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Mapping and Aalysis of Nutrient.evels

SUMMARY

The National MarineNutrient Databaseecently developed binvironmentCanada was
analyzedo examinegegionaltrendsin the extent ofhutrient overenrichment inCanadian
nearshore coastal wateesd to provide aeference basifor nutrient levels that may be
used to establisnitial regional guidelinesnd/orreference coditionsfor dealing with
coastal systems exhibiting symptoms of nutrient -@reichment. In addition, a case
studyusing nearshore systems in Prince Edward Islaasl carriecout in an attempt to
establish nutrienstandardd ased on a csosaeptibibty to rautyiett ogemo s
enrichment.

The analysesof the National Marine Databas®nsisted of mapping the levels of four
parameters typically used to assess nutrient-emdachment (nitrogen, phosphorus,
chlorophyll a and dissolved oxygemoncetration), and basic statistical analyses to
determine thedegree of regional differences between these paraméibes.esults
suggest thatalthough some regionsf Canadaexhibit evidence of nutrient over
enrichment,especially Prince Edward Island wherestal watersheds are characterized
by porous soils and high levels of agricultural activihgstCanadian nearshore wede
do not appear to be exhibit symptoms of nutrient egerichment as a result of
anthropogenic activities. In addition, there @n& evidence¢hat West coashearshore
waters have higher nutrient cocentrations than East coast nearshore waters the
reasons for this are not readily evident based on information currently available.

The results of thecase study caed out for PE nearshore systems illustrated that,
although coastal systems having a high level of agricultural activity within their
watershed are more susceptible to nutrient-eveichment, theesponse toutrient over
enrichment depends on physical charactesstidhe systenthat determine gability to
either dilute or exporhutrientsentering the system.An approach was developed
establish nutrienstandardgor coastal systems based on their potential susceptibility to
nutrient overenrichment.
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1. Background

Marine eutrophication is a growing caro in many estuaries, inlets and coastal systems
on both the east and west coast€CahadaAgricultural practices are often thought to
play a prominent role in nutrient ovenrichment of coastal systems. This is particularly
true in some areas of East Canada, such as Prince Edward Island, where nutrient over
enrichmentcausedoy runoff of agricultural fertilizers has resulted in extensive growths
of marine &gae andthe resulting development of anoftigpoxic conditions in many
coastal systemsEnvi r o0 n me n t Ag@alturaldPalibydramework (APF) includes
the need to develop a suite of A@gyulatory standards to specifiesired levels of
environmental quality required waters receiving inputs frongdcultural areasand for
validating best mnagement practices.

Preliminary work carried out by Environment Canadato address this problem has
involved identification of existing datasetsn nutrient levels and other parameters
relevant to marine eutrophicatidBrylinsky et al. 2005 collation of this data into a
Microsoft® AccessNational Marine NutrienDatabase, and an initial analysis of the data
to determine regional levels and patterns for nearshore Canadian (Baydirsky et al.
2009. The initial analysis identifiecpotentialerrorsin the database related primarity
inconsistencies in theconversion factors usedduring compilation of the various
databasesIn addition, the original analysid cegional levels and patterns was limited to
waters havi ng . dtdslpbssiblet thaethis ct&ion manave excluded
relevantdata from nearshore areas in some regions.

An additional initial study involved examining the relationship betwparameters
related to nutrient oveenrichment 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 analysshowed a general
correspondence betweagriculturalactivity and nutrient enrichment.

