EFFECTS OF LAND USE ON GROUND-WATER QUALITY IN CENTRAL FLORIDA--PRELIMINARY

RESULTS: TU.S. GEOLOGICAL SURVEY TOXIC WASTE--GROUND-WATER CONTAMINATION PROGRAM

By A.T. Rutledge

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 86-4163

Prepared in cooperation with the

FLORIDA DEPARTMENT OF ENVIRONMENTAL REGULATION

Tallahassee, Florida

1987



DEPARTMENT OF THE INTERIOR
DONALD PAUL HODEL, Secretary
GEOLOGICAL SURVEY
Dallas L. Peck, Director

For additional information Copies of this report can be

write to: purchased from:

District Chief U.S. Geological Survey

U.S. Geological Survey Books and Open-File Services Section
Suite 3015 Federal Center

227 North Bronough Street Box 25425

Tallahassee, Florida 32301 Denver, Colorado 80225




CONTENTS

Background. . ... . e e e
Purposes and SCOPE. ... ..ottt e
Land-use types and potential effects on ground-water quality.........
CONETOL BE@A. . ottt ittt et ettt ettt ettt e e e
Urbam area. ... ..ottt e e e e
Citrus Area. ... ittt i i i i i i e e e e
Mining area. ... ...t i e e e e
Previous work and water-quality findings.............. ... ... .. ......
Control area. . ... ...ttt i e
Urban area. ... ... e e e e e
Citrus area. . ... ..ttt i i i i e e
MINIng @rea. . ...c. ittt i i e it et e
Data collection. ... ..ottt i i
Geohydrologic setting. .. ... ... it et e e
CLlimaEe . .ttt e e
B e o XeY =4 o= o) o P
Geohydrologic units......... it i i
Ground-water flow........ ... ... i
Comparisons between land use and ground-water quality conditions.....
CoNtIOl area. ... ...ttt e et e
Urban area. . ... e e
ClErUS AL @a. . ...ttt i et e e e
Mining area........ ... i e e
Comparisons of ground waters between study areas................
Nontarget chemicals. . ... ... .. . e
Summary and preliminary conclusions............... ... .,
Selected references...... ... .. i e e e

ILLUSTRATIONS

Figure 1. Map showing locations of study areas.....................
2-3. Maps showing:
2. Extent of development shown by (A) distribution of
drainage wells in the urbanized Orlando study area,
and (B) distribution of citrus in the Windermere

Study area. .. ... .t e e
3. Distribution of phosphate industry plants
in the Bartow study area.........................
4. Generalized geohydrologic columns.........................

5-11. Maps showing:
5. The potentiometric surface of the surficial
aquifer and the Upper Floridan aquifer in the
control area, March 1985, and a generalized
geohydrologic section through the area............

iii

Page

OO N W Wi

12
12
13
13
15
17
17
17
17
18
24
24
24
29
30
34
41
45
47

19



Figure 5-11.

Table

12-13.

N =

ILLUSTRATIONS- -

Maps showing--Continued
6. The potentiometric surfa
aquifer and the Upper
aquifers in the urban
generalized geohydrolo

the area..............

7. The potentiometric surf
aquifer and the Upper

citrus area, March 19
geohydrologic section

8. The potentiometric surf
aquifer, the intermed

Upper Floridan aquife
mining area, March 19
geohydrologic section

9. Sampling sites in the c
10. Sampling sites in the (

11. Sampling sites in the p
Diagrams showing distributio
trace elements in water p
12. Wells completed in the
control area, the cit

e of the surficial
nd Lower Floridan
rea, May 1985, and a
ic section through

..........................

ce of the surficial
Floridan aquifer in the

5, and a generalized
through the area...........
ce of the surficial

ate aquifer, and the

in the phosphate

5, and a generalized
through the area
ntrol area.................
) urban area, and

(B) citrus area.........

osphate mining area........
s of concentrations of

ped from:

urficial aquifer in the

us area,

and the

mining area........ ... i i e

13. Wells completed in the
in the control area a

TABLES

List of chemicals analyzed.....|.

Trace elements in pond water a
pond sediment in the control
Trace elements and organic comp
in the surficial aquifer in t
Trace elements and organic comp
open to the Upper Floridan aq

Trace elements and organic comp
drainage wells in the urban a
Trace elements and organic comp
wells open to the Upper Flori
drainage well area and organi

P
d the urban area...........

per Floridan aquifer

..........................

organic compounds in

unds in water from wells
e control area............
unds in water from wells
ifer in the control

unds in water from supply
an aquifer in the urban
compounds in water

pumped from drainage wells...|........... .. ... ...

Trace elements and organic comp
sediment, and grove soil in t
Trace elements and organic comp
open to the surficial aquifer
Trace elements and organic comp
sediment representing surface
the phosphate mining area....

iv

unds in pond water,
e citrus area.............
unds in water from wells
in the citrus area........
unds in water and

source conditions in

..........................

...........

Page

20

21

22
25

26
27

37

38

16
28

29
30

31

32
33

34

35



TABLES - -Continued

Page
Table 10. Trace elements and organic compounds in water from wells
open to the surficial aquifer in the phosphate mining
= o= P 36
11. Frequencies of exceedance of water-quality standards of
trace element concentrations in water pumped from wells. 39
12. Frequencies of detections of organic compounds in water
pumped from wells.......... ... ..t iinnean. 40
13-16. Tentative identifications of additional organic compounds
found in the:
13, Control area........ ...t 41
14. Urban area...........iiiiniii i 42
15, Citrus area......... ..ot 43
16. Phosphate mining area............. ..., 44



EFFECTS OF LAND USE ON GROUND-WATER QUALITY IN CENTRAL FLORIDA--
PRELTMINARY RESULTS: TU.S. GEOLOGICAL SURVEY TOXIC WASTE--
GROUND-WATER CONTAMINATION PROGRAM

By A.T. Rutledge

ABSTRACT

Ground water is the principal source of drinking water in central
Florida. The most important hydrogeologic unit is the Floridan aquifer
system, consisting of fractured limestone and dolomitic limestone. Above it
in the southwestern part of central Florida is the intermediate aquifer whose
permeable layers are mainly fractured limestone. Where the limestone is
missing, only low permeability materials lie between the Floridan aquifer
system and the surficial aquifer that immediately underlies the land surface
throughout the area.

