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ABBREVIATIONS AND CONVERSION FACTORS
Factors for converting inch-pound units to International
System of units (SI) and abbreviation of units

Multiply
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foot (ft)
mile (mi)

square mile (mi2)
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gallon per minute (gal/min)

degrees Fahrenheit (°F)

micromho per centimeter
(pmho/ cm)

By

Length

25.40
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1.609
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0.4047
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Temperature

0.5555
(°F-32°)

Specific

conductance

1.000

To obtain

millimeter (mm)
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kilometer (km)

square kilometer (kmz)
hectare (ha)

liter per second (L/s)

degrees Celsius (°C)

microsiemens (pS/cm)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geo-

detic datum derived from a general adjustment of the first-order
level nets of both the United States and Canada, formerly called
"mean sea level.” NGVD of 1929 is referred to as sea level in this

report.
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EFFECTS OF LAND USE ON GROUND-WATER QUALITY IN
THE EAST EVERGLADES, DADE COUNTY, FLORIDA

By Bradley G. Waller

ABSTRACT

Ground-water quality characteristics of the Biscayne aquifer
from September 1978 through June 1979 were determined for seven
land-use areas within the East Everglades in Dade County, Florida.
Four agricultural areas, two low-density residential areas, and
Chekika Hammock State Park were investigated. The effects of land
use on the ground water were minimal in all areas; only iron, which
occurs naturally in high concentrations in the Everglades, exceeded
potable ground-water standards. Potassium and nitrate concentra-
tions in certain samples increased over background councentrations
in the agricultural areas. Ground water at Chekika Hammock State
Park and at a citrus grove is contaminated by brackish water flow—
ing from an artesian well.

The soil at the agricultural areas had higher concentrations
of chromium, copper, and manganese than at the two residential
areas or at Chekika Hammock State Park. One residential area
(Coopertown) had the highest concentrations of lead and zinc and
detectable polychlorinated biphenyls. Chlorinated-hydrocarbon in-
secticide residues in soil at three agricultural areas were higher
than background concentrations.

INTRODUCTION

The East Everglades area in Dade County, Fla. (fig. 1), is
240 miZ of chiefly (90 percent) undeveloped wetland between the
Everglades National Park on the west and the extensively developed
areas of south Dade County on the east. The unconfined Biscayne
aquifer underlies the entire study area and is the primary source
of water for agricultural and residential use in Dade County. The
East Everglades area and Water Conservation Areas 3A and 3B (fig.
1) are ground-water recharge areas for south Dade County. Because
of concern about environmental and water—quality changes in the
East Everglades, a moratorium was declared by Dade County officials
in 1976 on further extensive agricultural or residential develop-
ment until the physical, chemical, biological, and hydrological
characteristics of the area could be described. In April 1978, the
Metropolitan Dade County Planning Department was given the respon-
sibility to coordinate efforts to determine how the East Everglades
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ecosystem functions and to develop best management practices for
the area. As part of this coordinated effort, the U.S. Geological
Survey, in cooperation with the Metropolitan Dade County Planning
Department, investigated the effects of certain land uses on
ground-water quality. This report presents the sampling results
which constitute the final output of work element IIA of the plan
of study (Metropolitan Dade County Planning Department, 1978,

p. 45-48).

The effects of land use on the quality of ground water in the
East Everglades were evaluated by drilling and sampling 34 wells in
7 areas representing agricultural, residential, and recreational
land use. These areas were selected because they are widely dis-
tributed and characteristic of land use during the time of the
study (1979) in the East Everglades. Four areas are in agricul-
tural use, the major land use in the East Everglades. The land-use
areas are as follows (fig. 2):

Agricultural areas:

1. Howard Drive;
2. Citrus grove;
3. Rock-plowed tomato field;
4. Cracker Jack Slough;

Residential areas:

5. Coopertown;
6. Richmond Drive;

Recreational area:

7. Chekika Hammock State Park.

Purpose and Scope

The purpose of this investigation was to evaluate the effects
of certain land uses on ground-water quality in the East Ever-
glades. Monthly collection of ground-water samples for water—qual-
ity analysis was made at 34 wells in seven land-use areas from
September 1978 through June 1979. Soil samples were collected for
chemical analysis from the seven areas at the beginning of the in-
vestigation (September 1978), and from the four agricultural areas
at the end of the growing season (April 1979) to determine the re-
tention capabilities of the soil. The water—quality constituents
determined in ground water and the frequency of sampling are shown
in table 1.
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Table l.--Water—-quality and soil constituents determined

and frequency of sampling

Constituents Frequency
Macronutrients (organic nitrogen, ammonia, nitrite, Monthly.
nitrate, total nitrogen, orthophosphate, total phos-
phorus, and total organic carbon) and potassium.
Physical characteristics and field measurements (tem— Monthly.
perature, turbidity, pH, alkalinity, and specific con-
ductance).
Bacteriological (total coliform, fecal coliform, and Monthly.
fecal streptococci).
Major ions (calcium, magnesium, sodium, potassium, September
chloride, sulfate, bicarbonate, fluoride), hardness, and April.
color, and dissolved solids.
Trace elements - total recoverable (arsenic, cadmium, November,
chromium, copper, 1iron, lead, manganese, mercury, February
nickel, and zinc). and May.
Insecticides, herbicides, and polychlorinated biphenyls November.
Soil analysis (macronutrients, trace elements, chemical September
oxygen demand, organic content, and chlorinated hydro- and April.

carbon insecticides).




