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CHEMICAL AND BIOLOGICAL QUALITY OF SELECTED LAKES
IN OHIO - 1978 AND 1979

By Clifford G. Angelo and John D. Youger

ABSTRACT

Twenty-eight Ohio lakes were sampled by the U.S. Geological
Survey and the Ohio Environmental Protection Agency for water-
quality characteristics during the spring and summer of 1978 and
1979. This report is the third in a series covering a lake-
sampling program that began in 1975. Data include water-column
profiles of temperature, dissolved oxygen, pH, and specific con-
ductance. Chemical, physical, and biological properties were
measured at specific points in the water column, and selected
physical and chemical properties also were measured in the
principal inflows.

The lakes were predominantly hard (120-180 milligrams per
liter) to very hard water, although several soft-water lakes were
found in southeastern Ohio. Calcium, bicarbonate, and sulfate
were the principal dissolved constituents. Specific conductance
ranged from 103 micromhos per centimeter (at 25 degrees Celsius)
at Tycoon Lake, 1978, to 2,250 micromhos per centimeter at West
Fork Mill Creek Lake, 1978. Thirteen lakes had trace-element
concentrations that were above the limits for exceptional warm-
water habitat recommended by the Ohio Enivronmental Protection
Agency.

Seasonal thermal gradients developed in most lakes deeper
than 17 feet. Oxygen concentrations were zero or near zero
during the summer sampling of the bottom waters of all lakes
having definite thermal gradients. Most anaerobic zones contained
hydrogen sulfide and high concentrations of ammonia.

All lakes were evaluated and classified by Carlson's trophic
state index. Most of the lakes were classified as eutrophic.
Blue-green algae (Cyanophyta) dominated the summer algal commun-
ities. Fecal coliform counts were within Ohio standards, although
high (more than 1,000 colonies per 100 milliliters) fecal coliform
and fecal streptococcus counts were observed in West Fork Mill
Creek Lake after significant runoff.



INTRODUCTION

In 1975, the U.S. Geological Survey and the Ohio Environ-
mental Protection Agency began a water-quality reconnaissance
of inland lakes and reservoirs in Ohio to establish a general
statewide data base. Different lakes have been sampled yearly
since 1975, in spring and late summer, to determine chemical,
biological, and physical properties.

Seventeen lakes were sampled in 1975 (fig. 1). Data,
methods of collection and analysis, discussions of individual
lakes, and general limnological concepts were presented in the
first report of this series (Tobin and Youger, 1977).

Most of the 14 lakes sampled in 1976 (fig. 2) were in the
eastern half of Ohio, an area of generally moderate to moderately
low sediment yields (fig. 3). Lakes were sampled throughout the
entire State in 1977 (fig. 4). The report for the 1976 and 1977
field work was published in 1979 (Tobin and Youger, 1979). This
report is the third in the series, and presents data for 14 lakes
and reservoirs sampled in 1978 (fig. 5) and 14 lakes and reser-
voirs sampled in 1979 (fig. 6).

The sampling schedule shown in table 1 was used. It differs
from the 1977 schedule in that hydrogen sulfide (HpS) was changed
from a laboratory to a field determination. The number of phyto-
plankton samplings was increased to include euphotic-zone composites
and zones of maximum dissolved-oxygen saturation. In addition,
chlorophyll a was determined in 1978 and 1979. A list of selected
earlier investigations of the lakes is presented in table 2.

TYPES OF DATA COLLECTED

Three basic types of data were collected: physical, chem-
ical, and biological. They are discussed in detail in the first
report (Tobin and Youger, 1977) and are summarized here.

Phyvsical i

Temperature.~—-Temperature is an important physical property
of water. Differences in water temperature, which determine
water density, reduce vertical mixing and may lead to stratifica-
tion (fig. 7).

Light.--Light penetration influences temperature, photosyn-
thetic rates, photochemical reactions, and biological activities.
Lake zones have been defined on the basis of light penetration
(fig. 8). Secchi-disk extinction depths, when multiplied by a
factor of 2.5 to 5.0, have been used to estimate the depth of the
compensation level (Verduin, 1956).
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Table 2.--Publications on selected lakes in Ohio

Buckeyve Lake

Detmers, 1912

Salisbury, 1931

Tressler and others, 1940

U.S. Environmental Protection Agency, 1975a

Charles Mill R .

