961). 

Cootes Paradise 

Cootes Paradise is located west of Ha'm'ilto'n Harbour, 
Lake Ontario_,__ir_i the lower ‘part of the Dundas Valley. The 
area is a wildlife sanctuary with about 1.7 km’ of open 
water surrounded by marshy areas and woodland. Second- 

‘ ary sewage effluent from a sewage plant, located less than 
1 km west of the marsh, has been discharging into West 
Pond of Cootes Paradise for a number of years. The main 
pond of the sanctuary is about 0.5 rn deep and is connected 
to Lake Ontario through Hamilton Harbour by an outflow 
channel about 3 m deep and 5 m wide below highway 
No. 403 (Fig. 5). A number of small streams d'ijscl1.arge 

into Cootes Paradise and the large_st of them, Spencer 
Creek, has a mean flow of approximately 2 m3/s". These 
creeks, including the discharge from the sewage treatment 

plant, provide a constant flow-through of water into 
Hamilton Harbour.
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Figure 5. Co_ote‘s Paradise sampling stations. 

The bedrock of the area is composed of shales, 
limestone and dolomite of Lower Pa|eoz_oic age. The 
Pleistocene deposits consist of glacial, glaciofluvial and 
glaciolacustrine deposits associated with the extensive 
glaciation of Dundas Valley. The geology of the area 
has been described by Karrow (1959) and Middleton 
(1971). 

VEGETATION COVER OF THE MARSHES 

The -presence, abundance and distribution of aquatic 
plants in a marsh are influenced by many factors, such as 
hydrologic regime, climatic regime, chemical and physical 
properties of substrate and water. Since at least one of 
these factors at each of the marshes investigated varied 
from the others, the species composition and richness were 
different in each marsh_. 

in Big "Creek marsh, the macrophyte community, 
occupying th_e open water, is composed mainly of Nuphar, 
Nymphaea and Chara spp.;- Elodea sp. and Myriophylluin 
sp. are also found in some areas. In the southern part of 
the marsh, the vegetation consists mainly of Carex aquatilis 
with some stands of Typha sp. A large population of 
Decon verticillatus is present in the r_n_a_rsh, mainlcy along 
the shore. Big Creek marsh vegetation has been studied 
and described in detail by Bayly (.1976). 

Dover Marsh, vegetation is dominated by Typha 
/atifo/ia, and Carex Iacustris and Typha /atcifo/ia are the A 

dominant species in Balmoral and St. Lukes marshes. 
Large stands of Pontederia cordata, Myriophyl/um hetero- 
phy/Ium and Nymphaea odorata occur in all three marshes 
and fill many of the channels. Vegetation in Dover marsh 
has been extensively studied by Bayly (1975). 

The Walpole Island marsh showed the greatest 
diversity of species. The dominant vegetation types in 

the marsh area a_re Typha sp. and Carex‘ s’p._ Large stands 
of Pontederia cordata, Myriophyl/um sp., Nymphaea 
odorata, Nuphar advena and Patamogeton sp. are present, 
and other abu_ndant macrophyte species include Careta- 
phyllum sp., Elodea sp., Chara sp., Na/"as sp. and Scirpus 
sp. Stands of Typha sp. and Scirpus sp. occupy the area 
of Johnston Bay and are abundant along Johnston River 
shores. 

ln Cootes Paradise, the formation of an extensive 
vegetation zone conta_in.i.n9 manv emergent ajnd su.bmeIr9en_t 
macrophytes is related to the morphology and high nutrient 
concentration in water and sediment. The major emergent 
species in the West Pond is Glyceria grandis, which occupies 
the main vegetation zone. A stand of -the same species 
occurs also in the Long Valley Creek mouth. Abundant 
submerged macrophytes (Myriophyl/um sp., Utricu/aria 
sp., Ceriatophy//um sp. and Potamogetor) sp.) and floating-

A 

leaved Lemna sp. also grow in the West‘ Pond and in bays 
around the shores of the main water body.



Methods 

SAMPLING AND SAMPLE PREPARATION 

Sampling sites‘ were selected in each of the six 

marshes based on characteristical_ly different visual param; 
eters. At each marsh, water, sediment and plant samples 
were taken for" comparatilve purposes and to obtain a 
representative data set for each marsh. The locations of 
sampling stations are ‘shown in Figures 2 to 5. 

Water 

Water was sampled monthly from April or May’ 
until November in Cootes Paradise during 1976, in all 

Lake St. Clair marshes during 1977, and in Big Creek 
marsh during 1978. Water samples were stored in glass 
bottles at 4°C prior to analysis. 

Sediment 

Surface sediment (0-8 cm depth) was collected by 
means of a mini-Shipek grab sampler, transferred to plastic 
bags, frozengwithin _6 h, and later _free_ze—d_ried in the labora- 
tory. A Brown corer, equipped with a plastic tube, 6.6 cm 
in diafrneter, was used for coring. Each core was imme- 
diately divided i_nto 5-cm sections, which were transferred" 
to plastic bags, frozen within 6 h_ and later freeze—dried 
"in the laboratory. About 20 g of dry sediment was used 
for particle size analysis. The rest of the material was 
passed through a No. 20 (841 um) size sieve to remove 
plant roots, shell fragments and other l_arger objects, and 
ground to pass through a No. 100 (149 um) size sieve.

' 

The ground samples were used for geochemical analyses. 

Plants 

To determine the biomass of dominant emergent 
macrophytes, Typha /atifalia, Carex lacustris and Glyceria 
grandis, three quadrats, each 1 m", were harvested from 
the uniform portion of each stand. Shoots were cut at 
soil level, dried in the laboratory at 60°C for 72 h and 
weighed to determine the dry matter content. Above-T 

ground biomass of four plants from each quadrat, ra_ndomly 
chosen, was subsampled and cut into lenqths of 0-40 cm, 
40-70 cm and 100 cm, which were pulverized in a Wiley 
mill to pass through a No. 100 (149 um) size sieve and 
used for chemical analyses.

' 

CHAPTER 2 

To determine the chemical composition of the other 
most common macrophytes in the marshes, six to ten 
specimens of each species were collected, washed in the 
marsh water, frozen within 6 _h and later freeze—dried in 

the laboratory. Dry plants were then pulverized in a \_Ni|ey 
mill to pass through a No. 100 (149 um) size sieve. 

THE pH AND Eh DETERMINATIONS 

The pH of water and sediment and the Eh sediment 
values were determined immediately on collection of the 
sample. Full details of the procedures have been described 
by Kemp and Lewis (1968). 

DISSOLVED OXYGEN AND TEMPERATURE 
MEASUREMENT 

The temperature and dissolved oxygen readings in 

water were taken between 14:00 and 15:00 h in most 
of the marshes every week at each of the sampling stations 
by means of a YSI-57 oxygen m_eter. 

ANALYTICAL METHODS 

Water 

- The determination of parameters in water samples, 
was carried out by procedures outlined in the Analytical

' 

Methods Manual (Environment Canada, 1974). 

Sediment
I 

The concentration of major elements (Si, Al, Fe, Ca, 
Mg, Na, K, Ti, Mn, S and P) was determined by X-ray 
fluorescence spectrometry (Mudroch, 1977) and the 
concentration of metals (Pb, Ni, Cu, Co, Cr and Zn), by 
atomic absorption spectrophotometry, using the method 
descr_ibe_d by Mudroch and Capobianco (1978). Arsenic 
was determined by an X-ray fluorescence spectrometer 
using bottom sediment spiked with various concentrations 
of As as a standard. Mercury was determined by the "cold

A 

vapor" method described by Capobianco (1975). Organic 
0 and total N concentrations were determined using a Leco 
carbon analyzer and a Leco nitrogen analyzer, respectively.



~ 
Plants (Mudroch and Mudroch, 1977). Total N was detennined 

V 

' 

by a Leco nitrogen analyzer; The Pb, Zn, Cr, Ni, Cd, Co 
The K, P, Ca and Mg concentrations in ‘plants and cu concentrations were determined by the method 

were determined by an X-ray f|‘uore’scen_ce spectrometer used by Mudroch and Capobi_an_co (1978).



Results‘
M 

sEDiM‘EN’T GEOCHEMISTIIT-'lY 

Big Creek Marsh 

The 
( 

majorwcomponent of the surface. sediment 
(0-8 cm) was silt, which ranged between 57% and 76%. 

No large differences were observed in concentrations 
of Mg, Ca,'Na, K, Mn "and P in surface sediment, with_the 
exception of sediment samples obtained from the area 
covered by a dense growth of Elodea (Table 2). This 
sediment contained high concentrations of Ca, which 
might have been derived from CaC03 precipitation on 
the plants. This conclusion is based on observations by 
Wetzel (1960), who studied deposits of carbonate com-’ 
pounds on the vegetative structures of macrophytes in - 

hard water‘ lakes; he found that the greatest CaCO.3 en- 

crustations occurred on submerged plants. Organic C 
and TN concentrations in sediment were the highest in 

. 
the same area and were probably due to a greater biomass 
production than at the other sampling localities. The 
high organic matter content diluted the concentration 
of mineral components in the sediment. 

The Pb, Cu, Ni, Cr and Zn concentrations in the 
surface sediments were lower than those found in surficial 
sediments of Lake Erie by Kemp and Thomas (1976). 
An exception, however, was the higher concentration 
of Zn in sediment at station No. 2. Elevated c,oncentration_s 
of As and Hg were found in the part of the marsh that 
was most affected by inflow from Big Creek. Based on 
work by Miles (1976), Miles and Harris (1971) and Miles 
er a_/. (1976), who showed transport of certain insecticides 
and nutrients by water, suspended and bottom sediment 
in Big Creek, it is assumed that Hg and As were probably 
associated with agricultural practices, such as spraying 

crops with pesticides and herbicides-, which were then 
brought into the marsh by water and the suspended load 
of Big Creek. 

A vertical section and sediment analyses obtained 
at sampling station No. 5 are shown in Table 3; the 

stratigraphy is described in "Table 4. 

The concentration profiles of Fe, Mg, Ca, and P 
in the station 5 core were uniform. Crganic C, TN and 

CHAPTER 3 

S concentrations were the highest in the surface 20-cm 
layer, in which the macrophytes were rooted. Throughout 
the core Ni, Cu, Co and Zn showed uniform concentrations, 
but Pb, Cr, As and Hg showed enrichment in the surface 
sediment layer. in Table 5, concentrations of P, organic C, 
total N, Ca, Pb, Zn, Cu and Hg are compared with those 
found by Kemp and Thomas (1976) in the profile of 
fine-grained sediment from the Centra_l and Eastern basins 
of Lake Erie. Because of high biological activity, Big 
Creek marsh sediment is enriched in organic C, TN and 
Ca with respect to Lake Erie sediment. The Zn, Cu and 
Pb concentrations were si_milar to the precolonial concen- 
trations of Lake Erie sediments quoted by Kemp and 
Thomas (1976). Further description and interpretation of 
the data obtained by analyses of Big Creek marsh sediment 
were givenby Mu_cl_roch (1,980). The pH values in the 
sediment profile fell within a narrow range (6.9 to 7.0). 
Sediment Eh was negative throughout the whole core, 
with the most negative values (-200 mV) at the depth 
from 10 to 20 cm_. 

‘

A 

Dover, Balmoral and St. Lukes Marshes 

The major component of the surface-sed_ime_nt was 
silt, which comprised 45% to 72% of the samples. 

Thesediment concentration of Mg, Ca, Na, K_a'nd 
Mn was similar i_n all three marshes (Table 6). Organic C 
and TN concentrations were the lowest in Dover marsh 
at the two sampling stations where water depth was about 
60 cm and only a few submerged plants were present. 

Dense stands of Typha sp., Pontederia cordata and 
Nymphaea odorata were present at the localities where 
organic C and TN concentrations in the sediment ranged 
from 10.42% to 18.65% and 1.32% to 2.05%, respectively. 
Mean values of trace metals concentration in surface 
sediment of the three marshes were compared with those 
found by (Thomas et al. (1975) in surficial sediments’ of 
Lake St. Clair (Table 7). Assuming that the lake and marsh 
sediments are of similar origin, an enrichment of Pb, Zn 
and Cu existed in the surface marsh sediment. The intensive 
past hunting activity in Dover marsh, and present and 
past hunting in Balmoral and St. Lukes marshes could 
be the source of these metals in the sediment.



Table 2. Major and Trace Element Concentrations in Big Creek Marsh Surface Sediment 
Station Percent dry weight ' Dryweight (ug,g“ ) 
No. sio, A1, 0, Fe, 0,. MgO cao V Na, 0 K, 0 Tic, -Mno P, 0, Org. c TN Pb . Ni Cu Co Cr Zn .5 As Hg

A 

1 ' 63.0 
- 

9.70 2.63 2.87 10.41 1 .59 2.04 0.36 0.09 0:24 1.98 0.09 36 20 14 3 67 _89 2483 1'12 0.0801 
V 

2 63.3‘ 9.97 4.18 2.65 11.73 1.53 2.12 0.45 0.12 0.38 3.48 
_ 

0.39 ' 36 30 >35 6' 119 383 1169 0 0.080 

3 333.7 
' 

6.63 4.20 1.62 20.95 0.45 1 .79 0.38 0.1‘2 0.34 
I 

14.5 3 1.83 74 29‘ 
2 

26 7. 42 126 4659 13 0.930 

4 50.3 
4 

10.91’ 5 .5 3-‘ 2.61 10.73 0.77 2.59 ., 0.68 0.11 0.28 9.94 1 .2 3 47' _' 38 2'1 3 64 
_ 

- 

107 2254 18 0.5 3,0‘ 

5 54.8‘ 8.17 20.74 2.28 11.03’ 1.09 1.83 0.36 0.12 05:30 8.85 1.00 ' >47 
21'. V16 3 

_ 

.56 94 4361 64 10.324 

6 -61.4 9.53 2.68 2.99 11.05 1.35 1.94 0.38 0.10 0.26 3.36 0.39 
' 

71 21‘ 12 4 80 88 2531 0 0.3.34 

Table 3. Particle Size l)istribudon.i1nd Geochemistry of Big Creek Marsh Sediment Profile 
Dept}. Eh Percent dry weight Dry weight (pg g“ )- . (cm) (mV) pH Sand Silt Clay Fe, 0, Mg0 C210 K,-O P, O, Org. C TN S Pb Ni Cu Co Cr Zn As ‘ Hg 
0-10 -150 7.0 14.50 76.80 8.70 

_ 

2.55 2.42 10.05 1.86‘ ' 0.30 8.50 1.00 4.200 43 20‘ 1'5 3 '52 '91 65 0.300 

10-20 -200 7.1 10.55 69.85 11.60 2.23 2.30 9.70 2.05 0.28 6.20 0.61 3700 33 19 14 3' 
- 

.38 '86 38 0.290 

20-30 -150 7.0 16.93 70.58 -12.49 2.65 2.18 9.76 2.05‘ 0.27 4.25 0.39 .3 300 25 18 15 3 -35 '89 25' 0.150 

30-40 -100 6.9 20.35‘ 75.62 4.03 2.38 " 2.44 9.40 1.95 0.25 4.50 0.43 3400 25 19 14 3 32 90 22 0.100 

40-50 -75 7.0 20.05 79.83 0.12 2.46 2.09 9.68‘ 1.90 0.26 4.60 0.44 
0 

' 

' 

3500 0 27 19 14 3 
' 30 85 18 10.130
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Table Big Desctiptrion 

Station . Depth 
7 

-- 
. _ _

. 

No. (cm) . 
. .. _._ _,.--,Rerttarks

‘ 

5 
1 

0:10‘ 
‘ 

Browinish gray silt with some sand and fine roots“ 

10-'25 Gray silt, some sand and small decomposing 
plant fragments;

' 

25-50 Gray siltwith increasing sand content toward 
the bottom of the core 

-The concentration of Hg in the three marshes was 
similar to that found Kemp and Thomas (1976) in 

fine-grained precolonial sediments of Lake Erie and Lake 
Ontario (Table 7). The analytical results (sediment profiles) 
obtained at each sampling station in each-of the three 
marshes are shown i_n Tables 8 to 10; the stratigraphy is 

described in Tables 11_ to 13.
‘ 

_ 

The concentration profiles of organic C, TN and 8 
showed an enrichmentiin the surface sediment layers from 
0 to 20 cm at all sampling stations in the three marshes, 
with the exception of station No. 3 at Dover marsh. The 
Fe, Mg, Ca, K and P concentrations were uniform through- 
out the sediment column. The Ni, Cu, Co, Cr and As 
concentrations were -generally similar a_n_d uniform in 

sediment profiles from all three marshes. An enrichment 
by Zn and Pb was observed in the section from 0 to 20 cm 
in some of the sediment profiles. As already stated, this 
enrichment ‘may be due to the more intensive hunting 
activities in parts of the marshes. 

