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EC Priority/Issue: A 

The DOE Great Lakes 2000 policy needs reliable intormatiotn on the potential environmental stress 
caused by human activities on the marsh ecosystem at Point Pelee National Park. It is suspected 
that nutrients from the Pa'rks‘s septic-system areentering th_e Point Pelee marsh via groundwater 
discharge and may be contributing to a det'erio,rat_ion in the health a_nd natural biodiversity of the 
marsh. This project contributes to our basic unde_rsta_nding of the hydrogeological environment at 
Point Pelee. It also has wider i_mplica_tion‘s for the control of contaminant loadings to coastal 
wetlands in the Great Lakes basin, and the conservation of these ecosystems. 

Current status‘: 
Long-term mon_itoring of the groundwater flow regime at Point Pelee National Park has shown that 
hydrogeological environment that it is highly complex, it undergoes seasonal reversals in the 
d,irect'io,n. of tlow, and it is affected by Lake Erie, the marsh, precipitation, evapotranspiration, and 
the width of the barrier bar. These factors cause wide-spread contamination from the Park's septic 
systems and highly variable i_nput to the marsh. This paper summarizes the major groundwater- 
related activities conducted by Environment Canada in supportot characterizing the groundwater 
flow regime and understanding the processes and factors affecting the transport and fate of the 
contami_nant_s to marsh at Point Pelee National Park. 

Next steps: - 

Monitoring of the groundwater wells at Point Pelee will continue in order to assess the impact of the 
current very high lake levels on the groundwater flow regime. It is suspected that the recent trends 
of high water levels in the Great Lakes will have a pronounced impact on the groundwater flow 
regime at Point Pelee and other coastal wetlands within the lower Great Lakes.
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Abstract 
Most of Point Pelee National Park is comprised of a massive marshvconsisting of 

cattails and open water ponds. The marsh is completely separated from Lake Erie by 
two barrier bars along the east andwest sides of the marsh. Elevated con,cent‘rat_ions of 
phosphorus, nitrate and ammonia were detected in a‘ few of the open water ponds 
within the marsh. These high concentrations and continued nutrient loadings may lead 
to the deterioration of the health and natural biodiversity of the marsh. Because the 
highest concentrations of nutrients are located along the western barrier bar, which is 
also the area of main human activity within the Park, it is suspected that a potential 
source of nutrient loading may be the leaching of nutrients from the septic system tile- 
beds to the water table, and then into the marsh via groundwater flow. To enable Parks 
Canada to make informed decisions about waterquality issues wit_hin the Park, 
Environment Canada is undertaking a multi-disciplinary series of research and 
monitoring studies to characteri_ze: (1) the sedimentology and glacial stratigraphy of the 
barrier bars, (2) the groundwater flow regime and its connection to Lake Erie and the 
marsh, (3) the relative contributions of the hydrologic components to the groundwater 
regime, (4) the fate and transport of septic system derived nutrients, (5) the historical 
impact of land use, (6) nutrient cycling within the marsh, and (7) modelling groundwater 
flow and contaminant transport. '

V



Parks and Protected] Areas 
Researclhin Ontario 

Proceedings‘ of the . 

Parks Research Forum of Ontario (PRFO 
Annual General Meeting ~ 

Februarys & 6, 1998, Peterborough, Ontario 
Including Special Theme Session on:' 

Park: and Protected Area‘; in the Canadian Shield: 
‘ Information and Research Needs 

Edlted by: 
J. G. Nelson and K. Van Osch 

' with 
T. J. Beechey, W. R-. Stephenson and J. Marsh 

-- .. . ; ,, ‘ 1



Published by: 
Parks Research Forum of Ontario (PRFO) 
c/o Heritage Ftesourcesvcentre 
University of Waterloo 
Waterloo, Ontario 
N2L 3G1 Canada 
519888-4567 ext. 2072 
5197746-2031 Fax 
hrc@fes.uwaterloo.ca 

© Parks Research Forum oiOntario (PFIFO) 1998 

Canadian Cataloguing in Publication Data 

Parks Research Forum of Ontario. Meeting (1998: Peterborough, Ont.) 
Parks-and protected areasdresearch in Ontario, 1998 : proceedingsvoflthe 

Parks Research Forum of Ontario (PRFO) 1998 annual meeting, February 
5 & 6. 1998, Peteiborough, Ont. 