The majorobjectives of tk project reported on hewneereto:

1. Evaluate the NationdWarine Nutrient Database for possible errors and make the
necessary corrections.This included comparing théccess datalse to the
original databases from which it was compiled to ensue that the appropriate
conversion units were used and coriregany errors identified,

2. Examine the relationship between salinity and the distribudfaata within the
NationalMaine Nutrient Databaséo determine the salinity level most appropriate
and representative afarine nearshore waters

3. Prepare a set of maps illustratisgatial trends in the parameters relevant to
marine nutrient oveenrichment contained within the National Marine Nutrient
Databasg
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4. Using the percentile approach developgdhe USEPA and recommended by the
Canadian Council for Ministers of the Environméntt use in Canadaalculate
reference/background levels fparamegrs revenant to nutrient ovenrichment
and, based on thesesultsrecommendriteria for these parameters

5. Develop an index of trophic status feach site for which the required data are
available and produce maps showing tlegional trends in thisdex and,

6. Using data available for agricultural activities within Prince Edward Istaxadtal
watershedsdetermine the degree to which the lev@siutrient overenrichment
parametersre correlatedto agricultural activitiesand determine if an apgach
can be developed to establish nutristaindardgor these systemisased on the
susceptibility to nutrient oveenrichment

2. Validation of the National Marine Nutrient Database

The National Marine Nutrient Database was compiled from 19 diffesourcesvhich
includedvariousFederal and Provincial agencies as well as numerous consirtimrsy

By far the largest portion of the data was obtained from the MEDS and BIOCHEM
databases developed by the Department of Fisheries and Odéensomjiled database
containsmore than 600,000 records 24 parameterand 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 keatesy; carbon (organic

and inorganic forms); algal biomass (mainly as chlorop)ylldissolved oxygenand

water transparency (as Secdtsk depth)

Based on the results @in initial analysisof this databaseBrylinsky et al. 200§ it
appeared thatome ofthe data compiled fathe parametersostrelevant to analyses of
marine nutrient oveenrichment and trophic state (nitrate, phosphate, chlorophayiid
dissolved oxygen concentratiomjay have not been standardized to common units of
measuremenprior to collation into the main databas@&o validate the main database
prior to any further analgs, the data contained within the original databases, as well as
the conversion factors us@dcompling the final databasevere examined to determine

if any errors had been made.

The only errors found were for chlorophwl which was reported as mg/L for one
database whereas in all other databases it was reported as pg/maiftdatabase was
therefore correcteslo that theneasuremeninit for all of the chlorophylla data isug/L.

3. Determination of Appropriate Records forNearshore Waters
Many of the more than 600,000ecordscontained in the National Marine Nutrient

Databaseare for siteslocatedwell offshore. In order todetermine whiclrecords best
represent nearshore marine waters, an analysis of the distribution of data based on various
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levels of salinity vascarried out. The numbe(Table 3.1ard Figure 3.} of sites having
salintyval ues rangi ng psuwasnete@ningOandtnapped 251 psu
intervals, and from this a decision was made as to which salinity lshelsld be
included in the analysis.The greatest amount of data on all of the parameters is

cont ai ne d salinity ranheeandQi8: least is contained in the-OG3M5 r ange.

About93% o f the data is contained within the

The final decision was to include aicords fordatacollected at sitewithin 10 km of the
shoreline havingalinities >30 an® 3 [Bu and all sitebaving salinitiesCB0 psusince these
sitesare highly likely to contairsignificant amounts ofreshwater inputs Thesetwo criteria
was considered to best represent nearshore wsiters offshore waters typically have
salinities 34 psu In addition, data on nitrate, phosphate and chloroghwilére limited
to surface wa twhichss afodtehp tleptls wheré thene)is sufficient light
for photosynthesis to occurn@ data for dissolved oxygen concentration was limited t
bottom wat er s sincedsarfatehwsitera2 sédommdepleted of dissolved
oxygen, especially when the water column is stratifi€de resulting database contained
a total of 84,718 recordson nitrate, phosphate chlorophyl and dissolved oxyge
concentration.

Table 3.1Number of records for each parameter within each salinity category
Salinity | Chiorophyll a | Dissolved Nitrate Phosphate
Oxygen

CB0 5399 9756 8513 10515
>30-CB1 2455 3789 3412 4028
>31-CB2 3883 6245 5824 6001
>32-C83 4065 1740 4866 5227
>33-084 1460 1322 1344 1715
>34-CB5 184 129 234 398

03
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Figure 3.1 Numberof each parametefor each salinity level.

