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WATER QUALITY OF THE CHARLOTTE HARBOR ESTUARINE SYSTEM,
FLORIDA, NOVEMBER 1982 THROUGH OCTOBER 1984

By Yvonne E. Stoker

ABSTRACT

The U.S. Geological Survey is conducting a multidisciplinary, 7-year study
of the Charlotte Harbor estuarine system, southwest Florida. A large part of
the study is devoted to the collection, analysis, and interpretation of water-
quality data, including physical, chemical, and biological characteristics.

This report presents the water-quality data collected during the first 2 years
of water-quality data collection, November 1982 through October 1984. Methods
of data collection and analysis are outlined and information on sample locations
and frequency of sampling is provided.

INTRODUCTION

The Charlotte Harbor estuarine system in southwest Florida (fig. 1) is
facing large population growth in its basin. Because of concerns about the
environmental impact of growth, the Governor of Florida established a commit-
tee of local, regional, and State agencies to recommend a course of action
that Florida should take in planning for this growth. The committee, through
its Technical Advisory Committee (TAC), asked the U.S. Geological Survey to
prepare a proposal and a plan of study for a comprehensive environmental assess-
ment of the Charlotte Harbor estuarine system. The Geological Survey, in coop-
eration with the TAC, prepared a proposal in 1980 and a plan of study in 198l1.
Based on these documents and subsequent TAC meetings, the Geological Survey, in
cooperation with the ¥lorida Department of Environmental Regulation, began a
multidisciplinary, 7-year study of the Charlotte Harbor estuarine system in
July 1982. Water-—quality sampling began in November 1982. The objective of
the study is to describe the current environmental conditions in the estuarine
system and, based on this knowledge, project the impact that future growth and
development would have on the estuarine environment.

Purpose and Scope

The purpose of this report is to present the water-quality data collected
during the first 2 years of sample collection and to provide information on
sample locations, frequency of sampling, and field collection procedures. The
water-quality data collected from November 1982 through October 1984 are pre-
sented in tables and illustrations.
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A summary of sample collection dates for sediment and water in the rivers
and harbor is listed in table 1. A list of all water and bottom-sediment sta-
tions and information on station names, numbers, and codes used in the figures
is provided in table 2. All 15-digit station numbers include the station's
approximate latitude and longitude. For example, station 263745081533600 is at
or near latitude 26°37'45" and longitude 81°53'36". The last two digits are
sequence numbers.

Description of Study Area

The Charlotte Harbor estuarine system includes Charlotte Harbor proper,
Pine Island Sound, Matlacha Pass, San Carlos Bay, the tidal Caloosahatchee,
Myakka, and Peace Rivers, an% adjacent waters (fig. 2). The estuary has a
surface area of about 270 mi~. The estuary is shallow, averaging about 7 feet
in depth, and most of it is less than 15 feet deep. A maximum depth of 51 feet
occurs near Boca Grande Pass. The estuary is separated from the Gulf of Mexico
by barrier islands and is connected to the Gulf by two major passes at Boca
Grande and San Carlos Bay and several smaller passes that may shift in location
and change in depth (Harvey, 1979).

The climate of the Charlotte Harbor area is subtropical and humid. The
average annual temperature at Punta Gorda is about 73°F and monthly tempera-
tures range from an average of about 63°F in January to 82°F in July and August
(National Oceanic and Atmospheric Administration, 1984). Annual rainfall aver-
ages about 50 inches (1951-80). About 75 percent of the rainfall occurs from
May through October and the remainder from November through April. Monthly
rainfall at Punta Gorda during the period covered in this report is shown in
figure 3.

Three major rivers flow into the Charlotte Harbor estuarine system--the
Peace, the Myakka, and the Caloosahatchee (fig. 2). Flow in the Caloosahatchee
River is controlled by three locks and dams. Water is released to the
Caloosahatchee River estuary at structure S-79, the most downstream lock and
dam on the river (fig. 4). Two dams are on the Myakka River. One is at the
south end of Lake Myakka, and one is below Lower Myakka Lake (fig. 5). These
dams control river stages only during low discharges. Flow in the Peace River
is largely uncontrolled. However, a dam on Shell Creek, a tributary to the
Peace River, may affect discharge in the lower Peace River (fig. 6). Discharges
in the three major rivers from October 1982 through October 1984 are shown in
figure 7.

