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Executive Summary

Water qualityhas beemmonitored at Sherbrooke Laksince 20%, in response to concernegarding the
developmentof apublic access sitand the increased recreationabage of the lakeTheSherbrooke

Lake Stewardship Committeeas created by both the Municipality of the District of Lunenburg and the
Municipality of ChestefThis committee oversees ttigherbrooke Lake Monitoring Programmich is
managed by Coastélction andexecutedby committee members anttained voluntees. The 2019 field
seasorrepresents the secondf five years of planned monitoring.

Water temperatures for the lakes and streap@seminimal threat to aquatic lifeWater temperatures
exceeded theecommended20°Cthermalthreshold forcold-water fish oncec in August. No stream
sites exceeded the temperature thresholl thermoclineformedat both Lake 1 and Lake 2 sites during
the summer months, witlhleeper watergroviding thermal refuge for organismisowever, the
thermocline present at Lakeviasminimal, with only3.9°C difference between surface abdttom
waters.

Dissolved oxygen concentratiofs Sherbrooke Lakend its tributariesvere within acceptable rages

for aquatic life No lake or stream site fell below the 6.5 mg/L Canadian Council of Ministers of the
Environment (CCME) minimum requirement for aquatic [ifae thermocline present at Lake 1 and Lake

2 did result in the stratification of oxygehd S mMQa 6 S| 1 { K Shighesdiddolkey Skygblds a dzf (i S
within the profile with hypoxicconditions occurrindgpelow 1 mdepth, while Lake 2lisplayedreductions

in dissolved oxygethroughout thedepth profile with hypoxicconditionsbeginningl0-m above the lake

bottom.

pHin Sherbrooke Lak&loes not pose a risk to aquatic organisamsl appears to buffer the acidity of the
sevenmonitoredd NA 6 dzi I NASad ! f 6 K2dzZa3K y2 f11S apHiSa KIFR LJ
minimum threshold, adlstream sites fell below thiguideline. INSeptember 201%everal sites fell below

the 5.0pH thresholdor the protection of fish eggsyhich may impachative fish speciessingthese

headwater streams$or spawning

Nutrientsin Sherbrooke Lakavere below suggested thresholds; however, concentrations have
increased since 2018. Total phosphorus concentrations fell belgfd F NA 2 Q& aAyAaiNE 27
Climate Chang@MOEC{Tguideline 0f0.02 mg/Lat all lake sites, and all but one stream sampik lake
and stream sites fell below the 0.9 mg/L Do@d#/elch (2000) threshold for freshwater environments,
with only one lake sample exceeding the 0.3 mg/L thresfaridligotrophic lakes (Underwoaahd
Josselyn, 1979)Although phosphorus concentratioas depthwere equal to or higher than surface
water concentrationsthe ratio of bioavailable orthophosphate was low, limitthe potential for

internal loading. Similarly, nitrogen concentrationsdafpth were béow thosemeasured athe surface,
indicating minimal risk for nutrient enrichment during the lake turnovBath nitrogen and phosphorus
concentrations increaseith the tributary streams following the Hurricane Dorian rainfall event;
however, the elevatd concentrations did not appear to impact lake water quality, as no lake
concentrations increased.

E. coliconcentrationdell below both primary and secondary Health Canada (2012) recreational limits
within the lake but not its tributariesNo lake sitedyad more than 20 CFU/160L ofE. coli well below

VIl



the 400 CFU/100 mL and X@QFU/100 mL primary and secondary thresholds, respectiSalgam sites

fell below both thresholds for all except one samglé20 CFU/100 mL at Pine Lake Brook in September.
TheSEOSSRI yOS 2 F bacteyaSamplé doicidedMEhdtheRalevated bacteria
concentrations from other sitegue to the Hurricane Dorian rainfall eve#tthough all streams
displayedelevatedE. colconcentrationsno negative effects were observed at the lake sites, as no site
exceeded 20 CFU/100 nftlushing of pollutantsto nearby waterways is common followihgavy

rainfallevents

Sediment collected from Lake 1, Lake 2, Lake 4, and Zwicker Brook iddicateerate level of
contamination.All three lake sites exceeded CCME arsenic and cadmium guidelines, with Lake 1 also
exceeding mercury guidelines, and Lake 2 exceeding mercury and manganese guideiities. Brook

did not exceed any metal guidelines

Sherbrookdl { SQ& f 26 LINRBRdzOU A @A (i &-mdslitrbpBi®cundani Thistreplficd G K S
status is the same as 2018; howewvaufrient concentrationsand the frequency of algal blooreporting
haveincreased in 2019Continuedvater qualitymonitoring is necessary to track changes within the

lake, in coordination witlan educational component arelcommunicationglan.



1. Introduction

1.1.Sherbrooke Lake Background
Sherbrooke Lake (SL) is located in the headwaters of the LaHave River watershed, in Southern Nova
Scotia. Sherbrooke Lake covers 16.94 kthe largest waterbody within the LaHave watersheand
has a 285 kidrainage basin (Figure 1). Although SL idfed4 inlet streams, many are less than 1 km
in length. Sherbrooke River is the largest inlet stream feeding SL, while North Branch is the only outlet
stream of the lake located on thesouthwest side of the lake.

The water quality of the LaHave River watershed has been monitored by Coastal Action since 2007. The
program monitors 15 sites throughout the watershed, including the Sherbrooke River which feeds the
f1r1S FyR GKS f11S5S0a 2 dmidex3WQI)RepdityaidivtNGstatisfthe ¢ I G S NI |]
watershed and the individual sites is reported annually and avaitabtee Coastal Action website
(www.coastalaction.ory

Forestry, silviculture, and agriculture dominate the LaHave River watershed aingiigige areaRural
communities are also located throughout, with cottages and camps found along the edge of SL.

Legend
® Public Access Site

Legend

[ Sherbrooke Lake Drainage Area
Il waterbodies
Sherbrooke Inlet Streams

Figurel: Left- Streams (yellow) and drainage boundary (red) of Sherbrooke Lake¢Rigtitymetry of Sherbrookeake and
proposed public access site (red circle).



In 2015, the Municipality of the District of Lunenburg (MODL) began investigating ways to allow public
access to the lake by appointing the Sherbrooke Lake Access Advisory Committee (SLAAC). SLAAC was to
present options for accessing SL, and to obtain community advice and input throughout the process.

After public consultations, held by UPLAND Planning + Design, a section of lancaurthkeastern

side of the lake waselected forthe public access site (Figure 1). In the report provided to SLAAC by
UPLAND Planning + Design, the implementation of a water quality committee for Sherbrooke Lake was
recommended.

1.2.Program Background
As a result of the planned public access site atheLSherbrooke Lake Stewardship Committee (SLSC)
was formed. The SLSC, a joint commitment between MODL anduhieipality of ChestefMOQ, is
comprised of onéCoastal Actiomstaff, two residents of MODL, two residents®©G a water quality
expert, andsupporting municipal staff. The SLSC was tasked with developing and implementing a water
guality monitoring program to: determine a baseline understanding of water quality conditions \@ithin
prior to construction of the public access site, monitor wataality during and after the construction,
and provide evidencbased advice to MODL aiMiOCregarding ways to address water quality changes
and concerns within the lake.

The SLSC developed a water quality monitoring program to track the baseline awggshawater
guality conditions withirSL Coastal Action acts @&schnicalsupport for a set of trained volunteers, who
conduct the monthly and rainfalependent samplingor the program Although a preliminary
monitoring program was implemented in 20Xhe full Sherbrooke Lake Water Quality Monitoring
Programwasconducted in 2018 and 2019.

Further details on the program can be found in Bieerbrooke Lake Water Quality Monitoring Program
andpreviousprogram results are found in theherbrooke Laké/ater Quality Monitoring Repb£2018)

all areavailable upon request from either the Municipality of Chester or the Municipality of the District
of Lunenburg

1.3.Review of the 2018 Sherbrooke Lake Water Quality Monitoring Report
Thetrophic state of SL in 2018 was calculated for two different sites: Lake 1 and Lake 2. Bath had
trophic state ofborderline oligotrophiemesotrophic. Theborderlinestatus indicates that the lake has
low phosphorugoncentrations butas a moderate presee of biological activitgnd, therefore,
remainsvulnerable tooutside influences which may degrade water quality

Thermal and oxygen profiles were conducted at both Lake 1 and Lake Zbeesal stratification of
the lake was observed at Lake 2, wathveak thermocline at Lake 1. Due to the preseatkermocling
stratification of dissolved oxygen was also observed at both sites. Depletion of dryiipendeeper
watersat both locations indicates minimal mixibgtween surficial and deep watensjth
concentrationdess than 2 mg/in the bottom watergposing a threat to aquatic organisms.



Nutrientsin SL fell below literaturguidelines for both nitrogen and phosphorus for most samples.
Stream sites had higher concentrations of both nutrieimtslicating nutrient loading from surrounding
sources. Spikes in nutrients and bacteria following rainfall ev@igtdightthe role of overland flown
flushing nutrients and bacteria from nearby sources into the streams and lake.

Concentrations of meta within the lake sediment exceeded Nova Scotia guidelines. Arsenic, cadmium,
lead, and mercury exceeded their guidelines, with manganese and selenium approaching their
respective thresholdsContinued sediment monitoringasrecommended to monitor metal

concentrations and changes in loading to the lake as development continues.

1.4.Changes to the 2019 Sherbrooke Lake Water Quality Monitoring Program

Several changes were applied to the Water Quality Monitoring Profwathe 2019 seasofFigure 2,
Table 1)

A weather station was installed on a private property at Sherbrooke Lake, to manko f | { SQa
microclimate.

1 The Fecal Indicator Bacteria species was switched feoal toliformto Esherichia col{E. col)
at all siteso adhere toHealth Canada standards for bacteria monitorimgreshwaters.

