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1.0 EXECUTIVE SUMMARY

The purpose of this report is to provide a statistical analysis of water quality
conditions within Wappapelo Lake during the period 2001-2005.

Statistical evaluations were performed using water quality data values acquired
during the referenced period on a wide variety of organic, inorganic and
biological parameters from a number of sampling points spread throughout the
lake. Analytical data reviewed consisted of Wappapelo Lake water quality data
has been collected from lake surface waters at three (3) sites and from one
subsurface site. Additional data have been acquired from samples taken at sites
located upriver and downriver of the body of the lake. The samples were
collected by the Corps of Engineers, St. Louis District, Environmental Quality
Section. Statistical analysis and the results were evaluated for seventeen (17)
parameters for all sites that contained sufficient data (i.e. data from two years or
more and/or a sufficient number of data points above the detection limit) on a
combined and individual basis.

The data collected indicated a generally improving to stable water quality within
Wappapelo Lake.

Wappapelo Lake Water Quality
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2.0

3.0

3.1

3.2

3.2.1

INTRODUCTION

Water quality monitoring within the lakes and rivers under the control of the U.S.
Army Corps of Engineers is essential to assure that environmental conditions are
safe for human and wildlife contact and general usage. The Corps of Engineers,
St. Louis District, Environmental Quality Section has maintained a database of
monitoring sites within Wappapelo Lake since 1989. The data as collected is
reviewed to assure that immediate environmental conditions are within acceptable
ranges. The data is then archived within a database file.

The values regarding water quality in Wappapelo Lake which are presented
herein were acquired during the calendar years 2001 to 2005. Statistical analysis
of the data was performed on data sets from individual sampling sites within the
lake system. The statistical results obtained are compared to applicable water
quality standards currently in force by regulation (State and/or Federal). In those
cases where there is no regulatory limited the values observed are compared to
those which are generally accepted as a good range for water quality. Missouri
regulations for water quality appear in Rules of the Department of Natural
Resources, Division 20, Clean Water Commission, Title 10 CSR 20-7.031.

WAPPAPELO LAKE WATER QUALITY DATA EVALUATION

Data Sets

Data sets evaluated for Wappapelo Lake originated from field sampling by the St.
Louis District Corps of Engineers Environmental Quality Section at a total of
seven (7) sites. Figure 1 shows the locations of these sites.

Evaluation

Evaluation of data was performed in two ways: 1) the combined values for each
parameter observed at all sites; and 2) the values for each parameter observed at
each site. A descriptive statistical summary of each parameter for all sites taken
as a whole and for each site individually appears in Sections 3.3 and 3.4, below.
As noted, the current levels are compared to State and/or Federal regulatory limits
where such limits have been set. Trend analysis plots and descriptive statistics for
all sites combined are provided in the various figures and tables in the referenced
sections. The equation for the trendline appears in the upper right hand corner of
all plots. All data utilized from the monitored sites for this evaluation is provided
in electronic format on CD which is attached hereto as an Appendix.. The files on
the disk can be accessed with Microsoft Excel.

Trend and Descriptive Statistics Analysis Summary

The descriptive statistics calculated and reviewed for the combined data sets are
defined in Table 1.

Wappapelo Lake Water Quality 2
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FIGURE 1 - Wappapelo Lake Site Location Map
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3.3 Data From All Sites

3.3.1 Dissolved Oxygen
Figure 2 shows the data from all sites for Dissolved Oxygen (DO). The
descriptive statistics for those data appear in the table below the plotted values.

Dissolved oxygen levels depend on temperature and atmospheric pressure as well
as on the chemical and biological activities occurring in an aqueous system.

Review of the figure will show that in general the observed values are in an
approximate range of 5 to 10 mg/L. The mean, median and mode for the
observed data were 8.0, 8.1 and 7.8 mg/L, respectively. Missouri has adopted a
level of 5.0 mg dissolved oxygen/L as a standard for protection of aquatic life in
both warm and cool water fisheries but has not applied that requirement to other
waters.

Although approximately a dozen values below 5 mg/L were observed at various
sites, the acquired data indicate that D.O. levels in the system are acceptable.

Note: A number of values were reported which were well above the maximum
solubility of oxygen even in frigid waters. These high values were excluded from
the statistics and were not plotted.

332 pH
The value for pH is a logarithmic expression of the concentration of hydrogen
ions. It is governed by the combined effects of dissolved gases (principally
carbon dioxide) and the levels of the various salts which are present. A “neutral”
system is pH 6 to 8. The pH of an acidic system is less than 6 and that of a basic
system is greater than 8.

Figure 3 is a logarithmic plot of the 104 measurements of pH performed during
the subject study. The descriptive statistics for those data appear in the table
below the plotted values. The plot shows that individual measurements were
closely similar in all sites at all times. The values, however, can be strongly
influenced temporarily by local conditions associated with unusually hot or cold
temperatures, flooding, increased runoff due to rainfall, erosion from land
disturbances caused by agricultural activities or land development.

Missouri regulations specify a characteristic pH in the range 6.5 to 9 for waters of
the state. Of the pH values acquired, three (pH 9.2, 9.3 and 6.4) were outside
state regulations. The mean, median and mode of the data are at or near to
neutrality and are well within state guidelines. The trendline for the parameter
over the five year period reflected in the plot is virtually flat, indicating that the
current general conditions will remain stable in the future.

Wappapelo Lake Water Quality 4
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Table 1 — Definitions for Descriptive Statistics

Statistic Definition
Mean Arithmetic average of all the data points.
Standard Megsure of the amqunt of error ip j[he prediction Qf the Y(paramette}‘
Frror of 111t§1'est) data point for. an individual X data point. The statistic is a
function of standard deviation and the number of measurements made.
Number in the middle of a set of numbers; that is, half the numbers have
Median values that are greater than the median, and half have values that are
less.
Most frequently occurring, or repetitive, value in an array or range
Mode
of data.
Stagda} d Measure of how widely values are dispersed from the average value
Deviation
Variance Calculation of potential difference from the norm/mean.
Characterizes the relative peakedness or flatness of a distribution
Kurtosis 'COI.Tlpal'ed with ‘the normal dis_tribptiqn. Positivc? kurtosis _
indicates a relatively peaked distribution. Negative kurtosis
indicates a relatively flat distribution
Characterizes the degree of asymmetry of a distribution around its mean.
Positive skewness indicates a distribution with an asymmetric tail
Skewness | extending toward more positive values. Negative skewness indicates

a distribution with an asymmetric tail extending toward more negative
Values

Wappapelo Lake Water Quality
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Figure 2

Dissolved Oxygen
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Average 8.016
Standard Error 0.444
Median 8.080
Mode 7.840
Standard
Deviation 2.739
Sample Variance 7.502
Kurtosis 1.20
Skewness -0.57
Range 11.70
Minimum 1.300
Maximum 13.00
Sum 305
Count 38
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Figure 3

y = 3.429Ln(x) - 28.362
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334

ORP (Oxidation Reduction Potential)
Figure 4 shows the data from all sites for ORP. The descriptive statistics for those
data appear in the table below the plotted values.