The shoreline of the Charlotte Harbor estuarine system is relatively
undisturbed, except along the Caloosahatchee River where urban and residential
development is prevalent. Mangrove forests dominate most of the estuarine
shoreline, but salt marsh is dominant in places, such as along parts of the
tidal Myakka and Peace Rivers and in some intertidal regions landward of the
mangrove forests. Seagrass meadows grow over large areas seaward of the man-
groves, particularly in Pine Island Sound, San Carlos Bay, and Matlacha Pass.
In northern Charlotte Harbor, seagrasses occur as relatively thin bands near
the shore.
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Four aquatic preserves within the Charlottk Harbor estuarine system have

been designated by the State of Florida.

These preserves (Cape Haze, Gasparilla

Sound-Charlotte Harbor, Matlacha Pass, and Pinel Island Sound) encompass about

90 percent of the estuary (fig. 8).

The purpose of the aquatic preserve desig-

nation is to preserve these areas "in an essentfially natural or existing condi-
tion so that their aesthetic, biological, and scientific values may endure for

the enjoyment of future generations" (Florida
1983).
ing Florida waters.

partment of Natural Resources,

As State aquatic preserves, these areas are also designated as outstand-
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SAMPLING STRATQGY

Early in the study (November and December
were made in the river basins and in Charlotte
information on water quality. The reconnaissa
was made in conjunction with sampling for anot
designed to evaluate water quality in the uppe
from Arcadia (fig. 1) (E. R. German and D. M.
written commun., 1984). 1In the reconnaissance
teristics similar to the upper Peace River stu
River and tributaries downstream from Arcadia
major tributaries (fig. 5), and in the Caloosa
downstream from structure S-79 (fig. 4). A 1li
tics measured is shown in table 3. Data for s
variables are in table 4, nutrient concentrati
concentration data are in table 6.

11982), reconnaissance surveys

Harbor to obtain background

Ice survey of the river basins
er U.S. Geological Survey study
Peace River basin upstream
chiffer, U.S. Geological Survey,
survey, water-quality charac-

y were collected in the Peace
fig. 6), in the Myakka River and

atchee River and tributaries

t of water-quality characteris-
lected chemical and physical

n data are in table 5, and ion

The reconnaissance survey in Charlotte Ha*bor was designed to identify
potential water~quality problems and to provide background information on water

quality.

Water and bottom sediment samples were collected and analyzed for a

wide variety of chemical characteristics including many trace metals and organic

compounds (table 3).

For broad coverage and to make analyses more representa-

tive areally, samples were collected along a transect and composited to obtain
one representative sample of water and one representative sample of bottom sed-

iment for each transect (fig. 9).

Table 7 lists field data collected along the
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transects. Sediment data are listed in tables 8 through 10, metal concentra-
tions in water are in table 11, and pesticide and organic compounds in water
and sediment are in tables 10 and 12. Selected chemical and physical charac-
teristics are listed in table 13, nutrient concentrations are in table 14, ion
concentrations in table 15, and selected metals are shown in table 16.

In early 1983, water-quality stations were established to provide areal
coverage of the estuarine system (Charlotte Harbor and the tidal reaches of the
river basins) (fig. 9). Samples were collected about every 2 months to obtain
seasonal data. Water-quality characteristics that were important to chemical
and biological processes in the estuarine environment were selected. These
characteristics included temperature, specific conductance, dissolved oxygen,
nutrients, major ions, metals, phytoplankton, physical properties, light atten-
uation, and chlorophyll. The data are shown in tables 13 through 16, and
statistical summaries of these data are given in table 17. Figures 10 through
29 show areal patterns of the data collected near the surface.