A 

‘

. 

The pH was similar in all sediment profiles, ranging 

between 6.9 an_d 7.1. The Eh values were negative in the 
range of -50 to -300 mV. The most negative values were 
obtained in the sections from 10 to 20 cm in all of the 

profiles. 

"Forty years ago, the three man-made marshes were 
pasture land. The ‘enrichment of organic C,'TN and S in 
the surface sediment layer reflects '‘the increase of the 

biomass productivity duringthe past 40 years. 

Walpolelsland Marsh" 

The major type. of surfacesedijment collected at 

Goose Lake and Pottowatamie Channel was sand. The 
sediment collected at the other nine stationsgenerally 
consisted of equal quantities of sand, silt and clay». The 
high concentration of Sio; and low concentration of- 

Al,O3 Goose Lake sediment were due to the presence 
'ofA‘|a_rge ‘quantities of sandy mfaterialjiwith a low content 
of aluminosilicates, such as clay minerals. This sandy 

1' 

sediment also had the lowest concentration of CaO, M90, 

.to the deposition of organic material which originates 

S, P, 05, Pb, Ni, Cu, Cr, Co, Zn, As and Hg when compared 
with the other sediment samples obtained from the Walpole

‘ 

Island area. Organic C and TN concentrations in most 
of the other ten surface sediment samples were elevated 
with respect to the concentrations that Kemp (1971) 
found in "the offshore sediments of Lakes Huron, Erie 

and Ontario (Table 14). This enrichment is obviously due 

locally in the marshes. 

In Table 7, mean values of trace elements in surface 
sediments sarripled from Johnston River, Johnston Bay 
and Johnston Bay marsh are compared with those found 
in Lake St. Clair, and in Dover, Balmoral and St. Lukes 

' 

marshes. The concentration of Zn was similar to that found 
in the man-made marshes and higher than that of the 
Lake St. Clai_r surface sediments. The Pb concentration 

»was elevated. with respect to Lake St. Clair sediments; 
- it was, however, lower than that of Dover, Balmoral and 

St. Lukes marshes. The Cu, Ni, Co and As concentrations 
in sediments of Lake St. Clair and in all of the marshes 
investigated were similar, and Cr concentrations in marsh 
sediments were lower than "those of Lake St. Clair sedi- 
ments. Mean values of Hg concentration i_n the Walpole 
Island area sediments were similar to the mean values 
"of Hg concentrations found in Lake St. Clair surface 

Tables. Concentgafion or Selected Parameters in Lake Erie and Big Cteek—Ma':sh Sediments 

Depth _ _ 
Percent dry.weight Dry weight (pg g‘-‘ ) 

Location 
. 

(cm) 
i P Org. C TN - Ca Zn ‘ Cu 

7 

Hg 

Lake Erie Central Basin 
11 5 V 

. 

'0-1 0.19 5.24 0.68 1.64 
y 

146 419 66 0.99 

30-40 0.13 1.56 0.20 0.35 22 112 34 0.09 

Lake Erie Eastern Basin 
I 

10-1 0.14 3.30 0.45 1.51 
' 

112 328 57 0.33 

113-120 0.08 ' 1.29 0.16 2.25 25 109 33 0.04 

Big Creek marsh 
A 

0-10 0.130 8.50 1.00 7.00 43 91 15 0.30 

0 
40-50 0.110 4.60 0.44 6.90 27 85 14 0.13

10
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Table 6. Major and Trace Element Coneentrationssin the Surfacesediment of Dover, Balm_ora.l and St. Lukes Marshes 

Dry weight (pg g“ ) 
Station Percent dry weight 
N0. Marsh SiO, Al, 0, Fe, 0, MgO C30‘ Na, 0 K, 0 TiO, MnO P", O, Org. C TN /Pb Ni Cu' Co Cr Zn- S As . Hg’ 

-1 «Dover 52.4 8.7 4.5 1.8 8.2 0.75 2.1 0.40 0.08 0.28 10.42 _l.32 45 28 18 6 18 93 3800 10 ‘0.100 

2 51.9 8.4 3.8 1.9 10.9 0.91 2.2 0.38 0.09 0.29 16.05 1.92 78 20- 20 7 21 118' 4100 15 0.120 

3 55.8 
. 

9.1 2.9 2.1 7.9 0.95‘ 2.0 0.35 0.06 0.23 2.95 0.32 25 14 10 ‘8 10 40 2300' 2 0.1.30 

4 56.5 8.9. 2.8 2.0 7.6 0.78 2.3 0.42 0.08 0.27 5.05‘ 0.58 20 115 14 6 9 330 2100 10 0.100 

1 Ba.lmol‘al 48.3 7.9 4.5 1.5 6.5 0.56 1.52 0.45‘ 0.07 0.40 18.65 2.05 70 23 35 10 25 105 3900 1 0.150 

1 St. Lukes 59.1 8.2 3.1 1.9 6.2 - 1.20 2.1 0.31 0.05 ‘ 0.27 13.83 1.62 35 915 1'2 7 10 65 3100 2 0.210 

2 ’ 55.3 8.4 4.1 1.7 5.9 0.98 2.2 0.42 0.08 0.35 16.20 2.03 79 25 25 10 20 150 4100 2 0.300 

Table 7. Mean Values" of.'l'r-ace Elemenlsin thevsurfnce Sediment of‘1.'ake’St. Clgir nn_d_< 
I 9 

Dry weightj (pg g" 
Location 

' 

Statistics 
9 Pb Cu Zn Ni ‘ ‘Co ‘ Cr As Hg ' 

Lake-St. Clair )7 26.7 14.6 46.2 20.8 9.2 58.3 3.4 0.568 

s; 13.2 9.7 20.2 9.6 3.3 57.1 4.5 0.777 
n 54 54 54 54 54 54 ‘ 54 54 

Dover, Balmornl and St. Lukes 3': 50.3 20.6 85.9 20.0 - 7.7 
1 

16.1 6.0. 0.159 

marshes 
' ” 

s; 
> 

25.2 11.9 43.2 5.5 1.7 6.4 5.6. 0.072 
n. 7 7 7 -. 7 

V 
7 7 7 

_ 

7' 

Walpole "Island, Johnston River, 2': 37.7 17.9 85.3 -24.8“ 7.8? 24.8 2.5’ ' 0.486 . 

Johnston Bay and Johnston -5; 21.4 10.8 41.2 12.7 ‘ 4.1 18.8 1.9 0.498 

Bay marsh n 10 10 10 10 10 ~ 10 10 10



II Table 8. Particle Size Distributionnnd Geochemistry of Dover Marsh Sediment.Profile 

Station Depth Eh Percent dry weight. Dry weight (ugvg“ ) 

No. (cm) (mV) pH Sand Silt Clay Fe, 0, MgO C30 K,O P,,0-5 . Org. C TN S Pb Ni Cu Co Cr Zn As Hg 

1 
1 0-10 ‘L -150 

' 

7.1 14.74 60.45 24.81 4.28 1.9 
_ 

7.9 2.1 0.27 9.95 1.25 3,300 42 23 19 6 17 90 8 0.100 
10-20' ‘ -2150 7.0- 193.52 65.28 21.20 4.41 

_ 

1.8" 7.5 2.0 0.26 
V 

8.80 0.98‘ 3100 23 V30 25 5 14 65 3 0.110 
20-30 -100 7.0 25.42 68.34_ 6.24 4.25 2.1 7.2 2.1 0.29 . 4.20 0.51 2700‘ 20' .25 20 4 13 50 5 0.090 

2 0-10 -175 .7.0 14.02 55.83 30.05 H 3.55 1.9 9.8 1.9 0.28 115.54 1.74 "3950 75 75 19 6 20 110 10 0.110 
10-20 

_ 
-300 ' 7.2 8.43 53;12 38.45 ' 3.15 ' 1.7 8.9 2.0 0.26 9.03 1.06‘ 3150 35 10 18 6 17 75 5 0.100 

20-30 -125' 7.0 15.92 56.58 27.50 3.38. 
V 

2.0 8.6 1.8‘ 0.27 *' 3.89 0.41 2200' 19 9 12 ’7 14 .28 5 0.110 

3.1 0-10 9100' 
I 

7.0 21.90 45.83 34.27 2.64 2.1 7.8 2.0 — 0.23 2.82. 0.31 1900 187 12 17 7 8 34 3 0.120 
‘ 10-20 -150 V 

7.2 
' 

14.19 - 56.98 28.83 2.98 1.9 2.1 
‘ 

0.22 . 5.35 0.75‘ 1 2200 25 11 19 9 7 51 2 0.100 
20-30 -75 7.0 26.13‘ 62.30 11.57 2.54 V2.0 7.2 2.1 ' 0.23 3.45 0.42 2200 21 14 18 9 9 45 3 0.110 

4. '0-10 
_ _ 

-50 77.0 15.21 58.39 26.40 2.75 1.9 7.4 1.9 0.27 4.91 80.63 .2800 19 ~22 13 
A 

6 8 25 <2 0.090 
10-20 

V V 
-150 7.1 17.18 62.38 20.44 2:84 2:1 740 1.8 0.28 ' 3.26 0.45 2200 

_ 
15 23 12 4 22 <2 0.100 

v 20-30 -75 V 

7.1 23.85 61.53‘ 14.62 2.69 2.2 1.9 2.1 _0.25- 2.95‘ 0.38 2000 13 20 . 19 4 9 20 <2 0.100‘ 

Table 9. Par-a'cle:Size Distrihntion and Geochemistry of ‘Balmoral Marsh Sediment Profile _ 

Station Depth Eh l’ercent dry weight Dry weight (pg g" ) 

No. (cm) (mV) pH Sand Silt Clay Fe, 0, 
_ 

. CaO K,0 P, 0, Org. TN S Pb Ni Cu 00 Cr Zn As Hg 

1 0-10 -100 6.9 5.35 62.53 32.12 4.15 
7 

1.7 
' 

6.3 1.6 0.33 17.65 1.98 3700 65 20 32 5 23 120 5 0.120 

10-20 -270 7.0 11.15 55.95 32.90 4.27 1.9 6.5 1.7 _0.40 
1 

7.63 0.95 3500 38 7115 15 10 20 30 3 0.110 

20-30 -200 7.0 20.31 58.22 21.477 4.36 
‘ 

1.8 7.21 1.7 
"- 0.32 5.51 0.73 2900 25 15 13 8 1'9 25 ‘<2 0.110 

Table 10. Particle Size‘Distribu_tion ind Geochemistry of—St. Lukes Marsh Sediment Profile 

Station Depth Eh 1 

' Percent dry weight - Dryweight (ug g" ) _, , 

_No. (cm) (mV) pH Sand Silt Clay . Fe, 0, ‘_ C510 K,0 P, 05- Org. C ‘ 5 . Pb Ni Cu Co Cr Zn As- Hg 
" 0-10 -120 8.75‘ 64.28 26.97 2.8 

I 

1.9 6.1 0.25 12.5 .1.45 
' 

3050 38 13 13 7 10 63 5' 0.180 
10-20 .-180 7.0 9.05‘ 65.82 25.13 2.5 

I 

2.0 » 6.0 2.0 0.23 4.3 0.56 2200’ 20 10 10 6 8 35 <2 0.1.30 
20-30 -150 7.0 13.82 58.25‘ 27.93 2.3 2.1 5.9 

‘ 
2.1 0.25 4.5 0.5_1 2200 19 10 10 7 10 38 <2 0.120 

30-40. . -130 7.1 18.52 55.38 26.10 
t 

2.4 1.8 ' 6.2 2.0 0.24 3.9 0.45 _2000 18 '8 10 6 10 35 <2 0.110 

2‘ 0-10 -165 6.9 10.25 65.68 24.07 4.5 
V 

1.7 5:8 - 2.2 0.33 14.55 ' 1.78 
1 

3900 70 25 25 20 100 10 0.300 
10-20 -180 7.0 14.83 62.29 22.88 4.3'- 1.9 5.9- 2.1‘ 

,_ 0.30 12.38 1.56 3500 55 23 20 11 15‘ I20 8 0.180 
20-30 -100 7.0 20.39 573.81 25.80 ‘ 0.28 4.28 2400 20 20 _22 5 20 :35 .5 0.120 

_ 
4.6 

' 

_ 

1.8" 6.2 2.1 0.66



Table 11. Dover. Marsh Sediment Description 

Station Depth
_ 

No. -(cm) 
4 

Remarks 

1 ' 0-2_0 Very fine, soft, very" dark gray siltfiand clay, with 
decomposing organic debris , 

2'0-30 Fine silt-clay mixture, darlg gray; sonic sand at 
the bottom of the core 

2 0-20 Very fine, soft, very dark gray silt and clay with. 
. many roots and decomposing organic debris 
20-30 Fine firm silt clay mixture, very dark gray with 

some decomposing roots 

3 .0-20 Very fine, very dark grayvsilt-clay rr1'ixtu're With 
some tiny roots 

_

' 

20-30 Fine firm‘ silt, some ‘sand at the bottom of the 
‘ 

core 

4 0-20 Very fine, dark gray silt and clay 
20- 30 Fine firm silt-clay mixture, sandy at the bottom‘ 

. of the ‘core 

Table 12. Balmoral Marsh Sediment Description. _

I 

Station Depth 
No; (cm) ' 

_ 
Remarks

_ 

1 0-20 Very fine, very soft, veryfdark gray silt-clay 
mixture;large quantities of decomposing 
organic debris 

' 

. 

'

' 

20-30 Fine, firm silt and clay mixture, darkgray; some 
sand at the bottom of the core . 

Table 1 3. st. Lukes Marsh Sediment Description 

Station Depth _
_ 

No. (cm) 
V 

Remarks 

1 0-20 Very fine, soft, very dark gray silt and clay 
mixture with decomposing organic debris 

Z0-40 Firm fine dark gray silt and clay mixture; some 
sand at the bottom of the core 

2 
_ 

0-_20 Very fine, very soft," very dark gray silt and clay; 
' 

‘ manytiny roots, partly decomposed 
20-30 Fine, dark gray silt and clay rnixture; some sand 

at the bottom of the core

13
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Table 14._ Msjonnd Trace Element coneenuscionslin Walpole nslsna Surface sediment 

Stati0n " ‘ - 

. Percent dry weight 
' 

- ~ 

’ 
i 

. Dry w0igl1t(ugg"‘) 
No. -Location -.vsio,¢ A1,o, Fe,o, Mgo cao Na,0' T10, M00 9,0, Org.C ‘TN. Pb Ni Cu co Cr Zn ‘s As H; 
-1 Pottowatamie ‘_ 

V 

K 

_ 

K 

V, 
~ 

_ 

. _- 
_A ,

- 

Channel 60.3 8.2 2.8 3.5 9.5 0.2 2.1 
_ 0.47 0.04 0.24 4.7 0.45 38 1_9 11 50 "32, "60 2,500 .<2 ‘ 

0.07 V’ 

2. ]ohnston.R'1ver 
_ 

60.5_ 12.3 5.2 3.1 4.1 -‘0.1 3.1 0.80 0:05 0.1-6 6.8 0.66- 54 40 36 9 23 132 3,100 <2 1.05 . 

3 Johnston R1_ve: 60.8 12.1 5.4 3.8 4.5 
“ 

-0.1. 3.3 0.80 0.05 0.18 12.5 1.19 .. 69 .45 _30 11 54 138 5 0.95: _-2 

4 ]0hnston Riyer 60.3 12.2 5.3 3.2 5.1 0.1 3.2‘ 0.78 0.05 0.117 -8.8 0.83 
_ 

' 63 43 32 10 .145 3500 1.50
: 

5~ J0l1nston B8yA -» 
' 

V _ 

- 
. 

