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ABSTRACT

In the summers of 1979 and 1980, water quality
parameters of three northwest Michigan lakes were
analyzed. The goal of the program was twofold, con-
tinuation of baseline data collection and detection
of problem situations. Torch lake, large and oligo-
trophic, had high water clarity and low nutrient
levels. Nitrate nitrogen and orthophosphate concen=
trations averaged 0.6 mg/l and 0.05 mg/l, respec-
tively. Lakes Bellaire and Clam have been classified
as mesotrophic. Water quality for these two lakes in
general was good. One major problem area was the
northeast section of Lake Bellaire. High nutrient
levels resulted in algal blooms. Fecal bacteria counts
were significant at some sampling stations.

INTRODUCTION

This study is a continuation of a twenty year effort to monitor the
water quality in the Elk Rapids watershed. The Elk Rapids watewshed is
located ﬁithin Antrim County in northwest lower Michigan. The baseline
data obtained from this program is used to document water quality trends.
This information is also employed to detect and correct potentially de-
leterious situations. Monitoring in recent years has tended to concen=
trate on three of the major lakes: Torch, Clam and Bellaire. Although
these lakes individually have received intensive study, they cannot
be viewed as totally separate entities., Various factors within the sur-
rounding watershed play a vital role in influencing their water quality.

In present day lakes and streams, the water quality is determined
by both natural and anthropogenic factors. The effect of one factor,
human activity, is becoming more pronounced. With land development

and resource utilization, there is an accompanying increase in the
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human impact on the aquatic system. Symptoms of this impact can be
algal blooms, excessive aquatic weeds and depletion of desired fish
stocks. This results in a general decrease in user enjoyment of the
aquatic resources.

The water quality in this part of the state is relatively high.
The Boardman River, which flows into Grand Traverse Bay, averages less
than 0.05 mg/l total phosphorus (Hartig and Stifler, 1979). The pro=-
Jected population increase in Antrim County for the next ten years
is expected to be about 18 percent (Northwest Michigan Regional
Planning and Development Commission, 1978). The natural resources
and beauty of the area will attract more people. The goaliof this
study is to supply an accurate body of information to facilitate the
intelligent selection of various development alternatives. Adequate
planning must be made so that the natural beauty that attracted these
people is not lost.

The Elk Rapids watershed is the result of Pleistocene glaciation.
A detailed account of its formation is given by Witzerman (1978). The
glacial activity and the surrounding geologic features, such as the
limestone bedrock, exert a strong influence on the water chemistry.
This can be seen in the high amounts of hardness and alkalinity. These
concentrations result from water dissolving minerals from soil and rock.
The weathering process also occurs . for other nutrients.

It has been estimated that limestone bedrock contains about 0,02
percent phosphorus (Task Group Report, 1967). Most of this phosphorus

is in the form of orthophospate. Phosphorus is an essential nutrient in
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aquatic systems. The concentration of phosphorus in relation to other
nutrients provides both a limiting and determiwsive factor in the type
and growth of algae. Concentrations of phosphorus on the order of
0.01 mg/l may result in an increase in algal growth (Wollemweider,
1968 from Cooperative Extention Service, 1979). The Environmental Pro-
tection Agency (1976 from Smolen and Shanholtz, 1980) has suggested
that total phosphorus in streams entering an impoundment and free .
flowing streams be less than 0.05 and 0.10 mg/l, respectively. Also
phosphorus and its role in eutrophica£ion can be correlated to other
variables, Phosphorus loading coupled with such factors as mean depth
(Wollenweider, 1968 from C.E.S., 1979) and chlorophyll a (Dillon and
Rigler, 1974) are useful in the determination of the amount of eutro-
phication and the standing crop of phytoplankton in a lake. Once phos=-
phorus is in a lake, it ié very dynamic and readily cycles throughout
the system (Rigler, 1973).

