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INTRODUCTION

The Halifax-Dartmouth Metro Area has a large number of lakes which are valuable
resources for water supply, recreation, and wildlife habitat. Urban development imposes
various stresses on lakes and their watersheds; and careful environmental management is
necessary to maintain an acceptable level of water quality, both in built-up areas and
regions undergoing development. Proper lake and watershed management requires an
adequate scientific understanding of the natural processes that control lake properties, the

types of pollutants being added, and their origin, concentrations, and effects on important
lake processes.

Due to the existence of numerous university and government environmental research
laboratories, government environmental regulatory agencies, and citizen environmental
groups in the Metro Area, many scientific studies have been conducted on regional lakes
(e.g. Gorham 1957; Ogden 1972; Gordon 1978; Watt et al. 1979; Castell et al. 1984; Soil
and Water Conservation Society of Metro Halifax 1991; Scott et al. 1991; and Hellebrand
and Dalziel 1992). As a result, a substantial data base is being accumulated. Major
pollutants that have been identified in Metro Area lakes are silt, road salt, nutrients, acid
deposition, and micro-organisms.

To help develop a data base for regional lake management, it was decided that it would be
useful to conduct periodic synoptic water quality surveys of Metro Area lakes. Therefore,
on April 14, 1980, an initial survey of 50 lakes was carried out on a single day (Gordon et
al. 1981). The sampling took place immediately after ice out. At this time of year, lake
water is well mixed from surface to bottom; and the properties measured in surface '
samples are representative, within certain limits, of the entire lake volume. Standard water
quality variables (e.g. pH, major ions, and nutrients) were measured, and the resultant data
were used to rank Metro Area lakes with regard to water quality.

The original intent was to repeat the survey every 10 yr, but this was not possible in 1990,
However, the same agencies were able to organize and conduct a second survey in 1991
using the same or similar methods. Two additional lakes were included. In addition,
samples were analyzed for aluminum, chlorophyll, colour, dissolved organic carbon, and a
large number of trace elements. This report briefly describes the methods, presents the
results, and compares them, where possible, with results obtained in 1980. All data are
presented in appendices for those who wish to carry the analysis and interpretation further.

METHODS

SAMPLING

Sampling was conducted on April 16, 1991, in 51 lakes (Fig. 1; Table 1). As in 1980,
samples were collected the day after the ice left Fraser Lake. Ragged Lake was the




only lake sampled in 1980 that was not sampled in 1991 (by unintentional omission).
Samples were also collected for the first time in Anderson Lake and Power Pond. Most of
the samples were collected by helicopter between 10:00 and 15:00 h. Remaining samples
were collected by boat in the early moming or evening of the same day. Single samples
were taken in small lakes near their centre, while multiple samples were collected along
the axis of larger lakes (Fig. 1).

Table 1. Lakes sampled and their location on Figure 1. A number in brackets following
the name indicates the number of replicate samples taken at one site in the lake.

1-3  Grand Lake 48-49  Spider Lake

4-6 Kinsac Lake 50-53 Lake Major

7-8 Third Lake 54-55 Loon Lake

9-10 Second Lake 56-57 Lake Charles

11 Powder Mill Lake 58-59 Lake Micmac
12-13  Rocky Lake 60-61 Bissett Lake
14-15 Sandy Lake 62-64 Morris Lake

16  Paper Mill Lake 65-66 Russell Lake
17-18 Kearney Lake 67  Frenchman Lake
19-20  Susie Lake 68  Anderson Lake
21-22 Govemor Lake 69-70 Lake Banook (3R)
23-24  Fraser Lake 71-72  First Lake (3R)

25  Bayers Lake 73  Lamont Lake

26 - Second Chain Lake 74  Topsail Lake

27  First Chain Lake 75  Oathill Lake (3R)
28-30 Long Lake 76  Penhomn Lake

31  Williams Lake 77  Maynards Lake

32 Colbart Lake 78  Little Albro Lake

33 Parr Lake 79  Big Albro Lake

34  Spruce Hill Lake 80  Cranberry Lake
35-37 Lake Fletcher 81  Settle Lake
38-39 Lake Thomas 82  Bell Lake
40-42 Lake William 82  Chocolate Lake
43-45 Soldier Lake 83  Whimsical Lake
46-47 Miller Lake 84  Frog Pond

85 Power Pond

Water samples were collected from a depth of 20-30 cm in 2-L polyethylene bottles which
had been washed with Decon®, rinsed with distilled water, and then rinsed with lake water
immediately prior to filling with the sample. Temperature was measured immediately with
a mercury thermometer. Water column transparency was measured with a 20-cm, ail-
white Secchi disk. This was difficult to operate from the helicopter floats because of the
down-draft, so the results should be interpreted with caution.

Three replicate samples for quality control were collected from Lake Major, Oathill Lake,
Lake Banook, and First Lake. Water samples were returned to the laboratory and
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processed within 4 h of collection. Aliquots were removed and analyzed immediately for
initial pH, conductivity, chlorophyll, and ammonia. Subsamples for other analyses were
transferred to other participating laboratories within 8 h of collection. A complete suite of
analyses is not available for Bayers Lake because some subsamples were lost during
transfer between laboratories.

CHEMICAL ANALYSIS

The variables measured, the responsible laboratory, the units used in this report, and the
conversion factors to other commonly used units are listed in Table 2.

Table 2. Variables measured, the units used in this document, the laboratory responsible
for the measurement, and the conversion factors to other commonly used units.
NSDOE is the Nova Scotia Department of Environment (analyses were
conducted under contract by the Environmental Chemistry Laboratory at the
Victoria General Hospital); EC is the Environment Canada Water Resources
Directorate; HED is the Habitat Ecology Division of the Department of Fisheries
and Oceans (DFO); and MCD is the Marine Chemistry Division of DFO. Also
included are the laboratories who conducted analyses in the 1980 survey. (pg at
is pg atoms which is equivalent to pM or pmolar.)

Laboratory
Variable Units 1991 1980 Conversion factors
Alumunum (Al) mg L7 NSDOE -
Alkalinity mg CaCO, L* EC, NSDOE EC, NSDOE x 20 = pequiv. L
Ammonia (NH,) mg N L HED NSDOE x 71 =pgatNL"
Calcium (Ca) mg L?! NSDOE NSDOE
Chlorophyll pg L HED -
Chloride (Cl) mg L NSDOE NSDOE
Colour TCU NSDOE -
Conductivity pS HED HED X 1 = pmhos
Dissolved organic carbon (DOC) mg CL! EC -
Potassium (K) mg L NSDOE NSDOE
Magnesium (Mg) mg L! NSDOE NSDOE
Sodium (Na) mg L NSDOE NSDOE
Nitrate (NO;) mg NL! MCD NSDOE x71 =pgatNL!
Phosphate (PO?) mg P L! MCD NSDOE x3l=pgatPL"
Sulfate (SO%) mg SO? L NSDOE NSDOE
Secchi disk depth m HED -
Silicate (Si) mg SiL? MCD HED x36=pgatSiL?!
Temperature °C HED HED
Total Nitrogen (TN) mg N L NSDOE NSDOE x 71 =pgatNL?
Total Phosphorus (TP) mgPL? NSDOE NSDOE x3l=pgatPL?

pH (after storage) NSDOE, EC NSDOE, EC
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pH

An attempt was made to measure pH as soon as samples were brought to the laboratory
(by. the Habitat Ecology Division), but unfortunately the data had to be discarded when
subsequent quality control tests indicated a faulty electrode. pH was determined several
weeks later by both the Nova Scotia Department of Environment (NSDOE) and
Environment Canada (EC), and both data sets are presented in Appendix A. The NSDOE
values are reported in the results.

Conductivity

Conductivity was measured with a Radiometer CDM83 conductivity meter at 25°C (EPA
#120.1). Units are microSiemens (uS) which are equivalent to micromhos cm™ (the units
used for the 1980 data). Theoretical conductivity (TCond) was calculated from the
equation:

TCond=2kx[X)]

where k; is a constant for each anion and cation (Table 3) and [X|] is the concentration of
the variable X in mg L.

Table 3. Values of constants used by NSDOE for calculating
the theoretical conductivity from the concentrations
of the major anions and cations. Hydrogen ion
concentration is calculated from pH.

Ion Kk
Sodium 2.13
Potassium 1.84
Calcium 2.60
Magnesium 3.82
Alkalinity 0.872
Sulphate 1.54
Chloride 2.14
Hydrogen ion 350

Major Cations

Sodium and potassium were analyzed separately by atomic absorption spectrophotometry
using standard methods (APHA #303A and EPA #273.1). Results are reported in mg L™,




Calcium, magnesium, and aluminum were analyzed simultaneously with an inductively
coupled plasma spectrophotometer (ICAP) using a Jarrell Ash Model 975 upgraded to
ICAP 61e with Thermo Spec Software Ver. 5.01 (APHA #305A and EPA #200.7).
Results are reported in mg L.

Major Anions

Alkalinity, reported as mg calcium carbonate L™, was determined by two separate
methods. EC used the Gran titration method (NAQUADAT #101 10L) while NSDOE used
an automated para nitrophenol procedure. As can be seen in Appendix A, both methods
gave similar results. NSDOE data are presented in the results. Alkalinity is commonly
defined as that portion of acid neutralization contributed by the carbonate system.
However, under low pH conditions, organic and metal ligands often contribute more to
acid neutralization than the carbonate components. Therefore, strictly speaking, the results
of this analysis should be called acid neutralization capacity (ANC); but alkalinity is used
in this report for consistency with earlier studies.

Sulphate (as mg SO, L") was determined by an automated colorimetric procedure using
barium chloride and sulfanazo II after oxidation with ultraviolet irradiation. Results from
this procedure compare well with the ion chromatographic results from the interlaboratory
studies conducted under the Long-Range Transport of Airborne Pollutants (LRTAP)
program. :

Chloride, reported as mg L, was determined by the standard automated ferric thiocyanate
procedure (APHA #407D and EPA #325.2).

Nutrients

Subsamples for the determination of phosphate, nitrate, and silicate were filtered, frozen,
and analyzed later using standard colorimetric methods on a Technicon Autoanalyzer II
system. Units are mg P, N, and Si L. Subsamples for ammonia were analyzed
immediately after the samples were split using the indophenol method as adapted by
Technicon for the Autoanalyzer II. Units are mg N L™

Total phosphorus, reported as mg P L', was determined using an automated ascorbic acid
procedure after oxidation by ultra-violet irradiation in the presence of acid potassium
persulfate. Total nitrogen, reported as mg N L, was determined using an automated
hydrazine reduction procedure after oxidation by ultra-violet irradiation in the presence of
alkali persulfate.
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Chlorophyll

Subsamples for chlorophyll analysis (200 mL) were filtered under vacuum through
0.45 pm Millipore filters to which 0.1 mL of saturated MgCO, was added. Filters were
suspended in 10 mL of 90% acetone, and after 24 h the extracted chlorophyll was

determined with a fluorescence spectrophotometer according to the method of Strickland
and Parsons (1968). Units are pg L.

