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Abstract

Several springs within the Rainbow, King's Bay, Homosassa, Chassahowitzka,
Weeki Wachee and Aripeka spring-recharge basins have shown statistically
significant increases in nitrate concentrations over the past twelve years. The
recharge areas for many of the springs include residential and agricultural land
uses, which have been shown to be the predominant source for nutrient loading
to the springs. This trend has prompted the Resource Data Section at the
Southwest Florida Water Management District to establish a network to monitor
nutrients in ground water within these vulnerable areas. It may take 10 to 25
years for ground water from recharge areas to travel through the aquifer and
discharge at the springs. Analyzing water-quality samples from Upper Floridan
aquifer wells that are closer to the source of nutrient loading may be able to
determine the effectiveness of implemented Best Management Practices
(BMP’s), track nutrients trends, determine water quality distribution throughout
the study area and improve the delineation of spring-recharge basins. A well
network to monitor nutrient loading in the Upper Floridan aquifer was designed
using a geostatistical analysis technique called trans-Gaussian kriging. Kriging is
a linear, unbiased estimator that predicts values at unmeasured locations and
calculates the uncertainty in those predictions. The range that describes the
spatial autocorrelation of the nitrate data across the study area was determined
to be 8,200 meters. This distance was used to produce a grid design to select
wells for inclusion in the network. It is anticipated that the design process will
produce a monitoring network that yields the least amount of gaps and
redundancy in the data, while providing accurate and defensible water-quality
information.

Introduction

Background

According to Upchurch (1992), the ambient concentration for nitrate in the
Floridan aquifer is non-detectable (<0.01 mg/L) across the state. Recent studies
within the Southwest Florida Water Management District (SWFWMD or District)
however, have shown elevated nitrate concentrations in ground water collected
from Upper Floridan aquifer (UFA) wells and springs in northern portions of the
SWFMWD. Between 1991 and 1995, nearly 500 Upper Floridan aquifer (UFA)
wells were sampled for nutrients, nitrogen isotopes and major ions. As a result,
five spring's reports (Jones and Upchurch, 1993, 1994; Jones et al., 1996, 1997
and Champion and Dewitt, 2000) were produced that delineated generalized
spring-recharge basins within the northern portion of the SWFWMD. The reports
identified areas with elevated nitrate and correlated this information with land
use. The reports concluded that the vast majority of nitrate loading to the UFA
was derived from the use of inorganic fertilizer used for crop production and turf-
grass maintenance. Other sources of nitrate loading to the UFA include poultry
production, livestock facilities, and septic systems, but to a lesser degree. In



addition, the Resource Data Section has been collecting water-quality data,
including nutrients, from approximately 50 springs throughout the District for over
a decade via the Coastal Springs Nutrient Monitoring Network. These data have
indicated a trend of increasing nitrate concentrations at many of these springs
(Champion and Starks, 2001). Increased nitrate concentrations are potentially
linked to increased plant and algal growth in spring runs.

Purpose and Scope

This report summarizes the tasks accomplished in order to design a long-term
well network to monitor nutrients within the northern portion of the SWFWMD
using geostatistical analysis. These tasks include: 1) delineating the study area
by selecting spring-recharge basins for inclusion in the network; 2) selecting the
nutrient data to be used for the geostatistical analysis; 3) performing an
exploratory data analysis on the resulting dataset to determine distribution; 4)
determining a network design and selecting monitoring wells via geostatistical
analysis; and 5) establishing the sample frequency and a field and lab parameter
list. The procedure for designing such a monitoring network is a step-by-step
process. Therefore, each completed task builds on the previous one. The
organization of this report reflects this process.

A long-term nutrient monitoring network would be better suited to assess the
overall effectiveness of implemented Best Management Practices (BMPs) to
address nutrient concerns in the UFA and springs derived from this aquifer.
These BMP’s include improved turf-grass and crop-fertilization practices largely
achieved through education efforts, better nutrient-management practices at
livestock facilities, and more efficient residential septic systems.

Wells that are within the spring-recharge basins should respond more quickly to
changes in nitrate use than the springs themselves. The average residence time
for ground water in the northern portions of the state is between 10 and 25 years
(Katz et al., 1999). Moving the ground-water sampling points closer to the source
of nutrients could reveal increases or decreases in nitrate concentrations earlier.
The changes in concentration could also be tracked throughout the spring-
recharge basins, perhaps giving better insight about the travel times and water-
quality distribution throughout the study area.

Previous investigations on the origin of nutrients in ground water at major spring
groups (Jones and Upchurch, 1993, 1994; Jones et al., 1996, 1997 and
Champion and Dewitt, 2000) have used "snapshot" ground-water quality
sampling to gain data on nutrient transport through the UFA for a relatively short
temporal window. Generalized spring-recharge basins have been delineated
using this type of water-quality analysis and potentiometric surface maps for
most of the major spring systems (Jones and Upchurch, 1993, 1994; Jones et al,,
1996, 1997; Champion and Dewitt, 2000 and Dewitt, 2004). A more long-term
monitoring effort could improve the identification of these vulnerable areas.



The objectives of the monitoring network consist of: 1) determining the overall
effectiveness of implemented BMP’'s and other nitrate-remediation programs to
reduce organic and inorganic nitrate loading to the UFA on a local and regional
scale; 2) tracking both long-term and short-term trends in nitrate concentration
within the recharge basins; 3) determining distribution of water quality within the
study area; and 4) improving the delineation of spring-recharge basins.

Delineation of the Study Area

In order to select which of the generalized spring-recharge basins located in the
northern SWFWMD (Figure 1) should be included in the study area and
monitoring network, it was necessary to determine which of them contain springs
with increasing trends in nutrients. This analysis uses nutrient data collected for
the Coastal Springs Nutrient Monitoring Network at the SWFWMD. Only nitrate
data were used for this analysis since phosphorus and orthophosphate
concentrations were at or below detection for the entire period of record for each
spring. The exact form of the Wilcoxon Rank-Sum test was used to determine if
there was a significant difference between spring nitrate concentrations grouped
by time periods. This allowed for a comparison of nitrate concentrations through
time.

The Wilcoxon Rank-Sum test (also known as the Mann-Whitney test) is a
nonparametric statistical test to determine whether two groups come from the
same population (same median). In this case, the test was used to determine if
one group of observations tends to contain larger values than another group of
observations. The exact form of the Wilcoxon Rank-Sum test is the appropriate
form to use when comparing groups with sample sizes of ten or less (Helsel and
Hirsch, 2002), as is the case with the springs data set. A nonparametric test was
needed to analyze these data since there are outliers in the data set and the data
commonly appear skewed. Unlike parametric tests, no assumptions are made as
to the frequency distribution of either of the test groups.

