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SUMMARY  

 
The National Marine Nutrient Database recently developed by Environment Canada was 

analyzed to examine regional trends in the extent of nutrient over-enrichment in Canadian 

nearshore coastal waters, and to provide a reference basis for nutrient levels that may be 

used to establish initial regional guidelines and/or reference conditions for dealing with 

coastal systems exhibiting symptoms of nutrient over-enrichment.  In addition, a case 

study using nearshore systems in Prince Edward Island was carried out in an attempt to 

establish nutrient standards based on a coastal systemôs susceptibility to nutrient over-

enrichment.  

 

The analyses of the National Marine Database consisted of mapping the levels of four 

parameters typically used to assess nutrient over-enrichment (nitrogen, phosphorus, 

chlorophyll a and dissolved oxygen concentration), and basic statistical analyses to 

determine the degree of regional differences between these parameters. The results 

suggest that, although some regions of Canada exhibit evidence of nutrient over-

enrichment, especially Prince Edward Island where costal watersheds are characterized 

by porous soils and high levels of agricultural activity, most Canadian nearshore waters 

do not appear to be exhibit symptoms of nutrient over-enrichment as a result of 

anthropogenic activities.  In addition, there is some evidence that West coast nearshore 

waters have higher nutrient concentrations than East coast nearshore waters, but the 

reasons for this are not readily evident based on information currently available. 

 

The results of the case study carried out for PEI nearshore systems illustrated that, 

although coastal systems having a high level of agricultural activity within their 

watershed are more susceptible to nutrient over-enrichment, the response to nutrient over-

enrichment depends on physical characteristics of the system that determine its ability to 

either dilute or export nutrients entering the system.  An approach was developed to 

establish nutrient standards for coastal systems based on their potential susceptibility to 

nutrient over-enrichment. 
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1. Background   
 

Marine eutrophication is a growing concern in many estuaries, inlets and coastal systems 

on both the east and west coasts of Canada. Agricultural practices are often thought to 

play a prominent role in nutrient over-enrichment of coastal systems.  This is particularly 

true in some areas of Eastern Canada, such as Prince Edward Island, where nutrient over-

enrichment caused by runoff of agricultural fertilizers has resulted in extensive growths 

of marine algae and the resulting development of anoxic/hypoxic conditions in many 

coastal systems.  Environment Canadaôs Agricultural Policy Framework (APF) includes 

the need to develop a suite of non-regulatory standards to specify desired levels of 

environmental quality required in waters receiving inputs from agricultural areas, and for 

validating best management practices.   

 

Preliminary work carried out by Environment Canada to address this problem has 

involved identification of existing datasets on nutrient levels and other parameters 

relevant to marine eutrophication (Brylinsky et al. 2005), collation of this data into a 

Microsoft
®
 Access National Marine Nutrient Database, and an initial analysis of the data 

to determine regional levels and patterns for nearshore Canadian waters (Brylinsky et al. 

2006).  The initial analysis identified potential errors in the database related primarily to 

inconsistencies in the conversion factors used during compilation of the various 

databases.  In addition, the original analysis of regional levels and patterns was limited to 

waters having salinities Ò30 psu.  It is possible that this criterion may have excluded 

relevant data from nearshore areas in some regions. 

 

An additional initial study involved examining the relationship between parameters 

related to nutrient over-enrichment of nearshore waters and the level of agricultural 

activity within the corresponding watershed for a number of watersheds in Prince Edward 

Island (Brylinsky et al. 2006).  Although preliminary, this analysis showed a general 

correspondence between agricultural activity and nutrient enrichment. 

 

The major objectives of the project reported on here were to: 

 

1. Evaluate the National Marine Nutrient Database for possible errors and make the 

necessary corrections.  This included comparing the Access database to the 

original databases from which it was compiled to ensue that the appropriate 

conversion units were used and correcting any errors identified, 

 

2. Examine the relationship between salinity and the distribution of data within the 

National Maine Nutrient Database to determine the salinity level most appropriate 

and representative of marine nearshore waters, 

 

3. Prepare a set of maps illustrating spatial trends in the parameters relevant to 

marine nutrient over-enrichment contained within the National Marine Nutrient 

Database, 
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4. Using the percentile approach developed by the USEPA and recommended by the 

Canadian Council for Ministers of the Environment for use in Canada, calculate 

reference/background levels for parameters revenant to nutrient over-enrichment 

and, based on these results, recommend criteria for these parameters,  

 

5. Develop an index of trophic status for each site for which the required data are 

available and produce maps showing the regional trends in this index and, 

 

6. Using data available for agricultural activities within Prince Edward Island coastal 

watersheds, determine the degree to which the levels of nutrient over-enrichment 

parameters are correlated to agricultural activities, and determine if an approach 

can be developed to establish nutrient standards for these systems based on their 

susceptibility to nutrient over-enrichment. 

