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CONVERSION FACTORS, VERTICAL DATUM, AND

ADDITIONAL ABBREVIATIONS
Multiply By To obtain
inch (in.) 2.54 centimeter
inches per year (in/yr) 2.54 centimeters per year
foot (ft) 0.3048 meter
gallon (gal) 0.003785 cubic meter
gallon (gal) 3.785 liter
mile (mi) 1.609 kilometer
pound (lb) 453.6 gram

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as

follows: °C=(5/9) x (°F - 32)

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of
1929—a geodetic datum derived from a general adjustment of the first-order level nets of

both the United States and Canada, formerly called Sea Level Datum of 1929.

ADDITIONAL ABBREVIATIONS

mL = milliliter

col/100 mL = colonies per 100 mulliliters
mg/L = milligrams per liter

WS/cm = microsiemens per centimeter

r = Pearson correlation coefficient

FDEP = Florida Department of Environmental Protection

MBAS = methylene blue active substances
SCS = U.S. Soil Conservation Service

UF = University of Florida, Agricultural Engineering Department

USGS = U.S. Geological Survey
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Nitrate in Ground Water and Spring Water near Four
Dairy Farms in North Florida, 1990-93

By William J. Andrews

Abstract

Nitrate concentrations exceeded the
primary drinking-water standard of 10 milligrams
per liter as nitrogen in water samples from 24 of
51 monitoring wells sampled periodically from
1990-93 at 4 dairy farms in Lafayette and
Suwannee Counties in North Florida.
Consumption of water with nitrate concentrations
exceeding 10 milligrams per liter has been
tentatively associated with diseases such as
methemoglobinemia and with increased incidence
of stomach cancer and birth defects. The highest
concentrations of nitrate in ground water at North
Florida dairy farms were detected in water from
shallow monitoring wells completed in the top
10 feet of the saturated zone downgradient from
unlined wastewater lagoons and from areas of
intensive cattle use. Water from shallow
monitoring wells in areas with lower waste-
loading rates (such as pastures), from deep
monitoring wells (drilled 20 feet deeper than
shallow wells), and from wells upgradient from
wastewater lagoons and high-livestock traffic
areas known as intensive-use areas generally had
lower concentrations of nitrate, but these
concentrations generally exceeded those in water
from the background well network of the Florida
Department of Environmental Protection,
sampled as part of the ground-water monitoring
program in these counties.

Nitrate and other nutrients in ground water
also have the potential to cause eutrophication in
the spring-fed Suwannee River, which flows
between Lafayette and Suwannee Counties in
North Florida. The Suwannee River has been

designated an “Outstanding Florida Water” by
state officials who wish to preserve the pristine
quality of this river. Nitrate, with concentrations
ranging from 2-7 milligrams per liter as nitrogen,
was the principal nutrient in water sampled
periodically from three springs discharging to the
Suwannee River in the area where dairy farms
were most numerous in North Florida.
Phosphorus concentrations were not elevated
above background concentrations in water from
most of the dairy farm monitoring wells or in
ground water discharged to the River at these
springs, indicating that phosphorus leached from
animal waste leachate or other sources was sorbed
on materials in the unsaturated and saturated
zones, or was removed by biological activity.

To determine sources of nitrate in water
from wells at dairy farms and springs, nitrogen
isotope ratios in nitrate were analyzed in water
samples from eight monitoring wells and in water
samples from Blue, Telford, and Convict Springs.
Nitrogen isotope ratios in nitrate indicated that
animal wastes were the source of nitrate in water
from wells immediately downgradient from
wastewater lagoons or intensive-use areas.
Nitrogen isotope ratios also indicated that the
sources of nitrate in water from wells at greater
distances from or upgradient from these land-use
areas and in water from the three springs were
either synthetic fertilizers or combinations of soil
nitrogen, animal wastes, and synthetic fertilizers.

Nitrate can be removed from ground water
by microbial denitrification where bacteria, in the
presence of carbon sources in anoxic water,
remove oxygen atoms from nitrate, creating
nitrite, and nitrous oxide and dinitrogen gases.

Abstract
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Although counts of denitrifying bacteria
commonly exceeded several hundred thousand
colonies per 100 milliliters in water samples from
selected monitoring wells at dairy farms, oxygen
concentrations in water samples from most of the
wells were greater than 1.0 mg/L, indicating that
denitrification was unlikely to occur in water from
many of the monitoring wells. Denitrification was
more likely to occur in deeper ground water,
which generally had lower dissolved oxygen
concentrations than shallow ground water. To
investigate the factors limiting denitrification,
nitrate concentrations in three sealed ground-
water samples were measured periodically for as
long as two weeks after they were collected. With
no treatment, denitrification, as evidenced by
decreasing nitrate concentrations with time, did
not occur in a water sample from a well
completed in the Upper Floridan aquifer.
Denitrification did not occur in a second water
sample from that well until glucose, a carbon
substrate, was added. Addition of glucose to a
water sample from a well completed in a surficial
aquifer did not induce denitrification, probably
because of inhibition of the reaction by the low
pH of the water from that well.

INTRODUCTION

The occurrence of nitrite plus nitrate nitrogen,
referred to as nitrate in this report, in ground water at
dairy farms in North Florida is of concern because of
the potential deleterious health effects caused by
elevated concentrations of nitrate in drinking water
and because of the potential for nutrients such as
nitrate to cause eutrophication of surface water.
Consumption of water exceeding the primary drinking
water standard for nitrate nitrogen of 10 mg/L (Florida
Department of State, 1993) has been associated with
methemoglobinemia, a condition that diminishes the
ability of blood to absorb oxygen (Vigil and others,
1965; National Research Council, 1985).
Methemoglobinemia (commonly known as “blue-baby
syndrome’’) primarily affects infants younger than six
months, causing cyanosis and, in extreme cases,
fatalities. Nitrate is also a precursor for carcinogenic
nitrosamines and nitrosamides in human digestive
tracts and elevated concentrations of nitrate in

drinking water have been associated with increased
incidence of stomach cancer in humans (Mirvish,
1990; Forman and others, 1985). In addition, elevated
nitrate concentrations in drinking water have been
tentatively associated with increased incidence of birth
defects (Fan and others, 1987; Dorsch, 1984).
Enrichment of ground water with nutrients such as
nitrate and phosphorus, which are common
constituents in leachate from livestock wastes, can
also cause eutrophication, a process in which algae
growth is favored and oxygen is depleted, of surface
water bodies receiving inflows of ground water from
springs or diffuse seepage.

Nitrate in ground water may come from many
sources including: nitrate minerals, nitrogen in soils,
plant debris, animal wastes, and synthetic fertilizers.
Nitrate minerals, such as the well-known sodium
nitrate deposits in Chile, are generally restricted to
evaporitic deposits in arid environments (Ericksen,
1981). Because nitrate minerals are highly soluble in
water, these minerals are unlikely to occur in areas
with warm temperate environments, such as North
Florida. Organic nitrogen, which is present in soils,
plant debris, and animal wastes, can be converted to
nitrate through the bacterially-mediated processes of
ammonification and nitrification. Synthetic fertilizers,
principally urea and ammonium nitrate, are commonly
applied to cropland, sometimes in addition to livestock
wastes, in North Florida. The sources of nitrate in
water can be qualitatively determined from the ratio of
nitrogen isotopes in nitrate. Nitrate is very mobile in
ground water, but can be diminished in concentration
by dilution or, in anoxic water, by the process of
denitrification.

Nitrate is the principal contaminant of ground
water in agricultural regions worldwide that are
underlain by unconfined sandy aquifers or karstic
carbonate aquifers, such as those in North Florida.
Nitrate has been detected in elevated concentrations in
ground water in agricultural areas with these
hydrogeologic settings in Czechoslovakia (Pekny and
others, 1989), Denmark (Pedersen and others, 1991),
Great Britain (Parker and others, 1987; Wilson and
others, 1990), Russia (Bashkin and Kudeyarov, 1983),
and the United States (Hallberg, 1989; Madison and
Brunett, 1984). Agricultural areas in the United States
with similar hydrogeologic settings and elevated nitrate
concentrations in ground water include the San Joaquin
Valley of California (Lamb, 1986; Johnston, 1985; Page
and Balding, 1973), the coastal plain of Delaware and

2 Nitrate in Ground Water and Spring Water near Four Dairy Farms in North Florida, 1990-83



























Dairy farm 4 is about four miles northeast of
Telford Spring in Suwannee County (fig. 1). In
operation since 1980, this farm (fig. 6) has a herd of
550 dairy cows and an area of 470 acres. This farm has
the largest wastewater lagoon (about 10 acres in
surface area) of the farms investigated for this study.
The cows at this farm graze in two 8(0-acre pastures on
the western side of the farm. The two 70-acre fields on
the eastern side of the farm were wastewater spray
fields, used for growing silage crop and for calve and
heifer grazing. The northeastern spray field is usually
planted in ryegrass (Lolium perenne), whereas the
southeastern spray field is usually planted in millet
(Pennisetum glaucum) or corn.

METHODS OF STUDY

This investigation consisted of three stages:
selection of monitored dairy farms, selection of
sampling locations, and water-quality sampling and
analysis. These three topics are discussed in the
following sections.

Site Selection Procedure

The four monitored dairy farms were chosen
through a multi-stage selection process conducted in
cooperation with FDEP. In 1989, officials from FDEP
mailed a 3-page questionnaire to the owners of each
dairy farm in North Florida. Questions pertained to the
location, size, period of operation, herd size, feed
stock, herd distribution, waste management practices,
and crop-fertilization practices used at the farms.
Several weeks later, interviewers from FDEP visited
each of the farms and completed a 6-page follow-up
dairy-farm evaluation form regarding topics on the
questionnaire and topics such as land use, water use,
and hydrogeologic features of the dairy farms.
Representatives from FDEP, USGS, the U.S. Soil
Conservation Service (SCS), and the University of
Florida Agricultural Engineering Department (UF)
met in early 1990 to discuss the results of the dairy-
farm owner survey and the follow-up evaluation form
and selected nine representative dairy farms for
reconnaissance ground-water monitoring on the basis
of information obtained from the surveys. Three to
four monitoring wells were installed near land uses of
interest at each of the nine dairy farms in early 1990
and these wells were periodically sampled for one
year,

In early 1991, the USGS, in cooperation with
FDEP, proposed to install additional wells at four of
the nine monitored dairy farms to better determine the
distribution of nitrate in ground water, and to analyze
for additional constituents that would be useful in
identifying the occurrence of denitrification in ground
water. Representatives from FDEP, USGS, SCS, and
UF met in early 1991 and, on the basis of the
representative nature of farm management practices
and of the hydrogeologic settings, selected the dairy
farms discussed in this report for additional ground-
water quality monitoring.

Data Collection Network

All of the monitoring wells drilled for this
investigation are completed in the Upper Floridan
aquifer, except for ten of the wells at dairy farm 1. The
36 wells designated as shallow monitoring wells in
this report were screened in the top ten feet of the
saturated zone of the uppermost aquifer to allow
evaluation of the quality of the shallowest ground
water, which is most likely to be affected by overlying
land uses. To investigate changes in ground-water
quality with depth in the uppermost aquifers beneath
these farms, 15 monitoring wells, referred to as deep
monitoring wells in this report, were drilled 20 ft
deeper into the saturated zone than the shallow wells.
Blue, Telford, and Convict Springs were selected for
water-quality sampling because they are in the area
where dairy farms are most numerous in North Florida
(fig. 1).

At dairy farm 1, monitoring wells were drilled
adjacent to the wastewater lagoon and the intensive-use
area, and in the pasture on the western side of the farm
(fig. 3). At dairy farm 2, pairs of shallow and deep wells
were drilled along the upgradient and downgradient
property boundaries, and several shallow wells were
drilled in or adjacent to pastures, spray fields, and the
wastewater lagoon (fig. 4). The monitoring wells at
dairy farm 3 were principally arranged in east-west
rows on the upgradient and downgradient property
boundaries and near the wastewater lagoon and the
intensive-use area (fig. 5). At dairy farm 4, monitoring
wells were drilled near and downgradient from land use
areas including: pastures, spray fields, intensive-use
areas, and the wastewater lagoon (fig. 6). In addition to
the 15-digit well identification number stored in the
GWIS and WATSTORE databases of the USGS, each
well drilled for this study was assigned a field
identification number consisting of a one-digit farm
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number (from 1-4) followed by a well number
determined by the order in which a well was drilled at
each dairy farm. The field identification number of
shallow wells in shallow/deep well pairs are assigned
the suffix “A”, whereas the deep wells in these well
pairs are assigned the suffix “B”. In this report,
monitoring wells are referred to by their field
identification numbers. The field-identification well
numbers, depths of wells, land uses near wells, and
aquifers in which monitoring wells were completed at
the four farms are listed in table 1.

Monitoring wells were drilled using three
methods for this study and for Andrews (1992):
hollow-stem augering, air/foam rotary, and cable-tool.
Monitoring wells screened in unconsolidated materials
were drilled using hollow-stem augers. Most of the
monitoring wells screened in consolidated material
were drilled by the air/foam rotary method. Six
monitoring wells at dairy farm 2 were drilled with
cable-tool methods because sand-filled caverns
penetrated by these wells made the use of rotary-
drilling methods impossible.

Table 1. Characteristics of the dairy farm monitoring wells, Lafayette and Suwannee Counties,

Florida

[Well designations A and B refer to shallow and deep wells, respectively, in a well pair, and the first digit of a well

number corresponds to the farm number]

Aquifer in which

nxger (i?,. efzt:t) Depth type Land use wellspvlveetl‘::j com-
1-1 25 Shallow Wastewater Lagoon Surficial

1-2* 20 Shallow Intensive-use Area Surficial

1-3* 15 Shallow Pasture Surficial

1-4A% 24 Shallow Intensive-use Area Surficial

1-4B 48 Deep Intensive-use Area Upper Floridan
1-5A 24 Shallow Pasture Surficial

1-5B 47 Deep Pasture Upper Floridan
1-6 19 Shallow Pasture Surficial

1-7 19 Shallow Wastewater Lagoon Surficial

1-8 24 Shallow Intensive-use Area Surficial

1-9A 19 Shallow Wastewater Lagoon Surficial

1-9B 37 Deep Wastewater Lagoon Surficial

2-1% 48 Shallow Wastewater Lagoon Upper Floridan
2-2% 48 Shallow Pasture Upper Floridan
2-3% 46 Shallow Pasture Upper Floridan
2-4% 48 Shallow Pasture Upper Floridan
2-5A 49 Shallow Pasture Upper Floridan
2-5B 70 Deep Pasture Upper Floridan
2-6A 47 Shallow Spray Field Upper Floridan
2-6B 69 Deep Spray Field Upper Floridan
2-7TA 60 Shallow Spray Field Upper Floridan
2-7B 80 Deep Spray Field Upper Floridan
2-8A 60 Shallow Spray Field Upper Floridan
2-8B 79 Deep Spray Field Upper Floridan
2-9 73 Deep Pasture Upper Floridan
3-1%* 44 Shallow Intensive-use Area Upper Floridan
3-2A% 45 Shallow Pasture Upper Floridan
3-2B 66 Deep Pasture Upper Floridan
3-3* 39 Shallow Wastewater Lagoon Upper Floridan
3-4% 48 Shallow Pasture Upper Floridan
3-5 49 Shallow Hay Storage Upper Floridan
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Table 1. Characteristics of the dairy farm monitoring wells, Lafayette and Suwannee Counties,

Florida--Continued

Aquifer in which

m‘::'lellaler (i?w ef‘;g:) Depth type Land use wellspvlveetl;ed com-
3-6 59 Shallow Intensive-use Area Upper Floridan
3-7A 43 Shallow Pasture Upper Floridan
3-7B 74 Deep Pasture Upper Floridan
3-8 56 Shallow Pasture Upper Floridan
3-9 47 Shallow Pasture Upper Floridan
3-10 79 Deep Barn Upper Floridan
3-11 76 Deep Pasture Upper Floridan
4-1* 40 Shallow Wastewater Lagoon Upper Floridan
4-2% 35 Shallow Wastewater Lagoon Upper Floridan
4-3* 50 Shallow Intensive-use Area Upper Floridan
4-4A%* 43 Shallow Wastewater Spray Field Upper Floridan
4-4B 72 Deep Wastewater Spray Field Upper Floridan
4-5A 56 Shallow Pasture Upper Floridan
4-5B 73 Deep Pasture Upper Floridan
4-6 49 Shallow Pasture Upper Floridan
4-7A 44 Shallow Wastewater Lagoon Upper Floridan
4-7B 63 Deep Wastewater Lagoon Upper Floridan
4-8A 51 Shallow Wastewater Lagoon Upper Floridan
4-8B 66 Deep Wastewater Lagoon Upper Floridan
4-9 41 Deep Wastewater Spray Field Upper Floridan

* Well drilled in 1990 for Andrews (1992)

Several diameters of casing and two types of
materials were used to case the 51 monitoring wells
sampled for this study. Fifteen of the 51 monitoring
wells were drilled by the USGS in 1989-90. These
wells were cased with 2-inch diameter, schedule
80 PVC casing with 10-ft screens. The remaining
36 monitoring wells, which were drilled by a
commercial driller during 1990-91, were cased
primarily with 4-inch-diameter, schedule 40 PVC
casing and 10 ft screens, except for the 6 wells drilled
at dairy farm 2 using the cable-tool method (wells
2-6B, 2-7A, 2-7B, 2-8A, 2-8B, and 2-9) which have
6-inch- and 8-inch-diameter steel casings. Two of the
wells (2-6B and 2-7B) drilled using the cable-tool
method were not screened, whereas the other 4 wells
drilled with this method (2-7A, 2-8A and B, and 2-9)
have 4-inch diameter PVC internal casings. The
boreholes around each of the well screens were packed
with washed quartz sand or gravel, and the sand or
gravel was capped by a 2-ft thick layer of bentonite
pellets. Above the bentonite, annular spaces were
filled with neat portland type I cement.

Well-development methods used prior to water-quality
sampling were chosen based upon well-casing
diameters. The 2-inch-diameter monitoring wells were
developed using compressed air and bailers, whereas
the monitoring wells with larger-diameter casings
were developed using submersible pumps.

Collection and Analysis of Water Samples

Water samples for this study were collected
quarterly from the 51 dairy farm monitoring wells and
the three springs between May 1991 and January
1993. Seven of these wells (1-4A, 1-4B, 2-6A, 2-6B,
3-6, 4-4A, and 4-4B) and Convict Spring were
sampled monthly from May 1991 to March 1993.
Samples from these wells were analyzed for
temperature, pH, specific conductance, and
concentrations of dissolved nitrate, nitrite nitrogen,
ammonia nitrogen, ammonia plus organic nitrogen,
chloride, inorganic carbon, oxygen, and biochemical
oxygen demand (spring water only). Water samples
were also collected from selected wells for analysis of
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counts of denitrifying bacteria. Water-quality data
collected from March 1990 to February 1991 from
wells at these four farms (Andrews, 1992) are also
included in statistical summaries of water-quality data
in this report.

Water samples were collected from monitoring
wells after temperature and dissolved oxygen
concentrations had stabilized, typically after at least
three standing well-casing volumes of water had
been purged from each well. Stainless steel and tefion
submersible pumps or PVC bailers were used to
purge wells prior to sampling and for collecting
water samples. Temperature, pH, specific
conductance, and dissolved oxygen concentrations of
water samples were measured in the field. Water
samples to be analyzed at the laboratory were filtered
in the field through 0.45-micron pore-size
polycarbonate filters and were stored on ice in
polyethylene bottles prior to shipment to the USGS
laboratory. Nutrient samples were collected and
stored in 125 mL bottles and were preserved with
0.5 mL of mercuric chloride/sodium chloride
solution. Dissolved inorganic carbon samples were
collected in the field in polypropylene and silicone
syringes and filtered into 100 mL glass bottles
through 0.45 micron pore-size silver filters in
stainless steel and teflon filter holders. Spring-water
samples to be analyzed for biochemical oxygen
demand were not filtered in the field. Bacteria
sampling tubes were inoculated in the field and
counted at the office.

Data collected during this study were collected
using standard methods routinely used by the USGS
in studies of this nature, as described by Wood
(1976), and Fishman and Friedman (1989). Ground-
water levels and spring discharges were measured
using methods and equipment described by U.S.
Geological Survey (1977) and Rantz and others
(1982). Counts of bacteria in water samples collected
from selected wells were made using the most-
probable-number method (Britton and Greeson,
1987, p. 67-72).

To determine sources of nitrate in ground
water, water samples from wells 1-1, 1-4A, 1-4B,
2-4, 2-6A, 2-6B, 3-3, 4-4A, and 4-4B were analyzed
for nitrogen isotope ratios at the Wetlands Soils
Research Laboratory at the University of Florida at
Gainesville, Fla., in July 1991. These samples were
analyzed using standard reduction methods, zeolite
sorption and combustion, and mass spectrometry

(Hauck, 1982; Burke and others, 1990). In May
1993, water samples from the Blue, Telford, and
Convict Springs were collected and sent to a
commercial laboratory for nitrogen isotope analysis
using methods outlined by Vogel (1961).

‘To determine the factors affecting
denitrification, two water samples collected from well
2-6A and one water sample collected from well 1-4A
were stored in a 5-gallon glass reaction vessel (sealed
and shielded against contact with oxygen and light)
and were analyzed periodically for nitrate and nitrite
concentrations for as long as 14 days after sample
collection. The reaction vessel was pressurized with
argon gas to replace the water removed for analysis
and to prevent inflow of atmospheric oxygen. Several
days after the water samples were collected in April
and July, 1992, the samples were dosed with 5 mL of
saturated glucose solution to determine if
denitrification was limited by a lack of carbon
substrate.

NITRATE CONCENTRATIONS IN
GROUND WATER

Potential sources of nitrate in ground water in
North Florida include soil nitrogen, plant debris,
animal wastes, and synthetic fertilizers. Organic
forms of nitrogen in soils, plant debris, and animal
wastes are converted to nitrate through the
bacterially-mediated processes of ammonification
and nitrification. Nitrification, the process by which
bacteria produce nitrate from ammonia (NH, "),
contributes nitrate to ground water near sources of
organic nitrogen. Nitrate can be removed from
ground water through the bacterially-mediated
process of denitrification. Andrews (1992) provides a
more complete discussion of the nitrogen cycle as it
relates to ground water.

In this report, concentrations of nitrate in
ground water exceeding the median concentrations in
water from background network wells are referred to
as elevated. In Lafayette and Suwannee Counties,
median background nitrate concentrations were
0.22 mg/L and 0.23 mg/L for the surficial and Upper
Floridan aquifers, respectively (Florida Department
of Environmental Protection, written commun.,
1986).
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Dairy Farm 1

Nitrate concentrations in water samples from
the nine shallow and the three deep monitoring wells
at dairy farm 1 are described in the following two
sections. Because synthetic fertilizers were not applied
at dairy farm 1 or to adjoining properties, elevated
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Figure 7. Nitrate concentrations in water from wells at dairy farm 1 in Lafayette County, 1990-93.
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Figure 8. Nitrate concentrations in water from wells at dairy farm 1 in Lafayette County, 1991-93.

Water from Shallow Wells

Water from a shallow well near the wastewater
lagoon (well 1-1) and from the shallow wells near the
intensive-use area (wells 1-2, 1-4A) at dairy farm 1
had median concentrations of nitrate that were
substantially higher than the 0.22 mg/L median
concentration from the FDEP background wells
completed in the surficial aquifer in the study area
(table 2). Nitrate concentrations in water from well 1-1
decreased from 53 to 7.3 mg/L from 1990-93 (fig. 7),
coincident with the replacement of the nearby conduit
to the lagoon in early 1991. The decrease in nitrate
concentrations in water samples from this well after
the replacement of the conduit to the wastewater
lagoon indicates that the old conduit may have been
leaking wastewater in the vicinity of this well. Water
from well 1-2, which is next to the intensive-use area
(fig. 2), had the highest median concentration of
nitrate (29 mg/L) of water from the shallow wells at
this farm. Nitrate concentrations in water from this

16

well were generally less than 35 mg/L, although a
sample collected in July, 1992 had a nitrate
concentration of 46 mg/L (fig. 7). Nitrate
concentrations in water from well 1-4A decreased
from 40 to 28 mg/L during 1990-93 (fig. 7), perhaps
due to lower rates of waste deposition near this well
caused by greater confinement of the dairy herd
starting in early 1991. Water from well 1-8, which is
downgradient from the barn and from the intensive-
use area (fig. 3), had a median nitrate concentration of
2.2 mg/L, and one water sample from this well
exceeded the drinking water standard for nitrate

(fig. 8). Water from well 1-9A, which was about 30 ft
east of the wastewater lagoon (fig. 3), had nitrate
concentrations ranging from 0.29-12 mg/L (fig. 8),
which indicates that leaching of nitrogen-rich
wastewater from the lagoon periodically affected the
quality of shallow ground water near this well.
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Table 2. Median values of selected water-quality characteristics in water from shallow monitoring wells at dairy farm 1,

Lafayette County, Florida, 1990-93

[All values in mg/L (milligrams per liter) unless stated otherwise; °C, degrees Celsius; LS/cm, microsiemens per centimeter at 25 °C; 1,000 col/100 ml,
thousand colonies per 100 milliliters; --, no data collected; <, less than; all water-quality characteristics except temperature, pH, specific conductance, and

denitrifying bacteria are dissolved (filtered) values]

Water-quality characteristic

Median value for water samples from indicated well

1-1 1-2 13 14A 1-5A 16 17 18 1-9A

Temperature (°C) 23.0 225 225 225 235 22.5 225 23.0 23.0
pH (pH units) 4.9 5.7 6.0 4.6 5.7 5.1 55 5.2 54
Specific conductance

(uS/cm) 170 710 260 530 190 44 54 70 220
Nitrate!-? 8.4 29 08 27 04 <.02 .03 2.2 .60
Nitrite nitrogen? <.01 02 01 0l <0l <.01 <01 <.01 .01
Kjeldahl nitrogen? 2.2 72 37 73 74 57 41 28 42
Ammonia nitrogen? 1.9 05 05 26 28 11 12 01 .06
Phosphorus® <.02 <.02 03 <2 <02 02 02 <02 <02
Chloride 20 74 60 46 28 4.8 7.2 8.8 43
Oxygen 1.5 1.1 6 1.9 1.4 3 1.5 2.1 1.6
Inorganic carbon 3.6 14 13 4.6 12 5.0 6.4 34 14
Denitrifying bacteria

(1,000 col/100ml)> >240 >24 - 110 130 >24 175 2 24

!Nitrite plus nitrate nitrogen.

ZValues below detection limits are calculated as 1/2 of the detection limit, unless otherwise noted.

3Values above the dilution detection limits are calculated using those limits.

