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LAKE SIMCOE ENVIRONMENTAL MANAGEMENT STRATEGY 
IMPLEMENTATION PROGRAM

FOREWORD

This report is one of a series of technical reports prepared in the course of the Lake Simcoe
Environmental Management Strategy (LSEMS) Implementation Program. This program is under
the direction of the LSEMS Steering and Technical Committees, comprised of representatives
of:

< Ministry of Agriculture, Food and Rural Affairs;
< Ministry of Environment and Energy;
< Ministry of Municipal Affairs and Housing;
< Ministry of Natural Resources;
< Regional Municipalities of York and Durham;
< County of Simcoe;
< Cities of Barrie and Orillia;
< Towns of Bradford West Gwillimbury and Innisfil;
< Townships of Oro-Medonte and Ramara; and
< Lake Simcoe Region Conservation Authority.

The Lake Simcoe Environmental Management Strategy (LSEMS) studies were initiated in 1981
in response to concern over the loss of a coldwater fishery in Lake Simcoe. The studies
concluded that increased urban growth and poor agricultural practices within the drainage
basin were filling the lake with excess nutrients. These nutrients promote increased weed
growth in the lake with the end result being a decrease in the water’s oxygen supply. The
“Final Report and Recommendations of the Steering Committee” was released in 1985. The
report recommended that a phosphorus control strategy be designed to reduce phosphorus
inputs from rural and urban sources. In 1990 the Lake Simcoe Region Conservation Authority
was given overall coordination responsibilities for Phase I Implementation, as outlined in the
LSEMS Cabinet Submission and subsequent agreement (Recommendation E.1). At the
completion of Phase I Implementation a report was produced. “LSEMS Implementation
Program - Summary of Phase I and Recommendations for Phase II, 1995” outlined the
activities and progress Phase I and presented recommendations for Phase II of the LSEMS
Implementation Program. The LSEMS Implementation Program is currently preparing for Phase
III of the program.

The goal of the LSEMS Implementation Program is to improve and protect the health of the
Lake Simcoe watershed ecosystem and improve associated recreational opportunities by:

1. Restoring a self sustaining coldwater fishery,
2. Improving water quality,
3. Reducing phosphorus loads to Lake Simcoe, and,
4. Protecting natural heritage features and functions.
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The LSEMS Implementation Program will continue initiate remedial measures and control
options designed to reduce phosphorus inputs entering Lake Simcoe, monitor the effectiveness
of these remedial measures and controls and evaluate the overall response of the lake to this
program. Through cost sharing programs, environmental awareness by the public and further
studies, the goal of restoring a naturally reproducing coldwater fishery in Lake Simcoe by
improving water quality can be reached.

Questions with respect to the contents of this report should be directed to:

Manager, Environmental Services
Michael Walters
Lake Simcoe Region Conservation Authority
120 Bayview Parkway
P.O. Box 282
Newmarket, Ontario.
L3Y 4X1
E-mail: m.walters@lsrca.on.ca
Website: www.lsrca.on.ca

OR

Chief Administrative Officer/Secretary-Treasurer
D. Gayle Wood
Lake Simcoe Region Conservation Authority
120 Bayview Parkway
P.O. Box 282
Newmarket, Ontario.
L3Y 4X1
E-mail g.wood@lsrca.on.ca
Website: www.lsrca.on.ca
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Summary

One major accomplishment of the LSEMS Implementation Phase I and II programs was the
updating of phosphorus load measurements from a variety of sources through the 1990's (Scott
et al. 2001). The main objective of this report is to extract the highlights of the Scott et al. (2001)
report and to interpret them in regional, historical and ecological contexts.

For every hydrologic year of the 8-year total phosphorus (TP) loading study, water volumes
and TP concentrations for all major sources and losses of water for Lake Simcoe were quantified.
Sources included land drainage from gauged and ungauged streams, pump-off water from the
Holland Marsh, wastewater from sewage treatment facilities, stormwater runoff from urban areas,
and precipitation contributed directly to the lake surface. Losses included export through the lake
outflow at Atherley and evaporation from the lake surface.

On average for the 8-year period, the average balance was +3.2 % (the sum of all losses
of water from the lake exceeded the total supplies by 3.2 %), suggesting a high level of confidence
can be had in the TP loading calculations. In terms of absolute loads (total kg of P, not adjusted
for associated water loads), the atmosphere (rain, snow and dry fall-out of P-bearing particulate
matter) was the single most important source total P loading to Lake Simcoe, with an 8-year mean
of 46 metric tons/yr. Next in order were tributaries, urban non-point sources (runoff), urban
sewage treatment facilities, vegetable polders and shoreline private waste facilities, contributing
8-year averages of 38.8, 18.13, 5.73, 5.69, and 4.5 metric tons/yr, respectively.

Lake Simcoe sub-watersheds with the highest percentage of forested areas exported the
least amounts of TP in their drainage waters, while those with the largest urban areas exported the
most. For example, the Hawkstone River with 37 % of its catchment in forest and no urban area,
exported only 6 kg of TP /km2/yr on average, while the east Holland River with 22 and 32 % in
forest and urban areas, respectively, exported an average of 65 kg TP/km2/yr. The highest export
values were found for cultivated organic soils (the vegetable polders) with an annual average TP
export of 109 kg/km2/yr. A model based on multiple linear regression utilizing three land use
categories (percentages of total sub-catchment areas comprised of urban, upland agriculture and
dyked vegetable production land usages) was found to explain 98 % of the variability in the TP
export values.

Average TP loading totals for the most recent 4-year period (hydrologic years 1994-95 to
1997-98) were considered to be most contemporary and therefore most relevant for purposes of
prioritizing remedial measures to control TP loading to the lake. “Net TP loads” (a measure of TP
load that reflects the impact on the TP concentration of Lake Simcoe) were calculated for
1994-1998. Net atmospheric, urban runoff and tributary loads averaging 38.1, 22.1 and 21.0 %,
respectively of the total net TP loading were the most important sources. The remaining three
sources, urban point sources, vegetable polders and shoreline private waste systems all contributed
approximately equal net loads in the 5-7 % of total range.

