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Introduction

In July, 1989, the Centre for Water Resources was approached by the Williams Lake Conser­
vation Company of Halifax.. Nova Scotia on behalf of the Nova Scotia Department of the
Environment (NSDOE) to outline a field study of Williams Lake to document and evaluate
the water quality of the lake. The study, funded by the NSDOE. began in November, 1990
with the collection of the first of five sets of lake and stream water samples for water quality
analysis, The citizens group was concerned with road salting activities in the watershed and
what impact it may have on the ecosystem. They were also concerned with the excessive
aquatic plant growth in the lake. The group wanted information to assist them in their
endeavour to maintain the lake as a valuable surface water resource.

This report documents and discusses the water quality characteristics of the surface waters
between November, 1990 and September, 1991. The impacts of residential and commercial
developments within the Williams Lake watershed are described. In addition, watershed
management techniques which could be utilized to minimize the effects of current and future
urban developrnen ts are presented. The wildlife and fishery of the watershed is also addressed.

Historical Reyjew

The following section was extracted from a document written hy Mr. Allan MacKinnon for the
'Williams Lake Conservation Company Limited.

Interest in Williams Lake and it') potential economic benefits began with the
first land grants issued in 1760 to Captain Daniel Hill. Previous to this grant,
however. there is considerable evidence that the Mic Mac Indians used the
waterway on their summer trek to the salmon river now known as McIntosh
Run. Artifacts (arrowheads) have been found along the route and there have
been what is suspected to be teepee rings located near Colpitt Lake. Captain
Hill's grant contained approximately 500 hectares which included the outfall at
the eastern end of the lake. When Hill died in 1772, his wife Elizabeth sold the
property to a land speculator, John Murphy, who resold it along with an adjacent
grant to James Williams in 1780. A 200 hectare parcel of land in the watershed
belonging to William Spry was sold in 1783 to George McIntosh. Mills were
erected at the outfall of the lake and the remaining tillable land was farmed for
the next 20 years. In 1807. the mill belonging to McIntosh and William Cochran
was advertised for sale. In 1811 the mill was purchased by Robert Letson of
New York. A print dated 1818 identifies the mill as a three-story building with
a gabled roof sitting on a high foundation. Letson's son operated a tannery, also
powered by the outfall stream. By this time, Williams Lake, formerly known as
Letson's LIke, was a favorite retreat for town's people. Joseph Howe visited
the lake so often that a split rock near the outlet dam became known as Howe's
rock. Letson's mill and property were sold in 1822 The mill burned two months
after this sale, The new owner, Richard Dingle, rebuilt and in 1831 leased the
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mill to Willia m Letson for a five yea r period. during which he a~ded a gris t mill.
In 1846. William a nd Eliza beth Yeadon purchased a 1.9 kID"" (1900 hectares)
parcel o f land on the wes te rn a nd so u thern sides o f the lake for 40 pounds. In
1865. the Halifax Ice Co mpany was formed by G.H. Woife of Windsor. H e
leased the pro pe rty from Henry Lawson a nd shipped ice from Lawson's wharf
at the mill cove. In l ~8 1. Lawso n sold the proper ty to Miles and Chittick who
o perated the ice b usiness for ano the r 10 years. Chittic k la ter became a
Dartmouth ice mercha nt wit h a large ice ho use on Mic Mac Lake. The Chittick
mill wa s so ld to the Atla nt ic Su gar House Companywho devel oped the mill into
a sugar refine ry. Th e refinery property along with its wate r rights were pur­
chased sometime in the ea rly 1900 's by A.E. G ilp in.

TIle first pe rmanent residents of the la ke was the Dan Sertich family. who
loca ted on the oeninsu la o f the oresent day Wi llowdale Subdivisio n. A car -

, L.

penter by trad e. ?vCr. Sertich built row boats which he rented to the many
fisherman who flocked to me lak e each spring. "At that time. 1910, there was a
small po nd (now Willowda ie Terrace) a nd they had a prod uc tive garden on the
slo pe beyo nd".

Intense urbanizing activity co mmenced betwee n 1950 and 1953. As a result of
concern for the impact o f [his develo pment . the citizens of Hail 's Road in 1955
petitio ned the county for res tr ict ions on lot size and septic system design. By
1964. lots were so ld on Wyndrock D rive. Th ese lo ts were serviced by sewer and
water. In 1968. the da m structure was rebu ilt by Commander Law and Charles
Fowle r. TIle Williams Lake Conserva tion Compa ny was formed at this time.

Stormwate r ru noff from the area was rou ted to Williams Lake. particula rily in
the final design o f the Pine Bluff Subdivision. A number of wetland areas were
lost to the develo pment Th e extension of Wyudrock Drive into Pin e Bluff
res ulted in the isloa tion of a small portio n o f Williams Lake into what is now
known as Ma rtin s Po nd .

\!Iaterial s and \-1dbods

Williams Lake was sa m pled on five occas io ns between Novembe r 1990 and Seotember 1991.
L L

Lake water sa mples were co llected fro m ..j. stations positioned throughout the lake. Water
co lum n samplingdepths for each la ke sta tio n were identified based on temperature and oxygen
profiles of each sta tion. Samples were retrieved using a 2 litre Kemmerer bottle and stored
in one litre. ....vide -mouthed polye thylene bottles which had been previously cleaned with
surfac ta n t and thoroughly rinsed with distilled wa te r. Inlet and outlet samples were taken by
sub me rging the polye thylene bottle under the surface while being careful to avoid disturbing
o r co llec tin g bottom sed iment In addition to the five site visits , two o f the inlet streams were
sam pled during precipitation eve nts . Sampling loca tions ar e identified in Figure 1.
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TABLE 1

Surface area , s tratum interface areas, stratum volumes
and total volume of Williams Lake. (b a s e d on bathymetric
map contained in Dean and Lister (1971) and surface area
given in Underwood and Josselyn (1 9 79)

Dep t h
Meters

Basin 1

Hectares % of Total
Stratum 3 4

m x 10 % of Total

o
1

2

3

4

5

6

7

8

9

10

1 1

12

13

14

1 5

1 6

1 7

18

19

20

20.3

32.73

27.78

22.83

20.62

18.41

16.19

14.68

13.11

11.59

10.02

8.50

7.28

6.06

4.78

3.55

2.33

1. 92

1. 51

1. 11

.70

.29

.00

7 4 .7

63.4

52.1

47.1

'42 . 0

37.0

33.5

29.9

26.5

22.9

19.4

16.6

13.8

1 0 . 9

8.1

5.3

4.4

3.5

2.5

1.6

0.7

0.0

0-1

1 - 2

2 - 3

3 - 4

4 - 5

5 - 6

6 - 7

7 - 8

8 - 9

9 - 10

10 - 11

11 - 12

12 - 13

1 3 - 1 4

14 - 1 5

15 - 16

1 6 - 1 7

17 - 1 8

18 - 19

1 9 - 20

20 - 20.3

23.87

19.95

17.15

15.40

13.65

12.18

10.97

9.75

8.52

7.30

6.23

5.26

4.27

3.2 7

2.30

1. 67

1. 35

1. 03

0.71

0.38

0 .02

13.5

11.3

9.7

8.7

7.7

6.9

6.2

5.5

4.8

4.1

3.5

3.0

2.4

1.8

1.3

0.9

0.8

0.6

0.4

0.2

0.0

Mean depth - 5.05 m

Basin 2

o
1. 5

11. 07

*8.85

2 5.3

*2 0.2
o - 1. 5 11. 77 6.6 .