U.S. Environmental Protection Agency, 1975b

Dow_ Lake

Keller, 1960
Stanley, 1961
Ward and others, 1963

Meander Creek
Roach, 1949

Tycoon Lake
Crawford and others, 1972

General

Hahn, 1955

Kettelle and Uttormark, 1971

Roach, 1933

Sanderson, 1948

U.S. Environmental Protection Agency, 1977
U.S. Environmental Protection Agency, 1978
Vallentyne, 1974

Wickliff and Roach, 1937a

Wickliff and Roach, 1937b

Youger, 1980
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Modified from Britton and others, 1975

Figure 7.--Seasonal thermal profiles (8) and circulation
patterns in a temperate-zone lake.
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Littoral Zone--
Limnetic Zone-

Euphotic Zone-
Profundal Zone

EXPLANATION

-------- Shallow water area with sufficient tight to
support attached vegetation.

-------- Open water area whose base is defined by
the 1 percent light-intensity level.

-------- The combined littoral and limnetic zones.

-------- Zone of deep water where the light intensity
is less than 1 percent of the surface light.
Little or no photosynthesis takes place
in this zone.

Benthic Zone----=--=-=- Lake bottom.
Compensation Level----Level at which oxygen production equals

oxygen uptake.

Modified from Britton and others, 1975

Figure 8.--Major life zones in a lake.
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Turbidity and suspended solids.--Turbidity is the
qualitative measurement of the light-scattering ability of sus-
pended matter in water. Suspended solids is the quantitative
measurement of suspended matter. High values of either can
effect the physiological functions of aquatic life (McKee and
Wolf, 1971, p. 290).

g] s ] Cl ! » ! »
Major constituents.~--Major constituents in natural water are

derived mainly from the action of water containing atmospheric
and (or) biologically recycled carbon dioxide (CO,) on minerals
and rocks (Hem, 1970, p. 28). The most common major constituents
are listed below:

cati ( it ] ) Ani ( Y ] )
Calcium (Ca) Bicarbonate (HCO3)
Magnesium (Mg) Carbonate (CO3)
Potassium (K) Sulfate (S0y)
Sodium (Na) Chloride (Ci)

Fluoride (F)

Concentrations of cations and anions are used in calculating
hardness and in determining chemical type of water (table 3).

General organic indicators.--Organic substances are com-

pounds built around the carbon (C) atom. Although natural waters
contain many compounds .of carbon, the concentrations are normally
low and are reported in micrograms per liter (ng/L). Total
organic carbon (TOC) is used as a broad-spectrum constituent to
approximate the organic concentration in water.

.~—Specific conductance is a measure
of the ability of water to conduct an electrical current, and is
reported in micromhos per centimeter at 25°C (pmho/cm). This
property is sometimes used to estimate the dissolved-solids con-
centration of similar water types (Hem, 1970, p. 99).

Hydrogen ion activity (pH).--The pH of water is a measure of

the acid-base characteristics. Water free of dissolved matter
has a pH of 7.0. Natural waters containing dissolved material
normally range between 5.0 on the acid side to 9.0 on the basic
side (Hem, 1970, p. 86-96).

Nutrients.--Nutrients are those substances needed in large
quantities (macro nutrients) and small quantities (micro
nutrients) for biological growth. A list of the common nutrients
is presented in table 4. In aquatic environments, nutrients can
exert control over the growth of phytoplankton through excesses
or limitations. A deficiency of any essential nutrient will
limit algal growth in conformity to Liebig's law of the minimum.

13
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This law states that growth is limited by the substance that is
present in minimal quantity with respect to the needs of the

organism (algae).

The requirements of these essential nutrients can be
expressed in ratios relative to a given dry weight of algal
cells. Comparison of the ratios of these essential nutrients in
the dry algal tissue with that found in the environment (lake)
can be used as an indicator as to which nutrient(s) is (are)
limiting or potentially limiting to a plant community.
Vallentyne (1974) considered phosphorus (P) and nitrogen (N) the
principal nutrients that limit algal growth; he found they are
present in the ratio of 1P:7N:100 dry weight of algal tissue.
This 7:1 ratio is used in this report with respect to total
nitrogen and total phosphorus in determining which of these
nutrients is potentially limiting algal growth.

Lakes having ratios of N to P greater than 7:1 were con-
sidered to be low in phosphorus, whereas lakes having N to P
ratios less than 7:1 were considered to be low in nitrogen. All
lakes sampled in 1978 and 1979 had ratios of N to P greater than
7:1 and were considered to be low (or deficient) in phosphorus on
the basis of water samples collected in the spring at the 2-foot
depth. The authors realize that this technique is only a general
indicator of nutrient deficiency, that the technique is less
positive as the 7:1 ratio is approached, and that whether the
?uirient is deficient will depend on the algal quantity in the

ake.