The Wilcoxon Rank-Sum test calculates a p-value, which is the significance level
attained by the data (Helsel and Hirsch, 2002). If the calculated p-value is less
that 0.05, then the groups are considered to be significantly different at the 95%
confidence level.

The spring’s nitrate data were organized into three temporal groups that each
contain four-years of data as follows:

e Temporal Group A (baseline) — January 1, 1993 — December 31, 1996
e Temporal Group B (previous) — January 1, 1997 ~ December 31, 2000
e Temporal Group C (current) — January 1, 2001 — December 31, 2004

Grouping the data in this way enables comparisons to be made between the past
(baseline), intermediate (previous), and recent (current) groups for the available



period of record. Comparisons were made between Group A (baseline) and
Group C (current) and between Group B (previous) and Group C (current).

The statistical analysis for both temporal group comparisons indicated that six of
the eight spring-recharge basins (Figure 2 and Tables 1 - 3) in the northern
SWFWMD contain springs that have significantly increasing trends in nitrate
concentrations. The spring-recharge basins with increasing nitrate trends include:
King's Bay, Chassahowitzka, Homosassa, Weeki Wachee, Rainbow and
Aripeka. As a result, these spring-recharge basins have been selected for
inclusion in the study area (Figure 3) and ultimately the monitoring network.

Description of Study Area
Physiography and Topography

The study area includes all or part of Marion, Levy, Citrus, Sumter, Hernando,
and Pasco Counties. Nine physiographic regions occur in the area: the
Brooksville Ridge, Coastal Swamps, Cotton Plant Ridge, Fairfield Hills, Martel
Hill, Northern Gulf Coastal Lowlands, Sumter Upland, Tsala Apoka Plain, and the
Western Valley (White, 1970) (Figure 4). Soil type, drainage patterns, topography
and geology were used to characterize the regions. In general, the soils that
comprise the study area are well drained and have a direct connection to the
underlying Floridan aquifer via karst features including sinkholes.

Topography throughout the study area varies extensively as compared to most
areas in Florida (Figure 5). Karst processes have produced a terrain
characterized by undulating topography and surface elevations that change
abruptly. Elevations throughout the Brooksville Ridge, Sumter Upland and
Fairfield Hills can exceed 275 feet (84 meters) above sea level.

Geology

The geology of the study area consists of approximately 2,000 to 2,500 feet (610
to 760 meters) of Tertiary-age limestone and dolostone overlain by siliciclastic
deposits of marine, transitional, and terrestrial origin (Scott et al., 2001). The
main geologic units that make up the study area are the Hawthorn Group, the
Coosawhatchie Formation, the Suwannee and Ocala Limestones and the Avon
Park Formation. Figure 6 (Scott et al.,, 2001) shows the stratigraphic units that
are at or near land surface throughout the study area.

The Hawthorn Group is of Miocene age and consists predominantly of clayey
sands and silty clays. The unit includes hard-rock phosphate in some areas on
the eastern flank of the Brooksville Ridge. The Hawthorn Group acts as a
confining unit when it is present and continuous.



The Miocene-age Coosawhatchie Formation is present in the northeastern
portion of Marion County in the study area. It consists of poorly to moderately
consolidated sand and clay. In general, the permeability of the formation is low
and is a confining unit to the Floridan aquifer.

The Suwannee Limestone is Oligocene in age and consists of partially crystalline
to crystalline limestone with a pale orange color, sand, silt and clay and is weakly
cemented with calcite. The limestone is very fossiliferous and has considerable
moldic porosity. The Suwannee Limestone crops out in Citrus and Hernando
counties but is absent in the northern portions of the study area due to erosion
(Miller, 1986).

The Ocala Limestone is Late Eocene in age and generally underlies the
Suwannee Limestone except in areas where the Suwannee Limestone has been
eroded away. The Ocala consists of a granular, highly fossiliferous, tan and
brown limestone, or a gray and cream to white limestone. Layers of chert, when
present, are usually located near the top of the unit. Uneven erosional processes
have worn down the surface of the Ocala Limestone such that there is a wide
variation in the elevation of the surface of the limestone. The Ocala is at the
surface in much of the study area, especially to the west and east of the
Brooksville Ridge.

The Avon Park Formation is the deepest formation that contains potable water in
this region. It is at or near land surface in Citrus and Levy counties, but beneath
the Ocala in all of the study area. The Avon Park Formation consists of highly
fossiliferous limestone and dolostone with low to high porosity. In the lower
portions of the formation, gypsum and anhydrite are present.

Hydrogeologic Setting

The study area is characterized by numerous sinkholes, internal drainage, and
undulating topography typical of karst landscapes. The hydrogeologic units that
form the hydro-stratigraphic framework in the study area include: (1) the
discontinuous, siliciclastic surficial aquifer system, (2) the discontinuous,
siliciclastic intermediate confining unit, and (3) the thick, predominantly carbonate
UFA (Knochemus and Yobbi, 2001; Fretwell, 1985) (Table 4).

A distinct lack of rivers and streams in the study area is a result of a well-
established underground drainage system made up of conduits, fractures and
other karst features in the limestone. The northern portion of the SWFWMD is
unique in that there is no continuous confining layer. The lack of a continuous
confining unit provides for high recharge rates along the entire flow path of
ground water in the UFA. Unfortunately, the rapid infiltration of water through the
inert sandy soils and into the UFA increases the likelihood that contaminants
such as nutrients will enter the aquifer unabated.



The predominant direction of ground-water flow in the study area is from east to
west based on potentiometric-surface maps of the study area (Figure 7).
Additionally, several ground-water divides can be identified on potentiometric-
surface maps and by water-quality analyses. These divides have been used to
delineate the generalized spring-recharge basins within the northern portions of
the District (Jones and Upchurch, 1993, 1994; Jones et al., 1996, 1997; and
Dewitt, 2004).

Land Use

Land use throughout the study area is predominantly rural and agricultural.
Urban and residential growth has increased throughout the past few decades.
Figure 8 illustrates the distribution of residential and agricultural land use
throughout the study area in 1999.

Data Selection for Geostatistical Analysis
Site Selection

Nitrate data from 304 sites that included 59 springs (Table 5) and 245 wells
(Table 6) within the study area were selected for the geostatistical analysis. The
data were selected from the Coastal Springs Nutrient Monitoring Network, and
well data collected for the Jones and Upchurch (1993, 1994) and Jones et al.
(1996, 1997) spring's reports. The following criteria were used to select spring
and well data for inclusion in the geostatistical analysis.