Mean depth - 1.06 m

Total lake a r e a - 43.8 hecta~e3

Total l a k e volume - 1 77.0 x 1 0 m
Mean depth (whole lake ) - 4. 0 meters
*estimate
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TABLE

TABLE 2

SOME PHYSICAL FEATURES OF ~\TILL IAMS LAKE AND I TS DRAINAGE

BAS IN

WATERSHED UNIT AREA . RU~2FF* 6 Km ROADS

(ha ) L- yr X 10

1 13 . 5 13 7 .2 0

2 27 .2 275 .9 2 . 64

3 11. 8 120 .0 0

4 45 . 1 457 .7 3 .26

5 6 .3 64 .4 0

6 45. 7 464 .2 0

7 36 . 8 374 . 1 0

8 7 .6 77 . 5 0

9 101 .5 10 30 . 8 0

10 44. 1 44 8 . 2 1. 44

11 10 . 6 108 . 1 0

1 2 28 . 9 29 3 . 5 2 . 59

CATAl'lJl.RAN POND l. 0

COLB ART LAKE 1 5. 3

SUBTOTAL 395 .4 38 5 1. 6 9 . 9 3

~HLLIM-!S L AKE 43.8

TOT.u.L S 439. 2 3851. 6 9.93

~Vi l 1i c.ms L ak e
6 3 . .

Vo Lurne 1. 77 X 10 m ( I·late r r e s i d e n c e t l r:: .: . 39 '! rs

mean d epth 3 .9 m

* Us i n g fi gu r e of 10 1. 6 em
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Physical fea tures of the Williams Lake watershed were adopted from Underwood and Josselyn
(1979) and used to produce stratum areas and stratum volumes presented in Table 1. These
values were utilized in the calculations of weighted means. Sub-watershed physical features
and boundaries (Underwood and Josselyn, 1979) are presented in Table 2 and Figure 2.
respectively.

Samples were kept in insulated containers in the field and were transported to the laboratory
as soon as possible after collection where they were stored at 4uC until analysis took place . All
samples were analyzed at the CWRS laboratory for p'H, turbidity. color. total phosphorus, total
nitrogen, chloride, and chlorophyll a. Volume-weighted composite samples for metal analysis
prepared at the CWRS laboratory and samples collected for bacteriological analysis were
tested by the Victoria General Hospital Chemical and bacteriological analyses for the five
sampling dates. storm event data and lake water metal scan composite data are presented in
Tables A-I to A-3, respectively. Volume-weighted means were calculated and presented in
Table A-4 of the Appendix Volume-weighted means consider the actual weight of each
parameter in each layer and therefore provide a more accurate estimate of average lake
characteristics.

Additional information included in the Appendix are bacteriological data for locations
monitored by the Nova Scotia Department of Health between 1986 and 1991, and a fish
stocking record for the period 1976 to 1990, which are given in Tables A-5 and A-6, respec­
tively.

Results and Discussion

Clearly, different water-use interests desire differing water quality characteristics. Manage­
ment of the Royal Nova Scotia Yacht Squadron and the Saraguay Club, who utilize water
draining from Williams Lake as a potablewater supply, require a resource that needs minimum
ore-distribution treatment essentiallv of excellent water aualitv. The residents of Williams
J. ~ .. L ..

Lake are demanding a resource that is suitable for fishing and swimming and is asethetically
pleasing. The provincial Department of Fisheries require a water body to meet certain
physical and water quality criteria before it is approved for stocking. Acceptable and objective
levels of numerous chemical constituents have been established for specific water uses
(Appendix),

The residents of Williams Lake are conscious of the lake water quality because of the
recreational and aesthetic benefits to living in the area. Their concern for the receiving waters
of urbanizing areas is justified especially as it pertains to the subject of urban runoff.
Degredation of water quality may jeopardize continued presence of numerous species of
wildlife which inhabit the lake and its watershed Mr. Allan McKinnon writes, ''The area
supports populations of beaver, mink, rabbits, squirrels, raccoons, and muskrat Frequent
visitors to the lake include blue and green heron. red-tailed hawk, osprey and owl Other less
frequently observed species include deer, bobcat, coyote, weasel, black bear, porcupine and
sea otter." Ducks and seagulls also use the lake.
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Water Qualitv

An irregular shoreline. numerous islands and depth separate Williams Lake into one large.
deep basin and a second shallower basin. The shallow basin is sectioned into three main parts,
two of which receive direct urban runoff. Martins Pond. created as the result of the extension
of Wyndrock Drive, was not a major part of this study in that only water leaving the pond was
analysed. The water quality associated with each basin monitored (Stations 1,2, 3and 4) varies.
Major inflows to Williams Lake are located in the shallower western end (Basin 2) of the lake.
Two of these inflows. Inlets 2 and 4, for the most part are governed by urban runoff. Inlet 1
drains Colbart Lake, while Inlet 3 drains Martins Pond The current surface water drainage
patterns of Williams Lake are such that Basin 2 and Martins Pond act as stormwater filters for
Basin 1. Aquatic plant growth in the western end of the lake enhances nutrient removal during
the growing season as water moves toward the outlet The increased plant production.
however, results in an increased rate of sediment buildup. Residents have complained of
excessive weed growth and smells produced from stagnant water and from sediments exposed
as a result of receding lake levels during the summer months. These seasonal lake charac­
teristics are especially persistent in the cove at the foot of Acorn Drive.

1ill
Seasonality ofWilliams Lake pH is typical of most lakes with similarwatershed characteristics
(Figure 3). The depression of pH in the lake observed during the late winter sampling period
is caused by the injection of acidic snowmelt and rainwater into the system and by the
winter-long build up of carbon dioxide under the ice cover (the presence of an ice cover during

Figure 3.
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the winter months reduces the depth to which photosynthesis takes place (the trophogenic
zone), in effect reducing the rate at which carbon dioxide (produced by bacteria consuming
organic matter) is utilized by photosynthetic plants and algae. Hence. the resulting increase
in carbon dioxide. a component governing pH. leads to a decrease in pH). The degree to which
a lake reacts to the melt-water varies with each lake. The spring depression of pH is typical
for Nova Scotian lakes due to the acidic nature of our precipitation. pH also decreased with
depth in the stratified Basin 1. Stratification refers to a definite temperature gradient with
depth in which three distinctive layers of similar temperature are present The upper,
circulating warm layer is referred to as the epilimnion: the middle layer of rapidly decreasing
temperature is the metalimnion: and the bottom layer of cool water of uniform temperature
is the hypolimnion. This pH decrease is the result of a net increase of carbon dioxide content
(the process bywhich a net increase in carbon dioxide is obse rved is identical to that described
above for the winter situation).