ORP is reported in millivolts. It is a logarithmic function dependent upon the net
effects and the balance of the complex interactions of dissolved components, pH,
temperature and other variables. A positive ORP indicates an excess of oxidizing
components and a negative ORP indicates an excess of reducing agents. In
general terms, a positive ORP is considered beneficial since the system is healthy
and operating aerobically. A negative ORP, however, can indicate that a system
is operating anaerobically, a condition which generally leads to generation of
objectionable odors through putrefaction.

Values of ORP data are plotted in Figures 4. Review of the plot will show that
during the period studied, the mean of the values observed for ORP decreased
steadily from a high of approximately 300 mv to a low in the order of 200. The
data indicate that this trend will continue.

Note: A negative value for ORP (-75 mv) was observed in a samples collected in
May 2005 at Site WAP-1. These value is included in calculation of the statistics
for this property but is not plotted The instance is an isolated one and does not
appear to have any significance relative to the quality of lake water.

No specific regulations for ORP in general purpose waters have been generated
by the states or federal government.

Conductivity
The data for conductivity appears in Figure 5.. The descriptive statistics for those
data appear in the table below the plotted values.

Conductivity in an aqueous system is governed by the concentrations, mobility,
oxidation state and other properties of dissolved ionized substances. Conductivity
is also directly proportional to temperature and an approximate 2% rise in
conductance of water occurs for every 1° C rise in temperature in the system.
Many of the ionized substances present in natural waters (especially carbonates
which also impact system pH) are leached from local and watershed soil and
rocks and many more are introduced by runoff from agricultural and land
development activities. Most of the nutrients from agricultural runoff are ionized.

The maximum observed during the study was 296 uS/cm. The mean, mode and
median of the values were in close agreement at approximately 200 uS/cm. There
is a slight upward trend in those values but the data suggest that future values for
this property will be of magnitudes similar to those found during the current
study.

Wappapelo Lake Water Quality 8
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Figure 4

Oxidation Reduction Potential (ORP}) y =-0.0633x + 2651.1
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3.3.5

3.3.6

3.3.7

There is no Missouri standard for conductivity in waters of the state.

Note: Several values of less than 1 uS/cm were observed during the study.
Conductivity of that order is typically observed in reagent waters which have been
distilled , deionized or otherwise processed to removed ionic solutes. Since the
reported values were in the range characteristic of natural waters they not
included in the plot of the data and were not utilized in calculation of the
statistics.

Total Suspended Solids
The data for total suspended solids appears in Figure 6.. The descriptive statistics
for those data appear in the table below the plotted values.

Suspended solids affect the clarity and appearance of water. In general, these
solids are soil and/or plant particulates introduced to the system by local or
watershed erosion or biomaterials produced by aquatic flora and fauna.
Individual measurements taken at separate sites in the system are quite often
highly variable because of these localized effects. Five values in the range 400 to
1000 were observed during the during the study and were not plotted to avoid
scaling problems in the chart. Except for those high values, the data acquired are
in reasonable agreement. The data indicate that this property is stable and that it
will remain in the range shown in the plot for the foreseeable future.

No quality standard has been set by Missouri for suspended solids in waters of the
state.

Volatile Suspended Solids

The data for volatile suspended solids appears in Figure 7.. The descriptive
statistics for those data appear in the table below the plotted values.

Volatile suspended solids are usually organic and impact on the oxygen levels as
they degrade. In general, those materials were found in low concentration at
levels that were approximately one quarter of total solids. The trendline is flat,
indicating that the current values are stable and that future determinations will be
similar in distribution and magnitude.

There is no standard set by Illinois for volatile suspended solids in general
purpose waters

Total Phosphorus
The data for total phosphorus appears in Figure 8. The descriptive statistics for
those data appear in the table below the plotted values.

Wappapelo Lake Water Quality 11
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Figure 6

Total Suspended Solids - All Sites
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Figure 7

Volatile Suspended Solids (VSS) y =-0.0004x + 16.394
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Figure 8

Total Phosphorus - Alf Sites
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Statistic Value
Average 0.073
Standard Error 0.010
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Mode 0.091
Standard Deviation 0.120
Sample Variance 0.014
Kurtosis 131.24
Skewness 11.03
Range 1.49
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Maximum 1.50
Sum 11
Count 154
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3.3.8

3.3.9

3.3.10

Phosphorus is an active nutrient. Elevated levels of the element in virtually any
form (and other nutrients as well) adds to the risk of algal blooms and other
problems associated with eutrophication-related water quality problems. The
principal source of these materials is runoff from agricultural activities. The
trendline is flat indicating that the characteristic is stable and that future data will
parallel the values shown in the figure.

The average and median value for these data are approximately 0.07 and 0.06
mg/L. A limit of 0.05 mg phosphorus/L is set by Missouri water quality
standards.

Soluble Phosphorus (ortho Phosphate)
The data for ortho-phosphate appears in Figure 9. The descriptive statistics for
those data appear in the table below the plotted values.

The data plotted in Figure 9 show the soluble fraction of the total phosphorus
values in Figure 8. The remarks relative to the action, environmental threat
potential and origin of total phosphorus entities apply to soluble forms as well.
The data indicate that the profile of the nutrient in lake waters is stable.

There is no water quality standard for this characteristic published by Missouri.

Nitrate
The data for nitrate appears in Figure 10. The descriptive statistics for those data
appear in the table below the plotted values.

Nitrate, like phosphorus, is an active nutrient and can have a detrimental
environmental effect when it degrades to nitrite, a nutrient for algae. Nitrates may
be introduced into water systems by the decay of nitrogenous organic matter or
runoff from both agricultural or industrial sites.