Dissolved Organic Carbon

Subsamples for dissolved organic carbon analysis were filtered under vacuum. In an
automated system, samples were sparged with N, in acidic medium to remove CO,.
Organic carbon was then converted to CO, in an in-line persulfate-UV digester. The CO,
was separated by dialysis and its concentration determined colorimetrically by measuring
the loss of colour in a borate buffered alkaline phenolphthalein solution. Units are mg L.

Colour

Colour was determined visually by comparing the sample to known concentrations of
coloured solutions of platinum-cobalt that are sealed in glass disks using the Heilge Aqua
Tester®. True colour is determined on the supernatant only (APHA #204A,B and EPA
#110.2). Units are true colour units (TCU).

Elements

A 50 mL aliquot was filtered and analyzed for rare earth elements, first-row transition
elements, lead, cadmium, and uranium by the Applied geochemistry Laboratory of the
Geological Survey of Canada. The sample was loaded onto a Dionex METPAC CC-1
column, eluted in 5 mL of 1IN HNO,, and analyzed by nebulisation ICP-MS. The column
contained macroporous iminodiacetate chelating resin similar to Chelex-100. Therefore,
this method determines the fraction of dissolved element chelated by this resin. Units are
pg L.

DATA QUALITY AND ANALYSIS

The data for replicate samples are shown in Table 4. In three-quarters of the cases, the
variance of three analyses was very good (less than 5% of the mean). The variables with
greater variance were aluminum, ammonia, silicate, chlorophyll, and dissolved organic
carbon. Such high variance for these variables could be due to several factors including




dependence on variable biogeochemical processes and concentrations approaching the
detection limits of analytical methods.

Data were checked for quality by plotting related variables against each other and
searching for outliers. None were observed. All acceptable data collected in 1991 are
listed in Appendix A. As discussed in the results, some data sets are probably more
reliable than others.

There was good agreement between multiple samples taken from different locations in the
same lake. Therefore, for the purpose of this report, an average concentration was
calculated for each variable in each lake. Data for each variable measured were then
plotted on a horizontal bar graph with concentration across the x-axis (horizontal) and
lakes in ascending order along the y-axis (vertical) according to 1991 value. When
available, data collected in 1980 were plotted on the same axes for comparison. The 1980
data are listed in Appendix B.

Table 4. Data for the three replicate samples collected in each of four lakes. Units are as
given in Table 2 except for ammonia, nitrate, phosphate, and silicate which are

pM.
Lake: Major Banook Oathill First
Variable Mean % S.D. Mean % S.D. Mean % S.D. Mean %
S.D.
pH .67 0.89 6.8 6.8 6.8 0.15 6.79  0.56
Conductivity 36.6 0.6 359.0 0.6 580.0 0.4 351.7 0.7
Na 2.9 0.0 55.7 1.1 89.9 1.4 51.1 1.8
Ca 0.999 1.605 10.200 0.800 18.867 0.250 14000 0.583
Mg 0.47 1.74 1.44 0.33 2.89 0.43 1.87 1.16
K 0.3 14.1 1.3 0.0 2.5 0.0 1.5 0.0
Al 0.247 2.863 0.064 40.101 0.050 12.754 0.059 5.562
Cl 4.5 1.8 90.8 0.6 152.0 0.5 82.2 0.7
Sulfate 54 1.5 16.4 0.3 24.7 2.7 16.8 2.7
Alkalinity 0.0 9.6 1.3 210 0.0 19.3 0.7
Ammonia 0.72 24.78 0.80 33.42 0.79 23.50 042 3082
Nitrate 3.88 1.58 15.96 0.23 45.11 1.53 8.02 0.48
Phosphate 0.05 431 0.07 3.36 0.22 2.78 0.16 6.51
Silicate 1.20 5.31 14.01 10.35 1.80 7.49 12.57 2.57
Total N 0.17 2.83 0.36 2.64 091 2.25 0.33 2.47
Total P 0.016 0.000 0.010 4.562 0.005 0.000 0.01 0.00
Chlorophyll 0.34 50.21 1.54 412 16.11 5.20 7.31 1.31
Colour 17.5 0.0 10.0 0.0 i5.8 7.4 10.00 0.00
DOC 3.4 2.4 1.8 5.3 3.0 30.0 2.1 3.9
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Trophic status index (TSI) was estimated from chlorophyll data using the equations
developed by Carlson (1977). Statistical analyses were performed using Statgraphics
Version 5.0 (STCS," Inc.) on an IBM-compatible PC.

RESULTS AND DISCUSSION

Before the data are presented, it must be emphasized that they should be interpreted with
caution. The water quality variables measured can display strong spatial and temporal
variability. The effects of spatial variability have been reduced in this study by collecting
samples at the time of the spring tumover, when lakes are well-mixed, and by collecting
multiple samples in large lakes; but they have not been completely eliminated. Temporal
variability occurs over the scales of hours, days, and months. Major wind and
precipitation events have a pronounced effect on lake water chemistry. These effects have
been reduced but not completely eliminated by collecting all samples on the same day.
While samples collected by helicopter were gathered within a 5-h period, 12 h elapsed
between the collection of the first and last samples collected by boat. In addition, as is
shown in the replicate sample data (Table 4), some variables are more difficult to measure
precisely than others. For these reasons, one must be careful in comparing the average
concentrations of chemical variables in individual lakes, either against those of other lakes
in 1991 or against the 1980 data. They are based on a limited number of samples, and
some of the apparent differences may not be statistically significant. It must be kept in
mind that the purpose of this project was to provide a synoptic overview of the water
quality of Metro Area lakes on a single date and to seek general trends of change over
decadal time scales. Any indications of serious environmental concerns coming out of this
project will require further investigation using more detailed sampling regimes to provide
the precision necessary to answer the specific questions being asked.

TEMPERATURE

Water temperature ranged from 4.8 to 10.0°C (Fig. 2). The higher temperatures were
generally found in the shallower, smaller lakes that lost their ice cover earlier. It is
interesting to note that the temperatures were significantly higher (Table S), by
approximately 2°C, than observed during the 1980 sampling, even though in both years
samples were collected the day after ice left Fraser Lake. It appears that in 1991 most of
the lakes lost their ice earlier relative to Fraser Lake and had more chance to warm up.
Warmer temperature could mean greater biological activity which complicates the
comparison of biologically sensitive variables (i.e. nutrients) between years.
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Table 5. Results of t-test comparison of 1980 and 1991 data. The paired test
results indicate if the data from individual lakes are different, and the
independent test results indicate whether the means for the two data sets

‘are different. Where differences are significant the value for P is in bold

type face.

Paired Independent
Variable t P t i
Temperature -8.98 <0.001 -6.58 <0.001
pH 1.88 0.07 0.42 0.67
Conductivity -1.77 <0.001 -4.13 <0.001
Na -6.28 <0.001 -3.20 0.002
Ca -4,06 <0.001 -1.05 0.30
Mg -2.29 0.026 -0.82 0.41
K -4.49 <0.001 -0.92 0.36
Cl -6.02 <0.001 -2.88 0.005
SO -1.55 0.13 -0.04 0.96
Alkalinity -3.02 0.004 -0.94 035
NH, 3.89 <0.001 3.46 <0.001
NO; -5.22 <0.001 3.45 <0.001
PO} 0.73 0.47 0.72 0.47
Silicate 3.36 0.002 3.43 <0.001
Total N -2.27 0.30 -1.04 0.30
Total P -2.82 0.007 -2.88 0.005

SECCHI DEPTH

The Secchi depth is a composite measure of the transparency (or turbidity) of the water.
The deeper the Secchi disk can be seen, the clearer the water (or the less turbid). Water
transparency is reduced by the presence of dissolved organic matter (colour) and
suspended particulate matter, both inorganic (silt) and organic (plankton, detritus, etc.).

The values observed ranged from less than 1 m to over 7 m (Fig. 3). The Secchi depth
could not be determined in five lakes (Little Albro, Rocky, Bayers, Paper Mill,
Frenchman) because the disk hit bottom before it went out of sight.

Since Secchi depth was not measured in 1980, it is not possible to detect possible long.
term trends in water transparency. As mentioned above, it was difficult to get accurate
readings from the helicopter so low confidence should be placed on the 1991 data set
except for those lakes sampled by boat. Secchi depth can change markedly over just a
few days due to meteorological events, especially in lakes having watersheds with exposed
soils.

A much more dependable data base on Secchi depth was collected between April and
November 1991 for selected lakes in and near Dartmouth (Hellebrand and Dalziel 1992)
and the results were compared to similar readings in 1976 and 1977 (Gordon 1977,
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Gordon 1978). With the exception of just two lakes (Lake Charles and Bell Lake), the
mean Secchi depth increased during this period, that is transparency improved. The major
source of turbidity in Metro Area lakes is suspended sediment. The improved
transparency conditions in most of Dartmouth Lakes over the past 15 yr are probably due
to a number of factors which include stabilization of watersheds after development, less
current development activity, and better erosion control practices during development.

pH

pH is a measure of the hydrogen ion concentration in water. A pH reading of 7 represents
neutral conditions, while lower values indicate acid conditions and higher ones indicate
alkaline conditions. Because of their geological setting, Metro Area lakes are naturally
acidic; and few probably had pH values above 6 a century ago. pH is determined by the
chemistry of all dissolved ions present but is controlled largely by the carbonate system.

Values of pH ranged from just under 4.5 (First and Second Chain Lakes) to just over 7
(Penhorn Lake) (Fig 4). By and large, the lowest values are found in lakes with
watersheds that have been subjected to little alteration (i.e. most of the natural vegetation
cover remains intact) while lakes in developed watersheds tend to have the highest values.
However, low pH values can also be found in lakes having disturbed watersheds underlain
by acid-producing slates (e.g. First and Second Chain, Chocolate, etc.).

Human activity can both increase and decrease the pH of lakes. Decreases brought about
by acid precipitation have been well documented in Halifax County lakes (Watt et al.
1979). Recent monitoring data suggest that international controls on sulphate emissions
are having an effect and that some Nova Scotian lakes are beginning to show signs of
recovery (Clair et al. 1992). Most of the Metro Area lakes with a pH of less than
approximately 6 have probably been influenced by acid precipitation or have had acidic
slates exposed during development of their watersheds. Increases in pH are brought about
by removing naturally occurring acidic habitats, such as acid bogs, and from alkaline
contaminants such as carbonate. Carbonate is the major component of agricultural
limestone (calcium carbonate) which is used extensively on lawns and gardens in the
Metro Area. Hence, the highest pH values are found in lakes with well-developed
watersheds.

