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Ground-Water Quality near an Inactive Landfill and
Sludge-Spreading Area, Tallahassee, Florida

By Marian P. Berndt

Abstract

Ground-water quality of a120-acre area
encompassing an inactive landfill southwest of
Tallahassee, Florida, was assessed by installing
and sampling 21 monitoring wells. Sludgefrom a
municipal sewage-treatment plant was also
applied to the land surface near the landfill site.
Water samples were collected from the 21
monitoring wells from June 1987 through
September 1990 and analyzed for concentrations
of major ions, nitrogen species, trace metals, field
measurements, and more than 140 organic
constituents. Water quality in the Upper Floridan
aquifer at the study site was compared to back-
ground water quality in other areas of Leon
County. Ground-water quality of the study sitewas
evaluated by the location of wells sampled in rela
tion to the landfill and the dudge-spreading areas.

Results of nonparametric statistical analysis
indicated that potassium and nitrite plusnitrate as
nitrogen concentrations in water samples from
wells completed in the Upper Floridan aquifer at
the study site were significantly different at the
5 percent probability level from those in samples
from background wells completed in this aquifer
in Leon County. Median potassium concentra-
tions were 0.4 mg/L (milligrams per liter) in
water from wells at the study siteand 0.7 mg/L in
water from background wells in Leon County.
Median nitrite plus nitrate concentrations were
6.48 mg/L in water samples from wells at the
study site and 0.51 mg/L in water samples from
background wells.

Graphical comparison of the water quality
characteristics in water from six categories of
wells; upgradient, landfill, adjacent to the landfill,
downgradient onsite, downgradient offsite, and
background Leon County, indicated that sodium,
bicarbonate, sulfate, iron, manganese, and
dissolved solids concentrations and specific
conductance values were highest within the land-
fill. Upgradient and downgradient well categories
includewellsinareasaffected by s udge spreading.
Localized reducing conditionswereindicated in a
downgradient area by median iron concentrations
of 930 and 30 pg/L (micrograms per liter) in sam-
ples from wellsonly 5 feet apart. Nitrite plus
nitrate concentrations were lowest in water from
wellsin the landfill compared to water from the
other categories. Concentrations of most trace
elements and organic compounds were mostly
below detection limits, although State maximum
contaminant levels of 1 pg/L for benzene and
vinyl chloride and 3 ug/L for tetrachloroethene
were exceeded in 14 samples.

Concentrations of sodium, potassium,
chloride, sulfate, nitrite plus nitrate, total organic
and ammonia nitrogen, and ammonia nitrogen in
ground water were statistically analyzed in areas
affected by sudge-spreading and other areas.
Only nitrite plus nitrate and chloride concentra-
tions were significantly different between the two
areas. Median nitrite plus nitrate and chloride
concentrations in sludge-spreading areas were
6.9 mg/L and 2.9 mg/L, respectively, compared
to 1.1 mg/L and 1.8 mg/L in other areas.

Abstract 1



INTRODUCTION

The City of Tallahassee operated a municipal
landfill at a site southwest of the city (fig. 1) from
approximately 1959 to 1976. Other activities at the site
include spreading of sludge from the municipal
secondary sewage treatment plant and construction of a
runway in 1976 for the Tallahassee Municipal Airport
(now called the Tallahassee Regional Airport). Thesite
isunderlain by the unconfined surficial aquifer and the
Upper Floridan aquifer of the Floridan aquifer system.
The Upper Floridan aguifer is semiconfined in the area
(Miller, 1986). The Upper Floridan aquifer isthe
primary source of drinking water for Leon County, so
there is concern about possible contamination of this
valuable water resource.

In 1986, the Florida Department of Environmental
Regulation (FDER) ingtalled seven monitoring wells
(wells T-01 through T-07) around the perimeter of the
landfill to determine the possible extent to which any
landfill leachate may be causing ground-water contami-
nation (fig. 1). Analysisof samplesfrom the sevenwells
showed contamination of ground water (Hicks and oth-
ers, 1986). Several constituents were detected at concen-
trationsin excess of State primary and secondary
maximum contaminant levels (MCL) for drinking water
(Florida Department of Environmental Regulation,
1990), including sulfate, tetrachloroethene, sodium,
nitrite plus nitrate, and manganese. I1n June 1987, the
U.S. Geological Survey, in cooperation with the City of
Tdlahassee, began quarterly sampling of the seven wells
anayzed by the City of Tallahassee Water Quality Labo-
ratory. In October 1988, the U.S. Geological Survey
(USGS) and the City of Tallahassee began an intensive
cooperative study to better describe the extent and nature
of the ground-water contamination at the study site. The
study site includes areas near the landfill and sludge
spreading. Theresults of the study are needed to assess
the potential for contamination of the ground-water
resources of thearea. The study included ingtalling addi-
tional wells and quarterly sampling of these and the pre-
viously installed monitoring wells at the study site.

Purpose and Scope

The purpose of thisreport isto describe the ground-
water quality near an inactive landfill and asludge-
spreading area southwest of the City of Tallahassee. The
hydrogeology near the siteis also described. The study
siteincluded the areaimmediately surrounding and
approximately 1,000 ft downgradient from the landfill.
Various water quality data were evaluated, including 6
water-quality samplesfrom 6 domestic wells located
approximately 1 to 2 mi downgradient from the study site

and 20 samples from 20 background water-quality sam-
pling sitesin Leon County (fig. 2).

Site Description

Theinactive landfill islocated southwest of
Tallahassee near the Tallahasee Regiona Airport (fig. 1).
The 120-acre study siteis on the southeast corner of the
airport property and isbounded to the north by acemetery
and ahighway. Another smaller cemetery is southeast of
thelandfill (fig. 1). Theland surfacedopesdlightly tothe
southeast with elevations at the site ranging from approx-
imately 60 ft above sealevel on the north side of the site
to approximately 30 ft above sealevel on the southeast.

The landfill, which was known as the City of
Tallahassee Dump when it was in operation, received
mostly household trash from about 1959 (or earlier) until
1976. Thelandfill wasfilled beginning at the eastern end
of thesiteboundary and progressed to thewest. Thetrash
was deposited in unlined, north-south oriented parallel
trenchesthat were either about 20 ft deep and 45 ft across,
or about 10 ft deep and 10 ft across (Hicks and others,

1986). A maximum estimated 30 million ft3 of trash was
deposited at the landfill during about 15 years of opera-
tion. The trencheswere covered with native materials,
consisting mostly of sand. An area covering approxi-
mately 20 acres on the south half of the landfill was exca-
vated when an airport runway was constructed in 1976
(Hicks and others, 1986). The runway and approach
lights were constructed on top of nonnative backfilled
materials.

TheCity of Tallahassee currently depositssludge at
the study site from a secondary sewage-treatment plant
across theroad. Sludge has been spread at many loca
tionsat the study site(fig. 1, areasE, F, and G), including
areasdirectly adjacent to theformer landfill. Sludge was
spread as early as the mid-1960's and continues to the
present (1992).

Acknowledgments
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assistance in collecting and analyzing water-quality
samples. The author aso thanks the dispatchers at the
Department of Public Worksfor providing accessto the
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METHODS OF INVESTIGATION

Several methods were used to assess the ground-
water quality near the landfill and the sludge spreading
and surrounding areas. Measurement of terrain conduc-
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tivity was used as a reconnaissance tool to locate areas
of possible ground-water contamination. Monitoring
wellswereinstalled and ground-water sasmpleswere col-
lected. Water samples were analyzed for many inor-
ganic and organic constituents in the laboratory and
several measurements were made in the field.