While phosphorus is generally viewed in most aquatic systems as a
limiting nutrient, other nutrients, such as nitrogen,will influence
the lake's productivity. As with phosphorus,the nitrogen component is
correlated to the type of land use. There is a positive relationship

between agriculture and stream nitrogen levels (Smith, 1977). Hill

(1978) finds that mean annual export of nitrates increases with increasing

cropland acreage and the amount of poorly drained soils. This may be
the result of excessive fertilizer application and subsequent leaching.
Abatement measures, such és soil conservation and greenbelting, are

invaluable in reducing eutrophication
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MATERIALS AND METHODS

Water samples were collected at both fixed sampling locations and
at problem areas. At the fixed sites, the sampling interval was once
every three weeks, while in the problem areas, K the sampling regime re-
mained flexible. The sample . site selection process provided continuity
with previous studies. Sampling sites for 1980 were divided into three
types: primary, secondary and tertiary. The primary sites served as
background readings for the lakes. These were located in the central
portion of lakes Bellaire and Clam. Torch Lake was divided into three
sections, with a primary site located in each. The secondary sites were
near the shoreline. Locations near areas of development and inflowing
streams made ﬁhese sites more sensitive to human impact. Tertiary
sites were flexible sampling stations that would provide information
in problem situations.

Water samples were collected by numerous vessels. These included
a 6.1 meter Penn Yan, the Katy M, a 8.3 meter Broadwater, the Fish Hawk,
and other private craft. fhe first two vessels were owned by Central
Michigan University. The samples were either processed on the boats,
using the Hach DR EL/ 2 portable water lab, or analyzed at the Water
Quality Laboratory in Bellaire.

A number of chemical paraméters were measured using the Hach !
DR EL / 2. These technics were standardized by following procedures de=-
scribed in Standard Methods (American Public Health Association, 1978).

Dissolved oxygen was sampled by using a Kemmerer water sampler, after
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which the concentration was determined with the azide modification of
the Winkler method. Water samples were also analyzed for nitrate and
in some cases nitrite nitrogen using the Hach DR EL/ 2. Orthophos-
phate levels were analyzed by using the stannous chloride method on
unfiltered water samples. Readings were made on a Bausch and Lomb
Spectronic 20 spectrophotometer. Two other metersthat were employed
for water quality analysis were the Beckman Model G pH meter and a:
YSI conductivity bridge.

The presence of high numbers of certain types of bacteria may be
indicative of pollution. Water samples were.analyzed for total coliform,
fecal coliform and fecal s;breptococci using the memebrane filter technic
as described by the Millipore Corporation (1974). All samples were
filtered through a 0.45imembrane filter. The coliform group has been
definéd'as aerobic and facultative anaerobic rod-shaped bacteria that
ferment lactose (A.P.H.A., 1978). Total coliforms were placed on
nutrient pads containing M - Endo medium and incubated for 24 hr. at
35° G. The total coliform nmber from the sample by itself is not a
significant indicator of pollution.

Fecal coliforms were distinguished from other bacteria in the
coliform group by being from warmblooded organisms. Two of the more
common bacteria in this group were Escherichia coli and Enterobacter
aerogenes. Anderson and Sobieki (1980) noted that while the later
was primarily associated with the intestine, it 21so may be found in
decaying organic matter. Fecal coliform numbers were determined using

M = FC medium and incubation for 48 hr. at 44.5°cC.
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Enterococci was another group of bacteria associated with the
intestine and occurs with fecal pollution. The fecal streptococci
count was determined by using M - Enterococccus agar and incubation at
35° ¢ for 48 hours. The ratio of fecal coliform to fecal streptococci
may be used to differentiate between the types of warmblooded animals
from which the pollution originated.

While.there wasno formal program for direct algal sampling, grab
samples or plankton tows were taken if algae blooms or growth became
a problem. A modified Wisconsin plankton net was used for the vertical
tows. The samples were preserved in Fisher algae preservation solution
at a 10 percent dilution until slides were made. Identification was
made with a Bausch and Lomb phase contrast microscope. Prescott (1970)
and Smith (1950) were ihe taxoﬁomic keys used. 

Indirect quantitative methods were employed to measure the
standing crop of phytoplankton. Since 1975, the TheeeLakes Association
has participated in a Self = Help program operated by the Michigan
Department of Natural Resources. This program consisted of transparency
data obtain from Secchi disc readings. This information was coupled
with chlorophyll-a levels. The results gave an indication of the trophic
status of each lake., Frozen samples were sent to the D.N.R. for chloro-

phyll-a analysis.
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AESULTS AND DISCUSSION

Summer of 1979 Program

To establish a basis from which the water quality data can be-
viewed, samples were collected throughout the waﬁershed. The results
are presented in table one. Starting at the damsite in Elk Rapids, ,
the total hardness and alkalinity were both 140 mg/l CaC05. This was
less than what was present in the upper sections of the watershed. The
reduced levels may be due to the precipitation of dissolved minerials
in the lakes. Another interesting feature was the elevation of the-
pPH below the dam. The turbulence in the water released C02, fherehm
increasing the pH. Nitrate nitrogen and orthophosphate levels were
relatively low, 1.0 and Q.01 mg/l, respéctively. In the Torch River
the orthophosphate concentration was slightly higher. Human activity
in the shallow waters around the river and septic systems in the poor
soils may be the source of these elevated levels.

