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Executive Summary

The following report examines the historical reco rd with respect to water quality m onitoring and
documentation for Fourteen Island Lake, Mink (S igsworth) Lake, Little John Lake and Little
John’s Sister Lake located in Portland District in the Township of South Fron tenac, Province of
Ontario.

Fourteen Island Lake has received periodic  attention over the past 33 years (1975 to
2008) with respect to documentation of water quality. The Ministry of Natural Resources
(MNR), Ministry ofth e Environment (MOE) and the Fourteen Island Mink L ake
Association (FIMLA) have each played a role in m onitoring water quality. The FIMLA
provided volunteer sampling under the MOE Se If-Help Program in 1993 and in recent
years under the MOE Lake Partner Program . There is only one date for which data could
be located for Mink (Sigsworth) Lake and only one year of data available for each of
Little John Lake and Little John’s Sister Lake.

There are considerable gaps in the dataset as a result of di scontinuous monitoring efforts.
As a consequence the dataset does not allow for a meaningful trend through time analysis
for m ost param eters. While the data does not allow for a rigorous statistical analy sis, an
impartial analysis shows that there has been little change, if any, in water quality over the 33-year
period of record. There is analytical data and  discussion included on greater than 20 diffe rent
parameters.

The trophic state indicator para meters and the ox ygen-temperature profile data have received the
most sample effort. The analysis indicates the possibility of a slight improvement in water clarity,
a slight decline in both ¢ hlorophyll and total p hosphorus concentrations . Based solely on the
trophic state indicators, Fourteen Island Lake would be classified as mesotrophic based on
phosphorous concentrations and deep-water oxygen conditions. Water clarity values w  ould
classify Fourteen Island Lake as oligotrophic.

Poor deep-water oxy gen conditions are endemic to Fourteen Island Lake, Mink Lake and Little
John Lake. This is largel y the result of 1 ake morphometry and local topographic conditions. The
oxygen-temperature dataset is deficient and requir es at least one year sample effort from spring
overturn until late fall on each of the above lakes.

The Fourteen Island Mink Lake Association s hould continue to s ample under the MOE Lake
Partner Program for as long as possibl e. In additi on, water clarity recordings are the most cost
effective method to begin building a long-term water quality database for these lakes.
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1.0 INTRODUCTION

The following report examines the water qua lity record of Fourteen Island Lake, Mink
(Sigsworth) Lake, Little John Lake and Littl e John’s Sister Lake with the intent to
provide a com pendium of data and infor mation for the present and future use of the
Fourteen Island Mink Lake Association. The aim is m ake available under one cover as
much of the water qu  ality reco rd as can be atta ined in order to inf orm the reader
regarding the efforts of government agencies and volunteers for the Fourteen Island Mink
Lake Association to document water quality conditions over the period of record.

The parameters used to qualify and quantify wa ter quality are discussed in the context of
the Ontar 10 Provincial W ater Quality Objec tives, where objectives are av ailable. A
further goal is to examine those parameters that are affected by human activity within the
watershed for possible trends in water quality over the period of record if the dataset
permuts.

What follows is an ex amination of the m ajority of water quality para meters for which
there was enough data to devel op either descriptive statistics and or a trend through time
analysis. A few parameters may be found on the accompanying CD that are not discussed
herein. These param eters either do not have much relevance to characterizing th e water
quality of the lakes or have insufficient data available.

Appendix | contains the edited ra w data in tabular form . Most of this data was acquired
in ele ctronic form from the Ministry of Environment. The un-edited raw data can be
viewed on the CD that accom  panies the rep ort. The report, tab les and graph s and
appendices are also included on the CD.

The tables in Appendix 1 are arranged in or der by station description file (SDF) code.
The Ministry of the Environm ent assigns st ation description file num bers for sam pling
locations. T he 17-0035 section of the SDF  number refers to the Napanee River
watershed; the 700 series num bers refer to samples collected under a form al survey such
as the Recreational Lakes Program or the Acid Precipitation in Ontario Study. The 01
trailer on the code refers to a lake sample; a 02 would refer to a stream sample.

17-0035-706-01 FOURTEEN ISLAND LAKE
17-0035-720-01 LITTLE JOHN LAKE
17-0035-721-01 LITTLE JOHN’S SISTER
No SDF number MINK (SIGSWORTH) LAKE

Within each one of the station description file numbers, the parameters for that
station are listed alphabetically and descriptive statistics are calculated and tabu lated
where applicable. The num ber of sam ples, ma ximum, mi nimum, me an a nd s tandard
deviation are provided. The extraneous data, for example weather data and remarks codes
etc. from the raw data set are have been removed and are not summarized.
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It should be noted that ther e are keystroke errors in the raw data set. Where keystroke
errors were obvious, corrections were m ade however in less obvious circum stances the
data was considered anomalous and could not be used in this evaluation.

Over the p eriod of reco rd th e reporting of results often  resulted in cha nges in un its
between years and som etimes within years. In the raw da ta some results were in itially
recorded in milligrams per litre ( mg/L) and then later in micrograms per litre ( ug/L).
Where this occurred th e units have all b een standardized in this summary to a com mon
unit.

Values that were clearly anomalous in the ra w data set were identified and rem oved in
order for the balance of the data set to be of value. In some situations the entire data set
for a particular param eter was con sidered ano malous; the values are summarized and
identified as anom alous but were not used  for discussion purposes. The m  aterial in
Appendix 3 consists largely of pho tocopied pe rtinent m aterial from various published
reports and unpublished summaries from MOE and MNR.

The parameters of primary interest with respect to hum an impacts on water quality are
the lake tro phic sta tus param eters. These in clude water clarity (Secchi disc depths),
chlorophyll a , total phosphorus (TP) , total nitrogen (TN), TN:TP ratios and oxygen
concentrations in the hypolim nion. As suc h, these param eters received the greatest
amount of sample effort over the period of record.

2.0 PARAMETER DISCUSSION AND SUMMARY

The parameters are listed below in alphabetical order. Each parameter has an introductory
discussion with respect to the relevance to lake water quality and  the PW QOs, if
applicable. The discussion of the findings partic ularly pertinent to each lake is pro vided
in BOLD F ONT. Graphs are inten ded to be standa lone. The reader m ay wish to bypass
the discussion altogether and simply read the graphs. Each graph contains a dialogue box
with an abbreviated version of the discussion. The yearly mean values, the trend line, the
regression form ula and correlation coefficient and the descrip  tive s tatistics are all
presented on the graphs where the dataset permits. Individual data for each parameter can
be found summarized in the tables in Appendix 1, Appendix 2 and also in photocopies of
water quality summaries located in Appendix 3.

2.1 ALKALINITY

Alkalinity is one of many chemical parameters that are de termined to characterize water
quality. The alkalinity value helps to distingu ish hard water lakes from soft water lakes.
The Provin cial W ater Quality O bjective (P WQO) f or alka linity indica tes th at the
alkalinity should not be decreased by m ore than 25% of the natural am bient
concentrations. This type of an occurrence ~ would only occur in the presence of som e
form of point source industrial discharge.
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Alkalinity, pH and conductivity are commonly recorded together. The alkalinity of water
is a m easure of the capacity of the carbona te-bicarbonate system to buffer the water
against a change in pH. Lakes with high alkalinity have a greater potential to neutralize
runoff and precipitation that is high in acids.

The Acid Precipitation in Ontario Study (APIOS) classified lakes that had an alkalinity
value of less than 10 m g/L as being susceptible to acidification and those of greater than
25 mg/L as not being sensitive to acidifica tion. Lakes with high alkalinity values are
referred to as hard water lakes and are able to buffer or neutraliz e the effects of acid
precipitation. In hard water lake s, lakes loc ated in lim estone f ormations or with
calcareous glacial deposits, the alkalinity values for temperate area lakes range from 30 to
150 mg/L. Soft water lakes on Precambrian Shield bedrock areas typically have alkalinity
values in the range of 5 to 10 m  g/L. In la kes highly productive in algae, the alkalinity
values will rise in the epilimnion as a result of photosynthetic activity.

The average alkalinity value in Fourteen Island Lake is 71.5 mg/L for the period of
record (1975, 1983, 1985, 1987). The average alkalinity values for Little John and
Little John’s Sister are 97.7 mg/L and 78.64 mg/L (1985) respectively. Lakes with
alkalinity values above 25 mg/L are not sensitive to the effects of acid precipitation.
Despite the fact that Fourteen Island Lake is located on Precambrian Shield
bedrock it has a high alkaline content in the sandstone and glacial deposits within
the watershed. This high alkalinity value is typical of a hard water lake and as a
result one would expect to find elevated pH and conductivity values.

Lakes with high alkalinity valu es while protected again st acid ification are pro ne to
colonization by zebra mussels due to the availability of calcium carbonate.

2.2 ALUMINUM (Al

The PWQO for total aluminum is 0.075 mg/L for waters with a range in pH of 6.5 to 9.0.
Natural or ambient sources of aluminum occur as a result of weathering of minerals from
bedrock. Aluminum is mobilized from poorly buffered soils and bedrock when subjected
to acid precipitation. T he high alkalinity, hard ness, and pH of the water in Fourteen
Island Lake indicate that mobilization of aluminum as a result of acid precipitation is not
likely to be a significant factor.