Terrain Conductivity Survey

A surface geophysical survey was conducted at the
landfill and surrounding area using el ectromagnetic ter-
rain-conductivity equipment. Measurements were
obtained using a Geonics EM 34-3 Terrain Conductivity
Meter. The purpose of the survey wasto determineloca-
tionsto install monitoring wellsto sampl e contaminated
ground water by identifying possible areas of ground-
water contamination. Terrain-conductivity measure-
ments can detect differences between saturated and
unsaturated materials and some geologic materials. The
measurements can sometimes be used to delineate
between areas containing background ground-water
quality and contaminated ground water in shallow aqui-
fers.Conductivity valueswere obtained in the area of the
landfill (fig. 1) at 111 stations using the 33-ft (10 m)
cail spacing and the 66-ft (20 m) coil spacing in both the
horizontal and vertical dipole configurations. The effec-
tive depth of exploration of terrain conductivity is
dependent on both the coil spacing and the dipole con-
figuration (McNeill, 1980, p. 6). The effective depth of
exploration for the 33-ft coil spacing is 25 ft for the

horizontal dipole configuration and 49 ft for the vertical
dipole. Theexploration depthsfor the 66-ft coil spacing
are 49 and 98 ft for the horizontal and vertical dipoles.

The measurements of terrain-conductivity are pre-
sented in figures 3 and 4. The 33-ft coil spacing
horizontal dipole configuration measurements were not
used. Thisis because the measurements were madein
October 1988 when water levels at the site ranged from
15 to 20 ft below land surface, and in some areas, were
30 ft below land surface; so asignificant part of the
explored thickness was unsaturated. Therefore,
measurements recorded in this configuration would not
indicate the presence or absence of possibly contami-
nated ground water. The 66-ft coil spacing horizontal
dipole configuration was not used because the effective
depth of exploration was equal to that of the 33-ft coail
spacing vertical dipole configuration.

Thelocationsof terrain-conductivity measurement
stations were limited by a runway, taxiway and
accompanying lighting and el ectrical wiring, and several
small buildingsin the vicinity of the airport. These
features prevented the measurement of terrain-
conductivity in the south half of the landfill.

Variable hydrogeology and lithology limit the
ability to determine background terrain conductivities
at this study site. Background terrain conductivities
areonly validif thereare no lithologic or depositional
variations within the area of concern (Duran, 1984).
Examination of well logs from a previous investiga-
tion at the site showed that clay layerswere present on
the south side of the landfill in thicknesses ranged
from 15 to 30 ft; but at sites to the north, west, and
east of thelandfill, no clay layerswere present (Hicks
and others, 1986, p. 45-50). Comparison of values
from the areas where clay is present to areas where
clay is absent is not feasible. Terrain-conductivity
values in the two areas have differing ranges (figs. 3
and 4). These differences are due, in part, to the
absence or presence of clay in some areas and to the
fact that some measurements were made on top of
landfill materials.

Installation of Wells

Fourteen monitoring wellswereinstalled at the site
in 1989 and 1990. Two were4-in. diameter wells, which
were drilled using mud rotary, and twelve were 2-in.
diameter wells, which were augered. Casing and screen
material used in the wellsis polyvinylchloride (PVC)
with 5to 10 ft of slotted screen, except for well T-08
which has 2 ft of open interval in the Upper Floridan

4 Ground-Water Quality near an Inactive Landfill and Sludge-Spreading Area, Tallahassee, Florida
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Terrain-conductivity measurementsweremadein
the area directly overlying the landfill and in areas
adjacent to the landfill. Terrain conductivities directly
over thelandfill ranged from 10 to 56 pumhos/m (figs. 3
and 4). Conductivities decreased with distance from
thelandfill boundary with valuesaslow as 2.5 pumhos/m
several hundred feet from the landfill boundary (figs. 3
and 4).

Different ranges of terrain conductivity were
measured downgradient from the landfill to the south.
Conductivities ranged from 6 to 18 pmhos/m, with
most values between 10 and 14.9 umhos/m. Highest
conductivities for both the 33-ft and 66-ft spaced
vertical-dipole surveys south of the landfill wereintwo
locations; one located directly southwest of the landfill
and the other south of the southeast corner of the landfill

(figs. 3and 4). In these areas, values exceeded 15
pmhos/m. Because of the relatively high terrain
conductivities on the south, downgradient side of the
landfill and the predominant south to southeast flow
paths in the Upper Floridan aquifer in the region
(Rosenau and Meadows, 1986), these two areas were
considered possible areas of ground-water contamina
tion by thelandfill leachate and several monitoring wells
wereinstalled in each of theseareas (wells T8, T10, T11,
and T23). The effects of landfill materials on ground-
water quality in these and other downgradient areas are
discussed in a subsequent section of this report.

Methods of Investigation

5
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aquifer. Depths of the wells range from 13 to 99 ft
below land surface. Characteristics of the 14 wells
installed as part of this study, and the 7 monitoring
wellsinstalled by previous investigators are presented
intable 1. Locations of the monitoring wells at the site
are shown in figure 1. Subsequent to drilling, wells
were developed by forcing water out of the well with
compressed air, by pumping with a submersible or
positive-displacement pump, or by bailing water from
thewell until it wasdry or avolume of water equivalent
to the volume of the cased interval had been removed.

Sampling and Analysis of Ground Water

Measurements of temperature, pH, specific con-
ductance, and akalinity, were made in the field using
standard USGS procedures (Wood, 1976). Chemical
analyses of mgjor ions, trace metals, and organic
compounds, including volatile organic compounds,
organochlorine pesticides, base-neutral and acid-
fraction organic compounds, were provided by the City
of Tallahassee Water Quality Laboratory using
standard procedures (U.S. Environmental Protection
Agency, 1979 1982, 1986; American Public Health
Association, 1985; Fishman and Friedman, 1989).

M edian concentrationsfor samplesfrom awell or
groups of wells were determined to compare water

6 Ground-Water Quality near an Inactive Landfill and Sludge-Spreading Area, Tallahassee, Florida



Table 1. Characteristics of monitoring wells at the landfill

[FDER, Florida Department of Environmental Regulation; USGS, U.S. Geological Survey; UF, Upper Floridan; S, Surficial]

Total Screened or open
Well Diameter depth hole interval
identifier Aquifer (inches) (feet) (feet below land surface)
Installed by FDER
T-01 UF 4 62.3 56.5 - 62.3 open
T-02 UF 4 79.3 35.0 - 79.3 open
T-03 S 2 30.8 15.8 - 30.8 screened
T-04 S 2 43.6 29.0 - 43.6 screened
T-05 UF 4 38.6 30.0 - 38.6 open
T-06 UF 4 39.7 25.0 - 39.7 open
T-07 UF 4 64.8 400 - 64.8 open
Installed by USGS
T-08 UF 4 40.0 38.0 - 40.0 open
T-09 S 2 135 85 - 135 screened
T-10 UF 2 42.0 38.0 - 420 screened
T-11 S 2 175 125 - 17.5 screened
T-12 S 2 55.6 50.6 - 55.6 screened
T-13 S 2 50.0 45.0 - 50.0 screened
T-14 S 2 45.0 400 - 45.0 screened
T-15 UF 2 47.0 42.0 - 47.0 screened
T-16 S 2 28.9 239 - 289 screened
T-17 UF 2 285 235 - 285 screened
T-18 S 2 14.0 9.0 - 14.0 screened
T-19 UF 2 32.0 27.0 - 32.0 screened
T-20 S 2 115 6.5 - 115 screened
T-23 UF 4 99.0 84.0 - 94.0 screened
quality characteristics between areas. Wellswere HYDROGEOLOGY

determined based on location in relation to the landfill
and the direction of the shallow ground-water flow
system. When analyses included results reported
below analytical detection limits, the method of Helsel
and Cohn (1988) was used to calculate median values
using maximum likelihood estimates.

