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PREFACE 
 
Contents of the DRCWMP: 5-Year Technical Report are published separately in four 
modules.  Each module may be reviewed independently however, in successive order 
they constitute a complete document.  Module 1 contains the introduction to the report.  
It is here that the scope of the project is examined along with a complete description of 
the study sites.  The methods used to assess wetland condition are also recounted 
including the use of Indices of Biological Integrity (IBIs).  This segment, Module 2, 
includes the geophysical condition of Durham Region coastal wetlands.  That is, it 
describes the water and sediment quality, water levels and changes in adjacent land 
cover.  The condition of biological communities, including that of fish and wildlife, and 
submerged aquatic vegetation are presented in Module 3.  Subsequently, in the final 
release, a summary of wetland status is presented in Module 4.  Here, components of 
the preceding modules are compiled offering a detailed description of changes and 
trends in overall condition of each Durham Region coastal wetland.   
 
This report describes the Durham Region Coastal Wetland Monitoring Project 
(DRCWMP) in considerable detail and is intended for a technical audience who are 
interested in using this information to inform their own monitoring projects or to gain 
specific information about the wetlands included in this report. 
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1. GEOPHYSICAL CONDITION  
 

1.1 WETLAND 

 
1.1.1 Sediment Quality  

Objective 

To assess and monitor the quality of sediments at sites upstream of and within each 
Durham Region coastal wetland. 

Method Summary  

Surficial sediment was sampled from two to five locations (dependent on the size of the 
marsh) within Durham Region coastal wetlands (i.e., near inlets, in the middle of the 
marsh and near the outlet) in 2002, 2004 and 2006. Additional sediment samples were 
collected from three locations in Pumphouse Marsh in 2003. Organochlorine pesticides, 
total PCBs, PAHs and metals were analyzed in surficial sediments from inlet and marsh 
locations in 2002 and 2006. Only metals were analyzed in samples collected from outlet 
sites in 2002 within the Region and from outlet sites in 2004 within Toronto and Region 
Conservation Authorityôs jurisdiction (i.e., Rouge River, Frenchmanôs Bay, Hydro, Duffins 
Creek, and Carruthers Creek marshes). In 2002, the Environment Canada, Ecosystem 
Health Division - Ontario Region (EHD-OR) carried out screening-level surveys of 
sediment quality in Canadian tributaries to Lake Ontario to assess potential sources of 
contamination prior to discharge of water into Lake Ontario (Dove et al. 2003). Sediment 
quality results for nineteen tributaries draining into Durham Region coastal wetlands 
surveyed by EHD-OR in 2002 using the same collection methods as the DRCWMP are 
also presented here. In total, sediment samples from 123 locations within the marshes 
and tributaries upstream were collected and contaminant analyses performed. The 
methodology for sediment collection was developed in part by EHD-OR and is based on 
the methodology created by the United States Geological Survey for the U.S. National 
Water-Quality Assessment (NAWQA) Program (Shelton and Capel 1994). Further details 
of sediment sampling protocol are found in the Durham Region Coastal Wetland 
Monitoring Project: Methodology Handbook (EC and CLOCA 2007).  

Data Treatment and Analysis 

As a means of assessing contaminant exposure and hazards to health, the federal 
government developed Canadian Sediment Quality Guidelines for the protection of 
aquatic ecosystems, which provides benchmarks for evaluating the potential for 
observing adverse biological effects in aquatic ecosystems (Canadian Council of 
Ministers of the Environment; CCME 1999). Using the procedures first developed for the 
calculation of the Canadian Water Quality Index (CWQI) by CCME (1999), a Sediment 
Quality Index (SQI) was developed combining individual contaminant data to provide an 
integrated numerical score indicating the overall contaminant status of sediments at a 
site. Briefly, the SQI is calculated based on the number of sediment quality guideline 
exceedences and the magnitude of those exceedences for a suite of contaminants of 
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interest in the locality (see CCME website for MS EXCEL workbook which contains 
macros to calculate SQI: http://www.ccme.ca/ourwork/water.html?category_id=103). 
The categorization and interpretation of index values are based on those developed for 
the CWQI (Table 1). The use of the SQI also allows for spatial comparisons of sediment 
quality among sites based on the scores (and hence rankings); such an approach has 
been used to assess trends in sediment quality in the major depositional basins of the 
lower Great Lakes (Marvin et al. 2004). 
  
Table 1. Sediment Quality Index classification and interpretation. 

Sediment 
Quality Index 

Classification of 
Index Values 

Interpretation of Index Values 

95-100 Excellent 
Virtual absence of threat or impairment; conditions very 

close to natural levels 

80-94 Good 
Minor degree of threat or impairment; (few) conditions 

depart from natural or desirable levels 

65-79 Fair 
Usually protected but occasionally threatened or 

impaired; (some) conditions depart from natural or 
desirable levels 

45-64 Marginal 
Threatened or impaired; (many) conditions depart from 

natural or desirable levels 

0-44 Poor 
Threatened or impaired; (most) conditions depart from 

natural or desirable levels 

 
Federal sediment quality guidelines for a number of contaminants were derived based 
on extensive toxicological information (CCME 1999). A lower value, referred to as the 
threshold effect level (TEL), represents the concentration below which adverse biological 
effects are expected to occur rarely. The upper value, referred as the probable effect 
level (PEL) represents the level above which adverse effects are expected to occur 
frequently. Fewer than 25 percent of adverse effects (in the CCME Biological Effects 
Database for Sediments) occur below the TEL and more than 50 percent of adverse 
effects occur above the PEL. While provincial Ontario Sediment Quality Guidelines have 
also been developed (Persaud et al. 1993), these have not been used here.  
 
In total, concentrations of 30 contaminants typically associated with sediment, including 
nine organochlorine pesticides, total PCBs, seven metals, and 13 PAHs, were compared 
to federal sediment quality guidelines (see Table 3 in results for listing of all 
contaminants). Calculations of the SQI were determined on a site-by-site basis (i.e., for 
each sampling event) at each wetland using the more stringent TEL guidelines. For eight 
parameters analyzed (i.e., cadmium, total DDE, total DDT, heptachlor expoxide, lindane, 
acenaphthalene, dibenz(a,h)anthracene, and toxaphene), minimum detection limits for 
chemical analyses exceeded the TEL guideline value associated with the parameter. 
Since greater than 50% of values had non-detectable levels for these parameters, they 
were not included in calculations of the SQI (S. Rowe, National Guidelines and 
Standards Office, pers. comm.). Additionally, since non-detectable levels of dieldrin and 
endrin were found in sediment from all 123 locations, these compounds were also not 
included in the model. Finally, since the PAH 2-methylnaphthalene was quantified in 
approximately 25% of analyses (i.e., in sediment collected in 2006 only) and was 
detected in only 5% of samples, this compound was also excluded from the SQI 
calculation. In total, 19 parameters (i.e., two organochlorines, total PCBs, six metals, and 
ten PAHs) were included in the SQI calculation to assess sediment quality in coastal 
wetlands and associated tributaries and to provide among-site comparisons. While the 
index is more sensitive to the effects of individual parameters when fewer parameters 

http://www.ccme.ca/ourwork/water.html?category_id=103
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(less than seven or eight) are used (Painter and Waltho 2005), all nineteen parameters 
are typically associated with sediment and were included in SQI calculations presented 
in EC and CLOCA (2004); as such, all have been included in the SQI model here. 
Calculated SQI scores were also compared to individual contaminant exceedences to 
avoid inaccurate categorization of sediment quality results due to the inherent 
sensitivities of the index (see Marvin et al. 2004 for further details).  

