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Overview

In response to requests from the Lake Erie LaMP, Environment Canada undertook a nutrient study in 
the lower Detroit River.  The primary goal of the Detroit River Phosphorus Loading Application study 
was to estimate phosphorus loads to Lake Erie.  During the period of August to November, 2007, 
ISCO programmable water samplers were run at two locations on the Lower Detroit River to collect 
water samples automatically every two hours, 24-hours a day, in order to provide a better estimate of 
phosphorus loads to Lake Erie.  Sub samples from each ISCO sample collected on a common day 
were combined to comprise a 24-hour (daily) composite sample.  These samples were subsequently 
analyzed to determine total phosphorus (TP) concentrations.  Grab samples were also taken periodi-
cally at these and several other locations along the Detroit River.  The grab samples were analyzed 
for TP and total soluble reactive phosphorus (SRP).  It was intended that relationships would fi rst be 
developed between the measured TP concentrations from grab samples taken at the ISCO station(s) 
and grab samples taken at other locations.  Using these relationships, the 24-hour (daily) composite 
data generated from the ISCO samplers could then be related to the grab sample locations to estimate 
near-continuous phosphorus loading concentrations. An existing two-dimensional hydrodynamic model 
of the St. Clair-Detroit River system was modifi ed specifi cally for this study.  It was used to estimate fl ow 
distributions across each channel and at each sampling location, so that the total loading of phosphorus 
entering Lake Erie over the study period could be estimated.
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Study Area

The Detroit River connects Lake St. Clair and Lake Erie in the Great Lakes Basin, and forms part of 
the international boundary between Canada and the United States (Figure 1).  The Detroit River is 
approximately 51 km long and has a mean fl ow of approximately 5,270 m3/s.  Nearly 98% of the Detroit 
River fl ow enters from Lake Huron via Lake St Clair with 2% entering through a number of additional 
tributaries, the most signifi cant of which being the Rouge River, located in Michigan, USA.  The fl ow in 
the Detroit River is complicated by the many branches around islands and through navigation channels, 
particularly in the Lower Detroit River near Lake Erie (Figure 2).  The Fleming Channel, north of Peche 
Island, accounts for 74% of the total fl ow into the Detroit River (Holtschlag and Koschik, 2002b).  In 
2006 Environment Canada (EC) used USCG Buoy R-114 as an upstream monitoring site located north 
of Peche Island in the Fleming Channel.  Samples collected from this site were intended to characterize 
the general water quality conditions of the waters exiting Lake St. Clair.  However, inputs that discharge 
into the east and south shores of Lake St Clair may not be well captured at this upstream reference 
site.  In 2007 a site south of Peche Island was added to capture the near shore contaminants originating 
along the east and south shores of Lake Clair that persist in the water column. 

Much of the Detroit River shoreline is highly urbanized and is one of the world’s most heavily industrial-
ized areas (UGLCCS, 1988).    The average fl ushing time for the Detroit River is 19 hours (UGLCCS 
(2)).
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Figure 1: Detroit River study area.

• Lower Detroit River – Near Fighting Island

Generally, the distinction between the Upper and Lower Detroit River begins at Fighting Island where 
the river fl ow is separated into three channels: two of the channels fl ow along the US and Canadian 
shoreline, and the other channel fl ows midstream in the river.  Various sections of these three channels 
have specifi c names:  

1)  The “Trenton Channel,” fl ows entirely along the US shore; 
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2)  The “La Salle Channel” is located between Fighting Island and the Canadian shoreline.   Histori-
cally this channel was identifi ed as “Fighting Channel”, however, on current navigational charts it is 
un-named;
3)  “Fighting Island Channel” is the busy commercially-dredged navigational channel in the river’s mid-
stream;
4)  The “Ballards Reef Channel” extends the Fighting Island Channel navigational channel some 5 km 
south.  The fl ow of the Ballards Reef Channel at its southern end is physically bisected at Stony Island 
by rock berms locally known as the “Crystal Bay Compensating Dike”, creating two additional channels 
known as the “Amerherstburg Channel” and, “Livingstone Channel”.

• Lower Detroit River – Amherstburg Channel

As compared to the Livingstone Channel, which runs close to the mid-stream of the river, the Amher-
stburg Channel fl ows directly along the Canadian shoreline. The Amhurstberg Ch. is expected to have 
higher concentrations of suspended sediments and contaminants due to the sediment plume that fl ows 
along the shoreline in addition to the on-shore contaminant sources that directly impact its waters.  
Therefore, Environment Canada positioned one of the monitoring sites in the Amherstburg Channel 
such that it would be near-shore and directly downstream of Canadian inputs to the River.   

• Lower Detroit River – Midstream 

Above Stony Island, between Ballards Reef Channel and Grosse Ile, are shallow, slow moving waters 
where sedimentation is likely to occur.  Flow of water into the “Grosse Ile to Livingstone Ch. Berm” mid-
stream channel either passes through a shallow passage located between Grosse Ile and Stony Island, 
or through an opening in the Livingstone Channel located at the upstream end of Bois Blanc (Boblo) 
Island.  To the south of Stony Island, these lower midstream waters are partially contained by natural 
and man-made structures, which also provide suitable conditions for sedimentation; these structures 
include the following: 

(1)  to the north, Stony Island and associated man-made structures;
(2)  to the west, Grosse Ile and smaller islands;
(3)  to the east, Livingstone Channel berm; and
(4)  to the south, Sugar Island, Sugar Island Compensating Dike, as well as Meso and Hickory Islands.

• Lower Detroit River – Trenton Channel

The Trenton Channel is located on the west side of the Detroit River along the US shoreline.  It origi-
nates near the upstream end of Fighting Island and over much of its length fl ows between Grosse Ile 
and the U.S. mainland in a straight and well-defi ned channel.  As well the Detroit STP empties into the 
Trenton Channel increasing suspended sediment load.  Environment Canada placed a station here to 
capture inputs into this channel. 
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Figure 2: Lower Detroit River features and channels.
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Preliminary Studies

In 2004, Environment Canada completed a preliminary surveillance study.  A total of 17 surveys were 
conducted in the Detroit River from May to October by staff of EC’s Water Quality Monitoring and 
Surveillance Offi ce (WQM&S), in partnership with staff of the Great Lakes Institute for Environmental 
Research (GLIER).  Whole-water surface grab samples (62) were collected to characterize TP con-
centrations at locations throughout the St. Clair-Detroit R. corridor with greater resolution focusing in 
the Lower Detroit River.  The results of the study were used to characterize TP concentrations and to 
estimate the TP loading and discharge through each of the channels (Trenton, Sugar Island, Living-
stone and Amherstburg) in the Lower Detroit River. These values would then be used to estimate the 
TP loading into Lake Erie from the Detroit River for the survey period (Figure 3).  The TP load entering 
Lake Erie from the Detroit River was estimated from this data to be 5,850 kg/day from April 19/2004-
November 1/2004.  

Figure 3: Total phosphorus 2004 results: discharge in channels in the Lower Detroit R.

As well as the loading estimates, the 2004 study provided key information which help in understanding 
the dynamics of TP concentration in the system.  Key points from the 2004 study were:

1) There were no signifi cant differences in TP concentration between the water exiting the St. Clair R. 
and from the water exiting Lake St. Clair, even though high concentrations of TP entered Lake St. Clair 
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from major tributaries during the study period (Sydenham R. TP=22 ± 3 ug/L, n=6; Thames R. TP= 
159±47 ug/L, n=7 (Ontario Ministry of the Environment).  Note: As mentioned previously, the location 
of the upstream site in 2004 was on the north side of Fleming Ch. and may not have been infl uenced 
by the local Canadian inputs;
2) There were no signifi cant changes in TP concentrations from water entering the Detroit R. and the 
concentration found in the middle channels of the lower Detroit R;
3) Signifi cant increases in TP concentration were found in both the Amherstburg and Trenton channel 
water.