This investigation was designed to evaluate ground-water qual-
ity during one extended growing season, September 1978 through June
1979. During September and October, before the beginning of the
winter-growing season, agricultural site preparation begins. Dur-
ing November through April, most fields are in production, and fer-
tilizers, pesticides, and micronutrients are applied. Irrigation
is required for most crops. Most agricultural production ceases by
May or June.
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BISCAYNE AQUIFER

The unconfined Biscayne aquifer underlies the entire study
area and is the primary source of water for agricultural and resi-
dential use in Dade County. It is comprised of consolidated lime-
stone, sandstone, sand, and shell, The general thickness of the
aquifer in the East Everglades ranges from about 25 feet on the
western edge (Levee 67 Extended Canal) to about 50 to 60 feet along
the Levee 31 complex (fig. 3). The geologic and hydrologic charac-
teristics of the Biscayne aquifer have been extensively described
by Parker and others (1955), Schroeder and others (1958), and Klein
and Hull (1978).

The East Everglades and Water Conservation Areas 3A and 3B
(fig. 1) are ground-water recharge areas for the Biscayne aquifer
in south Dade County. Ground-water movement is generally to the
south during the dry season (November—-April) and to the southeast
during the wet season (May-October) (Schneider and Waller, 1980).

SAMPLING METHODS AND PROCEDURES

The seven land-use areas were selected in April and May 1978
based on the size of the particular area and the prevalence of the
specific type of land use in the East Everglades. The locations of
the wells at each agricultural area were based on the direction of
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ground-water movement. Seven wells (two upgradient, three central,
and two downgradient) were located at each agricultural area. A
schematic of the well locations in the agricultural areas is shown
in figure 4., Two wells are near the center of each of the Cooper—~
town and Richmond Drive residential areas and Chekika Hammock State
Park; one well is 10 to 15 feet deep and one is near the base of
the Biscayne aquifer (35 to 50 feet deep).

The wells were rotary drilled in July 1978. The 2-inch black
iron casings were set in limestone with approximately 2 feet of
open hole below the casing. All wells were finished in the Bis-
cayne aquifer. Table 2 lists all wells by land-use area, the local
well number, identification number, location (upgradient, central,
downgradient), and depth.

Sampling procedures conform to the procedures used by the U.S.
Geological Survey in similar investigations in south Florida (Pitt
and others, 1975; Mattraw and others, 1978). Each well was pumped
at about 10 gal/min until a uniform representative sample was pro-
duced based on pH, specific conductance, and temperature. A sche-
matic of the sampling apparatus is shown in figure 5. All analyses
were performed on unfiltered samples, except for major ions and
dissolved solids. Soil was composited from five subsamples col-
lected throughout the land-use area and then sieved through a No.
5-mesh sieve before chemical analysis. All chemical and physical
properties of the ground water or soil (table 1) were analyzed in
the field or at the U.S. Geological Survey laboratories in Ocala,
Fla., and Atlanta, Ga. Analyses for total coliform, fecal coli-
form, and fecal streptococci concentrations were made by the
Florida Health and Rehabilitative Services Laboratory in Miami.

RAINFALL AND WATER LEVELS

Rainfall data (in inches) from the Homestead Agricultural
Experiment Station during the investigation were as follows:

1978 1979

Oct Nov Dec Jan Feb Mar Apr May June

6.77 1.83 1.75 1.41 0.89 0.35 12.88 5.09 2.60

7.36 2.08 1.23 1.60 1.98 1.96 3.10 6.40 6.40

Sept
Rainfall 8.96
Average 9.62
rainfall
(35~year)

Departure -0.66
from average

-0.59 -0.25 0.52 -0,19 -1.09 ~-1.61 9.78 -1.31 -3.80
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SAMPLING

PLASTIC TUBING\

LAND SURFACE

7

CENTRIFUGAL
PUMP

CEMENT

WATER TABLE

L

2-INCH BLACK IRON CASING

/o TO 45 FEET DEEP

Figure 5.--Ground-water sampling apparatus.

/OPEN HOLE, | TO 2 FEET DEEP
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Table 2.--Ground-water sites at seven land-use areas in the East Everglades

Depth
Well No. Identification No. Location (feet)
Howard Drive agricultural area (fig. 7)
G-3186 253907080314301 upgradient 11
G-3189 253907080314302 upgradient 20
G-3187 253842080311401 central 11
G-3190 253842080311402 central 20
G-3192 253842080311403 central 41
G-3188 253816080310701 downgradient 10
G-3191 253816080310702 downgradient 19
Citrus grove (fig. 8)
G-3193 253537080321801 upgradient 11
G-3196 253537080321802 upgradient 19
G-3195 253510080320701 central 12
G-3198 253510080320702 central 19
G-3199 253510080320703 central 46
G-3194 253440080314501 downgradient 11
G-3197 253440080314502 downgradient 21
Rock-Plowed tomato field (fig. 9)
G-3172 253112080341501 upgradient 10
G-3175 253112080341502 upgradient 16
G-3173 253045080341201 central 11
G-3176 253045080341202 central 20
G-3178 253045080341203 central 41
G-3174 253018080341201 downgradient 11
G-3177 253018080341202 downgradient 20
Cracker Jack Slough agricultural area (fig. 10)
G~3180 252742080344501 upgradient 21
G-3183 252742080344502 upgradient 27
G-3179 252504080340001 central 11
G-3182 252504080340002 central 21
G-3185 252504080340003 central 39
G-3181 252413080335801 downgradient 10
G-3184 252413080335802 downgradient 20
Coopertown (fig. 12)
G-3202 254537080362001 central 10
G-3203 254537080362002 central 34
Richmond Drive residential area (fig. 13)

G-3200 253630080321801 central 11
G-3201 253630080321802 central 42
Chekika Hammock State Park (fig. 14)

G-3204 253656080350303 central 13
G-3205 253656080350304 central 44

11



Water levels during the investigation declined gradually
throughout the East Everglades from October 1978 to April 24, 1979
(fig. 6). Declines were as follows: 1.18 feet near Coopertown
(well G-618); 3.36 feet near Richmond Drive-Howard Drive and Che-
kika Hammock State Park (well G-596); and 5.37 feet near the rock-
plowed tomato field-Cracker Jack Slough area (Taylor Slough at Con-
text Road) (fig. 2). On April 24-25, water levels rose abruptly in
response to intense rainfall (11 inches recorded at Chekika Hammock
State Park). Most agricultural areas were inundated, and agricul-
tural activities virtually ceased for the 1979 growing season.
Rainfall was less than average during May and June 1979.