ISBN 0-9684655-0-1 

1. Parks - Research - Ontario - Congresses. 2. Natural «areas - Research - 

Ontario - Congresses. I. Nelson, J. G. (James Gordon), 1932- 
ll. Van Osch, Kenneth. lll. Title 

C98-932975-5' QH77.C3P374 1.998 3$3.78‘3'072071 3 

Parks Research Forum of 0ntario'Logo 

Parks Research Forum 
of Ontario—PRFO

/ 

The Parks Research Forum of Ontario (PFIFO) logo of'three ellipses-deplctscore 
protected areas nested in protected area systems: within working landscapes. 
The horizonal axis represents the interface between terrestrial and aquatic 

and reporting on research relevant tozparks and proterctediareas.

i 

I 

systems. The ‘logo indicates the general range of PRFO's interest in promoting

l 

The Parksfiesearch ‘Forum of Ontario 1998 Annual Meeting wasorganlzedby: 

lliir

~ 

Canadian Heritage- 
Parks Canada 

Palrimolne canadlen 
Pants Canada 

i-leritegevfiesourcas Centre 
University oi Waterloo. 
Waterloo. Ontario 
N2L 3G1 

Frost Centre lor-Canadian Heritage 
end=Dave'iopmant Studies 

Trent University 
Peterborough. Ontario 
K9J 788 ‘ 

Ontario Parks 
PO Box 7000, 300 Water Street 
Peterborough, Ontario

' 

‘K9J BM5‘ 

Parks Canada, Professional Services—Ontario 
111 Water. Street. East- 
Comwall. Ontario 
‘KGH SS3



. 225 
Parks and Protected Areas Research in Ontario 
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Absuact
I 

Most of Point Pelee National Park is comprised of a massive marsh consisting of 
cattails and open water ponds. The marsh is completely separated from Lake 
Erie by two barrier bars along the east and west ‘sides of the marsh. ‘Elevated 
concentrations of phosphorus, -nitrateand ammonia were detected in a few of the 
open water ponds within the marsh. These ‘high concentrations and continued 
nutrient loadings may lead to the deterioration of the health and natural 
biodiversity of the marsh. Because the highest concentrations of‘ nutrients are 
located along the western barrier bar, which is also the main area of human 
activity within the park, It is suspected that nutrients from the septic‘ system tile 
beds‘ are leaching to the water table, and then into the marsh via groundwater 
flow. To enable Parks Canada to make informed decisions about water quality 
issues within the ‘park, Environment Canada is undertaking a multi-disciplinary 
series of research and monitoring studies. These studies endeavour to 
characterize thetfoilowing: 

the sedimentology and glacial stratigraphy ofthe barrier bars: 
the groundwater flow regime and its connection to Lake Erie and the 
marsh; 
the relative contributions of the hydrologic components to the 
groundwater regime;

_ 

the fate and transport oft’-septic system derived nutrients; 
the historical impact of land use; 
nutrient cycling within the marsh; and, 
modelling groundwater flow and contaminant transport. 

N??? 

9’

2 

!°r‘ 

Introduction 
‘ Point Pelee National Park is located on the southern portion of a spit extending 

15 km southward into the western end of Lake Erie. Approximately 70% of the 
park is comprised of a massive marsh consisting primarily of cattails-. and open 
waterponds (Figure 1). The marsh is completely separated from Lake Erie by 
barrier bars which run along the west and east sides of the marsh. The 
convergence of the barrier at the south gives Point Pelee its distinctive triangular
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5. identifying sources of phosphorus in the marsh; 
6. interpreting the sedimentary structure and geological evolution of Point 

Pelee; and, 
7. developing a numerical model for .groundwater flow and contaminant 

' transport. 

This paper presents an overview of‘ these seven research activities. Some of 
- these activities have been completed and some-are currently being conducted at 
Point Pelee National Park. 