Activities of man in areas of recharge to the Floridan aquifer system
that may be affecting ground-water quality include: (1) the use of drainage
wells for stormwater disposal in urban areas, (2) the use of pesticides and
fertilizers in citrus groves, and (3) the mining and processing of phosphate
ore in mining areas. This report presents preliminary findings about the
impacts of these land uses on ground-water quality by comparison with a fourth
land use representing the absence of human activity in another area of
recharge. It may be hypothesized that there are relations between land use
and the prevailing trace element and organic compound composition of ground
water, and that particular problems are associated with each land use.

Drainage wells convey excess urban stormwater directly to the Upper
Floridan aquifer. Among the trace elements and organic compounds, the
volatile organic compounds are the most common contaminants in ground water.
These include chlorinated ethane compounds, chloroform, benzene, ethyl
benzene, toluene, and methane. Other contaminants include nonvolatile organic
compounds such as acenaphthene, silvex, and 2,4-D. Trace elements such as
chromium and lead are entering the aquifer but their movement is apparently
attenuated by precipitation reactions associated with high pH or by cation-
exchange reactions.

Activities associated with citrus production include use of pesticides
applied by spraying or direct application to the soil and trees. These
chemicals can be transported downward to ground water by rainfall and
irrigation water. Among the trace elements and organic chemicals, most
ground-water contamination in citrus production areas is caused by pesticides,
which include the organic compounds simazine, ametryne, chlordane, DDE,
bromacil, aldicarb, EDB, trifluralin, and diazinon, and the trace elements
zinc and copper; other contaminants include benzene, toluene, naphthalene, and
indene compounds.

[



Activities associated with the phosphﬁ
upper confining layer, use of interaquifer
byproducts in gypsum stacks, clayey waste p
elements indigenous to the rocks in the min
stack cooling ponds and in clayey waste pon
these sources. Mixtures of organic compoun
separation processes in phosphate processin
mixtures may enter ground water at sites of
discharge. The potential for downward migr
water is increased by the breaching of the
connector wells.
most common contaminants in ground water
compounds .
secondarily are lead, chromium, cadmium,

te industry include mining of the
connector wells, and deposition of
onds, and sand tailings. Trace

ing area are mobilized in gypsum

ds and may enter ground water from
ds are used to facilitate
g plants. Components of these

sand tailings and clay slime
ation of contaminants to ground
confining layer and by interaquifer

In the phosphate mining drea, the trace elements are the

ng trace elements and organic

Constituents of concern are arsenic, selenium, and mercury, and

d others. Organic compounds such

as fluorene, naphthalene, di-n-butyl phthalate, alkylated benzenes and

naphthalenes, and indene compounds also ar

entering ground water.


















































































Table 3.--Trace elements and organic compounds in water from wells
in the surficial aquifer in the control area

[Concentrations represent total recoverable concentrations, in micro-
grams per liter. For trace elements only, an asterisk indicates that
the concentration exceeds water-quality standards of Florida Depart-
ment of Environmental Regulation, 1983]

Number Number Concentration
Constituent of of or range of

analyses detections concentration

Trace element:

Arsenic 3 0 --
Barium 3 0 --
Cadmium 3 3 1
Chromium 3 3 10
Copper 3 3 1
Iron 3 3 40-50
Lead 3 0 --
Manganese 3 0 --
Mercury 3 0 --
Selenium 3 0 --
Silver 3 0 --
Zinc 3 3 10-20
Organic compound:
Diazinon 3 2 0.03-0.04

Citrus Area

Table 7 lists chemicals found in pond waters, pond sediment, and grove soil.
Table 8 lists analyses of water from wells tapping the surficial aquifer in the
citrus-growing area. Most trace elements are detected at higher concentrations
in the surficial aquifer than in ponds. Iron and manganese concentrations in the
surficial aquifer exceed water-quality standards, and one selenium concentrations
is equal to the water-quality standard (FDER, 1983). Zinc concentrations are
close to the water-quality standard in the surficial aquifer. This could be
related to the use of zinc sulfate as a pesticide. Although copper is widely
used, concentrations of this element were below water-quality limits in ponds and
in the surficial aquifer.

Phenol was detected in four samples of pond sediment and in one sample of
pond water. The highest level was 340 pg/kg (micrograms per kilogram) in
sediment. Toluene was detected once in pond water and once in the surficial
aquifer, and 2,6-dinitrotoluene was detected once in pond water. Benzene,
toluene, ethylbenzene, and naphthalene were detected in water from the surficial
aquifer at a site close to a fuel tank, so these may not be representative of
prevailing conditions.
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Table 4.--Trace elements and organic compounds in water from wells
open to the Upper Floridan aquifer in the control area

[Concentrations represent total recoverable concentrations, in micrograms
per liter. For trace elements only, an|asterisk indicates that the
concentration exceeds water-quality stamdards of Florida Department of
Environmental Regulation, 1983]

Number Number Concentration
Constituent of of or range of
analyses detections concentration
Trace element:
Arsenic 3 2 1
Barium 3 0 --
Cadmium 3 2 1
Chromium 3 3 10
Copper 3 2 1-14
Iron 3 3 60-12,000*
Lead 3 3 1-2
Manganese 3 2 30-60%*
Mercury 3 1 0.2
Selenium 3 0 --
Silver 3 0 --
Zinc 3 3 30-210
Organic compound:
Diazinon 3 1 0.06

The pesticides chlordane, DDE, simazine,| and ametryne were detected in grove
soil or pond water while simazine and diazinon were detected in water from the
surficial aquifer. Simazine was measured at 1,100 pg/L in one grove soil sample.
Diazinon was detected in water from four of seven wells in the surficial aquifer.

