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SUMMARY

In 2008, 3 a result ofconcerns that water quality was becoming seriously degraded within a
number of lakes lated within the Cdeton, Meteghan, and Sissaboo River watershedhe
Nova Scotia Department of Environment initiategragram designed to evaluate the water
guality status of nine lakes located within these watersh&tig. results of this initial evaluation
indicated that water quality was impaired in a number of the lakes survegeitularly with
respect tdigh nutrient concentrationssulting inthe developmenof high algal concentrations

In some instancethe high algal concentratiorm®ntaired species of blugreen alge&known to
produce microcystins, atoxin that, under certain conditionsnay be harmful to humans,
livestock and wildlife. As a resulturther studies were carried out in 2009 and® better
document the extent of the degradation in water quality amtetermineits potential cause
This report summarizes the resudtstained during théhreesurveyyearswith a focuson water
qgualty parameters thatwhenimpaired,are potentially harmful to humans oanlead to the
deterioratiorof conditions necessary to support aquatic life.

A total of ten lakes were surveyed over the three year survey period. Of tlsevenwere

found to be severely impacted by nutrient egarichment in at least one of the three survey
years two were moderately impacted aodly one was found not to be impacted in any of the
three years.The lakes exhibiting the most serious symptomsudfient overenrichment were
located within the upper region of the study area and in close proximity to a high concentration
of mink farming operations, the activities of which anestlikely to be the major source of
nutrients leading to nutrient ovenrichment of the lakes There was considerablgearly
variation in the extent to whichhandividual lake exhibited excessive algal growth which was
found to be closelyelated to yearly variations in lake color. Despite the poor water quality,
most of the surveyed lakes met the available established water quality guidelines for recreational
use related to health issues, but many often failedettreationabesthetic gidelines related to

water transparencyAll of the lakes surveyed were found to contain microcystin producing algal
species in at least one of the survey years, but microcystin concentrations never exceeded
established guidelines for recreational wata.u

To more specifically definghe magnitude and location of nutrient inputs to the lakes
rudimentary estimates of nutrient loaditiyeach lakevere carried out in 2009 and 201
addition, asan aid tocategorizewhich lakes aremost in need of resdiation activities to
decrease nutrient inpugn assessmenprocdure was developed to estimate the relative
assimilation capacity of each lake and its susceptilidityutrient overenrichment Of the ten

lakes surveyedhreewere found to be highly susceptible to nutrient emerichmentfour were
moderatelysusceptible, two had low susceptibility and one lacked the necessary data for
assessment.

Recommendations are made for future studiesluoidate the sources of nutrteinputs and to
monitorthe effect ofany remediation actions that may be carried out.
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Water Quality Survey of Ten Lakes Located in the Carleton River Watershed Area
of Digby and Yarmouth Counties,Nova Scotia

1. Background

In the summer of 200,/green turbid water conditionsene observed in Lake Fanning large

lake located within th&€aleton River watershed Water quality samplingubsequently found

this to be caused by a blue green algal blcamd resulted in the posting of the lake as being
unsafe for recreation antseas a drinking water supplhy\Similar conditions were gainobserved

in Lake Fanning in 2008. As a result of these incidents, as well as public dern
deteriorating water quality and similar conditions in a number of other lakes within the
surroundingarea, the Nova Scotia Department of Environment (NSD&#gblished a water
guality monitoring program designed to determine the nature and extent of the prokiem.
primary objective of the water quality monitoring program was to obtain information on the
status ofa number oflakesin the area suspected bfving impaired water qualitywith
particular attention to obtaining information on those factors indicative of the degree of water
quality deterioration and the causative factors respornibknyobservedieterioration of water
quality.