1 Two summetonly sites (Chl 1 and Chl 2) were dropped from the sampling program.

1 Sediment sampling was added to the monitoring program for Lake 1

1 Sediment sampling was to be rotated annuathycaptureconcentrations from all seven primary
inlet streams with 2019 sampling at Zwicker Brook.

1 Hydrocarbon sampling was removed from the montake water samples and added to the list
of parameters in the ondéime sediment samples.

1 All water chenstry parametersexcept forE. coliwere removed from sampling at Lake 3

1 Lake 4 was upgraded to a full site, tested monthlyHocolitotal suspended solids (TSS),
nutrients (nitrogenand phosphoru$, and physical water parametefgsing the multiparameter
YSI probe and a Secchi disk).

1 As the rainfall samplingnd September sampling occurred on the same day, the September
bimonthly stream sites were not sampled as to avoid duplication from the ratidakndent
stream samples.le costs fofour savel samplesvere used to offset the costs of Coastal Action
staff installingthe Sherbrooke Lake weather station.

1 A communications plan was added to the progranméip shareresults and encourag
conservation and protection of local waterbodies. Toenmunications plan included

o Afull technical2019 Sherbrooke Lake Water QuaNynitoring Report

0 A brief twopage overview of the 2019 Sherbrooke Lake Water Quality Monitoring
Report

0 A Frequently Asked Questions document regarding th€ SIn8l themonitoring
program

0 An article to be included in thiglunicipal Matters and Municipal Insight newsletters

o A/ I NRBf &y atle fo BeNd¢I&bd in the South Shore Breaker
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0 Various social media posts to be sharedh®yMOC, MODL, and Coastal Action

K

+  Sherbrooke River

Butler Lake Brook

@ Rainfall Dependent Sites

77 Sediment Sites

® Bi-monthly and Rainfall
Dependent Sites

@ Lake Sample Sites

I Sherbrooke Lake

*Bacteria Only

[ ) Gully River

Forties River

Pine Lake
Brook

Zwicker
Brook

Peter Veinot Brook O

1 2 3 4 km

Figure2: Sherbrooke Lake 29Water Quality Monitoring Program sampling locatio@sossed out sampling sites represent
discontinued sampling sites; Chl 1 and Chl 2 were discontinued for the 2019 program.

I OG A2y



Tablel: Monitoring program parameters, sitecations, and sampling frequencies for the 2@herbrooke Lake Water Quality
Monitoring ProgramGP S oordinates to access river sites via road are in blue.

Sample Site | Site Coordinates Sampling Frequency Parameters Sampled

Name (UTM Zone 20T)

Lake 1 372287 E, 4947688 N Monthly (MayOct.) | YS!, hydrocarbons, total suspended solids, tota
phosphorus, total nitrogerk:. Colichlorophylla,
Secchi disk depth. Ortene depth profile
nutrients atdepth,and sediment grab

Lake 2 376072 E, 4943018 N Monthly (May-Oct.) | YSI, hydrocarbons, total suspended solids, tota
phosphorus, total nitrogerk. Colichlorophylla,
Secchi disk depth. Ortame depth profile,
nutrients atdepth, and sediment grab.

Lake 3 376831 E, 4943540 N Monthly (MayOd.) | YSIE. ColiSecchi disk depth.

(Public

Access)

Lake 4 376844 E, 4943371 I} Monthly (SeptOct.) | YSI, hydrocarbons, total suspended solids, tota

(Public phosphorus, total nitrogenk.. Colichlorophylla.

Access Boat Onetime depth profile and sediment grab.

Launch)

Butler Lake | 370079 E, 4952036  Onetime, rainfalt YSI, total suspended solids, total phosphorus,

Brook dependent total nitrogen,E. Colichlorophylla.

Sherbrooke | 369774 E, 4954072 I Birmonthly (May, YSI, total suspended solids, total phosphorus,

River July, Sept.) & total nitrogen,E. Colichloroptyll a.

rainfalldependent
Gully River | 372246 E, 4953404 Iy Onetime, rainfalt YSI, total suspended solids, total phosphorus,

dependent total nitrogen,E. Colichlorophylla.
Forties River| 373539 E, 4949823 I\ Bimonthly (May, YSI, total suspended solids, total phosphorus,
July, Sept.) & total nitrogen,E. Colichlorophylla.

rainfalkdependent

Pine Lake 373705 E, 4945670 N Birmonthly (May, YSI, total suspended solids, total phosphorus,

Brook July, Sept.) & total nitrogen,E. Colichlorophylla.
rainfalldependent

Zwicker 376582 E, 4944469 N Birmonthly (May, YSI, total suspended solids, total phosphorus,

Brook July, Sept.) & total nitrogen,E. Colichlorophylla. Onetime

rainfalkdependent

dept profile and sediment grab.

Peter Veinot
Brook

376507 E, 4941558 |

Onetime, rainfalt

dependent

Y S|, total suspended solids, total phosphorus,
total nitrogen,E. Colichlorophylla.

*Yslis a mulparameter water quality device that measures the physical character{gticgerature, dissolved oxygen, pH, total dissolved
solids,salinity, pressurgand specific conductivitgf the water at the time of sampling.



1.5.0bjectives and Scope of Work
The objective of this program is to provide a water quality overview fortisbeke Lake, which can help
the SLSC provide evideroased advice to both MODL aMDGP 2 A GKAY GKS {[{/ X [/ 2 &
scope of work included:

Designing and writing the Sherbrooke Lake@®ater Quality Monitoring Program

Ordering and ensuring corresamplingoottlesand analysirom Maxxam Analytics

Creating and printing waterproof field sheets for each sampling month

Ordering and installing a weather statiah Sherbrooke Lake

Ordering and downloading sampling locations to a new;GPS

Calibrating and caring for the MOIMOGownedY S| monthly

Ensuring volunteers obtained all required field equipment for field ywork

Organizing algal bloom sampling as needed with volunteers, Nova Scotia Envirpnment
Conducting ondime field sediment and nutrient atepth sampling with volunteers

Transferring data from field sheets and Maxxam into a database and analyzing data
Downloading and analyzing weather data from the Sherbrooke Lake weather station
AttendingSLSC meetings and presenting water quality results

Writing communicationsegarding the Sherbrooke Lake Water Quality Monitoring Program and
its results and

Preparing this report to summarize results and recommendations for water quality related to
Shebrooke Lake

2. Sherbrooke LakBlonitoring Results

2.1.Sherbrooke Lake Weather

Following the installation of a weather station at Sherbrooke | #lemicroclimate conditions at
Sherbrooke Lake were monitored from May to October 11, 201%ir temperatures at Sherbrooke
Lake ranged frord0.5°C to 33.2C (Figure 3Minimal rainfall accumulated at the lakkiring the hottest
months¢ July and AugugFigure 4)The largest rainfall occurred on September 8, 2019 during
Hurricane Dorian, with >100 mm rainfall falling wit8® hours As the weather gauge is protected on
two sides by forest, wind speed and direction are considered skewedranabot included in thiseport.
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Figure3: Daily air temperature data at Sherbrooke Lake, from Nayober2019.
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2.2.Physical Water Parameters

2.2.1. SurfaceWater Temperature
Water temperature is a key parameter in understanding and assessing the health and productivity of an
aquatic environment, as it directly impacts organisms, while alfextiig other physical and chemical
parameters. Water temperature can impact the presence and survival of fish, where temperatures

2dzaARS 2F | aLISOASaAQ 2LIWAYIT NI y3SCothgmayiButnl G A @S €
acceptable temperatre for salmon and trout (Alabaster and Lloyd, 1982). In addition, increased water
0§SYLISNI G§dzNS RSONBIFasSa || ¢ iSNb2ReQa Ol LI OAde G2 K

aquatic organisms.

In the lake sites, temperatures ranged fr@1®-23.2°C, while streams rangddom 7.4-16.3°C (Figure$§
and6). The lake sitegnly exceeded 28CduringAugust 209, while the stream siteseverexceeded
20°Cduring the 2019monitoring period Laketemperatures have remained comparable to 2018 values;
stream temperatures have fallen compared to the 2018 valiserbrooke and Forties Riviead the
highest recorded water temperatures in 2018, with exceedances @ ®@curring in both July and
August. Although no streams were measured in August 2048, Shebrooke and Forties River were at
least 3.7C lowerin July 2019 compared to tiveJuly 201&ounterparts Theshift in 2019 data towards
cooler temperatures may be explained by the earlier start of samglsgmpling at the beginning of
each month insteaof the endg and collectinghe rainfaltldependent sample in September rather than
August. These two changes resultedrimimal summer sampling, witho sampling during the hottest
period of the summerro sampling was conducted August) skewing the data to represent cooler
conditions
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Figure5: Water temperatures at four monthly lake sites (Lak®) duringthe May-October 209 SL water quality field season.
Red line indicates the 20 limit for survival foaquatic organisms.
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Figure6: Water temperatures at four bimonthly and rainfdiépendent stream sites (Sherbrooke River, Forties River, Pine Lake,
and Zwicker Brook), in addition to three rair@#ipendent stream sites (Butler Lake Brook, Gully River, and Peter Veinot Brook)
during the May-October 2019 SL water quality field sead®ed line indicates the Q0 limit for survival of aquatic organisms.

2.2.2. SurfaceDissolved Oxygen
Dissolved oxygen (DO) is another key physical water parameter, as it is required for the survival of
aquatic organisms and affects how nutrients are cycled and released within lake waterbodies. The
Canadian Council of Ministers of the Environment (CCME) seta guioleline ®p Y3k [ F2NJ GKS |
of aquatic life for coleater specie species found in las such as Sherbrooke (CCME, 1999). DO not
only affects aquatiorganisms butsalso controlled by organisms (due to consumption), water
GSYLISNI GdzNBZ YR GKS 461 GiSNDP2ReéQa oAt AGE (2 YAE |
oxygen into the water.