Temporal Criteria

In order to maintain temporal consistency, sites with nitrate data collected
between January 1, 1991 and December 31, 1995 were selected for inclusion in
the geostatistical analysis. This time interval insured that all nitrate data collected
by the Resource Data section for the referenced spring’s reports were included.
This also served to make the dataset as synchronous as possible. Upchurch
(1999) emphasized that in order for geostatistical analysis to possess the
maximum reliability, it is essential for all samples to be synchronous (collected
during a relatively short time interval). This serves to reduce the effect of
temporal trends on the analysis. Since the dataset represents several different
sampling events, sites that were sampled more than once during this time period
were averaged together to produce one value per site for the entire period. This
"dynamic average steady-state” method has been used for ground-water flow
modeling (Anderson and Woessner, 1992) and geostatistical analysis (Bateman,
2001).



Depth Criteria for Wells

The original spring’s well network in the northern District consisted of 312
dedicated monitor wells and wells used for domestic and public supply. Of the
312 wells, 245 fell within the delineated study area; approximately 40 of the 245
wells (16.3%) did not have known total depths. The spring reports (Jones and
Upchurch, 1993, 1994 and Jones et al.,, 1996, 1997) assumed the wells to be
within the potable thickness of the Upper Floridan aquifer based on water-quality
analysis. The same assumption was used for this project. The remaining 205
wells have been included on the basis of total depth measurements that have
been verified to be within the upper flow zone of the Floridan aquifer (Jones and
Upchurch, 1993, 1994 and Jones et al., 1996, 1997).

Exploratory Data Analysis

The geostatistical analysis method used for this project assumes that the data
follows a normal or Gaussian distribution. Therefore, it was necessary to perform
an exploratory data analysis to determine the initial distribution of the data,
correct for censored data (below-detection values), and transform the data to
approximate a normal distribution.

Distribution of the Dataset

In many cases, environmental datasets are positively or right-skewed, meaning
the median is considerably less than the mean (Helsel and Ryker, 2001).
Although the presence of outliers in a dataset may increase skewness, they are
not the only reason that datasets appear skewed. Low concentrations or
numerous below-detection values can also positively skew the dataset.

The method detection limit (MDL) for an analyte is defined as the lowest
concentration that is detectable by a particular laboratory method. Most
laboratories report values that fall below this threshold as “below detection”.
Instead of reporting a concentration, a less than sign "<" and the MDL are
reported. Data such as these are referred to as censored because they are not
the true concentration. Censored data may pose a problem for statistical analysis
since they are usually reported as one value, the MDL. In the case of the nitrate
data used for this study, the MDL is 0.01 mg/L. In order to approximate a more
normal (Gaussian) distribution, substitution methods may be employed for data
below detection, although there is no theoretical basis for such substitutions
(Helsel, 2005 and Helsel and Gilroy (personal communication), 2005). To
accomplish this substitution, random values between 0.00 and 0.01 were
generated using the RAND function in Microsoft™ Excel. These values were
substituted back into the original data set. There were 45 sites in which nitrate
was "below detection” and a randomly generated number was substituted for the
reported MDL.



Figure 9A and 9B show a histogram and probability plot of the data in the original
units. The dataset has a mean nitrate concentration of 0.46 mg/L and a median
of 0.28 mg/L.

Transformation of the Dataset

Helsel and Ryker (2001) stress “least-square surfaces are pulled up toward the
tail of a skewed distribution to a few extreme values that may occur in only one
part of the study area”. Therefore it is necessary to "transform the data into units
that closely approximate a normal distribution (Gaussian) so that results can be
interpreted as a central trend”. Helsel and Ryker (2001) also point out
"transformations that are not nearly normal will result in a surface that is neither a
mean (expected concentration) or median (typical value), and become virtually
useless in practical terms”. For this reason, a power transformation in which the
transformed value is approximately equal to the fourth root in the original units
was used. The Minitab™14.0 software maximizes the transformation to
approximate the most normal distribution possible. If x is a value in the original
units, and y is the transformed value, than the following equations would
represent the transformation and approximate back-transformation used for the
dataset:

0.24
y=x

X = y4“l7

Geostatistical analysis of a dataset that has been transformed using a power
transformation is called “trans-Gaussian kriging” (Cressie, 1993). A histogram
and probability plot of the transformed dataset with a mean nitrate concentration
of 0.70 and a median of 0.74 in transformed units is shown in Figure 10A and
10B.

Geostatistical Analysis
Overview of Geostatistical Concepts

Several monitoring networks have been established using geostatistical analysis.
These include: Upchurch (1990, 1999), Olea (1982, 1984a,b), Bateman (2001),
Boniol and Toth (1999), and Myers et al. (1982).

Generally, there is a two-phase approach to geostatistical analysis. The two
steps are: 1) structural analysis, which includes graphing the semivariogram to
analyze surface properties and 2) kriging.

Graphing of the semivariogram investigates spatial autocorrelation: the
relationship that pairs of data points that are close together in distance should
have smaller measurement differences than those that are farther apart. The



semivariance (1) is defined as the variance between subsets consisting of pairs
of points at given separation distances (Upchurch, 1999). "The first step in
creating the empirical semivariogram is to calculate the distance and squared
differences between each pair of locations” (Johnson et al., 2001).

The distance between two locations is calculated by using the Euclidean distance
(dy):

dy=|(xi— X + (= y)°

Where:
X;is the i th location in the x-direction
X;is the jth location in the x-direction
y:is the ith location in the y-direction
Yiis the jth location in the y-direction

The empirical semivariance is calculated by multiplying 0.5 by the square
difference of a pair of measured values. Plotting the semivariance (y-axis) versus
the distance between pairs of data points (x-axis) yields the empirical
semivariogram (Figure 11). Theoretically, as the distance between pairs of data
points increases, so does the semivariance. Plotting the semivariance for each
pair of data points would quickly become unmanageable, so pairs of data points
are organized into "lag bins” based on separation distance. The average
semivariance for each bin is calculated and plotted on the semivariogram. The
lag spacing and lag distance designate the number of bins included in the
semivariogram and separation distance within each bin, respectively. For
example, if the lag distance for a semivariogram is 1,500 meters, and the lag
spacing is 10, then the first bin would contain the average semivariance for all
pairs of data with separation distances of 0 to 1,500 meters, the second bin
would include the average semivariance for all pairs of data with separation
distances of 1,501 to 3,000 meters and so on. The total distance included in the
semivariogram would be 15,000 meters (1,500 meters x 10). Once the
semivariance of the data is plotted, it is necessary to fit a semivariogram model
to the data (Upchurch, 1999).