Results 

Sediment Quality Index 

Sediment quality index calculations indicated that of 123 Durham Region coastal 
wetland marsh and tributary locations sampled, 73 (59%) were ñexcellentò, 19 (15%) 
were ñgoodò, 12 (10%) were ñfairò, seven (6%) were ñmarginalò and 12 (10%) were 
ñpoorò. Marsh locations (i.e., inlets, marsh, outlets) in Rouge River, Duffins Creek, 
Carruthers Creek, Cranberry, McLaughlin Bay, Westside, Bowmanville, Wilmot Creek 
and Port Newcastle marshes were ñgoodò or ñexcellentò for every sampling event (i.e., all 
locations) in 2002, 2004 and 2006, where performed (Table 2, Figure 1). Sediment from 
Pumphouse Marsh was ñpoorò at four of seven locations (i.e., two inlet samples in 2003 
and 2006 and two marsh samples in 2003). SQI scores for Oshawa Second Marsh were 
among the lowest at Durham Region wetlands. Spatial trends also indicate that sediment 
quality in many instances was poorer in tributaries sampled by EHD-OR and inlets 
compared to locations within the marsh and outlets (e.g. Frenchmanôs Bay Marsh, Lynde 
Creek Marsh). While temporal trends in sediment quality within locations were not 
examined here, there is consistency in mean SQI scores between/among years of 
sediment collection (Table 2). 
 
Table 2. Mean Sediment Quality Index scores (±SD, out of 100) for sediment sampled 
from various locations within Durham Region coastal wetlands and grouped by year from 
2002-2006, where available. N represents the total number of samples analyzed per 
wetland. Category rating is based on the mean SQI score for all years of sampling. 

Durham Region Wetland Category 2002 2003 2004 2006 Mean SD N 

Rouge River Marsh excellent 96.8  100.0 100.0 98.6 5.1 14 

Frenchman's Bay Marsh fair 65.4  73.8 98. 7 76.5 26.2 12 

Hydro Marsh fair 67.0  61.7 94.3 73.6 23.8 10 

Duffins Creek Marsh excellent 94.2  100.0 99.0 97.5 8.0 13 

Carruthers Creek Marsh excellent 98.3  100.0 100.0 99.4 1. 7 9 

Cranberry Marsh excellent 94.5   100.0 97.3 5.5 4 

Lynde Creek Marsh good 87.8   90.8 89.3 14.3 8 

Corbett Creek Marsh fair 65.3   71.8 68. 9 15.3 9 

Pumphouse Marsh marginal 21.0 54.5  59.0 52.3 25.8 7 

Oshawa Second Marsh marginal 54.8   41.5 50.3 19.5 6 

McLaughlin Bay Marsh excellent 93.5   100.0 96.8 6.5 4 

Westside Marsh excellent 97.7   97.3 97.5 3.9 6 

Bowmanville Marsh good 88.0   100.0 93.1 12.1 7 

Wilmot Creek Marsh excellent 98.3   98.5 98.4 3.0 8 

Port Newcastle Wetland excellent 95.3   100.0 97.7 5.7 6 
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Figure 1. Mean Sediment Quality Index scores and classifications for sediment sampled 
from Durham Region wetlands and grouped by sampling location (i.e., tributary, inlet, 
marsh, and outlet locations where N=123 sampling locations). See legend for colour 
codes used to identify locations. 
 

Organochlorine Pesticides and PCBs 

The organochlorine DDT and its metabolites, total DDE and total DDD, most commonly 
exceeded TEL sediment quality guidelines in Durham Region coastal wetlands and 
associated tributaries in 2002, 2003, 2004 and 2006 (Table 3). Furthermore, 
concentrations of these compounds were frequently high and often exceeded PEL 
guidelines. Concentrations of total DDE in sediment most frequently exceeded TEL and 
PEL guidelines with the highest concentration (20 ɛg/kg) reported at an inlet of Hydro 
Marsh in 2004. Sediment from three locations had total DDT concentrations which were 
over ten times the concentration associated with the PEL guideline: Rouge River (basin, 
2004, 100 ɛg/kg), Frenchmanôs Bay (inlet, 2004, 50 ɛg/kg) and Hydro Marsh (inlet, 2004, 
50 ɛg/kg). Concentrations of DDD exceeded the PEL guideline by two times at two 
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locations: Frenchmanôs Bay (inlet, 2004, 20 ɛg/kg) and Port Newcastle Wetland (marsh, 
2002, 20 ɛg/kg); no other exceedences were found for total DDD. PEL guideline 
exceedences for total DDT, total DDE and/or total DDD were found at all wetland sites 
with the exception of Carruthers Creek Marsh, Oshawa Second Marsh and McLaughlin 
Bay Marsh (Table 4). Note that guideline exceedence counts for PEL are distinct from 
guideline exceedence counts for TEL (i.e., PEL counts are not a subset of TEL counts).  
 
Table 3. Summary of federal sediment quality guideline exceedences (TELs and PELs) 
in Durham Region coastal wetland locations (i.e., inlet, marsh and outlet sites) and 
associated tributaries in 2002, 2003, 2004 and 2006, where collected (123 sampling 
locations in total, grouped by contaminant). Note that minimum detection limits for 
parameters highlighted in bold were higher than TEL exceedence guidelines and 
therefore counts presented represent cases where known exceedences above the TEL 
guidelines were found; these parameters were not included in calculations of the SQI. 
Organochlorines and PCBs Polycyclic Aromatic Hydrocarbons Metals 

Parameter TEL PEL Parameter TEL PEL Parameter TEL PEL 
Chlordane 0 2 2-methylnaphthalene 0 0 Arsenic 1 0 
Total DDD 0 2 Acenaphthene 7 0 Cadmium 34 0 
Total DDE 22 15 Acenaphthylene 9 0 Chromium 5 2 
Total DDT 3 7 Anthracene 7 1 Copper 20 0 
Dieldrin 0 0 Benzo(a)anthracene 28 2 Lead 17 3 
Endrin 0 0 Benzo(a)pyrene 28 1 Mercury 5 0 
Lindane 0 0 Chrysene 25 1 Zinc 30 2 
Heptachlor 
Epoxide 

0 1 Dibenz(a,h)anthra-
cene 

10 1    

Toxaphene 0 NA Fluoranthene 30 0    
Total PCBs 8 0 Fluorene 4 0    
   Napththalene 0 0    
   Phenanthrene 20 1    
   Pyrene 34 3    
NA denotes that federal sediment quality PEL guideline is unknown 

 
Among Durham Region coastal wetlands, chlordane was detected at two locations both 
in Pumphouse Marsh in 2002 and 2003 at concentrations above the PEL guideline (9 
ɛg/kg and 10 ɛg/kg). Similarly, heptachlor epoxide was only detected at one site, Hydro 
Marsh in 2004, at a concentration of over ten times the PEL (30 ɛg/kg). Dieldrin, endrin 
and lindane were not detected at any sites. Toxaphene was also not detected at any 
sites although this is not surprising since this compound has a much higher limit of 
detection level relative to other organochlorine compounds (i.e., 80 ɛg/kg).  
 
Total PCB concentrations were generally low and exceeded TEL guidelines on only 
eight occasions, four of which were at locations in Pumphouse Marsh in 2002 and 2003 
(range = 40-120 ɛg/kg). A high total PCB concentration was found in sediment from 
West Corbett Creek, a tributary of Corbett Creek Marsh and sampled by EHD-OR in 
2002 (110 ɛg/kg), while a lower total PCB concentration was found in sediment 
downstream in Corbett Creek Marsh (80 ɛg /kg). Lower total PCB concentrations, but 
still exceeding the TEL guideline, were also found at Carruthers Creek Marsh (tributary, 
2002, 60 ɛg/kg) and McLaughlin Bay Marsh (inlet, 2002, 60 ɛg/kg). 
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Table 4. Numbers of organochlorine pesticides and PCBs (n=10), PAH (n=13) and metals (n=7) exceeding federal sediment quality 
TEL and PEL guidelines at Durham Region wetland locations in 2002, 2003 (Pumphouse Marsh only), 2004, and 2006. Brackets 
following the number of locations denote the number of tributaries sampled by EHD-OR in 2002 and following count data denote the 
number of exceedences associated with the tributary(ies).  