The importance of maintaining green-space, especially forested stream valley lands was
clearly demonstrated. There are tremendous challenges ahead if the remnants of natural
ecosystems (forested valley lands, wooded areas and some remaining short sections of Lake
Simcoe shoreline) in the Lake Simcoe watershed are to be protected for future generations. A
model system, the Total Phosphorus Management (TPM) system, which is based on the idea that
phosphorus loading can be allocated and “traded” among watershed users, and which is currently
under feasibility study, is described here as a partial solution to the problem. It is suggested that
programs like TPM should help to protect some aspects of the Lake Simcoe resource (those
biological components responding to phosphorus loading) from some of our more detrimental land
use activities.
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Introduction

Excluding the Laurentian Great Lakes, Lake Simcoe is the largest lake in southern
Ontario. Because it is located within one hour's drive of more than one-half of Ontario's total
population, it is well-used for recreational pursuits including angling, boating, swimming and
other activities, the total value of which exceeds $160 Million annually (LSEMS 1995). The
lake also serves as a municipal drinking water source and is the receiving water for treated
sewage from several urban centres. Protection and enhancement of Lake Simcoe’s water
quality is of high priority if these uses are to be sustained into the future.

The first conclusive evidence of water quality impairment was gathered during
1971-1974 (Ralston et al. 1975). These findings prompted the Provincial Cabinet Committee
for Resources Development to authorize in 1979 an initial 5-year investigation of Lake
Simcoe under the newly established Lake Simcoe Environmental Management Strategy
(LSEMS). The “Final Report and Recommendations” of the LSEMS Steering Committee
(LSEMS 1985) identified excessive phosphorus loading to the lake from agricultural and
urban sources as the main cause of the lake’s most serious problem - the loss of deep-water
dissolved oxygen. That report also contains a comprehensive set of 21 recommendations,
including the need to update and refine phosphorus loading estimates and to develop
phosphorus loading control strategies. Many of these recommendations were addressed
during subsequent phases of the LSEMS program (“Implementation Phases” I and II,
1990-94 and 1995-99, respectively). Through the LSEMS implementation phases, the
program has been coordinated by the Lake Simcoe Region Conservation Authority (LSRCA);
collaborating agencies include the Ontario Ministries of Natural Resources, Environment and
Agriculture and Rural Affairs, and more recently the Regional Municipalities of York and
Durham, and Simcoe County.

One major accomplishment of the LSEMS Implementation Phase I and II programs
was the updating of phosphorus load measurements from a variety of sources through the
1990's (Scott et al. 2001). The main objective of this brief report is to extract the highlights
of the Scott et al. (2001) report and present them in the context of previous phosphorus
loading estimates and control efforts and to provide some interpretation of their relevance
to the Lake Simcoe ecosystem.
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Study Area

Lake Simcoe is located approximately 50 km north of the city of Toronto, Ontario.
With a total water surface area of 722 km2, it is the sixth largest lake in Ontario. Its
watershed occupies a total land area of 2,900 km2 and is divided into four main
physiographic units: the Oak Ridges Moraine, the Schomberg Clay Plains, the Peterborough
Drumlin Fields and the Simcoe Lowlands - each with its distinctive characteristics of
topography, bedrock and soil type. Generally, the northern 1/3 of the watershed is
characterized by thin soils overlying limestone, shale and small areas of granitic bedrock,
while the southern 2/3 of the watershed is characterized by much deeper soils including
large areas of deep, course-textured glacial deposits over limestone and shale bedrock.
Some 35 rivers and smaller streams drain to Lake Simcoe. The catchments of the five
largest (the Holland River, the Black River, Pefferlaw Brook, the Beaver River and the Talbot
River) account for about 60 % of the total land area draining to the lake (Peat and Walters
1994). The lake drains northward through the Atherley Narrows to Lake Couchiching then
through the Severn River to Georgian Bay of Lake Huron.

The climate of the Lake Simcoe region is set by the interactions of mainly three
climate systems: Pacific Maritime, Arctic Continental and Tropical Maritime air masses. Mean
annual air temperature is 6-7oC and there are about 130 frost-free days per year. About
20-25 % of the total annual precipitation of 80-84 cm falls as snow (Johnson 1997).

The Lake Simcoe watershed lies within the Great Lakes - St. Lawrence Forest Region
(also known as the Mixed Forest Region or Transition Life Zone), dominated by Sugar Maple
(Acer saccharum), Beech (Fagus grandifolia), White Birch (Betula papyrifera), White Pine
(Pinus strobus), Hemlock (Tsuga canadensis), Eastern White Cedar (Thuja occidentalis) and
several other deciduous and coniferous species. With the arrival of European settlers some
three centuries ago, changes in the landscape quickly ensued. The first farm was established
in 1794, and by 1891, 87% of the basin area had been converted from forest to farmland
(Wilson 1986). Although most of the conversion from forested land to agriculture occurred
during the period 1820-1890, about 80% of the present-day human population of more than
300,000 accrued during the past 40 years, as a result of expansion of Barrie, Newmarket,
Aurora, Orillia, Bradford, Sutton, Keswick, Uxbridge and other smaller urban centres, all of
which were well established during the latter part of the 19th century. 
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Field and Laboratory Methods

A brief summary only of methods used for measuring phosphorus loading to the lake
is included here so that the reader understands the scope of the project. Detailed
descriptions of the methods used for quantifying water and total phosphorus (TP) loads from
each of the sources within the Lake Simcoe basin (with the exception of shoreline private
waste systems - see below) have been described by Scott et al. (2001).

For various periods beginning in 1990, up to 12 stream sites were monitored for flow
(continuously recorded) and TP concentrations (about 25/year). Laboratory procedures
involved a persulphate-H2SO4 digestion of unfiltered (or 360 gm mesh filter) stream water,
followed by spectrophotometric analysis of the ascorbic acid reduced phosphomolybdate
-blue complex against a set of phosphate standards (MOE 1981). TP loading at stream
stations was calculated according to Scheider et. al. (1979). Water and TP loads from
unmeasured catchments were determined by proration according to land use and areas. A
water balance was constructed for the Swift Rapids outlet point (Severn River below Lake
Couchiching) that included all known sources and losses of water including stream flows,
precipitation and evaporation, municipal sources, and pump-off water from vegetable
polders. 