Thrbiditv

Turbidity is caused by suspended matter, such as clay particles, finely divided organic and
inorganic matter, and plankton and other microscopic organisms. In dear (colorless) lakes
like Williams Lake, the level of turbidity is reflected in the ability of an individual to see the
lake bottom. for instance. The turbidity of the two main basins of Williams Lake is low. The

Figure 4.
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exception to this generalization is the smaH cove at the foot of Acorn Drive (Figure 4). This
cove, receiving drainage from Inlet 4, experiences occassional turbid conditions, usually
associated with rainfall events. Other areas include Martins Pond and the western end of

9



Williams Lake at Inlet 2. These locations are severely impacted upon by discharging
stormwater. Low values of turbidity observed in the main basin of Williams Lake (Stations 1
and 4) indicate that this phenomenom is restricted to these areas.

Seccbj Djsk

The measurement for water transparency is obtained using a Secchi disk. which is a 20cm
diameter disk broken up into quadrants of alternating black and white sections. The Secchi
depth is the depth at which the disk. when lowered into a water body, can no longer be seen.
Transparency decreases as turbidity increases. The only location offering sufficient depth for
a reading was Station 1. The Secchi disk was still visible at the bottom at the shallowerer
stations. The readings at Station 1 ranged between 4.5 and 7.5 metres. The influence of an
ice cover is reflected in the fact that the minimum value of 4.5 metres was recorded during the
winter period. The lack of particulate and organic matter in Williams Lake during the ice-free
season led to little variability in Secchi disk readings.

Specific Conductance

Specific conductance is the numerical expression of the ability of an aqueous solution to carry
an electrical current. The measurement depends on the presence of total dissolved solids,
their concentration and the solution's temperature.

To give the reader a means of comparison. a few examples of specific conductance relative to
other water sources are: distilled water is less than 5 umbos/em, City of Halifax tapwater is 70
to 90 urnhos/cm. and seawater is greater than 30,000 umbos/em.

Specific conductance at all inlake locations sampled during the study varied with the season
(Figure 5). Maximum values were recorded in July at which time chloride levels also peaked.
This particular lake response gives us a glimpse of the lag between the cessation of road salt
application in the watershed and length of time before the maximum impact on receiving
surface waters is observed Data collected during the study indicate a 3 month lag. The
relationship between specific conductance and the concentration of chloride (see Section on
Chloride) in Williams Lake allows for the estimation of chloride from a specific conductance
reading using the following equation:

Chloride (mg/L) = .202 (specific conductance. umhos /cm) + 2.48
.)

(r" = .971, n = 68)

With proper equipment and the formula above, the lay-person could easily obtain and convert
a reading of specific conductance into a scien tifically acceptable estimation of chloride. This
technique ofdata aquisition could be used to answer future inq uiries regarding salt in Williams
Lake. .
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Apparent Color

The absence of coloring agents in the Williams Lake watershed, chiefly dissloved organic
compounds derived from peat and marsh detritus, yields a near colorless surface water. Th e
mean apparent color value observed for Williams Lake was 17 Hazen Units. Higher readings
at Station 2 (Acorn Drive cove) are not a retlection of the organic content of this sub-watershed
but of the nature of the test in that the measurement is int1uenced by turbidity. The increase
in color from 35 to 80 Hazen Units observed in Inlet 1 are not accompanied by similar increases
in turbidity (Figure 6). The increase is likely due to the reduced movement ofwater through
the system resulting in longer contact time with color producing material present in the
sub-watershed.

Total Phosphorus

The role of phosphorus in lake eutrophication has be en investigated for decades. Researchers
have identified phosphorus as the element most likely to determine the amount of algal growth
in surface waters. Lakes can be classified based on the amount of this nutrient present as
oligotrophic (low), mesotrophic (moderate) and eutrophic (high). Physical features as­
sociated with each category are: oligotrophic - clear water with high visibility, and low algal
growth (not to be confused with plant growth): mesotrophic - higher production of algae
reducing the lake transparency, loss of sensitive fish species (trout) to more tolerant species
(bass. sucker etc .): and eutrophic - low transparency, unsuitable for recreational use.
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Figure 6.
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Based on a mean annual phosphorus concentration of 8.1 ug/L, Williams Lake is oligotrophic.
There are areas in the lake, which because of their shallowness, have significant amounts of
aquatic plant growth. This is not a reflection of the trophic level of the lake but an example
of how morphology (lake basin shape) effects the appearance of a lake. The nutrients
necessary for these plants are derived mainly from the sediments. A portion is also obtained
from surface waters entering the lake via streams and stormsewers. Sufficient growth of plants
in the western end of the lake is a benefit to the trophic status and aesethic properties of the
larger, deeper basin. The plants filter out much of the nutrient load entering the lake from
both the urban drainage system and properties bordering the lake through processes of
sedimentation and chemical and biological uptake. In lake total phosphorus measurements
for the study period are plotted in Figure 7.

Total Nitro~en

Nitrogen is the second most important nutrient in the eutrophication process. Unlike phos­
phorus, nitrogen has a gaseous phase which facilitates movement through the aquatic environ­
ment It it for this reason that nitrogen is seldomly considered to be a limiting or controlling
factor in the eutrophication process. Total nitrogen levels in Williams Lake are indicative of
oligotrophic waters (Figure 8). A value of9.3 mg/L is suggested as an average upper limit for
nitrogen in oligotrophic systems. Elevated levels observed for Inlet 4 (Acorn Drive) are typical
of urban runoff.
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Figure 7.
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Chlorophyll a

Chlorophyll is the primary photosynthetic pigment of phosynthetic organisms and is an
indicator of algal biomass and lake productivity. Levels of production are linked with nutrient
(phosphorus and nitrogen) concentration. light intensity and temperature. A maximum
usually occurs in the spring and autumn. Chlorophyll a production in Williams Lake, with the
exception of the small cove at the foot of Acorn Drive. were low and indicative of oligotrophic
conditions (Figure 9). High nutrient loading to this area bystormwater and feedingwater fowl,
coupled with the extended residence times in low110w periods (as experienced during the study
period) resulted in increased localized chlorophyll a concentrations.
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Chlorjde

The implications of chloride in surface water are discussed in the section on "Road Salt".

The main source of chloride in the Williams Lake watershed is road salt A report by
Underwood and Josselyn (1979) gives a detailed description of potential s~urces of salt for
Williams Lake. For the study period November 1990 to September 1991, the mean whole­
lake chloride concentration was 45.1 mg/L There was a slight chemical gradient moving west
to east in the lake. which could probably be attributed to dilution effects (Figure 10). The
highest chloride concentrations were observed in Inlet -+ (Acorn Drive). A comparison of
mean-annual chloride values for the four inlets shows that the sub-watershed treated with sand

14
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Figure 10.
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(Inlet 2) during the winter months is the lowest. Current rates of de-icing salt application in
the Williams Lake watershed. if continued, should not result in objectionable chloride levels
in the lake.