Durham Region Wetland No. 
Locations 
(No. Tribs) 

Organochlorines 
and PCBs 

Polycyclic Aromatic 
Hydrocarbons 

Metals Total 

  TEL PEL TEL PEL TEL PEL TEL PEL 
Rouge River Marsh  14 (1) 3 (0) 1 (0) 5 (5) 0 (0) 0 (0) 0 (0) 8 (5) 1 (0) 
Frenchmanôs Bay Marsh  12 (3) 2 (2) 3 (0) 36 (27) 1 (0) 13 (6) 1 (1) 51 (35) 5 (1) 
Hydro Marsh  10 (1) 1 (1) 3 (0) 16 (9) 2 (2) 31 (4) 1 (0) 48 (14) 6 (2) 
Duffins Creek Marsh  13 (1) 0 (0) 2 (0) 6 (6) 0 (0) 1 (1) 0 (0) 7 (7) 2 (0) 
Carruthers Creek Marsh  9 (1) 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 2 (2) 0 (0) 
Cranberry Marsh* 4 0  1  1  0  4  0  5 1 
Lynde Creek Marsh  8 (2) 5 (1) 2 (1) 18 (6) 0 3 (2) 0 (0) 26 (9) 2 (1) 
Corbett Creek Marsh  9 (2) 4 (2) 2 (0) 40 (16) 0 20 (6) 2 (1) 62 (24) 4 (1) 
Pumphouse Marsh* 7 5 5 24 5 23 3 52 13 
Oshawa Second Marsh  6 (2) 3 (1) 0 (0) 41 (19) 2 (0) 10 (2) 0 (0) 54 (22) 2 (0) 
McLaughlin Bay Marsh* 4 2 0 2 0 0 0 4 0 
Westside Marsh  6 (1) 0 (0) 1 (0) 2 (0) 0 (0) 2 (0) 0 (0) 4 (0) 1 (0) 
Bowmanville Marsh  7 (2) 0 (0) 3 (1) 11 (11) 0 (0) 2 (2) 0 (0) 13 (13) 3 (1) 
Wilmot Creek Marsh  8 (2) 5 (3) 1 (0) 1 (1) 0 (0) 2 (1) 0 (0) 8 (5) 1 (0) 
Port Newcastle Wetland  6 (1) 2 (1) 3 (1) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1) 3 (1) 

* no tributary associated with the wetland 
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Polycyclic Aromatic Hydrocarbons 

Concentrations of polycyclic aromatic hydrocarbons (PAHs) frequently exceeded TEL 
guidelines and occasionally PEL guidelines in sediment from Durham Region coastal 
wetlands and associated tributaries (Table 3). Pyrene concentrations in sediment 
exceeded TEL and PEL guidelines most frequently followed by fluoranthene, 
benzo(a)anthracene, benzo(a)pyrene and chrysene. Naphthalene and 2-
methylnaphthalene were the only two of thirteen PAHs for which concentrations were 
below guideline levels at all sites.  
 
Sediment sampled near the inlet of Pumphouse Marsh in 2002 contained the highest 
concentrations of six PAHs, namely benzo(a)anthracene, benzo(a)pyrene, chrysene, 
dibenz(a,h)anthracene, fluoranthene and pyrene and, with the exception of fluoranthene, 
all exceeded the PEL guidelines (Table 4). Including fluoranthene, four additional PAHs 
exceeded TEL guidelines at this site. Follow-up sampling of sediment from Pumphouse 
Marsh in 2003 indicated that five and six TEL exceedences of thirteen PAH compounds 
were reported at two different sampling locations within the Marsh; similarly, six 
exceedences of PAHs were found in sediment collected in 2006 near the inlet. Only two 
PAH exceedences were found in sediment sampled from the outlet in 2003 and none 
were found in sediment sampled in this location in 2006.  
 
Sediment collected from Corbett Creek and Oshawa Second marshes showed high 
concentrations of PAHs (Table 4). While exceedences were reported in sediment 
collected from associated tributaries in 2002, they were also frequently reported in 
sediment from within the marshes. In Corbett Creek Marsh, exceedences of TEL 
guidelines were reported for a range of 3-9 different PAHs in four sampling locations in 
2006; at two additional locations within the Marsh (one in 2002 and another in 2006), 
only pyrene concentrations were elevated above the TEL guideline. Similarly, in Oshawa 
Second Marsh, exceedences of TEL guidelines were reported for a range of 6-8 different 
PAHs at three sampling locations in 2002 and 2006 (one in 2002 and two in 2006). 
Furthermore, PEL guidelines were exceeded for benzo(a)anthracene and pyrene near 
an inlet location of Oshawa Second Marsh in 2006. 
 
Concentrations of PAHs detected in sediment from Frenchmanôs Bay and Hydro 
marshes and notably in associated tributaries also frequently exceeded sediment quality 
guidelines (Table 4). The highest concentration of anthracene exceeding the PEL 
guideline was found in Frenchmanôs Bay and an additional five PAHs exceeded TEL 
guidelines at this site (inlet, 2004). These same PAHs exceeded TEL guidelines at a site 
in Hydro Marsh (inlet, 2004). In this study, the highest concentrations of acenaphthene, 
fluorene and phenanthrene were found in a tributary of Hydro Marsh by EHD-OR in 
2002; both phenanthrene and pyrene also exceeded PEL guidelines at this site.  
 
There were no to few exceedences of TEL sediment quality guidelines for PAHs at Port 
Newcastle, Carruthers Creek, Cranberry, Wilmot Creek, Westside Creek and 
McLaughlin Bay marshes and at three wetlands, exceedences were noted only in 
tributaries upstream of wetlands (i.e. Bowmanville Creek and Soper Creek flowing into 
Bowmanville Marsh; Duffins Creek into Duffins Creek Marsh; Rouge River into Rouge 
River Marsh; Table 4). 
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Metals 

Concentrations of seven metals analyzed in sediment from Durham Region coastal 
wetlands exceeded sediment quality guidelines on at least one occasion (i.e., one 
location) during the study period (Table 3). Cadmium and zinc most frequently exceeded 
TEL sediment quality guidelines and lead most frequently exceeded PEL guidelines.  
 
High concentrations of cadmium, copper, lead, mercury and zinc were found in sediment 
from Hydro Marsh at sites sampled in 2002, 2004 and 2006. Sediment collected from 
Hydro Marsh and its tributary had the highest concentrations of cadmium (marsh, 2004, 
3400 ɛg/kg), copper (marsh, 2002, 94000 ɛg/kg) and zinc (marsh, 2002, 389000 ɛg/kg) 
found in this study. Furthermore, concentrations of these three metals, and including 
lead, exceeded TEL guidelines at seven out of ten locations sampled during the three 
years and one exceedence of mercury was found in each of the three study years. 
Metals in sediment from Frenchmanôs Bay and its three tributaries exceeded guidelines 
less frequently although exceedences were found for cadmium (four locations), copper 
(four locations), zinc (three locations), chromium (one location), and lead (one location) 
in 2002 and 2004. 
 
Guideline exceedences for both cadmium and lead were found in sediment from all 
seven sampling locations in Pumphouse Marsh in the three study years with lead 
concentrations exceeding PEL guidelines (i.e, >91300 ɛg/kg) at three locations (inlet, 
2002: 105000 ɛg/kg; two locations, 2003: 110000 ɛg/kg and 112000 ɛg/kg). 
Concentrations of copper and zinc were also elevated and exceeded TEL guidelines in 
five and six locations in the Marsh, respectively. Mercury exceeded the TEL guideline at 
one site in 2003 (171 ɛg/kg).  
 
The highest chromium concentrations were found in sediment from West Corbett Creek, 
a tributary of Corbett Creek Marsh sampled in 2002 and in sediment from within the 
Marsh in 2006, both of which exceeded PEL guidelines (equal to 311000 ɛg/kg and 
99000 ɛg/kg, respectively). Chromium at a concentration above the TEL guideline was 
also detected at another location within the Marsh in 2006 (44000 ɛg/kg). Zinc 
concentrations exceeded the TEL guideline at eight out of nine locations, followed by 
cadmium and copper (four locations each) and finally lead (three locations). 
 