The first extensive water quality survey wasaried out in 2008 NSDOE 2009)and included
nine lakes The results revealed that a numbertlud lakes surveyed were being impacted by
nutrient enrichmet to levels that were well within the eutrophic category. Of particular concern
was the presenda some lake®f the blue green algslicrocystiswhich, when present at high
concentrations may produce microcystins, a hepatotoxin that is known to be carcinbgen
ingested by humansThis surveywas repeated in 20q8ISDOE 2010)o determine if the same
conditions observed in 2008 persisted in 2806 included an additional lake (Sloafe)which

a development was being considered within its watershedddition,the water quality survey
was extended to include tirdets and outlets of each lak&his survey was repeated in 2010 to
further validate the results obtained in 2008 and 2009.

This report summarizes the results of all three survey years asasvelbditionalrelevant
information obtained from earliewater quality surveys carried out by the Nova Scotia
Department of Lands and Foregt$¢SDL&F) as part of their lake survey prograthe Nova
Scotia Department of NaturBesource$NSDNR)as part of an evaluation of the potential threat
of nutrient overenrichment to coastal plain plant species (Eaton andeB@f03)and Nova
Scotia Power Inc (NSPBs part of their water quality mioring progranfor lakes used ithe
generation of hydroelectric power

2. Study Area

The CarletonRiver watersheds located northeast of Yarmouth and is a tributary of the Tusket
River. It has a watershed area of approximately 200dd contains nearly 200 lakes of which

eight were included in the surveys. These include, in order of drainage, Hourglass, Placides,
Porcupine, Parr, Ogden, Fanning, Sloans and Vaughan. The two remaining lakes surveyed,
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Nowlans and Provost, lie withirhé¢ Meteghan and Sissaboo watersheds, respectively. The
location of each watershed and lakes surveyedhownin Fig. 2.1.

Land use characteristics of these watersheds consist largely of forested land with sparsely
populated residential areas and, in tnoases, sparse development along the shorelines of the
lakes surveyed. Traditional agricultural activity is limited but there are numerous mink farming
activities in all three watersheds and these are considered by many to be responsible for the
observedvater quality problems.
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Fig. 2.1Location of watersheds and lakes surveyed.
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3. Approach

A large number of water quality parameters were measured duringatiee qualitysurveys.
Those chosen for analysisethose most relevanb the assessment thfe trophic statdsof the
surveyed lakes and, to a lesser extémtsafe recreational useThe water quality parameters
chosen for analysesn bedividedinto three maircategoriesphysicaj chemical angbiological.
The physical parameters includatertemperaturendwaterclarity. The chemical parameters
include pH, alkalinity, nutrients (primarily phosphorusnd dissolved oxygenThe biological
parameters includealgal biomass measured ahlorophyl a, blue greenalgal species
composition and numbers, algal toxavels and fecal coliform bactenmambers

4. Methods

The water sampling methodologies and protocols used in this survey were the same as those used
in the surveys carried out in 2068d 2009 the details of which are described in NSDOE (2009;
2010).

Samples collectedfor assessing water quality wetiaken fromthe following four areas(1) the
deepest part of the lake; (2) each intethe lake; (3) each outletdm the lake and; (4along the
shoreline of the lake.

At the deepest part of the lake, in additiorthe collection of water samples, depth profiles of
water temperature, conductivity, pH, turbidity and dissolved oxygen were colleiteglaMS5
Hydrolab Sonde If the lake exhibitedvater columntemperature stratification, water samples
were collectedust below thesurface(ca. 0.25 m)within the thermocline andne metreabove
thebottom of thdake. If not stratified, samples were collected onigrh just belowthe surface.
Water transparency, measured as Secchi Disk depth, was also determined at thW¢atate.
samplescollected at this sitevere analyzed for al@diomass (as chlorophyd concentration),
nutrient concentrations, pldlkalinity, color,andturbidity.