GROUND~WATER QUALITY CHARACTERISTICS AT THE LAND-USE AREAS

Factors that influence the quality of ground water in the East
Everglades area include: (1) quality of inflow (upgradient water
quality and rainfall quality); (2) chemical characteristics of the
soil; (3) composition of the Biscayne aquifer; (4) anthropogenic
effects (application of agricultural chemicals, sewage effluent,
and the presence of industrial compounds); and (5) dispersion,
dilution, and attenuation characteristics of the aquifer. The
parameters shown in table 1, sampled over the 10-month period, were
selected to characterize both background water quality and to de-
tect possible contamination. Multidepth wells were used to deter-
mine vertical change in ground-water quality.

Background Water Quality

Background wells are considered uncontaminated because they
are upgradient of a land-use area. The background wells used (ta-
ble 2) for the analyses in table 3 are: G-3186, G-3189, G-3172,
G-3175, G-3180, and G-3183. Water from these wells shows some var-
iation in analytical results which reflect the natural variability
caused by sampling and the seasonal changes in an uncontaminated,
shallow, water—table aquifer.

Water from wells G-3193 and G-3196, upgradient from the citrus
grove, is not considered background because there was evidence of
contamination from more highly mineralized water unrelated to land
use. The water from the wells at Coopertown, Richmond Drive resi-
dential area, and Chekika Hammock State Park is near the center of
the land-use areas and was, therefore, not representative of back-
ground conditions.

Background (uncontaminated) water quality in the East Ever-
glades was established by statistical analyses of selected parame~
ters and constituents (table 3). These statistical analyses show
that:

12
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Table 3.--Statistical summary of background water quality
in the East Everglades

No. of Aver- Mini- Maxi- Standard
Characteristics samples age mum mum deviation
[Parameters and constituents in milligrams per liter]
Temperature (°C) 51 24.4 23.0 25.5 0.6
pH 52 - 6.7 8.0 -
Color (Pt-Co units) 11 - 5 50 -
Specific conductance 46 435 385 490 28
(umho/cm at 25°C)

Turbidity (NTU) 53 7 0 150 -
Carbon dioxide 50 33 3.8 83 15
Alkalinity (as CaCO3) 51 221 190 361 34
Organic carbon 52 10 .0 83 11
Inorganic carbon 6 48 36 57 7.7
Total carbon 6 55 46 60 5.3
Organic nitrogen 53 .33 .06 .82 .15
Ammonia nitrogen 53 .25 .03 A4 .13
Nitrite nitrogen 53 .00 .00 .01 .00
Nitrate nitrogen 53 .01 .00 .17 .02
Total nitrogen 53 .59 .21 1.14 .24
Orthophosphate as P 53 .01 .00 .05 .01
Total phosphorus 53 .01 .00 .07 .02
Calcium 11 77 72 84 3.5
Magnesium 11 3.4 2.8 4.0 b
Sodium 11 10 8.6 13 1.3
Potassium 48 .8 .2 9.5 1.7
Chloride 11 17 15 20 1.4
Sulfate 11 7.6 2.1 14 4.0
Fluoride 11 .1 .1 .2 .0
Silica 11 b.h 4,0 4,9 .3
Bicarbonate 51 270 230 440 42
Carbonate 15 .0 .0 .0 .0
Hardness 11 209 190 230 11
Noncarbonate hardness 11 5.8 .0 20 7.5
Dissolved solids (sum) 11 260 236 288 18

[Constituents are tbtal recoverable and in micrograms per liter]

StrontiEm 11 560 510 610 33
Arsenict/ 16 2 1 7 2
Cadmium 13 1 1 9 3
Chromiuml/ 16 11 10 20 3
Copper 16 .2 0 2 .6
Iron 16 920 400 1,600 430
Lead 11 2 0 10 3
Manganesel/ 16 15 10 30 7
Nickel 16 9 2 22 7
Zinc 16 10 0 60 14
Mercuryl/ 16 .5 .5 .5 .0

1/ Values noted as less than (<) not included in calculations.
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1. Temperature fluctuates in a narrow range and averages
24.4°C,

2. pH ranges from slightly acidic (6.7) to alkaline (8.0).

3. Color ranges from barely detectable, 5 Pt-Co
(Platinum-Cobalt Standard) units to 50 Pt-Co units.

4, Turbidity is low, averaging 7 Nephelometric Turbidity
Units, and the median value is 4.0 (NTU).

5. Average alkalinity is 221 mg/L (milligrams per liter),
and the average total hardness is 209 mg/L.

Average macronutrient concentrations of water from the back-
ground wells, expressed as elemental nitrogen, phosphorus, and
carbon, are as follows:

Average

Constituents (mg/L)
Organic nitrogen 0.33
Ammonia .25
Nitrite .00
Nitrate .01
Total nitrogen .59
Organic carbon 10
Orthophosphate 01
Total phosphorus .01

The background water is a calcium bicarbonate type, and the
next most prevalent ions are sodium and chloride. Potassium has
an average concentration of 0.8 mg/L. The average specific conduc-
tance is 435 pmhos/cm at 25°C, and the average dissolved-solids
concentration is 260 mg/L.

Average trace—element concentrations, except for iron, were
below established U.S. Environmental Protection Agency (1975, 1977)
regulations and criteria in table 4. Iron councentrations are typ-
ically greater than the established criteria of 300 ug/L (micro-
grams per liter) in the Everglades due to natural lithologic con-
ditions.

