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SUMMARY

A study to evaluate the status of water quality in Lower Beverley Lake was
carried out during the summer of 1971.

Lower Beverley Lake lies in the Smith Falls Limestone Plain which is
characterized by a relatively flat terrain with shallow overburden and poor
local drainage. Most of the soil belongs to the Parmington series which is
ttharacterized by a shallow layer of loam or sandy loam covering limestone
bedrock, Both the nature of the soils and topography surrounding the lake
can be considered as unsuitable for cottage development utilizing standard
subsurface septic tank systems.

During May, relatively uniform temperature and dissolved oxygen profiles
were apparent throughout Lower Beverley Lake. Three distinct temperature
zones with respect to depth characterized the deep-water stations during

the July and October surveys. During this period, depressed deep-water
concentrations of dissolved oxygen and elevated carbon dioxide levels
resulting from the decomposition of organic matter were observed. Dissolved
oxygen values in the deeper strata were not sufficient to maintain cold-water
species of fish.

The water is relatively hard but has no unusual mineral characteristics.
Relatively high surface pH values, resulting from photosynthetic activities
of algae, exceeded the criteria for recreational use, during the July and
October surveys.

Kjeldahl nitrogen and total phosphorus reached concentrations which could
be expected to support nuisance levels of algae.

Algal levels as measured by chlorophyll & concentrations were moderately high
during the May and July surveys and high during the October survey. Such
high algal densities are capable of severly reducing water-oriented
recreational sctivities and diminishing the aesthetic gquality of the lake.

iv



Generally, the lake had good bacteriological water quality, well within the

OWRC recreational use criteria.

Delta Creek during the 1970 and 1971 surveys appeared to be contributing a
continuing bacterial input accordingly. The District Engineer's Section of
the Ministry of the Environment will be conducting a water pollution sSurvey of

Delta Creek in 1973.

In view of the high nutrient concentrations and chlorophyll a levels, every
effort should be made to prevent any direct flow or leachate from domestic
waste disposal systems OT other potential sources of pollution from gaining
access to Lower Beverley Lake.



INTRODUCTION

Maintenance of good water quality in recreational lakes in the Province of
Ontario is of vital concern to the Ontaric Ministry of the Enviromment and
other governmental agencies involved in tourism and the control and
management of shoreline development of cottages and resorts. In 1970 an
interdepartmental program was established to survey a number of recreational
lakes in order to detect and correct sources of water pollution and ensure
that our lakes would be well managed to protect water quality. The Ontario
Department of Health, whose jurisdiction in the program was transferred to
the Ministry of the Enviromment would carry out on-shore inspection and
correction of faulty private waste disposal systems, whereas the Ontario
Water Resources Commission (now within the Ministry of the Enviromment) would
evaluate the existing water quality of the respective lakes. A record of the
present status of the private waste disposal systems and the lake water

quality would also be documented for comparative use in any future studies.

Recreational lakes are subjected to two major types of water quality impairment;
bacteriological contamination and excessive growths of algae and aquatic

weeds (eutrophication). The two problems may result from a common source of
wastes but the consequences of each are quite different. Bacteriological
contamination by raw or inadequately treated sewage poses an immediate public
health hazard if the water is used for bathing. In order for this to occur,
raw wastes or septic tank effluents must gain entry to the lake although it may
not be obvious upon visual inspection of the site. It must be noted that no
surface water is considered safe for human consumption withour prior treatment
including disinfeetion. The algae and weed growths impair aesthetic values

and recreational use of a lake but seldom pose a health hazard. There are
nutrient sources other than sewage wastes which do not create serious

bacterial hazards but do support nuisance plant growths such as agricultural
fertilizer losses and normal nutrient runoff from forest and field.

In order to carry out its responsibility of evaluating the status of water
quality in recreational lakes, the Ontario Water Resources Commission
undertook a study on Lower Beverley Lake in the summer of 1971. A preliminary
survey of the lake was carried out in July, 1970 (OWRC 1970).




Three surveys were conducted in 1971; a spring survey from May 15 to 19, a

mid-summer survey from July 9 to 13 and a fall survey on October 18, 19, 20 and 22.
These studies included the assessment of bacteriological, physical, chemical

and biological conditions of the lake with stress being placed on the
bacteriological and nutrient enrichment problems.