—» 

> 

1 

. . 
- -. .. 

xnsrsh 61.3 8.4 3.4‘ 3.2. 6.1 0.2 2.2 0.50 0.04 0.18 -7.6 0.71‘ 14 19 10 4 17 .69 3100 5 0.20 

6 Johnston B89 
- 

5 

A J 
_ 

I ~ 

msnsh 60.5 8.1. 3.5 3.1 6.3 0.2 2.1 «0.55 0:04 0.19 7.1 0.66 20 18 15 5 -19 58 2900 3' 0.25 

7 Goose Lake 69.7 4.4’ 0.9 0.8 1.6 0.5 1.8 0.14 002 0.05 1.8 0.15 4 .3 <1_‘ 5 2 _‘17 1500 <2 0.05 

8. Goose Lake 75.8 4.6 1.0 0.9 1.4 0.5- 1.71 0.13 0.01 0.05 2.1 0.20 
_ 

3‘ 2 1 2 2 14 1200 <2 0.05 

9 Johnston Bay . 53.3 9.7 4.6 
_ 

1.9. 3.7 0.1 ‘2.5 0.65 0:07 0.13 7.1 0.68 55 2,3 19 H-"'8 20 110 2500 3 0.10 

10 Jqhnston nay" 67.4 8.3 2.5- 

H 

2.8 7.1 0.4 2.1 0.42 0.05 0.13 5.8 0.55 34 15 8' 1 2 55 1900 3 0.18 

11 Johnston Bey 60.6 9.5 :3.0__ 1.8 2.1 ‘0.1 2.5 0.62 0.03 0.14 3.9 0.36 15 1:3 8 10 8 45 1100 <2 0.16 

12 57.4 8.3 2.8 5.0 7.9 0.2 2.35 0.51 0.03 0.10 4.1 0.38 15 13 10 15 41 1200 3 0.40 13 Johnston Bay



sediments in 1974 (Thomas et a/., 1975). The vertical 
section description and results of sediment analyses are 
shown in Tables 15 and 16__.

i 

The co_ncentration profiles of Fe, Mg, Ca, K and P 
were generally uniform in all sedirnent cores, except for 
Ca at station No. 10 (Johnston Bay). At this station a 
dense growth of submerged macrophytes (Chara sp.) was 
observed. Since these plants accumulate la_rge quantities 
of calcite on their vegetative s_tructure, the increased Ca 
co'ncentration at the sediment surface probably originated 
from the plants. Macrophytes found at most of the sam- 
pling stations contributed to the higher organic C and 
TN concentrations in the sediment layer from 0 to 20 cm. 
An increase i_n Pb, Cu and Zn concentrations at the sedi- 
ment surface was observed in sediment obtained at the 
three stations in Johnston River (Nos. 2, 3 and 4) and at 
one station in Johnston Bay (No. 9). Elevated Hg levels 
were also found in the surface sediment (depth of'0-'20 cm) 
at the three stations in Johnston River and at station 
No. 12 in Johnston Bay (Fig. 4). All of these localitiesare V 

in shallow water; they contain more fine—grained material 
and function as settling areas for fine particles of the 
suspended load brought by the Johnston River. This 
river (a branch of Chenal Ecarté) is the major channel 
of the area and carries St. Clair River water with its sus- 
pended load into Lake St. Clair, The bottom sediment 
of Johnston Bay is subject to periodic resuspension by 

storm activity and flooding, which probably results ‘in a 
partialire-transportation of suspended solids into Lake 
St. Clair. Since there is no industrial wastewater input to 
the Johnston River, the elevated metal oo_nce_ntrations 
in these sedimentsprobably originated from the suspended 
load of the St. Clair River. ' 

The pH in all sediment profiles was generally the 
same (7.0 to 7_.1).- The Eh in the sandy sediment of Goose 
Lake had positive values (50 to 200 mV). Positive Eh 
values are typical of Lake O‘ntafrio' water-saturated sands 
(Thomas.et al., 1972);. The Eh values were negative in 
the range of -20 to -250 mV in the rest of the sediment, 
with the exception of the section‘ (20-30 cm) of cores 
obtained at Pottowatamie Channel and Johnston Bay. 
The lowest values were found in the section (10-20 cm) 
of the Johnston Bay marsh sediment profile. 

Cootes Paradise 

The major component of the sediment collected _in 
Cootes Paradise at stations Nos. 1, 2, 3 and .5 was silt, 
and at station No. 4, sand_. Sediment sampling stations 
Nos. 1 and 2 were located in an area usually flooded during 
the spring and during the years of high water level. The 
concentrations of Al, Ca, Fe and Mn in the surface sedi- 
ments reflected srna,|,l changes in the local mineralogy of 
the Cootes Paradise drainage basin (Table 17). The Fe and 

Table 15. Walpole Island Sediment Description 
V 

Station 
_ 

‘H 

1 

Depth
‘ No. Location (cm) Remarks 

2 Johnston River 0.-10 \(ery fine, soft dark gray silt and clay, with some sand ’ 

10-30 Fine, firm gray silty clay, more sand toward the bottom of the core 
3 Johnston River 0-30 Fine, dark gray silt and clay with some sand 
4 Johnston River 0-20 Very fine, soft, dark gray silty clay with some sand 

20-3,0 Fine gray silt and clay mixed with fine sand 
S Johnston Bay marsh 0-10 Fine dark gray silt—cla'y-sand mixture, with decomposing organic debris 10-20 Fine, very dark gray silt-clay—sand mixture, many decomposing plant roots- 20-30 Dark gray silt-clay-sand mixture, with few small clam shells 
6 Johnston Bay marsh 0-10 Fine, dark gray silt-clay-sand rnixture with some decomposing organic debris 10-20 Fine,'very dark gray silt-sand-clay mixture with many decomposing plant roots and 

leaves 
20-'40 Firm, gray, fine sand-silt-cl_ay mixture, more sandy toward the bottom of the core; 

small clam shells at the bottom " 

7, 8 .Goose Lake 0-20 ‘ 

Firm, fine sand, few small clam shells 

9, 10, 11, 12 Johnston Bay 0-10 Fine gray sand-silt-clay mixture 
10-20 Firm, fine, very dark gray sand-silt-clay mixture, some decomposing organic debris 20-30 Firm, dark gray sand-silt-clay mixture, becomes more sandy toward the bottom of the cores

15
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Table 16‘. Particle Size Dlstributiongand Geochemistry of Walpole Island Sediment Profile,’ 

station Depth Eh Percent dry weight. v Dry wgight (pg 5“ ) 

No. Location (cm) (1'nV) pH -Sand Silt Clay Fe,0, MgO C00 K,O P,, 0,. Org. C TN S Pb‘ Ni Cu 
_ 

Co Cr Zn As 

1‘ 
' 

I 

Pottowatamic '0-10 -50 7.0 940.25 30.811 28.94 2.7 3.1 9.3 2.1 0.22 4.3 0.39 2100 33' 15 "10 3 _21 46' 3 0.07 
' 

_ 

Channel 10-20 -75 7.1 70.38 19.15 10.47 2.8 2.6 9.3 2.2- 0.18 3.4 0.31 1900 25 10 7 2 10 35 
_ 

2 0.05_ 

’ 20-30 +50 7.0 68.63 22.49 8.88 '_ 2.7 2.7 9.1 2.2 0.19 3.2 0.29 1900 ~ '23 10 ’ 9 2 
I 

9 33 2. 0.04 

J 

2 Johnston River 
‘ 

0-10 -100 7.0 20.05 61.38 18.57 
8 

5.1 2.9 3.6 3.2 0.16 6.9 0.67 2900 50» 35 32 9 22 120 3 _0.95 

' 
' 10-20 -175 7.1 23.42 60.29 16.29 

‘ 

5-.3 2.4 2.7 3.1 0.12 6.7 0.65‘ 2800 25 28 18 ' 10 .17 68 <2 0125 

20-30 -85 7.1 30.91 55'.25 13.84 5.5 2.5 2.9 2.9 ' 0.11 6.8 0.66‘ 2700 28 30 20 -8 20 73 .2 -0:07 

' 

3' 
' Johnston River 0-10 -50 7.1 31.86 49.52 18.62 ' 5.5 3.7 '4.3 3.3 0.17 10.8 0.98 3900 M65" 43 25 9 49 120 . 3 0.90 

10-20 -125 7.0 29.65 50.05‘ 20.30 5.2 3.4 4.2 3.1 0.16 111.2 1.03 3800 40 V32 18 10 45 94 2 0.65‘ 

20-30 -75 7.0 26.55 51.82 21.63 5.3 3.2 3.5 3.2 0.17 8.9 0.73 3100 41 28 20 9 36 68 <2 0.20 

4 Johnston River 0-10 -70 7 .0 26.60 42.95 31.35 5.2 3.1 5.0 3.2 0.16 8.5‘ 0.79 3100 59 40 30 10 55 130 5 1.45 

10-20 
7 

-140 7.1 38.05 33.13 28.82‘ 5..3 2.9 4.9 3.1 0.17 7.9 0.74 2900 40 32 25 9 40 95 .4 
' 

0.32.- 

20-30 -25 7.0 55.63 22.89 21.48 5.1 2.9 4.7 3.0 0.15‘ 5.6 0.53 1900 38 34 -21 10 38 68 4 0.09 

S Johnston Bay 0-10 -100 7.0 35.70 31.42 32.88 3.2 3.2 6.0 2.2 0.17 
_ 

7.5 0:69 
7 

2900 -15 1-9 10 4 1'4 <2 0.20 

marsh 10-20 -230 7.1 41.80 38.42 19.78 -3.5 3.2 7.9 2.1 0.16 6.2- 0.58 2600 17' 15 12 5 1'2 55 2 0.18 

. 20-30 -150 7.0 33.55 46.18 20.27 3.2 2.7 
J 

5.8 2.1 0.13 4.9 0.453 2100 20 16 9 4 10 51 2 0.15 

6 Johnston Bay 0-10 -100 7.0 38.72 28.74 32.5‘4 3.4 23.1 6.1 2.1 0.1.7 - 6.9 0.64 2800- 19 I7 13 5 18 5.5 <2 0.23 

marsh 10-20 -250 7.1 37.29 42.58 20.1 3 3.5 3.2 5.9 2.2 _0.16 6.5 0.59 2600 15‘ 1,6 10 4 15' 45 2 0.18 

_ 

20-30 -75 7.0 43.24 25.18 31.58 3.4‘ ;3.1 6.2 2.1 0.16 4.8 0.43 .2000 16 16 1-2 5 16 50 <2 0.18 
- 30-40 -20 

' 

7.0 51.28 29.15‘ 19.57 3.2 3.1 6.3 2.1 0.17 3.5 0.31 15001. 14 15- 11 4 .17 ~53 <2 0.15 

7 Goose Lske 0-10 
-7 

+150 ' 71.0 87.25‘ 10.13 2.62 0.7 A 0.8 1.7 1.7 0.05 1.7 0.10 <500 4 3 <1 2 3 15 
3 

<2 <0.05 

10-20 +50 
A 

7.0 
_ 

89.18 9.50 1:32 
_ 

0.9 0.7 1.9 1.8 0.05 1.1 0.06 <500 5. 3 1 3 2 14 <2 <0.05 

8- Goose Lake 0-10 +200 7.1 90.04 8.92 1.04 0.9 0.7 1.8‘ 1.9 0.07 1.9 0.11. <500 _5 2 1 . 
3' 3 16 <2 <0.05 

‘ 10-20 +75 7.0 89.25‘ 7.15 3.60 1.1 
9 0.7 2.0 1.7 

_ 

0.09 1.2 0.06‘ <500 3 3 _1 2 3 17 <2 <0.05 

9 
I 

Johnston Bay 0-10 -135 7.1 30.64 35.62 338.74 4.7 1.8 3.5 2.5 0.12 . 6.9 0.62 2300 53 20 1-8‘ -8 19 100 2 0.10 
’ 

8 10-20 -170 7.0 26.08 39.73 34.19 
_ 

4.5 1.7 2.9 2.7 0.13 4.2 0.37 1700 25 23 19 9 .24 75 ,<2 ' 0.08 

20-30 -40 7.0. 50.28 26.83‘ 22.89 4.6 2.7 - 2.8 2.5 0.08 3.1 0.26 
8 1100 '20 17 10 10 18 46 ‘<2 0.09 

10 Johnston Bay 0-10 -55‘ 7.0 37.81 45.23 16.96 2.4 2.7 6.8 2.1 0.1 3 5.8 0.55 1800 30 14 10' 1 2 50 2 0.17 

10-20 -135 7.1 . 42.56 39.68 17.76 2.5 2.2 3.7 2.3‘ 0.13 4.4 0.40 1600 25 15 12 7 1'0 55 <2 0.11 

20-30 -20 7.1 48.17 38.29 13.54 2.3’ ‘1.7 2.5 2.5 0.11 3.5 0.31 900 20 17 13 7 10 45' 2 0.09 

11 Johnston Bay 0-10 
7' 

-95 7.0 33.48 46.59 19.93. 2.9 1.8 2.1 2.4 0.13 3.8 0.42’ 1200 15 14 8 11 ,9 40 2 0.14 

10-20 -150 7.0 36.92 45.26 17.82 
‘ 

3.0 
I 

1.7 2.0 2.3 0.12 3.1 0.34 800 13 13‘ 9 1'4 8 45 <2 0.11‘ 

20-30 -35 7.0 45.18 39.19 15.63 ' 3.1 _ 1.4 1.9 2.1 0.13 2.1 0.18 <500 10 13' 8. 13* 10 42 <2 0.08 

12 Johnston Bay 0-10 — -75 7:0 41.52 38.98 19.50 
3 

2.7 4.8 7.7 2.3 ‘0.11 3.9 0.44 "1600 16 14 10 14 12 40 <2 0.33 

10-20 -125 7.0 38.68 40.15 21.17 2.9 4.5 8.0 2.4 0.10 3.1 0.35 .1100 15 13 .9 16 13 42 <2 0.18 

20-30 +15 7.0 48.11 . 35.08 16:81 
1 

2.8 ’ 4.3 7.9 2.3 0.09 2.3 0.24 600 15 10 15 14 40 <2 0.1016
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Table 17. Major and Trace Element Concentrations in Cootes Paradise Surface Sediment 

Station 
. Percent dry weight Dry weight (pg g" ) 

No. Si0,; A150, Fe, O, MgO ‘C20 Na,.0 K, O TiO, 
_ 

Mn0 P50, Org, C TN -55 Ni Cu Co Cr Zn S As- Hg 

1 62.5. 
I 

10.8= 7.6 3.0 5.7 0.92 2.93» 0.51 0.18 0.09 3.90 0.26 40‘ 33 32 12 19 1 35 1800 7 0.09 
2‘ 

' 67.9 11.2 7.3 2.9 3.9 
. 

1.10 2.82 0.50 0.17 0.07 6.75 0.72 42: 
I 

'36 47 I 

11 20 1,70 2900 5 0.09 

3 62.3 8.6‘ 4.8 2.8 1 1.2 1.20 1.81 0.39 0.09 0.11 1.60 0.17 45_ 22 36 5 ‘ 12 -190 500 5 0.05 

4 65.9 7.3 4.7 3.2 10.9 0.95 1.96 
‘ 

0.35 
7 

0.12 0.10 1.70 0.18 44 17 29 4 9 150. 500 6 0.06
A 

5 63.8" 08.4 5.3 3.4 9.3 
. 

1.05 1.02 0.5 1 0.12 ' 0.70 19.28 40 32 42 7 75 1330 4500 '10 0.1 3 2.15



Al concentrations were high, and Ca concentrations, the 
lowest, in sediment obtained at stations ,1" and 2. This was

' 

caused by the presence of reddish-brown soil, originating 
from the Queenston red shale bedrock. 

Organic C and TN concentrations were the highest 
at stations 1 a_nd 2, which was attributed to the occurrence 
of a dense stand of macrophytes (GIycer'I'a grarrdis) in this 
area. ‘Only a few submerged macrophytes were present 
at stations Nos. 3‘and 4. 

Concentrations of Pb-,» Zn, Cu and Hg at stations Nos. 
1, 2, 3 and 4 were similar and were close to th_ose found -. 

by Kemp and Thomas (1976) in precolonial sediments 
of Lake Ontario. 

'

. 