Land-Use Areas

Howard Drive Agricultural Area

The Howard Drive agricultural area (fig. 7) encompasses ap-
proximately 640 acres (1 mi2) of primarily rock-plowed fields and
scattered single—family dwellings. Rock-plowing is an agricultural
practice in south Dade County that involves grinding all the sur-
face material (limestone, marl, peat, and vegetation) to make a
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Figure 7.--Howard Drive agricultural area and well locations.
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Table 4,--U.S. Environmental Protection Agency criteria

and regulations for selected chemical constituents

and physical characteristics in potable ground water

[Constituents in milligrams per liter, except for pH and color]

Constituents

Maximum
contaminant

level

Objection

Primary Drinking Water Criteria (1975)

Arsenic
Cadmium
Chromium

Lead

Mercury
Nitrate (as N)

Secondary Drinking Water

Chloride (C1)
Sulfate (S04)
Dissolved solids
pH

Color (Pt-Co units)
Copper

Iron

Manganese

Zinc

0

10

250
250
500

6.5-8.5

15
1

5

.05
.01

.05

.05
.002

.3
.05

Toxic
Toxic
Toxic
Toxic
Toxic
Toxic to infants

Regulations (1977)

Health (physiology) and taste
Health (physiology) and taste
Water treatment

Welfare and water treatment
Esthetic and water treatment
Health and Esthetics

Taste and stain

Taste and stain

Health and taste
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relatively uniform soil type that can be cultivated. Crops consist
of tomatoes, pole beans, and tropical vegetables. Domestic animals
are raised at the residences. Part of the area remained fallow
during the investigation. Intensive agriculture began in November
1978 and ended in April 1979.

Physical characteristics and field measurements of the ground
water are uniform throughout the area (table 5). Color is greater
(20 to 60 Pt—-Co units) than that established for background condi-
tions (5 to 50 Pt-Co units) because of the proximity to the thick
peat soils in the Everglades. Potassium concentrations and spe-—
cific conductance are higher in the shallow and mid-depth wells at
the central and downgradient wells than at the upgradient wells.
The average specific conductance for all wells (484 umhos) is
slightly above background (435 umhos). Average iron concentrations
(1,400 ug/L) are higher than the average background concentration
(920 ug/L).

Macronutrient concentrations show no trends throughout the
Howard Drive agricultural area (table 6). Kjehdahl nitrogen (or-
ganic nitrogen plus ammonia nitrogen) is slightly higher at the
central wells than at the upgradient or downgradient wells. The
greatest organic carbon concentrations were at the downgradient
shallow well G-3188.

The water is a calcium bicarbonate type (table 7). Except for
iron (table 8), no trace—-element concentrations exceeded U.S. En-

vironmental Protection Agency regulations (1975) or criteria
(1977).

Citrus Grove

- The citrus grove occupies approximately 600 acres of rela-
tively high land (7 to 8 feet above sea level) adjacent to Levee
31N and S.W. 216th Street (fig. 8). The grove consists of mature
citrus trees on raised beds and is irrigated with overhead sprin-
klers or by drip irrigation. The soil is primarily marl and
crushed limestone.

Ground water (table 9) in the citrus grove was more miner-
alized than that of background (435 pmhos) as indicated by rela-
tively high average specific conductance (1,040 thos). Specific
conductance decreased downgradient. Waller (1982a) describes the
source and effect of this more mineralized water on the quality of
the Biscayne aquifer in the East Everglades. Overall, potassium
concentrations (3.0 mg/L) were higher than background (0.8 mg/L),
and within the area, were highest at the shallow, central well
(G-3195). Potassium concentrations tended to decrease with depth,

18
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Average macronutrient concentrations in the citrus grove are
slightly higher than background conditions (table 10). The great-
est nitrate and nitrite concentrations occurred in the shallow
central and downgradient wells. Ammonia concentrations in the up-
gradient wells (0.31 and 0.38 mg/L) and total organic carbon con-
centrations (12 mg/L) in all the wells are higher than background
levels (0.25 and 10 mg/L, respectively).

Sodium, chloride, sulfate, potassium, and magnesium concentra-
tions (table 11) exceeded background conditions, indicating con-
tamination from mineralized water. A more extensive discussion of
this contamination is presented by Waller (1982a). Iron (table 12)
was the only trace element that exceeded U.S. Environmental Pro-
tection (1977) criteria.

Rock—~Plowed Tomato Field

The rock-plowed tomato field is a 320-acre tract west of S.W.
232nd Avenue between extensions of S.W. 264th Street and S.W. 280th
Streets (fig. 9). The field was rock plowed in 1976, and tomatoes
were planted in the two subsequent growing seasons. Planting of
the 1978-79 crop began in September 1978 and was completed by the
end of October. The soil is marl and crushed limestone.

The physical and chemical parameters at the rock-plowed tomato
field (table 13) generally reflect background conditions (table 3).
Potassium concentrations and specific conductance levels increase
at both the central and downgradient wells when compared with the
upgradient wells., A high turbidity level of 25 NTU at well G-3177
was caused by the open hole collapsing due to vandalism.

Macronutrient concentrations (table 14) indicated no trends
and reflected background conditions. Major ion concentrations (ta-
ble 15) show that the ground water is a calcium bicarbonate type.
All trace—element concentrations (table 16), except for iron, are
below established U.S. Envirommental Protection Agency (1977) cri-
teria (table 4).

Cracker Jack Slough Agricultural Area

The Cracker Jack Slough agricultural area is between Levee 31W
and Canal 111 (fig. 10) and north of State Road 27. Field prepara-
tion for the 1978-79 growing season began in September 1978, and
the fields were near full production by November 1978. The soil is
a mixture of crushed limestone and marl.
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The physical characteristics of ground water in the Cracker
Jack Slough agricultural area (table 17) generally reflect back-
ground quality (table 3). Potassium concentrations at the central
and downgradient wells (4.8 to 8.6 mg/L) in the area are an order
of magnitude greater than background concentrations (0.8 mg/L).
Specific conductance also increased in the central and downgradient
wells, Color levels are in the low range (0~35 Pt-Co units).