Sampling surveys were conducted on an intensive basis (sampling each day for
a minimum of five days) which is required for a reliable assessment of
bacterfological conditions. However, due to technical diffficulties, Lower

Beverley Lake was sampled on only four days during the fall survey.

In addition to the results obtained from these studies, information from other
governmental agencies has been incorporated in this report which is the
Ontario Water Resources Commission's contribution to the Interdepsrtmental
Task Force Report which will deal with the overall cottage pollution control

program in Ontario.




AREA DESCRIPTION
Geography and Topography

Lower Beverley Lake is located in the Townships of Bastard, South Crosby
and Rear of Leeds and Lansdowne, County of Leeds, approximately 48 kilometers
(30 miles) north-east of the City of Kingston.

Lower Beverley Lake has a surface area of 8 square kilometers (3 square miles)
and a shoreline length of 44 kilometers (27 miles). It is a relatively flat-
bottomed lake with a maximum depth of 26 meters (B85 feet) and a mean depth

of 9 meters (30 feet). Its total volume is approximately 70 cubic hectometers
(56,900 acre feet).

The immediate watershed of the lake excluding the waters flowing into it from
Upper Beverley Lake, consists of 168 square kilometers (65 square miles) of
iand characterized by a flat to gently sloping terrain, lying within the

Smith Falls Limestone Plain, This plain is characterized by relatively flat terrain
with shallow overburden and poor local drainmage. The surrounding area
consists mostly of loam type soils and rock outcrop. The area surrounding the
north half of Lower Beverley Lake belongs to the Farmington series of soil
which is a thin, stopne-free glacial till overlying a limestone bedrock.
Generally, there is several inches of overburden. The peninsula between
Wellys Bay and Kendricks Bay has a gently sloping topography and belongs to
the Hinchinbrooke soil series which 15 a poorly drained, stone-free, fine
sandy loam. It is generally found in long narrow channels, bordered by
Precazbrian rock, which were inlets of a former past glacial lake, The

so0il usually has a high water table for most of the year. Most of the west
shoreline of the west branch of Lower Beverley Lake and the area between the
east shore of Kendricks and Halladay bays belongs to the Rockland serles.

This series is comprised of 50 to 90 per cent granite and granite gneiss
thinly covered with a mixture of humus and sand overburden, with small
deposits of deeper soil materials in crevices. The southern portion of the
west arm of Lower Beverley Lake consists of the Muck goil series which is made

up of organic deposits found in old glacial spillway channels and other




depressional areas. Normally there is 46 centimeters (18 inches) or more
of organic material overlying the mineral soil. The organic matter is
comprised primarily of partially decomposad remains of sedges and trees.
In most of the area surrounding the lake, the overburden is less than the
minimum of five feet required by the Ministry of the Enviromment for

jnstallation of standard subsurface septic tank systems.
Climate Range

The area has a mean daily temperature of -8°C (17°F) {n January and a mean
daily temperature of 21% (b9°F) in July. The mean annual precipitation is
89 centimeters (35 inches) including 200 centimeters (80 inches) of snow.
According to meteorological reports, the area enjoys over 200 days yearly
with no measurable precipitation. The summer climate is conducive to most
recreational activities and the winter with its abundance of snow provides

for participation in most winter sports.
Water Movement

Lower Beverleylake is part of the St. Lawrence River Terminal Drainage Basin
and is fed by four tributaries; Morton Creek, located at the south end of
Osk Bay; Farnham Creek, located at the morth end of the west branch of the
lake; Cooligan Creek, located at the north end of the lake; and Delta Creek
the main inlet which flows from Upper Beverley Lake and enters the lake via
Lower Beverley Lake Park. The only outlet is Lyndhurst Creek, which flows
out of the south-east end of Halladay Bay (Figure 1). Lyndhurst Creek
eventually reaches the St. Lawrence River via the Gananoque River. There
sre dams on both Lyndhurst and Delta Creeks located in the communities of
Lyndhurst and Delta respectively which are owned and operated by the
Ministry of Natural Resources. The water level of the lake fluctuates 76

centimeters (2.5 feet) seasonally.
Shoreline Development

The east and south-west shoreline, with the exception of the east shore of
Halladay Bay and the south-west shore of Kendricks Bay, is well developed
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with 90 per cent of the lake's 200 cottages. There are two public swimming areas
on the lake; Kendrick's Park and Lower Beverley Park (Figure 1). The latter

can facilitate 40 to 50 tents and trailers. The central wash room facilities
are provided with cold and hot rumning water and sewage disposal facilities

consisting of a septic tank system. There are no marinas located on the lake.