Geological Setting of Point Pelee 
The sediments» and sedimentary structure in the subsurface largely control 
groundwater flow. Groundwater flow, and corresponding contaminant transport, 
favour sediments which offer the least resistance to flow. Sand and gravel are 
most conducive to groundwater flow, while clay and till are least conducive. 
‘identification of those sedimentary zones — or hydrostratigraphlc units — which 
are most likely to be the main pathways for groundwater flow as well as those 
which are least likely to permit groundwater flow. is required in order to focus 
efforts and resources in areas most likely to contain contaminants.’ in addition, 
characterization of the sedimentary structure, geometry, and extent of these 
hydrostratigraphic units aids in interpolation between boreholes and wells. The 
present subsurface structure is a direct result of past deposition and erosion of 
the sediments. Thus, a geological investigation of Point. Pelee is an integral 
component of the park's groundwater study. The specific objectives undertaken 
as part of the geological interpretation of Point Pelee are to: 

1. identify subsurfacersediment types (e.g., sand.‘ gravel, till, clay); 
2. define the structure, geometry and lateral extent of the 

hydrostratigraphlc units; 
3. interpret the geological evolution — depositional and erosional history — 

of Point Pelee; and, 
4. determine the post-glacial shoreline evolution of western Lake Erie. 

An extensive drilling program was undertaken to install wells and groundwater 
sampling devices along the western barrier bar at the Park Gate transect, the 
Northwest Beach transect, and the Camp, Henry site. This drilling program 
provided valuable subsurface information which was used in the geological 
interpretation of Point Pelee. Subsurface sediments were brought to the surface 
for observation, collection and analysis, and yielded considerable information 
relevant to the interpretation of the type of sediments and lateral geometry of 
sedimentary units below Point Pelee. Adjditional drilling, specifically for the 
geological investigation, was undertaken along three additional transects: the De 
Laurler transect, the Visitor Centre transect and the Point Tip transect (Figure 1*). 

Four major sedimentary units were identified, three withln.the barrier bar and one
0 

within the marsh. The lower-most unit encountered was -a clay.-rich till which 
forms the main structural feature on which Point Pelee wastormed. Fine-grained, 
gray glacio~|acustrlne-sand was encountered on the clay-till but it ispresent only 
south -of the Marsh Boardwalk site. The uppermost sediment comprising the 
barrier bar is a medium-grained sand and gravel unit. It is subdivided into two 
sub-units. The first is a poorly sorted shoreface sand, composed of essentially 
the same material found along the present beach. it varies in thickness from 7 m 

. -229 
Parks and Protected, Areas Research In Ontario 

at the beach to 1 m adjacent to the marsh. The second is an aeolian (dune) sand 
derived from the shoreface sand. It variesiin thickness from 0 m ‘at the beach to 8 
m within the largest dunes. and overlies the shoreface sand. The base of the 
marsh is composed of an organicimarshdeposit of gyitja and peat, which sits on. 
top of the clay-till. 

The fonnatlon and evolution of the marsh and barrier bars at Point Pelee 
National Park is related to the depositional history and subsequent sedimentary. 
processes that occurred at Point Pelee. As the last glacier rneited and retreated 
northward. water began to fill the Lake Erie basin. Sediments were carried by the 
melt water-into the western basin of Lake Erie. Subsequent reworking of these 
sediments altered the coastline and eventually resulted in the present shape of 
Point Pelee. Although there was an overall rising trend in Lake Erie levels-from 
10,000 years before present. two major intervals in which the lake levels were at 
a stand-still are documented‘ by the -sediments at Point Pelee. First. the surface 
of the till below the south end of Point Pelee was eroded byiwaves to a planar 
surface at about 164 m above sea level. Second. the upper portion of the glacie- 
lacustrine sand was also eroded by wave action forming a planar surface at an 
elevation _of approximately 169.5 m abovesea level: Fladiocarbon dates on basal 
marsh deposits Indicate that marsh formation was initiated around 3,200 years 
ago. The initial deposition of the sands forming the barrier bar at Point Pelee 
commenced at the same time as the formation of the marsh. 