Macronutrient concentrations are similar to background water
quality, except for downgradient, shallow well G-3181 (table 18)
which has the highest average concentration of nitrite (0.6 mg/L)
and nitrate (1.4 mg/L) of all the 34 wells sampled. The nitrate
concentration at this well was highest in September 1978 (4.4 mg/L
as N) and decreased each month during the growing season to the
lowest concentration in April 1979 (fig. 11). These high nitrate
and nitrite concentrations, in conjunction with relatively high
average potassium concentrations (6.2 mg/L), indicate a direct ef-
fect of fertilizer application.

Major ion concentrations show that ground water in the Cracker
Jack Slough agricultural area is a calcium bicarbonate type (table
19), although sulfate concentrations increased at the central and
downgradient wells probably from fertilizer application. Trace-
element concentrations (table 20), except for iron, are below es-
tablished U.S. Environmental Protection Agency (1977) criteria
(table 4).

Coopertown

Coopertown, a residential area along the Tamiami Trail (fig.
2) since 1946, is the oldest development in this part of the East
Everglades. The 3—-acre area has a gas station, a restaurant, and
an airboat ride concession and repair shop. The two wells sampled
are near the center of the development (fig. 12).

The water—quality data for Coopertown, Richmond Drive resi-
dential area, and Chekika Hammock State Park are listed in tables
21-24,

Levels of color (60-90 Pt-Co units), alkalinity (294 mg/L),
and specific conductance (671 umhos) at Coopertown are greater than
background levels (table 3).

Organic nitrogen (1.2 mg/L) and ammonia concentrations (1.4
mg/L) at Coopertown (table 22) are the highest sampled in the seven
areas and five times higher than background concentrations (table
3). Total organic carbon concentrations (18 mg/L) also are above
background conditions (10 mg/L). These increased macronutrient
concentrations can be attributed to the organic Everglades peat
which overlies all of the upgradient area.
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Figure 12.--Coopertown and well locations.
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Ground water at Coopertown is a mixed calcium bicarbonate and
sodium chloride type (table 23). This is the characteristic water
type of the Levee 67A Canal which supplies recharge in this area
(fig. 1) (Waller and Earle, 1975). Average iron concentrations
(table 24) in ground water at Coopertown are the highest sampled
in all seven areas (3,300 pg/L). A lead concentration of 120 ug/L
exceeded U.S. Environmental Protection Agency (1975) criteria in
one sample collected in September at the shallow well.

Richmond Drive Residential Area

Wells in the Richmond Drive residential area (fig. 13) are
downgradient of scattered low density residential development near
Richmond Drive. This area 1s on relatively high ground and is
partly drained by the L-31N Canal (fig. 1). Soil is primarily marl
among outcrops of limestone.

Ground-water quality at the residential area (table 21 and 22)
is similar to background. The ground water is a calcium bicarbon-
ate type (table 23). 1Iron (table 24) is the only trace element
that exceeded U.S. Environmental Protection Agency (1977) criteria
(table 4).

Chekika Hammock State Park

Chekika Hammock State Park, the largest recreational area in
the East Everglades, occupies 640 acres of primarily wetland. The
developed area of the park is a heavily vegetated hammock, 2 to 4
feet higher than the surrounding marsh. Most recreational use oc-
curs in this hammock area. Within the park are campsites, day-use
facilities, employee residences, a flowing arteslan well (Grossman
well or well S-524), and a package sewage-treatment plant. The two
wells sampled are near the center of the hammock and downgradient
of the sewage-treatment plant (fig. 14).

The physical characteristics of ground water at Chekika Ham-
mock State Park reflect background conditions, except for specific
conductance (table 21). The specific conductance in the shallow
well (G-3204) is nearly double that of the background wells, and
the deep well (G-3205) is about four times higher. This higher
mineralization suggests contamination from the saline water flowing
from the nearby artesian well. A more extensive discussion of the
contamination caused by the Grossman well 1s presented by Waller
(1982a). Average potassium concentrations (6.9 mg/L) exceed back-
ground conditions at this area and are also attributed to the con-
tamination from the artesian well.
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Figure 13.--Richmond Drive residential area and well locations.
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Macronutrient concentrations (table 22) generally reflect
background conditions, except for higher ammonia, organic nitrogen,
and total organic carbon concentrations which can be attributed to
the proximity of peat in the upgradient area. The water under the
peat is typically high in organic material and reduced inorganic
nitrogen (ammonia).

The ground water at Chekika Hammock State Park is a mixed
calcium bicarbonate, calcium sulfate, and sodium chloride type and
also has higher concentrations of magnesium and potassium (table
23) than uncontaminated ground water in the East Everglades (table
3). Mineralization changes seasonally due to variations in the
regional ground-water flow patterns and is most pronounced in the
deep well (G-3205). When the water table is high (September,
October, November, and June), the mineralization of the water from
this well increases (fig. 15) because of a southeasterly, rather
than a southerly, regional ground-water flow.

Summary of Physical and Chemical Parameters

A summary of physical parameters and chemical constituents at
all seven land-use areas is given in tables 25 and 26. Parameters
that usually exceed background (uncontaminated ground water) condi-
tions by one standard deviation or more are as follows:

Land-use area Parameters
Specific conductance
Iron
Howard Drive agricultural area Ammonium

Total nitrogen
Total organic nitrogen

Specific conductance
Potassium

Citrus Grove Iron
Organic nitrogen
Total nitrogen
Nitrate

Rock-plowed tomato field Potassium

Cracker Jack Slough agricultural area Potassium

Color
Alkalinity
Specific conductance
Iron

Coopertown Organic nitrogen
Ammonia
Total nitrogen
Total organic nitrogen
Orthophosphate

Specific conductance
Richmond Drive residential area Total organic nitrogen
Total nitrogen

Specific conductance
Potassium
Iron

Chekika Hammock State Park Organic nitrogen
Ammonia
Total nitrogen
Total organic carbon
Orthophosphate
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Pesticides
In November 1978, all 34 wells were sampled and analyzed for

chlorinated-hydrocarbon and phosphorthiocate insecticides and the
herbicides 2-4D, 2,4-5T, and silvex. No detections were noted.

