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ABSTRACT

Samples [tom Lakes Canton, Decalur, and Eureka were colleeted weekly for
over 2 vears and were analyzed for 22 parameters. These parameters are transpar-
ency, water temperature, dissolved oxygen (DQ), turbidity, pH, alkalinity, hardness,
ammonia and nitrate nitrogen, dissolved and total phousphorus, iron, manganese,
sulfate, chlorine demand, chemical oxygen demand (COD), total organic carbon
(TOC), silica, threshold odor number (TON), algae, standard plate count (SPC),
and actinomvcetes. Presented are summaries of the comparisons of water quality
characteristics, 1) with different depths, 2) with different lakes, and 3} with
Illinois Pollition Control Board’s standards.

INTRODUCTION

The three man-made impoundments serve principally as sources of public
wuter supplies and us public recreation arcas. Lake Decatur has a large surface
area {1170 ha) and a maximum depth of 3 m. Lake Eurcka is a small body (15 ha)
of water with a maximum depth of 7 m. Lake Canton has a mid-size surfacc arca
{88 ha) und a maximum depth of about 11 m.

Over a 2-year period, mid-Scptember 1976 to mid-October 1978, water
samples from these three impoundments were collected weekly at the deepest loca-
tions. Sample collections were made at the surface, mid-depth, and near bottom at
each location and were analyzed for 22 physical, chemical, and microbiological
constituents.

This paper is a summary of the findings of the study. Taste and odor portions
have been reported clsewhere (Lin and Evans, 1981a. 1981b). The obscrved data
are available from computer storage at Hlinois State Water Survey.

RESULTS AND DISCUSSION

Table 1 shows average values and geometric means of the observed data
depending on distribution. The transparency in Lake Canton was generally greater
than that in Lakes Eureka and Decatur. Low transparency occurred in mid-spring
and late summer.
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The water temperature exhibited seasonal changes thmu}_,hout the water column.
The water of L. Canton and L. Eureka was thermally stratified for about six months
every year from mid-April to mid-October, The temperature stratification barrier
for I.. Canton and L. Eureka occurred at 12 to 14 feet (3.7 to 4.3 m) and 4 to 10
feet (1.2 to 3.0 m), respectively.

During the winter and between the spring and fall, lake turnovers, stratifica-
tion in terms of dissolved oxvgen occurred in all threc lakes. The lower strata of
water in L. Canton and L. Eurcka were void of dissolved oxygen during the summer
stagnation period. There was never a void of dissolved oxygen in Lake Decatur.
During the summer stagnation period {June to mid-October 1978) for about 70
percent of the time the anaercobic zone in L. Canton and L. Eureka extended into
the overlying water 14 to 20 feet (4.3 to 6.1 m} and 6 to 8 feet {1.8 to 2.4 m),
respectively. from the lake bottom. The thermal stratification of the lakes was not
a barrier to the anerobic zone penetrating the overlving waters,

In general, except during the summer stagnation periods, hardness, COD,
and TOC in all lakes did not change in water column, Tn L, Decatur concentrations
of pH. alkalinity, nitrate, sulfate, chlorine demand, and silica did not change on
the vertical.

At the surface and mid-depth of L. Canton and L. Eureka, the turbidity, alka-
linity, nitrate nitrogen, and sulfate concentrations were not significantly different.
There was no difference in dissolved and total phosphorus concentration at the sur-
face and mid-depth in each of the three lakes. For the upper layes (surface through
mid-depth) the stable constituents were: ammonia-nitrogen in Lake Decatur,
manganesc in L., Decatur and L. Eureka, and chlorine demand in Lake Canton.
The concentrations of these paramcters at the decp waters were significantly
greater than that at the upper half stratum iu each lake.

Concentrations increasing with water depth were as follows: iron, standard
plate count, and actinomycete densities in all three lakes; ammonia nitrogen,
ranganese, and silica in Lake Canton; ammonia nitrogen, chlorine demand, and
silica in Lake Eureka; and turbidity in Lake Decatur. In contrast, algal densities
in each lake decreased significantly with water depth,

In Lake Decatur, there were no trends for temporal variations of all water
quality characteristics except algac, alkalinity, and turbidity. Turbidity in Lakes
Decatur and Eureka were higher in the summer, However, no seasonal pattern of
turbidity was cbserved in the deeper portion of Lake Canton. Alkalinity values in
Lake Decatur were higher in the winter. Hardness, pH, COD, TOC, silica, and
actinomycete in Lakes Canton and Fureka exhibited no temporal variations. The
water in Lake Canton can be classified as moderate-hard. Lakes Decatur and
Eureka are hard waters.

During the summer stagnation period in L. Canton and L. Eureka the hypo-
limnion became anaerobic. The phenomena at the lower strata of water in L. Canton
and L. Eureka werc the increases of turbidity, alkalinity, hardness, ammonia-
nitrogen, dissolved and total phosphorus, iron. manganese. chlorine demand,
silica, and SPC, and the decreases of pH, nitrate-nitrogen, and sulfate, These
phenomena were due to bacterial fermentation and decomposition. At the surface
waters, in contrast, alkalinity and silica decreased; and pH and algae increased
due to active algal growths. Aphanizomenon flos-equae and Ceratium hirun-
dinella were the predominant algae in Lakes Canton and Eureka; respectively. A.
flos-aquae dominated in Lake Decatur during the summer.



Vertical migration of silica in Lakes Canton and Eurcka was much less than
that of phosphorus and iron. The vertical limit of ammonia- nltr();_,eu eoncentrations
was consistent with the limit of the anaerobic zones. The releascs of phosphorus
and iron at the bottom of Lake Decatur were sporadic and unpredictable. Turbidity
contents at the deep waters in Lake Decatur were higher in the summer due to
sedimentation.

The magnitude of taste and odor in the three lakes was found to be a seasonal
function. High TONs generally occurred during the period from May through
October, the period of anoxic conditions in bottom waters of impoundments.
Regardless of the magnitude of TONs for the raw waters, the TONs for the three
water treatment plants {inished waters ranged from 3 (e 10 about 95 percenl of
the time.

Waler temperature and sulfate concentrations in the three lakes were well
within the IPCB limits. Ten surface water samples collected from Lukes Cunton
and Eureka exceeded the stipulated pH limit of 9.0. Nitrate nitrogen values in
Lake Decatur exceeded the IPCB standard of 10 mg/1, only during mid-May to
mid-June 1977 {about 3 percent of the total samples). Some samples taken from
the mid-depth and deep stations of L. Canton and I.. Eurcka did not meet the
ammonia nitrogen limits.

The concentrations of total phosphorus in the upper strata of T.. Canton and
I.. Eureka exceeded the limit of .03 mg/1 for about 50 and 75 percent of the time,
respectively, For the remaining stations, total phosphorus concentrations exceeded
the limit more than 90 percent of the time. The iron concentrations of the upper
stratum of Lake Canton viclated the limit of 0.3 mg/1 about one-third of the time.
At all other locations iron concentrations violated the limits 34 to 90 percent of the
time. Manganese contents in the three lakes met the limit of 1.0 mg/]1 most of the
time except at the deep waters in L. Canton and L.. Eureka. About one-third of
samples from each lake exceeded 500 counts/ml of SPC limit.

Maost of the water quality parameters exhibited no seasonal or vearly varia-
tion. There was no correlation between parameters except for TON vs. nitrate,
sulfate. manganese, and chlorine demand. Parameter concentrations are the
results of a very complex inter-reaction. Much of these inter-rcactions are still
unknown. Thus, modeling a complicated natural system should be discouraged
until the nature and rates of interactions are better defined.
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