Due to the limited number of grab samples collected from each site during the 2004 survey, esti-
mates for both concentration and loadings were considered to have large errors and provided general 
information only.

Figure 4: Variation of total phosphorus concentrations temporally and horizontally in Lower Detroit 
River in June and July, 2006.

Environment Canada conducted a nutrient pilot study in 2006 to examine the spatial patterns of TP 
concentrations in the Detroit R. and to provide key information for the 2007 study.  Discrete samples 
were collected at various times in each of the channels of the Lower Detroit River.  Sample sites were 
spaced both horizontally and vertically over the channel.  Temporal, spatial and depth variation of TP 
and SRP concentrations were subsequently assessed.   With the exception of the Trenton Channel, 
temporal variations were found to be small during the course of this study.  Results indicated that spatial 
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variation (surface water) of phosphorus concentrations varied between the different channels (Amher-
stburg, Bois Blanc, Livingstone, Sugar Island and Trenton), and also across each individual channel, 
with the greatest spatial variation observed within the Trenton and Amherstburg Channels.  Temporal 
and spatial variations are shown graphically in Figure 4.  The spatial variation of the data also indicated 
that the Amherstburg and Trenton Channels were impacted most by point and non point sources up-
stream.  There was little vertical variation in phosphorus concentrations in the water column at any of 
the sites.  

A series of 24 hourly samples were collected in the Trenton Channel in 2006 from 12:30 am on August 
31st to 11:30 am on September 1st and analyzed for TP in order to assess the temporal variability at a 
fi xed site.  A sampler was located on the Grosse Ile free bridge at the bridge pivot on the downstream 
footing. The results indicated that the TP concentration in the Trenton Channel is highly variable over 
a 24 hour period (Figure 5).  The study indicated a greater range of TP concentrations than previously 
(2004) observed.  As a result a temporal component that incorporated hourly and day-to-day variability 
would be required to generate a more accurate estimation of loadings. 

Figure 5:  Trenton Channel total phosphorus concentrations taken hourly Aug 30- Sept. 01, 2006.

While the design of the 2006 study provided only general concentration and loading estimates for a 
snap shot in time due to the limited number of samples, key points of the 2006 study were:
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1)  There was a large temporal variation in the Trenton Channel;
2)  At all times during the investigation there was large horizontal variation across the Trenton Ch., 
Amherstburg Ch., and Lower Detroit R.;
3)  Throughout the study there was minimal horizontal variation across the Bois Blanc, Livingstone and 
Sugar Is. Channels; these channels were minimally impacted by TP sources within the Detroit R.;
4)  There was minimal vertical variation in TP at all sites, for all times investigated;.
5)  Trenton Ch. had the highest TP concentrations, greatest cross-channel (horizontal) variation and the 
greatest temporal variation.
 
 These earlier results helped with the strategy for the 2007 Detroit R. corridor nutrient monitoring 
program. Perhaps the most useful information provided by the 2004 and 2006 preliminary studies was 
that they demonstrated that temporal and spatial variation in TP concentrations can be signifi cant in the 
Lower Detroit River, with the Trenton Channel having the highest TP concentrations, greatest cross-
channel variation and the greatest temporal variation. Nonetheless a fairly consistent spatial pattern 
emerged.  It was hypothesized that this pattern may allow for effective monitoring from a single shore 
based site, beyond any near shore infl uences, if a relationship could be established with samples col-
lected from across the channel.   Also since variability in the discharge regime of the sewage treatment 
plants (point sources of TP to the Detroit R.) may increase the temporal variations of TP concentrations 
in the river, future sampling efforts need to include time-integrated sampling to incorporate variability 
within the day.  Collection of daily time-integrated samples would mitigate the need to interpolate data 
between surveys. 

Overview of 2007 Detroit R. Nutrient Monitoring Program

In the summer and fall of 2007, Environment Canada’s Water Quality Monitoring and Surveillance On-
tario Section undertook a four-month phosphorus sampling program on the Detroit River.  The objec-
tives of the 2007 study design were to:
1)  Characterize Detroit River water concentrations across the river with samples from all the major 
channels just above the river mouth, downstream of all major inputs and across the river inlet.
2)  Characterize mean daily concentrations in Amherstburg and Trenton Channels for the duration of 
the study period.
3)  Characterize temporal variation in TP concentrations over two day sampling periods.
4)  Estimate daily TP discharge into Lake Erie for open water conditions.

Firstly, an assessment of the relationship between grab samples taken at sites across the individual 
channels and grab samples taken at one of the sites where the ISCO sampler was established (ISCO 
site) was determined where appropriate.  Secondly, sources of phosphorus to the Detroit River were 
investigated.  This work was then used to determine the TP loadings from the Detroit River to Lake Erie.  
To best calculate these loadings an existing two dimensional hydrodynamic model was adapted to 
estimate fl ow factors in each of the channels investigated.  The fl ow factors from this model were then 
applied to the grab sample mean TP concentrations at each of the sampling locations.  The 24-hour 
(daily) composite data collected using the ISCO samplers were then used, where relationships could 
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be established, to determine loadings for each channel.  The sum of the TP loading from each channel, 
determined using either grab sample data alone (where no relationship with ISCO site could be estab-
lished) or by using grab sample and the 24-hour (daily) composite sample (where relationship could be 
established) provided the current estimate for loadings of TP from the Detroit River into Lake Erie.   

Methods

The 2007 sampling program involved two types of sample collection methods:  ISCO programmable 
water samplers and discrete grab samples.  The programmable ISCO samplers collected a water 
sample every two hours over 24-hours. ISCO sample locations were identifi ed in the Amherstburg 
Channel (ACISCO) and Trenton Channel (TCISCO).  In addition, discrete grab samples were collected 
manually during 14 two-day surveys performed approximately biweekly from July 30th to November 
1st, 2007.  For each day of the survey in the Lower Detroit River, single grab samples were collected 
at a number of locations spaced across each channel in order to spatially capture the majority of the 
fl ow before entering Lake Erie (Figure 6).  Also included in these surveys were triplicate grab samples 
collected at each of the ISCO stations.  Grab samples in the Lower Detroit River were collected in the 
order given in Table 1. Each survey took approximately two hours to complete. Upper Detroit River grab 
samples were also collected during each survey (Figure 7).  The specifi c locations, site identifi ers and 
geographic coordinates of all samples collected are shown in Table 2. 

Figure 6: Phosphorus sample locations in the Lower Detroit River in 2007.
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Figure 7: Phosphorus sample locations in the Upper Detroit River in 2007.

Table 1:  Lower Detroit River sampling order.
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Table 2:  Sampling locations in the Detroit River.

Two ISCO samplers (Figure 8) were employed for the collection of daily composite samples.  An ISCO 
sampler is a battery operated or AC powered whole water sampler.   From August 1st to November 30th 
the ISCO samplers collected whole water samples every two hours, 24 hours a day.  Samples were 
recovered within two days and acidifi ed with 8 mL of 30% sulfuric acid in the fi eld.  Samples were acid 
soaked for fi ve days, shaken, then sub-sampled (100 mL) into pre-cleaned 125 mL glass bottles.  In the 
Trenton Channel the ISCO was operated on AC power and samples were retrieved by the U.S. Environ-
mental Protection Agency (USEPA) staff.   In the Amherstburg channel, samples were collected by the 
Town of Amherstburg Water Filtration Plant staff whose fi eld notes identifi ed that the battery operated 
ISCO located in this channel was prone to missed sampling events.  The ISCO samples were later sub-
sampled and combined to form a single integrated sample; the combined sub-samples represented a 
24-hour (daily) composite sample for TP.  