Analyses were performed on 136 samples of
ground water collected from 18 wells from June 1987
through September 1990. Sampleswere collected from
wells T-01 through T-07 from June 1987 through
September 1990 with the exception of well T-03 which
was sampled only from June 1987 through June 1988
because subsequent to June 1988 the well was either
completely dry or had too little water to purge and then
sample. Wells T-08 through T-19 were first sampled
shortly after installation in either March, April, or June
1989, except for well T-18 which was first sampled in
March 1990 (it was dry on other sampling attempts).
Well T-23 was first sampled in April 1990, shortly after
itwasinstalled. Wells T-09, T-11, and T-20 remained

dry during the course of this study and were not sampled.

The study siteis underlain by a sandy surficial
aquifer and by the Upper Floridan aquifer of the
Floridan aquifer system. The hydrogeologic units
present in the area southwest of Tallahassee and their
general lithology are shown in figure 5.

Surficial Aquifer

The surficial aquifer ranges from 20- to 70-ft
thick near the inactive landfill and consists of medium-
grained sand and clayey sand with discontinuous clay
layers. The clay layersrange in thickness from 5- to
30-ft and are only present on the south side of the land-
fill. An east-west runway bisects the study site and
restrictsaccessto the middle part, so thelocation where
the clay pinches out could not be determined. This
aquifer is partly saturated and the potentiometric sur-
faceis dightly above the potentiometric surface of the

Hydrogeology 7



SERIES STRATIGRAPHIC GENERAL THICKNESS HYDROGEOLOGIC
UNIT LITHOLOGY UNIT
Holocene Unnamed Fine sand, 20-70 Feet Surficial
to clayey sand, aquifer
Pleistocene and clay
Miocene St. Marks White to

Formation yellow-orange

sandy limestone
Oligocene Suwannee Yellow-orange,

Limestone fossiliferous, Approximately Upper
very porous and 1,300 feet Floridan
permeable aquifer
limestone

Eocene Ocala Pale orange

Limestone to white,
fossiliferous,
very porous
limestone

Figure 5. Stratigraphic and hydrogeologic units near the inactive landfill, modified from

Hendry and Sproul (1966) and Miller (1986).

Surficial Aquifer

Thesurficia aguifer rangesfrom 20- to 70-ft thick
near the inactive landfill and consists of medium-
grained sand and clayey sand with discontinuous clay
layers. The clay layersrangein thickness from 5- to 30-
ft and are only present on the south side of the landfill.
As eastwest runway bisects the study site and restricts
access to the middle part, so the location where the clay
pinches out could not be determined . This aquifer is
partly saturated and the potentiometric surfaceis
dightly above the potentiometric surface of the underly-
ing Upper Floridan aquifer. A potentiometric-surface
map could not be drawn because of the small number of
wells, but measurements adjacent to the landfill indi-
catesthat flow in the surficial aquifer at the study siteis
outward from the landfill to the east, south, and west.

Slug tests are used to calculate properties of the
aquifer such as hydraulic conductivity and trans-
missivity, properties which relate to the ability of an
aquifer to transmit water. The tests were done only on
surficial aquifer wells. The slug tests were conducted
and results cal cul ated according to the methods outlined
by Bouwer (1989) and Bouwer and Rice (1976). Results
of the dug tests are presented in table 2. Calculated
hydrauic conductivity values ranged from 3.9 to 19.6 ft/d.

Upper Floridan Aquifer

Regionally, the Floridan aguifer system has been
divided into the Upper Floridan and the Lower Floridan
aquifers ; however, because of the absence of amiddle
confining unit in the vicinity of the study site, the aquifer

isreferred to as the Upper Floridan aguifer (Miller,
1986). The Upper Floridan aquifer is a sequence of
highly permeable carbonate rocks and is the principal
source of water in the areabecause of itshigh yield to
wdls. Theaquifer issemiconfined. The confining layer
is generally less than 100-ft thick and may be breached
(Bush and Johnston, 1988). The Upper Floridan aquifer
isapproximately 1,300 ft thick in the study site (Miller
1986, pl. 28), and includes the St. Marks Formation,
Suwannee Limestone, and Ocala Limestone (fig. 5)
(Hendry and Sproul, 1966; Miller, 1986). The St. Marks
Formation isasilty to sandy limestone as much as 200 ft
thick (Hendry and Sproul, 1966). The Suwannee Lime-
stone underlies the St. Marks Formation and contains
numerous solution channels (Hendry and Sproul,
1966). Ground-water flow in the Tallahassee area gen-

Table 2. Results of slug tests on wells in the surficial
aquifer

[ft/d, feet per day]
Well Hydraulic
identifier conductivity

(ft/d)
T-12 10.8
T-12 (duplicate) 12.2
T-13 10.8
T-14 3.9
T-16 18.3
T-17 12.7
T-19 19.6

8 Ground-Water Quality near an Inactive Landfill and Sludge-Spreading Area, Tallahassee, Florida
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Figure 6. Water levels in wells tapping the Upper Floridan aquifer at the site.

erally isto the southeast (Rosenau and Meadows,
1986), but flow directions in the Upper Floridan aqui-
fer in the vicinty of the study site are to the west and
southwest (fig. 6).

Slug tests were not conducted on wellsin the
Upper Floridan aquifer due to high transmissivity
values usually associated with this aquifer. It was
expected that the response of that aquifer would be
instantaneous and not detectable given the relatively
small size of the slug withdrawn during the test.

GROUND-WATER QUALITY

The ground-water quality in the Upper Floridan
aguifer near the study site was compared to the back-
ground water quality at 20 wells open to the Upper
Floridan aquifer in other areasin Leon County.
Comparisons were also made between the quality of
water in the Upper Floridan agquifer and in the surficial

aquifer at the study site. The 20 wellsin the Upper
Floridan aguifer in Leon County (fig. 2) that were used
as background sites for comparison with the study site
are part of a statewide set of background wells (Katz,
1992). Water-quality datafrom this set of background
wellswas only included for wellswith depths less than
150 ft, because the deepest well at the landfill was 99
ft. Water-quality samplesfrom two wellscompletedin
the surficial aguifer at the study site were excluded
from comparisons with samples from the Upper
Floridan wells at the site because the wells were
located within or along the border of the landfill.

The Wilcoxon rank-sum test (SAS Institute, Inc.,
1988) isanonparametric statistical test that wasusedin
this report to determine if differences exist in water
quality between selected groups of water quality data.
The null hypothesis in each test was that thereisno
significant difference in two groups of water-quality
data that are grouped by aquifer or by location. The
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level of significance that is used in the hypothesis
testsin thisreport is 0.05. This value represents the
maximum probability of rejecting the null hypothesis
whenitisactually true. For each water-quality charac-
teristic tested, the p-value representing the attained
significance level is presented. For these tests, asig-
nificant difference in the values of awater-quality
characteristic between sample groups was assumed if
the p-valueisless than or equal to 0.05.

