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Florida during 1978-80.

Routine water samples were collected monthly from 17 river and 17 trib-
utary sites. The data was collected to characterize the quality of water
discharges to the Caloosahatchee River by selected tributaries and Lake Okee-
chobee, to determine the impact of these inflows upon the river, and to identify
the water quality conditions associated with the phytoplankton levels in the
Caloosahatchee River.

Chlorophyll 4 was used as an indicator of phytoplankton biomass. Chloro-
phyll a samples were collected, concurrent with routine water quality samples
and at the investigator's discretion, during potential algal bloom conditions.

Overall volumes of discharges at each major water control structure, S-77
S5-78, and 5-79, were greater than the historic period of record as a result of
unusual winter regulatory discharges. Discharge from Lake Okeechobee was a
principal factor influencing the quality of water in the Caloosahatchee River.

Phosphorus demonstrated a well defined seasonal pattern at S-77 which was
sensitive to water releases. The lowest pPhosphorus levels occurred during the
winter when S-77 was discharging, while the highest levels occurred during the
Summer when S-77 was not discharging. Phosphorus increased in the East Caloosa-
hatchee River Basin between S-77 and S-78 then decreased in the West Caloosa-
hatchee River Basin to S-79. The East Basin tributaries generally had higher
phosphorus concentrations than the river. The West Basin tributaries had lower

phosphorus concentrations than the river.
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Total nitrogen concentrations decreased linearly from Lake Okeechobee to
S-79. As a group, the average nitrogen concentrations in the tributaries were
less than the river. Ammonia and nitrate trends were reversed in the trib-
utaries, with ammonia levels decreasing from S=-T7 to S-79 and nitrate increasing
from S-77 to S-79. Organic nitrogen was the prineipal component of the total
nitrogen levels in the river. Ammonia was the principal inorganic constituent
in the East Basin and nitrate was the Principal inorganic component in the
West Basin.

Chloride levels along the river were opposite to the trend noted for phos-
pPhorus. Chloride levels decreased from S=77 to the LaBelle area of the river,
then increased again toward S-79. The tributary input appears responsible, in
part, for the levels in the river.

The river was generally well mixed with depth for temperature, PH, and
Specific conductance. Dissolved oxygen showed a summer vertical gradient with
low values near the bottom. The dissolved oxygen levels during the winter
months were well mixed with depth and relatively high (6-8 mg/L).

Chlorophyl1l a levels were usually higher in the East Basin, between S=T7T7
and 5-78, than in the West Basin, from S-78 to S-79. On a seasonal basis,
chlorophyll a levels throughout the river were typified by (a) autumn and winter
minimum with a concentration < 10 mg/m3; (b) Spring increase in May and early
June; and (¢) summer maximum with chlorophyll a levels ranging from about 20-
40 mg/m3.

Chlorophyll 2 concentrations exhibited an inverse relationship with inor-
ganic nitrogen concentration, especially NO3 and NOp. Inorganic phosphorus
was usually available for Phytoplankton growth well above analytical detection
limits. Chlorophyll a concentration and water temperature consistently exhib-

ited the highest positive correlation based on linear regression analyses.
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The relation between water flow (expressed as residence time) and chloro-
phyll a concentration was examined under a number of conditions. Usually,
during low flow periods in spring and summer, phytoplankton populations can
respond to ambient water quality characteristies. Conversely, large flows
generated from basin surface water runoff or Lake QOkeechobee regulatory releases
can usually flush or dilute high chlorophyll a levels from the river.

Daily sampling for water quality at two locations in the West Basin (at
the Alva Bridge and near the Lee County Water Treatment Plant) during the late
spring of 1978, and in conjunction with biweekly sampling at the routine river
stations, indicated the presence of a nutrient rich, low volume source of water
that was partially responsible for nutrient enrichment in the western portion
of the river.

Based on mass loading calculations, Lake Okeechobee contributed the most
water (55%), nitrogen (62%), and chloride (42%) to the river. The tributaries
in the East Basin contributed the least amount of water (21%) and the most
phosphorus (43%). The tributaries in the West Basin contributed low percentages
of nitrogen (15%) and phosphorus (18%) and almost equal amounts of water (24%)
and chloride (26%).

Alkalinity, chlorilde, fluoride, nitrates, and turbidity were all within
the State's criteria limits for predominantly fresh waters. Dissolved oxygen,
total iron, certain pesticides, and zinc were occasionally outside the limits
established by the State Criteria for Class IA and Class III water, while ammonia

and pH were occasionally in excess for Class III waters only.
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PART I

INTRODUCTION

Recent population growth in southwest Florida has progressed more rapidly
than the average for other areas of the state. Well over half of the total
population in the Lower West Coast Planning Area is located in Lee County
(65%), followed by Collier (27%), Hendry (6%), and Glades (2%) Counties,
respectively (SFWMD, 1980).

As a consequence of this growth, the lower west coast is exhibiting a
transition in land use. Agricultural areas in Lee County are being replaced
by expanding urbanization (Brown, 1976). Native wetlands and forests in Lee
and Hendry Counties are being developed for agriculture in an attempt to meet
the needs of an ever-increasing population (Brown, 1976; De Bellevue, 1976).

As agriculture expands and the population increases, a system to provide
for water supply and flood protection becomes necessary. The distribution of
rainfall in south Florida is highly variable due to the erratic paths of
thunderstorms and other precipitation events. As a result, rainfall can be
substantial in some areas and deficient in others. The flat topography and
predominately sandy soils overlying a relatively impervious aquitard make it
necessary to remove excess water. Consequently, drainage canals have been
constructed over much of the lower west coast and, in some cases, have
disrupted the natural drainage features. De Bellevue (1976) reports that
approximately 90% of Hendry County is drained by a system of primary canals
receiving water from an estimated 886 kilometers (550 miles) of secondary
canals, which in turn receive water from about 1931 kilometers (1,200 miles)
of ditches.

The Caloosahatchee River is the major waterway in southwest Florida and
provides a fresh water source for agricultural irrigation and municipal uses,
as well as providing for drainage, flood control, navigation, and recreation.

1



Consequently, a thorough understanding of the Caloosahatchee River and its
tributaries is important in order to effectively manage the resources.

This report contains eight parts. Part I provides general introductory
material, including the purpose and scope, previous investigations, a descrip-
tion of the study area, the hydromechanics of the river and structures, the
land use, and the rainfall conditions during the study period.

Part II describes the materials and methods used during the study and
presents the location of the study area and stations sampled.

Part III contains three sections. Following an introductory section, the
second section presents the general chemistry of the major inflows to the Cal-
oosahatchee River Basin which includes discussion of S-77 and the major tribu-
taries sampled in the East and West Caloosahatchee River Basins. This is
followed by a review of the spatial and temporal water quality characteristics
of the river as a complete system.

Part IV presents the results of the chlorophyll a sampling and discusses
the relationships between chlorophyll a and various physical and chemical par-
ameters. The chlorophyll a distribution is examined on a seasonal and spatial
basis, and the events surrounding a major algal bloom in June 1980 are reviewed.

Part V discusses the results of an intensive water quality sampling progam
in the West Caloosahatchee Basin during April-June 1978 and relates these
results to the chlorophyll a characteristics.

Part VI describes the material loadings to the Caloosahatchee River system
from Lake Okeechobee and the collective influence of other inputs in the East
and West Caloosahatchee River Basins. Material loads from the Calocsahatchee
River to the coastal estuaries are also reviewed.

Part VII reviews the river quality for all parameters for which the State
of Florida has threshold ecriteria for State waters. This is followed by Part

VIII, the summary and conclusions. A technical appendix at the end provides

2



the reader with additional supporting materials used in the interpretation of
the data collected during this three year study.

In this report, reference to winter periods was assumed to include the
period between the first day of November and the last day in April. The
summer period was assumed to include the time period between May 1 and October
31. These pericds also coincide with the usual dry and wet seasons,
respectively. The raw data is available upon request.

PREVIOUS INVESTIGATIONS

A list of the previous water quality and phytoplankton investigations in
the Caloosahatchee River study area is presented in Table 1. The specific
reports are listed in the bibliography. Previous investigations can be segre-
gated into four categories according to the type of material discussed. In
the first category, the Caloosahatchee River system is linked to studies which
have been performed in association with Lake Okeechobee. These reports gener-
ally discuss nutrient loadings from Lake Okeechobee or the specific chemical
or bioclogical quality of waters at or near S3-77.

The second category involves general surface and groundwater data associ-
ated with the Caloosahatchee River study which may influence its quality but
does not necessarily discuss the actual quality of the river. This category
does not include any biological studies. The third category documents general
information which is limited in purpose and scope. This information generally
includes mapping of chemical constituents on a statewide basis or randomly
presenting select chemistry at select sites. The final category lists reports
which specifically present or discuss the chemical and biological water

quality of the Caloosahatchee River and its tributaries.



TABLE 1.

RIVER STUDY AREA

CATEGORY I

I1

General Surface/
Ground Water

PREVIOUS WATER QUALITY INVESTIGATIONS IN THE CALOOSAHATCHEE

I11I IV

Water Quality
Specific to the

Lake Okeechobee Associated with the Miscella- Caloosahatchee

Outflows at S-77 Caloosahatchee River neous River & Tributaries

Joyner, 1971 Kenner and Brown, Odum, 1953 Boggess, 1968

Joyner, 1974 1956 Parker, et al., Boggess, 1970
Boggess, 1968 1955

Davis and
Marshall, 1975

U.S. Environmental
Protection
Agency, 1977

Dickson, et al.,
1978

Federico, et al.,
1981

Boggess, 1975

Klein, et al.,
1975

0'Donnell, 1976

Boggess, 1972
Kaufman, 1969

Kaufman, 1969

General Develop-
ment Corp.,
1974

Higer and
S Boggess and
$8;6p1n5k1, Missimer, 1975

Dye, et al., 1975

Environmental
Sciences and
Engineering,

Kaufman, 1970
Anderson, 1971
Martin, et al.,

1971 1977
Freiberger, Florida Dept. of
1972 Environmental
Joyner, 1973 Regulation, 1979
STack: and South Florida
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PURPOSE AND SCOPE

The Caloosahatchee River Study was initiated in January 1978 because of

the importance of the system to the lower west coast, the general lack of

water quality data specific to the Caloosahatchee River and its tributaries,

and a recent recurrence of nuisance algal blooms near the Lee County Water

Treatment Plant. The primary goals of this study were to develop a water

quality data base for the Caloosahatchee River and its major tributaries, to

generate comprehensive background and baseline data on chlorophyll a in the

fresh water portion of the Caloosahatchee River, and to examine factors

associated with nuisance algal blooms. These data would also be useful in the

development of a water use plan for the lower west coast of Florida.

(1

(2)

(3)

(4)

(5)

The specific objectives were:

To determine the quantitative and qualitative relationships between Lake
Okeechobee and the Caloosahatchee River.

To determine the water quality characteristics in each of the two main
river basins.

To determine the relative impacts of selected tributaries within each of
the two main reaches of the river,

To document the seasonal and spatial trends in the distribution of chlor-
ophyll a in the Caloosahatchee River, and

To identify the chemical and biological water quality conditions associated
with the recurrent algal blooms upstream of the W. P. Franklin Lock and
Dam (S-79) during potential bloom periods (April - July).

This report culminates a series of interim reports by the South Florida

Water Management District on the water quality and chlorophyll a concentrations

in the Caloosahatchee River. Preliminary data has been presented earlier in a



technical memorandum entitled, Water Quality Aspects of the Caloosahatchee

River System Phase II 1978-1979.

DESCRIPTION AND HYDROLOGY OF THE CALOOSAHATCHEE RIVER STUDY AREA

The function of Lake Okeechobee in the water management of south Florida
is as a balancing reservoir, receiving runoff from the north, northwest, and
south, and within the limits of safe storage capacity, retaining a portion of
the runoff to meet water supply demands. The stage of Lake QOkeechobee is con-
trolled to provide flood protection and water supplies for the surrounding
drainage basins. The same canal network and water control system which regul-
ates water releases from Lake Okeechobee to control lake stage also serves for
both irrigation and drainage of adjacent lands. Outflow from Lake Okeechobee
is controlled, in part, by the St. Lucie and Caloosahatchee Canals which
discharge to the Atlantic and Gulf coasts, respectively.

The Caloosahatchee River was originally a relatively shallow, meandering
river with its headwaters in the vieinity of Lake Hicpochee. Improvement
efforts by Hamilton Disston in the 1880's included "channelization" of the
river from Fort Myers to Lake Okeechobee for navigation and water control. By
1918 three lock and spillway structures were constructed between Moore Haven
and Fort Thompson. The Rivers and Harbors Act of 1930 authorized further
improvements of the Caloosahatchee River, and by 1937 the river had a navigable
channel about 2 meters deep and 24 meters wide. The plan of improvement auth-
orized under the Central and Southern Florida Flood Control Project required
channel enlargement and construction of the Franklin Locks at Olga. This con-
struction was undertaken from 1962-1968.

Presently, the Caloosahatchee River (designated C-43), is an improved
canal which has been straightened and channelized throughout most of its 104.6
km (65 mile length) and ranges from 50 to 130 meters wide and 6 to 9 meters

6



deep. Many of the bends found in the natural setting remain as oxbows along
both sides of the canal in the western basin.

The Caloosahatchee River originates at Moore Haven on the southwest shore
of Lake Okeechobee. Water from Lake Okeechobee is released through a combina-
tion spillway (S-77) and navigation lock (HGS No. 1) and flows southwest about
10 kilometers (6 miles) through a nearly level overflow basin, Lake Hicpochee.
The river continues westerly to Ortona, approximately 24 kilometers (15 miles)
from Moore Haven, where a second lock and spillway (5-78) aids in the control
of water levels on adjacent lands upstream. Water levels and salinities control
in the remaining 42 kilometer (26 mile) reach of the Caloosahatchee River are
controlled by the W. P. Franklin Lock and Dam (S-79). The size and capacity
of C-43 and the water control structures were designed to provide for a number
of functions inecluding leccal drainage and flood control, salinity control,
irrigation and municipal water supply, navigation, and maintenance of Lake
Okeechobee's regulation schedule.

The drainage influence of the Caloosahatchee River extends, on an average,
about 24 kilometers (15 miles) on either side of the river (U. S. Army Corps
of Engineers, 1963). Ortona Lock (S-78) separates the Caloosahatchee River
study area into two distinet hydrologic boundaries. The upper pool, or East
Caloosahatchee Basin, has a drainage area of about 875 km2 (216,133 acres)
while the lower pool, or West Caloosahatchee Basin, drains approximately 1287
km2 (318,253 acres) of land (Isern and Brown, 1980). The hydrologic boundaries
and tributary drainage basins are shown in Figure 1, which also lists the
sampled tributary drainage basins and their respective drainage areas. Water
levels upstream and downstream of S-T78 are maintained at approximately 3.5
meters msl and 1.0 meters msl, respectively.