Cadmium concentrations exceeded the TEL guideline in sediment from tributaries 
associated with Duffins Creek Marsh, Carruthers Creek Marsh and Bowmanville Marsh. 
No exceedences for metals were found in sediment from Rouge River Marsh, 
McLaughlin Bay Marsh and Port Newcastle Wetland (Table 4). The highest 
concentrations of arsenic and mercury were found in sediment from a tributary of Wilmot 
Creek Marsh in 2002 (6000 ɛg/kg) and near the outlet of Wilmot Creek Marsh in 2006 
(380 ɛg/kg), respectively.  
 
An overall summary of presence/absence of TEL and PEL guidelines exceedences for 
30 contaminants found in sediment of Durham Region wetlands and associated 
tributaries in provided in Table 5. Corresponding categories/conditions are based on 
mean SQI scores at these locations and wetlands are ordered based on rankings of 
sediment quality using the mean SQI shown in Table 1.  
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Recently added Study Sites 

 
Three recently evaluated provincially significant wetlands in Durham Region, Gold Point 
Marsh, Whitby Harbour Marsh and Oshawa Creek Marsh were added to the study in 
2007 (See Module 1 ï Figure 4 and Table 1 ï wetland key map). While sediment from 
these wetlands have not been collected for contaminant analyses during this study, 
EHD-OR collected sediment from their respective tributaries as part of the screening-
level surveys of sediment quality in Canadian tributaries to Lake Ontario in 2002 (Dove 
et al. 2003). They found that sediment from Montgomery Creek, a tributary of Oshawa 
Creek Marsh Complex, contained high concentrations of contaminants which exceeded 
PEL guidelines for 11 out of the 13 PAHs as well as for six of seven metals reported in 
this study; total PCBs and DDD and one PAH also exceeded TEL sediment guidelines at 
this location. Sediment from another tributary of the Complex, Oshawa Creek, had lower 
concentrations of PAHs and metals which exceeded TEL guidelines only (i.e., for total 
PCBs, 11 PAHs and two metals). GM Drain, a tributary of  Gold Point Marsh, exceeded 
PEL sediment guidelines for two metals (i.e., lead and zinc) and TEL guidelines for 10 of 
13 PAHs and two metals. Fewer exceedences were found in sediment from Pringle 
Creek, a tributary of Whitby Harbour Marsh, where total PCBs, seven PAHs and four 
metals exceeded TEL guidelines only.  

Discussion  

In general, sediment quality in Durham Region coastal wetlands and tributaries was of 
high quality with sediment from 74% of locations sampled rated as ñgoodò or ñexcellentò. 
Nonetheless, sediment quality varied among and within wetlands and numerous 
exceedences of federal guideline values for organochlorine pesticides, PCBs, PAHs and 
metals indicate that present levels of these contaminants in sediment from some 
wetlands may have adverse biological effects in aquatic ecosystems. For instance, 
elevated concentrations of PCBs have been associated with decreased longevity and 
reproductive toxicity; PAHs, such as benzo(a)pyrene, with reproductive problems; and 
metals, such as mercury, with developmental and neurological effects (EC, DFO and 
HWC 1991). Among Durham Region wetlands, the fewest federal guideline 
exceedences were found in sediment associated with Carruthers Creek Marsh, where 
two were found in the tributary and none within the Marsh. Similarly, two exceedences 
were found in Duffins Creek Marsh (plus seven in the tributary); four in the Rouge River 
(five in the tributary); four in McLaughlin Bay Marsh and three in Port Newcastle Wetland 
(two in the tributary). The greatest numbers of guideline exceedences were found in 
sediment from Corbett Creek (66 exceedences, of which 25 were in the tributary) and 
Pumphouse Marsh (65 exceedences; see Table 4). Furthermore, SQI scores indicate 
that sediment quality for samples collected in varying locations within the marsh were 
generally consistent from year to year.  
 
Sediment from tributaries sampled by EHD-OR and inlets frequently had higher levels of 
contaminants, more guideline exceedences and lower SQI scores compared to levels 
found in the wetland proper. This indicates that sediment quality improves with distance 
downstream in the wetlands. Sediment-associated contaminants settle in the inlet areas 
and deepest areas of the marsh as water enters the marsh and water flow velocity 
slows. Consequently, aquatic biota which feed in wetlands may be exposed to higher 
levels of contaminants. In this study, of the 19 tributaries sampled by EHD-OR in 2002, 
eight (42%) were classified as ñgoodò or ñexcellentò which compares favourably to the 
status of 131 tributaries to Lake Ontario (Dove et al. 2003) also sampled in 2002, of 
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which only 22% had the same rating (EHD-OR, unpublished, from EC and CLOCA 
(2004)).  
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Table 5. Summary of TEL and PEL guidelines exceedences denoted by an ñXò for thirty contaminants found in sediment of Durham 
Region wetlands and associated tributaries. NT and NW denote the number of tributary and wetlands locations sampled, respectively, 
during the study period. Wetlands have been ordered based on mean SQI scores from highest to lowest (shown in Table 1) with 
corresponding category indicated.  

Durham Region 
Wetland 

SQI 
Results 

No. 
locations Organochlorines and PCBs 

Polycyclic Aromatic 
Hydrocarbons Metals 

 Category NT NW Tributary Wetland Tributary Wetland Tributary Wetland 

    TEL PEL TEL PEL TEL PEL TEL PEL TEL PEL TEL PEL 

Carruthers Creek Marsh excellent 1 8 X        X    

Rouge River Marsh excellent 1 13   X X X        

Wilmot Creek Marsh excellent 2 6 X  X X X    X  X  

Port Newcastle Wetland excellent 1 5 X X X X         

Westside Marsh excellent 1 5    X   X    X  

Duffins Creek Marsh excellent 1 12    X X    X    

Cranberry Marsh* excellent - 4 - -  X - - X  - - X  

McLaughlin Bay Marsh* excellent - 4 - - X  - - X  - -   

Bowmanville Marsh good 2 5  X  X X    X    

Lynde Creek Marsh good 2 6 X X X X X  X  X  X  

Frenchman's Bay Marsh fair 3 9 X   X X  X X X X X  

Hydro Marsh fair 1 9 X   X X X X  X  X X 

Corbett Creek Marsh fair 2 7 X  X X X  X  X X X X 

Pumphouse Marsh* marginal - 7 - - X X - - X X - - X X 

Oshawa Second Marsh marginal 2 4 X  X  X  X X X  X  

                

                

* no tributary associated with the wetland 
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Table 6. Effects of various substances present in Durham Region coastal wetland sediments (EC and CLOCA 2003). 
Parameter Effects 
Mercury1  Non-specific toxicity 

 Neurotoxicity 

 Behavioural effects 

 Nephrotoxicity 

 Fetotoxicity 
Lead1  Non-specific toxicity 

 Neurotoxicity 
Cadmium1  Non-specific toxicity 

 Neurotoxicity 
PAHs1 Various effects depending on specific compound 

 Decreased longevity 

 Reproductive problems 

 May cause skin and respiratory tract tumours 
PCBs1,2  Decreased longevity 

 Hepatotoxicity 

 Developmental toxicity 

 Reproductive toxicity 

 Cancer 

 Endocrine toxicity 

 Immuno-toxicity 
Pesticides (DDT) 1,2  Hepatic toxicity 

 Immuno-toxicity 

 Neurological effects 

 Reproductive effects 

 Cancer 

 Endocrine toxicity 
Source: 1. EC, DFO, and HWC (1991); 2. Carey et al. (1998) 
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Overall, spatial trends identified in marshes and tributaries found by comparing the 
summary of TEL and PEL sediment quality guideline exceedences (Table 4) with SQI 
results (Figure 1) are in good agreement. Some parameters, such as DDE, DDT and 
cadmium with TEL guidelines below the limit of detection but found at concentrations 
which were also exceeded where detected were excluded. This biased the SQI scores 
towards higher (i.e., better) conditions at some locations. This is evident particularly in 
wetlands where SQI scores were 100%, indicating a virtual absence of threat or 
impairment. Sediment from Rouge River Marsh, for instance, was given a score of 100% 
at thirteen locations, yet sediment sampled from four of these locations had 
exceedences of either total DDE or total DDT, the latter of which was found at the 
highest DDT concentrations reported in this study. Similar patterns were found in both 
Duffins Creek Marsh and Bowmanville Marsh where there were two exceedences of 
DDT, yet these locations were also given a SQI score of 100%. Large exceedences of a 
few parameters or small exceedences of many parameters can also influence the SQI to 
a large degree (Marvin et al. 2004). Therefore, it is crucial to examine the individual data 
closely in order to best interpret the results of SQI scores. In this study, wetlands 
considered in poorer condition (e.g. Corbett Creek, Pumphouse marshes) generally had 
a large number of exceedences of a variety of contaminants of which the SQI analyses 
were able to detect and mitigate the effects of exclusion of some parameters.  
 