Only one aluminum value was found in the dataset. Fourteen Island Lake was
determined to have an aluminum value of 0.0250 mg/L (1987). This is considerably
below the PWQO.
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2.3 CALCIUM (Ca)

Calcium (Ca) is one of the four cations along with m agnesium (Mg), sodium (Na) and
potassium (K) that act in concert to determine water hardness. Waters with high alkalinity
and high hardness typically have high cation ¢ oncentrations. The f our cations typically
occur in concentrations with Ca>Mg>Na>K. There is no PWQO for calcium.

Sampling for calcium on Fourteen Island Lake was undertaken during the years
1975, 1983, 1985 and 1987. The mean value over the period is 24.1 mg/L. The mean
values (1985) for Little John’s and Little John’s Sister are 27.6 mg/L and 23.1 mg/L
respectively.

By comparison, Ashby Lake (Denbigh, Ontario) an acid sensitive lake with an alkalinity
of 12 mg/L has a mean calcium concentration of 5.8 mg/L.

2.4 CHLORIDE (CI)

Chloride is a natural salt found in most surface waters. Sources inclu de atm ospheric
deposition from rainfall at concentrations o0f 0.3 to 1.5 m g/L in central North America
(Hutchinson, 1975). Coastal m  aritime deposition rates are m uch higher du e to
atmospheric sources. Some limestone bedrock types may also contribute chloride through
weathering and inflow of chloride contam inated ground water. W etzel (1983) indicates
that the average chloride content for uncontaminated lake waters is 8.3 mg/L.

Chloride co ncentrations are not ty pically influenced by hum an activities with the
exception of industrial or agricultural sources. There is no PWQO for chloride.

Fourteen Island Lake has chloride results for 1975, 1983, 1985 and one value in
1987. The mean value (both surface and bottom samples) for the period of record is
7.12 mg/L. Little John Lake and Little John’s Sister Lake were sampled for chloride
in 1985. The mean values are 9.88 mg/L and 7.14 mg/L respectively. Other local
lakes have similar chloride concentrations; Charleston Lake has a whole lake mean
value of 7.06 mg/L while the whole lake mean value for Bobs Lake is 7.8 mg/L.

2.5 CHLOROPHYLL a, b,and ¢

Algae or phytoplank ton densities are used as an indicato r of lake trophic statu s. Since
algae are microscopic plants that contain chlorophyll, a surrogate m easurement of the
algae density isam easure of the chlorophyl 1 concentration. Chlorophyll is the green
pigment in living plan ts. There are three chlo rophyll pigments, chlorophyll a, b, and ¢ ..
Chlorophyll ¢ is sometimes referred to as acidified chlorophyll or corrected chlorophyll a.
There is a strong relationshi  p between water clarity, ph  osphorus concentration and
chlorophyll a_ concentrations. As phosphorus concen  trations increase, chlorophyll a _
concentrations increase and water clarity decreases. If phosphorus concentrations
continue to incre ase, periodic blooms of blue-green algae will occu r which can ¢ ause
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toxicity, taste and odour problems. An average phosphorus concentration in excess of 20
ug/L will lead to high chlorophyll a _con centrations and pote ntially nu isance
concentrations of algae.

Algal densities and algae community types ar e also ind icators of aq uatic e cosystem
health. Algae growth is natural in lakes  but becom es problem atic when lakes becom e
enriched with plant nutrien ts or f ertilizers. In situations where nutrient concentrations
become excessive, th e algae community co mposition shifts from the green algae,
indicators o f'a healthy ecosys tem, to th e blu e-green alg ae, ind icators of an en riched
eutrophic or contaminated system.

Chlorophyll a isa parameter commonly analyzed for when determ  ining lake trophic
status. Increased algae concentrations result in increased chlorophyll concentrations. As
algae concentrations increas e water clarity decreases. Lakes m ay be catego rized
according to chlorophyll a concentrations as follows:

Chlorophyll a (ug/L) (<3) (3-6) >6-10) (>10)
Trophic Status Oligotrophic Mesotrophic Eutrophic
Classification Excellent Good Fair Poor

There is no PWQO for chlorophyll. Chlorophyll a_ sam ples and Secchi disc values are
commonly collected at the sam e time. The greater the chlorophyll a _ c oncentration the
more algae there is and therefore th e less clear the water. T he focus of the MOE S elf-
Help Program was sampling for these two parameters. All lake surveys have commonly
sampled for these param eters. Chlorophyll pigm ents b and c__have not been used to
characterize lake trophic status . The analytical results for th ese pigments are provided in
raw dataset on the CD but otherwise are not discussed herein.

Lake productivity as determ ined by chlorophyll a and the im portance of the relationship
between chlorophyll a , nutrient concentrations and wate r clarity, coupled with the long
period of record for this parameter allow for an examination of the trend trough time.

The mean chlorophyll a concentration for Fourteen Island Lake for the period of
record is 2.136 ug/L (n=61). The period of record for chlorophyll a sampling is from
1975 to 1993. There is enough data for Fourteen Island Lake to examine the trend
through time (see Figure 1 following this page). The data for this graph is derived
mostly from the MOE Recreational Lakes Program and the MOE Self-Help
Program (1993). Chlorophyll a values for the years 2002, 2003, 2006 and 2007 are
derived from total phosphorus values collected under the MOE Lake Partner
Program (LPP). The algorithm is presented in the LPP Technical Notes (see
Appendix 1 Tables for Chlorophyll a).

There is much variability in the data. The trend line appears to indicate a decline in
chlorophyll a concentrations however the regression analysis indicates a very weak
relationship (R?= 0.04) and therefore there is no trend in the dataset. The mean of
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means value for chlorophyll a for the period of record is 2.30 ug/L. Fourteen Island
Lake would therefore be classified as oligotrophic on the basis of this parameter.

Little John Lake has a mean chlorophyll a value of 1.90 ug/L (n=15, 1985); on the
basis of this one year of data and this one parameter the lake would be classified as
oligotrophic. Little John’s Sister has a reported mean chlorophyll a value of 3.98
ug/L (n=16, 1985); this lake would be classified as mesotrophic on the basis of this
one parameter. There are not enough years of data to develop a trend through time
analysis for either of these two lakes.

2.6 CLARITY (SECCHI DISC DEPTH) - WATER CLARITY

Water clarity is the pa rameter of which peop le are m ost familiar. The clarity is affected
by suspend ed particles that in clude clay, an d collo idal s ized par ticles f rom shoreline
erosion, agricultural runoff, tree p ollen and also algae co ncentrations. Clarity is also
affected by concentrations of tannins and li  gnin that m ay impart a dark colour to the
water. Water clarity is m easured using a S ecchi disc, a 20 centim etre disc painted b lack
and white in opposite quadrants. It is lowere  d into the water on a calibrated line to
determine the depth of light penetration through the water.

The Secchi disc m easures the d epth to whic h light penetrates and th erefore is a go od
indicator of how far down in the water ~ column algae (p hytoplankton) m ay grow and
photosynthesize. It is also a good indicator of the depth to w hich aquatic vascular plants
(aquatic weeds) m ay grow as long as suitabl e substrate exists at that depth for the
establishment of a root m ass. Because lake productivity (algae growth) varies with water
temperature, photoperiod (dayli ght length) and changes in av ailable nutrient supply over
the growing season, water clarity needs to be documented many tim es over the ice-f ree
season to get a meaningful Secchi disc depth value.

Water clarity m easurements were recorded as part of the MOE Self-Help Program and
the Recreational Lakes Program. It is also a p arameter that is included in the MOE Lake
Partner Program. As such, an extensive database exists for this param eter from which a
comparison can be made between present and historical values or with other lakes.

The PWQO for water clarity states that ‘water in swimm ing areas should be sufficiently
clear to estimate depth or to see submerged swimmers who may require assistance. Water
clarity should be such that, if the bottom is not visible, the water should have a Secchi
disc transparency of at least 1.2 metres’. Lakes may be categorized according to clarity
as follows:

Secchi Disc Depth (m) (>5.0) 3-5) (1.2-<3.0) (<1.2)
Trophic Status Oligotrophic Mesotrophic  Eutrophic
Classification Excellent Good Fair Poor
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There are large ranges in water clarity for na  tural waters th at are unrelated to human
influence. For this rea son water clarity isa parameter that is not used alone to guide
decisions regarding water quality management. Water clarity values are interpreted along
with other param eters such as nutrient con centrations (phosphorus and nitrogen), algae
densities as determ ined through chlorophyll a_analysis and oxygen concentrations when
making management decisions with respect to protection of water quality.

The period of record for water clarity on Fourteen Island Lake is 1975 to 2008. Very
good ice-free season Secchi depth recordings were made during the years 1975,
1983, 1985 and 1993. Unfortunately, there are considerable gaps in the period of
record and in the more recent years, 2001 to 2008, there were very few recordings
completed each year. As such, the dataset does not lend itself to a rigorous trend
through time analysis (see Figure 2 following this page).

