SE———-

ii

lae La

——
— e

—




2020Water Quality Reportac La Biche Lake West Basin

Executive Summary
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and is valued for a variety of recreational activities. However, there is a concern that declining water

quality in the lake is limiting the opportunities of recreational activities such as swimming, boating and

fishing. Forhie purpose of this report, Lac La Biche Lake has been split up in®etsus (East and West)

due to the size and physical attributes of the lake.

The County follows a regular program to monitor water quality of lakes located within its jurisdickien. T
water sampling events were conducted during the early spring and sumn2&18f The data collected
includes water temperature, pH, specific conductivity, and dissolved oxygen which was collesited in
through a multiprobe and Kemmeregampling device. Analytical data of nitrogenous compounds, heavy
metals, and other inorganic parametesss providedrom ALS laboratory. Water samples for microbial
parameters were analyzed by PROVLAB of Alberta Health Services.

Collected water saples were analyzed by ALS laboratory. The laboratory results obtained were
O2YLI NBR (2 GKS //7a9Qa /IYIRAFLY 9Yy@ANRYYSyi(lt vdz
t NPGSOGAZ2Y 2F | ANR Oz G dzNI £ 2 G SNE & Quality!GlidelBhesli | 9y O
for Alberta Surface Waters 2018.

Trophic State Index (TSI) is a classification system designed to rate lakes based on the amount of biological
activity they sustain. The concentrations of nutrients (nitrogen and phosphorous) arg@rtmary
determinants of TSI. Increased concentrations of nutrients tend to result in increased plant growth,
followed by an increase in subsequent trophic level. Nurnberg (1996) used parameters including Secchi
depth, chlorophyll, total nitrogen and tal phosphorus concentrations in lake waters to determine the
trophic state of the lakes, which is provided as Table 1 in Appendix A. TSI is a useful tool for evaluation
and management of lake health and setting objectives including sport and recrelaticinaties related

to the lake. Trophic classification of W8stsinof Lac La Biche Lake based on Secchi depth and nutrients

is presented in Table 2.

For the purpose of this report, the parameters used to determine the trophic state will only inskmidni

depth, total nitrogen and total phosphorus. Chlorophyll will not be used to determine the trophic state.
Chlorophyll is a green pigment present in all green plants and is responsible for the absorption of light to
provide energy for photosynthesidlt is associated with algae growth in a waterbody and affects the
trophic status of a lake. Chloroph@i2 Yy OSY i N} GA 2y Aa YSI&adz2NBR & LI NI
program. However, the measurement can be an underestimate of algae biomass whegrd#@nealgae

are present. It is also difficult to have consistent measurements of Chlorophyll as there can be large
variances in concentrations due to anomalies such as temperature and weather conditions such as
precipitation and wind.  Therefore, it is fiifult to report Chlorophyll concentrations and make
recommendations based on the results. Based on this information, Chlorophyll is not reported in this
document.

There are four classes of trophic states which include: Oligotrophic which would be ltestimality of
water with low productivity, nutrients and algae; Mesotrophic which is fair quality water with some
productivity, nutrients and algae; Eutrophic which is relatively poor quality water with high productivity,
nutrients and algae; and Hypergaphic which is the poorest quality water with excessive productivity,
nutrients, and algae.

The WesBasinof Lac La Biche Lake would be considered Eutrophic based on the average of the three
water parameters Secchi depth, total nitrogen and total phosphoriifie trophic status would be
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Europhic based on Secchi depth, Eutrophic based on total nitrogen, Eaitrdphic based on total
phosphorus

Results and Discussion

In 2020, Secchi depths in the WeBasinof Lac La Biche Lake were measuredame 16, June 24, July 6,
and August 19, 2020The average seasonal Secchi depth was observed 1®Ime which is consistent

with historical results Based on the Secchi depths and in accordance with the classification provided in
Table 1 (Appendix A), the WdBasinof Lac La Biche Lake is classifiedEdsophic (high productivity,
nutrients, and algae gwth).

Dissolved oxygen data collected ir2B@hows that the average dissolved oxygen levels ranged &8t
mg/L to14.38mg/L. These concentrations were in proximity to the regulatory criteria for dissolved
oxygen in cold water lakes for early lifages (9.5 mg/L) and for all other life stages (6.5 mg/L).

Sampling events id020showed an average summer water temperaturd5f8'C. Uniform temperature
profiles were generally observed during the summer as there were no significant variation in
temperatures with depth except for sampling events on June 24 and Jul2020which showed a
thermoclinewith thermal stratificationin the water column

In 2020, three types of lake water samples for analyses of nutrients were collected from Béssiof

Lac La Biche Lake; composite samples, Kemmerer samples (obtained from different depths using a
Kemmerer device), and inflow/outflow samples. These samples were analyzed for total nitrogen and
total phosphorous.

Total nitrogen concentrations in the mgposite samples collected from the WeBasinin 2020 had an
average 00.87 mg/L of total nitrogen, while the Kemmerer samples collected had an avera@&@ 24
mg/L of total nitrogen; and the inflow/outflow samples ranged fr@®2 mg/L to 3.99 mg/L of total
nitrogen. Both the composite and Kemmerer samples total nitrogen concentradidnsot exceed the
applicable regulatory guidelines of 1.0 mgtd wereimproved fromhistorical results The average total
nitrogen concentrations from composite and Kemmerer sampling classify the Bdesiof Lac La Biche
Lake as Eutrophic (high productivity, nutrients, and algae growth).