Because summer is typically a time of accelerated biological activity
(Gunter, 1957), water-quality sampling at selected sites was more frequent
(fig. 30). Water-quality samples were collected at three or four sites every
2 weeks during the summers of 1983 and 1984. 1In addition, water-quality sam-
Ples were collected three times a week at four sites from September 24 to
October 17, 1984 (table 1). These data are incorporated into the tables for
the harbor water-quality stations (tables 13 through 16). Figures 31 through
35 show temporal changes of selected constituents.

Loading of nutrients and other constituents is important to consider when
evaluating water quality in an estuary. The major sources of these constituents
are the freshwater tributaries. Other possible sources are wet and dry precipi-
tation and ground-water inflow. Loading is computed as a product of discharge
times concentration. Discharge data are currently available for the major trib-
utaries to Charlotte Harbor (U.S. Geological Survey, 1981; 1983). Loading of
nutrients has recently been evaluated in the Caloosahatchee River (LaRose and
McPherson, 1983) and in the Peace River (E. R. German and D. M. Schiffer, U.S.
Geological Survey, written commun., 1984). Discharge data are also available in
some of the smaller tributaries to the harbor, but water—-quality data are sparse.
To supplement the available data, bimonthly water—quality sampling was initiated
on two of the smaller tributaries--Shell Creek and Joshua Creek (fig. 6). The
bimonthly data are listed in table 18.

Time-of-travel (dye) studies were made in the tidal Peace River in March
1983 and July 1984. Repetitive water-quality sampling was carried out over
several days at numerous sites along a 20-mile reach of the river to evaluate
selected estuarine processes (fig. 36). These data provide information on diel,
tidal, and spatial changes in water quality and are listed in tables 19 through
21. Field and laboratory measurements of physical properties are listed in
table 19, nutrient concentrations are in table 20, and ion concentrations are
in table 21. Figures 37 through 44 show average concentrations of selected
"constituents at various river locations, and selected concentrations compared
with salinity are shown in figure 45.

Some data included in this report were also collected as additional water-
quality samplings to evaluate the distribution and sources of radiochemicals.
These site locations are shown in figure 30. Data collected as part of radio-
chemical surveys are in table 22.
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CH-22, 1984.
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Figure 33.--Dissolved silica concentration
in water at sites CH-06, CH-11, and CH-22,
1983 and 1984.
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1983 and 1984.
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Bottom sediments were collected intermittently in the harbor and in the

Peace and Myakka Rivers (fig. 30).

phosphorus, carbon, o0il, grease, and sediment gfain size.

analyses results.

FIELD METHODS

Generally, water samples collected in the

streams were depth integrated at the stream center.

in the tidal rivers and estuary were point samp
surface. In some cases, near-bottom samples we
ification occurred.
composites of 5 to 10 samples collected at even
transect (fig. 9). Samples were depth integrat
Bottom~sediment samples were also composites of
along the transect. Bottom—-sediment sample loc

restricted to areas with fine organic sediments, excludin

Point samples were analyzed for nitrogen,

Table 9 lists the
|

reshwater reaches of the

Most other water samples

es collected near the water

e collected where density strat-

In the harbor reconnaissance survey, water samples were

width increments along each

d using a weighted bottle.

5 to 10 samples collected
tions for each transect were
sandy-bottom areas.

Sediment was collected with either a Peterson or an Ekman~ dredge and passed

through a 2-millimeter sieve into a large metal
well mixed in the container and a representativ

A churn sample splitter was used in the reg
other water—quality sampling. The churn is a p]
paddle for mixing sample water once water has b
withdrawn from a spigot at the bottom of the chi
analysis was not withdrawn from a churn, but wa
glass bottle to prevent possible contamination

All samples were preserved and stored foll
procedures (table 23). Filtering, when require
ent samples were unfiltered and represent total

Field measurements of temperature, pH, dis
conductance were made using a multiparameter wa
a submersible probe. The instrument was calibr
and intermittently throughout the day. Whereas
either at a specific depth or were depth integr
always made at one or more depths in a vertical
water was stratified, a series of measurements
column to better define stratification.
specific conductance, and dissolved oxygen accoj
analyses.