No lake or stream site dropped below the 6.5 mGICME aquatic threshold during the 2019 field season
(Figuresr and 8). D@oncentrationgdrop throughout the summer, at both lake and stream sites,
coinciding with increasehiological demandDO concentrations are higher tham2018(Table2),

possiblya skewed trend due to a shift in sampling timing, which captured cooler periods which would
have higheoxygen dissolution capacitplthough it appears that Lake 3 is thelypsite where 2018

values are higher than 2019 values, this is misleading, as the site was only added in fall 2018 and
therefore the 2018 mean does nagpresent the full 2018 yeah addition,as Butler Lake Brook, Gully
River, and Peter Veinot Broake rainfalldependent samples, themean valuesire not representative

of the entirefield seasoras they are only sampled once per season
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Table2: Mean DO concentrations for the four ladigesand seven stream sites the Sherbrooke Lake Monitoring Progréon
the 2018 and 2019 field seasons.

Site Type Site Mean DO (mg/L)

2018 2019

Lake Lake 1 8.91 9.50
Lake 2 8.87 9.37

Lake 3 8.94 9.50

Lake 4 9.50 9.30

Sherbrooke River 8.86 10.09

Forties River 8.85 10.15

Stream Pine Lake Brook 9.36 10.55
Zwicker Brook 8.47 10.04

Butler Brook 8.99 9.70
Gully River 9.0 10.66

Peter Veinot Brook 6.41 7.56

2.2.3. Depth Profiles

2.2.3.1. At-DepthWater Temperature
The water profile at lake sites 1 and 2 in August@idlicate that both sites have a thermal
stratification; however,Lake 1 has a more pronounced, established thermocline compared to Lake 2
(Figure9). The difference in thermocline strengtlfer 2019 iscomparableto those observed i2018.
Stratificationat Lake 1 starts at m depth, with a thermoclindayerof approximatelyd m and a
temperature change 03.9°C.For Lake 2, stratification starts ashallowerdepth¢5m ¢ and has a
greaterthermocline thickness and temperature chand®m and 12.8C, respectivelywater
temperatures €&l below the 20C threshold for aquatic life at depths bel@wm at Lake 1 an@m at
Lake 2The Lake 1 and Lake 2 2019 profilessamglar to the 2018 profilesyith only a small increase in
temperature observedt the lower depths of the two sitedifferentiatingthe two years.

The presence of a thermocline at both lake sites indicates thantteent-rich, cold deep waters are
not mixing with the nutrierdimited, warm surface waters during the summer months; mixing and
redistribution of nutrients within the lake is therefore only occurring during spring and fall turnover,
when water temperatire is uniform at all depths and no densitijfferencespreventmixing.

11
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Figure9: Water temperature depth profigfrom two lakesitessampled inAugust 2018blue) and 2019 (greenRed line
indicatesthe 20°C limit forsurvival of aquatic organisms.

2.2.3.2. At-DepthDissolved Oxygen
LY FTRRAGAZ2Y (G2 (GKS GKSNY20ftAyS GKIG Aa LINBaSyd
two sites (Figurd 0). Of the four common DO profiles in lakes (FidLikg both sitesappearto have a
negative heterograde curve. Negative heterograde curves have a distinct reduction in DO at, thepth
may be due to increased organic matter trapped within the thermocline, acting as a source of food for
microbes and increasing DO depbet from microbial decomposition. DO increases past the
decomposition depth due to the lack of food encouraging microbial decomposiidrough the
negative heterograde curve is consistent for Lake 2 with 2018 profile is new for Lake 1, which had a
clinograde curve in 2018 hepresence ofnicrobial decomposition at depth for both sites may be linked
to the increased algal blooms observed within the lake throughout the summer; howesxesr,with the
increased microbial decomposition, DO concentrations for both artesigher than those recorded in
2018.Thedrop in DO at Lak2is consistent with 2018 anid linked with high oxygen consumption of
microbial activiy along the sedimerdgurface.
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Figurel0: DO depth profiles from two lake sites sampled in August 2018 (blue) and 2019 (Bexthipe indicates / a $.8 a
mg/L DOminimumthreshold for survival of aquatic organisms
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Due to the stratification of the lake sites 1 & 2, no summer mixing occurs, resulting in a finite supply of
DO for organisms below the thermaocline urdill turnover. At depths below m for Lake 1, DO falls

below the CCME 6.5 mg/L guideline, while depths bélawat Lake 2 also have <6.5 mg/L of DO. As
microbes continue to consume the finite supply of DO in the deep lake waters, the stressOlaw
aquatic organisms will only increase until DO is replenished during fall turnover.

It appears at the bottom of the lake abke 2, waters become hypoxic (<2 mg/L) and anoxic (<1 mg/L)
and have decreased capacity to support aquatic life (USGS, 2014sBry2004)Similar hypoxic and
anaxic conditions were observed for both Lake 1 and Lake 2 in 2&1&xygen is necessary for aquatic
life, anoxic conditions can be harmful and even kill organisms that pass through anoxic waters. In
addition, anoxic conitions can cause phosphorus locked in the sediment to change states and be
released into the water column, potentially ovenriching the waters with new nutrients and causing
algal blooms.

2.2.4. pH
pH is a parameter used t@gess the acidity of a substanaeith pH being the negative logarithmic of
the hydrogen ion concentration of the solution (Equation 1). The pH scale ranges from 0 (most acidic) to
14 (most basic), with 7 being the neutral point. In natural waters, due to the dissolution of carbon
dioxide,water pH is slightly more acidic than neutral (~6.5), with geology, organic materials, and rain

14
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range of 6.89.0 as a guideline for the protection afuatic life (CCME, 2007).

Equation 1 no 11T

Particularly in Nova Scotia, natural organic matter, acid rock drainage from specific bedrock formations,

and decades of acid precipitation have lowered the pH of waters in the provinceeadively affected

fish populations. Although the CCME has set a threshold of 6.5, many aquatic organisms have adjusted

G2 b2gdF {O020AFrQa I OARAO 4l GSNBRZ 6AGK (GNRBdzi aLISOAS
Although organisms can survive ifdic conditions, Harvey and Lee (1982) reported fish kills associated

with exposure to highly acidic waters from hours to days, while Courtney and Clements (1998) reported
significant reductions in invertebrates after seven days of exposure to acididioasdipH 4.0).

pH within the lakes and rivers of the ZDSL monitoring program varied betwedrb2-7.09(Figures 2

andB).! £t fF1S araidSaQ LI sikspedfiNg YabgesiodakeFits frdppd A G KAy LI
below5.7-pH. The Octobet ake 4 sample measured a pHsdE8, this is almost-BH units higher than

the October 2018 samplsupporting the{ [ H 1 My hypofhed®s Mt heéilow October 2018 pH

measurement was an anomalf the stream sites, the lowest recorded plds4.52at Pine Lake Brook

¢ Pine Lake Broo#lso had the lowest pH in 28.and wasconsistently one of the lowest pH sites during

the 2018and 201%ield seasos. As with dissolved oxygethe rainfalldependent sample® R Buillér

Lake Brook, Gullyirer, and Peter Veinot BroakF 2 NJ HamMy YR Hamd NB y2i NBL
entire field seasons due to minimal sampling.

Low pH within the Stystem may pose a threat to aquatic lifdl seven streams and ke sitesn

2019 except the Lake 2 August measuremdrave pH values below the CCME-ptbthreshold Even

when using the lower 5:0H thresholdwhich is considereddequate for the survival of fish and

invertebrates (Morriset al., 1989) we stillobservestreammeasurenentsbelow the threshold

Althoughmost{ [ &G NBF Y& Q LI YAY A Y8 all $trea@rBeanphl AINES hasieSR FNB Y H
decreased (Table 3)s the length of the lowpH conditions areinknown¢ due to the monthly sampling

frequency of the program it is unclear if these conditions pose shderm or longterm concerns to

aquatic life however, it is clear that th8L tributaries are acidic and miag negatively influencino-

stream aquatic organism survival
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Figurel2: pH at four monthly lake sites (Lak&liduring the MayOctober 209 SL water quality field seasdRed line indicates
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Figurel3: pH at four bimonthly and rainfatlependent stream sites (Sherbrooke River, Forties River, Pine Lake, and Zwicker
Brook), in addition to three rainfatlependent stream sites (Butler Lake Brook, Gully River, and Peter Veinot 8uoiok)the
May-Octobe 2019 SL water quality field seas&ed line indicates the 5fHminimum thresholdor survival of fish and
invertebrates (Morset al.,, 1989).
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Table3: Mean pH for the four lake sites and seven stream sites of the Sherbrd@k®lbaitoring Program for the 2018 and
20109 field seasons.