The ESRI Geostatistical Analyst™ software is an ArcMap™ extension tool and
was used for the geostatistical analysis in this report. It provides several
functions to model the empirical semivariogram including Linear, Spherical,
Exponential, and Gaussian. The technique is similar to the least-squares method
for regression analysis where a line or a curve is fitted to the data. The model
selection influences the prediction of the unknown values, and each model is
designed to fit different types of phenomena more accurately. In addition, the
function that is represented by the model is characterized by three variables: 1)
the range which is the distance where the model flattens out and spatial
autocorrelation ceases to exist, 2) the sil/ which is the semivariance at which the
function flattens, and 3) the nugget or nugget effect which occurs where the



distance between data-point pairs is too small to support spatial autocorrelation
and uncertainty is greatest (Figure 11). This effect can be attributed to
measurement errors or spatial sources of variation at distances smaller than the
sampling interval. Most important to the design of monitoring network is the
range that quantifies the separation distance in which spatial autocorrelation
ends. This distance can then be used to create a well-network grid in which each
chosen data point is within the "range distance” of data points in neighboring
cells. In summary, graphing the semivariogram and selecting a theoretical model
sets the limits and weights used in the kriging process, which is the next step in
geostatistical analysis (Upchurch, 1999).

Kriging is a linear and unbiased (the average difference between the predicted
and measured values should be zero) estimator that predicts values at
unmeasured locations based on the theoretical model of the semivariogram
given by the following equation:

A

L(S,) = i LZ(s)

Where:
Z(s)) is the measured value at the ith location
Liis an unknown weight for the measured value at the ith location
S, 1s the prediction location
Z is the predicted value at s,
N is the number of measured values

Kriging predicts values at unmeasured locations and calculates the uncertainty in
those predictions at each measured location. Kriging uses the semivariogram
theoretical model to produce weights (1) that are assigned to each measured
value. Higher weights are given to data that are closer together than those that
are farther apart. The assigned weights are used to predict values at
unmeasured locations. Kriging produces two maps: a contour map that shows
the predicted distribution of the data, and a standard-errors (kriging errors) map
that shows the uncertainty of the predicted values.

Geostatistical Methods

The ESRI Geostatistical Analyst™ ArcMap 8.3 extension tool was used for global
trend removal; analyzing the omni-directional semivariogram; graphing the
directional semivariograms; correcting for anisotropy; calculating the theoretical
semivariogram, and creating the prediction and uncertainty maps.

Global Trends
A fundamental assumption for geostatistical methods is that any two locations

that are a similar distance and direction from each other should have similar
semivariance (Johnson et al., 2001). This is called stationarity. If a relationship
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exists between locations that cause this assumption to fail, then the geostatistical
results may lose some of their validity. Trends across the entire range of the data
(global trends) can influence the predictions in the output surface created by
kriging the data. The trend-analysis tool in the software was used to determine if
a trend existed within the dataset. The trend-analysis tool provides a three-
dimensional view of the data (Figure 12). The locations of the data points are
plotted on a coordinate x,y plane, and the value of the transformed nitrate
concentration is given by the height of the stick in the zdirection. In the same
graph, the nitrate values are also plotted on scatterplots that have an x and y
orientation and a polynomial function is fitted through the scatterplots. Using this
method, the nitrate data show a strong east-to-west trend represented by the red
upside-down "U". The ESRI Geostatistical Analyst™ software uses a least-
squares fit method for determining the best polynomial to describe the global
trend. In this case, a second-order polynomial was used to illustrate the trend.
This process is known as global polynomial interpolation (Johnson et al., 2001).

It is not enough to see the trend in the scatterplot and remove it; there must be a
physical reason that the trend exists. If the study area is divided into three
sections that include an eastern, central, and western portion, then recalling that
the general direction of ground-water flow is from east to west, the reason
becomes apparent. In the eastern portion of the study area land uses that would
contribute loading to the Floridan aquifer are relatively scattered. In the central
portion of the study area, however, residential and agricultural land uses are
widespread and in some areas quite congested. Nitrate concentrations in the
Floridan should be at their greatest in these areas. As ground water moves along
the flow path to the western portion of the study area, dilution occurs and nitrate
concentrations are somewhat diminished before they discharge at the springs. A
trend such as this, that can be explained, should be removed prior to the kriging
process, and then added back in prior to the final predicted results. Once the
user has identified such a trend, the ESRI Geostatistical Analyst™ software
performs this procedure automatically.

The Omni-Directional Semivariogram

The omni-directional semivariogram is a plot of semivariance for all pairs of data
points in every direction. The omni-directional semivariogram was plotted for the
nitrate data with a lag spacing of 10, lag distance of 1,175 meters, and maximum
distance of 12,000 meters (Figure 13). A Gaussian theoretical model (yellow line
in Figure 13) was fitted to the semivariance. In a semivariogram in which the
semivariance varies little with direction, the points should be grouped together
and level off when the sill has been reached. In Figure 13, several of the
semivariance points appear to increase beyond the sill. This may be an indication
that anisotropy (semivariance changing with direction) in the data exists. If true,
the assumption of stationarity would be violated. This finding warranted further
investigation with the use of directional semivariograms.
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Anisotropy and Directional Semivariograms

"Anisotropy is a characteristic in a random process that shows higher
autocorrelation in one direction than in another. Unlike a global trend, anisotropy
may not have a known cause, so it is modeled as random error” (Johnson et al.,
2001). A method that was used by Bateman (2001) was to plot semivariance in
different directions with the use of directional semivariograms (Figure 14). The
directional semivariograms are plotted for directions from 10 to 170 degrees
referenced from the north. With the use of directional semivariograms, it can be
seen that semivariance increases above the sill most drastically in the 90-, 110-,
and 130-degree directions. The ESRI Geostatistical Analyst™ software
calculates separate theoretical models for each direction when anisotropy is
accounted for. The culmination of this process can be seen in the theoretical
semivariogram (Figure 15), where each of the separate models is plotted in one
semivariogram. In this way, a major range (the greatest separation distance at
which the semivariance reaches the sill) and the minor range (the shortest
separation distance at which the semivariance reaches the sill) can be
calculated. The resulting Gaussian theoretical semivariogram has a lag distance
of 1,175 meters, a minor range of 8,203 meters, a major range of 11,117 meters,
sill of 0.064, and nugget of 0.024.