Tributary drainage in the East Basin is more complex than the drainage in

the West Basin, differing mainly with regard to adjacent land usage and water
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WEST BASIN : EAST BASIN
Tributary Name/Code Drainage Area (Acres) % of Total by County
ECB:
1 §-235 {Open:Closed) (16.000 0} (100% Glades:outside basin)
2. Diston Island Canal/CR-03 2T 3,328 100% Glades
3. Whidden Corner Canal/CA-04.3T 19994 3% Glades, 97% Hendry
4. C-19 a1t S47D/CR-D6 BT 11.008 100% Glades
5 Grassey Marsh East Canal/CR-06.8T 19.206 5% Glades, 95% Hendry
6. Meanderline Ditch/Cr-08.9T 14,637 100% Glades
7 Leng Hammock Canal/CR-14 0T 48,096 6% Glades, 94% Hendry
WCB:
B Goodno Canal No. 2/CA-14.9T 5 895 11% Glades. B9% Hendry
¢ Qkaloacoochee Branch/CR-22 0T 20.781 26% Glades, 74% Hendry
10. Crawford Canal/CR-26.2T 1.8m 100% Hendry
11. Jack's Branch/CR-30.3T 44,428 50% Charlotte, 43%
Glades, 7% Hendry
12. Banana Branch of Roberts
Canal/CR-30.4T 29,338 10% Collier, 90% Hendry
13 Fi Simmeons Branch Data not currenily available Dala not currently available
14 Townsend Canal/CA-33 5T 43930 100% Hendry
15. Bedman Greek/CR-362T 13331 18% Hendry, 82% Lee
16. Cypress Creek/CR-38 2T 11 968 68% Lee, 32% Charlotte
17 Hickey Creek/CR-39.6T Data not currently available Data not currently available

Based on unpublished records - South Florida Water Management District, Resource Planning Department, Water Resources Division

EEEEE  TRIBUTARY DRAINAGE BASINS OF THE EAST AND
WEST CALOOSAHATCHEE BASINS




control. Most of the canals in and around the periphery of Lake Hicpochee
drain agricultural lands. There are five major canals east and south of Lake
Hicpochee: Diston Island Canal, Nine Mile Canal, Whidden Corner Canal, Lake
Hicpochee Canal, and Grassey Marsh East Canal. Of the five, Grassey Marsh
East Canal is the only one which drains to the Caloosahatchee River directly.
The Diston Island Canal drains lands east of Lake Hicpochee to the Caloosa-
hatchee River by pumping water either to the Lake Hicpochee perimeter canal or
to the canal draining through S-235. The Nine Mile Canal gravity drains to a
minor canal below the pump and spillway structure located on the Whidden Corner
Canal, ultimately draining to Lake Hicpochee. The Whidden Corner Canal and
the Lake Hicpochee Canal drain lands in Hendry County between the river and
S.R. 80 by pumping the water south then west to the Caloosahatchee River by
way of the Grassey Marsh East Canal. Alternately, the drainage of lands
between Lake Hicpochee and S.R. 80 may occur as gravity drainage toward Lake
Hicpochee through the Whidden Corner and Lake Hicpochee Canals. All of the
West Basin canals drain directly into C-43.

Generally, most of the tributaries adjoining the Caloosahatchee River
exhibit increased flow toward the river during the summer. During the winter,
some canals withdraw water from the Caloosahatchee River for irrigation
purposes.

Figure 2 displays the daily discharge at S5-77 from 1973 to 1980, inclusive.
Discharges through S-77 are usually made when the stage of Lake Okeechobee
exceeds the regulation limits (regulatory releases) or supplemental fresh water
is needed in the downstream pools (water supply or pool stage maintenance
releases). Historically, water releases were relatively predictable and fol-
lowed a seasonal pattern. Pool stage maintenance releases (less than 2,000
acre-feet/day) occurred during the winter to supply water for local irrigation

needs within each basin. As long as Lake Okeechobee was below regulation

9
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schedule, releases usually did not occur during the summer as rainfall was
sufficient to satisfy local demands. Occasionally, as in 1974, regulatory
releases (greater than 2,000 acre-feet/day) were made during the summer (July
and August) to lower the stage of Lake Okeechobee to within the regulation
limits. Major water releases also occurred (June 1976 and May, June, and July
1977) to flush massive algal blooms from the river that had accumulated

ad jacent to the Lee County Water Treatment Plant.

The pattern of discharge activity at S5-T77 during this study period was
atypical. Water releases at S-77 in 1978 were minimal. During the first water
release period (March-April), approximately 18,000 acre-feet of water (averaging
534 acre-feet/day) were released to maintian downstream pool stages in the
East and West Basins. The second water release period in August was regulatory
and totaled approximately 180,000 acre-feet of water (averaging 5,800 acre-
feet/day). During the remainder of the year, S-77 exhibited intermittent
releases lasting only a few days at a time. Lake Okeechobee was effectively
isolated from the Caloosahatchee River during 1978. Discharges through S=77
occurred on only 76 days during the year.

In 1979 and 1980, unusual winter regulatory releases were made from S-T7
between January and May, a "trend" unprecedented since 1973. Water releases
in 1979 and 1980 at S-T77 were not only more frequent but were also of greater
magnitude and longer duration than in 1978. The 1979 winter regulatory release
between January 11 and March 19 averaged approximately 8,000 acre-feet/day.
From March 21 to April 25 an average of 589 acre-feet/day of water was released
to maintain downstream pool stages. Regulatory releases were also necessary
during October, November, and December of 1979 and lasted about one week during
each month.

During the winter of 1980, specifically the period between January 14 and
March 24, regulatory releases at S~77 averaged approximately 7,000 acre-feet/day.

11



Although the average daily discharges during this period were less than the
same period in 1979, regulatory discharges in 1980 continued intermittently
for an additional three months. However the total regulatory discharge for
the first six months of 1980 (454,931 acre-feet) was less than the total regu-
latory discharge for the first three months of 1979 (511,305 acre-feet). An
algal bloom control release also occurred in mid-June 1980. This was the
first time such a bloom had occurred since 1977.

Regulatory releases at S-T7 are accompanied by similar magnitude dis-
charges at 3-78 and S-T9 to transport the excess water to tidewater. Since
another primary function of S-78 and S-79 is to regulate local drainage within
the basins and maintain an optimum stage level in C-U43, they can also operate
independently of S-77. Figures 2, 3, and 4, and Table 2, contrast the duration
and volume of discharge at the three structures for the 1978-1980 study period.

Generally, water releases through 3-78 and S-T79 were almost continuous
during the study period while discharges at S-T7 were comparatively less
frequent. The annual discharge for the entire study period was greater than
the historic average between 1966 and 1977. Historically, water releases at
all the structures were greatest during the summer. During this study, how-
ever, discharges at each structure demonstrated a dramatic winter increase.

Discharge records at S-78 and S-79 also provide an estimate of the water
residence times within each section of the canal. The volume of the eastern
pool, from S-77 to S-78, was calculated to be about g9Lo0 acre-feet (4.09 x 108
ft3). The volume of the western pool, from S-78 to S-79, was calculated to be
about 29,000 acre-feet (1.26 x 109 ft3). Theoretically, a daily discharge at
5-78 of 9,400 acre-feet, equal to the volume of the east pocl, would indicate
a complete exchange of water in 24 hours and have a residence time of about

one day.

12
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RAINFALL

Rainfall in the Caloosahatchee River study area was computed from the
U.S. Department of Commerce's Climatological Data (1960-1980) and the U.S.
Army Corps of Engineers' data logs (1978-1980). The average monthly data and
seasonal totals are presented in Table 3. This table shows that the total
annual rainfall during the study period was slightly less than the historic
average, except at S-78. The winter rainfall was greater than the historic
average and the summer rainfall was less.

GENERAL SOIL CHARACTERISTICS AND LAND USE

Soils in the Caloosahatchee River drainage area of Glades, Hendry, and
Lee Counties are predominantly level, poorly drained sandy soils (Florida
Dept. of Administration, 1975). The area between Lake Okeechobee and Lake
Hicpochee, however, consists of well decomposed organic soils 41-91 em thick,
over sand.

Table 4 describes the level I and selected level II land use/cover
patterns in the Caloosahatchee River study area. Pasture is the dominant land
use in both basins, representing 51% of the East Basin area and U48% of the
West Basin area. Wetlands occupy a substantial portion of the East Basin
(35%) whereas forested uplands (20%), wetlands (11%), orchards and groves

(9%), and urban areas (6%), are important land uses in the West Basin.
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TABLE 4. LAND USE/COVER PATTERNS IN THE CALOOSAHATCHEE RIVER STUDY AREA*

East Caloosahatchee West Caloosahatchee

Basin Area _ Basin Area
: A P t
I, Urbain-& Built-up-Land Acres Percent cres ercen
Residential 692 (<1) 4,401 (1)
Open and Others 643 (<1) 14,482 (5)
Total Urban 1,530 (1) 18,993 (6)
IT. Agriculture
Cropland 4,299 (2) 2,315 (1)
Pasture 110,882 (51) 151,508 (48)
Orchards, Groves, etc. 848 (<1) 29,119 (9)
Total Agriculture 116,029 (54) 182,952 (57)
III. Rangeland
T Grassland 194 (<1) 3,288 (1)
Scrub & Bushland 6,020 (3) 9,614 (3)
Total Rangeland 6,214 (3) 12,902 (4)
IV. Forested Uplands 14,078 (6) 64,898 (20)
V. Wetlands 76,451 (35) 35,299 (11)
VI. Water 1,177 (<1) 1,572 (<1)
VII. Barren Land 654 (<1) 1,637 (<1)
Total Area 216,133 318,253

* Abridgement of Isern and Brown, 1980
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PART II

MATERIALS AND METHODS

SAMPLING LOCATIONS AND FREQUENCY

Water Chemistry: Thirty-three stations (17 tributary sites and 16 mainstream

sites) were routinely sampled in the Caloosahatchee River study area. Their
codes and corresponding site descriptions are presented in Table 5 and their
locations are shown in Figure 5.

Station identification numbers include a two-letter prefix representing
the study area (CR) and a three-digit number corresponding to the mileage from
a point of orientation located at the center of the Lake Okeechobee Rim Canal
(adjacent to S-T7 spillway in Moore Haven). The suffix (T) in the identifi-
cation code refers to a tributary station. The mileage indication for the
tributary stations refers to that point where the Calcosahatchee River and the
tributary intersect.

Routine water samples were collected monthly from the river and tributary
stations and biweekly downstream of S-77 between January 1979 and December
1980. In addition to the bimonthly sampling at 3-77, an automatic sampler was
installed upstream of S-T77 in January 1979 to collect weekly time composite
samples during discharge events.

The sampling frequency for all stations (except at S-T77) increased to
bimonthly during the potential algal bloom period between April and July in
1978 and 1979. 1In addition to the bimonthly sampling during this intensive
study period, daily samples were collected at two stations in 1978; daily time
composite samples were collected at station CR-36.0 (Alva Bridge) with an
automatic sampler; and daily grab samples were collected at station CR-40.3 by
personnel of the Lee County Public Utilities Water Treatment Plant. All auto-
matic sampling for the intensive period was discontinued after 1978 and all

bimonthly sampling was discontinued after 1979.
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Tazaiie_ﬁi_ CALOOSAHATCHEE RIVER SAMPLE LOCATIONS

A. RIVER STATION LOCATIONS:

ok

2.

*3:

4,

*h:

B.

EAST BASIN *7-

. CR-00.1,

CR-03.0,
CR-D4.5,
CR-06.0,
CR-09.0,
CR-11.0,

CR-13.5,

at 5-77-upstream (automatic sampler)

C-43 3 miles west of Moore Haven Lock (S-77)
C-43 4.5 miles west of Moore Haven Lock (S-77)
C-43 6 miles west of Moore Haven Lock (S-77)
C-43 9 miles west of Moore Haven Lock (5-77)
C-43 11 miles west of Moore Haven Lock (5-77)

C-43 2.3 miles east of Ortona Lock (S-78)

WEST BASIN g

12
13.
14.
TB:
16.

17

. CR-22.5,
. CR-26.0,

CR-30.4,
CR-32.0,
CR-36.0,
CR-37.0,
CR-39.0,

CR-40.3,

, C-43 1.2 miles west of Ortona Lock (S-78)

C-43 4.2 miles west of Ortona Lock (S-78)

C-43 1.0 miles east of LaBelle Bridge (SR-29)

C-43 2.5 miles west of LaBelle Bridge (SR-29)

C-43 1.6 miles west of Ft. Denaud Bridge (C-78A)

C-43 3.6 miles west of Ft. Denaud Bridge (C-78A)

C-43 5.0 miles east of Franklin Lock (S-79) ADJACENT TO ALVA BRIDGE
C-43 4.0 miles east of Franklin Lock (5-79)

C-43 2.0 miles east of Franklin Lock (5-79)

C-43 at Franklin Lock adjacent to Qlga surface water intake at water plant

B. TRIBUTARY STATION LOCATIONS:

%1,

*g

*3.

*4.

LA
*6.

EAST BASIN * 7.

CR-00.2T,
CR-03.2T,
CR-04.3T,
CR-04.8T,
CR-06.8T,
CR-08.9T,

CR-14.0T,

§-235

Diston Island Canal at Diston Island, Hicpochee Pump
Whidden Corner Canal (C-5) at S.R. 80

C-19 at S-47D

Grassey Marsh East Canal

Meander line Ditch at S.R. 78

Long Hammock Canal at S.R. 89

WEST BASIN =g
9.
10.
11.
12.
13.
14.
15.
16.

17

CR-14.9T,
CR-22.0T,
CR-26.2T,
CR-30.3T,
CR-30.4T,
CR-31.0T,
CR-33.5T.
CR-36.2T,
CR-38.2T,

CR-39.6T,

Goodno Canal No. 2 at S.R. 89 near Ortona
Okaloacoochee Branch at S.R. 80 near Port LaBelle
Crawford Canal at S5.R. 80

Jack Branch at Norris Road

Banana Branch of Robert's Canal at 5-78A

Ft. Simmon's Branch at 5-78A

Townsend Canal at S.R. 80

Bedman's Creek at S.R. 80

Cypress Creek at S.R. 80

Hickey's Creek at S.R. 78

*Stations added during 1979
* % Stations added during 1980
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Chlorophyll a: Field sampling for chlorophyll a analyses was conducted con=-

current with the water quality sampling program and at those river stations
depicted in Figure 5. In 1979, one additional station was added just upstream
of S-77. Routine sampling was conducted at monthly intervals from January
1978 to December 1980. The sampling frequency was increased to biweekly for
the intensive study period, April - June 1978 and April - July 1979. These
biweekly samples were also collected concurrent with water quality samples.
Additional sampling trips for chlorophyll a collection were made at the
investigator's discretion during the critical months of April - June.

SAMPLING PROCEDURES AND ANALYTICAL METHODS

Water Chemistry: Field depth profile measurements for dissolved oxygen,

temperature, specific conductance, and pH were routinely measured at two meter
intervals at each river station and one meter intervals at each tributary site
with a Hydrolab (R) System 8000. River and tributary grab samples were both
collected in a polyethylene bucket at approximately mid-channel, either by
boat or from a bridge.

In anticipation of vertical differences in the water quality, separate
water samples were collected in 1978 from the surface in a polyethylene bucket
and from one meter above the bottom with a 5 liter PVC Niskin type sampler. A
two-tailed, paired t test revealed that surface and bottom values for total
nitrogen, total phosphorus, and chloride were not significantly different at
the 0.005 level of significance for all stations in 1978. Ammonia, however,
was significantly different at the 0.005 level of significance. Nevertheless,
discrete sampling was replaced with composite sampling in 1979 and 1980.

In order to test the validity of compositing samples as a routine method
for collection, quality checks were performed at three stations during 1979.
These tests included the collection and analysis of a composite sample, a dis-

crete surface and bottom sample, and then computing a relative percent
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difference. The results are presented in Appendix A. Generally, composite
sampling resulted in representative quality information.

Unfiltered aliquots of water were collected for total nutrient analysis.
Samples for the analysis of dissolved constituents were filtered at the time
of collection through a 0.45 micron Nuclepore (R) membrane filter. All water
samples were stored on ice in the dark in polyethylene bottles until returned
to the laboratory, at which time they were transferred to a refrigerator and
held at 40C for subsequent analysis (usually within one to two weeks). The
routine chemical determinations performed on each sample are listed in
Table 6.

In conjunction with the intensive study, daily water samples were
collected approximately one meter below the surface with an ISCO Automatic
Sampler Model 1392 and composited in a refrigerated polyethylene bottle. The
automatic sampler was adjusted to provide for maximum sample collection. The
sample was retrieved weekly, filtered, and returned to the laboratory for
subsequent analysis. The routine chemical determinations performed on each
composite sample are listed in Table 7A. The laboratory methods used for all
sample analyses were either recommended or approved by the Environmental
Protection Agency or the American Public Health Association (Appendix B).
Chlorophyll a: During 1978, water samples for chlorophyll a analysis were
collected at each station from the surface, mid-depth, and one meter above the
bottom (vertical profile) on routine and biweekly intensive period trips.
Triplicate samples were taken at two stations each month. During the special
additional sampling trips, water samples were obtained from the surface only.