Site Type Site Mean pH
2018 2019
Lake Lake 1 6.02 5.90
Lake 2 5.92 6.30
Lake 3 6.36 6.26
Lake 4 4.80 6.10
Sherbrooke River 5.96 5.39
Forties River 5.75 5.14
Stream Pine Lake Brook 5.33 5.02
Zwicker Brook 5.79 5.68
Butler Brook 5.79 5.72
Gully River 5.62 4,58
Peter Veinot Brook 5.27 5.15

2.2.5. Total Dissolved Solids
Total dissolved solids (TOE&) measurement of dissolved materials in watgs an invaluable
parameter. TDS can be influenced by construction, deforestation, sewage effluent, urban and
agricultural ruroff, industrial waste, road salts, forest fires,darainfall/flooding events, and therefore
provides insight into potential pollution issues affecting the water. Although there is no CCME guideline
F2N) ¢5{ KAIK O2yOSyiNrGA2ya 2F ¢5{ OFly IFFTFSOG ¢4t
reductions in clarity can decrease the depth of light penetration and affect rooted veget&ammost
2T b2gF {O020GA1 Qa f I 1 Sa Nové Scptidake Iyivarfody Pregkap@wlnp (2 Hop

TDS of the six SL lake sites never exceeded 20.0 mg/Lnwdsiiestreams had TDS concentrations >20

mg/L (Tablet, Figures 4 and 15). Of the four bimonthly stream sites monitoreal| sitesindicated an

increase in TDS during the rainfall sampling evemggesting an increase in solids due to overland.flow

As the rainfalidependent samples are only collected during rainfall events, it is unclear whether their

values represennormal or eleated conditions due to the rain. In addition, although s&ven streams

hadhigh TDS concentrations during the rainfall evéme, influence on lake water quality appears

minimal, adake site TDS concentrations did not excéweelr normal rangesButler Brook had the

highest recorded TDS concentratior3 (8g/L), which is consistent wifts 2017 preliminary data (33.8

mg/L)and 2018 data (39 mg/L.3uggesting that the brook has naturally high TDS concentraii@fs.

concentrations from SL fallalongthe2 4 SNJ Sy R 2F (GKS ¢5{ NI y3aS FT2NI b20
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Table4: Mean and maximum TDS concentrations from lake and river sites during thar2®2819SL field seasen

Site Type Site Mean TDS (mg/L) Maximum TDS (mg/L)
2018 2019 2018 2019
Lake 1 18.8 16.7 20.0 17
Lake 2 18.2 16.3 19.0 17
Lake
Lake 3 18.2 16.2 19.0 17
Lake 4 185 16.5 19.0 17
Sherbrooke River 21.3 16.3 23 19
Forties River 19.0 19.3 24 29
Pine Lake Brook 17.9 18.3 21 28
Stream Zwicker Brook 19.0 17.3 23 24
Butler Brook - - 39 33
Gully River - - 14 20
Peter Veinot Brook - - 21 24
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Figurel4: TDS at four monthly lake sites (Laké) tluring the MayOctober 209 SL water quality field season.



Total Dissolved Solids (mg/L)
= = N N w
(@] ()] o (&) o

[¢)]

05-May-19 01-Jul-19 09-Sep-19

o

H Sherbrooke River ®Forties River Pine Lake Brook Zwicker Brook

m Butler Lake Brook m Gully River m Peter Veinot Brook

Figurel5: TDS at four bimonthly and rainfalependent stream sites (Sherbrooke River, Forties River, Pine Lake, and Zwicker
Brook), in addition to three rainfatlependent stream sites (ButlerkeaBrook, Gully River, and Peter Veinot Bradiking the
May-October 2019 SL water quality field season.

2.3.Chemical Water Parameters

2.3.1. Total Suspended Solids
Total suspended solids (TSS) is a measurement of all suspended materials in the water coluaseslincre
in TSS can be natural due to erosion or general disturbance of land upstream or can be unnatural
(release of substance from deforestation, mining, etc.). According to the Nova Bogttanment Act
(1994 p Bl@&perdbn shall release or permit théegese into the environment of a substance in an
amount, concentration or level of at a rate of release that causes or may cause adverse effect, unless
authorized by an approval of the regulatiéghd o6& Y2y A(G2NAYy 3 | yR 200GFAYyAy3
TSS and other water quality parameters prior to future potential land disturbances, the SLSC can address
and mitigate any possible substance release events.

TSS concentrations ranged from <1 mg/Lieng/L for SL lake and river sit&d&able 5Figures & and
17). Most lake sites had <1 mg/L of TSS during the field seasommatbutlyingmeasurement 06.6
mg/L at Lake 1 on July', 12019 It appears no stream is consistentiigher than otherdeeding into SL,
with the 11 mg/L July®} 2019 sample at Pine Lake Brook appearing to be an anofialyinclear what
caused the Pine Lake Brook and Lake 1 anomalies for July 2019.

No stream offake sites increased outside of norns#te-specific TSEangesduring the rainfalkampling
event. This is similar to what was observed during the 2018 raid&glendent sampling event, whesix
of the seven streams observed no difference in d@Bentrationsin Nova Scotial SS in lakes ranges
from 0.8 to 15 mg/L (Nova Scotia Lake Inventory Prog@f7);SL TSS concentrations fall along the
lower end of this rangeexcept forthe Pine Lake Brook July 2019 anomaly
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Table5: Mean TSS concentrations from lake and river sites during the 2018 and 2019 SL field Ashakas3 only sampled

bacteria in 2019, no data are available To8Sor 2019.

Site Type Site Mean TSS (mg/L)
2018 2019
Lake 1 1.1 2.3
Lak Lake 2 1.1 1.4
axe Lake 3 1.0 -
Lake 4 1.1 15
Sherbrooke River 1.6 1.9
Forties River 1.4 1.7
Pine Lake Brook 1.3 4.6
Stream Zwicker Brook 1.6 1.1
Butler Brook 1.8 1.0
Gully River 1.0 1.0
Peter Veinot Brook 1.0 1.0
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Figurel6: TSS athree monthly lake sites (Lake 2, and4) during the MayOctober 209 SL water quality field seasoAs Lake
3 only sampled bacteria in 2019, no data are available@i9and therefore Lake 3 is not included.
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Figurel7: TSS at four bimonthly and rainfdipendent stream sites (Sherbrooke Rikerties River, Pine Lake, and Zwicker
Brook), in addition to three rainfatlependent stream sites (Butler Lake Brook, Gully River, and Peter Veinot 8uciok) the
May-October 2019 SL water quality field season.

Secchi disklepth ¢ the depth to whicha black and white disk is just barely visible within a waterbpdy

can act as a proxy for TSS in lakes. In SL, Secchi disk depths were measured for site6Tiadke @)

Lake 2 had the clearest water, with a maximum degitd.05 m The clarity of Lake 2 has increased

since the max depth ¢.84 m in 2018Theclarity of Lake has been greater than Lake 1 for both 2018

and 2019Both Lake 3 and Bave maximum depths down to tHake bottom AlthoughSecchi depth

provides an indicationf light penetration into waterbodies, the measurements can be skewed due to

the depth of thesite,l Y A Y RA @A RdzZE f Qa SeSaA3IKIEZT YR RAFFSNBYy (G
different days.

Table6: Maximum and mean Secdlisk depths from lake sites during the 2018 and 2019 SL field seBsomaximumnmSecchi
depth is available for Lake 3 andat both are visible down tbe lake bottom.

Site Type Site Mean Secchim) Maximum Secchim)
2018 2019 2018 2019
Lake 1 2.21 2.10 2.65 3.55
Lake 2 2.43 2.55 2.84 4.05
Lake Lake 3 1.78 1.46 . .
Lake 4 2.38 2.60 - -

2.3.2. Total Phosphorus
Phosphorus concentrations (both organic and inorganic) are extremely important in healthy ecosystems;
phosphorus acts as a nutrient to various organisms and plants within watersheds. Due to minimal
natural sources of phosphorus aadiigh demand by plantghosphorus concentrations are low in
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aquatic environments and therefore a growlimiting factor. As phosphorus is a key nutrient in

freshwater environments, and not considered a toxic substance, the CCME does not have set guidelines;
K26 SOSNE inisfridof Bidirinant and Climate Change (MOECC) has set a total phosphorus

JdZA RSt AYS 2F Xnonuw Y3Ik][ F2NIE1 1S4 YR Xndno Y3Ik]
phosphorus, pollution sources can ientifiedR dzS (2 WLJ2 O Sosphdus oficer®dtih& G SR L
LY FTRRAUGAZ2YS 0@ Y2yAG2NAYy3 LIK2aLIK2NHz oSt2g6 | 1]
being used/supplied in deeper waters, and if nutriemrichment will be a problem once the waters mix

during fall and spring turnove

On average ake sites were caistently lower than streams (Figure8 dnd 19, Table7). Lake
phosphorus concentrationsanged from <0.004 mg/L to 0.017 mg/L, while streams ranged fron20.01
mg/L to 0.82mg/L. No lake phosphorus concentrations excekttee MOECC lake guideline of 0.02
mg/L, whileonly one stream siteg Pine Lake Brookexceeded the MOECC stream guideline of 0.03
mg/L.Phosphorus concentrations increased at the four bimonthly streams during the rainfall event
Phosphorus concentrations were also elevated at the three randigtlendent sites, but as these sites
were not sampled more than once, it is unclear if these phosphorus concentrations are elevated or
natural. Due to the increase in phosphoinghe bimonthly streams, it is reasonable to assume that the
rainfall caused increased flushing of phosphorus into the stredims water quality of the lakappears
to be minimally affected by theainfallinducedincreasedstream inputs, as phosphorus concentrations
did not increase at any lake sites; howedfects on the lake malyge delayed due to théag between
pollutants reaching the streams, and the travel of ralutants downstream to the lake
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Figurel8: Total phosphorus ahree monthly lake sites (Lake 2, and 4 during the MayOctober 209 SL water quality field
seasonRed line indicates the MOECC20riyy/L guideline for phosphorus lmkes As Lake 3 only sampled bacteria in 2019, no
data are available fonutrientsand therefore Lake 3 is not included.
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Figurel9: Total phosphorus at four bimonthly and rainfdéipendent stream sites (Sherbrooke River, Forties River, Pine Lake,
and Zwicker Brook), in addition to three rainid¢ipendent stream sites (Butler Lake Brook, Gully River, and Peter Veinot Brook)
duringthe May-October 2019 SL water quality field sead®ed line indicates the MOECC 0.03 mg/L guideline for phosphorus in
streams

Phosphorus concentrations during the 2dield seasorare comparable to those of 201&able?).
Minimum phosphorus concentrations within the lake sites have incre&sea 2018 valueswhilethe
four bimonthly stream sitesemainconsistent with 2018 concentrationswo of the three rainfall

dependent stream siteg Butler Lake Brook and Gully Rivgnad lower phosphorus concentrations
than the 2018 rainfall event, whileeter Veinot Brook concentrations increasgd0.001 mg/L

compared to 2018

Table7: Range in total phosphorus concentrations between 20182019 JulySepgemberfor lake and stream sampleds

Lake 3 only sampled bacteria in 2019, no data are availabtetmrphosphorugor 2019.