Water from shallow wells over 100 meters from
the wastewater lagoon or upgradient from the lagoon
and the intensive-use area at this farm (wells 1-3,
1-5A, 1-6, 1-7) had lower nitrate concentrations, many
of which were near the median concentration from
background wells. Water from well 1-3, which is on
the northern edge of the intensive-use area at this farm
(fig. 3), had a median nitrate concentration of
0.08 mg/L, with the highest nitrate concentration of
2.7 mg/L occurring in a water sample collected from
this well in July 1991 (fig. 7). All of the nitrate
concentrations in water samples from well 1-5A,
which is between the two western pastures at this farm
(fig. 3), were below 0.4 mg/L (fig. 7). Water from
wells 1-6 and 1-7 had median nitrate concentrations
near background levels (fig. 8), although a sample
collected from well 1-6 in January 1992 had a nitrate
concentration of 1.0 mg/L. The relatively low nitrate
concentrations in water from these wells indicate that
the quality of shallow ground water in the vicinity of
these wells was virtually unaffected by leachate from
livestock wastes.

Water from Deep Wells

With the exception of well 1-4B, nitrate
concentrations in water samples from the deep wells at
this farm were generally lower than those in adjacent
shallow wells. Water from well 1-4B, completed in the
Upper Floridan aquifer immediately west of the
intensive-use area at dairy farm 1 (fig. 3), had the
highest median concentration of nitrate (36 mg/L.) of
the deep monitoring wells at this farm (table 3) and
generally had higher nitrate concentrations than water
from the adjacent shallow well (1-4A, fig. 7). The
quality of deeper ground water in the vicinity of this
well probably was affected by livestock waste leachate
from the neighboring intensive-use area and may also
have been affected by leachate from the wastewater
lagoon, which may be upgradient from this well.
Although there were not enough wells completed in
the Upper Floridan aquifer at this farm to determine
ground-water flow directions in that aquifer at this
farm, water-table altitudes in the deeper well 1-9B
were generally higher than those measured in wells
1-4B and 1-5B (app. 1), indicating that deeper ground-
water may have flowed from the wastewater lagoon
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toward wells 1-4B and 1-5B. Two water samples from
well 1-5B had nitrate concentrations exceeding

2 mg/L (fig. 7), indicating that the quality of deeper
ground water in the vicinity of this well was
periodically affected by leachate from livestock
wastes. Except for those two water samples, nitrate
concentrations in water from well 1-5B were generally
less than or equal to those in water from the neighboring
shallow well, 1-5A (fig. 7). The median concentration
of nitrate in water from well 1-9B (<0.02 mg/L), was
the lowest of water from the deep monitoring wells at
this farm (table 3), but one water sample collected from
this well in October 1992 had a nitrate concentration
exceeding 5 mg/L (fig. 8), indicating that the quality of
deeper ground water in the vicinity of this well was
periodically affected by leachate from livestock wastes.
Except for that one sample, water from well 1-9B had
lower concentrations of nitrate than water from the
adjacent shallower well (1-9A, fig. 8), indicating that
deeper ground water was less affected by leachate from
the adjacent wastewater lagoon than shallow ground
water in the vicinity of those wells.

Table 3. Median values of selected water-quality
characteristics in water from deep monitoring wells at dairy
farm 1, Lafayette County, Florida, 1990-93

[All values in mg/L (milligrams per liter) unless stated otherwise; °C,
degrees Celsius; pS/cm = microsiemens per centimeter at 25 °C; 1,000
c0l/100 ml, thousand colonies per 100 milliliters; --, no data collected; <,
less than, all water-quality characteristics except for temperature, pH,
specific conductance, and denitrifying bacteria are dissolved (filtered)
samples]

Median value for water sam-

Water-quality characteristic ples from indicated well

1-4B 1-5B 1-9B
Temperature (°C) 22.5 22.5 23.0
pH (pH units) 7.1 7.1 5.2
Specific conductance 1,100 490 60

(MS/cm)

Nitrate' > 36 02 <.02
Nitrite nitrogen? 02 <01 <.01
Kjeldahl nitrogen® 46 52 32
Ammonia nitrogen? 04 28 04
Phosphorus? 02 04 <.02
Chloride 110 18 6.4
Oxygen 2 3 24
Inorganic carbon 48 54 6.6
Denitrifying bacteria 11 -- 24

(1,000 col/100ml)>

"Nitrite plus nitrate nitrogen.

Zyalues below detection limits are calculated as 1/2 of the detection
limit, unless otherwise noted.

Values above dilution detection limits are calculated using those
limits,

Values of pH and dissolved inorganic carbon
were higher in water from wells 1-4B and 1-5B than in
water from well 1-9B or the shallow wells completed
in the sandy surficial aquifer at this farm because wells
1-4B and 1-5B were completed in the carbonate Upper
Floridan aquifer (tables 2, 3). Higher pH values and
dissolved inorganic carbon concentrations in water
from these wells were due to limestone dissolution in
the Upper Floridan aquifer, which can be expressed by
the following reaction equation:

CaCO; + H,CO; (carbonic acid from rainwater
and overlying soils) ---> Ca*? + 2 HCO5.

The bicarbonate ion (HCOj5"), which comprises
most of the dissolved inorganic carbon at the pH range
of water in this aquifer (Morel and Hering, 1993),
buffers ground water to near-neutral pH’s. Ground
water in the surficial aquifer, which is not comprised
of limestone, was more acidic and had lower dissolved
inorganic carbon concentrations (tables 2,3) than
ground water in the Upper Floridan aquifer.

Dairy Farm 2

Nitrate concentrations in water samples from
the eight shallow wells and the five deep monitoring
wells, all of which were completed in the karstic
Upper Floridan aquifer, at dairy farm 2 (figs. 9-11) are
described in the following two sections. Nitrate in
ground water at this farm may have been derived from
leachate from the unlined wastewater lagoon,
livestock wastes deposited on pastures, soils, or
wastewater and synthetic nitrogen fertilizers applied to
crops grown on spray fields.

Water from Shallow Wells

Median concentrations of nitrate are higher than
the median nitrate concentration in the background
monitoring network in water from all but one (well 2-
8 A) of the eight shallow monitoring wells at dairy farm
2 (table 4). At this farm, the highest nitrate
concentrations were detected primarily in water from
shallow wells downgradient from the wastewater
lagoon and the wastewater spray fields. Water from well
2-1, which is near the wastewater lagoon (fig. 4), had
the highest median nitrate concentration (50 mg/L) of
water samples from the shallow monitoring wells at this
farm (table 4). Seasonal changes in ground-water flow
directions between wet (higher water-table altitude) and
dry (lower water-table altitude) seasons caused
significant changes in nitrate concentrations in water
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from well 2-1. Concentrations of nitrate in water from
this well were greater than 50 mg/L during dry periods,
when the well was downgradient from the wastewater
lagoon, but were less than 15 mg/L. during wet periods
when the well was not downgradient from the lagoon
(figs. 4, 9, 10). Water from well 2-2, whichisin a
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pasture (fig. 4), had an elevated median nitrate
concentration (9.8 mg/L). Nitrate concentrations in
water from this well ranged up to 26 mg/L in mid-1991
(fig. 9), indicating that leachate from livestock wastes
deposited on the pasture was affecting the quality of
shallow ground water in the vicinity of this well.
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Figure 9. Nitrate concentrations in water from wells at dairy farm 2 in Lafayette County, 1990-93.
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Water from wells 2-3 and 2-4 had nitrate concentra-
tions ranging up to 43 and 28 mg/L (fig. 9), respec-
tively, indicating that leachate from livestock wastes
or from synthetic fertilizers applied to the spray field
upgradient from both of these wells (fig. 4) had
affected the quality of shallow ground water in the
vicinity of these wells.

Nitrate concentrations were generally much
lower in water samples from shallow wells which
are upgradient or more than 300 ft from the waste-
water lagoon and the spray fields at dairy farm 2.
Nitrate concentrations in water from well 2-5A,
which is on the eastern boundary of the intensive
pasture at this farm (fig. 4) ranged from less than
0.02-2.0 mg/L (fig. 9), indicating that the quality of
shallow ground water near this well was only
slightly affected by leachate from livestock wastes.
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Figure 11. Nitrate concentrations in water from wells at dairy farm 2 in Lafayette County, 1990-93.
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Table 4. Median values of selected water-quality characteristics in water from shallow monitoring wells at dairy farm 2,

Lafayette County, Florida, 1990-93

[All values in mg/L (milligrams per liter) unless stated otherwise; °C, degrees Celsius; iS/cm, microsiemens per centimeter at 25°C; 1,000 col/100 ml,
thousand colonies per 100 milliliters; --, no data collected; <, less than; all water-quality characteristics except temperature, pH, specific conduetance, and

denitrifying bacteria are dissolved (filtered) samples]

Water-quality Well Number
characteristic 2-1 2-2 2-3 2-4 2-5A 2-6A 2-7A 2-8A -
Temperature (°C) 225 21.5 22.5 225 220 225 225 23.0
pH (pH units) 6.9 7.2 7.2 7.2 7.4 7.6 7.6 7.5
Specific conductance |
(uS/cm) 1,200 630 790 680 580 410 370 410
Nitrate!"? 50 9.8 33 24 31 5.6 4.6 <02
Nitrite njtrogen’ 02 01 01 01 04 <01 <01 <01
Kjeldahl nitrogen? 35 30 48 30 28 20 <20 <20
Ammonia nitrogen® 02 01 04 .01 11 01 01 01
Phosphorus? .10 .09 15 11 04 .05 04 02
Chloride 20 14 16 16 6.6 7.0 6.0 6.0
Oxygen 22 1.6 4.6 54 1.2 25 5.7 .6
Inorganic carbon 71 52 45 32 52 41 39 35
Denitrifying bacteria
(1,000 col/100mI)> - 67 - - 46 15 - -

'Nitrite plus nitrate nitrogen.

ZValues below detection limits are calculated as 1/2 of the detection limit, unless otherwise noted.

*Values above the dilution detection limits are calculated using those limits.

Nitrate concentrations in water from well 2-6A, which
is downgradient from the spray fields and the eastern
pasture at this farm (fig. 4), decreased from about 6
mg/L in early 1991 to less than 3 mg/L in late-1991
and subsequently increased to 8-9 mg/L. in 1992
(fig. 11), possibly due to seasonal variations of
fertilization and cropping of the upgradient spray
fields. Nitrate concentrations in water from well 2-7A
generally ranged from 3-5 mg/L, although a water
sample taken from that well in April 1992 had a nitrate
concentration of 44 mg/L (fig. 11), indicating that the
quality of shallow ground water in the vicinity of this
well was affected to a variable extent by leachate from
the surrounding spray field or other upgradient
sources. Water from well 2-8A, also on the upgradient
western boundary of this farm (fig. 4), had the lowest
median nitrate concentration of the shallow wells at
this farm (less than 0.02 mg/L). The low
concentrations of nitrate in water samples from this
well (fig. 11) indicate that shallow ground water near
this well was not affected by leachate from livestock
wastes or fertilizers.

Water from Deep Wells

Water from the five deep monitoring wells at
dairy farm 2 which are along the upgradient (western)
boundary (wells 2-7B, 2-8B, and 2-9) and along the
downgradient (eastern) boundary (wells 2-5B and
2-6B) of this farm, generally had lower concentrations
of nitrate than water from the adjacent shallow wells
(tables 4, 5), indicating that the quality of deeper
ground water beneath this farm was less affected by
leachate from hivestock wastes or synthetic fertilizers
than shallow ground water. Water samples collected
from well 2-7B had the highest median concentration
of nitrate (3.3 mg/L) of the deeper wells at this farm
(table 5), indicating that deeper ground water in the
vicinity of this well was affected by leachate from
livestock wastes or fertilizers applied to the
surrounding spray field or to upgradient farms. Nitrate
concentrations in water from this well were generally
near 5 mg/L, except for a sample collected in April
1992, which contained 39 mg/L of nitrate (fig. 11).
The similarities between nitrate concentrations in
water from well 2-7B to those in water from the
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adjacent shallow well, 2-7A (fig. 11), suggest that
water sampled from these wells was recharged from
the same land-use area or that these wells were
completed in the same conduit system in the karstic
Upper Floridan aquifer. Water from well 2-6B had a
median nitrate concentration of 2.4 mg/L, and nitrate
concentrations as high as 6.2 mg/L were detected in
water from this well (fig. 11), indicating that the
quality of deeper ground water in the vicinity of this
well was affected by leachate from wastewater or
synthetic fertilizers applied to upgradient spray fields.
The relatively low median nitrate concentrations in
water from wells 2-5B, 2-8B and 2-9, (0.06, 0.03 and
0.59 mg/L, respectively), and the highest nitrate
concentrations in water from these wells (1.3-1.5 mg/L,
figs. 9, 11) indicate that the quality of deeper ground
water in the vicinity of these wells was only slightly
affected by leachate from livestock wastes or synthetic
fertilizers.

Table 5. Median values of selected water-quality
characteristics in water from deep monitoring wells at dairy
farm 2, Latayette County, Florida, 1990-93

[All values in mg/L. (milligrams per liter) unless stated otherwise; °C,
degrees Celsius; uS/cm, microsiemens per centimeter at 25°C; 1,000
col/100ml, thousand colonies per 100 milliliters; --, no data collected; <,
less than; all water-quality characteristics except temperature, pH, specific
conductance, and denitrifying bacteria are for dissolved (filtered) samples]

Median value for water sampies from

Water-quality indicated well

characteristic

2-5B 26B 2-7B 2-8B 29

Temperature (°C) 225 230 225 225 230
pH (pH units) 7.4 76 17 76 735
Specific conductance

(uS/cm) 550 400 360 330 410
Nitrate! 06 24 33 03 59
Nitrite nitrogen'~ <0l <01 <01 <01 .01
Kjeldahl nitrogen? 28 <20 <20 <20 <20
Ammonia nitrogen? .16 .01 .01 .01 02
Phosphorus? 03 03 06 <02 <02
Chloride 6.2 54 54 34 5.6
Oxygen 3 .6 5.6 4 S
Inorganic carbon 50 45 38 32 38
Denitrifying bacteria
(1,000 col/100mI)> 28 35 - - 110

INitrite plus nitrate nitrogen.

2Values below detection limits are calculated as 1/2 of the detection
limit, unless otherwise noted.

3Values above dilution detection limits are calculated using those
limits.

Dairy Farm 3

Fluctuations of nitrate concentrations in water
samples from the nine shallow wells and from the five
deep wells (figs. 12, 13), all of which are completed in
the Upper Floridan aquifer at dairy farm 3 are
described in the following two sections. Because
synthetic fertilizers are not applied to this farm or to
the upgradient property, elevated concentrations of
nitrate in ground water beneath this farm were
probably due to leachate from livestock wastes or
soils.

Water from Shallow Wells

Median nitrate concentrations in water from all
of the shallow monitoring wells at dairy farm 3 were
greater than the median concentration in water from
background wells completed in the Upper Floridan
aquifer in this county (table 6). Water from shallow
monitoring wells near the wastewater lagoon (wells
3-1, 3-3, and 3-9) and the intensive-use area (well 3-
6) at this farm generally had the highest nitrate
concentrations. Water from wells 3-1, and 3-3, which
are next to the former site of an unlined wastewater
lagoon (fig. 5), had the highest median
concentrations of nitrate (28 mg/L and 72 mg/L,
respectively) of the monitoring wells at this farm.
Nitrate concentrations in water from both of these
wells decreased substantially in 1991 (fig. 12), after a
new wastewater lagoon was installed approximately
150 ft further east of these wells. Water from well
3-9, which is in the southern pasture further away
from the previous site of a wastewater lagoon (fig. 4),
had an elevated median concentration of nitrate
(13 mg/L), with a maximum nitrate concentration of
49 mg/L (fig. 13), indicating that shallow ground
water near this well was affected by leachate from
the wastewater lagoon or from livestock wastes
deposited on the surrounding pasture. The median
nitrate concentration in water from well 3-6
(27 mg/L), which is immediately downgradient from
the intensive-use area at this farm, indicated that the
quality of shallow ground water near this well was
affected by leachate from livestock wastes. Nitrate
concentrations in water from well 3-6 were generally
close to the median value, with a maximum
concentration of 38 mg/L occurring in a water
sample collected from this well in September, 1992
(fig. 12).
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Figure 12, Nitrate concentrations in water from wells at dairy farm 3 in Lafayette County, 1990-93.
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Figure 13. Nitrate concentrations in water from wells at dairy farm 3 in Lafayette County, 1991-93.
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Table 6. Median values of selected water-quality characteristics in water from shallow monitoring wells at dairy farm 3,

Lafayette County, Florida, 1990-93

[All values in mg/L (milligrams per liter) unless stated otherwise; °C, degrees Celsius; wS/cm, microsiemens per centimeter at 25 °C; 1,000 col/100 mi,
thousand colonies per 100 milliliters; --, no data collected; <, Iess than; all water-quality characteristics except temperature, pH, specific conductance, and

denitrifying bacteria are dissolved (filtered) samples]

Water-quality

Median value for water samples from indicated well

characteristic 341 3-2A 3-3 3-4 3-5 3-6 3-7A 3-8 3-9
Temperature (°C) 23.0 23.0 25 225 230 230 230 230 230
pH (pH units) 6.7 7.7 6.6 7.4 76 6.9 7.5 7.8 72
Specific conductance (ULS/cm) 1,100 240 1,700 340 330 1,000 390 290 580
Nitrate'? 28 1.4 72 3.1 36 27 14 4.8 13
Nitrite nitrogen? <.01 <01 <0l <01 <01 <01 <0l <0l <01
Kjeldahl nitrogen® 37 26 A7 27 <20 21 <20 <20 <20
Ammonia nitrogen2 02 .01 73 02 01 02 <.01 <.01 <.01
Phosphorus? .09 08 13 06 02 04 04 04 04
Chloride 17 6.9 110 5.7 68 37 12 72 14
Oxygen 2.0 52 2.4 4.0 5.8 2.2 6.0 5.5 6.3
Inorganic carbon 94 22 76 34 34 78 31 26 47
Denitrifying bacteria (1,000 col/100ml)* - - - 24 - 22 - 22 -

INitrite plus nitrate nitrogen.

ZValues below detection limits are calculated as 1/2 of the detection limit, unless otherwise noted.

3Values above dilution detection limits are calculated using those limits.

Nitrate concentrations were generally lower in
water from wells which are upgradient or further than
300 ft from the wastewater lagoon and the intensive-
use area on this farm. Water from wells 3-2A and 3-4,
which are in a pasture along the upgradient boundary
of this farm (fig. 5), had slightly elevated median
nitrate concentrations of 1.4 mg/L and 3.1 mg/L,
respectively. Nitrate concentrations in water from
these wells generally increased by a factor of two after
April 1991 (fig. 12), perhaps due to leachate from
increasing numbers of beef cattle grazing on the
upgradient property. Water from well 3-5, whichis in a
depression northwest of the milking barn, had an
elevated median nitrate concentration (3.6 mg/L) and
nitrate concentrations in water from this well ranged
from 3.2-6.1 mg/L (fig. 12), indicating that the quality
of shallow ground water in the vicinity of this well
was affected by leachate from upgradient sources such
as the wastewater lagoon and the intensive-use area at
this farm. Water from wells 3-7A and 3-8, which are
on the downgradient boundary of the intensive-use
pasture (fig. 5), had elevated median nitrate
concentrations (14 and 4.8 mg/L, respectively). The
highest nitrate concentrations in water from these
wells (22 and 5.1 mg/L, respectively (fig. 13)) indicate
that leachate from livestock wastes deposited on this

pasture affected the quality of shallow ground water
near these wells.

Water from Deep Wells

Median nitrate concentrations in water from the
four deep monitoring wells at dairy farm 3 (wells 3-
2B, 3-7B, 3-10, and 3-11) are greater than the median
concentration (0.23 mg/L) in water samples from
background network wells completed in the Upper
Floridan aquifer in Lafayette and Suwannee Counties.
Water from well 3-10, which is downgradient from the
wastewater lagoon and the milking barn (fig. 5), had
the highest median nitrate concentration (18 mg/L) of
water from the deeper monitoring wells at this farm
(table 7) and nitrate concentrations in water from this
well ranged from 8 to 30 mg/L (fig. 13) indicating that
the quality of deeper ground water in the vicinity of
this well was affected to a variable extent by livestock-
waste leachate. Nitrate concentrations in water from
well 3-11, which is downgradient from a pasture (fig.
5), ranged from 1.6 to 4.5 mg/L (fig. 13), indicating
that the quality of deeper ground water near this well
was somewhat affected by leachate from livestock
wastes or soils. The lowest median concentration of
nitrate (0.80 mg/L, table 7) of water from the deep
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monitoring wells at this farm occurred in water from
well 3-2B, which is on the upgradient boundary of this
farm. Water from well 3-7B had a slightly higher
median nitrate concentration (0.92 mg/L) than water
from well 3-2B. Water from wells 3-2B and 3-7B had
lower median concentrations of nitrate than water
from the adjacent shallow wells (tables 6,7; figs. 12,
13), indicating that the quality of deeper ground water
in the vicinity of these wells was less affected by
leachate from livestock wastes than that of shallow
ground water.

Table 7. Median values of selected water-quality
characteristics in water from deep monitoring wells at dairy
farm 3, Lafayette County, Florida, 1990-93

[All values in mg/L (milligrams per liter) unless stated otherwise; °C,
degrees Celsius; uS/cm, microsiemens per centimeter at 25 °C; 1,000
col/100 ml, thousand colonies per 100 milliliters; --, no data collected;
<, less than, all water-quality characteristics except temperature, pH,
specific conductance, and denitrifying bacteria are dissolved (filtered)
samples]

. Median value for water samples from
Water-quality

o indicated well
characteristic
3-2B 3-7B 3-10 3-11
Temperature (°C) 23.0 230 23.0 23.0
pH (pH units) 7.7 7.6 7.1 7.5

Specific conductance 320 300 740 350
(US/cm)

Nitrate!? .80 92 18 24
Nitrite nitrogen? <01 <01 .06 0l
Kjeldahl nitrogen? <.20 20 1.6 <20
Ammonia nitrogen? <.01 01 1.2 01
Phosphorus? 04 04 04 .03
Chloride 7.6 4.6 29 6.0
Oxygen 2.0 4 2.5 4.6
Inorganic carbon 28 32 54 36
Denitrifying bacteria 2 - 1 <.1

(1,000 col/100m1)*

!Nitrate plus nitrite nitrogen.

2Values below detection limits are calculated as 1/2 of the detection
limit, unless otherwise noted.

3Values above dilution detection limits are calculated using those
limits.

Dairy Farm 4

Nitrate concentrations in water samples from
the nine shallow wells and the four deep wells
(figs. 14-16), all of which are completed in the karstic
Upper Floridan aquifer, at dairy farm 4 are described
in the following two sections. Nitrate in ground water
at this farm may be derived from livestock wastes

deposited on pastures and applied to spray fields or
from synthetic fertilizers applied to spray fields.

Water from Shallow Wells

Median nitrate concentrations in water from seven
of the eight shallow monitoring wells at dairy farm 4
exceeded the median concentration in water from
background wells (0.23 mg/L). Nitrate concentrations
were generally highest in water from wells near the
intensive-use area, the wastewater lagoon, and the spray
fields at this farm. Water from well 4-3, which is next to
the intensive-use area (fig. 6), had the highest median
nitrate concentration (62 mg/L) of water from the shallow
monitoring wells at this farm (table 8), with nitrate
concentrations in water from this well ranging from 37-
67 mg/L (fig. 14). The lowest nitrate concentrations in
water from well 4-3 occurred during wet seasons, when
water-table elevations were higher and water-table
elevation contours indicated that this well was
upgradient, rather than downgradient, from the
neighboring intensive-use area (figs. 6, 14, 15). Water
samples from well 4-6, also situated next to the intensive-
use area (fig. 6), had the second-highest median nitrate
concentration (30 mg/L, table 8) of the shallow wells at
this farm. Nitrate concentrations in water from this well
ranged from 22-43 mg/L (fig. 16), indicating that shallow
ground-water quality near this well was affected by
leachate from livestock wastes almost as much as water
from well 4-3. Nitrate concentrations in water from wells
4-4A and 4-9, which were in the wastewater spray field at
this farm (fig. 6), ranged from 17-31 mg/L and from
14-20 mg/L, respectively (figs. 14, 16), probably due to
seasonal changes in cropping and fertilization of the
spray fields. Water from well 4-7A, which is on the shore
of the wastewater lagoon (fig. 6), had relatively low
concentrations of nitrate (0.40-0.81 mg/L, fig. 16) and
dissolved oxygen (<0.1-1.4 mg/L), but had a relatively
high median concentration of Kjeldahl nitrogen
(4.2 mg/L) indicating that the quality of shallow ground
water in the vicinity of this well was affected by leachate
from the neighboring lagoon. But this water may not
have contained enough oxygen for nitrification of the
leachate to occur. Water from well 4-8A, which is
approximately 300 ft southwest of well 4-7A (fig. 5), had
much higher concentrations of nitrate (6.2-10. mg/L,
fig. 16) and of dissolved oxygen (1.9-6.9 mg/L) and
lower concentrations of Kjeldahl nitrogen (ranging from
<0.20-0.52 mg/L) than water from well 4-7A, indicating
that leachate from the wastewater lagoon was nitrified as
it flowed toward the south.