Total phosphorus concentrations tine composite samples collected during the summe2@0 had an
average of M5 mg/L of total phosphorus, while the Kemmerer samples collected had an averag@b of 0.
mg/L; and the inflow/outflow samples ranged frddr012mg/L to1l.46mg/Ltotal phosphorus Both the
composite and Kemmerer samples of total phospharese equal to theapplicable regulatory guidelines

of 0.05 mg/L. The average total phosphorus concentrations from composite and Kemmerer sampling
classify the WedBasinof Lac La Biche LaksRutrophic highproductivity, nutrients, and algae growth).

The average N:P ratios for composite and Kemmerer sampling eventslwérand15:1 which isclose
to the Redfield Ratio of 16:1. Therefore, the total phosphanss/ not beconsidered a limitig nutrient
in the WestBasinof Lac La Biche Lake.

Routine water chemistry showed that WeBasinof Lac La Biche Lake has an average pt98in 2020
which is consistent with historical results.

Concentrations of metals analyzed from the composite and Kemmerer samples were generally below
detection limits and/or below the applicable regulatory guidelines.

During the summer of 2020, the beach monitoring program was put on hold by Alberta HealiteS
due to Covidl9. However, in the beginning of July 2020, Alberta health Services confirmed that
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McArthur Beach would be sampled to determine total Cyanobacteria {tpleen algae) counts.

McArthur Beach was tested for Cyanobacteria on July 20 2Fu August 3, August 10, August 17,

August 23, and August 31, 2020. All samples collected in 2020 did not exceed the regulatory guidelines
of 100,000 cells/100mL. However, towards the end of August 2020, Cyanobacteria blooms were visible,
and samplesontained counts that began to reach the regulatory criteria; therefore, Alberta Health
Services issued a water quality advisory. Alberta Health Services stopped the beach monitoring
program effective September 4, 2020; therefore, no further samples wadeen.

In 2020, Alberta Lake Management Society (ALMS) worked with Lac La Biche County to complete three
types of sampling: satellite imagery to track Cyanobacteria {gheen algae) blooms, watermilfoil

sampling (aquatic invasive species), and bactegickl sampling (Cyanobacteria and Enterococcus). The
results of the satellite imagery and bacteriological beach sampling are not yet available for review.
However, the watermilfoil sampling was confirmed to be native Northern Watermilyitiophyllum
sibiricum) and was not the invasive Eurasian Watermilfdyiiophyllum spicatum

During the spring of 2020, Lac La Biche experienced high levels of precipitation. The precipitation
combined with other unknown variables, resulted in extremely higtter levels. Flooding occurred
throughout the watershed in early June 2020. The higtter levels remained for the duration of the
summer and resulted in a significant improvement in water quality. Nutrient levels were much lower
(demonstrated in Figure 13 driigure 14 showing historical results of nutrients) and Cyanobacteria
(blue-green algae) blooms were delayed until August (opposed to June/July).

TheWestBasinof Lac La Biche Lake would be considered Eutrophic based on the average of the three
water pamameters Secchi depth, total nitrogen and total phosphortike trophic status would be

Europhic based on Secchi deptijtrophicbased on total nitrogen, anButrophic based on total
phosphorus.

Recommendations

It is recommended that Lac La Biche Cougtinues to monitor the water quality of the East Basin of
Lac La Biche Lak€&ontinuous monitoring will help the County to determine how the lake management
strategies and policies such as M&atershed Management Plan aiiparian Setback Matrix Model are
impacting the lake water quality, and what the net effect is on human and environmental health

Monitoring and sampling should continue to be conducted uradstrategic plan and in a uniform manner

to ensure that results produced are meaningful and are useful for establishing a correlation with the past
results. This may include sampling at same period of the year each time, recording the same parameters
critical to lake health, obtaining samples from the same depths, and implementing a quality assurance
program for reliability of analytical results.

Nutrient loading is the main source of eutrophication in Beaver Lake which is degrading the water quality;
leading to algae growth, foul smells and a reduction in water recreation. Therefore, action must be taken
to slow down the eutrophication process and improve water quality. Best management practices would
include education of the public on appropriate lanske including watershed protection and waste and
recycling management; restoration and protection of riparian areas (water buffers); and strengthening
laws and regulations governing land use such as municipal sewer hookups and protection of
environmentalreserves.
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Lac La Biche County is currently in the process of updating the Lac La Biche Watershed Management Plan
(WMP). This plan will include specific action items based on the recommendations that are formulated
while drafting the plan. The WMP will lmempleted in early 2021; therefore, next year there will be
further recommendations and action items for the lake monitoring program that will arise based on the

WMP.
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1. INTRODUCTION

Lac La Biche Lake is a large recreational lake popular for many recreational activities. It is approximately
215 km northeast of the city of Edmonton and shares its name thigthamlet of Lac La Biche which is
on the southeast shore. A ltion map of the lake is presented in Figure 1.

LLB Lake has always been popular for a vast variety of recreational activities such as swimming, boating
and fishing. However, there is a concern that declining water quality in the lake is limiting the
opportunities for these activities. LLB Lake covers an area of 234ikima watershed of 4040 khwithin

the Athabasca River drainaBasinand comprises of two larggasirs (EasBasinand WesBasir) divided

by a peninsula and two large isii;m The man depth of Lac La Biche Lak&.4 m, with a maximum
depthof 21.3 m.