Mining Are

Table 9 shows chemicals found at sampling sites representing surface sources
and table 10 shows chemicals found in water from wells in the surficial aquifer.
Most trace elements occur at very high levels| at source sites. In waters from the
surficial aquifer, arsenic, iron, manganese, and selenium concentrations exceed
water-quality standards. One value of mercury concentration exceeded the standard
considerably. The well from which this sample was taken is 60 feet deep, and it
might be open to the upper part of the intermediate aquifer. The well is located
adjacent to a clayey waste disposal site. Of|1ll water samples from the surficial
aquifer, mercury and arsenic were each detected 10 times. The highest mercury
concentration was 8.0 pg/L and the highest arsenic concentration was 60 ug/L.
These and other elements occur in very high concentrations in the surficial
aquifer, but their movement may be attenuated by acid neutralization.

|
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Table 5.--Trace elements and organic compounds in source waters
to _drainage wells in the urban area

[Concentrations represent total recoverable concentrations, in micrograms per
liter. Trace element data represent seven storm runoff samples (E.R.German
U.S. Geological Survey, written commun., 1986) plus one sample obtained
during this study by pumping a drainage well as it received runoff. For
trace elements only, an asterisk indicates that the concentration exceeds
water-quality standards of Florida Department of Environmental Regulation,
1983]

Number Number Concentration
Constituent of of or range of
analyses detections concentration
Trace element:
Arsenic 8 7 1
Barium 8 5 100
Cadmium 8 8 1-2
Chromium 8 6 10-610%
Copper 8 8 3-59
Iron 8 8 370-2,500%
Lead 8 7 24-430%
Manganese 8 8 10-60%*
Mercury 8 2 0.1-0.2
Selenium 8 0 --
Silver 8 0 --
Zinc 8 8 10-360
Organic compound:
Chlordane 11 1 0.1
Chloroethane 11 2 13-29
2,4-D 11 1 .03
DDD 11 1 .02
DDE 11 1 .01
Diazinon 11 1 .02
1,2-Dichloroethane 11 2 77-97
1,1-Dichloroethylene 11 1 7.2
Dieldrin 11 1 .01
Ethylbenzene 11 1 5.7
bis(2-Ethylhexyl)phthalate 11 2 2.0-14
Fluoranthene 11 2 1.0-2.0
Malathion 11 1 .01
Pyrene 11 1 1.0
Silvex 11 2 0.01-0.02
1,1,1-Trichloroethane 11 2 340-550
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Table 6.--Trace elements and organic compounds in water from supply wells open to
the Upper Floridan aquifer in the urban drainage well area and organic compounds
in water pumped from drainage wells

[Concentrations represent total recoverable concentrations, in micrograms per liter.
For trace elements only, an asterisk indicates that the concentration exceeds water-
quality standards of Florida Department of Environmental Regulation, 1983]

Water from supply wells Water from drainage wells
Number  Number Concentration Number  Number Concentration
Constituent of of or range of of of or range of
analyses detections concentration analyses detections concentration
Trace element:
Arsenic 8 2 1-2 -- -- --
Barium 8 0 -- -- -- --
Cadmium 8 4 1-2 -- -- --
Chromium 8 7 10 -- -- --
Copper 8 7 1-54 -- -- --
Iron 8 8 80-1,400* -- -- --
Lead 8 5 1-6 -- -- --
Manganese 8 5 30-50% -- -- --
Mercury 8 3 0.1-0.2 -- -- --
Selenium 8 0 -- -- -- --
Silver 8 0 -- -- -- --
Zinc 8 8 10-450 -- -- --
Organic compound:
Acenaphthene 8 1 9.0 8 1 14
Benzene 8 -- -- 8 1 200
Chloroform 8 1 11 8 -- --
2,4-D 8 -- -- 8 4 0.01-0.07
Diazinon 8 -- -- 8 1 .04
Dieldrin 8 -- -- 8 1 .01
Malathion 8 -- -- 8 1 .06
Phenol 8 -- -- 8 1 1.0
Silvex 8 1 .13 8 2 .01
Toluene 8 1 8.0 8 -- --

Many polycyclic aromatic compounds such as acenaphthene, fluorene, phenanthrene,
and pyrene, are present in water and sediment in clayey-waste and sand-tailings
discharges from ore-processing plants. Fluor and naphthalene were detected in
water samples from the surficial aquifer. Phenol and 2,4-dimethylphenol were detected
in cooling ponds near chemical processing plants, but were not found in water from the
surficial aquifer. The pesticide diazinon was| detected at one source water site and

at seven wells in the surficial aquifer in trace amounts (less than 10 times the
detection limit).
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Table 7.--Trace elements and organic compounds in pond water., pond sediment,
and grove soil in the citrus area

[Concentrations represent total recoverable concentrations, in micrograms per
liter, for water, and in micrograms per kilogram, for sediment. For trace
elements only, an asterisk indicates that the concentration exceeds water-
quality standards of Florida Department of Environmental Regulation, 1983]

Number Number Concentration
Constituent of of or range of
analyses detections concentration

Trace element, in pond water:

Arsenic 11 0 --

Barium 11 0 --

Cadmium 11 3 1

Chromium 11 8 10-20

Copper 11 11 1-19

Iron 11 11 40-890%

Lead 11 2 1-4

Manganese 11 9 10-560%

Mercury 11 6 0.1-0.3

Selenium 11 0 --

Silver 11 0 --

Zinc 11 9 10-50
Organic compound, in pond water:

Ametryne 7 1 15

Diethylphthalate 7 1 12

2,6-Dinitrotoluene 7 1 5

Phenol 7 1 7

Toluene 7 1 21
Organic compound, in pond sediment:

Phenol 6 4 40-340
Organic compound, in grove soil:

Chlordane 5 1 21

DDE 5 1 52

Simazine 5 1 1,100
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Table 8.--Trace elements and organic compounds in water fr
open to the surficial aquifer |in the citrus area

[Concentrations represent total recoverable concentrations, in
liter. For trace elements only, an asterigk indicates that t

om wells

micrograms per
he concentra-

tion exceeds water-quality standards of Florida Department of Environmental
Regulation, 1983]
Number Number Concentration
Constituent of of or range of
analyses detections concentration
Trace element:
Arsenic 8 1 4
Barium 8 5 100
Cadmium 8 6 1-2
Chromium 8 6 10-20
Copper 8 7 1-51
Iron 8 8 20-2,300%
Lead 8 5 1-18
Manganese 8 6 20-280%*
Mercury 8 8 0.1-0.6
Selenium 8 4 1-10%*
Silver 8 0 --
Zinc 8 5 10-4,000
Organic compound:
Benzene 7 1 11
Diazinon 7 4 0.01-0.04
Ethylbenzene 7 1 5.0
Naphthalene 7 1 7.0
Simazine 7 1 0.20
Toluene 7 1 7.8
The following discussion and associated |tables and figures relate to

prevailing ground-water conditions in each study area. Source waters are not

included. For the urban area, data from supply wells only are

included--

drainage-well data are excluded. For the citrus area, the organic chemical
analysis of one well close to an underground gasoline tank is deleted because

it is not representative of that land-use type.
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Table 9.--Trace elements and organic compounds in water and sediment representing
surface-source conditions in the phosphate mining area

[Concentrations represent total recoverable concentrations, in micrograms per liter for
water, and in micrograms per kilogram for sediment. For trace elements only, an
asterisk indicates that the concentration exceeds water-quality standards of Florida
Department of Envirormental Regulation, 1983]

Water Sediment
Number Number Concentration Number Number Concentration
Constituent of of detec- or range of of of detec- or range of
analyses tions concentration analyses tions concentration
Trace element:

Arsenic 9 8 2-960%* -- -- --
Barium 9 5 100-3,400*% -- -- --
Cadmium 9 6 1-440% -- -- --
Chromium 9 9 10-2,000% -- -- .-
Copper 9 9 1-620 -- - -

Iron 9 9 140-180,000* -- -- --

Lead 9 8 1-400* -- .- --
Manganese 9 9 20-10,000%* .- -- --
Mercury 9 5 0.2-8*% -- -- -
Selenium 9 4 2-14% -- -- -
Silver 9 4 3-4 -- -- -

Zinc 9 8 10-4,500 -- -- --

Organic compound:

Acenaphthene 12 2 1 -- -- --
Diazinon 12 1 .06 -- -- --
2,4-Dimethylphenol 12 1 2 -- -- --
Fluorene 12 2 1 3 1 10
Phenanthrene 12 3 3-4 3 2 21-68
Phenol 12 1 22 -- -- --
Pyrene 12 2 1-2 3 1 12
Toluene 12 1 3 -- .- --
1,1,1-Trichloroethane 12 1 3 -- -- --
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Table 10.--Trace elements and organic compounds in water from wells
open to the surficial aquifer in the phosphate mining area

liter. For trace elements only, an asterigk indicates that the concentra-
tion exceeds water-quality standards of Florida Department of Environmental
Regulation, 1983]

[Concentrations represent total recoverable goncentrations, in micrograms per

Number Number Concentration
Constituent of of or range of
analyses detections concentration
Trace element:
Arsenic 11 10 1-60*
Barium 11 2 100
Cadmium 11 6 1-2
Chromium 11 9 10-20
Copper 11 10 1-16
Iron 11 11 280-48,000%
Lead 11 6 1-3
Manganese 11 10 10-1,400%
Mercury 11 10 0.1-8.0%
Selenium 11 1 1 61%*
Silver 11 0 --
Zinc 11 11 10-40
Organic compound:
Diazinon 11 7 0.04-0.08
Di-n-butyl phthalate 11 1 15
2,4-DP 11 2 0.01-0.05
Fluorene 11 1 1.0
Naphthalene 11 1 3.0
Prometone 11 1 1

Figures 12 and 13 show that, although the ranges of concentrations of
trace elements in ground water may be large as a result of land use, the
median concentrations remain relatively unchanged. In the citrus area, water
in the surficial aquifer can contain higher concentrations of copper, lead, or
zinc than water in the surficial aquifer in the control area or the mining
area (fig. 12). Copper and zinc concentrations could be high in citrus areas
because of known use of these for pesticides |and nutrients. Lead-based
pesticides also may be in use. In the mining area, water from the surficial
aquifer may have concentrations of arsenic, iron, manganese, mercury, and
selenium that exceed concentrations' in the control and the citrus area
(fig. 12) because of mining activities such as acidification of process
waters. Median concentrations in water pumped from the Upper Floridan aquifer
differ only slightly between the urban area and the control area (fig. 13).
The concentration ranges of copper, lead, and zinc may be slightly greater for
the urban area than the control area.
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Table 11 shows the frequencies at which water-quality standards (FDER,
1983) for trace element concentrations are exceeded in each study area.
Concentrations of iron, manganese, and selenium in the surficial aquifer
exceeded water-quality standards in the citrus area more often than in the
control area. The 12 percent exceedance rate of selenium for the citrus area
may not be significant because it represents only one exceedance, and the
concentration was equal to the water-quality standard. The frequencies at
which water-quality standards for arsenic, iron, manganese, mercury, and
selenium are exceeded in water pumped from the surficial aquifer in the
phosphate mining area are greater than those in the control area. This may be
related to increased mobility of elements caused by low pH in processed
waters. The only exceedances in the control area are for iron and manganese
concentrations in the Upper Floridan aquifer. The frequencies of exceedance
for iron and manganese in the Upper Floridan in the urban area are not above
those in the control area. These exceedances are apparently not due to land
use, but are instead related to natural geochemical processes in the Upper
Floridan aquifer. No other trace elements exceeded water-quality standards in
water from the Upper Floridan aquifer. With few exceptions, the frequencies
of exceedance of water-quality standards for trace elements were 50 percent or
less.