26 Nitrate in Ground Water and Spring Water near Four Dairy Farms in North Florida, 1990-93



9‘r!l11rllrllrllrl|llllllllllllll| 35!TI1IIIIIIIIIIIIIIIIIIIIIIIIIIII‘III
gl Well 4-1 + | + Well 4-4A . .
+ 30 v Well 4-4B + a
+ + + +
+ ++ +
R - ++ ++ ++
+ + 25} + + -
6t + + | + +
+ 1 ++
L 4 201 + 1
+
+ +
5 4r ] 15+ + .
3 7 ' | 10
o 2-+ ++ ] v v
|: v vy vV
+ | v v v v
< i + i 5 v WV oov v v
2 ) i
|||[||J||l|l|JL#JL!II|IilIJIIIII IIIllIIllIIIIIIIIIIIIIIIIIIIIIIIIIYII
o OMAMJ JASONDJFMAMJ JASONDIJFMAMJ J ASON O MAMJ JASONDIIEMAMJ J ASONDIJ FMAMJ J ASONDI FMA
w 1990 1991 1992 1990 1991 1992 1993
l____8""""'|"' """ Tt T T T T T T T T 4'5IIII1I|I|ITITI]TTIII|I
-l
o - + Well 4-2 a0l 4 + Well 4-5A |
H_J ' v Well 4-5B
L i v
93] 6 3.50 v .
=
é - .
3.0+ + .
O] i J
= 4
= 2.5¢ -
s | ] + .
v
Z + 2.0 + -
- 2r + T
prd + +
@ i + T + + * i 1.5¢ v + + + v -
= + + + v +
< v v
m O Jl||||Jllllllllllll'|I""""IIIII 1.0 L 1 1 1 | 1 1 1 | 1 1 | | 1 IW | 1 [l 1 I 1
= AMJ JASONDIUFMAMUJUJASONDIJF
5 1991 1992 1993
LZ) 70 Tllll‘lllllllllllllllIIIllIWIlll I4I I31
+ e -
Q est L5 F .
O H + +
1] +
E 60f * + ;
< +
E
= 55+ . i
+
50 r .
45t * :
+ +
40 + 1
+

L 1 L 1 1 1 L 1 L | L1 1 L L1 L 1 L 11 I 1l 1 L1 11 111 1 1 I 1
35 1 AMJ JASONDIJFMAMJ J ASONDIJ FMAMJ JASONDIJ F
1990 1991 1992 1993

Figure 14. Nitrate concentrations in water from wells at dairy farm 4 in Suwannee County, 1990-93.
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Table 8. Median values of selected water-quality characteristics in water from shallow monitoring wells at dairy farm 4,

Suwannee County, Florida, 1990-93

[All values in mg/L (milligrams per liter) unless stated otherwise; °C, degrees Celsius; pS/cm, microsiemens per centimeter at 25°C; 1,000 col/100 ml,
thousand colonies per 100 milliliters; --, no data collected; <, less than; all water-quality characteristics except temperature, pH, specific conductance, and

denitrifying bacteria are dissolved (filtered) samples]

Median value for water samples from indicated well

Water-quality characteristic

4-1 4-2 43  44A  4-5A 4-6 4-7A 4-8A 4-9
Temperature (°C) 22.5 23.0 23.0 230 225 23.0 23.0 23.0 23.0
pH (pH units) 6.8 6.9 6.7 7.0 7.6 7.1 6.9 7.4 7.1
Specific conductance (US/cm) 770 660 1,540 820 370 860 980 480 690
Nitrate'? 3.2 1.2 62. 27. 2.0 30. 12 8.3 14.
Nitrite nitrogen” <01 <01 01 <01 <0l <.01 <.01 <.01 <01
Kjeldah! nitrogen? 35 38 <.20 23 <20 25 42 <20 24
Ammonia nitrogen® .03 0l 01 0l <01 02 3.0 02 01
Phosphorus? .09 .06 .08 07 04 07 04 03 12
Chloride 19. 11. 160. 24, 5.1 34, 51. 12. 26.
Oxygen 3.8 3.2 1.9 5.8 2.6 2.8 2 6.0 38
Inorganic carbon 84. 78. 80. 63. 36. 38. 100. 43. 54.
Denitrifying bacteria 120 24 9 240 24 -- - 7 --

(1,000 col/100ml)?

INitrite plus nitrate nitrogen.

2Values below detection limits are calculated as 1/2 of the detection limit, unless otherwise noted.

3Values above dilution limits are calculated using those limits.

Water from the other shallow monitoring wells
near the wastewater lagoon (wells 4-1, 4-2) and from a
shallow well in a pasture (4-5A) had lower nitrate
concentrations than the other shallow monitoring
wells at dairy farm 4, but the medians and ranges of
nitrate concentrations in water from these wells
indicate that the quality of shallow ground water in the
vicinity of these wells was affected by leachate from
livestock wastes. Water from well 4-1, which lies east
of the wastewater lagoon (fig. 6), had an elevated
median concentration of nitrate (3.2 mg/L), and nitrate
concentrations ranging up to 8.2 mg/L (fig. 14). The
highest nitrate concentration in water samples from
well 4-2, which lies west of the wastewater lagoon
(fig. 6), was 7.2 mg/L in a sample collected in July
1991 (fig. 14). Nitrate concentrations in the other
water samples from this well were less than 3.0 mg/L
and the median nitrate concentration was 1.2 mg/L in
water from that well. The range of nitrate
concentrations (1.5-3.0 mg/L, fig. 14) in water from
well 4-5A, which is in the northwestern pasture
(fig. 6), and the median nitrate concentration of 2.0
mg/L, in water from this well indicate that the quality
of shallow ground water in the vicinity of this well
was affected by leachate from livestock waste.

Water from Deep Wells

The median nitrate concentrations in water from
the four deep monitoring wells at dairy farm 4 (wells 4-
4B, 4-5B, 4-7B, and 4-8B) were all higher than the
median concentration (0.23 mg/L) in water from
background wells completed in the Upper Floridan
aquifer in Lafayette and Suwannee Counties. Nitrate
concentrations in water from well 4-4B ranged from
0.81-9.0 mg/L (fig. 14), probably due to seasonal
changes in fertilization or cropping of the surrounding
spray fields. Although nitrate concentrations in water
from this well were approximately one-fourth of those
in the neighboring shallow well (well 4-4A), nitrate
concentrations in water from well 4-4B closely
followed the trend of nitrate concentrations in water
from the adjacent shallow well. The similar pattern of
nitrate concentrations in water from these wells
indicates that water sampled from these wells probably
was recharged from the same land-use area. Water from
well 4-5B had nitrate concentrations which were similar
to, but only slightly lower than those in the adjacent
shallow well, 4-5A (fig. 14), suggesting that water
sampled from these wells was probably recharged from
the same land-use area or that these wells were
completed in the same conduit system in the karstic
Upper Floridan aquifer. The lowest median
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concentrations of nitrate (0.80 mg/L), and of dissolved
oxygen (0.4 mg/L) and the highest median
concentrations of Kjeldahl nitrogen (9.9 mg/L) of water
from the deeper monitoring wells at this farm occurred
in water from well 4-7B (table 9), indicating that the
quality of deeper ground water near this well was
affected by unnitrified wastewater leaching from the
adjacent lagoon, as was the case with the neighboring
shallow well, 4-7A. Water from well 4-8B had the
highest median nitrate concentration (6.4 mg/L) of the
deeper monitoring wells at this farm (table 9),
indicating that the quality of deeper ground water near
this well was affected by leachate from the adjacent
wastewater lagoon, but to a lesser extent than shallow
ground water in the vicinity of this well (fig. 16). Nitrate
concentrations in water from wells 4-7B and 4-8B did
not parallel those in water from their neighboring
shallow wells, indicating that deeper ground water near
these wells was recharged from different land-use areas
or that these wells were completed in difterent conduit
systems in the karstic Upper Floridan aquifer than the
neighboring shallow wells.

Table 9. Median values of selected water-quality
characteristics in water from deep monitoring wells at dairy
farm 4, Suwannee County, Florida, 1990-93

[All values in mg/L (milligrams per liter) unless stated otherwise; °C,
degrees Celsius; uS/em, microsiemens per centimeter at 25 °C; 1,000
col/100 ml, thousand colonies per 100 milliliters; --, no data collected; <,
less than; all water-quality characteristics except temperature, pH, specific
conductance, and denitrifying bacteria are dissolved (filtered) samples}

. Median value for water samples from
Water-quality

characteristic Indicated well

4-4B 4-5B 4-7B 4-8B
Temperature (°C) 23.0 23.0 23.0 230
pH (pH units) 7.5 7.7 7.0 7.3
Specific conductance 390 380 870 460

(US/cm)

Nitrate"? 5.3 1.5 80 64
Nitrite nitrogen? <0l <0l <0l 0l
Kjeldahl nitrogen® 20 <.20 9.9 21
Ammonia nitrogen2 01 01 8.5 02
Phosphorus? .04 03 04 26
Chloride 6.5 5.0 34. 7.9
Oxygen 39 2.4 4 2.1
Inorganic carbon 37 37 94 48
Denitrifying bacteria .70 21 - -

(1,000 col/100ml)’

INitrite plus nitrate nitrogen

Zvalues below detection limits are calculated as 1/2 of the detection
Iimit unless otherwise noted.

3values above dilution detection limits are calculated using those
limits.

Nitrate Concentrations in Spring Water

To evaluate the quality of ground water
discharging to the Suwannee River in the study area,
three springs--Blue, Telford, and Convict (fig. 1),
were sampled periodically during 1991-93. During
approximately six months of each year, the
Suwannee River rises above the potentiometric
elevations of the Upper Floridan aquifer at these
springs, and river water flows through the spring
vents into the aquifer. These springs were sampled
only when ground water was discharging from the
spring vents.

Nitrate concentrations were relatively
constant in ground water discharged to the
Suwannee River at these three springs. The
relatively high concentrations of nitrate in water
from these springs, compared t0 concentrations in
water from background wells in these counties,
indicate that the quality of ground water discharged
to the Suwannee River at these springs was affected
by anthropogenic sources such as fertilizers, septic
tanks, and livestock operations such as dairy farms
or poultry houses located in the contributing areas of
these springs.Nitrate concentrations in water from
Blue Spring and Telford Spring decreased slightly
from 1991-93 (fig. 17). The median concentration of
nitrate was approximately three times higher in
water from Convict Spring (6.6 mg/L) than in water
from Blue Spring (2.0 mg/L) and Telford Spring
(2.2 mg/L) (table 10). The elevated nitrate
concentrations in water from Convict Spring
(5.4-7.2 mg/L, fig. 17) may be derived from leachate
from septic tanks at a development surrounding the
spring or from fertilized cropland several hundred
feet south of the spring. One water sample from
Convict Spring was analyzed for methylene blue
active substances (MBAS), a component of
detergent, to determine 1f leachate from septic tank
drainfields was the principal source of the elevated
nitrate concentrations in water discharging from this
spring. The concentration of MBAS in that water
sample was below the detection limit of 0.1 mg/L,
but some studies (Alhajjar and others, 1987) have
suggested that detergent constituents such as MBAS
can be degraded in septic tanks, so the lack of
detectable MBAS in water discharged at this spring
does not definitively rule out septic-tank leachate as
a source of the relatively high concentrations of
nitrate in this water.
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Figure 17. Nitrate concentrations in water from Blue,
Telford, and Convict Springs, Lafayette and Suwannee
Counties, Florida, 1991-93.

Table 10. Median values of selected water-quality
characteristics from Blue, Telford, and Convict springs1
Lafayette and Suwannee Counties, Florida, 1991-93

[All values in mg/L (milligrams per liter) unless stated otherwise; °C,
degrees Celsius; US/cm = microsiemens per centimeter at 25 °C; 1,000
col/100ml, thousand colonies per 100 milliliters; --, no data collected; <,
less than; all water-quality characteristics except temperature, pH, specific
conductance, and denitrifying bacteria are dissolved (filtered) samples]

Median value for water sam-
ples from indicated spring

Water-quality characteristic

Biue Telford  Convit
Spring Spring  Spring
Discharge (ft*/sec) 102. 36. 75
Temperature (°C) 22. 22. 222
pH (pH units) 7.2 7.2 7.3
Specific conductance (UWS/cm) 402 444 386
Nitrate' 2.0 2.2 6.6
Nitrite nitrogen2 .01 .01 .01
Kjeldahl nitrogen? <.20 20 24
Ammonia n'1tr0gen2 01 <.01 <01
Phosphorus .04 04 05
Chloride 7.8 52 8.6
Oxygen 1.9 23 4.0
Inorganic carbon 43 41 38
Biochemical (mg/L at 4 4 2
oxygen demand 5 days)
Denitrifying bacteria® 2,300 1,300 900
(col/100mi)

INitrite plus nitrate nitrogen.
“Values below detection limits are calculated as 1/2 of the detection
limit unless otherwise noted.

3values based on 1 sample.

Although phosphorus is also a prominent
constituent in livestock wastes, having a median
concentration of 25 mg/L in samples collected from
wastewater lagoons for Andrews (1992), phosphorus
concentrations in water from most of the 51
monitoring wells at the 4 dairy farms were generally
low--near the detection limit of 0.02 mg/L (tables 2-
10). The relatively low concentrations of phosphorus
in ground water from the monitoring wells at the four
dairy farms and in water discharged at these springs
(table 12) indicate that phosphorus in leachate from
animal wastes and from other sources was sorbed to
soils and to sands and clays in the unsaturated zone or
to aquifer materials, and that nitrate was the principal
nutrient discharged in ground water to the Suwannee
River in Lafayette and Suwannee Counties in North
Florida.

SOURCES OF NITRATE IN GROUND
WATER INDICATED BY NITROGEN
ISOTOPE RATIOS

Sources of nitrate in water can be qualitatively
determined by analysis of nitrogen isotope ratios
analysis, in which the ratio of the two stable isotopes
of nitrogen, 14N and PN, in dissolved nitrate are
compared to the ratio of these isotopes in a standard of
atmospheric nitrogen gas (Delwiche and Steyn, 1970,
Bottcher and others, 1990). Atmospheric nitrogen gas
consists principally of 4N (99.632 + 0.0002 ?ercent)
(Nier, 1955). The ratio of nitrogen isotopes 8'°N in
dissolved nitrate is expressed in parts per thousand
(ppt) as, and is calculated using the following
equation:

)

15 14 15 14
N/ "N)sample-( "N/ "N ) standard
15 = (¢ ) sample-( ) % 1, 000

( NV 14N) standard

Samples depleted in PN relative to the atmo-
sphere have negative 815N values, whereas samples
enriched in '°N relative to atmospheric nitrogen have
positive 8'°N values.

Nitrate leached from synthetic fertilizers, the
principal type of nitrogen fertilizers applied in the
U.S., has 8'°N values ranging from -3 to +2 ppt
(Krietler, 1975). Synthetic fertilizers have nitrogen
isotope ratios similar to atmospheric nitrogen because
they are derived from atmospheric nitrogen through
the Haber-Bosch process, which combines nitrogen
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and hydrogen gases under high pressures and
temperatures, in the presence of a platinum catalyst, to
create anhydrous ammonia. Anhydrous ammonia
created by this process can be further processed to
make ammonium nitrate and urea, the most common
synthetic nitrogen fertilizers applied in North Florida.
Nitrate leached from soils typically has §'°N values
ranging from +2 to +8 ppt (Kreitler, 1975).
Enrichment of >N in nitrate leached from soils may
be caused by the more thermodynamically efficient
preferential uptake of lighter nitrate molecules by
plant roots and soil bacteria (Delwiche and Steyn,
1970). In a humid, thermic environment, such as that
in North Florida, only a minimal amount of nitrate
should leach from undisturbed soils. Nitrogen isotope
ratios in nitrate leached from animal wastes are
relatively enriched in 19N, with 8'°N values ranging
from +10 to +20 ppt, because lighter ammonia
molecules (containing the '*N atom) preferentially
evaporate from wastes after deposition on the land
surface (Kreitler, 1975; Watkins and others, 1972).
Denitrification increases the 8'°N values of nitrate
because uptake and reduction of lighter nitrate
molecules is more thermodynamically efficient for
denitrifying bacteria (Wellman and others, 1968).

Nitrogen isotope ratio analyses were performed
on water samples collected from wells 1-1, 1-4A, 1-
4B, 2-4, 2-6A, 2-6B, 3-3, 4-4A, and 4-4B in July 1991
to determine the sources of nitrate in shallow and
deeper ground water adjacent to common land uses on
dairy farms. These wells were selected for nitrogen-
isotope-ratio analysis because of the diversity of land
uses adjacent to these wells. The nitrogen isotope ratio
(35.0 ppt) of nitrate in water from well 1-1 exceeded
the range of 10-20 ppt normally attributed to animal
wastes, indicating that processes such as ammonia
volatilization from the nearby wastewater lagoon or
denitrification in ground water could have fractionated
the nitrate leached to shallow ground water in the
vicinity of this well. The nitrogen isotope ratio (8.2
ppt) for nitrate in water from well 1-4A was slightly
below the range for nitrate leached from animal
wastes, indicating that leachate from defoliated soils in
the adjacent intensive-use area as well as livestock
wastes deposited on that area, may have been the
sources of nitrate in this water. The nitrogen isotope
ratio in a water sample from well 1-4B (32.9 ppt), was
above the range attributed to animal waste leachate,
indicating that denitrification may have occurred in
deeper ground water in the vicinity of this well or that

water sampled from this well was recharged from a
different land-use area than shallow ground water
from the adjacent well. The relatively light nitrogen
isotope ratio (0.89 ppt) of nitrate in a water sample
from well 2-4 indicated that the source of nitrate in
that water sample was synthetic fertilizers, indicating
that leachate from the upgradient spray fields, to which
synthetic fertilizers were applied, may have been
affecting the quality of shallow ground water in the
vicinity of this well. The nitrogen-isotope ratio of
nitrate (31.6 ppt) in a water sample collected from well
2-6A indicated that leachate from livestock wastes
was the principal source of nitrate in that water sample
and that ammonia volatilization may have isotopically
fractionated nitrogen in wastewater as it was applied
to the upgradient spray field. The nitrogen-isotope
ratio in nitrate in a water sample from the adjacent
deeper well 2-6B (-3.00 ppt) indicated that synthetic
fertilizers were the principal source of nitrate in that
sample. The dramatically different nitrogen-isotope
ratios in nitrate in water from the shallow well 2-6A
and the deep well 2-6B, indicates that these wells were
completed in different conduit systems with different
areas of contribution. The nitrogen-isotope ratio in
nitrate in a water sample from well 3-3 (5.19 ppt)
indicated that nitrate in water from this well may have
been derived from leachate from soils or a mixture of
leachate from livestock wastes and synthetic
fertilizers. The water sample from well 3-3 was
collected after the wastewater lagoon had been moved
150 ft downgradient from this well and nitrate
concentrations had declined from more than 50 mg/L
to less than 20 mg/L in water from this well (fig. 12).
The nitrogen isotope ratios in water from wells 4-4A
and 4-4B (25.6 and 1.22 ppt, respectively) indicate
that the quality of shallow ground water in the vicinity
of these wells was affected by animal-waste leachate,
but that the quality of deeper ground water was
affected by leachate from synthetic fertilizers,
indicating that the water sampled from these wells was
recharged at different land-use areas.

The nitrogen-isotope ratios of nitrate in water
samples collected from Blue (9.65 ppt), Telford (7.7
ppt) and Convict (8.9 ppt) Springs in May 1993
indicated that the source of mitrate in water discharged
by these springs to the Suwannee River at that time
was probably a combination of leachate from livestock
wastes, septic tanks, soil nitrogen, and synthetic
fertilizers. Because these ratios were just slightly
below the range of 10-20 ppt commonly assigned to
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animal-waste sources of nitrate, these ratios indicate
that leachate from livestock wastes and septic tanks

was probably the principal source of nitrate in these

water samples.

TRANSFORMATION OF NITRATE
IN GROUND WATER

Denitrification and dilution are the two
principal processes that can reduce nitrate
concentrations in ground water. Denitrification, which
reduces nitrate to nitrite and nitrous oxide and nitrogen
gases, can occur in anaerobic or nearly-anaerobic
ground water through two bacterially-mediated
processes: the heterotrophic process, which requires a
carbon substrate and facultative heterotrophic bacteria;
or the autotrophic process, which requires autotrophic
bacteria and reduced manganese, iron, or sulfide
compounds (Korom, 1992; Lind, 1985). Because
reduced metal compounds such as pyrite were not
detected in cuttings from the wells drilled for this
investigation, heterotrophic denitrification is presumed
to be the primary mechanism for denitrification in
ground water in the uppermost aquifers in north
Florida. In anaerobic water, heterotrophic denitrifying
bacteria respire by removing oxygen atoms from
nitrate molecules, as expressed by the following
reaction equation for a carbonate aquifer:

4NO3' +5/6 C6Hl206 (glUCOSC) +5 CaCO3 +4
H*---> 2 N, + 10 HCO;™ + 5 Ca*? + 2 Hy0.

Denitrification requires nitrate and an organic
substrate (glucose is shown as an example) and
produces the intermediate products nitrite and nitrous
oxide gas (not shown in the reaction equation).
Denitrification also increases the pH of water, and
produces dinitrogen gas (N,), bicarbonate (the
principal form of dissolved inorganic carbon), and
water. Elevated concentrations of dissolved inorganic
carbon can be an indicator of denitrification, however,
in carbonate aquifers such as the Upper Floridan
aquifer, acids produced by nitrification of leachate
from livestock wastes may dissolve carbonate
minerals, meaning that elevated concentrations of
dissolved inorganic carbon in this aquifer might be
related to nitrification rather than to denitrification.

Denitrifying bacteria commonly occurred in
counts exceeding 100,000 colonies per 100 mL sample,
but because these bacteria are viable in aerobic and
anaerobic conditions, the presence of these bacteria do

not necessarily indicate the occurrence of
denitrification. Bacterial denitrification in nitrate-rich
ground water is inhibited by three primary factors: the
presence of dissolved oxygen, lack of a carbon
substrate, and pH levels less than 5.0 (Bradley and
others, 1992). Although denitrification can occur only in
anoxic water, dissolved oxygen concentrations less than
1.0 mg/L were considered to indicate near-anoxic
conditions for this report. Periodic measurements of
dissolved oxygen concentrations below 1.0 mg/L
indicated that denitrification could occur at least
periodically in shallow ground water in the vicinity of
wells 1-2, 1-3, 1-5A, and 1-6 and in deeper ground
water in the vicinity of wells 1-4B and 1-5B at dairy
farm 1. Dissolved oxygen concentrations were
periodically less than 1.0 mg/L in water from wells 2-2,
2-5A, 2-5B, 2-8A, 2-8B, and 2-9, indicating that
denitrification could occur occasionally in ground water
in the vicinity of these three wells at dairy farm 2. Well
3-7B was the only well at dairy farm 3 from which
water samples had dissolved oxygen concentrations that
were usually less than 1.0 mg/L, indicating that
denitrification may occur in deeper ground water in the
vicinity of that well. Dissolved oxygen concentrations
were periodically less than 1.0 mg/L in water from
wells 4-4B, 4-7A, and 4-7B at dairy farm 4, indicating
that denitrification could occur occasionally in ground
water 1n the vicinity of these wells. The relatively high
median concentrations of dissolved oxygen in water
from Blue, Telford, and Convict Springs (ranging from
1.9- 4.0 mg/L) indicated that denitrification was
unlikely to occur in this water prior to discharging to the
Suwannee River.

To evaluate factors limiting denitrification in
ground water at dairy farms in North Florida, nitrate
and nitrite concentrations in three sealed ground-water
samples from two dairy-farm monitoring wells (two
from well 2-6A completed in the Upper Floridan
aquifer, and one from well 1-4A, completed in the
surficial aquifer), were analyzed periodically for up to
two weeks after collection (table 11). Nitrate and
nitrite concentrations in water collected from well
2-6A on January 27, 1992 did not change significantly
for several days after sample collection, indicating that
denitrification was not occurring (table 11).
Denitrification may have been inhibited by the
presence of oxygen (oxygen-limited) or by the lack of
organic substrates (carbon-limited) in this water. To
test whether denitrification was carbon-limited, 5 mL
of saturated glucose solution was added to the water
sample collected from well 2-6A on April 27, 1992.
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Table 11. Time-series water-quality data from sealed
denitrification experiments of water from wells 2-6A and
1-4A in Lafayette County, Florida

[<, less than; --, no analysis made; mg/L., milligrams per liter]

Nitrate n::'gg:n Oxygen
Well Date of concen- concen-
number analysis tration °°nC®™  tration Comments
(mg/L) tration (mg/L)
(mg/L)

2-6A  1-27-92 9.4 - -

2-6A  1-28-92 9.4 - -

2-6A 1-29-92 9.3 - -

2-6A  2-01-92 9.3 - -

2-6A  2-02-92 9.4 - -

2-6A  2-03-92 9.3 - -

2-6A  2-04-92 9.4 - -

2-6A  2-05-92 9.4 - --

2-6A  2-06-92 9.3 - -

2-6A  2-07-92 9.3 - -

2-6A 2-10-92 9.2 -- -

2-6A 2-12-92 9.2 - -

2-6A  2-14-92 9.2 - -

2-6A  4-27-92 4.0 0.01 -

2-6A  4-28-92 3.9 .01 --

2-6A  4-29-92 3.9 .01 -

2-6A  4-30-92 39 01 -

2-6A  5-01-92 3.9 .01 -

2-6A  5-04-92 3.9 .01 -

2-6A  5-05-92 3.9 01 --

2-6A  5-06-92 - -- - Glucose
Added

2-6A  5-08-92 1.2 1.2 --

2-6A  5-11-92 0.11 11 --

2-6A  5-12-92 <.02 <.01 --

1-4A  7-27-92 - - 4.3

1-4A  7-28-92 23 <.01 4.0

1-4A  7-29-92 22 .03 1.4

1-4A 7-30-92 22 39 1.4

1-4A  7-31-92 22 .52 14

1-4A  8-03-92 21 46 1.3 Glucose
Added

1-4A  8-03-92 22 .45 -

1-4A. 8-04-92 20 43 1.5  Argon
Tank
Changed

1-4A  8-04-92 20 37 -

1-4A  8-05-92 20 37 1.5

1-4A  8-0592 21 35 -~

1-4A  8-06-92 20 .39 1.9

1-4A  8-06-92 20 .39 --

After the glucose solution was added to a water
sample from this well, the concentration of nitrate
declined from 3.9 mg/L to less than 1.0 mg/L, and the
concentration of nitrite, an intermediate product of
denitrification, increased by two orders of magnitude,
indicating that denitrification was carbon-limited in
this water. Similar results with glucose addition to
water were reported by Smith and Duff (1988) and by
Obenhuber and Lowrance (1989). The decrease in
nitrate concentrations after the addition of glucose to
the reaction vessel could also may have been caused
by the metabolism of aerobic bacteria depleting the
oxygen in the vessel, providing suitable conditions for
denitrification. To test whether oxygen was a limiting
factor of denitrification in shallow ground water,
dissolved oxygen concentrations were also measured
in a 5-gallon water sample collected from well 1-4A
on July 27, 1992. Addition of glucose did not affect
the concentrations of nitrate or oxygen in that water
sample, possibly because the low pH (4.4) of this
water inhibited denitrification. Bradley and others
(1992) reported that pH values of 5 or less in water can
inhibit denitrification. Because these time-series
denitrification experiments were limited in scope, they
did not definitively determine whether denitrification
in ground water in the region was limited by carbon,
oxygen, or pH.