Table 18, Cooues Se_cli_r_nent Description 

Station Depth 
No. - (cm) Remarks 

1 0-10 Very fine, brown silty clay, with small roots and 
larger plant. residues beginning to decompose, 
becomes finer toward 10 cm ' 

10-30 Firm, dark yellowish-brown silty clay with some 
small roots 

2 0-10 Soft, fine very dark graying brown silt and clay 
mixture; many old, partly decomposed roots; 
at 10 cm, black lenses ofvery fine silty clay 

10-30 Very firm dark gray silty clay with some black 
speclE and lenses of very fine silty clay; mariy 
small deccEnp6si_rfg'ro6ts 

' ' ’ ‘ 

3 . 0-10 Soft, dark olive-g‘ra"y with some sand 
10-20_ Very firm black silty sand mixed with some 

dark olive-gray silty clay 
20-30 Same as above, few black lenses of very fine 

silt-y clay 
30-40 Fine, very firm, very dark gray sand with silt 

2 and some clay 
40-50 - Firm, very dark gray silt with clay 
50-60 Firm brownish gray silt and clay, spongy con- 

sistency; colour more brownish toward the 
bottom of the core, with many small roots — 
appearance of an old marsh soil 

4 ' 0-10 Fine, dark olive-gray‘ silt—c_lay,-sand mixture; 
abundant roots and plant parts - 

10-50 Firm dark gray silt-clay-sand mixture 
50-90 Medium coarse sand, well sorted 
90-1 30 Very firm dark olive-gray.silt'y clfiy with some 

sand; few tiny roots at the core bottom 

5 0-10 Very soft, very fine black silty clay with decom- _ 

posing organic debris; strong H, S smell 
10-20 Same as above. firmer , 

.
V 

20-30 Firm, fine, very dark grayish brown silty clay; 
' some sand and few plant residues 

30-40 Firm, very dark gray silt-clay-sand mixture with 
shell fragments 
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The concentrations of organic C, TN and TP in 

sediment from West Pond (station No. 5) exceeded those 
of the other sediments by many times. This was obviously 
the effect of theiinput from the Dundas sewage treatment 
plant and the high biological activity in this area. 

The concentration of Pb in surfacei_se_dimen,t at 

West Pond was similar to that found by Kemp and Thomas 
(1976) in Lake On‘tario~-"surface sediment, and the concen- 
trations of Ni, Ca, Zn, As and Hg were similar to those 
found at stations 1, 2, 3 and 4. Higher concentrations 
of Pb and Cr in surface "sediment at station 3No. 5 may 
have originated from Dundas sewage effluent. 1 

in 

The concentrations of Ca, Mg, K and most of the
0 

trace elements were consistent in all of the sediment 
profiles Tfihl; 41_9").__i The concentration profiles of-P, Pb 
and Cr in West"_Pond sediment showed enrichment in the 
surface layer. Detailed description 

' 

and inter’preta_t_io'n 

of the concentration _profiles from all stations have been 
given by Mudroch and Capobianco (19709). A description 
of cores and the results ofsedirnent analysesare shown 

" 

in Tables 18.an‘d -19. 

Stations 1 and 2 showed the highest positivevvalues 
of sediment Eh. Since this sediment was above water at 
the sampling time, it was more oxidized than the sed_iment 
collected at other‘ localities. The highest negative Eh values 
were observed in West Pond sediment. Largenquantities 

V 

of‘_‘ decomposing plant‘ residues probably affected the 
sediment Eh values at this station. 

‘WATER cnemrsrnv 

Big Creek Marsh 

The concentration of N, P, Fe, Mn and Zn in water 
- collected at the six sampling stations during the period 
May to November 109078 is presented in Table 20, together 
with a similar data set obtained for Big Creek mouth and 
Lake Erie (A1975 surveillance cruise).

’ 

:Me'an4.".values of total Kjeldahl nitrogen (TKN) 
I 

concentration in the marsh water were higher than those 
of Big Creek. Nitrogen in Big Creek was present, mainly 
as N03 + N02-N. Theconcentration of NH4-N in the 
marsh water was similar‘ to that found in Big Creek. An 
increase in Tl<N and NH4—N in marsh water was observed 
at stations Nos. 25 to 5 in November. This increase may 
be caused by decomposition of certain macrophytes. 
Because the biological activity in the fall is limited by 
the temperature, the released nitrogen is not utilized 

completely by phytoplankton and the excess remains 
for a period of time in. the marsh before "it is sorbed by



Table 19. Particle Size Distribution -and Geochemistry ofcootes Paradise Sedimen1:Profile 
Station Depth Eh , 

t 

0 

Percent dry weight 
» 

._ j Dry weight (ug g" ) 

_ 

No. . (cm) (mV) pH Sand Silt Clay Fe, 0, Mg0. C210 K, 0 P,,0, Org. C TN S Pb -Ni‘ Cu Co Cr Zn As: Hg 
1 0-10 +305 7-.0 

V 

28183 55.29 15.83 7.._4 3.0 5.5 2.9 0.08‘ -3.70 0.32 1800 35 32 32 1'2 19 1930 7 0.030 
' 10-20 ' +120 7.2 41 .75 43.1 3 10.12 

_ 

7.5" 2.9 5.3 2.8 0.09 3.13 0.34‘ 1400 30 33 '30 10 19 120 '9 0.030 
20-30 +50 7.4 

, 
42.53 45 .28 12.18 7.3‘ 3.0 5.1 2.9 0.1 1 2.95 0.28 700 25 32 28 1:2 20 1 15 -9 0.025 

2 0-10 ' +1130 7.1 29.13 50.65 20.22 _ 7.2 2.9 3.8"‘ 2.8 0.07 6.50 5 

0.51 2200 40 35 50 190 21 170 '6 0.1-10 
10-20 +35 7.2 25.61 55221 19.18 7.4 . 2.8" 4.1 2.7 0.08 

_ 1.90 0.20 <500 20 30 35 153 20 ‘+100 '5 05090 
20-30 +30 » 7.4 37.25 41.71 21.04 7.03 3.0 3.8- 2.9 0.08 V 2.30 0.25 <500 * 17 31. 29. 10 20 90 ‘ '4 0.040 

3 0-10 ‘ +15 7.0 
_ 

29.42 42.43‘ 28.15 4.7 2.8 11.0 1.3 0.11 1.60 0.55 <500' 45 23 36 5 12 180 6 0.050 
V 10-20 +20 7.0 71.24 24.11 4.65 4.6 2.7 10.9 1.7 0.09 ’ 

‘ 

1.35 0.08 <500 20 20 25 5 10 105", 5 N 0.030 20.-30 +30 7.1 74.52 23.38 2.1 4.7 2.8 10.5 1.9 0.08 1.40 0.09 
1 '<500 25 15 23 3 10 100 6 

_ 

0.035 
30+-4b +10 7.0 80.0 15.63 4.37 V 4.5 2.9 10.7 1.7 0.07 1.28 0.11 <soo 2o 12 2o 5 11 110 35 0.030. 
40-50 +20 7.0 17.65 65.23 17.12 4.4 - ‘2.9 11.2 1.7 0.08 ‘ 4.18 0.44 V 2200 42 28' 46 » 8 1'6 230 10 0.09 
50-60 ' 

V 

+40 6.9 20.94 63.81 15.25 4.5 2.9 10.9 1.8 0.08 
7 

9.56 0.96 4100 46 26 44 8 16 470 7 0.06 

4 0-10 ' -70 7.0 :21.51 49.58 28.91 4.5 3.2 10.5 1.8 0.10 -1.40 0.14 '<500 44 17_ 28 3 10 - 150 4 0.06 
10-20 -20 7.0 

I 

18.57 51.18‘ 30.25 4.4 3.1 10.8 1.5 0.11 1.55" 0.16 <500 45’ 16 30 
V 

4 9 150- 5 0.05 
20-30 +5 7.1 25.23 49.62 25.15 4.6 33:0 11.1 1.7 0.09 1.76‘ 0.17 <500 35 15 32 

I 

_4 10“ 140'} 
’ 6 0.05 

.30-40 +10 7.1 26.03 45.23 23.74 4.7 ‘2.9 10.5 1.6 0.10 1.30 
_ 0.14 (500 30 10 31 4 _1'20 ' 5 ‘0.05 

40-50 +30 7.1 
_ 

. 40.29 48.15 11.56 4.5 2.9 10.3 1.5 0.11 0.90 0.08‘ <500 20 7 28 3 9 90 6 0.05 
50-60 

9 

+90. 7.1 ' 75.81 ‘ 18.19 6.00 4.6 
_ 2.2 5.4 0.9 0.09 0.50 0.07 <’500 10 5 15 1 '5 

' 50 ' 3 0:01 
80-90 +110 » 7.0 ' 85.13 

I 

12.05 2.82 4.9 1.9 5.7 1.0 0.09‘ 0.45 0.05 <500 15 6 10 1 5 55 <2 0.01 
120-1'30 +10 7.0 40.68 50.06 9.26 

I 

4.7 2.9 9.8 1 .8 0.1 1 1 .05 0.1 6 <500 25 16 32 _4 1 1 1 30 7 0.03 

5 0-10 ' '-150 6.8 22.03‘ 45.38 32.59 5.3 3.4- 9.2 1.8 0.65 - 
' 15.38 1.71 5200 ,205 26 40 6 

I 

55 120 _ 0.130 
10-20 -235 6.9 4.02 48.82 47.16‘ 5.2 3.2 9.5 1.7 0.35 3.12 

9 

0.33‘ 2100 40 13' 45' 6 10 I 170 7 0.120 
20-30 -50 

_ 7.0 20.11 50.28 29.61 5.1 3.3 9.1 1.9 0.13"‘ 2.20 0.23 900 55 .18 '32 7 13 180 6 0.100 
_

‘ 

30-40 
: 

-70 7.0 45.41 43.03 11.56 - 5.3 3.1 9.6‘ 1.8 0.11 2.05 0.21 
> 

800 40 22 30 13 12 210 7 0.090

61



Table. 20. Coneenfiaciona‘ of Nun;-tents and VLa.1'£-r_(v1_ng 1.3‘ _) V 

Station No. Statistics‘ NI-l,aN NO, +‘N0, —_N TP Fe Mn ‘Zn 

1 Range 0.016-0.035 
A 

0.63s=0.733 0.028-0.065 0.023—0.043 0.243-0.318 0.095-0.-153 0.005.-0.011 
" 0.026 ' 

0.685 0.044 
' 0.038 5 

_, 0.284 
‘ 

0.127 ’ 0.008 
s,-‘ 0.007 0.045 

_ 

0.013 0.008 
b 

0.027 0.022 
_ 

0.002 
n 7 A 78 . .. 7v .7 

, 7 

2 Range 0.039-0.0951 0.658-1.118 0.098-0.180 0.025-0.045 0‘.'390—0.510 0.048-0.070 0.005-0.009 
‘ 0.057 ‘: 

_ 

0.647 
_ 

0.132 0.033 
., 

0.466 0.059 
A 

0.007 
5,-‘ 0.022 * 0.171 0.030 

' 

0.008 ' 0.042 0.008 0.002 
n 7 

, 

.7 . -; 7 7 7 7 7 

3 
‘ 

Range 0.045-0.070 ~ 0.730-0.-950 _0.‘025_-0.061 1.0.043-0.060_ 0.256+0.365 0.073-0.095 0.005-0.010 
- 

‘ 0.055. 0.831 0.042 0.050 0.304 0.085 
_ 

0.008 
s,-, 0.009 ~ 

_; _().0810 j 
0.015 0.007 

g 

V 0.039 0.008 0.002 
n 7 ’- 

7. 
’ 

I 

* ‘ 7-- .7 7 . . 7 — 7 

4 Range 0.043-0.075 0.698—0._910 0.024-0.062 0.021-0.030 0.095-0.135 0.045-0.068 0.005-0.009 
1? 0.058 

g 

‘ 

. 0.769 0.039 I 0.026 1 0.114’ ' 0.057 0.007 
3,,-, 0.010 ‘- 0.074 0,016 0.004 - 0.015’ 0.009 0.002 
n 7 

_ 

,7 . 7 
._ 

. 7 
_ 

V 

7 . ,7 7 

5 Range 0.045-0.082 0.683;-0.'84_0 
'‘ 

’ 

0.010-0.041 
' 

0.010-0.028 0.100-0.153 0.0_20—0.o40 0.006-0.010 

i _ 

0.058 0.754 0.022 - 0.022 0.126 0.031 0.008 

_s,-. 0.013 . 0.058 V‘ 

_ 

- 0.012 0.003 « 0.018 2 0.008 . 0.002 
n 7 2 7 v ' 

.7- 7 7 7 7 

6 Range 0015-0040‘ 0.3_90-0.550 V‘ 0.015-0.060 0.018-0.032 0.145-0.190" 0.060-0.100 0.005+0._018 

:7 0.027 
_ 

‘ 

0.480 . 
0.033 0.023 0.165 - -0.082 j 0.012 

s,-‘ 0.009 
' 

0.069 . . 0.017 . 0.005 0.016 0.016. 0.005 
n 7 7 - 7 ’ 

; 
7 ’ 

V 
7 v 7 

‘ 

7» 

Big creek Range 0.025-0,050 . 

, 0.290-0.345 0.40-2.21 » 0.013-0.023 0.115-0.180 0.049-0.061 0.010-0.018 
at 0.036 , 

“ 0.321 
’ ‘‘1.23 ‘0.017 

' 

0.141 ‘ 0.055 . 0.014- 

s,-‘ 0.009 0.022 0.593 0.004 0.027 0.005 0.003 
n 7 . -7 -1 . .7. — .7 . 7 7 

_

7 

L_akeE1jie 1975 Range N.A. . 
0.11’0—0.540 0.005:-0.-375 0.0097-0.0640 0.060-0.110. N.A. 

' 

0_.004:-0.008 

:2 N.A. 
_ 

.- 0.277 _ .o._142_.- 0.0229 _ 
0,085-: N.A.. 0.006 

s,-‘ N,-'A.» 
b 

, 

0.087 0.093 __0.0109 0.025 
_ 

' 

‘N.A. 0.002 
‘n N.A. 

j 
204 ' 204 205 2 NA. ‘ '

2 

sediment. Mean values of TP in marsh vvater were‘ higher 
(except for water collected at station ‘No. 5) than those 

' 

of. Lake Erie ‘water, and higher than the mean values of 
TP in Big Creek water. DeMarte and Hartman (1974) 
found \adsorption of P by the roots of Myriophy/Ium 
sp. and further transformation to the shoot system, and 

‘ 

release to the-surrounding water‘. An“ additional release 

of P occurred" after physical damage to‘ the shoots. Release 
of. P by certain macrophytes in the marsh could be the 
reason for higher’ P conoentrati.o_ns in the marsh vv'at'e'r. 

The mean values of Fe in marsh waterexceeded those’ 

of Lake Erie.
' 

The concentrations of‘ Pb, Ni, Cu, Cr, Cd and As 
were <0.001 mg L"‘ and Hg concentrations remained 
less than '5 x 10“ mg L" during the whole study period. 

20" 

The dissolved oxygen concentration in water 
decreased occasionally to 5 mg L”‘ "in the afternoon 
during the summer months; during the night cooling, 

'_ however, __t_he__vva'1_:fer vvas reae'rat_e_d' a_nd___the dissolved oxygen 
concentration ‘increased. 

Dover, Balmoral and _St..‘Lukes Marshes 

The concentrations .''of nutrients and trace elements A 

in marsh waters are shown.in Table 21. The same parameter 
values measured in water that had been collected from 
the municipal drain and Lake St. Clair are included for 

compa_rison; as mentioned previously (in the section "Study 
Area"), the water is pumped into the marshes partly from 
the municipal drain and partly from Lake St.-Clair.



.(<0.001 

Table 21. Concentrations of Nutrients and Metals in Dovef. 5‘ Lukas md B‘hfi0l'fil Wllefi (1118 L“)
V 

' 

Marsh Statistics 
_ 

NI-_l,—‘N '1‘1_<NV 
7 

No, '+'N0,-NV TP 2 Fe 
. . 

‘Mn Zn‘ 

Dover, all Range 0.055-0.450 1.85-3.70 0.038-0.490 0.087-’0.13o 0.105-0.3 58 0.040—.0.12s <0.0.01-0.015 
stations :2 0.215 2.67 0.280 0.1 10 0.295 0074 0.005 

s; 0.163 0.332 0.187 
_ 

0.052 0.120 0.021 0.001 
n 28 28 28 >28 28 28 23 

St; Lukes,alI Range 0.045-0.270 1_.90'-2.60- - 0.025—0.06s 0.027-0.090 0.068—0.169 -0.023-‘0.095 <0.001-0.054 
stations :2 

- 0.166 2.23 0.040 0.069 * 0.131 0.048 0-020 
‘ 

si 0.102 
' 0.090 0.010 0.049 v 0.102 0.019 

_ 

0.040 
n 14 14 14 ‘14 14 ‘14 14 

Balmoral, all Range 0.043-0.210 1.12-2.10 0.017-0.04s 
, 

0.020—0.087‘ 0.072-0.215 0.03s—0.108 <0.001-0.004 
stations at 0.135 1.69 0.036 0.043 0.143 0.083 0.003 

5'3 o,o-76. 0.23 0.021 
. 

