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Errata for T. R. # 129

Lake Erie Water Quality : Main Lake Status
for 1977. Final Report

Chlorophyll a in this report is actually SCOR/UNESCO
chlorophyll a and not corrected chlorophyll a as it says
in the text.

This makes the graﬁhs misleading.

Corrected chlorophyll a results are lower than SCOR/UNESCO

chlorophyll. A correction to the graph will be made.
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LAKE ERTE WATER QUALITY?_MAIN LAKE STATUS FOR 1977
INTRODUCTION
Seven water quality monitoring cruises were conducted by the Center for
Lake Erie Area Research (CLEAR) in Lake Eyie between March and Noyember 1977

under the sponsarsfip of the U.S. Environmental Protection Agency, Region V¥,
Eastern District Office:

TABLE 1

Cruise No. . . . ‘Dates Ba51n
L ‘ "Western. Central. .Eastern

1 3/21-4/03 X X (ice)
2 4/28-5/08 N.S. X X
3 - 6/20-6/30 N.S. X X
4 7/12-7/31 ‘N.S. X X
5 8/11-8/21 N.S. X X
6 - 9/10-10/09 X X X
7 11/07-11/20 X X X

4N;S: - not scheduled

The stations monitored during these cruises are shown on Figure 1. Sampling
methods, analytical techniques and volume-weighting procedures are described

in ERL-DUL=R5 (Herdendorf, 1979). Water quality grids used for yolume calcula~’
tions are shiown on Figure 2.

The following report of water quality in these three basins deals with
six parameters: (1) temperature, (2) dissolved oxygen,(3) suspended solids,
(4) conductivity, (5) phosphorus, and (6) chlorophyll. Results of all mea-
surements made during these surveys have been entered in the STORET data
storage system with the assistance of USEPA's Large Lake Research Station,
Grosse Ile, Michigan.




WATER QUALITY ANALYSIS
Temperature

The Central and Eastern Basins of Lake Erie-became thermally stratified
during the period mid-May to mid June. Figure 3 shows that a well developed
thermocline was present in both basins during Cruise No. 3 (June 20-30). The
Central Basin remained stratified through Cruise Nos. 4 (Figure 4) and 5.
(Figure 5) and finally overturned during Cruise No. 6 (Figure 6) as a result
of a storm in late September. Cruise No. 7, in November, shows the water to
be well-mixed in all three basins as indicated by fairly uniform temperatures.
The period of stratification for the Central Basin in 1977 was approximately
120 days. The Eastern Basin hypolimnion persisted until late October, yield-

ing a stratified period of about 150 days.

The thermal characteristics of the Central and Eastern Basin hypolimnions
“are presented in Table 2. The averaged temperatures of the hypolimnions
varied less than 20C, but the Central Basin was nearly twice as warm as the
Eastern Basin throughout the stratified period. '

Dissolved Oxygen

Figures 8-11 depict the dissolved oxygen (DO) concentrations in the
bottom waters of Lake Erie during the stratified period. As early as June
(Cruise No. 3) depressed oxygen concentrations (<1.0 ppm) were observed in
the Sandusky sub-basin of the Central Basin. By mid-August (Cruise No. 5),
approximately half of the hypolimnion of the Central Basin yielded DO con-
centrations less than 1.0 ppm. The most severe DO depression in the far
eastern end of the Eastern Basin also occurred at this time with values below
4,0 ppm. The entrainment of oxygen-rich waters from the Eastern Basin into
the Central Basin hypolimnion is evident in Figure 10. This phenomenon may
have prevented a larger area of the Central Basin from becoming anoxic. By
Tate September most of the Central Basin had "overturned", but a small anoxic
area persisted in the northwestern part of the basin (Figure 11). In November
(Cruise No. 7), the lake was well-mixed with uniform bottom oxygen concentra-
tions throughout (Figure 12).