Table 11.--Frequencies of exceedance of water-quality standards of trace element
concentrations in water pumped from wells

[Numbers are in percents. In the urban area, only supply-well data
are shown here (no drainage well data)]

Water Surficial aquifer Floridan aquifer
quality Control Citrus Phosphate Control Urban
Trace standard area area mining area area
element (ug/IN? (3 wells) (8 wells) (11 wells) (3 wells) (8 wells)
Arsenic 50 -- -- 9 -- --
Barium 1,000 -- -- -- -- --
Cadmium 10 -- -- -- -- --
Chromium 50 -- -- -- -- --
Copper 1,000 -- -- -- -- --
Iron 300 -- 38 91 33 25
Lead 50 -- -- -- -- --
Manganese 50 -- 50 55 33 25
Mercury 2 -- -- 9 -- --
Selenium 10 -- 12 9 -- --
Silver 50 -- -- -- -- --
Zinc 5,000 -- -- -- -- --

!Florida Department of Environmental Regulation, 1983.
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Table 12 shows the frequencies at which
compounds in ground waters in each area.

those detected in samples representing prevailing ground waters.
the volatiles are

table 12 may indicate that, among the organic

there were detections of organic

chemicals,

The only chemicals listed here are

The data in

most common in the urban area and base-neutral extractables are most common in

the mining area.
and diazinon in particular, is found in the
scope of pesticides in the future may reveal
citrus area.

Table 12.--Frequencies of detections of

ontrol area.

Pesticides of one type or another are found in all areas,

Analyses of a wider

many more occurrences in the

organic compounds in water

P

pumped from wells

[Numbers are in percents.
is excluded.
drainage-well data). Analyses include allL
organic chemical in table 1 that is not 1i

For the citrus area, one well near a gasoline tank
For the urban area, only supply-well data are shown here (no

organic chemicals in table 1l--any
ted here was analyzed for but not
detected in samples representing prevailing ground waters]

Surficial aquifer

Floridan aquifer

Detection Control Citrus Phosphate Control Urban
Compound limit area area mining area area
(pg/l) (3 wells) (8 wells) (11 wells) (3 wells) (8 wells
Volatiles
Chloroform 3.0 -- -- -- -~ 12
Toluene 3.0 -- -- -- -- 12
Base-neutral
extractables

Acenaphthene 5.0 -- -- -- -- 12
Di-N-butylphthalate 5.0 -- -- 9 -- --
Fluorene 5.0 -- -- 9 -- --
Naphthalene 5.0 -- -- 9 -- --
Pesticides
Diazinon .01 67 67 70 33 --
2,4-DP .01 -- -- 20 -- --
Prometone .1 -- -- 10 -- --
Simazine .1 -- 17 -- -- --
Silvex .01 -- -- -- -- 12
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Data presented in figures 12 and 13 and in tables 11 and 12 indicate that
the probability of unnaturally high concentrations of particular trace ele-
ments and organic compounds may be increased by the presence of a particular
land use, but that the probability may nevertheless remain under 50 percent.
Categorical methods of analysis may prove to be the most appropriate way of
determining the statistical significance of this data (Helsel and Ragone,
1984). Contingency tables could be used during phase II of this study to
compare each group’s percentage of detections or percentage of exceedance of
some arbitrary standard when more data are available.

Nontarget Chemicals

The tables of tentative identifications (tables 13, 14, 15, and 16)
indicate that many additional organic compounds occur in each study area, and
therefore, many are possible ground-water contaminants. These identifications
are tentative because they were obtained without laboratory standard
solutions, but were instead obtained using a National Bureau of Standards
library of mass spectra for thousands of compounds.

Table 13.--Tentative identifications of additional organic compounds
found in the control area

[These compounds were not specifically analyzed using laboratory standard
solutions, but were identified, with less reliability, using a National
Bureau of Standards library of mass spectra. X indicates tentative
identification; -- indicates no detection]

Pond Surficial Floridan
sediment aquifer aquifer

Alkanes (various molecular weights)
Alkenes (various molecular weights)
Phenols (with various alkyl groups)
Benzeneacetic acid
Benzenepropanoic acid

Benzenepropanoic acid, methyl ester

3-Hydroxybenzoic acid, methyl ester

3-Hydroxybutanoic acid, methyl ester

3-Pyridinecarboxylic acid, methyl ester

3-(3-Hydroxyphenyl)-2-propenoic acid,
methyl ester

LT B I - -
]
]

3- (4-Hydroxyphenyl) -2-propenoic acid,
methyl ester

3-Ethyl-4-methyl-1H-pyrrole-2,5-dione

.beta.-Bisabolene

.beta.-Selinene

Pd P D
]
]
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Table 14.--Tentative identificatig
compounds found in th

ns of additional organic
urban area

[These compounds were not specifically analy
solutions, but were identified, with less