[e3] Avenir =

Pitlochrie

La Biche River . Imperial Mills
Wildland (858) | ¥

West Basin (858)
i 0wl River

P

I "%, East Basin

(e3] Plamondol

— — Lac La Biche
Grassland [ss)  Atmore (55 Mission

— Lac la Biche —
|ss) (B63)
Frains (663)

Venice

Figure 1: Location map bhke La Biche Lake

There are several small unnamed creeks located around the lake that flow into the East ariBEidisst

The main inflows into LLB Lake are Owl River, Red Deer Brook, Plamondon Creek and one ueemed cr
which flows into the bay near the Lac La Biche MissAll of these major inflows are located in the East
Basinexcept for Plamondon Creek which is located in the VBastin The only outflow for the lake is the

La Biche River, which is located on the northwest shore of the B&ssh

Agriculture inthe Lac La Biche Lake watershed began in late 19th century, while the hamlet of Lac La Biche
began to grow in mi€20th century. Sewage from the hamlet began to be discharged into LLB Lake in
1951 with the first waste treatment plant. However, in 1988 #ewage was diverted to Field Lake which

is upstream of Lac la Biche. Subsequent studies show that much of the sewage still drained back to Lac
la Biche Lake via Red Deer Brook. Therefore, the treatment plant was upgraded in 1989 but continued
to distharge into Field Lake. Residents of the area increasingly complained about water quality,
particularly the surface algal blooms which decreased the water clarity (Schindler et al, 2008). Lac La
Biche Lake has been historically exploited for fishet®sne species have already collapsed and now the
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Lake is under stringent regulations. Asfaofgust 1, 2014all lakes in Albeg are closed to commercial
fishing.

2. WATER QUALITY SAMPLING PROGRAM

Lac La Biche Lake has been sampledac La Biche Countgnsistently every year since 200Bue to

the differences in water quality, shoreline morphology and depth, LLB Lake is sampled as two separate
Basirswhich arereported separately LLB Lake WeBtasinsampling program fo2020was completed as
follows:

a) Secchi Depths were measureddume 16, June 24, July 6, and August 19, ;2020

b) Composite samples from ¢hwWestBasinwere collected ordune 16, June 24, July 6, and August 19,
2020 Lakewater samples were analyzed for nutrients, metals and basic water chemistry parameters
by ALS laboratories

c) Kemmerer vater samplesvere collected orMarch 17, 2020from depths of 3, 6, 9, 12, 15, and 18
m; and on Augusl9, 2020 from depths of 3, 6, 9and 12 m These samples were analyzed for
nutrients, metals and basic water chemistry parameters by ALS laboratories

d) Inflow and outflow sampleg/ere collected orMay 25, June 1, June 15, July 2, and August 13, 2020
andwere analyzed for nutrients, metalsd basic water chemistry parameters

e) Lake profiles were mrded to a maximum depth &0 m using amulti-probe March 17, June 16,
June 24, July 6, and August 19, 2020

f)  Monitoring of cyanobacteriavas conducted at McArthuBeach in the East Basin onlyhis beach
wassampled onJuly 20, July 27, August 3, August 10, August 17, August 24, and August 31, 2020

2.1 Water Quality Parameters

Water samples collected for each of the sampling locations were analyzed for a variety of parameters
used to characterie the chemical composition of the lake and further identify any potential concerns.
The water quality parameters measured and analyzed durin@®86 program along with a brief
description of each parameter and reason for monitoring are provided itathie below:

Parameters Affecting Lake Water Quality

Water Quality Parameter| Description and Reason for Measuring

Secchi Depth Secchi depth is a measure of the transparency of water and trophic
of a lake. ASecchi disis generally a dis&f 20 cm diameter with
alternating black and white quadrants. It is lowered into the lake w
until it can no longer be seenThis depth of disappearance is call
the Secchidepth. A low Secchi depth (<#n) is characteristic of &
mesotrophic to hypereutrophic lake with turbid water. Whereas a h
Secchi depth (>4n) is characteristic of an oligotrophic lake with clé
water.

Dissolved Oxygen Dissolved oxygen is required by aquatic plants and animals for respir
Survival of aquatic life such as fish, generally depends on an ade
amount of dissolved oxygen for respiration. As dissolved oxygen ley
the water dop below5.0 mg/L, aquatic life is subjected to stress. Oxy
levels that consistently remain below2lmg/L can result ithe loss of
large populations of fish.
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Temperature Temperature of water affects different physical, biological and cher
characteristics of a lake ardetermines the behavior of many paramete
responsible for water quality The solubility of oxygen and other ga
decrease as temperatuiecreases. An increase in water temperatu
decreases the concentration of dissolved oxygen required for the su
of aquatic organisms.

Nutrients Total nitrogen (N) and phosphorus (P) are principal nutrients in lake v
andarerepresentative of all forms of N and P present in the water. Tt
are various sources of N and P both natural and anthropogenic. 1
nutrients are a major cause of eutrophication, decreasing dissolved ox
concentrations and are detrimental to lakvater quality.

Metals Metals enter the lake waters through natural (geological) and
anthropogenic point and noepoint sources. Certain metals such as leg
and mercury, are toxic to aquatic life and can-aezumulate in the
tissues and organs of agtic organisms, becoming a part of the food
chain. This may lead to loss of aquatic life and further affect human
health.

Enterococcus Enterococcubacteria isanindicator forthe sanitary quality of waterThe
presence of these microbes indicate contamination from excreta of weé
blooded animals including humans and may pose serious and imme
health risks.

3. REGULATORY FRAMEWORK

The protection of water quality in Canadian lakes is a federal, provincial and territorial responsibility.
Therefore, lake waters in Alberta are regulated by federal and provincial guidelines and fall under the
jurisdiction of Canadian Council of Ministesf the Environment (CCME), Alberta Environment and Parks
(AEP), and Health Canada.