 

 

 

2. Validation of the National Marine Nutrient Database 

 

The National Marine Nutrient Database was compiled from 19 different sources which 

included various Federal and Provincial agencies as well as numerous consulting firms.  

By far the largest portion of the data was obtained from the MEDS and BIOCHEM 

databases developed by the Department of Fisheries and Oceans.  The compiled database 

contains more than 600,000 records on 24 parameters and includes the location and time 

of collection for each record.  The parameters contained in the database fall into four 

categories: nutrients (various forms of phosphorus, nitrogen and silicate); carbon (organic 

and inorganic forms); algal biomass (mainly as chlorophyll a); dissolved oxygen; and 

water transparency (as Secchi disk depth). 

 

Based on the results of an initial analysis of this database (Brylinsky et al. 2006), it 

appeared that some of the data compiled for the parameters most relevant to analyses of 

marine nutrient over-enrichment and trophic state (nitrate, phosphate, chlorophyll a and 

dissolved oxygen concentration) may have not been standardized to common units of 

measurement prior to collation into the main database.  To validate the main database 

prior to any further analyses, the data contained within the original databases, as well as 

the conversion factors used in compiling the final database, were examined to determine 

if any errors had been made.   

 

The only errors found were for chlorophyll a which was reported as mg/L for one 

database whereas in all other databases it was reported as µg/L.  The main database was 

therefore corrected so that the measurement unit for all of the chlorophyll a data is µg/L.   

 

3. Determination of Appropriate Records for Nearshore Waters 

 

Many of the more than 600,000 records contained in the National Marine Nutrient 

Database are for sites located well offshore.  In order to determine which records best 

represent nearshore marine waters, an analysis of the distribution of data based on various 
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levels of salinity was carried out.  The number (Table 3.1 and Figure 3.1) of sites having 

salinity values ranging from Ò 30 to Ò35 psu was determined and mapped at 1 psu 

intervals, and from this a decision was made as to which salinity levels should be 

included in the analysis.  The greatest amount of data on all of the parameters is 

contained in the Ò30 salinity range and the least is contained in the >34-Ò35 range.  

About 93 % of the data is contained within the Ò33 range. 

 

The final decision was to include all records for data collected at sites within 10 km of the 

shoreline having salinities >30 and Ò33 psu and all sites having salinities Ò30 psu since these 

sites are highly likely to contain significant amounts of freshwater inputs.  These two criteria 

was considered to best represent nearshore waters since offshore waters typically have 

salinities >34 psu.  In addition, data on nitrate, phosphate and chlorophyll a were limited 

to surface waters (depths Ò6 m), which is about the depth where there is sufficient light 

for photosynthesis to occur, and data for dissolved oxygen concentration was limited to 

bottom waters (depths Ó 6 m) since surface waters are seldom depleted of dissolved 

oxygen, especially when the water column is stratified.  The resulting database contained 

a total of 84,718 records on nitrate, phosphate chlorophyll a and dissolved oxygen 

concentration.  

 

 

 

Table 3.1 Number of records for each parameter within each salinity category 

Salinity Chlorophyll a 
Dissolved 

Oxygen 
Nitrate Phosphate 

Ò30 5399 9756 8513 10515 

>30-Ò31 2455 3789 3412 4028 

>31-Ò32 3883 6245 5824 6001 

>32-Ò33 4065 1740 4866 5227 

>33-Ò34 1460 1322 1344 1715 

>34-Ò35 184 129 234 398 
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Figure 3.1 Number of each parameter for each salinity level. 

 

 

4. Mapping of Trophic State Parameters 

 

Maps were generated using the ArcGIS 9 Geographic Information System software.  

Base maps were obtained from the ESRI Data and Maps Media Kit that accompanies this 

software package.  Data was displayed using NAD 27 coordinates. 

 

Maps were produced on a regional basis in order to produce larger scale maps that 

allowed for better resolution of the data.  The regions selected were East, Northeast, West 

and Northwest.  The geographic coordinates used to define each region are listed in Table 

4.1 and the regions are depicted in Figure 4.1. 

 

 

Table 4.1 Coordinates used to define each region. 

REGION Latitude Longitude 

East Ò 52.00 Ó -77.68 

Northeast > 52.00 Ó -77.68  

West Ò 52.00 < -77.68 

Northwest >52.00 < -77.68 
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Figure 4.1 Delineation of regions. 