Road Salt

Lobbying efforts of the Williams Lake Conservation Company have resulted in the application
ofsand instead of salt on roads in the vicinity of the lake during the winter months. As a result
the concentration of sodium chloride in Williams Lake has decreased from 58.9 mg/L,
measured in 1976-77 (Underwood) to 45.0 mg/L, recorded in 1990-91 (this study). The
decrease in levels observed for the two study periods may be a reflection of any or all of the
following: the amount of salt applied to the entire watershed varied: the removal of the
DepartmentofTransportation salt storage facility on Williams Lake Road; and/or the replace ­
ment of salt with sand in portions of the watershed.

The sodium chloride data reported in 1977. was converted to sodium and chloride ions using
equivalents. By this method, the 97.1 mg/L NaCl was broken down to 38.2 mg/L Na and 58.9
mg/LeI.
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Elevated sodium chloride levels in lakes can have a number of impacts on the aquatic
ecosystem. In extreme cases. formation of a dense saline layer in the bottom strata of a lake
inhibits the complete circulation of the water body in the spring and fall seasons preventing
reoxygenation of this zone. This is turn forces organisms requiring oxygen for respiration to
move to oxic environments or die. Fish may have to retreat to less desireable warmer water
during the summer months, placing unnecessary stress on the species. Another effect of
increased levels of sodium chloride is the suitability of the resource as a drinking water supply.
At present, the Royal Nova Scotia Yacht Squadron and the Saraguay Club on the Purcell's
Cove Road use the overflow of Williams Lake as a water supply. The Canadian Drinking
Water Guideline for chloride is less than 250 mg/L above which a salty taste is detectable. If
the lake concentration were to increase to this leveL the downstream users may be required
to secure an alternate water supply. A final effect involves the lakes' fishery. A chloride
concentration of 400 mg/L has been shown to be harmful to trout (McKee and Wolf, 1963).
This figure, however, is arbitrary and is related to levels of other salts in the water. Without
the fishery, wildlife utilizing this food source, may be forced to relocate.

The treatment of roads in the watershed with salt is at the present time does not impact
Williams Lake in any way to suggest there are problems. It is suggested that any furth er
development of roads in the watershed be treated with an inert material, such as sand, during
the winter months to maintain sodium chloride concentrations in Williams lake at present
levels.

Prban RUDoff

The characteristics of urban runoff generally associated with runoff pollution solids. substances
exerting oxygen demand, toxic substances and nutrients (Ellis. 1986). Three types ofwater
quality impacts which are associated with urban runoff are:

- short term changes in water quality - following storm even ts. May result in aquatic organisms
mortality as a result of increases in concentrations of toxics during storm events .

- contaminants associated with suspended solids that settle and by nutrients with longer
deten tion times.

- resuspension of sediments and the associated pollutants - scour of stream courses.

Williams Lake receives urban runoff via SL'{stormsewers at approximately five locations and
Martins Pond from five drains at two locations. Discharging stormwater at times transforms
Martins Pond into a brownish-coloured, turbid body of water. The source of fecal bacteria.
which at times has been high enough to force closure of the beach located on the pond, most
likely originates with the stormwater. Fecal colifoms are characteristic of stormwater. The
level of these bacteria in the stormwater can be controlled somewhat by source controls on
stormwater quality. i.e, "cleaning up" after family pets. The cause of the silted look of the
pond is likely due to the resuspension of bottom sediments by turbulence caused by incoming
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stormwater. Another source would be erosion of soils from developing residential/commer­
ciallots draining to the sewers. The author is not certain of the contribtion of the latter but
feels this load to be minor where no new development is taking place in the Martins Pond
watershed.

The Williams Lake Conservation Company conducted a survey in the springof 1991 identifying
types of development and potential sources of pollutants. such as lawn-fertilizers, contained
in the Williams Lake watershed The survey results are as follows:

Single Family Dwellings

Duplexes and Condominiums

Apartments

Service Stations

Restaurants

Fast Food Outlets

Corner Stores

Grocery Stores

Other Commercial Outlets

Churches

Schools

Playgrounds

Tennis Courts

Ball Fields

Supervised Beaches

Pump Houses

604

82 for 186 units

44 for 324 units

4

1

7

~

:)

1

25

'"';)

1

1

2

2

1

2
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Stormwater quality sampling performed during the study was minimal. The results of the .
two rainfall events monitored for Inlets 2 and 4 were elevated for those parameters selected
(specific conductance, total phosphorus, chloride and bacteria). Stormwater constituent
concentrations observed for this study fall within the range of those measured at First Lake
in Sackville, Nova Scotia. Bacteriological sampling of lake and inlet water for fecal
coliform and fecal streptococcus was insufficient to identify the source of bacteria as either
human or animal. The ratio of fecal coliform to fecal streptococcus bacteria, if less than 1.0.
is indicative of an animal source. A ratio greater than 4.0 is suggestive of a human source-.

Questions arose during the study regarding the bacterial counts being observed at the Acorn
Drive storm drain site. It is the contention of some members of the Williams Lake Conserva­
tion Company Ltd that a few homes situated on Acorn Drive are not as yet connected to the
City sewerage system and still operate septic systems. It is the understanding of the City of
Halifax Engineering Department that all homes are connected to the connector line and that
all septic systems have been abandoned Water and sewer was made available by the City to
all properties on Acorn Drive. If a property wished to connect to the water, they were required
by the City to also connect to the sewer. Properties not wishing to connect to the City water
supply and not experiencing problems with their septic systems. are not obligated to connect
to the City system. However. if a problem does exist with an individual septic system, and
central sewage is available. connection to that system is mandatory. The City Engineering
Department is willing to release information regarding individual water and sewer hook-ups
if a street address is supplied.

Control of Stormwa ter

A number of controls can be applied to existing stormwater systems to improve the water
quality and reduce the impact on the lake. These are:

- screening devices to collect trash and leaves coming from a stormwater outfall to the lake,

- pollution control devices (PCD) to control sediments and their attached pollutants i.e.
metals, nutrients (screens. underground exfiltration pipes and catch basins),

- routine maintenance of storm sewer inlets and manholes.

- street sweeping,

- development of guidelines relative to municipal and private activities such as fertilizing,
maintaining shoreline vegetation, litter control, etc., and

- publicize the problems associated with stormwater runoff to promote public awareness.
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It is recommended that stormwater runoff from any future development be diverted from the
~Jike._However, it is occasionally impractical and financially not feasible to divert all urban

runoff from surface water courses. For these instances, incorporation of other forms of water
quality controls are available and recommended. For instance:

- on-line retention/detention - stored prior to discharge to surface waters ,

- off-line retention - diversion and infiltration basins with no discharge to surface waters, and

- vegetated swales - transports and infiltrates runoff (land required for efficientswale isusually
restrictive forresidential developments, therefore,swale berms or on-line retention/detention
ponds are necessary).

- wetland areas - act as natural retention/detention ponds (physical and biological removal of
stormwater pollutants)

The use of buffer zones or green belts bordering surface waters should be incorporated into
the design of any future development

Fjsbina Potential

The morphoedaphic index (MEl) is a useful fish yield indicator developed by Ryder (1965)
and later redefined by Ryder et al (1974). It is simplistic in its application as only basic
limnological measurements are required for the calculation. The MEl is obtained by dividing
the total dissloved solids (IDS) in milligrams per litre, by the mean depth (z) in metres, of a
lake. It is expressed simply as:

MEI= .IDS.

z

For the purpose of calculating MEl, IDS may be equated with salinity. Where salinity was
not measured directly during the study, it can be estimated with acceptable accuracy from
values of specific conductance (Hutchinson, 1957).