The trend line indicates an improvement in water clarity however more years of a
comprehensive sample effort are required before a definitive statement can be made
with respect to increasing water clarity. The regression analysis indicates the
strength of the relationship over time is generally weak (R? = 0.55). The presence of
zebra mussels in Fourteen Island Lake is also having an influence on water clarity
due to the ability of this invasive species to filter particulates out of the water
column.

For the years with a complete Secchi disc depth dataset Fourteen Island Lake begins
the season (May) with the same average water clarity (see Figure 3 following page).
The lake has just completed spring overturn and the accumulated nutrients in the
bottom become mixed with the water column and results in increased productivity
in the form of a diatom and algae bloom. This results in similar average water
clarity values each year. As the season progresses, diatom concentrations decline
and water clarity generally increases during the late summer as a result. Water
clarity generally declines again at the time of the fall mixing period as the
accumulated nutrients in the bottom waters are returned to the surface and
promote increased algal growth again.

Fourteen Island Lake would be classified as oligotrophic on the basis of a mean
Secchi disc depth of 5.782 metres for the period of record. Only two years (1985 &
1993) out of the ten-year period of record failed to meet the criteria of 5.0 metres of
water clarity for the oligotrophic category.

No Secchi disc depth recordings could be located for either Little John Lake or
Little John’s Sister Lake.

2.7 COLOUR

The colour of water is determ ined as a fu rther method to characterize water type. The
main determinant of colour is dissolved orga nic matter. Extremely hard waters with marl
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sediments are aqua blue in colour while soft waters with bogs in the headwaters m ay be
dystrophic and range in colour from dark br own to tea coloured. Dif ferent analytical
methods produce results as either true colour (a fter filtration) or a pparent colour (b efore
filtration). Colour is imparted to the water as a result of reflection of light from dissolved
substances and seston. Seston refers to all particulate material found in the water column.

There is no PWQO for colour.

For Fourteen Island Lake sampling for colour was undertaken in 1975, 1983 and
1985. Unfortunately the depth recordings are not available in the electronic dataset.
The mean value of 16.2 Hazen colour units is a mean of all the recordings for this
parameter, both surface and bottom values included. If the sample results could be
separated the expected surface colour would be expected to be < 10 Hazen Units for
Fourteen Island Lake. As might be expected the water colour darkens for Little
John and L.ittle John’s Sister due to acidic bogs and wetland drainage headwater to
these lakes. These wetlands leach humic acids high in organic material, tannins and
lignins that impart a tea colour to the drainage waters.

For Little John Lake and Little John’s Sister Lake the mean surface water Hazen
colour units are 25.3 HCU and 31.0 HCU respectively. Because Little John’s Sister
Lake is too shallow to stratify the colour is uniform throughout the water column.
Little John Lake stratifies and therefore accumulates organic material in the bottom
waters. The bottom waters of Little John Lake have a mean Hazen colour unit value
of 140.3 HCU. Refer to further discussion under the heading iron below.

2.8 CONDUCTIVITY OR SPECIFIC CONDUCTANCE

Specific conductance or conductiv ity is a num erical expression of the ab ility of water to
conduct an electric current. It is reported in eith er microsiemens per centim eter (uS/cm)
or micromhos per centimeter (umhos/cm)[the reciprocal of ohms]. It is a measure of both
dissolved ions especially dissolved m inerals and particulate concentrations in the water.
As m ore dissolved solids are added to the water the con ductivity in creases. Specific
conductance in natural surface waters range between 50 and 1000 uS/cm. Conductivity
levels are higher in contam  inated waters. Conductivity in the labo ratory is always
measured at 25 oC; ambient conductivity is recorded on site at ambient temperatures.

An empirical relationship exists between conduc tivity and total dissolved solids; specific
conductance multiplied by 0.65 closely approximates total dissolved solids (TDS).

The conductivity value can also be used as a  quick estimate of the concentrations of a
number of anions and cations. For example Hutchinson (1975) indicates that for a lake
with a conductivity of 220 um hos/cm, the following could be expected: salinity 129.7
mg/L, sodium 8.7 mg/L, potassium 3.2 mg/L, magnesium, 5.2 mg/L, calcium 31.1 mg/L,
carbonate 54.4 m g/L, sulphate 18.4 mg/L and chloride 8.7 m g/L. From the preceding
discussion it was already shown that for Fourteen Island Lake the m  ean calcium
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concentration is 24.1 mg/L and the mean chloride value was 7.12 mg/L. One should infer
from this that the conductiv ity level for Fourteen Island Lake should be less than 220
umhos/cm.

There is no PWQO for specific conductance (conductivity).

Conductivity values are available for 1975, 1983 and 1985. The mean of mean value
for Fourteen Island Lake as a whole is 186.6 umhos/cm (conductivity @250C).
During periods when the lake is stratified, surface conductivity values are
moderately lower than bottom samples due to the accumulation of dissolved and
particulate materials at the bottom.

Little John and Little John’s Sister have mean conductivity values of 222.1 and
177.9 umhos/cm respectively.

2.9 HARDNESS

The hardness of water is a surrogate m easurement of the concentration of calcium and
magnesium salts, largely com bined with bicarbonate and carbonate as well as sulphates,
chlorides and other anions of mineral acids. The carbonate hardness can be rem oved by
boiling. This causes precipitation of CaCO 3, essentially the hard water scale that deposits
on a kettle. The fraction of calcium and magnesium that remains in so lution as sulphates,
chlorides and nitrates after boiling constitutes the residual non-carbonate hardness.

Hardness is expressed in mg/L of CaCOj; equivalents.
There is no PWQO for hardness.

Hard water lakes, lake sloca ted in lim estone f ormations or with ¢ alcareous g lacial
deposits have hardness values on the order of 100 m g/L for tem perate area lakes. Soft
water lakes on Precam brian Shield bedrock ar eas typically have hardness values below
50 mg/L.

As a comparison, Ashby Lake (Denbeigh, Ontario) an acid sensitive soft water lake with
an alkalinity of 12 m g/L has a m ean calcium concentration of 5.8 m g/L. and a hardness
value of 25 mg/L. Loughborough Lake (South Fr ontenac Township) is a hard water lake
that lies completely in a lim estone basin. It has an alkalinity of 114 m g/L and a hardness
value of 127 mg/L.

The mean hardness values for these lakes are as follows: Fourteen Island Lake- 81.5
mg/L, Little John Lake — 96.4 mg/L and Little John’s Sister Lake — 82.4 mg/L.
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2.10 IRON (Fe)

The PW QO for total iron in an un filtered water sam ple should not exceed 300 u g/L in
order to protect aquatic life. Iron is presen t in most rocks and soils a s well asin ore
deposits. W eathering an d m ineralization proce sses act to mobilize iron. Other so urces
include the atm ospheric deposition from the burning of fossil fuels and the corrosion of
iron fabricated products. Iron concentrations are usually higher in the bottom  waters
where there is opportunity for re-suspension from the sediments.

Iron has a complex chemistry in water and the form of iron is dependant upon the amount
of oxygen, carbon dioxide and the pH. Iron easily complexes with many other chemicals.
Iron is not known to accum ulate in fish fles h and is relatively easily m etabolized. The
toxic or detrimental effects stem from the ability of some iron complexes to adsorb to gill
surfaces, egg masses etc.

The PWQO of 0.300 m g/L (300 ug/L) is more stringent than the USEPA value of 1.000
mg/L (1,000 ug/L).

Fourteen Island Lake has analytical results for iron during the years 1975, 1983 and
1985. The whole lake average value is 0.085 mg/L (85 ug/L). There is little difference
between surface and bottom result values for Fourteen Island Lake and there are no
recorded values > than 300 ug/L.

For Little John Lake the mean surface sample result is 117 ug/L while the mean
bottom sample result is 3,617 ug/L. All of the bottom sample results exceed the 300
ug/L PWQO. The elevated iron levels in the bottom waters may be a reflection of
the anoxic (poor oxygen) conditions that exist in Little John Lake. Wetzel (1983)
reports that where decomposition of organic materials occur in productive,
thermally stratified lakes with small deep basins, especially those that receive flow
of bog waters high in humic organic matter, hypolimnetic accumulations of iron can
be excessive with levels exceeding 250 mg/L (250,000 ug/L). Little John Lake has all
of these characteristics including the expected poor oxygen conditions in the
hypolimnion (see the discussion under oxygen). Little John Lake also receives flow
from the humic bog waters headwater to Little John’s Sister Lake.

Iron levels in Little John’s Sister Lake are also high with a mean value of 230 ug/L.
This lake is too shallow to stratify and therefore does not experience the
contributing factor of anoxia as does Little John Lake however Little John’s Sister
receives flow from acidic bogs in the watershed. These humic acids are a significant
source of iron.

2.11 MAGNESIUM (Mg)

There is no PWQO for m agnesium. Magnesium (Mg) is one of the cations along with
calcium (Ca), sodium (Na) and potassium (K) that are quantified to ch aracterize water.
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Typically these cations have concentra tions with Ca>Mg>Na>K. Hutchinson (1975)
reports that for lakes with conductivity values of 180 uohm s/cm that Mg and Ca values
should be 4.2 and 25.0 mg/L respectively.