Water samples collected at the inlets and outlets aeatyzed for the same parameters as for
the deep water samplesThe shorelinewater samples were collected along the windward
shoreline of the lakevhere blue green algaend to be most concentratadd were analyzed for

blue greeralgal species composition and numbers, algal toxin levels and fecal coliform bacteria
numbers

The deep station, inlet and outlet water quality samples were analyzéx lBnvironmental
Services laboratory of the QE Il Health Science Cen8amples collected for blue green diga
species composition and numbers wanalyzedby ALS Laboratories in Winnipeg, MBand
fecal coliform samples were analyzed éiyher theEnvironment Laboratory of the Yarmouth
Regional Hospitabr theEnvironmental Services laboratory of Q& Il Health Science Centre

! Trophic status refers to the level biblogical productivity of a lake and is indicative of the degree to which a
laked s wa t enmay bpimngadedhty gutrient overenrichmentr e sul t i ng from | and use acti
watershed
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5. Morphological Characteristics of Surveyed_akes

The ten lakes survey vary greatly in morphologyTable 5.1). Of pdicular note is the great
variation involume andflushing rate, important parametan determining how susceptible a
lake isto potentially harmful inputs.

Table 5.1 Morphological characteristics of surveyed lakes.
Dralngge Surface Mean Maximum Flushing
Basin Volume
Lake Area Depth Depth 3 Rate
Area () .
(ha) (m) (m) (timesl/yr)
(ha)
Hourglass* 55 31.4 2.1 7 666581 0.8
Placides DataUnavailable
Porcupine 972 146.9 9.6 13 14100410 0.7
Parr 24109 321.7 3.2 9 10529820 22.9
Ogden 25034 263.8 4.4 18 11674510 214
Fanning 28594 120.0 4.2 11 5010224 57.0
Sloans* 684 156.4 6.7 22 10469700 0.7
Vaughan 99999 467.4 51 18 23696802 42.2
Nowlans* 128 28.4 3.3 8 925834 14
Provost* 310 33.8 3.1 9 1057810 2.9
*Headwater lake

Appendix | contais bathymetric maps of each lakéth the exception of Placides LaKer
which a bathymetric survey has not been completed.

6. Survey Results

In this sectionnformation obtained from thevater qualitysurveysis evaluatedwith respect to
established wataguality guidelinedor laketrophic status antecreationaivater use

Trophic status refers to the level of productivity of a lake and is basetdhrily on nutrient
concentration, algal biomass and water transparency. The nutrient most important in
detemining the productivity of freshwater aquatic systems is phosphorus whiciost
freshwater ecosystemss the limiting factor for algal growth. Algal biomass is typically
measured as chlorophylconcentration Water transparenadg a measure of the ability of light,

a necessary requirement for algal photosynthesis, to pengttat¢he water column and is
influencedby the levels of both dissolved and particulate substances pre#eisttypically
measured as Secchi Disk depthheTcriteriamost commonly usetbr each of these parameters

in assessinghe trophic situs of a water body Wa been developed bthe Organization for
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Economic Cooperative Development (OECD 198Pable6.1 is alist of eachparameteand the
valuesconsdered to be representative ofich trophic category. Phosphorous is the causal
parameter and chlorophydland Secchi Disk depth atiee response parametersAs phosphorus
increases, chlorophydlincreaseswhich results in a decrease in Secchi Disk depth.

Table 6.1 OECDboundary conditions for trophic categories
. Parameter
Trophic
Category Total Phosphorus|  Chlorophylla Secchi Depth
(mg/L) (HglL) (m)
Ultra-oligotrophic < 0.004 <1.0 06.0
Oligotrophic O 0.-&0010 O 1<@d5 03.0-<6.0
Mesotrophic 00.010-.< 0035 02.5-<80 O <%0
Eutrophic O .085-<0.100 08.0-<25.0 O 0<T5
Hyper-eutrophic ©0.100 O 25.0 <0.7

There area number of potentiashortcomings in applyinghese criteria to the survey results
obtained for this studyOneis thatthe values listed in Table 6.1 are annual mean values, but the
surveysfor each lakewere carried out on only one date each yeamwhich precludes the
calculation of annual values