Groundwater Flow Regime at Point Pelee 
Groundwater flow through the barrier bar is the principal mechanism through 
which contaminants would be transported from theseptic system tile beds to the 

. marsh. Thus. before an accurate assessment of whether the septic systems are 
impacting on the marsh, an accurate understanding of‘ the groundwater flow 
regime is necessary. Further, because the groundwater flow regime is one 
component of the hydrologic cycle occurring at Point Pelee, an assessment of 
the groundwaterflow regime must also address the relationship of groundwater 
fiow=to the-marsh», Lake Erie, ‘infiltration of precipitation and spring snowmelt, and , 

evapotranspiration. The specific objectives of‘ this phase of the project are to 
determine: 

‘

A 

1. the direction of‘ groundwater flow, that ‘is towards the lake or marsh, or 
both;

_ 

2. the velocity at which groundwater moves through the barrier bar, 
3. the natureiand the extent of the link between groundwater, the lake and 

the marsh; 
4. the importance of infiltration and evapotranspiratlon in the groundwater. 

regime; and. 
5. the potential for groundwater to transport contamlnantsto the marsh. 

The groundwater flow regime at Point Pelee "was ‘investigated along two 
transects extending from Lake Erie to the marsh (Figure 1). The Park Gate 
transect is representative of’ a narrow portion of the barrier bar (80 m)! with 
relatively low relief. The Northwest Beach transect represents a wider portion of 
the barrier bar (320 m) with considerably higher relief. Additional information was 
obtained .from the Camp Henry site, located on a very wide portion of the barrier 
bar (420 m) with moderate relief. Transects were instrumented with shallow 
water table wells and deeper groundwater wells (piezometers). Multilevel bundle
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samplers were installed along the transects which enable ‘groundwater samples 
to be collected at 1 «m |ntervaIs- vertically through the groundwater flow system-. 
Water levels were taken at least monthly at these wells. Water level 

measurements of the surface of the marsh (measured by Parks Canada) and 
Lake Erie (measured by the Canadian Hydrographic-Survey), and meteorological 
information (measured by Parks Canada) is also required as part of‘ this 

assessment. By observing the changes in the water levels at an individual well 
and along a transect, and comparing these to changes in the lake, the marsh. 
and precipitation; a conceptual model of the groundwater flow regime can be 
developed. 

Long-term monitoring of these data is required because the groundwater flow 
regime fluctuates on both a short-term and long-term basis. On a short-term 
basis, the "groundwater flow system is affected by infiltration from the surface 
after major rainfall events and daily removal of water through evapotranspiration. 
On an annual basis, the- groundwater flow regime changes due to seasonal 

' 

fluctuations of Lake Erie and the marsh, as well. as the major‘ spring recharge 
event caused by the infiltration of melting snow. On a long-term basis, periods of 
very high lake levels — as is presently «occurring — or very low lake levels — as 
occurred during the mid-1960s andlate 1.9805 - also has a major impact on the 
groundwater flow regime. 

Large changes in elevation of the water throughout the barrier bar occur due to 
infiltration of precipitation-andtspring melttand annual changes in the elevation of 
Lake Erie. A reversal ‘in the direction of (groundwater flow occurs twice each year 
in response to larger changes in the elevation of‘ Lake Erie versus those in the 
marsh. Although» there is considerable groundwater recharge each year, there is 
also a considerable ioss- of this recharge water throughout the summer and fall 
through avapotransplration. The width of the barrier bar. which increases 
southward, governs the- hydraulic gradient "across the barrier bar. Thus, 
groundwater velocities, groundwater travel distances. and inflow of lake and 