Water Usage

The majority of cottage owners use the lake water as their source of domestic
water supply. The lake supports recreational water sports such as fishing,
boating, water skiing and swimming. According te information available from
the Ministry of Natural Resources, the lake offers a2 sport fishery of northern
plke, smallmouth bass and largemouth bass. The coarse fish in the lake are
pumpkin seed, bluegill, rock bass, brown bullhead, yellow perch, white sucker
and american eel. The sport fish have good spawning facilities in the lake.
Stocking of fry and fingerlings of smallmouth and largemouth bass has been

carried out since 1951.

At the present time there are no direct dischsrges of wastes into Lower
Beverley Lake from municipal sewsge treatment facilities. The area residents
are provided with two municipal solid waste disposal sites within 1.6
kilometers (1 mile) of the lake, located on Lot 25, Concession VII, Bastard
Township and Lot 5, Concession I, South Crosby Township. Both sites appear

to be satisfactory and are not posing any pollution hazards to the lake.




FIELD AND LABORATORY METHODS
Physical, Chemical and Biological Field Methods

Water quality surveys were conducted from May 15 to 19, from July

9 to 13 and from October 19 to 22. Four near-shore stations (2, 9,

22 and 37), as well as three mid-lake stations (34, 35 and 36) were

selected for physical, chemical and biological sampling. Near-shore

stations were adjacent to inlets and outlets.

Dissolved oxygen and temperature profiles were determined daily in the
field using a combination dissolved oxygen-telethermometer unit. Total
alkalinity and free carbon dioxide were measured daily titrimetrically

and pH was measured with a portable pH meter. paily chlorophyll samples
were collected in 32-ounce bottle, at each station, utilizing a composite
sampler lowered through the euphotic zone (2X Secchi disc) and immediately
preserved with 10-15 drops of a 2% H3003 suspension.

At least once per year, a 32-ounce sample for hardness, alkalinity, chloride,
total phosphorus, total Kjeldahl nitrogen, irom and conductivity was col-
lected at mid-lake statioms as well as at the major inlets and outlets.

The mid-lake stations were sampled using 2 composite sampler through the
euphotic zone. At {nlets and outlets, samples were collected from 1 meter

of depth using a Kemmerer samplet.

At stations 34 and 35 one sample for total phosphorus, total Kjeldahl
nitrogen and iron was obtained by means of a Kemmerer sampler from a depth

of 1 meter above the bottom on October 22.
Physical, Chemical and Biological Laboratory Methods

All analyses were carried out using routine OWRC methods based on
Standard Methods 13th Edition.

Iron was measured after the sample had been digested with acid to dissolve

all forms of iron present.

Kjeldahl nitrogen and total phosphorus were determined after the gample
was digested with acid and an oxidizing agent to destroy organic matters.

For chlorophyll determinations, 1 liter samples were filtered through

a 1.2 u membrane filter which was then extracted with 90% acetone for 24
hours. Absorbance of the extract was determined at wavelengths 600 teo

750 mu using a Unicam SP1800 ultra violet spectrophotometer. The concentrat
of chlorophyll a were calculated using the equation given by Richards and

Thompson (1952). -



Bacteriological Field and Laboratory Methods

Five-day intensive bacteriological surveys in May and July and a 4-day
survey in October were completed on lower Beverley Lake, Thirty- seven
surface samples were taken daily as well as four depth samples at Statioms
27D, 34D, 35D and 36D.

Surface samples were collected at a depth of one metre below the surface
using sterile, autoclavable polycarbonate 250 ml bottles. Depth samples

L1}

were collected one metre above the bottom using a modified "piggy back"

sampler and sterile 237 ml evacuated rubber air syringes.