Bacteriological Parameters

Indicator bacteria concentrations were determined at the three
land-use areas most likely to be affected by sewage effluent—-
Coopertown, the Richmond Drive residential area, and Chekika Ham-—
mock State Park (tables 27-29). Coliform bacteria include a wide
variety of organisms which can occur naturally in soil or which can
be enteric. Fecal coliform and fecal streptococci bacteria are in
the intestines of all warm-blooded animals and are used as indica-
tors of fecal contamination. A ratio of FC/FS (fecal coliform to
fecal streptococci) bacteria indicates the source of fecal con-
tamination. A ratio of less than 0.7 indicates that the source of
fecal contamination is from livestock or wildlife; a ratio greater
than 4.0 indicates human sources. A total coliform count of 50
colonies per 100 milliliters is the Dade County water—quality cri-
terion for indicator bacteria in potable ground water.

Ground water at Coopertown (table 27) had total coliform
counts that ranged from 5 to 410 colonies per 100 milliliters in
the shallow well (G-3202) and from 0 to 700 colonies per 100 mil-
liliters in the deep well (G-3203).

Ground water in shallow well G-3200 at the Richmond Drive res
idential area (table 28) had total coliform counts ranging from
less than 1 colony per 100 milliliters to a count that is given as
"too numerous to count” (TNTC). Deep well G-3201 had total coli-
form counts ranging from less than 1 to 310 colonies per 100 mil-
liliters.

Chekika Hammock State Park had total coliform counts (table
29) ranging from O to 280 colonies per 100 milliliters in shallow
well G-3204, and from O to 230 colonies per 100 milliliters in deep
well G-3205.

Analysis of the FC/FS ratio at these three areas shows that
only shallow well G-3202 at Coopertown had human contamination as
indicated by ratios of 41 on November 15, 1978, and 11.5 on April 19,
1978 (table 27).

Variation With Depth

Statistical analysis of the data for selected constituents of
the shallow (table 30), mid-depth (table 31), and deep (table 32)
wells was made to determine any change in the vertical distribution
of these constituents. The following differences were observed:
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Table 27.—Concentrations of indicator bacteria in ground water at Coopertown

[Concentrations in colonies per 100 milliliters]

Date of Total Fecal Fecal FC/FS
Well No. collection coliform coliform streptococci ratio

G-3202 09/12/78 42 1 20 0.05
(shallow) 10/25/78 410 1 1 1.00
11/15/78 217 41 1 41
12/13/78 5 1 1 1.00
01/19/79 16 1 1 1.00
02/23/79 6 1 1 1.00
03/29/79 14 1 3 .33
04/19/79 162 23 2 11.5
05/08/79 220 1 1 1.00
06/06/79 9 1 1 1.00
G-3203 09/12/78 46 1 1 1.00
(deep) 10/25/78 700 1 1 1.00
11/15/78 0 0 1 -
12/13/78 4 1 1 1.00
01/19/79 330 21 60 .35
02/23/79 1 1 1 1.00
03/29/79 5 1 58 .02
04/19/79 23 1 1 1.00
05/08/79 38 1 1 1.00
06/06/79 1 1 1 1.00
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Table 28.-~Concentrations of indicator bacteria in ground water
at Richmond Drive residential area

[Concentrations in colonies per 100 milliliters]

Date of Total Fecal Fecal FC/FS
Well No. collection coliform coliform streptococci ratio
G-3200 09/12/78 164 18 18 1.00
(shallow) 10/25/78 350 2 2 1.00
11/15/78 12 4 1 4,00
12/13/78 1 1 1 1.00
01/19/79 2 0 1 -
02/23/79 5 1 1 1.00
03/29/79 14 1 28 .004
04/19/79 (1) 1 1 1.00
05/08/79 138 42 88 .48
06/06/79 (D 1 1 1.00
G-3201 09/12/78 24 1 1 1.00
(deep) 10/25/78 310 1 2 .50
11/15/78 4 0 1 -
12/13/78 1 1 1 1.00
01/19/79 1 0 1 -
02/23/79 2 1 1 1.00
03/29/79 1 1 1 1.00
04/19/79 1 1 1 1.00
05/08/79 118 2 2 1.00
06/06/79 11 1 1 1.00

1/ Too numerous to count.
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Table 29.--Concentrations of indicator bacteria in ground water
at Chekika Hammock State Park

[Concentrations in colonies per 100 milliliters]

Date of Total Fecal Fecal FC/FS
Well No. collection coliform coliform streptococci ratio

G-3204 09/12/78 60 2 1 2.00
(shallow) 10/25/78 280 1 1 1,00
11/15/78 0 0 1 -
12/13/78 1 1 1 1.00
01/19/79 15 3 14 21
02/23/79 5 1 1 1.00
03/29/79 27 2 1 2.00
04/19/79 1 1 1 1.00
05/08/79 71 2 4 .50
06/06/79 1 1 1 1.00
G-3205 09/12/78 1 1 1 1.00
(deep) 10/25/78 230 1 1 1.00
11/15/78 0 0 1 -
12/13/78 1 1 1 1.00
01/19/79 1 0 1 -
02/23/79 4 1 1 1.00
03/29/79 7 1 7 14
04/19/79 8 1 1 1.00
05/08/79 22 1 1 1.00
06/06/79 1 1 1 1.00
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Table 30.--Statistical summary of selected chemical and physical

parameters in ground water from shallow wells

[Parameters in milligrams per liter, except for temperature, pH, color,
specific conductance, turbidity, and iron]