In 1979 and 1980 vertical profiles were obtained, in triplicate, from two
stations each month. Otherwise, chlorophyll a samples were taken from the

surface at each sample station.
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TABLE 6. GENERAL FIELD AND LAB WATER QUALITY DETERMINATIONS* 1978-1980

I. River Sites and Tributary Sites
A. Routine Monthly and Bimonthly Determinations

1. Field Measurements (2 meter profile/River, 1 meter
profile/ Tributary)

a. Physical Parameters - temperature, specific
gonductance, dissolved oxygen, pH, depth,
(Secchi Disc - River only)

2. Lab Measurements (Composite/River, Surface/ Tributary)
a. Physical Parmeters

(1) Turbidity, Color (all Tributaries plus River
stations CR-03.0, CR-22.5, CR-40.3)

(2) Total Suspended Solids (River Stations
CR-03.0, CR-22.5, CR-40.3 only)

+ =
TKN, NHy, TPO,, opoi

2,
C. Major and Minor Constituents

b. Nutrients - NO%, NO

(1) Alkalinity (River Stations CR-03.0, CR-22.5,

CR-40.3)
(2) c¢1°
d. Metals

(1) Total Fe
+
(2) ca’t, Mg®", Nat, K* (River Stations CR-03.0,
CR-22.5, CR-40.3)
e. Other - F

*This table does not reflect all the variables sampled during
this course of the study. Many were dropped after the first year and
still others were dropped only at certain stations. This inforamtion
generally reflects the final program design for 1980.
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TABLE 7a. COMPOSITE SAMPLE WATER QUALITY DETERMINATIONS, 1978-1980.
II. River Sites - Composite Sample (CR-00.1, CR-36.0) and Grab
Sample (CR-40.3)
A. Daily and Weekly Determinations
1. Field Measurements (none)
2. Lab Measurements
a. Physical Parameters
(1) Lab Specific Conductance
b, Nutrients - NOY, NOj, TKN, NHy, TPO,. TdPO,, 0RO}
c. Major and Minor Constituents
(1) c¢1°
d. Metals - (none)

e. Other - (none)

TABLE 7 b. SEDIMENT SAMPLE QUALITY DETERMINATIONS, 1978-1980

II1. Select River Sites (Appendix C )
A. Annual Determinations
1. Field Measurements - (none)
2. Lab Measurements

a. Physical parameters - pH, texture, organic matter,
carbonates

b. Nutrients - TKN, total elemental P

C. Major and Minor Constituents - none

2 2

d. Metals - K+, cact, Mg +; Total Fe

e. Other - none
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Raw water samples for chlorophyll a analysis were taken from just beneath
the water surface (about 15-20 em) with a one liter polyethylene bottle.

Water samples from deeper in the water column were collected with a Niskin
sampler and transferred immediately into polyethylene bottles. Samples were
tagged, stored on ice in the dark, and returned to the lab within two days for
subsequent analyses.

Chlorophyll a concentrations were determined by the trichromatic method
(Strickland and Parsons, 1968). About 800 - 1000 ml of water were filtered
through a 0.45 micron pore size Gelman (R) glass fiber filter. A few drops of
saturated magnesium carbonate solution were added to the filters which were
then frozen for up to two weeks. The filters were then ground with a tissue
grinder for 1 - 2 minutes in a 90% acetone: 10% magnesium carbonate solution.
The resulting solution was refrigerated for 18-24 hours to further insure
pigment extraction by the acetone, centrifuged at 3000 rpm for 20-30 minutes,
and analyzed in a spectrophotometer against a 90% acetone: 10% magnesium
carbonate blank.

Results are reported as mg chlorophyll g/m3 of river water. In instances
where duplicate or triplicate samples were collected, the mean value is
reported in this text. Furthermore, East Basin or West Basin values represent
the average of all surface samples collected within that basin on a given
sample trip.

Basin to basin differences wWere considered significant at o = .95, using
a one-tailed t test. Simple linear regression analyses used mean basin values
for the parameters tested during routine monthly sample periods.

Sediment and Pesticides: Sediment samples were collected annually at each

river station with a Ponar dredge. 1In the field, the samples were placed in
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clean glass containers and stored on ice. In the laboratory the samples were
refrigerated at 40C. The routine chemical determinations performed on each
sample are listed in Table TB.

Water samples for pesticide scans were collected from the surface at
river stations CR-0.00, CR-16.0, and CR-40.3 in October 1979. These samples
were analyzed by the U. S. Geological Survey (Part VII). A second set of

samples were taken at the same location in April 1981 for confirmation.
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PART III

WATER QUALITY RESULTS AND DISCUSSION

INTRODUCTION

This part of the report is separated into three sections: (1) an intro-
ductory section, (2) a section on the major inflows to the Caloosahatchee
River Basins, beginning with a review of the water quality at S=77 and
concluding with a review of the water quality at the major tributaries in the
East and West basins, and (3) a final section discussing the water quality
characteristics of the Caloosahatchee River.

Review of the chemical characteristics at S-77, section two, is presented
with specific attention given to the effects of discharge and season on phos-
phorus, nitrogen, and chloride. The data used in the evaluation of the
gquality discharge from Lake Okeechobee at S-T7 was taken from unpublished
information collected by the South Florida Water Management District's Water
Chemistry Division. Discussion of the major tributaries and their effect upon
the Caloosahatchee River will center on the phosphorus, nitrogen, and chloride
data and will be preceded by a general overview of the quality of the waters
for all the tributaries.

The third section will describe the surface water characteristies of the
Caloosahatchee River. The focal point of this section will be a detailed
review of nitrogen, phosphorus, and chloride. A brief discussion of other
routine parameters, including pH, specific conductance, dissolved oxygen, and
temperature will also be presented. This will be followed by the depth

profile data collected in situ and a summary of findings.
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CHEMISTRY OF MAJOR INFLOWS TO THE

CALOOSAHATCHEE RIVER BASINS

CHEMICAL AND PHYSICAL CHARACTERISTICS AT S-77

A summary of the water quality data for S-77 is presented in Table 8 and
represents the 8-year period April 1973 - December 1980. The temperature,
dissolved oxygen, pH, specific conductance, color, total suspended solids, and
turbidity data are presented in Figure 6 along with the corresponding discharge
for each sample date.

Temperature and dissolved oxygen exhibited seasonal fluctuations. Temper-
ature closely reflected the ambient air temperatures with high and low values
measured in the summer and winter, respectively. Dissclved oxygen concentra-
tions were generally lower from July to October and highest from January to
April.

Color levels at S-TT appeared to be highest at the end of the summer and
lowest at the end of the winter. The pH levels, from 1975 through 1977,
appeared to be highest during the latter part of the winter and lowest during
the latter part of the summer. Through the study period (1978-1980), however,
this apparent trend for pH was obscured.

Table 9 compares the average concentration of select parameters at S-77
to discharge and season. Variations in pH appeared to be primarily a function
of discharge rather than season. The average pH during discharge was slightly
higher (7.7) than the pH during no discharge (7.5). There was no difference
between seasons.

The average alkalinity at S-77 was 137 mg/L CaCO3 ranging from a low of
10.5 mg/L CaCO3 to a high of 433.5 mg/L CaCO3 (Table 9). Alkalinity concentra-
tions were lower during discharge than no discharge (Table 9). When discharge

was occurring at S-77 there was little difference between the seasonal average
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TABLE 8. SUMMARY OF SELECTED GENERAL CHEMICAL CHARACTERISTICS OF
; WATER AT S-77; APRIL 1973 TO DECEMBER 1980

1/ No. of Staqdard _Range
Parameter — Samples Mean Deviation Min. - Max.
pH (standard units) 187 7.6 0.5 6.2 - 8.8
Alkalinity (total as CaCO3) 209 136.9 44 .5 10.5 - 433.5
Specific Conductance 155 628 237 260 - 2700

(micromhos/cm at 25°C)

Color (Pt units) 81 85 47 9 - 265
Temperature, water (°C) 167 25.2 4.4 14.2 - 31.5
Dissolved Oxygen 166 5.4 P2 1.0 - 10.4
Total Suspended Solids 88 7 7 <1 - 51
Turbidity (NTU's) 105 j 18 0.5 - 15.0

l-/F’.anr'ame’t;ers in mg/L unless otherwise stated
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TABLE 9. AVERAGE CONCENTRATION COMPARISON BETWEEN DISCHARGE AND
SEASON OF OCCURRENCE FOR SELECT PARAMETERS AT S-77, 1973-1980
pH Alkalinity Specific Conductance
units mg/L CaC03 micramhos/em
Summer Winter Summer Winter Summer Winter
Discharge Fad Tl 118 127 573 570
No discharge 7.5 7.5 130 181 633 709
Color Dissolved Oxygen Turbidity
Pt. units mg/L NTU
Summer Winter Summer Winter Summer Winter
Discharge 89 71 4.3 6.2 2.6 1.8
No discharge 103 66 4.7 6.2 1.4 1.4
Total
Suspended Solids
mg/L
Summer Winter
Discharge 12 5
No Discharge 7 5
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alkalinity concentrations and the average alkalinity of 125 mg/L CaCO3 in Lake
Okeechobee (Federico et al., 1981). When there was no discharge, the average
alkalinity concentration was substantially higher in the winter (181 mg/L)
than in the summer (130 mg/L).

Specific conductance at S-77 was lower during discharge than during no
discharge (Table 9). During discharge events, very little difference was
evident between the seasonal averages (summer: 573 micromhos/cm; winter: 570
micromhos/cm) or between the average specific conductance (589 micromhos/cm)
of the limnetic waters of Lake Okeechobee (Federico et al., 1981). When S-T7
was not discharging, the average specific conductance downstream of S-77 was
greater in the winter than the summer and was greater than the Lake
Okeechobee average.

Water color at S-T7 ranged from 9 to 265 Pt units with an average of 85
Pt units (Table 8). Color levels were highest and lowest during the summer
and winter, respectively, when S-77 was not discharging. This trend is
typical in south Florida with maximum values coinciding with periods of active
decomposition and leaching of organic materials accompanied by the flushing
action of high rainfall and increased runoff (Kaufman, 1969). Discharge at S-
77 tended to moderate the large seasonal differences which were measured when
discharge was not occurring. However, the color of water at S-77 during
discharge was still greater than the average color level of 43 Pt units noted
by Federico et al. (1981) in the limnetic zone of Lake Okeechobee. The color
levels measured during this study may be an indication of the levels found in
the Rim Canal waters of the lake.

Dissolved oxygen was more affected by the season of occurrence than by
discharge. During the summer the dissolved oxygen concentrations were rel-
atively low with a discharge mean of 4.3 mg/L and a no discharge mean of 4.7
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mg/L. During the winter the dissolved oxygen concentrations of the surface
waters were more than 30% greater than the summer concentrations (Table 9).
The average dissolved oxygen concentration was 6.2 mg/L during both discharge
and no discharge conditions.

Turbidity and total suspended solids levels were generally very low. The
highest average values of each were measured during summer discharge events.
The lowest turbidity values were recorded during no discharge periods and
appeared unaffected by season, while the lowest total suspended solids levels
occurred during the winter and were unaffected by discharge.

Phosphorus: Figure T presents a summary of the phosphorus and discharge data
at S-77 from 1973 to 1980. Phosphorus demonstrated a well defined seasonal
pattern which was extremely sensitive to water releases. Increased phosphorus
levels were routinely measured during the summer, probably as a result of
local runoff downstream of S-77. During the summer, total and ortho phosphorus
averaged 0.106 mg P/L and 0.062 mg P/L, respectively (Table 10). However, the
duration and magnitude of the summer values were mitigated by water releases
from Lake Okeechobee. With the onset of releases, redqctions in the phorphorus
levels occurred. The highest levels of phosphorus measured (0.4Y4 and 0.53 mg
P/L) (Figure 7) corresponded with the extreme rainfall periods in July 1974
(18.6 inches) and September 1979 (17.7 inches). Large water releases from

Lake Okeechobee, which immediately followed these peak concentrations, reduced
the levels of total phosphorus. The average summer concentration during dis-
charge, downstream of S-77, was lower than the average summer concentration
without discharges (0.049 and 0.056 mg/L), respectively. This pattern of lower
phosphorus levels during discharge also occurred during the winter (discharge:

0.056 mg/L: mno discharge: 0.118 mg/L). The levels of ortho phosphorus
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TABLE 10.

A.

B.

C.

Annual
1973
1974
1975
1976
1977
1978
1979
1980

Period of Record

Summer average
Winter average
Discharge average

Total Phosphorus
mg P/L

Min.

PHOSPHORUS CONCENTRATIONS AT S-77; 1973-1980

Ortho Phosphorus
mg P/L

(Mean)  Max.

Min. (Mean) Ma

X.

.0
.0
.0
.0
.0
.0
.0
.0

o O 0 0o o0 o oo

0.0

No discharge average

Discharge and Season

of Occurence:

Discharge
No discharge

20 (0.085)
06 (0.094)
27 (0.099)
13 (0.066)
08 (0.071)
26 (0.072)
27 (0.088)
19 (0.095)

o O O 0 o O o o

06 (0.084) 0.526

.106
.052
JU52
.100

o o o o

Total Phosphorus

.175
437
AL
R b,
.189
.152
.526
215

0.002 (0.046)
0.003 (0.053)
0.002
0.002 (0.034)
0.002 (0.033)
0.002 (0.032)
0.002 (0.045)
0.002 (0.056)

(0.053)

O OO0 o0 0 o oo

0.002 (0.046) 0.

0.062
0.022
0.015
0.061

Ortho Phosphorus

<137
.358
.153
155
5
.080
.470
o221

470

mg P/L
Summer Winter
0.056 0.049
0.118 0.056
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mg P/L
Summer Winter
0.017 0.014
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reflected the same trend. The lowest phosphorus levels, therefore, occurred
during the winter when discharges were being made from Lake Okeechobee.
Nitrogen: A summary of the total and inorganic nitrogen data collected at
S-T7 since 1973 is presented in Table 11. Figure 8 presents a time series
display of the inorganic nitrogen components. Since 1977, there was an
increase in the variability of total nitrogen, as well as an increase in the
average concentration, with the most pronounced changes occurring in 1979 and
1980. Prior to 1977, the average annual total nitrogen concentration was less
than 1.8 mg N/L with discrete measurements ranging from 0.37 mg N/L in 1976 to
2.98 mg N/L in 1973 (Table 11). Since 1977, the average annual total nitrogen
concentration has exceeded 2.0 mg N/L with discrete measurements ranging from
0.65 mg N/L to 4.86 mg N/L, (Table 11). This range of 4.2 mg N/L is almost
double the range prior to 1977. The overall study period total nitrogen con-
centration was 1.97 mg N/L and was primarily composed of 88% organic nitrogen.
Nitrogen concentrations at S-77 appeared to be influenced both by
discharge and season (Table 12). The lowest total nitrogen, total Kjeldahl
nitrogen, and nitrite levels were concurrent with winter discharges while
ammonia and nitrate were lowest during summer discharge conditions. The
average total nitrogen, TKN, ammonia, and nitrite levels were highest during
the summer when S-77 was not discharging. Nitrate was highest during the
winter when discharge at S-77 was not occurring.
Chloride: Figure 9 summarizes the chloride data collected since 1973 at S=77.
Chloride demonstrated a relatively pronounced seasonal pattern with lower
values occurring during the summer and higher values occurring during the
winter. When S-77 was not discharging, the summer chloride concentration
was68.7 mg/L while the winter concentration was 95.9 mg/L (Table 133
Discharge from Lake
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TABLE 12.