' marsh water into the barrier bar, ai|vdecrease—southward'.. Where the barrier bar is 
450 m wide, there is a negligible -seasonal reversal in the direction of 

groundwater flow because of; the very low hydraulic gradient across the barrier 
bar and the dominance of infiltration (Figure 2). Groundwater flows from the 
central :portion of thebarrier toward the ‘marsh at a rate of only a few metres per 
year. Wherethe barrier bar is 300 m wide, groundwater fiowexhibits a reversalzin 
the direction of flow at a rate of 5-10 in per year towards the lake and 1-4 m per 
yeartowards the marsh, for a netannuaitravei distance of about 3 m; (Figure 2). 
Hence. there is little movement of groundwater from the barrier bar into the lake 
and the marsh, and little corresponding movement of marsh and lake water into 
the barrier bar. The small net annual extent -of‘ movement due to the reversal in 
llow will result in long residence .times. Where the barrier bar is 80 m wide, a 
strong seasonal reversal in groundwater flow towards the lake and marsh» of 30- 
40 m -and 20-30 m,. respectively, occurs. This allows considerable discharge of

‘ 

groundwaterlnto the lake and the marsh, as-well as considerable ‘inflow of water 
from the marsh and the lake. As a result of the reversal of groundwaterflow and 
high rate of evapotranspiration. water from Lake Erie never flows through the 
barrier bar to the marsh, orvice versa. 

‘ 
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Figure 2: Conceptual model ofiseasonal changes in the direction of groundwater 
flow at (A) the northern part of Point Pelee(e.g., Northwest BeacivBlue Heron 
area), and (B)_thevsouthem portion of-Point ‘Pelee (e.g., Camp Henry site). ‘ 

Stable~IsotopetAnalysis of the-Groundwater Flow Regime 
Stable isotopes are naturally occurring elements with the same number of 
protons ‘but-a different number of neutrons and consequently a different atomic 
mass. Hydrogen and oxygen each have two useful stable isotopes. These are: ‘H 
(commonior light) and ‘H or D (rare or heavy), ‘'0 (common or light) and “O (rare 
or heavy). The most common watermolecule is ‘H,"-’O; heavier ':HD‘°0, 'HD“’0 
and ’Hz‘°0 are rare. The process of evaporation causestan iisotopicfracticnation 
that-affects the relative’ proportions of these isotopesin waters. Water comprised 
of the lighter isotopes of oxygen and hydrogen are preferentially evaporated. 
Hence water vapour is relatively enriched in the lighter isotopes and‘ the 
remaining» surface water is enriched in the heavier isotopes. The effect of this 
fractionation on the isotopic composition of the remaining body of water depends 
on its overall volume relative to the amount of water evaporated and the time in 
which the surface water hasbeen exposed to evaporation. These factors make it ' 

possible to distinguish between different sources of water that exist in the
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groundwater flow regime, including the marsh, Lake Erie, infiltrating rainfall, and 
snowmelt. The isotopic composition of the Point Pelee marsh and Lake Erie are 
quite similar in the winter. As the weather warms, evaporative processes cause 
‘marsh water to become lsotopicaily heavier because the volume of water lost 
through evaporation represents a large portion of the volume of water In the 
marsh. The isotopic composition of Lake Erie remains relatively constant. 
because the volume lost through evaporation is small relative to the lake's total 
volume. The isotopic signature of the lake and marsh become increasingly 
different during the summer months, making it possible to distinguish them. Local 
precipitation also has a unique Isotopic composition that is much lighter than 
either the lake or marsh-. The Isotopic composition of precipitation vary 
predictably during the year in response to local air temperatures. 

As a result of these isotopic differences, isotopic characterization of‘ water 
samples taken from groundwater, the marsh, Lake Erie, and precipitation can be 
used to aid in the interpretation of the groundwater flow regime. The objectives 
for this study are: . 

1. to determine the relative contributions to groundwater by each of the 
sources over time; _ 

2. to track the extent of movement of lake and marsh water into the barrier 
bar; and, 

3. to observe the seasonal changes to the groundwater flow regime. 

Water samples from the marsh and Lake Erie. as well as groundwater from the 
multilevel samplers along the Park Gate and Northwest Beach transects (Figure 
1) were collected six times during the first year and seasonally since. Total 

. monthly precipitation samples were also collected. All samples were analyzed for‘ 
oxygen and hydrogen stable isotope measurements at the University of Western . 