Ground-water quality in the Upper Floridan
aquifer at the study site was similar to background
ground-water quality in the Upper Floridan aquifer in

Leon County (table 3). The pH, specific conductance
and concentrations of most major ions in water from
wells completed in the Upper Floridan aquifer at the
site generally were within the ranges of values
measured in the 20 samplesfrom the background wells
(table 3). Sulfate concentrationsin some samplesfrom
wellsinthe Upper Floridan aquifer at the site exceeded
the maximum concentrations measured in the water
from the background wells, although the median
sulfate concentration at the study site was lower than
the median for the background sites.

Table 3. Summary of selected water-quality characteristics for samples from the Upper Floridan aquifer in Leon County and in

the Upper Floridan aquifer and the surficial aquifer at the study site

[mg/L, milligrams per liter pg/L, micrograms per liter; Ranges represent all analyses in each category; Datafrom the surficial aquifer does not include datafrom
well in the landfill (T-03) or well adjacent to the landfill (T-04); median s are considered significantly different if p-valueis equal to or less than 0.05; <, less

than; --, no data)

Value or concentration
in water from aquifers
in Leon County

Value or concentration in water from aquifers
at the Study site

Water-quality Upper Floridan Upper Floridan Surficial aquifer p-values for
and well aquifer wells aquifer wells wells Wilcoxon rank-sum
character- (21 wells, 21 analyses) (12 wells®, 98 analyses) (4 wells?, 14 analyses® test
istics Upper Floridan  Upper Floridan
Median Range Median Range Median Range aquifer in Leon and surficial
County and at site aquifers at site
Calcium (mg/L) 38.0 21.4-884 35.3 13.3-86.3 6.5 18 - 387 0.07 <0.01
Magnesium (mg/L) 41 1.0-20.0 248 .81-20.1 12 8l- 6.3 13 A1
Sodium (mg/L) 3.7 21- 37 222 .75- 6.36 25 1.02- 88 .01 .85
Potassium (mg/L) 4 3-8 .70 .05- 2.98 42 07- .84 .01 <.01
Bicarbonate
(mg/L) 146 82.0-266 875 39 -268 15 8 - 88 <.01 <.01
Chloride (mg/L) 4.0 24- 89 2.38 19- 7.0 6.4 157- 227 <.01 <.01
Sulfate (mg/L) 37 14-127 2.78 .23-27.9 10.3 86- 52.5 .36 <.01
Nitrite
+nitrate,
as nitrogen (mg/L) .51 .06 -3.0 6.48 <.02-19 A7 <.02- 725 <.01 <.01
Nitrogen,
ammonia
plus
organic (mg/L) -- - .08 <.07- 161 1.63 19- 15 - <.01
Ammonia, as
nitrogen (mg/L) -- -- .01 <.02- .20 .06 <02- .79 -- <.01
Iron, (Mg/L) -- - 25 <5.6-690 34.7 <5.6 -1127 - .03
Manganese, (Lg/L) -- - 4.0 <1.2 -105 35.7 5 - 8 - <.01
pH, standard
units (ug/L) 7.8 70- 86 7.8 6.8 -10.0 6.0 55 - 69 20 <.01
Specific
conductance, 230 142 -385 221 130 -430 36 10 -263 51 <.01
Slem
Well depth,
infeet 100.0 55.0-147.0 46.5 30.5- 99 39.2 16.0 - 525

lwells T-01, T-02, T-05 through T-08, T-10, T-12, T-15 through T-17, T-19, and T-23.

2Wells T-12, T-14, T-16, and T-18.

3OnIy four of the seven wells tapping the surficial aquifer yielded samples during the sampling period.
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Results of the Wilcoxon rank-sum test (SAS
Institute, Inc., 1988), indicated that most major-ion
and field measurements in the Upper Floridan aquifer
background sites were not significantly different from
the Upper Floridan aquifer at the study site. For the
few major ions or field measurements whose concen-
trations or values were significantly different, the
higher median concentrations or values were in sam-
ples from the background sites. Calcium, magnesium,
and sulfate concentrations and pH and specific conduc-
tance values in the two groups of samples were not
significantly different (table 3). Sodium, bicarbonate,
and chloride concentrations in the two groups of
samples were significantly different and median con-
centrations of these mgjor ionswere higher in the back-
ground samples (table 3). However, median sodium
and chloride concentrations in the two groups of sam-
ples, differed by less than 2.0 mg/L ; whereas the
median bicarbonate concentration in the background
samples, 146 mg/L, was nearly double the median
bicarbonate concentration of 87.5 mg/L at the study
site (table 3). The concentrations of these ions proba-
bly were higher in the background samplesrelative to
the study site samples because the background wells
were deeper on average than thewells at the landfill, so
ground water from the background wells had greater
residence time than the ground water at the study site.
The median well depth for the Leon County wells was
100 ft, whereasthemedian well depth at thelandfill site
was46.5ft. Thedeepest well at thelandfill Sitewas 99 ft.

Nitrite plusnitrate as nitrogen and potassium con-
centrationsin water from the Upper Floridan aquifer at
the study site were significantly different from concen-
trations in water from the background sites. Median
concentrations at the study site were higher than the
background sites. The median nitrite plus nitrite plus
nitrate concentration for samples from the study site
was 6.48 mg/L, compared to 0.51 mg/L in the back-
ground samples. Potassium had a median concentra-
tion of 0.7 mg/L at the study site and 0.4 mg/L at the
background sites (table 3). Nitrite plus nitrite plus
nitrate and potassium are present in sewage sludge
(Miller, 1980, p. 250), thus concentrations are probably
higher overall at the study site as the result of sludge
spreading. The effects of sludge spreading on water
quality at the study site will be discussed in a
subsequent section.

Differencesin water quality were noted between
the Upper Floridan and surficial agquifers at the study
site. Results of the Wilcoxon rank-sum test of water
quality in the Upper Floridan and surficial aquifers at
thelandfill siteindicated that several valuesof physical
and chemical characteristics of water from the two
aquifers were significantly different. Of those that

were significantly different, calcium, potassium,
bicarbonate, nitrite plus nitrite plus nitrate, pH, and
specific conductance had greater median concentra-
tions or valuesin the Upper Floridan aquifer. Because
the Upper Floridan aquifer consists predominantly of
soluble limestone, higher concentrations of calcium
and bicarbonate and higher values of pH and specific
conductance in samples from this aquifer probably can
be attributed to limestone dissolution.

The higher median potassium and nitrite plus
nitrite plus nitrate concentrationsin water from the
Upper Floridan aquifer are probably related to the
location of many of the sampled wellsin the sludge
spreading areas. Magnesium and sodium concentra-
tionsin water from the two aquifers were not
significantly different.

M edian ammonia plus organic nitrogen
concentrations were higher in water from the surficial
aquifer than in the Upper Floridan aquifer, whereas
median nitrite plus nitrate concentrations (as nitrogen)
were higher in water from the Upper Floridan aquifer
(table 3). Thisindicatesthat nitrite plus nitrate concen-
tration might be increasing with depth, but the number
of samplesfrom the surficial aguifer are fewer than the
number of samples from the Upper Floridan aquifer
and thus less representative. Data from the surficial
aquifer includes 14 analyses of water from 4 wells,
whereas the Upper Floridan aquifer data totals 97
analyses of water from 12 wells. Only 2 of the 4 wells
completed in the surficial aquifer are in Sudge-
spreading areas (wells T-16 and T-18), compared to 10
of the 12 wells completed in the Upper Floridan aquifer.