Whole water grab samples were collected using a 4 L Van Dorne water sampler and the collected water 
drained into 125 mL glass bottles.  Samples were preserved with 1 mL-30% sulfuric acid.  Analysis was 
done at the National Laboratory for Environmental Testing in Burlington, ON.  On the biweekly sampling 
days, where the cross-channel samples were collected, the ISCO samples were not composited and 
discrete samples collected over the 24 hour period were analyzed in order to improve the temporal 
relationship between biweekly samples and the ISCO samples.

For replicate sampling, any remaining water in the Van Dorne bottle was emptied and then submerged 
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again to fi ll.   Blank samples were generated by fi lling sample bottles with phosphorus free water in 
the laboratory and uncapping during sampling.  Blank samples were treated the same as all other 
samples.  

All samples that were collected for soluble reactive phosphorus (SRP) were kept cold and shipped back 
to the lab within 24-hours.  Samples were fi ltered and analyzed at the laboratory within the two day 
holding period.

• ISCO programmable sampler
• Amherstburg Ch. Site located at abandoned pier to  
 Boise Blanc (Boblo) Is. 
• Trenton Ch. Site located at the end of fi rst dock just  
 below swing bridge at the Grosse Ile Township marina
• Samples collected every 2 hours, 24 hours/day
• Samples recovered every one or two days
• ISCO samples are acidifi ed with 8 mL of 30% sulfuric   
 acid.
• ISCO samples sub-sampled and combined to create  
 24-hour (daily) composite samples

Figure 8: ISCO programmable sampler

Grab Sample Relationships

One of the objectives of the 2007 monitoring program was to estimate the daily TP discharge to Lake 
Erie.  The monitoring program was designed to achieve these goals by establishing relationships 
between grab samples collected at the various locations in the Lower Detroit River and the grab 
samples collected at one of the ISCO stations.  These relationships could then be used to estimate 
continuous phosphorus loading to Lake Erie from August to November, 2007, based on the 24-hour 
(daily) composite samples collected at the ISCO stations.  The results of this initiative are described in 
the following sections.  While there are a variety of approaches in developing relationships the authors 
chose to pursue an investigation into a linear relationship between the grab sample sites including the 
ISCO site

• Amherstburg Channel TP Relationships

 The Amherstburg Channel grab sample locations (AC2 to AC5) and the Amherstburg Channel 
ISCO station are shown in Figure 9.  On the second day of every two-day grab sample survey run, 
triplicate samples were collected at AC3.  Resultant mean values for the triplicates samples had low 
standard deviations (SD) and therefore were representative of single AC3 measurement for these days.  
The low SD provides evidence that the QA sampling, fi eld processing and analytical protocols were 
appropriate for this application.
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Figure 9: Amherstburg Channel sample locations

As indicated in Table 1, grab samples were taken at each ISCO site three times each day for each two 
day survey.  For the ACISCO grab samples, the TP concentrations with mean and SDs are shown in 
Table 3.  Only one measurement was collected on July 30th.  Many of the SDs are large in relation to 
the mean, indicating the grab samples varied signifi cantly during each sample run at this location.  This 
contrasts with the results from the triplicate samples collected at AC3.  The variability with the ACISCO 
grab sample data may be a result of transient effects in the river, or with the ACISCO site location.  
The ACISCO site may have been infl uenced by nearby point sources or it may also be infl uenced by 
variable current due to the irregular shoreline directly upstream of the site.  Another possible factor is 
the periodic discharge from the upstream Amherstburg STP.  Regardless of the cause, the variability 
makes developing a relationship between the ACISCO location and the other (AC2-AC5) grab sample 
locations diffi cult. 
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Table 3:  Grab sample data collected at ACISCO.

The TP concentrations from the ACISCO grab samples showed poor correlation with grab samples col-
lected at other AC locations (AC2-AC5).  The results are shown in Table 4.  The correlation coeffi cients 
were low in all cases.  Linear models were fi t to the data using least squares regression.  Theoretically 
the intercept should not be less than zero as a negative phosphorus concentration does not exist; how-
ever, given the range of samples collected, a better fi t to the data may include an intercept term; neither 
model however provided a good fi t to the data (Figure 10). 

Table 4:  Amherstburg Channel grab sample relationship results.
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In general mean TP concentrations did tend to decrease across the Amherstburg Channel, from east 
(ACISCO) to west (AC5).  This relationship however was not consistent, resulting in poor relationships 
between grab samples taken at the ACISCO and the grab samples collected across the Amherstburg 
channel.  While different approaches in developing relationships between sites could be investigated,   
the variability in the TP data at the ACISCO site precludes any success in realizing a relationship 
between these sites.   For future studies the location of the intake for a fi xed sampling site in the 
Amherstburg channel would need to be moved further into the middle of the channel.

Figure 10:  Linear relationships between TP measured from grab samples collected at ACISCO and 
AC2 locations.

The results however did show that a correlation between the grab sample locations (AC2-AC5) was 
better than the correlation observed between the ACISCO and the other grab sample data.  This 
observation suggests that the ACISCO location was potentially impacted by one or more of the 
factors discussed earlier.  A correlation coeffi cient matrix is given in Table 5.   The coeffi cients between 
samples collected at AC2 through AC5 ranged from 0.528 to 0.959 suggesting that while a relationship 
in TP concentration may exist between stations on the Amherstburg Channel, the data collected at the 
ACISCO station does not maintain such a relationship.  
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Table 5:  Correlation coeffi cient matrix for Amherstburg Channel.

While temporal effects exist in the river, it is unlikely these affected the data relationships as sample 
collection time for the entire Lower Detroit River was less than two hours, and in addition, the other grab 
sample locations in the Amherstburg Channel had good correlation.  Problems with sample/data collec-
tion are also unlikely, given the high quality of all other data collected in the river.  Logistically speaking, 
the ACISCO station was located in an ideal location on the Canadian shore in that it was shore based, 
accessible and extended out from the near shore into the river; however, a shallow bend in the river 
coupled with a deeper, dredged navigation channel closer to the U.S. shoreline may cause the veloci-
ties to be much slower at the ACISCO station.  Variation in the TP concentration at the ACISCO location 
was the greatest (41%) within all the AC sites.  Much of this variability, even within the replicate sets, 
is due to relatively high concentrations.  The greatest differences as seen at the ACISCO site occurred 
in surveys on Oct 31st and Nov 1st, when the ACISCO TP concentrations were at their highest for the 
year, whereas, concentrations at AC2, AC3 were below the annual mean.  The elevated TP concentra-
tions may have been caused by a nearby source.  The closest is the Amherstburg STP, which is up-
stream (1.2 km) of the sampling transect. 
Discharges from the Amherstburg STP into the shallow and sluggish near shore waters would appear 
to be having, at times, a greater impact on the TP concentrations at the ACISCO site.  Any fl ow issues 
at this site would also compound the effects.  It is apparent that the ACISCO site did not extend outside 
the near shore infl uences.  

 
Overall the results from the Amherstburg Channel suggest that TP concentrations at the ACISCO sta-
tion were not highly correlated with the TP concentrations measured at the other grab site locations 
in the Amherstburg Channel.  There does, however, appear to be strong correlation between the grab 
site locations AC2-AC5, which indicated that mean TP concentrations tended to increase, from west to 
east, across the river, suggesting that TP relationships across the Amherstburg Channel may exist.  