Fourteen Island Lake has a mean conductivity value of 186.6 uohms/cm, a mean Mg
value of 4.963 mg/L and a mean Ca value of 24.1 mg/L. The values for Little John
Lake are very similar, a mean Mg value of 6.79 and a mean Ca value of 27.6 mg/L.

Little John’s Sister Lake has a mean conductivity value of 177.9 uohms/cm, a mean
Mg value of 5.99 mg/L and a mean Ca value of 23.1 mg/L. There is nothing unusual
about any of these findings.

2.12 NITROGEN - Total Nitrogen = (Ammonia + Ammonium, Nitrate and Nitrite
and Total Kjeldahl Nitrogen)

The chemistry of nitrogen in natura | ecosystems is very complex. The five m ajor forms
of nitrogen in fresh water are or ~ ganic nitrogen (TKN), ammonia (NH 3), ammonium
(NH,), nitrate (NO 3), and nitrite (NO ;). Only the last three, NH4, NO3 and NO2 are
readily av ailable to aqu atic plan ts. In m ost m onitoring p rograms these thr ee n itrogen
compounds, plus total Kjeldahl nitrogen (T KN), which isam easurement of organic
nitrogen, are usually determined.

2.12.1 AMMONIUM (NH4)

Ammonium (NH 4) is considered non-toxic. The ¢ onversion of a mmonium to a mmonia
occurs m ore readily in the presence of low pH (acidic conditi ons) and also with
increasing temperature. There is no PWQO for ammonium (NH,).

2.12.2 AMMONIA (NHs5)

Ammonia (NH3;) and ammonium (NHy) are transitional forms of nitrogen. In the presence
of oxygen in the water these forms becom e nitrite (NO ;) and nitrate (NO 3); it is also
incorporated into liv ing organic m atter where it is quantif ied as total K jeldahl nitro gen
(TKN). The toxicity of ammoni a is very com plex and is al so affected by both pH and
temperature.

The PWQO for concen trations of un-ionized ammonia (NH ;) should not exceed 0.02
mg/L (20 ug/L) for the protection of aquatic lif e. Ammonia nitrogen (N Hj) is present in
most healthy systems at a low concentration, usually less than 1.0 ug/L. It is a by-product
of decomposition. In eutrophic systems and lake bottom s where oxygen concentrations
are depleted, amm onia concentrations can  increase and becom e lethal tob  enthic
organisms and some fish.

Ammonia e nters natu ral wate r sys tems f rom m any sources including precipitation,
agricultural runoff, municipa 1and industrial discharges. Indirect sources are the
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biochemical transform ation of nitro genous organic m aterial during th e decom position
process and also from the excretion of ammonia by biota.

2.12.3 NITRATE, NITRITE and TKN

Nitrate nitrogen (NO 3) is available for uptake by plants and values are im portant in
defining lake trophic status. Typical concentrations are less than 0.05 mg/L (50 ug/L) for
healthy lakes. In eutrophic water bodies the concentration of nitrate (NO3) is usually low
in the surface waters due to demand and uptake by algae. Total Kjeldahl nitrogen (TKN),
the organic nitrogen values become high in eutrophic waters because th e nitrogen is tied
up in the algae. In the deep portion of eu trophic lakes where there is little or no oxygen
the NO ; becom es replaced by NH ;. Ammonium nitrogen (NH 4) is a tran sient form
between ammonia nitro gen (NH 3)and NH 4 under anoxic condition s. Nitrite nitrogen
(NO») in healthy systems is typically at very low concentrations of less than 0.005 mg/L
(5 ug/L); it occurs as a transient form of nitrogen between NH3; and NO3 under conditions
where oxygen is present.

Total nitrog en (TN) is sim ply the sum of the concentrations of all the form s. Total
nitrogen (TN) to total phosphorous (TP) ratios are important. TN: TP ratios are generally
greater than 20:1 in oligotrophic, very heal thy lakes. A ratio of 16:11 s found in a lgae
communities typical of m esotrophic lakes. In eutrophic systems TN: TP ratios are about
<12:1 and favour the production of blue green algae.

There are no PWQOs set for TKN, nitrate or nitrite, nor is there an ob jective set for total
nitrogen. The only form of nitrogen considered to be toxic is a mmonia (see discussion
under ammonia and ammonium).

A comprehensive nitrogen dataset for Fourteen Island Lake is available for the
years 1975, 1983, and 1985; only one sample for nitrogen is available for 1987.
Because both Fourteen Island Lake and Little John Lake stratify and both
experience some late season anoxia, the nitrogen values are discussed below for both
surface and bottom samples. Little John’s Sister Lake is too shallow to stratify so
there is no differentiation between surface and bottom results.

The Kjeldahl nitrogen (TKN) results for the surface for all three lakes show that the
majority of the nitrogen occurs as TKN; this is the nitrogen that is tied up in pelagic
biomass or algal cells. It is clear that Little John’s Sister is the most productive
(eutrophic) with a mean TKN value of 0.6973 mg/L and Fourteen Island Lake is the
least productive with a mean surface TKN value of 0.4008 mg/L.
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TABLE 1 NITROGEN SUMMARY

NITROGEN SUMMARY - SURFACE SAMPLES (1.0 m below surface)

Mean Mean Mean Mean Total

TKN NH4 NO2 NO3 |Nitrogen

mg/L mg/L mg/L mg/L mg/L
Fourteen Island Lake * 0.4008 0.0366 | 0.0023 | 0.0364 | 0.4761
Little John Lake** 0.6120 0.0260 | 0.0028 | 0.0200 | 0.6608
Little John's Sister Lake** | 0.6973 0.0645 | 0.0031 | 0.0200 | 0.7849

*1975, 1983, 1985
** 1985

N Too shallow to become
stratified

NITROGEN SUMMARY - BOTTOM SAMPLES (1.0 m above bottom)

Mean Mean Mean Mean Total

TKN NH4 NO2 NO3 |Nitrogen

mg/L mg/L mg/L mg/L mg/L
Fourteen Island Lake* 0.618 0.2314 | 0.0085 | 0.1713 | 1.0292
Little John Lake** 3.2833 2.6900 | 0.0093 | 0.0633 | 6.0459
Little John's Sister Lake** | 0.6973 0.0645 | 0.0031 | 0.0200 | 0.7849

*1975, 1983, 1985
** 1985

N Too shallow to become
stratified

It is noteworthy that the TKN values greatly increase in the bottom waters of the
two lakes that stratify and experience oxygen loss in the hypolimnion; this is
particularly severe in Little John Lake. TKN values increase from 0.6120 mg/L at
the surface to 3.2833 mg/L in the bottom of Little John Lake. This is an indication of
the loading of organic material into the bottom and the resultant oxygen depletion.
Total nitrogen values increase tenfold, from 0.6608 mg/L at the surface to 6.0459
mg/L in the hypolimnion of Little John Lake.

There is a good probability of late summer ammonia concentrations exceeding the
PWQO in the bottom waters of both Fourteen Island Lake and Little John Lake
due to the high NH4 values.
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2.12.4 TOTAL NITROGEN (TN)

There are not enough years of data to develop any trend through time analysis for
total nitrogen for any of the three lakes. The average of the surface and bottom
sample results produce a whole lake total nitrogen value. The whole lake TN values
are Fourteen Island Lake (0.7526 mg/L), Little John Lake (3.3534 mg/L) and L.ittle
John’s Sister (0.7849 mg/L). Little John’s Sister Lake has the highest surface TN
value due to the loading of organic materials from the headwater bogs and also
because it is too shallow to settle out the organic material into the bottom waters.

2.125 TOTAL NITROGEN to TOTAL PHOSPHORUS RATIO (TN:TP)

Total nitrogen (TN) is s imply the sum of the concentr ations of all the forms of nitrogen.
Total nitrogen (TN) to total phosphorous (TP) ratios are used to characterize lake trophic
status. TN:TP ratios greater than 20:1 are ¢ onsidered to represent oligotrophic lakes or
very healthy lakes. In eutrophic systems TN:TP ratios are about 12:1 or lower and favour
the production of blue green algae. Th e year 2000 Lake Partne r Program Technical
Notes deviate from this definition and uses th e TN:TP ratio of 25:1 as the lower cr iteria
for oligotrophic lakes.

TABLE 2

FOURTEEN ISLAND LAKE TN:TP RATIO l

MEAN TN MEAN TP

YEAR (ug/L) (ug/L) TN:TP
1975, 1983,

1985 476.1 20.7 23
Using only the data for the years with measured nitrogen data and based on the
calculated TN/TP ratio of 23:1 Fourteen Island Lake would be classified as oligotrophic
(i.e. TN/TP ratios > 20). If one assumes that the nitrogen values have not changed since
the early years of measurement and one uses all the years with phosphorous data to
determine the mean value then the TN/TP ratio becomes 30.7:1 and Fourteen Island Lake
would be clearly in the oligotrophic category.