4. Mapping of Trophic State Parameters

Maps were generated using the ArcGIS 9 Geographiarhaton System software.
Base maps were obtained from t88RI| Data and Maps Media Kitat accompanies this
software package. Data was displayed using NAD 27 coordinates.

Maps wereproducedon a regional basis order to produce larger scale mapat
allowedfor better resolution of the datd he regions selected werad$i NortheastWest

and Northwest Thegeographicoordinates used to define each region are listed in Table
4.1 and theregions are depicted in Figudel.

Table 4.1 Coordinatesised to define each region.

REGION Latitude Longitude
East O B 0O-77.68
Northeast > 5200 0-77.68
West 052.00 <-77.68
Northwest >52.00 <-77.68
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NORTHWEST NORTHEAST

WEST | EAST

Figure 4.1 Delineation of regions.

The parameters chosen for mapping were those typically tosadsess trophic state.
These included two caus$gbarameters (nitrate and phosphate concentration) and two
responséparameters (chlorophyél and désolved oxygen concentration).

Figure 4.1 illustrates the spatial distributiohdata available forrelysis 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
parametes is illustrated in Figure 4.2 and follows thanee trends. Thé&ast is well
represented for all four parameters, but the West, with the exception of dissolved oxygen
concentration, is poorly represented most of the parameters. There is only one value

of chlorophylla concentration for the Westndrelatively little chlorophylla data for the
Northwest. Table 5.1 provides more details of the actual numbers of data for each region.

The term o6causal o refers to parameters that are <co
enrichment

The term O0responsed refers to pafthadegrdeo®fmstrientbvart ar e co
enrichment
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Mapping ofthe relative level ofrophic state parameters was baseadthetrophic state
level criteria proposed by Bricker et al. (1999)These are listed iable 42. These
criteriawereestablished on thieasis ofan extensive survey of US coastal waters and are
considerd to represent general guidelines for determining the degree of nutrient over
enrichment within a particular coastal system.

Table 4.2 Eutrophicatiorcriteriabased orguidelines propogdby Bricker et al.
(1999)
Degree of Total Total Chl a Dissolved
Nutrient Dissolved N | Dissolved P (ug LY Oxygen
Over-enrichment (mg L™ (mg L™ 9 (mg/L)
Low 0-Q.1 0-(0.01 0-Cb >4
Medium >0.1- QL >0.01- Q0.1 >5- R0 -
High >1 >0.1 >20 04

Appendix | containsa series oimaps showing thepatial distributions ofrophic state
levels for each parameter for each regioRigure 44 illustrates the percentage of trophic
categories falling within each region for each parameted Figure 4 illustratesthe
mean value of each parameter for each regmorelation to the Bricker et a1999)
guidelines

For the East and West regions, the majority of nitrate levels fall withimmbdium
category. For the Northeast and Northwest, mosaboeit equally divided into the low
and medium categories. TNeéestand Northwest are the only regions which contain
significantpercentage of valuesithin the high category.

For phosphate, thEast and Northeasegions contain levels that fall mostiithin the
medium category and the West region contains mostly high leVaks Northwest region
contains about equatumbers within themedium and highcategories Only the
Northwest contains a significant percentage of nitrate values within theategory.

Chlorophyll a levels aremostly low in all regions (note that there ligle chlorophylla
data for the West region).Relatively few values fall within themedium and high
categoresfor any region.

! 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 primaripanfia,

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 concentralibiss.however, should make

little difference since ammonia dnnitrite 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 fdr regions. Note that a low level in thisase

is indicative of a low level of nutrient enrichment rather than a low level of dissolved
oxygen. Like chlorophyll a, for all regionsvery few values fall with thenedium and
high categades
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Figure 44 Pacentage of trophic state levels contained in eatégory
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Figure 4.5 Mean values of trophic state parameters for each rédeshed lines represent the
divisions betweetthe nutrient criteria categories proposed by Bricker et al. 1999).