• Trenton Channel TP Relationships

The locations of the fi ve Trenton Channel (TC) grab sample locations (TC1 to TC5) and the Trenton 
Channel ISCO station (TCISCO) are shown in Figure 11.  The mean daily (n=3) TP concentrations for 
grab samples taken at TCISCO (Table 6) were used to build the TP relationships between sites.  Note 
the SDs of the TCISCO station samples were much less than those for the ACISCO station with no 
noticeable outliers.
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Figure 11: Trenton Channel sample locations.

Table 6:  TC ISCO grab sample data with calculated mean and SD.

TP concentrations for the TCISCO grab samples were related to other TC grab samples (TC1-TC5) 
using a linear relationship, with the y-intercept again both variable and set to zero. A plotted example is 
shown in Figure 12.  The TCISCO grab sample concentrations showed fairly strong linear relationships 
with each of the other TC grab samples (Table 7).  The correlation coeffi cients are greater than 0.82 at 
all locations, indicating that the linear relationships in the Trenton Channel were generally fairly strong.
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Figure 12:  Linear relationships between grab samples TP concentration measured TCISCO and 
TC1 locations.

Table 7:  Trenton Channel linear relationship results.
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The TP concentrations tended to increase east (TC1) to west (TC5) across the channel. This suggests 
a signifi cant source of phosphorus loading located upstream of this section on the western bank of 
the river.

A sample plot of the residuals for the Trenton Channel is shown in Figure 13.  The linear models de-
veloped to relate TCISCO to TC1 were used to generate the fi tted data, which was compared to the 
observed data at this location.  Both models show the residuals to be fairly evenly scattered around 
zero, and fall within an absolute range of 0.004 mg/L.  There are no apparent trends in the residuals, 
indicating that the linear models are suitable for the range of TP concentrations measured.   

• Middle Channel TP Relationships

 The grab sample locations in the middle channels of the Detroit River, which included East 
Sugar Island (ES), West Sugar Island (WS), Livingstone Channel (LC) and the Boise Blanc (Boblo) 
Channel (BB), are shown in Figure 14.  The preliminary studies and the results from this study indicated 
little change in the TP concentration between the upstream sites and the middle channel sites.  This 
implies that a relationship between the mid-channel and ISCO site grab samples is unlikely. A positive 
relationship between samples from these sites, however, would allow for better estimates across the 
channel while monitoring a shore based (ISCO) site.  Therefore, an attempt to relate the grab sample 
TP concentrations from the mid-channel sites to the ACISCO and/or TCISCO grab sample data was 

Figure 13:  Example plot of observed total phosphorus concentration minus model fi tted for Trenton 
Channel TC1.
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done.  The results for TP are shown in Table 8.  Neither ISCO station showed a strong relationship 
with the data from any of the additional channel stations.  These results agree with the results from 
the 2004 survey, which showed that the middle channels were less impacted by direct TP sources to 
the Lower Detroit River than the Amherstburg or Trenton Channels.  The middle channels were also 
shown to have less temporal variation than the outer channels, and hence the likely cause of the poor 
relationships between the middle channels and the ACISCO and TCISCO stations’ TP grab sample 
data.  Given that the TP concentrations in the mid-channels had less variability, the daily phosphorus 
load could therefore be established with less temporal and spatial monitoring than the other channels.    

Figure 14:  Location of additional grab sample locations at West Sugar Island (WS), East Sugar Island 
(ES), Livingstone Channel (LC) and Boise Blanc Channel (BB).
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Table 8:  Amherstburg Channel and Trenton Channel linear relationship results with mid 
channel grab sample locations.

• Soluble Reactive Phosphorus Relationships

Soluble reactive phosphorus (SRP) is the fraction of TP that is taken up directly by plants, including al-
gae.  In addition to the TP samples, SRP samples were collected on the second day of each bi-weekly 
grab sampling survey.  Since SRP samples have only a 24 hour holding time, only Lower Detroit River 
locations could be sampled. 

While the sampling plan was not designed specifi cally to model SRP across the Amherstburg and 
Trenton Channels, the study did give an opportunity to collect SRP samples in an effort to improve our 
understanding of the proportion of SRP in the Lower Detroit River.  The data was used to model the 
SRP concentration.  The size of the data set, however, was found inadequate for developing similar 
relationships as was done for the TP data.  Instead, the ratio of SRP to TP for each sample was calcu-
lated as a percentage and then averaged for each location (Table 9).   The SRP ratios were found to 
be greatest in the Trenton Channel, ranging from 44.9 to 51-percent SRP.  Also of note is that, similar 
to the TP concentrations in the Trenton Channel, the percent-SRP increased moving across the chan-
nel from east (Canadian) shore to the western (U.S.) shore, indicating that SRP makes up a greater 
percentage of the higher TP concentrations in this channel.  The SRP ratios were less in the other 
Lower Detroit River channels.  In the Amherstburg Channel, percent-SRP ranged between only 11.0 
and 13.1-percent.  Similar to the Trenton Channel, the percent-SRP increased across the Amherstburg 
Channel, from east to west.  SRP ratios in the middle channels did not show any obvious patterns, and 
ranged from 11.4 to 25.9-percent.
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Table 9: Ratio of soluble reactive phosphorus (SRP) to total phosphorus (TP) in Lower Detroit 
River channels.

• Summary

There was a poor correlation between the ACISCO and all other grab sample sites.  The ACISCO grab 
sample TP concentrations had relatively large SDs associated with the data indicating large variations 
in the water concentrations at this site.  While it is likely that the location of the ACISCO site suffered 
due to the relatively shallow water and physical characteristics of the shoreline, effects of TP inputs up-
stream at the Amherstburg STP certainly contributed to the higher SDs.  The lack of a relationship with 
the middle channels was predictable and probably would not improve with a change in the Amherstburg 
or Trenton Channel ISCO sites.  Data from 2004 and this study show little change in TP concentrations 
from the upstream stations and the Lower Detroit middle channel sites, indicating that the water from 
the middle channels are not signifi cantly affected by TP sources along the Detroit River.  It should also 
be noted that signifi cant rain events increase the discharge of point sources temporarily and therefore 
would not be captured properly in the grab sampling regime.  While it is true that the grab sample sur-
veys were not designed to capture the signifi cance of any rain event, and that these rain events may 
have infl uenced relationships between sites, 24-hour (daily) composite samples were also collected 
simultaneously during these surveys.  The 24-hour (daily) composite sampling regime would capture all 
signifi cant phosphorus loading events, whatever the cause, in proportion to their duration and extent.  
The 24-hour (daily) composite samples were logistically necessary to decrease the analytical labora-
tory load to a manageable level and to facilitate in calculating TP loads to the river.

The relationships developed at the TCISCO station would benefi t from additional data.  Additional data 
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at the current Amherstburg site would likely not help with the relationships between the AC sites due 
to the ACISCO location.  If however a shore based site could be found in the Amherstburg Channel 
outside, of the near shore infl uences, then relationships between the other grab sample locations could 
likely be developed.  The grab sample data from both ISCO stations does not encompass the full range 
of TP concentrations observed in the 24-hour (daily) composite samples collected at the ISCO stations 
(Figure 15).  For example, TP concentrations for grab samples collected at the Trenton Channel loca-
tion ranged from 0.0150 to 0.0372 mg/L, whereas 24-hour total phosphorus concentrations collected at 
this location had a much greater range of 0.0173 to 0.1820 mg/L.  Similarly, grab sample concentrations 
ranged from 0.0135 to 0.0352 mg/L at the ACISCO station, whereas 24-hour concentrations ranged 
from 0.0052 to 0.0988 mg/L.  While it would be impossible to capture all water events that may infl u-
ence TP concentrations (i.e. transient effects, storm events, STP discharges, etc.) using a grab sample 
regime, a higher frequency of sampling would certainly help refl ect the concentration ranges better and 
help in the calibration of the ISCO sites.