SUMMARY

Water samples were collected periodically from
51 monitoring wells at 4 typical dairy farms and 3
nearby springs during 1990-93 in Lafayette and
Suwannee Counties in North Florida to assist in the
evaluation of the effects of dairy farms on nitrate
concentrations in shallow and deeper ground water
and 1n ground water discharged to the Suwannee
River. To evaluate nitrate concentrations in shallow
ground water, which is most afftected by overlying
land uses, 36 of these monitoring wells were
completed in the top 10 feet of an unnamed surficial
aquifer at one farm, and in the karstic Upper Floridan
aquifer at three of the farms. Fifteen of the
51 monitoring wells, referred to as deep wells in this
report, were screened 20 ft deeper than shallow wells
to evaluate vertical changes of nitrate concentrations
in these aquifers. Water from most of these wells and
from the three springs had median nitrate
concentrations exceeding those in water from wells of
the background ground-water quality network sampled
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by the Florida Department of Environmental
Protection (0.22 mg/L and 0.23 mg/L for the surficial
and Upper Floridan aquifers, respectively in Lafayette
and Suwannee Counties). Near wastewater lagoons
and intensive livestock-use areas, where livestock
waste-loading rates were highest, nitrate
concentrations in shallow ground water commonly
exceeded the primary drinking water standard of

10 mg/L as nitrogen. Nitrate concentrations generally
were substantially lower in water from wells in
pastures, where livestock-waste loading was much less
concentrated. Nitrate concentrations were also
generally lower in water from the deep wells, due to
either dilution of nitrate with depth, to different land
uses in source areas of the water sampled from these
wells, or to denitrification in the less oxygenated
deeper ground water.

Changes in farm management practices during
the course of the investigation induced changes in
nitrate concentrations in water from monitoring wells
at several of the dairy farms. Since the construction of
a new concrete conduit to the wastewater lagoon near
well 1-1 at dairy farm 1, nitrate concentrations in
water from that well decreased from 35 mg/L to about
10 mg/L, indicating that the old conduit might have
been leaking wastewater. After the unlined wastewater
lagoon at dairy farm 3 was moved 150 ft north from
monitoring wells 3-1, 3-3, and 3-9, nitrate
concentrations in water from these wells decreased
substantially. Nitrate concentrations varied seasonally
in water from shallow monitoring wells in or
downgradient from several of the wastewater spray
fields at the four dairy farms, perhaps because of
seasonal changes in fertilization and cropping.

Changes in ground-water flow directions
between wet and dry periods also caused significant
changes in the quality of water from two wells. Water
from well 2-1 had nitrate concentrations exceeding
50 mg/L during dry periods, when this well was
downgradient from a wastewater lagoon. During wet
periods, when the direction of ground-water flow
shifted and this well was no longer downgradient from
the wastewater lagoon, nitrate concentrations in water
from this well decreased to less than 10 mg/L. Nitrate
concentrations also changed, to a lesser extent, in
water from well 4-3, which is next to the intensive-use
area at dairy farm 4. During wet periods, when well 4-
3 was not downgradient from the intensive-use area,
nitrate concentrations in water from this well were less
than 45 mg/L, whereas during drier periods, when this

well was downgradient from the intensive-use area,
nitrate concentrations in water from this well exceeded

60 mg/L.

To evaluate the concentrations of nitrate and
other nutrients in ground water flowing into the
spring-fed Suwannee River, three springs--Blue,
Telford, and Convict, which are in Lafayette and
Suwannee Counties, were periodically sampled from
1991-93. These samples had lower concentrations of
nitrate than water from wells near lagoons and
intensive-use areas at the monitored dairy farms, but
nitrate concentrations in water from these springs
exceeded the median concentration in water samples
from background wells in these counties. Ground
water discharged to the Suwannee River at two of the
springs, Blue and Telford, contained approximately
2 mg/L of nitrate, whereas water discharged at Convict
Spring had a median nitrate concentration of 6.6 mg/L..
The relatively high nitrate concentrations in water
discharged to the Suwannee River at Convict Spring
could be caused by leachate from septic tanks or from
adjacent fertilized cropland. Phosphorus
concentrations in ground water beneath the monitored
dairy farms and in water discharged at the three
springs were generally at background concentrations,
indicating that phosphorus from livestock-wastes was
sorbed in the unsaturated zone or on aquifer materials,
and that nitrate was the primary nutrient discharged to
the Suwannee River at these springs.

To investigate the possible sources of nitrate in
water from wells and springs, nitrogen isotope ratios
were analyzed in water from 9 of the 51 monitoring
wells and in water from Blue, Telford, and Convict
springs. Nitrogen isotope ratios for nitrate in water
samples collected from eight of the dairy-farm
monitoring wells in July 1991 indicated that animal
wastes were the principal source of nitrate in ground
water immediately adjacent to wastewater lagoons and
intensive livestock-use areas. Synthetic fertilizers, or
combinations of leachate from synthetic fertilizers, soil
nitrogen, and livestock wastes were the sources of
nitrate in water from wells in pastures and wastewater
spray fields. Differences of nitrogen-isotope ratios in
nitrate in water from two well pairs (one shallow and
one about 20 feet deeper in each pair) indicated that the
water sampled from these wells was recharged from
different land-use areas. Enrichment of the heavier °N
atoms in nitrate, either by ammonia volatilization or by
denitrification, was indicated by the relatively high
81 >N values in water samples from wells 1-1, 1-4B, and
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2-6A. Nitrogen isotope ratios in nitrate also indicated
that leachate from livestock wastes or from septic tanks
was to be the principal source of nitrate in ground water
discharged to the Suwannee River at Blue, Telford, and
Convict Springs.

Nitrate can be removed from ground water by
microbial denitrification, by which bacteria in the
presence of carbon sources in anoxic water remove
oxygen atoms from nitrate for respiration. Although
counts of denitrifying bacteria in water samples from
selected monitoring wells at dairy farms commonly
exceeded several hundred thousand colonies per
100 milliliters, oxygen concentrations in water
samples from most of the monitoring wells were
greater than 1.0 mg/L, indicating that denitrification
would not occur in water from most of these wells.
Denitrification was more likely to occur in deeper
ground water, which generally had lower dissolved
oxygen concentrations than shallow ground water.
Time-series measurements of nitrate, nitrite, and
dissolved oxygen in two water samples taken from a
dairy-farm monitoring well completed in the Upper
Floridan aquifer indicated that denitrification may
have been limited by lack of carbon substrate or by the
presence of oxygen. Relatively low pH’s may have
impeded denitrification in a water sample from a
monitoring well completed in a sandy surficial aquifer.

REFERENCES

Adolphson, D.G., Ruhl, J.E,, and Wolf, R.J., 1981,
Designation of principal water-supply aquifers in
Minnesota: U.S. Geological Survey Water-Resources
Investigations Report 81-51, 19 p.

Alhajjar, B.J., Harkin, J.M., and Chesters, G., 1987,
Chemical tracers of pollution plumes from septic
systems receiving two types of detergents, in NWWA
FOCUS Conference on Northwestern Ground Water
Issues, 1987, Proceedings: Dublin, Ohio, National
Water Well Association, p. 527-555.

Almendinger, J.E., 1991, Relation of nitrate concentrations
in water to agricultural land use and soil type in Dakota
County, Minnesota, 1990: U.S. Geological Survey
Open File Report 91-235, 2 p.

Andrews, W.J., 1992, Reconnaissance of water quality at
nine North Florida dairy farms, 1990-91: U.S.
Geological Survey Water-Resources Investigations
Report 92-4058, 39 p.

Bachman, L.J., Nitrate in the Columbia Aquifer, central
Delmarva Peninsula, Maryland: U.S. Geological
Survey Water-Resources Investigations Report 84-
4322, 51 p.

Bashkin, V.N., and Kudeyarov, V.N., 1983, Nitrate content
of ground waters in agricultural areas of the Oka River
basin: Soviet Soil Science, v. 15, no. 11, p. 41-47.

Bottcher, J., Strebel, O., Voerkelius, S., and Schmidt, H.L.,
1990, Using isotope fractionation of nitrate-nitrogen
and nitrate-oxygen for evaluation of microbial
denitrification in a sandy aquifer: Journal of
Hydrology, v. 114, p. 413-424.

Bradley, P.M, Aelion, C.M., and Vroblesky, D.A, 1992,
Influence of environmental factors on denitrification in
sediment contaminated with JP-4 jet fuel: Ground
Water, v. 30, p. 843-848.

Britton, L.J., and Greeson, PE., eds., 1987, Methods for
collection and analysis of aquatic biologic and
microbiological samples: U.S. Geological Survey
Techniques of Water-Resources Investigations,

Book 5, Chap. A4, 363 p.

Brooks, H.K., 1981a, Physiographic divisions of Florida:
Center for Environmental and Natural Resources,
Florida Cooperative Extension Service, Institute of
Food and Agricultural Sciences, Gainesville,
University, 1 sheet with guidebook.

, 1981b, Geologic map of Florida: Center for
Environmental and Natural Resources, Florida
Cooperative Extension Service, Institute of Food and
Agricultural Sciences, Gainesville, University, 1 sheet,

Burke, 1.C., Mosier, A.R., Porter, L.K., and O’Deen, L.A.,
1990, Diffusion of soil extracts for nitrogen and
nitrogen-15 analyses by automated combustion/mass
spectrometry: Soil Science Society of America
Journal, vol. 54, p. 1190-1192.

Ceryak, R., Knapp, M.S., and Burnson, T., 1983, The
geology and water resources of the Upper Suwannee
River Basin, Florida: Florida Bureau of Geology
Report of Investigations 87, 165, p.

Crane, J.J., 1986, An investigation of the geology,
hydrology, and hydrochemistry of the Lower
Suwannee River Basin: Florida Geological Survey
Report of Investigations 96, 205 p.

Delwiche, C.C., and Steyn, P.L., 1970, Nitrogen isotope
fractionation in soils and microbial reactions:
Environmental Science and Technology, v. 4, p. 929-
93s.

Dorsch, M.M., and others, 1984, Congenital malformations
and maternal drinking water supply in rural South
Australia: a case-control study: American Journal of
Epidemiology, v. 119, p. 473-480.

Ericksen, G.E., 1981, Geology and origin of the Chilean
nitrate deposits: U.S. Geological Survey Professional
Paper 1188, 37 p.

Exner, M.E., and Spalding, R.F., 1990, Occurrence of
pesticides and nitrate in Nebraska’s ground water,
1990: Water Center, Institute of Agriculture and
Natural Resources, the University of Nebraska,
Publication WCl1, 34 p.

36  Nitrate in Ground Water and Spring Water near Four Dairy Farms in North Fiorida, 1990-93



Fan, A.M., Wilhite, C.C., and Book, S.A., 1987, Evaluation
of the nitrate drinking water standard with reference to
infant methemoglobinemia and potential reproductive
toxicity: Regulatory Toxicology and Pharmacology,

v. 7, p. 135-137.

Fishel, D.K., and Lietman, P.L.., 1986, Occurrence of nitrate
and herbicides in ground water in the Upper Conestoga
River Basin, Pennsylvania, Water-quality study of the
Conestoga River Headwaters, Pennsylvanta: U.S.
Geological Survey, Water-Resources Investigations
Report 85-4202, 8 p.

Fishman, M.J., and Friedman, L.C., eds., 1989, Methods for
determination of inorganic substances in water and
fluvial sediments: U.S. Geological Survey Techniques
of Water-Resources Investigations, Book 5, Chap. Al,
545 p.

Florida Agricultural Statistics Service, 1992, Florida cattle
county estimates, January, 1992: Orlando, Florida
Department of Agriculture and Consumer Services,

2p.

Florida Department of State, 1993, Rules of the Department
of Environmental Regulation, public drinking water
systems: Tallahassee, Chapter 17-550, in Florida
Administrative Code.

Forman, D., Al-Dabbagh, S., and Doll, R., 1985, Nitrates,
nitrites and gastric cancer in Great Britain: Nature,
v. 313, p. 620-625.

Hallberg, G.R., Libra, R.D., and Hoyer, B.E., 1985,
Nonpoint source contamination of ground water in
karst-carbonate aquifers in lowa in Perspectives on
Nonpoint Source Pollution, Proceedings of a National
Conference, Kansas City, Mo. May 19-22, 1985: U.S.
Environmental Protection Agency, EPA 440/5-85-001,
p.- 109-114.

Hallberg, G.R., 1987, Rural groundwater contamination:
Chelsea, Michigan, Lewis Publishers, p. 23-68.

Hallberg, G.R., 1989, Nitrate in ground water in the United
States, in Nitrogen Management and Ground Water
Protection, Developments in Agricultural and
Managed-Forest Ecology 21: New York, Elsevier,

p- 35-74.

Hauck, R.D., 1982, Nitrogen-isotope-ratio analysis, in
Methods of soil analysis, part 2--Chemical and
microbiological properties--Agronomy monograph
no. 9, second ed.: Madison, Wisc., Soil Science
Society of America, p. 735-779.

Hindall, S.M., 1978, Effects of irrigation on water quality in
the sand plain of central Wisconsin: Wisconsin
Geological and Natural History Survey, Information
Circular No. 36, 50 p.

Johnston, W.R., 1985, Irrigated agriculture and nonpoint
source pollution in the San Joaquin Valley of
California in Perspectives on Nonpoint Source
Pollution, Proceedings of a National Conference,
Kansas City, Mo. May 19-22, 1985: U.S.
Environmental Protection Agency, EPA 440/5-85-001,
p. 276-278.

Knapp, M.S., 1978, Environmental geology series-Valdosta
Sheet: Florida Department of Natural Resources,
Bureau of Geology Map Series No. 88, 1 sheet.

Korom, S.F., 1992, Natural denitrification in the saturated
zone: a review: Water Resources Research, v. 28, no. 6,
p. 1657-1668.

Krietler, C.W., 1975, Determining the source of nitrate in
ground water by nitrogen isotope studies: Bureau of
Economic Geology, University of Texas at Austin,
Report of Investigations, no. 83, 57 p.

Lamb, C.E., 1986, National water summary 1986--Ground-
water quality; California: U.S. Geological Survey
Water-Supply Paper 2325, p. 173-179.

Lind, A., 1985, Nitrate reduction in the subsoil, in
Golterman, H.L., ed., Denitrification in the nitrogen
cycle: Plenum Press, NY.

Madison, R.J., and Brunett, J.O., 1984, Overview of the
occurrence of nitrate in ground water of the United
States, in National Water Summary, 1984: U.S.
Geological Survey Water Supply Paper 2274,
Washington, D.C.

Meadows, P.E., 1991, Potentiometric surface of the Upper
Floridan aquifer in the Suwannee River Water
Management District, Florida: U.S. Geological Survey
Open-File Report 90-582, 1 sheet.

Mirvish, S.S., 1990, The significance for human health of
nitrate, nitrite, and N-nitroso compounds: North
Atlantic Treaty Organization Nitrate Conference,
Lincoln, NB.

Morel, FM.M,, and Hering, J.G., 1993, Principles and
applications of aquatic chemistry: John Wiley and
Sons, Inc., NY, 588 p.

National Research Counctl, 1985, The health effects of
nitrate, nitrite, and N-nitroso compounds: National
Academy of Sciences, Washington, D.C.

Nier, A.D., 1955, Determination of isotopic masses and
abundances by mass spectrometry: Science, v. 121,
p. 737-744.

Obenhuber, D.C., and Lowrance, R., 1991, Reduction of
nitrate in aquifer microcosms by carbon additions:
Journal of Environmental Quality, v. 20, p. 255-258.

Page, R.W., and Balding, B.O., 1973, Geology and quality
of water in the Modesto-Merced area, San Joaquin
Valley, California, with a brief section on hydrology:

U.S. Geological Survey Water-Resources Investigation
5-73.

References 37



Parker, J.M., Booth, S.K., and Foster, S.S.D., 1987,
Penetration of nitrate from agricultural soils into the
groundwater of the Norfolk Chalk: Proceedings of
Institutional Civil Engineers, v. 83, pt. 2, p. 15-32.

Pedersen, J.K., Bjerg, PL., and Christensen, T.H., 1991,
Correlation of nitrate profiles with groundwater and
sediment characteristics in a shallow sandy aquifer:
Journal of Hydrology, v. 124, no. 3/4, p. 263-2717.

Pekny, V., Skorepa, J., and Vrba, J., 1989, Impact of
nitrogen fertilizers on groundwater quality--some
examples from Czechoslovakia: Journal of
Contaminant Hydrology, v. 4, p. 51-67.

Portage County Planning Department, 1988, Inventory and
analysis of county ground water resources, problems,
and needs, Portage County ground water management
plan, v. 1: Stevens Point, Wisconsin, Portage County
Planning Department.

Poth, C.W,, 1977, Summary groundwater resources of
Lancaster County, Pennsylvania: Pennsylvania
Department of Environmental Resources, Water
Resources Report 43, Harrisburg, Penn.

Rantz, S.E., and others, 1982, Measurement and
computation of stream flow; v. 1--Measurement of
stage and discharge: U.S. Geological Survey, Water-
Supply Paper 2175, 284 p.

Saffigna, P.G., and Keeney, D.R., 1977, Nitrate and chloride
in ground water under irrigated agriculture in central
Wisconsin: Ground Water, v. 15, p. 170-177.

Smith, R.L., and Duff, J.H., 1988, Denitrification in a sand
and gravel aquifer: Applied Environmental
Microbiology, v. 54, p. 1071-1078.

Stringfield, V.T., 1935, The piezometric surface of artesian
water in the Florida Peninsula: American Geophysical
Union Transactions, Sixteenth Annual Meeting,

p- 524-529.

Taylor, L.E., and Werkheiser, W.H., 1984, Groundwater
resources of the Lower Susquehanna River Basin,
Pennsylvania: Pennsylvania Department of
Environmental Resources, Water Resources Report 57,
Harrisburg, Penn.

U.S. Soil Conservation Service, 1993a, South east middle
Suwannee River Area--Watershed protection plan and
environmental assessment: Gainesville, Fla.,
[variously paged].

U.S. Soil Conservation Service, 1993b, North west middle
Suwannee River Area--Watershed protection plan and
environmental assessment: Gainesville, Fla.,
[variously paged].

Vigil, J., Warbuton, S., Haynes, W.S., and Kaiser, L.R.,
1965, Nitrates in munjcipal water supply cause
methemoglobinemia in infant: Public Health Report,
v. 80, no. 12, p. 119-121.

Vogel, A.lL, 1961, Quantitative inorganic analysis: New
York, John Wiley and Sons, 1216 p.

Watkins, S.H., Strand, R.F., Debel, D.S., and Esch, J., Jr.,
1972, Factors influencing ammonia losses from urea
applied to northwestern forest soils: Soil Society of
America Proceedings, v. 36, p. 354-357.

Weil, R.R., Weismiller, R.A., and Turner, R.S., 1990,
Nitrate contamination of groundwater under irrigated
coastal plain soils: Journal of Environmental Quality,
v. 19, no. 3, p. 441-448.

Wellman, R.P., Cook, F.D., and Krouse, HR., 1968,
Nitrogen-15: microbial alteration of natural
abundance: Science, v. 161, p. 269-270.

Wilson, G.B., Andrews, J.N., and Bath, A.H, 1990,
Dissolved gas evidence for denitrification in the
Lincolnshire Limestone groundwaters, eastern
England: Journal of Hydrology, v. 113, p. 51-60.

Wood, W.W., 1976, Guidelines for collection and field
analysis of ground-water samples for selected unstable
constituents: U.S. Geological Survey Techniques of
Water-Resources Investigations, Book 1, Chap. D2,
23 p.

38 Nitrate In Ground Water and Spring Water near Four Dairy Farms in North Florida, 1990-93



APPENDIX |




40 Nitrate in Ground Water and Spring Water near Four Dalry Farms inNorth Fiorida, 1990-93



000°vT< - S8 €7 0 690 1€ SO 60 Ls 099 0'i¢ 9L 16/¥C/Y i
-~ - 88 -- 0> e LC [<t) 80’ 1Y 19¢ €ic SL'vL 16/92/C i
- =" 2] -- o =" 6¢ t0 ot LS L9 1 X4 0t9L 16/1¢/1 i
- - ocl - eo - 9¢ or ir 8¢ £L9 0'¢C 66'CL 06/€1/C1 i
- =" o¢l - 0 -- 8¢ LC ir Ve 6iL 1R X4 tltL 06/LT/ it i
- -- ori - €0 - Lc I 18 1Y 09L 1874 9t vL 06/0t/01 [ad |
- - orl - 110 =" 6¢ ot 140 Y CLL 0'tC 8¢°tL 06/81/6 1
- - 0l - 130 - 6¢ LS sl oL 6¢L 1 X4 LTvL 06/v1/8 [4adl
- - 0l - 0> - tt 1T e 09 8SL (Y 74 134 YA 06/ST/L [ad |
=" =" 0cl - £0” - ot <) 9¢ LS +69 0'cC 90'tL 06/12/9 1
- - 001 - > -~ ot 60’ .74 LS 199 0t [4:374 06/%/9 ¢l
- - [4Y - - - 0ot <o T LS oLy ¢0¢ - 06/9/¢ 1
00¢‘6 'l 91 8'C 0> [ L 10> Il o¢ 6vi €1l 68°¢L £6/S¢/1 -1
000°0¥T< ¥C 0c vl 0> 1'C '8 107> 81 -2 4 9¢i 1R 14 (39 74 76/8¢/01 i-1
000'0vC< 61 61 6'C > 61 6°C 10> ¢l (4 6t 0L 8Y'0L T6/9¢/L I-1
000°0vC< == 4 91 (4} i v9 10> <l 8t tel ¢Ce 1TEL 6/0t/Y -1
000°0tT< - 81 ¢ 0> g1 €8 10> 8 LY <Ll €L 1TEL 6/0¢/Y [-1
000°0tT< ¢l 81 LS [4\) v'e 9’8 10°> raré 0¢ 8L1 €0¢ 19vL O/ eS| I-1
000°0¥T< 1 81 134 0> £C V'8 10> 0¢ I's 091 ¢0¢ 19°vL r{JAR7h! i-1
000°0rz< -- - -~ 0> It i i 6°C 6t -~ 18 74 LTYL 16/62/01 i-1
000°0rC< =" [C 89 Q> 0'¢ it 10> 0t 6ty 98¢ 0¢¢ LTYL 16/6C/0i [
000°0vC< [ or 01 0 6'¢ Ll 10 6't 1% otg 0't? 8P'SL 16/v¢/L i-1
000't¢< - 144 LS 4\ 6'v 0c {1} vt is +9¢ (3 ¥4 109L 16/¥T/Y i-1
- -- Sy -- [4V g - 61 (40 Ve 6ty 61t ¢'1c SE'YvL 16/9C/C -1
- - S¢ =" > == Sl 10 0t v'e 06¢ 0¢e $y8CL 16/1¢/1 -1
- - |84 -~ 0> == 91 £0 V't ¢¢ L9¢ 0¢C /vCL 06/¢1/C1 I-1
- -- 9 - 110 =" 8T t0 (IRY Ly 09¢ o€t ¥8°CL 06/LT/11 I-1
- - S8 -- Lo - ve t0’ 8¢ 6y <9 0'tc R0'vL 06/0¢/01 [-1
- - |9 == 1) - [43 o 9'¢ 8t 1§39 0tC 8C'tL 06/81/6 P-1
- - 8L - 1100 =" 123 SO L'y LY £6S 0'tc 00'vL 06/v1/8 [-1
- - 09 -~ 0> - Le 09 t't 0’s tOv 0's¢C RC'CL 06/5T/L I-1
- -- vL - 0 - 133 12 ot 8t L9¢ 0¢C cLCL 06/17/9 [-1
. - 0¢l -- AN} -- %Y 14 8¢ 'y 020°1 0tC teEL 06/¢/9 -1
=" - Sy - =" - 6l St'o 1'¢C 1Y 91t €iC -- 06/S/€ 1-1
(wa/sr)
A._M__h_.%wn“ov uabAxo apHoy9 ow%%mhm%:_ snioydsoud uafoiyu  uabosjju uabosju  uabosyu  (siun Hd) asue Mw_uw e A“MM%_ 2180 .H..m:
Buiknusg PaAjoss|Ig PaA[OSSIQ Iyepialy aleJUN QN  BluowwY Hd -”HMMMM -1edway oM 1M

[sojdwies (PaIdl[y) PIAOSSIP I BUISIOBQ SUIAJUIIUIP PUE *33UBIINPUOD dYiodds ‘Hd ‘arnjesddwdy 1daoxa sousuayoereyd Aienb-usiem (e "uey) ss9f > ‘uey)
1278313 *< PaJIS[[0d BIRP OU *~- "SIUI[[TW () | J2d SAUO[0 puesnoy; ‘[u1 00 1/109 "D, ST & 11wiuad 1od suswatsosotut ‘wto/gr 'snis[a)) $3a139p D, ISIMIYI0 pase)s ssapun (1 J3d suresdijiun) /8w ut sanjea [[vy]

BpLIO|4 ‘SBNUN0) 8auuemng pue ajjedeje] ul swiep Anep Je sjjem 10j ejep Aljenb-1aieps i xipueddy

41

Appendix



- 6C 69 0T 80 9L 0¢ PO LT 14 988 0'1C 13904 ¢6/LT/E \4 4!