The Missouri water quality standard for nitrate is 10 mg/L. The limit applies to
drinking water, ground water and sources which may be used for watering
livestock or wildlife. The data show that the concentrations of this nutrient in
Wappapelo Lake are significantly lower than this standard.

Ammonia
The data for ammonia appears in Figure 11. The descriptive statistics for those
data appear in the table below the plotted values.

Like phosphorus and nitrate, ammonia is an active nutrient. It may be present in
runoff from agricultural or industrial sites, may form in aqueous systems from the
decay of nitrogenous wastes or may indicate the presence of improperly treated
discharges from waste treatment plants.

Wappapelo Lake Water Quality 15
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Figure 9

Orthophosphate - All Sites
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Nitrate - All Sites
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Figure 11

Ammeonia Nitrogen- All Sites y = 3E-05x - 0.8526
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3.3.11

3.3.12

33.13

The levels of ammonia observed in lake samples are acceptable. Missouri water
quality standards for ammonia are set based on pH and temperature. The
concentrations found in Lake Wappapelo during the subject study are well within
those standards.

Manganese

Manganese was evaluated in samples collected from two sites. The data are
plotted in Figure 12. Statistics calculated from the data appear in the table below
the chart.

Manganese was observed in virtually all samples. The median of the observed
data was slightly more than 1 mg/L, however, the low levels of the median and
mode (0.29 and 0.11 mg/L, respectively) show that most of the values were
substantially less than that.

The water quality standards of Missouri specify a limit of 0.05 mg/L in ground
water. The secondary maximum contaminant level (SMCL) for manganese in
drinking water set by the federal Clean Water Act is 0.05 mg/L. SMCL values
are set on aesthetic grounds and imply no health hazard.

Iron
Iron was evaluated in samples collected from two sites. The data are plotted in
Figure 13 and statistics calculated from them appear in the table below the chart.

Iron was detected in all samples but one and all values observed were 2.0 mg/L or
less. The data indicate the iron concentrations in lake waters are stable.

There is no regulatory limit for general use waters in Illinois for iron. The
secondary maximum contaminant level (SMCL) for iron in drinking water is 0.3
mg/L. SMCL values are set on aesthetic grounds and imply no health hazard.

Chlorophyll
The data for chlorophyll at all sites appears in Figure 14. The descriptive statistics
for those data appear in the table below the plotted values.

Chlorophyll is the photosynthetic pigment present in all plant except the fungi and
bacteria. There are three forms of the pigment, chlorophyll A, B and C. The
concentration of chlorophyll is an indicator of the rate of formation of organic
carbon in the plant bodies from atmospheric carbon dioxide.

Wappapelo Lake Water Quality 19
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Figure 12

Total Manganese - All Sites
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Figure 13
Total Iron - All Sites
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Figure 14

Chlorophyll - All Sites
y =-0.001x + 47.942
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Statistic Value
Average 8.914
Standard Error 0.992
Median 6.300
Mode 5.000
Standard Deviation 6.580
Sample Variance 43.299
Kurtosis 7.21
Skewness 2.62
Range 28.30
Minimum 5.000
Maximum 33.300
Sum 392
Count 44
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3.3.14

3.3.15

Chlorophyll was evaluated in samples during three years of the study (2002, 2004
and 2005). The mean and median values for this property were within a few
points and there was a decreasing trendline in the data. Evaluation of data
indicates that primary productivity of life forms utilizing chlorophyll is stable in
lake waters.

There is no regulatory limit for chlorophyll.

Pheophytin
The data for pheophytin at all sites appears in Figure 15. The descriptive statistics
for those data appear in the table below the plotted values.

Pheophytin is a photosynthetic pigment and degradation product of chlorophyll.
It is a general indicator of the health of the chlorophyll available in the system.
There is no regulatory limit for the compound.

Pheophytin was evaluated in samples collected during all years of the study. It
was above the method detection limit in only a few instances. By convention,
non-detects are plotted as the reporting limit for the method, 5.0 mg/cubic meter.
The data suggest that the life cycles in lake wasters utilizing photosynthesis are
stable and healthy.

There is no regulatory limit for pheophytin.

Total Organic Carbon
The data for total organic carbon at all sites appears in Figure 16. The descriptive
statistics for those data appear in the table below the plotted values.

Total organic carbon measurements are important in water quality monitoring.
The measurement provides an index for estimating the levels of toxins, teratogens
and other organic materials which may increase the demand for available oxygen
in the system.

Organic carbon was detected in only a few samples. As with pheophytin, non-
detects are recoded and plotted as the reporting limit for the method. The data
acquired strongly suggest that all aspects of dealing with organic material in the
waters of Wappapelo Lake are stable and operating well.

There is no regulatory limit set for this property
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Figure 15

Pheophytin - Ali Sites

y =-0.0001x + 9.6321
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Statistic Value
Average 5.130
Standard Error 0.065
Median 5.000
Mode 5.000
Standard Deviation 0.624
Sample Variance 0.389
Kurtosis 30.95
Skewness 5.38
Range 4.50
Minimum 5.000
Maximum 9.500
Sum 472
Count 92
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Figure 16

Totat Organic Carbon - All Sites

y = -2E-05x + 5.8738
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Statistic Value
Average 5.153
Standard Error 0.060
Median 5.000
Mode 5.000
Standard Deviation 0.743
Sample Variance 0.551
Kurtosis 47.62
Skewness 6.59
Range 6.60
Minimum 5.000
Maximum 11.600
Sum 794
Count 154
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34

34.1

342

3421

3422

3423

Individual Sites

Overview

Surface waters from three sites on the lake proper and subsurface water from
one of those sites were evaluated during performance of the subject study. The
locations of these sites are shown in Figure 1, above. As shown in the figure,
WAP-1 is located on the lake overflow in the south. WAP-2-0 and -2-10 are
located at a central point in the southern reach of the lake. WAP-5-0 and WAP-
15-0 are located in the northern reach the lake. WAP-6-0 and WAP-7 are in the
north in the watershed of the lake.

In the text below the data are compared between sites and to the values found at
all sites. Plots of the levels found for properties evaluated at each site appear in
Appendix 1. Two statistics (average and median) calculated from those data
appear in Table 2.

As review of that table and the plots of the data acquired during the study shows
water quality values in samples taken from the body of the lake were generally
nominal. The exceptions to that trend are noted in the paragraphs below. Those
exceptions are often associated with the values found in samples taken from
WAP-6-0 and WAP-7.