¢KS NB3IdzE F §2NB ONARGSNAIF &aStSOGA2y F2N) 1S 61048
OYDPANBYYSYy(Glf vdzr ft A& DdzA RSt Ay S didelinésJovAlbértaBSyfate ! 9t Q&
2 §SNB HAMy O09vD! {200 t NPGSOGA2Yy 2F fF1S 6 GSNJ
chapters of water quality guidelines for Protection of Aquatic Life, Protection of Agricultural Water, and
protection of Recreation and Aesthetic® LY FTRRAGAZ2YZE 1SFHEGK [/ FYylFRIQ
Recreational Water Quality for protection of lake waters have also been considered.

The analytical and monitoring results obtained for this report were compared to the ainevtioned
regulations and are hereinafter referred to as regulatory guidelines or regulatory criteria.

4, SAMPLING ANALYSIS AND MONITORING RESULTS
4.1 Secchi Depth

The Secchi disk is a common method used to measure water clarity. Water clarity of a lake can be
influenced by the amount of suspended materials such as phytoplankton, zooplankton, pollen, sediments
and dissolved compounds. The Secchi depth multiplied by 2 provides us with the euphotic depth of the
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lake. The euphotic depth is the maximum depth to whightlcan penetrate within a lake to facilitate
growth.

In 2@0, Secchi depths ithe WestBasinwere measured odune 16, June 24, July 6, and August 19,.2020
An overall a decreasing temporal trend was observed (Figurevith an average Secchi depthlo84m.

The low average Secchi depth 894 m means that the lake water has poor transparency due to
suspended material8ased on the Secchi depths, WBstsinis classified as Mesotrophic in accordance
to the Table 1 provided in Appendix A

Secchi Depth

Depth (m)

e Oligotrophic Lake
Standard

Oligotrophic

\. Mesotrophic

Eutrophic

Hypereutrophic

Sechhi Depth (m)
o = N w =
[ B ¥ RSO ¥ R NS ¥ B SR ¥ N S ]
",
2 >

Date (yyyy/mm/dd)
Figure 2: Secchi depths measuiedVestBasinof LLB Lake 2020
4.2 Dissolved Oxygen

Dissolvedxygenis the amount of gaseousxygen dissolveih the water and is necessary for respiration

and survival of aquatic life (e.qg. fish, invertebrates, bacteria, and underwater plants). Dissolved oxygen is
also needed for the decomposition of orgamatterin the lakes. Oxygesnters the lake water by direct
absorption from the atmosphere through rapid movement of water or as a product of plant
photosynthesis. Therefore, the epilimnion zone (shallow layer of water) is relatively richer in oxygen than
the hypolimnion zone (deeper layer of water) which is low in oxygen due to consumption by respiration.

There are several conditions necessary for fish survival in a lake including adequate water temperatures
and available dissolved oxygen for respiratiofhe regulatory guidelines for dissolved oxygen in cold
water lakes are 9.5 mg/L for early life stages and 6.5 mg/L for all other life stages (CCME, 1999). If
dissolved oxygen levels are too low, fish will move to other depths in the water column,vofitere
temperatures are conducive to sustain aquatic life.

The amount of dissolved oxygen in lakes usually decreases under winteoviee primarily due to
respiration byorganisms (particularly bacteria) and decomposition of organic mattershallowlakes,
oxygen depletion can proceed rapidly under ice during the winter. If dissolved oxygen drops below 3.0
mg/L during the winter, many fish and invertebrate species will not survive.

Dissolved oxygen levels fhe WestBasinof Lac La Biche Lak@rerecorded to a maximum depth @0
m using anulti-probe onMarch 17, June 16, June 24, July 6, and August 19, 282@&ximum dissolved
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oxygenconcentration of18.79 mg/L was observed odune 24, 202@t a depth of1 m which declined
gradually toa concentration ofl1.50mg/Lat the lakebed (Figur8).

Dissolved oxygen data collected irPP@hows thathe average dissolved oxygen levedsiged from6.80
mg/L t014.38mg/L andwere within proximity to regulatonyguidelines for dissolved oxygen in cold water
lakes (9.5 mg/L for early life stages and 6.5 mg/L for all other life stages).

: == 2020-03-17
Dissolved Oxygen

e=fill==2020-06-16

=N
[+ < =]

2020-06-24

=
=]

2020-07-06

2020-08-19
e | ndesireable

Conditions

Early Life Stage

e e
[T N R

e A\l Other Life
- Stages

‘ Qut of Criteria

1 3 5 7 8 9 10 12 14 15 16 18 20 Within Criteria

Dissolved Oxygen (mg/L)

[ AT -]

Depth of Measurement (m)

Figure 3: Dissolved oxyganWestBasinof LLB Lake2020
4.3 Temperature

Water temperature in a lake determines the behavior of many parameters responsible for water quality.
Thermal stratification occurs within a lake with a distinct difference in temperature between the surface
water (epilimnion layer) and the deeper waténypolimnion layer) separated by a thermocline. The
thermocline is identified when the water changes by more than one degree Celsius per meter. Under
winter conditions, ice covers the surface water and a thermocline is formed with the colder water at the
surface and the warmer water at the bottom of the lake. Lakes without thermal stratification mix from
top to bottom and this mixing allows oxygen to distribute throughout the water column preventing
hypolimnetic anoxia (lack of oxygen). In teammertime, warmer surface water can facilitate
cyanobacteria blooms at the lake surface (Wetzel, R. 2001)