Distribution of Selected Inorganic
Characteristics

Ranges in values for selected water quality
characteristicsin water samples collected from wells
located within and directly adjacent to the landfill were
compared to those of samples from wells located
upgradient and downgradient from the landfill, aswell
as to background wellsin Leon County. Some wells
located upgradient and downgradient from the landfill
were also located in sludge-spreading areas. The
effects of sludge spreading on ground-water quality
will be discussed in the following section of thereport.
Analytical resultswere also availablefor water sampled
from six domestic wells located approximately 1 to 2
mi downgradient from the study site. The chemical
analyses for these samples were performed by the
laboratory that analyzed the samples collected at the
study site. Analytical results of samples from the
following categories of wells were compared:
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(1) Upgradient from the landfill and onsite
(2 wells)

(2) Within the landfill (1 well)

(3) Adjacent to the landfill (1 well lessthan 15 ft
from atrench)

(4) Downgradient from the landfill (14 wells)

(5) Downgradient from the landfill and offsite
(6 wells)

(6) Background areas in Leon County (20 wells)
(B.G. Katz, USGS, written commun., 1990)

Median values for selected water quality
characteristics for each category of wellsare givenin
table 4. Wellstapping the surficial and Upper Floridan

aquifers were included in these categories.
Water samples from well T-03 located within the
landfill had the highest median va uesfor genera physical
and chemicd characterigtics including sodium, bicarbon-
ate, sulfate, iron, manganese, dissolved solids, and spe-

cific conductance values (table 4). Only five water

samplesfrom well T-03 were available for analyss,
because the well was dry or had too little water to sample
after June 1988. Graphical summaries of sodium, bicar-
bonate, sulfate, iron, manganese, dissolved solids, and
specific conductanceva uesare shown infigures 7a-7g to
illustrate the distribution among the categories. Concen-
trations bel ow anaytical detection limitswere set equal to
the congtituent detection limit for the preparation of these
graphical summaries. The highest values of these
characterigtics were measured in samples from well T-03
(in the landfill), and much lower concentrations were
measured in samples from nearby wells, indicating that
processes causing many constituents to have elevated
concentrations in ground water in the landfill are not
occurring downgradient from the landfill. 1nwell T-04,
adjacent to the landfill, values were either between the val-
uesfor samplesfrom thewell inthe landfill and vauesfor
samplesfrom wells in other categories or smilar to the
ranges in samples from the upgradient, downgradient

Table 4. Median values for selected water-quality characteristics in water for six categories of wells

[Concentrationsarein milligrams per liter, unless otherwise noted; pg/L, micrograms per liter; pS/cm, microsiemens per centimeter at 25 degrees Celsius,

--, no data]
Median value or concentration
Downgradient wells
Upgradient Background
onsite Landfill Adjacent wells in
Water- wells? well? well® Onsite* Offsite Leon County
quality (2 wells, (1 well, 1 well, (14 wells, (6 wells, (20 Wells,
character- 28 5 14 84 6 20
istics analyses) analyses) analyses) analyses) analyses) analyses)
Calcium 239 14.8 82.7 34.0 28.6 38.0
Magnesium 9.1 4.2 7.2 19 6.4 41
Sodium 19 272 16.9 24 26 3.7
Bicarbonate 136 785 414 68 117 146
Chloride 17 37 16 29 37 4.0
Sulfate 21 142 7.2 4.8 36 36
Nitritet+
Nitrate as
nitrogen 54 .02 17 6.86 .23 51
Iron, pg/L 26 1,750 24 25 140 86
Manganese,
po/L 4.6 355 134 4.7 34 --
pH, standard
units 7.6 6.5 6.8 7.8 75 7.8
Specific
conductance, 250 1,310 582 216 -- 220
puS/cm
Dissolved
solids 152 778 348 157 106 150

Iwells T-01, T-02. 2Well T-03. 3Well T-04. “Wells T-05 through 08, T-10, T-12 through 19, T-23.
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Figure 7. Summaries of water quality in samples from wells located upgradient from, in, adjacent to, and downgradient from the
landfill, and from background wells in Leon County, Florida, showing distribution of concentrations of: (a) Sodium, (b) Bicar-
bonate, (c) Sulfate, (d) Iron, (e) Manganese, (f) Dissolved solids, and (g) Specific-conductance values.
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Figure 7. Summaries of water quality in samples from wells located upgradient from, in, adjacent to, and downgradient from the
landfill, and from background wells in Leon County, Florida, showing distribution of concentrations of: (a) Sodium, (b) Bicar-
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onsite, downgradient offsite, and background well (table
4, figs. 7a-7g). Thelow values of most characteristicsin
water from wells in downgradient areas indicate that the
effect of the landfill materials on ground-water quality is
limited to local areas within the landfill and that
contaminated water has not moved far from the landfill.

Iron and manganese concentrations in water
samples from the well within the landfill exceeded
State MCL s (500 and 300 pg/L, respectively) (Florida
Department of Environmental Regulation, 1990). Iron
and manganese have been measured in high concentra-
tionsin ground water adjacent to landfills where
reducing conditions cause iron and manganese to be
leached either from landfill materials or from aquifer
sediments (Baedecker and Apgar, 1984). These
reducing conditions seem to be localized at this landfill
site, because samples from wellsin downgradient areas
(figs. 7d and 7€) had low iron and manganese
concentrations.

Variability iniron, sulfate, nitrite plusnitrate, and
total ammonia plus organic nitrogen concentrationsin
ground water near the landfill indicates reducing con-
ditions were highly localized. Samples from the two
wells closest to the landfill (wells T-14 and T-13) had
different rangesin iron concentrations. Samplesfrom
well T-14 had amedian iron concentration of 930 ug/L,
whereas samples from well T-13, 5 ft deeper and
approximately 5 ft away, had a median iron concentra-
tion of 30 ug/L (table 5). Median sulfate concentration
was 30 mg/L in samples from well T-14 and 10 mg/L
in samples from the deeper well T-13. Median nitrite

plus nitrite plus nitrate concentrations in samples from
both well T-13 and T-14 were less than 0.2 mg/L,
whereas median total ammonia plus organic nitrogen
in samples from wells T-13 and T-14 were 3.2 mg/L
and 3.3 mg/L, respectively. The source of the nitro-
gen in ground water at these sitesis probably the
sewage-treatment plant sludge spread in this area.
The presence of the reduced nitrogen species, total
ammonia plus organic nitrogen, and the lack of the
oxidized species, nitrite plus nitrate, aswell asthe
differencesin iron and sulfate concentrationsin
ground-water samples from wells T-14 and T-13
indicates that reducing conditions are highly local-
ized in this particular area of the study site.

Nitrite plus nitrate concentrations at the study site
were high in upgradient and downgradient areas but
low in samples from wells T-03 and T-04, as shown in
the graphical summary in figure 8. The lowest concen-
trations of nitrite plus nitrate at the study site were mea-
sured in samplesfrom well T-03, indicating nitrite plus
nitrate is being reduced within the landfill or that other
sources of nitrite or nitrite plus nitrate are present at the
study site. The spreading of sewage sludge at the study
siteisaprobable source of nitrite plus nitrate and other
nitrogen species.

Choride concentrations are commonly eevated in
ground water downgradient from landfills (Baedecker
and Back, 1979; Kimme and Braids, 1980), but at this
study dite, chloride concentrations were lower than con-
centrations at other landfill study sitesin northwest
Florida.