No. of Standard
Parameter samples Average Minimum Maximum deviation
Temperature (°C) 140 24.3 22.5 28.5 0.9
pH 142 - 6.6 8.1 -
Color (Pt—-Co units) 29 - 0 60 -
Specific conductance 127 628 385 1,900 270
(pmho/cm at 25°C)
Turbidity (NTU) 144 - 0 150 -
Iron (Pg/L) 43 1,000 150 3,500 730
Carbon dioxide 138 40 3.0 113 20
Alkalinity (as CaCOj3) 140 240 178 617 49
Organic carbon 139 12 0 82 12
Organic nitrogen 144 45 .00 1.9 .34
Ammonia nitrogen 144 .34 .00 1.5 .33
Nitrite nitrogen 143 .01 .00 .13 .02
Nitrate nitrogen 143 .12 .00 4.4 .49
Kjeldahl nitrogen 144 .79 .04 3.1 .58
Nitrite + nitrate 143 .13 .00 4.5 .51
nitrogen

Total nitrogen 144 .91 .20 4,7 .69
Orthophosphate as P 143 .01 .00 .20 .02
Potassium 130 2.6 .1 12 3.0
Bicarbonate 140 293 217 752 60
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Table 31.—Statistical summary of selected chemical and physical
parameters in ground water from mid-depth wells

[Parameters in milligrams per liter, except for temperature, pH, color,
specific conductance, turbidity, and iron]

No. of Standard
Parameter samples Average Minimum Maximum deviation
Temperature (°C) 113 24,2 23.0 26.0 0.67
pH 116 - 6.7 8.1 -
Color (Pt-Co units) 24 - 0 60 -
Specific conductance 106 625 391 1,290 274
(pmho/cm at 25°C)
Turbidity (NTU) 117 - 0 25 —_
Iron (pg/L) 35 930 210 1,700 390
Carbon dioxide 114 39 3.4 93 18.5
Alkalinity (as CaCO3) 116 232 125 381 36
Organic carbon 116 11 0 83 13
Organic nitrogen 117 .38 .07 1.2 .21
Ammonia nitrogen 117 .24 .00 .57 .14
Nitrite nitrogen 117 .00 .00 .04 .01
Nitrate nitrogen 117 .01 .00 .17 .02
Kjeldahl nitrogen 117 .62 .16 1.5 .29
Nitrite + nitrate 117 .01 .00 .18 .02
nitrogen

Total nitrogen 117 .63 .17 1.5 .28
Orthophosphate as P 117 .00 .00 .06 .01
Potassium 106 2.4 .2 9.0 2.3
Bicarbonate 116 283 152 464 44
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Table 32.--Statistical summary of selected chemical and physical

parameters in ground water from deep wells

[Constituents in milligrams per liter, except for temperature, pH, color,
specific conductance, turbidity, and iron]

No. of Standard

Parameter samples Average Minimum Maximum deviation
Temperature (°C) 69 23.9 23.0 25.5 0.51
pH 69 -_— 6.8 8.1 -
Color (Pt-Co units) 14 — 5 90 -
Specific conductance 65 805 345 3,800 670

(pmho/cm at 25°C)
Turbidity (NTU) 70 - 2 35 -—
Iron (pg/L) 21 1,600 670 6,200 1,210
Carbon dioxide 65 40 3.3 74 16
Alkalinity (as CaCOj3) 67 246 180 413 37
Organic carbon 69 15 0 90 15
Organic nitrogen 70 .56 .02 2.6 44
Ammonia nitrogen 70 .50 .18 1.5 .38
Nitrite nitrogen 70 .00 .00 .01 .00
Nitrate nitrogen 70 .00 .00 .01 .00
Kjeldahl nitrogen 70 1.6 .24 4.0 .73
Nitrite + nitrate 70 .00 .00 .01 .01
nitrogen

Total nitrogen 70 1.1 .24 4.0 .73
Orthophosphate as P 70 .01 .00 .08 .02
Potassium 63 3.5 $2 27 5.9
Bicarbonate 67 300 220 504 45
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1., Temperature-—A slight decrease from the shallow wells
(24.3°C) to the deep wells (23.9°C).

2. Specific conductance--There appears to be more mineralized
water at the base of the aquifer, but the data are influ-
enced by the contamination from the Grossman well.

3. Iron——Concentrations are characteristically higher toward
the base of the aquifer.

4. Total organic carbon and organic nitrogen--Concentrations
are higher in the deep wells than in the shallow or mid-
depth wells,

5. Nitrate nitrogen—-Concentrations are more than 10 times
higher in the shallow wells than in the mid-depth or
deep wells.

6. Potassium—-Concentrations appear to be fairly uniform and
exceed background concentrations of all depths. Potassium
concentrations are highest in the shallow wells and de-
crease with depth, except at Chekika Hammock State Park
and at the citrus grove.

SOIL ANALYSIS

Soil samples were collected in September 1978 at all seven
land-use areas, and additional samples were collected in May 1979
at the four agricultural areas after the growing season. Samples
were analyzed for trace-element, insecticide-residue, and macronu-
trient concentrations, chemical oxygen demand, and percent organic
material (tables 33-35).