0.020 0.095 0.041 0.002 
[1 7 7 7 7, 7 7 7 

Drain waterv Range o.15o—0.200 0.800-0.980 2.70-5.48‘ 
‘ 

0.072-0.145. 0.045-0.650 0.040-0.200 . <0.001—0.017 
v 2': 0.179 0.870 4.55 0.114 0.330 0.130 0.010 

s,,-, 0.010 0.105 V 2.98." 0.092 0.284 0.055 0.011 
1: 7' ' 7’ 79 7 ' 

— 7 7. 7 

Lake 51;. Clair Range 0.028—0.095’ 0.390-0.480 0.050-0.075 0024-0028 0.03 5-0.130 
_ 

0.015-0.066 0.002-0.010 
water >2 0.066_ 0.452 0.069 0.026 0.098 ' 0.041 

A 
_ 

0.009 
s; 0.023 0.060 

r 

0.010 0.002 . 0.043 0010 0.001 
n 7 - 7 ’ ' 7 -7' 0 

7 7 7 

The highest concentrati_ons of TP and all forms of Walpole lsla'n'd_ 
nitrogen were observed in water collected at Dover marsh. 
This was obviously the effect of the high nutrient c_oncen'-r 
tration in the municipal drain water, which is pumped 
regularly into this marsh. 

l$_{u‘tjri_ent conce_n_tr_ati_ons in Balmoral marsh were 
most li_kely affected‘ by the lower N and-‘P concentrations 
of Lake St; Clair water, which is used for water level 
maintenance in this. marsh. No significant increase in 
the nutrient concentration of marsh water was observed 
at any of the three marshes during the fall sa'm'p|ing.,' 

The mean values of Fe and Mn con_oentrations'in 
water were higher in Dover marsh (0.295 and 0.074 mg L" , 

respectively) than in Balmoral or St. Lukes. The Zn con- 
centrations of all water samples collected from the three 
marshes during the sampling period were generally similar ' 

and close to those found in Lake St. Clair and the munici- 
pa_| drain water. The concentrations of Cr, Cu, Pb, Ni, 
As and Cd in all of the water samples collected at the 
marshes and Lake St. Clair were under detection limits 

mg L4). and the Hg concentration was 5x10‘5 mg L". 

The dissolved oxygen concentration in the marsh 
water’ was the lowest in July (6 mg L") and was similar 
in all three ma_rshes. 

The concentrations of nutrients and metals in 

Johnston River and Johnston Bay (sampling stations 2, 
3, 4, 7, 9, 11 and 12) and Johnston Bay- ,marsh'(samp|ing 
stations 5 and 6) are shown in Table 22.

A 

‘__r‘h'e' NH4-.N, N03 + ‘NO,-N and TP conc_en’trations 
in water collected. in Johnston River, Johnston Bay and 
Johnston Bay marsh were similar. This similarity is prob- 
ably due to the periodic flooding of the whole area by, 
Lake St. Clair water. The dike around the marsh partially 
protects the area from wave action; water level fluctuations 
in the Great Lakes, however, affect the hydrological regime 
to a large extent. 

' 
' 

' l 

The TKN, Fe and Mn concentrations were higher 
in marsh water (0.730, 0.168 and.0.054 mg L”, respec- 
tively) than in Johnston River and-Johnston Bay (0.260, 
0.084 and 0.038 mg L" , respectively). 

The dissolved organic m_atter,vproduced by the high 
biological activity in the marsh, wasthe major contributor 
to the TKN in the water. Very little is known about the 
role of macrophytes in cycling Fe and Mn. Osborn and 
Hem (1962) and DeMarte and Hartman (1974) found 
indications of Fe translocation from sediments to the 
leaves of submerged vegetation. No information is available,
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Table 22. Concelitritiéns of Nut.'rienI:s and Metals in Water at: Selected Areas of Walpole Island (mg L“ ) 
I 

Location S-tatistics NH,—N ’ TKN ' NO, +NO,—N ‘ TP Fe 
3 

' Mn Zn 

} 

Jol_I;_1stoIJ._RiV§r Igange 0.055-0.072 0230-0310 0028-0063 0.021-0.032 0.o50—o.110 0.015-0.045 0.005-0.024 
and Johnston :2 

_ 

0.062 0.260 0.042 — 0.028 0.084 0.038 0.016 
Bay *_ s,-. -0.010 4- 0.042 

. 
0.009 - 0.008 . 0.022 _ 

0.016 0.007 
V n 42 42 42 . 42 42 

‘ 42» 42. 

Johnston Bay Rafige 0.045-0.060 
. 
0.500-0.930 0.010-0.060 0.021-0.044 0.070-0.220 0.030-0. 095 0.004:-0.012 

marsh :1 ~ 0.050 0.730 , 0.050 . 

1 0.034 0.168 -0.054 0.009 
5;‘ 0.013 0.140 0.032 0.011 

, 0.090 0.028 * 0.004- 
11 14 14 ' 14 14 14 14 14 

Table 23. _Conce_ntra'tio’ns of Nufiienm and Metals in Cootes Pa:-'adis_'e Water ("mg L" 5) 
Station Statistics NH‘ -N TKN NO,_ + N0, -N TP Fe Mn Zn 

1, 2, 3, 4 Range 0.010—4._20 0.100-9.000‘ 0.015-2.5007 0.010—0.690 0.1 3K0—0.450 0.005-0.250 
1? 0.924’ 

' 

1.368 0.897 0.120 0.210 .0.450 0.098 
si 1.030 1.246 0.687 0.101 0.195 » 1. 205 0.1 56 
11 8 . 8 8 8_ 8 8 8 

5 Range 8.05.0-18.000 .7.500—20.050 0.050—4.95 1.980—5.54 0.140-0.380 0.100-0.320 0.006-0.059 
2? 10.666 14.000 

1 

1.989 3.182 0.250 v 0.1-70 0.039 
si 4.217 5.109 1.741 1.263 0.180 0.155 0.021 
n 8 8 8 8 8 - 8 8 

Spencer Creek, .1? 0.040 0.680 0.620 0.083 0.095 0.075 0.005 
Dundas 5,-‘ 0.010 0.148 

_ 
0.172 . 0.026 0.013 - 0.028 0.001 

n 8 8 8 8 
' 

8 8 
> _

8 

Table 24. Abovegr'ou1I¢l Biomass Produetion and fiutrient Content in Most Coljqxnon Mgcrophytes Collected from Marshes Studied invjuly 

Biomass 
" ’ 

dry weight K P N . 

V 
b 

Mg 
Speciei 

‘ 

- location ‘(g/m’) (3/ml) (g/m2} (2.8/H51) (8/ma‘) (8/In’) 

Typba Iatifalia Big Cieek marsh‘ 1020 10. 2 ‘ 1.6 31.5 12.3 2.5 - 

- 

‘ '- ' Dover marsh 1350 16.2 1.8 37.9 17.8 3.1 

Balmoral marsh ' 
- 

‘ 1015 - 11.3 1.4 31.3 13.0 2.7 
St, I_.ukg§ marsh . 1170 12.1 - 33.5 11.2 - 2.2 
Johnston Bay mush » 

1 

.

' 

(Walpole Island) 995 9.8 1.0 29.1 3.9 , 2.1 

Carex Iactgstris ‘ Big Creek maish 
’ 730 7.5 0.74 

t 

9.;5 458 1-4 
‘ 

Bhlmjoral marsh 875 8:9 1 0. 82 10.1 V 5.2 1.7 
. St. .Li1'kes mush 935 9.5. 0.96 10.4 ' 

' 

6. 5 ‘2.1 

Johnston Bay marsh . 

'
’ 

(Walpole Island) 810 8.3 0.82 10.0 5.6 
' 

I 

- 1.8
V 

Glycerin gra_1_1dis\ Cootes Paradke: 
> 7 

~ — west Pond « 4 4800 - 67.2 ~ 6.2 ‘ 7-2.0 24.0 8.6 

Désjardins cann. 4000 . 48.0 5.2 60.0 28.0 A 3.4 
Long Valley Creek 2700 48.6 6.8 45.9 ' 10.8 6.4 
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however, on the release of Fe from plant material after 
decay. " 

The concentration of Pb-, Cr, Cu’, .Ni;‘, As and Cd 
was »<0.001 mg L", and the concentrationof Hg was 
<5; X 10" mg L" in all water samples. The mean value 
of Zn concentration was higher in water samples collected 
at Johnston River and ‘Johnston Bay. 

‘ 
' ‘ 

The Johnston Bay area and nearshore zone of 
Johnston River can be considered a Lake St. Clair littoral 
zone, which is occupied by various macrophytes. Again, 
the periodic resuspension of sediment in this area by 
storm wave activity and flooding has an effect on the 
partial transportation of suspended solids as well as on 
the water quality of the area; 

'
H 

Cootes Paradise 

The mean values of nutrients a_nd metal concentration 
in water collected in Cootes Paradise are shown in Table 23: 
The highest concentrations of total N -and P were found at 
the West Pond outlet sampling station. Semkin eta/. (1976) 
observed that the first reduction in the nutrient concentra- 
tion ‘of the Dundas sewage treatment effiliuent, which 
accounts for 30% to _40% of total P and total N, occurred 
in t_h_e marshy area of the West Pond. This reduction was 
related to the settling of suspended» solids and to the 
biological activityi at West Pond (Mudroch and Capiobianco, 
1979). The high nutrient content of West Pond sediment 
i_s in agreement with this observation. 

Themajor nitrogen species in water at station "No. 5 
is NH4-N (X = 10.660 mg L" l; N03 + NO,-N‘, however, is 
also present ()2 = 1.989 mg L"). According to Semkin

' 

et a/. (1976), N03 + NO-2-N concentration in the sewage 
treatment plant effluent entering the West Pond is low" 
(approximately 0.2 mg L“ ), and at the West Pond where 
high algal photosynthetic rates result’ in relatively high 
dissolved oxygen concentration (up to 10 mg L"), the 
bacteria population (Nitrosomonas and Nitrobacter) 
probably becomes large enough to affect the nitrification. 
The reduction of nutrient concentration in the main water 
body of Cootes Paradise is further maintained by the 
diluting effect of water discharged from Spencer Creek. 
The major nitrogen species in "this creek is N03 + N0,-N 
(Table 23). 

The concentrations of Pb, Cr, Cu, Ni, As and Cd 
in all of the ‘water samples collected at Cootes Paradise 
were low (<0.001 mg L"). The Hg concentrations were 
below detection limit (<5 x 10'‘ mg L" ). 

PLANT COMPOSITION 

The seasonal variations in .,K,_ P, N, Ca and M9 in 
the aboveground biomass .of the most abundant marsh 
plant species sampled are shown in Figures 6 to 11. The 
aboveground biomass production and nutrient_ content 
in the three‘ most_ common e_merger_l_t umacrophytes in 
the mars_hes"(Typha Iatifa/ia, Carex lacustris and Glyceria 
grandis) are given in Table 24. Concentrations of N and 
K in all.of t_h_e plants were the highest at the beginning 

' 

of the growing season. Th‘e;Ca concentration increased 
in Pontederia cor‘data,4 Glyceria’ grfandis, Typha Iatifalia, 
‘Carex Iacustris and Myriophyllum heterophy/lum -during 
the growing season. The Mg and P concentrations generally 
remained constant in most species during the growing 
season....,Nutrie_nts were equally diistributed in the above- 
ground biomass of Typlza latifolia in June, July and August 

' '('Fig. 12): The concentrations of N and Ca" in old plants 
that were sampled in April from a stand of Typha Iatifolia 

. in Do‘v'er~ marsh ‘exceeded,-“ by -many times,’-~those'of K, 
P and Mg.‘The work of Chamie and Richardson (1978) 
provides some explaunation. These authors studied the 
decomposition of plants in nol‘-thern wetlands and found 
that for most species and their parts, n_ut_rient concentration 
losses occurred in P, K and Mg, while increases occurred 
in N and Ca. Davis and-Van der Valk (1978) studied decom- 

_ 

position of five emergent macrophyte specimens in prairie 
' 

glacial marshes, and they found that losses from the standing 
litter compartment were primarily the result of fragmenta- 
tion that had occurred during the first winter and spring. 
Davis and Van der Valk found that K,_Na and Mg were 
released very rapidly from the fallen litter, while N, P and 
Ca were released very slowly. Fallen litter was submerged 

, only in the spring and early’ summer. The same authors 
suggested that leaching from the standing litter may also 
remove nutrients in the first‘weel<'s after shoot death. 

Mason and Bryant (1975), in astudy of decomposition 
of Phragmites communis Trin. and Typhauangustifolia L., 
found that Na, K, Mg and P were leached out of plant 
matelrial during the first month of the experiment and 
then remained constant. The Ca level showed less change, 
and the nitrogen level increased-,— largely due to microbial 
activity. P 

-

7 

These observations support, in general, the results 
of nutrlent concentration of old Typha /atifolia sampled 
In April in Dover marsh. _, 

G/V09"? yfafldis, sampled in Cootes Paradise marsh, ' 

Produced the highest aboveground biomass (Table 24). 

___The_. biomass.” of Qlyceria g'ran_dis, 
growing In the West Pond and Desja'rdins Canal areas, 
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"increased eight times during the period of April to July 
and only five and half times in the Long Valley area. The 
macronutrient ‘uptake per square metre of stand area 
increased with augmented rates of the net productiong. 
The percentage of the macronutrient content per dry 
weight of plant was higher in the early phase of shoot 
growth in April than in July (except for Ca in the Long 
Valley and Desjardihs Canal areas), but the total nutrient 

’ 

uptake. per square metre was much higher in July than in 
April for ‘plants from all three localities. The shoot standing 
crop yield affected the total uptake (grams per square 
metre) of ma‘cron'u’trients by G/yceria grandis at each 

- sampling station (Mudroch and Capobianco, 1979). 

Typha /atifo/ia yielded the highest aboveground 
biomass in Dover marsh, where this plant was the dominant 
species. In the rest of t_he m_arshes, Typha Iatifo/ia builds 

A stands of variable sizes. 

The highest concentration of nutrients in the water 
_pumped into‘ Dover marsh could have fertilizing effects 
on the biomassproduction and on species composition. 
However, the aboveground biomass production of the 
sampled species was generally in ‘the same range as that 
"shown by other authors (Boyd and Hess, 1970; Dykyjova 
and Pribil, 1.975; Dykyjova, 1978).
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Metal concentrations in the aboveground biomass 
of sampled macrophytes in the stage of’ maximum develop- 
ment are shown in Table 25. The largest amounts of Pb, 
Cr, Ni," Cd, Co and Cu were accumulated by the submerged 
macrophyte Myriaphyllum sp. from all of the marshes 
investigated, by the submerged macrophyte Chara sp. 

from Dover, St. Lukes and Balmoral marshes and by the 
floating-leaved macrophyte Lemna minor from Cootes 
Paradise marsh. Generally, -the accumulation of metals 

in plants varied from species to species and showed a 
complex relationship with the metal concentrations in 

sediments (Mudroch and Capobianco, 1978). Correlation 
was found between Ca and Pb, and between Cu, Ni and Cr 
concentration in macrophytes collected at .Big Creek 
marsh. This finding suggests the possibility of adsorption 
of these metals by the CaCO3 deposits on the surface 
of the submerged macrophytes (Mudroch, 1979). 

Table 25.. Metal Concentrations in A_bove’ground Biomass of Macrophytes at Maximum Development 

‘ 

Obtained at Dry weight (ug g" ) 

Species - marsh‘ Statistics Pb Zn Cr N1 Cd Co Cu 

Myriaphyllum sp. 1,2,-3.4.5.6 Range 11-45 11-36 '_2-40 4-1 5 <0.5-2‘-.5 <1.-10 3-:9 
’ 

it 24.8 20.1 9.3 8.5 1.5 6.1 5.5 
s,-‘ 16.5 12.8 8.5 

. 4.9 0.7 3.9 2.1 

Cbara sp. - 

' 

2,3,4 Range 20-47 10-19 1-8 8-16 2.5-4.0 7-16 5-6 
2? 35.1 15.0 4.5 10.9 "3.2 12.8 5.3 
s,-‘ 13.8 4.1 ’ 

3.4 4.2 0.8 4.8 0.8 

Lemma minor 6 Range 23-190 60-165 23-40 10-16 
' 

<o.5—3.o 6-18 9-26 
1? 70.5 31.4 13.7 2.3 ‘ 13.2 16.4 
sy‘ 60.8 72.8 15.9 6.8 0.7 4.1 7.2 

Nynipbaea odbrdta 1.2,3,4,s,6 Range 3-6 10-17 v— 1.5 _ 1-3 1-3 
1': 

' 

4.5 131.4 <1 3.2 <0.5 1.8 1.9 
s- 0.6 2.6 — 2.5 — 0.8 0.9 

Pontedei-ia cardata 
5 

1,2,3,4,5 Range 4-6 15-22 _2-4 1-3 -- <1—2 2-3 
1? 4.8 13.4 2.4 1.6" <0.5 1.3 2.3 
s- 1.3 2.3 0.8 0.7 - ‘ 0.4 0.3 

Typba Iatifolia 1.2.3.4.5 Range 3-6 1-20 <1-6 <1-5 — <1-3 
. 