The transparency and light—attenuating pro
in the field.

Transparency was measured using a

container. The samples were
sample removed for analysis.

=3

connaissance surveys and in
lastic bucket with a 1lid and a
een collected. Aliquants were
urn. Water for organic carbon
s collected separately in a
from the plastic of the churn.

bwing standard Geological Survey

d, was done on site. Most nutri-
nutrient concentrations.

solved oxygen, and specific
ter—quality instrument that had
ated prior to the day's sampling

water samples were collected

ated, field measurements were

profile. Generally, if the

was made in the vertical water
Field measurements of temperature,
mpany most water—-sample

perties of water were measured

standard Secchi disk. Light

attenuation was measured using a Li-Cor photometer that had a submersible probe.

Incident light was measured in air, then the de
1 percent of the incident light was determined.

7 o ie

& Law

and

B

as
ligh exc

Sl

i-p

er than 1 percent, the percent available was recorded.
ent depth data are recorded in the tables.

th below the water surface to
If the light at the bottom
Both incident

lUse of brand names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.
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SAMPLE ANALYSIS

Samples were analyzed in U.S. Geological Survey Laboratories. Analytical
methods and precision are given in Greeson and others (1977), Greeson (1979),
and Skougstad and others (1979).

Taxonomic identification and enumeration of phytoplankton samples are not
complete and, therefore, are not included in this report. The collection of
these samples is noted to document data collected during water—quality sampling
that will be available at a later date.
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GLOSSARY

Terms used to describe the concentrations of constituents in water and

sediment are defined below.

Dissolved refers to the amount of a constituent remaining in a water
sample that has been passed through a 0.45-micron filter.

Incident light refers to the amount of light measured in air in the 400-
to 700-nanometer wavelength range. The amount of light is measured as micro-

einsteins per square meter per second.

Recoverable from bottom material is the sediment term equivalent to the

"total recoverable" term for water.

Suspended refers to the amount of a consti
0.45-micron filter. At least 95 percent of the
analytical method.

Total is used when the analytical procedur
of the comstituent.

Total in bottom material is used when the
least 95 percent of the constituent.

Total recoverable refers to the amount of
the sample has been digested by a method (usual
only readily soluble substances. Complete dige
methods, and the concentration represents less

tuent that is retained on a
constituent is detected by the

e measures at least 95 percent

analytical method measures at

a constituent in water after
ly a weak acid) that releases
stion is not achieved by these
than 95 percent.
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Table l.--Water-quality and sediment sampling schedule for the Charlotte
Harbor environmental assessment study

[WQS = water-quality sampling]

Date

Data
presented
(table number)

Sampling summary

11/82, 12/82
12/82
12/82

03/83
03/83
03/83
06/83
06/83-10/83
08/83

09/83

09/83

11/83
12/83
01/84

02/84

04/84, 05/84
06/84
06/84-09/84
07/84

09/84-10/84

09/84
09/84
12/82-10/84

2 through 4
5 through 15, 20
6 through 8

17 through 19

11 through 15

20

11 through 15

11 through 15

11 through 13,
17 through 20

11 through 15

11 through 13,
17 through 20
11 through 15
11 through 15
7, 11 through 13,
17 through 20
11 through 15

11 through 15
11 through 15
11 through 15
17 through 19

11 through 15

17 through 19
11 through 15
16

Reconnaissance WQS in rivers

Reconnaissance WQS in the harbors

Reconnaissance sediment sampling in the
harbor

WQS during time-of-travel studies in the
Peace River

WQS in the harbor (14 sites)

Radiochemical sampling (3 sites)

WQS in the harbor (23 sites)

Biweekly WQS in the harbor (4 sites)

Radiochemical and WQS in the harbor and
Peace River (4 sites)

WQS in the harbor (32 sites)

Radiochemical and WQS (3 sites)

WQS in the harbor (15 sites)

WQS in the harbor (11 sites)

Sediment, WQS, and radiochemical sampling
in the harbor and rivers (6 sites)

WQS in the harbor (15 sites)

VIQS in the harbor (32 sites)