The WesBasintemperatures were recorded to a maximum depth2@fm onMarch 17, June 16, June
24, July 6, and August 19, 2020 minimum temperature 0D.162'Cwas observed oMarch I7, 20 at

a depth ofL m. While amaximum temperature o9.874 Cwas observed ougust 19, 202@tal m
depth. Results of temperatures observed on different dates and depth are illustrated in Figure

Sampling events in the summer of Zishowed an averaggummer watettemperature of15.8 'Cin the
WestBasinof LLB LakeUniform temperature profiles wergeneaally observed during the summemd
winter as there were no significant variation in temperatures with demtkcept for sampling events on
June 24 and July 6, 2020 which showed a thermocline with thermal stratification in the water cdumn
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June 24, @20 the thermocline was found around/m depth, while on July 6, 2020 the thermocline was
found around the 1113 m depth.

Temperature
25
20
o
@ 15 =l=—2020-03-17
E 2020-06-16
é 10 2020-06-24
it 2020-07-06
5 2020-08-19

: Lesmssesesesemvnssssees

1 3 5 7 8 9 10 11 13 14 15 17 19
Depth of Measurement (m)

Figure 4: Temperature profile in&§tBasinof LLB Lake2020

4.4 Nutrients

Excessive levels of nitrogen and phosphorusfased in many lakes across Alberta leading to excessive
growth of algae and aquatic plants. Decay of aquatic vegetation causes oxygen depletion in the water
column and contributes to eutrophication. Consequently, the decreased levels of oxygen caatsuff

fish and other aquatic organisms. High nutrient conditions foster algal blooms and can result in the
proliferation of toxinproducing bluegreen algae (e.g. cyanobacteria). The input of nutrients into aquatic
systems can occur naturally, but largmounts of nutrients typically originate from indirect, npnint
anthropogenic sources, including improperly treated sewage, residential use of fertilizers and agricultural
operations.

In 2020, three types of lake water samples for analysis of nutrigrése collected from the Wed®asinof
Lac La Biche Lake; composite samples; Kemmerer Samples (obtained from different depths using a
Kemmerer device); and inflow and outflow samples from various streams in theBRésist

Total Nitrogen

Total nitrogen is an essential nutrient for plants and animals; however, excessive amounts of nitrogen in
lake water may lead to low levels of dissolved oxygen and negatively affect water quality and health of
aquatic life within the lake. Nitrogen concentrationghie water are typically measured in three forms:
ammonia, nitrates and nitrites. Total nitrogen is the sum of total Kjeldahl nitrogen (ammonia, organic
and reduced nitrogen), nitrate and nitrite. Nitrogen levels in lakes are also affected by atmospheric
deposition, which refers to nitrogen in the air being deposited into the water system. Nitrogen oxides
(NOx) are added to atmosphere due to the burning of fossil fuels, so emissions from motor vehicles and
industrial facilities can also affect nitrogesvels in aquatic environments
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Composite Samples

Composite lake water samples fanalyses ofotal nitrogenwere collected onJune 16, June 24, July 6,
and August 19, 2020The analyticalesults are presented in Figure 5The results indicated thahe
minimumtotal nitrogenconcentration of0.55mg/Lwasfound in sample collected ofune 24, 202@nd
the maximumtotal nitrogen concentration ofl.44 mg/L wasfound in sample collected ougust 19,
2020

Nitrogen concentations in the composite samples collected from the lake(d20 had an average @.87
mg/L of total nitrogen whicldoes notexceed the applicable regulatory guidelines. The average total
nitrogen indicates that the We®asinof Lac La Biche LakeHgrophic(high productivity, nutrients, and
algae growth) based on total nitrogen from composite samples
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Sampling Date (yyyy/mm/dd)

Figure 5Total nitrogenfrom composite samples in West Basin of LLB L2R20

Kemmerer Sampling

Kemmerer water samples are collected from different depths of the lake by using a Kemmerer device
which makes it possible to obtain a sample of water from specific deptbsimerer water samplesere
collectedfrom the WestBasinof Lac La Biche Laka March I7, 2020from depths of3 m, 6 m, 9 m, 12

m, 15 m, and 18 nand August @, 2020 from depths of3m, 6m, 9m, and12m. The average total
nitrogen concentration from Kemmerer sampling is 0.77 m@he analytical results of total nitrogen in
these samples are presentedfigure 6

The average total nitrogethe samedifferent trophic state classification as the composiamples which

is Eutrophic (high productivity, nutrients, and algae growth) based on total nitroJérerefore, the
average between both composite and Kemmerer sampling results in a trophic status of Hypereutrophic
based on the average total nitrogen c@mtration of0.82mg/L.
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Figure 6Total nitrogen from Kemmerer samples in West Basin of LLB- RaR&

Inflow and Outflow Sampling

The inflows and outflow for Lac La Biche Lake had samples collecddyof5, June 1, June 15, July 2,
and August 132020. The results of total nitrogen in these samples are illustrated in Figuhefldw 12
was not sampled due to low volume and flowAs indicated below (Figure The total nitrogen
concentrations in all inflow samplesxcept Owl Riveexceeded the applicable regulatory guidelines (1.0
mg/L). A map showing the location of these samples is found on Fidire 1

Average Total Nitrogen Concentration

Inflow 1

Owl River Inflow

Inflow 5

Red Deer Brook Inflow
Plamondon Creek Inflow
La Biche River Outflow
Inflow 12

Inflow 11

Inflow 10

Blackbird Creek Inflow
Mission Inflow

Inflow/Outflow Locations

=]

1 2 3 4 5
Average Total Nitrogen (mg/L) in 2020

Figure 7Inflow and outflow total nitrogen concentration for Lac La Biche L&k20
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Total Phosphorus

Increased phosphorus concentrations are the largest cause of degradation in water quality within lakes,
OFdzaAy 3 WRSIR 1 2ySaQs divesiyratd incréadetl iealth fisksZopdalts, I f 2 & &
animals and humans that encounter polluted lake waters. -&@ifrom agriculture, human sewage and
industrial practices results in increased phosphorus concentrations in lake watéalaatbdsediments

(Wetzel, 2001). Lonrterm monitoring activities following the control of phosphorus sources to lakes

indicates that plants and animals do not recover from the effects of excessive phosphorous for several
years.

