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Executive Summary
Introduction
Excess phosphorus (P) loading from point and nonpoint sources to Lake Erie over the past half century
has caused nuisance algal blooms, decreased water clarity, and produced extensive areas of hypoxia.
While runoff from predominantly agricultural land is considered to be the primary source of nutrient
loading to Lake Erie, less is known about the relative contribution of nutrients derived from urban
landscapes. The Grand River Watershed Water Management Plan identifies the need for municipalities
and the Grand River Conservation Authority (GRCA) to optimize stormwater monitoring programs to
support characterization of the effects of stormwater on the central Grand River (GRCA, 2014).
Accordingly, this study was conducted to provide estimates of P and total suspended solids (TSS) loading
to the Grand River from both urban and agricultural sources within the middle Grand River watershed.
The objectives of this study were to (1) review current literature regarding land use and associated
nutrient export to aquatic systems, (2) conduct a regional-scale analysis of total P (TP) and TSS using
historical hydrometric and water quality monitoring data, (3) quantitatively analyze relationships
between TP/TSS yields and land use, and (4) provide recommendations for improved watershed
monitoring programs. A further objective of the study was to assess the utility of existing hydrometric
and water quality data sets for the proposed analyses.
This study is the first to assemble and systematically evaluate all the existing hydrometric surface water
quality databases from partner organizations within the middle Grand River watershed that include the
City of Kitchener, City of Waterloo, Region of Waterloo, and the GRCA. The report describes and
evaluates potential methods for load estimation, and provides a preliminary assessment and
comparison of the relative TP and TSS yields between urban and agricultural landscapes in the middle
Grand River watershed (Figure 1).
This study integrates data from multiple historical and current municipal and conservation authority
monitoring programs. The objectives, methods, and spatial scales of each monitoring program varied
considerably over time and therefore some data were incompatible for the proposed study. Accordingly,
because of important differences within and between monitoring programs resulting data, a high degree
of uncertainty in estimated loads and yields was observed. Moreover, because many of these programs
do not capture the highest runoff events during the winter and spring, the annual loads and yields
calculated in this study are very likely underestimated.
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Figure 1: Middle Grand River study area.

Methods and Results
Total phosphorus (TP) and total suspended solids (TSS) loads (kg/year) and yields (kg/hectare/year) for
28 sub-basins in the middle Grand River watershed were estimated using data collected by the research
partners from 2007-2015. Several load estimation approaches were evaluated and the most appropriate
approach for each monitoring site (and associated available monitoring data) was identified using
statistical analyses. Load estimation approaches included: (1) load apportionment model (LAM), (2)
linear regression (LR), (3) flow-adjusted mean loading and (4) integration method. Cumulative loads and
yields were estimated for the drainage areas upstream of each monitoring site. Although quantitative
load and yield estimates were calculated, there is high uncertainty in these estimates. For this reason,
an interpretation of loading focuses on relative differences in TP and TSS among monitoring sites, rather
than absolute loads. A simple mass balance assessment was conducted to determine the TSS and TP
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loads entering the Grand River between monitoring stations. The schematic presented in Figure 2 shows
the location of each of the monitoring locations used for the mass balance-based analyses.

Figure 2: Simplified illustration of water quality monitoring stations. Grey circles are locations of water quality monitoring
stations, and yellow stars are municipal wastewater treatment plants (WWTP). Note: diagram is not to scale.

The simplified mass-balance approach employed in this study yielded coarse estimates. It is important to
note that these estimates do not distinguish between various physical, chemical, biological, and/or
geological processes that may act either as sources or sinks of TP or TSS. For the purposes of this study,
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it was assumed that the amount of TP and TSS originating from a given basin was the difference in mass
loading between sources upstream and releases within the reach (that made their way downstream).
Because of the limitations associated with the available data, this approach could not be used to
distinguish between TP and TSS sources from the landscape (external loading) and those retained
and/or remobilized within the river (internal loading). Rather, the TSS and TP yields (i.e., areanormalized values) were used to categorize which basins may act as potential sources and/or sinks of TP
and TSS. Spatial trends in TP and TSS loads and yields were analyzed to identify and map key potential
sink and source areas. Because these estimates are for non-point source TP and TSS, the estimated
point-source (wastewater treatment plant) loadings were subtracted from the mass balance
calculations. As the limitations of the data sets and analyses are considerable, source and sink area
results should be used with caution.
Finally, a multiple linear regression (MLR) analysis was conducted to examine relationships between
land use and TP and TSS yields. Land use classes from SOLRIS Version 2.0 (Ministry of Natural Resources
and Forestry, 2011) were aggregated into eight categories: forest, wetland, open water, agriculture,
transportation, built-up impervious area, built-up pervious area, impervious area. Zoning and
stormwater management data from Kitchener and Waterloo were also used to explore the relationship
between different municipal zones/stormwater management and the export of TP and TSS. The
municipal zones were divided into the following categories: agricultural, residential, industrial,
institutional, commercial, park.
Key study findings included:


Depending on the load estimation method, either standard errors of the estimate or standard
deviations were used to describe the uncertainty in the load and yield estimates. In many cases,
the uncertainties were many orders of magnitude greater than the estimates, highlighting the
extreme uncertainty of the estimates produced using the combined existing monitoring
datasets. Therefore, a significant conclusion of this study is that the existing monitoring
programs are not adequate to generate reliable estimates of urban nonpoint source loading to
the Grand River. Further efforts are needed among agencies to design or optimize and
implement monitoring programs with the objective of characterising urban nonpoint source
TSS/P loading, if that information is to be used for land and water-related planning and
management decisions.
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Urban TP yield estimates ranged from about -17 kg/yr/ha to 21 kg/yr/ha and were more variable
than values previously reported in the literature (0.031 kg/yr/ha to 23 kg/yr/ha). Urban TSS yield
estimates ranged from about -5144 kg/yr/ha to 5860 kg/yr/ha and these values were generally
less than values previously reported in the literature (210 kg/yr/ha to 27500 kg/yr/ha).