Other authors have used other forms or other ratios of
nitrogen and phosphorus to determine nutrient deficiency. The
National Eutrophication Survey (U.S. Environmental Protection
Agency, 1975) for example, used the ratio of inorganic nitrogen
to total phosphorous to determine nutrient deficiency. Lakes
having a ratio of inorganic nitrogen to total phosphorus greater
than 14:1 were considered to be phosphorus deficient; lakes
having a ratio below 10 were considered to be nitrogen deficient;
and those having a ratio between 10 and 14 were considered to be
transitional. Precise determinations of deficient nutrient(s)
would need to be done during a period of peak algal productivity
and would need to include algal assays and analyses of available
N and P.

Toxics and undesirable substances.--These are substances
whose presence at certain concentrations in water can produce
harmful or degrading effects on organisms that live in or use the
water. The Ohio Environmental Protection Agency (1978), in its
water quality standards (Chapter 3745.1 of the Ohio Admin-
istrative Code), has listed the following criteria for selected
constituents in exceptional warmwater habitats:
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"The following chemical substances shall not exceed the
specified concentrations at any time:"

Constituent Concentration

mg/L »g/L
Ammonia --=--------—-——--—e————emo varies with pH --

Cadmium —-------—mm—mm - 1.2
Chromium —-=---------c—me e -- 50
Copper —=-=———-——cmmm e - 5
Cyanide (free) —---—------coooooee 0.005 -
Foaming agents (MBAS) -------—---- .5 -=
Iron (dissolved) -----=--=-=soce——- 1.0 -=
Lead ---=---—=--——--——cm o -- 30

Mercury —---—-=---—-—----—c————ee———— -= 0.2
Nickel —=-=me—memme e - 25
0il and grease (hexane soluble) -- 5.0 -
Phenols —=—====—=--——smme e - 1
ZinC ====—=—--mmmm e - 30

Dissolved oxygen.--Dissolved oxygen is an important chemical
constituent and symptomatic indicator of water quality. Oxygen

concentrations in water are governed by water temperature, salin-
ity, and barometric pressure (fig. 9). Oxygen is fundamental to
all aerobic forms of life. A recommended minimum concentration
of 5.0 mg/L is suggested for all water supporting fish life (U.S.
Environmental Protection Agency, 1976). Oxygen concentrations
may be significantly decreased in water by ambient biological and
chemical processes. These processes are artificially measured by
determinations of biochemical oxygen demand (BOD) and chemical
oxygen demand (COD).

Other dissolved gases.--This category includes gases that

originate primarily from biogeochemical recycling (Odum, 1971,
p. 91) of gases such as carbon dioxide (C02), ammonia (NH3), and
hydrogen sulfide (H,S).

Biological Det inati

Phytoplankton.--Phytoplankton (algae) are passive floating
or weakly motile microscopic plants that inhabit the open waters
of lakes and streams. Algae are primary producers, and their
populations and cell densities may reflect and affect environ-
mental conditions and nutrient availability (Hutchinson, 1967, p.
355-394). The taxonomic classification used in this report
follows Prescott (1970) and is listed in the table that follows.
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Figure 9.--Equilibrium concentrations of dissolved oxygen In low salinity
(less than 300 mg/L CI water at different
elevations (pressures) and temperatures.



Chlorophyta —---=-=--—mme—eeee—- green algae

Cyanophyta —=—-—=-e—mmrmem e e blue-green algae

Chrysophyta ——=—=—-——memmmee———— yellow-green or yellow-
brown algae (includes
diatoms)

Euglenophyta ——-—==--ccemceccmee—- euglenoids

Cryptophyta —=-=—---oomemmomm cryptomonads
(Cryptophyceae by some
authors)

Pyrrophyta ——===m—ecemem e dinoflagellates

Rhodophyta —=-==-—-eccemmmm—ee e red algae

A measure of the community diversity, as presented in Wilhm and
Dorris (1968) and discussed in Slack and others (1973, p. 24), is
used in this report. The diversity index, d, is formulated as

S : .
- < Di ui
d :Ea '+ log O

where n; is the number of individuals per taxon, n is the total
number of individuals in the sample, and s is the number of
identifiable groups or taxa. The higher the values of 4 are, the
greater the diversity within the sampled community.