Kriging

Kriging is an automated process in the Geostatistical Analyst software and
ultimately yields a predicted surface and calculates the uncertainty in that
surface. The results of the kriging process were used to create Figure 16 that
represents the predicted nitrate concentrations in transformed units for the study
area and Figure 17 that illustrates the standard error (kriging error) of the kriging
process, also in transformed units. It is clear in Figure 17 that uncertainty in the
predicted values is greatest in areas that lack nitrate data (no wells are present).

Cross-Validation

There are several ways of estimating the validity of the theoretical model and
resulting predicted surface. The ESRI Geostatistical Analyst™ software provides
a cross-validation process in which each measured data point is removed one at
a time, and a value for that point is predicted using the remaining points. This
process yields summary statistics including: the mean prediction error, the root-
mean-square (RMS) prediction error, average standard (kriging) error, mean
standardized prediction error, and the RMS standardized prediction errors. The
equations used for calculating these statistics can be found in Appendix B.
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The following summary statistics were calculated for the transformed nitrate
predictions:

Mean Prediction error: 0.004 transformed units
RMS Prediction error: 0.23 transformed units
Average Standard error: 0.18 transformed units
Mean Standardized Prediction error: 0.012

RMS Standardized Prediction error: 1.22

In general, the best predictive model is one in which: 1) the mean prediction error
and mean standardized error are closest to zero, 2) the RMS prediction error is
nearest to the average standard error, 3) and the RMS standardized prediction
error is closest to one. Based on the results of the summary statistics, the chosen
theoretical model does a fairly good job predicting values at unmeasured
locations. However, when the average standard error is less than the RMS
prediction error, and the RMS standardized prediction error is greater than one,
the model slightly underestimates the variability in the predicted values. It is just
as important to calculate the correct variability (uncertainty) of the predicted
surface as it is for the predicted values to approximate the measured values.

There are several graphical methods of assessing the validity of the model
predictions. Figure 18 provides a histogram of the kriging residuals (the
difference in the measured value and the predicted value). If the predicted values
are unbiased (close to the measured value), than the distribution of the residuals
should follow a normal distribution with the mean near zero. The residuals in
Figure 18 appear to follow a normal distribution with a mean of 0.004 in
transformed units. The standard error (kriging errors) should also follow a normal
distribution; however, as Figure 19 illustrates, the distribution appears skewed
with a mean of 0.181 and a median of 0.178 in transformed units, and the
standard deviation of the kriging errors is 0.02 also in transformed units. When
the standard error is not normally distributed, it loses its rigorous significance at
the 95% confidence interval but still makes sense as a nominal (or conventional)
confidence interval (Chiles and Delfiner, 1999). This is likely caused by the slight
underestimation of the variability revealed in the summary statistics. The
standard error is created by the modeling process, but is a direct result of
variability caused by the lack of measured observations within the dataset.

Network Design
Grid Design

Because the geostatistical analysis yielded a minor range of approximately 8,200
meters, and a major range of approximately 11,1700 meters, a grid composed of
cells with side measurements of approximately 5,000 meters and a diagonal
distance of approximately 8,000 meters was created. The method for designing a
grid such as this is well documented in Upchurch (1999) and Bateman (2001).
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The grid was then laid over the study area. Some of the grid cells were located
on the perimeter of the study area, and included only a portion of the study area.
Only cells that contained at least fifty-one percent of the study area were
selected for actual well assignment. A total of 121 cells were selected in this
process, hence 121 wells will be selected for inclusion in the network. The
selected cells are denoted by red shading in Figure 20.

Well Selection

Wells with the lowest standard error should be marked for inclusion in the
network, because the standard errors are a representation of the statistical
relevance of a point (Bateman, 2001). An estimate of the uncertainty at each well
can be illustrated in the original units by using an appropriate back-
transformation of the predicted values attained by the geostatistical analysis.
Recall that the original dataset was transformed to approximate a more normal
(Gaussian) distribution, and a power transformation approximately equal to the
fourth root was used to accomplish this. For example, a predicted value such as
0.66 with a standard error of 0.17 in transformed units would translate into a
nitrate concentration range from 0.49 to 0.83 in transformed units. This value and
range would back-transform to a value of 0.18 mg/L with an error range from
0.05 mg/L to 0.49 mg/L in the original units. As the standard error in transformed
units increases, the error range in the original units also increases. As a result,
the reliability of a well to effectively represent nitrate concentrations relative to
adjacent UFA wells decreases. Therefore, it is important to select wells that have
the lowest standard errors for inclusion in the final network.

Figure 21 represents the locations of the wells and springs included in the
geostatistical analysis. The coverage of wells was not spatially consistent over
the entire study area, and each grid cell did not have a "kriged” well to populate
it. Consequently, the well selection process for the final network was separated
into two phases composed of selecting wells that were part of the geostatistical
analysis and those that were not.

The first phase consisted of wells that were included in the geostatistical
analysis. Each well within a grid cell was ranked by the standard error (kriging
error). Wells with the lowest error for a grid cell were given a priority ranking of
one, and for the next lowest error a priority ranking of two was assigned, and so
on. The wells with a priority ranking of one are included in Figure 22. Using this
method, 78 wells were selected for inclusion in the final network.

The second phase of the selection process involved wells that were not part of
the original network. The Water Management Database (WMDB) at the
SWFWMD was used to select Floridan aquifer wells that had been used by the
District for various reasons including water-level monitoring. From this database,
wells within each grid cell were ranked by total depth (shallower Floridan wells
were ranked higher than deeper ones). Using this method, the first-priority wells

14



within each grid cell were selected and another 24 grid cells were populated
(Figure 23). Unfortunately, 19 grid cells were still unrepresented with a monitor
well. Therefore, withdrawal locations for all water-use permits that fell within the
19 cells that were still lacking monitoring locations were selected from the
SWFWMD Requlatory Database (RDB). From this database, using the same
priority ranking method for the WMDB selection, another 16 first-priority wells
were selected (Figure 24).

The final well network of first-priority wells consists of 118 wells (Figure 25).
There were sitill three grid cells lacking a representative monitor well (Figure 26).
These grid cells may have to be populated using ground reconnaissance, direct
mailing to homeowners, well construction permit records, or new monitor well
construction.