LITTLE JOHN LAKE TN:TP RATIO l

YEAR MEAN TN (ug/L) IMEAN TP (ug/L) | TN:TP

1985 661 18.4 35.9

Little John Lake would be considered to be oligotrophic on the basis of the TN: TP
ratio (661/18.4 =35.9:1).
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2.13 ORGANIC CARBON - Dissolved Organic Carbon (DOC)
Total Organic Carbon (TOC)

Total organic carbon (T OC) consists of both dissolved and particul ate organic carbon. It
is composed of hum ic substances and degrad ed plant (alg ae) and animal (zooplankton)
materials. It can be con sidered as a surroga te measurement for algae levels, s imilar to
chlorophyll a. TOC content in natural waters range from 1 to 30 mg/L. The higher values
are indicative of eutrophication. Runoff from agricultural land s and nutrients from septic
systems can increase the TOC values when algae concentrations rise. Values of 3.0 mg/L

or lower are considered to represent oligotrophic conditions , an indication of a healthy
lake.

Only one TOC value was located in the dataset. Fourteen Island Lake has a
reported TOC value of 4.50 mg/L (November 5, 1987). An ice-free season mean value
would be expected to be lowe r. By November of any given year the lake would undergo
fall overturn and the nutrients that accumulated in the bottom during the stratified p eriod
are released to the surface and organic carbon levels increase as a result.

2.14 OXYGEN and TEMPERATURE

The im portance of docum enting oxygen and temp erature conditions fo r the bas ins in
Fourteen Island Lake, Mink L ake and L ittle John Lake canno t be understated.
Maintaining oxygen co nditions below the thermoc line is critical to the m anagement of
habitat for coldwater fish species such as lake trout, rainbow trout, splake and / or other
coldwater biota; m aintaining good oxygen va lues in the hypolim nion also plays and
important role in nutrient re-suspension fr  om the sediments. Som e effort has been
undertaken by MNR an d MOE to d ocument surface to bottom oxygen and tem perature
values. Oxy gen and tem perature data are av ailable for Fourteen Island Lake during the
years 1975, 1983, 1985, 2007 and 2008. Little John and  Little John’s Sister also have
oxygen and temperature profiles available for the year 1985 and Mink Lake for 2008.

These profiles are typ ically collected during the ice -free period from prior to the spring
mixing period until fall overturn. F or any given year, the most critical period during the
year for deep-water oxygen concentrations  is late summer or ear ly fall. Conditions
become progressively poorer towards the  end of that window and may extend well
beyond the end of September until the fall overturn.

Profiles rec orded for d ates outside of the c ritical period are also important in o rder to
document the success of the spring and fall m ixing periods as well as to docum ent the
rate of oxygen depletion in the hypolim nion. Lakes or lake basins with ample oxygen in
the deepwater portion (hypolim nion) may not become depleted over the entire season
while other lake hypolimnions or distinct lake basins may become depleted of oxygen by
early August. It is therefore im portant not to rely on the oxygen conditions of any one
lake basin to characterize conditions for the lake as a whole.
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Some variability should be expected inth e springtim e oxygen concentrations in the
hypolimnion after stratification is set up in any given year. A long cold spring period with
lots of wind ensures com plete m ixing and infusion of oxygenated water to the lake
bottom. A s hort spring with a few hot calm days may be e nough to set up stratification
early; th is m ay occur bef ore complete m ixing and therefore the hypolim nion has the
potential to begin the season with less than  saturated oxygen conditions or begin the
period of lake stratification at an earlier date; this sets the s tage for a longer than normal
lake stratification period.

Once a lake becomes stratified after the spring warm ing period, oxygen depletion begins
in the bottom water portion and continues through to the fall m ixing period. The surface
waters warm and oxygen is depleted from th e bottom up. For cold water species such as
lake trout, habitat is reduced from above due to heating and from below due to loss of
oxygen. W arm water species such as bass, wa lleye and pike are less affected because
oxygen concentrations at the depth of or 1 mmediately above the therm  ocline are
replenished due to m ixing from above th rough photosynthesis by phytoplankton in the
euphotic zone and through infusion from the atmosphere.

While a change in the rate of heating of the surface waters is not typically associated with
shoreline developm ent practices, the advent of global warm ing may play an im portant
role in the num ber of days each year th at a lak e is stra tified. With global warm ing the
probability exists that lakes will warm earlier each spring an d stay stratified for a longer
period into the fall. This increases the number of days for oxygen depletion to act. This
possibility alone brings added im portance to the need for control of nutrient export from
shoreline developm ent and tributary sources . There is a direct  relationship between
nutrient con centrations at the lake bottom , the num ber of days of s tratification and
oxygen loss from the hypolimnion. An increase in nutrient supply to the lake results in an
increase in plankton growth and subsequently an increase in the rate of loss of oxygen
from the hypolim nion. Under anoxic condition s atthe m ud-water in terface, nutrients
previously sequestered in the sediments will be rele ased into the water column again and
may be available for algae/plant growth when the lake mixes again.

After about September 30" the surface waters begin to slowly cool; the cooling continues
until fall o verturn when the lake m ixes and oxygen con ditions are resto red to the
hypolimnion in early to mid November.

2.14.1 FOURTEEN ISLAND LAKE - Temperature and Oxygen

Oxygen and temperature recordings have been undertaken on 23 different occasions
on Fourteen Island Lake (see Appendix 2). Eight profiles were completed in 1975
spanning the May to November ice-free period. The May 8" and 20™ profiles
indicate that the lake became stratified early and quickly in 1975. It is likely that
incomplete mixing occurred prior to stratification (See Figure 4 following page).
The bottom of the thermocline becomes firmly established at 10 metres depth by
early summer; oxygen values remain good above the thermocline but quickly
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decline to very low concentrations in the hypolimnion below the thermocline (See
Figure 5 August 14™, 1975 profile following page). The November 4™, profile shows
that the lake remains stratified and has yet to undergo fall turnover before the ice-
cover becomes established. The spring mixing period is more complete in the years
1983 and 1985; May oxygen values are much improved when compared against the
1975 data (see profiles in Appendix 2).

The oxygen profiles for August 23" 1983, August 15" 1985 show a modest
improvement in hypolimnetic oxygen values to a depth of 20 metres however below
20 metres depth, oxygen values are again very poor (See Figures 6 and 7 following
page). Both of these oxygen graphs and an August 31%, 2007 profile display oxygen
loss or depletion at about the bottom of the thermocline with a small improvement
in concentration below. Due to the density difference between the warm surface
water and the cold bottom water, the algae and organic material that settles from
the epilimnion slows up and becomes more concentrated at the bottom of the
thermocline. Two factors come into play; bacterial decomposition of this material
uses up oxygen and zooplankton forage here due to the abundance of food and
during respiration use up oxygen as well. This oxygen sag is called a metalinmetic
minima. It is relatively common in lakes that are deep and also nutrient enriched.

The Ministry of Natural Resources recorded an oxygen profile on August 31%, 2007
(See Figure 8 following page) that shows atypically good oxygen values for Fourteen
Island Lake. Unfortunately, there are no early spring oxygen values for this year to
confirm that perhaps the lake experienced a year with complete mixing and
therefore could sustain good hypolimnetic oxygen values into the late summer. Nor
are there other mid-summer year 2007 oxxgen profiles with which to compare. A
repeat survey conducted on September 26", 2008 (See Appendix 2) confirmed the
expected poor oxygen values below the thermocline typical of values recorded in
years prior to 2007.

Oxygen concentrations for all the early season survey dates indicate that Fourteen
Island Lake has difficulty undergoing complete mixing during the spring overturn
period. This situation occurs because the basins are relatively small in surface area
and deep and are protected by large hills. There is not a large fetch (distance from
shore to shore) to allow for strong winds to act; it takes a lot of wind energy to cause
the lake to mix to the bottom resulting in spring overturn and infusion of oxygen
into the bottom waters. It only takes a few days in early May of stable hot weather
to set up stratification and prevent the lake from complete mixing; the lake
therefore begins the season in an oxygen deficit.

MNR staff completed another dissolved oxygen—temperature profile on September
26™, 2008 at a location near to the entrance of Mink Lake, a basin off of Fourteen
Island Lake. This profile shows anoxic conditions for all depths below the top of the
thermocline. It compares favourably with the profile from the Site 1 location for the
same date and also a profile recorded on September 29, 1975 (see Appendix 2).
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2.14.2 MINK (SIGSWORTH) LAKE — Temperature and Oxygen

On September 26™, 2008 the Ministry of Natural Resources staff recorded the only
oxygen profile that has been completed on Mink (Sigsworth) Lake. This profile was
located over a water depth of 27 metres and shows severe oxygen loss from the
bottom of the thermocline to the lake bottom. (See Figure 9 following page). This
lake basin has all the characteristics discussed above for Fourteen Island Lake. The
basin is small, deep, protected by high hills and has a short fetch shore to shore; all
are characteristics that cause incomplete spring mixing and poor late season
hypolimnetic oxygen conditions as a result.