Composite Sampling

Composite l&e water samples foanalyses ofotal phosphorusvere collected ordune 16, June 24, July
6, and August 19, 20Z8om the WestBasinof Lac La Biche Lake. Tdmalyticalresults arepresentedin
Figure8.

Total phosphorus concentrations of compgessamples collected during 2D exceeded the applicable
regulatory guidelines (0.050 mg/lonly on August 19, 2020. The average total phosphorus from
composite samples in 2020 wag5 mg/L. This average total phosphorumncentration classifies the
WestBasn of Lac La Biche Lake Rgrophic (high productivity, nutrients, and algae growth) based on
total phosphorus from composite samples.
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Figure 8Total phosphorus from composite samples in West Basin of LLB 26i@

Kemmerer Sampling

Kemmerermwater samples using Kemmererdevicewere collectedon March 17, 2020 from depths &f
m,6m,9m, 12 m, 15 m, and 18 m and Aug@s2t20 from depths of 3 m, 6 m, 9 mand12 m These
samples were analyzddr total phosphorusand their results are gsentedin Figure9.

Total phosphorus concentrations were almost constant throughout the lake depth for both sampling
dates aside from the 18n depth on March 17, 2020 which spikedigher concentrations are expected
towards the lakebed, as this is whematrients settle.The averagedtal phosphorus concentrations in

the Kemmerer sample®xceeded the applicable regulatory guideline fleshwateraquatic life of 0.05
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mg/L with an average total phosphorus concentration@d53 mg/L The results from the Kemmerer
sampling resultedn the sametrophic state classification as the composite samples whiduti®phic
(highproductivity, nutrients, and algae growth) based on total phosphorus.
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Figure 9Total phosphorus frolKemmerersamples in West Basin of LLB Lak820

Inflow and Outflow Sampling

The inflows and outflow for Lac La Biche Lake were collectddayn25, June 1, June 15, July 2, and
August 13, 2020 Data regarding inflow total phosphas concentrations is illustrated in Figuredé€low.
Inflow 12 was not sampled due to low volume and flow.

Total phosphorus concentrations more than half of theinflow and outflow samples exceeded the
applicable regulatory guidelin@05 mg/L for total phosphorus concentratiotdowever, Owl River, La
Biche River, and Inflow 10were within the regulatory guideline of 0.05 mg/L. A map showing the location
of these samples is found on Figu@ 1

Average Total Phosphorus Concentration
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Figure 10Inflow and outflow totalphosphorous concentration for Lac La Biche lggR@120
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N:P Ratio

The Redfield Ratio describes the optimal balance of total nitrogen to total phosphorous for aquatic plant
growth, which is an optimal value of 16:1 (Teubner and Dokulil 2002). If theisdtiaver than 16:1,
phosphorus is no longer considered a limiting nutrient and aquatic vegetation and cyanobacteria can use
the dissolved and atmospheric nitrogen for growth by using the high amounts of phosphorus available in
lake waters. If the raticsihigher than 16:1, it indicates that the phosphorus concentrations are occurring
at levels much less than nitrogen and hence ktiie growth within lakes.

The average N:P ratios for composite and Kemmerer sampling events in theB@sesof Lac La Bhe
Lake werel7:1 to 15:1, whichare very close tthe Redfield Ratio of 16:1. Therefore, the total phosphorus
may not beconsidered a limiting nutrient.

4.5 Routine Water Chemistry

Results of routine water chemistry of composite, Kemmerer, and inflow/outflow water samples collected
from the WestBasinof Lac La Biche Lake are presented in Table 4 of Appendix A.

The average measured pldlueof 7.98in WestBasinwasconsistent with he average of past yeardhe

pH of water determines the solubility and biological availability of chemical constituents such as nutrients
and heavy metals. The ability of a lake to neutralize these hydrogen ions is referred to as a buffering
capacity. Any lake with a total alkalinity of more than 100 mg/L is considered to have high buffering
capacity (Mitchell andPrepas 1990). The pH in Lac La Bighe is likely buffered againshange by its

high alkalinity The high alkalinity in Alberta lakesderived from the rich calcareous glacial till over
which the lakes have formed.

4.6 Metals

Metals enter the water naturally through the weathering of rocks and soil. These metals are generally
nontoxic and in low concentrations. However, metals can aeme from a wide variety of
anthropogenic and nofoint pollution sources including runoff from urban areas, wastewater discharge,
improperly managed sewage treatment, industrial activities and agricultural runoff.

The total dissolved metals from theroposite, Kemmerer and inflow/outflow samples collected from the
WestBasinof Lac La Biche Lakedf20, were generally below detection limits and did not exceed the
applicable regulatory guidelines Table 5; Appendix A.