Site Type Site Total Phosphorus Range

2018 2019
Lake Lake 1 0.0040.008 0.007%0.012
Lake 2 0.0040.009 0.0060.009

Lake 3 0.0040.005 -

Lake 4 0.004 0.0060.011
Stream Sherbrooke River 0.0150.04 0.02-0.022
Forties River 0.0170.04 0.0150.026
Pine Lake Brook 0.0150.03 0.0190.032
Zwicker Brook 0.0180.04 0.0160.018

Butler Lake Brook 0.03 0.017

Gully River 0.03 0.016

Peter Veinot Brook 0.02 0.021
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Elevated phosphorus concentrations below the thermocline may indicate a possible nutrient

enrichment event during fall turnover, with a potential for eutrophication and dmdms. In SL,

LIK2 A LIK2NHzA O2y OSYy i N GA2ya o0 SdeLAisK QivegSal BidBRNMOt Ay S 6
surface concentrations (Tab®, indicating hatthe deeper lake waterare nutrient enrichedAs

phosphorus concentrations were higher@gpth, it appears thathere is minimal assimilation of

phosphorusbelow the themocline; however, as orthophosphate concentrations were below detection

limits (0.01 mg/L)the bioavailable fraction of phosphorus is minimal, reducing the risiutfent

enrichmentfrom internal loadingduring{ [ f&ld&urnover.

Table8: Total phosphorus concentrations from two lake sites, obtained both at the surface and below the therraddinia

August for the SL 20Ehd 2019Water Quality Monitoring Prograsyin addition to orthophosphate concentratiotaken
below the thermocline in 2019.

Site Surface Phosphorus (mg/L Phosphorus ADepth (mg/L) Orthophosphate At-Depth
(mg/L)
2018 2019 2018 2019 2018 2019
Lake 1 0.008 0.007 0.007 0.007 - <0.01
Lake 2 0.004 0.006 0.025 0.008 - <0.01

2.3.3. TotalNitrogen
Like phosphorus, nitrogeis also dimiting nutrient for plants and other organisms in freshwater
environments. No CCME guidelines exist for nitrogen; however, Dodds and Welch (2000) have
SaGFroftAaKSR I Xnodg YIk[ DdziviRISUndeyvBod ardl BsseWBIaR)G | G S NJ
NBLZ2NISR I FdZARSEAYS 2F Xndo YIk[ F2NI 2fA320NRLKA

Lake nitrogen concentrations ranged fron205mg/L to 0327 mg/L, while stream nitrogen

concentrations ranged from P19mg/L to 0784mg/L (Figure®0 and21, Table9). Total nitrogenlike

total phosphorus, was lower in lake sites than stream slteaddition, thenitrogen concentrationgor

all lake sites were higher in 201an 2018 No stream or lake site exceeded the Dodds and Welch

(2000) 0.9 mg/L threshold; however, the Lake 1 site did exceed the Underwood and Josselyn 81979) 0.
mg/L threshold for oligotrophic waterbodi@s one occasiorr 0.327 mg/L onAugust 11, 2019.

Nitrogenconcentrations increased following the Hurricane Dorian rainfall ev@hthe bimonthly

streams monitored during the sampling program, all four streams had increases in total nitrogen during
the rainfalldependent samplinglhe threerainfallonly streamsites hadsimilar levels as 2018as

these are only monitored during rainfalhly eventsthe range ofmitrogen concentrations outsidihese
rainfallevents is unknowrlikephosphorusno lake sites had increases in nitrogetiowing the rainfall
eventg this may indicateninimal impact o the lake omay be due to the lagetween flushing of

nutrient pollutants into the streams and eventual transportationtieésewatersinto the lake.

Elevated nitrogen concentrations in the 2019 lake siteaduition to increases at all seven streams
during the rainfall event, suggesthat nitrogen pollution is an issue in SL. Although the oligotrophic
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threshold was only exceeded once in 2019, the increase in nitrogen concentrations witftom3018
to 2019 increases the risk @utrophicationwithin the lake.

1
0.9

0.8
0.7
0.6
0.5
0.4

Total Nitrogen (mg/L)

03 m = = e = = —gm ——_y———— N ——— S —
. A v hd "

0.2

0.1

0
05-Apr-19 05-May-19 04-Jun-19 04-Jul-19 03-Aug-19 02-Sep-19 02-Oct-19 01-Nov-19

®lLakel @Lake?2 Lake4

Figure20: Total nitrogen athreemonthly lake sites (Lake 2, and 4 during the MayOctober 202 SL water quality field
seasonRedsolidline indicates the Dodds and Welch (2000) 0.9 mgfbgen threshold for freshwaterand red dashed line
indicates theUnderwood and Josselyn (19793 mg/L nitrogen threshold for oligotrophic lakés Lake 3 only sampled
bacteria in 2019, no data amvailable fomutrientsand therefore Lake 3 is not included.
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Figure21: Total nitrogen at four bimonthly and rainfalependent stream sites (Sherbrooke River, Forties River, Pine Lake, and
Zwicker Brook), in addition to threainfall-dependent stream sites (Butler Lake Brook, Gully River, and Peter Veingt Brook
during the MayOctober 2019 SL water quality field sead®ed line indicates the Dodded Welch (2000) 0.9 mg/L nitrogen
threshold for freshwaters.
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Table9: Range in total nitrogen concentratiohstween 2018 and 2019; JeBeptember for lake and stream samples. As Lake 3

only sampled bacteria in 2019, no data are available for totabgenfor 2019.

Site Type Site Total Nitrogen Rangémg/L)

2018 2019
Lake Lake 1 0.1850.359 0.267-0.327
Lake 2 0.180.258 0.247-0.286

Lake 3 0.190.29 -

Lake 4 0.194 0.2150.27
Stream Sherbrooke River 0.5030.714 0.4090.59
Forties River 0.5340.751 0.4430.784
Pine Lake Brook 0.4970.781 0.4720.684
Zwicker Brook 0.660.711 0.3980.516

Butler Lake Brook 0.883 0.544

Gully River 0.483 0.529

Peter Veinot Brook 0.66 0.654

Unlikephosphorus)ower nitrogen concentrations below the thermoclitienit the potential for a
nutrient-enrichment event during fall turnoveitn SLnitrogen concentrationsvere only slightly lower
at-depth than the surface concentratioii$ablel0). Lake lat-depth nitrogen concentrations were only
0.017 mg/L below those at the surface, while Lake 2 samples were 0.003 mg/L below surface
concentrations Surface nitrogen concentrations have increased since &iXli8oth lake siteswhile
Lake 1 atdepth nitrogen concentrations have increased while Lake@gth concentrations have
decreased since 2018s nitrogen concentrations are lower-dépth,the deeper SL waters are not a
source of internal loadinghereby minimizing the potentidbr eutrophication and algal bloomis the
fall season

Tablel0: Total nitrogen concentrations from two lake sites, obtained both at the surface and below the thermocline, in August
for the SL 2018nd 2019Water Quality Monitoring Program

Site Surface Nitrogen (mg/L) Nitrogen AtDepth (mg/L)
2018 2019 2018 2019

Lake 1 0.263 0.327 0.223 0.31

Lake 2 0.258 0.263 0.46 0.26

2.3.4. Chlorophylia
Chlorophyllis a parameter used as a proxy for biological activity within water and can be an indicator
for potential algal blooms if it increases to elevated levels (Stumpf,)26@t SL, chlorophyinever
exceeded 7 pg/LHigures 22 and 23, Table)1Chlorophylia concentrationsvere consistently higher at
the lake sites than stream sitewhich may be due to the loweelocity of the waters and therefore
greater ability for algae to grow and thrivEhe lakesites,and three of the four bimonthly stam sites,
had lower mean chlorophyll concentratiotigan 2018 valas. All three rainfaltlependent stream
samples increased from 20,18ut as these are only collected annually, it is unclear whether these
AYONBIFaSa INB o0Se2yR (&éEngg/ 2 NYIf A0GNBIFYaQ OKf 2NERLK
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2019 dlorophylla concentrationsare inconsistent with previous findingslthough the seasonal
variations for the2019stream sites are consistent with 2018 values, the lake ditesrge from 2018
trends. There isadecrease in chlorophyd concentrations throughout the first three months at the lake
sites,as was also observed in 2018; howevkere is a subsequerihcrease come August 201Bhe
August 2019 increase does not correspond to increases in nutrient availability, as both narahen
phosphorus concentrations remaimithin expected ranges during this periotheAugust increase also
does not appeato be rainfall related, as onlyr@m of rain fell in thehree days prior to the August
2019 sampling evenhe maintained increase in chlorophgitoncentrations during the September
and October sampling evenis consistent with 2018 valueasrainfall increased ancesulted inthe
flushing ofmore materiakinto the lake.lt is unclear why chlorophydl concentrations increaskin
August while the three earlier monthg when various algal blooms were reported within the lajdell
below 3 mg/LThe increase in chlorophyll in the fall monikshot consistnt with the 2018 data; further
sampling is required to understand why concentrations increased.
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Figure22: Chlorophyll a athree monthly lake sites (Lake 2, and 4 during the MayOctober 209 SL water quality field season
As Lake 3 only sampled bacteria in 2019, no data are availabteltmophyll aand therefore Lake 3 is not included.
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Figure23: Chlorophyll a at four bimonthly and rainfdiépendent stream sige(Sherbrooke River, Forties River, Pine Lake, and
Zwicker Brook), in addition to three rainfdpendent stream sites (Butler Lake Brook, Gully River, and Peter Veingt Brook
during the MayOctober 2019 SL water quality field season.