Figure 13 illustrates the areas of Tow dissolved oxygen concentrations
in Lake Erie during 1977 and the maximum development of hypolimnions in all
three basins, Critical areas of low DO are considered to be those with less
than 1.0 ppm in water samples taken 1.0 m above the bottom, while anoxic areas
are considered to be those areas with less than 0.5 ppm DO in similarly taken
samples. Significant nutrient regeneration from sediments has been observed
to correspond with Tater measured concentratiops. Critical areas of Tow DO
persisted over an area of approximately 8000 km¢ during 1977. This corresponds’
t0 69% of the Central Basin hypolimnion or 58% of the entire basin. The anoxic
area of this basin in 1977 was equal to 2870 kmé (24.8% of the hypolimnion or
20.8% of the total basin).




Al

A summary of the dissolved oxygen characteristics of the Central and
Eastern Basin hypolimnions is presented in Table 2. The average DO concentra-
tion in the Central Basin dropped from 8.3 to 0.5 ppm in three months, whereas
the Eastern Basin concentration fell from 10.8 to 6.5 during the same periods
(Cruise Nos. 3-6). The oxygen depletion rates calculated from these data are
given in Table 3. A comparison of the Central Basin hypolimnion characteristics
from 1973 to 1977 (Herdendorf 1979) are presented in Table 4. With the
exception of 1975 which was an unusual year meteorologically, the volumetric
oxygen depletion rate for the Central Basin has been relatively stable. However,
in the four decades prior to 1970 the areal and volumetric DO depletion rates
showed dramatic increases (Table 5 and 6). The data in Table 5 indicate
erratic depletion rates for the Eastern Basin. The complex thermal structure
of this basin does not permit a routine calculation of rates. Because of these
difficulties, it is also suspected that the depletion rates in the Eastern Basin
have been relatively stable since at least 1970.

Suspended Solids

The total suspended solids in surface and bottom waters for Cruise Nos.
1- 3and for surface waters for Cruises Nos. 4-7 are depicted in Figures 14-23.
In March (Cruise No. 1) large amounts of sediment were delijvered to the Western
Basin via the Maumee and Detroit Rivers. Concentrations of dissolved solids in
Maumee Bay exceeded 100 mg/1 during this period. Concentrations in the Central
Basin ranged from Tess than 2 mg/1 in the northern and central part of the basin
to 10 mg/1 along the southern shore. The Eastern Basin was ice-covered during
Cruise No. 1.

By May (Cruise 2), suspended solids Toad had decreased by nearly 50% in the
Central Basin surface water but the bottom showed Tess improvement. The highest
concentrations of those stations sampled were found in the Sandusky sub-basin
(up to 6 mg/1). The Eastern Basin ranged from less than'1 mg/1 south of Long
Point (surface) to slightly over 2 mg/1 on the bottom near the north and south
shore. The Western Basin was not scheduled for a cruise during the period May
through August.

The June cruise (Cruise No. 3) showed continued improvement in the amount
of material suspended in the water. Most of the surface waters and a large
percentage of the bottom waters had Tless than 1 mg/1 of suspended solids in
both the Central and Eastern Basins. Nearshore concentration along the American
shore continued at about 5 mg/1 in the bottom waters. During the July cruise
(Cruise 4), a continued decrease occurred in suspended solids with no measurements
in excess of 3 mg/1 in the Central and Eastern Basins. July was the Teast turbid
period of the year observed during the study of those stations sampled.:
In August, the Central and Eastern Basins remained relatively clear except
 for the Sandusky sub-basin and the American nearshore zone. The maximum concen-
trations did not exceed 6 mg/1. In late September and early October, increased
turbidity occurred at the east and west extremities of the Take, with values in
excess of 12 mg/1 in the vicinity of the Maumee River mouth and Buffalo Harbor.
Less than 2 mg/1 of suspended solids occurred in almost all of the Central Basin
and the western part of the Eastern Basin during this period. In November, after
lake turnover, surface turbidity throughout the Take increased sharply (Figure 23).
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Specific Conductance

The conductivity (umhos/cm) of surface waters for Cruise Nos. 1 and 2,
of surface, mid-water, and bottom waters for Cruise Nos. 3-6, and of surface
waters for Cruise No. 7 are displayed on Figures 24-38. Conductivity is a
good indicator of the amount of solids dissolved in the water. The Interna=
tional Joint Commission (1975) has proposed a factor of 0.65 to convert specific
conductance in umhos/cm to total dissolved solids in mg/1.