The overall range of pH values was practically identical in 1980 and 1991 (Fig. 4). There
is no significant difference between the values for the 2 yr (Table 5). However, it is
possible that changes did take place that could not be detected in this study because of the
unstable nature of pH and the difficulties in measuring it accurately. Long-term trends in
PH are better resolved by monitoring programs involving long data sequences which are
expressly designed for their detection, such as the one reported by Clair et al. (1992).
Most Metro Area lakes do not suffer from acidification problems because of the buffering
capacity offered by other dissolved contaminants. However, the sporadic disturbances of
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acid-producing bedrock during site development has influenced local water quality in at
least one watershed (e.g. Bayers Lake) by reducing pH and elevating aluminum
concentrations. Although lakes in this watershed have natural background water quality

reflective of this type of bedrock geology, remedial measures have been implemented to
reduce influences from development.

CONDUCTIVITY

Conductivity is a measure of total dissolved ions in a water sample. All dissolved ions
contribute, but most conductivity measured is due to the most abundant cations and anions.
Conductivity is a relatively robust variable which is easily measured and not greatly

influenced by highly variable biogeochemical processes. Therefore, a high degree of
confidence can be placed on this data set.

A wide range of conductivity readings is found in Metro Area lakes (Fig. 5). The lowest
readings, on the order of 30 pS or less, reflect natural levels of conductivity which are
caused by dissolved ions derived from the weathering of rock and soil and wind-blown sea
salt. Not surprisingly, these low levels are found only in lakes with relatively undisturbed
watersheds (Fraser, Lamont, Topsail, Major, Spruce Hill, and Spider Lakes). The rest of
the lakes have levels that have been increased by human activity, some to a considerable
degree. As expected, lakes with the highest readings all have well-developed watersheds.

The elevated conductivity readings reflect increased concentrations of dissolved ions which
are derived from the use of chemicals such as road salt, lime, and fertilizers in watershed
areas. These chemicals are water soluble and enter the lakes in storm water runoff. Air
pollutants added to lakes by precipitation can also elevate conductivity readings.

The most striking feature of this data set is that conductivity has approximately doubled

between 1980 and 1991 in every lake sampled, even in those lakes with the lowest
readings (Fig. 5 and Table 5).

Theoretical conductivity, calculated from the concentration of individual cations and anions
measured by different analytical methods, is in excellent agreement with measured values
(slope=1.103, r'=0.998). In 1980, the correlation was also strong (r=0.989), but there was
a greater difference between the theoretical and measured values (slope=1.317).

MAJOR CATIONS

Cations are those ions that carry a positive charge. Those measured in this study are
sodium, calcium, magnesium, potassium, and aluminum.
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The concentrations of sodium, calcium, magnesium, and potassium observed are plotted in
Figures 6 to 9. As with conductivity, the lowest values observed reflect natural levels
derived from the weathering of rock and soil and the atmospheric input of sea salts.
Those lakes with the lowest conductivity readings also have the lowest concentrations of
sodium, calcium, magnesium and potassium. However, most of the lakes sampled appear
to have concentrations of these four cations that are substantially above background levels.
These higher concentrations are due primarily to contributions from road salt, agricultural
limestone and fertilizers associated with urban development. The most abundant cation is
sodium (Fig. 6), followed by calcium (Fig 7). In comparison, concentrations of both
magnesium and potassium are much lower but similar (Fig. 8 and 9). It is interesting to
note that the relative ranking of the lakes is similar for each of these four cations
indicating that their ratios are quite constant. The highest concentrations tend to occur in
lakes with the highest pH (Fig. 4).

In comparing 1991 with 1980, it is clear that there has been a substantial increase in
sodium concentrations, on average almost by a factor of two (Fig. 6 and Table 5). There
also was a measurable increase of calcium in most of the lakes sampled (Fig. 7), but this
difference was not consistent (Table 5). There was a similar trend in the potassium
concentrations (Fig. 9 and Table 5), but there was no detectable trend in magnesium
concentrations (Fig. 8 and Table 5).

Aluminum in lake water is derived primarily by leaching from rock and soil.
Concentrations are lower than the other major cations measured in most of the lakes
sampled (Fig. 10). In contrast to sodium, calcium, magnesium, and potassium, the highest
concentrations of aluminum tend to occur in those lakes with the lowest pH (r*=0.849)
(e.g. Bayers, First and Second Chain, Chocolate, Governor, and Long) (Fig. 4 and
Appendix C).

MAJOR ANIONS

Anions are those ions which carry a negative charge. The major anions measured in this
study were chloride, sulphate, and those that contribute to alkalinity (e.g. carbonate,
bicarbonate). Under natural conditions, the concentrations of anions in Metro Area lakes
are low and, like both conductivity and major cations, the major sources are the
weathering of rock and soil and the input of sea salt by precipitation.

A wide range of chloride, sulphate, and alkalinity concentrations are found in Metro Area
lakes (Fig. 11 to 13). The lakes with lowest concentrations are also those with the lowest
values for conductivity and major cations. Most of the lakes sampled have concentrations
that appear to exceed background levels. The only exception to this is alkalinity because
approximately one-third of the lakes sampled still have values at or below the level of
detection (Fig. 13). Chloride is by far the most abundant anion. As expected, there is
very close relationship between alkalinity and pH. Lakes with high alkalinity (i.e. well-
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Figure 9. Potassium (K) concentrations in lakes sampled in 1980 and 1991.
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Figure 11. Chloride (Cl) concentrations in lakes sampled in 1980 and 1991.
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Figure 12. Sulphate (SO,%) concentrations in lakes sampled in 1980 and 1991.
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Figure 13. Alkalinity measured in lakes sampled in 1980 and 1991.
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buffered) have high pH while lakes with no alkalinity (i.e. poorly-buffered) have low pH
(Fig. 4 and 13).

Comparing 1980 and 1991, there is a very pronounced increase in the concentrations of
chloride in most of the lakes, especially those in well-developed watersheds (Fig. 11 and
Table 5). Sulphate concentrations (Fig. 12 and Table 5) did not change significantly
overall during this period. Alkalinity values changed significantly in many of the lakes
during the 11-yr period (Fig. 13 and Table 5).

Without any doubt, there has been a definite increase in conductivity in most if not all
Metro Area lakes during the past 11 yr (Fig. 5). This same change has also been
documented by the Soil and Water Conservation Society of Metro Halifax (1991). The
major ions causing this increase (in decreasing order of influence) are sodium, chloride,
calcium, and sulphate (Fig. 6, 11, 7, and 12 respectively). Contributions from increases in
magnesium, potassium, and alkalinity are minor and probably not significant. If these
increases were the result of local natural processes of rock weathering and sea salt input,
they would tend to be consistent in all lakes (but with some variation related to watershed
size and distance from the coast). Instead, increases were greatest in those lakes having
well-developed watersheds and least in those lakes having watersheds with a large amount
of terrain still in a natural state. These increases are clearly due to the increased use of
sodium, chloride, and calcium in the developed parts of the Metro Area. The prime source
is road salt (sodium chloride) which is used for de-icing purposes during the winter
months. Another likely source is calcium chloride which is used for dust control on
unpaved streets. Agricultural limestone (calcium carbonate) is also used extensively on
lawns and gardens to enhance plant growth. Increasing sulphate concentrations in some
lakes have also contributed to the increase in conductivity. The prime source of sulphate
is from development which exposes acid-producing slate bedrock containing high
concentrations of sulphides.

This increase in conductivity does not constitute a serious environmental impact at this
time but does warrant concern and continued investigation. Sodium, chloride, calcium,
and sulphate are all naturally occurring substances that are not toxic to life at the present
concentrations found in Metro Area lakes. The concem is that dissolved ions do influence
the density of water and if concentrations do get high enough they could interfere with the
normal spring and fall mixing events that are essential to maintain lake water quality.

This phenomenon occurred in Irondequoit Bay near Rochester, NY, during the winter of
1969/70 (Bubeck et al. 1971). No corrective action seems necessary at this time, but it
obviously would be prudent to take preventative action by limiting the use of the
responsible chemicals as much as is practical.

Lakes Major, Topsail, and Lamont are part of the City of Dartmouth water supply. Water
is pumped from Lake Major to Topsail and Lamont Lakes after being treated with lime to
increase the pH to 6.5-7.2. This treatment is undertaken to combat slime build-up on
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pipeline walls caused by iron and manganese concentrations, and the effects are apparent
in the pH and alkalinity values for these lakes (Fig. 4 and 13).

NUTRIENTS

Nutrients are compounds of elements such as nitrogen, phosphorous, and silicon that are
required for the growth of aquatic plants. Under natural conditions, their concentrations
are very low (less than 1 mg L) so that they contribute very little to conductivity
readings. Natural sources include weathering of rock and soil, decay of organic matter,
and atmospheric input. There are numerous anthropogenic sources which include sewage
and fertilizers. Four specific inorganic nutrients were measured in this study: ammonia,
nitrate, phosphate, and silicate. In addition, total nitrogen and phosphorus, which include
organic as well as inorganic forms, were also measured.

Ammonia concentrations are low (Fig. 14). There was no obvious correlation between
concentration and degree of lake watershed development. Nitrate concentrations are
substantially higher (Fig. 15). Generally speaking, the highest values are found in lakes
with well-developed watersheds. Phosphate concentrations are very low (Fig. 16), and
most are close to the limits of detection. Again, highest values are found in lakes with
well-developed watersheds. There was no correlation with nitrate (*=0.001) but a good
correlation with chlorophyll (=0.86). Silicate (Fig. 17) concentrations were in the same
range as nitrate (Fig. 14), and the highest values tended to occur in more-developed
watersheds.

Total nitrogen and total phosphorous are plotted in Figures 18 and 19. On average,
approximately one-half of the total nitrogen is nitrate while approximately one-quarter of
the total phosphorous is phosphate. Surprisingly, there was a poor correlation (r=-0.48,
n=91) between total phosphorous and chlorophyll, which suggests a problem with sample
splitting or the analytical method for either chlorophyll or total phosphorus. Universally
there is a strong positive correlation between these two variables (Vollenweider and
Kerekes 1981).

Ammonia concentrations measured in 1991 were substantially lower in most cases than
those detected in 1980 (Fig. 14 and Table 5). While these decreases may be real in some
instances, they probably reflect improved handling procedures in 1991. Ammonia is a
very labile compound which must be measured immediately before it undergoes chemical
and/or biological transformations. In 1980, samples were stored for 2 d before analysis,
while in 1991 they were analyzed immediately upon return to the laboratory.

Nitrate concentrations measured in 1991, on the other hand, were substantially higher in
most instances than those detected in 1980 (Fig. 15 and Table 5), even in the lower
concentration range. These results suggest a general enrichment in nitrate in Metro Area
lakes over the past 11 yr. While this is certainly possible, more-detailed studies should be
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Figure 14. Ammonia (NH,") concentrations in lakes sampled in 1980 and 1991.