Anotherrelatedshortcoming is that the 2008 survey was carried out duringsmitmer when a
number of the lakes exhibited water column stratification whereas the 2009 and 2010 surveys
were carried out irthe late summer or early fall when many of the same lakes were either
unstratified orwereundergoing destratificatiodue to the fall overturn. The significance of this

with respect to the above OECD criteria is that stratified lakes will teréte nuch higher
phosphorougoncentrations within their bottom wateedative to the concentrations in surface
waters but after destratification the bottom waters will have mixed into the surface which will
then have much higher phospholersels

A third, and perhapshe mostimportantshortcomingis that afourth tropic categorygystrophic
(which literally means abnormal feedjngxists. Dystrophic lakes are characterized as being
highly coloredas a result othe run-off of humic and fluvic acideachates originating from the
decomposition of coniferous plamvithin a lakes watershedThese leachates impart a dark
brown color to the water thaan severely limithe penetration of light into the water column.
As a result, dystrophic lakesften have very low SeccHDisk depthsthat arenot indicative of
high algal biomasand, if they are deep and unstratified, may be limited by light as opposed to
phosphorousThe OECD criteria is based on the assumption that only pbasg and not light,

is the factor limiting algal growth.In this case th@nly valid OECD criterion applicableor
determination of trophic status chlorophyll a concentration This is discussedurther in
Section?.

Water quality guidelines for recreati@md protection of aquatic life have been established by
Health Canadé2010. Theavailablewater qualityguidelinesrelevant to this studgre listed in
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Table6.2 Two of these parameterSgcchi Disk Depth antlirbidity, arerelated to water clarity
andareimportant mainly from an aesthetic viewpoint and are not actually harmful from a health
perspective.

Table 6.2 Water quality guidelines for recreational tise
Parameter Guideline Level

E. coli (#/100 ml) <200
SecchiDisk Depth(m) >1.2
pH 5.01 9.0
Turbidity (NTUs) <50
Blue-green alga¢#/ml) < 100,000
MicrocystinLR (pg/L) <20
*Based on Health Canada (2010)

The databases used for analyses of the water quality steselysare contained in Appendil
and include the results of the surveys carried out by NSDOE in 2008, 2009 and 2010 as well as
theresults of historical surveys carried out by NSDL&SDNRand N$I.
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6.1 Carleton River Watershed
6.1.1HourglassLake

Hourglass Lake is a small, shalldveadwater lakdéocated within thenorthwest corner of the
CarletonRiver watershed Its only obvious input is from small spring located short distance
aboveits southwestern shorelinelts single outletis locatedalong its southern shorelirend
drains into Placides Lakelts mean depth is 2.1 meters atslflushing rate is 0.8 times/yr, the
secondlowest of all the lakes surveyedA fish aquaculture operation is located along its
northwesernshoreline. Fig. 6.1 shows the location adhewater quality samphg stations
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Fig. 6.1Location ofHourglass Lakavater quality sampling stations (humbers in parentheses eapres
years in which the station was sampled).

Despite its shallow depth, temperatared dissolved oxygen profiles taken during +siinmer

in 2008 (Fig. 6.2) indicate that it undergoesater column thermastratificationwith a weak
thermocline beginning at a depth of about three med@idthe presence diypoxic conditions
within the typolimnion which begins at aboutour meters depth Because ofits weakly
developed thermocline, this lake is likely to undergo periods of summer destratification under
strong wind conditions.
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Fig. 6.2 Water column temperaturez § and dissolved oxygerfo) profiles for
Hourglass Lake during each survey year.