Precipitation amounts and associated atmospheric loading of TP were determined
directly on samples from two meteorological sites within the Lake Simcoe watershed or two
nearby sites. Urban point sources (sewage treat plant (STP) discharges) were collated by
Central Region, Ministry of the Environment based on continuous effluent flow monitoring
and 10-20 TP measurements per year from conventional STP’s. Loading (volume x TP
concentration) from wastewater lagoons was determined at the time of release to the
receiving waters. Urban non-point source runoff contributions were calculated as 45 % of
total precipitation and corresponding export of TP was determined from total urban area
(air-photo interpretation) to which an export rate of 132 kg/km2/year was applied [MOE,
unpublished data from SWAMP (the Storm Water Analysis and Monitoring Program)]. TP
export from the main Holland Marsh vegetable polder was measured directly at the Bradford
pumping station and applied to all other dyked areas of organic soil under vegetable
production.
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Figure 1. Map of the Lake Simcoe watershed showing the locations of sampling stations
in the major sub-catchments (Base map provided by the Lake Simcoe Region
Conservation Authority).
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For purposes of net TP load calculation (see below), TP export from the lake was
calculated by applying monthly total flow estimates to monthly mean TP concentrations
measured about twice weekly at Atherley. TP loads and water volumes from each of the
following sources: streams, vegetable polders, the atmosphere, urban point-sources and
urban non-point sources were used to determine “net loading” for each (Johnson and Owen
1971), where net load is defined as that mass of TP delivered to the lake in excess of a mass
of TP displaced through the lake outflow on an equivalent volume of water.

Summary of Hydrologic Budgets 1990-91 to 1997-98

The ranking of the major rivers for their total annual flow (measured at the flow
gauging stations shown in Fig. 1) was quite consistent from year-to year. There was also
consistency among rivers with respect to high-flow and low-flow years (Fig. 2). Highest flows
were measured at the Pefferlaw River station followed by the Beaver River, the Black River,
the east branch of the Holland River and Kettleby Creek. The upper Schomberg River and
the north Schomberg River stations yielded similar but much lower flows during most years,
not very different from the volumes of water pumped from the Holland Marsh during
1990-91, 1991-92 and 1995-96 (Fig. 2). There was overall agreement between annual
precipitation and annual stream flow in that the four highest precipitation years were also
the years with the highest flows (Fig. 2). 

The relationship between stream flow and precipitation was best defined for those
streams where flow was not influenced by dams and impoundments. There was no
statistically significant relationship between annual precipitation and flow for the Pefferlaw
River, the Black River, the East Holland Rivers and the Holland Marsh pump-off. For the
Beaver River, Kettleby Creek and the Upper and North Schomberg Rivers, annual flows were
significantly correlated with annual precipitation. Based on simple linear regression models
(equations 1 - 4, below), precipitation explained 69, 58, 68 and 76 %, respectively of the
year-to-year variability in stream flow in these four systems:

Beaver R. ann. flow (106 m3 year-1) = 1.75 [ann. precip.(cm)] - 60.08 (1)
(P = 0.011; r = 0.831)

Kettleby Cr. ann. flow (106 m3 year-1) = 0.270 [ann. precip.(cm)] - 7.36 (2)
(P = 0.028; r = 0.763)
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Upper Schomberg R. ann. flow (106 m3 year-1) = 0.218 [ann. precip.(cm)] - 9.17 (3)
(P = 0.012; r = 0.824)

North Schomberg R. ann. flow (106 m3 year-1) = 0.155 [ann. precip.(cm)] - 5.102 (4)
(P = 0.005; r = 0.872)

Figure 2. Total annual precipitation in the Lake
Simcoe basin and total annual flow at each of
the main stream gauging stations, keyed as
follows: PFR, Pefferlaw River; BV, Beaver River;
BL, Black River; HL, Holland River (E. Branch);
KB, Kettleby Creek; US, upper Schomberg
River; NS, north Schomberg River; PP, Holland
Marsh pumps at Bradford. Note that hydrologic
year is the annual period from June 1 to May 31.

Figure 3. Mean ±1 St. Dev. annual runoff
(m/year) for each of the gauged sub-
watersheds over the 8-year period 1990-91 to
1997-98.Keyed as follows: PFR, Pefferlaw
River; BV, Beaver River; BL, Black River; HL,
Holland River (E. Branch); KB, Kettleby Creek;
US, upper Schomberg River; NS, north
Schomberg River; PP, Holland Marsh pumps at
Bradford.
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Figure 4. Summary of annual measurements of major water supplies to, and losses from
Lake Simcoe over an 8-year period (hydrologic years 1990-91 to 1997-98).
Note that “tributaries” includes runoff from urban and ungauged areas.

Mean annual areal runoff ranged from a high of 0.47 m for Kettleby Creek to a low
of 0.17 m for the north Schomberg River (Fig. 3). Presumably because of abundant
groundwater (spring) contributions to the upper reaches of Kettleby Creek, discharge from
this sub-catchment was consistently well above that measured in the other Lake Simcoe
sub-watersheds and was higher than the average of 0.37 m reported by Coote et al. (1982)
for small southern Ontario watersheds. Generally, the Lake Simcoe sub-watershed runoff
values were on the low side of the range of annual runoffs (0.28 - 0.77 m/yr) reported for
a 10-year study of Vermont watersheds (Meals and Budd 1998).