¥QS in the harbor (15 sites)

Biweekly WQS in the harbor (3 sites)

WQS during time-of-travel studies in the
Peace River

Three-times-a-week WQS in the harbor
(4 sites)

WQS in the Peace River (4 sites)
WQS in the harbor (36 sites)
Bimonthly WQS at Joshua and Shell Creeks
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Table 3.--Chemical, physical, and biological characteristics measured
during reconnaissance sampling in the harbor and in the Peace, Myakka,
and Caloosahatchee Rivers, November and December 1982

Water Bottom materials
Harbor
Chlorophylls a and b Chlorophenoxy acid herbicides
Color Eh
Dissolved oxygen Fluoride
Major anions and cations Gross polychlorinated biphenyls
Organochlorine and organophos- Inorganic carbon
phorus insecticides, total
Metals
pH Nitrogen, ammonia plus organic
Phytoplankton 0il and grease
Priority pollutants, acid Organochlorine and organophosphorus
extractablés insecticides
Priority pollutants, base/neutral pH
extractables
Radiochemicals (gross alpha Phosphorus, total
and beta scan) Priority pollutants, acid extractables
Priority pollutants, base/neutral
Secchi disk (transparency) extractables
Specific ¢ onductance Radiochemicals
Suspended so.aigs Sediment size fractionation
Temperature
Total and diSSOl}Fd nutrients Total carbon
Total organic caybon
Trace metals, to{.a1
Turbidity ?
i Rivers

Biological oxygen hemand
Chlorophylls a and|p
Color -
Discharge (nontida}
Dissolved oxygen

areas)

Major anions and} cations
pH
Phytoplankton
Secchi disk (#fransparency)
Specific conffyctance

Suspended fsediment
Temperatt e

Total &mnd dissolved nutrients
Total “organic carbon
Tuirbidity
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Table 10.,--Concentrations of pesticides and other organic compounds analyzed

in bottom sediments collected at transects 1 through 5, December 14-16,

1982

Chlordane, 1.0 ug/kg at transect 1; DDD, 0.2 ug/kg at transect 5;
DDE, 0.9 ug/kg at transect 1, 0.1 ug/kg at transect 5

[Concentrations of the following compounds were at or below analytic
detection limits]

Acenaphthylene
Acenaphthene
Anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene

Benzo(a)pyrene
Bis(2-chloroethyl)ether
Bis(2-chloroethoxy)methane
Bis(2-chloroisopropyl)ether
N-Butylbenzyl phthalate

Chrysene

Diethyl phthalate
Dimethyl phthalate
Fluoranthene
Fluorene

Hexachlorocyclopentadiene
Hexachloroethane
Indeno(l,2,3~-cd)pyrene
Isophorone
N-nitrosodi-n-propylamine

N-nitrosodiphenylamine
N-nitrosodimethylamine
Nitrobenzene

4-Nitrophenol
4,6-Dinitro-2-methyl phenol

2,3,7,8-Tetrachlorodibenzo-p-dioxin
Phenol

Naphthalene

Pentachlorophenol

Perthane

Bis(2-ethylhexyl)phthalate
Di-n-butyl phthalate
Benzidine

Polychlorinated naphthalenes
Aldrin

Lindane
DDT
Dieldrin
Endosulfan
Endrin

73

Ethion

Toxaphene
Heptachlor
Heptachlor epoxide
Parachlorometacresol

Phenanthrene
Pyrene
1,12-Benzoperylene
1, 2-Benzanthracene
1, 2-Dichlorobenzene

1,2,4-Trichlorobenzene
1,2,5,6-Dibenzanthracene
1, 3-Dichlorobenzene

1, 4~-Dichlorobenzene
2-Chloronaphthalene

2-Chlorophenol
2-Nitrophenol
Di-n-octyl phthalate
2,4-Dichlorophenol
2, 4-Dimethylphenol

2,4-Dinitrotoluene
2,4-Dinitrophenol
2,4,6-Trichlorophenol
2,6-Dinitrotoluene
3,3'-Dichlorobenzidine