TP yield estimates from agricultural land in the middle Grand River ranged from about -0.4
kg/ha/yr to 1 kg/yr/ha, and TSS yield estimates ranged from about -38 kg/ha/yr to 265 kg/ha/yr.
Both TP and TSS yield estimates for agricultural areas in this study are much lower than
previously reported in the literature (0.1 to 9.1 kg/ha/yr and 2 to 5600 kg/ha/yr, respectively).



Increases in TP yields in the middle Grand River downstream of the Waterloo Wastewater
Treatment Plant (WWTP) were observed. In contrast, a decrease in TP yield was observed
downstream of the Kitchener WWTP. One possible explanation for the latter observation may
be an increase in the TP assimilative capacity of the river along this reach because the area
downstream of the Kitchener WWTP is a backwater reach of the Middle Grand, as the river is
held back by low-head weirs. Further work is required to investigate this hypothesis. As well, the
specific fine sediment and TP removal capacity of each of the wastewater plants could be more
closely examined because most wastewater treatment processes (including those focused on TP
reductions) are not always designed for removing fine sediment-associated P.



Urban areas had higher estimated TSS yields than agricultural areas in the middle Grand River
basin. On average, the TP yields from urban areas were greater than for agricultural lands.
However, when extremely high TP yields from the ‘Waterloo Upstream’ (Wat US) station
(located upstream of the Waterloo WWTP) were excluded; urban TP yield estimates were
similar to agricultural yields. It is likely that the high loading estimates at the Wat US station are
due to uncertainty in the loading estimates.



Basins that potentially act as sinks of TP include: Wat DS Far, Grand River US of Freeport, Kit DS
Far, and Hopewell at Foerster Rd. Basins that potentially act as sinks of TSS include: Waterloo DS
Far, Kitchener DS Far, and Hopewell at Foerster Rd. The Grand River US of Freeport and Kit DS
far reaches may act as TP and TSS sinks because they are backwater reaches. Here the river is
impounded by low-head weirs which slow down the flow, thereby promoting the deposition of
sediment and associated P (S. Cooke, personal communication, Feb 17, 2017).



Wastewater treatment plants are important sources of TP to the middle Grand River during low
flow conditions. Overall, the Waterloo WWTP and Kitchener WWTP contributed 4% and 10% of
the total annual TP loading observed within the study reach of the Grand River, respectively.
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Both WWTPs each contributed less than 1% of the total annual TSS loading observed within the
studied reach of the Grand River.


Two land use categories that correlated with increased estimated TP export in the Grand River
watershed are i) the % of open bodies of water (considering all basins evaluated in this study)
and ii) the % commercial land use (only considering basins within the City of Kitchener and City
of Waterloo). An increase in estimated TSS export is only related to the % of open bodies of
water.

Recommendations
The suitability of the hydrometric and water quality data obtained from partner organizations for this
study varied between datasets, and consequently, there is high uncertainty in the estimated TP/TSS
loads and yields. Therefore, the study provides a strong rationale for improving monitoring to support
future more rigorous estimates of urban nonpoint source loading to the Middle Grand, and could serve
as a template for future analyses of TP and TSS loads and yields. Accordingly, the following
recommendations are proposed:


Monitoring programs should be designed to enable collection of hydrometric and water quality
data over a range of meaningful river flows (high, medium, low) to provide a representative set
of data to refine loading estimates and parameterize water quality models. A consistent time
frame should be used for all monitoring sites so that an effective mass balance may be
conducted.



A multi-year set of monitoring programs should be implemented across various spatial scales to
capture inter-annual variability in hydro-climatic conditions, and to refine seasonal estimates of
TP/TSS exports for changes in land use and soil moisture conditions (wet and dry years).



Future monitoring programs should span all seasons.



Monitoring locations should be selected to properly delineate various land use types (e.g.,
urban, agricultural, natural etc.) and help delineate TP and TSS hot spots. According to Richards
(1998), one way to increase the precision of loading estimates is to utilize a stratified sampling
approach, with most samples taken at high flows. If a regression relationship is to be established
between flow and concentration or load, Cohn et al. (1992) suggests obtaining 75 samples over
the first two years of sampling and 25 samples the following years to ensure that the
relationship is not changing over time.
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Since the uncertainty in load estimates comes from both water quality samples and discharge
measurements, it is recommended that flow gauges be installed at all monitoring locations,
since it is generally more cost effective than increasing sample size.

To provide finer resolution on sources of TP and TSS in urban watersheds, it would be useful to sample
storm sewer outfalls and stormwater ponds during runoff events (stormflow and spring melt) to refine
loading estimates from individual sewersheds. The loads from individual sewersheds and their
representative land uses may then be used to compare loadings from municipal wastewater, and
agriculture to determine the relative impact of urban nonpoint pollutants from specific areas.
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