Tablel1l: Maximum and meahlorophyll &rom lakeand riversites during the 2018 and 2019 SL field seasdsd.ake 3 only
sampled bacteria in 2019, no data are availablecioiorophyll &or 2019.

Site Type Site Mean Chlorophyll a(ug/L) Maximum Chlorophyll a(ug/L)
2018 2019 2018 2019
Lake 1 3.73 2.70 2.65 3.55
Lake 2 2.79 2.54 2.84 4.05
Lake Lake 3 2.11 i 2.3 :
Lake 4 2.10 1.93 2.63 3.85
Sherbrooke River 1.72 0.99 3.88 1.21
Forties River 1.71 0.83 2.97 1.47
PineLake Brook 0.76 1.38 0.94 3.10
Stream Zwicker Brook 5.18 1.19 17.41 1.85
Butler Brook 0.89 1.35 0.89 1.35
Gully River 0.85 1.30 0.85 1.30
Peter Veinot Brook 0.79 0.99 0.79 0.99

2.3.5. E. ColBacteria
Escherichia cofE. coli) is a species efchl coliform bacteriavhichare found in the vaste of warm
blooded animals and used as indicators of fecal pollution within freshwater environments. Sources of
bacteria can include agricultural langslue to the spreading of manure on crops, stream crossings by
livestock, and livestock feces (Stephemand Street, 1978; Huntet al,, 1999; Cranet al., 1983),

28



domestic and wild animal feces, leachate from landfills (Magbkbal., 2011), malfunctioning septic
systems, illegal straighdipes, and stormwater rwoff (both urban areas and overland flawrural
regions).

In recreational waters, the presence of fecal pollution presents a risk to the public, as the possible
presence of pathogenic microorganisms can infect humans and animals and cause serious illnesses. As
testing for the hundreds of disea-causing microorganisms is costly and impractical, this program uses

E. colmeasured in coliform forming units per 100 mL (CFU/Q) as an indicator of fecal pollution.

The program switched from testingdal coliformsn 2018 toE. colin 2019 to abn with Health

I Iy I fdndagis of using E. coli as the primemyicator bacterieof fecal contamination in

freshwaters. For recreational waters, Health Canada has set a limit of <400 CFU/100 mL of E. coli during
primary contact activities (activitiaghere the body, face, or trunk are submersed, and it is likely that
water will be swallowed, such as: swimming, surfing, canoeing, etc.) (Health Canada, 2012). Although
the presence oE. colindicates the presence of fecal contamination, the absende oblishould not

be interpreted to mean that all pathogenic organisms are absent

In the four lake sites and seven inlet stream sites monitored during theé 28#l seasonpnly oncewas
a measurement abovihe Health Canada primary contact limit (Figugd and %5). The highesE. coli
count within the lake sites was 20 CFU/100 mL, found at Lakel 3in September2019. Samples were
below laboratory detection limits for adlevenLake 1 sample@ncluding one replicate sampl&jix of
eightLake 2 sample@ncludingtwo replicate samplesfour of sx Lake 3 samples, aradl eightLake 4
samplegincluding two replicates)For the streams, concentrations ranged from <10 CFU/100 m2Qo
CFU/100 mithe bacteriaconcentrationsfrom 2019 arehigher than those of 2018, which ranged from
<10 CFU/100 mL tdB8 CFU/100 mLThe highest bacteria concentration was recorde&aties River
(720 CFU/100 mL), during the rainfditpendent event.

Elevated stream bacteria concentrations were recorti@ibwing the rainfall event of Hurricane Dorian

¢ these elevated concentrations may be due to flushing of bacteria on land into the stezainss

also observed in the 20I8easurementsincreases in bacteria in waterbodies following rainfall is
commonly eported in the literature (Rodgeset al., 2003; Hunter, McDonald, and Beven, 1992;
Stephenson and Street, 1978); however, it appears that the increases diplaattyaffect lake water
guality. As he rainfalldependent sampling of the seven inlet streaomncided with the September
sampling event of the four lake sitehe influence of theaainfall and streams can be observed on the
f11SQa ¢ lAihSugballstaamsihddeelevated levelsBf coli, only ake 2 and 3 had increases
FNRY G(GKS LINBOA2dza Y2y (iKQa 9 werebrinimal, akoBd@dratians K2 6 S 3 S N.
never exceeded 20 CFU/100 n@taution should still be maintained by the public after rainfall events, to
avoid expasure to high fecal bacteria concentrations, especially around streams and where streams and
the lakes intersect. In addition, caution should be taken in streams that have known bacteria sources
upstream.
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Figure24: E. coliat four monthly lake sites (Lake4) during the MayOctober 209 SL water quality field seasdRed solid line
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Figure25: E. coliat four bimonthly and rainfaltlependent stream sites (Sherbrooke River, Forties River, Pine Lake, and Zwicker

Brook), in addition to three rainfatlependent stream sites (Butler Lake Brook, Gully River, and Peter Veinot 8uoiok)the
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2.4.Sediment Sampling

2.4.1. Metals
Sediments can have adverse effects on water quality in lakes and rivers, as sediment acts as a reservoir
for metals, nutrients, and organisms. During turbulence in streams, chemicals held within sediment can
be released, causing amflux of more than just TSS and TDS, but increases in metals, bacteria, organic
matter, and nutrients (Reddst al., 1999; Brylinsky, 2004); t f 2F gKAOK Ol y yS3I GA DS
fragile chemical equilibrium.

For sediments found at the bottom tdkes, resuspension is less likely; however, sediments can affect
bottom-feeding organisms due to high concentrations of metals which settle out of suspension and
accumulate on the lake bottom (Guthrie and Perry, 1980). Affecting botewders thereby a#cts

other organisms due to bioaccumulation of chemicals through the fdwain (Fishar and Ali, 2005; Chen
and Chen, 1999). In addition, different forms of phosphorus held in sediments can greatly affect lakes.
Orthophosphate is a bioavailable form of @pdorus which tends to be in lower concentrations due to
high demand by plants; however, as plants decompose, orthophosphate is released back into the
environment (CCME, 2004; Howell, 2010). For phosphorus held into complexes with metals, anoxic
conditionsfacilitate the dissolution of complexes and release of phosphorus from sediments (Hayes,
Reid, and Cameron, 1985). Increased levels of phosphorus released from sediments into the water
(internal phosphorus loading) can cause nutrientrichment and poteriail eutrophication and algal
blooms (Sondergaard, Jensen, and Jeppesen, 2008 is particularly susceptible during turnover,
when nutrientrich bottom waters are mixed throughout the lake, providing new food sources for
organisms.

High concentrationsf metals within the lake bottom sites, unlike tEevicker Broolsite, may
negatively affect aquatic life (Tabl®). Within the Lakd,, 2 and4 sites,arsenic and cadmiurexceed

the CCME interim sediment quality guidelines (ISQ&e 1 and 2 also exabéSQG guidelines for
mercury, with Lake 2alsoexceedngmanganese guideline addition, selenium concentratiorsg Lake
2 and lead concentrations at Lakefipear to be close to CCME sediment guidelines and should be
monitored (CCME, 2001Ihe deepetsparts of Sig Lakesites1 and 2¢ havethe highest concentrations
of heavy metals in sedimenWater depth and slope are associated witbhreased metal concentrations
due to funneling of particulate matter towards deeper lal@ttom pockets, as observed by Hakanson
(1977) in Lake Vanern, Sweden.

Most SL lake sediment concentratioase comparable to metal concentrations found in fédejmkujik

lakes monitored from 200Q009 Sediment samples were collected by Environment and Climate Change
Canada from Hichemakaar Lake, Big Dam East, Cobrielle Lake, and Peskowesk betwessch 2009

(Kirk, 2018. Althoughthe SL and Kejimkujik lakes kazomparablesediment metal concentrations,

YEye 2F (KS&S YSil f aQ gudrlyiedBhe highindiakcPngentrafiors@S 8kR / / a 9
aregreater than the mean metal concentrations found at Kejimkujikriercury and cadmiun(Table

13). In additon, the concentration of cadmium in sediment at Ldk&®,and4 is greater than the

maximum cadmium concentration found in the four Kejimkujik lakeke 2 also exceeded thange of
manganese found within the Kejimkujik lakegth a value 1.5imes the maximum concentration

measured within the four Kejimkujik lakes.
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AsZwicker Brookloes not exceed any guidelines, it does not appear to be a significant influence on
metal concentrations within the lake sites. It is possible that one (or mujtgdléhe other 13 inlet
streams is affecting metal concentrations within the lake sediments; the lake sedmetatsmaybe
accumulating over time from metal inputs from other inlet stream&s the lake acts as a sink for all the
various metal inputs, théigher metal concentrations observed within the lake sites compared to
Zwicker Brook is reasonable, and consistent with 2018 results, where Forties River had lower metal
concentrations than the lake siteEhe rotation of sediment analyses from timet streams will help
determine whether one or multiple streams are influencing lake sediment accumulation quantities.
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Tablel12: Concentration of metals within site sediment samples sampled on Auguys2@8and August 11, 2019 Interim

sediment quality guideline (ISQG) is the recommendation by CCME of total concentrations of chemicals in surficial sediment,
while the probable effect level (PEL) is the CCME upper value in which adverse effects are expected (CCME, 20606t1d. Nova
environmental quality standards (NSEQS) are sediment guidelines specifically set by the Nova Scotia Environment (NSE, 2014).
Light yellow indicates parameters approaching one of the guidelines, while dark yellow indicates an exceedance of one of th
guidelines.