Figure 15:  Range of total phosphorus concentrations measured at ISCO stations (grab sample versus 
24-hour (daily) composite measurements).

Sources of Phosphorus Loadings

• Inputs from Upstream

In addition to grab samples collected in the Lower Detroit River, samples were also collected in the 
Upper Detroit River (Figure 7). The results are shown in Table 10.  The TP mean concentration was 
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calculated at each site to include: a) all samples collected during the survey; and b) samples with com-
mon sample dates only. Note that the travel time from upstream to downstream in the Detroit River is 
roughly one day, but data was not available to account for this lag.  Each of the upstream sites pro-
vided different information about the water system.  Data (Environment Canada, unpublished data) for 
this time period taken at Port Lambton, at the mouth of the St. Clair R., from the Environment Canada 
Upstream/Downstream program indicated the concentration of TP in whole water exiting the St. Clair 
River was 0.010 mg/L.  The TP concentration in water entering the Detroit River at the Fleming Channel 
site (U.S. side) was 0.0111 mg/L. This station represents approximately 74% of the fl ow entering the 
Detroit R.  There is little change in TP concentration as the water passes out of the St. Clair R., through 
Lake St. Clair and into the Detroit R. along the American side.  This would suggest that the tributaries 
and other sources of TP on the American side of Lake St. Clair had little infl uence in the TP concentra-
tion of the water. The Canadian side of Peche Island has 26% of the fl ow entering the Detroit R.  The 
TP concentration of 0.0177 mg/L for this site represents a >75% increase in TP concentration in the 
water as it fl owed through Lake St. Clair suggesting that the concentration was heavily infl uenced by 
tributary inputs along the Canadian side of Lake St. Clair.  The Ministry of the Environment reported 
the concentration of the Thames R. during the study period to be 0.174 mg/L (n=7) (Ontario Ministry of 
the Environment).  While the relatively low fl ow (in relation to the total fl ow) from this tributary may not 
signifi cantly infl uence the TP load entering the Detroit R. (calculated using North Belle Is. and Fleming 
Ch. Canadian side), it does appear to have a signifi cant localized affect on the TP concentration on the 
Canadian side at the head of the Detroit R.  

Table 10:  Measured TP concentration comparison at Upper 
and Lower Detroit River locations.

The TP load entering the Detroit River at the upper boundary located at Lake St. Clair can be estimated 
using the TP concentration from each Upper River grab sample site multiplied by the total water vol-
ume passing that site.  Holtschlag and Koschik (2002b) estimated the proportion of the total river fl ow 
that passes through each channel of the St. Clair and Detroit Rivers from regression analysis of ADCP 
measurements.  The total volume of water that passed through the Detroit River from August through 
November, 2007, was determined from stage-fall-discharge equations to be 50.47 x 109 m3.  This vol-
ume was divided for each channel using the fl ow proportions as described, and these divided volumes 
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were multiplied by the mean grab sample concentrations to estimate the TP load in the Upper Detroit 
River (Table 11).  Note that the names of the channels used by Environment Canada and Holtschlag 
and Koschik differ and are indicated as such.  The TP load from the combined fl ows on either side of 
Peche Island (i.e. Fleming Channel (U.S. Side) and Peche Island (Can. Side)) was estimated as 620.3 
metric tonnes for the four month period from August through November, or 1861 metric tonnes per an-
num (mta).  Just downstream of this location, the TP load from the combined fl ows on either side of 
Belle Island (North Belle Isl. (U.S. Side) and Fleming Ch. (Can. Side)) gave estimates of 614.4 metric 
tonnes (August through November) or 1843 mta.  These two estimates of TP load entering from the 
Upper Detroit River agree quite well. 

Table 11:  Estimated TP loading from the Upper Detroit River from grab sample data.

• Inputs from Tributaries

The differences in measured TP concentrations from upstream to downstream in the Detroit R. and 
the differences in the various channels in the Lower Detroit River indicate that sources of TP loadings 
exist along the length of the River.  The Friends of the Detroit River conducted an additional phosphorus 
sampling program in 2007 at signifi cant Detroit R. tributaries.  Samples were collected on 15 separate 
days from August to November at Little River, Turkey Creek and Canard River, in Ontario, and Rouge 
River, Conners Creek, Ecorse Creek, Brownstown and Frank and Poet Creeks (combined), in Michigan.  
An additional sample was collected at Sand Point Beach in Lake St. Clair, near the Canadian shore.  
The TP concentrations of the samples ranged from 0.0077 to 0.2660 mg/L, with mean concentrations 
ranging from 0.0176 to 0.1259 mg/L.  A portion of the TP load in the Detroit River must therefore result 
from tributary fl ow.  This information was used to estimate the loading contribution from the tributaries.

On average even the largest tributary, the Rouge River, MI, provides a relatively insignifi cant amount of 
additional discharge to the Detroit River.  The average discharge of the Rouge River is approximately 
8.8 m3/s, whereas the mean discharge of the Detroit River is approximately 5,270 m3/s (Holtschlag and 
Koschik, 2002a).  It follows that for Detroit R. tributaries to have a signifi cant impact on the TP load to 
Lake Erie then their concentrations would have to be orders of magnitude higher then the concentra-
tion found in the water entering the Upper Detroit River from Lake St. Clair.  Table 12 gives the mean 
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TP concentrations for each tributary sampled, the mean discharge from both Lake St. Clair (measured 
at Sand Point Beach) and the Rouge R. The phosphorus loading (kg/day) to Lake Erie from Lake St. 
Clair and the Rouge R. were calculated using mean discharge and TP concentrations measured at both 
locations.  Mean discharge estimates for the other tributaries were not found, but it can be assumed 
that the mean discharge in these would be less than that of the largest tributary, the Rouge River.  
Subsequently, by using the mean fl ow from the Rouge R. as the basis to estimate TP load from the 
other tributaries the TP load at each of the other monitored tributary sites was highly overestimated 
(Table 12).  The sum of phosphorus loading to Lake Erie via the Detroit R., from the tributaries under 
these assumptions was found to be only 397 kg/day, or 3-percent of the total load from Lake St. Clair, 
estimated at Sand Point Beach, to be 12600 kg/day. Therefore, in terms of overall TP loading to the 
Detroit R. the contribution from the tributaries is negligible.

Table 12:  Locations and estimated TP loadings of major Detroit River tributaries.

Lower Detroit River Hydrodynamic Model Overview

Given that grab sample data collected varied in TP concentration across the Lower Detroit River and 
having developed acceptable relationships between grab sample data in the Trenton Channel, an 
estimate of the variation in fl ow across the Lower Detroit River channels was needed to calculate the TP 
load entering Lake Erie.  A hydrodynamic model of the Lower Detroit River was used for this purpose.
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The Lower Detroit River hydrodynamic model used in this application was derived from the RMA2 
model of the full St. Clair-Detroit River system developed by the United States Geological Survey 
(USGS) (Holtschlag and Koschik, 2002a).  The original full-system model covers the connecting 
channel system between Lakes Huron and Erie in its entirety, including the St. Clair River, Lake St. 
Clair, and the Detroit River.  The Lower Detroit River model used in this application characterizes only 
the lower portion of the Detroit River, from approximately Fort Wayne, Michigan, to Bar Point, Ontario, 
which is at the downstream boundary of the Detroit River and the western end of Lake Erie (Figure 
16).  The total length of the modeled reach is approximately 27.8 kilometers (17.3 miles).  In addition to 
shortening the original model domain, the model mesh density was increased by a factor of four.  This 
was done to improve model convergence and fl ow continuity in the various channels making up the 
Lower Detroit River.  The modifi ed model was kept in the original imperial units for simplicity since most 
of the supporting data used by the model is in imperial units.  All conversions into metric quantities were 
made after the model was executed.