Table 5. Median values or concentrations of selected water-quality characteristics in water from selected wells

[uS/em, microseimens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; ug/L, micrograms per liter; BDL, greater than 50 percent of all

concentrations below detection limit]

Nitrite Total
plus ammonia
Specific nitrate plus
Number conduct- Chlo- Sul- Manga- as organic
Well of ance, ride fate, Iron, nese, nitrogen nitrogen
identifer samples (uS/cm) (mg/L) (mgl/L) (mg/L) (ng/L) (mgl/L) (mg/L)
T-05 13 257 27 9.1 26 44 114 0.12
T-06 14 206 25 14 29 22 11.0 BDL
T-07 14 150 17 24 28 25 6.9 .04
T-08 5 293 33 20 13 55 13 BDL
T-10 5 200 30 20 8.4 16 17 .22
T-12 4 294 22 6.0 64 40 BDL .38
T-13 4 34 4.5 10.3 30 7.0 16 3.2
T-14 5 33 44 30 926 38 .05 33
T-15 5 390 30 9.1 336 77 BDL .28
T-16 4 246 8.8 17.7 21 83 6.2 A1
T-17 4 307 39 204 15 7.8 17.3 .39
T-18 1 230 10.3 52.5 51 9.0 43 8.8
T-19 4 187 3.2 3.8 13 33 10.3 41
T-23 2 137 59 5.7 24 BDL A3 BDL
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Figure 8. Graphical summaries of nitrate nitrogen concen-
trations in samples from wells located upgradient from, in
adjacent to, and downgradient from the landfill, and from
background wells in Leon County, Fla.

At five other landfillsin northwest Florida, maximum
chloride concentrations in samples from monitoring
wellsranged from 35to 172 mg/L (Bartel, 1986),
whereas at this study site, the maximum chloride con-
centrationwas22.7 mg/L.. Chloride concentrationswere
similar in upgradient and downgradient areas near the
landfill, and chloride concentrations were higher in sam-
plesfrom the background wells completed in the Upper
Floridan aquifer in Leon County than in samples from
the Upper Floridan aquifer at the study site (table 3).

Analysis of ground-water samples collected at
the study site for trace-element concentrations

indicated that many concentrations were below
analytical detectionlimits. Trace element concentrations
above detection limitsgenerally had little differencein
concentrations in samples from areas upgradient from
the landfill, within and adjacent to the landfill, and
downgradient from the landfill. Of the 13 trace ele-
ments analyzed, iron, copper, chromium, manganese,
barium, and lead had less than 50 percent of the
reported concentrations below detection limits (table
6). The occurrence and distribution of iron and
manganeseat thestudy sitewerediscussedpreviously.
Graphical summaries of barium, chromium, copper,
and lead concentrations are shown in figures 9a-9d to
illustrate the distribution among samples collected
fromwellsin areas upgradient, within, adjacent to, and
downgradient from the landfill. Concentrations below
detection limitswere set equal to the detection limit for
the preparation of the graphical summaries. Median
concentrations of copper and lead were greatest in
samples from the landfill well, whereas the median
concentrations of barium and chromium were highest
in samples from the well adjacent to the landfill,
although chromium concentrations varied little among
thewell categories(fig. 9b). Thelow concentrations of
trace elements indicate that the landfill materials or
aquifer sediments might not contain a source of trace
elements or that the trace elements are being adsorbed
by aquifer sediments. The low concentrations could
also berelated to dilution of ground water in the Upper
Floridan aquifer.

Table 6. Trace elements analyzed at the study site and
percent of concentrations below detection limit

[ug/L; micrograms per liter]

Percent

Number Detection below
Trace of limit, detection
element samples (ng/L) limit
Iron 117 5.6 11
Copper 131 3 12
Chromium 131 .6 13
Manganese 131 12 21
Barium 131 12 32
Lead 131 .6 45
Cadmium 131 4 68
Selenium 131 3 75
Nickel 131 2.9 84
Arsenic 131 35 87
Silver 131 V4 92
Zinc 127 161 93
225
Mercury 131 5 95

IDetection limit before August 1989.
“Detection limit from August 1989 until end of study.
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Occurrence and Distribution of Organic
Compounds

Only 27 of the more than 140 organic compounds
analyzed in samples from the surficial and Upper
Floridan aguifers at the site were present in concentra
tions above the detection limits. Constituents detected
most frequently in the 136 samples included tetrachlo-
roethene (PCE) (39 samples), toluene (22), benzene
(19), xylene (14), naphthalene (13), bis(2-ethylhexyl)
phthalate (13), chloroform (11), 124-trimethylbenzene
(210), and 135-trimethylbenzene (7) (table 7). Most of
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these compounds detected had low concentrations (near
analytical detection limits) and were detected in one or
two samples per well from various wells at the site.

Only PCE, benzene, and vinyl chloride concen-
trations in samples collected at the study site exceeded
State MCL's (Florida Department of Environmental
Regulation, 1990). PCE was detected in 39 ground-
water samples, 26 of which were from upgradient
wells. PCE concentrations exceeded the State MCL of
3.0 pg/L in 13 samples from awell located upgradient
from the landfill and in one sample from awell |ocated
downgradient from the landfill. Well T-02 islocated
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Figure 9. Summaries of water quality in samples from wells located upgradient from, in, adjacent to, and downgradient from
the landfill showing concentrations of: (a) Barium, (b) Chromium, (c) Copper, and (d) Lead.
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Table 7. Concentrations of organic compounds above analytical detection limits in samples collected from wells at the study site
[Concentrations are in micrograms per liter]

Compound Well Sample Concentration Compound Well Sample Concentration
identifiers date identifiers date
Benzene T-02 12-88 0.50 Chloroform T-01 9-90 1.14
T-03 6-88 1.56 9-89 1.86
4-88 1.60 3-89 .70
12-87 3.0 9-88 .85
9-87 3.50 6-88 1.14
6-87 1.46 3-88 1.1
T-04 9-88 .25 12-87 1.77
T-06 3-90 331 T-03 3-88 15
T-07 3-90 57 T-04 9-88 a2
12-88 .96 T-15 5-89 1.16
T-10 9-89 5.80 T-16 5-89 49
T-12 3-90 2.68
9-89 .36 Dibromochloromethane
5-89 4.68 T-15 5-89 .65
T-13 5-89 A7
T-15 9-89 74 1,1-Dichloroethane T-03 12-87 .07
5-89 1.24 9-87 10
T-16 9-89 5.82 cis-1,2-Dichloroethylene
T-19 12-89 2.00 T-01 9-90 1.75
9-89 8.53 6-90 .84
T-03 12-87 39
bis (2-ethylhexyl) phthalate
T-01 3-89 125 Ethylbenzene T-02 12-88 213
T-02 3-89 134 T-03 12-87 448
T-04 12-88 38.1 T-04 9-88 A2
T-05 12-88 10.6
T-07 9-90 12.3 p-Isopropyltoluene T-02 12-88 31
9-89 37.7 T-05 12-88 18
6-89 13.2 T-06 12-88 14
9-87 21.4 T-07 12-88 A7
6-87 13.9
T-13 3-90 16.0 Methylenechloride T-02 6-87 153
5-89 30.6
T-17 9-89 43.6 Naphthalene T-01 9-90 3.03
T-19 9-89 11.2 12-88 1.0
9-88 .38
Bromodichloromethane T-02 9-90 .83
T-15 5-89 117 12-88 .70
T-16 5-89 .32 T-04 9-90 .88
12-88 27
n-Butylbenzene T-02 12-88 24 9-88 25
T-04 9-88 .26 T-05 12-88 .58
T-06 12-88 24 T-06 9-88 .25
T-07 9-90 4.40 T-07 9-90 .90
12-88 1.04
s-Butylbenzene T-01 12-88 43 9-88 22
T-07 12-88 .63
n-Propylbenzene  T-07 12-88 .29
t-Butylbenzene T-01 12-88 .20
9-88 12 Styrene T-01 12-88 .16
T-02 12-88 1.2 T-02 12-88 4.8
T-04 9-88 A3 T-05 12-88 .65
T-05 12-88 .65
Tetrachloroethene (PCE)
Chlorobenzene T-03 6-88 3.21 T-01 9-90 1.34
3-88 4.8 6-90 .86
12-87 4.48 3-90 .61
9-87 3.83 12-89 .68
6-87 2.74 3-89 112
12-88 .20
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Table 7. Concentrations of organic compounds above analytical detection limits in samples collected from wells at the study
site--Continued