It is highly unlikely that each of the first-priority wells that have been chosen for
inclusion in the final network will actually be sampled. There are several reasons
that wells may be unsuitable for inclusion in the network. These include: the well
iIs damaged, destroyed or abandoned; the well owner refuses cooperation; or the
well cannot be accessed safely. Appendix C contains all of the well selections
and priority rankings for each grid cell. Before the first sampling of the network, a
reconnaissance will need to take place in which field technicians will try to
contact the well owner to inquire about the status of the well and receive
permission to sample. The technicians should include or exclude wells in each
grid cell based on priority ranking. If the first-priority well in a grid cell is
unsuitable, then the second-priority well should be investigated, and so on down
the list until a suitable well can be established. This process should be carried
out for each grid cell within the network. Once a suitable well for each grid cell is
identified, it should be included as a permanent well in the network on a long-
term basis.

Determination of Sampling Frequency

To determine the optimal sampling frequency for the monitoring network, it was
necessary to explore seasonal water quality. The Kruskal-Wallis test was used to
compare water quality for twelve potential monitoring wells that were sampled by
Resource Data technicians within the Homosassa spring-recharge basin
between October 2003 and September 2004. The dataset is not related to other
well data or the Coastal Spring’s Nutrient Monitoring Network data used for other
analyses in this report.

Nitrate, total nitrogen, calcium, magnesium, and alkalinity concentrations for the
twelve wells were used for this analysis. Because several of the wells used in the
analysis are tidally influenced, it was necessary to choose analytes that were
assumed to be relatively unaffected by tidal processes.
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The Kruskal-Wallis test is a non-parametric statistical test that compares the
equality of medians for two or more populations based on data from independent,
random samples due to one factor. In this case, concentrations of water-quality
analytes were grouped by season and compared. According to Helsel and Hirsh
(2002), the Kruskal-Wallis test may be used to determine the general
equivalence of groups of data.

The Kruskal-Wallis test calculates a p-value, which is the significance level
attained by the data (Helsel and Hirsch, 2002). The null hypothesis of the test
assumes that there is no difference between the medians of each group. If the p-
value for the test is greater than 0.05, than the null hypothesis is not rejected and
the medians are essentially the same. If the p-value is less than 0.05 than one or
more of the medians is statistically different at the 95% confidence interval.

The analysis (Table 7 and Figure 27A-E) showed that the median concentration
for each of the compared analytes were not statistical different over the course of
one water year. Therefore, it is recommended that the final well network be
sampled no more than twice per year. Collecting samples on a quarterly basis
would be unnecessarily costly and time consuming. As previously mentioned,
this analysis was performed for one of the spring-recharge basins. Resources
were not available to sample other potential network wells within the other spring-
recharge basins. It is possible that other basins may show water quality changes
at different rates than the Homosassa basin; however, the land use and geology
are fairly similar throughout much of the study area. The Resource Data Section
may want to consider sampling a subset of wells from the final network within
each of the spring-recharge basins on a quarterly basis for a period of one year,
and evaluate the results using this statistical test.

Sample Parameter List

The sample parameter list for the ground-water nutrient monitoring network will
include the same field parameters and laboratory analytes as the Coastal
Springs Nutrient Monitoring Network (Table 8). This list includes field
temperature, specific conductance, pH, and dissolved oxygen as well as
nutrients, major ions, some trace metals, and dissolved solids.

Kreitler and Brownmg (1983) state "measuring the ratio between the nitrogen
isotopes of '°N and '*N is an effective method of identifying sources of nitrate in
an aquifer”. The Coastal Spring Nutrient Monitoring Network and Jones and
Upchurch (1993, 1994) and Jones et al. (1995, 1997) UFA wells were sampled
for nitrogen isotopes. This analysis has been one of the key components in
identifying inorganic fertilizer as the main source of nitrate loading to the UFA. As
a result, it is suggested that each well be sampled for nitrogen isotopes every
four years. If there are financial constraints to consider, perhaps thirty wells per
year could be sampled for nitrogen isotopes. This schedule would ensure that
nitrogen isotopes are collected for each well every four years.
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Several of the major springs throughout the district have been sampled for
priority pollutants with little if any detections for the 231 priority poliutant analytes
defined by the Florida Department of Environmental Protection (Haber, 2003). As
a result, including these analytes in the parameter list is unnecessary at this time.

Network Evaluation and Refinement

A network evaluation should be performed after the first complete sampling of the
network. This would entail another geostatistical analysis to confirm the findings
of this study. A geostatistical analysis based on more synchronous nitrate data
may show that the range distance between wells needs to be changed and wells
need to be added or subtracted. Also, the Resource Data Section may want to
run a geostatistical analysis on each separate spring-recharge basin. The range
for each basin may be different than the range calculated for the entire study
area.

It is a basic statistical principle that increased observations decrease uncertainty.
Thus, additional wells added to the network would serve to decrease the
uncertainty and variability in the network. If the Resource Data Section is
satisfied with the analysis and variability presented in this study, than additional
wells would be unnecessary.

The Resource Data Section may also want to consider including additional wells
that are outside of the study area used in this report. The spring-recharge basins
within the northern SWFWMD were delineated using potentiometric-surface
maps and water-quality data collected using the Jones et al. (1993, 1994, 1995
and 1997) UFA wells. Perhaps a more long-term monitoring effort that included
wells outside the current spring-recharge basins would assist in confirming the
delineation of these vulnerable areas.

Summary and Conclusions

Over the past decade, springs in the northern portions of the SWFWMD have
been identified as having elevated concentrations of nitrate. The statewide
background level of nitrate in the Floridan aquifer is below detection (<0.01 mg/L)
(Upchurch, 1999). Past investigations have identified residential and agricultural
land uses as the predominant source for nutrient loading to the UFA. In
recognition of this problem, a network to monitor nutrients in ground water has
been designed with the potential to determine the effectiveness of nutrient
remediation programs, track nutrient trends, determine water quality distribution
throughout the study area, and improve delineation of the spring-recharge
basins. To complete this task, it was necessary to: 1) delineate the study area by
selecting spring-recharge basins for inclusion in the network; 2) select the
nutrient data to be used for the geostatistical analysis; 3) perform an exploratory
data analysis on the resulting dataset; 4) determine a network design and select
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monitoring wells via geostatistical analysis; and 5) establish the sample
frequency and field and lab parameter lists.

To determine which spring-recharge basins to include in the monitoring network,
it was necessary to determine which springs had statistically significant trends in
nutrient concentrations. Nitrate data of the springs were organized into three
temporal groups (baseline, previous and current), and a statistical hypothesis test
was performed on the groups. The Wilcoxon Rank-Sum test showed that six
spring-recharge basins within the Springs Coast region of the SWFWMD had
statistically increasing nitrate concentrations for both of the temporal group
comparisons. It was concluded that the network to monitor nutrients in ground
water should target these areas.