Chemical/Physical Properties

Dissolved Oxygen

Except for observations made at all sites in July, 2001 and another made at
WAP-1 in May, 2003, all reported values are either at, above or just slightly less
than 5.0 mg/L. The average and median of readings at Site-2-0 were higher
than any other sampling points but, in general, the results observed were in good
agreement. The average reading at all sites increased at approximately the same
rate as the study progressed.

pH

Except for those found in samples from all sites collected in May and June,
2002 (pH 6.4 to 6.9), all observed values were in the range of pH 7.0 to 9.3. In
all cases, trend lines were flat.

Oxidation-Reduction Potential (ORP)

When data from all sites were considered as a single group (see Figure 4) there
was a time related reduction in ORP as the study progressed. Evaluation of
those results a each individual site shows that the downward trend was
accentuated in on-lake sites (WAP-1, -2 and -5) but was minimal in the
watershed sites (WAP-6 and -7).

Wappapelo Lake Water Quality 26
2001 - 2005




Table 2 - Individual Site Statistics

WAP- | WAP-15- | WAP-2- | WAP-2- | WAP-5- | WAP-6- | WAP-
1 0 0 10 0 0 7
. mean 7.86 10.9 6.90 8.65 8.29
Dissolved Oxygen = ian | 7.68 10.9 7.44 8.62 | 7.49
pH mean 7.82 8.08 7.80 7.60 7.59
median | 7.90 8.15 7.85 7.68 7.65
ORP mean 208 223 271 293 291
median | 205 — 194 -— 265 275 296
Conductivity mean 195 -—- 187 - 197 227 226
median | 204 --- 191 - 212 226.5 218
TSS mean 11.2 9.5 8.2 23.6 9.6 6.3 5.4
median | 12.0 9.6 8.0 14.4 9.7 5.8 4.6
VSS mean 3.4 3.0 3.6 4.3 2.9 1.8 1.4
median 3.0 2.8 3.3 4.0 2.7 1.45 1.3
Total Phosphorus mean | 0.075 0.066 0.059 0.166 0.068 0.049 0.031
median | 0.088 0.067 0.061 0.093 0.068 0.041 0.028
Soluble mean | 0.014 0.012 0.013 0.026 0.011 0.014 0.014
Phosphorus median | 0.010 0.010 0.010 0.010 0.010 0.010 | 0.010
Nitrate mean | 0.054 0.086 0.059 0.062 0.065 0.090 0.081
median | 0.033 0.047 0.037 0.039 0.042 0.042 0.050
Ammonia mean | 0.093 0.036 0.060 0.432 0.036 0.060 0.038
median | 0.069 0.030 0.030 0.130 0.030 0.037 0.03
Manganese megn 0.315 - 1.95
median | 0.135 0.48
Iron mean 0.41 0.85 -
median | 0.34 0.56 -
Alachlor - .
Atrazine -
mean 7.7 13.7 8.5 5.8
Chiorophyll median | — 75 6.9 8.8 5.0
. mean 5.7 5.0 5.5 - 5.0 5.0 5.0
Pheophytin median | 5 5.0 5.0 5.0 5.0 5.0
T0C mean 5.21 5.11 5.4 5.35 5.03 5.01 5.00
median | 5.00 5.00 5.0 5.00 5.00 5.00 5.00
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34.2.4 Conductivity
Trend lines rose slightly for all sites. Readings in the upstream off-lake sites
(WAP-6 and WAP-7) were generally higher than the values observed in sites
on-lake or in the lake outfall. Those higher readings upstream of the lake body
may be related to increased agricultural or land development activities in the
areas drained.

3.43  Total and Volatile Suspended Solids
As shown in the table below, except for the increased levels of TSS found
subsurface at Site -2, there is general agreement in the values for both volatile
and total suspended solids observed in on-lake sites. In samples taken from
both watershed sites the values for both kinds of solids are substantially lower.
The data suggest that those increases are due to the activity levels of agricultural
and/or land development in the areas surrounding the lake itself.

WAP-1 | WAP-15 | WAP-2-0 | WAP-2-10 | WAP-5 | WAP-6 | WAP-7
TSS mean 11.2 9.5 8.2 23.6 9.6 6.3 5.4
median 12.0 9.6 8.0 14.4 9.7 5.8 4.6
VSS mean 3.4 3.0 3.6 4.3 2.9 1.8 1.4
median 3.0 2.8 3.3 4.0 2.7 1.45 1.3

344 Nutrients
As shown in tables below, date related patterns of variation in the observed
levels of some nutrients were noted in the data acquired during the study. These
variations may be related to agricultural activity in the area.

3.4.4.1 Phosphorus
In general, the levels of total phosphate are higher in on-lake sites than in waters
taken from watershed sites.

As shown in the table below, the levels of total phosphorus vary with the month
in which collection occurred. These variations are most likely due to
agricultural practices in the area.

April | May | Jun | July | August | September
0.071 | 0.106 | 0.084 | 0.073 | 0.049 0.029

3.4.4.2 Nitrate
There is general agreement in the nitrate levels found at all sites. There is,
however, a month related cycle was also observed in the concentrations of
nitrate found. The values are shown in the table below. The changes are
probably associated with seasonal agricultural practices

April | May | Jun | July | August | September
0.059 | 0.046 | 0.034 | 0.027 | 0.122 0.123
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3443

3444

3.4.5

34.5.1

3.4.5.2

Ammonia

Levels of ammonia higher than 1 mg/L were found in several samples collected
at WAP-2-10. These high concentrations at this site and at others were usually
observed in June, July or August. Preliminary evaluation suggested that there
was a time-related variation in ammonia concentration similar to that observed
for phosphate and nitrate. Further study showed, however, that the apparent
variation was an artifact created by the extraordinarily high levels of the
compound found at Site 2-10.

Iron and Manganese

Levels of these two metals were evaluated at two sites, WAP-1 and WAP-2-10.
The highest levels of both metals were found in WAP-2-10. The concentrations
appeared to be stable.

Organics

Chlorophyll/Pheophytin

Chlorophyll and Pheophytin concentrations were evaluated irregularly during
the study and the absence of data sometimes hampered trendline evaluations. In
those cases trendline values have been omitted from the plots of individual site
data.