<1-6 
X 3.6 13.5 2.4 2.6 <0.5 1.4 2.8 
S,-‘ 0.9 5.4 2.1 1.6 — 0.8 1.1 

Lytbrum salicaria 2.3.4.5 - Range 4-8 17-35 <1—8 2-9 — 1-3 
A 

2-4 
A 

:2 4.8 26.8 3.2 3.8 <0.5 1.8 3.6 
s,-. 2.3 11.2 2.6 3.1 — 1.9 2.4 

Carex lacustris 1.,2,3a4’v5 Range 3-4 22-31 <1-2 1'-2 — 1-2 2.3 
i 3.6 27.8 1.4 1.4 <0.5 1.6 2.4 
5'12 0.4 5.1 0.5 0.2 - 0.3 0.3 

GIyce”ria g‘ra'ndr's 
‘ 

6 Range 3-5 14-17 2-3 2-3 . 
- 1-2 2-6 

’7 4-2 15-.3 2.4 2.1 <0.5 1.6 3.8 
52': 1.-_1 1.2 0.3 - 0.2 — 0.2 1.9 

‘Marsh: 1 — Big Creek 
2 — Dover 
'3 - Bgalmoral 
4 — St. Lukes 
5 -— Walpole, -Island 
6 Cootes Paradise
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SE'DlME‘NTs 

As briefly described in the section "Study Area,” 
the soils of the study areas are of sirnilar origin_; they are 
mostly derived from unconsolidatedmaterial deposited 
during glacial times over bedrock, These soils contributed . _ 

to the geochemical composition of bottom sediments 
in all of" the’ marshes investigated. Typically; the bottom ’_ 

sediments marshes studiedlare submerged mineral 
soils, with pH ranging-between 6.9 and 7.2 and m_ore 
than half of the particles of the silt size (2-63 pm). In 

the sediment from the Walpole Island area, which is * 

influencedby the coarser material of the St. Clai_r River 
delta, more than half of the particles are" largerthan 63 um 
(sand size). In Table 26,- conce:nt'r'ations«of organic matter 
and -some major elements and metals in temperate region 
mineral surface soils,‘ marsh sediment and Great Lakes 
sediments are compared. Because of the high biological 
activity in the marshes these sediments are strongly 
en_riched_ by organic C and N, and slightly by P, with 
respect to the Great Lakes bottom sediments and soils.- 

The' K and S co'ncentra'tions are similar‘ to those found 
in lake sediments, and'the S’concentratio'ns are higher 
than in soil. The Ca oonce,ntration_ is higher in marsh 

‘CHAPTER 4 

sediments. Wetzel (1960) studied deposits of carbonate 
compounds on the vegetative sti"uctu"res of macrophytes 
in four lakes ‘in’ Michigan. The pH of the water in these 

V 

lakes" ranged between 8.39 and 8.78. ‘He found the greatest 
' 

CaCO3 encrustation on submerged pla_nts_.This CaC03 en- 
crustation was induced by photosynthetic utilization 

T of CO2 and bicarbonate from the water by the macro- 
phytes andepiphytic algae (Wetzel,'1975). The high Ca 

V 

"concentration in marsh sediment probably originated 
..from CaCO.3 precipitation on the plants. 

The most important difference between the t_errest_rial 
"soil and the marsh sediment is the conversion of the soil 
to an anaerobic environ_ment with limited oxygen concen- 
tration. Chemical compounds present in an oxidized form 
-in terrestrial soil are reduced by bacterial activity under 
anoxic conditions. In the Great Lakes sediment, a thin 
oxidized or aerobic surface layer is present atthe sediment- 
water interface (0-2 cm) as well as an ‘underlying reduced 
or anaerobic layer (Kemp eta/., 1977). In marsh sediments, 
"where oxygen may‘ be occasionally depleted at the sediment- 
water interface, the su_rface aerobic layer “is very thin or 
nonexistent. The Eh values in all of the s_ediment profiles ’ 

collected in the marshes investigated" showed reduced 

Table -26.; Total Amount of Organic Matter find Major Eleiitents in Temperate Region Mineral Surface Soils, Surface sediment of Mars_hes_ 
Investigated and Great Lukessurficial Sediment 

Temperate region 
Percent .dr>’fvi_vs*-,igh.§

. 

Surface sediment of 
marshes investigated 

Great Lakes 
surfi_ci_a,l sediment Parameter rhincral surface soils‘ 

Otg_an:ic matter: 
A 

0.40—l0.00 

N 
_ 

0.02-0.50 

P 
A 

‘ 

0.01-0.20 

K 
O 

_V _ n _ 

0.17-3.30 

ca 
A" 

_ 

' 

0.07-3.60 

Mg 
7 

0.12-1.50 

s 0.01‘-0.20 

0.00-9.G31'- 
'7 

2.83A:-30.17 

0.09-2.15 0 0.03-0..71’r 

l0.02j-0.30 0.09-0.22: 

1.40-3.20 .. 1.36-3.o4§ 

1.20-15.00 
' 

1.02-5.59‘: 

0.96-2.61 * 

, 

I 

1.3o—2.s2§ 

<0.05-0.46 0-.04-0.461 

' Buckman and Brady (-19.69) - 

T Kemp (1971) for Lakes Huron, Erie and Ontario 
1: l(em‘p and Thomas (1976), surface sediments (0-1 cm) of Lakes Huron, Erie and Ontario 
§Kemp at al. (1977), surface sediments (0-2 cm) of Lakes fluron, Erie and Ontario
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conditions, particularly in the sediment section from 10 
to 20 cm. This could be due to the decomposition of 
organic material and the firmer consistency of this sediment 
layer. The top sediment from 0 to 10 cm was softer a_nd 
occasionally aerated by disruption and mixing owing 
to wind and wave action in the shallow marsh areas. A 
very thin layer (1-2 mm) of the brown oxidized ooze ‘was 
observed on top of the sediment at many of the sampling 
stations. This layer, however, was too thin to permit 
the_ measurement of Eh values. The redox potential i_n 

the marsh sediment affects the decomposition of organic 
matter, which is slower under anaerobic conditions and 
not as complete as under aerated conditions (lsirimah 
a_n_d Kee_ney, 1973; Patrick and Delaune, 1977). Under 
low oxygen tension, anaerobic organisms are more active 
and humification processes prevail; under high oxygen 
tension, high respiration of aerobic population accompanies 
the full mineralization of organic substrates (Ulehlova, 
19.78). 

Metals 

The characteristics of the organic matter and redox 
system conditions in soils, and marsh and lake sediment 
affect not only the difference in chemical forms i_n which 
various metals are present but also the difference" in their 
availability to the biota and to the overlyingwater in 
aquatic ecosystems.

' 

In Table 27, the concentr'ations. of metals‘ in marsh 
sediment are compared with those found in soil and Great 
La_kes surficial'sediment. This table shows that Fe concen- 
trations are generally similar in both marsh and soil and 
that both are lower than that of lake sediment. 

'
V 

Table 27. Metal Concenn-ation Found in Common Soils, Surface 
Sediments of Marshes Investigated and Great Lakes 
Surface Sediment 

DEX weight (#9 g " ) 

Surface sediments of Great Lakes 
Parameter » Soils’ marshes investigated surface sediment 

Fe 5000-50 000 6000-51 000 36 500-5 5 2001' 

Mn 200-10 000 60-1 200 800-13 400+ 

Zn 10-250 14-383 1 54-6001' 

Cu 5-150 <1‘-47 — 4321091‘ 

00 1-50 . 1-15 16-461 
‘ Buckman and Brady_(t969) 
1' Kemp and Thomas (1976), su_rfac_e sediments (0-1 cm) of Lakes 

Huron, Erie and Ontario 
:l:Ketnp er al. (1977), surface sediments (0-2 cm) of Lakes Huron. 

Erie and Ontario ' 

The Mn concentration in marsh sediment was about 
one order of magnitude lower than that shown for the 
soil and lake sediment. The value for lake sediment given 
in Table 27 is for the surface section from 0 to 1 cm. 
In lake sediment, the Mn concentration is the highest 
because of the upward diagenetic migration and precipita- 
tion of this element at the oxidized sediment-water inter- 
face (Sozanski and C_ronan, 1979). The Mn concentration 
in the Great Lakes sediment below the 1-cm layer is 

» generally in the range between 500 and 1600 Mg/g (Kemp 
et al., 1977).‘ In the range of Eh values found in marsh 
sediment, Mn is present in soluble form in sediment inter- 
stitial water with generally uniform di_stribution within 
the sediment profile. 

The Zn, Cu and Co concentrations are lower in the 
marsh sediment than those in the Great Lakes surficial 

. 
sedliments. This difference is probably due to anthropogenic 
loading of these elements to the lakes (Kemp and Thomas, 
1976) and has less effect on the coastal marshes. The 
Cu a_nd Co concentrations in the marsh sediments were 
lower and Zn concentrations slightly higher than those 
of the soil. 

Enrichment of surface sediment by some of the 
metals investigated wasobserved in few marshes. The 
Pb concentration increased toward the surface in most 
of the sediments. The Zn a_nd Cu increase at the sediment 
surface was observed in Dover, Balmoral and St. Lukes 
marshes" and was ascribed to past and present intensive 
hunting activities in the marsh. ’ 

Recent discharge of Hg from industrial sources into 
the St. Clair River system was responsible for the elevated 
Hg levelsin the surface sediment of some stations in the 
Joh_n_ston River area (Mudroch and Capobianco, 1977). 

A correlation between concentration of organic C 
and the trace elements investigated in marsh sediment is 
shown in Tables 28 and 29. High positive correlations were 
found between organic C and Pb, and organic C and Cr in 
vertical profiles and surface sediment of Cootes Paradise 
and Dover, Balmoral and St. Lukes marshes, and only in 
vertical sediment profiles of Big Creek marsh. Positive cor- 
relation was observed between organic C a_nd Zn in the 
vertical sediment profile and surface sediments at Dover, 
Balmoral and St. Lukes marshes, and between organic C 
and Cu in the surface sediments at Dover, Balmoral and 
St. Lukes marshes.

0 

Kemp et al. (1976) found high positive correlation 
between organ_ic C and Pb, Zn, Cd and Cu in sediment 
cores from Lake Erie. They assumed that this correlation 
might be indicative of oomplexing and/or adsorption by 
organic matter or might be an accidental relationship

29



Tflblfl Z8. C9r_re_l_a_tion Coefficients Showing Degree of "Linear Relationship between Organic C and Selected Pararneters in Vertical Sediment 
Profiles . 

Marsh 0.rg- C-.=TN Org. C:=P 
' 

Org. c=s » Org. C:Pb org C:Cr 

Cootes Paradise (11 5 24) ‘ 0.965‘ 0.705’ o_.954° o,3344° o_,353t 

Big'Cre¢k (n. = 6) 0.9949 Insignificant o.99o° o.997- 
’ 

0,951+ 

Dover, Balmoral and St. Lukes 
9

_ 

(II = 22) 0.993‘ Insignificant Insignificant 0.945‘ 0.660‘ 

J<>_1inston'l‘3afiyV(rIA-'-'_ _ V 

' Insignificant A0,-968 insignificant 
I 

l_nsignifican_t 

‘(Significance level 
'=' 

0.01
’ 

-'l'S_ign_i_fi_c_a_nce level = 0._05 

29. Correlation Coefficients Showing Degree of _1_{el_n_tions_hip between Organic 0 and Selected Parameters in Surface Seclirnenm 
(depth of 0-8_ cm)

’ 

Marsh « 

‘ 

Org. Cain 
'’ 

Org. cm org.c:_s org. C:Pb Org. c=c; 

Cootes Paradise (ii = 5‘) 
‘ 

0.989‘ ' 0.9421 0.9411’ 0.9421‘ ' 0.987‘ 

Big Creek (n = 6) 
V 

0.997‘ Insignificant 0.7211‘ Insignific'a.nt insignificant 

Dover, Balmoral and St. Lukes 
(n = 7) 0.992‘ 0.8041- "0.879’ 0. 8691' O. 8081' 

"Significance level =. 0.01 
. Tsignificance level = 0.05 

reflecting increased anthropogenic loading with" time 
paralleled by ‘increased nutrient supply and associated 
primary productivity in the lakes. Similar processes can 
be expected to occur in the marsh sediment. The high 
organic matter content in marsh sediment. however‘, is 

"associated with the "high biological 
’ 

product_ivity nf"':he' 

marsh and has no relationship to anthropogenigc loading 
of metals to the marsh. Therefore, the complexing and/or 
adsorption of metals by organic matter in the marsh should 
be higher than those of lake .sediment. Since no investiga- 
tion of the metal forms in the marsh sediments has yet 
been undertaken, these su_ppo,sit_ion_s remain unconfirmed. 

Nu't'rie;nt'_s 

A high positive corre|atio_n betwee_n organic C and 
TN concentrations was observed in the vertical sediment 
profiles and surface sediments collected in all of the 
marshes (Tables 28 and 29). This finding is in good agree- 
ment with Boyd (1970a) and Klopatek _(1975), who have 
shown that N content of the marsh soil is positively and 
highly correlated with organic matter content and that 
N is released only through mineralization. Analysis of 
bottom sediments from Lakes Ontario, Erie and Huron, 
showed that quantity of N to be directly proportional 
to the organic C content (Kemp, 1971). 

30 

Positive correlation between orga_ni_c C and TP 
‘ ‘concentration was observed in vertical profile and surface 
sediment samples obtained from Cootes Paradise and) 

in surface sediments of Dover, Balmoral and St. Lukes 
marshes. The sediments, especially those high" in organic 
matter, are known to act as sinks, particularly for over- 

lying waters rich in inorganic P (Kra’m‘er et al., 1972'; 

Syers et a/., 1973; Patrick and Khalid, 1974). The situation 
which’ occurred at Cootes Pa_ra__dise is typical of this; the 
site received high P concentration from the sewage treat- 
ment plant effluent. A positive correlation existed between 
organic C and S conce'n'trations in vertical sediment profiles 
"from Cootes Parad,i_se~, Big Creek marsh and Johnston Bay 
marsh, and in surface sed_ir_nent from Cootes Paradise, 

Big Creek, Dover, Balmoral and St. Lukes marshes. This 
observation is _supported by the work of Boyd (19703), 
who found a correlation between organic matter and 
reserve sulphur (total sulphur minus sulphate sulphur) 

by studying the characteristics of aquatic soils. The concen- 
trations of S in various aquatic macrophytes given by Boyd 
(1_970b) and Polisini and Boyd (1972) ranged between 
0.11% and 0.59%_an_d those of algae between 0.15% and T 

1.6% (Healey, 1973). Much of the S in marsh sediment 
p_robab|y originates from decaying macrophytes and 
algal tissue i_n which it had been already associated with 
organic C.
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The pH of the marsh sediment was not affected by 
the organic matter accumulation and was similar" to that 
of the Great Lakes sediment. The presence of the calcium 
carbonate in the marsh sediments maintains the pH‘in 
the neutral range. 

_ 

9
’ 

WATER 

Many complex biological and chemical" processes‘ in 
the marsh ecosystem greatly affect nutrient concentration 
in water. Very little is known about the microorganisms 
in a marsh ecosystem, ‘Microbial activities in a" marsh, 
however, control the cycling and availability of mineral 
nutrients in water, sediment, detritus and plants and 
are closely related to redox properties of the environment." 
Complex enumeration and descript_io_n of microbial popula- 
tions are impossible because wetlands consist of numerous 
different microhabitats, each of which forms a peculiar 
biological-chemical-physical unit that supports a specific 
microbial community (Day, 1973). During a study of 
populations of decomposers in the littoral ecosystem of a 
South Moravian fish pond, Ulehlova (1978) found that 
various remnant macrophyte species were colonized by 
microbial populations of different density and species 
diversity. The microbial populations displayed more or 
less specific kinds of succession and specific seasonal 
patterns in each kind of material.