2.143 LITTLE JOHN LAKE - Temperature and Oxygen

Oxygen and temperature recordings have been completed on 7 different occasions
on Little John Lake in 1985 (see Appendix 2). Profiles were completed spanning the
May to November ice-free period. The May 23, 1985 profile indicates that the lake
became stratified early and that incomplete mixing occurred prior to stratification
(See Figure 10 following page). Poor oxygen concentrations are particularly evident
below 11 metres depth.

The bottom of the thermocline becomes firmly established at 7-8 metres depth by
early summer; oxygen values remain good above the thermocline but quickly
decline to very low concentrations in the hypolimnion below the thermocline (See
Figure 11 profile following page). The October 2nd profile shows that the lake
remains stratified and oxygen values below 7.0 metres of depth are close to anoxic.
An incomplete profile recorded on November 8", with only surface and bottom
recordings of oxygen and temperature indicate that Little John Lake has yet to
undergo fall turnover before the ice-cover becomes established (see data and
profiles in Appendix 2).

2.14.4 LITTLE JOHN’S SISTER LAKE - Temperature and Oxygen

Oxygen and temperature recordings have been completed on 7 different occasions
on Little John’ Sister Lake in 1985 (see Appendix 2). Profiles were completed
spanning the May to November ice-free period. The May 23", 1985 profile indicates
that the lake is mixed completely too the bottom.

Little John’s Sister Lake is only 4.0 to 4.5 metres deep and therefore is not deep
enough to become stratified. It therefore would be expected to have the same
temperature surface to bottom and to be completely mixed surface to bottom for the
entire season. Oxygen values would also be expected to be the good top to bottom.
The data and profiles for July 24" and August 15™ follow this page (Figure 12).
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Little John’s Sister actually could be considered to be stratified when the ice sheet is
formed. The ice sheet prevents the lake from mixing and under conditions of deep
snow depth photosynthesis is prevented under the ice. Shallow productive lakes
such as this can experience anoxia under the ice resulting in late winter or early
spring fish Kills.

2.15 pH

The PW QO states that pH should be m aintained within the range of 6.5 to 8.5 units in
order to protect aquatic life. Both alkaline an d acid ic wate rs m ay ca use ir ritation to
anyone using the water for recreational pur  poses. The range in pH for body contact
recreational purposes is much wider than the  objective. The objective is set to p rotect
aquatic life.

The acidity of water is measured by determining pH values. The pH scale is from zero to
14 units with 7.0 representing a neutral value. Valu es below 7.0 are acidic and values
above 7.0 are basic. Because the pH scale is a logari thmic scale every pH unit is a factor
of 10 times difference from the next closest unit. A lake with a pH of 8.0 is therefore 10
times m ore basic th an a lake with a pH of 7.0 units. Lakes with high alkalinity can
neutralize acids and therefore the pH of thes e lakes would be expected to be above 7.0
units.

Photosynthesis fixes or rem oves carbon dioxide . Carbon dioxide in water for ms a weak
carbonic acid. Therefore in productive lakes the surface waters have pH values th at are
higher than the bottom waters. Und er conditions of excess ive productivity the pH m ay
raise to 8.0 or 9.0 units. W hen pH levels are reduced to 6.0 un its or lower, acidity levels
begin to becom e toxic to the life stages of m any aquatic organisms and some species of
fish.

For Fourteen Island Lake the pH values range from 6.7 units to 8.3 units with a
mean value of 7.57 units. Little John’s Sister has a mean pH value of 7.56 units;
Little John Lake has a mean pH of 7.39 units. These values indicate that acidity
levels remain well within the PWQO for the protection of aquatic life for all three
lakes.

2.16 PHOSPHORUS (TOTAL PHOSPHORUS - TP)

Total phosphorous concentrations are im  portant indicators of lake trophic status.
Phosphorous is a natural plant nutrient found in lakes. It provi des one of the building
blocks needed for plant growth. Phosphorous is typically in limited supply, outperformed
by nitrogen by a ratio of great er than 20:1. Total phosphoro us is the limiting nutrient in
aquatic ecosystem s. It is fo r this reason that the Ontario Lakeshore Capacity Study
(OLCS) focused on phosphorous as the key param eter. It is also th e reason the Policies,
Guidelines and Provinc ial W ater Quality Objec tives (PW QOs) of the Minis try of the
Environment July 1994 set objectives for phosphorous on lakes.
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The PW QOs have two thresholds for to  tal phosphorous; one is set at average TP
concentrations for the ice-free period of <10 ug/L. This level protects lakes that are at or
below 10 ug/L from becom ing enriched to a level above 10 ug/L; these lakes are
categorized as oligotrophic. Th e second threshold of average TP concentrations of 20
ug/L is the upset limit for lakes. This limit is set to avoid nuisance concentrations of algae
in lakes; lak es exceeding an average of 20 ug/L of phosphorous are eu trophic. Elevated
phosphorous concentrations lead to increas  ed surfactant foam ing, increased aquatic
vascular plant growth in som e lakes and in severe situatio ns th e production of excess
algae, which limits light penetration and deep-water oxygen loss.

The PWQO states ‘the following phosphorous ¢ oncentrations should be considered as
general guidelines which should be supplem ented by site specific studies: To avoid
nuisance concentrations of al gae in lakes, average total phosphorous concentrations for
the ice-free period should not exceed 20 ug/L. A high level of protection against aesthetic
deterioration will be provided by a total phosphorous concentration for the ice-free period
of 10ug /L orless. T his should apply to a 1l lakes naturally belo w this value’. Lakes
which at present have TP values which are above but close to 10 ug / L would have to be
modeled to determine if natural values would fall below the 10 ug / L objective.

In situations where there ar e high concentrations of phos phorous, light pe netration is
reduced due to increased algae and  blue-gr een algae bloo ms replace aquatic vascular

plants. High concentrations of algae and aquatic p lants lead to excessive oxygen
depletion in the deeper bottom  water porti ons of the lake both during the summ er
stratification period and under the ice cover. Lake that experience severe oxygen

depletion in the hypolimnion (deep water portion) also have elevated nutrient levels in
the bottom.

Phosphorous concentrations in lakes are increased by changes in landuse that results in
increased supply from the land, shoreline sep  tic system s, rem oval of shoreline trees
(buffer strips) and the addition of fertil izer to sho reline lawns and agricultural
applications as well as others. Phosphorous became the focus of interest for lake surveys
and was included as a param eter for analys is in the MOE Recrea tional Lakes Progr am
more recently in the Lake Partner Program.

There is an estab lished algorithm with chlo rophyll. Chlorophyll a concentrations can be
calculated using phosphorous values. The formula for predicting total phosphorous
concentration [TP] from chlorophyll a and visa versa is taken from the Ontario Lakeshore
Capacity Study (OLCS) trophic status model. The formula is:

Log CHL a=1.45log (TP ug/L)-1.14

There are m any other accepted algorithm s for this relationship. The Lake Partner
Program Technical Notes offer the following formula:
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CHL a =0.323 (TP ug/L) - 1.46 R2=0.78;n=74

Using the 1.84 ug/L m  ean chlorophyll a _ value from the 1993 Self-Help Program
volunteer effort on Fourteen Island Lake and applying each of the above algorithms the
predicted total phos phorous is 9.3 ug/L and 10.2 ug/L respectively. These predicted
phosphorous values fall within the year-to-ye ar natural variability for Fourteen Island
Lake and closely match the more recent LPP results since the year 2000.

2.16.1 PHOSPHORUS (TP) FOURTEEN ISLAND LAKE

Measured phosphorous data is available for surface samples for Fourteen Island
Lake for seven years spanning the period 1975 to 2007. For the years 1975, 1983,
and 1985 intensive sampling was undertaken from early season to late fall and
included both surface samples (1.0 metre depth) and bottom samples (1.0 metre off
bottom). Lakes that stratify and experience anoxia in the bottom waters have
elevated bottom water TP concentrations.

Sampling for phosphorous since the year 2000 has only included spring-time
samples under the Lake Partner Program (LPP). While the analytical procedures
used under the LPP are much improved and more accurately represent TP values,
only one sample is collected per year; as a result the dataset is not as strong for
more recent years.

The surface phosphorous results indicate that phosphorous levels have declined in
Fourteen Island Lake since 1975 (Figure 13 following page). This decline may be
partially due to new sampling and analytical procedures.

The mean of means value is 15.5 ug/L over this time period. The trend line for the
measured TP indicates a decline in TP values for the 7-year dataset. The
relationship is relatively weak with an R® value of only 0.53. Any changes in
analytical protocol are not addressed and may play a role in the trend results. The
mean of mean value of 15.5 ug/L places Fourteen Island Lake in the moderately
enriched or mesotrophic category based on this parameter. Even if the 1975 data is
not included in the mean of means calculation the mean value of 13.1 ug/L will also
characterize the lake as mesotrophic.

If only the data for the year 1975 is considered then the mean phosphorous value
would exceed the PWQO of 20 ug/L for TP. All of the mean values for the years of
survey since 1983 are below the PWQO of 20 ug/L for lakes with warm water
fisheries. It should be clear that the PWQO applies only to surface water TP values.