Bureau of Standards library of mass spectr

identification; -- indicates no detection]

rzed using laboratory standard
reliability, using a National
a. X indicates tentative

Alkanes (various molecular weights)
Benzoic acid

Butanoic acid

2,5-Dimethylbenzoic acid
Benzenepropanoic acid

Benzeneacetic acid

Benzeneethanol

6-Methyl-3-octyne

Phenols, (with various alkyl groups)
Benzenes, (with various alkyl groups)

Cyclohexanes, (with various alkyl groups)
Decahydro-2-methylnaphthalene

Methane

2,3-Dihydro-4-methyl-1H-indene

Drainage well Floridan
source waters aquifer
X --

X -

X -

X --

X --

X --

X --

X --

X --

X --

X --

X --

-- X
-- X

Many chemicals in these tables are clo
been tested with laboratory standard soluti
phenols are related to the parent phenol.
closely related to chemicals previously rep
these tables are probably components of com
include alkanes, alkenes, alkylated naphtha
Others are not hydrocarbons but are oxidize
such as the indene compounds. Several of t
include pesticides, such as bromacil, irido
kelthane.
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thers, such as bromacil, are not

rted. Many chemicals listed in
lex hydrocarbon mixtures. These

enes, and alkylated anthracenes.
components of crude petroleum,

e compounds tentatively identified
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Table 15.--Tentative identifications of additional organic compounds found
in the citrus area

[These compounds were not specifically analyzed using laboratory standard solu-
tions, but were identified, with less reliability, using a National Bureau of
Standards library of mass spectra. X indicates detection; -- indicates no
detection]

Pond Pond Grove Surficial
sediment water soil  aquifer

Alkanes (various molecular weights) X X X --
Alkenes (various molecular weights) X -- X --
Phenols (with various alkyl groups) X X -- --
Benzenes (with various alkyl groups) X X -- X
3-Methyl-1H-indole X X -- --
1,3-Dihydro-2H-indol-2-one X X -- --
2,3-Dihydro-1H-indene -- - -- X
2,3-Dihydro-1H-Inden-1-one -- -- -- X
1H-Indole - X -- --
Benzeneacetic acid X - - -
Benzenepropanoic acid X - -- --
Benzenepropanoic acid, methyl ester X -- -- --
3-Hydroxybenzoic acid, methyl ester X -- - --
3- (3-Hydroxyphenol)-2-propenoic acid, methyl ester -- X -- --
13-Ethyl-3-hydroxy-Gona-1,3,5,7,9-pentane-17-one -- X -- --
1- (4-Hydroxy-3-methoxyphenyl ) -ethanone -- X -- --
Benzaldehyde -- X -- --
4-Hydroxy-3-methoxybenzaldehyde -- X -- --
Bromacil - hid X --
2,3-Dihydrobenzofuran -- -- --
Iridomyrmecin .- - --
Alpha-Bergamoten X -- -- -
(Z)-Beta-farnesene X -- - -
.beta. -Selinene X - -- --
Trifluralin -- -- X --
bis(3-Chlorophenyl)methanone -- -- X --
bis(4-Chlorophenyl )methanone -- -- X -
Phosphotox E -- -- X -
Kelthane -- -- X --
Geyrene -- -- X -
Elemol -- -- X --
Seselin -- - X --
Suberosin -- -- X --
Bravelin -- -- X --
Osthol -- -- X --
3,4' -Dichlorobenzophenone -- -- X --
2,2’ -Oxybispropane -- -- -- X
.alpha. -Methylbenzeneacetaldehyde -- -- -- X
1.4-Dihydro-1.4-methanonaphthalene -- -- -- X
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Table 16.--Tentative identifications of additional organic compounds found

in the phosphate mining area

[These compounds were not specifically analy
solutions, but were identified, with less
Bureau of Standards library of mass spectra.

indicates no detection]

zed using laboratory standard
reliability, using a National
X indicates detection;

Cooling Surficial
aquifer

ponds

Alkanes (various molecular weights)
Alkenes (various molecular weights)
Phenols (with various alkyl groups)
Benzenes (with various alkyl groups)
Naphthalenes (with various alkyl groups)

Naphthalenes (with various hydroxyl and
alkyl groups)

Anthracenes (with various alkyl groups)

9H-Fluorenes (with various alkyl groups)

Phenanthrenes (with various alkyl groups)

Butylcyclohexane

.beta. -Ethenylbenzenethanol
Benzenemethanol
1,4-Dihydro-1,4-methanonaphthalen-9-0l
1,3-Isobenzofurandione
7-Ethyl-1,4-dimethylazulene

Benzaldehyde
2-Furancarboxaldehyde
Butanedioic acid, methyl ester
Benzoic acid
2,3-Dihydro-1H-indene

2,3-Dihydro-1-methyl-1H-indene
2,3-Dihydro-4-methyl-1H-indene
2,3-Dihydro-5-methyl-1H-indene
2,3-Dihydro-1,2-dimethyl-1H-indene
2,3-Dihydro-1,3-dimethyl-1H-indene

2,3-Dihydro-1,6-dimethyl-1H-indene
2,3-Dihydro-4,7-dimethyl-1H-indene
2,3-Dihydro-3,3-dimethyl-1H-indene -1l-one
2,3-Dihydro-1,1,3-trimethyl-1H-indene
2,3-Dihydro-1,4,7-trimethyl-1H-indene

Dibenzothiophene
5-Methyl-benzo[b]thiophene
4-Methyl-benzo[b]thiophene
2,7-Dimethyl-benzo[b]thiophene
Fenchone