 

 

The parameters chosen for mapping were those typically used to assess trophic state.  

These included two causal
1
 parameters (nitrate and phosphate concentration) and two 

response
2
 parameters (chlorophyll a and dissolved oxygen concentration). 

 

Figure 4.1 illustrates the spatial distribution of data available for analysis.  The greatest 

amount of data available is for the East region and the least amount of data available is 

for the Northern regions.  The spatial distribution of each of the four trophic state 

parameters is illustrated in Figure 4.2 and follows the same trends.  The East is well 

represented for all four parameters, but the West, with the exception of dissolved oxygen 

concentration, is poorly represented for most of the parameters.  There is only one value 

of chlorophyll a concentration for the West, and relatively little chlorophyll a data for the 

Northwest.  Table 5.1 provides more details of the actual numbers of data for each region. 

 

                                                 
1
The term ócausalô refers to parameters that are considered to be the main causes of nutrient over-

enrichment. 
2
The term óresponseô refers to parameters that are considered to be indicative of the degree of nutrient over-

enrichment 
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Figure 4.2 Spatial distribution of data available for mapping. 
 

 

 

. 
 

Figure 4.3 Spatial distribution of data for each parameter. 
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Mapping of the relative level of trophic state parameters was based on the trophic state 

level criteria proposed by Bricker et al. (1999).  These are listed in Table 4.2.  These 

criteria were established on the basis of an extensive survey of US coastal waters and are 

considered to represent general guidelines for determining the degree of nutrient over-

enrichment within a particular coastal system.
1
  

 

 

Table 4.2 Eutrophication criteria based on guidelines proposed by Bricker et al. 

(1999). 

Degree of 

Nutrient  

Over-enrichment 

Total 

Dissolved N 

(mg L
-1
) 

Total 

Dissolved P 

(mg L
-1
) 

Chl a 

(ug L
-1
) 

Dissolved 

Oxygen 

(mg/L) 

Low 0 - Ò0.1 0 - Ò0.01 0 - Ò5 > 4 

Medium >0.1 - Ò1 >0.01 - Ò0.1 >5 - Ò20 - 

High >1 >0.1 >20 Ò 4 

 

 

Appendix I contains a series of maps showing the spatial distributions of trophic state 

levels for each parameter for each region.  Figure 4.4 illustrates the percentage of trophic 

categories falling within each region for each parameter, and Figure 4.5 illustrates the 

mean value of each parameter for each region in relation to the Bricker et al. (1999) 

guidelines.   

 

For the East and West regions, the majority of nitrate levels fall within the medium 

category.  For the Northeast and Northwest, most are about equally divided into the low 

and medium categories.  The West and Northwest are the only regions which contain a 

significant percentage of values within the high category. 

 

For phosphate, the East and Northeast regions contain levels that fall mostly within the 

medium category and the West region contains mostly high levels.  The Northwest region 

contains about equal numbers within the medium and high categories.  Only the 

Northwest contains a significant percentage of nitrate values within the low category. 

 

Chlorophyll a levels are mostly low in all regions (note that there is little chlorophyll a 

data for the West region).  Relatively few values fall within the medium and high 

categories for any region. 

 

                                                 
1
 The values for dissolved inorganic nitrogen available within the main database are slightly different than 

those used in the Bricker et al. (1999) guidelines.  Total dissolved nitrogen consists primarily of ammonia, 

nitrite and nitrate nitrogen.  The main database, however, contains relatively little data on ammonia and 

nitrite nitrogen so the analysis was limited to nitrate nitrogen concentrations. This, however, should make 

little difference since ammonia and nitrite are typically present in significant amounts only under 

conditions of low dissolved oxygen concentration which was relatively rare within the database.  
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Dissolved oxygen levels are mainly low for all regions.  Note that a low level in this case 

is indicative of a low level of nutrient enrichment rather than a low level of dissolved 

oxygen.  Like chlorophyll a, for all regions very few values fall with the medium and 

high categories. 
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Figure 4.4 Percentage of trophic state levels contained in each category. 
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Figure 4.5 Mean values of trophic state parameters for each region (dashed lines represent the 

divisions between the nutrient criteria categories proposed by Bricker et al. 1999). 
 

Although it is likely that in some regions, notably the nearshore areas of Prince Edward 

Island, land based nutrient inputs are responsible for the generally high nutrient levels in 

Canadian nearshore waters, the influence of upwelling deep oceanic water, which is 
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known to occur along both the East and West coasts of Canada, may also play a major 

role. 