Although itis likely that in some regions, notably the nearshoresarkE&rince Edward
Island,land based nutrient inputs are responsible for the generally high nutrientihevels
Canadiannearshorewaters the influence of upwelling deep oceanic watehich is
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known to occur along both the East and West coasts of Camadealso play a major
role.

The lower meardissolved oxygervalues within the Western regi®melative to other
regionssuggests that nutrient ovenrichmentmay be a problem in some areas o thi
region. The data available for the Western m@ygimay, however, be somewhaased.

The abundance of dissolved oxygen concentration observations relative to other
parametersvithin the Westrn regionssuggests that this data wesllected as part of
suveys 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 surveis.a result, it is difficult to reach any
definitive conclusions from the regional analyses carried out using ttabad@without

having additional information on the objectives and potential biases of the sampling
programs under which the data was collected.

5. Development of NutrientStandardsfor Canadian Nearshore Waters

The relatively high levels of the two csal parameters, nitrate and phosphate, together
with the relatively low levels of the two response parameters, chloraphulll dissolved
oxygen, present somewhat of a dilemma and suggest that direct applicatieBotker

et al. (1999) nutrient critea may not be appropriate for developing nutrient standards for
Canadian nearshore waters. For some reason, relatively high nutrient concentrations do
not result in high chlorophyla levels or depressed levels of dissolved oxygéthin
Canadian water® the same extent they do in more southern latituddgs may be at

least partially due to theolder waters andhorter growing season in northern latitudes.

It would be useful to further evaluate the relationships between nutrient levels and
chloroplyll a and dissolved oxygen concentrations for each region to searify
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 todeveloping nutrient standardsas beendeveloped by the USEPA
(USEPA 200] andis based oran analysis of the frequency distributionezfch ofthe

causal and response parameters relevant to nutrierensiehment. This approach has
recently been adopdeby the Canadian Council for the Ministers of the Environment
(2007) to establish nutrient standards for Canadian nearshore whtetss approach,
where the data is known to have come from relatively pristine unimpacted sites, the upper
75" percentie is typically chosen as a reference condition guideline. If the data is from
both pristine sites and sites knownlie subjected to some anthropogenic impacts, the
lower 25" percentile is typically chosen

Table5.1 contains a statistical summary faol parameter fagach region Frequency
andquantile plots for the same are contained in AppendixAllso listed are the statistics

1C
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for waters havi,waersshaving saliniies38 sO 3@suand located
within 10 km of the shorelinend for both datasets combined.

Median nitrate values for the Wesgion are significantly higher, by a factor of about
ten, than those for thdorthwest and botlicastern sites. Median phosphate values are
also hidner for the Westregions, but only ¥ a factor of about two. The median
phosphatevalues for the Eastern and Northwestern regionsaéten the same range.
The melian chlorophylla value for the Northwest is very loeompared to the Eastern
regions. Within the Eastern Regions the Norsh@aedian is significantly higher that the
East region. The median dissolved oxygen values vary lithaong regiongxcept for

the West region wheré is considerably lower than the median value for all other
regions.

In summary, the West region exhtbithe highest median values for nutrients and the
lowest median values for dissolved oxygeks discussed in Section Ais trend may be
related topossible differences in thebjectives ofthe prograns for which the data was
collected.

In comparing mdian values for low and high salinity waters, there is little difference
between nitrate values for thevo Eastern regios) but within the West regions the
median value is significantly higher for higher salinity waters. For phosphateniye
significant difference in medians is fahe Northwestregionwhere the median for the
higher salinity waters is an order of magnitude greater themedian for lower salinity
waters. For chlorophylla, within the East region the median value for the lower gglin
waters is about three tirméhat of the higher salinity watevghich is likely an indication
of the influence of freshwater nutrient inputBhere is insufficient chlorophylla data for
the Western regions to compare differences related to salfaydissolved oxygen, the
only significant difference is for the Westgren wherethe median for higher salinity
waters is lower thathe mediarfor the lower salinity waters.