T L 0¢ [ 0> I [43 SO 0t £ [LS 01z LI'SL T6/LTT V-l
- L 0¢ 1Y 0> el [43 SO 6C e [LS 01z LI'SL WILTIT Vil
- ¢£C oy 984 0> 88 6C [44) o 1Y 0rs §0¢ L8YL 6/1¢/1 v
- 0'¢ Se 01> 0> ¢S 9¢ [ 60’ 8 cap 0'¢c 96'CL 16/21/21 V-1
- 67 [9 or> St ) (44 o rAS Y ¢79 , ¢ 9l'¢L l6/12/11 V-1
00S°L 0¢ 1374 ['8 0> 8¢ 9¢ 10° 8T vy £9¢ $ve 88°€L 16/0£/01 V-1
== -- 9y €6 LO 81 Ie 10° 0¢ 7 609 0'¢C 1L 16/92/6 vl
-- | ré 9¢ 9y i) ['c 9¢ €0 Pe 9% 8LC €T [6°CL 16/67/8 Vi
000°0vT< LC 139 6 Lo 9L I $0° oL 9t 0S¢ 0tc 66'vL 16/YT/L Vi
- 91 99 9°¢ 6< ¢C 6¢C a0 9T 19 4 €Le 0'¢T 96'¢L 16/92/9 Vi1
=" 91 [48 6'S 6 0¢ 43 SO £ LYy 89 0°¢C 96'¢L 16/92/9 V-1
- 61 <9 ['8 €0 Ll oy w 0¢ 8 0¢9 €T 99°GL 16/0¢/¢C V-1
-" -" YL L1 0> [l 0¢ 40 8¢ [ PEL el P09L 16/v2/Y Vi1
== 01 ¢¢ 6L 0> 0> 148 [0> 0 09 8I¢ 01z 9F'CL £6/ST/1 13|
-~ ¢ 0L 9t Y0’ LT o) 10 O 8¢ 89¢C €T 66'¢L 26/87/01 £l
-~ 9 L 0t 0> aa o 10> 60’ 1’9 K43 0'9¢ eC0L T6/9T/L t-1
- - 09 [l SO’ 9¢” el [0> 80 09 124 §CC 98°CL 26/0E/Y t-1
-- 1 L el [44) (44 0> [0 120 09 14013 0'1¢ o'vL ¢6/1€/1 t-1
-- -- 09 el 0> 09 89° 10° 9C 8¢ 8t (1R 74 €o'EL 16/6T/01 15l |
=" 90 or ¢l 90 LE Le [0 70 9 8¢ §¢cl 66'vL l6/vT/L t-1
-- - ¢C 6¢ cr - 0> [0 90’ 99 ot 0'1¢ 909, l6/stv t-1
- =" Se - 48 =" 130} ({13 €0 9 CLT 0'Te LTTL 0e6/e1/Tl t-1
-- -- LE - 48 -- 60 [0> o 09 8¢ (1R 74 bLTL 06/81/6 el
- - o9¢ - SO - 91 10> PO’ 8¢ [TC §TC 8¢¢L 06/%/9 €1
- =" Pe - -- - [T0 <00 00 8¢ - ¢8I - 06/9/€ (|
- Il 1S 66 0> 65 7 L) SO 9°¢ 9¢L 0'CT £6'SL £6/ST/1 ¢l
-- 9 Y <L 0> Y S¢ 10 PO 9°¢ L89 0'vC SLYL 26/82/01 1
-~ 9 IS oL 0> SL ¢e 10 0’ 9'¢ 689 0T SLvL T6/8T/01 1
=" (4 19 T 0> €9 9 or PO 09 £68 ¢'9C £ 1L T6/9T/L -1
-- -- [L 6'6 [44) 149 L7 10° PO LS 0£9 ¢ €o'¢L 6/0¢/Y -1
. (4l LL Ll 0> 13| 9¢ 130 <1 09 % %) 00¢ 80°LL zol1e/1 (4!
- - 0¢l R4 00> SL 9¢ o 80 9°¢ 178 (1R 74 6y L 16/67/01 [Ad!
-- 90 0c1 ‘81 PO "1 149 PO 80 9°¢ orL ¢ op'CL 16/vT/L [
(woygn)

(Twoo1/109) uabAxo uoqied uabosyu  usbospyiu  uaboiyu  uabospu  (spun Hd) aoue (20) (193y) 199
eLaloeq POAIOSSI] apuojyy  owuebiour snsoydsoyd yepiely Q1RI1IN oWMN  EluOWIY nd 19npUoD ainje [9A9) ajeq -wnu

BuiAjupuag paAjossiq aueds -ladwa} 12)eMm 11eM

[sordures (paJa1jy) paAJOSSIP Ik BLINORG FUIAJLIIUIP PUE ‘adUEIonpuod dY1ads ‘Hd ‘amiesadwal 1daoxa sonsuaioeseyd Anjenb-Iatem [[e ‘uey) SS9 > ‘uey)
1312213 *< "P)o3[ 03 eJep OU ‘-- “SIAN (1w () | Jod $IIUC[OD pUBSNOY] ‘[W ()() [/[0I "D, ST IB 1210w uad 1ad Suswaisosdiw *wd/ST *snIS[a) $32ITAP D), “ISIMIAYIO PAIEIS Ssajun (a311] 1od suresSejiu) /3wt ut sanjea [{y]

PanuUIUO)-- BPLIO|4 ‘SBIIUNOY 8BUUBMNG puUE 8)19AB)ET UI SWIE) Aliep Je Sjjom 1o} elep Aljenb-iejep | Xipuaddy

42 Nitrate in Ground Water and Spring Water near Four Dairy Farms inNorth Florida, 1990-93



- I 911 SS 0> e oy [44) wr I'L ocll §TC 86'TL TO/1TTH qv-1
- [4 oct 86 0> (44 (44 10 oW 69 091°1 0¢e 8¢ EL TO/ET/L qav-1
000'S1 v 0si 0s 0> 32 6§ 10 SO’ 69 06v'1 0'¢T 9L'¢eL T6/LT/01 a1
-- i orl ¢S [£4) e [4Y 10 120 0L 0s€'1 0'TT 60°¢L 6/1/01 q7-1
- I 0¢l ve 0 6t 6¢ wr 60’ 0L 0cT'l 0ce £6'EL T6/LT/8 av-1
000°0¥T< I’ 091 ‘6t 91U 9T 09 10> i oL oLyl 0¢c 19'69 T6/9T/L qav-1
000011 i 091 ¢ £0 LS i9 10> i 89 0LY'L 0'¢T 1969 T6/9T/L dav-1
-- i 00t €t SO’ L 78 10> (4% 99 0l6'l 0¢e oL T6/STU9 had|
- 4 0cC 6L 1Y) C6' ¥9 10> 9¢” L9 098°1 §e LO1L T6/8TYS day-1
00s°L -- 081 99 £0 6§ YL 10° i 'L 0Lt € ¢SCL T6/6T/v av-1
- 4 12 9% 60’ 9T Y4 (40X o €L €68 0¢c 68°¢L z6/Lele dv-1
- < £9 0t 144 0> Li 130) <0 V'L SOL 1T 0cyL TO/LTT qay-1
- 'l 78 97 0> 159 ¢l 1203 10 L LL8 01¢ 88'¢L T6/1e/1 qgv-1
- v 01t ts 80 0c> 143 10 L 'L ori‘l 0'¢T £SCL 16/21/21 av-1
- & 091 9 O Ly 8¢ [ 8’ 69 LY 1 ¢eT £6L 16/17/11 ay-1
006'¢ ¢ ol ‘0S w> St 0¢ 10 PO 0oL 9¢¢ 0¢c 8PeL 16/0£/01 dv-1
=" 14 ¥8 ‘6F w0 vL 0t el I €L 193 0¢C 9'vL 16/9T/6 g1
- 1 LL 8Y [4) o £C 30 €0 "L 018 0¢t ySSL 16/67/8 qat-1
0011 Tl 8L g €0 6T 91 s 124} T8 1373 0'¢T L9PL 16/¥T/L av-1
000°0¥C< - ot k1% Lo 122 [AS 90 10 oL 09T'1 €T eLeL 16/9T/9 dv-1
- V0 8L 97 w v 9¢ 48 90 L 018 €T 9C°CL 16/0¢/S dv-1
000'¥¢< - [4: ¢S 00> £9°0 9¢ LTO 700 L 198 ¢t 6y’ SL 16/V7/Y qav-1
- v 197 vy 0> 09 8T 10> i 1A% t0¢ ¢0T [T°SL £6/ST/¢ V-1
-- e 14 iy 0> 8t L7 10> Ly 1A% ¥4 0'1¢ 9T 9L £6/9T7/¢C vyl
00v 81 114 6T 0> ¢ 9T 10 91 %7 1343 0'1¢ rsL £6/5T/1 V-l
- 0¢ 197 (4% 0> o 8¢ 10 I - 1414 ¢ gLeL ze/1e/el Vi
- 81 1014 (] 0> oL I [44) o1 %% Ly 0'¢e 90 vL TO/ET/ 11 Vi
000°011 v w 01> o> 19 I 10 1T 1987 19417 el 60 L 26/8¢/01 Vi
- 8 Sy 1C 0> 06’ Le 10> 0¢ 194 £Ts 0ve ySEL <6/1/01 Vil
- 9 9¢ L 0> LYy 0t 10> 9C L'y 14724 L S9vL T6/LTl8 vl
000°011 12 6t Vi 0> 01 I’ 10> ST 1A% 18y 0v¢ 9c0L 6/9T/L V-l
- < 1014 09’ 10 el 1L 10 81 7 637 0°Te LEOL TO/STI9 Vil
- £ 144 1Y €0 (a5 9¢ 10 61" L'y 9i¢ 1 S9'1L T6/8/S V-l
000°0¥C< - 194 [ 124 ¢ 9¢ £ 128 [NY els ¢ 16°CL celetly V-l
- 6'C 0§ 0T 80 6L It Y0 LT Svy 6LS 0i¢ £SPL 6/LTE hdad!
/g1
(wo01/109) uabAxo uoqied uaboaju uaboniu  usboiu  uaboau  (syun HA) A:m_wo\%mv (90) (1934 199
eligjoeq spuolys  ouebiour snioydsoyd ainje |aA9] aleq -wnu
BuiAnmusg paajoss|q PaAIOSSIg Iyepal ST SIMUN  Eeluowwy Hd %HMMMM edwel  Jolem 13

43

Appendix

[sorduwes (pa1di[y) PIAJOSSIP 218 BLIDIOBG FUIAJLIIIUDP pUE “0okeIdNPIod dy1dads ‘Hd ‘arnjeiadwio) 1dooxa sonsaloereyd Alifenb-1ajem [[e "uey) ss9f > ‘uey)
1218313 ‘< "PAIDJ0J BILP OU “-- "SIDNII[IW O] 12d SIIUOJOD PUBSNOY] “JW G 1/[00 D), $T 18 J10uiI0d 12d SUaWISOIIW “Ww/SH *snisjo)) $92139p D, *asImIay10 pItels ssajun (11 1d sweaSi[jiur) 7/3us ul sanjea [y]

panuIlUOD-- BPLIOIJ ‘S8IIUNOY) 8BUUBMNS pue slleAeje ul swiej Allep Je s|jem 1oj elep Ayfenb-isyeps °| xipuaddy



- 9 89 9 [4¢) 94 124 10> cr 1S 9¢ 0'0¢ 61°SL £6/Sc/1 L1
-~ L 8'8 LY 0> LT 61 [0> 80 1< 6t 0°¢d [TYL 6/LTi0lL L1
=" ¢l 8L (43 [0 8% S¢ 10> 148 [ 1S el 670L To/9T/L L1
-- -- 69 8t €0 8T LT 107> o1 Y 4y §CC 89'TL (Y )% L1
000°011 ¢l 08 ['8 0> €S 0> 10> 91’ Y LS 0'1¢ 6LvL o/ 1g/l L1
=" ¢ ¥9 €6 LT LY 0> [0’ - (S 9% (S 74 eLeL 16/67/01 L1
000°0vZ< 81 89 v'9 14) 9t 0> 107> 148 9¢ 79 ¢ I8 VL 16/vT/L L1
-- - 9L 01 90 9¢” (40} 10> I ¢e L9 §0¢ 0¢'SL L6/ve/y L1
=" I 6°S 8 ar 134 0> 10> I o< 9t Oal 86°SL £6/G2/1 9-1
- £ ¢ 61 00> ¢S 44 10> ¢s 8t I 0'Cc POvL T6/82/01 9-1
-- I’ 9y I'e [t € 0> 10> el 67 [4Y §ee 6v'0L °6/9T/L 9-1
-- - 9y 13 10} 8¢ €0 10> cl [ [474 §CC 0T ¢L /ety 9-1
h v ev [ Lo I8 01 10° or Ve 0¢ cal €1'9L T6/0¢/1 9-1
- £ L'y LS > 0¢ 0> 107> or 6'Y )4 ¢'ee SI'vL 16/0€/01 9-1
- €0 €6 09 [40) 09 0> 10> I e 197 $'Ce ov'SL 16/vC/L 9-1
000 < - 8% 6'6 00 9¢0 <00 100> €00 8¢ 9¢ ¢Ce 8L9L 16/£TY 9-1
= £ 61 €S 1zt o¢ 0> 10> 9C VL €1¢ 0'1e S6'tL £6/5T/ 1 ae-i
- (4 81 R4 Lo 0¢ «)> 107> 8T oL 489 0°Ce 98°¢L °6/8¢T/01 a¢-1
-- I’ 81 6C [40) 8L ¥'C 10> 6c 69 1480% 0'¢T 06°69 6/9T/L qg¢-1
- - Ll NS SO 122 20) 10> 8¢ VL 66t €T celiL zolatly ds-1
- [ 91 kS 120 12 0> 10> 8C ¢ L oy 0°¢€c 9CtL T6/0¢/1 qg6-1
-- £ Ll 09 0> 09 £ 10> 8¢ I'L €8t 0'¢T /C¢L 16/0€/01 dae-1
- 14 81 LS 14) 129 174 107> LT L 6Ly 0'CC 06 7L l6/vT/L qe-1
== - 81 R3S €0 ot 0> 10> ¢ 0L 197 ¢'CC e8¥L 16/€C/Y de-1
- vl |4 91 > L o 107> 8T £9 |74 0'1¢ ge'SL €6/STU 1 Vel
-" (4 1 I'C 0> LS 0> 107> [« I'¢ 8C1 0'Ce PIvL T6/8T7/01 \ 45|
- Sl 9¢ ¢l 0> 01 o 10> LY €9 8¢ S Sy 0L 6/9C/L Ve-1
- - Ll (4 4 [{t) cL SO 107> 6< 9¢ 61¢ e 96°¢L co/6ely ve-l
- 14 8¢ Tl [40) €8’ 0> 10> Le Y 191 081 08'%L ¢6/0¢/1 Vel
-- e 9¢ 6'¢ 0> oL 60 107 v [ ¢l S 7 £8°¢L 16/0€/01 Vel
000°0¥T< 9T 0¢ Tl €0 139 o¢” 107 8 8¢ vl ¢el 66’ YL 16/vT/L A%
000PT< - 9C BE 0> (4% <00 10> ve ¢9 CLE 0'8¢ [T°SL 16/€T/Y VeI
-~ [> 011 Le [44) LY Iy 80° 60° I'L 001°1 ¢Te [L'vL £6/5T/¢ ay-1
-" [ 6 R4 [«4) 0¢> LZ 10 o €L o6 ¢'le 0T ¢L £6/9T/T g1
00S°1 13 43! Ov [44) 8¢ 6C 60 {4) €L ov0°1 ¢'1T LBYVL £6/ST/1 dv-1
(wo01/109) uogJed (wa/sr) (Do) (108)) Jagq
BLRI0Bq uabAxo opuoyn  sweBiow sruoydsoyd uabosyu  uwabospu uabosyu  uabousu  (syun HA) adue ainje (oAl or8Q wnu
Bulkyunusq paajossIg poA[0SSIA Iyepjaly ajellN 2N Bluowuwy Hd %HMMMM -Jadway JEM 1M

[sardures (pa123[yf) PIAJOSSIP SJ€ BLIDIOBEQ FUILJINIUSP puk ‘adueionpuod dyidads ‘Hd ‘armjesradwa) 1doaoxa sonsuaideieyd Alienb-1sjem e ‘uey) ssaf *> ‘uey)
1318313 ‘< *PR10S[[0J BIEp OU ‘-~ "s1aupiiuw 00| 13d $a1u000 puesnoyl ‘jur O [/[03 D), §¢ I8 JOIWNUD 1od SUSWSISOIDIW ‘WI/ST "SNIS[A)) $3UFap *)),, *ISIMIdYI0 pAe)s ssafun (3 sod swresdijiw) T/Fw ut sanfea [jy]

panuijuo)-- BpLO|4 ‘S8iunos) asuuemns pue ajjaAeje ul swuey Alep [e s||am Jo} ejep Alljenb-lajepn | xipuaddy

93

44 Nitrate in Ground Water and Spring Water near Four Dairy Farms inNorth Florida, 1990



- £'C 8¢ §9 or LE 9¢ [44) [0 89 06£°1 0¢e 08'8¢ 6/0¢/L -
- - el 4% LO Ie 69 g [0 L [4:14 0'ce 69'th e/LTy 1-¢
-- ol 09 98 [44 (4% €S [0 0 89 rd| $CC [6°8¢ T6/LTT [-C
-- 6'C 8¢ 1£:] el Le 0s [0 £0 89 0ST'l ST ey 16/1/11 1-¢
-- 90 ré 8L ol [T el 10> | 0L 19L 0cC LY'LY 16/9T/L 1-C
-- -- LL [44 Lo £e0 91 g0 140} L [4%% 0T - 16/£/S [-C
- - 69 - Lo - 49 0 [ 69 0LET -- 06'9¢ 06/T1/C1 1-C
=" - [45 - or =" 09 [0°> 10> L9 08T°1 Sce 91'LE 06/L1/6 [-C
- - 1914 - oro =" 6t (44l £0’ 89 091°1 0'¢ec LL8E 06/6T/S 1-T
- - [43 - - - LC <00 0°0 69 0v6 0¢C - 06/87/¢ I-C
00 81 681 L8 w™> st 0> [0°> 148 1A% S+9 01T 12372 £6/STUY1 g6-1
008°C 81 06l i g> (v 0> 0> 40 97 9¢9 0’1z $SCL €6/ST/1 q46-1
000°0vC< [> ocl [43 w™> 1A% LS [0> 194 £ 9 0'¢C LIVL C6/LT/01 q6-1
00€°6 9 144 0’8 120 125 0 [0> 90 9t 801 (1) 74 1669 °6/9T/L d6-1
00t =" 9’8 9t 0 oc> 90’ [0> [0 I's 9¢ ¢'Ce LLTL 66/t q46-1
- 6'¢C 9t 19 4 w> 0> (40} 10> [\ 1Y (44 ¢0c [SYL /e g6-1
000°0tZ< 9°¢ ot 8¢ > £t 0> [0 0 Y 184 0'9¢ [Pl [16/62/01 q6-1
000°0vC< (43 (Y L't [0} [e 0> [0> 140 ¢C 9% £ 10°6L 16/¥T/L d6-1
000vT< - 1984 YL 0> 0c'> > [0> ({0} 8¢ €9 0'8¢ 05°SL 16/vT/t d6°1
- 1| 0l £€C 0> oy '8 [0 £e Ve o9 0°0¢ 1A AY) €6/ST/1 Vel
- ee L9 81 > Le ov [0 £l Sy 0LC C¢C 9L 6/L2/01 VoI
- 0cC 011 Il 0 6’1 Cl 10 I'l 0¢ 8¢¢ 0've 9869 76/9T/L V61
=" - 66 6’8 [0} 9¢” 88 SO’ 140 [AS 6t € SLTL T6/6TY V61
000°0¥Z< | LT 14| 0> T 6C [0 SO’ 9°¢ 991 sel £CPL T6/1e/1 Vel
00¢°6 8l Il 14! > w [49 el SO Y pel S 74 L8'EL 16/6T/01 Vo6l
- <l [4 eL o Iy 1o Lo 90’ 1Y L6 0'¢C CO'SL 16/¥Z/L Vo6-l
000'¥Z< - 194 Ll > 9’ 09 [0> 90 LS 8Il §TC €8°¢CL l6/vT/y Ve-1
- 01 4! 6'¢ w> 0c> 0¢C [0> [ I'S 038 ¢l1e LESL £6/ST/1 8-1
- ['¢ el 0¢C 0> 0¢ (4 [0> 0 6v LL 74 [€vL 76/82/01 8-
- [l 38 v'e 0> 124 8¢ 10> SO o< IL 0'+¢ 61°0L T6/9T/L 81
- - 8L 6'C £0 LT ['C 10> {4) Ve 89 S 96'CL /6Tt 81
00£°C 't I £9 0> T £ [0> SO s 08 §'0C €O'PL [{ARYA 81
- 1A% 6’8 0¢ > e Il 90 [0 ['c 9 0°9¢ 08¢l 16/0¢/01 81
- [ VL L9 90 ort ¢l [0> () 12Y 8¢ ¢C £6'PL 16/¥T/L 81
- -" 9 0l > oF 98’ 10> 10 LS 0% 0°LC £09L 16/YC/Y 81
(wo/g)
h._M_.._ommwnMov uabAxo opLIOS o”_%Mm_wM:_ snioydsoug usbosyiu  uabospiu  usBosu  usboiyu  (suun HA) adue M_u%wm AWM%_ a8 Pm“:
Burkpueg PoMOSSId PenossIq lyepafy aleslN 8iIN  Sluowwy Hd %“wumm uedwal  1o1EM oM

45

Appendix

[sardwres (Pa1aljy) PAAJOSSIP 21e vLIA)ORq FUIAjiIiuap pue ‘adueionpuod ogioads ‘Hd aimyeradwa 1daoxa sonsusidereyd Ayenb-1a1em [[e "uelyy ss9 *> ‘ueyl
1918213 ‘< "pa1od[0d BIRp OU ‘- ‘SIAN(I[IW (0| 13d S91U0[0d PUBSROY] ‘TW OO [/]0D D), ST 18 Ia1ewniuad 1ad SUdWRISoIoIUI ‘Wa/ST 'snIs|a)) sa213ap ), "as1MmIaY10 patels ssafun (1o 1ad swesdiw) /3w ur sanfea V]

PanURUO)-- EPLIO|4 ‘SaIjUN0,) aauuemns pue ajjafeje] Ui swiej AJiep e s|jém 10} ejep Ajjenb-iaiepn ) xipuaddy



- -- Sl 44 o0 0t 8C 10° 1 'L 99 0ce aOvy T6/LTY Ll

- L'y 0¢ 0s el 9T 8¢ (¢ 10 I'L VL 0'et LS'8E To/LTY ¥-C
- 8¢ 81 123 or e [4¢ 10 oW L 1L ¢ze €91y 16/1/11 v
- 09 vl Ly 6C 6t [4¢ 10° 0 L 665 gL 989 16/9T/L vZ
- - 9l €S I o0 (4 107 107 €L 665 12174 - 16/£/S L
- - 6l - 1 - §C 10° 1o 'L o¢L 0Te ye9¢ 06/T1/ZT v T
- . Cl - Lr - IC 10°> 0> I'L €65 gee $9°9¢ 06/L1/6 ¥
- - 14 - [aRY - 0c 4t 90 L LTS T 0T'8¢ 06/67/S Lars
- - [ - - - 0¢ o 800 0L 09L 0¢T - 06/6T/¢ L
- Y 8¢ 4% S0 6T Le 107> 107 'L £SL 0¢c L1"8¥ £6/8T/1 £C
- (Y v 8¢ LT 122 1% 10° 10° &L 000°1 0cc 88'8¢ 76/62/01 €T
- £y ¢l v el 8¢ 1022 10> 0 v'L C¥6 ¢Tt 8L°LE T6/0¢/L 14
- - 98 87 <l £ 1 2% 107> 107> I'L 8LL 0'CC 0S¢y /LY £C
- - 01 (112 Lo 8T (4% 10> 107> I'L OLL 0Ze 0%ty T6/LTlY £-C
-- % <l 89 (44 ¢ £e 10 O <L 108 0'¢e €08t z6/LTUN €T
- oY €l [4% 8l 94 ¢ 10° 0 v'L LSL 0cc eL0y 16/1/11 £C
- [ays Cl 124 or oL v 10> 80 <L L6S 0lc 6v'Ly 16/9T/L €T
- - 81 ot 80 09’ 0¢ [0 PO’ L LS9 et - 16/¢/S €T

AdA T1Em 06/21/Zl €T
Add T1am  06/L1/6 £

- " or " 1T == ov 82 0s VL 0LT 1 0'¢C €8°LE 06/62/S £-C
- - 8¢C - - - 9¢ 60 148 I'L 0r0°1 $eC - 06/67/¢ £C
000°C1 91 76 %2 60 9T LS 107> 10> LL LIy 0lIc 89°6¥% £6/L2/1 C
000011 t 86 1 97 PO sC 61 10° {¢) €L 184% 0ee 16t 26/82/01 C
000°0T1 8’1 01 LE 80" 149 09 10° 10 €L 08t 01z (413 26/0¢/L ¢
00S°L - 4! Y 90 ST 1! 1O 10° I'L 6C9 §0oc Lo'ey o/LTY [
000°017< 81 Cl 8 I LT C 10° SO 0L 0gs ¢t ye6t To/LT L ¢
00€°6 6 91 <9 or e’ Ll 10° or I'L 689 ¢Ze C6'6¢ 16/1/11 ¢
000°0vZ< -- 81 9¢ or o1 9¢ [0 81 L €L 0'¢ce P8P 16/9T/L T
000'tT< =" Ll 6¢ 4% 't 9¢ 0 ey’ L CL 00¢ - 16/€/S C
== - ¢l - 90 -- 89 0 10° VL 9 §0¢ CO'LE 06/C1/T1 [A(#
- - el - €0 - 89 107> 107> <L 768 0ce 3l°LE 06/L1/6 C
=" =" tl -- 45 -- I 0 10 oL €59 0¢e c0'3¢ 06/67/¢ C
- =" 14! - - -- L8 0 0 'L 128 0'1¢ - 06/8T/¢ T
- I'C 69 LT ar 4% [ars 10> 10 9L LlE 0'¢C 91'8Y £6/6T/1 [-T
- 9¢ ¢9 LL 6l 54 £9 10> [} L9 06¢°| 0'¢C 09°6t 26/67/01 [-C
Ti
(quo0L/109) uafiixo uoQJea uaboiyu  uaboiaptu  uafosu  uaboispu  (spun HA) EMM\MN ) (Do) (193)) 139
Bl9)oRq apuojyn  awebioul snioydsoyqd ainje 19A9) aleq -wnu
BuiAyunuag paAjossIq paAjossIq juepjaly 9lelliN AlMIIN  eluowwy Hd WHMMMM _1adway 191eM 119M

[sardwes (pa121y) paA[OSSIP 218 BLISOR] FulAJLNIUSp pue ‘a3uelonpuod oyidads ‘Hd ‘arnjeradwsl 3daoxa sonsualoeIeyd ANjenb-191em [[ "UeY) SSI[ > ‘UBL)
1918213 ‘< "P2199}}0d BIBP OU ‘- "SIaNI[w ()| Jod $31UO[02 puesnoyl ‘(W ) {/102 "D, §7 18 193awuad 1ad SUSWAISOIDIW WA/ *SnIS[a)) S9aITIP ), "dSIMISGIO parels ssajun (1a31] Jod sweldippw) /Sw ul soanfea [1v]

PaNUIUOD-- BPUO|H ‘SBIJUNOYD 88UUBMNS PUE BI8ABJET Ul Swie) Alep e s|jam 10} elep Ajenb-iajepn | xipuaddy