 

The lower mean dissolved oxygen values within the Western regions relative to other 

regions suggests that nutrient over-enrichment may be a problem in some areas of this 

region.  The data available for the Western region may, however, be somewhat biased.  

The abundance of dissolved oxygen concentration observations relative to other 

parameters within the Western regions suggests that this data was collected as part of 

surveys that were specifically looking for areas of depleted dissolved oxygen levels.  

Much of this data was supplied by consulting firms and was collected as part of 

monitoring programs for various types of industries that release effluents into coastal 

waters.  In contrast, most of the data for the Eastern regions was collected by Federal 

laboratories as part of routine exploratory surveys.  As a result, it is difficult to reach any 

definitive conclusions from the regional analyses carried out using this database without 

having additional information on the objectives and potential biases of the sampling 

programs under which the data was collected. 

 

 

5. Development of Nutrient Standards for Canadian Nearshore Waters 

 

The relatively high levels of the two causal parameters, nitrate and phosphate, together 

with the relatively low levels of the two response parameters, chlorophyll a and dissolved 

oxygen, present somewhat of a dilemma and suggest that direct application of the Bricker 

et al. (1999) nutrient criteria may not be appropriate for developing nutrient standards for 

Canadian nearshore waters.  For some reason, relatively high nutrient concentrations do 

not result in high chlorophyll a levels or depressed levels of dissolved oxygen within 

Canadian waters to the same extent they do in more southern latitudes.  This may be at 

least partially due to the colder waters and shorter growing season in northern latitudes.  

It would be useful to further evaluate the relationships between nutrient levels and 

chlorophyll a and dissolved oxygen concentrations for each region to see if any 

significant relationships exist between these parameters.  This may require using subsets 

of the database that are limited to data collected during the growing season. 

 

An approach to developing nutrient standards has been developed by the USEPA 

(USEPA 2001) and is based on an analysis of the frequency distribution of each of the 

causal and response parameters relevant to nutrient over-enrichment.  This approach has 

recently been adopted by the Canadian Council for the Ministers of the Environment 

(2007) to establish nutrient standards for Canadian nearshore waters.  In this approach, 

where the data is known to have come from relatively pristine unimpacted sites, the upper 

75
th
 percentile is typically chosen as a reference condition guideline.  If the data is from 

both pristine sites and sites known to be subjected to some anthropogenic impacts, the 

lower 25
th
 percentile is typically chosen. 

 

Table 5.1 contains a statistical summary for each parameter for each region.  Frequency 

and quantile plots for the same are contained in Appendix II.   Also listed are the statistics 
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for waters having salinities Ò30 psu, waters having salinities >30 - Ò33 psu and located 

within 10 km of the shoreline, and for both datasets combined.   

 

Median nitrate values for the West region are significantly higher, by a factor of about 

ten, than those for the Northwest and both Eastern sites.  Median phosphate values are 

also higher for the West regions, but only by a factor of about two.  The median 

phosphate values for the Eastern and Northwestern regions are within the same range.  

The median chlorophyll a value for the Northwest is very low compared to the Eastern 

regions.  Within the Eastern Regions the Northeast median is significantly higher that the 

East region.  The median dissolved oxygen values vary little among regions except for 

the West region where it is considerably lower than the median value for all other 

regions. 

 

In summary, the West region exhibits the highest median values for nutrients and the 

lowest median values for dissolved oxygen.  As discussed in Section 4, this trend may be 

related to possible differences in the objectives of the programs for which the data was 

collected. 
 

In comparing median values for low and high salinity waters, there is little difference 

between nitrate values for the two Eastern regions, but within the West regions the 

median value is significantly higher for higher salinity waters.  For phosphate, the only 

significant difference in medians is for the Northwest region where the median for the 

higher salinity waters is an order of magnitude greater than the median for lower salinity 

waters.  For chlorophyll a, within the East region the median value for the lower salinity 

waters is about three times that of the higher salinity waters which is likely an indication 

of the influence of freshwater nutrient inputs.  There is insufficient chlorophyll a data for 

the Western regions to compare differences related to salinity.  For dissolved oxygen, the 

only significant difference is for the West region where the median for higher salinity 

waters is lower than the median for the lower salinity waters. 

 

With respect to the feasibility of utilizing the information contained in Table 5.1 as a 

basis for reference or background levels for parameters related to nutrient over-

enrichment of Canadian nearshore waters, this is likely to be appropriate for the Eastern 

region, but not for the Western region.  The higher median values of nutrients for the 

Western region, together with the low median for dissolved oxygen, strongly suggest that 

the databases compiled for the Western region are likely to be from numerous sites that 

are far from pristine. 
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Table 5.1 Number of records and percentiles for each region and salinity range. 