The original USGS model was extensively calibrated and validated during development using mea-
sured water levels, fl ows and fl ow distributions.  The Lower Detroit River model as adapted for this 
study is substantially different than the original RMA2 model. The modifi ed model was assessed for 
performance to ensure that it maintained adequate estimates of water levels and fl ows in the Detroit 
River.  Details on the adapted model validation are found in Appendix A.

Figure 16:  Lower Detroit River RMA2 model mesh extent, boundaries and water level gauge locations.
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Channel Flow Factors 

The validated Lower Detroit River RMA2 model adapted for this study was used to develop fl ow factors 
for each grab sample location since TP concentrations varied horizontally across each channel as did 
channel velocity and water depth. The fl ow factors developed are estimates of the proportion of the 
total discharge in the Detroit River occurring in a 24-hour period that passes through a specifi c part of 
a cross-section in each channel.  More specifi cally, the fl ow factors indicate the proportion of the total 
fl ow to be applied to the TP concentration at each grab sample location. 

The fl ow factors were estimated from the simulated results of the twelve steady-state scenarios from 
2007.  Continuity check lines were used in the RMA2 model to determine the fl ow distribution across 
each channel.  In this case the continuity check lines were located at the approximate locations of the 
grab samples for the Trenton Channel (Figure 17).  The fl ow passing through each continuity check 
line was calculated using the RMA2 model and then divided by the total fl ow in the Lower Detroit 
River to determine the proportion of the total fl ow passing each location for each scenario.  The fl ow 
factors were determined at each location as the mean calculated fl ow proportion from all scenarios. The 
95-percent confi dence levels were calculated as the mean plus or minus two times the SD.  The results 
are given in Appendix B, Table B-1.

Figure 17:  Example of continuity check lines (CCL) located at Trenton Channel grab sample locations.
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An informal sensitivity analysis was also performed on the fl ow factors.   Additional calculations of 
the fl ow factors were made, fi rst with the original, unrefi ned model mesh, and second with Manning’s 
roughness increased and decreased by one and fi ve percent throughout the model domain.  It was 
determined that neither the mesh density nor changes in the roughness coeffi cients had a signifi cant 
impact on the calculated fl ow factors. The original calculated fl ow factors were used for the remaining 
analysis.  

Phosphorus Loading Estimates to Lake Erie

The fl ow factors were used with the TP and SRP concentrations from the grab samples to estimate the 
TP and SRP load by mass to Lake Erie.  Two methods were employed, each specifi c to the channel 
investigated. 

• Phosphorus Loading Estimates using Grab Sample Data

Since relationships between the grab samples taken at the ISCO stations and the grab sample loca-
tions could be developed for only the Trenton Channel, the mean grab sample TP concentrations were 
fi rst used to estimate the TP load to Lake Erie.  Due to the temporal variability of the TP concentrations 
measured in both the Trenton and Amherstburg Channels, the TP load to Lake Erie as determined from 
this method is likely highly underestimated.

The fl ow factors developed for each grab sample location were multiplied by the mean 24-hour total 
fl ow in the Lower Detroit River to estimate the mean daily fl ow passing each grab sample location as 
given by Equation 1: 

(Eq. 1)

Where = the discharge (m3/s) passing through each location, n;  = the fl ow factor calculated for each 
location;  = the total discharge (m3/s) in the Lower Detroit River.  

The grab sample mean TP concentrations were multiplied by the total volume passing each location 
from August to November, 2007.  The TP load (kg) at each location was then calculated, and these 
were summed to estimate the TP load to Lake Erie from each channel as well as the entire Lower 
Detroit River as given by Equation 2:

(Eq. 2)

Where = the 24-hour total phosphorus loading (kg) for a given channel;  = the volume (m3) of water 
fl owing through each location, n, over a 24-hour period;  = the grab sample mean total phosphorus 
concentration (mg/L); n = specifi c grab sample site; k = the total number of locations in the channel.
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The results (Table 13) showed a TP load from each channel of between approximately 24.2-312.9 
metric tonnes. The total TP load to Lake Erie from the Lower Detroit River was approximately 852.4 
tonnes over the four-month period from August to November, 2007, or approximately 2557 mta.  This is 
similar to the 2135 mta estimated from the 2004 data.  With the TP load estimate from the Upper River 
approximately 1850 mta the 2007 results indicate an estimated increase of 707 mta between the head 
and mouth of the Detroit R.     

However, earlier studies have shown that the TP concentrations measured in the Lower Detroit River 
channels varied signifi cantly over time.  TP concentrations in the Trenton Channel in 2006 varied signifi -
cantly over a 24-hour period (Figure 5). The ISCO station data collected in 2007 for this study showed 
greater range of TP concentrations than did the grab sample data.  Therefore, it is possible that the TP 
load as calculated from the grab sample data underestimates the TP loading to Lake Erie, and that a 
more continuous measure of TP concentrations is needed to obtain an accurate estimate. 

Table 13:  Total phosphorus (TP) loading results using grab sample TP concentrations.
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• Trenton Channel Phosphorus Loading Estimates from ISCO vs. Grab Sample Relationships

Strong linear relationships existed between the grab samples taken at the Trenton Channel grab 
sample (TC1-TC5) and TCISCO station locations.  Since the TP concentration in the Trenton and other 
channels varied both spatially and temporally the relationships developed between the grab sample 
data collected for the Trenton Channel were used to give a time-varying estimate of TP concentration. 
These concentrations were used with the fl ow factors to produce a more continuous estimate of TP load 
to Lake Erie from the Trenton Channel.  

It was assumed that the 24-hour (daily) composite samples from the ISCO station for the Trenton 
Channel could be related to the grab sample locations using the same relationship as that developed 
for the grab samples.  One signifi cant limitation of this analysis relates to the range of grab sample 
concentrations observed.  TP concentrations for grab samples collected in the Trenton Channel ranged 
from 0.0150 to 0.0372 mg/L, whereas 24-hour (daily) composite TP concentrations collected at this 
location had a much greater range of 0.0173 and 0.182 mg/L.  Given this range, it seems likely that 
grab samples were collected during periods of relatively low TP concentrations whereas the 24-hour 
continuous ISCO station measurements included periods of high concentrations.  

The discharge passing by each grab sample location was used to calculate the total volume passing 
through each location over a 24-hour period, which was multiplied by the 24-hour (daily) composite 
TP concentration at each location as determined from the linear fi tted model developed from the grab 
sample data.  These sub-loadings were then summed to provide an estimate for the TP load for the 
entire Trenton Channel over a 24-hour period as given by Equation 3: 

(Eq. 3)

Where = the 24-hour total phosphorus loading (kg) from the Trenton Channel;  = the volume (m3) of 
water fl owing through each location in the Trenton Channel over a 24-hour period;  = the estimated 
24-hour total phosphorus concentration (mg/L) at each location in the Trenton Channel as derived from 
the model-fi tted relationships.  In this case k = 5 as there are fi ve grab sample locations in the Trenton 
Channel.