46 Nitrate in Ground Water and Spring Water near Four Dairy Farms inNorth Florida, 1990-93



- i1z $'9 142 AN 8T v'9 10 ) S'L 814 0°€C 18°SY T6ILTIE V9T
- 61 L9 0t v0 0T 9'¢ 10> 10 9L 901 §T Ob vt 6/l V9T
- 0'¢ 18 8¢ 80" 07> SIS 10> 10 9L 61+ $'€T 65°8¢ T6/LTN v9-C
- 0¢ $9 i o 07> '8 10> o 9L €1y 0'¢C v8°8¢ 16/21/21 V9
- €1 19 87 <1} §T 0¢ 10 10 9L 86¢ 0'¢T £5°6€ 16/17/11 V9T
000°S1 L€ IS Ly o YT 8T 10 10> 9L z6¢ 0'¢C 0L 0 16/1/11 V9T
- Tl 8t 9% Lo 0T s 10> 10 9L 0ot 0'¢T AR 16/92/6 V9T
- 6 £¢ Ly Y0 0z 0¢ 107> 10 vL 98¢ ST s 16/62/8 V9T
- 6 €6 8y 81 ST 6'1 107> 10 9L 8¢ 0'¢C SL9Y 16/97/L V9T
000°S T L0 $'6 8¢ Lo 6T 97 10> 10 S'L 86¢ §'TT YTvY 16/L2/9 V9T
- €1 L 9t o vL 9°¢ 10 0} 9L 66¢ ¢'TT 8L'SY 16/08/S V9
- - SL 9% €0’ 0> 6'S 1o 10> 9L 91 0T L1'6¥ 16/2/S v9-C
-~ - €9 8¥ 00 070 09 100> 100> 9L 81t 0TT L1'6Y 16/T/S v9-C
006 ¢ €9 61 €0 s 60 10 10 6L €€T $TT LL8Y €6/87/1  4$T
008'C > 69 6% 20> 0T> ¥8’ 80 <0} L €8s €T LT'6€ T6/6T/01 €T
008°C I LS 43 ) LT €1 10> 8I €L 9LS 0cC LS'LE zelog/L  €ST
00£°T - 'L I SO° ot €0 10> € 9L 8l¢ 012 0S'c T6/8Tly HST
000°¢t ¢ €9 Is €0 vT 6¢" 1o 0T L 8LS 0'¢C ¥1°'8¢ 6/l dST
000°S1 6F 0's 9¢ €0 A 20> 10 8l VL LS $T oY 0 16/1/11 46z
00¢°6 - - - - - - - - - - - SY'LYy 16/9¢/L q46-¢
008°Z< ¢ 96 r4s o W 0> 10> L SL 80¢ 0T 8y'Ly 16/9¢/L  9ST
000'tT< -- 09 1s 20 99’ w 10> N8 SL Zes §TT 96°8Y 16/£/S g46-C
- 9 99 6 41} T Sl 60" 80" 9L 99¢ 0'¢C 0L'8 €6/87/1 VST
- i L9 0S €0 ot 0¢ Lo 90 €L $8¢ 0T 1¢°6¢ 76/67/01 VST
- 0 8¢ Lz PO’ 9¢” b0’ 107> € €L 08¢ 0T 65°LE T6/0¢/L VST
- - 09 8% vO" LT 6§ 81 60 SL Y 012 0gcy 68Ty VST
0009t SL ¢9 €S o ¥T LE 0 LI SL $6$ 0'€T 60'8¢ /LT VST
- N3 89 09 €0 4 0> 10> SI L L09 0'€C 670 16/1/11 \q%4
- 61 VL 19 61 'l 0> 10> L6 SL 8% 0T LY'LY 16/97/L VST
- 61 TL 19 o1 €1 41} 107> L YL 8PS 0 LY'LY 16/9T/L VST
- - S 96 a1} 0T T SO 80" S'L 09 $TT 168 16/¢/S v$-T
- - 8¢ 9¢ 91} ST $T0 SO 80 ) 18$ s 16'8Y 16/€/S V6T
- I's £l oy Lo’ 07> 61 10> 10 S'L 609 07T 879 £6/8C°U1 T
- s 91 Ly ) v T 10 10 L 89 0'€C €r6¢ 26/6T/01 ¥
-- 09 L1 LZ 60° ¢ Lz 107> 10 7L 989 0'TC Tr'8¢ To/ell vT

(waygn)
A._M_\men“uv uabAxo spLOIYD o___%%mﬂw:_ snioydsoyd uaboipiu  uabosyu  usabosyu  uabospu  (syun Hd) aoue me._vwm A_HMM%_ ajeq .HM:
BurAuaiusg paAjossIa poAIOSSIQ luepialy ajenIN SJUUN  eluowwy Hd %uwu%m aedwal  1eEm oM

[sardwes (pa1a1[y) PaAJOSSIp aJe BLI3)oeq SurdjLnuap pue *adugjonpuod oyroads ‘Hd ‘sunjesadwran 1daoxa sonjsuajoraeyd Anjenb-1atem jle "uey) s$9] > ‘ueyy
I91BaI8 ‘< "PRId3[[03 BIEP OU *-- “SIANI[TW (@[ Jod $IIUO[0I PUBSNOY] ‘[UWX OO /109 D), §T IE J1010WNUad Jod SUSWDISOIOIW ‘WI/ST *SNIS[OD) $92I3P ‘D 9SIMISYI0 pajels ssdjun oy 1ad sweaSijiu) /3wt ut sanfea [1v]

PanuUiUOD-- BPLIO|{ ‘SBIUNOY) 8BUUBMNS PUB apeAeje Ul swuey Aiep Je s||em Joj ejep Axenb-iarep | xipuaddy

47

Appendix



=" 6 1Y Sy 0> 0> 4 10> 4 9L 90p ¢'aT SO'ly 6/l 99T

-- Ll 99 197 0> ¢ 9 10 10> V'L 0ly 0'¢C 0L'8¢ TO/ETU T g9-¢
000°0¥T< I'l 8¢ |47 0 0> 0¢ 10> 1 vL o0Y 0¢€C 89'6¢€ 6/6T101  49-T
- I 09 |57 20> 0> ['v [0 10° SL oy 0T £T 68 T6/1/01 49-¢
- Sl €9 8¢ oW 0c> L'y 10> Lo V'L 90r ¢l 05°6¢ 6/LT/8 49-7
00ty 14 (Y T4 o 9T 1A% 10> 10> YL 90 gee Lv'8¢ T6/0%/L 49-C
-- ¢ v'e 9t 130 0> (A4 107> 10’ YL 10¥ 0'CC 67°6¢ 76/ST/9 q9-C
- L S¢S 144 120} 0T> ¥'C 10> 0 €L oy ¢ee 90'0% T6/8T/S €49-C
000°9Y -- 1Y 147 90" 07> vl [0°> oW 8L [0v ¢I¢ Loy 6/8T/Y 49-C
- ¢ -8 % St 4N 0c> 6’1 10> [0 eL 00r 0't¢ £6'SP 6/Lee 49-¢
- 9 L'y 133 €0 07> L1 10> 4\ L'L (417 0¢T 129847 T6/LTc 49-C
=" Ll 29 [A% £y 0> Y 10° 10 9L 60v 0'eT £8'8E T6/LT1 49-¢
- - -8 % 9t €0 0c™> Lz 10> 10> L'L Vi 0'¢T [16g 16/cifcl q49-C
- v 13 v 120 07> 1| [0 (1) 9L R6¢ 0¢g 98'6¢ 16/127/11 49-¢
- £ Y o< 130) 0> vl [0’ 10 9L 66¢ 0¢C el iy 16/1/11 49-¢
- L 0¢S 37 20 ce [aré 1o 1o 9L 00¥ 0€C 125817 16/9T/6 49-C
- v (94 6t 41 og Al (¢ 10X 9L [6¢ ove 8¢C°IS 16/6T/8 49-C
000°0¥T< 9¢ LY 8y 60° 07> | 10 10 SL 16€ 0'¢T 16Vt 16/ST/L 49-C
000 v LS 6¢ 90 8T Ll 4) 1o 8L Sov gze RN 4% 16/L2/9 49-C
000°S1 90 6'S 44 0> £9° 61 r4i) 10 9L 66¢ ¢l [0°9 16/0€/S 49-¢
000°tT< - oS 47 SO0 ov0 I's 100 100> 8L I8¢ 0'¢e €E 6V 16/2/S 49-C
- 6 ['L 0t 130 [« 8t eo €0 'L ey € vli'Ly €6/ST/E VY9-C
- ge SL 974 130) 0T> 9'¢ [0°> [0 SL 874% 0'¢d 8L'LY €6/97/C V9-¢
- Y ¥'L 84 130} 0T> ¥'9 10> [0 9L ILY 0'¢d 9l'LY £6/LT/1 V9-¢
- 0T 89 Ly 0> 0T 0L 10> ) 9L Iy §TC %117 1Yl V9-C
== L't vL (44 1242 07> 6L 10> 10> SL Ly 0'¢T 06°8¢ 6/ 11 vV9-Z
=" LC 0'8 ¥4 0> 0> 08 10> 10°> <L LIy 0'¢e 06°8¢ ce/eT/1l A4
- L' SL LE €0 0c> 9'L 10> 10 89 1aN% 0'ec 8P 6¢ 6/62/01 V9-¢
== 6C 9L 8¢ o 0> 6'L 10> [0> L 0% 0'Cc £0'6¢ 6/1/01 V9-C
- 0¢ 6L 9¢ 0 0c> 68 [0> £0 YL 120% 0'Ce [€6€ T6/LT/8 V9-C
-= £e ¢L (44 [41) (44 06 10> 10° V'L 91y 0'¢d LT8¢ T6/0¢/L V9-C
- 13 L (4 90 174 98 10> [0 V'L 28% 0'¢ec LT8¢ THOE/L V9-¢
- 0¢ SL 8% SO 07> 98 10> 1 €L Clv 0'cT SO6¢ T6/ST/9 V9-C
== £ 99 ov Lo 0c> 9°¢ [0> [0 €L 60y ¢ee I18°6¢ 26/8T/S v9-C
- -" 1'9 134 1) 0c> 6S 10> o0 9L Sy ¢IT A% T6/8UY V9-C
(wo/gni)

(quioo1/109) uabAxo uegles usabospu  usbospiu  uabospu  usbospyu  (spun Hd) Joue (Qa) (193)) 199
el19)99q PenossIq apuojlys ouebiou; snioydsoud [uepiehy AjeIIN 31N elUOWIWIY Hd -1oNpuod aine [9A9] ajeq -wnu

BujAyiniuag paAjossiq oyoeds -ladwiaj SEIETTY [1eMm

[sordures (p21a31y) PIAJOSSIP 218 RUAIORG FUIAJLIIUDP pur ‘2ourionpuod dyrads ‘Hd ounieiodwa) 1da0xs sonsuajorieyo Anjenb-1ojem [[e "ueys ss9) *> ‘uryl
1318313 ‘< "PA1IJ[[00 BIEP OU ‘-~ “SIUTI[[IW (O] Jod S31U0[0d puesnoy) ‘[w Q) [/[09 "D, §T ' 1219Wwiudd 12d SUSWLISOIONU ‘Wa/ST "STIS[A)) $I2IZIP ), 2SIMIdYIO Pajess ssapun (1ay] 1d sweiijiw) /3w ut sanfea [[v]

pPaNUIlU0D-- BPLIO|H ‘SBIJUNOY) S8ULBMNG puk a)laABje ul suuie) Allep je sjiam 1o} ejep Aljenb-isjepn | xipueddy

48 Nitrate in Ground Water and Spring Water near Four Dairy Farms inNorth Florida, 1990-93



- 9v 't 143 0> o> 0> £0) 10> VL X493 ST Sv'oy 16/1/11 q8-C
- 97 £'e 113 0’ 07> > 10 10> 9L (443 ST S oy 16/1/11 d8-C
-~ 81 ['¢ (43 > )4 0> 10> ) 8L 8lE ¢t y9'6t 16/ST/L q8-7
- - 't S¢ [44) e o0 10> 10> ¢L (439 €T 6v’IS 16/2/S q48-C
- 9 S 33 [44) e 00> 107> {4} 8L tor 0 LY 8% £6/87/1 V8-T
- ¢ 09 Pe ) T 0> 10> 10 ¢L 90F 0'¢C eSEr T6/82/01 V8T
- £ 9¢ 61 0 07> 20> [0> 10 'L 80P ¢ £9°¢y T6/0%/L V8T
=" == LAY Se w 178 ¢l 10> 0 VL 1844 07t 12:3%% TOILTY V8-¢
- ¢ 9 1$3 0> 0oc> 0> 10> 10> L ciy 0'¢T 08'¢r 6/LTY1 V8-C
- ¢ ['9 123 [44) 07> 0> [0> [0> ¢L (417 0°¢T 08ty 6/LT/ 1 V8-Z
-~ 'l 0L 8¢ PO 0g> o> 14) 10° SL o9cy 0T 8’ 9v 16/1/11 V8¢
- 80 6'¢G 9¢ 1Y) ov [\ 10> [44) 9L 61v ¢'Ce 9¢ 61 16/ST/L V8-C
- - 99 LY 00 0C0> £00 100> 10°0> L 18S 0eC LETS 16/€/S V8-¢
- [ Ly 143 e0 0> t'e 10> [0 6L 86GE £ [45%) % £6/LT7/1 d.-¢C
- 09 8V LE 80 0> e 10> 10 L'L LSE ¢C 11t 76/87/01 q4.¢
- 8¢ 09 ¢C 0 0> [3 (1) 10° VL 8C¢ 0T 8C°0F °o/E/L q9.-¢
- - 8¢ 6t 90" 1T 6t 10° [44) 9L P9t e 61°¢y T6/LTIY d.-T
e IS £< 61 80° 0c> I'e 10> 10 LL £9¢t 0T L9V T6/87 1 d.-¢
=" - £9 [47 o’ 0¢> ve 10° 10° ¢L 9LE €'Te oL'vv 16/1/11 d.-¢
-- 9°¢ I'¢ 6% Lo 8y 5 4 10> 10° LL (4949 0'¢c £6'8Y 16/ST/L q.-T
o - L9 oy e0 LT 0¢ 10° 10 8L 6LE 0'¢C (42 Y 16/2/S d.-¢
- -- 9¢ [4% ) ov I's 10 10> 8L I8¢ 0'tT (434S 16/T/S d.-C
- 6'¢ Ly 149 e0 0> £'e 10> ([0} 08 19¢ 0'¢cT oT'Ly e6/LT/ 1 Vit
- £9 6'C 8¢ Ly e I't 10> [44) 9L 69¢ e 6l 1Y 76/8T/01 VLT
-- [°¢ ve §C PO 0c> ot 10> 10 oL cLe 0T 99°6¢ T6/1E/L VL
- - 09 6% o 0> 144 10> (<4 ¢L PLE €T 6C'SY T6/LTY VL
- 9 1Y 9¢ 10} 0oc> 6't 10 10 LL ot 07C LS 1Y 26/87/1 Vi
= 9 Ve LE PO 0c> e 10° 10 'L L9t 0'ce LS 1Y T6/8T/1 VLT
-- 9¢ oL 6¢ 90" 0> 0'¢ 107 10> 8L I8¢ €T 4 4% 16/1/11 VLT
- 9t Q9 or ¥O 0T 9'v {8} 10 L L3¢ §'Te W'y 16/1/11 Vit
- LS 9 6% 0 I 9y 10> (<4 9L ILE €Tt £6'8Y 16/ST/L VLT
- -- 19 194 0> L 0¢ SO 148 8L (454 0'tC 9'1s 16/T/€ VLT
- ¢ s I €0 (4 ot 10> 10 oL LOY 0'tC €LY £6/ST/E 49-7
- s 9¢ (4% o0 0c> ot 10> 0 LL 607 ¢CC L8'LY £6/97/T 49-C
000°0vT< ¢ 0v 14 0> 0> ¢l 10> 10 6'L 86¢ 0'¢tT LO'LY g6/LTU1 q49-7
i

(woo1/109) uabAxo uogiea uaboJnu uabosyu uaboipu  usbosyu  (spun Hd) Asm_ww\%m v (30) (1034) 129
BlI910Bq apuojyy ouebiour snioydsoyd ainie [9Ad] aleqg -wnu

Bulkjnuag paAjossiq PaAOSSIq fyepahy 914N SN ElUCwWwy Hd M_.“MMMM ~1adway o1 II9M

[sordwes {palal]y) PIA[OSSIP e pLIAOeq FUIAJIIIUIP pue ‘2dueldnpuod sytoads ‘Hd armyeradwal 1daox2 sonsuajoeieyo Alfenb-133em [1e "uey)l ss3] > ‘uey)
1918213 ‘< "PIDI[[0O BIBP OU ‘-~ "SINII[IW OO ] 12d SSIUO[ED puesnoyl ‘fut g0 [/[09 D, $T I8 1912WNUID 13d SUdWAISOIOIW ‘Wo/ST *SNIS[AD) $9ITIP D), "2sIMIYIO PAILIS $SA[UN (131] 1ad swesgiy ) 3/Swr ut sanfea {[v)

PanuIuU0)-- BPUO|H ‘S8IjUN0s) 8auuemng pue allsAeje Ul swiej Aliep 1e s|jem 10} ejep Aljenb-iajepy | Xipuaddy

49

Appendix



-- - [ £C or 0s” s [0> {4 LL (44 ¢C 9¢°9¢ 16/0¢/t Vit
- - s - 80" -- Ly 10> 10> 9L 10T ¢lic 8E'TT 06/t1/21 Vit
- - I'e -- 1A - 8¢ 10> [0> 6'L 61¢ 7T 88°CC 06/81/6 Vi€
- -- 8t =" el - oL 14) i) V'L 607 0'eT (AN 74 06/5/9 Vit
-- -- 8¢ -- el - 6L 10 €0 'L 60T rd A% 74 06/5/9 Vi€
- - R - - - 90 o 10° 8L 18¢C 0°sT - 06/87/¢ Vi€
-- L'l 8¢ ¢8 e 0> 91 10> 10 6’9 000°1 0'¢C 1 3 Y £6/62/1 [-¢
- 91 9¢ 06 81 8¢ 0t i (413 99 0£T'1 $ec 6+ 26/92/01 I-¢
- £C 91 9 60’ v 14! 107> {4 L9 6t6 0¥C o'IC 76/8T/L It
- - Gl SL o0’ 9¢ 81 <O €0’ 6’9 886 0'CC 9L'ST z6l6Tiy [-€
- 8'C ¢l o1l or o¢ 14! 10> 10° 99 1€6 0°¢C 9¢'LT T6/0¢/1 I-¢
" 81 £e 66 SO 144 Ly o« 1243 99 09T°1 0'¢el 60°LT 16/0€/01 I-¢
- 8t €L 001 60’ St 1% 10> (20} 99 0Te'l S$CC LY'8C 16/7T/L I-¢
- - 8 0cli 90" 11 0s 10> o0 L9 0£€°l 0¢C [0°tE 16/1/€ 1-¢
=" - 91 - or - 9¢C {6 [£8) 89 196 0'ce 28°0¢ 06/7 /1 I-¢
- - | - 80 - LC 107> 10° 69 0or0‘1 ace GO'I¢C 06/61/6 I-¢
- -- 91 - SO’ == 9c <O’ SO 89 0v0°1 0ee 0§'1¢ 06/92/L I-¢
-- - 91 - 80" == ¢ o 110 L9 0L0°1 0ce e 06/72/9 [-¢
- - 81 - LO0 - 123 10> 0 €9 060°1 0¢T [8CC 06/t/9 [-¢
-- - 5T -- -- - It I S1” L9 09T'1 €1C -- 06/87/€ -t
- - 9¢ - - - v STo 91°0 L9 0sT'l S - 06/82/¢ -t
-- 9 9y It > 0c> 'l 120} 10 6L Cly 0'¢eT 01°08 £6/LT/1 6-C
- 9 96 8¢ 0> 07> (A P 10> 6'L clv 0'¢e 01°08 €6/LT1 6°C
=" I €9 8¢ w> 0c> LT 10> 0 9L cly 0'¢C €8'ek T6/8T/01 67C
- I L' ¢ 0> 9 oS 10 [0 'L 1387 €T AN 76/0¢/L 6-C
-- -- 09 It w 0c> 9l L SO <L 14744 ST 12514 T6/LTUY 6-C
000011 1 9 e 1) 0T> 9L 10 10° 9°L (4474 T ey T6/LT/ 1 67C
- 6 Y LE 0 0¢> 149 10 o SL L9¢ $ee SCor 16/1/11 6¢C
-- L 137 15 0> 3 €T 10> iz L 829 $TC 996t 16/ST/L 6¢
- - 9°¢ 6t 0> 0¢> 89° [44) [0 L'L 00t 0'¢T 86°05 16/7/S 6-C
- ¢ Le 6c o> 0¢> o 10> 10 6L (43 0'¢e I8¢ £6/8TU1 a8-¢
-- 1> 144 [43 0> 0¢™> 0 10> {4 L'L 06¢ 0'¢T (4% % 76/8T/01 g8-7
- 4 % 0¢ 0> o 8T 10> [0 L Lve T 65'etr 76/0¢/L d8-T
- - ¢t 1€ 1202 ST €0 10> o 'L 1 Y43 $'Ce 8LSY To/LTY a8-¢
- ¢ Sy 43 0 0C> ¢l 10> 18] 9L 8¢ 0'¢C LLER oL a8-C
(1woo/109) uabAxo uoqles uobosyu  uaboispu  uabospu uabospu  (spun HA) ?m_.w\_._wh v (3o) (1931) 199
elI910BQ PoAIOSSI] apuojys  owebiour snioydsoyd yepialy SIEIIN SN BlUowWILY nd 1oNpuod aine |9A9)] aleq -wnu
BuiApaiuag poAjosSIq oio0ds -1odwaj 1918/ oM

[sordwes (pa1dyfy) pP2A[OSSIP A1k eLI3}oeq SUIAJINIUAP pue *adueldNpuod syads ‘Hd ‘armeasdwa) 1dooxs sansuaoereyd Apenb-iem (e ‘uey ssap > ‘uey)
1218213 ‘< "Pa103[[00 BIEP OU ‘-- "SI [1W O | 1od $31UO[0D puesnoy ‘JW ) 1/109 *D, $T 1€ 132Wwiudd 1ad SUWIISOIONU ‘Wd/SH *SNIS[A)) $IUTIP *D),, "9SIMIOYI0 Pajess ssajun (1a31f sod sures3iiun) /3w ur sanfea [1v)

panuiuOD-- BPLOIH ‘SBIIUNOY 38uueMng pue ajlakeseT Ul swiej Alrep 1e sjjam 10} elep Aujenb-iaiepn | xipuaddy

50 Nitrate in Ground Water and Spring Water near Four Dairy Farms inNorth Fiorida, 1990-93



=" 8¢ [44 LS 14} Ly Ll 10> 10° 69 £08 el LETT T6/8T/L t-¢
- 8¢ 1 X4 6S Lo ve Ll 100> o 89 £08 ¢ee LETL 6/3T/L £t
- -- =" - =" - =" =" - - =" - 0192 76/67/Y €€
=" ¢t 0¢ 9L or 0¢’ 81 100> (41} 69 L8L 0°¢T I4AY4 ¢6/6¢/1 £¢
- ' 8¢ 8Y oI 8¢ 8l 10 14N 69 £9L C'eT 08'LC 16/0£/01 £-€
- 0’1 oy 9L 6C L0 8¢ 10 6t 89 ¢l6 0'tC 17°6C 16/€7/L €€
-- - o1l 0Zl1 (44 L <9 10 I's 89 08¢°1 0vC cl'sg 16/1/€ £-¢
- - 091 - L - 9L <1} 11 99 010°T 0T 17'8¢C 16/L2/T €€
=" - 011 - or - 09 10> 99 89 069°1 4 8C1T 16/1¢/1 €t
=" - 96 =" LY - 69 10> c9’ 99 079°1 §TT L11T 06/171/C1 €€
- - 001 =" or - 8L 107> 08 99 06L°1 ¢'ee LE1T 06/82/11 €€
- -- 14| - 80 - 8 10> C'1 99 066°1 07T Ly'1¢ 06/1¢/01 £-¢
- - 00¢ -- Ir -- ra| 10> Ve 99 008°T ¢ £6'1T 06/81/6 £¢
== - 061 - el - 0¢l (41} S0 99 09t°C 0'ce 9¢CC 06/S1/8 £t
=" =" 00¢ h o1 - 0¢gl 10> Tl 99 079°C 0'¢T 9¢’CcC 06/9T/L €€
=" =" ol - el -- 86 £0 I'¢ ¢'9 091°C ¢'ee 18°CC 06/22/9 €€
- =" orl - o - L3 10> 0’8 €9 0S1°C -- 6t'eC 06/¥/9 £-¢
=" - 081 - - - 06 e0 6'¢ 99 00T°C S¢l1C =" 06/8T/¢ £-¢
00¢ 81 L8 8¢ o« 0T> 8¢’ 10> 10 08 LSE 07T 81°9¢ £6/97/1 qg¢-¢
=" T LL 0t €0 07> LL 10> 10> 9L 1143 §'eC £6'9 26/97/01 di-¢
00¢ T L'L 1t €0 0c> 6L 107> 10> 9L 87t 14 £6'9C 6/9T/01 d¢-¢
- 91 06 0¢ 0 0> st 107> 10°> vL 16¢ ¢'eT 98°CC T6/8T/L d¢-¢
00£°C - 'L LT 0 0> 18 107> 10> 0’8 80¢ ¢Te £L°9C 6/6llv q¢-¢
=" 'y £L 9¢ SO 0c> [4:3 10> 10 gL 10¢ 0¢€T 81'%C 76/6T/1 qg7-¢
000'C I'e LL 0g PO 0T> 0C 10> 10 9'L LOE 0°sT L8'8C 16/0€/01 qd7-¢
000°1C ¢l L9 6¢ S0 0> 122 10> [1) L 98¢ ¢l 0C0g 16/tT/L q¢-¢
000'vz< -- 9L 0¢ a0 0> Ly 10> 10> L'L 6Ct 0'¢C 81°9¢ 16/0¢/v dZ-¢
- LS £'8 0¢ 0 1T 6'¢ 107> [49) 1'8 08¢ 0'cTe 6£°9¢ £6/97/1 Vi€
- Y S'L 144 90 07> [ 10> 10> L'L vLC ¢eT LELT 76/97/01 V(¢
=" 8T L 0¢ 80" ot vl 10> 130} L'L 19 44 0'vC et T6/8T/L Vi-¢
- =" I'L 61 Lo 0> 'l 10> 10 '8 6vc 0'te 80°LT T6/6T/Y Vi-¢
" - oL £€C Lo 0T > 1 107> 1o 08 96T 0'tT 80°LT 6/6T/Y Vi€
=" T VL [ 80 0> 0'¢ 10> 10° 8L e 0'¢C 651 6/6¢/1 Vit
- 4 8L L4 or ¢ 0¢ 10° £0’ 9L 99¢ 0¢T 8€°6T 16/0¢£/01 Vit
- %Y 89 [44 or Se” x4 [£\} 10 SL 134 e £9°0¢ 16/vC/L V¢
Tl

(quioo1/109) uabAxo uogies uebBosyiu  uaBoupyu uabosyu  uabosyu  (suun Hd) ?MM\WmV (30) (1234) 12q
Ble1oRq POAOSSIQ apuojys ojuebiour snioydsoyd yepely olBIIN SWIN  EjUOWWY nd 29NpUo? ainje [oAd] aleq -wnu