For every hydrologic year of the 8-year study, all major sources and losses of water
for Lake Simcoe were quantified. Sources included land drainage from gauged and ungauged
streams, pump-off water from the Holland Marsh, wastewater from sewage treatment
facilities, 1998).
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For every hydrologic year of the 8-year study, all major sources and losses of water
for Lake Simcoe were quantified. Sources included land drainage from gauged and ungauged
streams, pump-off water from the Holland Marsh, wastewater from sewage treatment
facilities, stormwater runoff from urban areas, and precipitation contributed directly to the
lake surface. Losses included export through the lake outflow at Atherley and evaporation
from the lake surface. Not included as a possible source were groundwater springs supplying
water through the lake bottom; these are believed to have been a minor component of the
water budget, because of the close agreement found between the sum of all other supplies
and losses. On average, the volume of water supplied by streams was only slightly greater
than that supplied directly to the lake surface in precipitation, and the quantity of
precipitation was nearly balanced by loss through evaporation (Fig. 4). The balance of supply
and loss totals ranged from +10.5 % for 1994-95 to -2.2 % for 1995-96. For the 8-year
period, the average balance was +3.2 % (the sum of all losses of water from the lake
exceeded the total supplies by 3.2 %), suggesting a high level of confidence can be had in
the hydrologic budget and the TP loading calculations.

Summary of TP Sources for Lake Simcoe

(a) Major Sources and Land Use

In terms of absolute loads (total kg of P, not adjusted for associated water loads), the
atmosphere (rain, snow and dry fall-out of P-bearing particulate matter) was, on average,
the single greatest contributor of total P to Lake Simcoe, with an 8-year mean of 46 metric
tons/yr. Next in order were tributaries, urban non-point sources (runoff), urban sewage
treatment facilities, and vegetable polders, contributing 8-year averages of 38.8, 18.13,
5.73 and 5.69 metric tons/yr, respectively (Fig. 5).

There was considerable year-to year variability in total P loading to the lake, with
highs of 156.5 and 154 metric T/yr calculated for 1990-91 and 1992-93, and lows of 92.5
and 85.4 metric T/yr for 1991-92 and 1994-95, respectively (Fig. 6). The distribution of the
major sources was similar from year to year, but tributary loads were a lower percentage
of the total during the high flow years of flow years of 1995-96 and 1996-97 than during
1990-91 and 1992-93, when stream flows were comparably high (Fig. 2). This is because
stream concentrations of TP dropped substantially in recent years.
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Figure 5. Total external phosphorus loading to Lake Simcoe (arithmetic mean ± 1 St. Dev.
in metric tons per year) from all sources except possible septic tank - tile bed
leakage from lakeshore residences for the 8-year period ending in 1998. Note that
“tributaries” does not include any urban components (see caption for Fig. 6).

Figure 6. Major sources of total phosphorus for Lake Simcoe (mean ± 1 st. dev.) for
hydrologic years 1990-91 to 1997-98. Note that loading from urbanized tributaries
does not include urban sources (STP’s or urban runoff) which have been tallied
separately. Loadings from tributaries includes natural greenspace areas (e.g.
forests, wetlands, etc.) and areas of highland agriculture.
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TP concentrations during the first three hydrologic years of the study averaged 0.073
mg P/L, but only 0.036 mg P/L for the final 3-year period for all tributary monitoring
stations. Consequently, there was no statistically significant correlation between annual
average stream flow and annual average TP export from the Lake Simcoe sub-watersheds
(upstream urban components separated out). Minns and Johnson (1979) examined
inter-annual variability in TP export for five rivers draining to the Bay of Quinte of Lake
Ontario and found year-to-year variations in flow caused TP export fluctuations of about
±50 % of the 10-year means. Similarly, for Lake Simcoe, the tributary component of the
total loading was the main source of the inter-annual variation of the total P loading to the
lake; however, year-to-year variation was even greater than that reported for the Bay of
Quinte rivers. In 1990-91, the Lake Simcoe tributaries contributed 76.8 metric tons (76.8
% of the total) to the lake, while in 199495, tributaries contributed only 14.4 metric tons
(16.8 % of the total).

The role of land use as a major influence on the export of phosphorus from
sub-watersheds is well known (Dillon and Kirchner 1975; Omernik 1977; Crosbie and
Chow-Fraser 1999), and can be illustrated with data collected during this study. Although
it is unfortunate that our data (based on satellite imagery) do not permit an accurate
quantitative separation of several catchment characteristics potentially useful in modelling
TP export (e.g. separation of abandoned farmland from pasture) it was possible to group
several categories of land use/vegetation into some broad categories (total greenspace =
forests + wetlands + scrublands + “barren/pasture”) for definition of P exports from these
areas. Using TP export data from 12 of 13 sub-watersheds for which such data were
available (Kettleby Creek was omitted because of a suspected disproportionately high
groundwater component), a model based on multiple linear regression utilizing three land
use categories was found to explain 98 % of the variability in the TP export values (Fig. 7).
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Figure 7.  Multiple regression model predicting TP export from watersheds of mixed land use.
A = upland agriculture (includes “barren/pasture”); B = dyked muck soil in
vegetable production; C = urban; all as % of total sub-watershed areas. Of the 13
sub-watersheds for which these land use data were available, all were used here
but Kettleby Creek which had an anomalously high runoff rate, presumably
because of a high groundwater component. Each of three land use variables
employed contributed significantly to the model (P < 0.05).

Lake Simcoe sub-watersheds with the highest percentage of forested areas yielded
the least amounts of TP in their drainage waters, while those with the largest urban areas
exported the most. For example, the Hawkstone River with 37 % of its catchment in forest
and no urban area, exported only 6 kg of TP /km2/yr on average, while the east Holland
River with 22 and 32 % in forest and urban areas, respectively, exported an average of 65
kg TP/km2/yr. The highest export values were found for cultivated organic soils (the
vegetable polders) with an annual average TP export of 109 kg/km2/yr (Fig. 8). While this
export rate is among the highest reported for agricultural lands, it is considerably lower than
the 207 kg/km2/yr measured by Nicholls and MacCrimmon (1975) nearly 30 years ago from
the same location. Hopefully the difference represents a real decline, perhaps reflecting
lower fertilizer use in recent years.
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Figure 8. Total phosphorus export from (A) five representative sub-watersheds in the Lake
Simcoe basin (averages over 8 years), including % cover by major land use
categories, and (B) from other Ontario subwatersheds. Note that “green space”
= forest + wetlands + scrublands + “barren/pasture”; “lowland agr.” = Holland
Marsh vegetable polder; a and b = the Grand and Saugeen R. watersheds,
respectively (Ostry 1982); c,d, and e = Altona Cr., W. Humber R and Stouffville
Cr. watersheds, respectively (Owen and Johnson 1966); f and g = the means from
20 forested igneous and 4 forested sedimentary watersheds, respectively (Dillon
and Kirchner 1975).