Once the MEl is obtained, the potential angling yield per unit surface area (kg/ha/yr) can be
determined from the graph in Figure 11. The annual yield is the product of the angling yield
per unit area and the lake surface area. The MEl-angling yield relationship gives an ap­
prozimation only. Up to eight-fold differences occurred between estimares and realized yields
in the original data set used to generate the index. Also, the yields calculated for Williams
Lake may be a slight over-estimate due to the excess concentrations of chloride from road
deicing. Chloride is essentially unrelated to fish yield yet it is a major contributor to IDS.
The fish yield estimate does not differentiate between species of fish. American eel, catfish,
carp, rainbow trout and speckled trout, all known inhabitants of Williams Lake (McKinnon)
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are the species of fish making up the bulk of the potential yield Two sources of addition
angling yield to lakes are anadromous species (Atlantic salmon, sea trout gaspereaux, shad,
etc.) and stocked fish. Both are not included in the estimate. The contribution of anadromous
species, in alllikelyhood, is zero due to the presence of the dam structure at the outlet of the
lake. Hatchery stocking, however, has contributed between 0.7 and 13.6 kg/ha/yr since 1976
(Table A-6, Appendix). These figures translate into 29.2 and 593.6 kg of speckled trout
released into the lake annually.

The MEl for Williams Lake in 1991 (based on a mean of annual specific conductance
volume-weighted means for Stations 1~ 3 and 4 of 210 umhos/cm or salinity (TDS) equalling
121mgIL and a whole-lake mean depth of 4.0 m) is30 (unchanged from values calculated from
data contained in reports produced by Dean and Lister (1971) and Underwood and Josselyn
(1979) of 28.5 and 29.5, respectively, equivalent to an estimated angling yield per unit surface
area of 5.7 kg/ha/yr, The estimated lake anglingyield, not including fish released into the lake
by the provincial Department of Fisheries as part of the stocking program, is 250 kg/F. It
should be remembered that this estimation of angling yield is based on a salinity measurement
which is influenced by deicing salts. A more accurate estimate may be that based on sodium
chloride levels observed in similar lakes which do not have salt applied to their watersheds in
the winter months. Underwood and Josselyn (1979) suggested that sodium chloride levels in
Williams Lake are up to ten times higher than such lakes, in which case, the estimated angling
yield prior to hatchery stocking would be 30 kglyr.

Comments received from residents suggested that the fishery in Williams Lake is secure in
that the recreational demand is being satisfied. The return of a pair of common loons to the
lake each year is an indication that the supply of fish for occupancy and reproduction is
adequate. It is estimated that a pair of breeding loons requires 160 kg of fish to fledge one
chick or 240 kg for two chicks (Kerekes, 1989). The demand on the resource by the remaining
consumptive components (humans, wildlife i.e. mink, herons etc.) is uncertain and should be
investigated A creel census is one form of monitoring which can easily be implimen ted by the
Williams Lake Conservation Company.

Dam Structure

The current functions of the dam structure at the outlet of Williams Lake are to maintain some
form of lake level consistency (observed fluctuations of up to 60 em for this study) and
allowance ofa discharge to maintain a source of water supply for the Royal Nova Scotia Yacht
Squadron (Ri~SYS) and the Saraguay Club downstream from the lake. If a new spilling
structure were to be constructed (one in which water flows over the dam), it should reduce the
maximum water level to which the lake lowers each year by eliminating losses due to dam
leakage. Maintaining a higher lake level during the summer months may reduce plan t growth
in the shallower basins and also the area of exposed sediments from which odours eminate.

. The implication of this leakproof structure, however, is that a low or no flow situation may
occur downstream at the intake supplying the RNSYS and the Saraguay Club during times
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when Williams Lake is not spilling. These facilities could be forced to install a water supply
line to the lake itself or seek an alternate source.

Summary

Williams Lake consists of two main sub-basins. The trophic status of the larger and deeper
basin is oligotrophic. The shallower basin is sectioned into three areas which are seen to
support extensive amounts of plant growth during the growing season. This area, as well as
Martins Pond, an area separated from the lake proper by Wyndrock Drive, receive the majority
of urban runoff from the watershed and act as retention/detention ponds for the main. deep
basin of Williams Lake. One part ofWilliams Lake loca ted at the base ofAcom Drive isunder
stress caused by the high nutrient and bacteria levels contained in stormwater draining to it.

Sodium chloride levels in Williams Lake have declined over the last 15 years. A study
performed in 1976-77 observed a mean chloride value of 58.9 mg/L. while this study found a
mean chloride content of-ki.O rng/L The main reasons for this change are thought to be related
to the adoption of sand instead of salt as a traction agent used during the winter months and
the removal of a Deprtment of Transportation salt storage facility from the watershed.

The impact of stormwater drainage at the present time seems to be localized and restricted to
Martins Pond and those areas of Williams Lake in close proximity to the outfalls. Water quality
controls which could reduce the current impact of storm drainage on Williams Lake and
Martins Pond include: street sweeping, maintenance of catchbasins. development of
guidelines relative to municipal and private activities, in particular. fertilizing, litter control,
pet maintenance and public feeding of water fowl. and publicize the problems associated with
stormwater runoff to promote public awareness. With respect to any future developments. it
is recommended tha t stormwater be diverted from Williams Lake and surface waters draining
to the lake . If inappropriate. controls should include on-line retention/detention ponds,
off-line retention ponds, vegetated swales and utilization or development of wetland areas.
The incorporation of buffer zones or green belts is also suggested.

A freshwater fishery exists in Williams Lake. It is supplemented by annual hatchery stocking
by the Department of Fisheries. Since 1976, speckled trout stocking has added between 0.7
and 13.6 kg/ha/yr to the lake. The estimated angling yield of the lake based on the mor­
phoedaphic index, which does not include stocking amounts, is 5.7 kg/he/yr. An estimate
adjusted for the effects of salinity derived from deicing activities, which may be closer to the
actual case. is 0.7 kg/ha/yr, The existence of a breeding pair of loons and remarks of residents
suggest that the supply of fish. both natural and stocked, is adequate to satisfy the current
demand level on this resource. It would be beneficial to the Williams Lake Conservation
Company Ltd. if a representative was to contact the Department of Fisheries to obtain and
discuss information pertaining to the fishery of Williams Lake. Of particular interest to the
Company may be the status and purpose of the stocking program, the ability of the lake to
maintain a natural fish stock. the merits of incorporating a fish-ladder into the design of any
new dam structure, and specific efforts of the Company which would benefit the resource.
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The replacement of the current dam with a spilling structure would probabily reduce the
maximum level to which the lake lowers each year by eliminating the current losses due to
leakage. The higher summertime lake levels may reduce the plant growth in the shallower
basin and the area of exposed sediments from which obnoxious odours originate. The
implication of the new structure, however, is that low or no flow periods may occur downstream
in the brook draining Williams Lake from which the Royal Nova Scotia Yacht Squadron and
the Saraguay Club draw their water supply. These facilities may be forced to run a supply line
directly to the lake or develop a groundwater well.
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Appendix

Included in this section are the following Tables:

Table A-I Chemical and Bacteriological Water Quality for 5 Sampling Dates .