All samples were stored on ice and delivered to the mobile laboratory within

two to six hours and analyzed for total coliforms, fecal coliforms and fecal
streptococcus using the membrane filtration technique (MF) (Standard Methods,
13th Edition) except that m-Endo Agar Les (Difco) was used for total coliform
and MacConkey membrane broth (Oxoid) was used for fecal coliform determinations.
The total coliforms (TC), fecal coliforms (FC) and fecal streptococcus (FS)

were used as "indicators" of fecal pollution. The "indicators" are the normal
flora of the large intentine, and are present in large numbers in the feces of
man and animals. When water is polluted with fecal material, there is a potent-

ial danger that pathogens or disease causing microorganisms may also be present.

The coliform group is defined, according to Standard Methods, 13th Edition, as
"311 of the aerobic and facultative anaerobic, gram-negative, non-sporeforming
rod-shaped bacteria which ferment lactose with gas formation within 48 hours
at 35°C and, or "all organisms which produce a colony with a golden-green
metallic sheen within 24 hours of incubation" using the MF technique. This
definition includes, in addition to the intestinal forms of the Escherichia

coli group, closely related bacteria of the genera Citrobacter and Enterobacter.

The Enterobacter - Citrobacter groups are common in soil, but are also

recovered in feces in small numbers are their presence in water may indicate
soil runoff or, more important, less recent fecal pollution since these
organisms tend to survive longer in water than do members of the Escherichia
group, and even to multiply when suitable environmental conditions exist. A
more specific test for coliforms of intestinal origin is the fecal coliform
test, with incubation of the organisms at 44.5°C. Though by no means

completely selective for Escherichia coli, this test has proved useful as an

indicator of recent fecal pollution.
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Fecal streptococci (or enterococci) are also valuable indicators of recent
fecal pollution. These organisms are large, ovoid, gram-positive bacteria,
occurring in chains. They are normal inhabitants of the large intestine

of man and animals, and they generally do not multiply outside the body.

In waters polluted with fecal material, fecal streptococei are usually found
along with coliform bacteria, but in smaller numbers, although in some waters
they may be found alone. Their presence, along with coliforms, indicates
that at least a portion of the coliforms in the sample are of fecal origin.

Bacteriological Statistical Method s

Fluctuations in bacterial concentrations due to changing envirommental
conditions require that a great number of samples be taken to arrive at a
mean value which is representative of a specific sample location or sampling
area, The most sppropriate mean for bacterial levels and this type of data
is the geometric mean. The vast quantities of bacteriological data generated
from these samples necessitated the development of additional statistical
methods te summarize the mean results into a more concise presentation. The
statistical methods used are based on the analysis of varfance. The stations
on the lake can be grouped, by this method, Into areas or groups of stations
within the same statistical bacterial level, without the bias normally

associated with manual interpretation.

The analysis of variance is particularly effective where bacterial concentrations
vary slightly throughout the lake. Areas or stations with slight differences in
bacterial concentration may be fsolated. Areas or stations with statistically

higher bacterial numbers reliably indicate an input,

The results from all the analyses were organized as replicates representing

the stations during the survey perled. All data were transformed to logarithms
(base 10) and all further analyses were done using these transformed data.

A geometric mean (the antilogarithm of the average of the logarithm) was

calculated on each stations and for each parameter. The validity of the




analysis of variance program (ANOVA-CRE; Burger 1972), was based on the
assumptions that the variances of all the stations were similar (Bartlett's

test of Homogeneity) and that the data were normally distributed.

Both of these assumptions were checked on Lower Beverley Lake. The
Bartlett's test was found to be non-significant and the data followed a
normal distribution, hence the analysis of variance (F-test, Sokal, 1969)

was calculated on all stations.

If the F was significant, then the multiple-t test was used to help determine

the stations which should be deleted from the overall group to yield a
homogeneous group of stations. The withdrawn stations were regrouped with
respect to geographic proximity and similar means. The calculations on all
groups were repeated using the analysis of variance program until each

discrete group was homogeneous. The homogenecus groups that were geographically
isolated were compared by means of the Student-t test (using the log M and S.E.)
which indicated the statistical difference between these groups. The Student-t

test was also used to compare the grouped bacteriological data from the three

SUrveys.




DISCUSSION OF RESULTS
Temperature and Dissolved Oxygen

During the survey conducted in May, only minor temperature differences
were apparent between surface and bottom waters (Figure 2). Dissolved
oxygen concentrations, which differed up to S50% saturation between surface
and bottom strata, were sufficient to maintain aquatic life.