Chlorophyll concentrations were low in February and March, rose to a peak in
May and thereafter declined steadily. Pheophytin was less than detection limits
in a substantial proportion of the samples. By convention, non-detects are
recorded on the charts at the reporting limit of 5 mg/cubic meter.

Total Organic Carbon (TOC)

Excepting occasional high levels of TOC observed in all samples, most
contained less than the minimum detectible level. That situation is reflected in
the plots of these data by the heavy concentration of points at the 5 mg/L level.
These was no significant difference in this property observed in any particular
month or year of the study
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40  CONCLUSIONS AND RECOMMENDATIONS

The result of the evaluations in this document are compared in the table below to
those described in the referenced previous report

PARAMETER TREND
Dissolved Oxygen Stable
pH Stable
Oxidation Reduction Potential Improving
Conductivity Stable
Total Suspended Solids Stable
Volatile Suspended Solids Stable
Total Phosphorus High, cyclic
Soluble Phosphorous (ortho-Phosphate) Stable
Nitrate Cyclic
Ammonia Stable
Manganese Stable
Iron Stable
Chlorophyll Stable
Pheophytin Stable
Total Organic Carbon (TOC) Stable

The trends noted suggest that the condition of Wappapelo Lake has improved and

is stable.

Wappapelo Lake Water Quality
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Appendix 1 — Plots of Data Collected from Individual Sample Sites

Wappapelo Lake Water Quality
2001 - 2005

31




90-1°0 Go-Ae yo-uer 20-deg L0~idy 66-09Q 90-1°0 G0-Aep yo-uer Zo-deg 10-1dy 66-22Q
. 1. O 1. S — - — L O
*
_ N - N
Ly v
= @ —
a ° 3
ol o
- 2L
-2t
Lyl
-yl
0L-Z-dVM ¢ | Z0'GEL - XBE00'0 = 4 (0-Z-dVM) JEBUN e 0-Z-dVMN & |
907120 co-Ke yo-uep Z0-deg 10-1dy 66-0901 90190 S0-Aen yo-uer zo-dag L0-idy 66-00Q
, , , 0 , : 0
. .
L N s N
L V u v
L © r @
- 0L - 0L
.
i . A
4! . A
,,,,, Ly -l
660} - X000 = A
0-GL-dvYA & | (1-dVM) JBOU T |-dVM @

uabAXQ panjoss|(]




9010 So-Aep y0-uer Z0-deg 10-1dy 66-290
, , , 0
¢ -z
-y
.
& 9
. R E]
L 2P'S -8 T
F oL
. L
. zL
vl

SE'€01L - X6200°0 = A

(0-9-dVM) JEBUI e 09~V #

zo-deg 10-dv 66-020

1 0
. 2

90-190 Go-Aep y0-uep

04

1£6726 -X2200°0 = A

RN — T

/Bw

yo-uer

L

66-9°0
0

. z

90-1°0 G0-Ae 2o-deg 10-1dy

Ob

4"

vl

9€'€Z1 - XGE000 = £

/8w

| (05-dYM) JESUI e 0-G-dVM & |

uabAxO panoss|q




90-P0 50-Aen yo-uer zo-deg L0~y 66-220 90-R0 So-Aein yo-uer ¢o-deg L0-Idy 66-220
. ) o. —\ L e — S SR ! o.—\
5 5
= &
> ')
A—— ~—
* . .
\\\\\ — G210 -%20000 =A
0LZ-dvm e | e (0-2-dVM) JERUN 0Z-dvm & |
90-1°0 So-Ae pO-uep -do -1d -0
, , 0 , eoees +0 , v &6 %F 90-100 so-fep yo-uer zo-des L0~y 66-92Q
. , , , ol
C
2. c
& 2.
7
.
JI}LTC.TI
00l * .
-G Ly @ | PR .
RelaGllng yLEYE - (X)u1866'E = A | () Bl 1-dvM & |

Hd




90190 S0-Aely y0-uer 20-des LO-1dy 66-09Q

00'L
jen
2.
&
{I{Lfllf‘
*
L 0001
Z510°C + (uzezs 0 =4
I e
9010 Go-Aey vo-uer Z0-des LO-1dy 66-09Q 9010 Go-Aen ¥0o-uer zo-das L0-1dy 66030
; , : : : 0L : : : : , ol
s S
@ &
{09-dvm) B0 09-dvM & | 20718 - (uTgsy'g = A (0G-dYM) ‘DO e 0-G-dYM @ |

L0802 - (XYUSHE9°Z = A

Hd



Aiagonpuod

900 G0o-Aepy yQ-uer Zo-deg LO-dy 66-29Q 90100 so-Aep yo-uer 20-deg Lo-1dy 66-080
00 , . I Y : y 00
0z 005
0¥ S 0001
Lo « * . -
09 % . '00 0061 %)
- 2 P . a
- 00} * - 07052
02k * - 0°00€
0'vl - 0°05€
L OLz-dvme 6E°016 - X620°0 = A (0-z-dvM) eaun 0Z-dvM
90700 S0-Aep y0-uer Zo-deg 10~4dy 66-09Q 900 Go-Aepy vo-uer zo-deg 10~1dy 66-09Q
) X 00 L - 00
"o - 005
F0Y 'S
- 0°00)
09§ 14 e
[e] . . =2
o S 0051 5
ool - 0002
- 0ZL 005z
-L oyl
0°00€
0-GL-dVM | €6'098 - X££200 =4 , (L-dVM) JEBU e |-dYM @ “




90-1°0 S0-Aep yQ-uer Z0-deg 10-1dy

66-220

» L4
e «‘ 0L<

. . .