In general, the Lake Simcoe TP export values are in agreement with those reported
for other mixed agricultural-forested and urban watersheds in Ontario (Fig. 8). The highest
(1390 kg TP/km2/yr) was that reported by Owen and Johnson (1966) for Highland Creek,
a highly urbanized Toronto-area watershed. It is important to point out that their
measurements were made before legislation was passed limiting the phosphate content of
detergents or before there was any phosphorus removal at sewage treatment plants. In
contrast, another Toronto-area watershed (Altona Creek) with no urban component exported
only 16.8 kg TP/km2/yr (Owen and Johnson 1966). The lowest TP export values appear to
be in areas of igneous (Precambrian) geology with up to 100% forest cover (Fig. 8). This is
consistent with findings from other north-temperate latitudes. For example, Ahtiainen
(1992) measured a 4-fold increase in phosphorus export after forests were cut and cleared.
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Atmospheric loading of TP to Lake Simcoe was a major component of the total
averaging 46 metric T/year or 41 % of the total. Areal deposition rates ranged from 32.8
(1996-97) to 78.6 kg/km2/yr in 1993-94, and averaged 63.7 kg/km2/yr over the 8-year
period. These loading rates are considerably higher than others reported for the Great Lakes
area (Fig. 9). 

Figure 9. Atmospheric deposition of total
phosphorus the Lake Simcoe (this report), the
Laurentian Great Lakes (Lakes Erie, Ontario,
Huron and Superior from Kuntz (1980) and
Lake Michigan from Eisenreich et al. (1977)
and Precambrian Shield lakes (Dillon et al.
1993).

For example, Dillon et al. (1993) used a value of 20.7 kg/km2/yr for Ontario
Precambrian Shield lakes. Measurements made in the same region about two decades earlier
(Dillon 1974; Nicholls and Cox 1976) of 77 and 74 kg/km2/yr, respectively, suggest that air
pollution control in northeastern North America in the intervening time period may have
been responsible for the decline. Another similar example was reported for Lake Michigan
by Miller et al. (2000) who measured a TP deposition rate of 5.0 kg/km2/yr during 1994-95,
which contrasts sharply with the 29.3 kg/km2/yr measured at many of the same L. Michigan
sites in 1976. If reductions in atmospheric TP deposition rates have in fact declined during
the past 20 years in the Great Lakes basin, then the values reported by Kuntz (1980) based
on measurements at 38 sites throughout the basin during the period 1969-1976, in the
10-30 kg/km2/yr range (Fig. 9) are probably high by today’s standards. Much of the source
of the atmospheric deposition of TP in the Great Lakes basin 2-3 decades ago may have
been associated with long-range transport phenomena (TP-containing smoke and aerosols
in industrial emissions and dust from agricultural operations). If the industrial long-range
component has indeed declined, it is likely that much of the source of the high Lake Simcoe
atmospheric loads are local in origin because deposition rates are still so high. Dust from
component has indeed declined, it is likely that much of the source of the high Lake Simcoe
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atmospheric loads are local in origin because deposition rates are still so high. Dust from
farm fields in the Lake Simcoe basin and rural roads are possible sources that need to be
examined in greater detail in the future.

(b) Other Possible Sources of TP for Lake Simcoe

Based on eight years of data, Scott et al. (2001) compiled all major external sources
of total phosphorus for Lake Simcoe except possible leakage from shoreline private waste
disposal systems and possible inputs supplied in direct groundwater flow to the lake. The
ground water source is considered insignificant because of the close agreement found in the
water balance between all other known sources and losses (averaging +3.2 %, i.e. loss
exceeds supply by 3.2 %). Any leakage to streams from septic tank - tile beds located within
the sub-watersheds monitored by Scott et al. (2001) will have been included in the export
calculations for those areas. However, there are approximately 12,000 dwellings around the
shoreline of Lake Simcoe (Walker 1997), most of which have private waste disposal
systems, that were not included in the Scott et al.  TP loading calculations. Septic tank - tile
bed leakage could contribute to the total phosphorus loading to the lake without significantly
being implicated in the hydrologic balance, if it is assumed that most of this potential source
would come during times of the year when surface runoff, infiltration and seepage inputs of
surface and subsurface water from lakeshore areas containing septic tanks and tile beds
would be maximal and approximately equivalent to the amounts from adjacent natural areas
(i.e. accounted for in the hydrologic budget as water runoff from ungauged areas). 

Previous TP mass balance calculations for Lake Simcoe have included a lakeshore
human wastewater component (LSEMS 1985, Walker 1997). Based on published studies in
areas with geology and soil conditions similar to those of the Lake Simcoe basin, Walker
(1997) assumed a failure rate of 5 % and an overall annual TP loading of 2.2 metric T/yr.
In contrast, Dillon et al. (1994) demonstrated that for three Precambrian Shield lakes with
thin, sandy soils covering igneous bedrock, 100 % of the TP influent to private sewage
systems entered the lakes. In a fourth lake (Harp Lake) where septic tank tile beds were
installed in deeper till deposits, the retention was about 65 %. The soils around Lake Simcoe
are deeper and more calcareous than those of Harp Lake, so a higher retention rate can be
expected; but, many systems are old and tile bed failure rate depends on age and usage as
well as soil quality and quantity. On the assumption that Walker’s (1997) estimated 5 %
failure rate may have been too low, this has been doubled here (4.5 metric T/yr) for
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purposes of tallying the contributions from all known sources, but it is recognized that the
TP loading from private sewage systems around Lake Simcoe is in need of further study.

Some components of the total P load to the lake are predictable (urban
non-point-source export from urban area), but no statistically significant trend in total
loading to the lake from all sources was detected over the 8-year period. Neither was there
a relationship between annual precipitation amount and annual load from tributaries (mainly
because of much lower TP concentrations in tributaries in the latter years of the study).
Annual total P loading to the lake is therefore not obviously predictable. 