Table A-1 Stormwater Quality, Inlets 2 and 4.

Table A-3 Station 1 Volume-Weighted Composite Metal Scan Data.

Table A-4 Lake and Stream Mean Values for Selected Water Quality Parameters.

Table A-5 N.S.D.H. Fecal Bacteria Data, 1986-9l.

Table A-6 Fish Stocking History of Williams Lake, 1976-90.

Table A-7 Acceptable Raw Water Quality Levels for Drinking Water Supplies.

Table A-8 Objective Levels for Raw Water Used as a Drinking Water Source.

Table A-9 Guidelines for Livestock and Wildlife Watering.

Table A-I0 Guidelines for the Protection of Freshwater Aquatic Life
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Stormwater Quality, Inlets 2 and 4
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. TABLE A.-5

FECAL BACTERIA COUNTS/lOa ML FOR LAKE STATIONS
MONITORED BY NOVA SCOTIA DEPARTMENT OF HEALTH. 1986-91

Map Location 1 2 3 4
(Figure 1) Williams Wyndro~k Birchview Martins Pond

Lake Outlet Drive Drive Cunard Beach
Date (Dam)

June 18/86 6
June 26 2 18 12
July 2 2 4
July 8 a 34 2 16
July 17 600
July 22 6 80 6 42
July 29 30 80
Aug 7 2 10 a 160
Aug 12 4 24
Aug 20 40 60 50 700
Aug 22 84
Aug 26 16 720

June 23/87 a a 2
June 30 a a a
July 7 a 12 144
July 14 4 4 30
July 21 2 70 1 ,800
July 23 900
July 28 a 6 24
August 5 a 14 34
August 11 a 2 14
August 18 2 20
August 25 4 22 400
September 1 10 20 10

June 24/88 24 20 30
July 5 90
July 12 22 22 100
July 19 120
July 26 4 100 700
July 18 124
July 24 80
August 2 1,000
August 9 10 66.
August 16 6 18 28 600
August 18 30
August 23 10 60
A.ugust 30 60

June 28/89 76
July 6 2 6
July 11 10 10 126 60
July 18 12 6
July 25 6 ·. 2 24 18
August 1 a 2
August 9 . 8 16
August 15 6 28 14
August 22 8 240

3,.4

_.- .. ....",., -_._._._-_._.- .__......."_- --
____ _ _ _ _ _._.... .. ... .-.. ,........ - •• ._.___ •• _ _ ..._.••_. _.•• .__ -r--_ __... ...... -.- ....,



,

August 29 10 38 0

June 26/90 2 14 86
July 4 16
July 10 16 1,000 6
July 17 14
July 24 6 90 84
July 31 8
August 7 8 100 67
August 14 36
August 21 0 4 4
August 28 12

June 26/91 6 12 8
July 5 0
July 10 2 10 4
July 18 26
July 24 2 22 20
July 31 6
August 9 80 20 84
August 14 20
August 21 560 460 70
August 28 140

Guideline: Nova Scotia Department of Health beach closure limit is 200
counts/100 mL.
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TABLE A-6
Fish Stocking History of Williams Lake

1976 - 90

IDate Class Lenqth ~Neiqht TWeiQht NumF:sh Tl'//Yr NF/yr ~(Q!h8lyr

09107/90 ,) 22.0 152 75.5 500.:.

25106190 'I 22.0 152 91 .0 600t:

11 /06190 .) 22.0 1h'1 151 .0 1000.. ", i..

141D5/90 .) 21.0 130 162.5 1 'j U t.. 1L. -.l V

06/04190 1 19.0 114 11 3.6 1000 593.6 4350 13.6
15105189 n 20.0 114 114.0 1000L

24104189 2 20.0 114 114.0 1000 228.0 2000 5.2
17/05/88 2 19.1 91 90.7 1000
25/04/88 n 21 .6 90 90.7 1000 181.4 2000 4.1c
15i06td7 2 20.3 121 120.5 1000
10106187 'j 19.2 100 100.0 1000..
13/05187 Ii 17.9 80 80.0 1000 300.5 3000 6.9<-

15i05/86 ~ 35.0 1000 94.0 94'"
15105/86 2 17.4 59 66.6 1125 160.6 1220 3.7
22/10/85 1 12.6 M) 79.4 3541t...

116104185 2 16.7 51 103.6 1999 1330 5540 4.2
,I 3Ot10i84 i 13.4 26 105,5 3988I 08106184

1\ 18.7 73 264.7 3600 370.2 7598 3.5(.

I 08J11 /82 1 15.0 38 111 .6 2868 111 ,6 2868 2.5
I 08l09i81 1 15.0 51 120.0 2328 120.0 ,j I'J '1 0 ., "l

I '::'~ L U i. . 1

14/1 0/80 1 17.4 62 126.0 2003 126.0 2 00 ~: 2.9
13109/79 . 12.1 17 50.5 2924 50.5 2924 1.2I

06109178 1 11 .5 14 29.2 2000 29.2 2000 0.7,
25108176 1 12.5 H1 78.5 401 1 78.5 4011 1.3' '''

Totals 2533 41 842

Class= 1-tingerling,2-ye8l1ing, 3-1rophy
Length= forklength in centimetres
IWeight= average indiviljual weightingrams
T'Neight= total weight in 1<i1ograms
NumFish=number of fish released
Wllyr= total weight of fish released inaI~i\len year
Nf~u: total number of fisfl released in agiven year
kglhalyr= ki lograms of fish released per hectare per yeer
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TABLE A-7
ACCEPTABLE RAW WATER QUALITY LEVELS FOR DRINKING WATER SUPPLIES

PARAMETER LEVEL REFERENCE

ALKAL INITY. TOTAL. as CaC03 GE 30 mg / L DEPT. OF NAnONAL HEALTH & WELFARE. CANAD A. 1969

LE 500 mg /L
AMMONIA. as N LE 0.5 mg/L DEPT. DF NATION AL HEALTH & WELFARE. CANADA. 1969

ARSENIC. as As LE 0.01 mg / L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

BACTERIA. FECAL COLIFORM LT 100 NO.laL DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

BACTERIA. TOTAL COLIFORM LT 1000 No.ldL DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

BARIUM. as sa LT 1.0 mg/ L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

BORON . as B LT 5.0 mg / L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

CADMIUM. as Cd LT 0.01 mg/ L DEPT. OF 'NATIONAL HEALTH & WELFARE. CANADA. 1969

CALCIUM. as Ca LE 200 "'9/ L DEPT. OE NATIONAL HEALTH & WELFARE. CANADA. 1969

CHLORIDE. as CI LE 250 "'9
'
L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