For lakes such as Fourteen Island Lake, Mink Lake and Little John Lake that may
undergo partial mixing in the spring and that experience very poor to anoxic oxygen
conditions at the bottom, nutrient concentrations are elevated both due to
accumulations as a result of decomposition of organic material settling from above
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and also from the re-suspension or release of nutrients from the sediments in the
presence of anoxic conditions at the mud-water interface.

The Figure 14 shows the difference between mean surface and bottom TP
concentrations. There is between six to nine times as much phosphorous in the lake
bottom as there is measured at the surface. The consequence of this accumulation of
both phosphorous and nitrogen (see discussion under nitrogen above) leads to heavy
blooms of diatoms and algae at the time of fall turnover when these nutrients are
made available at the surface again.

2.16.2 PHOSPHORUS (TP) LITTLE JOHN LAKE

Little John Lake becomes stratified and also experiences poor oxygen conditions in
the hypolimnion; as a consequence there is a significant difference in TP values
between surface and bottom sample results. The mean surface TP value is 18.4 ug/L
and the mean bottom TP value is 970 ug/L; the concentration of phosphorous in the
hypolimnion of Little John Lake is greater than fifty times as much as is in the
surface waters.

The surface mean TP value of 18.4 ug/L is below the PWQO of 20 ug/L. Little John
Lake would be considered to be mesotrophic based on TP alone. When the TN:TP
ratio is considered (661/18.4=35.9:1) then Little John Lake would be considered to
be oligotrophic on the basis of this ratio.

2.16.3 PHOSPHORUS (TP) LITTLE JOHN’S SISTER LAKE

Little John’s Sister Lake is too shallow to stratify and therefore surface and bottom
values for temperature, oxygen and nutrients are all the same respectively. With
respect to phosphorous, the mean value is 32 ug/L (surface) and 31 ug/L (bottom)
(See Appendix 1). These mean values exceed the PWQO of 20 ug/L. The elevated
phosphorous in Little John’s Sister can be attributed to the large extent of wetlands
headwater to the lake and also to the fact that phosphorous does not have the
opportunity to settle out and be sequestered into the sediments.

2.17 RESIDUE (TOTAL), RESIDUE (PARTICULATE) and RESIDUE
(FILTERED)

There is no PWQO for either total or particulate residue.

Total res idue is a m easure of the m aterial left after am easured am ount of water is

evaporated. The residue remaining consists largely of only a few salts. These include the
carbonates, sulphates, chlorides of calcium , magnesium and potassium, silicic acids, and
small a mounts of nitrogen, phosphorus, iron, m anganese and organic m aterial such as
algal cells (Rutner, 1963). Rutner reports that the majority of lakes fall in the 100 to 200
mg/L range for total residue and lak es with low alkalinity (low disso lved salts) typically
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have total residue conc entrations o f less th an 50 m g/L. The determ ination of specific
conductance is used as a surrogate m ethod to estimate the concentrations of these sa me
salts.

Residue samples were collected for Fourteen Island Lake for the years 1975, 1983
and 1985. There is no difference between surface and bottom sample results. The
mean value for 23 samples collected over the period of record is 125.5 mg/L. Residue
values can be found summarized in Appendix 1. This mean value is in keeping with
the range of values reported by Rutner, (1963).

As acom parison, Ashby Lake (Denbeigh, Onta rio) an acid sensitive lake with an
alkalinity of 12 mg/L and a mean calcium concentration of 5.8 m g/LL has a m ean residue
value of 34 mg/L.

The mean residue value for Little John Lake (1985) is 144.0 mg/L (n=10); bottom
samples are higher with a mean value of 167.2 mg/L (n=5) than the surface samples
with a mean value of 120.8 mg/L (n=5). This observation is supported by and
explained in the preceding discussions under nutrients and oxygen. The organic
material settling from above is concentrated in the bottom waters of Little John
Lake. All the values are within the range of those reported by Rutner.

The mean residue value for Little John’s Sister Lake (1985) is 116.4 mg/L.
2.18 SODIUM (Na)
There is no Provincial Water Quality Objective (PWQO) set for sodium.

Sodium (Na) is one of the four cations along with calcium (Ca) m agnesium (Mg), and
potassium (K) that ac t in concert to determine water hardn ess and salinity. W aters with
high alkalinity and high har dness typically have high cation concentr ations. The four
cations typically occur in concentrations with Ca>Mg>Na>K.

Wetzel (1983) reports that the m  ean sodium level for hard water lakes is 4.0 mg/L.
Sodium is a requirem ent of blue green algae. The enrichment of waters with high le vels
of sodium combined with phosphorus prom otes the blue green algae bloom s associated
with eutrophication. High levels of s odium a nd phosphorus are found in dom  estic
effluent. Wetzel reports furthe r that m aximum growth of se veral species of blue green
algae occurs at a concentration of sodium of 40 mg/L.

The whole lake mean sodium value for Fourteen Island Lake is 2.69 mg/L (n=24).
The sodium levels range from a mean value of 3.20 to 1.90 mg/L. These values fall in
the range of what might be expected for a moderately hard water lake. Little John
Lake has a mean sodium concentration of 4.71 mg/L. The mean sodium
concentration for Little John’s Sister Lake is 3.61 mg/L (N=12).
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3.0 SUMMARY

Fourteen Island Lake has not received alo  t of attention since 1985 with respect to
documentation of water quality. It has been 24 years since an inten sive water quality
survey has been undertaken. The Ministry of Natural Resources (MNR), Ministry of the
Environment (MOE), and the Fourteen Is land Mink Lake Association (FIMLA) have
each played a role in monitoring water qua lity since 197 5. The Fourteen Island Mink
Lake Association (FIML A) has volunteered under the form er MOE Self-Help Prog ram
(1993) and in more recent years under the MOE Lake Partner Program (2002, 2003, 2006
and 2007).

Fourteen Island Lake is m anaged as a warm water walleye, pike and bass fishery by the
MNR. As such, it has been the focus of so me recent efforts (2007 and 2008) to document
water quality, particularly  as it pertains to docum  enting oxygen and tem  perature
conditions.

From this analysis of the available data it is apparent that there has not been much change
in water quality over the 33-year period of record (1975 to 2008) althoug h there are gaps
in the dataset and it is sporadic and incomplete for some years. There is analytical data on
greater than 20 different parameters, the most relevant of which are discussed above. The
trophic state indicator param eters (clarity, total phosphorous and chlorophyll a) and the
oxygen-temperature profile data  have received the m ost sam ple effort. It is these
parameters that may allow for a tren d analysis and that are used to characterize the lake
trophic status.

Unfortunately, water quality d ata is very lim ited for Mink (Sigsworth) Lake, Little John
Lake and Little John’s Sister Lake; s urvey data for the latter two is only available for the
year 1985.

The period of record for water clarity on ~ Fourteen Island Lake is 1975 to 2008. Very
good complete ice-free season Secchi depth recordings were made during the years 1975,
1983, 1985 and 1993. Unfortunately, there are cons  iderable gaps in the data over the
period of record and in the m  ore recent years, 2001 to 2008, there were very fe =~ w
recordings completed each year. As such, the dataset does not lend it self to a rigorous
trend through tim e analysis. The indication fro m the analysis is tha t water ¢ larity is
improving. Fourteen Island Lake is classified as oligotroph ic on the basis of a mean
Secchi disc depth of 5.782 m etres. No Secchi di sc depth recordings co uld be located for
any of Mink Lake, Little John Lake or Little John’s Sister Lake.

Another trophic state indi  cator is chlorophyll a _. Analysis for this param  eter was
undertaken from the early 1970s to 1993. There is much variability in the chlorophyll a
data set for Fourteen Island Lake and it ~ does not lend itself to a trend through tim e
analysis. The mean of means value for chlorophyll a for the period of record is 2.30 ug/L.
Fourteen Island Lake would therefore be cla ssified as oligotrophic on the basis of this
parameter.
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Little John Lake has a m ean chlorophyll a value of 1.90 ug/L on th e basis of this one
parameter the lake would be classified as ol igotrophic. Little John’s Sister has a reported
mean chlorophyll a value of 3.98 ug/L and is classifi ed as m esotrophic on the basis of
this one parameter. There is only one year of data available for either of these two lakes.

Phosphorous concentration is also a trophic state indicator. Th ere is a 7-year dataset for
this parameter for Fourteen Island L ake. The trend line for TP indicates a decline in TP
although the relationship is re latively weak with an R * value of only 0.53. Them ean
value of 1 5.5 ug/L places Fou rteen Island Lakeinthe m  oderately enriched or
mesotrophic category based on this parameter.

For lakes such as Fourteen Island Lake, Mi ~ nk La ke a nd Li ttle John Lake that m ay
undergo partial m ixing in the spring and th at annually experience very poor to anoxic
oxygen con ditions at the bottom , nutrient ¢ oncentrations are elev ated both d ue to
accumulations as a resu It of de composition of organic m aterial settling from above and
also from the re-suspension or release of nutri ents from the sediments in the presen ce of
anoxic conditions at the mud-water interface.