With respect to thdeasibility of utilizing the information contained in Tabl5.1 as a
basis for referenceor background levels for parameters related to nutrient-over
enrichment ofCanadiamearshore waters, this is likely to be appropriate for the Eastern
region but notfor the Western region. The higher median valokesutrientsfor the
Western regiontogether with the lownedian fordissolved oxygen, strongly suggest that
the databasecompiled for the Western regiare likely to be frormumeroussites that

are far from pristine.

11
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Table 5.1Number of records and perd¢#ées for each region and salinity range

Nitrate TN PhosphateP Chlorophyll a Dissolved Oxygen
(mg/L) (mg/L) (ug/L) (mg/L)
. (] [} (] ) (O] (O] (O]
Region Dataset = = = = % = = =
c [ c c c c c c
[«] [} ] ) (¢} (¢} (¢} (¢}
- O o - O o s | 2 = 5 ~ S
S & 3 & 2 & 3 S 8 Qs & 2 Sl s |8
£ < S < £ < S < E | | 3 |= £ < S| s
> L *L > L L > *L *L > *Li *Li
p ~ = o = « = 2 zZ | Q|| R | =z Q| = | R
PSU O30 | 7159 | 0.009 | 0.038 | 0.154 | 4507 | 0.023 | 0.040 | 0.065| 5102 | 1.0 | 25 | 55| 728 | 69 | 85 | 9.4
East PSU >30- O 3*3 | 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
PSU O30 | 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
Northeast | PSU >30- 0 3*3 | 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| 123
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
PSU O30 | 275 | 0.155 | 0.036 | 0.949 | 4257 | 0.106 | 0.193 | 0.244 8243 | 67 | 79 | 85
West | PSU>30-03*3 | 204 | 0.037 | 0.211 | 0.794 | 982 | 0.129 | 0.187 | 0.227| ©OW ;’Cae”gﬁfi value 2797 | 48 | 58 | 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
PSU O30 | 838 | 0.012 | 0.037 | 0.174 | 1192 | 0.008 | 0.038 | 0.101| 102 | 0.3 | 0.5 | 0.7 | 573 | 89 | 10.3 | 11.6
Northwest | PSU >30-O3*3 | 227 | 0.167 | 0.583 | 1.209 | 453 | 0.083 | 0.140 | 0.214 No Data 2582 | 7.5 | 89 | 10.0
All Northwest 1065 | 0.120 | 0.050 | 0.384 | 1645 | 0.017 | 0.064 | 0.148| 102 | 0.3 | 05| 0.7 | 3155 | 7.7 | 9.2 | 10.3

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

12
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6. Composite Index of Trophic State

In order to develop a better visual representation of the spatiations 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 valde 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 woulavie an index of 12. The summed trophic status

for each site in the database could then be mapped according to the following categories:
4-06, -O>60, and >10 012 which would correspon
states. However, this became pesbatic because the dissolved oxygen data was
selected t o i ncl ude onl vy t hose data col | e«
concentration is not typically measured in bottom waters which resulted in only 25

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

result, the index was calculated by excluding dissolved oxggeithe summed trophic

index was revised as follows: low; D3 ; me d-iOur,; =a%id9. high >6

Of the 84,902 records contained within the main luizde, there werg 246 instances in

which all three parameters were measured at the same site and time. Hoeexese

no chlorophylla data was available for the West region, this dataset included only data
for the EastNortheastandNorthwestregions Most of the data (Z60 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 fall regions combinedAlthough there is an obvious positive
relationship between phosphate and nitrateept for the Northwest regiongither of

these nutrients exhilsia clear relationship to chlorophwyllevels.

When the composite index was @ahted for this datet all but four of the values fell
within the medium rangdargely as a result of the relatively high values of phosphate
and low values of chlorophylh. As a result, this approach proved unsuccessful and
suggests that the Bricket al. (1999) nutrient criteria for evaluating trophic status are not
applicable for Canadian nearshore waters.
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Relating Nutrient Oveenrichment to Agricultural Activities

Figure 6.1 Relationshig betweertrophic parameters.
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