* e

00

0°0§

0'001

0061

wo/gn

- 0°002

0'05¢

- 0°00¢€

- 0°0S€

LLPEL + X42000 = A

Ldvm & |

90-100 so-Ae

L

2o-deg

yQ-uer L0~idy

66-9ed

Y
. . PSR4
. *

00

- 0°0S

0001

- 0°0SL

wo/sn

- 0°00C

- 0°06¢

0°00¢

oanane

9588 - X€800°0 = A ¥ o9~

0-9-dVM) JBBUI e 0-G-dYM &

Aagonpuo)

90-1°0 So-Aep yQ-uer zo-deg Lo-1dy

66-92Q0

* L 2

€6 LEL +X2L00°0 =4

(0°5-dVM) 188U e OG-V & |

00

- 009

r 0001

- 0051

wo/sn

0002

0°0s2

0'00e |




90-120 So-Ae yo-uer Zo-des 10-1dy 66-08Q 90-120 co-Ae po-uer Z0-dog Lo-1dy 66-990
00 ! L . L OO
0z - 0°0G
o 0004
005t
9 3. 3
09 = 0002 £
08 = 00z &
. - 0°00€
004 . . A
oz ., - 0°0G€E
S 0°00%
-0l - 0'0S¥
[0l-z-dvme 6'8vyy + X811 0- =4 | (0Z-AVM) JEOU e 0-Z- VM #
907100 s0-Aep y0-uer Zo-deg Lo~idy 66-02Q 90100 g0-Aep y0-uer zo-deg L0-1dy 66-09Q
, : , : 00 , : : 00
0z 0°0s
o 0°00}
. - 0051
09 2 0002 3
< . =
08 2 0082 3
004 . 000 &
* % - 0°06¢
Lozl 0°00%
0bL * 00SY
000
| 0SL-dvM & | 9'65LY +X9p0L 0 = A (1-dVM) BB L-dvM & |

(dHO) [enusiod uononpay UOREPIXO




z0-deg

L0-4dy

66-99Q

90-1°0 so-Aen yo-uer
i 00
005
° 0004
005}
‘. ' 0002 3
¢ P * 00sC
VN =
00 r 4o 0008 @
. . 0°05¢
- 0007
. 0°0S¥
0°00S
Ly'9Z8 + XZPL00-= A | (L-dVM) JEBU e L-dVM ;
90120 G0-Aei y0-uer zo-des 10~1dy 66-090 900 Go-Aeiy y0-uer z0-deg 10~4dy 66-990
, , , , 00 , , , , , 0
005 * - 05
0001 - 001
- 0°0S1 . - 051
* - 0°002 ¢ 002
¢ S % = s % 2
—~— e * 0%y *® 05 §
-0°00g @ - O0E @
e o % 0'0s¢ o % * ., 0se
- 0°00v * - 00¥
. 0°0S¥ * - 05y
L 0008 - 00S

£/6Z1 +%6520°0- = 4

< (0-9-d VM) JEBUI | ammm 09V &

€12.LZ + X8¥90°0- = A

(dH0) 1enusjod uononpay uolepixo

(0-G-dVM) JEBUIT e 0-G-dYM .




9010

Go-Aep yo-uer Z0-des L0~y 66-29Q

00
0c
-0

* r 09
. -0’8
r 00t
F0CL

bW

~ 0l

(oizaine

90190

L

s0-Aep yO-uer z0-das Lo~dy 66-99Q

Z6'LYL - X2H00°0 = A

00
r0¢
- 0'Y
- 09

/6w

- 08
- 001
- 0°Cl

0¥l

(0-5L-dv) Jeaup

0Sidvm ¢

90100 Go-fep vo-uep zo-deg 1L0-1dy 66-020
— S— i - i - EE— — E— OO
rs L 4
IS . ¢ % ¢ 0%
Py e ey —
. . * 00k 5
* * @
LT
* L 002
062
906°9Z + XG000°0- = A | (0-Z-dVM) JEBUM e 0-Z-dVM &
90-1°0 GOo-Aep yO-uer Z0-deg L0~1dy 66-03(1
, , , , 00
.
*
¢ 0
L L 3 *
* - 00}
—_— 2
- . . L 20 -
.
. 002
052

6£'8E - X€L000 =4

(SS1) spijog pepusdsng |ejo|

| (L-dVM) JEOUI e L=V #




907100 Go-Aen yo-uer zo-deg 10~y

66-92Q

| 00
. * o? 0¢
® .
¢ . ot
. 'Y .
* 09
g &
. . 0e &
* 00l
*
- 02
. - 0'vL
L 091
886°2G + XEL00'0- =4
[ (£-dVM) JEOU e L=V #
90-1°0 So-Aely yO-uer Z0-deg L0-1dy 66-290 907100 G0-Aep y0-uer zo-deg L0-4dy 66-99Q
. | o L L OO - - L : OO
* 02 A
* . o - 0'G
- * 7, » .
'S 0, —_ b 09 00l
0s 3 3
* 001 & oSl g
~ ™
. 0zt
ovL 0o -
091
062
¢ | 08l
* 002 L ooge
¥80°ES + XZL00'0- = A

8 Ao-w,amgv JEOU] wmm 0-9-dVYM @

(8S1) spios pepuadsng [ejo]

26221 - %6000 =4

(0°5-dVM) JEBUT e OG-V




90RO G0-Aen vO-uer

Z0-dag LO-1dy 66-220

000
- 020
oo
090
080
004
-0t
or'L

°F o

J/Bw

99/1°8 + X2000°0- = A

o9t

(0L-Z-dVM) JEOUM e OL-Z-dYM & |

90-100 so-Aepw

€709°0 + XG0-J - = A

90100 So-Aepy yo-uer

Zo-deg Lo-1dy 66-097

000
. 200

S9¥Z'0 - X90-38 = £

| (0-G1-dVM) JBRU e 0-GL-dVM\ &

66-92d
£ 000
100
200
* €00
00
G000
900
- .00
- 800
- 600
010

yo-uep Zo-des L0-1dy

| (02-dVM) JEOU T 0-2-dVMA #

90120 S0-Aep

Zo-deg

1

y0-uer 10-1dy 66-2901

000
L 4

* -¢00
rv00

- 900

cmmm——— - 800

8862°0 - XG0-J| = A

- 010

- ¢k0

(1-dVAM) JEOUI T -V @

snioydsoyd je1o].