In July, & well-defined thermocline or zone of rapid temperature decline

was apparent between 5 snd Tm (Figure 2b). This temperature zone serves as

a physical barrier to mixing between the warmer upper vaters (epilimnion) and
the cool bottom waters (hypolimnion). Depending on the station, the epilimnion,
thermocline and hypolimnion were characterized by dissolved oxygen concentrations
ranging from 73 to 129% saturation, 5 to 80% saturation, and 1 to 34% saturation
respectively. The deep-water oXygen depletion resulted from bacterial oxidation
of organic matter, biologicsl respiration and chemical oxidation.

puring the October survey, the zone of rapid temperature decline at Station 35
(Figure 3a) was located fm deeper than during the preceding survey. This
phenomenon was in keeping with the expected seasonal change and is characteristic
of small inland recreational lakes. Uniform temperatures, with respect to

depth, were present at the shallow Station 36 (Figure 3b). At Station 35 a
rapid dissolved oxygen decline, from 72 to 1% saturation (Figure 3a), occurred

{n the thermocline, In fact, dissolved oxygen concentrations below 10m were
extremely low or asbsent. For the period July 12 through to October 22, dissolved
oxygen concentrations in the thermocline and hypolimnion were not sufficient to
maintain cold-water species of fish such as lake trout, white fish and herring.
Additionally, concentrations were below the criteria established for public

surface water supplies.
pH, Free Carbon Dioxide and Total Alkalinity

Mean surface pH values for the mid-lake stations were 7.9, 8.7 and 8.6

for the May, July and October surveys respectively. As a result of the
relatively high photesynthetic activity by algae, pH values were generally
higher in the surface waters than the deeper strata., For example, on July 10,
1571, at Station 35, values at 1 and 19m were 8.7 and 7.2 respectively. The
surface pH during the latter two surveys was in excess of the limit (8.3)
considered to be suitable for most water oriented recreational activities.
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Surface water concentrations of carbon dioxide were low throughout the
year vhile bottom water values were high when conditions of thermal strat-
{fication were present. Specifically, at station 34 on July 11, 1971, con-
centrations were 0.0 and 9.7 mg/1 at 1 and 21.5m regpectively. The high
carbon dioxide levels (as well as the above mentioned depressed pH values)

in the bottom waters were related to conditions of organic decomposition.

Total alkalinity values were consistently higher {n the bottom waters in-
dicating that the release of bicarbonate in conjunction with calcium,
magnesium, iron, manganese and ammonia from sediments was occurring through
bacterial and chemical action. For example, at Station 36 on July 12, 1971,

values st 1 and 10.5m were 38 and b1 respectively.

Hiardness, Conductivity, Chloride and Iron

The onductivity, chloride and hardness data (Table 1) were consistent with

each other {ndicating that no unusual mineral characteristics were present.

The water is relatively hard s0 that detergents containing phosphates will be
desirable for washing purposes. However, if such detergents are used by cottagers
special attention should be given to the disposal system to ensure that the
phosphates do not gain access to the lake. The iron concentrations were low

which is normal for this type of lake.
Kjeldahl Nitrogen and Total Phosphorus

The surface water Kjeldshl nitrogen concentrations (Table 1) ranged from 0.55
to 0.63 mg/l; values of this magnitude are often associated with excessive algal
growths. The bottom water concentrations of nitrogen at station 3k were 8as high

as 0.65 mg/l probably due to ammonia nitrogen being recycled from the sediments.
Chlorophyll &

Algal levels as reflected by chlorophyll & concentrations were moderately

high during the May and July surveys when values ranged from 2.k to 9.1 ug/l
respectively. During October, chlorophyll & values as high as ok,0 ug/l were
recorded indicating dense algal populations. Such high algal densities severely
reduce water quality for recreational activities and diminish the aesthetic

quality of the lake.