Sediment collected in 2002, 2003 and 2006 from Pumphouse Marsh, a small coastal 
marsh which is primarily storm sewer-fed, had the highest number of TEL and PEL 
guideline exceedences of all Durham Region coastal wetlands. The marsh was found to 
contain high levels of chlordane, total DDE, a number of PAHs and metals, especially 
lead but also cadmium, copper and zinc of which exceedences were found in all three 
sampling years.  
 
Sediment quality in Corbett Creek in 2002 and 2006 was among the poorest and 
dominated by high levels total DDE and total DDT, total PCBs, a large number of PAHs 
and metals, notably chromium, copper, lead and zinc. The highest concentrations of 
chromium were found in West Corbett Creek (tributary) in 2002 and within the Marsh in 
2006. In fact, the level of chromium in sediment from the tributary of West Corbett Creek 
in 2002 was the highest recorded in sediment sampled from 131 tributaries on Lake 
Ontario (Dove et al. 2003). Elevated chromium levels were not found following sampling 
of sediment from a different location in West Corbett Creek in 2003 (EHD-OR, 
unpublished, from EC and CLOCA (2004)). Furthermore, high levels of total PCBs 
exceeding TEL guidelines in West Corbett Creek and the Marsh in 2002 were not found 
in subsequent sampling done in the tributary in 2003 nor in the Marsh in 2006. Hence, 
the distribution of contaminants, namely metals and PCBs, appears to be fairly localized.  
 
Sediment quality in Oshawa Second Marsh was generally either ñpoorò or ñmarginal,ò 
largely due to the high number of PAHs and metals exceeding TEL guidelines within this 
wetland. With the exception of one sample, SQIs for five sediment collections ranged 
from 32 at the inlet to 52 at Harmony Creek in 2002 and 2006. One sediment sample 
collected at an outlet location in 2002 was ñgoodò (SQI=87), though this was likely due to 
the fact that only metals were analyzed in sediment from this location thereby 
contributing to its ñimprovedò rating status (Figure 1; note that the SQI for sediment from 
another outlet sample in 2006 was equal to 51).  
 
Exceedences of TEL guidelines in sediment from Frenchmanôs Bay were observed most 
frequently in the three tributaries upstream of the bay but were also observed for metals, 
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particularly copper and zinc, in sediment within the bay. Numerous exceedences were 
also reported for PAHs and metals in sediment at various sampling stations within 
Frenchmanôs Bay in 2003 (TRCA 2003). Eyles et al. (2003) mapped two principal 
locations in Frenchmanôs Bay where sediment may be accumulating with sufficient 
magnetic content indicative of the presence of contaminated sediment (i.e., high in 
metals) resulting from urban activity. Concentrations of total DDT and total DDD 
exceeded PEL guidelines at two locations in 2004 while no exceedences of DDT and its 
metabolites were found in 2003 (TRCA 2003). Numerous exceedences of metals in 
sediment from Hydro Marsh were found, of which levels of cadmium, copper and zinc 
were the highest in the present study. At one inlet of the Marsh, PEL exceedences for 
total DDE, total DDT and heptachlor expoxide were also found. Organic and metal 
contamination, as well as poor water quality and oxygen depletion, were given as 
reasons for the lack of contaminant-sensitive benthic invertebrates (e.g., Molluscs, 
Ephemeroptera, Plecoptera, Trichoptera, etc.) found in Hydro Marsh following water and 
sediment quality and benthic invertebrate community sampling performed in 2004 
(SENES 2004). Noteworthy is that since sediment sample collection was targeted at 
areas with organic deposition, it is possible that the biological toxicity of sediments may 
be less than expected since contaminants tend to adhere organic particles (EC and 
CLOCA 2004).  
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1.1.2 Water Quality 

Objective 

To assess and monitor the water quality in Durham Region coastal wetlands. 

Method Summary 

Water Quality Parameters 

Water sampling was routinely performed at 15 Durham Region coastal wetlands from 2003 
to 2007. In addition, sampling was carried out at Frenchmanôs Bay and Lynde Creek 
marshes in 2002. Water sampling was also initiated in 2007 at three recently evaluated 
provincially significant wetlands in Durham Region: Gold Point Marsh, Whitby Harbour 
Marsh and Oshawa Creek Marsh (See Module 1 ï Figure 4 and Table 1). EC performed 
water sample collections/measurements from 2002 to 2005 and CLOCA performed them 
in 2006 and 2007.  
 
Throughout the DRCWMP, water quality data have been collected during four different 
months (May to August) and two habitats (emergent vegetation fringe and open water). 
During the study period, three replicate sampling stations were selected in emergent 
vegetation zones (2004, 2006 and 2007) or emergent and open water zones (2003 and 
2005) for every wetland. Emergent vegetation sampling stations were selected randomly 
to represent the areal extent of the wetlands. Open water sites were sampled by moving 
30 metres perpendicular to the shoreline from the emergent sampling locations or where a 
30-metre distance did not occur, samples were taken as far from the emergent vegetation 
as possible. Months and corresponding years of water collections were as follows: July in 
2003, May or June, July and August in 2004, July in 2005, July and/or August in 2006 
(whereby if there was a second water collection in August, only water temperature, 
conductivity, NO3, total phosphorus and chlorophyll a were measured) and July or August 
in 2007. The DRCWMP: Methodology Handbook (EC and CLOCA 2007) provides the 
monitoring framework and sampling methodologies which have been developed and 
refined over the timeframe of this project following collections of water samples in different 
zones and months of the summer (as reported in EC and CLOCA (2004 and 2005)). 
 
Physical water quality parameters including water temperature (oC), pH, conductivity (µS 
cm-1), and turbidity (NTU) were routinely measured on-site at each sampling station using 
standard probes (e.g., Quanta Hydrolab) during the study period. Additionally, water 
samples were collected for laboratory analysis of chemical parameters including ammonia 
(NH4; mg L-1), nitrate nitrogen (NO3; mg L-1), total phosphorus (TP; mg L-1) and chlorophyll 
a (µg L-1) at each sampling station. Note however that analyses of chemical parameters 
were not performed in every study year at Durham Region wetlands.  