YB'w

/6w




90-1°0 Go-Re po-uer z0-dss 10~1dy 66-02Q
: : : 0000
*
Y 4 ¢ :
L 4 * 0200
L4
¢ & \31* -ty i .4
L 4

*e

0v00

*
0900

/6w

- 080°0

* 0010

$610°0-x90-31 =4

Go-Aey

90-1°0

yo-uer

Zo-deg L0-1dy 66-09Q

1288°0 + XG0-3Z- = A

: 000
- 200
- v00

r 900

/6w

- 800
- 010

* - ¢L0

¥1°0

(03 gy BuT— 0Ty ¢

90-190 So-Aen yo-uer 2o-deg 10~dy 66-09Q
: : : 000

- 200

* - ¥0°0

*
e
.
.
*
)
© ©
S 9
[} o
/B

142"

1660 - XG0-3|, = A (0G-dVM) JEBU e 0-G-dYM &

snioydsoyd |e1ol




9010

Go-Aeny

pO-uer

zo-deg

L0~dy

66-92d

90-10 Go-Aew $0-uer zo-deg L0~1dy 66-08Q
- 0000 , 000
L . 4 g L J 0\ L 4 * L 4 )
3 L €00 3
A - 0900 @ m &
3 L y00 F
* - 080°0
* - 500
. - 0010 | 900
.
LOVL'0 - X90-T = A | (01-2-dVM) JEBUT——— OL-T-dYM & 220€0-%x90-38 = A [ (0-2-dvM) JeoUN—— 0-Z-dvM & 4
- - - i Z - FUVNE S — -
907120 So-Aen vo-uer Z0-deg 10~idy 66-02Q {90900 GO-Aeiy yo-uer Zo-des LO~1dy 66-02Q
: , : , 000°0 b , : : 000
- G000 " W W ¢ - - 1070
QIDQIF“ *n o+ - oSHo *» o - 200
ry - G100 . €00 3
- 0200 @& =
. = yo0
- 6200 .
0£0°0 - 500
- GE0'0 . 900
. 0 0%0°0 100
901170 +X90-3¢- = 4 L (0-GL-dvM) Jeaur 0-GL-dvM & 1ZL0°0-x0-3L=4 . (1-dVM) JEOUI T L-dYM @

(¥Od-0) snioydsoyd s|qnjos



90-100 So-Aep yO-uer zo-dog L0-1dy 66-09C
: 0000
- 5000
% oge o ® *w Laad 0100
I 2 Y G100
- 0200 3
e
- G200 &
* . - 0€0°0
- 6£0°0
. - 0700
,,,,, SR m.vo‘o
6160°0 + X90-32- = [ (-dvm) JeBUT—— /-dvm &
90190 Go-Aepy $O-UEr z0-deg LO-Idy 66-090 9020 So-Aep y0-uer Zo-deg L0-1dy 66-00Q
: : : : 0000 , : : , 0000
- 6000 5000
2 e ww ., *» - 0100
* - G100 ? WP W e O - 0100
¢ L 0200 3 ¥ ¢ 3
@ - GL00 @
G200 & . =
. . - 0E0°0 0co0
GE00 )
) * - GZ0'0
. 0v0°0
SY0°0 : e -+ 0200
66710 + X90-3¢- = 4 (0-9-dyM) JeRUN e 00T & eL50°0- X903z = £ (0°G-dv) JesurT—— 0-G-dvm &

(y0Od-0) snioydsoud e(gnjos




yo-uer

90100 Go-Aewy zo-dog L0~1dy 66-09Q 9010 co-Aepy yo-uer 20-deg 10~1dy 66-220
: : 000 e : ‘0
. L 0 g o 00
200 i 600
$0'0 o *
¢ 010
90°0 ; .
800 & 50 3
010 0zo ™
. ZLo - G20
Y10 :
. . . 0£0
910 - 6E0
‘ 60ZY'L - XG0-3p = A —
€106°0 + XG0-32- = A (0L-2-dYM) Jeaur] 0L-2-dYM @ (0-2-dVM) JBOUI T 0-Z-dYM @
9000 G0-AeiN y0-uer zo-dag L 0-1dy 86-00Q 90100 go-Aep yo-uer z0-deg L0~dy 66-00Q
; . . : 00 . ! : . : 00
* 40 . s - 00 ”» e » - 00
) M . .
*
= L0 \\‘\’\P\ 10
10 ¢ L0
2 * 2
. 1o ™ ¢ . 10 T
*
* ) * 10
.
L 10 10
z0 * 20
&
Z0 T S ALY
16560 +%50-32- = A m & (1-dYM) BB -dYM #

| (0-5b-dvn) Jeeun

0-GL-dvM

| LOVY0 - X60-3L =4

dlenIN



907100 Go-Aepw y0-uer zo-des

LO-1dy

66-99d

000
S0°0
- 010
- GL0
- 0C¢0
ReTAY
-0€0
Y

0v'0

Z600°L +X50-32- =4

| (-dVM) JBRUI e L-dVM\ #

7/6w

900

Go-Aely

yo-uer

Zo-deg 10-1dy 66-09Q

BS18°0 + XG0-Tz- =4

: 000
S0'0
- 010

000

* SL°0

- ,.
. ¢ omonnw/u
=

- G20
0€0
Geo

A4 0¥'0

Gv'o

(0-9-dVM) JEBUI e 09IV & |

SENIN

90120

20-dag

Go-Ael 10-1dy

66-99Q

* 00

LEEY'0 + XG0-TFL- =4

0000
- 0200
r 0¥0°0
- 0900

0800
- 00170
- 0clo

~0vL0

/6w

(0-G-dVYM) JEOUI e O-G-dVM\ @




90-10

66-99Q

So-Aep $0-uer Z0-deg L0-idy 90-1°0 Go-Aepy $0-uer zo-deg Lo~y 66-09Q
g £3 o & 0000 et 000
¢ s o N vl .
- %, 0020 o N ww R - 500
00%°0 A 0Lo
* * 0090 . - S1°0
0080 & mw.m M
* 000t 0=
. * ¢ 00z - 0£0
. - GE0
* ¢ 00wk * ov'0
009°L ero
G8EY' T -XG0-3L = A g — |
8ZEL'E - XG0-36 = A (0L-2-d VM) JBBUI e 0L-Z-dVIA & (0-z-dvm) Jeaun 0-Zdvm &
90-10 Go-Aeiy y0-uer 20-deg 10~dy 66-080 90-10 so-Aepy y0-uer 20-des 1010y 66-99Q
; , : , , 000 ; , : 000
¢ oo o * o .
* - 0L'0
- 200
3 510 3
* ®H wee o o000 F €00 & * e e
v - N -0Z0 ™
- & v0'0 - 520
. . . .
. . €00 . 0€°0
e 000 6c0
pE21°0 - X90-39 = A | (0-G1-dvM) JBoUN—— 0-GL-d¥M & | ZEET L - X50-Tp = A | {b-dvm) seaun bdvm ¢

eluoWIWY




90-100 go-Aep $0-uep Z0-deg L0-1dv

66-99Q

*

000°0

0100

0200

0€00

0v0'0

0500

090°0

- 0L0°0

GZYe0-X50-3L = A

(L-dVM) JeoUT e /-dYM @

-.080°0

9010 SO-Aen yo-uer

Zo-des LO~dY

L L

66-92Q

& O M 4

000°0
* - 0S0°0
- 0010

- 0S1°0

/6w

- 0020

- 0620

00€0

*

696Z°L + XG0-Jg- = A

: _08€°0.,

(0-9-dVYM) JEBU T 0-O-dVM @ W

9000 Go-Ae yo-uer z0-deg L0-1dy

66-98Q

* W0 *woe 9

¥

L 4

Z550°0 + x.0-3g5- =4

0000

- 0100

0200

- 0€0°0

0¥0'0

060°0

0900

0400

0800

060:0

(0-G-dVM) JBBUT e 0G-dVML @

BIUOWILY

/bw

/6w




66-990

asauebuepy |e1o]