Discharge

No discharge

Discharge

No discharge

Discharge

No discharge

NITROGEN CONCENTRATION COMPARISON BETWEEN DISCHARGE AND
SEASON OF OCCURRENCE AT S-77, 1973-1980

Total Nitrogen

mg N/L
Summer  Winter
1.96 1337
2.03 2.03
Ammonia
mg N/L
Summer  MWinter
.05 .07
18 o [
Nitrite
mg N/L
Summer  Winter
.009 .007
.026 .023
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Summer  Winter
184 1.70
1.92 1.80

Nitrate
mg N/L
Summer  Winter
.056 .068
.083 214
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Okeechobee removed this seasonal variation causing the mean summer and winter
concentrations to be almost equal (84 mg/L) (Table 13).

In summary, most variables studied displayed some fluctuations due to
season alone; however, discharge activity appeared to be the principal
component regulating the water quality at S-77. During discharge, pH and
turbidity levels were the only parameters to increase (pH regardless of season
and turbidity slightly more in summer than in the winter). Alkalinity,
specific conductance, total and ortho phosphorus, and all the nitrogen
components had lower levels during discharge at S-77 than during no discharge.
Chloride and color levels at S-77, during discharge events, were similar
regardless of season. Discharge, however, moderated the seasonal extremes
observed when discharge was not occurring. Total suspended solids were
unaffected by discharge during the winter, but increased in the summer,
especially during discharge. Dissolved oxygen was the only parameter which
was unaffected by discharge, regardless of season.

CHEMICAL AND PHYSICAL CHARACTERISTICS OF THE MAJOR

TRIBUTARIES TO THE CALOOSAHATCHEE RIVER

The nature and chemical concentrations of waters in south Florida are
influenced by many interrelated factors including the chemical composition of
rainfall, the reaction of water to soils, bed materials, and the mineralization
of rock and surficial sediments. Other related factors ineluding streamflow,
the activity of aquatic organisms, groundwater, and cultural effects, including
the influence of municipal, agricultural, and industrial runoff.

The average color, turbidity, temperature, magnesium, sodium, potassium,
chloride, total iron, total nitrogen and its constituents (except nitrate),
and total and ortho phosphorus levels were all greater in the East Basin tribu-

taries than in the West Basin tributaries. Only hardness, specific conductance,
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TABLE 13. CHLORIDE CONCENTRATION AT S-77; 1973-1980

Chloride
A, cnhusl: VAT (ﬁgﬁh; Max
1973 26.5  (65.8)  98.0
1974 27.1  (72.0) 108.7
1975 36.5  (63.3)  98.7
1976 31,8 (88.4) 139.7
1977 50.1  (94.6) 116.7
1978 38.8  (81.7) 124.7
1979 56.2  (86.2) 142.2
1980 78.3  (89.5) 1242

B. Study Period:  26.5  (79.1) 142.2

Summer Average 71.9
Winter Average 89.8
Discharge Average 83.7
No Discharge Average 76.6

C. Discharge and Season of Occurrence:

Summer Winter
Discharge 83.8 84.3
No Discharge 68.7 95.9
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dissolved oxygen, calcium, and nitrate levels were greater in the West Basin
than the East Basin. Fluoride and pH were similar in the two basins (Table
14).

The water color of the East Basin tributaries was considerably higher
than the West Basin tributaries. As was discussed earlier, the area between
Lake Hicpochee and Lake Okeechobee, south of the Caloosahatchee River, has a
large percentage of organic soils. The leaching of organic soils that accom-
panies the drainage of these agricultural lands may be contributing to the
increased color levels in the East Basin. This was documented earlier by
Kaufman (1969).

The tributaries contained low to moderate levels of dissolved oxygen and
turbidity, and occasionally considerable levels of total iron.

Jack's Branch and Cypress Creek had cooler study period average tempera-
tures than any of the other stations in either basin. Since these two tribu-
taries are the only ones with extensive shading over much of the waterway,
this probably accounts for the lower temperatures.

Phosphorus: The average phosphorus concentrations for all tributaries in the
East and West Caloosahatchee River Basins is presented in Table‘1u. Figure 10
displays the average total phosphorus concentration and range of values,
including the summer and winter season means, for the three year study. With
the exception of the Diston Island Canal, phosphorus levels were slightly higher
during the summer than the winter. The East Basin demonstrated more variability
and had generally higher mean concentrations of total phosphorus than did the
tributaries in the West Basin. In the East Basin, Grassey Marsh East Canal

had the lowest mean total phosphorus value (0.088 mg P/L) which was only
slightly less than the highest mean phosphorus concentration in the West Basin

at the Townsend Canal (0.092 mg P/L). This elevated average for the Townsend
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Canal may reflect the usually higher river average since the Townsend Canal

was withdrawing water from the river during approximately U40% of the sampling
trips. Although the land use in the East and West Basins is primarily agri-
culture, the drainage practices are considerably different. Nutrient polishing
ponds and water reuse systems are utilized in the West Basin but not in the
East Basin. The difference in land use intensity and drainage practices may
also account for the lower phosphorus levels and narrower ranges in the West
Basin as compared with the East Basin.

Ortho phosphorus was the principal component of the total phosphorus levels,
accounting for about 60%. The average ortho phosphorus in the East Basin (0.083
mg P/L) was three times greater than the average in the West Basin (0.028 mg/L).
Nitrogen: The average concentration of total nitrogen and its constituents
for all tributaries is presented in Table 14. The average total nitrogen
concentration and range of values for the study is presented in Figure 11. As
with phosphorus, average total nitrogen concentrations in the East Basin were
generally higher than in the West Basin. The lowest average concentration in
the East Basin (1.93 mg N/L at Meanderline Ditch) was similar to the highest
average value in the West Basin (1.92 mg N/L at Ft. Simmons Branch). The
highest average concentration of total nitrogen (5.68 mg N/L) was at the Diston
Island Canal.

Organic nitrogen was the prinecipal constituent of total nitrogen, compris-
ing approximately 81% of the total for the East Basin and 90% of the total for
the West Basin. The inorganic nitrogen was 83% ammonia in the East Basin and
77% nitrate in the West Basin.

Chloride: Generally, the chloride levels in the tributaries tended to decrease
from Lake Okeechobee through the East Basin to a low point at the Okaloacoochee

Branch Tributary. The concentrations for the remaining tributaries to the
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west increased slightly except at the Ft. Simmons Branch. No consistent
difference was noted between the wet and dry season means for the tributaries
(Figure 12).

Ft. Simmons Branch had a mean chloride concentration (170.5 mg/L) which
was approximately 46% higher than the next highest average value among the
remaining stations (Diston Island Canal, 116.9 mg/L) and approximately 6.5
times greater than the lowest recorded average (Okaloacoochee Branch, 26.0
mg/L). The highest discrete chloride level measured was 614.0 mg/L, also at
the Ft. Simmons Branch.

CHEMICAL AND PHYSICAL CHARACTERISTICS OF SURFACE

WATERS IN THE CALOOSAHATCHEE RIVER

A summary of the surface data for the Caloosahatchee River is presented
in Table 15. The average pH of the water in the Caloosahatchee River was Tl
units (Table 15). The alkalinity levels along the river were sufficiently
high so as to buffer any appreciable pH fluctuations which may have occurred
as a result of seasonal fluctuations in tributary pH.

Average specific conductance levels increased slightly from S=T7 to the
Lake Hicpochee area, then decreased in the East Basin to the general area of
LaBelle (Figure 13). From LaBelle to 5-79, the specific conductance levels
increased. The water discharged to the estuary through S-79 was, on the aver-
age, lower in specific conductance than that released into the river at
S-77. Specific conductance levels in the river appeared to reflect the contri-
bution of dissolved solids from the tributaries. Tributaries in the East Basin
usually had lower specific conductance levels than West Basin tributaries.

The daytime dissolved oxygen concentrations for the_river and the tribu-

taries inecreased from S-77 to S-T9 (Figure 14). Dissoved oxygen levels in the
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TABLE 15.

SUMMARY OF GENERAL CHEMICAL AND PHYSICAL CHARACTERISTICS OF

SURFACE WATER IN THE CALOOSAHATCHEE RIVER; JANUARY 1978

TO DECEMBER 1980

(A11 values in mg/L except as noted)

Parameter N olis i Dosiatien  filne o .
pH. (standard units) 588 7.4 0.3 6.3 - 8.6
Alkalinity, total as CaCO, 256 149.2 37145 53.5 - 247.0
Specific Conductance

(micromhos/cm at 25°C) 622 578 98 266 - 990
Color (Pt units) 291 92 36 25 - 203
Temperature Water (°C) 659 25.4 4.5 15.2 - 33.0
Dissolved Oxygen 626 6.3 1.7 0.4 - 12.1
Total Suspended Solids 67 6 5 1 - 21
Turbidity (NTU's) 291 1.4 0.8 0.3 - 8.0
Calcium 473 54.5 17.8 24.4 - 101.6
Magnesium 473 123 2.8 5.6 - 23.9
Sodium 473 42.9 9.6 16.5 - 77.6
Potassium 473 4.2 0;9 1.6 - 8.6
Fluoride 458 0.2 <0.1 <0.1 - 0.4
Total Iron 627 0.23 0.14 0.02 - 0.84
Sulfate 167 30.0 10.3 13.3 = 73.2
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tributaries were less than in the river. The West Basin tributaries, collect-
ively, had a higher dissolved oxygen concentration than the tributaries in the
East Basin. Since the temperature of water remained relatively constant in
both basins, the average percent saturation of oxygen, alo tended to increase
along the river.

Phosphorus: Phosphorus displayed a distinect spatial trend along the Caloosa-
hatcheee River (Figures 15 and 16). Average concentrations increased in the
East Basin from S-T77 to just west of S-78, then declined toward S-79. Cumula-
tive tributary inputs downstream of S-77 appear to be the major factor
elevating the river phosphorus levels since six of the seven tributaries
sampled in the East Basin had greater concentrations of total phosphorus than
the river. This trend was also noted for ortho phosphorus, where all the
tributary values in the East Basin exceeded the river concentrations. Along
the West Basin where total phosphorus levels decreased, all major tributaries
sampled had lower phosphorus levels than the river. All the tributaries, except
the Townsend Canal in the West Basin, had average ortho phosphorus concentra-
tions less than the river. The Townsend Canal, however, was used frequently
for irrigation during this study and, therefore, reflects the higher river
ortho phosphorus values.

Total and ortho phosphorus concentrations increased in the four miles
between the town of Alva and S-79. This response was most pronounced during
the wet season and probably reflects the intensive agricultural land use (flower
nursery and citrus) activities in close proximity to this reach of the river.

Distinct seasonal trends were also noted along the river (Figures 17, 18,
and 19). As a group, the East and West Basin tributaries had higher phosphorus

levels in the summer than during the winter. This seasonal trend in tributary
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phosphorus concentrations was also reflected in the levels measured along the
river (Table 16).

Viewed as a complete system, the phosphorus levels in the water that was
discharged from S-T9 were slightly higher than the levels entering the system
through S-77.

Nitrogen: Total nitrogen and total organic nitrogen levels decreased as the
distance from Lake Okeechobee increased (Figures 20 and 21). Total organic
nitrogen, both along the river and within each tributary, was the principal
component of the total nitrogen. For that reason, the total nitrogen trends
would closely follow the trends established by the organic nitrogen levels.
The average total and organic nitrogen levels in the tributaries were either
less than or equal to the river except for the five easternmost tributaries.
These five easternmost tributaries, S5-235 Canal, the Diston Island Canal, the
Whidden Corner Canal, the C-19 Canal, and Grassey Marsh East Canal, all drain
lands with soils that are primarily organic with normally high nitrogen content.
The overall decreasing nitrogen levels along the river from Lake Okeechobee to
3-T79 are probably the result of tributary inflows, since the tributary total
nitrogen concentrations were lower in the West Basin and higher in the East
Basin. No apparent discharge or seasonal related trends were apparent along
the river (Figures 22, 23, and 24).

The average inorganic nitrogen concentration of the water at S-77 was
0.26 mg/L (Figure 25). This average was generally maintained until Lake
Hicpochee where the values dropped slightly. The average inorganic nitrogen
levels remained similar along the river from Lake Hicpochee until Alva. West
of Alva, there was an appreciable increase in the average inorganic nitrogen

levels which exceeded all values along the previous 37 miles of the river.
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The relatively consistent levels of inorganic nitrogen along the river
do, however, mask an inverse relationship between ammonia and nitrate along
the river (Figure 26). The highest average ammonia values were at S-77 and in
the tributaries draining organic soils adjacent to Lake Okeechobee and Lake
Hicpochee. Overall, ammonia levels declined rapidly from the Lake Okeechobee
area through Lake Hicpochee and generally remained low throughout the remainder
of the river. Station CR-04.5 was higher than either the upstream or down-
stream station, probably as a result of the influence of C-19 discharges on
the Caloosahatchee River. A slight increase was noted in the four mile stretch
of the river upstream of S-79. However, the ammonia levels in the water dis-
charged to the tidal reach of the river were still about two-thirds less than
the levels at S-77. The influence of the tributaries as well as the chemical
oxidation and biological assimilation of ammonia probably accounted for the
reduction in ammonia levels within the river.

The nitrate concentration increased as the distance from Lake Okeechobee
increased. The lowest average nitrate concentration (0.084 mg/L) in the river
was at S-77. The river nitrate levels were slightly higher than those for
5-77, but generally rema;ned unchanged through the East Basin. In the West
Basin, the nitrate levels increased steadily until the general area of Alva
where they increased dramatically. The nitrate concentration in the waters
discharged to the tidal reach of the river were over 2.5 times greater than
the nitrate concentration of waters entering the river at S-TT.

Chloride: The spatial variations in the chloride levels of the river were
opposite to those displayed by phosphorus. The average chloride concentrations
decreased slightly from S-77 to S-78 and the increased slightly from 5-78 to
S5-79 (Figure 27). Again, the tributary inputs appear to account for the

majority of this variation. Tributaries in the East Basin usually had lower
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average chloride levels than the river except near Lake Okeechobee. Tribu-
taries in the West Basin displayed generally higher average chloride levels
than the tributries in the East Basin. Chloride levels in the water discharged
by the river at S-79 were, on the average, lower than those in the river at S-
7T

The chloride concentrations recorded at S-77, S-78, and S-79 during the
study are plotted in Figures 28, 29, and 30, respectively. These data, also
summarized in Table 16, indicate that the chloride concentrations at all three

structures were only slightly lower in the summer than in the winter.

PROFILE CHARACTERISTICS OF THE CALOOSAHATCHEE RIVER

Routine depth profile measurements were made at two meter intervals in
the mainstream of the Caloosahatchee River for pH, specific conductance,
temperature, and dissolved oxygen. Table 17 summarizes the river depth profile
data collected between 1978 and 1980. The average and range of values for
temperature, specific conductance, and pH remained fairly constant with depth.
This was confirmed by the relatively consistent standard deviation value calcu-
lated for each depth. The dissolved oxygen concentrations decreased as the
depth increased and were also more variable at the greater depths.

River stations CR-06.0 and CR-30.4 were selected for a detailed profile
review since each appeared to represent the quality of water in the East and
West Basin, respectively.

Since the rate of flow and the time of year may considerably influence
the levels of pH, temperature, specific conductance, and dissolved oxygen it
was necessary to consider these influences. Depth profiles measured during
extreme cases of minimum and maximum flows in the winter and summer periods

were selected for discussion. August 1978 (5,000 acre-feet/day) and February
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TABLE 17. SUMMARY OF RIVER DEPTH PROFILE DATA INCLUDING THE RANGE OF
VALUES AND THE AVERAGE CONCENTRATION

Temperature, °C

Depth No, of Average Standard Range
Meters Values Concentration Deviation Min. - Max
0 659 25.4 4.5 15.2 - 33.0
2 604 24.6 4,3 15.1 - 30.9
4 604 24.4 4.3 15.1 - 30.6
6 426 24.4 4,2 15.5 - 30.5
A11 depths 2949 24.6 4.3 15.1 - 33.0

Specific Conductance,
micromhos/cm at 25°C

0 622 578 98 266 - 990
2 616 579 98 266 - 1000
4 615 579 98 270 - 1000
b 424 583 92 298 - 864
A1l depths 2947 585 114 266 - 1000

Dissolved Oxygen,

mg/L

0 626 6.3 1.7 0.4 - 12.1

2 620 5.8 1.6 0.2 - 9.8

4 619 5.4 9 0.2 - 9.6

6 426 4.7 2.0 0.1 - 9.3
A11 depths 2965 5.3 2.0 0.1 -12.1
pH, Standard Units

0 588 7.4 0.3 6.3 - 8.6

2 581 7ol 0.3 6.0 - 8.6

4 580 Fuid 0.3 6.0 - 8.7

6 401 7.2 0.3 6.3 - 8.9
A1l depths 2783 7.3 0.3 6.0 - 8.9
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1980 (8,000 acre-feet/day) were selected for the maximum flow periods; while
February 1978 and June 1979 (flows less than 212 acre-feet/day) represent the
minimum flow periods. The profile data and corresponding flows for these
dates are presented in Figures 31 and 32.