Although there was no statistical difference between the mean TP loading of the first
four years (averaging about 130 metric T/yr) and of the second four-year period (about107
metric T/yr, where both estimates include shoreline private waste component), the latter
value is considered more representative and contemporary because it reflects late 1990's
human population in urban areas and the lower stream water TP concentrations of the
recent past. For purposes of discussing a contemporary (LSEMS Phase II) TP loading to Lake
Simcoe therefore a value of “about 107 metric T/yr” is recommended. The logical questions
that follow are, how do we know that this amount of P loading is excessive, what are the
impacts on the lake, and what can be done about it?
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Lake Simcoe Phosphorus Loading - a Regional and Historical Context

It is important to have knowledge of background (“natural”) levels of TP supply to
lakes to provide perspective for the present-day anthropogenic sources (Golterman 1973;
Ahl 1988).  From studies on mass sedimentation rate and the P content of dated Lake
Simcoe sediment cores (Johnson and Nicholls 1989), it was determined that pre-settlement
(circa 1800 AD) annual TP loading rates were about 30 metric T/yr. This translated into an
end-of-summer volume-weighted deep-water dissolved oxygen concentration of about 8
mg/L (Nicholls 1997) - a value usually associated with remote, deep, natural lakes
unaffected by major human disturbance and well able to support a cold water fish
community. Indeed, by all available early accounts of settlers and explorers, Lake Simcoe
supported a healthy and diverse fish community 2-3 centuries ago (MacCrimmon and Skobe
1970). Today, as a result of TP loads having increased 3-fold, volume-weighted
end-of-summer dissolved oxygen levels are only about 3 mg/L, and are a source of major
concern for the cold-water fish community among fisheries scientists and managers (Evans
et al 1996 ; McMurtry et al 1997). By the end of the 19th century, nearly 90 % of the Lake
Simcoe basin area had been converted from forest to farmland (Wilson 1986). Lake Simcoe
sediment analyses (Johnson and Nicholls 1989) revealed that maximal TP loads to the lake
were associated with maximal loading of erosional materials from the watershed in the late
1800's. This was confirmed by Wilson (1986), who, in an independent study, used modelled
information on soil erosion, crop type and slope to arrive at the same conclusion.

So, while agricultural sources of phosphorus started to deliver their loads to Lake
Simcoe in the 19th century through erosion and runoff from cultivated fields and livestock
operations, the urban sources became important during the 20th century. The first sewage
treatment plant was not built until 1933 at Aurora. By the 1950's virtually all of the urban
centres were providing primary treatment (basically solids removal) of sewage. However the
phosphorus content of these wastes about doubled to 5-10 mg P/L during the 1950's with
the widespread use of phosphate-based cleaning compounds and household detergents.
Awareness was raised during the 1960's of the issue of lake eutrophication and the
widespread polluting effects of excessive phosphorus loading to lakes in Europe and North
America. To help correct this problem in Canada, Federal legislation limited the phosphorus
content of laundry detergents to 20% (as P2O5) in August, 1970, and 5% in January, 1973
(Prince and Bruce 1972). At about the same time, Ontario undertook a massive program of
general sewage treatment plant upgrading to ensure that all major facilities discharging to
Ontario lakes and rivers were providing “state of the art” secondary treatment as well as
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special chemical treatment for phosphorus removal. Under this program phosphorus
concentrations in sewage treatment plant effluents dropped to 1 mg/L or lower (Archer
1976).

Some additional reductions in phosphorus loading to Lake Simcoe were achieved in
1984, when the treated sewage effluents from both the towns of Aurora and Newmarket
were diverted to the York-Durham waste treatment facility for discharge to Lake Ontario.
Previously, these effluents had been discharged to the Holland River, thus contributing a
major component of the total load to Cook’s Bay (Nicholls and MacCrimmon 1975 ). Nicholls
(1998) demonstrated some improvement in the lower Holland River since the 1984 diversion
of these sources of phosphorus. Unfortunately, there is a large “reserve” of phosphorus
stored in the sediments of the lower Holland River (a legacy from previous decades of heavy
losses of phosphorus from urban and agricultural areas in the Holland River watershed).
Some of this is released every summer into the overlying water resulting in TP
concentrations in the lower Holland River during mid-summer during the 1990's that were
nearly as high as those measured prior to 1984.

Lake Simcoe Phosphorus Loading - an Ecological Context

(a) Net TP Loading Concept for Ranking the Importance of TP Sources

Now that updated estimates of TP loading to Lake Simcoe exist, the logical next step
is to apply these to mass balance models (e.g. Reckhow and Chapra 1983) for predictions
about changes in lakewater TP concentrations resulting from either control of TP sources or
of increased TP loading. For lake basins with relatively simple morphometry and few TP
sources, these approaches are straightforward and effective (Dillon et al. 1994). For Lake
Simcoe however, quantification of the lake TP mass balance is more complicated because
several assumptions inherent in the TP mass balance models used for simpler systems
relating to steady state and uniform mixing do not apply to Lake Simcoe. For example,
major components of the TP loading to the lake are delivered to the extremities of
Kempenfelt Bay and Cook’s Bay, where, because of their greatly different morphometry,
different thermal structure, different orientation to the main lake with respect to prevailing
winds, etc., there are very different rates of translocation of TP to the main lake (Johnson
and Nicholls 1989). A TP mass balance for Lake Simcoe is further complicated by apparent
recycling of TP from the lake bottom during the summer stratified period (Nicholls 1995a),
the quantification of which has been complicated by the recent establishment of zebra
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mussels in the lake (altering the settling velocity of TP in the water column), and by STP
discharges to this deep-water zone from Barrie, Keswick and Innisfil (Nicholls in prep.).