Total phosphorus levelseasured at the deep lake site2008 to 210 (Fig. 6.3) were very high
and indicative of eutrophic conditionsAlthough the levels were somewhat lovaerd confined
to the hypolimnionthis was also true of a an earlier survey carried out in $888esting that
this lake is likely to have been receiving high phosphorus inputs over a relatively prolonged

period.
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Fig. 6.3 Total phosphorous concentrat®om surface (red) and bottom waters
(blue) of Hourglass Lake (dashed kneepresent divisions between trophic

categories)
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In 2009 and 2010 phosphorus concentrations were measured along the lake shoreline in close
proximity to the inlet and outlet of thequaculture site. In both years total phosphorus levels
were slightly higher at the outlet than at the irflgg. 6.4)suggestinghatthe high phosphorus

levels within the laketo be most likely a result of effluents from the aquaculture operation
which, because of the low flushing rate of the lake, have accumulated over time leading to the
higher phosphorus levels evident since the 1983 survey.
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Fig. 64 Total phosphorous concentratioal®ng the lake shoreline at the inlet
(red) and outlet (blue) of the aquaculture sitdHourglass Lake (dashed Ime
represent divisions between trophic categories)

Total phosphorus concentrations at the outlet (Bi§) were considerably less than those
measured within the lake which further suppditsassertion that phosphorus entering this lake
will tend to accumulate within the lake over time as opposed to being flushed out.
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Fig. 6.5 Total phosphorous concentratiors the outletof Hourglass Lake
(dashed linerepresent divisions between trophic categories)
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Chlorophyll a levels fellwell within the eutrophic category during 2008 and 2010, but were in
the low mesotrophic category durin@@® (Fig. 6.6) This is likely a result of the high color of
Hourglass Lakeesulting from high precipitation events just prior to the 2009 suwieigh
lowered water transparencgnd mposel a degree of light, as opposed to nutrient, limitation
which respect to the development of high algal production. This is supported by the strong
inverse relationship between Secchi Disk depth and color for this lake

3

Hourglass —

=]
|

Chl a (ug/L)

o

L]

—
o

ecchi Depth (m)

L]

g .o

g

Color (TCUs)
8 B

L]

Fig. 6.6 Chlorophyll a concentratin, Secchi Disk depth and color for Hourglass
Lake (dashed linsrepresent divisions between trophic categories)

This lake would be classified as a moderately dystrophic lake in 200808%dnd as a highly
dystrophic lake in 2009.

The results of ater quality sample collected along the shoreline of Hourglass L&keeach
survey year (Table 6)3howedvery low levels ofE. coli, blue green algae and microcystarms,
as a resultno health concerns for recreatiomater use.Secchi depth, howevenasbelowthe
guideline for water transparenty2009
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Table 6.3 Summary of results for recreationase guidelines for Hourglas
Lake.

Parameter Guideline 2008 2009 2010
E. coli < 200/200ml - 0 7
Secchi Depth >1.2m 1.3 0.6 1.25
pH 5.0-9.0 6.2 6.2 6.8
Turbidity <50 NTUs 1.09 1.18 1.22
Blue-green algae| < 100,000 cells/ml 48 33 6
MicrocystinLR <20 <0.20 <0.20 <0.20
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6.1.2 Placides Lake

Placides Lake, like Hourglass Lake, is a small shallow lateemaximum depth is 6.9 metérs

It has asingle inletat its northern enavhich originatedfrom astream systenfed by drainage
from Hourglass and Simonds Lak&he outlet is located at its southern end which begins as a
large stillwater.Fig. 6.7 shows the location of eactvater qualitysamping station.

Placadies Lake
Yarmouth County, NS

Legend
—— Rivers
Hwy 340
Other Roads
Watershed Area

Water

e Lake Depth Profiles

V Inlet Sample Station

A Outlet Sample Station

o Shoreline Sample Station

0 150 30 0 an 0 00 Meters

Placadies
Lake

> \
“PEAT-OL 9,10)\

1:15,500

il
NOVA'SCOTIA A

Environment

Fig. 6.7 Location ofPlacadied.ake water quality sampling stations (numbers in parentheses eapres
years in which the station was sampled).

The temperature and dissolved oxygen profiles takeimg summeim 2008 (Fig.6.8) illustrate

that this lakestratifies weakly with a thermocline beginning at about four meters depth, and
becomedypoxicwithin the hypolimnion.Because of its weak thermoclindjis lake is likely to
periodically destratyf during strong wind events.