Ontario's- Stable isotope Laboratory. There was similar isotopic evidence of’ 

infiltration into the shallow groundwater (0-2 m)» at both transects. The isotopic 
compositions of deeper groundwater samples differed between transects, 
suggesting that the relative contribution to the groundwater flow» regime from 
Lake Erie and the marsh are significantly different. A considerable proportion of 
the groundwater at the Park ‘Gate transect is composed of marsh and the lake 
water. For example, duringthe winter of 1994, water from the marsh moved up to 
27 m westward into the barrier bar, and during the summer of 1-995‘, lake water 
moved up to 42: m eastward into the barrier bar. in contrast, water from neither 
the lake nor the marsh moved more than a. few metres into the barrier bar at the 
Northwest Beach transect, thus groundwater here has essentially no marsh or 
lake component. 

Characterization of the Parlr’s Septic Systems 
Although Point Pelee National Park is Canada's smallest National Park, it 

receives over 500,000 visitors each year. The park currently has more -than 30 
active septic.-systems along the western barrier bar to service the park's;-staff and 
visitors. Given the proximity of the septic-systems to the marsh — many are within 
a few 10's of metres of the marsh — and the favourable hydrogeologlcai 
conditions for contaminant transport — tile beds constructed within highly 

permeable sand, and a shallow water table — it is conceivable that nutrients 
derived from the septic systems are moving towards the marsh. Most of the 
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park's septic- system tile beds are installed directly Into the native barrier bar 
- send. The objectives of this study are: 

1. to deterrnlne whether or not nutrients reach the water table; 
2. to characterize the extent of 

_ 
contamination spatially and in 

concentrations; » 

3. to identify processes controlling the contaminant migration, retention, 
and transformation; and, 

4. to determine if septicssystem derived nutrients are entering the marsh. 

Three sites were instrumented with water table wel|s,. multilevel bundlesamplers, 
mini-piezometers, and seepage meters (Figure 1). The -Camp Henry site is 

representative of a septic system which has moderate and mainly seasonal use, 
is located at a very wide portion of the barrier bar (420 m), and was 
decommissioned in 1995. The Blue Heron site is one of the most heavily used 
septic systems within the park. it is used throughout the year and is located at a 
moderately wide portion of the barrier bar (300 m). A third site, at the 
Administration Building, has recently been instrumented; This is a moderate but . 

continuous use site, located where the barrier bar is narrow (90 m). Extensive 
groundwater sampling was undertaken from over 400 sampling points at over 50 
locations. Thegroundwater samples were analyzed for nutrients (N0, NH,, P0,), 
dissolved organic carbon, major ions, trace metals, dissolved oxygen, pH, Eh, 
alkalinity‘, electrical conductivity, and temperature.

' 

Plumes of contaminated groundwater, containing elevated concentrations of 
nutrients, including NO,,, NH, and P0,, and other dissolved: constituents were 
observed below the tile beds at the Blue Heron and the Camp Henry sites. At the 
Camp Henry site, located where reversals in groundwater flow are negligible, a 
uniform plume has developed in one direction away from the tile bed and towards 
the marsh (Figure 3). The plume contains high concentrations of NiO,(to 80 mg/L 
_N) andvNH, (to 50 mg/L N), and moderate concentrations of PO, (to 1..5 mg/L P). 
it is llkely.thls plume will be eventually flushed to the marsh by continuously 
infiltrating water. At the Blue Heron tile bed site, located where strongseasonai 

‘ 

reversals in groundwater flow direction occur, a bimodal plume hasdeveioped in» 
both east and west directions of the tile bed (Figure 3). The bimodal plume 
contains high concentrations of NO, (to 30 mg/L N) and moderate concentrations 
of NH, (to 2. mg/L N) and PO,g(to 1.5 mg/L P_). This plume is likely to expand 
because of recharge, and will have a long residence time because of _the 
reversals in flow. Near the Blue Heron site, nutrient-rich groundwater was- 
observed to be discharging from the barrier bar into a marsh open-water pond. 
The discharge of this water its likely contributing to elevated nutrient 
concentrations observed in the adjacent open-water pond. One implication of the 
strong reversals in groundwater flow direction is that? discharge of effluent to the 
marsh is expected to be less than if the groundwater flow was directed toward 
the marsh year-round._A second" implication is that septic-system effluent is- 

expected to remain in the barrier‘bar’longer than if .groundwater flow was in one 
principal direction year-round. 
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Figure 3: Crosssections showing eieotricaiconductivlty (us/cm) originating from 
the tile beds at the (A) Camp Henry and (B) Blue Heron sites. during the summer 

' 

of 1994. 