4.7 BacteriologicaBeachSampling

Previously in Alberta, the water quality of recreational beaches had been evaluated using fecal indicator
bacteria, such as fecal (thermotolerant) coliforms, Escherichia coli. A monitoring program was developed

in 2012 that allowed a visual dmttion of algal blooms, along with the ability to sample for species
composition and total cyanobacterial cell count. This program also allowed to sample for the
O2y OSYyiGNYr GAz2ya 2F (GKS Yz2ald 0O02YY2y Ol y2ods®ii SNR I f
Canadian Recreational Water Quality (Health Canada 2012) were used to set the water quality targets.

It has been determined that Enterococcus species is a stronger health indicator than the previously tested
fecal indicator, E. coli and coliformsad®d on the research (Wade et al., 2008) and the published work

by the United States Environmental Protection Agency (US EPA 2014), Enterococcus was determined to
be the best indicator organism for monitoring fecal contamination in swimming areas and other
recreational water.
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This sampling is done through a partnership between Lac La Biche County and Alberta Health Services.
The County is responsible for obtaining the samples which are then delivered to Alberta Health Services.
Alberta Health Services theensures that the analysis is completed, and they are responsible for any
subsequent beach closures.

During the summer of 2020, the beach monitoring program was put on hold by Alberta Health Services
due to Covidl9. However, in the beginning of July2RQAlberta health Services confirmed that McArthur
Beach would be sampled to determine total Cyanobacteria (gheen algae) counts only and would not

be sampled for Enterococcus. Therefore, Lac La Biche County collected samples from McArthur Beach
for Cyanobacteria on July 20, July 27, August 3, August 10, August 17, August 23, and August 31, 2020.
McArthur Beach is not located in the West Basin; however, for the purpose of this report, this beach
monitoring will be included.

All samples collected @020 did not exceed theegulatory guidelinesf 100,000 cells/100mL. However,
towards the end of August 2020, Cyanobacteria blooms were visible, and samples contained counts that
began to reach theegulatory criteria; therefore, Alberta Health Servitgsued a water quality advisory.
Alberta Health Services stopped the beach monitoring program effective September 4, 2020; therefore,
no further samples were taken

McArthur Beach Cyanobacteria
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Figure 11Cyanobacteri@ountsfrom McArthur Beaclt 2020

4.8 Alberta LakeManagement Societysampling

During the summer d2020, Alberta Lake Management Society (ALMS) worked with Lac La Biche County
to complete three types of sampling: satellite imagery to track Cyanobacteria-gbhen algae)

blooms, watermilfoil sampling (agtic invasive species), and bacteriological beach sampling
(Cyanobacteria and Enterococcus).

On August 18, 2020 an ALMS representative joined Lac La Biche County to complete the satellite
imagery sampling on Lac La Biche Lake. The imagery is usedafsadarger project to map algal and
Cyanobacteria abundance and track bloom development, severity, and spread in lakes throughout
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Alberta. The satellite imagery is validated through surface water samples to build a monitoring model

to track Cyanobactdri 6f 22YYa Ay ! fto0SNIlIQa fl1Saod ¢ KS NBadzZ G2
yet and the results have not been confirmed to be reportable at this time. ALMS will notify Lac La Biche
County on any further progress with results.

During the last weekfoAugust, Lac La Biche County collected a watermilfoil sample from Lac La Biche
Lake. The sample was sent to Alberta Plant Health Laboratory and was analyzed to determine if the
specimen was native Northern Watermilfdilyriophyllum sibiricurpor the imasive Eurasian

Watermilfoil Myriophyllum spicaturn The sample from Lac La Biche Lake was determined to be native
Northern Watermilfoil.

Lac La Biche County also worked with ALMS on a beach monitoring program at popular recreational
beaches on Lac LacBe Lake. The County collected samples from McArthur Beach for Cyanobacteria

and Enterococcus, while Plamondon White Sands, Golden Sands, Mission Beach, and Campers Beach at
Sir Winston Churchill Park were all sampled for Enterococcus. ALMS complsteaitipling through
collaboration with the University of Alberta and Alberta Health Services. The results of this sampling

will be compiled within a report by the University of Alberta and will be available for interested parties

such as Lac La Biche Cquimt2021.

5. HISTORICAL TREND ANALYSIS

The objective of the historical trend analysis is to provide an overview of water quality conditions in a lake
with time and to evaluate the impact of watershed management practices on lake water quality.

Three paraneters are significant in trend analyses for lake water quality: Secchi depth, total nitrogen and
total phosphorus; all of which are also used for trophic classification of.lakes

5.1 Secchi Depth

Historical data indicatethat the Secchi Depth ithe WestBasinof Lac La Bicheake has always been less
than the standard Oligotrophic Secchi Depth of 4 m exae@009as shown irFigure 12 The trophic

state based on Secchi depth has been between Mesotrophic (some productivity, nutrients, and algae
growth) and Eutrophic (high productivity, nutrients, and algae growthif)e overall trend shows that
Secchi depth is not improving with timéhe low average Secchi depth means that the lake water has
poor transparency due to suspended materiaiowever, he Secchi depth readings may not provide an
exact measure of the water transparency due to various errors such as time of the day, atntnghe

water, and eyesight of the observer
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Figure 12 Historical trend of Secchi depth in Wd&asinof LLB Lake

5.2 TotalNitrogen

Historical data indicates that total nitrogen in Wd&ssinof Lac La Biche Lake has been classified as
Eutrophic (high productivity, nutrients, and algae growth) based on total nitrogen and did not exceed
regulatory guideline of 1.0 mg/L except in 2081&1 2014to current (Figure 13). The maximum total
nitrogenconcentration 8.12mg/L) was recorded in in 20Lhowever, there was a drastic drop in total
nitrogen concentration in 2020 which may be due to the higdter levelsand thermal stratification
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Figure 13 Historical trend of total nitrogen in We8asinof LLB Lake
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5.3 Total Phosphorus