Compound Well Sample Concentration Compound Well Sample Concentration
identifiers date identifiers date
Tetrachloroethene (PCE) Trichlorethene T-02 9-89 27
T-01 9-88 .90 6-89 .53
6-88 .33 T-04 6-89 .56
3-88 .28 T-19 3-90 A3
12-87 .34 1,1,1-Trichloroethane T-01 3-88 16
9-87 .34 T-03 3-88 24
T-02 9-90 14.5
6-90 9.06 Trichloroflouromethane
3-90 10.8 T-02 9-90 472
12-89 131 6-90 2.86
9-89 54 9-89 214
9-89 8.72 6-89 10.3
6-89 7.46 9-88 .76
3-89 741
12-88 .84
9-88 3.78 124-Trimethylbenzene
6-88 3.52 T-01 12-88 .50
3-88 43 9-88 25
12-87 5.42 T-02 9-88 10
9-87 7.37 T-04 9-88 A5
6-87 8.67 T-05 12-88 32
T-03 12-87 .08 9-88 A3
6-87 .08 T-06 12-88 .35
T-04 3-90 14 9-88 16
3-89 A1 T-07 12-88 49
6-87 .86 9-88 A1
T-06 3-89 21
6-87 .10 135-Trimethylbenzene
T-08 12-89 .16 T-01 12-88 .23
T-12 3-90 18 9-88 10
T-16 12-89 321 T-02 12-88 35
T-17 3-90 .19 T-04 9-88 .08
12-89 123
T-19 12-89 45 T-05 12-88 A1
T-06 12-88 A7
Toluene T-01 9-88 40 T-07 12-88 .20
T-02 3-90 1.85
12-88 3.57 Vinyl Chloride T-03 9-87 13.2
T-03 4-88 .85
12-87 414 Xylene T-01 12-88 .16
9-87 152 9-88 .39
6-87 .64 T-02 12-88 6.06
T-04 9-90 .92 9-88 .18
3-90 147 T-04 9-90 .92
9-88 37 9-88 .36
9-87 32 T-05 12-88 .59
T-05 3-90 1.49 9-88 A3
12-88 .58 T-06 12-88 .57
9-88 .20 9-88 .20
T-06 12-88 .56 T-07 9-90 193
9-88 .20 6-90 .29
T-07 9-90 1.90 12-88 .50
6-90 .69 9-88 14
12-88 .80
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between the landfill and a cemetery, approximately 20
ft from the northern edge of the landfill (fig. 1). The
proximity of this sampling location to the landfill may
indicate that PCE isleaching directly from the landfill.
The State MCL of 1.0 pg/L for benzene was exceeded
in 13 of the 136 samples from wells located within the
landfill (T-03), adjacent to the landfill (T-04), and in
downgradient locations (table 7). On one occasion,
benzene was detected in a sample from well T-02, an
upgradient location. Vinyl chloride concentration
exceeded the MCL of 1.0 ug/L once in asample from
the landfill well (T-03).

Ethylbenzene and styrene were detected in
concentrations exceeding State guidance levels of 2.0
pg/L and 1.0 ug/L, respectively, in samples from some
wells at the site. Guidance levels are nonenforceable
standards established for drinking water (Florida
Department of Environmental Regulation, 1990).
Ethylbenzene was measured in concentrations greater
than the guidance level in two samples, one from well
upgradient from the landfill (T-02), and the other from
well T-03 within the landfill. The concentration of
styrene exceeded the State guidance level of 2.0 ug/L
in one sample from upgradient well T-02.

A few organic compounds were detected in water
samples from the landfill well T-03, including 1,1,1-
trichloroethane, benzene, chloroform, ethylbenzene,
PCE, toluene, and vinyl chloride. Of these compounds,
only benzene and vinyl chloride concentrations
exceeded State MCL's, and ethylbenzene exceeded the
State guidance level (table 7). The presence of these
compoundsin samples from thiswell in the landfill
(T-03) indicate that the household trash and other
materials deposited in this part of the landfill probably
contained some of these organic compounds.

Effects of Sludge Spreading on Ground-Water
Quality

Sludgeisthe residue remaining after treatment of
wastewater and consists of water, biological matter,
and small quantities of metals and other chemicals
(Miller, 1980). The sludge spread at thissiteisfrom a
sewage-treatment plant that treats municipal
wastewater for the City of Tallahassee and was applied
asaliquid from atank trunk. Asaliquid, sludge
typically contains 5 percent solids. The constituentsin
the sludge that most readily leachesto soils and ground
water include sodium, potassium, chloride, sulfate and
nitrite plus nitrate (Miller, 1980). Of these, nitrite plus
nitrate is generally present in the highest concentra-
tionsin sludge (Miller, 1980). Estimates of nitrogen-

loading rates were cal culated from available data
(William G. Leseman, City of Tallahassee, written
commun., 1990). Records of total nitrogen content in
sludge were available for the time period October 1985
through March 1990. Nitrite plus nitrate content was
not available. The average loading rate for the three
spreading areas adjacent to the landfill (fig. 1) was
approximately 360 Ib of nitrogen per acre per year.
Annual loadings of this quantity of nitrogen have the
potential to enrich the nitrogen concentrationin ground
water, especially when the water tableis near land
surface, and samples are collected near the water table.

Concentrations of sodium, potassium, chloride,
sulfate, nitrite plus nitrate, total ammonia plus organic
nitrogen, and ammoniain ground water from the surfi-
cial and Upper Floridan aquifersin sludge-spreading
areas and other areas were compared to determine the
effects of sludge spreading on ground-water quality.
Nonparametric statistical analysis of constituent con-
centrations in the two areas using the Wilcoxon rank-
sum test indicated that chloride and nitrite plus nitrate
concentrations were significantly different in the two
areas, with higher median concentrations in samples
from wellsin the sludge-spreading areas (table 8).
Median chloride concentration was 2.9 mg/L in sam-
ples from wellsin sludge-spreading areas and 1.8 mg/L
in other areas. Median nitrite plus nitrate concentration
in samples from wellsin sludge spreading areas was
6.9 mg/L compared to 1.1 mg/L in other areas. The
maximum nitrite plus nitrite plus nitrate concentration
of 8.1 mg/L in the group of samples from other areas
(table 8) may be dueto aseptic tank located at a nearby
abandoned private residence. Potassium concentra-
tionsin ground water were significantly differentinthe
two areas, but the median concentration was lower in
the sludge-spreading areas and the differencein median
concentration was only 0.3 mg/L (table 8). Sodium,
total ammonia plus organic nitrogen and ammonia
nitrogen concentrationswere not significantly different
in the two areas (table 8). Median total ammonia plus
organic nitrogen and ammonia nitrogen were less than
0.50 mg/L in both areas (table 8).