The pH of the water was only slightly greater during the winter than
during the summer. The effects of flow appear negligible and the river pH
levels were well mixed, as indicated by the depth profiles at these two
stations.

Specific conductance at both stations showed some effects of season and
flow, but remained uniform in all instances. The specific conductance at both
stations exhibited higher levels during the winter and during low flow
conditions (Figures 31 and 32).

The water temperature in the river was seasonal with higher values occur-
ring during the summer months. The temperature profiles did not appear to be
altered by the flow characteristics in the summer. During the winter, though,
the water temperature appeared higher when the flow was high (Figures 31 and
32). This may, however, be an artifact of the comparative differences between
the 1978 and 1980 ambient air temperatures rather than flow.

Of the four variables considered, the dissolved oxygen depth profiles
were most responsive to the flow and time of year. In both the East and West
Basins the dissolved oxygen concentrations at each depth were greater during
the winter case than during the summer case (Figures 31 and 32). During the
winter, the dissolved oxygen concentrations were relatively constant with depth
during both the high and low flow cases. However, during the summer high flow
the dissolved oxygen gradients which were evident during summer low flow con-

ditions were eliminated.
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Figures 33 and 34 represent a depth/time diagram of the dissolved oxygen
isopleths which better illustrate the seasonal changes in the depth profiles.
The dissolved oxygen concentrations were generally high (6-8 mg/L) throughout
the water column from October to early Spring. The dissolved oxygen levels
began declining in the summer wet season months with very low oxygen levels
noted between 6 and 8 meters. This cycle was repeated for each of the three
years and was most pronounced in 1978 and 1980.

At station CR-06.0, the dissolved oxXygen concentrations were lowest on
the surface and bottom with relatively higher concentrations at mid-depths.
The low surface dissolved oxygen value at station CR-06.0 is suggestive of

warmer, less oxygenated water entering from Lake Hicpochee.

SUMMARY

Phosphorus increased between S-T7 and S-78, then decreased toward S-79.
Tributary inputs appear to be the ma jor factor influencing river phosphorus
levels. Generally, water entering the river at S-77 had less phosphorus than
water exiting at S-79. Total nitrogen and its components (except nitrate)
decreased from S-T7 to S-79. Nitrate increased between S-77 and 3-79. Spatial
variations in chloride levels were opposite to those displayed by phosphorus
with levels decreasing between S-77 and the area of LaBelle, then increasing
toward S-79. This is the same trend exhibited by specific conductance.

The pH and temperature of water in the East and West Basins did not change
along the river, or with depth, and the effects of discharge appeared to be
negligible. Specific conductance levels generally declined from Lake Okeecho-
bee to the area of LaBelle, then increased toward 3-79. Depth profiles indi-

cated that during this study specific conductance remained vertically well
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mixed regardless of season or flow. The accumulation of saline waters from
the tidal reach of the West Basin (Boggess, 1968, 1972) was not evident during
this study, probably as a result of high discharge. The dissolved oxygen
concentrations at each depth were greater during the winter than during the
summer in both basins. Flow appeared to eliminate any concentration gradients
such as occurred during summer low flow periods. During the summer, the

dissolved oxygen levels were usually low with very low levels between 6 and 8

meters deep.
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PART IV
CHLOROPHYLL A

INTRODUCTION

Plankton are microscopic organisms which are suspended in a body of water
and are not capable of sustained mobility. Phytoplankton is the assemblage of
photosynthetic unicellular and colonial freshwater algae, which includes the
common groups of green algae, blue-green algae, diatoms and dinoflagellates,
among others. When phytoplankton populations increase to the point that they
are visually noticeable by the greenish coloration or obvious accumulation of
cells at the water surface, this is generally referred to as an algal bloom or
plankton bloom.

District personnel investigated a massive algal bloom in the western
portion of C-43, adjacent to the Lee County Water Treatment Plant, in early
June 1976 and reported that the bloom consisted of blue-green algae dominated

by Anabaena flos-aquae and Microcystis aeruginosa with chlorophyll a

concentrations of 753 mg/m3. During this bloom, taste and odor problems
developed in the water supply system and a health hazard was feared when
several cases of nausea and intestinal discomfort were reported (Marshall,
1976). Nearly 5000 acre-feet of water were released from Lake Okeechobee
during June 10-11, 1976 to flush this bloom to tidal water. Other plankton
blooms cccurred near the Lee County Treatment Water Plant in May, June, and
July 1977 for which larger fresh water releases were made. Consequently, a
coordinated effort was made by the District to examine phytoplankton levels in
the Caloosahatchee River in association with water quality characteristics.

Chlorophyll a concentration was used as an indicator of phytoplankton
levels in C-43 because (a) it is the most important photosynthetic pigment in
most groups of freshwater phytoplankton, (b) it is a readily measurable

parameter using standard laboratory techniques, (e) a large number of samples
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can be collected in the field and analyzed in the laboratory in a relatively
short period of time, (d) chlorophyll a concentrations are widely reported in
the literature and can be used for comparative purposes, and (e) chlorophyll a
concentrations are utilized in several schemes which indicate the trophic state
of water bodies in Florida (Brezonik et al., 1969; Shannon and Brezonik, 1972).

The Calooszahatchee River experienced a variety of water flow regimes
during the course of this study, ranging from riverine to reservoir-like. Since
C-43 is designed to provide for a variety of functions (providing an outlet
for Lake Okeechobee regulatory releases; accepting and transporting basin storm-
water runoff; and providing water supply for irrigation and domestic purposes),
the hydrologic flow conditions do not necessarily follow seasonal rainfall
patterns. For example, regulatory releases from Lake Okeechobee can cause
substantial flows in C-U43 for extended periods of time. This condition has
occurred in the wet season (August-September 1974) and more recently during
the dry season (January-March 1979; January-May 1980)}. During such periods,
chlorophyll a levels measured in C-U43 can be greatly influenced by conditions
in Lake Okeechobee. However, during some rainfall deficient periods, the
residence time of water within each basin (estimated as the number of days
required for an amount of water equal to the volume of the pool to pass through
the downstream control structure) may be several months and the system functions
as a reservoir. Consequently, an understanding of the hydrologic conditions
prior to and during sampling periods is prerequisite to data interpretation.

The results and discussion of chlorophyll a sampling are presented in
three sections in this part. Section 1 is limited to the chlorophyll a and
selected water quality parameters from routine, monthly sampling during the
three year study period. This limitation provides equal sampling periodicity

for the assessment of trends. This section discusses the vertical, spatial,
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and seasonal distribution of chlorophyll a in C-43, and relates the seasonal
distribution to selected physical and chemical characteristies of the water.
Section 2 presents the results of more frequent sampling for chlorophyll
a and water quality parameters during the spring and summer months of each
year in anticipation of a major algal bloom. Its purpose is to show a detailed
picture of the interrelated factors occurring during the critical phytoplankton
growth period.
The third section contrasts the events surrounding known major algal blooms
in the western portion of C-43 since 1976, and summarizes pertinent information

in order to put this phenomena into a management perspective.

CHLOROPHYLL A DISTRIBUTION

Vertical Distribution

Detectable concentrations of chlorophyll a (>0.1 mg/m3) were found through-
out the water column during all sampling periods. In 1978, the distribution
of chlorophyll a was examined in a vertical profile at each of the sampling
stations. The results showed a gradually declining concentration of chloro-
phyll a from the water surface to the bottom. This gradient was most pro-
nounced when the surface concentrations were highest (July and September).
Vertical profiles were continued at only two stations in 1978 and 1980. Appen-
dix D summarizes the vertical gradients in chlorophyll a concentrations at two
stations during each year of the study.

Whereas a declining vertical gradient in chlorophyll a was usually evident,
there were a number of occasions when the concentration of chlorophyll a
increased with depth in the water column. This phenomena usually occurred
when major releases were made through C-43, but was otherwise unexplainable.

Surface water concentrations of chlorophyll a best depict algal bloom

conditions and are of the most concern to this investigationj; therefore,
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further discussion will be limited to chlorophyll a levels measured at the
water's surface.

Spatial Distribution

Examination of chlorophyll a levels along the 41 mile length of C-U43 during
the three year study period indicated a distinct spatial trend. Figure 35
shows the annual mean and overall mean chlorophyll a concentration at each
station in C-43. In general, chlorophyll a concentrations were highest in the
eastern pool (between S-77 and S-78) and decreased in a westerly direction.

Two factors which may contribute to this general trend are water flow and water
quality.

A decreasing gradient in chlorophyll a concentration from east to west in
C-43 would be most expected during periods when there was considerable water
flow, especially from Lake Okeechobee regulatory releases. Ruttner (1952)
cites several investigations which demonstrate that plankton entering a river
from a lake decrease quantitatively downstream, more rapidly as the current
becomes stronger. When the residence time of water within C-43 is short, phyto-
plankton may not have sufficient time for reproduction as they are swept from
east to west, and some cells settle out along the river's course. The data
for January-March 1979 and February-April 1980 depict an east to west gradient
(Appendix E). Additionally, basin runoff water entering C-43 has an initial
diluting effect which can reduce chlorophyll a concentrations.

Water quality trends along C-U43 were discussed in Part III for the three
year study period. Since there was greater nitrogen and phosphorus enrichment
in the East Basin tributaries than in the West Basin tributaries, the higher
nutrient supply in the East Basin may have also contributed to higher chloro-
phyll a levels in the East Basin. Detailed discussion of the chlorophyll a
and water quality relationships will be presented after the seasonal distribu-

tion section.
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The Caloosahatchee River is divided into two distinet basins, with different
water quality characteristics in the tributaries and somewhat different land
use characteristies. Similarly, chlorophyll a concentrations were usually
different between the East Basin and West Basin. Further examination of the
data shows that there was generally a distinct difference between chlorophyll
a levels in the East Basin and the West Basin. Mean chlorophyll a concentration
in the East Basin was significantly higher than in the West Basin (t_05) for
21 of 36 routine sampling trips, whereas the West Basin mean exceeded the East
Basin mean only once (Appendix E).

Seasonal Distribution

Figure 36 shows the mean monthly chlorophyll a concentration for both
East and West Basins for the three year study period. The overall trend exhib-
ited by chlorophyll a in the Caloosahatchee River can be characterized as follows:
relatively low concentrations (<10 mg/m3) throughout the river during the autumn
and winter (January-March and October-December); increasing concentrations
during the spring; and summer maximqp levels >20 mg!m3. Regulatory discharges
from Lake Okeechobee occurred mostl; in the autumn and winter months of 1979
and 1980. During these releases, chlorophyll a concentrations were relatively
low and differences between the East and West Basins were minimal.

Figure 36 also shows that during the spring and early summer months of
1978 (April-June) and 1979 (May-dJuly), the seasonal increase in chlorophyll a
was delayed in the West Basin as compared with the East Basin. During 1980,
however, West Basin chlorophyll a levels increased dramatically from May to
June. Some of the sharp reductions noted in chlorophyll a concentration corres-
ponded with large discharges from Lake Okeechobee (August 1978) or basin runoff
(September 1979 and September 1980) which effectively flushed the river phyto-

plankton and reduced residence time (See S-77, S-78, and S-T9 hydrographs,

Part II).
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Chlorophyll a and Water Chemistry Trends

Figure 37 graphically compares the three year trends for phosphorus, nitro-
gen, and water temperature with chlorophyll a. Temperature and phosphorus
concentrations (ortho and total phosphorus) exhibit similar trends to chloro-
phyll a concentrations, with peak values occurring during the summer months
and minimum values in the winter months. However, ortho phosphorus concentra-
tions were occasionally reduced during summer months, (for example, September
1978, August 1979, and June-July 1980) which may indicate biclogical assimil-
ation. Water flow in C-43 can also be related to some water quality changes.
The peak ortho phosphorus concentrations in September 1979 and September 1980
corresponded with increased basin flows and were derived from stormwater runoff.

Inorganic nitrogen concentrations (nitrite + nitrate + ammonia) generally
exhibited an inverse relationship with chlorophyll a; i.e., the inorganic nitro-
gen concentration was lowest during the summer plankton growth period, and
increased during the winter months. The September 1979 and September 1980
nitrogen peaks corresponded with periods of considerable stormwater runoff.

Mean basin values for ammonia and nitrite + nitrate also plotted on Figure 37
show that ammonia was generally low in concentration and contributed only a
small portion to the total inorganic nitrogen levels in the West Basin. 1In
the East Basin the ammonia concentration was substantially higher, especially
in January 1980.

Simple linear regression analysis was used to test for some of the trends
suggested from a graphic examination of the data. The parameter of residence
time was also tested as an independent variable. The results of these analyses
(Table 18) show that only water temperature was consistently, positively corre-
lated with chlorophyll a, whereas total inorganic nitrogen and nitrite + nitrate
were negatively, or inversely, correlated with chlorophyll a. For both of

these variables the relationships were significant but generally weak, indicating
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that the combined influence of a variety of factors affect chlorophyll a
concentrations.

Water temperature increases during the spring and early summer months are
also indicative of light intensity and photoperiod increases which accompany
the increased sclar radiation. Brylinski and Mann (1973) demonstrated that,
based on data from 55 water bodies distributed throughout the world, variables
related to solar energy input had a greater influence on phytoplankton product-
ivity than variables relating to nutrient input. Wetzel (1975) suggested that
even in cool, northern areas the increasing light in the spring may be the
dominant factor contributing to the spring "outburst." The negative correla-
tions exhibited between chlorophyll a and inorganic nitrogen and nitrite +
nitrate suggests that available levels of inorganic nitrogen were reduced as
chlorophyll a concentrations increased.

Regression analysis performed separately on East Basin and West Basin
data sets showed improved correlations between chlorophyll a and temperature
in the East Basin, and a stronger relationship between chlorophyll a and inor-
ganic nitrogen in the West Basin. Furthermore, when data from sample dates on
which Lake Okeechobee regulatory releases were made (low residence time) were
eliminated, correlation coefficients were generally improved.

There were no significant, linear relationships determined between chloro-
phyll a and the variables total phosphorus, ortho phosphorus, or water residence
time.

Phytoplankton utilize nitrogen and phosphorus at an atomic ratio of
approximately 15:1 (7.2:1 mass ratio). Water bodies with mass ratios greater
than 7.2:1 are considered nitrogen enriched, and phytoplankton growth could be
potentially limited by the availability of phesphorus. Conversely, if the
ratio of inorganic nitrogen to inorganic phosphorus is less than T7.2:1, phyto-

plankton growth could be limited by the supply of nitrogen. Some blue-green

93



algal species,however, are able to fix atmospheric nitrogen and continue to
grow despite nitrogen depletion in the water. Ratios of inorganic nitrogen to
inorganic phosphorus in C-43 averaged 2.6:1 in the East Basin and 3.6:1 in the
West Basin. These ratios are low because there was an abundance of ortho
phosphorus in C-43, not because inorganic nitrogen was lacking. Comparisons
of total and inorganic nutrient concentrations in water bodies in south and
central Florida (Table 19) indicate that C-43 is both phosphorus and nitrogen
enriched compared with most lakes, but has water quality better than many
canals.