In March (Cruise No. 1) the influence of the Detroit River, with its Tow-
conductance upper-lakes water (€220 umhos/cm), is apparent in the Western Basin
(Figure 24). The highest concentration of dissolved solids were observed in
nearshore waters of the Western Basin from Maumee Bay to Catawba Island (>300
pmhos/cm). ReTlatively uniform concentrations occurred in the Central Basin
beyond the Sandusky sub-basin. The Eastern Basin was ice-covered during this
period. May conductivity values (Cruise No. 2) indicated about 10% higher
nearshore dissolved solids concentration as compared to offshore areas.
Conductivity decreased toward the eastern end of the Eastern Basin.

Surveys in June, July, August, and September (Cruise Nos. 3-6) showed
relatively consistent conductivity values during the stratified period. Open
Take values ranged from 270-300 umhos for the Central and Eastern Basins. In
November (Cruise No. 7) a pattern similar to that observed in the Western
Basin in the spring was exhibited. The other basins also showed similar
patterns as those described for earlier in the year. Fall turnover did not
appear to substantially affect the concentration of dissolved solids in the
lake (Table 7).

During the period March to November, 1977, a general, but small, increase
in dissolved solids occurred in all three basins of approximately 5% (Figure 39).
Table 7 shows that average total lake concentration rose from 177.4 mg/1 to
188.6 mg/1 for a mass increase of 87.3 million metric tons to 92.5 million
metric tons. Figure 40 indicates that the epilimnion of the Central Basin
consistently had a Tower concentration of dissolved solids that the water below
the upper knee of the thermocline (mesolimnion and hypolimnion). However, this
difference averaged less than 10%.

Phosphorus

The 1977 concentrations and mass of total phosphorus (TP) in the Western,
Central, and Eastern Basins are 1isted in Table 8 by stratum for each cruise
and shown graphically on Figures 41-54. The highest concentrations in all
three basins occurred in the fall after anoxic regeneration and sediment re-
suspension following overturn. In the Central Basin anoxic regeneration
yielded a 1,939 metric ton increase in TP to the water column from the bottom
sediments during August and September.

The concentrations and mass of TP in the Western Basin have only fluc-
tuated s1ightly since 1970 (Herdendorf 1979) and appear to be relatively stable




in response to nearby uniform TP Toading during this period (Figure 63). The
Central Basin shows a similar stability with some indication toward a s1ightly
rising quantity of TP during the past four years (Figure 64). The Eastern
Basin data suggests a s1ight downward trend in TP concentrations since 1973
(Figure 65). : : : ‘

Soluble reactive phosphorus (SRP) concentrations and quantities for 1977
in the Western, Central and Eastern Basins of Lake Erie are listed in Table 9.
The highest mean concentration in the Western Basin (8.35 ug/1) was found in
September. During the same period in the Central Basin, the highest mean
concentration was observed in the hypolimnion (34.58 pg/1) as a result of
anoxic regeneration, However, the mean value for the entire Central Basin .
water column in September was only 7.41 ug/1. The Eastern Basin mean concen-
tration of SRP for September was the lowest, at '5.15 ug/1. Sediment resus-
_pension in the Central Basin in November appears to have resuited in the high
“'value of 10.30 ug/1 observed during Cruise No. 7.

Chlorophyll

Corrected chlorophyll a (CHL a) concentrations and mass for 1977 in the
Western, Central, and Eastern Basins are Tisted in Table 10 and shown graphi-
cally on Figures 55-61. The highest concentration and quantities in each
basin were observed in late summer (Cruise Nos. 5 and 6). The mean Western
Basin concentration was 3.6 times as great as that of the Central Basin and
4.7 times the Eastern Basin mean concentration. The west to east decrease
in CHL a is well illustrated by the surface concentrations observed during
Cruise No. 6 (figure 60). '

Chlorophyll a mean concentration for 1977 4in the Western Basin shows a
marked increase over the 1976 mean level (Figure.66). This rise may be the
result of increased productivity due to warm water temperature and higher
than average hours of sunshine. A reduced cruise schedule in this basin in
1977 may also have influenced: the calculated mean concentration. The Central
and Eastern Basin CHL a mean concentrations have been relatively stable for
the past five years with a slight indication of a decrease over the past
three years (Figures 67 and 68).