SUMMARY

A 120-acre landfill located near the municipal
airport served as the primary landfill for the City of
Tallahassee, receiving mostly household trash from
approximately 1959 to 1976. Sludge from amunicipal
sewage-treatment plant has been spread on land
adjacent to the landfill since approximately the
mid-1960's. In 1987, the USGS and the City of Tala-
hassee begain a cooperative study to determine the
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Table 8. Summary of selected water quality characteristics for samples collected from wells in sludge-spreading and other

areas at the study site

[<, lessthan; mg/L, milligrams per liter; N, nitrogen. Ranges represent all analysesin each category; datafrom the surficial aguifer does not include data from
well in thelandfill (T-03) or well adjacent to the landfill (T-04); Ranges represent all analysesin each category; Datafrom the surficial aquifer doesnot include
data from well in the landfill (T-03) or well adjacent to the landfill (T-04); median s are considered significantly different if p-value is equal to or less than

0.05; <, less than]

Constituent concentration in

ground water from
sludge-spreading areas
(13 wells?, 80 analyses)

Constituent concentration in
ground water from
other areas
(5wells? 50 analyses)

Water-quality Median Range Median Range p-value
characteristic (mg/L) (mg/L) (mg/L) (mg/L) from Wilcoxon
rank sum test
Sodium 2.4 0.75- 88 25 15 -4043 0.18
Potassium .6 .05- 30 9 .07- 173 <.01
Chloride 29 <.19-227 18 .80- 44 <.01
Sulfate 4.4 1.0-525 38 <10 -190 40
Nitrite plus
nitrate nitrogen 6.9 <.02-19.0 11 <02- 814 <.01
Total anmonia
plus organic
nitrogen .26 <.07-15.0 .07 <.07- 16 24
Ammonia nitrogen .02 <.02- 0.79 .01 <.02- .73 .93

Wells T-05 through T-08, T-10, T-13 through T-19, T-23
2Wells T-01 thorugh T-04, T-12
3High value from within landfill

4High value from well T-01, located adjacent to an abandoned private residence which might have a septic system on the property

extent and nature of ground-water contamination in the
area. Thesiteisunderlain by asurficia aguifer and
the Upper Floridan aquifer below. Thesurficial aquifer
consists of sand and clayey sand with someclay layers,
and is 20- to 70-ft thick at the study site. The Upper
Floridan aguifer of the Floridan aquifer systemisa
sequence of highly permeable carbonate rocks with
NUMErous open zZones.

Seven monitoring wells were installed in the
surficial and Upper Floridan aquifers by the Florida
Department of Environmental Regulation (FDER) in
1986. Analyses of samples collected from these wells
indicated that concentrations of some constituents
exceeded the State maximum contaminant levels for
drinking water. These constituentsincluded iron, man-
ganese, sulfate, nitrite plus nitrate, tetrachl oroethene,
benzene, and vinyl chloride. One of the wells, from
which most of the samplesthat exceeded FDER MCLs
were collected, was located within the boundaries of
the landfill. Water-quality samples collected at this
well wereused to compare ground-water quality within
the landfill to that in areas upgradient and downgradient
from the landfill.

Fourteen additional monitoring wells were
installed in 1989 and 1990 in suspected areas of
contamination adjacent to the landfill and in an area
identified by electromagnetic conductivity
measurements. Chemical analysis of samples from
these monitoring wells indicated some contamination.
Comparison of the quality of water in the Upper
Floridan aquifer at the siteto that in the Upper Floridan
aquifer at background sitesin Leon County indicated
that, of the mgjor ions analyzed, only the concentra-
tions of potassium and of nitrite plus nitrate were sig-
nificantly different, with higher median concentrations
a the study site. Median potassium and nitrite plus
nitrate concentrations at the study site were 0.7 mg/L
and 6.48 mg/L, respectively, compared to 0.4 mg/L and
0.51 mg/L in samples from the background wells.
Concentrations of sodium, chloride, and bicarbonate
were significantly different in samples from the back-
ground wellsthan in samplesfrom wellsat thestudy site
and median concentrations of these ionswere higher in
samples from the background wells.
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Specific conductance and concentrations of major
ionsand dissolved solidswere evaluated for six well cat-
egories; upgradient, landfill, adjacent to landfill, down-
gradient onsite, downgradient offsite, and background.
The downgradient offsite wells were domestic wells
from 1-2 mi downgradient from the landfill. Con-
centrations of sodium, bicarbonate, sulfate, iron,
manganese, and dissolved solids were highest in
samples from a well located within the landfill.
Nitrite plus nitrate concentrations were lowest in the
landfill well, indicating that the nitrite plusnitrate was
being reduced or that there was a source of nitrate
other than from the landfill. Wide rangesin concen-
trations of iron, sulfate, nitrite plus nitrate, and total
ammonia plus organic nitrogen in an area near the
landfill indicated localized reducing conditionsin
ground water. Median iron concentrations of 930 ug/L
and 30 pg/L were present in samples from wells less
than 5 feet different in depth and located only 5 feet
apart. In the same two wells, median sulfate concen-
trations were 30 mg/L and 10 mg/L, median nitrite
plus nitrite plus nitrate concentrations were less than
0.2 mg/L, and median total ammonia plus organic
nitrogen concentrationswere 3.2 mg/L and 3.3 mg/L.
Trace element concentrations generally were near or
below detection limits. Other than iron and manga-
nese, only barium, chromium, copper, and zinc were
present in concentrations above detection limitsin 50
percent or more of the samples. Median concentra-
tions of copper and lead were highest in water from
the landfill well.

Of the more than 140 organic compounds
analyzed, only 27 compounds had concentrations above
detection limits. State maximum contaminant levels
were exceeded for benzene, tetrachl orethene, and vinyl
chloride. The maximum contaminant level of 1.0 ug/L
for benzene and vinyl chloride was exceeded in 13
samplesfor benzene and in 1 samplefor vinyl chloride.
The maximum contaminant level of 3.0 ug/L for tetra-
chloroethene was exceeded in 14 samples.

Sludge from the municipal sewage-treatment
plant has been spread at the study site where many of
the monitoring wells are located and is most likely
responsible for the nitrite plus nitrate enrichment in
ground-water samples because samples from the
landfill well did not have high nitrite plus nitrate con-
centrations. Statistical comparison of ground water
from sludge-spreading and other areas showed that
chloride and nitrite plus nitrate concentrations were
significantly different in the two areas. Median chlo-
ride concentrations in ground water from sludge-

spreading areas was 2.9 mg/L compared to 1.8 mg/L

in ground water from other areas. Median nitrite plus
nitrate concentrationsin ground water were 6.9 mg/L

in sludge-spreading and 1.1 mg/L in other areas.

The effect of the landfill materials on ground-
water quality at the site seems to be confined to an
areaimmediately adjacent to the landfill. Low con-
centrations of water-quality constituents at the study
site could be due to dilution by the large volumes of
ground water flow in the Upper Floridan aquifer.
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