Additional Turbidity Measurements 

Along with turbidity measurements taken during water quality monitoring (as reported 
above), additional turbidity measurements were taken throughout the growing season 
(May-Sept) at each wetland during the study. A minimum of three measurements were 
made at each wetland during a sampling day. In single basin wetlands, turbidity readings 
were taken linearly from inlet to outlet and for wetlands with two or more inlets, an 
additional sample was also taken at each inlet. For multibasin wetlands, three samples 
were measured for each basin. To ensure that similar locations were sampled from year-



Wetland                 GEOPHYSICAL CONDITION  

 

Durham Region Coastal Wetland Monitoring Project: 6 -Year Technical Report                                      17 

to-year, UTM coordinates for all sampling locations were determined using a hand-held 
GPS unit. Turbidity in wetlands were measured with a turbidimeter in Nephelometric 
Turbidity Units (NTU). Readings were taken from a boat, a canoe or while wading in the 
water and careful attention was paid to not disturb the sediments and plants while 
conducting measurements. Each measurement consisted of an average of two mid-water 
column depth readings. Turbidity data collection was performed by project partners which 
include the CLOCA, Toronto and Region Conservation Authority (TRCA) and the Grand 
River Conservation Authority (GRCA), who sampled wetlands within their jurisdiction from 
2002 to 2007. In addition, conservation authorities and EC measured turbidity during 
submerged aquatic vegetation community sampling (20-30 samples/wetland), 
macroinvertebrate community sampling (3-6 samples/wetland) and fish community 
sampling (4-12 samples/wetland). Further details of turbidity sampling methodology are 
provided in the DRCWMP: Methodology Handbook (EC and CLOCA 2007).  

Data Treatment and Analysis 

Water Quality Index 
Chow-Fraser (2006) developed a Water Quality Index (WQI) to report on water quality in 
Great Lakes coastal wetlands. This index is extensively used typically because it is very 
cost effective, can be applied to a wide variety of environmental conditions and is sensitive 
enough to identify incremental losses and gains (Chow-Fraser 2006). The WQI is based 
on data collected for twelve water quality variables in 110 wetlands in the Great Lakes. 
WQI scores were shown to be significantly related to basin-wide land use and some 
measures of wetland biotic integrity. Derived from the twelve variable model that described 
the total variation in WQI scores, various predictive equations were developed using fewer 
variables. These variables are commonly collected in water quality monitoring studies. For 
instance, one such equation presented by Chow-Fraser (2006) incorporates four water 
parameters routinely collected by EC: turbidity, conductivity, water temperature and pH. 
The results obtained from this equation were in agreement with the scores that incorporate 
all twelve variables (r2 = 0.898). The following equation has therefore been adopted to 
assess water quality in Lake Ontario coastal wetlands in this study (see equation #7, Table 
5.6 in Chow-Fraser 2006): 

 
WQI = -1.367148*log TURB - 1.577380*log COND - 1.628048*log TEMP - 2.371337*log 

pH + 9.2663224 

 
where TURB=turbidity, COND=conductivity, TEMP=temperature and pH=pH 
 
Based on the range of WQI scores for Great Lakes wetlands, Chow-Fraser (2006) divided 
the dataset into six categories (Table 7) ranging from greater than -3 to less than +3. 
These same ratings have been applied to WQIs calculated for Durham Region wetlands 
and other Lake Ontario wetlands in this report. 
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Table 7. WQI scores and categories based on Chow-Fraser (2006). 
WQI Score Category 

+3 to +2 Excellent 
+2 to +1 Very Good 
+1 to 0 Good 
0 to -1 Moderately Degraded 
-1 to -2 Very Degraded 
-2 to -3 Highly Degraded 

 
A WQI score for each sampling zone was calculated based on the average water 
parameter value for the three replicate sampling stations. A mean WQI was then 
determined for the two zones (if sampled) and an average WQI for the year calculated 
based on monthly means of WQI over the summer. Note that WQI could not be calculated 
for Frenchmanôs Bay, McLaughlin Bay and Rouge River marshes in 2006 since pH data 
were not collected.  
 
To assess temporal trends in the WQI in Durham Region wetlands, the Mann-Kendell 
trend test, a non-parametric correlational test, was performed. This test involves listing the 
observations in temporal order and computing all differences that may be formed between 
each of the observations and earlier observations. The test statistic S is the difference 
between the number of strictly positive differences and the number of strictly negative 
differences (USEPA 2000). This test is ideal for temporal analyses of this type since it is 
sensitive to small sample sizes (i.e., less than ten years), it does not assume any particular 
distributional form and can be performed using only one observation per time period. To 
examine regional temporal trends, it can also be modified to include multiple sampling 
locations (i.e., wetlands, and hence with multiple observations) per time period. As a 
requirement of this modified test, the condition of homogeneity of trend across wetlands 
was first verified prior to testing for overall monotonic (i.e., increasing or decreasing) trends 
(van Belle and Hughes 1984). Regional trend analyses were performed using only 2003 to 
2007 data since similar years of data collection among sites are required for analyses. To 
examine spatial trends (and minimize seasonal variability), the mean water quality 
parameter value for the month of July only was compared among sites as recommended 
in EC and CLOCA (2005); similarly, for temporal trend analyses, Mann-Kendell tests were 
performed using July data only. August data have been used for years in which no water 
measurements/collections were performed in July. Temporal trends using the Mann-
Kendell test for NO3 at Hydro Marsh and McLaughlin Bay Marsh could not be performed 
due to two equal measurements (ties) in the data. Temporal trend analyses were not 
performed for NH4, total phosphorus, or chlorophyll a due to an inability to compute a 
Mann-Kendell S statistic with so few years of data collection (i.e., three years).  
 
Parametric t-tests were performed to compare mean WQI scores between Durham Region 
wetlands and other Lake Ontario wetlands.  Where the conditions of homogeneity of 
variances were not met, non-parametric Mann-Whitney tests were performed.  In this 
report, a value of p<0.05 was considered statistically significant whereas 0.05<p<0.10 was 
considered marginally-significant.  
 
Turbidity 
Turbidity measurements represent a set of readings taken at a variety of locations 
throughout the wetland and, where possible, over the course of a number of sampling 
efforts. Similar to calculations of the WQI, the daily mean turbidity reading was considered 
as the sampling unit and an average monthly turbidity value was calculated based on daily 
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mean turbidity values for the month. The total numbers of daily means in which turbidity 
was measured over the six-year study period ranged from two visits at Gold Point Marsh, 
Whitby Harbour Marsh and Oshawa Creek Marsh in 2007 to 46 visits at Lynde Creek 
Marsh from 2002 to 2007. A yearly mean turbidity value was then determined for each site 
based on the monthly mean values of turbidity. Sampling effort varied among wetlands 
with visits generally at least once per month during the growing season from May to 
September. Occasionally wetlands were also sampled in April or October. In a few cases, 
no turbidity measurements were taken in a single year due to in-progress rehabilitation 
and/or construction projects or equipment malfunction.  
 
As with the water quality parameters, to examine spatial trends in turbidity values at 
Durham Region wetlands, the mean turbidity value for the month of July only was 
compared among sites (EC and CLOCA 2005). Temporal trends using the Mann-Kendell 
test were examined using yearly mean turbidity values and mean July values from 2002 to 
2007. July data were often based on a single sample reading (82%, i.e., 69/82 daily mean 
values) and in cases where no July data were collected, data for either August (11%), 
September (4%) or June (1%) were substituted for analyses. Regional temporal trend 
analyses using the modified Mann-Kendell test require that no more than one year of 
missing data can be tolerated (USEPA 2000); consequently Carruthers Creek, 
Frenchmanôs Bay and Rouge River marshes were removed from the analysis. A turbidity 
reading of 30 NTU was used as a benchmark for high turbidity in coastal wetlands 
(Canadian Council of Ministers of Environment 1999).  
 
As mentioned earlier, turbidity was generally measured using a turbidimeter. However, at 
Wilmot Creek Marsh and Port Newcastle Wetland, the Ganaraska Region Conservation 
Authority (GRCA) measured turbidity primarily with a spectrophotometer from 2004 to 
2006. Using this meter, turbidity is measured in FAUs (Formazin Attenuation Units; 79%, 
i.e., 33/42 samples). Since values determined using these two different instruments may 
not be comparable, turbidity measurements obtained using the spectrophotometer were 
not included. However, CLOCA also measured turbidity at these two wetlands using a 
turbidimeter, though less frequently (21%, i.e., 9/42 of samples). These latter readings 
were included in the analysis and, consequently, there were fewer turbidity measurements 
at these two wetlands relative to other wetlands.  