Region Dataset 

Nitrate ïN 

(mg/L) 

Phosphate-P 

(mg/L) 

Chlorophyll a 

(ug/L) 

Dissolved Oxygen 

(mg/L) 
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East 

PSU Ò30 7159 0.009 0.038 0.154 4507 0.023 0.040 0.065 5102 1.0 2.5 5.5 728 6.9 8.5 9.4 

PSU >30 - Ò33* 12502 0.010 0.040 0.213 11090 0.028 0.047 0.073 9734 0.4 0.8 1.8 1079 8.1 9.5 10.8 

All  East 19661 0.010 0.034 0.161 15597 0.027 0.043 0.071 14836 0.5 1.1 3.0 1807 7.7 9.0 10.3 

Northeast 

PSU Ò30 241 0.001 0.011 0.087 559 0.022 0.032 0.049 196 0.7 1.1 1.9 212 10.1 10.3 10.6 

PSU >30 - Ò33* 1170 0.007 0.050 0.148 1912 0.032 0.048 0.068 669 1.1 2.1 3.6 317 10.9 11.5 12.3 

All Northeast 1411 0.006 0.038 0.144 2471 0.029 0.045 0.065 865 0.9 1.7 3.3 529 10.3 10.9 11.9 

West 

PSU Ò30 275 0.155 0.036 0.949 4257 0.106 0.193 0.244 

Only one data value 

available 

8243 6.7 7.9 8.5 

PSU >30 - Ò33* 204 0.037 0.211 0.794 982 0.129 0.187 0.227 7797 4.8 5.8 6.6 

All West 479 0.087 0.310 0.880 5239 0.109 0.191 0.241 16040 6.0 7.0 7.9 

Northwest 

PSU Ò30 838 0.012 0.037 0.174 1192 0.008 0.038 0.101 102 0.3 0.5 0.7 573 8.9 10.3 11.6 

PSU >30 - Ò33* 227 0.167 0.583 1.209 453 0.083 0.140 0.214 No Data 2582 7.5 8.9 10.0 

All Northwest 1065 0.120 0.050 0.384 1645 0.017 0.064 0.148 102 0.3 0.5 0.7 3155 7.7 9.2 10.3 

*Limited to sites located within 10 km of the shoreline. 

 



                                                           Relating Nutrient Over-enrichment to Agricultural Activities  

 

 13 

6. Composite Index of Trophic State 

 

In order to develop a better visual representation of the spatial variations in trophic status, 

an attempt was made to derive a composite index of trophic state based on the Bricker 

(1999) trophic state parameters listed in Table 4.2.  An index of trophic state could be 

developed for each parameter by assigning a value of 1, 2 or 3 corresponding to a low, 

medium and high trophic index for each parameter, and then summing the values.  Sites 

having all of the parameters falling into the low category would have an index of 4 while 

a site being high in all categories would have an index of 12.  The summed trophic status 

for each site in the database could then be mapped according to the following categories: 

4 - Ò6, >6 -Ò 10, and >10 Ò12 which would correspond to low, medium and high trophic 

states.  However, this became problematic because the dissolved oxygen data was 

selected to include only those data collected at depths Ó6 m and chlorophyll a 

concentration is not typically measured in bottom waters which resulted in only 25 

records for which all four parameters were measured at the same site and time.  As a 

result, the index was calculated by excluding dissolved oxygen and the summed trophic 

index was revised as follows: low, 1 - Ò3; medium, >3 - Ò 6; and high >6 ï 9.   

 

Of the 84,902 records contained within the main database, there were 3,246 instances in 

which all three parameters were measured at the same site and time.  However, because 

no chlorophyll a data was available for the West region, this dataset included only data 

for the East, Northeast and Northwest regions.  Most of the data (2,760 records) is for the 

East region.  The Northeast and Northwest regions had 385 and 101 records, respectively. 

 

Figure 6.1 contains scatterplots showing the relationship between each trophic parameter 

for each region as well as for all regions combined.  Although there is an obvious positive 

relationship between phosphate and nitrate, except for the Northwest region, neither of 

these nutrients exhibits a clear relationship to chlorophyll a levels.   

 

When the composite index was calculated for this dataset, all but four of the values fell 

within the medium range, largely as a result of the relatively high values of phosphate 

and low values of chlorophyll a.  As a result, this approach proved unsuccessful and 

suggests that the Bricker et al. (1999) nutrient criteria for evaluating trophic status are not 

applicable for Canadian nearshore waters. 
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Figure 6.1 Relationships between trophic parameters. 

 