WATER QUALITY TRENDS

Dissolved oxygen, conductivity, phosphorus and chlorophyll have been the
most useful parameters for indexing the trophic status of Lake Erie. Since
1970 similar analytical methods and calculation procedures have been used to
provide information on these parameters in the three basins of the lake.
Although some minor changes have been observed over the past eight years,
such as the small but persistent decline in conductivity (Figure 62), each of
these parameters appears to have been relatively stable over this period of
time (Figures 62-68). This is not surprising considering the fact that
nutrient Toading to the lake has also been fairly uniform during this period.
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TABLE 3

LAKE ERIE HYPOLIMNETIC OXYGEN DEPLETION RATES FOR 1977

CENTRAL BASIN

Cruise Nos. Simp1e1 Calculation ModeWCaJCL1at15n (Burns, 1976)
Interval hredl Volumetric Areal Volumetric
3-4 1.57 0.27 1.00" 0.17
4-5 0.59 0.15 0.46 0.12
5-6 0.28 0.06 0.27 - 0.09
Mean 0.81+0.33 | 0.16+0.05 0.58+0.19 0.13+0.02

EASTERN BASIN

Cruise Nos. Simpie Calculation Model Calculation (Burns, 1976)
Interval Areal Vo Tumetric Areal Vo lumetric
3-4 1.93 0.15 0.93 0.07
4-5 1.62 0.13 0.71 0.06
5-6 1.05 0.09 0.40 0.04
Mean 1.53+0.22| 0.12+0.02 0.68+0.13 0.06+0.01
2...-1
Area Rate gOzm- day
Volumetric Rate = g0 m-?’day'1

2




TABLE 4

COMPARISON OF 1973 - 1977
CHARACTERISTICS OF HYPOLIMNION IN CENTRAL LAKE ERIE

1970 (Project Hypo) | 1973 1974 1975 1976 1977
JUNE
Thick (m) - - 6.2 7.7 6.6 6.8
D0- (mg/1) - - 9.9 10.0 9.6 8.3
Temp (°C) - - 8.8 6.5 9.4 [10.4
JULY '
Thick (m) - 5.0 4.6 6.7 - 4.6
DO (mg/1). - 4.9 5.2 7.8 - 5.1
Temp (°C) - 10.3 | 11.8 7.7 - 11.0
AUGUST
Thick (m) - 4.4 4.3 6.8 3.0 3.0
D0 (mg/1) - 1.6 2.1 3.3 0.7 2.1
Temp (°C) - 11.9 | 13.5 |10.2 [13.7 {11.9
SEPTEMBER
Thick (m) - 3.0 - - - 2.1
DO (mg/1) - 1.1 - - - 0.5
Temp (°C) - 13.8 - - - 11.2
NET OXYGEN
DEMAND
1oss/day2
(mg0,/cm”)
rate per ‘
unit area 0.043 0.053| 0.060| 0.067| 0.075| 0.058
1oss/d§y
(mgole)
rate per ‘
unit volume 0.13 0.121 0.13 | 0.10 | 0.13 | 0.13
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TABLE 5

TRENDS IN NET OXYGEN DEMAND OF THE

CENTRAL AND EASTERN BASIN HYPOLIMNIONS

OF LAKE ERIE

1930-1977

fear NET OXYGEN DEMAND
Bgte‘Per Unit Area Rate Per Unit Volume
(mg 0, em™? day™1) (mg 0, 171 day_l)
Central - ~Eastern Central Eastern
Basin Basin Basin Basin
1930 0.008 - 0.054 -
1940 0.015 - 0.067 -
1950 0.025 - 0.070 -
1960 0.037 - 0.093 -
1970 0.043 0.087 0.13 0.057
1973 0.053 0.023 0.12 0.016
1974 0.060 0.057 0.13 0.026
1975 0.067 0.076 0.10 0.040
1976 0.075 - 0.13 0.032
1977 0.058 0.068 0.13 0.060
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TABLE 6