Historical Impacts of Land Use 
‘The recent investigation of groundwater contamination from the parks septic 
systems has revealed the presence of septic system derived nutrients in the 
groundwater flow regime. At the Blue -Heron site, the reversal- in the direction of 
groundwater flow has led to widespread contamination both east and west of’-the 
tile bed. ‘Additional geochemical studies, groundwater flow calculations. and age 
dating: of the groundwater, indicate that the deeper groundwater here dates-tothe 
early 1970s. Thus. there is neither a continuous movement of contaminant 
towards the marsh or the lake, nor is there a reasonably rapid flushing. The 
implication of this isthatonce contaminants enter the groundwater flow regime, 
they remain there for a long time. 

Before the present parking lot, boardwalk. snack concession. and washrooms 
were constructed at the Blue Heron - Marsh Boardwalk area, a variety of 

buildings and activities occupied this site. A survey of past land use revealed that 
a-store, a barn, a gun club. boat houses, a garage. and numerous permanent 
houses, summer cottages, hunting cabins and fishing, cabins- were situated, here 
up until the mid 1970s. it can be assumed that most of the buildings would have 
had a sewage- disposal system. either permanent or temporary. The efficiency of 
these waste disposal systems to attenuate phosphate and oxidize ammonia is 
questionable due to the shallow water table and the construction practices of the 
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time. Thus. it is ‘highly probable that groundwater contamination occurred and 
that this contamination still exists. A study is currently being. conducted to 
-determine whether gpast land use is responsible for present -groundwater 
contamination. Specific objectives are: x 

1. to. identify phosphate in the groundwater flow regime that originated 
from pastiand use; 

2.. to identify processes responsible for long-tenn retention -and lack of 
mobility of phosphate; 

' 

3. to investigategeochemical processes occurring at these locations; and, 
4. to quantify-discharge to, and intiow from, the marsh at these sites. 

indications of‘ past sewage disposal practices- in the marsh boardwalk area were 
detected during drilling when pieces of. tile were brought to the ‘surface, and 
during a search of historical records and‘ photographs which indicated that vault- 
styled -toilets existed here. The presence and extent of sewage derived 
contaminants were assessed through analyses of groundwater collected from 
multilevel bundle -samplers installed at the. boardwalk site. Phosphate and 
ammonia were detected in the groundwater where there are not any present 
septic systemtiie beds butiwhere former buildings were located. Very large areas 
have elevated concentrations that are similarto those found in the groundwater 
beneath the present tile, beds. in addition, thereare isolated: areas close to the 
edge of the marsh which have concentrations of phosphate and ammonia even 
higher than untreated waste water.

' 

Phosphorus Cycling within the Marsh. . 

Marshes function as natural sinks for nutrients, including phosphorus. Benthic 
sedi_ments=.-— sediments at the base of the marsh —»and_plants represent important 
storage compartments of‘ phosphorus within a marsh. There is a substantial 
cycling of‘ phosphorus between the benthic sediments, water and the plants. 
Marshes typically exhibit a balance between the phosphorus consumed-by plants 
and the phosphoms released by sediments. However, a major introduction of 
phosphorus from external sources would upset this balance and result in a 
steady deterioration in water quality and subsequent reduction in «species 
biodiversity. Because many oftthe septic systems at the Point Pelee National 
Park are close to the ‘marsh, it is conceivable that nutrients from these septic 
systems can enter the marsh. The main focus of the groundwater studies was to 
determine whether nutrients from the septic systems are entering the marsh via 
the groundwater ‘flow regime. These studies, however, could not provide 
evidence that the septic system-derived. nutrients actually enter the marsh, nor 
could they document their impact on the nearshore zone of the marsh. To 
determine if‘ septic system-derived nutrients contribute to the natural loadings in 
the marsh. a marsh-focused study was undertaken having the following 
objectives: 