For our immediate purpose of establishing the relative importance of the various TP
loading sources for the lake, the “net loading” concept (Johnson and Owen 1971), an
approach related to mass balance modelling, has been applied here. Net load is defined as
“the mass of TP supplied to a lake in excess of a mass of TP lost from the lake
outlet as a result of displacement on an equivalent volume of water”. The concept
is based on the premise that sources of TP for lakes are “delivered” by water, and that high
volume - low TP concentration sources will have less effect on lake concentration than low
volume - high TP concentration sources. This is best illustrated by an example:

Consider two identical small ponds. The P concentration in each pond is 5 mg P/m3 and each has

a total volume of 1.0 x 104 m3. Also assume that there are no other inputs or outflows at this time,

and  that  there  is no  reserve water storage capacity  (i.e. new water  input = equivalent new

outflow). Ten tanker‐trucks, each carrying 100 m3 of liquid, dump a combined total of 1000 mg

TP into the first pond. At the same time, a single tanker carrying 900 mg of TP dumps its load into

the second pond.

Question: Which input is more damaging (i.e. results in a higher P concentration in the pond)?

 Answer: In this case, it can be shown that the lesser of the two loads (900 mg) results in a higher

TP concentration in the second pond of 5.04 mg/m3 compared with a concentration of 4.6 mg/m3

achieved by the higher TP loading to the first pond. The first pond actually benefits from its 10

tanker‐truck discharge of TP (because TP concentration in the first pond declined as a result). The

difference in the two responses results from the differences in the masses of TP and volumes of

water  in which  they  are  carried  (i.e.  the  TP  concentrations  of  the  inputs)  and  on  the  TP

displacement from each of the ponds by the two inputs.

The above example serves to illustrate that the relative importance of TP loads to a
lake from various sources cannot be judged by simply ordering their absolute magnitudes.
For example if source A delivers 10 metric tons of TP to Lake Simcoe and source B delivers
20 metric tons, it is not necessarily true that B is twice as important as A in term of lake
response (change of TP concentration in the lake). The net loading concept was therefore
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applied to all of the quantified external sources of TP for Lake Simcoe in order to help direct
remediation efforts toward those sources which are most amenable to control and also
contribute significantly to lake TP concentrations.

The percentage difference between the sums of absolute and net TP loads to Lake
Simcoe ranged from a low of 10.6 % in 1990-91 (when total absolute TP loading was 161.0
metric T/yr and net TP loading was 144.0 metric T/yr), to a high of 21 % in 1996-97, when
total absolute loading was 105.5 metric T/yr and net loading was 83.3 metric T/yr (Fig. 10).
Average TP loading totals for the most recent 4-year period (hydrologic years 1994-95 to
1997-98) are considered to be most contemporary and therefore most relevant for purposes
of prioritizing remedial measures to control TP loading to the lake. In terms of net TP loads,
the order of importance changed slightly (Fig. 11). 

The absolute and net atmospheric loads were about the same (38.6 and 38.1 % of
their respective totals); this is clearly the most important TP source for Lake Simcoe. The
order of importance of the next two sources has switched as a result of calculating net TP
loads. In absolute terms, the tributaries and urban non-point sources were the second- and
third-most important sources, contributing 26.0 and 19.2 % of the total TP loading,
respectively (Fig. 11). In terms of net loading however, the urban non-point sources at 22.1
% is more important than the tributaries (21.0 %). The remaining three sources, urban
point sources, vegetable polders and shoreline private waste systems all contributed
approximately equal net loads in the 5-7 % of total range (Fig. 11).
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Figure 10. Total P loads from all known
external sources in terms of absolute and net
loading for each of the eight hydrologic years
investigated (see text for explanation of net
load).

Figure 11. Four-year average absolute and
net TP loading to Lake Simcoe for each of the
six major sources as a percentage of the total.
Sources are: atmos = atmospheric; tribs =
tributaries; urb-n-pt = urban non-point
sources; urb-pt = urban point-source; polders
= dyked vegetable polders; sh=w.w =
shoreline private waste systems. Note that
tributaries does not include any upstream
urban areas (see also caption to Fig. 6).

(b) Linkages

The goal of the LSEMS is the restoration of the naturally reproducing lake trout and
lake whitefish populations in Lake Simcoe. Specific objectives leading to attainment of this
goal relate to improved water quality, improved fish habitat, and a restored mix of species
assemblages in the benthic, planktonic and fish communities. Degraded features of the lake
that prevent the immediate attainment of the LSEMS goal include 1) elevated nutrient
(phosphorus) concentrations in lake sediments and the water column causing excessive
plant and algae growth, 2) loss of dissolved oxygen in the deep water areas of the lake, 3)
degradation of fish spawning and nursery habitat and 4) unbalanced planktonic, benthic and
fish communities (contributed in part by the invasions of “exotic”species like common carp,
rainbow smelt, black crappie, spiny water flea, zebra mussel) - all of which are linked in an
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ecosystem context (Evans et al. 1996). The conversion of the forested Lake Simcoe
watershed to a predominantly context (Evans et al. 1996). The conversion of the forested
Lake Simcoe watershed to a predominantly agricultural and urban watershed began about
200 years ago. By the end of the 1990's, human population had increased to >300,000 and
phosphorus loading to the lake had increased from about 30 metric T/year (all of natural
origin) to over 100 metric T/year. Human population in the basin is expected to continue to
increase well into the 21st Century. York Region's Official Plan is explicit in its recognition of
the importance of green-space protection. "The Natural Environment policies of the Regional
Official Plan were designed to identify, evaluate, protect and restore the Region's natural
features and functions within the context of on-going development in many areas" (Official
Plan Report Card background document, Oct., 1998). However, there are tremendous
challenges ahead if the remnants of natural ecosystems in York Region, the City of Barrie
and other major municipal jurisdictions in the Lake Simcoe watershed (forested valley lands,
wood lots, and some remaining short sections of Lake Simcoe shoreline) are to be protected
from even greater human densities and use in this Century.

The ecosystem approach recognizes linkages between meteorological, geochemical,
hydrological, and biological (including microbial and human) processes. Actions and
processes at one level influence other levels. A major concern among LSEMS participants
is the late summer loss of oxygen in bottom waters (#2, above). This phenomenon does not
exist in isolation of many other processes, many of which have human origins (Fig. 12).
Within LSEMS, the correction of this problem required the setting of a scientifically-based
objective for end-of-summer oxygen concentration that was further translated into a
required reduction in total phosphorus loading rate to the lake (Nicholls, 1995b, 1997).
While we have known for some time what needs to be done, the biggest challenges today
relate to the mechanism for getting it done and paying for it.