In preparation for the geostatistical analysis portion of the project, 304 springs
and wells with nitrate data from January 1, 1991 to December 31, 1995 were
selected. For each site that was sampled more than once during this time period,
the concentrations were averaged to report a single concentration. The
selections were also based on depth criteria in which each site was open to the
potable thickness of the UFA. In addition, an exploratory data analysis was
performed on the data set. Censored data, or data reported as "below detection”
were removed and replaced with randomly generated values that were between
zero and the method detection limit. The nitrate dataset was shown to be
positively skewed with the use of histograms and probability plots. As a result,
the data was transformed using a power transformation to approximate a normal
distribution, which is a necessity in geostatistical analysis.

Using the ArcMap™ Geostatistical Analyst software, a global trend in the data
was removed based on land use; the omni-directional semivariogram was
graphed; anisotropy was accounted for using directional semivariograms; and the
resulting theoretical semivariogram with a minor range of 8,200 meters and a
major range of 11,1700 meters was calculated. Cross-validation of the modeling
and kriging confirmed that although the predicted surface was a fairly good
representation of the median, the model may have slightly underestimated the
variability in those predictions. The validity of the analysis however, should not be
affected.

The minor range of 8,200 meters was used to create a grid system composed of
cells that were approximately 8,000 meters diagonally and 5,000 meters on each
side. As a result of the spatial inconsistency of the original network, only 78 wells
that were included in the geostatistical analysis were selected based on the
standard error of the kriging predictions. Therefore, another 40 known UFA wells
were selected for the network using other SWFWMD databases including the
Water Management Database and the Regulatory Database. The selections from
these databases were prioritized based on depth (shallower wells were selected
over deeper wells). A total of 118 wells were selected for inclusion into the final
network. Three grid cells remained unrepresented with a known monitor well.
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Another statistical hypothesis test was used to determine if several potential
network wells possessed seasonal variations in water quality. Seasonality in the
water-quality data directly influences the sampling frequency of the monitoring
network. Resource Data technicians collected water-quality samples-at twelve
potential network wells within the Homosassa spring-recharge basin for an entire
water year. The Kruskal-Wallis test was used to determine if the median
concentration for nitrate, total nitrogen, calcium, magnesium, and alkalinity
differed seasonally. The test showed that median concentrations for all twelve
wells were not significantly different during the course of one year. Therefore, it
was recommended that the final network not be sampled more than twice per
year.

The sample parameter list for the network that includes field parameters (i.e.,
temperature, pH, etc.) nutrients, major ions, and some trace metals is based on
the current Coastal Springs Nutrient Monitoring Network parameter list. In
addition, it is suggested that samples be collected for nitrogen isotope analysis
on each well, at a rate of once per four years. Collecting samples for analysis of
priority pollutants was deemed unnecessary based on the results of past
analyses at several of the major springs with the northern SWFWMD.

Itis anticipated that the design process used in this report, will produce a ground-
water network that monitors nutrients and yields the least amount of gaps and
redundancy in the data, while providing accurate and defensible water-quality
information.
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Group A vs. Group
C (Baseline versus

Group B vs Group C
(Previous versus

Current) Current)
Spring Re_charge Trend # .Of % of total # .Of % of total
Basin Springs Springs
[ __ 2 _ 4 _]
King's Bay L P 0 ) 0 -
No Significant Change 2 50% 1 20%
4 2
Chassahowitzka R 0 . 0 .
No Significant Change 2 33% 5 71%
Homosassa . 0 0
No Significant Change 0 0% 5 71%
_ _ 2 ] 1 ]
Weeki Wachee 0 0
No Significant Change 0 0% 5 711%
[ o 2 ] 3 _
Rainbow 0 0
No Significant Change 4 67% 3 50%
| 2 2
Aripeka _ 0 0
No Significant Change 1 33% 1 33%
NA NA 0
Panasoffkee _ NA NA 0
No Significant Change NA NA 3 100%
NA NA 0
Gum Slough ) : NA NA 1 B
No Significant Change NA NA 4 80%

Table 3. Summary of Wilcoxon Rank-Sum Test Results for Study Area Selection
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Table 7. Kruskal-Wallis Results for Seasonality in Potential Network Wells within the
Homosassa Spring-Recharge Basin (Medians are in mg/L)

Nitrate
Season N Median | Average Rank | Z-Score
Fall 11 0.34 241 0.04
Winter 12 0.41 24 .4 0.12
Spring 12 0.36 21.6 -0.7
Summer 12 0.39 25.8 0.54
Total Nitrogen
Season N Median | Average Rank | Z-Score
Fall 11 0.40 24.2 0.06
Winter 12 0.47 259 -0.56
Spring 12 0.41 23.5 -0.16
Summer 12 0.50 22.4 -0.46
Calcium
Season N Median | Average Rank | Z-Score
Fall 11 40.2 27.0 0.82
Winter 12 379 20.9 -0.91
Spring 12 36.3 21.5 -0.72
Summer 12 41.7 26.9 0.84
Magnesium
Season N Median | Average Rank | Z-Score
Fall 11 57 253 0.35
Winter 12 5.6 241 0.04
Spring 12 5.5 22.8 -0.35
Summer 12 6.1 23.9 -0.02
Total Alkalinity
Season N Median | Average Rank | Z-Score
Fall 11 119.0 24.3 0.09
Winter 12 115.5 21 -0.89
Spring 12 114.5 22.3 -0.49
Summer 12 124.1 28.4 1.29
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Field Parameters MDL Units
Temperature 0.01 | Degrees C
Color 5 PCU
Specfic Conductance, Field 1 uS/cm
Oxygen, Dissolved, Field 0.1 mg/L
pH, Field 0.1 SU
Turbidity, Field 0.08 NTU
Laboratory Analytes MDL Units
Specfic Conductance 1 uS/cm
Alkalinity, Total (as CaCO3) 1 mg/L
Nitrogen, Total 0.1 mg/L
Organic Nitrogen, Dissolved 0.01 mg/L
Ammonia, Dissolved (as N) 0.012 mg/L
Nitrite, Dissolved (as N) 0.006 mg/L
Nitrogen, Kjeldah!, Total 0.01 mg/L
Nitrate, Dissolved (as N) 0.01 mg/L
Nitrate+Nitrite, Dissolved (as N) 0.01 mg/L
Phosphorus, Total (as P) 0.01 mg/L
Orthophosphate, Dissolved (as P} | 0.01 mg/L
Organic Carbon, Total 0.3 mg/L
Calcium, Dissolved 0.5 mg/L
Magnesium, Dissolved 0.25 mg/L
Sodium, Dissolved 0.25 mg/L
Potassium, Dissolved 0.25 mg/L
Chloride, Dissolved 0.06 mg/L
Sulfate, Dissolved 0.12 mg/L
Fluoride, Dissolved 0.02 mg/L
Silica, Dissolved 0.5 mg/L
Iron, Dissolved 30 ug/L
Strontium, Dissolved 250 ug/L
Residuals, Dissolved 25 mg/L
Turbidity, Lab 0.08 NTU