29

oath il B T e
W hi lm Slcal P 2 e R R R T 7

R: . ky R e R o e e

LI LE TS SIS AL SILLL LI SIS IS SIS TSI I SIS IS LI TILL I TSI IS SIS 2P IS SIS IS II AP I,

H TLLLTITIISTLLISSIIT L LS LESTIIIT VLTI LTS TIS IS EI AT Y,
Powder Mill ‘
GLL LSS TISLLLSISS LAY SIS LIS SIS LSS LIS P |
Chocolate

LILLLLIILI SIS TTTLIE L O T AP P IT L F RIS,

Bissett
Cranberry

C m r| es LLLILLIILTI IS SIS L LA LS LTI S I IT Yy

LEETTLTIELETITLIZIEEITI TS ELLS VP TLSA PAELE

LLTLLLLVITS AT TSLISISSIIIIS ST ITIIII T
Banook :
Setﬂ e YLLLSLISLLLLLT TS ST AT ST IS S 7
L Abr o LELLL LTI S ETLITL LIS IS AP ISP
B Abr ° LILLLSIISTS SIS LIEILS S LA L II IS

Lwn TETTETELELEPEEEIS P 2L E1 ST LA AP L

GLLPIILIELLLP LRI T LI P I A IA AP

Micmac
Williams
Russell

CLLLLLLLTILLTS S PSS
Kearny

LETLES I LSS P A7V IIIY.

TOTTLTZE AP EFT I PR IIIA 20

HIH CLILITTIL LIS LSS ISP Ss
William
YALILLLILIS TSSO ST EL L)
Govermnor
F lemh er LLSLLLLLIIAL LS LI TS 1TSS IET
H SILLLILELESELPII A PSS I
Paper Mill

CIS LS LIS LSS LIS S I SILG
Thomas

C olh rt LILITIIIS LI AP IV

H UTLISELLTVESSL SIS IS4
Soldier
N LILLLIIIVIS ST L OIS
Miller
H AISILLLLLILEAIII ALY
Kinsac

F irst CLLLLETL IS ITI IS L7
M a y m r d Rl
S X C h ain GLSTIIST IS LIILISSY) |
P e n m m EISILILSLS IS SISV 7

F s C ha in CLLLLTITT IS LI

F r w P o m LIS SLIIL IS

G ra m LIV LLITL AT AL

s a n d y VLSS LAIASD
Long
Major
Spruce Hill
Topsail
Lamont -2
Bell 2~

SIS

“©TIEEAIY)

P

LIS

Fraser ===

Susie —&~

Third —£2
Second —&

Spider —§

Anderson =4

Parr —§
Frenchman
Bayers

0.0 0.2 0.4 0.6 0.8
Nitrate (mg N/ L)
B 1950 0777 1991

Figure 15. Nitrate (NO;’) concentrations in lakes sampled in 1980 and 1991.




30

B | ssett rarisrtnritisirrrrirrrir O
s etﬂ e LLLILIISII LS I AT A SIS,
o am '" TLLTELSII SIS I7LIPSESAI S

R u sse“ PR

H i L d
First

GITII LY

Morris
Parr
An &mn TITILLIFLLIA Y
p e n m m CLILIIAYs
M ay m r d YLLIISISS7
L . Abr o 'III{III/I/
F mher TLISILLILS,
Cmnm LIS SISL
B Albr:z THSILLIISY s
F r “5 P om IO STIIY
Ki n sa c SISLLPIIIY
Kearny —2a2
GOV e mor LASSSLLLII,
Whiﬂ’\ sbal LSS Lo
s OI di er YILEALLSID
S m m ALSLEIITIY
R m ky Pl
Powder Mill —g===
Thi r d USIIIS LSS
F. Chain —f==
Fraser —222
Frenchman
Topsail
Thomas
Bayers .
B an w k AL .
-
Wiliams 22 ) :
B e“ Josid
C olmn fid
C ra r‘ es oA
Wi ui am Pz
s C ha in R
Pamr M i“ Rl iiid
lmn A
S an dy Y22
M “ l e r TLIVLS ]
M i c m a c R
Spruce Hill
G r am R ld
S Lsi e porsd
Long
I_a m om Rld
S pﬁ er [z

P00

LIS

s

LAY,

ATV,

pzzea

pe

Chocolate -3
Major -4 : : : 5
i i i j
0.00 0.01 0.02 0.03 0.04

Phosphate (mg P/ L)
B 1930 777 1991

Figure 16. Phosphate (PO,*) concentrations in lakes sampled in 1980 and 1991.




Banook
First
Powder Mili
Micmac
Maynard
Charles
Morris
Loon
Rocky
William
Russell
Penhomn
Whimsical
Lamont
Thomas
Chocolate
L. Albro
S. Chain
Topsail
B. Albro
Fletcher
Third
F. Chain
Governor
Settie
Parr
Qathill
Soldier
Frenchman
Milier
Bissett
Long
Spruce Hill
Bayers
Spider
Second
Frog Pornd
Major
Williams
Colbart
Kearny
Cranberry
Sandy
Grand
Paper Mill
Anderson
Kinsac
Susie
Fraser
Bell

Figure 17. Silicate (Si) concentrations in lakes sampled in 1980 and 1991.

31

bz
b e .
LULIIEIL ISP IS SIS TS LTSI
ULLLI LTS IIE LTI S AAIHE,
TILEPERILIIIEERITIP I EIIAL)
'I/IIIIIIIII/III/IIIIIIM
LIS EIII A
LHLILLTIPE LIV SV 1T 1o
R

LILLIL LTI ET )
PRZZPe 22222
LLIIIIIIIIIL

LI

LILLIIIEITS

CHIEIIIIISS

PR

PO

LIS

LTI,

Pz

P

P23

]

27

P

P27

P

273

)

P22

Z2

22

A

N R T E N S
00 02 04 06 08 10 12 14
Silicate (mg Si/ L)

Bl 1980 77 1991




32

M o . s B g R D e e
. O at i" e D e R D R e
R e 2 e 22 S T

Whimsical

Bissett
e T D : : : .
Rocky :

R u i G IT I TETI I S S LS 2A SIS 2L eI IS

Setﬁ e TLIIRELIIEI LTI P IAI AL P EL ST AL IT S EA RIS SIS ISV

TILITL T LS LTI I IS TITI IS LI TSI SIS TSI A RIS AS AT

) N -
Powder Mill Z
S Ol dl er ALILSSLLLLSLLS LSS LS IS TSI IS LI TS IS S TSI L LI SIS Y

AL 2 L L e

Cranberry
Banook

L Alb ro ST TITEIL IS LI LETIT I I LI A PP

D Rl L s

CLSLLLLTLTL TS ITL LSV ST LTSI IS SIS SIS I |
Chocolate
C m ri CHLLEEELLTLITIET LTI IS ESEELIS SIS IE S VST
F m LLLETLETESTELELIEILTIL LIS TS I LIS SISV |
B Alb r O DILLLSLLILSILLILILITILLS LS VT LPE IS
SAELLTIILEL LTSI LS ILSLTE TS LTSI A7
Govemor
M i “ e r LFLLSLISIITISISIIL LS LIS LIS ITILSIS 1Y |
F 'em h e r LSS AL LA TSI LLLTITS S L LSS LA LSS
H R L L L it liid
Kinsac
LILIILILLISS LIS LI ILS S IL LSS LIS
Colbart

R el

Maynard

HIH CLILILLILEL LIS ELLL AL 2 TILS VSIS EP
Williams

HiY CETLTILL LTS TESTTI LT LTS PSS IS
William

‘mn YLTILESLL IS ILL LS LS IS LIS SIS I o

. LLLLILILTITELISTII SIS LIS IS LL RIS I L
Micmac

P en mm 2 R e T

Th omas TELITIEES ISP ESA RS IS
Keamy GHOLLIELTILI IS LE IO oA IE PN Y]

P a m r M ' " YAAIT LTI IV I I T TIT T Fo T T A
F T og P om e el e L

S an dy LELLTLEILEEIEL LI 1L I,

G ram I EELIIIIIEL LTI S

P22 2R

Parr

Long
Spruce Hill
Thir d CLLLLIIILL 1L TSI VSIS

S. Chain — R

ULSSI LSOV LIPS I
Fraser

F Ch ai n R

GEITLIFIII LTI VI I AT,

LEPULI T TEATT LTy

ZERELITELELOLETLIAIEP)

Frenchman

S m P e i)
Topsail
-Major
Susie

B e“ LIIHILITI SIS

La mo m CSOLTIELITIT 4T )

S pH er HLILLSSILIPPISL, .

An *mn SPSSISSLSTES SIS | :
Bayers

LIEPILLII I I I I E)

SILIIHLET ISP,

PR 22223

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Total Nitrogen (mg N/ L)
B 1930 | 7/

Figure 18. Total nitrogen (TN) concentrations in lakes sampled in 1980 and 1991.




33

Governor ~— e
S. Chain B e T TR AT

Ch . :hte LLLEILILSILIT ST P IS ILIIII S AL EA IS SIS IIITII IS A£G IS IIT SIS IEEA Y,

) F . C h a in R e e e 27
L ong GLLLLLLI 1L LI AT LA LIS A £ LIS S LI LPIII P I I IS PH 570D | '
S an d y SLLIELLILEL IS ELITIL L L LI 4L SIS SIS EA LIS I I I Y,
C m ’1 es 7///////1/////////1//////1///1/1/////////////4
Kea m y LTIIETITIIIITIE FF PP EP PP EE LI I L 1S SIS I
W h i ms ba' CULLILL ISP LT IS ST SIS IS ST I LISV

Ma J or R T

TSI LLLILLLTTISLEEEIIL I L EITL I £ 21T AL
Colbart

F raser P R R

P aper M |" r////////////////////ﬂ//////111/////1////;

An & rson P 2 R R R
La mont 'IIIIIIIIIIIIIIIIIII/IIIIIIII/IIIIIIL
Kinsa c LI TSI LIS LIS TSI ESII TN

To il TILETELTLEL LTI EEEIILITFETIFFPITIL I

B CALILLLSISLSLLLIILSEE IS LS TSLLSLISIY
Soldier

Rl

Susie
Thomas
Williams

Micmac

oy CILLLSELSTLIIEL I LSS L LIS ST IAYY.
William

GELILIII IV 1E A A1 ISP

2R 2

R 2 T LT

s pu er ULIIVIEI I I LIS E LI P LA 7E)

l-mn PSS SLLLLLLELELTTL S LS|
Y L i)
Parr
LLLILLLLLS VL LPILISSSSITY
Fletcher
TLLSSIIIE LIS LS I LELS AP
Russell
H LIS ILLIILISS LS PSS SISV
Powder Mill

1'*“r d 'lll//////l//lll”ll////l/-
SLILLLLLLELLTIRS ST IPI 17 |
Banook

SLLLVTIILI TS IS ILLSIIIY.

Grand
H CLLLSLLLSIIELTLSILI IS

Spruce Hill
YLLSITLISLITL TS LIS

Second

SIS I IS

Morris
Rocky
B . A lb r o R e 22
Maynard —jmae 22
M i " e r LALSLLL LSS SIS
L . Albro Y ild
F irst LILIIITTIETIIIY
0 am i “ LIPS
S em e LILISSI s
LS|
F r”g iPs:;g Pl
Penhomn =2
Bell =2
Frenchman
Cranberry
Bayers

FILIIIIS LIPS IIIIIFD)

0.01 0.02 0.03 0.04 0.05

Total Phosphorus (mg P/L)
B 1930 777, 1991

Figure 19. Total phosphorus (TP) concentrations in lakes sampled in 1980 and 1991.