In Bellaire, the nutrient concentrations of the Intermediate River
remained low. The filtering action of the wetland in the area above
the dam removed much of the suspended particulate matter. Phosphorus
may be bound to these particulates. The wetland plants and algae
utilized the nutrients and their growth caused the precipitation of
dissolved minerials. Here the wetland acted as both an active and pas-
sive nutrient sink. As the Intermediate River passed through Bellaire,
the concentration of orthophosphate increased to 0.05 mg/l. However,

this was still within the EPA recommendations.
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Table 1. Water quality data for the Elk Rapids watershed
collected on 6 - 26 - 1979, in mg/l.

Location Conductivity D.O. Hardness PH NO3 PO, Alkalinity
(micromhos/cm) (CaCOB) (CaCOB)

Torch River 280 8.02 Total 150 7.0 1.5 0.08 Total 140
Ca 90

Elk Raplds Dam

Below . 250 8.20 Total 140 9.0 1.0 0.01 Total 140
Ca 110

Above 250 9.20 Total 140 7.1 1.5 0.17 Total 140
Ca 90

Bellaire Dam 300 9.00 Total 170 8.6 0.8 0.05 Total 160
Ca 130

Craven Park 350 9.32 Total 180 8.8 1.7 0.25 Total 170
Ca 140

Central Lake Park 310 8.24 Total 180 8.6 1.0 0.10 Total 170
Ca 4o

Grass River

(School Rd.) 350 7.30 Total 185 8.5 0.9 0.25 Total 180
Ca 120

Wilson Lake 350 7.26 Total 190 8.6 0.4 0.07 Total 180
Ca 140

St Clair Lake 35 6.12  Total 190 8.6 0.8 0.20 Total 160
Ca 130
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The upper section of the Chain of Lakes showed an increase in
both the total hardness and alkalinity. They averaged 180 and 170
ng/1 CaCOB, respectively. This was a function of the weathering of
minerals from the surrounding watershed. Nitrate averaged about
0.8 mg/l, while orthophosphate values averaged 0.17 mg/l. Varia=
tions in these concentrations may be related to land development.

Points of high human activity showed high nutrient levels.
Clam Lake

Water quality for Clam Lake'in general was very good. The Secchi
disc readings were averaging 10 ft. which compared favorably to the
averages for the previous two years (Table 2). The water samples were
collected on Clam Lake starting at the Grass River. The results
showed a trend of increasing conductivity to the Clam River. Con=
ductivity is a measure of resistance to electron flow (Wetzl, 1975).
It is also related to the concentrations of ions, such as calcium
and magnesium, Orthophosphate concentrations were low near the in-
flow of the Grass River (Table 3). This was due to the affect of the
Grass River wetland.

Problems on Clam Lake

Progressing from the Grass River station into the lake, there
was an increase in the orthophosphate levels. The high levels at
stationsIII and IV may be due to septic pollution. Elevated nitrite
levels have also been associated with these stations, At station III
near the DNR access, high numbers of fecal streptococci were recorded.

Station IV also had high counts of fecal coliform. The large number
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Table 2. Three years of Secchi disc reading for
Clam Lake, in feet. The 1978 and 1977
readings are from Witzerman (1978).

Monthly Transparency

Year May June July August
1979 - - 10.5 10.0
1978 6.3 7.3 - =
1977 - 7.2 3.3 -
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Station

IT

111

IV

VI

Table. 3. Water quality data for Clam Lake collected
on 7 - 31 - 1979, in mg/i. (See Map I for
station location)

Conductivity Hardness PH NO

(micromhos/cm) (CaCOB) 3
460 - - 1.0
465 - - 0.8
480 Total 170 7.7 1.0

Ca 120

480 - 2 0.8
490 - - o8
Loo - - 0.8

(11)

- NO

0.005
0.010

0.008

0.009
0.005

0.005

0.02
0.06
0.07

0.08
0.08

0.08

Alkalinity
(Cac03)

Total 160























































