During the late spring months of 1978 and the summer months of 1979,
chlorophyll a levels in the West Basin were considerably lower than in the
East Basin, although the levels of inorganic nutrients and residence times
were similar in both basins during these periods. It is suggested that there
may have been some trace element limitation, or inhibiting agent in the West
Basin waters, which interfered with plankton growth during these periods.
Isolation and verification of algal inhibitors is difficult under controlled
laboratory conditions (Roll, 1980) and is certainly beyond the limitation of

these field investigations.

CHLORQPHYLL A - SPRING/SUMMER PERIOD

Data in this section represent an increased frequency of sampling for
chlorophyll a and water quality parameters during the late spring and summer
months in anticipation of a major algal bloom. Its purpose is to present a
detailed picture of the interrelated factors occurring during the critical
phytoplankton growth period.

Figures 38, 39, and 40 display the average chlorophyll a and inorganic

nutrient concentrations for the East and West Basins during the spring and
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summer months of 1978, 1979, and 1980, respectively. Superimposed on these
graphs are the daily discharge rates at S-T78 and S-T79 to indicate water flow
characteristics during the sample period. Estimated water residence times are
also shown for all sample trips. Important trends and observations are
reviewed in the text.

In Figure 38 (1978) the late spring (April-May) chlorophyll a increases
in the East Basin are contrasted with the delayed increase (until mid-June) in
the West Basin. Additionally, inorganic nitrogen concentrations exhibited an
inverse relationship to chlorophyll a concentration in both basins, suggesting
biological uptake. The ability of water inflow, from basin runoff, to reduce
chlorophyll a concentrations through dilution and flushing action is evident
during May 3-9 and June 6-13 in the East Basin. In both instances, a volume
of water sufficient to nearly exchange the volume of the East Basin flowed
into and through the basin in a short time period. The Lake Okeechobee regu-
latory release in August reduced chlorophyll a levels in both basins.

In addition to some of the trends noted during 1978, Figure 39 shows the
extreme variability in chlorophyll a concentrations which were &etected with
frequent sampling during May 1979. Because of such short term variations, any
discussion of chlorophyll a concentration changes between weekly or monthly
sampling intervals should be tempered. Substantial increases in nitrogen and
phosphorus concentration corresponded with increased flows from basin runoff
during mid-May in the East Basin and also in September in both basins. The
remainder of the summer of 1979 was a low flow period; residence times were
nearly a month or more. However, chlorophyll a levels in the West Basin
remained low through June and July and only reached normal summer values in

excess of 20 mg/m3 in mid-August.
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Events surrounding the first "nuisance" algal bloom of the three year
study period are shown in Figure 40. Lake Okeechobee regulatory releases had
occurred continuously from January through April, and intermittently during
May 1980. Immediately after regulatory releases ceased, samples on June 3
indicated that chlorophyll a levels were uniformly high throughout the entire
river (avg. = 37 mg/m3) and were similar to a value recorded upstream of S=TT
(Appendix E). By June 10, inorganic nutrient levels were low at most
stations, and on June 17, severe bloom conditions were encountered in the west
end of the the West Basin. A maximum chlorophyll a concentration of 159.2
mg/m3 was measured at CR-37.0, while the West Basin average value for
chlorophyll a was 106.7 mg/m3. Water releases from Lake Okeechobee June 17-20
effectively flushed the bloom to tidewater, and chlorophyll a concentrations
stabilized at about 40 mg/m3 through C-43 for the remainder of the summer.

MANAGEMENT PERSPECTIVE

The problems now faced by investigators after a three year monitoring
period are: (1) why do algal blooms occur in the vicinity of the water
treatment plant, (2) can these blooms be predicted, and (3) can these blooms
be prevented.

The following summarizes pertinent information:

1e Temperature: Phytoplankton growth responds to increased water temperature
as well as the accompanying, but not measured, increases in solar radia-
tion, light intensity, and photoperiod. A consistent trend has developed
such that major chlorophyll a increases and nuisance algal blooms usually
occur (when they occur) during May and June.

L0 Nutrient Concentrations: Inorganic nitrogen and phosphorus levels in Cc-43
are high in comparison with many other water bodies in south Florida.

Inorganic nitrogen, on occasion, appeared to be the potentially limiting
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nutrient for phytoplankton growth. This was evidenced by low inorganic

nitrogen to inorganic phosphorus ratios of about 3:1 and significant

inorganic nitrogen reduction during chlorophyll a peaks. Chlorophyll a

exhibited significant negative correlations with total inorganic nitrogen

concentrations.

3. Residence Time: A linear relationship was not evident between chloro-
phyll a and residence time based on three years of routinely collected
data. However, the rapid reduction of residence time caused by high
volume discharges can have considerable influence on chlorophyll a
levels. It was observed that stormwater runoff reduced chlorophyll a
levels in May and June 1978 in the East Basin and in September 1979 in
both basins. Likewise, Lake Okeechobee discharges reduced chlorophyll a
concentrations in August 1978 and effectively flushed an algal bloom to
tidewater in June 1980. Conversely, many of the high chlorophyll a
concentrations occur during low flow periods when residence times are
considerable.

Severe algal blooms have occurred in the western portion of C-43 during
three of the past five years. Figure 41 examines the hydrologic conditions
preceding these blooms. During 1976 and 1977, water flow through the Caloosa-
hatchee River during the late winter and early spring months was minimal, and
nuisance algal blooms in the West Basin occurred after periods of relatively
long residence times. Water quality in 1976 was probably influenced by basin
runoff resulting from May and early June rainfall. The spring of 1977 was
much drier, so it is doubtful that basin runoff contributed much to nutrient
enrichment of C-43 prior to the May 1977 algal bloom.

Nuisance algal blooms did not occur in 1978 and 1979. Figure 41 shows
that these two years had substantially more water flow in the spring months

(March-May) than occurred in 1976 and 1977.
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Based on the preceding four years observation of hydrologic conditions, a
major plankton bloom was not anticipated in 1980; however, in June 1980 a
major algal bloom occurred within two weeks of the termination of regulatory
releases from Lake Okeechobee. This shows that extremely long residence times
are not a necessary prerequisite for an algal bloom.

The water quality characteristics of C-43 on selected dates in May and
June 1980 provide some insight into the 1980 algal bloom. Figure 42 shows
that chlorophyll a concentrations were low and inorganic nutrient concentra-
tions were moderate through much of C-43 on May 20. By June 10, chlorophyll a
had increased throughout most of C-43, while inorganic phosphorus was low from
Station CR-22.5 eastward. Toward the west, concentrations of inorganic phos-
phorus and inorganic nitrogen were higher, especially in the vicinity of CR-
36.0. There was no water discharged at S-79 during June 10-17 in the West
Basin; consequently, phytoplankton were able to respond to the ambient water
quality and a major algal bloom was encountered from CR-26.0 westward on June
17.

While temperature, nutrient availability, and residence times are
important factors which can influence phytoplankton growth, the data available
from this study does not indicate an identifiable, critical combination of

these factors as a basis for predicting an algal bloom in advance.
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PART V

INTENSIVE STUDY

INTRODUCTION

Prior to this study, numerous algae blooms were reported in the Caloosa-
hatchee River at'the Lee County Water Treatment Plant near 0lga, Florida. These
blooms usually occurred between April and July, and affected treatment plant
operations. On such occasions, large water releases of limited duration were
made from Lake Okeechobee to flush the algae from the river. Although only a
temporary remedy to an immediate problem, the apparent regular occurrence of
these blooms prompted the development of a program to identify the water quality
conditions associated with these recurrent algal blooms.

During the April - June 1978 intensive sampling period, the frequency of
routine water quality sampling was increased from monthly to bimonthly, and
daily water quality samples were collected with an automatic sampler at the
Alva Bridge (CR-36.0) and by personnel at the Lee County Water Treatment Plant
(CR-40.3).

This chapter presents a detailed examination of the changes in phosphorus,
nitrogen, chloride, and chlorophyll a concentrations with time during this
period and relates these to concurrent hydrologic and meteorologic events.

Hydrologic and Meteorologic Conditions

Daily rainfall and discharges recorded at S-79 are depicted on the figures
that follow. Water movement in the West Basin from April 1 to June 13, 1978
was minimal. Low volume water supply releases were made from Lake Okeechobee
into the Caloosahatchee River during most of April and occasionally during
May. Beginning May 27, however, rainfall was reported on nine of the next 18
days. Rainfall events during May 4 - 6 and June 6 - 10 caused substantial
runoff and releases of water from S-79. Total flow out of the West Basin was

3,635 acre-feet in April, or about 13% of the total basin volume. May outflow
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was 23,781 acre-feet (82%) while 22,465 acre-feet (77%) flowed through S5-79
during the first 13 days of June.

WATER QUALITY CHARACTERISTICS

Each of the figures that follow depict the daily concentration of a
phosphorus or nitrogen constituent at the two intensive sampling locations,
CR-36.0 (Alva Bridge) and CR-40.3 (Water Plant), daily rainfall totals and
discharges at S-79, and the corresponding water quality data from biweekly
sampling at nearby river and tributary stations.

Phosphorus: Figure 43 depicts the water quality trends for total phosphorus
in the western portion of the West Basin of C-43 during the intensive sampling
period, while Figure Ul shows the inorganic phosphorus components.

For the period April 3 to June 12 there was an approximate doubling of
total phosphorus concentration: CR-36.0 increased from 0.056 to 0.130 mg P/L:
CR 40.3 from 0.064 to 0.136 mg P/L. Some of the isolated peaks (April 24 at
CR-36.0; May 6 - 7 at CR-40.3; and June 8 at both stations) coincided with
substantial rainfall events. The general trend for ortho phosphorus was
similar to total phosphorus, with overall increases reported for CR-36.0
(0.032 to 0.081 mg P/L) and CR-40.3 (0.046 to 0.100 mg P/L). Ortho phosphorus
daily fluctuations were more erratic than total phosphorus, especially at
station CR-36.0, where substantial reductions were noted on April 18 - 19 and
May 23 =26.

The intensive study phosphorus data shows that a substantial increase in
concentration occurred on every date sampled in the one mile portion of river
between CR-36.0 and CR-37.0. Total phosphorus increases between these
stations ranged from .021 mg P/L to .043 mg P/L and represented increases of
30 - 83%. Further increases were occasionally reported downstream of CR-37.0.

The source of this phosphorus enrichment does not appear to be any of the
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sampled tributaries in the area (Bedman, Cypress or Hickey Creeks) since water
quality in those tributaries was of better quality than the river.

Nitrogen: Figure 45 displays the trends in nitrate concentrations during the
intensive sampling period. Like phosphorus, some of the major peaks in
nitrate concentration, especially at CR-40.3, correspond with major rainfall
events.

While phosphorus displayed a gradual but steady increase during the
intensive period, nitrate concentration increased for the first month, then
declined over the latter six weeks. The decline in nitrate concentration may
have been the result of dilution from increased runoff and biological activity
in the western portion of the river during May, and especially mid-June.

A considerable increase in nitrate concentration between stations CR-36.0
and CR-37.0 .is also depicted on this Figure. This also suggests an unsampled
source of poor quality water entering £he western portion of C-43, since all
of the sampled tributaries were relatively low in nitrate.

Unlike nitrate, ammonia concentrations in the western portion of c-43
were low throughout most of the intensive study period and displayed no
distinct spatial trend. Figure 46 shows that the only substantial increases
in ammonia concentration at both of the daily monitored stations occurred
during the latter part of May and again around June 8. The June increase
corresponds with rainfall, but the late May increase is apparently unrelated
to runoff.

The tributaries in the vicinity of this study area were consistently low
in ammonia concentration and, therefore, exhibited no influence on the concen-
trations in the river.

Chlorophyll a: No distinguishable trends in chlorophyll a concentration were

apparent in the western portion of C-43 during this time period. The mean
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chlorophyll a concentration at stations CR-36.0, CR-37.0, CR-39.0, and CR-
40.3ranged from 1.6 to 5.6 mg/m3 on nine sample dates between April 4 and June
7. On June 13 the mean value increased an order of magnitude to 18.6 mg/m3.
Examination of the data in Appendix E shows that this increase is probably the
result of a more productive mass of water flowing from the East Basin to the
West Basin. A concurrent reduction in nitrate concentration (Figure 45) may
be related to the increase in chlorophy 11 a levels.

Chloride: Chloride concentrations between stations CR-36.0 and CR-40.3
changed very little either spatially or temporarlly. Figure 47 shows that the
differences among these intensive stations and the intervening river stations,
CR-37.0 and CR-39.0, were small. Unlike nitrogen and phosphorus, however, the
sampled tributaries did exhibit chloride concentrations which were generally
quite different than the chloride concentrations along the river. Chloride
levels for Bedman Creek and Cypress Creek were usually greater than the river,
while Cypress Creek chloride levels were lower.

Elevated chloride levels in late April and early May, and again in June,
corresponded to peak rainfall events in the West Basin. During dry periods
the primary water supply for irrigation purposes is groundwater, which usually
exhibits higher chloride levels. Consequently, the elevated chloride levels
in the West Basin may reflect the flushing of mineralized sediments concen-
trated by groundwater irrigation and evaporation during the dry season.

SUMMARY

During the 1978 intensive water quality study, no significant algae bloom
developed. Nitrogen and phosphorus concentrations increased substantially in
the western portion of C-43, especially between stations CR-36.0 and CR-37.0.
Three major tributaries in the vieinity, Bedman's, Cypress, and Hickey's

Creeks, exhibited a better quality of water than the Caloosahatchee River.
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Consequently, the enrichment in C-U43 appears to be from an unsampled source,
and may be from intensive agricultural activities (ecitrus and ornamental
plants) adjacent to the river. Water quality daéa preceding the June 17, 1980
algal bloom (PART IV) also suggests nutrient enrichment in this portion of the

river.
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PART VI

MATERIAL LOADINGS ANALYSIS

INTRODUCTION

Two of the objectives of this study were to determine the quantitative
relationships between Lake Okeechobee and the Caloosahatchee River and to deter-
mine the gqualitative and quantitative contribution of the tributaries to the
two main reaches of the river. This part will describe the methodology used
to calculate the nitrogen, phosphorus, and chloride loads. The annual loads
at S-77 from 1973 to 1980 will be discussed, followed by the East and West
Basin loads for the period 1978-80. Basin loads are presented in this part
of the report based upon flow at the major water control structures, since
major tributary flow, seepage, and evapotranspiration data were unavailable
and a water budget was not calculated.

Hydrologic data was available for the three major water control
structures, S-77, S-78, and S-79. Corresponding water chemistry data was
taken from the nearest downstream station, except for S-T79 where water
chemistry data was taken just upstream at river station CR-40.3.

During 1979 and 1980 an automatic sampler was installed at S-77 to
collect water samples during discharge. Table 20 compares the results of the
annual nutrient and chloride total mass loading rates for the upstream
automatic sampler data and the downstream grab sample data. This data
indicates that the loading rates for S-77, based upon the downstream grab
sample, may be slightly greater than the upstream automatic sampler data for
total nitrogen and chloride and lower for total phosphorus. Since the
upstream data covers only a portion of the study period and is incomplete for

December 1980, the downstream data will be used for the loading analysis.
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TABLE 20. ANNUAL MASS LOAD COMPARISON BETWEEN THE UPSTREAM AUTOMATIC
SAMPLER DATA (COMPOSITE ON TIME) AND THE DOWNSTREAM GRAB
SAMPLE DATA DURING 1979 AND 1980

Total Nitrogen Total Phosphorus Chloride

Tonnes Tonnes Tonnes

1979 Automatic Sampler 1715.8 76.2 60,904
Grab Sample 2126 63.8 83,488

* 1980 Automatic Sampler 2064.4 51.8 72,248
Grab Sample 2357.9 51.6 88,673

*These annual values are based on 11 months,since December 1980
data is not available.
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Based on the annual rainfall for the study period (PART 1), the materials
budget reflects a slightly drier than normal period with atypical discharges
from S=T7.