34

done to confirm this suggested trend. Differences of the same scale could also be caused
by slight changes in the timing of biological cycles at the time of sampling.

There was no significant overall difference in the phosphate concentrations observed in
1991 and 1980 (Fig. 16 and Table 5). However, the high values detected in Morris,
Governor, and Frenchman Lakes in 1980 were not repeated in 1991.

Silicate concentrations measured in 1991 were much less variable than measured in 1980
(Fig. 17). In some lakes the concentrations were higher while in others they were lower.
Overall, concentrations in 1991 were significantly less (Table 3).

While concentrations did appear to increase in some lakes, there was no significant overall
difference in total nitrogen between 1980 and 1991 (Fig. 18 and Table 5). However, total
phosphorous did increase in most lakes (Fig. 19 and Table 5). The high values in Russell,
Morris, and Frenchman Lakes were not repeated in 1991.

The data do suggest a trend of increasing nitrate and total phosphorous concentrations, but
additional and more-detailed studies are needed to confirm this. As stated above, there is
some question about the accuracy of the 1991 total phosphorous data; and nitrate was
measured by different laboratories in 1980 and 1991 (Table 2). Overall, however, the
nutrient levels in Metro Area lakes remain relatively low. Metro Area lakes do not usually
receive any direct sewage but may be affected in some instances by faulty septic fields in
Halifax County. However, it is expected that lawn and garden fertilizers will increase the
nutrient concentrations of lakes in developed watersheds. Wherever possible, steps should
be taken to limit the human input of nutrients to the lakes. These could include public
education programs, periodic testing of private septic systems, retention of natural
vegetation around lakes, and protection of freshwater wetlands.

ORGANIC MATTER

Chlorophyll is a pigment produced by plants which plays a critical role in photosynthesis.
It has been shown to be a good indicator of phytoplankton biomass. Because of their
naturally low nutrient concentrations, Metro Area lakes tend to have low levels of
chlorophyll. As nutrient enrichment takes place due to anthropogenic activity, chlorophyll
concentrations can be expected to increase.

Chlorophyll concentrations are plotted in Figure 20. The highest concentrations occurred
in Bissett, Oathill, and Settle Lakes. Not surprisingly, these three lakes also had the
highest concentrations of phosphate (Fig. 16). Phosphate usually is the limiting nutrient
for phytoplankton growth in freshwater.

The yellow-brown colour found in many Metro Area lakes is due primarily to the presence
of dissolved humic materials. These large organic molecules are produced naturally by
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vegetation growing in watershed areas, especially in acid bogs, and are transported by
streams and runoff to the lakes. Lake colour varied over a large range from the very clear
waters of Bayers, Bell, and First Chain Lakes to the highly coloured waters of Spruce Hill,
Frenchman, and Long Lakes (Fig. 21). Colour can have a pronounced effect on Secchi
depth as lakes with high colour tend to have lower Secchi depths (Fig. 3). The regression '
of chlorophyll concentration against Secchi disk depth for lakes with colour less than

20 TCU is similar to that reported by Canfield and Bachmann (1981) for 193 natural lakes
in the United States.

Dissolved organic carbon (DOC) is a direct measure of all organic substances that pass
though a fine filter. Under natural conditions, it includes humic materials as well as
exudates from phytoplankton and rooted aquatic vegetation. DOC in Metro Area lakes
ranges from approximately 1 to 6 mg L (Fig. 22). As expected, lakes with high DOC
also have high colour (Fig. 21) since both methods are measuring the same substances
(=0.77).

Since colour, chlorophyll, and DOC were not analyzed in 1980, it is not possible to reach
any conclusions on possible long-term trends in organic matter properties. It does appear
that in 1991 colour and DOC concentrations represent primarily natural conditions
unaffected by human activity. However, chlorophyll concentrations are clearly elevated
“in some lakes, especially Bissett, Oathill, and Settle.

ELEMENTS

The full data set of elemental analysis conducted by Energy, Mines and Resources Canada
is presented in Appendix C. A detailed analysis and interpretation of these data is beyond
the scope of this report. However, it is clear that the highest concentrations of trace
elements such as nickel, cobalt, and zinc occur in those lakes with the lowest pH (e.g.
Bayers, First and Second Chain, Governor, and Long) (Fig. 4).

TROPHIC STATUS OF LAKES

Lakes can be classified on the basis of their general level of biological production.
Oligotrophic (poorly fed) lakes are low in nutrients, low in plant biomass, and maintain
high oxygen levels in deep water. Eutrophic (well fed) lakes are rich in nutrients, high in
plant biomass, and can have markedly reduced oxygen levels in deep water during the
summer months. Lakes with intermediate conditions are called mesotrophic. Extreme
conditions are termed ultra-oligotrophic and hypereutrophic. The progression from an
oligotrophic to eutrophic condition is a natural process called eutrophication. Lakes in the
Metro Area are naturally oligotrophic; but the addition of anthropogenic nutrients,
especially phosphorous, is accelerating the eutrophication process.
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The lakes in the Metro Area are widely used for recreation, and it is from this perspective

_that most people view water quality. They want lakes which have clean shorelines, clear

water, and support desirable species of fish (e.g. trout). Such lakes generally fall into the
oligotrophic category. As lakes become more enriched with nutrients, their attractiveness
for recreation decreases as plant abundance increases and water clarity decreases.
Therefore, it is important to estimate the trophic status of individual lakes so that
corrective action can be taken if nutrient conditions become, or are predicted to become,
unacceptable.

The trophic status of a lake can be estimated using two methods. One is on the basis of
the mean annual value of total phosphorous, chlorophyll, or Secchi disk (OECD approach)
(Vollenweider and Kerekes 1981). The other is to calculate a trophic state index (TSI)
based on the mean annual value of total phosphorus, chlorophyll, or Secchi disk (Carlson
1977). Both methods give similar results.

Due to the high levels of colour in some Metro Area lakes (Fig. 21), trophic status
estimates based on Secchi disk are not always reliable. Those based on total phosphorous
(Fig. 19) are also judged to be unreliable because of some question over the accuracy of
this data set. Therefore, estimates of trophic status in this report are based solely on the
chlorophyll data (Fig. 20). Also, this assessment is limited and should be viewed with
some reservation because it is based on a single early-spring measurement and not an
average growing season value.

Based on the TSIs calculated from chlorophyll concentrations, Oathill, Bissett, and Settle
Lakes can be categorized as eutrophic, First Lake as borderline between eutrophic and
mesotrophic, Russell, Parr, and Morris Lakes as mesotrophic, and Third, Powder Mill,
Frog Pond, Anderson, and Frenchman Lakes as borderline between mesotrophic and
oligotrophic (Fig. 23). The remaining lakes can be classified as oligotrophic or
ultraoligotrophic.

TSIs based on chlorophyll were calculated from mean annual concentrations determined
from multiple samples collected from selected Metro Area lakes during 1990 (Soil and
Water Conservation Society of Metro Halifax 1991). While the absolute values were
generally lower, the highest values were found in the same four lakes (Oathill, Bissett,
Settle, and First). Although not technically classified as eutrophic, Bissett and Settle
Lakes were judged as showing eutrophic tendencies.

SUMMARY

Most, if not all, of the Metro Area lakes sampled in this study show the impacts of human
activity, especially those with watersheds which have extensive urban or industrial
development. In most instances, the general water quality remains at relatively good
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levels and the lakes continue to be important recreational resources. However, there are
some changes taking place that warrant concern.

The most significant long-term change detected in this study is a marked increase in
conductivity and major ions. This is due to the use of road salt, agricultural lime, and
other chemicals in the watershed areas. At the present time, biological effects are not
evident; but it would be prudent not to let present trends continue.

Acid precipitation and/or acid runoff from slate bedrock has decreased pH in some lakes
to the level that salmonid fish species are unable to breed successfully (pH<5.0). In
several lakes impacted by acid runoff, high aluminum concentrations may also be
detrimentally affecting fish populations. However, impacts are localized, remedial action
has been taken, and concentrations are progressing toward background levels.

There is evidence that nutrient concentrations are increasing in some lakes which in turn
are increasing the rate of biological production. Although TSIs based on mean annual
concentrations are more accurate, the TSIs based on the chlorophyll concentrations
determined in this study suggest that three Metro Area lakes have reached a eutrophic state
and ten others are mesotrophic. This suggests that increased attention should be given to
the management of nutrient loading to Metro Area lakes, especially in regard to
phosphorous.

This study has only considered a selected number of water quality variables because of the
limits of time and funding. It has not measured other important contaminants such as silt,
micro-organisms, and synthetic organic compounds (herbicides, pesticides, etc.). In
addition, it has not considered other potential problems such as chemical contaminants in
lake sediments, changes in the species composition of biological communities, and
increases in rooted aquatic vegetation. Therefore, there may be additional environmental
concerns associated with Metro Area lakes that are not covered by this report.

The authors intend to repeat this survey in the Year 2000.
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APPENDIX A. DATA COLLECTED IN 1991

These data can be obtained on disk in a QuattroPro spreadsheet from P.D. Keizer.
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APPENDIX B. DATA COLLECTED IN 1980

These data can be obtained on disk in a QuattroPro spreadsheet from P.D. Keizer.
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APPENDIX C. ELEMENT DATA COLLECTED IN 1991

These data can be obtained on disk by contacting G.E.M. Hall.