_ Lake Lake 2 Lake | Lake Fo_rties Zwicker RDL* Guidelines
Parameter | Units | 1 3 4 River | Brook
2019 | 2018 | 2019 | 2018 | 2019 | 2018 2019 | 2018 | 2019 | ISQG| PEL| NS

Aluminum (Al) mg/kg | 22000 | 22000 | 25000 | 6700 | 7200 4300 4700 10 10
Antimony (Sb) | mg/kg | ND* ND ND ND ND ND ND 2 2
Arsenic (As) mg/kg | 8.4 16 12 8.3 8.1 2.7 ND 2 2 5.9 17 17
Barium (Ba) mg/kg | 49 42 50 26 17 26 18 5 5
Beryllium (Be) | mg/kg | ND ND 2.1 ND ND ND ND 2 2
Bismuth (Bi) mg/kg | ND ND ND ND ND ND ND 2 2
Boron (B) mg/kg | ND ND ND ND ND ND ND 50 50
Cadmium (Cd) | mg/kg | 0.76 1 0.99 1.5 0.76 ND ND 0.3 030 | 0.6 35 |35
Chromium (Cr) | mg/kg | 15 14 14 4.6 51 4.7 4.0 2 2 37.3 | 90 90
Cobalt (Co) mg/kg | 9.0 8.8 11 6.8 4.1 2.3 2.2 1 1
Copper (Cu) mglkg | 12 15 10 13 3.1 ND 4.2 2 2 357 | 197 | 197
Iron (Fe) mg/kg | 14000 | 14000 | 15000 | 10000 | 9400 8300 6800 50 50 47766
Lead (Pb) mg/kg | 34 49 24 13 13 3.3 3.3 0.5 050 | 35 91.3| 91.3
Lithium (Li) mglkg | 17 10 9.7 11 14 20 21 2 2
'(\:Aargga”ese mgkg | 540 | 480 | 1300 | 1000 | 290 | 200 110 2 |2 1100
Mercury (Hg) mg/kg | 0.27 [ 0.27 | 0.20 | 0.16 | ND ND ND 01 | 010 | 0.17 | 0.49| 0.486
(MMO(?)’bde”“m mgkg [ND |ND |20 |ND |ND ND ND 2 2
Nickel (Ni) mg/kg | 10 7.5 6.9 5.7 4.6 2.3 3.1 2 2 75
Phosphorus (P) | mg/kg | 1900 1900 | 2200 | 400 490 180 190 100 100
Rubidium (Rb) | mg/kg | 11 6.3 6.2 4.7 55 17 7.8 2 2
Selenium (Se) mg/kg | 1.3 1.8 1.8 ND ND ND ND 1 1
Silver (Ag) mg/kg | ND ND ND ND ND ND ND 05 | 050
Strontium (Sr) mg/kg | 13 13 13 ND ND ND ND 5 5
Thallium (TI) mg/kg | 0.26 0.26 0.24 0.34 0.11 0.12 ND 0.1 0.10
Tin (Sn) mg/kg | 2.5 3 1.5 2 ND ND ND 2 1
Uranium (U) mg/kg | 4.3 5.7 6.5 1.7 2.0 0.52 0.77 0.1 0.10
Vanadium (V) mg/kg | 23 30 34 11 12 11 9.0 2 2
Zinc (Zn) ma/kg | 87 93 89 96 66 20 34 5 5 123 315 | 315
(Opr)‘h"ph“phate mgkg | 0.15 | 0.067 | 0.086 [ 0.26 | 0.24 |0.33 | 0.38 005 | 0.050

*RDL = Reportable Detection Limit; ND = Not Detected
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Tablel3: Comparison of 2018nd 201%ediment metal concentrationsom SL lake and river sités the range and mean
metal concentrations from four Kejimkujik Lakes (Hilchemakaar, Big Dam East, Cobrielle, and Peskowesk) monitored-from 2000
2009 (Kirk, 2018).

Metal Unit | Lake Lake 2 Lake | Lake | Forties | Zwicker | Kejimkujik | Kejimkujik

1 3 4 River | Brook Range Mean
Concentration

2019 | 2018 | 2019 | 2018 | 2019 | 2018 | 2019

Acid E.xtractable mg/kg | 8.4 16 12 8.3 8.1 2.7 ND* 3.5527.1 10.50

Arsenic (As)

Acid Extractable | mokg | 76 |10 1099 |15 |o076 | ND ND 0.10.4 0.26

Cadmium (Cd)

Acid Extractable

Lead (Pb) mg/kg | 34 49 24 13 13 3.3 3.3 43-62.5 48.40

Acid E |

cid Extractable |\ | 540 | 480 | 1300 | 1000 | 290 | 200 110 28.7666 | 273.40

Manganese (Mn)

Acid E |

cid Extractable |\ 1027 | 027 | 020 |016 |ND | ND ND 0140345 |0.22

Mercury (Hg)

Acid Extractable mg/kg | 1.3 1.8 1.8 ND ND ND ND 1.393.17 2.24

Selenium (Se)

*RDL = Reportable Detection Limit; ND = Not Detected

2.4.2. Hydrocarbons
Hydrocarbons are chains of carbon and hydrogen molecules which are the main components of natural
gases and petroleum products. Monitoring hydrocarbons provides insight to whether anthropogenic
activities are influencing water quality in the regiosuchas boating and combustion of petroleum
products causing atmospheric deposition of polycyclic aromatic hydrocarbons (PAHSs) (Das, Routh, and
Roychoudhury, 2008; Andren and Strand, 1979).

Hydrocarbon testing was done for sediments rather than water samplethé 2019 field season, as
hydrocarbons are known to settle out of the water column and onto the substrate. Of the hydrocarbon
chains tested, the low molecular weight (LMW) chains were undetectable; however, the detection limits
for these chains were Higr than the guidelines set by the CCME for specific LMW chains, therefore, it
is unclear whether concentrations pose a risk to the environment. Most high molecular weight (HMW)
chains were also nedetectable, but also had detection limits above seleddEGMW guidelines. For

the HMW chains between C21 and C32, the lab detected concentrations of 180,000 pg/kg for Lake 2,
87,000 pg/kg for Lake 4, and 28,000 pg/kg for Zwicker Brook. These values fall above the 6.22 pg/kg
ISQG and 135 pg/kg PEL for dibetmémthracene; however, it is unlikely that dibenz(a,h)anthracene is
the only chain detectable between the GEZB2 chains tested, as many natural sources have long carbon
chain structures, therefore risks associated with high levels of dibenz(a,h)anthraceneknown, but
should be considered minimal. Due to the laclaeimple available to perform hydrocarbon testing, no
data areavailable for hydrocarbons in the sedimexit_ake 1.

Hydrocarbons should continue to be monitored at all lake sites to monitor for changes in detectable
amounts of hydrocarbong especially at Lake 1 and Lake 4. Monitoring Lake 1 would provide
information regarding the accumulation of hydrocarbons wheradata areavailable, while Lake 4 is
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located near the proposed public boat launch, which would see an increase in boat traffic, and by
association, increases in the potential for hydrocarbon releases into the lake.

2.4.3. Nutrients
Regarding the phosphorus levelghin the lake and river sedimentéblel4), athough Lake 2 has the
highest amount of phosphorus in sedimegtyicker Brookas the highest orthophosphate to
phosphorus ratiq0.2%orthophosphatg. The higher levels of this baxccessible phosphorus the
stream is similar to what was observed in 2018, where Forties River also had the highest
orthophosphate to phosphorus ratio (0.18% orthophosphagd)four 2019sites had low
orthophosphate to phosphorus ratio¥d.2% each), indicating that the bioakadble orthophosphate is
being quickly assimilated by organisms and therefore most of the phosphorus in the sediment is in non
bioavailable forms.

Phosphorus concentrations within SL suggesiution within the lakeAlthough there is no sediment

phosphdNdza 3JdzA RSt Ay S aSi o0& GKS / /a9 hyidlNA2Qa t N2 JA
Hnann Y3k]13 NIyaASsT gKSNB wnnn Y3k 3I 2F LIK2aLK2 NHza
MOE, 2008). LakkandZwicker Broolare below the Ontario guideies, suggesting minimal influence

by pollution and no negative effects on aquatic organisms; howewakel is close tahe threshold,

while Lake 2 exceedbe 2000 mg/kg severe effect leyandtherefore indicategollution within the

lake.For Lake 2, thandication of pollution is greater, as both tlsencentrations of total phosphorus

and orthophosphate have increased from 2018 leveRhe elevated phosphorus concentrations within

the Lake 1 and 2 sites indicat@atential for internal loading for phosphorus in the lake causing algal

blooms. Laksites 1 and 2hould be considere#ites2 ¥ 02y OSNY Q FyR 06S 02y {AydsS
due to high potential for nutrierenrichment, eutrophication, and algal blooms.

Tablel4: Phosphorus concentrations in sediment samples from lake and river sites sampled on Ayt andAugust
11th, 2019

Lake 1 Lake 2 Lake 3 Lake 4 Forties Zwicker
River Brook
Parameter (Units) 2019 2018 2019 2018 2019 2018 2019
Orthophosphate in sediment  0.15 0.0067 0.086 0.26 0.24 0.33 0.38
(mg/kg)
Acid extractable phosphorus ir 1900 1900 2200 400 490 180 190

sediment (mg/kg)

3. Discussion

3.1.Trophic State of Sherbrooke Lake
Trophic states describe the productivity of a waterbody which can aid in tracking how a waterbody
changes over time. Trophic states range from oligotrophic (low productivity and minimal biomass) to
hypereutrophic (high productivity and maximum biomassk frbophic state index (TSI), proposed by
Carlson (1977), uses the depth of transparency (Secchi disk), and concentrations of chlaraptiyll
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three sites (Tabld5; Figure B). All sites have oligotrophic levels of phosphorus, indicating low

productivity. The phosphorugSI scores have increased from 2(&. chlorophylh, Lake 1 has

mesotrophic levelsyhile Lake 2 and #hdicate oligotrophic level®f chloroptyll a. All three sites have

mesotrophic levels of transparenoyafculated using Secchi disk depth@)ncern should be minimal for

the Secchi disk/water transparenaydices as water transparency is not an exact indication of a

g1 GSND 2 Re QaanddNPbR inBOdnde@bly tadars other than biomass, such as suspended

particles within the water column (NSSA, 2014; EPA, 2008gneral, SL can be labell@dmarily

oligotrophic however, the increase in TSI phosphorus scargsR A O { S prodiic#/® méaylbg S Q a
changing and being influenced by nutrient loading.