There is between six to nine tim es as m uch phosphorous in the lake bottom as there is
measured at the surface. The consequence of this accumulation of both phosphorous and
nitrogen leads to heavy bloom s of diatom s and algae at the tim e of fall turnover when
these nutrients are made available at the surface again. This can become very problematic
if nutrient loadings from shoreline development or other sources are not controlled.

Little John Lake becom es stratified and also experiences poor oxygen conditions in the
hypolimnion; as a consequence th ere is a significant differe nce in TP values between
surface and bottom sample results. The mean surface TP value is 18.4 ug/L and the m ean
bottom TP value is 970 ug/L; the concentr ation of phosphorous in the hypolim nion of
Little John Lake is greater than fifty tim  es as much as is in the surface waters. The
surface mean TP value of 18.4 ug/L is below the PWQO of 20 ug/L. Little John Lake
would be considered to be mesotrophic based on TP alone.

Little John’s Sister Lake is too shallow to stratify and therefore surface and bottom values
for tem perature, oxygen and nutrients are a 1l the sam e respectively. W ith respe ct to
phosphorous, the mean value is 32 ug/L. This mean value exceeds the PWQO of 20 ug/L.
Little John’s Sister Lake would be considered to be eutrophic based on TP alone.

Collectively, while the three param eters are s eparate and distinct, th e data indicates that
each individually is supportiv e o fthe ot her. W ater clarity has improved, total
phosphorous appears to have declined and chlorophyll a __concentrations have not
changed. This observation provides some confidence to the conclusion that conditions for
these three param eters have not declined a nd may in fact have im proved very slightly
over the period of record.
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Using only the data for the years with measured nitrogen data and based on the calculated
TN/TP ratio of 23:1 Fourteen Island Lake would be classified as oligotrophic (i.e. TN/TP
ratios > 20). Little John Lake would be consid ered to be oligotrophic on the basis of the
TN:TP ratio 35.9:1.

The most critical param eter for Fourteen Is land Lake is the poor oxygen concentrations
recorded in the hypolimnion of each of the basins. Oxygen and tem perature recordings
have been undertak en on 23 different occasions on Fourteen Island Lake. The oxygen
data indicates very poor conditions exist fr om mid-summer through to fall turnover each
year. The probability is that due to lake morphometry and local topography, the lake does
not experience complete mixing during the spring overturn period for some years.

The oxygen profiles recorded in August of 1983 and 1985 show am odest improvement
in hypolimnetic oxygen values to a depth of 20 metres however below 20 m etres depth,
oxygen values are again very poor. An  oxygen profile recorded September 26 ™, 2008
confirms the poor late season oxygen conditions continue to exist in more recent years.

Only one oxygen-temperature profile has been recorded on Mink (Sigsworth) Lake. This
profile also shows severe oxygen loss from th e bottom of the therm ocline to the lake
bottom. This lake basin has all the character istics discussed above for Fourteen Island
Lake. The basin is small, deep (27 m), protected by high hills and has a short fetch shore
to shore; all are characteris tics that cause incomplete spri ng mixing and poor late season
hypolimnetic oxygen conditions as a result.

For Little John Lake profiles were com pleted in 1985 spanning the May to Nove mber
ice-free period. The May profile indicates that the lake beca me stratified early and that
incomplete mixing occurred prior to stratification; as a result poor oxygen concentrations
are particularly evident below 11 m etres dep th. Mid and late summ er profiles indicate
anoxic conditions in the hypolimnion.

Little John’s Sister Lake is only 4.0 to 4.5 m etres deep and therefore is not deep enough
to become stratified. It therefore would be expected to have the same temperature surface
to bottom and to be co mpletely mixed with the same oxygen concen trations surface to
bottom for the entire season. Shallow productive lakes such as this can experience anoxia
under the ice resulting in late winter or early spring fish kills.

4.0 RECOMMENDATIONS

Each of Fourteen Island Lake, Mink Lake, Little John Lake and Little John’s Sister Lake
are deficient in a good com plete-season phos phorous dataset since at least 1985. The
Fourteen Island Mink Lake A ssociation should try to acqui re, for at least one year, a
more intensive phosphorous sam pling effort throughout the ice-free season. This m ay be
possible through the Ministry of Environment Lake Partner Program.
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In addition, water clarity can easily be record ed for each of these lak es on an an nual
basis. Water clarity recordings can provide the longest datase t for the best value to allow
for trend th rough time analysis. This will require volunteers to comm it to reco rding the
clarity at least twice monthly from as soon after ice-out as possible until the fall overturn
period. The recordings should be recorded at the same locations each time and preferably
under conditions of light winds with the boat anchored.

Because each of Fourteen Island Lak e, Mink Lake, and Little John Lake experience p oor
deep-water oxygen con ditions and because in tensive whole season oxy gen—temperature
profiles have not been com pleted since 1985, it is tim e to collect current data for these
parameters. Profiles should be recorded on th ese basins as soon afte r ice-out as possible
to docum ent spring overturn conditions and th en at leas t monthly the reafter until late
season in the f all. Th e f indings will hav e ramifications with r espect to f isheries
management and shoreline development decisions.
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6.0 GLOSSARY
Algae — microscopic photosynthetic unicellular plants commonly found in water
Algorithm — a mathematical relationship one parameter to another

Alkalinity — a measure of the ability of water to neutralize acids; directly related to water
hardness and calcium carbonate concentrations.

Anoxic — having a deficiency of oxygen
Benthic organisms — living things associated with the lake bottom
Biota - living organisms

Blue-green algae — microscopic plants associated with nutrient enriched conditions;
known taste, odour and toxin producers; blue-green in colour ; often float on the surface

Cations — positively charged atoms (e.g. Naﬂ, KH, Mg+2, Fe+2, Ca™ etc)
Chlorophyll a — the green photosynthetic pigment found in living plants including algae

Diatoms — algae of the family Bacillariophyceae, 5000 species are known, may be
unicellular, colonial or filamenteous

Epilimnion — the warm surface water layer in a lake of equal temperature that is mixed by
the wind during the stratified period

Eutrophic — a nutrient enriched lake, high in phosphorous and nitrogen, high in algae
concentrations, poor in clarity and with poor or no deep water oxygen concentrations.

Fetch — the uninterrupted straight line distance between two points across water
GPS - Global Positioning System; used to pin point locations on the earth surface.
Gram (gm) - is 1000 times smaller than a kilogram.

Humic — derived from humus; colloidal organic matter as the result of decomposition of
plant and animal matter

Hypolimnion — the deep cold water layer below the bottom of the thermocline; lies below
the metalimnion

Ion — the smallest size of particle; atom
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Mesotrophic — lakes which are moderately enriched; between eutrophic and oligotrophic

Metalimnion — zone between the epilimnion and the hypolimnion; zone of most rapid
temperature change with depth called the thermocline.

Metalimnetic minima — a condition where oxygen concentrations decline to low values at
the bottom of the thermocline; oxygen concentrations then improve in the hypolimnion

Microgram (ug) - is 1000 times smaller than a milligram.
Milligram (mg) - is 1000 times smaller than a gram.
Minima — refers to an oxygen sag (low oxygen values) in the metalimnion

Morphometry — refers to lake size and shape; includes area, volume, fetch, maximum
depth, mean depth, shoreline length etc.

Nutrients — elements required for plant growth; include phosphorous and nitrogen

Oligotrophic — lakes which are nutrient poor, deep, clear, cold, oxygen enriched, low
algae concentrations, low phosphorous and nitrogen concentrations

PWQO — Ontario Provincial Water Quality Objectives
Organic — all living or dead and decomposing material from carbon based sources

Overturn — a physical process which a lake undergoes each spring and fall when water
temperatures are equal top to bottom; wind energy mixes the lake causing overturn

Percent Saturation — refers to the amount of oxygen that water has relative to how much it
would have at saturation for a specific temperature; 60 % saturation implies that 40% of
what it could hold has been depleted.

Phytoplankton — free floating microscopic photosynthetic plants, algae, found throughout
the water column

pH — a measure of the hydrogen ion concentrations; expressed as a measure of acidity on
a scale from zero to fourteen with seven as neutral, less than 7 as acid, greater than 7 as
basic.

SDF — Station Description File (number) — used by MOE to document sample locations

Seston — the totality of all free-floating living and non-living suspended matter in the
water column

ONTARIO LAKE ASSESSMENTS



231-

Summer stratification — the period when temperature difference between top and bottom
are so great that the water in the lake is layered into warm surface epilimnion, a cold
bottom hypolimnion and a zone of rapid temperature change in the middle called the
metalimnion.

Thermocline — the depth at which the temperature changes by > 1.0 oC / metre

Total organic carbon (TOC) — a measure of dissolved and particulate forms of carbon,
carbon is an element in all living and formerly living things.

Trophic status — refers to the level of nutrient enrichment

UTM - Universal Transverse Mercator Grid; 1000 metre square grids laid over the globe
which allows for detailed position locations; sometimes called military grid.

Zooplankton — microscopic and small aquatic animals that typically found throughout the
water column
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