Due to the uncertainty in the model-fi tted relationships, three relationships were used to relate the ISCO 
station data to the grab sample locations data; fi rst, a linear model was fi tted to the data, with the inter-
cept allowed to vary; second, a linear model with the intercept assumed to be zero; lastly, a one-to-one 
relationship between the Trenton Channel ISCO station concentrations and the grab sample locations 
was assumed.  Since the grab sample data collected at the ISCO station was shown to have lower TP 
concentrations then at the other locations on average (see Table 7), a one-to-one relationship can be 
assumed to provide the minimum TP loading estimate, and without the added uncertainty resulting from 
the use of a linear relationship between the different locations.  
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A plotted comparison of the 24-hour Trenton Channel results from August to November, 2007, for each 
of the relationships used is given in Figure 18.  Note there were a total of 13 days for which TCISCO 
data was missing, and therefore TP concentrations within the Trenton Channel could not be estimated 
directly on these days.  Instead, the total phosphorus load from the missing days was estimated as the 
mean load for the channel from all other days for which data was available.  The mean 24-hour phos-
phorus load per day was 7200 kg, 6100 kg and 4600 kg for the linear model with intercept, linear model 
without intercept, and one-to-one relationship, respectively.

Figure 18:  Comparison of Trenton Channel 24-hour total phosphorus (TP) loading results using 
different relationships between ISCO station and grab sample locations.

A summary of the TP load estimates for the Trenton Channel from August to November, 2007, is given 
in Table 14.  Using the methods outlined, the total load of phosphorus to Lake Erie from the Trenton 
Channel was estimated to be between approximately 540,200 and 918,400 kg for the period of August 
to November 2007 or 1621 and 2755 mta.  Since the one-to-one relationship method (ISCO = grab 
sample) is likely an absolute minimum estimated load (given the increase in measured TP concentra-
tion across the channel), an estimated TP load of between 2000 and 2500 mta is likely more realistic.
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Table 14:  Summary of total phosphorus loading estimates for Trenton Channel

This estimate of TP load is subject to uncertainties resulting primarily from uncertainties in the ISCO 
station relationships.  Uncertainties in the model-simulated fl ow factors were accounted for to some 
degree using the upper and lower 95-percent confi dence levels, but additional uncertainties in the total 
river fl ow as estimated from the stage-fall-discharge equations were not accounted for.  Seasonality 
effects may also cause errors in the estimated fl ow values.  

That being said, given the temporal variability observed in the TP concentrations as measured in the 
Trenton Channel, the TP load estimated above using the 24-hour (daily) composite data from the Tren-
ton Channel ISCO station should be considered a more accurate estimate than that obtained from the 
grab sample data, regardless of the relationship used.  The estimated load for the Trenton Channel 
using the grab sample data ranged between 836 and 913 mta, much less than the estimated 2000 to 
2500 mta estimated from the 24- hr (daily) composite ISCO data.  This underestimation is likely true to 
some degree for the other channels in the Lower Detroit River, in particular the Amherstburg Channel, 
which was found to be impacted by TP point sources in a 2006 study.  However, a similar analysis as 
was done in the Trenton Channel could not be conducted in the Amherstburg Channel due to the poor 
relationships developed between the grab sample data at this ISCO station and other locations in the 
Amherstburg Channel, likely resulting from various factors that infl uenced the location of the Amherst-
burg ISCO sampler.

• Soluble Reactive Phosphorus Loading Estimates

The total soluble reactive phosphorus (SRP) loadings were estimated using the TP loads as calculated 
from the grab sample data and percent SRP (Table 15).   The total SRP load for the Lower Detroit was 
found to be approximately 226.2 tonnes for the period from August 1st to November 31st, 2007, or 
679 mta.
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Table 15:  Total soluble reactive phosphorus (SRP) as 
estimated from grab sample data.  

For the Trenton Channel specifi cally, the total SRP load determined from the grab sample data was 
found to be 433 mta, or 64-percent of the total SRP load from the Lower Detroit River.  The TP loading 
estimate for the Trenton Channel using the grab sample data is likely signifi cantly underestimated.  If 
the TP loading estimates from the ISCO station data are instead used (i.e. between 2000 and 2500 
mta), and a percent-SRP value of 50-percent is assumed for the entire Trenton Channel, the estimated 
total SRP load from this channel alone would increase to approximately 1000-1250 mta, or almost twice 
the amount estimated for the entire Lower Detroit River from the grab sample data alone.  

Uncertainty in the percent-SRP exists as a result of the smaller range of TP values observed in the grab 
sample data.  The percent-SRP may be affected by the higher TP concentrations captured by the ISCO 
sampler, especially if they represent a different source of TP.    
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Conclusions

Overall the use of programmable ISCO samplers provided a more robust estimate of the TP loads for 
the Detroit R. compared to grab sampling alone.  This study demonstrated that the temporal variability 
in TP concentrations necessitates a continuous sampling approach.  

The fl ow factors determined from the adapted fl ow model were used to estimate the total fl ow to be 
applied to each grab sample location over the study period.  This total fl ow was used with the measured 
TP and SRP concentrations to estimate the TP and SRP load to Lake Erie.  Using the grab sample 
concentrations with the calculated fl ows gave a TP load of approximately 2557 mta for the entire Lower 
Detroit River, with 836 to 913 mta coming from the Trenton Channel alone.  This TP load estimate for 
the Lower Detroit River was close to the 2135 mta estimated in 2004.  The estimated TP concentration 
determined to be entering the Upper Detroit River from the 2007 data was 1850 mta.  However, using 
the relationships derived from the Trenton Channel grab sample data and the ISCO station data, the 
estimated TP load from the Trenton Channel was found to be signifi cantly underestimated.  Results 
using this data showed the TP load from the Trenton Channel to be at least 1600 mta, and more likely 
between 2000 and 2500 mta.  Similarly, SRP loading estimates from the grab sample data alone were 
679 mta for the entire Lower Detroit, with 433 mta from the Trenton Channel. When using the Trenton 
Channel grab sample relationships the total SRP load from the Trenton Channel increased to greater 
than 1000 mta.  

The current estimates for the loading of TP to Lake Erie via the Detroit River were calculated by assess-
ing the best method for each individual channel, calculating the load per channel, and then summing 
the individual channels (Table 16).

Table 16: Current estimate of total phosphorus load to Lake Erie.

* estimate of Amherstburg Ch. is estimated low as grab samples do not capture full range of data

The study results indicate that there is temporal variability of TP loading, and show that the TP and SRP 
loads to Lake Erie can be severely underestimated depending on the method employed.  The current 
best estimates for total phosphorus to Lake Erie via the Detroit River range from roughly 3500 mta to 
4300 mta, a signifi cant increase from previous estimates.
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Recommendations

 The following recommendations are given for consideration in future studies:

- Additional grab sample data should be collected in order to improve the relationships between 
grab sample locations and the ISCO stations.  In particular, this should include the development of a 
grab sampling strategy able to measure higher concentrations of TP and SRP in the Lower Detroit Riv-
er, since the range of grab sample data measured in this study is far smaller than the range observed 
in the ISCO sample data.

- Analysis of the ISCO sample concentrations against STP discharges and precipitation and storm 
event records to determine peak concentration causality. 

- Sampling over a 12 month period to ascertain seasonal variability. 

- Missing data at the ISCO stations should be reduced, perhaps with the use of a redundant sam-
pler at these locations.

- Investigate alternative locations, outside of the near shore infl uence, for the placement of future 
ISCO stations on the Amherstburg Channel.

- Results from the middle channels suggest a less intensive monitoring regime may suffi ce in 
these locations; however, further study is needed to confi rm this hypothesis.