" 

Prentki et al. (1978) found that macrophyte trans- 
location of nutrients is an important source of nutrient 
internal loading and that, in marshes without major surface 
‘water inputs, seasonal accumulation and abandonment 
of nutrients above the soil interface is likely to be the 
dominant’ term in nutrient budgets. However, the impor- 
tance of_ a macrophyte nutrient pumpis difficult to assess 
because of the lack of information about other non- 
macrophyte components in the marsh nutrient cycle. 

A number of studies have been conducted to 
determine the effect of leaching and decomposition of 
dead plant tissue on nutrient concentration in marshes. 
Davis and Van der Valk (1978) studied standing and 
fallen litter decomposition in prairie glacial marshes. 
They discovered that losses from the standing litter are 
"primarily the result of fragme,nt_at_ion that occurs during 
the first winter and spring. They found that leaching 
from the standing litter may also remove nutrients in 
the first few weeks after shoot death. In the fallen litter, 

' 

K, Na and Mg were released very rapidly, while N, P and 
Ca were released more slowly, and Al and Fe were accumu- 
lated in fallen litter of all species. The release and uptake 
of nutrients by fallen litter varied from species to species 
and from site to site, for the same species. Davis and 
Van der Valk further constructed models of the pattern 

of nutrient flow through litter of Typha g/auca and Scimus 
fluviati/is stands. These models revealed the seasonal 
patterns in uptake and release of nutrients and the large 
variability in the patterns of litter decomposition between 
species. ’ 

Godshalk and Wetzel (1978) studied the decomposi- 
tion of five species of littoral macrophytes and found that 
temperature was the most important factorinfluencing 
the rates of decomposition and the conversion of particu- 
late matter to dissolved organic matter, while 0, concen- 
tration controlled the efficiency ofldecomposition and 
the conversion of dissolved organic matter to C0,. The 
interaction of these two environmental parameters pro- 
duced a continuum of decomposition rates, ranging. from 
very slow during cold anaerobic conditions to rapid under 
warm aereated conditions. Decomposit_io_n processes" were 
also affected by the tissue structure and morphology 
of the plants tested. The same authors pointed out the 
significance of long-term effects on sedimentation and‘ 

system morphology as a result of the accumulation and 
deposition of undecomposed material. 

Gallagher (1978) reviewed studies of decomposition. 
in freshwater wetlands and suggested that, as more of the 
descriptive work becomes complete in the wetland systems, ‘ 

research in those systems will also naturally move in that 
direction. However, any changes in marsh species composi-

_ 

tion and vegetation density will-bring about changes‘ in 
the nutrient cycling through the marsh ecosystem.

‘ 

Despite differences in hydrological regime at each 
of the marshes, the present study was designed to obtain 
basic information on concentration status and seasonal 
changes of nutrient concentration in water of the studied 
marshes. The study was limited to an investigation of 
N and P concentrations, since these are two of the major 
important nutrients in eutrophication of marshes and 
lakes.

' 

Nutrients 

Concentrations of P and N in water at each marsh 
a_re compared with those available for marsh inflow or 
for adjacent water bodies (which may receive the marsh 
water) or for a water body of the same area (Fig. 13). 

Nitrogen 

The largest differences were observed ‘between the 
concentration_s of various nitrogen forms present in marsh, 
lake and stream water. Most of the nitrogen present in 

the marsh water was in the form of orga_nic'nitr.ogen (with 
the exception of Cootes. Paradise which received high 
concentrations of NH4—N from sewage treatment effluent). 
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The.capacity of a marsh to convert the N03-N into organic 
N seems to be affected by the amounts of N03 -N received 
by the marsh via the inflow water and by the marsh a_rea 
and species composition within the marsh. This observation 
is in good a‘g'reeme’ntl with that of Engler et al. (1976), 
who demonstrated that flooded swamps and coastal ma_rsh 
areas of Louisiana had a high capacity for removal of 
N03‘ and that the N03" loss did not take place in the 
floodwater, but was dependent on the N03‘ moving 
downward into the anaerobic soil layer.
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Ammonia is a good source of nitrogen for plants, 
and many plants can use it at alkaline pH values. Most 
algae and macrophytes, however, grow better with nitrate 

, 

as their nit_rogen source, even though nitrate must be 
, 

reduced to ammonia (Wetzel, 1975). Wetzel and Manny 
(1972) found that 95% to 98% of the dissolved organic 
nitrogen and carbon secreted by some aquatic macrophytes 
consists of simple and readily decomposable organic 
material. The capability of suspended carbonate particles 
toadsorb ar"ni‘noacids and large proteins and polysaccha- 
rides was also demonstrated by‘ Wetzel and Allen (1970), 
Suess (1968) and Chave (1970). Settling of carbonate 
particles transports these compounds to the sediments. 

The interpretation of. changes of various nitrogen 
species is extremely complex because the rates of N release. 
from various macrophytes present in marshes as well as 

' 

the rates of mineralization ‘and’ immobilization «of N, 
and of nitrification and d'enitrificatio’n, within the marsh 
ecosystem are unknown. Organic N is likely the primary 
form of N which can be transported out of the marshes. 
Since the composition of organic nitrogen compounds 
present in marsh water was not investigated, however, 
conclusions about the utilization of this organic nitrogen, 
if" released to the nearshore zone of Lal<es.Erie, Ontario 
and St. Clair, could onlybe based on i_n_forrnation available 
from literature. 
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— mean value of depth composite samples ~~~
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at Port Lambton, sampling period frofn June to’ 
.septe‘r'i1ber' 1972; n = 60 (Ontario Ministry of 
the Environment, 1972). Hamilton. Harbour - 
mean ‘values of surface samples, sampling period 
from June to October 1975; n = 40 (Ontario 

of the Environment, 1977). La.ke 

Ontario, nearshore - mean values for six 

stations in vicinity of‘ Hamilton Harb'our, 
sampling period from May to October 1972; 
n = 60 (Ontario Ministry of the Environment, 
1972)). Lake Erie, nearshore — mean values for 

stations located from Port Dover to due 
":*-—-—---‘ ‘—-—-' ‘—-‘ end of Long Point, sampling period 
_kll=\lE§sT'CL‘A"R CLJQTKERIO ESFEE * from May to October 1972; n = so (onuu-io 

AREA AREA of the Environment, 1972). 
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The rate of nitrification of organic nitrogen originating 
in the marshes will depend on‘ the nature of compounds 
and their resistance to bacterial degradation. Evidence 
indicates that algae can metabolize dissolved organic 
matter (Lund, 1965; North and Stephens, 1967; Stephens 
et al., 1969) and can use either organic or inorganic forms 
of N (Keeney, 1973). The distribution of the organic 
nitrogen released from the marshes would further depend. 
on the hydrological regime of the specific nearshore zone. 

. Phosphorus 

The differences between TP concentration and lake 
water were smaller than those between equivalent nitrogen 
concentrations (Tables 20 to 23). 

The sorption of P by‘ oxidized layer at the sediment- 
water interface and the role of Fe-components, such as 
amorphous oxides and hydroxides of Fe, in controlling 
the levels of dissolved inorganic P in soils and sediments 
are well documented (Williams et al., 1971; Syers et al., 
1973; Patrick and Khalid, 1974). in addition, the positive 
correlation between organic C and TP concentration

' 

in sediment, ‘collected in some of the marshes, suggests 
adsorption of P on sediment organic matter Studies by 
Nichols and Keeney (1973) on N and P release from 
decaying water milfoil showed that N and P, which were 
present in the plants, were rapidly released in the absence 
of sediment-water interactions. However, the pre'sence 

of sediment altered the decomposition rate of the milfoil 
by supplying inorganic N, and the sediments studied 
readily sorbed organic N and inorganic P produced by 
plant decomposition. Jewell (1971), in a study of aquatic 
weed decay, found that during the early stages of decompor ' 

sition, soluble nitrogen and phosphorus concentrations 
usually remained constant or decreased and that this - 

decrease was probably the result of uptake of nutrients 
by rapidly growing decomposers. The maximum regenera- 
tion rates of N and P were observed five to ten days after 
the start of decomposition. The same author suggested 
that the increase of N and P in water after plant decay 
calculated by his method may not be realized in ponds 
because of competing reactions such as denitrification 
and pvhosphorus speciation. 

Input of Nutrients from Marshes to the Lakes 

Based on an assumed complete mixing of discharged 
water and receiving water, it was calculated that a full 

discharge of Dover marsh into Lake St. Clair would increase 
the organic N content by about 0.278 mg L “ and the 
TP by 0.012 mg L“ in Lake St. Clair. A complete dis- 
charge of Cootes Paradise water into the Lake Ontario 
nearshore zone in the vicinity of Hamilton Harbour (sur-' 

face area of the zone was chosen 3 km x 3 km) would 

increase the organic nitrogen by 0.007 mg L" and TP by 
0.002 mg L". A complete discharge of Big Creek marsh 
into inner Long Point Bay of Lake Erie would increase 
organic N concentr'at_io,n by 0.004 mg L“ and TP 
concentration by <0.001 mg L“ . 

By additional calculations of TP and organic N 
loading from each marsh to the adjacent water body, 
assuming that the complete discharge would extend over 
one year, the following results were obtained: 0.001 g 
of TN/rn’ /yr and <0.001 g of TAP/m’ /yr from Dover marsh 
to Lake St. Clair, <o.oo1 9 of TN/m’/yr and <o.o1 g of 
TP/mg/yr from Cootes Paradise marsh to Lake Ontario 
nearshore zone (in the vicinity of Hamilton Harbour), 
and 0.017 g of TN/m’/yr and 0.0008 g of TP/m’/yr 
from Big Creek marsh to inner Long Point Bay. These 
values are much lower than those given for permissible 
loading levels for TN and TP by. Vollenweider (1968). 
However, any outlet from these marshes ihtothe near- 
shore zone of the Great Lakes will enrich the lake water 
with organic N a_nd, to a smaller extent, with TP. -The 
amount of enrichment will depend on the quantity of 
water, discharged, the rate and duration, of the discharge, 
and the amount of mixing and circulation in the receiving 
nearshore zone. 

The contribution of the marshes to the N and P 
loading to Lakes Ontario and Erie is presented in Tables 30 
and 31. The calculation of the contribution from Big 
Creek marsh is based on the assumption that the residential 
time of the marsh water ‘is less than four days with a 
discharge into Lake Erie. Because of the lack of the water 
quality data for Lake Ontario coastal marshes, the average 
N and P concentrations obtained during this study were 
used for the calculation. It is obvious that the marshes 
contribute very little to the n_utrient loading of Lakes 
Ontario and Erie. 

In Table 32, values of organic N and inorganic N 
and total P, as used by Wetzel (1975) to express the general 
relationship of lake productivity to average concen_tration 
of epilimnetic nitrogen, are compared with values obtained 
f"°m the study marshes. The marsh values were derived 
from water quality monitoring data of the Ontario Ministry 
of the _Environment (1972 and 1977). According to this 
C0mDerison, Dover marsh and the West Pond of Cootes 
Paradise are hyper-eutrcphic; Balmoral and St. Lukes 
marshes and the rest of Cootes Paradise are eutrcphic 
t° “VP-"-"eU"0DhiC: and Big Creek marsh and Johnston 
3?)‘ marsh are meso-eutrcphic to eutrcphic. Differentiation 
of the marshes by this method is-affected by the high 
concentration of organic N in the marsh water. When 
3::<r)T\:t; 

have been -made to determine the composition of 

con» 
9"9anic nitrogen in» marsh water, however, the 

centration of biologically useful forms of N represented 
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Table 30. Sources o'f'N and P to Lake Ontario (1076) (meufie tpnqeslyt x 10 -3) 

No, +No,-N . 

"T137 
°r=m%=.N. 

. ., ”."+i”. 

W83“ Riv“ 
i 

1001-:72 
M M V W 

18.58 
in 

47.75 5.56 

Municipal. 
‘ 

I 

3.25 7.71 1.61 
‘ 

1.17 

‘Industrial 0.50 0,55 0_04 
A 

_ 
0_12 

'l'ri_butaries 
0 

__ 
_ 

l 

V 

28.48 7.01 
l 

V 

13.6.1 
‘ 

2_42 

Atmospheric 
4 

0 

' 

' 
0 

4.32 0,441. 

Total load 
I 

I 

' 

144.64 . 
42.26 . 

- 67.33 . 

-— 
9j1 

'°".°'"=5 P334559‘ — 

, 

l 

0.05 0.10 
is 

0.09 ' 

H. 

' 
' 0.v0‘2l' 

Percent of total load of

V 

N and P‘to Lake Ontario ' 0.03 0.24 0.13 
' 0.21 

V 

Lake Ontario coastal marshes‘ 0.19 . 0.1 1 0.05 

_P.erce_r_xt« of total load of , 

' N and P to Lake Ontario - 3.17 0.45 0.16 051 

»_ 
Data sources: The data for all sources except the ‘Lake Ontario coastal marshes are from Wilson (1978); the data for the Lake Cntariomcoastal 

mjarshes are from Environment Canada (1977) 
1 ‘Calculated fora complete discharge occurririg 100 times per year 

Table 31. Sources of N and P to Lake Erie (1976) (metric tonneslyr X 10") 

__ Organic N NH,-N N0, -+ No,-N 11> 

Detroit River 
l 

. 60.61 16.67’ 
V 

53.21 7.99 

Municipal 
_ 

' 

.1.s5 
‘ 

4.10 1.18 1.11 

Industrial 
- 

- 

‘ 

0.01 0.10 0.02 0.34 

Tributaries = 
_ 

I 

46.13 
V 

14.94 68.94 5.92 

Atmosp,he_,ric 

0 

' 8.50 M 
Total load 

A 

118.10 44.31 
' 

14035 15,13 

35; Greek marsh° 0.20 0.02 
' 

0.02 0.01 

Percent of total load of , H 

Nand Pt'o Lake Erie 0.17 ' 0,.05V 
A W ‘ 

, 

V 
_ 

V
> 

’Data source: Fraser and Wilson (1980). 
‘Calculated for a complete dkcharge occurring 100 times per year. 

only a small fraction and it was assumed that the major part 
of the organic N was refractory and therefore of little use 
to consumers (Va|ie|a and Teal, 1978). 

Since Balmoral, Dover, St. .Lukes and Big Creek 
marshes have. _no separate" outlets, the nutrients from 
input were accumulated _- within the marshes over many 
years. To show the capacity’ of the marshes to utilize 

nutrients from water, the input of total N’ into Dover 

' 

34 

and" Balmoral marshes over 30 years was compared’ with
" 

the present total N concentration in water..Similar calcula- 
tions were carried out for Big Creek mars_h,- assuming the 
time of input to be 50 years and the quantities of total N 
to be equal every year. Results of the calculations are 

shown in Table 33. Cootes Paradise data are not included 
in this comparison, since, as already shown, the flow 
through the West reduced the total _N concentration 
by about 40%.

'



Table 32, General Relationship of Lake Productivity to Average Concentration of Epilimnetic N and P 
Parameter 

_ 
Ultra-oligotrophic Ol_igo-rnesotrophic Meso-euttophic F-|.1.tf0Phi¢ H)’P=|"¢0tl’°Phi¢ 

Organic N (mg m ") <2oo' zoo-400° 400-700° 700-1200' >1200'l 

Inorganic N (mg m‘‘-’) ‘ <200' 200-_4.00° 300-6 50‘ 500-1 500‘ >1 500' 
St.; Clair Riverf Johnston River Big Creek Cootes Paradise 
Lake Ontario? Lake St. Clair Hamilton Harbour: 
(nearshore zone in (Mitchell Bay) Municipal drain 
Hamilton]-{arbour Big Creek marsh Dover, Balmoral and 
vicinity) Johnston Bay" marsh St. Lukes marshes 

Lake Erie? 
(nearshore zone, 
Port Dover to 
Long Point end) 

Total P (pg L") <5‘ 5-10‘ 10-30‘ 30-100‘ >100‘ 
Johnston River Balmoral and St. Lukes ' Dover marsh 
Like Erie} 

' 

‘ 

marshes Municipal drain 
(neaxshore zone Johnston Bay marsh Cootes Paradise 
Port Dover to (‘notes Paradise (West Pond) 
Long Point end) (stations 1-4) Hamilton Harbourj: 

Lake St._ Cla,i_r Big Creek marsh . 