Tablel5: Carlson (1977) 201dhd 2019SL TSI scores and trophic states for total phosphorus, chlorophyll A, and Secchi disk for
Lake 1 (red)Lake 2 (blug)and Lake 4 (yellogfor 2019 only.

TSI Score Trophic State Phosphorus Chlorophyll A Secchi Disk
2018 2019 2018 2019 2018 2019
<40 Oligotrophic 33.3 3921 39.76
28.6 34.14
40-50 Mesotrophic 42.3 40.45 48.6 49.31
40.7 47.38 46.51
> 50 Eutrophic
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Carlson Trophic State Index
Oligotr ophic Mesotrophic Eutrophi Hypereutropic
H 55 6 65 N 75 80

3 4 57 10 1520 30 40 60 80 100 150

15 2025 30 40 5060 80 100 150

(pph)

Figure26: Carlson TSI fdekes, with TSI ranks for SL Lake 1 (red,dtake 2 (blue starpnd Lake 4 (yellow starjransparency
determined using Secchi disk depth. From Carlson (1977).

3.2.Algal Blooms

An algal bloom is the rapid increase and accumulation of microscopic plaalk@a (phytoplanktonin
waterbodies and cabe detrimentalto ecosystems (Hallegraeff, 2008cosystems have a fragile

balance, where biomass is sustained and limited by available nutrients; however, when excess nutrients
enter an ecosystem, biomass can expand (Heglat,, 2008). In waterbodies, excess nutrients allow

algae to flourish, excefing normal densities and assimilating all nutrients. The increased biomass
presence causes decreased water transpareqiohpcking off the depth of which sunlight penetrates a
waterbodyc¢ and as the algae decay, increased microbial decomposition redissswbd oxygen

leading to hypoxic and anoxic conditions (Pa¢il., 2001).

In addition to the detrimental environmental effects, algae blooms can pose a risk to humans and
animals if they consist of cyanobacteria. Cyanobacteria, commonly referigitituegreen algae, can

emit toxins into the water, causing serious illness and even death in humans (Lawton and Codd, 1991).
Aside from humans, cyanobacteria blooms have also been associated with fish kills @R adig&p94),

and the death of dog®B@ckeret al,, 2013). Although not all cyanobacteria are toxic, it is important to

test each bloom to confirm which strains are present and if toxins are a threat within the waterbody.

In 2019 SLexperiencedseveralalgae bloomgFigure Z). These bloomsvere reported throughout the

lake, with noone singular source or locatigindicating thatalgae growth appears to be a lakéde
issue.From the sighting reports, blooms occurring along tloeth-easternside of the lake disappated
overnight, with bloomghen occuring the following day along tkeuth-western side of the lake,
suggesting that wind and wave action may be partially responsible for the movement of blooms within
SL.The influence of windnd waven bloomdispersiorallows for greater distribution of blooms
throughout the lake, thereby affectirggreater portion of residents of SL.
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Figure27: Reported algae bloom locations (green triangles) within Sherbrooke Lake theif@19 field season.

Of the reported blooms, two were sampled aesdnt to Maxxam Analytics to be tested for microcystins
¢ the toxin associated with cyanobacterigor recreational use, total microcystins should be less #tan
Mg/L (Health Canada, 20);2hetwo SL samplelsad lewels below instrument detection limits, indicating
that the water was safe for recreation. In addition to the microcystin samplealgae sample was also
sent to Dalhousi¢o identify the algae species present in the wafBine predominant form ohlgae was
green algae a nontoxic speciesThe increase in this species compared to previous yeaksbe linked

to the higher concentrations of nutrients (nitrogen and phosphorus) measured within the lake in 2019
compared to 2018.
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Bloom sigtings have increased from 2018 whenlsloom was reported, tamine sightings reported to
Coastal Action within the months of June and July 20h®.increase in bloonis SLis not alocalized
phenomenon, astudieshave observedn increase in both siznd frequency of algae bloongtobally,
with potential for further increasem the future Hoet al, 2019 Michalaket al,, 2013). Although the
increasesn algal blooms have been linked to climate change and incrgtsmperatures (Heet al,,
2019)land-use practices, such as themoval of natural filterg wetlands, vegetative buffersand the
increased application of nutriesrich fertilizers havealso been discussed as catalysts increasing bloom
occurrencegHuismaret al,, 2018) Increased blom sightingsat SLmay also be attributed to a greater
awareness of lake water quality and monitoring activities through the efforts of the 8ltBdligh the
source of the blooms Slis unclearmanagement of nutrients into SL is necessary, asigstrophic
stateis easily influenced by excesstrientloading | & 20 aSNWSR gAGK GKS AyONEBI
phosphorus TSI valueshich can lead to amcreasein the presence of algae bloongsandthe

potential for toxic cyanobacteria bloongdn the lake

3.3.Pollution

Nutrients and bacteriaare two pollutants common in SL and its tributari@khoughboth pollutants are

present in the natural environment, their concentrations increase with human activitresincreased

presence of nutrients poses a threat to both human and aquatic lif¢", @&l NA Sy ida OFy Ay ONB!
productivity, shiftingts trophic status from oligotrophic to eutrophic, which increases the risk of the

formation of algal bloomsTheincreased presence of bacteria poses a risk for human health, as

recreation within waters with high counts of bacteria increases the risk of exposure to harmful bacteria,
viruses, and protozodduman activities can influence the levels of these pollutai@pollution inputsg

straight pipes, malfunctioning septic syster@syn and crop fertilizatioretc. ¢ andthe removal of

pollutant control measures riparian zonesn particular.Addressing the high levels of the nutrients and

bacteria within SL anits tributaries requiresction regardindgoth human activitytypes.

As observed in 2018, rainfall events appeabe detrimental to the water quality of the SL tributaries.
The rain flushes pollutanfsom landbasedsources towards nearby waterbodieikes in both
nutrients and bacteria were observed following Hurricane Daaiaiie seven inlet streamshowever,
lake water qualitywas minimally affectedA settling time of 24ours is advised prior to recreation
within the SL waterfollowing a rainsbrm event

Heavymetalsalso appear to be pollutantsithin the lake, due to contaminated levels of metidand

within the lake sedimentAlthough heavy metals do have natural sour@s] the metal concentrations

from SL sediment are comparable to nearby sediment in Kejimkuijik, concentrations for mercury, arsenic,
cadmium, andnanganesexceed CCME guidelines for aquatic Tifiee accumulation of heavy metals in

SL sediment may be exabated by development andtmospheric inputs originating from industry.

Although SL is considered an oligotrophic ldtssstatus is fragé. The lake ibeing influenced by

sources of nutrients and bacteriahile alsoexperiencing longerm sediment catamination.Continued

LRt fdziil yid AylLdzia Ayia2 GKS €11S éAatt FFFSOG GKS {1
monitoring and highlighting these changesdevelopmanagement plans for the lake aedcourage

the application obest managemenpractices
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4. Recommendations

The following recommendations are suggested for the SL Water Quality Monitoring Program, based on
the 2019 water quality results:

The SL Water Quality Monitoring Program should continue 202a0d beyond, as construction
of the public access siteand increased lakasage- is expected to continue into future years,
and this program was developed éstablish a water quality baseline to aid in evidebesed
decisions concerning the developntesf the property acquired by MODL for public use.
Sampling of the seven inlet streams should continue during raitégleéndent events, to
determine how rainfall events are affecting inlet streaf®@serlapping monthly lake sampling
with the rainfalldependent event is also advised, &ssess howainfalkinduced changes in
stream water chemistry affect the lake.

The stream sediment sample showldintinue to be rotated and sampled froendifferent inlet
streameach yearto gather more spatial informatioabout nutrient and metal loading from the
different streams discharging into the lakehis will helgletermineif any inletstreans are
contributing excess pollutants araving an influence olake sediment.

In conjunction with the Sherbrooke Lake Commmications Plan, botmunicipalitiesshould
continue tocreate and distribute educationgieces toinform the publicaboutwater quality
protectionand stewardship

ThereAd + yYSSR T2NJ Y2NB O2yaiaisSyirégardtBiieslSSy ahb5]
Water Quality Monitoring Programnd how the information iEJN2 A RSR® | f Ay 1 G2
websites woulde beneficiahs well.

There is a need for continued communicatibetween the Berbrooke Lake Stewardship
Committeeand theSherbrooke Lake Park Advisory Commitiéés recommended that these
two groupskeep each other apprised tieir activities and meet on a somewhat regular basis
once development of the publiccaess site begins.

Residents of SL should continue to be supplied witkcktified bottles and sampling
procedures for the collection of water samples durargalgae bloom.

0 There should ba greateremphasison algal bloomeducation,focused orincreasing
awareness of what blooms are, how they ocaunat they look likeand how to report
them. Information should be shared witlhake residentsand at the public access site for
visitors of the lake.

0 A procedure should be created and shared by buthicipalities to inform citizenef
the proper steps to take when they observe a potential algae bloom. Potential blooms
should be reported tdNova Scotia Environment, as the authority responsible for
assessind KS o0f 22YQa LINB A4Sy BiémsigyitiRgsshduld dlshé 2 (1 KS  Ld
reported tothe SLSG for the purpose of trackingnd analyzing blooraccurrencedgor
the water qualitymonitoringprogram.
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