CHROMIUM. as Cr(VI) LT 0.05 mg l L DEPT. OF NATIO NAL HEALTH & WELFARE. CANADA. 1969

COLOUR LE 15 TCU DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

COPPER. as Cu LE 1.0 mg / L DEPT. OF NAnON AL HEALTH & WELFARE. CANADA. 1969

CYANIDE. as CN LE 0.0 1 mg /L DEPT. OF NAnONAL HEALTH &·WELF ARE. CANADA. 1969

FLUORIDE. as F LE 1.4 mg/L DEPT. OF NAnON AL HEALTH & WELFARE. CANADA. 1969

HARDNESS. TOTAL. as Cac 0 3 LE 120 mg /L DEPT. OF NAnONAL HEALTH & WELFARE. CANADA. 1969

IRON. DISSOLVED. as Fe LE 0.3 mgl L DEPT. OF NATION AL HEALTH & WELFARE. CANADA . 1969

LEAD. as Pb LT 0.05 mg /L DEPT. OF NATION AL HEALTH & WELFARE. CANADA. 1969

MAGNESIUM. as Mg LE 150 mg / L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

MANGANESE. as Mn LE 0.05 "'9 / L DEPT. OF NAnONAL HEALTH & WELFARE. CANADA. 1969
MERCURY. as Hg LE 2 fL g /L US. ENVIRONMENTAL PROTECTION AGENCY. 440 / 9·7 6-0 23

NrmATE + NrmITE. as N LT 10.0 mglL DEPT. OF NAnONAL HEALTH & WELFARE. CANADA. 1969

NITRITE. as N LE 1.0 mg / L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73.033

ODOUR LE 4 TON DEPT. OF NAnONAL HEALTl;f & WELFARE. CANADA. 1969

OIL AND GREASE NO mg/L ENVIRONMENTAL STUDIES BOARD. 1973. EPAR3.73.033

pH GE 6.5 DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

LE 8.3
PHENOUC SUBSTANCES. as PHENOL LE 0.00 1 mg/ L US. ENVIRONMENTAL PROTECTION AGENCY. 440 / 9-76-023

PHOSPHATE. TOT.lNORG.. as P LE 0.065 mg/L DEPT. OF NATIO NAL HEALTH & WELFARE. CANADA. 1969

PHOSPHATE. TOTAL as P LT 100 fLg / L US. ENVIRONMENTAL PROTECTION AGENCY. 440 /9·76-0 23

PHOSPHORUS . as P LE 0.2 "'9 / L HART. 1974. AUSTRAL WAT. RES. COUNCIL TECH. PAPER 7
a- RADIATION. TOT AL LE 0.5 pCilL ENVIRONMENTAL STUDIES BOARD. 1973. EPAR3.73.033

f3- RADI AnON. TOTAL LE 5 pCi/ L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73.033

SELENIUM. as 50 LT 0.01 "'9 / L DEPT. OF NAT IONAL HEALTH & WELFARE. CANADA . 1969

! ( SOOIUM. as Na LE 270 mg /L HART. 1974. AUSTRAL WAT. RES. COUNCIL. TECH. PAPER 7

I SULPHATE. as 504 LE 500 mg!L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

:< 1
SULPHIDE. as H2S LE 0.3 mg / L DEPT. OF NAnONAL HEALTH & WELFARE. CANADA . 1969

SURFACTANTS. as MBAS LE 0.5 mg/L DEPT. OF NATION AL HEALTH & WELFARE. CANADA . 1969
< TEMPERATURE. OC LE 15 OC DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

TOTAL DISSOLVED SOLIDS LE 1000 mg i L DEPT. OF NAnONAL HEALTH & WELFARE. CANADA. 1969

TURBIDITY LE 5 JTU DEPT. OF NATION AL HEALTH & WELFARE. CANADA. 1969

URANYL ION. as U02 LE 5000 fL g / k ". DEPT. OF NATION AL HEALTH & WELFARE. CANADA . 1969

ZINC. as Zn LE 5.0 mg/L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA . 1969

!
i
!,
I
i

I

J

/ .
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TABLE A- 8
OBJECTIVE LEVELS FOR RAW WATER USED AS A DRINKING WATER SOURCE

PARAMETER LEVEL REFERENCE

AMMONIA. as N LE 0.01 mg/L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

ARSENIC. as As NO mg/l DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
BACTERIA. FECAL COLIFORM LT 10 NO.• dL DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
BACTERI A. FECAL STREPTOCOCCI LT 1 NO.!dL ONTAR IO WATER RESOURCES COMMISSION. 1970
BACTERIA. TOTAL COLIFORM LT 100 NO.•dL DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

BARIUM. as Ba ND mg/ L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

CADMIUM. as Cd NO mg/L DEPT. OF N~TlONAL HEALTH & WELFARE. CANADA 1969

CALCIUM. as Ca LT 75 mq /L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA 1969

CHLOR IDE. as CI LT 250 mg / L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA 1969
CHROMIUM. as Cr(VI) NO mg /L DEPT.-Oli NATIONAL HEALTH & WELFARE. CANADA.. 1969

COLOUR LT 5 TCU DEPT. OF NATIONAL HEALTH & WELFARE. CANADA 1969
COPPER. as Cu LT 0.0 1 rnq/L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

CYANIDE. as CN NO mg/ l DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
FLUORIDE. as F LT 1.2 mg/l DEPT. OF NATIONAL HEALTH & WELFARE. CANADA 1969
HARDNE SS. TOTAL. as CaC03 LT 120 mg / L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
IRON. DISSOLVED. as Fe LT 0.05 mq/ L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

LEAD. as Pb NO mg/L DEPT. OF NAT IONAL Ht:ALTH & WELFARE. CANADA 1969
MAGNESIUM. as Mg LT 50 rnq/L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA 1969
MANGANESE. as Mn LT 0.01 rnq-L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
NITRATE + NITRITE. as N LT 10.0 mg/ L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
ODOUR NO TON DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
PHENOLIC SUBSTANCES. as PHENOL NO mg/l DEPT. OF NATIONAL HEALTH & WELFARE. CANADA 1969
PHOSPHATE. TOT.INORG.. as P LT 0.065 mg / L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
RADIATION. TOT AL LT 10 pCl / L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
SELENIUM. as Se NO mg/l DEPT. OF NATIONAL HEALTH & WELFARE. CANADA 1969

SULPHATE. as SO. LT 250 rnq / L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
SULPHIDE. as H2S NO mgiL DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
SURFACTANTS. as MBAS LT 0.2 mq -L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA 1969
TEMPERATURE LT 10 °c DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
TOTAL DISSOLVED SOLIDS LT 500 mg,L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969
TURBIDITY LT 1 JTU DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

URANYL ION. as U0 2 LT 1000 I'- g ! L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