1010 80°0 91070 - TF Al 900 ¥210 1600 190°0 €100 100 $00°0 n
z0 g0 €0 90 4 1'e 22 €2 £0 10 sy
ol 990 Vo 61 2ro 550 251 62°0 €0 (A 200 qd
2000 100°0> 2000 8€0°0 200°0 2000 2000 2000 100°0> 2000 1000 n
S100 9000 2100 ¥62°0 €100 100 €100 €100 S00°0 6100 10070 qA
200°0 L00°0> 2000 ¥50°0 2000 2000 2000 2000 100°0> €000 1000 wy
€100 9000 2100 6£0 2100 G100 2200 $10°0 2000 200 1000 13
S000 | zooo 5000 Zvie 2000 9000 2000 9000 20070 60070 1000 oH
200 100 2200 £59°0 1£0°0 G200 2€0°0 6200 1100 v0°0 S00°0 Aa
9€0°0 5100 £90°0 8590 190°0 6100 180°0 250°0 200 290°0 G000 PO
#00°0 2000 900°0 6010 9000 5000 8000 900°0 2000 2000 100°0 ql
1000 y00°0 100 IS10 £10°0 2100 €100 zi00 v00'0 V100 1000 n3
620°0 100 100 y5¥°0 $50°0 700 $50°0 1500 7100 6500 S00°0 Cwg
710 100 v20 vZe 2e0 €0 9c0 ze0 600 8€°0 100 PN
£€0°0 G100 190°0 ¥29°0 980°0 820°0 ¥60°0 1800 v20'0 1040 5000 id
G0 100 £ro 16°G ve'0 620 60 2e0 210 150 100 a)
810 v1°0 2e0 98'c £9°0 6v°0 6v°0 €50 €10 89°0 100 el
L00°0> 100°0> 100°0> 2000 100°0> 100°0> 000> 100°0> 100°0> 100°0> 1000 ul
S50 810 S0°0 £9°0 100 800 600 90°0 ¥0°0 zi0 100 PO
210 90°0 G0 667 220 810 20 120 200 62°0 100 A
(A L2 l Tv6l 61 L' 90! it '8 88 Lo uz
L'y g€ JX(] Sg 4 61 v'e 61 Al 20 10 no
668 | IGIM £EET v69'v8 geLt 862t 250G £184 90| €621 1] IN
900 S¥0°0 $62°0 vP5LE 160°0 5200 £80°0 280°0 1800 5920 5000 %)
L ] G62 292 v8 95 851 I8 v8 192 ol a4
€l 8 viL 065 18 9/ 88 7 v 19 b uw
82°0 820 60 90g 190 90 190 19°0 5.0 L 100 A
wo 50 £S5y 68’y 860 620 S¥'i S0 250 6v'L 500 i
2y | ez 10g 08cll oy 92 19 44 6¢ 114 oL v

(t9) (09) (s2) {69) {62) (89) Ny [2EY

nessig ness|g (z8) 11eg sseheg (u) sooueg | (u) yooueg | (u) jooueg yooueg olq|y g uosiepuy uopoeleq

"sidwes ejeaides e sajEolpul Y 8Bl Ul LUOYESO| BU) 8 BLIEU BHE] JOYE SIBXOBIQ Ul JOGUINN "SO|dWES JojEm exej uf sjualuele snouena jo (7 brl s0 qdd) suonejuasuocy *1-0 ejqe)




65

2590 1900 6500 ¥90°0 v10°0 1200 1810 vE0 9€0°0 6200 5000 n
10 10 0 €0 S0 €0 1o S0 €9 9 sy
9¢ 204 L 120 65 vE0 v6'L 8¢ SL0 veL 200 ad
8100 1000 100°0> 2000 2000 000> 2000 8100 2000 €000 1000 n
GEL0 5000 9000 6000 €100 9000 9100 L0 €100 8100 1000 qA
¥20°0 100°0> 100°0> 1000 2000 L00°0> £00°0 200 20070 £00°0 100°0 wy
12210 9000 8000 1100 G100 1000 200 810 S10°0 £20°0 100°0 i3
190°0 2000 €000 €000 S00°0 2000 2000 500 9000 6000 1000 oH
620 100 €100 9100 6200 6000 1E0°0 €20 1200 S0°0 G000 Ag
(40} 6100 1200 £€£0°0 9500 1200 S0'0 ¥92°0 2900 G600 50070 PO
¥50°0 2000 £00°0 ¥00°0 9000 2000 9000 Zvoo 5000 100 1000 aL
9800 ¥00°0 5000 9000 100 €000 60070 6100 €100 1200 1000 n3
v12°0 G100 200 2200 900 7100 €€0°0 ¥220 €500 8800 G000 ws
1l 80°0 600 10 610 80°0 G510 €'l ££0 S50 100 PN
18£°0 8100 2200 ¥20°0 yv0°0 200 £v0°0 95E0 5800 IE1°0 G000 id
ST 10 €10 ZLo 120 100 LE0 262 90 8L°0 100 89
£1e 90 Lo Lo A Lo 210 66'L 150 S2°0 100 el
L00°0> 000> 100" 0> 100°0> 000> 100°0> 100°0> 1000 100°0> 100°0> L00°0 uj
9t'o 90°0 €00 €0°0 ¥0°0 500 10 €0 8r'0 ye0 100 PO
€6°1 200 200 60°0 AN} 200 Si0 61 610 2e0 100 A
6'€8 6¢ Ly g€ 69 S 1’02 1'G6 6 P 10 uz
X4 81 £l £l 21 9l x4 1’9 1’2 ve 10 no
V22 986 €621 608°1 8e9'} by 98l 20£52 £26°} 16} 10 IN
982 |1 190°0 2200 5900 2010 6v0°0 v9E0 vz ol S81°0 £22°0 G000 0D
162 012 2ge 6Vl v6¥ 0L 0zl 6601 081 68¢ ol o4
622 Ge €e ve iy £2 4 6vE 06 96 b upw
vS0 610 SE0 £0 Sv'o 620 vel 81 950 v60 100 A
90’1 250 €91 £8°0 91 150 190 ISV G20 £e S0°0 I
1262 [*r4 9 901 <9 ve 16} 8E62 x4y 09t ot v
(z2) (o) (d) (tF1] (12 (08) (ce) (c8) (z9) (95) nwyy |20
ufeyd 1suid- 18414 18y 181 18414 Auequeid ueqon aj8j|020YyD saleyd 8918y uopoaleq

‘e|duies ejeoiide; e sejeoipul Y {{einbiy UI'uocieso] 8} 81 Bllel B)E| oY e S]eXOBIq Ul JeqUINN  "se|dUWIES 1OJEM BXE| Ul S|EJSLU SNOUEA JO (.71 .61 40 qdd) suoneguesuon

‘g0 8jqel




A S D s sy

66

LEv'0 98v°0 9500 2i00 600 160°0 ¥0'0 8€0°0 Zro0 G000 n
A A €0 €0 A1) z0 20 80 L0 sy
651 rANA 100 8e'1 980 160 | 980 it 200 ad
10°0 Z100 ¥00°0 1000 2000 1000 2000 2000 2000 100°0 n
S10°0 9800 §20°0 2100 €100 1100 £10°0 €100 €100 1000 qA
7100 GLo'0 ¥00°0 2000 2000 2000 £00°0 2000 200°0 1000 wy
6010 6010 5200 €106 9100 7100 6100 8100 610°0 1000 13
9€£0°0 6£0°0 800°0 S00°0 S00°0 $00°0 2000 900°0 1000 1000 oH
GL10 ¥61°0 $E0°0 ¥20°0 9200 §20°0 18070 620°0 200 5000 Ag
6020 €620 $50°0 260°0 €00 9€0°0 60°0 £90°0 690°0 S00°0 PO
LEO'0 2€0°0 2000 700°0 5000 G000 800°0 S00°0 900°0 100°0 ql
yv0°0 G500 z10'0 2000 6000 8000 7100 2100 €100 100°0 n3
9e10 15170 £v0°0 2€0°0 £0°0 120°0 ¥50°0 S¥0°0 £50°0 5000 wg
690 €L°0 §20 20 P10 €10 €0 ¥2°0 £€°0 100 PN
SL1°0 6810 £90°0 2500 ¥£0°0 £€0°0 1800 $90°0 $80°0 S00°0 id
gl vo'l €70 ¥2°0 920 74 250 £r'0 90 100 o)
S6°0 660 820 1£0 710 €10 Zro 2e0 670 10°0 e
L00°0> 100°0> 1000 100°0> 100°0> 100°0> 100°0> 100°0> 100°0> 100°0 uy
2e0 SE0 900 €0 )] 800 2T0 820 8’0 100 5]
8e| Shl €0 910 110 G0 110 S0 SL°o 100 A
Gz8 £v8 902 £gl g9l Lyl 70l 9zi €8 10 uz
Ly G A4 £l 1t L zi L £l 10 no
12Lrie ovs 12 90E Y 6cee 298°t 989'L VL9l v2g'L 966} 10 IN
6908 £50'8 64470 ivio 969°0 £5°0 60£°0 €2€0 192°0 G000 %)
607 19€ G9z1L 661 102 891 01+ €01 A4 ol 8y
8ie 602 8g 19 89 69 0L 29 vl { uw
9270 8v°0 91'g 662 290 290 9z'0 £2°0 180 10°0 A
s0°¢ IS1 £5°9 4% eLe 690 z51 690 20t S0°0 i
€152 92ve 6€8 141 LvE 80€ T 88 il oL v
(c2) (12} (+8) (29) #2) (e2) (1¢) (9¢) (se) Jwyt uoposleq | jeIvN
louidaon 10Uignon) puod Boig uBwiyouLl4 losely lasely 1040184 layoe|4 leyoo|4

"eidwes ejeoides & sejeoipu) Y :|enbij ul LOKEOO] BU) 81 BUIBL BXB| JBYE SjeNOBI] Ul JequIn “se|jduies Jejem oxe| Ul sjuewele snouea Jo (1 Brl Jo qdd) suoyeuBsUO)

‘€0 e|qel




67

v10°0 v£0°0 £0°0 9100 8i00 v50°0 80°0 8100 9100 €100 5000 n
€0 60 z0 Lo 1o 10 A vo A} zo sy
1270 Wy 8Ll 9e'l 1670 T &y ¥9°0 68l 161 200 qd
2000 1000 2000 1000 1000 €000 #00°0 1000 000> 100°0> 1000 n
v10°0 20070 200 6000 1100 2200 6200 6000 2000 9000 1000 A
2000 1000 2000 2000 2000 ¥00°0 5000 1000 1000 1000 1000 wy)
200 6000 1200 1100 ¥10°0 €00 1€0°0 6000 8000 8000 1000 i3
9000 £00°0 1000 ¥00°0 S00°0 6000 2100 £00°0 €000 £00°0 1000 oH
€00 GL0°0 1€0°0 1200 €200 SY0°0 6500 9100 Si00 100 50070 %]
€900 Zroo 1500 9€0°0 £Y0°0 €800 1o €00 £20°0 6200 S00°0 PO
20070 ¥00°0 800°0 S00°0 5000 6000 2i00 000 £00°0 ¥00°0 1000 qL
1100 1000 7100 8000 100 €100 6100 9000 9000 900°0 1000 n3
6v0°0 €00 8500 9€0°0 vE0°0 2500 8100 ¥20°0 1200 2200 5000 ws
€0 910 €0 240 110 820 24" vi°0 1o 10 100 PN
2800 100 9/0'0 SY0°0 £v0°0 1200 €L10 SE0°0 8200 820°0 G000 id
90 €20 S50 9e0 €0 g0 S8°0 20 910 S0 100 8D
o 810 9€°0 20 120 60 S0 S0 AN} ZL0 100 8
100°0> 100°0> 000> 100°0> 100°0> 000> 100" 0> 100°0> 000> 100°0> 1000 ul
G600 v00 620 80°0 L0 600 110 90'0 €0 6L°0 100 PO
220 60°0 FAA) Lo 910 vE0 6£°0 800 Lo 200 10°0 A
9g ot 12 el 1'g 1'El Vit L'yl 208 Gl 10 uz
el 91 6¢ z Sl 8l 4 Al 9 8¢ 10 no
64571 19171 yze's 2082 zese 1ege v92'g 6824 6EV'9 S6L°€ 1] IN
$12°0 86070 6850 Zio 62570 9v90 8v6°0 G800 1A $80°0 G000 0D
962 g6e 6€e 161 (¥4} gil 2001 s 96 [+ ol a4
Sy i€ 90} 12 201 69 69 8i €2 2L L uw
v6°0 68°L 250 S0 €20 1870 992 zLo 620 4% 100 A
812 191 282 80'L 89°0 9/°0 6v'9 110 690 640 S0°0 T
(492> £8 o€ 122 261 114 €611 <6 98 9/ ot v
(e (82) (9) (s) 2] (81 () (e) (1) (2 nwrl el

uowe oiqiy oBsu) oBSUM oBsUly Auieo)| Auigo)y) pueis) pueus) pugin uofiosleq
-ajdwes ejeoydes & sejedipul Y - |8inbig uj UOKEOO| BL} SI BUIBL BB} JBYE S]9%0BIq Ul JOqUINN ‘se|duses Jejem oxej Ut s|ejew snouea 4o (.61 1o qdd) suopesuesuon ‘v 8jqel