The size of a plankton cell varies greatly among different
phyla and within a given phylum. Consequently, the small cell
size common in the phylum Cyanophyta may account, in part, for
the very high algae densities observed in some lakes.

Chlorophyll a.--Chlorophyll a is the primary photosynthetic
pigment in all green plants and makes up 1 to 2 percent of the dry
weight of the organic matter in algae. Because chlorophyll
a2 is present in all species of algae and is easy to measure, it
is widely used as an indicator of biomass. In 1978 and 1979, the
dry weights of chlorophyll a were determined for phytoplankton
filtered from water samples from euphotic zone composites at 2
feet and other selected depths. The summer chlorophyll-a value
at 2 feet was used in this report to determine each lake's
trophic level.

Trophic state.-~A method described by Carlson (1977) was
used to determine the trophic state of the lakes and reservoirs
included in this report. Carlson's trophic state index (TSI) is
based on the interrelations of weight of chlorophyll a, Secchi-
disk depth readings, and total phosphorus. Each of these measures
correlates with biological productivity and, therefore, with
trophic state. Data that indicate a lake's trophic state can be
calculated by the following equations:
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a) Chlorophyll g (Chla), in mg/m3
TSI (Chla) = 10 [6-(2.04-0.68 1nChla)/1n2]

b) Secchi-disk depth reading or transparency (SD), in meters
TSI (SD) = 10(6-1nSD/1n2)

c) Total phosphorus (TP), in mg/m3
TSI (TP) = 10 [6-1n(48/TP)/1n2]

The TSI ranges from 0 to 100. The greater the TSI, the

higher the trophic level. Table 5 relates TSI to traditional
trophic-level terminology (Youger, 1980).

Table 5.--Carlson's trophic state index for lakes

Trophic state Trophic classification
index
Below 40 Oligotrophic
40-50 Mesotrophic
50-70 Eutrophic
greater than 70 Hypereutrophic

In this survey the summer chlorophyll-a concentration at the
2-foot depth, the summer Secchi-disk transparency, and the spring
total-phosphorus concentration at 2-foot depth were used with
Carlson's equations to determine trophic state indexes.

Bacteria.--The bacteria groups, fecal coliform and fecal
streptococci, are used as indicators of sanitary conditions.
Their ratio, FC/FS, may indicate their source (Federal Water
Quality Administration, 1971).

The Ohio Environmental Protection Agency (1978) has set the
following criteria for recreational water designed for primary
contact.

"These are waters suitable for full body contact recreation,
such as, but not limited to, swimming and scuba diving with min-
imal threat to public health as a result of water quality, during
the recreation season.
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Fecal coliform.--"Geometric mean fecal coliform content
(either MPN or MF), based on ot less than five samples within a
30-day period shall not exceed 1,000 per 100 ml (milliters) and
shall not exceed 2,000 per 100 ml in more than 10 percent of
the samples taken during any 30-day period.”

PRESENTATION OF THE DATA

The 28 Ohio lakes (14 per year) surveyed for water quality
in 1978 and 1979 are listed in tables 6 through 10. The accomp-
anying physical data were taken from various State and Federal
reports and U.S. Geological Survey topographic maps. Identifica-
tion numbers of primary lake and inflow sampling sites were
generated from the latitude and longitude of their locations. For
example, 410202080595100 is the identification number for a site
at 41°02'02" latitude and 80°59'51" longitude. For convenience,
however, primary lake sites are identified as L-1. Secondary
sites are designated L-2 and L-3. Inflow sites are labeled I-1
and I-2.

The sampling in spring was scheduled to gather data from well
mixed lakes after the runoff of winter and early spring. Sampling
in late summer provided an opportunity to re-examine the same
lakes for the effects of physical and biological stresses that
occur during summer.

Data for the primary lake sites are presented in profile
form and as tabulations for discrete water columns or water-
column composites. Data from secondary lake sampling sites are
shown in profile form only. Computed saturation concentrations
for dissolved oxygen are also included for comparison.
Analytical data from the water-column composites were used for
general chemical classification and background information.

Data for phytoplankton identification (genus) and cell
counts for each lake are included. The data are from water-
column composites of the euphotic zone and point samples from
zones of maximum dissolved-oxygen concentration. Chlorophyll-a
concentrations were determined by the Biomonitoring Laboratory
of the Ohio Environmental Protection Agency.
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