Table 8. Field Parameters and Lab Analytes List for Monitoring Network
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Figure 12. Trend Analysis of Transformed Nitrate Data
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jure 23. Network Selections using First Priority Wells selected from the WMDB (24 wells denoted

red, previous selections denoted in black)
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Figure 27A. Boxplots of Nitrate by Season for Potential Network wells in the
Homosassa Spring-Recharge Basin

“atal Nitrogen by Season for Potential Ut AN 1 wells within the Homosassa Basin
L3

-

1.4 -

1.2 1

1.0 4

1ot_. Nitro__n (mg/L)

| | |
Fo L S¥a 3 s ER Wl ER
Season (Oct. 2003 - Sept. 2004)

Figure 27B. Boxplots of Total Nitrogen by Season for Potential Network wells in
the Homosassa Spring-Recharge Basin

62



Calcium by Season for Potential UFANMN wells within the Homosassa Basin
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Figure 27C. Boxplots of Calcium by Season for Potential Network wells in the
Homosassa Spring-Recharge Basin
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Figure 27D. Boxplots of Magnesium by Season for Potential Network wells in the
Homosassa Spring-Recharge Basin
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Alkalinity by Seascn for Potential UF2 :MN wells w, thin the Homosassa Basin
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Figure 27E. Boxplots of Total Alkalinity by Season for Potential Network wells in
the Homosassa Spring-Recharge Basin
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Appendix A. Nutrient Geochemistry Concepts
Nitrogen

"Nitrogen exists as nitrogen gas (N); nitrogen dioxide gas (NO,); and other
oxides that are collectively known as NOy; ammonia and ammonium (NHs3, NH4");
nitrite (NO;); and nitrate (NO3); and other inorganic and organic compounds.
The gaseous phases exist in the atmosphere and soil but are not of much
importance in the saturated zones of aquifers. Organic nitrogen, ammonium,
nitrite, and nitrate are considered important in ground-water systems. These
compounds are related through a sequence of reduction and oxidation reactions
primarily driven by microbial processes, with oxidation being the normal
sequence in aerobic ground-water systems” (Upchurch, 1992). The reaction is as
follows:

Organic Nitrogen (TKN) & NH; = NO; > NO3’

Oxidation=>
< Reduction

Sources of organic nitrogen include: atmospheric nitrogen, animal wastes,
decaying plant matter, and solid waste. Inorganic nitrogen may come in the form
of synthetic fertilizers used for crop production and turf-grass maintenance

Ammonium

The presence of ammonium (NHy4) in ground-water systems may be the result of
animal waste, decay of plant matter, and the use of synthetic fertilizers. In
general, high concentrations of ammonium in the Floridan aquifer are indicative
of near-source sample collection. This is attributed to the behavior of ammonium
in aerobic and anaerobic environments. In aerobic settings, ammonium will
oxidize to nitrite and ultimately to nitrate; however, it will persist when oxygen is
deficient.

Nitrite

Nitrite (NO;) is the intermediate nitrogen product between ammonium and
nitrate. In aerobic environments (dissolved oxygen > 0.03 mg/L), ammonium is
almost immediately oxidized into nitrite and then to nitrate. Hence, nitrite persists
near the source of nitrogen loading. Consequently, nitrite concentrations in the
Floridan aquifer are generally below detection.

Nitrate

Nitrate (NO3) is the oxidized end product of the previously mentioned redox
reaction. Plants utilize nitrate located within the root zone of the soil horizon. If
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nitrate is abundant and not absorbed within the root zone, it will migrate
downward into ground-water aquifers. Nitrate is nearly inert in the ground-water
environment and can travel significant distances from a nitrogen source
(Champion and Starks, 2001). The natural or background concentration of nitrate
in the Floridan aquifer is <0.01 mg/L (Upchurch, 1992). Nitrate is the only form of
nitrogen that has had a drinking water standard (10 mg/L) (FDER, 1989a). The
health concern that prompted the standard is ‘called methemoglobinemia. This
condition inhibits the blood from carrying oxygen and thus results in oxygen
deprivation especially in infants and young children.

Nitrate acts as a fertilizer in soils and surface-water bodies. It may lead to
excessive plant and algae growth and eventual eutrophication of surface-water
bodies. In springs, nitrate may be responsible for the increased growth of
nuisance vegetation such as Lyngbya and Hydrilla. These invasive plants can
"choke off” the spring runs by limiting flow and must be manually eliminated from
these areas.

Phosphorus
Total Phosphorus

Total Phosphorus includes complex organic compounds as well as simple
inorganic phosphorus. High phosphorus concentrations in ground water may
indicate localized contamination by organic sources such as human and animal
wastes. Detectable concentrations of phosphorus may also indicate where
recharge water may come into contact with phosphate-rich sediments prior to
infiltrating the Floridan aquifer.

Phosphate

To some degree, the presence of phosphate, specifically orthophosphate, (PO.™)
is just as important as the occurrence of nitrate in regards to plant growth. Both
of these nutrients are needed by plants to thrive. Phosphate is an essential
nutrient for all living things, and, just as with nitrate, excessive orthophosphate
concentrations are linked to significant plant growth and eutrophication of
surface-water bodies. Besides the naturally occurring phosphate-bearing
sediments of the Hawthorn Group, other sources of orthophosphate include
inorganic and organic fertilizers, organic tissues, animal wastes, human waste
effluent, and industrial effluent. The median concentration of phosphate within
the Floridan aquifer is 0.04 mg/L. In general, phosphate concentrations in the
Floridan should be at or near the detection limit. Phosphate is soluble in acidic
waters, but once phosphate comes in contact with the alkaline water of the
Floridan aquifer, precipitation of phosphate occurs in the form of carbonate-
hydroxylapatite, and it becomes immobile. In many cases, the precipitate
replaces limestone within the aquifer (Upchurch, 1992).
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