Results 

Within-site and Regional WQI Trends 

Almost all the Durham Region coastal wetlands had mean WQIs below zero for all study 
years (Table 8). Negative mean WQI scores were found in 75 of 77 wetland-years (97%) 
in 18 Durham Region coastal wetlands from 2002 to 2007. Based on Chow-Fraser (2006), 
water quality in the Durham Region coastal wetlands was categorized as ñmoderately 
degradedò at best. The lowest mean WQI values correspond to a water quality 
category/condition of ñhighly degradedò (WQI ranges from -2 to -3). These low values were 
observed in 11 of 18 wetlands (and 18 of 77 or 23% of wetland-years) with the lowest 
mean WQI found at McLaughlin Bay Marsh from 2003 to 2007 corresponding to a ñhighly 
degradedò water quality condition. Two wetlands, Frenchmanôs Bay Marsh in 2002 and 
Port Newcastle Wetland in 2006, scored positive mean WQI values of just above zero 
(0.19 and 0.15, respectively). These imply that the water quality was ñgoodò in those two 

years. The grand mean WQI value ( SD) for 18 Durham Region coastal wetlands from 
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2003 to 2007 was the lowest in 2005 (-1.88 0.42) and highest the following year in 2006 (-

1.11 0.58). 
 
In contrast, mean WQI values for the other 34 Lake Ontario wetlands were generally much 
higher than those at Durham Region wetlands. These numbers ranged from -2.41 at Port 
Britain in 2004 to 1.13 at Big Island West Marsh in 2007 (Table 8) corresponding to 
conditions ranging from ñhighly degradedò to ñgoodò. Mean WQI values for these Lake 

Ontario wetland sites ranged from -0.83 0.18 in 2005 to 0.17 0.55 in 2007. Where there 
were sufficient data for analysis, mean WQI scores for Durham Region wetlands were 
significantly, and consistently, lower than those at other Lake Ontario wetlands (two-tailed 
t-tests, 2003: t27=-6.16, p<0.0001; 2004: t20=-3.75, p=0.0013; 2005: U8,15=120.0, p<0.0001; 
2006: t30=-4.46, p=0.0001; 2007: t31=-9.00, p<0.0001).  
 
Table 8. Mean Water Quality Index (WQI) for Durham Region coastal wetlands and other 
Lake Ontario wetlands from 2002-2007. Durham Region coastal wetlands are shaded and 
their condition based on the average of WQI scores during the study period following 
categories in Chow-Fraser (2006). Wetlands are ordered vertically from west to east. (See 
Module 1- Figure 4 for locations). 

Wetland Condition 2002 2003 2004 2005 2006 2007 

Jordan Station Marsh   -1.95     

Rouge River Marsh v. degraded  -2.06 -1.58 -1.87  -1.45 

Frenchman's Bay Marsh v. degraded 0.19 -2.25 -1.13 -1.49  -1.17 

Hydro Marsh v. degraded  -2.08 -1.63 -2.01 -0.93 -1.69 

Duffins Creek Marsh v. degraded  -2.42 -1.91 -1.90 -1.16 -1.49 

Carruthers Creek Marsh v. degraded  -1.72 -1.94 -1.96 -1.51 -2.74 

Cranberry Marsh v. degraded  -1.15 -0.77 -2.06 -0.62 -1.35 

Lynde Creek Marsh v. degraded -1.54 -2.27 -1.96 -2.06 -2.16 -1.32 

Whitby Harbour Marsh v. degraded      -1.35 

Corbett Creek Marsh v. degraded  -1.78 -1.74 -2.35 -1.29 -1.68 

Pumphouse Marsh v. degraded  -1.28 -1.11 -2.47 -1.00 -2.55 

Oshawa Creek Marsh 
moderately 
degraded 

     -0.56 

Oshawa Second Marsh v. degraded  -1.74 -1.53 -1.21 -1.39 -1.17 

McLaughlin Bay Marsh 
highly 

degraded 
 -2.18 -2.61 -2.23  -2.69 

Gold Point Marsh v. degraded      -1.65 

Westside Marsh v. degraded  -2.23 -1.87 -2.44 -1.50 -1.55 

Bowmanville Marsh v. degraded  -1.88 -1.47 -1.42 -1.27 -1.59 

Wilmot Creek Marsh v. degraded  -1.05 -1.14 -1.56 -0.61 -1.44 

Port Newcastle Wetland 
moderately 
degraded 

 -1.27 -1.42 -1.21 0.15 -1.07 

Port Britain Marsh  -0.69 -1.65 -2.41    

Presqu'ile Bay Marsh  0.49      

Dead Creek Marsh      -0.09 0.21 

12 O'Clock Point Marsh      -1.76  

Carrying Place Marsh      -0.80 0.15 

Huyck's Bay  -0.19 -0.73 0.01    

Sawguin Creek Ditched      -0.12 0.35 
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Wetland Condition 2002 2003 2004 2005 2006 2007 

Marsh 

Sawguin Creek Central 
Marsh 

    -0.92 0.34 -0.70 

Sawguin Creek North 
Marsh 

     0.36 -0.79 

Blessington Creek Marsh     -0.95 0.29 0.54 

Robinson's Cove Marsh  -0.07 -0.28  -0.70 0.22 0.58 

Lower Salmon River Marsh      -0.94  

Big Island West Marsh     -0.67 0.99 1.13 

Big Island East Marsh     -0.58 0.53 -0.73 

Marysville Creek Marsh      0.32  

Solmesville East Marsh      0.26  

Lower Sucker Creek Marsh      0.22 0.33 

Lower Sucker Creek East 
Marsh 

     -0.76  

Airport Creek Marsh      -0.46 0.26 

Forester's Island Marsh      -0.12  

Lower Napanee River 
Marsh 

     0.04 0.46 

South Bay Marsh  0.00 -0.29     

Carnachan Bay Marsh       -0.16 

Big Sand Bay Marsh   -0.43 -0.45    

Hay Bay North Marsh  -1.15 -0.56 -0.34 -1.10 -0.01 0.72 

Hay Bay South Marsh   -0.09  -0.79 -0.72 0.26 

Parrott's Bay Marsh  -0.15 -0.39 -0.24 -0.94   

Little Cataraqui Creek 
Marsh 

  -1.23     

Button Bay Marsh  0.06 -0.71     

Bayfield Bay Marsh  -0.22 -0.33     

Amherst Island Undiked 
Marsh 

   -0.40    

Amherst Island Diked 
Marsh 

   -0.21    

Hill Island East Marsh  -0.29 -0.01     

Mean - Durham Region 
wetlands 

 -0.68 -1.82 -1.59 -1.88 -1.11 -1.59 

Mean - Other Lake 
Ontario wetlands  

 -0.22 -0.64 -0.58 -0.83 -0.11 0.17 

 
Trend analyses using the Mann-Kendell test revealed significant increases in yearly mean 
WQI at Duffins Creek Marsh (S=8, p=0.042) and Oshawa Second Marsh from 2003 to 
2007 (S=8, p=0.042). No significant changes in mean WQI over time were found at the 
other 13 Durham Region wetlands sampled for water quality from 2002/3 to 2007. Mean 
WQI scores for each year with associated categories (based on Chow-Fraser 2006) for all 
of the DRCWMP wetlands and the results of significant Mann-Kendell tests are shown in 
Appendix A ï Figure A-1. A regional trend analysis revealed an overall significant positive 
trend in WQI in Durham Region wetlands (X2=5.41, df=1, p<0.025). However, upon 
removal of the two wetlands where significant trends were reported (i.e., Duffins Creek and 
Oshawa Second marshes), a positive trend was no longer evident (X2=1.99, p>0.1). 
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Within-site and Regional Water Quality Parameter Trends 

Mean water quality parameter values at each of the Durham Region wetlands in July from 
2002 to 2007 (where available) and the results of temporal trend analyses at each site for 
each of the parameters were calculated (Appendix A - Table A-1). Overall, mean water 
temperature during the study period ranged from 19.33 oC at Oshawa Creek Marsh in 
2007 to 27.58 oC at Pumphouse Marsh from 2003 to 2007. A significant increase in July 
mean temperature was found at Pumphouse Marsh (S=10, p=0.0083, range= 21.61 oC - 
34.97 oC), Carruthers Creek Marsh (S=8, p=0.042, range=21.09 oC-29.07 oC), Oshawa 
Second Marsh (S=8, p=0.042, range=17.14 oC - 26.43 oC), and Lynde Creek Marsh (S=11, 
p=0.028, range=20.75 oC - 28.34 oC); a marginally significant increase in July water 
temperature was also found at Frenchmanôs Bay Marsh (S=9, p=0.068, range=18.92 oC - 
27.95 oC) from 2002 to 2007. An overall regional trend analysis revealed a significant 
positive trend in July water temperature across Durham Region wetlands (X2=19.04, df=1, 
p<0.005).  
 