BuiAjluag paAjossIq ooads -Jadwa] 191eM 19M

X [sa1dwes (ps1al]y) paAjosSIp 1€ BLISIOEQ SUIAJINIUIP pue “aoue)donpuod og1oads ‘Hd ‘arnjeradwa) 1daoxa sonsuspeleys Ajenb-1a1em |[& "uel]) $S3] “> ‘uelp
1218213 ‘< P10 BIBP OU *-- "SIdL[Iw O J2d S31UO|0d puesnoy) ‘|t O)1/102 "D, $T 18 110w nusd 1od SUIWASOIIW ‘Wd/ST "SNIS[3) SAFIP ¢, *ISIMIAYIO Pajels ssajun (193] Jod sweadij[iur) /3w ut sanjea [1vy)

pPaNUIUOY-- BPLO|4 ‘SDIIUNOY daUUBMNG pue alldAefe] Ui swie} Aliep Je s|jom Joj elep Alifenb-ialepn | xipuaddy

51

Appendix



- ['C 0¢ LL or 9T vE 10> 20} 69 020°1 §'ee 9 9¢ co/Le/e 9-¢

- 0t 14 9 0 0c> [43 10> oy 0L 0201 ¢ 80°%¢ 6/LTC 9-¢
000°1¢ L'e 9¢ 6§ (40 0c> $C 10> €4) vL oL 0'¢d (4 %4 6/0¢/1 9-¢
- ¢c 9¢ €g co 0T Ie Ly (413 69 0£0°1 ¢ed 6¥'5¢ 16/1T/11 9-¢
-- ¢¢ 9¢ 88 90 0> [43 103 (40 69 020°( gl 6%°'S¢ 16/12T/11 9-¢
-- 81 (%3 66 SO 0T (44 1y 10> 69 0ve 0've 86'9¢ 16/0€/01 9-¢
- 81 0t 68 SO ¥ o £ {0} 0 0L 618 6T e8¢ 16/ST/L 9-¢
000'vc< - Y4 68 12000) L1 14 100 100 'L 08L 0'¢e pLCE 16/1/6 9-¢
- 8¢ 9'¢ 0t [44) 0> [ o> [ 038 {49 0°CC 0¢'SC €6/LT/ 1 St
- 80 ¥'9 143 0 0> e 0> 10> VL Y49 Sed 0L'%C ¢6/92/01 St
-- L't L9 o1 [40) 0> 9t 10> 0> 89 §43 ¢ve 6C'1¢ 6/8T/L S-¢
-- 6'S 6'¢ e 1z « 9¢ 0> Ki) 6L 67t el 8¢°ST 6/6Ly ¢-¢
- 9 69 ve o 0T> (44 (0} 90 8L 6te §0c £e'Td 6/0¢/1 1583
- 6t 9L 8¢ SO 09 e {0} 10> 9L 14)? 0've 089¢ 16/0£/01 ¢
- Y 0l LE €0 0s’ ['9 0> 120 V'L 19¢ 0'¢c 098¢ 16/ST/L ¢
- - L 53 [44) 0§ P'e (%) [0 9L 66¢ 0°¢c eete 16/1/¢ 6-¢
- 6t 99 6< oy 0> 1A 0> {0} 8L [4%3 15 4 SLLC £6/9U/1 -t
0051 o't £9 ve 90 0> 'y 0> 10> VL ore ¢ed €5 8¢ 6/9¢/01 73
00€°C [ ¥'9 194 iz ra 8¢ 0> [40) VL Lre 0O've 97’ S¢ 6/8C/L V-t
- - L9 59 Ly 9¢ 6¢ 10> 10} 8L 9¢¢ 0'€T 96°LC c6/6T/Yy P
-- ¢t 89 [§3 L 8¢ ¢ 10> [\ VL 499 0°¢e v 9¢ 6/6T/1 a3
008CL 143 eL ce ey 1474 ['s {0} 0 VL 9¢¢ 0'eC 79'0¢ [6/6T/01 -€
000°011 9¢ 8¢ 193 S0 0> e 0> 10> €L che ¢C LY'Ig 16/€T/L 73
000'vC< - 'L LE [4% 9¢” ['¢ 10> 40 L 19¢ S§{C £6'9¢ 16/0¢/y a3
-- =" LS -- 1302 - ¢e 10 o L9 C0¢ ¢t e8¢ 16/L2/C -t
- - ov - o - Ll 0> <4 ¢'L (433 0'7¢C 86°¢C 16/1¢/1 e
-- -- 8t -- 103 - Sl 10> 10> VL 68¢ 0'¢cT [sv¢ 06/vI/TI 7Y
-- - ¢ - I -- 91 10> 10> 9L 66C 0'¢C [L+¢ 06/8¢/11 14
- -- 't - 30 =" 9l 10> 10> 0L 86¢ 0'TC PL¥C 06/1¢/01 vt
- - e - O =" L'l 10> 10> SL £0¢ ¢ce S0'sC 06/81/6 vt
- - 6'¢ - or - 6'l > 10> L'L 96¢ ¢'¢C (424 06/S1/8 ¢
- -- 'y - 18 - 0¢ 10> w 9L 90¢ |98 4 LO9C 06/%/9 "
- - 1Y -- - == e £ 190 VL 0LE el -- 06/8¢/¢ v
- €T Ly [ T Ie L1 9 [£4) 69 080°1 ¢ £€see £6/67/1 €€
- 61 99 6L €T LS Ly 10 10 99 0671 6¢l LY'ST 26/9T/01 ¢
(001/109) uabAxo uogies uaboiyu  usbBoayu  uabosqu  usbBoiqu  (shun Hd) E.._wM\WH v (3) (193)) 134
elsloeq apuojys swuebiouws snioydsoyd alnje L] ajed -wnu
Buikueg paAjossiqg paAjoSSI(] iuepiely aeiNUN LN eiuowwy Hd %HMMMM -sadwa) 1918M oM

[sardwes (pI2)[y) PIA[OSSIP IR BLIIORG FUIAJLIITUSD PUE 20uRIdNPUOd dY133ds ‘[d “aunjeradus) 1daoxa sausialoeteyd Alijenb-1atem (e "uey) ss9[ “> ‘uelyy
1218218 ‘< "PAISI[[02 BIBP OU ‘- *SIANJI[[IUL )0 [ 13d SIIUOJOD PUBSNOY] ‘TW () [/[02 D), ST B 1219wnua) Jod Suawaisosdiw ‘wa/Sr “snisja)) sa2139p ), "3IsimIay1o patels ssopun (1] Jod Sweadiiw) /3w ut sonfea [[v]

penunuo)-- BPUO|4 ‘S8IJUN0Y) B3UUBMNG pue auaAejeT ul swie} Aep Je s|jem Joj ejep Aljenb-iajepn °| xipueddy

52 Nitrate in Ground Water and Spring Water near Four Dairy Farms inNorth Florida, 1990-93



- 8¢ L ve 90 §T 9v 10> 10> 8L 9¢C §TT §8°LL 16/ST/L 8¢
- - '8 114 ¥0'0 070 9¢ 100> 10°0> 8L LT P4e LEEE 16/1/S 3t
- 8 0t 9¢ oW 0¢> <o 10> 10> 18 11013 0'¢T Yy ve £6/LT/1 qi-¢
- ¥ oY S¢ o oc> 0¢ 10> 10 9L 0¢ ¢l 8T 76/97/01 q.-¢
- 14 v'e 6C 9l oT> SO 107> [ 9L 10¢ g'el 66'81 T6/8TUL qL-¢
=" - £'s 143 PO 07> 81 10> 10° 8L Lig (VR Y4 1L°€T /67 dL-¢
- [ vy te 1zt o ¥LO 10> 0> 9L 90¢ 0°¢T 0861 T6/6T/1 q.i-¢
- 9 L'y 9¢ 12 0T I'l 10> 1 9L 90¢ $'ee [v+c 16/0¢/01 qi-¢
- ¥ L'y gt SO 4 81 10> o 9L Y6l gt 6'9¢ 16/ST/L di-¢
- - 89 6¢ eo ov s 10> () L LeE 0'ec L1°CE 16/1/S di-¢
- 6'S [&¢ [43 70 0> (4 10> 10 8L 142 0'tT T0°ST €6/LTN Vi€
- v 4 113 90 0> [4e 10> 10> VL 6tS Sec LY'€C 6/97/01 Vit
- Y 6 ¢C 120 0c> 0L 10> () ¥L LSt 0'¥¢ oL 6l T6/8T/L Vit
- =" 4! [£3 121 0c> 96 10> 10> L 12914 §TC oS ve To/6Tly Vi€
- £y ¢'8 [43 Y0 0c> 91 [0> 1 LL Le 0'¢t 67 0¢C T6/67/1 Vi€
e 09 i1 0t <o 0> 1'8 10> 10 SL 1233 $eT 80°ST 16/0C/0t VL€
- ¥9 I1 13 90 ¢S 11 10> 10> 9°L 65¢ T PeLT 16/ST/L Vit
=" - 0g 14 1202 0s [43 10> 10> V'L el 0'te 08’1t 16/1/5 Vit
- 01 9¢ S¢ 120 [44 8¢ 107> 0 69 L86 €T €1°8C £6/ST/E 9-¢
- 01 9¢ c¢ ¥0 1T 113 10> o 69 $86 $eT £1'8C £6/STE 9-¢
- (e £e el €0 0> P 10> w oL 616 0°¢T £€'8C £6/9T/T 9-¢
=" (e 43 SL €0 0c> ¢C 107> [} oL [4¢+) 0ec £L°8C £6/9T/T 9-¢
- - 0t L 12 0> 0c 10> 10> I'L V88 $Ce 8¢°1C £6/LT/1 9-¢
- (aré 43 39 o ge’ LT 107> 0 0L L6 0¢T 12 R Y T6/17Tl 9-¢
- 81 (4% 001 £0 rea §3 10> [<%) L9 o1r't €T [T°%C T6/eT/11 9-¢
- L ot 8L 90 0> S 10> W 89 OV’ §et 18°v¢ 69701 9-¢
- £'C 44 18 148 ov 9¢ 10> 120 89 0011 0€T LI'¥C T6/1/01 9-¢
- £C [47% 8 or 1 XA 8¢ 10> (1) 89 080'1 0¢e L1T¥C T6/1/01 9-¢
- 0'C 124 vL co’ e It 0> 10 89 050°1 0¢T v’ [C T6/LY 9-¢
- 0'¢ 144 9L 0 e [43 10> [\ 89 050°1 0'¢C I+1¢ T6/Le/8 9-¢
=" 0C v Se 13 9¢ LT 10> 12 V'L 0101 ove 17ed 6/8T/L 9-¢
- 9T 14 6L ¥O’ 0c> 0t 10> 10 L9 090°1 0¢e 9¢°TC 26/ST/9 9-¢
- 9T 14 99 <o’ oc> 0t 0> 10> L9 090°| 0t 9¢'CC T6/STY9 9-¢
- [are 124 c8 80 0¢” Ig 10> ) 89 090°1 gee 88°¢€T T6/3T/S 9-¢
- - 8t 6L 90 8T Le 10> 10> 'L 66 0T 86'SC 26/6T/Y 9-¢
il

(qwiog/109) uabAxo L0gled usbosiu  usboispu  uaboapu  usbospu  (spun Hd) :MM\.W v (9,) (1094) 134
Bl9)oRY apuojyd  ouebiou) snsoydsoyd ainje [ELET] aleq -wnu

Buikpunuag paaAjossig panjossiq Iyepialy 9lesliN 9JMIIN  Elucwwy Hd %HMMMM ~sadway P oM

[sordwies (paIal[y) PIAJOSSIP SIB BLIAIOEQ JUIAJLIIUSP pue *adue1dNpuod dy1ddds ‘Hd ‘armjeradwa) 1dodxa sonsualdeieys Ajenb-1ajem [[e “uey) ss9[ > ‘uey)
1218318 ‘< "Pa1d3[|0d BIEP OU ‘-- "SIAJIIIW () | 13d SAIUOIED puEBsSNOY) ‘JUl () [/[09 D, ST 18 F010Wnuad 1od SUUSTSOIONU ‘Wd/ST “SNIS{3)) $3UFIP D), *asIMIAYI0 pore)s ssajun (19)1] Jad sweidyrw) /3w ul sanjea [[v]

panuiuoy)-- EPUO|Y ‘S8IUn0)) 89UUBMNS Pue aljeAeje ul swle) Allep Je sjjem 10 ejep Ajjenb-ieieps | xipuaddy

53

Appendix



- 1'9 8¢ 43 0 0> 91 12 [0’ 0L 61¢ 0¢C 0L 16/0€/01  11-€

- 6 oy g€ €0’ 74 Tt 10° )} (S 18C 0€T 6¢°8C 16/¥T/L [
- - - 9¢ 0 0> - 10 10> LL I1g 0¢T LO'EE 16/1/S I1-¢
00¢> - el LE €0’ 66 08 [4\) Ly 9°L 18 4 0°C¢ - €6/97/1 0l-¢
00y 6 €€ LS 1243 0¢ (44 €0’ L't 89 €LL $'eT - 6/97/01  0l1-¢
00t L0 (43 8¢ v L't 0¢ 90" 6'C 89 LSL ¢eC - T6/8T/L 01-¢
0011 - 0g 9¢ <)) ral €T ) 01 L L6L 0¢€T - 6l6tiv 01-¢
000'vT 8L 6¢C 6S Lo 07 61 0 L1 "L CeL 0ec - 76/0¢/1 01¢
000'vC 8L 8¢ 19 VO 1C 6l er 9T 8L Sel 0'¢e =" 6/0¢/1 01-¢
- S¢C v 6S €0’ Sl 8 A vl 'L 699 0¢€T -- 16/T1/Tl  01-¢
-- 8¢C ¥C IS 130 L1 Ll or v 0L L99 0'¢C - 16/21/21 01-¢
- oty 6C €6 0 81l 11 80" Sl 'L [SL 0'¢c £S6C 16/9C/6 01-¢
-- o't 0¢ €9 0 T I € [ 0L 6¢L 0'¢C £€'6T 16/97/6 0l-¢
- 9T Cl 137 0 139 9'8 €0 e 19 74 e9v e - 16/87/8 01-¢
-- (e ce 79 90 6’1 | 34 80° Tl 'L 6L ¢'TT 88°LC 16/ST/L 01-¢
000011 (e 43 9 90’ 1 £c 80 ¥l 'L 16L ¢ 88°LT 16/ST/L 01-¢
- e 133 0¢ or ¥l 0t S0 Ly 0L 1SL ¢Te \ (414 16/LT/9 0l-¢
-- (A4 144 s LO 88 Sl LO cr L 686 reé €0°0¢ 16/6T/S 01-¢
- (e (44 1Y el L 91 Lo 148 L 16§ ¢ £0°0¢ 16/6C/S 01-¢
000'vZ< - Sl 9¢ 80 0’1 11 <O oL €L 80¢ 0T csee 16/1/6 Ol-¢
- £9 Cl (44 0 0T> el 10> 10 VL 29¢ 0T V(Y €6/97/1 6-¢
= €9 4! 8% €0 0c> ¢l 10> [0 L 9¢ 07C V(AT £6/97/1 6-¢
- v9 €l 144 110 0> 4 10> 10> I'L 0LS 0'¢T 8°'ST T6/9T/01  6°€
- €9 11 [43 v0 0T> '8 10> 0 I'L Y ¢'¢C 69°CC T6/8T/L 67¢
- - 14! 9 SO 0> 01 10> (1} SL LLS e ¢T9T 6/6TY 6°¢
-- s Vi < 0’ (44 6y 107> 10> L 886 0'¢T 98°¢C 26/67/1 6-t
- 9 el 8P 4 0> el 10> [0> L <9 0'¢e (4 14 16/0€/01 67t
- ¥'9 [43 ¥9 o0 (44 0z 10> 0> oL 669 ¢Te 8€°6C 16/vT/L 6°¢
- - 81 66 130) (44 el 107> 10> -" 886 0'¢T 423 16/0¢/Y 6t
- 0S¢ 'L LT t0’ 0T> 6y 10> 10> '8 01i¢ 0'¢ee 91°'¢6C c6/LT 1 8-t
- ¢9 SL v 120) 0> 9y 10> 1) v'L 08¢ ¢'et 60'vC T6/9T/01 8¢
00¢> (a4 L 61 €0 0> 'S 10> 10 9L 81t ¢el [4Alré TO/8T/L 8-t
-- -- VL 9¢ 90 0T > Y 10> [0> 08 86¢C €cC 18°vC To/6T/Y 8-t
000°ch 8t L 9T 0’ Iy 14 10> or - Z0¢ 0'¢c 00'1¢ T6/6T/1 8¢
- 6'S 08 ST SO’ 7 Sy 10° 10 9L yLT ¢ed ¥9°6T 16/0€/01 8-t
- 6'S 69 9 SO - 9y 10 10> 9L CLT gel ¥9'6T 16/06/01 8¢
T
(uigoi/109) uabAxo uoqeo uafoniu  uabomu  uabonu  uabonu  (shun HA) Aﬁw\wmv (9o) tsay) 199
ela)oeq apuojyy dwefiour snioydsouyd anje [9A9] aleq -wnu
BuiAsnueq paAjoss|g P3A|0SSIg uepaly ajeiN SJMUN  eluOWWY Hd %HMMMM aedwey  Jolem oM

[sorduwres (pa12]]y) PaA[OSSIP oIk vlId10Rq SUIAJINIUSD puUR ‘d3ue1dNPUOd dyloads ‘Hd ‘ainjeradwo) 1dsoxa sonsuddereyd Alfenb-1a1em [[e *UBYl SS9 *> ‘UBY)
1218213 ‘< *p2a1d2[0D BIEP OU ‘-- ‘SINII 00 [ J2d S3]U0[0D puBsSNoy ‘1 OO 1/[09 *D), 6T I° J0owuad 1ad sudwdIsoIdIW ‘wo/SH *SnIsja)) saa130p ¢, *9sImIaYI0 paJe)s ssofun (3ay1y Jod swesd)j ) /3w ul sanjea [[v]

panuiuUOy-- BPLIO|] ‘SBIJUNOY) 88UUBMNS PUE dllaAejeT Ul Swiey Allep je s|jom 10} ejep Aljenb-1ajepy | xipuaddy

54 Nitrate in Ground Water and Spring Water near Four Dairy Farms InNorth Florida, 1990-93



- 9'¢ 01 9L 80 € vL 107> L oL $99 0'Te 96°Ct £6/6¢/1 <t
- ¥'Z Cl i8 90’ 0oc> 'l 107> 140} 89 €69 el 89°1C T6/L2/01 (4%
.0)4 67 [1 125 170} (A2 6 10> 120} 89 L9 SET L6'ET T6/6T/L v
00<t == 11 08 SO’ 0> oL 10°> 10> I'L LL9 0'Te 09°6C T6/8TY ot
- 1 [1 08 90 0> 81 107> 107> oL vL9 0'¢T 8t T6/62/1 (4%
000011 L'e Cl [474 Lo 9t 1222 10> o 69 8¢9 SEC ¥0'9¢ 16/1€/01 [
000°0ve< ¢t LE ocl 60’ I'C <L 10> 158 99 66 6ee ¥9°8¢ 16/€T/L cr
000vZ< - 01 9L <O I¢ ¢l 10"> [0 69 9 0've P£°8¢ 16/9C/v [P
- - 0l - 120} - €1 10> 10° 9°L 9¢ 0'CC 9'0¢ 06/€1/C1 Y
- - 1 - Lo - "1 10> 10° 0L Ls 0'eC oc1e 06/61/6 i 4
- - 1 == 90 =" 14 10> 0> 89 ceL 0'¢T et 1c 06/S1/8 (47
- -- I'é6 - 1) - Sl 107> [{¢) 89 [42Y == 89°CC 06/9/9 v
-- - 0'6 -- -- - 7l 10> [0 L9 0v9 0'6e - 06/6Z/¢€ (4
000°C - - - -- =" - - - 69 6 1 e 96°C¢E £6/3¢/1 1-v
000°0PZ< 8¢ 43 06 cr £ 19 107> [ 99 856 0'¢C Lve T6/L.TI01 I-v
- 8¢ 8T 1€ o ce £y 10> [0 9'9 €v6 §'¢eT wte 76/6T/L -+
- -- 0¢ Ol 60’ [4A ¥'9 10> PO 89 866 0'¢c y9°¢C T6/8¢/Y 1-v
-- 474 133 011 148 e (4] 10 Ly 99 L96 0'eC L8 PT T6/8T/1 1-v
-- 1 133 2] 60’ 144 09 10°> 80 9 rle §°TC L0'9¢ 16/1€/01 [-¥
- Le Cl £8 Lo Tl oL 0> | 69 0sL 6T L9]C 16/£T/L -t
=" - 133 0c H 90 9'L 107> s8I L9 88 0'¢e P 8T 16/92/t I-¥
- =" 9¢ - 90 - 99 10 oC 89 Lyl §0C (TAN Y 16/LT/T 1-v
- - ¢l -- Lo - (43 10°> <0 v'L %Y olc [1°LT 16/1€/1 I-v
- - 81 - o’ - 66 (42 130 L9 0cL €TC ¥9°0¢ 06/€1/C1 I-¥
- - 81 - 80° - Sl oW 10> 89 8L §'Ce YL 0C 06/87/11 [-v
- - 61 - Ly =" Ve 10°> 07> 99 08L ¢ 96°0C 06/1¢/01 [-¥
= == 91 - 60’ - ¢ [0} [0 89 96L 0'7e [T61 06/61/6 -t
- - 14! - 600 =" 6°C 10> €0 oL €o¢ 0'¢C 1294 06/9/9 -+
-- -- cl -- - -- 14 10°0> 100 L9 ¥e9 €T - 06/67/¢ -+
00t 0¢ (4] LE 1342 oc> 15 4 0> 10 ¢L <0< 0'¢T [§% 74 £6/9U/1 11-¢
- LY 99 9t €0 o £¢ 10°> 90’ L 1 X417 IR e 68°9C 26/9Z/01 -t
-- 9y £'e 6! 1A0) 1T 9’1 10> o VL P6¢ Cee 9¢° 1T 76/82/L -t
- - 1’9 ct €0 07> 9T 10 10> LL 9LE €T 89°CT T6/6T/Y I1-¢
- - 6'¢ c¢ €0 o> $T 10 107> 6L SLE ¢l 89°¢C °6/6T/Y 11-¢
~- ¢9 9 134 €0 0> 6°C Q> 10> VL S6¢ 0'¢C SL'TC T6/0¢/1 [1-¢
il
(Jwoot102) uabAxo uoqgJes usbosmu  usboipu usbBoiyu  uabospu  (syun Hd) ?H_..\Mm v (o) (193y) 1eq
5 Bl310R( DOAJOSSIQ apuolys odwuebiou; snioydsoyd [yepely deIIN SIMIN  Eluowwy Hd -1oNpuod aine |9Ad)] aleq -wnu

uAjuliuaqg paajossig oploeds -ladwa) 1918M oM

[sejduies (paIaljy) PIA[OSSIP SJB BLI2IOEQ FUIAJLNIUSP pUR 3dUBIdNpu0d dY1oads ‘Hd “ainjeradwa) 1deoxa sonsuadeIeyd Kljenb-1aeam {2 "uey) ssa] > ‘uey)
121213 ‘< "PIIOS([0D BIBP OU ‘-~ "SIAN[FIW () [ 19d SAIU0|0d puEsNOY] ‘[W ()(]/[09 "D, ST IB 121 WNUD 1ad SUSUWISISOIIW ‘WI/ST "SNIS[)) S3ITIp ), *osimIaY0 paters ssafun (1o 1ad suredifjiw) /3wt ui sanfea [[v)

PaNuUlUo)-- BPLIO]H ‘S8IJUNO) 99UUBMNS PUE ajiafkeje] ul swie) Aliep e s|jom 1o} ejep Alenb-1ayepy | xipuaddy

55

Appendix



. 8’6 61 9L 143 [ Sl 0> 80 89 CL8 §'ee erLe 16/92/6 vv-v

- 09 61 c8 Lo 'l LT 10° €0 69 L8 €Ce - 16/82/8 Vvt
- 9 0T €8 el ot 9z 10> €0 69 1233 ¢zt 8C°8T 16/£T/L vyt
000°0tC< 9 61 1% el e 9¢ [07> €0 69 £98 0'¢c 8C'8C 16/€2/L Vv
- (%% Sl 08 148 88 [44 10> or L9 098 0'¢C 60°LC 16/6T/S Vv
000°vT< - 14! LL L0 6L0 1T 10> (1} 0L [LL §'ze 16°8C 16/9T/Y vi-v
=" - €1 -- o - ¥T 10> o 89 1L 0ce 090¢ 06/cl/tl Vv-v
-- - Gl - 60° - «© 0> (o) 69 LLL ST 81°1¢ 06/61/6 vyt
- - 11 - 10 - 1¢ 10> €0’ L ovL S'E€T 89°1C 06/9T/L Vot
- - 4! - 90 =" 81 B¢ PO 0L 39 ¢'ce (443 06/CT/9 Vi
-- - €1 - 800 - 61 10> a0 0L TL9 0¢c vIve 06/9/9 Vv
- -- 11 - - - L1 10°0> 1070 L €19 €Tt - 06/0¢/€ Vot
00y [ 0L I8 SO 0c> LE 6> (0} 89 061°1 0¢ec 68'C¢C £6/87/1 19 4
00¢> o1 vL 08 90 0> 474 (0 1O’ 99 0LT'] gee 0L'pT T6/LT/01 1904
000°0rc< L0 0c1 ¥ 90 0c> 09 10> o 99 055°1 0'vC 96'¢T CO/6T/L tv
0ov1 -- ovi LL 90’ 0c> L o 0> 89 0651 1 £9°CC 6/8UY 9% 4
006 == oril €L O’ 0> 79 1O’ 1O’ 89 0651 €Ce £9°6¢ c6/8tly 13 4
-- [ ovi Tl 18 ov £9 10 130 L9 0191 0'¢cc €8¢ T6/8T1 19 4
- s 0€1 SL Ir 0c> 9 10 10 99 065°[ 0'ec £8' v T6/8TU1 19 4
- L' 0Ll 194 30° 0> SL 10 10 99 0£9'1 e 80°9¢C 16/1£/01 19 4
- LT 0Ll 16 € ve 9 107 o L9 0v9°1 $TT 809t 16/1€/01  €¥
= 9'C 0ci £3 Lo 32 23 10 €0 L9 OI¥'l e 65'8¢C 16/€T/L 5 4
-- -- 08 L6 807 8¢°0 9% 10> e0 89 0¥C'1 14 Sv'8¢ 16/9T/Y 194
- -- <6 - 124 - v 10 €0 69 0101 01¢ LT 1€ 16/LUT 138 4
- == 0¢1 -- 90" - [4Y 10> Ly ['L 0051 0ce 7L9C 16/1€/1 19 4
- -~ 091 -- LO - 99 10 (40} L9 0£s 1 e 19°0¢ 06/c1/C1 19 4
= - 091 -- g8 - <9 10 10> L9 Oys'I 0'€T £L'0C 06/82/11 194
== - 091 - cr - 9 10> {42 L9 09¢°1 14 ¢6°0¢ 06/1¢/01 19 4
- -- 0L1 - e - L9 10 {0 89 09¢°1 0'¢t 81'1¢T 06/61/6 19 4
- - 091 - 80 - €9 [0> [0> 09 095°I ¢CC [45R ¥4 06/S1/8 1374
-- - 0Lt - ov - 99 10 170} 89 09¢°1 ¢'te 89°1¢ 06/9T/L {9 4
-= -- 0Ll -- 4 - 9 10 vO L9 0Ps1 0'tc €07 06/27/9 15 4
- - 081 -- 48 - €9 [0 0 99 0951 0'¢tC LE1T 06/9/9 1947
-- - 081 - <10 - ¥9 10> 0 99 09¢°[ 0'¢c LEIT 06/9/9 19 4
-~ -- 0Ll - - - 8¢ 100 100 €9 1) 24 0'€C - 06/6T/¢ {9587
1