80°0 SiL0 1100 ¢Lo 6200 ¥200 8900 1S¢°0 [S7A 9610 G000 n
10 v'0 (q1] 20 €0 €0 €0 €0 vo ¢0 sy
vé'e G1¢C I4: ¥4 cl' 1674 8¢°0t 62°} 90°S 9y 16°1 c0'0 qd
¢000 £00°0 ¢00°0 2000 c00°0 ¢000 <000 8000 6000 2000 1000 n
L1100 6100 v100 ¢L00 cl00 100 ¥100 850°0 £90°0 1S0°0 100°0 qA
2000 €000 €00°0 2000 2000 c00°0 2000 1070 100 - 80070 10070 Wy
Si00 2200 8100 6100 2100 100 2100 12070 280°0 €90°0 1000 43
9000 8000 1000 20070 9000 Y000 9000 6200 €00 ¢c00 1000 OH
6200 v0°0 ¢e0’0 C¢E00 €00 10’0 YE0°0 9010 921’0 1600 G000 Aa
1500 600 650°0 y60°0 4900 VE0'0 200 €610 98170 6EL°0 5000 P
G000 8000 9000 9000 9000 000 2000 1200 200 20’0 10070 qL
60070 Sl00 L10'0 1100 100 8000 vioo €200 9e00 8200 100°0 n3
£v0°0 S90°0 vv0°0 8v0'0 o900 2¢e0°0 ¥90°0 6010 vEL0 960°0 S00°0 wg
A 8€°0 ¥e'o G20 Geco 810 8E0 860 €L°0 9o 10°0 PN
1900 ¢60°0 890°0 6900 2900 vv0°0 1600 15170 10¢’0 Gelo S00°0 id
€70 690 6v°0 150 8o 8¢0 650 8e°1 yo'L [ 10°0 80
ve0 1670 (3400] 150 S0 8¢0 ¢s'o0 ¥8°0 £6°0 G690 10°0 el
000> 100°0> 100°0> 100°0> 100°0> 9000 100°0> 100°0> 1000 100°0> 1000 uj
8€°0 Lo [%1] 100 10 160 ve0 evr'o L0 10 10°0 PO
G0 ¢co 610 110 vio L0 T4 cL’0 SL0 950 10°0 A
88 L9 9 (A1]8 '8 8’8 '8 6'8C gie 892 (Y] uz
4 61 4 gt 9l YA &4 6L 184 Sl [(X1] no
vov'i 68E°1 [AUNE 66670 €60 99°} €667} Gee' L 186'6 9v'9 1’0 IN
80£°0 €.€0 GE'0 8620 c6C'0 861°0 v0C0 Svo'e 690°€ LiL'e G000 oD
313 £6¢ vee 6eC €81 18¢€ 14°14 €0¢ [4%°] FAYA ol e4
c9 €9 v9 89 S9 €8 88 yel sel 8el 3 upw
1 Sl vt 8c’L 3 ci't 180 6470 gi'e 21L0 100 A
6¢1 c9'S g9°0 v’ 6¢'c c8e 60t G60 6.°¢ el S0°0 i
vve 99¢ Gle [4:74 gge 98 8yl 695C 968 669 0l v
(2s) (15) (0s) (es) () (s9) {vs) (o€) (82) (62) W o1
iofen 1ofew Jofen lofew sofew uco| uooy Buo Buo1 Buor uojidelaqg
.w-QEmw wudo__awh € sejediput 4 :0..:0_& ul uoyedo| sy 81 aweu o)e| Jajje sjexyoeIq U Jequinn .ww_QEwm lejem axB| ul sjejsw SNOUBA JO Ard bri 10 D&v 9..0:&;—:00:00 ‘S0 ejqey




69

$50°0 500 SY0'0 6900 S50°0 Sv0°0 500 vv0°0 5000 n
20 20 20 10 Z0 82 6¢ 20 sy
Al rA A { €60 Sv'L 190 St £v'0 200 ad
2000 Z00°0 2000 €000 2000 2000 2000 2000 L1000 n
9100 7100 51070 1200 v10°0 200 G100 100 1000 qA
£00°0 2000 2000 €000 2000 2000 2000 2000 1000 wy
2100 2100 2100 6200 200 7100 9100 7100 100°0 i3
2000 9000 2000 6000 2000 S00°0 2000 ¥00°0 1000 OH
££0°0 2800 6200 00 6€0°0 9200 200 2200 S00°0 Aa
190°0 200 5200 9€1'0 980°0 ¥50°0 9900 9500 S00°0 PO
900°0 1000 9000 L1100 100 <000 9000 5000 100°0 qL
z100 ¥10°0 €100 6100 ¢L00 100 €100 600°0 1000 n3
1500 8500 2500 600 8600 £v00 ¥50°0 ¥0°0 S00°0 ws
120 1:41] 82°0 820 €0 9z°0 z€0 A 100 PN
1900 800 200 8600 80°0 900 $80°0 1600 $00°0 id
€0 SY'0 ov'0 640 190 120 (8 40] 180 100 8D
9€°0 8€°0 Al 44 9’0 70 70 220 100 e
100°0> 100°0> 100°0> 100°0> 000> 000> 100°0> L00°0> 1000 ui
610 €0 SL0 A Gl0 120 o 800 100 )
810 810 2170 120 210 9.0 120 210 100 A
20t 66 '8 9zl Zol v'8 202 (74 10 uz
ze 61 A4 gL 4 g2 e 61 10 no
6Lve 800°¢ z8ee 609 662¢ 5L S60°Y 198°1 10 IN
ovi0 1910 1840 189°0 1190 9010 €vL0 Zio S00°0 00
261 8.2 9ee vl 121 65 022 695 ot o4
81 96 8ll yra} og} g9 2l 69 } up
280 v8°0 88°0 €2°0 Z0 290 960 660 100 A
9l S6'0 rANA S6°0 8Lt 920 652 $6'9 S0°0 i
rA4 202 LU v81 181 (87 16 69! o4 v
- (29) suion (e9) spuon (vo) spuoW (2v) J01iN (ov) soIN (65) sewaN (9s) cvwoiy | (£2) preuhel | 3w uopdeleq lelen

"sdures sjeolde) v sejeoiptil 4 '1einBid Ul UORESO} BY) 81 BUIBU BYE| JB)E S|OXORIQ Ll JBQUINN "SOjdUIES JBJBM BXE| Ul SJUBWIBIS SNGLIBA Jo (] Brl 1o qdd) suioeijueoU0y

90 8|qel




s R 0 0 O e

2120 8€0°0 1500 2800 6v0°0 £0°0 9€0°0 900 S00°0 n
0 60 z0 0 kA v'o €0 Zo sy
96'L 80 +r A 191 181 920 820 zo 200 qd
5000 L000> L00°0> 1000 €000 1000 100°0 1000 1000 n
SE00 1000 5000 6000 200 8000 100 6000 1000 aA
9000 1000 1000> 1000 v00°0 100°0> 1000 1000 10070 wy
v00 . 800°0 90070 1100 1200 6000 1100 z100 1000 i3
2100 €000 2000 y00°0 600°0 £00°0 v00°0 ¥00°0 1000 oH
6100 7100 1000 2200 £Y0°0 €100 2100 2100 5000 Aq
P10 1£0°0 €100 6200 1800 2200 ¥£0°0 200 5000 PO
Gl00 ¥00°0 2000 €000 6000 £00°0 ¥00°0 ¥00°0 100°0 , qL
1200 900°0 €000 G000 €100 S00°0 9000 2000 1000 n3
G800 €200 100 €200 250°0 8100 €200 8200 5000 ws
2 8v°0 Lo 90°0 1o 82°0 10 210 4% 100 PN
€210 2200 G100 820°0 6900 ¥20°0 £0°0 9800 S00°0 id
20l €10 900 1zo 8v'0 600 HY €10 100 -]
90 €10 200 Lo 1£0 210 SL0 8L'0 100 el
L00"0> 100 0> 100°0> 100 0> 100°0> 100°0> 100°0> 100°0> 1000 ui
zLo 80°0 90°0 900 Lo 800 100 60°0 100 PO
150 1o 90°0 %] €0 10 rAN0] 4% 100 A
§1e 98 88 Lel 6L 1'9g vl g9l 10 uz
ze v L'l 80 Sl €2 ve 9¢ 1] no
geL L 68Cy 6611 90¢'L (F 4> 959°L S09'} G164 1o N
G162 6v0°0 620°0 120 50 G90°0 19070 2900 5000 03
ole 18 89 9ci 8yl 29 82l Gil ol o4
101 L 2 _ gi s Yy vl 12 3 unw
9L . 120 Sv0 160 80 S0 950 1 40] 100 A
8L’y 950 6€'L 901 £8°0 9v'0 gl gL S0'0 1L
ogs - €9 ¥9 £81 €0y 12 ov 8s oL v
(s8) puod Jomod (11) INW Jepmogd (92) woyuag (ee) ued (9) tiw toded | (b) B0 (d) mwpeo (s2) mwneo | ww uonsseq le1o

"aduses ejeoides € sejBolpu Y *|8.nbi4 Ut UOREDO] BY) 81 BB BXE] JOJE SIONOBI] Ul JOQUINN sjdLIBS JejBMm BxE| Ul sjuswele snouea Jo (. Bri 1o qdd) suogesueouoy 20 ejqey