5-Methyl-1(3H) -isobenzofuranone
2-Methyl-1,1’-biphenyl
9H-Fluorene

9-Methyl -9H-fluorene

Sand Slime
tailings ponds

X X
X X
X X
X X
X X
X X
X X
X X
X X
X -
X -
X -
x -
X

x -
X -
X X
X X
x -

b

PO MR MMM X

ta il I -l
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SUMMARY AND PRELIMINARY CONCLUSIONS

This study relates land use and associated activities to ground-water
quality (trace elements and organic chemicals) in central Florida. The land
uses included are: (1) urbanization in the Orlando study area where drainage
wells convey surface water directly to the Upper Floridan aquifer, (2) citrus
growing in the Windermere study area where many pesticides and fertilizers are
in wide use, (3) mining and processing of phosphate ore in the Bartow study
area where many processes may be increasing the potential of movement of
contaminants to ground water, and (4) the absence of development in the Ocala
National Forest study area where there is minimal human activity of any kind.
Each of these land uses is representative of conditions which exist over
larger areas, therefore, the results obtained from sampling in the four study
areas, which range in size from only 80 to 200 square miles, may be
transferable to many other locations.

Ground water is the principal source of drinking water in central
Florida. The most important aquifer is part of the Floridan aquifer system
which consists of fractured limestone and dolomitic limestone. The
intermediate aquifer, which overlies the Upper Floridan aquifer in the
phosphate mining area is used there as a secondary source of water. In the
other areas, the Upper Floridan is separated from the surficial aquifer which
immediately underlies the land surface in all the study areas, by mainly
confining materials.

This first phase of the study consisted of reviewing available literature
and data files, measuring water levels in wells, and sampling surface-water
sources and water from wells. Samples were collected from representative
surface sources such as surface runoff to drainage wells and stagnant water in

.drainage wells in the urban area; grove soil, pond sediment, and pond water in
the citrus area; and process waters, sand tailings discharge, clay-slime
discharge, and recirculation ditch water in the phosphate mining area. Water
samples also were collected from wells that tapped receiving aquifers. The
receiving aquifer in the urban area is the Upper Floridan aquifer and in the
citrus and mining areas is the surficial aquifer. 1In the control area, water
from both aquifers was sampled.

In the urban drainage well area, of the constituents of interest, the
volatile organic compounds may exceed detection limits most frequently in the
Upper Floridan aquifer. This includes benzene, chloroform, toluene, and
methane, which were found in water pumped from the Upper Floridan, and
trichloroethanes, dichloroethanes, dichloroethylenes, chloroethane, and
ethylbenzene, which were found in source water. Of eight samples of water
pumped from drainage wells, benzene was detected once at 200 ug/L, and of
eight analyses of supply wells open to the Upper Floridan, chloroform was
detected once at 11 ug/L, and toluene was detected once at 8.0 ug/L. Of
11 samples of drainage-well source water, 1,1,l-trichloroethene was detected
twice at 340 and 550 pg/L, and 1,1-dichloroethane was detected twice at 77 and
97 pg/L. Present in lesser amounts are nonvolatile organics such as acenaph-
thene, silvex, and 2,4-D, detected in water pumped from the aquifer, and
phthalates, fluoranthene, pyrene, and chlordane, in source water. Although
there is a significant influx of trace elements such as chromium and lead to
drainage wells, concentrations in water in the Upper Floridan aquifer
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in the drainage well area apparently do not ‘
the Upper Floridan aquifer in the control ar
may be that the high pH of the water in this
precipitation of trace elements or that cati
elements in the water and calcium ions in th

In the citrus area, most ground-water c
related to pesticides. This includes chemic
diazinon, which were found in water from the
ametryne, chlordane, DDE, trifluralin, irido
and bis(4-chlorophenyl)methanone, which were
and benomyl, diuron, dicofol, glyphosate, ch
which are pesticides known to be in use in ¢
detected in ground water.

ignificantly exceed those in

a. A possible reason for this
carbonate aquifer may cause

n exchange between trace
aquifer is taking place.

ntamination apparently is

1s such as simazine and
surficial aquifer; bromacil,
yrmecin, kelthane, phosphotox E,
found at surface-source sites;
orobenzilate, and aldicarb,
trus-growing areas but not

The widespread oc¢urrence of EDB in central

Florida has been documented by the Florida Deépartment of Environmental

Regulation. Trace elements associated with
include zinc, copper, and manganese. These
lead, and selenium, occur at higher concentr
surficial aquifer than in the control area s
contaminants that may be entering ground wat
petroleum such as benzene, toluene, naphthal

In the phosphate mining area, the most
inants among the constituents of interest, a
mercury, arsenic, manganese, and iron concen
than those in the control area. Mercury and
of 11 samples of water from the surficial aq
concentration was 8.0 ug/L and the highest a
These and other trace elements have been sho
tions in the surficial aquifer, but their mo
neutralization. Organic compounds such as f
naphthalene, alkylated benzenes and naphthal
hydroxyl and alkyl groups attached were detec

esticide and fertilizer use
lements, in addition to iron,
tions in the citrus area
rficial aquifer. Other

r are chemicals related to
ne, and indene compounds.

ground-water contam-
elements., Selenium,
frequently were greater
arsenic were each detected in 10
ifer. The highest mercury
senic concentration was 60 ug/L.

to occur in high concentra-
ement may be attenuated by acid
worene, di-n-butyl phthalate,
nes, and indene compounds with
ted.

46



SELECTED REFERENCES

Bush, P.W., 1982, Predevelopment flow in the Tertiary limestone aquifer,
southeastern United States: A regional analysis from digital modeling:
U.S. Geological Survey Water-Resources Investigations 82-905, 41 p.

Florida Department of Environmental Regulation, 1983, Water quality standards:
chap. 17-3 in Florida Administrative Code.