Chlorinated-hydrocarbon insecticides were detected in the soil
at all land-use areas, except at Chekika Hammock State Park (table
35). The Cracker Jack Slough agricultural fields had the highest
concentrations of the DDT family (DDD, DDE, and DDT) and heptachlor
epoxide. The concentrations were of equal order of magnitude to
concentrations in the Everglades agricultural area, south of Lake
Okeechobee (Waller and Earle, 1975). The rock-plowed tomato field
had the highest concentration of chlordane in the soil, but the DDE
and dieldrin detections were at background concentrations of less
than 10 pg/kg (micrograms per kilogram). The citrus grove soil had
the highest concentrations of dieldrin and relatively high concen-
trations of chlordane, DDE, and PCB (polychlorinated biphenyls).
The Howard Drive agricultural area had one detection of dieldrin
which was below background concentration, Soil in the Richmond
Drive residential area and in the Coopertown residential area
showed contamination from chlordane and the DDT family; in addi-
tion, lindane and PCB were detected at Coopertown.
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Trace elements in the soil which had the highest concentra-
tions were chromium, copper, iron, manganese, lead, and zinc; other
trace elements were either not detected or were in concentrations
near their detection limit, Coopertown had the highest concentra-
tion of lead (370 pg/kg). The agricultural areas generally had
higher concentrations of the remaining trace elements than Richmond
Drive residential area, Coopertown, or Chekika Hammock State Park.
Trace elements are normally added as plant micronutrients or as a
biocide., Trace—element concentrations in the soil increased from
the beginning of the growing season (September) to the end (May).

Phosphorus concentrations (table 33) were higher in the agri-
cultural areas than at the two residential areas or Chekika Hammock
State Park. Phosphorus is commonly added to crops to provide an
essential nutrient for growth.

The soil in the East Everglades appears to accumulate the
chemicals added to increase agricultural production or eliminate
pests. Increased concentrations of certain trace elements, chlor-
inated-hydrocarbon insecticide residues, and phosphorus were noted.
The effect of the soil or bottom material in canals throughout the
Everglades as a "sink" for these chemical constituents has been
documented by Waller and Earle (1975), and Waller (1981 and 1982b).
The soil cover accumulates these generally toxic chemical constitu-
ents before they enter the ground-water system.

SUMMARY

Ground—water quality characteristics for seven land-use areas
(four agricultural, two residential, and one recreational) within
the East Everglades, Dade County, from September 1978 through June
1979 are as follows:

Howard Drive agricultural area—-—Agriculture had little effect
on ground-water quality in this land-use area. Potassium concen—
trations were slightly higher than background which is typical of
agricultural areas. 'Higher color levels, specific conductance, and
organic carbon and Kjeldahl nitrogen (organic nitrogen plus ammon-
ium) concentrations are attributed to the proximity to the peat
soil in the northern part of the East Everglades which is upgradi-
ent. The water is a calcium bicarbonate type. Soil contained only
low concentrations of insecticide residues; also micronutrient
manganese was detected at concentrations comparable to the other
three agricultural land-use areas.

Citrus grove—-This land use had a slight effect on the shallow
ground-water quality as indicated by increased concentrations of
potassium, nitrate, ammonium, and organic carbon, Specific conduc-
tance levels are higher than background and decrease downgradient.
The water is a mixed calcium bicarbonate, calcium sulfate, and
sodium chloride type. Soil analyses indicate contamination by
dieldrin, chlordane, DDE, and PCB in addition to the trace ele-
ments-—chromium, copper, manganese, and zinc.
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Rock-plowed tomato field--This land use had little effect on
ground-water quality at the sampling sites. Slight increases in
potassium concentrations and specific conductance were noted in the
shallow and mid-depth wells at the center and downgradient wells.
The water is a calcium bicarbonate type. Soill contained chlordane
and the trace elements——chromium, copper, manganese, and zinc.

Cracker Jack Slough agricultural area--This land use affected
the quality of the shallow ground water as indicated by increased
concentrations of potassium, nitrate, and sulfate at the central
and downgradient wells. The downgradient, shallow well had the
highest concentrations of nitrate as N (4.4 mg/L) and nitrite as N
(0.13 mg/L) of any well sampled and also showed seasonal variation
in these constituents. High potassium, nitrate, and sulfate con-
centrations indicate the effects of fertilizer application. The
water 1s a calcium bicarbonate type. Soil analyses indicate con-
tamination from chlordane, the DDT family, and dieldrin in addition
to the trace elements--copper, manganese, and zinc.

Coopertown--This is the only residential and recreational
land~use area selected which is surrounded by Everglades peat de-
posits. Color levels, specific conductance, and alkalinity are
higher than at the other land-use areas. Organic nitrogen, am—
monia, and total organic carbon were detected in higher average
concentrations than at the other land-use areas., These increases
are attributed to the natural water-quality characteristics of the
central Everglades and are probably unrelated to land-use activi-
ties at Coopertown. The water is a mixed calcium bicarbonate and
sodium chloride type. Soil contained chlordane and the DDT family
and the trace elements--lead and zinc.

Richmond Drive residential area—--No effects on ground-water
quality were detected. Increased concentrations of Kjedahl nitro-
gen are attributed to proximity to organic soils. The water is a
calcium bicarbonate type. Soil contained chlordane and the DDT
family.

Chekika Hammock State Park--This area is affected by a flowing
artesian well as indicated by the highest specific conductance
levels of any of the land-use areas., The degree of mineralization
changes seasonally and with depth. Kjeldahl nitrogen concentra-
tions are slightly above background due to the proximity to Ever-
glades peat in upgradient areas. The water changes seasonally from
a mixed calcium bicarbonate, calcium sulfate, and sodium chloride
type during the dry season to a calcium bicarbonate type during the
wet season, This seasonal change is from a shifting of the ground-
water flow patterns around the Grossman well. No insecticides or
trace elements were detected in soil samples.
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Iron concentrations in the East Everglades showed an areal and
vertical trend. Concentrations decreased from the land-use areas
in the north to land-use areas in the south. Iron concentrations
generally increased with depth and was the only trace element in
the ground water to exceed the U.S. Environmental Protection Agency
regulations for potable water. Iron concentrations in the soil of
the agricultural land-use areas Increased dramatically throughout
the growing season.
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