T




Water clarity, which is one of the more important parameters used in

defining water quality, can be measured using a Secchi disc. Figure 4
presents a chlorophyll a -Secchi disc relationship for a number of surface
waters and clarifies the trophic status of Lower Beverley Lake relative to
numerous other well-known recreational lakes in the province (See Brown 1972
for derivation of chlorophyll a - Secchi disc relationship). The moderately
enriched status of Lower Beverley Lake is indicated (Figure 4) by its location
midway between values computed for the bay of Quinte, the Western Basin of
Lake Erie and Gravenhurst Bay - three enriched or eutrophic bodies of water,

and the oligotrophic to mesotrophic Lake Ontario and Lake Erie, East Basin.
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Bacterioclogy

Generally, Lower Beverley Lake was well within the 0.W.R.C. criteria
for total body contact recreational use (OWRC, 1970) during all three

SUTVEYS.

In May, the overall geometric mean bacterial levels for Lower
Beverley Lake (Group A) were 3 7¢/100 ml, 1 FC/100 ml and 1 FS/100 ml
(Figure 5). Group B, with 13 TC/100 ml and Group C, with 864 TC/100 ml,
had statistically higher TC levels than the rest of the lake (Tsble 3).
§imilarly, Stations 1 and 31 had higher FC levels than the remainder of
the lake (Table 4) while the FS concentrations at Group C and Statiomns
3, 10, 31, and 32 were higher than Group A (Table 5). Group C, which
includes Delta Creek, from the Hamlet of Delta to Lower Beverley Lake,
exceeded the recreational use eriteria during this survey with a FS
mean of 39/100 ml.

During the July survey, Group A had geometric mean bacterial levels
of 29 TC/100 ml, 1 FC/100 ml and 3 FS/100 ml (Figure 6). Bacterial com-
centrations at Stations 1, 2 and 37 were again statistically higher than
Group A and exceeded the recreational use criteria for TC and FS (Tables
3 and 3).

1n the Octcber survey, Group A again demonstrated low mean bacterial
levels of 5 TC/100 ml, 1 FC/100 ml and 1 FS per 100 ml (Figure 7). Group
B (Delta Creek) with 407 TC/100 ml and Station and 37 with 10 FS/100
ml and 67 FS/100 ml respectively were significantly higher than Group A.

The data from the 1970 bactericlogical survey (OWRC, 1970) on Lower Beverley
Lake also revealed a definite and continuing source of bacterial contamination from
Delta Creek. The 1971 data sugpested that the high bacterial concentrations
encountered at Stations 18, and 24 during the June, 1970 survey were a
result of rainfall induced runoff since similar high levels were not ob-
served in the 1971 survey. However, Station 31 had higher levels in both 1970
and 1971 indicating a continuing bacterial imput.

Generally, in 1971, the bacterial levels increased from the May to the
July survey and decreased in the October survey (Tables 6a and 6b). The
high FS levels detected in the May survey were fndicative of spring runoff .
The high bacterial concentrations detected at Stations 1, 2 and 37 throughout
all three surveys would indicate a definite source of bacterial pollution
from Delta Creek. A water pollution survey of the commmity of Delta will be car-
ried out by the District Engineer's Section of the Ministry of the Environment to
determine the nature and the source of this bacterial pollution.
-17_



FC GM/100 ML
_ES GM/I00ML |

BACTERIOLOGICAL STATION

— DEPTH STATION
EXCEED OWRC CRITERIA FOR
RECREATIONAL USE

o ~ — coTrTaces

ONTARIO WATER RESOURCES COMMISSION

|  REcREATIONAL LAKES PROGRAM
LOWER BEVERLEY
1971 WATER QUALITY SURVEY







BACTERIOLOGICAL STATION
 DEPTH STATION

EXCEED OWRC CRITERIA FOR

RECREATIONAL USE

COTTAGES

NTARIO WATER RESOURCES COMMISSION

| RECREATIONAL LAKES PROGRAM
LOWER BEVERLEY
1571 WATER QUALITY SURVEY







BEVERLEY

LAKE
2

37 =
FS 67/100 ML

GROUP OR STN
TC GM/IOO ML
FC GM/I00 ML
FS GM/IOOML

— BACTERIOCLOGICAL STATION

0 — DEPTH STATION

EXCEED OWRC CRITERIA FOR
RECREATIONAL USE

&~ — CcoTTAGES

| onTARIO WATER RESOURCES COMMISSION

RECREATIONAL LAKES PROGRAM

LOWER BEVERLEY
WATER QUALITY SURVEY

1971

85 SMOWN




Although Lower Beverley Lake was within the recreational use criteria, no surface water is considered
potable without prior treatment including disinfection.
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