(Mitchell Bay) 
Lake Ontario? 
(nearshore zone in 
Hamilton Harbour 
vicinity) 

Big Creek 

'Wetzel (_l 975) 
'l'Ontario Ministry of the Environment (1972) 
:[:Ontario Ministry of the Environment (1977) 

DeJong (1976) studied purification of wastewater 
with the aid of rush and reed ponds _and found that_the 
purification of sewage is based ontwo phen_omena: (1) 
infiltration into the soil and (2) uptake of nutrients by 
mic_roo,rganisms and plants in the pond. It was clear that 
the retention time of water in the pond affected the purifi- 
cation results. Seidel (1976)_ showed that the relative 

Table 33. Total Nitrogen Input to Dover, Balmoral and Big Creek 
Marshes Compared with Total Nitrogen Concentration 
in Water» 

Present concentration 
Input of TN of TN in marsh water 

Marsh (kg) Source of input (kg) 

Dover 
I 

V 

. . 

g 

(30 yr) 50 400 Municipal drain 23 74 

Balmoral - 

(30 yr) 3 518 Lake St. Clair 1243 

Big Creek 
_ _ 

(50 yr)‘ 
‘ 

67 400 Big Creek 1685 

quantity of inorganic matter absorbed by macrophytes 
of the same biotype in a given time period varied widely. 
This was due to various quantities of biomass produced 
and the ability of a plant to absorb inorganic matter in 
accordance with the characteristics of its environment. 

The results of the present study are in good agreement 
with the observations of DeJon'g and Seidel. The degree" of 
nutrient retention depends on the hydrological regime 
and species composition in each marsh. All of the marshes 
studied showed a capability of retaining nutrients and 
metals to varying degrees. A good correlation was observed 
between all forms of nitrogen in water and total. N -in 
gediment, and between TP in sediment and TP in water 
in Cootes Paradise (Table 34). No relat_io_n_ship between 
these parameters was observed in the othermarshes. The 
h_igh continuous input of nitrogen and phosphorus com- 
pounds from thesewage treatment plant to Cootes Paradise 
may be the reason) for the high positive correlation between 
these two elements in sediment and water. The settylgigng 

of suspended particles and the adsorption of nutrients 
by sediment particles as well as the utilization of plants 
contribute to the continuous increase of the N and P 
concentrations in the bottom sediments of Cootes Paradise.

35



Table 34. C91-rel,ation' Coefficients Showing Degree of Linear 
Relationship between-Nuufiicnts in Water and 
Nutrients in Sediment in Cootes Paradise 

TPseclimen't: 
I WTN sediment‘ 7 

TN sediment: TN scdirnent: ' 

TP water N0, + N0, -N water — NI-l,—N water TKN-Water 

0.997‘ o.s77+ 
' 

o."9s‘7+ o.9io+ 

‘Significance level = 0.01 
'l'Sig'nifica’nce level = 0.05 
Note: No". of samples = 40 

Metals 

The concentration of metals in water samples, with 
the exception of Fe, Mn and Zn, was mostly under the 
detection limit or very low in a_l| of the marshes. These 
three "metals are referred to as micronutrients (Wetfiel 

1975). The average concentration of soluble Fe, Mn and 
Zn in world surface lakes and-rivers is given by Livingstone 
(1963) as 40 pg L", 35 pg L"‘ and 1.0 pg L", respec- 
tively. Th_e mean values of Fe and Mn concentration in 

marsh water as well as those for Lake Erie, Lake St. Clair,
' 

Big Creek and the municipal drain water exceededto 
various degrees the concentrations given by Livingstone. 

It is well known that the pH and redox potential 
of surface waters and sediments are‘ important to the 
regulatory processes affecting the ‘solubility of heavy 
metals and their distribution among various geochemical 
forms. The reduction of insoluble Fe and Mn compounds 
releases certain quantities ofthese two micronutrients. 

Several ferric compounds are reduced under the 
anaerobic conditions’ in a water-logged soil by respiring 

microorganisms (Patrick and V Mikkelsen, 1971). Gotoh 
and Patrick (1974) have shown variations in conce,ntrat_i_on 
of readily available Fe over three orders of magnitude as 
a result of changes in pH and redox potentia_|. 

The i_nvestig'ation of the effect of dissolved O, on. 

the chemical transformation of metals and nut_ri_ents,— . 

including Fe, Mn and Zn, by Khalid eta/. (1978) indicated 
that changes in redox potential and ‘pH were related to- 
increasing 0; concentrations. These strongly modified the 
distribution of trace metals in various chemical fractions 9 

as well as the solubility of trace metals in estuarine sedi- 

ment. Redox potential had a very significant effect on 
the stability of four Zn and Cu chelates of EDTA (ethy|ene- . 

diaminetetraacetic acid) and DTPA (diethyle'netriamine- 

pentaacetic acid) in flooded soils (Raddy and Patrick, 

1977). s 

The variability of Fe and Mn concen.trations in the 

water of the marshes studied was probably controlled 

by the sediment redox potential and by the fluctuations 

36 

of dissolved oxygen concentrations at each sampling 
station.- 

Local and seasonal variations in D0 concentration 
in the marshes will evidently affect the concentration of 

‘ 

metals in water. However. other regulatory processes in 

the marshes thatare not understood may in_fluence the 
solubility and availability of metals to biota. The results 
of the present investigation showed that Pb, Ni, Cu, Cr, 
Cd, Zn, As and Hg were present in low concentrations 
in the marsh water. On the other hand, Fe and Mn con- 
centrations exceeded those of Lake Erie and Lake St. Clair. 

Dissolved Oxygen 

. The average monthly temperature values and 
dissolved oxygen concentrations in marsh water are shown 
in Figure 14. Since the marshes are shallow and well mixed 
by wind, the water temperature is affected directly by the 
air temperature. Temperature changes during the day were 
large, especially during summer months. Very often the 
differences in the temperature were as high as 7°C, with 
the lowest in t_he morni_ng and the highest around 14-:-00. 
Changes in daily water temperature and wind action 
together with active photosynthesis of the macrophytes 
and sessile algae (attached to both macrophytes and sedi- 
ments) likely assisted in keeping a relatively high" dissolved 
oxygen concentration in the marsh water during the sum- 
mer months. The high photosynthetic activity at West Pond 
(Harris and Bacchus, 1974) may be correlated with the 
relatively high dissolved oxygen concentration in Cootes 
Paradise No decrease of dissolved oxygen concentration 
was observed in the fall during decomposition of plants 
and algae in the marsihes. 

‘

I 

PLANTS. 

Large variations were found in concentrations of K, 
P, N, Ca, Mg and trace metals in the macrophytes collected 
at the marshes ‘studied. The variations i_n plant chemical 
composition are in agreement with those found by Boyd 
(1978), within-site intras_pecif_ic, between—site intraspecific 
and interspecific. Boyd suggested that actual measure- 
ments of chemical composition should be made in studies 
requiring these data, since no average composition for an‘ 
individual species or ecological grouping of species based 
on data from the literature would be reliable. Stake (1967, 
1968) and Boyd and Hess (1970) found that correlation of 
soil and water nutrient concentrations with those found in 
emergent macrophytes was poor or nonexistent. Klopatek 
(1975) compared the changes in the amount of N and P 
in the abovegroufnd and below ground standing crops and 
the level of nutrients in the soil in monotypic stands of
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"Figure 14. Tegnperature dissolved oxygen changes. 

Typha Iatifo/ia, Scirpus fluviati/is and Carex lacutris. He 
obtained highly significant correlation values for most 
parameters and concluded that" the e_n_1erge_nt macrophytes 
"were acquiring their nutrients from the soil."Svvin'da| and” 
Curtis (1957),. in studying submerged plants in Wisconsin 
lakes, found that changes in plant commujnities are related 
to changes in substrate. 

A positive correlation (correl. coefficient = 0.932, 
no. of pairs = 6) was observed between the annual loading 
of total N to the" marshes studied and the aboveground 
biomass production of Typha /at/‘fa/ia, sampled from 
stands at Dover, Balmoral, St: l..ukes__ag_1_d B§_Cre_el_< marshes, 
as well as OFGIT/ceria grahdis, sampled at Cootes Paradise. 
Sculthorpe (1967) stated that numerous aquatic plants, 

i which tend to form extensive pure stands, ascend to their 
status early and attain a seasonal or permanent predomi- 
nance. At a_ favourable site, one species may gain an early 
initilative and increase much faster than any competitor. 

Species composition may have changed in Cootes Paradise, 
since, according to the vegetation map prepared by Kay 
(1949), this area was occupied by a mixed stand of Typha 
sp. and Glyceria grandis. At present, the area is completely 
occupied by Glyceria grandis. 

The calculated input of N to each marsh, expressed 
‘ 

in kilograms of total N per hectare per year, demonstrates 
the variation of nitrogen loading to each of the marshes 
studied (Table 35). -In many examples, Jacobs (1975) 
showed that the increase of eutrophication not only 
increases the biomass productivity but also decreases the 
diversity. Very high nutrient loading to Cootes Paradise 
affected the macrophyte species composition in this area. 
In a study of chlorophyll and production in West Pond 
area, Harris and Bacchus (1974) correlated the biomass 
production of the algae Scenedesmus quadricauda to a 
perpetual supply of phosphorus and nitrate. This algae 
was also the dominant species throughout the season-.
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Table as. Loading at Total ‘N to the 

Mush H W V 

Kilograms oftotal Nha':‘- yr“ 

Balmoral 
A H 1 V l 

. 0.6
I 

Big Creek 
_ 

1.7 

St. Lukes 3.1 

Dave: 
I 

— e 5.6 

Qootes Paradise, West Pond ' 

_ 

64 000 

ffllootes‘ Paradise, rest ofirgnrarsh 
7 

'4 320 

Among the three diked marshes investigated on 
Lake St. Clair, Dover marsh receives the highest amount 
of total N, which may be the reason for the dominance 

of Typha sp. in this area;
‘ 

Submerged macrophyte samples at the marshes 
investigated accu’mulated more Pb, Cr, Ni,- Cd, Co and 
Cu than the emergent plants. However, the concentration 
of these metals in submerged plants varied widely._The 
uptake mechanism of elements by submerged plants from 
water and sediment was studied by ‘a number of investiga-. 
tors (Steeman Nie|sen,.1951,' Olsen, 1953; Lowenhaupt, 
1956; Sutcliffe, 1962; Spence, 1967: Denny, 1972;-; Mayes 

» 

et al., 1977). .

- 

The correlation between Ca and the PE, Cu, Ni
_ 

and Cr‘ concentrations in submerged macrophytes that 

were collected at Big Creek marsh suggests coprec‘i‘pitat'io_n 
or adsorption of these metals by calcite deposited on 
the surface of the plants, but this area needs further. 

investigation.



Summary and Concljusions 

This study was init_iated to evaluate the Abeneficial 
and/or detrimental effects of selectedirnarshes peripheral’

A 

to t_he Great Lakes in relation to vva_te'r quality. Nutrient 
and. trace element concentration changes in marsh water, 
the geochemistry of sediments", and nutrient and trace 
element uptake by marsh plants and their biomass pro- 
duction were investigated to characterize each marsh, 
to help assess the possible effect of the marsh on the 
water quality of the lakes, and to provide background 

. information for further studies of the specific marshes. 

Six marshes adjacent to the Great Lakes were selected 
for the study: Cootes Paradise on Lake Ontario; Big Creek 
marsh on Lake Erie; Dover, Balmoral and St. Lukes marshes 
on the northeast shore of Lake St. Clair; a'nd.the marshy 
area of the St. Clair River delta. 

The water of the marshes investigated is under the 
influence of‘ carbonate rocks and retains pH values of 
between 7.8 and 8.4. The sediments in all of the marshes 
studied were submerged mineral soils with pH ranging 
between 6.9Vand 7.2 with more than half of the particles 
in the silt size (2-63 pm) fraction. The pH was not affected 
by the accumulation of organic matter, and a differentia- 
tion of the material into the soil horizons or layers was 
not observed. 

Organic C, TN, TP and Ca concentrations in marsh 
sediment were higher than those found in the Great Lakes 
sediments. Products of the high biological activity contri- 
buted to the elevated organic C-, TN and TP ‘concentrations, 
and calcite deposits on the surface of macrophytes 

_ 

produced the enrichment of sediment by Ca. 

The low redox potential of the bottom sediment, 
particularly of the layer from 10 to 20 cm, slowed down 
the organic matter decomposition and affected solubility 
of Mn and Fe. 

The Zn, Cu and Co concentrations in marsh sediment 
were lower than those of the Great Lakes fine-grained 
surficial sediments, which are affected by the anthropo- 
genic loading to the lakes. An enrichment by Pb, Zn and 
Cu observed at the surface sediment layer in some of the 
marshes mall be the effect Of hUnti.ng activities. Discharge 
of Hg from industrial sources into the St. Clair River system 

.cl-'IAP1."E'R s 

~~ 
(during the early‘ 1970's) was responsible for 
Hg levels found in surface sediments of the Walpole ils'l§nd 
area. The positive correlation" between oEgan'i_¢’gc and" a 

few of the metals investigated (Pb,C_r, a’_r'{'d!}Cu";)__in some 
of the marshes was ascribed to’ a possible 
arid/or adsorption of metals by org‘a'n'ic matter’;

"~ 
A high positiveicorrelation between organic C and 

TN was found in all of the marsh sediment samples. The 
positive correlation between organic C and_ TP observed 
in some of the sampled sediments was probably due to 
the adsorption of P onto the organic rich sediment, and 
the positive correlation between organic C and S was 
ascribed to the decomposition of algae and macrophytes, 
which contain relatively high quantities of S in their tissues. 

Large differences were observed between the 
concent'rations of various forms of N present in marsh, 
lake and stream water. Most of the nitrogen present in 

the marsh water was in the form of organic nitrogen. 
The sorption capacity of the sediment produced only 
slightly elevated TP concentrations in marsh water in 

comparison with adjacent la_k_e water. 

’ 

Concentrations of Pb, Cu, Cr, Ni, Cd, As and Hg 
in marsh water were generally very low (<0.001 mg L" for 
Pb, cu, Cr, Ni, Cd and As; <5 x 10*‘ mg L“ for Hg). 
in some cases, the Fe and Mn concentrations exceeded 
those found in the Great Lakes. The low redox potential 
of sediment affected the availability of these two elements 
to the overlying marsh water. 

Changes in daily water temperature and wind action, 
together with active photosynthesis of the macrophytes 
and sessile algae (attached to both macrophytes and sedi- 
merits). likely assisted in keeping a relatively high dissolved 
oxygen concentration in the marsh water during summer 
months. No decrease of dissolved oxygen concentration 
was observed in the fall during decomposition of plants 
and algae. This was ascribed to the fast cooling of the 
shallow marshes during the fall months. 

_ 

The nutrient input to the marshes affected the 
aboveground biomass production and the species composi- 
tion in the marshes. Submerged macrophytes accumulated 
higher concentrations of Pb, Cr, Ni, Cd, Co and Cu than
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the emergent macrophytes. However, the concentration 
of these metals in submerged plants varied widely. Positive 
corre_lation between Ca and the Pb, Cu, Ni and Cr concen- 
trations found in the macrophytes suggested coprecipit_a- 
tion or adsorption of these metals by calcite deposited on 
plant surfaces. 

All of the marshes studied showed a high capacity to
l 

retain nutrients and metals. The degree of this retention 
depends on the hydrological regime and species compo_si- 
tion in the marsh. Generally, a marsh on a trilb_u_tary stream 
to a lake would be beneficial by reduci_ng the amount 
of nutrients transported into the |ake_and therefore mini- 
mizing the algal bloom. Various chemicals (metals, etc.) 
adsorbed on the fine particles su_spended in the stream 
water settle in the marsh. For example, a 30% to 40% re- 
d_uc'tion of the TN and TP concentrations originating 

from a sewage treatment plant effluent was observed 
in Cootes Paradise marsh The reduction was related to 
the settling of suspended solids and to the biological 
activity in the marsh. 

According to calculations, a complete discharge 
of the marshes into the adjacent lakes would contribute 
only negligible quantities of N and P in relation to the 
loadings from other sources. It was estimated that the 
discharge of Lake Ontario coastal marshes would contribute 
3.17% of _orga_ni_c N, 0.45% of NH4—N, 0.16% of N03 + 
No,-N", and 0.51% of TP to the total N and P‘ loadings 
to Lake Ontario. However, local effects in the nearshore 
zone, i_nto which each marsh would di_scharge, would be 
controlled by the hydrological regime of the receiving 
zone and would be.site-specific. ‘
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