Under LSEMS, no new point-source discharges of phosphorus within the Lake Simcoe
basin have been permitted by the Ministry of the Environment since 1985. Population growth
during the past 15 years has taken place as phosphorus removal technology at sewage
treatment plants (STP’s) has improved. So, although servicing many more people, STP
export of phosphorus has remained disproportionately low because phosphorus
concentrations in the STP effluents have declined from about 0.5-1 mg/L to < 0.2 mg/L in
many cases. Under LSEMS, the limits on phosphorus export from STP’s have been set by the
hydraulic design capacity of each plant (as stipulated in the Certificate of Approval for each
sewage treatment plant). 

21



Figure 12 .  Simplified illustration of some
of the linkages between land use in the Lake
Simcoe watershed and the loss of deepwater
dissolved oxygen (DO) in the lake.
Present-day (late1990's) end-of-summer DO
is about 3.5 mg/L. Modelling of sediment and
water column variables has revealed that
historical levels (pre 1800) were about 8
mg/L when natural total phosphorus loading
rate was about 30 tons/year. Present-day
phosphorus loadings of about 100110 T/year
will have to be reduced by at least 25% to
achieve an interim target end-of-summer DO
concentration of 5 mg/L.

Because the design capacity is now being approached for several sewage treatment
facilities in the Lake Simcoe basin, there is no scope for further STP-dependent human
population growth. Thus the time is right for a new and innovative approach that allows
some expansion of human population but also leads to significant reductions in TP loading
to the lake.

(c) Total Phosphorus Management (TPM) - a Tool for Remedial Action

Several strategies for control of the major sources of phosphorus loading to Lake
Simcoe were outlined in LSEMS (1985, 1995). The updated TP loading estimates emphasize
the need to keep urban and agricultural sources at the forefront of remediation efforts.
Urban runoff sources of phosphorus (lawn fertilizers, pet wastes, etc.) are still a major
component of the total contribution from urban areas. Strategies to control these sources
based on containment of urban runoff in stormwater ponds (Schueler 1987) have had
limited success, perhaps because of a failing commitment to keep these facilities fully
functional (their effective live span is short unless regularly maintained). Control of
agricultural sources have been addressed in special programs like the Provincial
government’s CURB (Clean Up Rural Beaches) program and the LSRCA’s LEAP (Landowner
Environmental Assistance Program) targeting manure management, cattle access to
streams, and soil erosion from cultivated fields. Although farmers have in the past
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contributed substantially to the total costs of these remedial activities, a high dependence
on public funds was necessary to make these programs work. Since funding for these
programs virtually disappeared during the 1990's, new mechanisms, like the “Total
Phosphorus Management”(TPM) approach, which are now in their formative stages, are
vitally necessary.

Under a TPM program, phosphorus loading quotas would be allocated among those
individuals or jurisdictions responsible for TP sources for the lake. The system further allows
these TP allocations to be bought and sold among quota holders (“phosphorus trading”).
Such approaches can effectively reduce loads to the lake if the net result of a phosphorus
“trade” is a lower TP export. Furthermore, the benefits of the trade need to be evaluated in
terms of the effect on lakewater TP concentrations (per “net loading” concept described
above). The following example illustrates how a TP transaction results in a “win-win” for all
Lake Simcoe stakeholders (see Draper et al. (2000) for further details and for the potential
for widespread application of the concept in the Lake Simcoe Basin):

A hypothetical example of a simple phosphorus “trade” [adapted from Draper
et al.(2000)].

1. A municipal sewage treatment plant (STP) needs to reduce its annual discharge
of phosphorus by 20 kg. The Ministry of the Environment has advised the
municipality that operates the plant that it can meet its reduction requirement
either by implementing abatement actions at the STP or by buying an amount
of phosphorus reduction credits (PRC’s) from sources within the watershed
equivalent to 2-3 times the required reduction at the STP (this amount is set
substantially higher than the original requirement in order to ensure a
significant net load reduction). Abatement measures implemented at the STP
for a 20 kg P per year reduction would cost the municipality $50,000/year or
$2500/kg of P per year.

2. Three farmers within the same watershed can implement manure management
measures that the Lake Simcoe Region Conservation Authority estimates will
result in phosphorus loading reductions of about 20 + 20 + 10 = 50 kg per
year.

3. Under a trading program, the farmers each create PRC’s for their respective

23



20, 20 and 10 kg/year that can be sold for say $100 per kg per year, or a total
of $5000 per year.

4. The municipality purchases the farmers’ PRC’s, paying each of them $2000,
$2000 and $1000, respectively, which the farmers then use to contain runoff
from their manure storage areas thus reducing the watershed phosphorus load
to the lake by 50 kg/year.

5. The municipality saves $50,000 - $5000 = $45,000 per year, and, all other
sources being equal, the watershed P loading is reduced by 50 kg/year,
exceeding the original STP target reduction by 150 % and thus contributing
significantly to overall phosphorus loading reduction to the lake.

For the TPM approach to work in the Lake Simcoe basin, there needs to be an
immediate ceiling placed on all present-day point-source loads in the basin. These sources
will then serve as the main generator of future TP trades as demands for urban growth in
the basin continue into the future. Under a TPM program, there are two ways that growth
can be allowed to happen: 1) if those responsible for the point source improve wastewater
treatment technology thus removing from the effluent a greater proportion of the influent
TP load to the treatment facility, or 2) those responsible for the point source initiate a trade
with a non-point source PCR holder as described in the example above. The “rules” of the
program can be set up in such a way that a trade is the best option economically for all
parties involved and also results in maximal reductions in P loading to the lake. As stated
by O’Riodan (1999), “...The real challenge, therefore, is to devise a fair and full process of
bargaining over lake futures, within which both ecology and economics play important
...roles”. It should also be mentioned that programs like TPM really only buy us time; they
should help to protect some aspects of the Lake Simcoe resource (those biological
components responding to phosphorus loading) from some of our more damaging land use
activities.
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