Historical data shows that total phosphorus concentration in the VBesinof Lac La Biche Lake leways
exceeded the applicable regulatory guideline of 0.05 mg/L except in@@@2011 (Figure 14). Since 2011,

the total phosphorus concentration in the lake has been higher than the applicable guideline and a
temporal increasing trend in concentration has been observed. The continuous increase of total
phosphorus concentration irhts lake is alarming and clearly shows that phosphorus loading in this lake is
increasing over time.There was a drastic decrease in total phosphorus concentration observed in 2020
which may be due to the higivater levels and thermal stratification.
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Figure 14 Historical trend of total phosphorus in WeBasinof LLB Lake

5.4 Lac La Biche Lake Water Levels

Lac La Biche Lake water levels have been monitored by Environment Canada every year since 1930.
There are large fluctuations seen in the water levetorded as seen in Figure 15 below.

During the spring of 2020, Lac La Biche experienced high levels of precipitation. The precipitation
combined with other unknown variables, resulted in extremely higher levels. Flooding occurred
throughout thewatershed in early June 2020. The higdter levels remained for the duration of the
summer and resulted in a significant improvement in water quality. Nutrient levels were much lower
(demonstrated in Figure 13 and Figure 14 showing historical resulistiéénts) and Cyanobacteria
(blue-green algae) blooms were delayed until August (opposed to June/July).
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Lac La Biche Lake Water Levels
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Figure 15: Historical water levels of Lac La Biche Lake

6. DISCUSSION

Trophic State Index (TSI) is a classification system designed to rate ls&d®hdhe amount of biological
activity they sustain. The concentrations of nutrients (nitrogen and phosphorous) are the primary
determinants of TSI. Increased concentrations of nutrients tend to result in increased plant growth,
followed by an increasm subsequent trophic level. Nurnberg (1996) used parameters including Secchi
depth, chlorophyll, total nitrogen and total phosphorus concentrations in lake waters to determine the
trophic state of the lakes, which is provided as Table 1 in AppendikSA.is a useful tool for evaluation

and management of lake health and setting objectives including sport and recreational activities related
to the lake Trophic classification of the WeBlasinof Lac La Biche Lake based on Secchi depth and
nutrients is presented in Table 2.

For the purpose of this report, the parameters used to determine the trophic state will only include Secchi
depth, total nitrogen and total phosphorus. Chlorophyll will betused to determine the trophic state.
Chlorophyll is a green pigment present in all green plants and is responsible for the absorption of light to
provide energy for photosynthesis. It is associated with algae growth in a waterbody and affects the
tropKAO &Gl Gdza 2F | f11So | Kt 2NRLIKeft O2yOSydNI GA
program. However, the measurement can be an underestimate of algae biomass whegrdgnealgae

are present. It is also difficult to have consistent measwets of Chlorophyll as there can be large
variances in concentrations due to anomalies such as temperature and weather conditions such as
precipitation and wind.  Therefore, it is difficult to report Chlorophyll concentrations and make
recommendations bad on the results. Based on this information, Chlorophyll is not reported in this
document.

There are four classes of trophic states which include: Oligotrophic which would be the highest quality of
water with low productivity, nutrients and algae; Mesophic which is fair quality water with some
productivity, nutrients and algae; Eutrophic which is relatively poor quality water with high productivity,
nutrients and algae; and Hypereutrophic which is the poorest quality water with excessive productivity,
nutrients, and algae.
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The WesBasinof Lac La Biche Lake would be considered Eutrophic based on the average of the three
water parameters Secchi depth, total nitrogen and total phosphori$e trophic status would be
Europhic based on Secchi deptButrophic based on total nitrogen, andutrophic based on total
phosphorus

7. RECOMMENDATIONS

It is recommended that Lac La Biche County continues to monitor the water quality of the East Basin of
Lac La Biche Lak€ontinuous monitoring will help the County to determine how the lake management
strategies and policies such as M&atershed Manageent Plan andRiparian Setback Matrix Model are
impacting the lake water quality, and what the net effect is on human and environmental health

Monitoring and sampling should continue to be conducted uradstrategic plan and in a uniform manner

to ensure that results produced are meaningful and are useful for establishing a correlation with the past
results. This may include sampling at same period of the year each time, recording the same parameters
critical to lake health, obtaining samples from the same depths, and implementing a quality assurance
program for reliability of analytical results.

Nutrient loading is the main source of eutrophication in Beaver Lake which is degrading the water quality;
leading to algae growth, foul smells and a reduction in water recreation. Therefore, action must be taken
to slow down the eutrophication process and improve water quality. Best management practices would
include education of the public on appropriate lanske including watershed protection and waste and
recycling management; restoration and protection of riparian areas (water buffers); and strengthening
laws and regulations governing land use such as municipal sewer hookups and protection of
environmentalreserves.

Lac La Biche County is currently in the process of updating the Lac La Biche Watershed Management Plan
(WMP). This plan will include specific action items based on the recommendations that are formulated
while drafting the plan. The WMP will mempleted in early 2021; therefore, next year there will be
further recommendations and action items for the lake monitoring program that will arise based on the
WMP.

Page230f 32



2020Water Quality Reportac La Biche Lake West Basin

Figure &: Map of Lac La Biche Lake with inflow/outflow locations
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