ESTIMATED AREA OF THE ANOXIC HYPOLIMNION
OF THE CENTRAL BASIN OF LAKE ERIE 1930-1977

YEAR AREA PERCENT OF CENTRAL BASIN
(sz) Hypolimnion Total Basin
1930 300 3.0 1.9
1959 3,600 33.0 22.3
1960 1,660 15.0 10.3
1961 3,640 33.0 22.5
1964 5,870 53.0 36.3
1970 6,600 60.0 40.4%
1972 | 7,970 72.5 49.3
1973 11,270 93:7 69.8
1974 10,250 87.0 63.4
1975 400 4.1 2.5
1976 7,300 63.0 53.0
1977 2,870 24.8 20.8
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FIGURE 63.
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Mean Annual Phosphorus Concentrations and Mass
for the Western Basin of Lake Erie (1970 - 1977).
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FIGURE 64. Mean Annual Phosphorus Concentrations and Mass

TOTAL PHOSPHORUS CONCENTRATION}UQ/I)

TOTAL PHOSPHORUS MASS (metric tonnes)

‘5,000 -+

for the Central Basin of Lake Erie (1970 - 1977).

25T B N B o v"“"f}24n
20 4

154

1870 1971 1972 1978 1974 1975 . 1976 1977
YEARS

Mean Annual Phosphorus Concentrations
Lake Erie Central Basin

7310

1

7,000 1

6,000 +

4,000 +

3,000 -+

2,000 4

1,000 +

1970 © 1974 1972 1973 1974 . 1975 1976 1977
YEARS '

Mean Annual Phosphorus Mass
L.ake Erie Central Basin

~-81-




*(LL6T - €L61) 943 93e7 JO uiseq

U4915e3 9yl J40} SSB)j PuB SUOLIRAIUSIUOY |enuuy uesy °S9 JHN9Id
uiseg uia)se3 a3 aye
SUOIBJIUBOUCY SNIOYASOUd (BNUUY UBAN
SSVH SHVIA
116y [l6L 9s6v G868t E€L6)
7o ¥ 0
:
T lro000't 4
B : 9
[
I 2
o, To00: T
- oL @
5 Looos! g
@ To00€; 2
[%] } o
2 i 9
. % . ro00: r-
x m
a z
3 : - - 02 el
T .. 1000 ! 3
s ; (e}
z! ~
Bt
T .. 10009 E
1 000" : : L og

-82-




(/161 - €/6T) dL43 T JO ULSEYE ULS1SIM
3yl 404 SUOL]EUIUDDUOY B [ LAydoaoy) Lenuuy uesy
e ST T T iseg ureise M Bud e

suoyieiuaouo) e JAydoiojyn
pa1038410) |BNULY LESW

. SHY3A
L6t -gu6v 8L w6l ELEL -

‘99 JFHNIVIA

(I/ﬁn‘),NOIJ.VH.LNEIONOO B T1AHJOHOTHO 031935500

-83-




"(LL6T - €L6T)_OLA3 9B JO ULSBY [BAJUS)
oyl 40J mco_.u.mxpcmucou e _._.\».£QOLO_.£U _.M:CC< uesy /9 FUNHIA

{iseq [euaQ d13 a%e
SUOlj/)usdu0) E (jAydoiolyd
081031107 |enuuy UB3NN

SHY3A
116 9/6  SL6L  piBL  EL6L

(l/ﬁn{NOI_LVH.LNElONOO 2 TNAHJOHOTHO 031036HOD




“(LL6T - £461)_2Ld3 o)e] J0 ulseq uidlsey -
ayy 4ol mCwam;p:mucou e ||Aydouo|y) Lenuuy uedy °89 THNDIA A

uiseg uleises o113 axye |
suoljeljuasuo) e ||Aydosouo
Paj0aJI09 [BNUUY UBBY

SHV3IA - _
JJ6L 96 GBL  pI6L  Ei6L : .

Ire)