1. identify differenceszin sediment phosphorus concentrations spatially and 
with depth; 

2. reiatesedirnentphosphorus concentrations to the chemistry of sediment 
pore water; and, ' 

3. relate sedimentary phosphorus distributions toethe sewage-specific 
marker, coprostanol.
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Two areas of the marsh were investigated (Figure 1). Sanctuary Pond, 
which is 

the most eutrophic pond in the park, and’ the Blue Heron 
- Marsh Boardwalk site 

which has poor water quality, but is not yet eutrophic. sediment 
cores were 

collected at these two sites from locations near‘ the shore 
of the marsh and 

further offshore. The sediments were analyzed for phosphorus» and organic 

content. Blue Heron — Marsh Boardwalk sediments were also analyzed for 

coprostanol, a substance indicative of sewage input. The pore water within 
the 

benthic sediments at the Sanctuary Pond, which influences the 
distribution and 

the dynamics of dissolved nutrients in the water column, were 
also analyzed. No 

” 

differences in phosphorus concentrations in sediments or pore water 
were lound 

between the nearshore and offshore locations in the Sanctuary Pond. 
suggesting 

that either there are no external sources oi phosphorusto the 
Sanctuary Pond, or 

the annual increase in nutrient concentrations from, the contaminated 

groundwater is a small component at the overall nutrient budget in the well-mixed 
system of the Sanctuary Pond._ At the Blue Heron 

- Marsh Boardwalk site, 

concentrations of phosphorus- and coprostanol at the nearshore locations 
were 

significantly,higher than those offshore, suggesting input of sewage-derived 

nutrients to’ the marsh. However, these analyses can not distinguish 
between 

nutrients entering the marsh. from the present septic systems, or 
through past 

waste disposal practices. 

Computer Simulatioit of Groundwater Flow and Contaminant Transport 

Groundwater flow in the vicinity of coastal wetlands is often complex 
and.can . 

exhibit reversals in flow direction. Due to the complexity of both groundwater 
flow and. hydrostratigraphy, the ..lieid studies required to adequately assess 

groundwater conditions require considerable instrumentation, several years 
of 

monitoring, and can be very expensive. Numerical models offer a cost-etiective 
and rapid means of obtainingconsiderable insight ‘into the groundwater 

flow 

regime at wetlands. A numerical model of the groundwater -flow regime in the 
A 

barrier bars between Lake Erie and the marsh at Point Pelee National-‘Park 
‘is. 

currently being developed. This model will extend the present studies 
beyondthe 

characterization of what is presently being observed, to being able to 
predict 

what could happen -to the system as a result of natural or man-made 
changes to 

the park. The objectives for the modelling study are: 
1. to provide insight into present hydrologiclprocesses; 
2 to investigate the impact of long-terrn changes to the system; 
3 to quantityegroundwater discharge to the marsh; 
4. to investigate contaminant transportin the groundwaterlregime; 

and, 

5 to assess potential remedial scenarios. 

Although there are numerous groundwater flow models, these models 
can be 

iimltedwith respectto numerical and conceptual accuracy in their 
application to 

coastal wetlands and groundwater flow within barrier bars. The 
groundwater- 

wetlands model being developed will overcome limitations of existing 
models, 

The model is designed to simulate groundwater flow and contaminant 
transport 

in a two-dimensional cross section with a wetland andlor lake located 
at either‘ 

and of the cross section. The model will account for a fluctuating watertable, 
the 

formation of seepage faces, a heterogeneous sedimentary-sequence, 
and time- 

varying shorelines between the groundwater regime and the wetland 
and marsh.» 

These can fluctuate both vertically and‘ laterally in response to changes 
in the 

-size and shape of the wetland. or annual lake level cycles within Lake 
Erie. initial 
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