Mean pH ranged from 7.57 at Rouge River Marsh to 8.60 at Pumphouse Marsh from 2003 
to 2007. Significant increases in pH were found at Duffins Creek Marsh (S=10, p=0.0083, 
range=7.89 - 8.72), McLaughlin Bay Marsh (S=6, p=0.042, range=8.02 - 9.12), Port 
Newcastle Wetland (S=10, p=0.0083, range=7.78 - 8.81), and Frenchmanôs Bay Marsh 
(S=8, p=0.042, range=6.96 - 8.92) during the study period; a marginally significant 
increase in July pH was also found at Lynde Creek Marsh (S=9, p=0.068, range=7.07 -
8.78) from 2002 to 2007. An overall regional trend analysis revealed a significant positive 
trend in July pH across Durham Region wetlands (X2=10.95, df=1, p<0.005).  
 
Mean conductivity ranged from 392.75 µS cm-1 at Oshawa Creek Marsh in 2007 to highs of 
1722.27 µS cm-1 at Corbett Creek from 2003 to 2007 and 2155.00 µS cm-1 at Gold Point 
Marsh in 2007. A marginally significant decrease in July conductivity was found at Lynde 
Creek Marsh (S=-9, p=0.068, range=550.67 ï 895.00) from 2002 to 2007. An overall 
regional trend analysis revealed no significant trend in July conductivity across Durham 
Region wetlands during the study period (X2=1.94, df=1, p>0.10). 
 
Mean turbidity ranged from 12.01 NTU in Oshawa Creek Marsh to 60.54 NTU at 
McLaughlin Bay; note that details of spatial and temporal trend analyses for turbidity are 
provided in the following section.  
 
Mean nitrate nitrogen (NO3) concentrations were lowest at McLaughlin Bay Marsh (0.45 
mg L-1) and highest at Wilmot Creek Marsh (3.91 mg L-1) from 2003 to 2007; the highest 
concentration was found in Whitby Harbour Marsh (18.55 mg L-1) in 2007. A significant 
increase in NO3 concentrations was found at Wilmot Creek Marsh (S=10, p=0.0083, 
range=0.93 mg L-1 - 6.50 mg L-1) and a significant decrease was found at Cranberry Marsh 
(S=-8, p=0.042, range=0.00 - 3.71 mg L-1) from 2003 to 2007. An overall regional trend 
analysis revealed a significant negative trend in July NO3 across Durham Region wetlands 
(X2=8.53, df=1, p<0.005).  
 
Mean ammonia (NH4) concentrations in July ranged from 0.03 mg L-1 at Westside Marsh 
and Bowmanville Marsh to 0.21 mg L-1 at Pumphouse Marsh in water collections in 2005 
and 2006.  
 
Mean total phosphorus concentrations ranged from 0.06 mg L-1 at Oshawa Second Marsh 
to a high of 0.66 mg L-1 at Cranberry Marsh in 2003/4 to 2005. 
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Lastly, mean chlorophyll a concentrations were lowest at Gold Point Marsh in 2007 (2.00 
µg L-1) and highest at Cranberry Marsh (90.86 µg L-1) in water samples collected in 2003, 
2005 and 2007. 
 
Briefly, values for water quality parameters were markedly different between coastal 
wetlands found in Durham Region compared to those found in other coastal wetlands of 
Lake Ontario (Appendix A ï Table A-2). A comparison of the grand mean values between 
the two groups indicates that conductivity, turbidity, ammonia, nitrate nitrogen, total 
phosphorus and chlorophyll a were found at levels which are two to three times higher in 
coastal wetlands in Durham Region compared to elsewhere. Elevated values of 
conductivity and turbidity contribute to the low WQI scores (and hence relatively poorer 
water quality) calculated for Durham Region wetlands relative to WQI scores at the other 
Lake Ontario sites.  

Turbidity - Spatial Trends 

Mean turbidity values for all years combined varied among the 18 Durham Region coastal 
wetlands (Figure 10). Similar spatial patterns were evident when comparing mean turbidity 
values generated using the data for all the months (i.e., May to September) and using data 

for July only. The highest mean turbidity value ( SD) for all years combined was found in 

McLaughlin Bay Marsh (all months = 47.4 14.1 NTU; July only= 54.2 13.1 NTU) while the 
lowest mean year turbidity value was found at Wilmot Creek Marsh using all months of 

data (10.5 9.0 NTU) and at Oshawa Second Marsh using the July only data (6.7 3.6 
NTU). Mean turbidity values for each year using July data for each of the wetlands are 
reported in Module 4. 
 
For both sets of data, mean turbidity values in four Durham Region coastal wetlands from 
2002 to 2007 combined exceeded the threshold of 30 NTU representing highly turbid 
water: Duffins Creek, Carruthers Creek, Lynde Creek and McLaughlin Bay marshes. 
Bowmanville Marsh had a mean turbidity value which exceeded the threshold using the 
July data, but fell below the threshold when all months of data were included in the 
calculation. Overall, there was a high degree of variability in mean turbidity levels recorded 
among years within a wetland and most notably in these five wetlands. At Lynde Creek 
Marsh, for instance, turbidity values in July varied widely, ranging from 23.95 NTU in 2002 
to 132.9 NTU in 2004. Mean turbidity values for all years combined were lower than the 
threshold for the remaining 13 Durham Region wetlands.  
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Figure 2. Mean (±SD) turbidity values for all years combined in Durham Region coastal 
wetlands from 2002-2007 (where available) based on monthly mean turbidity values 
recorded in May to September (all months) and in July only for comparison purposes. The 
horizontal line at 30 NTU represents the benchmark associated with high turbidity (CCME 
1999). Monthly mean turbidity values are based on daily means of a number of turbidity 
readings in the wetland recorded in one day. See Table 9 for the years for which turbidity 
was measured at each wetland sample sizes. 
 
Table 9 provides a more detailed profile of the turbidity data by examining mean daily 
turbidity values at Durham Region coastal wetlands. Numbers of daily means exceeding 
the turbidity guideline value of 30 NTU indicated that, with the exception of four sites, all 
wetlands exceeded the threshold at least one day. As expected, wetlands with the highest 
mean turbidity values (i.e., Duffins Creek, Carruthers Creek, Lynde Creek, McLaughlin Bay 
and Bowmanville marshes), most frequently exceeded the guideline (at least 26% of the 
time). Furthermore, daily mean turbidity values exceeded 100 NTUs at four of these 
wetlands: Duffins Creek, Carruthers Creek, Lynde Creek, and McLaughlin Bay marshes. 
While a high rate of exceedance was found at Westside Marsh (30%), five out of the seven 
of these were below 40 NTU resulting in a relatively lower overall mean yearly average 
(Figure 2). Fewer exceedances were found in Frenchmanôs Bay and Oshawa Second 
marshes (range=3-4%), with a single exceedance reported in each of these wetlands. No 
exceedances were found in Wilmot Creek Marsh, Oshawa Creek Marsh, Gold Point Marsh 
and Whitby Harbour Marsh. These last three sites were recently added to the DRCWMP 
with turbidity measurements taken on two occasions in 2007. 






































































































