90700 S0-Aepy y0-uer z0-deg LO~idy 66-99Q

90-190 go-Aen yo-uep
, , , 00 ST e g ae g 000
** o\ TS §0 oot
( 2l ry 2 00Z
——————— 0l > . - 00°¢
* - 00¥
Sl & * o B
. IS = . 006 @
o0z . 009 T
- 0072
o * 00'6
- 0004
€L¥'6) + XG0000- = A
82€£°8 + XZ000'0- = A iovm-n_<>>tmmc_._ 0L-2-dvm | (0b-2-dvM) Jesun 0L-Z-dvMm &
9010 Go-Aep yo-uep 66-08Q 90420 Go-Aep vo-uer zo-des 10-ldy 66-09Q
. . 00°0 : o - 000
»» » 000 *» 0‘ .
.o - 020 . s — - 020
4 'S - A
) - 090
- 09°0 e
080 * 0808
. * ¢ - 001
oo -0zl
0z'L )
. . ov'L
ov'L L 09'L
608Z°¢ + XG0-38- = A

(1-aiv) seaurt

dvm e

¥S66'% - XL000°0 = A

(L-dVM) JBBUIM e -dYMA @




90120 So-Aen y0-uer Zo-deg 1 0~ldy 66-09(1 90-1°0 Go-Ae y0-uer zo-deg L0-dy 66-08Q
0 0
i z , , Z
% %
L 4 4 L 2 L *
Q . 9 <@
. ° 2 . 2
8 3 , g 3
i
oL ¢ . - - 0L
L A A
L 2 J
- 14 vl
89'LEL + XEE00°0- = A (0-9-dVM) JEOU e 0-O-dVM @ | | 869y +x000°0- = £ [ (0-6-dv) JeaUN— 0-G-dvM & |
_ i — :
90190 G0-Aep ¥0-uer Z0-deg 10-idy 66-08Q 90-1°0 so-Ae y0-uer Z0-deg L0-dy 66-099Q
L ! ! i i B O i I L ! O
. ]
A . g z
(0] 7
* @ . *
St g . 9 <
. £ 2 g
102 - ‘ :
o4 . R 0L
0¢ .
* * [A*
861°1G - X2100°0 = A (0-2-dVM) JBoUMT e 0-Z-dVM & [89°€9 + X5L00°0- = A (0-G1-dVM) JEBUT—— 0-GL-dVM, &

IAydoloyd




zZ0-dsg LO-dy 66-297 90-10

unAydosyd

90100 S0-Aei vo-uer s0-Re vo-uer zo-deg L0-idy 66-09Q
. 0 : s 0
L L
[4 4
Q Q
g 2 e 2
3 3
Ly -y
40— -G Y- 4P - G G0l Y P - 4G G
Lg 9
G=A4 | (0-9-dvM) JBouU—— 0-9-dVM ¢ G=A | (0-g-dvm) seaun 0-G-dvm &
90-1°0 so-Aen ¥0-uer z0-deg LO-idy 66-09Q 900 so-Rep y0-uepr z0-dog LO-1dy 66-00Q
N . . | . O . I : 1 O
4
- .v n.m Am
«ee o0 40 *000 * < ¢ g
v L9 3 3
. .
L. w
T e e a g g
* ”
Lo 9
6EL 1L + XE000°0- = A | Ao-Nd<>>vm_mm:jl|l 0-2-dVM 0, G=A (0-GL-dVA) JEOUMT e O-GL-dVM @

1




9010 S0-Aey yo-uer Z0-deg 10-Jdy 66-02Q 90-190 G0-Aey v0-uer zo-deg LO-idy 66-090
- o 1. S L L L o
-}
-z
- ¢ 4
YR . S RV Y
- ¥
3 ¢ 9 5
U 6 6 oo -5 @ @
L ) — .V
. L9 - 8
. L - 01
-8
¢ )
- 6
.
Lol - ¥l
25862 + X9000°0- = 4 | (01-z-dvm) teaun 0L-ZdvMm & | 96.9'C - X2000°0 = A  (0-z-dvm) Jeaun 0CTdvm ¢
90100 Go-Aeiy y0-ver Zo-deg 10~1dy 66-990 90120 Go-Aeiy y0-uer Zo-deg 10-1dy 66-990
L ! | I ! O L : ' | L O
-l
-l
-z
e 4 .
3 0 WU N NPT e g
‘ = e *
v 9
e Y VY R R R g "L
*
- 8
% 9 . 6
L ; oL
680°LL + XZ000'0- = A (0-GL-dVYM) JEBUM e O-GL-dVMA & | 86Y 71 - XG000°0 = A (VM) JBBUI e L-dYM @

(D01) uoqued sojuebiQ (ejol




9010 GO-ABN y0o-uer Z0-deg L0-1dy 66-000

00
o'l
07¢
3
0c g
=
ot
L o o o o e o o o 4 0’6
09
Gk | (-dVM) JBOUM e LoV @ |
90-190 So-Aep y0o-uep z0-deg LO-Jdy 66-08 90-0 so-Aep y0-uer Zo-deg L0-dy 66-29Q
Llan oY WER 2 4 *0¢ L 2 4 - 0'G
Ol 900 Lol S 0'S
LG
[ - 26
3
s @ es @
— m~
'S
(A
- GG
L 4 A ¢ 9'q
€68G°G + XG0-3z-= A S 6/9/°9 + XG0-3G- = A .
(0-9-dvmn) Jeaury 0-9-dvm & | (0-G-dVM) JEOU T e 0-G-dVMN @

(D01) uogued soiuebiQ ejoL