- The two-dimensional hydrodynamic model of the Lower Detroit River should be modifi ed further 
to improve model accuracy in terms of simulating measured water levels, velocities and fl ows.
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Appendix A: Validation of the Adapted Lower Detroit RMA2 
Hydrodynamic Model

The Lower Detroit RMA2 hydrodynamic model was adapted from a model for the full St. Clair-Detroit 
River corridor developed by Holtschlag and Koschik (2002a).  The adapted two-dimensional model is 
used to simulate water levels, depth-averaged velocities and fl ows in the river.  The original model was 
extensively calibrated and validated during development using measured water levels, fl ows and fl ow 
distributions.  The Lower Detroit River model as adapted for this study is substantially different than 
the original RMA2 model, and therefore needed to be assessed for performance to ensure that it main-
tained adequate estimates of water levels and fl ows in the Detroit River.   

The adapted model’s roughness parameters and viscosity parameters, specifi ed as Manning’s rough-
ness coeffi cients and Peclet number respectively, were retained from the original model.  Two types 
of validation scenario were examined; a simulation using:  1) a subset of twelve mean daily discharge 
and daily water levels from the August to November, 2007, period under steady-state boundary condi-
tions; and 2) unsteady-state boundary conditions using a 24-hour time step for the period from April to 
November, 2006.  Daily means were used to negate wind effects, which can have a signifi cant infl u-
ence on water levels, especially at shorter time steps.  For the purposes of this study, a daily time step 
of computation is suffi cient.  

The boundary conditions for the Lower Detroit RMA2 model are the discharge upstream at Fort Wayne, 
and the water level at the downstream boundary located at Bar Point.  Measured mean daily water 
levels were obtained from the internet database of the Department of Fisheries and Oceans, Canada 
(http://www.meds-sdmm.dfo-mpo.gc.ca/).  Measured mean daily fl ows were computed by Environment 
Canada staff from mean daily water levels and stage-fall-discharge equations developed for the Detroit 
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River by the U.S. Army Corps of Engineers.  The twelve scenarios for the steady-state model runs were 
chosen semi-arbitrarily from the 2007 measured data to cover a full range of possible fl ow conditions 
observed during this period.  The complete list of scenarios used is given in Table A-1. 

Table A-1:  Scenarios used for calculation of 
fl ow factors.

The Lower Detroit River RMA2 model’s performance was validated by comparing computed (observed) 
versus actual (measured) water levels and discharge.  For the twelve daily mean, steady-state simula-
tions, the simulated daily mean water levels at gauges located at Gibraltar, Amherstburg, Wyandotte and 
Fort Wayne (Figure 16) were compared to the observed daily mean water levels at these locations.  The 
results are given in Table A-2.  The largest errors (differences between actual and computed) ranged 
from -10 to 7 cm for all scenarios, with absolute mean errors ranging from 2 to 4 cm at all gauges.  The 
combined root mean squared error (RMSE) was only 4 cm, and the combined mean absolute error was 
only 3 cm.  It should be noted that Bar Point errors were necessarily zero as this was the downstream 
boundary condition specifi ed as a water level. 
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Table A-2:  Steady-state model results using Lower Detroit River model 
with refi ned model mesh density.

In addition, the refi ned model mesh was compared to the results from the original model mesh 
density.  The refi ned mesh was found to give similar or even slightly improved results in terms of model 
performance as were obtained using the original model mesh density.  Table A-3 shows a comparison 
of the two models.  Note that the RMSE values and mean absolute errors are similar, and that while 
the maximum positive errors increased slightly, the maximum negative errors were improved with the 
refi ned mesh. 
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Table A-3:  Steady-state model results using Lower Detroit River model with refi ned 
model mesh density.

The second validation analysis performed involved an unsteady-state model simulation for the period 
of April 1st to October 31st, 2006.  The model was simulated on a 24-hour time step, again using daily 
mean water levels and fl ows as the model boundary conditions.  Simulated results were again com-
pared to the observed daily mean water levels at gauge stations located throughout the Lower Detroit 
River.  Similar to the steady-state simulation results, the model performed well during the unsteady 
simulation.  An example comparison of modeled versus observed water levels is shown at Fort Wayne 
in Figure A-1.   At this gauge, water level differences ranged from approximately -5 to 5 cm.  

Of special note is the obvious trend in the residuals.  A similar trend was also observed at other gauge 
stations along the river.  The simulated values from the model tended to overestimate the water level 
at each gauge station near the beginning and end of the model simulation, while the simulated values 
tended to underestimate the values during the middle of the simulation.  This is most likely due to the 
seasonal growth and decay of vegetation in the river and its related effects on channel resistance.  
Vegetation begins to grow in the spring and increases throughout the summer.  It subsequently dies off 
and decays in the late fall and winter.  As vegetation grows the amount of fl ow resistance in the channel 
increases.  Therefore at a given downstream water level, an increase in vegetation growth results in an 
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increase in upstream water level.  This effect is more pronounced in wide, shallow river cross-sections 
(such as the Lower Detroit River), than narrow, deep river cross-sections (such as other areas of the 
St. Clair and Detroit Rivers), because wide, shallow sections have more volume of water in contact with 
vegetation compared to the narrower, deeper sections of a river.  Shallower depths also allow greater 
light penetration, which can increase vegetation growth.

The Lower Detroit River model’s roughness parameters were established using an optimization 
process with the objective to match the observed water levels in the river over the entire ice-free season 
using a single set of Manning’s roughness coeffi cients.  As such, in general, the model tends to over-
predict water levels during times of reduced vegetation growth (spring/late fall) because the model’s 
roughness parameters are too high, whereas the model will tend to underestimate water levels during 
times of increased vegetation growth (summer/early fall) because the model’s roughness parameters 
are too low.  Therefore, sacrifi ces in the performance of the model during specifi c periods of the year 
result from the choice of a single set of roughness coeffi cients.  A seasonally varying calibration of 
the model would improve the performance of the model, but this added precision was believed to be 
unnecessary for this application. 

Figure A-1:  Modeled versus observed results for April 1st to October 31st, 2006, at Fort Wayne for 
unsteady-state simulation using daily means as boundary conditions.

Lastly, continuity check lines were used in the model to compare simulated fl ows in the channel to fl ow 
proportions as estimated by Holtschlag and Koschik, 2002b.  Holtschlag and Koschik estimated the 
proportion of the total river fl ow that passes through each channel of the St. Clair and Detroit Rivers 
from regression analysis of ADCP measurements.  These were compared to fl ow proportions for the 
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different channels estimated using the revised Lower Detroit River RMA2 model.  The mean discharge 
value of the continuity lines for each of the twelve steady-state simulation results were divided by the 
total fl ow in the channel to estimate the fl ow proportion.  In addition, the 95-percent confi dence levels 
were calculated as two times the SD.  A comparison of the results is shown in Table A-4.  The modeled
results compared fairly well to those obtained by Holtschlag and Koschik, with both similar mean 
expected values and overlapping confi dence limits of the estimates for all channels.

Table A-4:   Flow proportion comparison estimated by Holtschlag and Koshik 
(2002b) and revised RMA2 model.

In general, the simulated results from the Lower Detroit River model compared well to the observed 
data, and more favorably to observed data than simulated results from the original full-system model.  
This is likely due to the reduced distance between the model boundaries and the refi ned estimates of 
the fl ow in the Detroit River obtained by using the Detroit River stage-fall-discharge relationships rather 
than the St. Clair River relationships.  It may also partially be the result of other minor model variations, 
such as the refi ned model mesh density used in this analysis.
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Appendix B: Flow Proportions and Flow Factor Results

Table B-1: Scenario fl ow proportions and fl ow factor results.
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