2 Because dathymetric map of Placides Lakenist available, it is not possible to determine its mean depth, volume
or flushing rate.
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Fig. 6.8 Water column temperature | and dissolved oxygerm] profiles forPlacides
Lake during each survey year.

Total phosphorus valuellectedat the deep lake station place it well into thypereutrophic
category (Fig5.9).

10 T T 1
Placides

00B======
Aug/14/08 Oct/21/08 Sep/27/10

Fig. 69 Total phosphorous concentrations in surface (red) and bottom waters
(blue) of PlacidesLake (dashed lireerepresent divisions between trophic
categories)
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Total phosphorus values are also very high at both the inlet and outletss(topr6.10. In

2009 phosphorus levels at the inlet were about equal to those at the outlet. In 2010, the inlet
levels were higher than those of the outlet suggesting that phosphorus entering the lake is being
entrained within the lake.

10 T T
- Placides

00E=========

Octf21/038 Sepl27M0

Fig. 6.10 Total phosphorous conegationsat the inlet (red) and outlet (blue)
of Placided.ake (dashed lirerepresent divisions between trophic categories)

Like Hourglass Lake,dorophyll a valueswerewell within the eutrophic categorguring 2008
and2010(Fig. 6.11). In 200%hey were very low andithin theultra-oligotrophic categorand,

as was the case with Hourglass Lake, color was very high in that $eachi Disk depths fell
within the hypereutrophic category in all years surveyed, but éé® may be theesult ofvery

high color as opposed to high chlorophgllevels. The low chlorophyla values are in all
probability a result of the fact that this lake may periodically destratify during summer and this,
t oget her wielatizely higheolof resklte pgriodic light limitation of algal growth.
This lake would be classified asv@deratelydystrophic lake in 2008 argD10and as dighly
dystrophic lake in 2009.

All of the health related guideliné¥able 6.4)werewithin acceptable limitsSecchi Disk depth,
however, was slightlpelowthe aesthetic guide for water clarity in 2008.
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Fig. 6.11 Chlorophylla concentration, Secchi Disk depth and color for
Placides Lake (dashed line represent divisions between trophic

categories)

Table 6.4 Summary of results for recreational use guidelines for Plac

Lake.
Parameter Guideline 2008 2009 2010
E. coli <200/100ml - 56 101
Secchi Depth >1.2m 1.3 0.45 0.7
pH 5.0-9.0 6.5 6.4 6.9
Turbidity <50 NTUs 2.0 5.4 10.0
Blue-green algae| < 100,000 cells/ml 64 424 0
MicrocystinLR <20 <0.20 <0.20 <0.20
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6.1.3 Porcupine Lake

Porcupine Lake is a moderbtesizedbut relatively deep lakelt has a small drainadeasin area

and that, combined with a relatively large volymesults in a low flushing rate ohly 0.7 times

peryea. Its major inputis a small stream that enterstanits northeastern cornend receives
drainage fronthree small lakes, Paul, Oliver and an unnatakd thatlie to the northeastlts

output is located along its eastern shoreline and flows into the same river system that receives the
outflow of Placided_ake. Fig.6.12shows the location of the water quality sampling stations.

Fig. 6.12 Location ofPorcupine Lakevater quality samptig stations (numbers in parentheses reptes
years in which the station was sampled).

The temperature and disged oxygen profile taken in 2008 were at a different and much
shallower station than the profiles taken in 2009 and 2010. However, it fieivthe lake does
stratify during the summer with a thermocline beginning at about five meters depth and a rapid
decrease in dissolved oxygen beginning just below five meters.deptie one very low
dissolved oxygetevel at the very bottom of the lake observed in 2&lihe result of the profile
having beertaken ata time when the lake was very close to, lhadnot yet completed, the full

stage othe fall overturn.
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