LOADING CALCULATION METHODOLOGIES

Loading rates at S-T7 were computed from daily hydrology data (U. 8. Geo-
logical Survey, 1973-1980) and biweekly chemistry data collected since 1973.
Loading rates at S-78 and S-T9 were computed from daily hydrology data (U. S.
Geological Survey, 1978-1980) and monthly chemistry data collected between
1978 and 1980. In calculating the material loads, two chronologically succes-
sive chemistry data points were averaged to give an estimated chemistry value
for the time period between the two sampling dates. This average was then
applied to the discrete daily flow data for the same time period, producing
daily loadings within the time period represented by the chemistry data. This
process was then repeated until the total time period was covered (Secheider et
al., 1979). The East and West Basin loads were calculated by subtracting the
loads at S-77, 3-T78, and 35-T79, respectively.

LAKE OKEECHOBEE LOADINGS TO THE CALOOSAHATCHEE RIVER

Table 21 shows the annual mass loadings to the Caloosahatchee River from
Lake Okeechobee (8-77) for the period 1973-1980. By comparison, the three
year period of this study, 1978-1980, was atypical due to very high flows.
The flows in 1979 (811,136 acre-feet) and 1980 (855,658 acre-feet) were about
3.5 times greater than the preceding six year average and were up to 18 times
greater than 1973. Major regulatory water releases in 1974 and again in 1979
and 1980 were responsible for the large flows in those three years. The annual
flow in 1974 (751,364 acre-feet), although similar in magnitude to the 1979
and 1980 discharges, included significant summer regulatory discharges. The

water releases during 1979 and 1980 were mainly winter regulatory discharges.
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TABLE 21. AVERAGE AND ANNUAL MASS LOADINGS TO THE CALOOSAHATCHEE RIVER
FROM LAKE OKEECHOBEE AT S-77 FOR THE PERIOD OF RECORD (1973-1980)

Mass Load
Tonnes
Flow
Year Acre-feet T-P T-N Cl
1973 46,771 5 88.9 4,431
1974 751,364 93.3 1687.9 52,526
1975 118,742 B:7 214.0 12,302
1976 109,346 4.5 212.7 13,624
1977 139,849 8.0 333.3 16,612
1978 231,570 29.5 661.1 17,834
1979 811,136 63.8 2212.6 83,488
1980 855,658 51.7 2358.0 88,674
Average 383,054 32.5 971.1 36,186
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During the eight year period, phosphorus loads at S-77 were highly
variable and ranged from a low of 3.2 tonnes in 1973 to a high of 93.3 tonnes
in 1974. 8-T77 discharged an annual average nitrogen load of 971 tonnes
between 1973 and 1980 with a low in 1973 of 89 tonnes and a high in 1980 of
2,358 tonnes. The chloride mass load was also lowest in 1973 (4,431 tonnes)
and highest in 1980 (88,674 tonnes), averaging 36,186 tonnes.

BASIN LOADING COMPARISON

Table 22 presents the annual mass load and percent contribution of total
phosphorus, total nitrogen, and chloride in the Caloosahatchee River system
each year of the study. On the average, Lake Okeechobee contributed 55% of
the water to the river between 1978 and 1980, 62% of the nitrogen, 39% of the
phosphorus, and 64% of the chloride. Except for phosphorus, the greatest con-
tribution of flow, total nitrogen, and chloride occurred in 1980.

Except for the 1978 flows, the tributaries in the East Basin consistently
contributed the least amount of water and chloride, averaging 21% and 10%,
respectively. The nitrogen and phosphorus percent contributions averaged 23%
and 43%, respectively. The tributaries in the East Basin consistently demon-
strated a disproportionately higher phosphorus contribution when compared with
flow. From 1978 to 1979, the percent contribution of water decreased from 38%
to 22%, whereas the phosphorus percent contribution decreased from 55% to only
49%. In 1980, the percent of flow from the East Basin tributaries was further
reduced to 9%; however, the reduction to the percentage of phosphorus was not
proportional, being reduced to 27%.

Tributaries in the West Basin consistently contributed the least
percentage of nitrogen and phosphorus, averaging 15% and 18%, respectively,
and only a slightly greater percentage of water (24%) than the East Basin
(21%).
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PART VII

WATER QUALITY STANDARDS

Florida Administrative Code (FAC) Chapter 17-3 water quality criteria was
adopted in 1972, and revised in 1979, with the intent of maintaining and improv-
ing the quality of waters in the State. General surface water criteria have
been established for all waters in Florida with additional apecific criteria
adopted according to a classification system based on designated use (Table
231

There are two major groups of water quality parameters covered in FAC
Chapter 17-3, those with specific numeric criteria defining pollution, and
those constituents for which no numerical threshold values have been established.
These latter interpretive criteria cover any substance considered by the Florida
Department of Environmental Regulation (FDER) to be deleterious and/or toxiec
according to the designated usage.

FAC Chapter 17-3 receiving water criteria are applied only after a reason-
able copportunity for mixing with the receiving surface waters has been afforded.
The reasonableness of the opportunity for mixing is stated to be dependent
upon the condition of the receiving body of water; the nature, volume, and
frequency of the proposed waste including any possible synergistic effects
with other pollutants or substances present; and the cumulative effect of the
proposed mixing zone and other mixing zones in the vieinity.

Due to the nature and design of this study, strict application of FAC
Chapter 17-3 quality criteria is not possible. No provisions were made in the
study design to delineate mixing zones or assess "natural background" levels.

A comparison, however, between the water quality data collected during the
study (1978-1980) and FAC Chapter 17-3 quality criteria does lend some perspec-

tive to the overall quality of waters in the Caloosahatchee River study area.
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TABLE 23.

Classification

Class I-A
Class I-B

Class II

Class III

Class IV

Class V-A

Class V-B

CLASSIFICATION OF WATERS

Designated Users

Potable Water Supplies - Surface Waters

Potable and Agricultural Water Supplies
and Storage - Groundwaters

Shellfish Propagation or Harvesting -
Surface Waters

Recreation, Propagation and Management
of Fish and Wildlife - Surface Waters

Agricultural Water Supplies - Surface
Waters

Navigation, Utility, and Industrial
Uses - Surface Waters

Freshwater Storage, Utility and Indus-
trial Uses - Groundwaters
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The Caloosahatchee River flows from Lake Okeechobee through a three
county area to the Caloosahatchee estuary west of the W. P. Franklin Lock and
Dam (S-79). The Caloosahatchee River's designated usage is divided at the
Hendry-Lee County line. Glades and Hendry County segments are designated
Class IIT waters and Lee County as Class IA waters since the river supplies
potable water to Lee County and the city of Fort Myers. All tributaries
discharging to the Caloosahatchee River are designated as Class III waters.

Presented in Table 24 are the numeric threshold criteria for 12 select
FAC Chapter 17-3 quality parameters and corresponding results from this study.
Although other parameters have general or specific criteria, there was either
insufficient data for proper evaluation or some judgment was required
regarding "background" information. Consequently, these parameters have been
omitted.

Alkalinity, chloride, fluoride, nitrates, and turbidity levels were never
beyond the threshold limits established by the State criteria for fresh water
according to designated usage, and as such, will not be discussed further. Of
the remaining parameters, dissolved oxygen, total iron, some pesticides, and
zine were occasionally beyond the limits established by State Criteria for
Class IA and Class III waters, while ammonia and pH were in excess for Class
IIT waters only.

Ammonia. Ammonia is a biologically active compound present in most waters as
a normal biologiecal degradation product of nitrogenous organic matter. FAC
Chapter 17-3 states that ammonia (un-ionized), for Class IA and Class III
waters, shall not exceed 0.02 mg/L for predominantly fresh waters. Tempera-
ature and pH are the most important factors controlling the levels of un-
ionized ammmonia in natural waters. The concentration of un-ionized ammonia

is directly proportional to temperature and inversely proportional to pH.
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The U. S. Environmental Protection Agency published a report in July 1976

entitled, Quality Criteria for Water which presented a table of concentrations

for total ammonia (NH3 + NH4*) and un-ionized ammonia.

In the Caloosahatchee River study area, the average pH is approximately
7.4 units and the average annual temperature is approximately 25°C. Under
these conditions, the concentration of total ammonia (NH3 + NHu+) necessary to
contain an un-ionized ammonia concentration of 0.020 mg NH3/L is approximately
1.58 mg/L. At no time did either the river average approach a total aqueous
ammonia concentration of 1.58 mg/L or did the specific sample dates approach
an un-ionized ammonia concentration of 0.02 mg NH3/L. Of the tributaries
sampled, only the Diston Island Canal (CR-03.2T) occasionally exceeded an un-
ionized ammonia concentration of 0.02 mg NH3/L.

Dissolved Oxygen. The FAC Chapter 17-3 criteria for dissolved oxygen for

Class IA and Class III waters states that the dissolved oxygen shall not be
less than 5 mg/L. Normal daily and seasonal fluctuations above this level
shall be maintained for predominantly fresh waters.

All dissolved oxygen measurements were taken during daylight hours
between 0700 and 1700 when the dissolved oxygen levels are generally highest.
Dissolved oxygen in the river (Table 25) ranged between 0.4 mg/L and 12.1
mg/L, with an overall mean of 6.2 mg/L. Dissolved oxygen in the tributaries
(Table 26) ranged between 0.6 mg/L and 14.0 mg/L, with an average of 5.6 mg/L
for the tributaries.

Each table includes the total number of dissolved oxygen measurements
taken at each station (surface only) and the number of values less than 5.0
mg/L. The dissolved oxygen in the river and tributaries was less than 5.0
mg/L, 22 and 31 percent of the time, respectively.

Pesticides. Pesticide samples were collected from the water column in October
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TABLE

River Station

25.

DISSOLVED OXYGEN* REVIEW ON THE CALOOSAHATCHEE RIVER, 1978-1980

I11

Class

S-77
CR-03.
CR-04.
CR-06.
CR-09.
CR-11.
CR-13.
CR-16.
CR-19.
CR-22.
CR-26.
CR-30.
CR-32.
Grand
TOTAL

o & O U1 O oo O oo o

Mean

Class

CR-36.
CR-37.
CR-39.
CR-40.
Grand
TOTAL

*A11 Concentrations from surface in mg/1

Bl fach Total No.
Bottom Total No. Suface Observ.
Min, Max. Mean Mean Observations <5.0 mg/L
0.4 9.5 5.5 3.6 41 18
2.4 9.8 5.7 3.8 29 10
0.6 10.4 6.0 3.9 43 11
B 9.4 6.2 4.4 29 6
1.0 1058 B2 4.6 43 10
3.3 10.4 6.3 4.2 29 5
3.6 9.2 '6.3 4.7 43 10
3.3 9.9 6.6 4.7 28 3
2,3 9.4 6.6 5.0 42 4
1.8 11.4 6.5 4.2 43 8
3.2 10.6 6.3 4.1 44 7
2o 10,8 5.3 3.9 43 7
6.2 4,2
457 99 or 22%
&5 J:2" B3 4.3 43 10
2.6 10.8 6.4 4.3 42 9
2.6 12:1 6.5 4.3 42 10
2.6 11.9 6.5 4.5 42 10
6.4 4.4
169 38 or 22%
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TABLE 26. DISSOLVED OXYGEN* REVIEW OF TRIBUTRIES IN THE CALOOSAHATCHEE
RIVER STUDY AREA DURING 1978 AND 1979

Tributary
Station

Class III

C-20 at S235
Diston Isl. Canal
Whidden Corner C.
C-19 at S47D

Grassey Marsh East
Canal

Meander Line Ditch
Long Hammock Canal
Goodno Canal
Okaloacoochee Canal
Crawford Canal
Jack's Branch
Roberts Canal

Ft. Simmons Branch
Townsend Canal
Bedman's Creek
Cypress Creek
Hickey Creek

Grand Mean

TOTAL

*
A1l concentrations from surface in mg/L
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Total No.
Total No. Surface Observ.

Minimum Maximum Mean Observations <5.0 mg/L
1.6 6.7 4.3 12 6
0.8 8.6 4.0 29 22
1.1 8.9 5.1 29 14
1.4 T2 4.6 28 13
1.4 6.9 3.8 12 8
0.6 14.0 6.2 29 12
2.0 9.7 5l 29 14
T 11.8 5.5 29 15
2xd 13.9 7.8 43 8
3.1 8.7 Bl 39 9
2.7 8.6 B3 42 19
1.6 9.0 6.6 43 5
4.6 9.3 6.9 43 1
27 9.9 6.2 43 6
4.8 9.1 6.4 43 2
1.9 7.8 4.7 43 25
4.3 8.0 6.3 42 3

5.6
578 182 or 31%



1979 at river stations CR-00.0 (the Lake Okeechobee Rim Canal at S~77) and CR-
16.0 (downstream of S-78) and analyzed by the U. S. Geological Survey. A
pesticide sample was also collected from the water column adjacent to the Lee
County Water Treatment Plant at station CR-40.3, a portion of the river
classified at Class IA. The results, by class, are presented in Tables 27 and
28. Interpretation of the data is difficult in many cases because the FAC
Chapter 17-3 criteria is below the limit of detection used in the analyses.
Generally, most substances tested for were not present in detectable amounts.
Aldrin plus Dieldrin and DDT were in excess of the FAC Chapter 17-3 criteria
for both classifications of water, while chlordane exceeded the State Criteria
for Class III waters only. Additional sampling in April 1981 confirmed only
chlordane to be excess of State Standards.

PH. FAC Chapter 17-3 General Criteria for Surface Waters states that the pH
of receiving waters shall not be caused to vary more than one unit above or
below the natural background pH of the water; the lower value shall not be
less than six and the upper value shall not be more than eight and one-~-half.
No pH values were recorded beyond these limits for the Class IA reach of the
river during the study. 1In the Class III reach of the river, station CR-22.5
and the Meander Line Ditch tributary both exhibited one instance with a
maximum pH in excess of 8.5 units (Table 24). This occurred in June and July
1980 at the Meander Line Diteh and river station CR-22.5, respectively.

Specific Conductance. Specific conductance ranged from 98 to 2680

micromhos/em throughout the study area with a river and tributary average of
578 and 652 micromhos/cm, respectively. Chapter 17-3 states that the specific
conductance shall not be increased more than 100% above background levels, or
to a maximum level of 500 micromhos/cm in those surface waters in which the

specific conductance of the water at the surface is less than 500
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TABLE 27. SELECT FAC CHAPTER 17-3 PESTICIDE CRITERIA
AND OBSERVED LEVELS* FOR CLASSIII WATERS - OCTOBER 1979

Observed Levels

Determination State Criteria CR-00.0 CR-16.0
**Aldrin plus Dieldrin not >0.003 0.03 0.04
**Chlordane not >0.01 < 0.1 0.1
**DDT not >0.001 0.01 0.02
Endosulfan not >0.003 < 0.01 < 0.01
Endrin not >0.004 < 0.01 < 0.01
Heptachlor not >0.001 < 0.01 < 0.01
Lindane not >0.01 < 0.01 < 0.01
Malathion not >0.1 < 0.01 < 0.01
Methoxychlor not >0.03 < 0.01 ¢ 0.03
Mirex not >0.001 < 0.01 < 0.01
Toxaphene not >0.005 & 0.] < 0.1
Polychlorinated Biphenyls not >0.001 < O] <0 PN

* A11 levels in micrograms (ug)/liter

**Values which exceed State criteria according to FAC Chapter 17-3
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TABLE 28. SELECT FAC CHAPTER 17-3 PESTICIDE .CRITERIA
AND OBSERVED LEVELS* FOR CLASS I-A WATERS - OCTOBER 1979

Station Determination State Criteria Observed Levels
CR-40.3 **A1drin plus Dieldrin not =0.003 0.03
Chlordane not >0.01 0.0
2,4-D not >100 0.04
2,4,5-TP (silvex) not >10 0.01
**DDT not >0.001 0.01
Endosulfan not >0.003 < 0.01
Endrin not >0.004 < 0.01
Heptachlor not >0.001 < 0.01
Lindane not >0.01 < 0.01
Malathion not >0.1 < 0.01
Methoxychlor not >0.03 < 0.01
Mirex not >0.001 < 0.01
Toxaphene not >0.005 < 0.1
Polychlorinated Biphenyls not >0.001 < 0.1

* A11 levels in micrograms (ug)/liter

** Values which exceed state criteria according to FAC
Chapter 17-3
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micromhos/cm; and shall not be increased more than 50% above background level,
or to a maximum of 5,000 micromhos/cm for predominantly fresh waters in which
the specific conductance of the water at the surface is equal to or greater
than 500 micromhos/em. Specific conductance in the study area was usually
greater than 500 micromhos/cm. Generally, however, even though the specific
conductance of certain tributaries was occasionally 50% greater than the river
average, the maximum specific conductance recorded in any tributary (2680
micromhos/cm) was still considerably less than the maximum allowable level for
predominantly fresh water (5,000 micromhos/cm). The average specific
conductance of all the tributaries except Diston Island Canal (CR-03.2T) and
Ft. Simmons Branch (CR-31.0T) was less than 50% greater than the river
average. No tributary specific conductance value ever approached the maximum
level of 5,000 micromhos/cm.