----- 1984, Florida aldicarb studies: Pesticide Review Section, Florida
Department of Environmental Regulation, August 1984, 45 p.

Gupta, M.K., Agnew, R.W., Gruber, D., and Kreutzberger, W., 1981, Constituents
of highway runoff, volume IV, characteristics of runoff from operating
highways, research report: Federal Highway Administration Report no.
FHWA/RD-81/045, 171 p.

Helsel, D.R., and Ragone, S.E., 1984, Evaluation of regional ground-water
quality in relation to land use: U.S. Geological Survey toxic waste-
ground-water contamination program: U.S. Geological Survey Water-
Resources Investigations Report 84-4217, 33 p.

Hutchinson, C.B., 1978, Appraisal of shallow ground-water resources and
management alternatives in the upper Peace and eastern Alafia River
basins, Florida: U.S. Geological Survey Water-Resources Investigations
77-124, 57 p.

Kimrey, J.0., 1978, Preliminary appraisal of the geohydrologic aspects of
drainage wells, Orlando area, central Florida: U.S. Geological Survey
Water-Resources Investigations 78-37, 24 p.

Kimrey, J.0., and Fayard, L.D., 1984, Geohydrologic reconnaissance of drainage
wells in Florida: U.S. Geological Survey Water-Resources Investigations
Report 84-4021, 67 p.

Knapp, J.L., Tucker, D.P.H., and Fasulo, T.R., 1984, Florida citrus spray
guide: Florida Cooperative Extension Service, Institute of Food and
Agricultural Sciences, University of Florida, 14 p.

Knochenmus, D.D., and Hughes, G.H., 1976, Hydrology of Lake County, Florida:
U.S. Geological Survey Water-Resources Investigations 76-72, 100 p.

Lichtler, W.F., Anderson, Warren, and Joyner, B.F., 1968, Water resources of
Orange County, Florida: Florida Division of Geology Report of
Investigations 50, 150 p.

Miller, J.A., 1982a, Thickness of the Tertiary limestone aquifer system,
southeastern United States: U.S. Geological Survey Open-File Report
81-1124, 1 map sheet.

----- 1982b, Thickness of the upper permeable zone of the Tertiary limestone
aquifer system, southeastern United States: U.S. Geological Survey Open-
File Report 81-1179, 1 map sheet.

47



SELECTED REFERENCES -

Miller, R.L., and Sutcliffe, Horace, Jr., 19
geologic data for three phosphate indust
central Florida, 1979-80: U.S. Geologic
Investigations 81-84, 77 p.

----- 1984, Effects of three phosphate indus

quality in central Florida: U.S. Geolog

Investigations Report 83-4256, 184 p.

Robertson, A.F., and Mills, L.R., 1974, Grouw
Peace and upper Alafia River basins, Flo
Map Series 67.

Ryder, P.D., 1982, Digital model of predevel
limestone (Floridan) aquifer system in w
Geological Survey Water-Resources Invest

Schiner, G.R., and German, E.R., 1983, Effec
on quality of water in the Floridan aqui
Florida: U.S. Geological Survey Water-R
124 p.

Skougstad, M.W., Fishman, M.J., Friedman, L.{

S.S., eds.,
water and fluvial sediments:

1979, Methods for determinat

\
Continued

2, Water-quality and hydro-
y waste-disposal sites in
1 Survey Water-Resources

rial sites on ground water
cal Survey Water-Resources

d-water withdrawals in the upper
ida: Florida Bureau of Geology

pment flow in the Tertiary
st-central Florida: U.S.
gations 81-54, 61 p.

s of recharge from drainage wells
er in the Orlando area, central
sources Investigations 82-4094,

~
VN

, Erdmann, D.E., and Duncan,
ion of inorganic substances in

U.S. Geological Survey Techniques of Water-

Resources Investigations, Book 5, chap. Al, 626 p.

Stewart, H.G., Jr., 1966, Ground-water resou

rces of Polk County: Florida

Geological Survey Report of Investigations 44, 170 p.

Tibbals, C.H., 1981, Computer simulation of
the Tertiary limestone (Floridan) aquife
U.S. Geological Survey Water-Resources I
81-681, 31 p.

U.S. Environmental Protection Agency, 1977,
regulations: Federal Register, v. 42,
Part I, p. 17143-17147.

. Geological Survey, 1979, Land use and 1
Florida: U.S. Geological Survey, 1 she

1979, Land use and land cover, 1972, F
logical Survey, 1 sheet.

1979, Land use and land cover, 1972, O
Survey, 1 sheet.

1979, Land use and land cover, 1972, T
Survey, 1 sheet.

the steady-state flow system of
¥ system in east-central Florida:
nvestigations Open-File Report

National secondary drinking water
mo. 62, Thursday, March 31, 1977,

End cover, 1972, Daytona Beach,
t.
U.S. Geo-

t. Pierce, Florida:

rlando, Florida: U.S. Geological

ampa, Florida: U.S. Geological

48



SELECTED REFERENCES- -Continued

University of Florida, 1981, Florida statewide pesticide use survey: Office
of the Pesticide Coordinator, Institute of Food and Agricultural
Sciences, University of Florida, April 1981, 112 p.

Unklesbay, A.G., 1955, Ground water conditions in Orlando and vicinity,

Florida (2d ed.): Florida Geological Survey Report of Investigations 5,
75 p.

Weshaw, R.L., Fishman, M.J., Grabbe, R.R., and Lowe, L.E., 4ds., 1983, Methods
for the determination of organic substances in water and fluvial
sediments: U.S. Geological Survey Techniques of Water-Resources
Investigations, Book 5, Laboratory Analysis, chap. A3, Open-File Report
82-1004, 173 p.

* GOVERNMENT PRINTING OFFICE: 1987 — 730135 / 40021

49