(quo01/109) uabAxo uoqres usbosyiu  uabosu  uaboniu  wsboniu  (spun HA) Aﬁw\%m v (9o) (1904) 129
BuUa)oRq apuojyy  awebiour snioydsouyd aine [oA9] ajeq -wnu

Burkyuuag paAjossiq paAjosSsIq lyepialy ABJUN QAN emowwly Hd %HMMMM -1adwea) 1S1EM oM

[so1dwes (pa1dljy) pIA[OSSIP IR BLI30Bq SUTAJLIIUSP pue “ddue1dNpuod dy1dads ‘Hd ‘armeradwe) 1daoxs sonsualoereyd Anjenb-1ajem J[e “uey) $saf “> ‘ueyf)
1918313 ‘< "Pa1da}j0d BIep ou ‘-- “s1on[I[iu (0| Jod $31U0[0d puesnoyl W () 1/100 ), ST I8 1910WIU3D 1ad SUSWAIS0INM ‘Wo/ST! "SMS[a)) $32183p ), “astmIay10 pajess ssafun (a1y Jad suresSuyjiw) /3w ut sanjea []v]

PanuUIUO)-- BPLIOIH ‘SBIIUN0Y) 83UUBMNS PUB aneAe)e ul Ssuue) Allep e s|jom 10} erep Ayjenb-ieiepn ] xipuaddy

56 Nitrate in Ground Water and Spring Water near Four Dairy Farms inNorth Fiorida, 1990-93



-- vy L 0¢ 1) 0> oL 10 1 L 1144 0'¢d 06'¢C T6/S2/9 qdy-v
-~ 19 4 08 6t SO 0c> YL 10°> (44} €L 8Iv 0'¢c 9LvC 76/8T/S avv
001°1 - 9°¢ 9¢ VO o 8Y 107> 10 8L 8LE ¢'Te 99°'¢C 76/82/Y dv-v
- (84 LS 9¢ 60 9C 1'% 10> €0’ 9°L SLE 0'¢C 9$°9¢ T6/LT/E qay-v
=" 't ¢ LT 130 0> 't 10> 10 LL vLC 0'¢c L8'8C C6/LTC qav-v
00t 8¢ 1) g <O’ 0T 1Y 10> 10 8L 8LE 0°¢C 98'¥¢ z6/60/1 dv-v
- 6t ¥e 8¢ €0 0T > 0¢ 10° 90 9L 8Lt X4 1€°6¢ 16/21/C1 qay-v
=" I'e 9 8¢ o 0c> s 10° 10 L 9LE 0'¢d 69°¢C 16/1¢/11 qav-v
000011 6'¢ €8 199 co 1 Y4 8L 10> 10 L 9.¢ 0'¢C ¢1'9¢ 16/1€/01 av-v
- ¢'C LS o¢ 0 I'l I'9 10> r SL CcLE 0°¢t 80°LC 16/9C/6 ay-v
=" 9°C ¥'9 9¢ 12 A 9 10> 1) SL ovy ¢t - 16/8¢/8 qav-v
- 9C £9 9¢ 121) YA 9 10 130 YL 143% ¢Tl - 16/37/8 qav-v
- 6 9 8¢ 140) 9C 8¢ 10> 0 L 0LE §TC 98¢ 16/€¢/L qv-v
000°ST 6 1’9 8¢ <O 970 L'e 10> 130X SL <9t §CC 98¢ 16/€T/L dv+
== 90 ¢L [h7 Lo S Ly oWy 10 9L réli4 0'¢C YO'LC 16/6T/S qay-v
- - £8 147 00 9°C <y <00 11 VL 984 0'¢c 67'8¢C 16/0¢/Y qav-v
- 1S 8¢ Iy 90 0c> It 10> 10 oL LES 0¢d €6'LC €6/ST/E Vv
- Y 8¢ <9 <o’ 144 6C 10> 10 |3 ves8 0'¢c LLLT €6/97/C Vv
- 0s 8¢ 29 o 0T ¥ 10> o0 L (A%} 0'¢d 08ce £6/8¢/1 V-
- Y 6C 6L €0 0¢> 6¢ 10> 1 L 9¢8 4 8¢¥C z6/1¢/1 Vv
- e 6¢ 69 €0 0¢> It 10> 10 L 13%] €€l 8S¥C e/1T/Tl A%
-~ 8¢ 6¢ 69 €0 0> 6¢ 10> 10 69 9¢8 ¢ed 60v¢ C6/Ee/T1 Vv-v
- 6'S 0g 8¢ 10 1% o€ 10> 1 69 128 0'¢C LYe TO/LT/01 vy
- £9 8¢ 6S 80 0T 8¢ 10> 107> oL 0c8 0'¢C - °6/1/01 V-t
- 6'v 8¢ 1493 0 0¢> 6¢ 10> 1 oL 008 0'¢c Y9'tvC T6/LL/8 Vv
-" 6'¢ 8¢ 99 121} 1y 9¢ 10> 1 69 018 (74 L6'ET T6/6T/L \4 %
-- 9°¢ 8¢ £9 90 0T> Le 10> 10 89 118 ST 86'¢C 76/S2/9 A% 28 4
- 89 6< 09 L0 ce’ 8¢ 10> [£02 69 CLL S 74 YLYC T6/8T/S A% " 4
- -- Le 09 80 XA 8¢ 10> 10° L 908 S 99°6C <6/8C/Y Avh 2 4
-~ ¥'S ¥ 09 I («4 ¢C 10> 130 I'L 1C8 0'¢c 65°9¢ Co/LT/E Vv
- [ 074 < O’ [¢a LC 10> (412 'L 4 2] 0°¢c SL'8C /LT Vv
- %Y ¥ 19 AN 9V L 10> 10 L €08 0'¢C 98'¥C 6/6¢/1 Vi v
- 1’9 ¥ 99 I 0c> 8¢ 10> oy 0L 8 0'¢ec (A4 16/C1/21 Vv
== 09 £C 89 148 8T 6¢C 10 €0 89 1421 0'¢C 89°6C 16/1¢/11 Vvt
000°0vZ< €9 ¥ 8¢ LU LE Y4 10°> 10 6’9 t¥8 [Sy44 ¥1'9¢ 16/1€/01 \ 482
(wayg)
A._M_h._oomw\u_ms uabAxo opLOMO o__.__w.“”_m._u%:_ snuoydsoyd usbospu  uebospu  uwabosyu  usbospiu  (snun Hd) asue M_u_uwm A_uooww_ a1eq ....__.w_m:
Buikyuag  PoMOSSIa PAA[OSSIQ lyepiely  ojesUN SN  BlUOWIWY Hd %“wumm edwey  Jeyem oM

[sa1duwres (pa1al[y) PAAOSSIP 2Te BLIIORq SUIAJLIIUIP PUR “9OURIINPUOD dyrdads ‘Hd ‘ainyeradwa 1deoxa sorstialorieys Anjenb-1o1em [[e Uyl SS9 ‘> ‘uey
1918213 ‘< "Paldd[[0d BIEP OU ‘-~ "SIAN[I[[IW Q[ Jod $AIUOJOI puesSNOY) ‘[ QO I/[09 "D, ST 1€ 1912wnuad Jod SUSWAISOIONU “WI/SH “SNIS[a)) SAAIFIP *D, "9SIMIAYI0 patels ssofun (11 Iad sweidyiwr) /3w ur sanfea (1]

panunuo)-- BPUOj4 ‘S8llUNo) asuuemng pue aledAese Ui suue; Allep je sjjom 40j ejep Anjenb-iaiepn | xipuaddy

57

Appendix



- 9¢ 0¢ (4% Lo 9T LT 10> 10> L 6vL 0¢C £6'Te £6/67/1 9-v

- 6'¢ 0¢ 8¢ 0’ 1 X4 0¢ 10> 10° 0L £$6 0'¢C 0L¥C T6/LTiol 9-¢
" 0l 9y 134 LO (4% Y 10> 0 0L £68 (N 74 86'€C T6/6T/L 9-v
-- -- 147 8¢ :{0) 14 ‘6% 10> (44} I'L 126 ¢ 9°¢C TH/8TUY 9-¥
- L't LS 144 I 9¢ 3¢ 1) 10 7L (44 0'¢c L8¥C z6/6t/1 9-¥
" ['e 6¢ 9 Lo ac'a> e {0 0> 'L 8C8 0°¢C 0r9c [6/1€/01 9-v
- Ve 0¢ €9 LO°0 (A | ] 100 200 'L L8L ¢ €9°8¢C 16/€7/L 9-¥
- 6'C 94 LE [40) o> ¢l 10> 10> 8L 80¢ 0'¢T 9°Ce mm\mm\_ de-v
=" [ 0¢ Lt (40} 0c> [ 10> 10 9L €8¢ 0'¢C 8¢ TO/LT/01 qge-v
- (a4 Ly €C 0 0> I'l 10> 10 L 8¢ Sel LTVC 6/6T/L qg6-v
=" [ 9y Y4 [40) 0> 'l 10> 10> SL 8¢ ¢eC LTYT T6/6T/L qae-v
== -- LYy LE 14 0c> 1 10> 10 8L €8¢ ¢Cc 98°¢T 6/ q¢-v
00012 (e Y 8¢ £0 0> 1| 107> 10> 8L €8¢ 0'¢T £0'9¢ 6/6T/1 qg¢-v
- $Z 9¢ oy 14 0> <l 10 10> L'L 8LE el 91°9¢ 16/1¢/01 qae-v
=" ' 0¢ 6¢ SO 1 e 10> W) 9L vLE ¢CC 8L']C 16/€7/L qas-v
- 0¢ LS 0¢ LU o¢ ¢ 10> 1 &L 1LE ¢ LOLC 16/97/9 qa¢-v
-- - [ 9¢ 10} 0t L't 10> 10° 8L 12%% ¢ L9°8C 16/0¢/v qds-v
- 9T s Ct 90 0¢> £C 10> 107> 6'L Ive ¢ £9'C¢ £6/87/1 A 2% 4
- [ 67 8¢ €0’ 0c> 91 10> 10 'L £8¢ 0°¢C €] 1C T6/LT/OT A\ 4% 4
- 9C 8Y €T €0 o> vl 10> 10> L 18¢ $ee o1've zef6d/L A 4% 4
-- - [AY LE €0 0c> <l 10> [\ 6L I8¢ ¢ L8'ST T6/8Ty A 2% 4
- v Y 9¢ 0 0T> 91 I 10> 6L 8¢ 0¢T ¥0'9¢ T6/6T/1 Vet
- 0¢ LS LE O 0oT> 0¢ 10> 10 L vLE ¢'ee LY'9C 16/1€/01 Ve-v
- 9¢ s LE 1 36’ 0¢ 10> SO 9L 1LE ¢ LL'8C 16/€T/L Vv
-- Ve 09 |3 14l 8T v 10> 107> ¢L £9¢ STC cO"LC 16/97/9 \ 4% %
- - LS LE £0 0> Lt 10> 10 8L 1949 ¢l 0L°8¢C 16/0¢/Y A 2% %
000'¥Z< - Ve o¢ 14 09 oy 10> 10> L'L 943 ¢ 0L'8C 16/0¢/Y \2%%
- [> Y LT 20 0> 8V 10> 10 9L OR¢ 0¢C £6'LT £6/ST/€ qgv-+
- I 08 4 €0 8¢ 9 10> T ¢L 12y 0'ec 9LLT £6/97/C qav-v
00L 0¢ 8¢ 9 1) L &3 10> £9 L 0cs 0°¢T 18°CE £6/87/1 qav-v
- 6'¢ 8¢ LE 0> e 06 10> (1) 8L 8¢ 0'¢C 9v¢ T6/1T/TT qav-v
- v 06 [47 o 0c> 06 10> 10 6L ey 0'¢c S 74 TOET T qav-v
00e> 6t €L 113 140) 0> L 10> 10> vL cov 0'¢T YLVT T6/L7/01 qav-+
- o€ ¢L LE 90 0> 'L 10> 10> €L ely 0'¢C ¥ $C T6/1/01 gv-v
- 197 89 (43 1302 07> LS 10> 10} 'L 6t 0'eg 99°t¢C /LTS qav-v
00v [ €9 (4 1) Ly 89 10> [44) L 96¢ 0'v< 68°¢C 6/67/L L a4
n

A._:,So 1/102) uabAxo uoqies uaboujiu uaboujiu  uabosjiu  uaboipu  (spun Hd) E“M\_._w« V (9 (1234) 439
elI3)oRq spuojys owuebiowr snioydsoyd alnje ELE] aleq -wnu

BulAyuag paAjossiq paA|0SSIq Iyepialy 9lBIlIN 9JUUN BlUOWWY Hd .%HMM%M adway 191EM {1OM

h [so1dures (p2191[y) paAfoSSIp 21 BLIIOEBq SUIAJIIUIP puk *duEBdNpUod oy1dads ‘Hd ‘amjerodway 1dooxa sonsuaiorteyd Anenb-1otem [[e "uey) ssof *> ‘uey
10713 ‘< "PaId[[0d BIEP OU *-- "SIAN[I[IW O] 19d S3IUO[OS puBsnOY) ‘TW O 1/]02 "D, $T 18 J212WNUD 13d SUdUWNSOIONU WD/ *SNIS[A)) $92UF3P ‘D), "9sIMIaYlo Pajess ssapun (19)1] Jad sumigjiur) /3w ut sanjea [1v]

panuiuol-- BpLIO|4 ‘S8IlUNOY) 8auuemng pue allsAeje ul suuej Alrep Je sj|am 1o} elep Alijenb-ieiepn | Xipuaddy

58 Nitrate in Ground Water and Spring Watar near Four Dairy Farms inNorth Florida, 1990-93



- 1Y 113 €S I 9T 0c¢ 10> 10 I'L 089 ¢t GS'8C 16/€2/L 6
- -- ve 9¢ or e 6l 107> 10 L 08y e 88°LT 16/0E/Y 6V
-- - ¥C 4% 01’0 ovo 61 10°0> 100 eL 9¢v 0'cC 88°LT 16/0€/v 6-v
- el L6 (17 \re 0T vL 10 <0 L 149 0'CT £6°CE £6/6T/1 a8-+
=" 81 61 43 0¢’ (472 TC 90’ (1) L cTL §eT 85 VT T6/LTI01 d8-v
- £7C 9L 33 [43 6T ‘Ll 130} 107> L els Set 12254 T6/67/L 8-y
- =" 11 147 LT o> €l 10 0} 9L Ly 0'cc 9¥'$C T6/8T/Y q8-
-- (% [aY 6v LT 0> vL 10° 0y L 6cv 0'¢C 0L ¥C 6/67/1 q48-v
- 6’1 '8 8t YA 0T> 14 i 10> L 8¥v 0°¢C 8L'¢C 16/1€/01 a8
- Le Ve 9y L [44 g1 10° 90’ VL 80¢ ¢lc 86°8¢ 16/€T/L q48-y
-" =" 0¢ 0§ 190 e Sl 10° 80 t'L 8¢ 0CC 16°LT 16/0¢/v qa8-v
- 89 L6 144 [ oc> L 10> [0 SL iad ¢ 96'C¢ £6/6T/1 V8-
-- 69 [4! v () LT ¥'e 10> [48 £l SOy 0'¢C 12074 T6/LT/0Y V3%
00L 89 cl 43 0 0c> 01 107> w L 8 ¢ee 6L’ tl T6/6T/L V8-
=" - el 29 1203 49 6 L 1 X4 L L9 ¢z (424 T6/8C/Y v8-¥
-- [ [4! 87 30 0> 06 10> 107 ¢L LLY 0¢C 99vT 76/6T/1 V8-¥
-- 6’1 L6 43 e 0> 9 10 (1) 9L (414 0's¢ 9L'¢¢ [6/1£/01 V8-t
- 06 £6 [47 130) 0> 9L 10> [\ 'L 0% ¢l $6°8C L6/€T/L v8-¥
- - 9T 9¢ 0 0C> 9 10> 10> SL 169 0 C8'LT 16/0¢/y V8V
- I"> 14! LS 0 6'v 18 10> 6t L 12:1% 0¢e £6'CL £6/6T/1 dL-v
=" ['> 9¢ 6L 120 0’8 6L 10> LL 0L (493 0'¢C LSV T6/LT/01 d.-v
- < Y4 123 S0 88 ¢l 10> 08 0L SvL 0vC LR8¢ET 6/6T/L di-v
- =" 4% 001 0 ¢l I 10> Tl 0L 010°1 0'CT 6v'SC 6/82/Y d.-v
- 9 143 €6 g0 11 68 10 98 0L €LS 0'¢c 69't¢C 76/67/1 dL-v
- 6’1 1A% ¥6 150) 11 6t 10° Cl 9L 788 0'sC £8°S¢C 16/1¢/01 d.-+
- 0¢ 14% otl 1310} Ll 80° 10> Sl 0L 060°1 §ic 86'8¢ 16/€T/L di-v
- - 143 0ll1 1) 9'8 'l [0 V'8 L SLS 0¢ o'Le [6/6T/t dL-v
- 'l 0r 86 0 I't a [0> 3 'L 1974 0'tc 66°Ct £6/67/1 VYi¥
-- 1> 0s 001 Y0 ov L 10> 0t L9 €16 ¢t Yo' v T6/LT/01 Vi-b
- 4 [4Y 14| 124 9v Lo 10> 6'¢ L9 SL6 0'v¢ 68°tC T6/6T/L Vi
. " 139 ol 80 [4Y 0 10> 9t 69 986 0'¢c ¢6'ST T6/8T/Y Vi-v
- 0 ol 43 0 vy PO 10> 4 69 686 0'¢C 9L ¢ T6/67/1 Vi-¥
=" vl 59 89 GO’ A% 1) 10 vy 69 SL6 0'¢C 68°SC 16/1€/01 Vi¥
=" - 6t ocl 60’ I'C Ie 107> 61 9 0v0°1 §'Ce 98¢ 16/€T/L Vi-v
-- - 9¢ 001 Lo 0’1 1870 w0 79 89 Sis 0'¢el 08¢ 16/62/t Vi¥
=" 97 0t 14 Lo 0c> ‘8¢ 10> 10° L 6tL 0'¢C £6'CE £6/67/1 9-¥
T

(Qwgo/109) uabAxo uegles uaboipyu  uabosyu usbosyu  usboipu  (spun HA) EMM\M«"V (30) (1334) 139
B apuo|yd  siuebiour snioydsouyd ainje [ELE] aleq -wnu

Buikjuniueg panjossig DaAIOSSIA iuepiely al_JUN SN  BjuOWwWY Hd onpuod el sarem oM,

’ oytoadg

[sopdures (Pasoify) POAJOSSIP AIe BLIIdRG SUIAJLIIUGP pue ‘adueIdnpuod ouidads “Hd “ainteiaduidy 1daoxa sousuRRIRYD Ajjenb-101em (B "wey) ss3f > ‘Uey)
1018218 ‘< "PIIOI[[0D BIEP OU -~ "SI O( | Jod SIAUO[OD PUBSNOY ‘[UI () [/[0 *D, §T I8 I2IOWIUSD Jad SUAUDTISOIDW “WI/ST “SnIs[a)) $9213ap <), "9SIMIOYI0 Pare)s ssojun (Jon Jod swesdrrur) /3w ul sanjea [1y]

panuIlu0)-- BPLIO|4 ‘S8uUN0) 98UUBMNS pue alsAejeT ul swiey Aep e s|jam Joj ejep Alijenb-ialep | xipuaddy

59

Appendix



-- ¢'¢ 43 Iy o1 07> pl 10> 0 L 699 0'€T £6°C¢ €6/67/1 6

- 8¢ 6T 6§ vl 0z> 91 10> (0} 0L £PL 0'¢T 65T T6/LTO1 6

- 8¢ 97 6¢ g 8¢’ bl 10> €0 69 SIL §€T ¥8'€T T6l6TL  6F

- - LT €9 Lo 0T Sl 10> 10 L 0L 0Tz LY'ST T6/8Ty 6

- 8¢ 9z 09 il 1z il 10> o V'L 0L 0'€C 0LvT 26/67/1 6%

- 9y 44 9¢ o1 LT pl 10 10> 0L 759 0€T 08°'ST 16/1€/01 6V

o/81

(Jwo01/109) uabAxo uoqJeo uaboapu uebosyu uabospu  uabosju  (shun HA) :Mo\Wa v (o) (12a4) 129

eliajoeq apuolys owebioul snioydsoyd ainje [9A9) aleq -wnu
Buikiuag  PMOSSIa PaAOSSIQ Iyepiaiy 3jelIN SJUIN  Eeluowwy Hd %HMMMM aedwar  Jsiem BM

[sordwes (pa1al[y) paATOSSIp 2.k BUS10Bq SUIAJLINUAP pUE “9dUEIINPuod sytdads ‘Hd ‘ainjeraduwd) 1doaxa sonsualaereyd Ayifenb-191em je "uey) ssa[ ‘> ‘uey)
1918213 ‘< "P2199{{0d BIBP OU ‘-- “SIaN(Ijjiwt () [ Jod $2(U0[0d PUBSNOL] ‘[W () [/{09 D), §T 18 JI0WNU) 1od SUSWIAISOIDIW “W/ST "SNIS{a)) $22139p ‘D), "9SIMIAYIO pajels ssojun (Ja11] Jod swedijiw) /3w ul sanjea [v]

panuijuo)-- BpLIOI] ‘Saijunos) asuuemng pue ajjadeje] ul swiej Allep Je sjjem 10} ejep Alljenb-iajepp | Xipuaddy

60 Nitrate in Ground Water and Spring Watar near Four Dairy Farms inNorth Florida, 1990-93



APPENDIX I

17
(e 63 4 lows)



- -- [ 88 |§3 120) 60 £9 [0> 10 ¢L L8E 0¢e Ll £6/11/S  W1AUOD
1> -- 6't €6 84 [44) 0c> 89 [0"> [ £L L6% 0¢C 9 TO/ET/TT 101AUOD
14 006 8t 06 93 [44) vC 0L 10> [0> L Cot §'CC ¢l 76/6T/01  1I1AUOD
14 -- 'y 9'8 3¢ €0’ 144 <9 10> o) L 98¢ 0¢c 9L T6/1/01  191AU0D
-- -- €Y 18 ST IS £ v'S 10> [0 €L 6Lt S'€T Ve C6/8T/L  191AU0D
== -- 't <8 It <O’ 0c> 9°9 107> 10 'L (07 0¥¢C ¥'L T6/ST/9  PIAUOD
(4 -- 't £'8 |87 co’ LT L 10 130} €L 08¢ 0¢cC eL T6/8T/S  101AUOD
I - (4 06 LE Lo 0> 79 [0> 10> €L 98¢ 00c 7’6 [6/4/11 131aU0)
9 - 6 9'¢ LE Lo 0> 81 10> (1) VL [§%4 01c - £6/11/S  pioJI_L
v - €7 o¢ ov 1203 0c> ¢ 10> [0> L 1§97 0¢T =" 26/0£/01 R EAR
9 00¢°1 €T LS |4 e 0T [ [0> [0 L 1Sy 0'¢e - T6/0€/01 PIOJIoL
" - 81 [ LT 1) 9T [ars 0> £0° €L oy ST 6C 76/6T/L  PIOJIdL
4 -- 8t 69 (47 60’ 0c> L'c [0> [0> L V4744 Sol1 4% 16/4/11 PIOJ[=L
S - L 9'L 6t cO” e Sl [0° i) SL S6¢ S I == €6/ 11/S anlg
o - L 9L 6t co’ 0c> ¢l [0 [0 S’L Sot e -- £6/11/S g
S - 9’ 9'8 (474 0 0c> 90 107> 10> L 31t 0'¢C =" 26/62/01 g
< 00£°C €0 6L 6¢ 70 0> L [l [0 €L 60V 0'¢e 9¢ o/ 1ElL an[d
1 - 8t '8 197 Lo 0T 81 10 10° L 80)7 0ce Y6 6/8T/S ong
1 -- 8¢ 6'L 144 or 8T 8’1 [0 A\ ['L SOv 0'¢Ct Y6 C6/8T/S anig
£ -- - 89 9% €0 0c> 1'C [0 [0 VL (0,017 0'vc - 16/C1/T1 g
1 -- 6’1 0L St SO’ oc> (s [0 10 L L6t 0'¢C ‘0l1 [6/12/11 snjg
0l - Ve L'L [4% 900 0C 0> [ 10°0> 10°0 L £ot S'IC 0t [6/1/11 anjg
(sAep
¢ e /6w) (woyg)
puewsap (oo 1/109) uabAxo :onwmo SNOJ uaboipu  usbosyu usbosyu  uabosiu (shun aosue (o) (s)2) aweu
uabAxo BLaloeq paAjossiq 9pHOIYY - DluenIoul -oydsoyd |yepiaiy dleslIN al4lIN  euowwy Hd) -}oNpuod aime abieyosiqg led bupidg
BujAjupuag : pPaA[oOsSsIq ; : o ) Hd -Jadwa] : !
1eo) opoedsg
-wayosolg

“[sopdures (pa1dl[ly) PAA[OSSIP 21k BLI91OBQ SWIAJLIUIP puUr *dduelonpucd oy1oads ‘Hd ‘arnmyeradwal 1dooxa sonsusiorieys Lyjenb-1d1em (e "uey)
$SI] > "P3103][0d BIEP OU ‘-- “SIdNI[[TW QO] Iod SO1UO[0I pUBSNOY] ‘[W () |/]03 D), ST 1P 1219WNIUID 1ad SUSWOISOIDIW ‘Wd/STI "SNISJOD) $9433p ‘D), "ASIMIAYI0 pajess ssdjun (10111 Jod swreaSi[rw) /3w ut sanjea [1y]

BpUOId ‘S8IUNOY 98uUBMNG pue d)1aAeje] ui suue) Airep Jesu sBuuds 1o} erep Aljenb-iayep

|| xipusddy

63

Appendix