ZINC. as Zn LT 1.0 mg,L DEPT. OF NATIONAL HEALTH & WELFARE. CANADA. 1969

TABLE A-9
GUIDELINES FOR LIVESTOCK AND WILDLIFE WATERING

PARAMETER LEVEL REFERENCE

ALUMINUM. as AI LE 5 mg! L ENVIRONMENT AL STUDIES BOARD. 1973. EPA.R3.73 .033
ARSENIC. as As LE 0 2 mq.L ENVIRONMENT AL STUDIES BOARD. 1973. EPA.R3.73.033
BORON. as B LE 5.0 mq . L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73.033
CADMIUM. as Cd LE 0.050 mg / L ENVIRONMENT AL STUDIES BOARD. 1973. EPA.R3.73.033
CALCIUM. as Ca LE 1000 mg.L HART. 197' . AUSTRAL. WAT. RES. COUNCIL TECH. PAPER 7
CHROMIUM. as Cr LE 1.0 rnq.L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73.033

COB ALT. as Co LE 1.0 mg: L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73 .033
COPPER. as Cu LE 0.5 mg L ENVIRONMENTAL STUDIES BOARD. 1973. EPAR3.73.033
FLUORIDE. as F LE 2.0 mg. L ENVIRONMENT AL STUDIES BOARD. 1973. EPA.R3.73.033
LEAD. as PO LE 0 1 m9 L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73.033
MERCURY. as Hg LE 10 mq -t, ENVIRONMENT AL STUDIES BOARD. 1973. EPA.R3.73.033
MOLYBDENUM. as Mo LE 0.0 1 mg. L HART. 197' . AUSTRAL. WAT. RES. COUNCIL. TECH. PAPER 7
NITRATE + NITRITE. as N LE 100 mg L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73.033
NITRITE. as N LE 10 mg L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73.033
a- RADI ATION. TOTAL LE 0.5 pC, L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73.033

{3- RADIAT ION. TOTAL LE 5 pC,· L ENVIRONMENT AL STUDIES BOARD. 1973. EPA.R3.73.033

SELENIUM. as Se LE 0 05 mg 'L ENVIRONMENT AL STUDIES BOARD. 1973. EPA.R3.73 .033

SULPHATE. as SO. LE '000 mq.L HART. ' 97' . AUSTRAL. WAT. RES. COUNCIL TECH. PAPER 7

TOT AL DISSOLVE D SOLIDS LE 3000 mg ,L ENVIRONMENTA L STUDIES BOARD. 1973. EPA.R3.73.033

VANADIUM. as V LE 0 1 mg L ENVIRONMENT AL STUDIES BOARD. 1973. EPA.R3.73.033

ZINC. as Zn LE 25 mg · L ENVIRONMENTA L STUDIES BOARD. 1973. EPA.R3.73.033
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TABLE A-IO
GUIDELINES FOR THE PROTECTION OF FRESHWATER AQUATIC LIFE

PARAMETER LEVEL REFERENCE

ALDRIN LE 0.001 P.g /L INTERNATIONAL JOINT COMMISSION. 1977

ALKALINITY . as CaC03 GT 20 mg 'L US. ENVIRONMENTAL PROTECTION AGENCY. 440 /9-76-023

ALUMINUM. as "'1 LE 0.100 mg /L GREAT LAKES WATER QUALITY BOARD. 1976

...MMONl .... UN.IONIZED . as NH3 LE 0.02 mg lL US. ENVIRONMENTAL PROTECTION AGENCY. 440 /9-76-023

BERYLLIUM. as Be LE 0.011 mg /L US. ENVIRONMENTAL PROTECTION AGENCY. 440 /9-76-023

'Y - BHC. (LINDANE) LE 0.01 P.g /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/9-76-023

CADMIUM. as ce LE 0.003 mg lL US. ENVIRONMENTAL PROTECTION AGENCY. 440/9-76-023

CHLORDANE LE 0.01 P.g /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/9-76-023

CHROMIUM. as Cr LE 0.100 mg /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/9-76-023. .
COPPER. a. Cu LE 0.005 mg /L GREAT LAKES WATER QUALITY BOARD. 1976

CYANIDE. as CN- LE 0.005 mg /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/9-76-0 23

P.P' - DDT LE 0.001 P.g /L US. ENVIRONMENTAL PROTECTION AGENCY. 440 / 9- 76-0 23

DIAlINON LE 0.08 P.g /L GREAT LAKES WATER QUALITY BOARD. 1976

DIELDRIN LE 0.001 P.g /L INTERNATIONAL JOINT COMMISSION. 1977

Q - ENOOSULFAN LE 0.003 P.g /L US. ENVIRONMENTAL PROTECTION "'GENCY. 440 / 9-76-0 23
f3- ENOOSULFAN LE 0.003 P.g /L US. ENVIRONMENTAL PROTECTION AGENCY. 440 /9-76-023

ENDRIN LE 0.002 P.g lL INTERN...TIONAL JOINT COMMISSION. 1977

GUTHION LE 0.005 P.g /L GREAT LAKES W"'TER QUALITY BO"'RD . 1976
HEPTACHL OR LE 0.001 P.g /L US. ENVIRONMENTAL PROTECTION AGENCY. 440 /9-76-023

IRON. as Fe LE 0.300 mg /L GREAT LAKES WATER QUALITY BOARD. 1976

LEAD. as Pb LE 0.03 mg /L ENVIRONMENTAL STUDIES BOARD. 1973. EPA.R3.73.033

MALATHION LE 0.1 P.g /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/9-76-0 23

MERCURY. as Hg LE 0.2 P.g /L GREAT LAKES WATER QUALITY BOARD. 1976

P.P' - METHO XYCHLOR LE 0.03 P.g /L US. ENVIRONMENTAL PROTE~ON AGENCY. 440/9-76-023
MIREX LE 0.001 P.g /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/9-76-0 23

NICKEL as Ni LE 0.025 mg /L GREAT LAKES W"'TER QUALITY BOARD. 1976

OXYGEN. DISSOLVED. as 02 GE 4.0 mg /L DEPT. OF THE ENVIRONMENT. 1972, TECH. BULL. 67

PARATHION LE 0.008 P.g /L GREAT LAKES WATER QUALITY BOARD. 1976

pH GE 6.5 US. ENVIRONMENTAL PROTECTION AGENCY. 440/9- 76-0 23

LE 9.0
PHENOLIC SUBST...NCES. as PHENOL LE 0.00 1 mg /L US. ENVIRONMENTAL PROTECTION AGENCY. «0/9-76-023

PHOSPHATE. TOTAL. as P LT 0.050 mg /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/ 9- 76-0 23

PHOSPHATE. TOTAL as P LT 0.100 mg /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/9- 76-0 23

PHOSPHATE. TOTAL. as P LT 0.025 mg /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/ 9-76-0 23

POLYCHLORINATED BIPHENYLS LE 0.001 P.g /L US. ENVIRONMENTAL PROTECTION AGENCY. « 0/ 9-76-0 23

SUSPENDED SOLIDS LE 25 mg /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/ 9-76-0 23

SULPHIDE. as H2S LE 0.002 mg /L US. ENVIRONMENTAL PROTECTION AGENCY. 440 / 9-76-0 23

SURFACTANT S. as MBAS LE 0.5 mg /L UTTLE.1977
TOXAPHENE LE 0.005 P.g /L US. ENVIRONMENTAL PROTECTION AGENCY. 440/9-76-0 23

ZINC. as Zn LE 0.030 mg /L GREAT LAKES WATER QUALITY BOARD. 1976
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