71

6200 oo 6000 1160 8€0°0 6€0°0 200 2200 890°0 ¥80°0 G000 n
v'o 4] 0 20 20 1’0 €0 4] €0 €0 sy
1671 8.0 89°0 3% 4 vl 98" 1" €0l 82’1 el 200 qd
2000 <000 +00°0> 8200 000 000 ¢000 ¢00°0 ¢00°0 100°0> 100°0 nm
S10°0 100 2000 1610 8200 €£€0°0 LLO0 1100 €100 1000 100°0 qA
€000 ¢000 1000 ve0°0 9000 S00°0 2000 2000 ¢00'0 1000 100°0 wl
1¢0'0 S10°0 6000 [AsTAl 900 1700 [45101] ¢i00 1100 10°0 1000 43
1000 G000 €000 60°0 Gl0°0 G100 G000 G000 S00°0 £00°0 1000 OH
€200 8200 GL0'0 9ev’0 100 900 20’0 120’0 20’0 S10°0 S00°0 Ag
896°0 Y500 1200 8650 1443 6210 SY0°0 Se00 SE0°0 8200 S00°0 212]
800°0 2000 000 G200 9100 9100 G000 G000 ¥00°0 £00°0 100°0 ql
vi00 L1100 9000 2EL°0 Ge0o0 200 6000 800°0 1000 900°0 100°0 n3
1600 vro0 920°0 SLyo 10 01’0 €£0°0 2e00 8200 €200 G000 ws
920 ¢0 L0 10 S50 G50 ¢0 12’0 910 €10 10°0 PN
G900 800 9¢0°0 €S0 8EL0 crio ¢S0°0 €500 00 €600 S00°0 id
20 92’0 1A% €y £0°t €0} 62°0 €0 g0 91’0 100 @)
820 810 1’0 €5°¢ S9°0 690 120 620 ¢0 FAN] 10°0 el
100°0> 100°0> 100°0> c00°0 100°0> 100°0> 100°0> 100°0> 100°0> 100°0> 1000 uj
100 80°0 S0 180 eL'0 ¥1'0 vao 120 S0°0 100 10°0 PO
£2°0 €10 60°0 6G°¢ et} 6v°0 clo vi'o 610 L0 100 A
gl 8’9} gl 6'v6 (44 L'€C cl 8¢l [Sr4! gL (] uz
€ €1 ¢¢ V9 1 ge 8t FA" £ el 'o no
giee cl67} 6€C’E S69'€E £6°9 ge9's FAA%4 8le [C:]1r4 8°t (A1) IN
20170 ei’o 80°0 861'El 867} Vel FAZAN) 1920 9’0 6v0°0 G000 (o]
a8l 001 9ll (392 8iv Gli 102 lie 8¢¢ 8l ot o4
801 P2 Ll 8EE 881 961 8G9 899 L 8 8 Ul
ye0 c0 €£°0 et ¢6'0 o 18°0 60 cl’0 FAN] 100 A
1670 241] 6.0 86°€ Y N4 ¢6°0 9c't el et pAN" G00 18
c9 6 €9 €88y 199 ey vii 65¢ léc €L (1] v
(o) (6} uiByo (s1) (r1) (99) (s9) (z1) (e1) nwry le1e)

(18)2meg |. puodes puoseg puodseg Apueg Apueg jlessny |fessny Kxyooy Kyooy uopoejeQ

,.m_aEmw o1eoydol B sojeoipul Y ¢ 1eanbid Ui uoiieoo] BUL 81 BUIBU BXE| J8E gieXORI] Ul JoqunN “sejdwes JojEM BYE] Ui S)UBLLISIO SNOLBA §O (;1 Bl 4o qdd) suonesjuedtio)

‘80 9|qeL




72

9v0'0 §7A4] 2S00 2500 6000 6¥0°0 vio 280’0 980°0 S00°0 n
¢0 FAY 1’0 <0 10 90 €0 1o 0 sy
S0 68°€ 10°} ac’t 1571 90'€ 899 18t vl 200 qd
1000 ¥00°0 100°0 100°0 2000 €000 v00°0 ¢00°0 €000 1000 m
2000 9200 L1100 L1100 G100 €200 8200 910’0 8100 100°0 qaA
€000 S00°0 2000 2000 €000 ¥00°0 000 €000 €000 1000 wy
(45041} ¢e00 €100 €100 €200 6¢0°0 9£0°0 8100 9200 100°0 43
G000 L1100 000 S00°0 800°0 1100 €100 8000 10°0 1000 OH
9¢0°0 1800 €200 ¢c0'0 GE00 290’0 V.00 £v0°0 §50°0 §00°0 Ag
500 600 GE00 00 ¥01°0 5170 é8l0 €010 (2450 5000 PO
90070 100 G000 000 2000 £10°0 G100 100 2i00 1000 qai
100 €100 900°0 900°0 ¢lo0'0 v20°0 G200 2100 1¢00 1000 n3
€v0°0 990°0 Se00 1200 150°0 6040 €040 690°0 6200 S000 ws
T4 GE0 cl’o ¢l’o €E°0 890 S0 Se'o0 o 100 PN
85070 S80°0 6200 ¢g0'0 680°0 991’0 6¢1°0 960°0 SLEo S00°0 id
9€0 190 120 820 S6°0 ge'L ot /80 (N 100 Lre)
920 Se0 [430] €Lro 160 20 650 8v°0 ¢s’0 100 el
100°0> 100" 0> 100°0> 100°0> 100°0> 100°0> 100°0> 100°0> L00°0> 1000 uj
600 L0 80°0 900 (X1] Lo €10 eyo 10 10’0 PO
L0 150 g1'0 €10 st'o ¢c’o €0 (YA1] ez0 100 A
144 8'cl 6'0} solL S8 68 ya4t 686 6'¢Ct 10 uz
9t € 61 [ v 60 ¢e 'y Vi 1’0 no
9gC’e Siee 99’1 Sye'L S6e’L eyl 662'G VEG'S £98'¢ L0 iN
2900 €86°0 19v°0 [4Al] €510 1970 110°t 6260 G460 S00°0 o)
61t 1514 443 (4114 6L 9e/ 98¢E 00¢ lée 11} o4
L 89 12 Ge 9 €8 vt €el {54 I UN
SE0 g€ 9L 190 S9°0 8¢ 6v'L oro 8y o 100 A
1£°0 (Y4 Le'L 980 S9°0 889 661 15N 80 S00 3N
43 €19 9.¢ ¥5e €51 6vv 80€ §6¢ 00€ 0l v
(8) PuL | (02} eisng | (1) egsns | (ve) iliH @onuds | (69) sopids (8v) sopidg (st) teipjog (vt) so1pjos (ep) Jojpjos Nwyy uopdaleq leop
"ejdwes ejeoldes & sejeaipul Y ¢ |enbi4 ui uolEoo| By} 8 BlBU oxg| loye siexorIq Ui Jequun “sejdwies jejem e)e| Ul S|Ejew SnoueA Jo (.1 61 1o qdd) suogeguesuoy ‘gD e|qe)




73

2200 €200 2600 1200 8600 €500 $20°0 yv0°0 gv0'0 900°0 n
60 60 2o I €0 20 o L0 Zo sy
gL'l 14 8€'4 oLt £0'1 ¥6°0 82 $9°0 14%4 200 qd
2000 2000 2000 2000 ¥00°0 100°0 2000 2000 1000 1000 n
1100 2100 100 1100 1200 2100 100 2100 6000 1000 qA
2000 2000 2000 2000 ¥00°0 2000 2000 €00°0 2000 1000 wy
6100 6100 €100 Sl00 6200 vi00 9100 2200 £10°0 1000 i3
900°0 9000 ¥00°0 900°0 6000 S00°0 9000 8000 S00°0 1000 oH
1200 2e00 1200 1200 SE0°0 2200 1€0°0 6£0°0 2200 5000 kg
V100 1800 8200 6900 1900 £Y0°0 6900 €110 ov0°0 5000 PO
2000 9000 ¥00°0 900°0 1000 5000 5000 6000 900°0 1000 qL
1100 €100 2000 1100 6000 8000 1100 9100 1100 1000 n3
yp0°0 2500 v20°0 9v00 2600 v€0°0 ov0'0 2900 £r0°0 5000 ws
120 €0 1o 920 620 20 820 8€°0 610 100 PN
190°0 v20°0 2€0°0 200 9900 9500 1900 2600 ty00 $00°0 id
IE0 veo 120 LE0 6£0 ve0 €0 90 vZ'o 100 )
880 £5°0 910 6£0 A} €0 950 44] 610 100 e
100°0> 100°0> 000> 100°0> L000> 100°0> 100°0> 100°0> 1000> 1000 uj
v10 ¥2°0 80°0 S0 v 0 €10 20 S0 120 100 PD
€10 €10 L0 €10 8E0 910 €10 610 L0 100 A
69 68 z9l A 'S zel 9] 9'g rie 10 uz
g0 60 Gl } 14 1'e 80 ! €2 1’0 no
1816 1860 102 2oLo Zer9l evel 60 €521 28¢ Lo IN
1200 G100 y2e0 1200 6v0C S¥e0 1200 1520 1500 S00°0 5]
69 £8 oit ey 091 28 19 124! 96 oL o4
62 1€ 6l o¢ 58 Sy z€ £8 12 3 upw
1E0 2€0 640 820 €01 zLo S20 2€0 A} 100 A
SOt 110 990 v20 el 14N $5°0 29l 650 S0°0 L
8L 82 1L vs e 6ee y1] 241 0L oi v
(1) sweniim (2v) weyiim (1p) wepum | (ob) weinm | (e8) reolswiym | (v2) yesdoy (6¢) sewioyy (sc) sowoyl (1) paiys 3wy uopdeleg B0

~-ejduies eyeoydel & sejedipul Y t1eunbi4 uj UOHEDO| BY] 8] BLIBU B)B) JOYE KIBXOBIG UI JqUINN “sejdUBS Jojem exB] L} sjEjew snouBa jo (, 7 Buw Jo qdd) suopesecuo) °04-D ejqeL




75

INDEX OF LAKE NAMES

---------------------------------------------------

.....................................................
..................................................
....................................................
....................................................
.....................................................
.....................................................
.................................................
...................................................
.....................................................
..................................................
...................................................
.....................................................
...................................................
....................................................
...................................................

-------------------------------------------------

........ 2,8

....... 2,13

vi, vii, 2, 8, 39
.. 2,13,17, 36

.. 1,2,9,15

.. Vi, vii, 2, 39
.. 2,17, 34, 36

....... 2,11

................................................ 2, 6,11, 13, 17, 36, 41

-----------------------------------------------------

---------------------------------------------------

-----------------------------------------------------

----------------------------------------------------

.......... 2
....... 2, 42

vi, vii, 2, 34, 39

.................................................. vi, 2, 8, 34, 36, 39

--------------------------------------------------

-----------------------------------------------------

------------------------------------------------

-------------------------------------------------

-----------------------------------------------------

---------------------------------------------------

-----------------------------------------------------

----------------------------------------------------

-----------------------------------------------

-----------------------------------------------------

----------------------------------------------------

----------------------------------------------------

-------------------------------------------------

-----------------------------------------------------

-----------------------------------------------------

....... 2,11
.. Vi, vii, 2, 39
....... 2,13
.. Vi, vii, 2, 39

....... 2, 11

.. 2,13,17,36
vi, 2, 34, 36, 39




RS s

.2

. 2,15, 26
.2
2

Thomas

Topsail

William ...........
Williams ......