4-Bromophenyl phenyl ether
Polychlorinated biphenyls
Malathion
Parathion
Diazinon

Methyl parathion
Hexachlorobenzene
Hexachlorobutadiene
Mirex

Trithion

Methyl trithion
Methoxychlor
2,4-D

2:, 4, 5-T

Silvex
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Table 12.--Concentrations of pesticides and other organic compounds analyzed
for unfiltered (total) water samples collected at transects 1 tlhirough 5,
December 14-16, 1982

Bis(2-ethylhexyl)phthalate, 2 ug/L at transect 2, 7 ug/L at transect &4

{Concentrations of the following compounds were at or below analytic
detection limits]

Acenaphthylene
Acenaphthene
Anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene

Benzo(a)pyrene
Bis(2~chloroethyl)ether
Bis(2-chloroethoxy)methane
Bis(2-chloroisopropyl)ether
N-Butylbenzyl phthalate

Chrysene

Diethyl phthalate
Dimethyl phthalate
Fluoranthene
Fluorene

Hexachlorocyclopentadiene
Hexachloroethane
Ideno(l,2,3-cd)pyrene
Isophorone
N-nitrosodi-n-propylamine

N-nitrosodiphenylamine
N-nitrosodimethylamine
Nitrobenzene

4~Nitrophenol
4,6~-Dinitro-2-methyl phenol

2,3,7,8-Tetrachlorodibenzo~p-dioxin
Phenol

Naphthalene

Pentachlorophenol

Perthane

Di-n-butyl phthalate
Benzidine

Polychlorinated naphthalenes
Aldrin

Lindane

Chlordane
DDD

DDE

DDT
Dieldrin

75

Endosulfan
Endrin
Ethion
Toxaphene
Heptachlor

Heptachlor epoxide
Parachlorometacresol
Phenanthrene

Pyrene
1,12~Benzoperylene

1, 2-Benzanthracene
1,2-Dichlorobenzene
1,2,4-Trichlorobenzene
1,2,5,6-Dibenzanthracene
1, 3-Dichlorobenzene

1,4-Dichlorobenzene
2-Chloronaphthalene
2-Chlorophenol
2-Nitrophenol
Di-n-octyl phthalate

2,4-Dichlorophenol
2,4-Dimethylphenol
2,4~Dinitrotoluene
2,4-Dinitrophenol
2,4,6-Trichlorophenol

2,6~Dinitrotoluene
3,3"-Dichlorobenzidine
4~Bromophenyl phenyl ether
4~Chlorophenyl phenyl ether
Polychlorinated biphenyls

Malathion
Parathion
Diazinon
Methyl parathion
Hexachlorobenzene

Hexachlorobutadiene
Mirex

Trithion

Methyl trithion
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Table 23.--Sample preservation and treatment

Constituent

Bottle

Preservation and
treatment

Nitrogen and
phosphorus

Total organic
carbon

Dissolved
organic carbon

Organic
compounds

Metals

Chlorophylls
a and b

Phytoplankton

Color,
turbidity

Dissolved
constituents

All other
constituents
in water

Constituents
in bottom
sediments

Brown polyethylene

bottle

Oven~-fired glass
bottle

Oven~fired glass
bottle

Oven-fired glass
bottle

Acid-rinsed poly-
ethylene bottle

Oven-fired glass
vial

Polyethylene
bottle

Polyethylene
bottle

Appropriate bottle

(see abeve)

Polyethylene
bottle

Plastic freezer
container

Add mercuric chloride (HgClz/NaCl);
chill on ice to 4°C.

Chill on ice to 4°C.

Filter water through 0.45-micron silver
metal membrane; chill on ice to 4°C.

Chill on ice to 4°C.

Acidify with nitric acid (HN03) to
pH<2.

Sample is filtered onto 0.7-micron
glass fiber filter; chill on ice to
4°C.

Preserve with Lugol's solution; store
away from sunlight.

Chill on ice to 4°C.
Filter water through 0.45-micron

cellulose membrane filter.

No treatment.

Chill on ice to 4°C.
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