Total Iron. The total iron concentrations for the river and tributaries, col-
lectively, ranged between 0.02 mg/L and 3.57 mg.L. The Class IA criteria for
iron in fresh waters is 0.03 mg/L while in Class III waters the iron value
shall not exceed 1.0 mg/L. The Class IA waters usually exceeded the 0.30 mg/L
criteria. With the exception of the Diston Island Canal (CR-03.2T), C-19 (CR-
04.8T), and the Grassey Marsh East Canal (CR-06.8T), all remaining tributaries
in the East Basin demonstrated total iron values in excess of the State
Criteria of 1.0 mg/L for Class III waters. All tributaries in the West Basin
exhibited total iron values less than the maximum criteria level, except
Crawford Canal (CR-26.2T), Jack's Branch (CR-30.3T), Ft. Simmons Branch (CR-
31.0T), and the Townsend Canal (CR-33.5T), which occasionally had levels
greater than 1.0 mg/L.

Zinc. Zinc was sampled during the 1978 study year only. The overall average

for zine in the river (0.03 mg/L) was slightly higher than the tributaries

131



(0.02 mg/L) with a collective range between 0.01 and 0.09 mg/L. FAC Chapter
17-3 indicates that zinc in Class IA and Class III waters shall not exceed
0.03 mg/L. All stations, with the exception of the Okaloacoochee Branch (CR-
22.0T), Crawford Canal (CR-26.2T), and the Banana Branch of Robert's Canal

(CR-30.4T) in the study area exceed this criteria at some time.
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PART VIII

FINDINGS AND CONCLUSIONS

GENERAL

Te

Discharge from Lake Okeechobee at S-77 during the study period was
atypical. Prior to this study, Lake Okeechobee discharges followed
predictable, cyclic patterns of regulatory releases in the summer and
nominal water supply releases in the winter. During 1978, Lake
Qkeechobee was effectively isolated from the Caloosahatchee River system
with discharge at S-T77 occurring only 76 days of the year. During 1979
and 1980, unprecedented dry season regulatory releases were necessary to
lower Lake Okeechobee stages.

During this study, the total annual discharges at S-77, S-78, and S-79
were greater than the 11 year historic averages for each of these struc-
tures.

Depth composite sampling along the Caloosahatchee River has been shown to
be a viable alternative to discrete depth sampling and results in repres-

entative quality values for all parameters tested except ammonia.

CALOOSAHATCHEE INFLOWS

ul

Discharge activity was the principal factor influencing the concentration
of most measured variables at S-77. During discharge, chloride, pH,
turbidity, and suspended solids increased while nitrogen, phosphorus,
alkalinity, and specific conductance decreased. Dissolved oxygen was
unaffected by discharge and was higher in the winter than in the summer.
Tributaries in the East Caloosahatchee River Basin had higher concentra-
tions for all variables measured except hardness, specific conductance,
dissolved oxygen, calcium, nitrate, and fluoride than the tributaries in

the West Caloosahatchee Basin.
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Ortho phosphorus accounted for approximately 60% of the total phosphorus
levels in the tributaries. Organic nitrogen was the principal component
of the total nitrogen. The inorganic nitrogen was 83% ammonia in the

East Basin but only 23% ammonia in the West Basin. Nitrate nitrogen was

the principal inorganic nitrogen species in the West Basin.

CALOOSAHATCHEE RIVER

Te

10.

Phosphorus levels increased in the East Basin along the river from S-77

to S-78, then decreased in the West Basin toward the W.P. Franklin Lock
and Dam (5-79). These increases and decreases were, in part, the result
of tributary influences.

Total nitrogen concentrations decreased almost linearly from Lake Okeecho-
bee to the W.P. Franklin Lock and Dam. Tributary influences were linked
to this decrease since, as a group, the mean concentrations were less

than the river. Ammonia and nitrate demonstrated reverse trends along

the river, with ammonia levels decreasing from S-77 to S-79 and nitrate
levels increasing slightly in the East Basin and drastically in the West
Basin.

Chloride levels in the river decreased slightly in the East Basin but
increased slightly in the West Basin.

Based on the temperature, pH, and specific conductance data for two sta-
tions, the river appeared well mixed with depth. There was some stratifi-
cation of dissolved oxygen during the summer months. The dissolved oxygen
levels during the winter months were constant with depth and were high,

relative to the summertime values.

CHLOROPHYLL A

1.

Chlorophyll a, a principal photosynthetic pigment in most groups of algae,
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was used as an indicator of phytoplankton levels in the Caloosahatchee
River. Chlorophyll a was detected at all locations and depths sampled
during the three year study period. Based on surface values, chlorophyll
a exhibited a general seasonal trend of (a) low concentrations (10
mg/m3) in the late fall and winter months, November-March, (b) increasing
concentrations during the spring months, April to early June and, (c)
maximum summertime levels in excess of 20 mg/m3.

12. A distinct spatial trend was evident with East Caloosahatchee Basin
chlorophyll a concentrations usually greater than West Caloosahatchee
Basin values. However, in recent years, extensive nuisance phytoplankton
blooms have occurred in the West Caloosahatchee Basin.

13. Chlorophyll a concentrations were positively correlated with water tem-
perature and negatively correlated with inorganic nitrogen. There was no
statistically significant relationship established between chlorophyll a
concentration and water residence time. However, a number of cases were
examined during which water flow through the Caloosahatchee River, from
Lake QOkeechobee regulatory releases or basin stormwater runcff, influ-
enced chlorophyll a concentration by dilution or flushing phytoplankton
populations downstream.

14. A major algal bloom was encountered in the West Basin only during the
final year of the study. This algal bloom, coincidentally, occurred
shortly after the termination of Lake Okeechobee regulatory releases.
Previous nuisance blooms in 1976 and 1977 followed periocds of low flow in
the system.

INTENSIVE STUDY

15. No algae bloom occurred during the 1978 water quality study period.

Daily total and ortho phosphorus data collected by the automatic sampler
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16.

during the intensive study period increased approximately two-fold
between April and June 1978. This increase was not due to any sampled
tributaries since all had phosphorus concentrations less than the river.
Nitrate increased substantially during late April and early May, then
decreased. The decrease was probably due to dilution as rainfall runoff
from the tributaries and increased summertime biological productivity
along the river.

Increases in the nitrogen and phosphorus concentrations from river
station CR-36.0 to CR-40.3 appear to be the result of a high nutrient
source being introduced between river stations CR-37.0 and CR-39.0. This
source contributes an insignificant flow based on the chloride data, and

is probably from local agricultural activity adjacent to the river.

MATERTAL LOADINGS

17.

18.

Comparative analysis of mass loading data indicates that, on the average,
Lake Okeechobee contributed 55% of the water, 39% of the phosphorus, 62%
of the nitrogen, and 64% of the chloride that the Caloosahatchee River
ultimately discharges to the Gulf of Mexico. The tributaries in the East
Basin contributed the most phosphorus (43%) and the least amount of water
(21%) and chloride (10%). The tributaries in the West Basin consistently
contributed the least percentage of nitrogen and phosphorus averaging 15%
and 18%, respectively.

The tributaries in the West Basin displayed phosphorus and chloride
levels comparable to the concentrations entering the river from Lake
Okeechobee. The nitrogen levels, however, were only one half as great as

those which entered at S-77.

STATE STANDARDS REVIEW.

19-

Alkalinity, chloride, fluoride, nitrates, and turbidity levels were at no

time during the study period outside the threshold limits established by
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the State criteria for fresh water. Only the Diston Island Canal
exceeded the recommended un-ionized ammonia criteria for Class III
waters. Dissolved oxygen, dissolved zinc, and total iron were beyond
the limits established by the State criteria for Class IA and Class III
waters. The Meanderline Ditech and one river station approximately 15
miles downstream had slightly greater pH values than the maxXimum limit
(8.5 units) for Class III waters on one occasion. The pesticides Aldrin
plus Dieldrin and DDT were present in excess of the FAC Chapter 17-3
criteria for both classifications of water while chlordane was in excess

of the State criteria for Class III waters only.
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APPENDIX A.QUARTERLY COMPOSITE DATA ACCURACY FOR SELECT PARAMETERS AT STATION CR-03.0 DURING 1979

Alkalinity  Ammonia
{meg/1) (mg/1)

March '79
Composite
Surface
gottom

Rel. % Diff,

dune '79

Conmposita
Surface

Battom
Rel. % Diff,

Sept, '79

Composite
Surface

ttom
Rel. % Diff.

Dec. '79
Composite
Surface
Bottom

Rel. % Diff,

Maan Rel,
% Dirf.

March '79

Composite
Surface

Battom
Rel. % Diff,

June ‘79
Lomposite
Surface

Bottom
Rel. & DAFF,

Sept, '79

Composite
Surface

Bot tom
Rel. ¥ Diff,

Dec, '79

Composite
Surface
Bottom

Rel, % Diff,

Mean Rel.
% Diff,

reh ‘79
Composite
Surface
Bottom
Rel, % Diff,
June ‘79
Composite
Surface

Bottom
Rel, % DIff,

Sept, '79

Composite
Surface

dottom
Rel, % Diff,
Dec. '79

Compos{te
Surface

Bottom

Rel. % Diff,
Maan Ral,

% DifF.

Relative

3,70
3,75

+é1

¢.B9

2.89

2,89
0%

0%

QUARTERLY COMPOSITE DATA ACCURACY FOR SELECT PARAMETERS AT STATION

017
.02
01
-13

.03
.04

+14%

*2

Elkalinity  Ammonia
{meg/1) (mg/1)

2.6¢
2.59
2.62
=0%

* LW
e
T m

+raman

TRk

-2%

QUARTERLY COMPOSITE DATA

Akalintty  Ammonia
lmeg/1)  (mg/1)

3.46
3.26
3,48
-3

-421

.04
.07

.04
+273%

1]

12z

Ortho-P
{naf))

-4%

056
. 056
.Us6
0%

-2
Ortho-P
{ng/1)

<030
015
015
+100%

044
.048
.045
-4x

-2h%

Ortho-F
(ma/1)

019
028
.027
+3%

085
.080

.062
. 061

2

038
038
0%

W74
b (svm) -

Percent Differrnce =|2

1 (sem)
?

Tatal-pP
Amg/1)

048
042

047
-9%

103

-6%

Total-p
{mgf1)

070
053
.099
+8%

s

Total-P
img/1)

058

+3%

2

Kil
+3

1435

N

mh)

081

"2

<.008

289
-307
. 302
-5%

+14%

e

0to

.080
-T4%

B

178
Zax

RLE

.288
-5%

.32

-6t

oy

Hax

5 = Surface Value
100 Where B = Bottom vValue

ng?l )|

TEN

+15%

THN
{mg/1)

T
oo —
wo—==

ACCURACY FOR SELECT PARAMETERS AT STATION

Sodium  Chloride TS§
Ing/1) _(mgs1) 1

48.93 ! 8.3
49.56 70 7.0
9.56 17.1 7.0
1% 0% ~18%
44,85 13.7 3.0
45.36 1.7 4.0
45.18 3.7 3.0
+1% 0% +14%
61.94 106.1 3.0
62.73 107.2 0.0
62.73 108.3 2.0
1 +2% -200m
70.37 84.8 2.0
56.38 B4.8 5.0
56.38 8.8 4.7
-25% 0% +59%
-b% 0% -36%

CR-22.5 DURING 1979

Sodium  Chloride TSS
{mg/1) _(mg/1)

49,25 77,6 16.0
49,41 77.3 7.0
48, af 7.7 3.0
=1% 0% +16%
33.02 57.7 2.0
33.18 57.1 0.0
34.33 51.7 3.0
+2% o1 -33
32.58 57.1 3.0
33.37 57.1 1.0
33,37 57.1 5.0
+2% 0% 0%
42.45 62.6 6.0
51.19 60,3 0.0
52.71 61.5 3.0
+183 n -200%
+5% 1% +54%
CR-40,3 DURING V979
Sadium  Chloride 75§
mg/1) {mgs1) {mg/1)
47.51 74.0 5.0
47,51 75.0 5.0
47.67 74.6 6.0
0% +13 +9%
38.11 67,3 4.0
38.44 69.2 2.0
35.48 64,1 1.0
-3 -8 -167%
38.93 64.8 1.0
38,93 6.8 1.0
39.24 64.8 3,0
1% 0% +50%
53,47 i2.0 5,0
52.71 7.0 6.0
49,67 83,7 4.0
-4% - 4202
-2% 2 -2

C = Composite Value

T-Fa
1

=16.3y

T-Fe
ng/1)
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APPENDIX C

BENTHIC SEDIMENT DATA IN C-43
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APPENDIX D

SUMMARY OF CHLOROPHYLL A VERTICAL PROFILE

DATA AT TWO SELECTED STATIONS
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TABLE pD-1. SURFACE AND BOTTOM CONCENTRATIONS OF CHLOROPHYLL A 1IN
MG/M3 AT TWO SELECTED STATIONS IN C-43 DURING 1978-1980.

1978 1979 1980
Station 26.0 40.3 225 40.3 22.5 40.3
Month
January 1.5 1.4 T3 ® 3.4* 10.4 8.0
1+3 0.8 2.1 3.6 10.2 3.8
February 6.3 1.0% 14.1% 9.6 8.6* 5.6*
243 1.4 19.6 9.6 9.6 6.5
March 4.9 4.7 12.1% 6.8% 6.3 3.9
e 2.3 18.8 8.7 10.0 2.4
April 4.2 4.3 19.7 14.7 6. 7% 3.8%
2.4 2.6 10.8 4.8 13.9 9.0
May 9.6 4.1 15.4 Bid 4.6% 7.6%
2t 2.3 4.7 2.8 5.1 10.4
June 6.8 1.9 a2 8.3 35.3 20.2
2.8 1.1 2.5 3.4 29.8 13.8
July 28,7 212 8.5 7.6 45.5 32.2
5.4 10.8 3.8 4.4 40.8 28.6
August 4.7 8.3 45.7 2151 27.8 44.5
1.9 1.9 7.0 11.0 18.1 28.6
September 18.2 29.5 353 4.0 2.6 Bal
4.4 6.0 2l 3.7 3.2 4.2
October 1.6% 2.1 6.8% 4.8 5.1 5.2
2.2 3 8.2 4.7 4.3 2.9
November 7 s g 2.0 1.3 5.0 4.6
1.5 1.5 1.0 1D 4.1 2.6
Decermber 26 2.7 1.4% 4.0 6.8 6.9
2.3 2.7 3.5 3.6 3.5 2.4

Results are mean of three replicate samples

6.3 = surface value mg chlorophyll g/m3
4.0 = bottom value mg chlorophyll a/m3

* sample date on which bottom value exceeded the surface value
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APPENDIX E

CHLOROPHYLL A DATA COLLECTED FROM THE CALOOSAHATCHEE
RIVER BETWEEN S-77 AND S-79; 1978-1980
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TABLE E-1. SURFACE WATER CONCENTRATION OF CHLORQPHYLL A IN MG/M3 IN THE CALOQSAHATCHEE RIVER DURING 1978,
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